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CHAPTER 1

OCOBJINBOCTI CTAHY TA PENPOAYKLLI
OCHOBHUX JIICOTBIPHUX MOPIL,
TA FOPIXOMJIIAHUX B YMOBAX JIICOCTEMY

Heiiko I. C., MaTtycsak M. B., Heiiko O. B.
DOl https://doi.org/10.30525/978-9934-26-654-6-1

BCTYN

Jlichk Ha CHOTOAHINIHIA Yac € KIIOYOBUMH €KOCHUCTEMAMH, SKi
3a0e3MeuyioTh CTIHKICTh NPHPOAHOTO CEPElOBHINA Ta € OCEPEIKOM
30epeskeHHsT  naHAmadrTHOro Ta  OlosoriuHoro  pisHoMaHitTsa. JlicoBi
€KOCHCTEMHU BIPOAOBXK TpuBanoro dacy (monax 200-300 pokiB) 3a3Hanm
CYTTEBOTO AHTPOIIOTCHHOTO BIUIMBY, IO TPH3BEJIO [0 TMOPYIIEHHA iX
TeHE3HCY, 3MiHH BIKOBOI Ta MOPOIHOI CTPYKTYpH JAepeBocTaHiB. BpaxoByroun
3a3Ha4yeHi TEHACHIII], HA MDKHAPOJHOMY PiBHI OyJI0 IPUHHSTO PsiJi BAXKIMBUX
iHImiaTUB mOM0 30epe’KeHHS JIICOBUX T€HETHYHHX PECYpCiB SK OKPEMHX
KpaiH Tak i cBiTy" 24,

OmHuM i3 KIIOYOBUX KpHUTEpiiB 30aaHCOBAHOTO BEJCHHS JIiICOBOTO
TOCIIO/IAPCTBA CHOTO/HI € 30epekeHHs JICOBHX TCHETHYHHX pecypciB™ °
[9, 16]. Lleit kpurepiii npuHHATHI 3 ONIALY Ha TOTIPUICHHS CTaHy JICIB,
3MiHY X HOPOJHOT CTPYKTYpPH, 3HIDKEHHS TEHETUYHOI HIHHOCTI Ta 3arajibHol

! Nanuyk O. T. Jlicomacinua 6a3a B YKpaiHi: CydacHMil CTaH Ta LUIIXH PO3BUTKY. Haykosi npayi
Jicignuuoi akademii nayx Yrpainu. 2017. Bum. 15. C. 45-53.

2 Heiiko L. C., Mympak I B., Heiiko O. B., Jlinyp I. M., Marycsik M. B., Kosak 10. B. Jlicosi
TeHEeTUYH] pecypcH y KOHTEKCTi 30epexeHHs 6iopisHOMaHITT BiHHnIunHY : MOHOTpadis. Binaums :
TBOPH, 2022. 500 c.

3 FOpkiB 3. M., Marycsk M. B., Iluranceka O. 1., Amouc C. E. PenponykTuBHHMII MOTEHIaN Ta
XapaKTePUCTHKA PEMpPOAYKTHBHOI 3JaTHOCTI COCHH 3BuYaiiHOi (Pinus silvestris L.) diHchKoro
MOXO/UKCHHSI HA KIOHOBIM IumaHTaumii B yMoBax BiHHW44MHUW. Aepapmui inHosayii. Cenexyis,
nacinnuymeo. 2025. Bur. 3. C. 244-254.

4 Neyko, L., Monarkh, V., Poznyakova, S., Matusyak, M. State of in situ forest genetic resources
of broadleaved tree species in the Right-bank Forest-Steppe of Ukraine. Folia Forestalia Polonica,
Series A — Forestry, 2021, Vol. 63 (2), 88-96.

5 Heiiko 1. C., Mympak I B., Heiiko O. B., [inyp I. M., Marycsk M. B., Kosak 10. B. Jlicosi
TEHETHYHI PECypcH y KOHTEKCTi 30epekeHHs 0iopi3HOMaHiTT BiHHnuuMHK : MOHOTpadis. BinHuus :
TBOPH, 2022. 500 c.

¢ FOpkiB 3. M., Heiixo 1. C. IlepcrieKTHBH MiIBHINCHHS MPOXYKTHBHOCTI JICiB METOZAMH JiCOBOI
cesekii Ta JicoBoro HaciHHUITBA. Citbcbke 20cnodapemeo ma nicishuymeo. 2017. Ne 7. C. 24-32.
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MPOIYKTUBHOCTI JepeBocTaHiB. OMHUM i3 HETaTUBHHX AaCIEKTiB ChOTOIHI
€ TIOPYUICHHS MPUPOIHOTO TCHE3KCY JIICOBUX EKOCHUCTEM, IO MPHU3BOAMUTE JI0
3HAYHOTO CKOPOYCHHS IUIOIII JIICIB MIPUPOIHOTO MTOXOKCHHS.

st po3B’si3aHHS 3aBlaHb CTOCOBHO 3a0e3Ie4eHHs BiANOBIIHOIO PiBHS
010JIOriYHOTO Ta TEHETHYHOTO PI3HOMAHITTS € HEOOXiMHICT MO0 IIHPOKOTO
3aMpOBa/KCHHS TEHETHKO-CEJICKIIMHUX METOMIB SK Ha 1HIUBIIyalbHOMY
TaK 1 HOMYJALIAHOMY PiBHSIX. BaIIUBICTh T€HETHKO-CENEKI[IHHUX MiIXO/IB
3YMOBJICHI TMOTIPIICHHSIM CTaHy CEpPEIOBHINA, KIIMATUYHUMH 3MiHAMHU IO
€ HACIIJIKOM 3pPOCTaHHS aHTPOINOrecHe3y. BUKianeHi acmeKkTH 3yMOBIIOIOTH
HEOOXI/IHICTh IIOI0 AaKTHBi3alii KOMIUICKCHUX HAyKOBHX JOCHIJKCHb
CTOCOBHO PO3POOKH 3aXOJiB IIONO YIOCKOHAJICHHS METOIIB Ta CIOCOO0IB
IH/IMB11yaJIbHOTO 1 MOMYIISIHOTO BiIOOPY AJIS i ABUIIEHHS PENPOAYKTHBHUX
(byHKLI OCHOBHUX JICPEBHO-YarapHUKoBHUX Buaig” % 10-11.12. 13,

1. XapaKTepucTUKa CTaHy Ta penpoayKLuii gyba 3BuyariHoro
Ha KJIOHOBUX MJIaHTaL,ifX
BuBueHHST  peNpoOAYKTMBHMX  IIPOLECIB, 30KpeMa,  OLIHIOBaHHS
LBITIHHS, YTBOPEHHSI 3aB’si3¢i Ta IUIOJOHOIIEHHS INPOBOAWIIOCS B YMOBax
CeleKIiifHoro KoMmIulekcy Jlep:kaBHOro mignpueMcTBa «BiHHHWIBKA JlicoBa
HayKOBO-7OCHiZHA cTaHUis». OIHIOBaHHS I1HTEHCUBHOCTI (OpMYBaHHS
PENpOIYKTHBHUX OpraHiB Ta CTaHy HpoBoiwin Brpopox 2008-2025 pp.

7 HacraHoBH 3 IJIiCOBOrO HACIHHWITBA (2-¢ BHIaHHSA, JOMOBHEHe i mepepobiene) / YxkpHIAUITA.
Xapkis, 2017. 107 c.

$ Heiixo L. C., Marycsk M. B., Heiiko O. B. BB ki1iMariunux 3MiH Ha CTaH Ta PENpOLyKTHBHI
MPOLIECH COCHY 3BMYaifHOT (piHChKOTO MoXOmKeHHs. Citbcvke cocnodapemeo ma aicignuymeo. 2023.
Bum. 1 (28). 137-161.

° Heiiko 1. C., Marycsx M. ®., Pazanos C. ®., Pazanosa A. M., Mynpak I B. PenpomykrusHi
HPOLIECH Ha KJIOHOBHX IUIAHTAIISX SUIMHU €BPOIEHCHKOI (DiHCHKOTO MOXOKEHHS B KOHTEKCTI CTajIoro
nicoBoro rocnoaapcrsa. Cinbcvke 2ocnodapemeo ma nicisnuymeo. 2025. Bum. 1 (36). C. 132-146.

10 Heiiko I. C., Omnakanceka A.B, ITankoa C. O. OcoGnuBocTi (YHKIIOHYBaHHS JiCOHACIHHEBHX
IIaHTalid xy6a 3BudaitHoro (Quercus robur, L.) B ymoBax IIpaBobepexuoro Jlicoctemy YkpaiHu.
Aepapmi innosayii. 2024. Bun. 25. C. 129-133.

' Heiiko I. C., IOpkie 3. M. AnantuBHa 31aTHICTH Ta OCOOIMBOCTI yTBOPEHHS PEHPOLYKTHBHHUX
opradiB cocHu 3BuuaitHOi (Pinus sylvestris L.) $hiHCBKOrO NMOXOMKEHHS Ha KIOHOBIil IUIaHTallii B
yMmoBax Binawuunan. Bichux JKumomupceko2o HAyioHanbHO20 a2POeKol0iMHO20 YHigepcumenty.
2017. Ne 1 (58). T. 1. C. 120-127.

12 FOpkiB 3. M., bimcris B. 1., Heiiko O. B., I'yma JI. O. [luranus Teopii Ta MPakTHKH IHTPOTYKIIT
nepeBHUX BHAIB. Cmane eedennsi 1ico8020 20cno0apcmea 8 yMo6ax KAIMAMUuyHux 3miH: 6i0
oocniodcens 00 npakmuku : MiKHApOJHA HAYKOBO-TIpaKTH4HA KoH(epeHwis 3 Haroxu 100-pivus BIT
HYBIIT Yxpainn «bosipcbka sticoa HaykoBo-fociHa craniis». bospka. 2025. C. 355-359.

13 Neiko I. S., Matusiak M. V., Neiko O. V., Vradii O. I, Alieksieiev O. O. Characteristics of the
condition and reproductive processes of trees in a clone plantation of Pinus sylvestris I. Finnish
origin in the conditions of Lytyn forestry of the Vinnytsky regional forestry. Cinbcobre 2ocnodapcmeso
i nicienuymeo. Bur. 4 (39). C. 15-29.



VY 2018 poui 3 METOIO OLIHIOBaHHS BIUIMBY Pi3HOI IHTEHCHBHOCTI 3piJUKEHHS
Ha IUIAHTaLsIX 3aCTOCOBAaHO BUPYOyBaHHS OKpPEeMHUX psiiB. 30Kpema, Ha
NUISHKaX KJIOHOBMX HACIHHEBHMX IUIAHTAIli nyba 3BuYaiiHOrO Ne 5, 6,
7 1977-1978 pokiB cTBOpeHHs OyJI0 BUAAICHO 10 1-My Ta 1o aBa psau'* 'S,

HocnimkeHHs mono ocobnuBocteit (GopmyBaHHS (eHoNorivHuX (Gopm
MIPOBEJICHO HaMHU BIPOJOBXK OCTAaHHIX 5-TW pOKiIB. 30Kpema, HaMH BHIEHO
HactymnHi (eHonoriuni ¢opmu nyda: panns (P), panns mpomixna (Pllp),
npomixHa (I1p), mizus npomixua (I1I1p) Ta mizusa (I1). Ha pinsaumi Ne 5 (6e3
3piKEeHHs) BUSABJICHO HaWOUIbIE MTPEACTABHUIITBO JEPEB ITi3HBOT IPOMI>KHOT
(denonoriyHoi  ¢opmu. 30KpeMa, BIIHOCHA 4YacTKa JCpPeB 3a3HAYCHOI
(enomnoriunoi Gpopmu cranoBmia 61u3bko 35 %. HaitHmk4oro yacTkoro epeB
MPEJICTaBIICHA paHHs NMpoMikHa (eHomnoriuna ¢popma (dactka nepes 2—5 %).

HaliHmkunMm npencTaBHUOTBOM Ha JUISHII No 5 XapakTepu3yBayucs
paHHS Ta paHHA IpoMikHa (eHomoriuHa Qopma. Yactka aepeB nux
¢denonorivanx  QgopMm craHoBmwia Omusbko  2,5-5,0%. HanOineimmm
MIPEACTaBHUITBOM Ha JinstHIi Ne 6 (i3 cepenHiM CTyNeHeM 3piKeHHs) Oynn
JepeBa Mi3HboI npomixkHol Gopmu (O6mmzbko 40 %). Ha pisHi 21-22 % Oyno
MIPE/ICTABHUIITBO MPOMDKHUX Ta IMi3HIX (eHonoriunux ¢opMm. Ha nimsakax
Ne 6 ta Ne 5 HaiiHmxK4OIO Oyina 4acTKa JiepeB paHHbOI IPOMIXKHOI Ta paHHBO]
¢denonoriuaux Gopm (6nuzsko 7-10 %).

[ToniOHUM TakoX € PO3MOIiT (PeHONOTIYHUX (OPM JCPEB HA TUISHIN 13
BHCOKHM CTyrieHeM 3pimkerHs Ne 7. Tak, BiICOTOK Mi3HIX MPOMIKXHUX GopM
Ha Wil AisHLI € HaiBUIIKM — 28 %. 3HaYHO HM)KYMM € HasIBHICTh HIPOMDKHHUX
Ta mi3HIiX (eHonorivHux dpopm — 22-25 %.

Y 2025-My poui IHTEHCHMBHICTH IUIOJIOHOLICHHS HaMH BH3Havajiacs
JUISL KO)KHOTO JiepeBa. |HTEHCHBHICTh IUIOJOHOLICHHS BH3HaYaJId 3a 6-TH
0aJFHOIO MIKAJIO0, BIAMOBIIHO 10 kol 0 OaiiB — IUIOJOHOUICHHS BiJICYTHE;
1 ©Oan IHTEHCHBHOCTI IUIONOHOILIEHHS — HasBHICTH Omu3bko 20% Bif
noreHIriany; 2 6amu — 40 %, 3 6amu — 60 %, 4 6amu — 80 %, 5 6anis — 100 %.
[HTEHCUBHICTD IIOMOHOIIICHHS BU3HAYanacs y po3pisi (eHomoriaaux Gopm
nepeB. BusHauenHs QeHonorivHux ¢opm Oylno IMPOBEICHO Y IONEpeaHi
poku. [HdopMmariis momo po3noauty Aepes ayda 3a GpeHomorivHuME GopMamu
Ha JAUIIHKaX KJIOHOBHMX IUIAHTALiK i3 PI3HOI0 IHTEHCUBHICTIO 3piJUKEHHS
BijgoOpakeHa y Tabamui 1.

14 Heiiko 1. C., Mympaxk I. B., Heiiko O. B., Hdixyp I. M., Marycsik M. B., Kosak 1O. B. Jlicosi
TeHETHYHI PecypcH y KOHTEKCTi 30epexeHHs OiopisHOMaHiTTa BinHuuunau : Monorpadis. Binnus
TBOPU, 2022. 500 c.

15 Heiiko I. C., Orurakanceka A.B, TTankoa C. O. OcobuuBocTi (yHKIIOHYBaHHS JTICOHACIHHEBHX

riaHTanii ayba 3BuyaiiHoro (Quercus robur, L.) B ymoBax IlpaBobepexnoro Jlicocremy Ykpainu.
Aepapni innosayii. 2024. Bun. 25. C. 129-133.
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Puc. 1. Jinsgnka 5 (k10HOBa HACIHHEBA MUIAHTAaLIA Ay0a 3BUYAHHOTO
0e3 3pimKeHHs1)

Puc. 2. [linsinka 6 (k10HOBa HACiHHEBI MUIaHTaNii 1y0a 3BHYAHOTO
i3 cepeIHBOI0 iIHTEHCHBHICTIO 3PizkeHHs (BHAAJICHO Yepe3 OJHH PS)



Tabmuns 1
Poznoain nepes ny6a 3snuaiiHoro 3a geHosorivnnmu popmamu Ha KHII
(A «Binnuubka JIHAC», TypobiBcbke JIICHUUTBO, AUVISIHKY 5, 6, 7)

Po3noain kiaoHiB 3a ginssHkamu, %
®opma

5 6 7
Panns (P) 2 7 14
Panns npomixua (PIp) 5 10 11
Ipomixua (Ip) 26 21 25
ITizns npomixaa (ITp) 32 40 28
Mizus (I1) 35 22 22
Bceboro 100 100 100

JlaHi 1010 iHTEHCUBHOCTI IIOAOHONICHHS Ty0a 3BHYAHOTO Ha KIIOHOBHX
miaHTanisx Ne 5, 6, 7 BimoOpakeHa y Tadmui 2.

Ta6muis 2
IHTeHCUBHICTH MJIOOHOLIEHHS 1Y0a 3BUYAHHOIO HA AiJIsIHKAX
ceJiekniifHoro komiiekcy Ne 5, 6, 7 y 2025-my poui

IHTeHCl/[BHiCTl) MJIOAOHOIIEHHSA
i a
Alnsnk KinskicTs nepes, mr. | Cepeaniii 6axa | max | min C.TaHHapTHe Jducnepcis
BIIXWJICHHHA
5 386 0,6 3 0 0,69 0,48
6 181 1,2 4 0 0,96 0,93
7 109 2,6 4 1 0,92 0,83
Saranbunii 676 1,1 410 1,09 1,18
mACyMOK

3a maHuMu TAONUIN, HA YCIX IUIAHTALIAX HasBHO 676 neper. Haiibinbima
KUTBKICTh JEpeB 30cepemikeHa Ha autstHii Ne 5 (0e3 3pimkenHs) — 386.
Ha ninsukax i3 cepeanboro (Ne 6) ta cuinbHOO (Ne 7) iHTEHCHBHICTIO 3pi-
JOKEHHS KUTBKICTh JepeB cTaHoBWia BigmoBigHo 181 ta 109. ¥V BiacoTko-
BOMY BIJHOIIICHHI, YacTKa JAepeB Ha AUIAHIN Ne 5 craHoBuTh 57 % Bij modar-
KOBOI KiNBKOCTI, a Ha jinsgakax Ne 6 ta Noe 7 — 27 % Tta 16 % BignmosigHo.

3a pesyabraTaMyd IPOBEACHUX IMOJBOBHX JOCITIMKECHb HAMPHUKIHITI
Bererarfiiinoro mnepiogy 2025-ro poky cepenHiii 0ajn IIOMOHOIICHHS IepPEB
cranoBuB 1. Ilopsa i3 MM CIOCTEpIragucCsl CYTTEBI BIAMIHHOCTI IOIO
cepenHbol IHTEHCHBHOCTI YTBOPEHHS JKONYAS Ha OKPEMHX JiISHKaX.
30kpema, Ha IUIAHIN 0€3 3piIKEeHHS CepPeIHs IHTCHCUBHICTD TUIOOHOIICHHS
y 2025-my pomi cranoBmina jume 0,6 OamiB. BomHowac, Ha miasHI i3
BUCOKOIO 1HTEHCHBHICTIO PO3pPI/DKEHHSI Cepe/iHiil 0an yTBOPEHHS KONy
ckiamaB 2,6 Gami. ToOTO, cepeqHst IHTEHCHBHICTh HA MaHid IIAHIN Oyna



BUILOIO y 4 pa3u y NOPIBHSAHHI 13 JUITHKOIO Oe3 3pijpkeHHs. Skimo Ha
JMUISHITI 13 BUCOKHM CTYICHEM 3pIIKCHHS TPaIUBUTUCS JepeBa i3 OayioM
riofoHoeHHs 4,0 To Ha AUIAHII Oe3 3piILKEHHS Taki AepeBa OyJH BiJICYTHI.
Indopmariiss mon0 IHTEHCHBHOCTI YTBOPEHHS JKOJIyIs Ha KIOHOBHX
TUIAHTALSX 13 PI3HOIO IHTEHCHBHICTIO po3pipkeHHs Ne 5, 6, 7'y 2025-my poui
y po3pisi (eHonoriuHNX (HOpM HaBeeHi y TabmuLi 3.
Ta6murs 3
IHTEeHCHBHICTH MUIOAOHOLIEHHS Ay0a 3BHYAiHOTO
Ha AUISIHKAX cejleKuiiiHoro kommiekcy Ne 5, 6, 7 y 2025-my poui
y po3pi3i ¢penosioriunux popm

InTeHcuBHicTH Cranxaprae
®eHosoriyna popma IJI0I0HOIIEHHs1, 0aJl . Jucnepcis
cepeaHe | max | min BUIXHIEHIH

Jinsaka Ne 1
izus (I1) 0,3 2 0 0,51 0,26
Ilizus npomixna (I1Ip) 0,4 2 0 0,62 0,37
Ipomixua (I1p) 0,5 2 0 0,64 0,40
Panns npomixkna (PIlp) 0,5 2 0 0,62 0,37
Pauns (P) 0,3 1 0 0,50 0,19

Hinstaka Ne 2
izus (IT) 0,7 3 0 0,82 0,65
ITi3ns npomixna (ITp) 1,3 4 0 1,00 0,99
TIpomixkua (IIp) 1,4 4 0 1,00 0,98
Pannst npomixkna (PIIp) 1,2 3 0 0,94 0,84
Panus (P) 1,2 2 0 0,80 0,59

JHinsaka Ne 3
Mizus (IT) 2,1 3 1 0,79 0,60
ITizus npomixna (I1Ip) 3,1 4 1 0,88 0,76
Ipomixua (ITp) 2,4 4 1 0,88 0,75
Panns npomixua (PIIp) 2,7 4 1 0,98 0,89
Panus (P) 2,5 4 2 0,64 0,38
3aranpHUil MiACYMOK 1,1 4 0 1,09 1,18

BigmoBimHO 10 maHWX, SKi HaBEeACHI y TaOMUIl 3 HAaWBUIIAM piBHEM
YTBOPEHHS KOJYZISl BIAPI3HSAIOTHCS MPOMiXKHI (eHomoriuni Gopmu. 3okpema,
HaWBHIIMM piBHEM XapaKTEpU3YIOThCS PAHHS NMPOMiXKHA, Ii3HSA MPOMiXHA,
cepenHii Oan riomoHoIIeHHS SKuX ctaHoBUB 0,5-3,1 Oamm. [opsn i3 1M,
cepenHii 6anm QopMyBaHHS IUIOMOHOWICHHS [UIS Mi3HBOI ()EHOIOTIYHOI
tdopmu cxmamana Bix 0,3 no 2,1 Ganis. Lle Bka3ye Ha Te, IO BiAMIYarOTHCS
3arajibHi TEHACHLII CTOCOBHO BHIIOTO PiBHS IUIOJOHOLICHHS MPOMIXKHUX
(eHonorivanx (opM MOpiBHAHO i3 mi3HIMU. s paHHBOI ()EHONOTIYHOI



(dbopMH BiAMIYAETBCS JEMIO HIKYE IUIONOHOLICHHS Y TMOpPIBHAHHI i3
MIPOMIXKHOIO peHOIoriYHOoI0 (popMoro.

3riiHO NPOBEIEHUX IOCIHIIPKEHb BCTAHOBIICHO, IO HalBHUILA HACiHHEBA
MIPONYKTHBHICTh OyJia y KJIOHIB paHHBOI IPOMIDKHOI, Mi3HHOT HPOMIKHOI Ta
npomixxkHoi (heHONOTIYHOT popmu. BomHowac 1y1st AepeB mi3HbOT (heHOIOT 9HOT
dbopmu Oyno XapakTepHHM HAWHWKYHMIA PIBEHb IUIONOHOIICHHS. Hwusbki
MOKa3HUKK IO/I0 HACIHHEBOI MPOAYKTUBHOCTI OynM y AepeB ny0a paHHIX
(eHonoriyHuX GopM.

Ha ninstami Ne 5 (Oe3 3pimpkeHHs) MakcMMallbHA TIPOJYKTHBHICTH Oyria
y IPOMDKHHX Ta PAaHHIX IPOMDKHHUX ()eHOJIOTTYHHUX POPM, SIKI XapaKTepU3yBaIncs
cepenuiM OanoM penponykmii 0,5. HalHIKIMMU PIBHSIMHU IDIOMOHOIICHHS
BIAPI3HSUIMCS JlepeBa paHHIX Ta mi3HIX QeHonoriuaux ¢opm (0,3 OGamm).
IpomixHi Ta mi3HI mpoMiXKHI (eHooriuHi GopMU XapaKTepU3yBaJIMCS IO
BUILMH PiBHSIMH IUIOIOHOIICHHS], 30KpeMa Ha IULHI Ne 6 (cepeHboro piBHS
3pimkenss) — 1,3-1,4 6amm. Y nepeB mi3Hboi QeHomnoriuHoi dopmu, SK 1 Ha
TIOTIepeIHIN TUISHIY, TJIONOHOIIEHHS OYJI0 HAHIKINM Y Mi3HIX (DeHOIOTTYHUX
(hopM Ta cTaHOBHWIIO Y cepenHpoMy 0,7 Gaiu.

Jus ninstaku Ne 7, e Oyiio poBEICHO BHCOKY IHTCHCHBHICTh BUPYOYBaHHS
JepeB paHi MpOMDKHI Ta NpPOMDKHI (QeHomoriuni QGopmu Biapi3HsUTHCS
HAWBUINUMH PIiBHEM IUIONOHOIICHHS Ta cTaHOBWIM 2,7-3,1 Oanis. Ha nawniii
JUISHII HAMHWKYOI0 IHTEHCHUBHICTIO IUIOJOHOILICHHS XapaKTepH3yBalics
JepeBa Mi3HBOI (eHoNMOriyHOT (GopMH. IHTEHCHBHICTH IUIOJOHOIICHHS
3a3HayeHoi QeHonorivnoi Gopmu ckianas 2,1 Gais.

Y pe3yiisrari MPOBEACHUX TOCIIDKCHb HEOOXITHO BIMITUTH, IO MIPOBEICHHS
3piJPKeHb KIIOHOBUX JIICOHACIHHEBHX IUIAHTALIH € JOCUTH €(DEKTUBHUM IIUISIXOM
JUISL TIIBUINCHHS IHTGHCHUBHOCTI PENpONyKIl ayba 3BUYaifHOTrO. 3a3HaucHi
METOIM CTHMYJIIOBAaHHS PENpPOAYKTHBHHUX IIPOLIECIB HEOOXiTHO TMPOBOINUTH
Ha 3arymeHuX IUIaHTalisX, SKi XapaKTepH3yIOThCS 3MHKaHHS KPOH JepeB.
[IpoBeneHHsT 3piIkeHb Ha IUIAHTALSX CHPHSE 3POCTAHHIO IUIOJOHOIICHHS
y TOpiBHAHHI i3 IUIaHTauissMu Oe3 3pikeHb y 3-4 pasu. EdexruBHicTh
MIPOBEJICHUX 3PIIUKEHb BiIMIYA€ThCS yxe Ha 3—4-U piK micis 1X MpoBeieHHs.
JlvHHaMiKa TUTOJOHOIICHHS Ha KJIOHOBHMX HAaCIHHEBUX ILTaHTauisx (epxasHe
MnpueMCTBO «BIHHHMIIBKA J1iCOBa HAayKOBO-IOCHTiZHA CTaHLis», TypOiBCchKe
JICHUIITBO, AUITHKU Ne 5, 6, 7) BimoOpaxkeHa y TaOmuii 4, a TAKOX Ha pHC. 3.

AmHaniz JuHaMIiKM IUIOJOHOIIEHHS BopopoBk 2018-2025-ro pokiB
BKazye Ha 3arajibHi TEHJEHIII LI0M0 AESKOro 3pOCTaHHS IHTEHCHBHOCTI
PENpONyKTUBHUX IPOILECIB HA KIOHOBHMX IUIAaHTalisx Bix 1 mo 1,5 Oamis.
Ha pminsaui Ne 5 BrponoBk ocTaHHIX 7-MM BiAMiI4aBCS HaWHIDKYUKA pIBEHb
penpoayKiii, sikuii konuBaBcs y Mexax 0,5-0,8 Oami. HaiiBumii cepemsi
3HAYCHHS 32 IHTCHCHUBHICTIO TUIOMOHOIICHHS BiaMivaucs y 2023-my pori.



Tabmuusg 4
JInHHaMiKka MJI0OHOIIEHHS] HA KJIOHOBUX HACIHHEBHX IJIAHTALISAX
(Hep:xaBHe mianpueMcTBo «BiHHNUBKA JlicOBa HAYKOBO-I0CTiIHA
cranuisi», TypOiBcbke JTicHUITBO, AiassHKU Ne 5, 6, 7)

2018 2022 2023 2024 2025
Jinauka Ne | 4, | max, | A, | max, | A, | max, | A, | max, | A, | max,
oan | o6an oan | 6an | éan oan oan | O6an | O6an | Oan
5 0,5 4 0,9 4 0,8 4 0,3 4 0,6 3
6 0,6 4 1,7 5 1,6 5 0,8 4 1,2 4
7 1,4 5 1,9 5 3,8 5 1,6 5 2,6 5
Cepenne 0,7 5 1,3 5 2,1 5 0,9 4 1,1 4
3
3,3
i
4,3 —_
2 ‘,;fné?m-;;i.léza,;x
-
1 f.,...—-'"
0,5 B .
0
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
—l o AlRAMNE 5 -l ALARAHHE B - = pinAHKa 7
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Puc. 3. /lunamika 1jioJ0HOIIEHHNA HA KJIOHOBHX HAaCIHHEBHUX
IUIAHTANISAX Pi3HOI iHTeHCUBHOCTI 3pimxkenHs (niissHku Ne S, 6, 7)
Brpoaos:x 2018-2025-ro pokis

Ha gimstami Ne 6 (i3 cepemHiM piBHEM 3piKeHHSI) CepeqHs iIHTEeHCHBHICT
YTBOpEHHS >Xoiyns 3MmiHroBanacs Bix 0,4 mo 1,7 GamiB. HaiiBummii piBeHb
penpoxykuii Oymo 3adikcoBaHo y 2022-my poui. HaitHmkunii piBeHb
TIonoHOMmeHHsT BusaBiIeHo y 21018-my pomi. Ha mimgHIi i3 HaiBHIIOO
IHTCHCUBHICTIO 3pi/KeHHA Oynn BiAMIYeHI MaKCHMAaJlbHI piBHI YTBOPEHHS
somyast Brpomosx 2018-2025-ro pokiB. Tak cepeanii 0an IIIOJOHOIICHHS
Ha JdaHiil minsgHOi 3MiHtoBaBcs Bim 1,4 mo 3,8 OamiB. HafiBummit piBeHB
penpoxnykuii Oymo ineHTH}iKOBaHO y 2023-My pomi — 3,8 GaitiB.

Jlokamizamis minsHOK N 5, 6, 7 i3 pi3HOIO IHTEHCHBHICTIO 3piKEHHS
y Mexax cenekuiHoro komiuiekcy JI1 « BiHHUIbKa TicoBa HAyKOBO-IOCITiTHA
cTaHmis» cTanoM Ha 2025-i pik BigoOpaxeHa Ha puc. 4.



AingHea s

Puc. 4. 3arajbHuii BUIVISA AiISHOK celleKIiiiHOro KoMIuIeKcy 5, 6, 7
Pi3HOI iHTEHCHMBHOCTI 3pifzkeHHs1 cTaHOM Ha 2025-i pik

2. Cy4acHwuit CTaH Ta piBeHb penpoayKLii pOaAUHHOI NiaHTaLi
Aayrnacii MeHsica

Popuuna nnanranist nymiacii Oyna crBopena y 2013-my poui y mexax
celneKiiiHoro komiuiekcy Jlep:kaBHoro mignpuemMcrsa «BiHHMIbKA JicoBa
HayKOBO-JIOCIiJIHA CTaHILis» YKPalHCHKOrO HAayKOBO-AOCIHIAHOTO 1HCTHTYTY
jicoBoro rocmnomgapctea Ta arposicomeniopauii (YkpHAIJITA). Ilnanra-
miss Oyna 3aknmageHa y keaprami 42 (Buginm 2) 3rigHO 10 Marepiaiis
sicoBnopsiakyBaHHs 2021-1o poky.

Ha nnomi Oyso BUcapkeHO 2-piuHi CisiHII ayriacii, siki Oyiu oTpumaHi
i3 nmaboparopii cenekiii YkpH/IIJITA. Cisaii Oynu BHPOIICHI 13 HACiHHS,
3aroTOBJICHOr0 Ha JUISHII JOCTIJHUX KYJIbTYP XBOWHHMX IHTPOIYLEHTIB i3
Kpalux Ta HOPMaJIbHHUX JEpeB, sika po3raiioBaHa y [liBgeHHOMY JICHUITBI
(xBapraxn 129, Buzin 9).

st ctBopenHst tuiaHTanii Oyino Bukopuctano 17 ponus. Y Bini 13 pokis,
nyriaacis moyana Boepiine (OpMyBaTH IMOBHOIIHHI MIMIIKKA. 30€peKeHICTh
OLIBIIOCTI POIUH Bijl X TTOYATKOBOI KiibkocTi y 2023 poui craHOBMIIA Oiliblie
50,0 %. Haiimenmuii BincoTok 30epexxeHocTi Maiu poxunu Ne 6-15 (28,6 %)
ta Ne 3-1 (41,7%), HaiiGinpmmii — Ne 9-3 (77,8 %) ta Ne 6-2 (76,5 %).
Cepenns 30epekeHICTh poauH cTanoBmwia 57,4 %.
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Ha mnnanrauii mepeBakaiu jepeBa BiIMIHHOIO Ta J0Oporo craHy, ix
yHcenbHIcTh cTanoBmia 43,5 % ta 37,7 % BinnosigHo. HaiiOinbiny KibKicTh
nepeB BinminHoro crany 50,0% i Oinpme mManm poaunu Ne 2-11, cymim,
6-15, 3-16 Ta 5-19. B ponunax Ne 6-2, 9-3, 5 3-6, 1-5, 3-1, 6-15 nepeBaxkanu
nepeBa nmobporo crany. CepenHs KUIBKICTh JEpEB 3aJIOBUILHOTO CTaHY
cranoBmia 15,4 %. HaiiOinpIumii BiICOTOK JiepeB 33/I0BUTBHOTO CTaHy Malu
poxuau Ne 1-6 (50,0 %) Ta Ne 11-18 (34,8 %), naiimenmmit — Ne 5-1 (7,8 %)
ta Ne 4-2 (8,3 %). [lepeBa He3a/10BIILHOTO cTaHy Oyiu 3adiKcoBaHi y POIUH
Ne 3-6, 5-1, 5-19, 9-1, 11-4 Ta 1 (cymim), iX yucenbHICTH cTaHOBMIA 3,4 %
BiJl 3araJibHOI KiJIbKOCTI JIepeB Ha IUIAHTAIlil.

¢ LN 3 2
Puc. 5. Hacinnenomennsi ncesgorcyru Mensica y 2025-my poui
Ha poauHHiil mmanTanii I «Binaunska JIHIC»,
Typo6iBchKe JiCHUITBO, KB. 42, BUA. 5

Posmonin noromctBa nepeB aymiacii Ha ponuHHIA manTanii (2013-ro poky
CTBOPEHHS) 32 BUCOTOIO CTAaHOM Ha OCiHb 2025-T0 poKy HaBeleHHH y TabmnmIIi 5.
HaiiBumoo npomyKTHBHICTIO 3a BHCOTOIO (7-8 M) XapakTepHu3yBasics
HacTynHi poguHH: 1-5, 1-6, 3-6, 6/H Ta cymim. MakcumarnbHa BHCOTa JEpPEB
mux motomcTB craHoBwiaa 8,0-8,5 M. HaiiHmk4ya npomyKTHBHICTH Oyita
y pomuH 11-4, 8-1, 4p, 8-1 (cepenust Bucora — 6,1-6,4). Poznoxin moromcrsa
JepeB Ayriacii Ha pOXMHHIN TUIaHTalil 3a CTAHOM BKa3y€ Ha ITIEPeBAKAHHS
2-i kareropii. Jlemo kpammM CTaHOM BiJpi3HSUIHCS TOTOMCTBa: 1-6, 2-11, 4-2.
Kpari xapakTeprcTHKH 3a IPSIMU3HOIO cTOBOYpa Oynn y poauH 1-5, 2-11, 5-19
(cepenniit 6an 3a mpsimusHOO 1,6-1,8). V 2025-My pori nepeBa BiapizHSUTHCS
HU3BKHAM PIBHEM PENPOIYKILii (cepeHiii 0ar iIHTEHCHBHOCT] yTBOPEHHS ITUIIIOK
o manTanii cranosus 0,2). YV okpemux nepes poauH 5-1, 11-4, 4-2, piBens
penpoaykii cTaHoBHB 4-5 OaiB.
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Ta6muug 5

Poznonis moromcTBa aepeB Aymiacii Ha poAnHHIN MIaHTANIT
(2013-ro poky cTBOpPEHHS) 32 BUCOTOI) CTAHOM Ha OCiHb 2025-ro poky

XapaKTepuCTHKA 32 BHCOTOI0, M

Ponuna K-cTb nepeB, mr -
A, m min max c c?
11-4 49 6,1 1,0 8,5 2,3 5,120
13-1 36 6,6 1,0 8,5 1,9 3,319
1-5 50 7,1 4,0 8,5 1,2 1,405
1-6 12 7,7 5,0 8,5 1,2 1,246
2-11 32 6,5 4,0 8,0 1,2 1,279
3-16 36 6,7 4,0 8,5 1,4 1,803
3-6 25 7,0 4,0 8,5 1,4 1,716
4-2 43 6,8 3,0 8,5 1,6 2,542
4p 34 6,4 1,0 8,5 2,2 4,571
5-1 82 6,7 3,0 9,0 1,5 2,336
5-19 84 6,7 1,0 8,5 1,5 2,177
6-2 18 6,8 4,0 8,5 1,6 2,420
8-1 74 6,4 3,0 8,5 1,3 1,756
9-1 31 6,3 3,5 8,0 1,3 1,507
9-3 9 7,2 6,0 8,0 0,8 0,561
o/u 7 8,0 8,0 8,0 0,0 0,000
cymim 40 7,1 3,0 8,5 1,3 1,660
Pazom/cepenne 662 6,7 1,0 9,0 1,6 2,444
Tabmums 6

Po3noaist noromcTBa AepeB Ayriacii Ha poaMHHIN MuIaHTALIT
(2013-ro poky cTBOpeHHs) 3a cTaHOM (0CiHb 2025-ro0 poky)

XapakTepuCTHKA 32 CTAHOM, KaTeropis cTaHy

Poauna K-c1b 1epeB, mr -

A, M min max [ c?

1 2 3 4 5 6 7
11-4 49 2,5 1 4 1,1 1,106
13-1 36 1,9 1 4 0,8 0,609
1-5 50 1,8 1 2 0,4 0,184
1-6 12 1,1 1 2 0,4 0,109
2-11 32 1,6 1 3 0,8 0,581
3-16 36 2,1 2 3 0,3 0,090
3-6 25 2,6 2 3 0,5 0,240
4-2 43 1,6 1 2 0,5 0,230
4p 34 2,0 1 4 0,6 0,385

1 2 3 4 5 6 7
5-1 82 2,2 2 4 0,4 0,191
5-19 84 1,9 1 3 0,5 0,275
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[Mponowxenns tabmuii 6

1 2 3 4 5 6 7

6-2 18 2,0 2 2 0,0 0,000

8-1 74 2,0 1 3 0,5 0,244

9-1 31 2,1 1 4 0,6 0,390

9-3 9 1,9 1 2 0,4 0,122

o/u 7 2,0 2 2 0,0 0,000
cyminr 40 1,8 1 3 0,6 0,386
Pazom/cepenne 662 2,0 1 4 0,6 0,400

Tabmuus 7

Po3nonis moromMcTBa JepeB ayriiacii Ha poauHHIA MIaHTALil

(2013-ro poky cTBOpeHHsI) 32 MPAMU3HOIO CTOBOYpa

CTaHOM Ha ocinb 2025-ro poky

XapakTepHcTHKA 32 NPSIMU3HOIO cTOBOYpa, 6an

Poauna K-ctb jepes, wr -

A, m min max c c?
11-4 49 2,1 0 3 0,875 0,739
13-1 36 2,4 1 4 0,727 0,496
1-5 50 1,8 1 3 0,755 0,553
1-6 12 2,0 2 2 0,000 0,000
2-11 32 1,6 0 3 0,996 0,934
3-16 36 2,1 2 3 0,224 0,048
3-6 25 2,1 0 3 0,704 0,462
4-2 43 2,2 1 3 0,473 0,214
4p 34 2,3 2 3 0,452 0,197
5-1 82 2,2 1 3 0,496 0,241
5-19 84 1,8 0 3 0,586 0,337
6-2 18 2,3 2 3 0,469 0,204
8-1 74 2,1 1 3 0,400 0,156
9-1 31 22 2 4 0,489 0,228
9-3 9 2,0 2 2 0,000 0,000
6/H 7 2,0 2 2 0,000 0,000
cymint 40 2,0 1 3 0,566 0,308
Pazom/cepente 662 2,0 0 4 0,605 0,366
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Tabmuusa 8

Poznonis moromcTBa aepeB Aymiacii Ha poAnHHIN MIaHTANIT
(2013-ro poxy CTBOpPEHHSI) 32 YTBOPEHHSAM IIMIIOK
CTAHOM Ha OcCiHb 2025-r0 poky

XapakTepHCTHKAa YTBOPEHHs WIMIIOK, 0aJ

Poanna K-cTb nepes, mr -
A, m min max c G?
11-4 49 0,5 0 4 0,945 0,893
13-1 36 0,1 0 1 0,242 0,059
1-5 50 0,2 0 3 0,625 0,391
1-6 12 0,0 0 0 0,000 0,000
2-11 32 0,7 0 3 1,273 1,619
3-16 36 0,0 0 0 0,000 0,000
3-6 25 0,2 0 3 0,748 0,560
4-2 43 0,4 0 4 1,098 1,206
4p 34 0,0 0 0 0,000 0,000
5-1 82 0,1 0 5 0,728 0,530
5-19 84 0,2 0 3 0,536 0,287
6-2 18 0,0 0 0 0,000 0,000
8-1 74 0,0 0 0 0,000 0,000
9-1 31 0,2 0 3 0,654 0,428
9-3 9 0,0 0 0 0,000 0,000
o/u 7 0,0 0 0 0,000 0,000
cymim 40 0,1 0 2 0,423 0,179
Pazom/cepenue 662 0,2 0 5 0,659 0,434
Tabmums 9

Po3noaist noromcTBa AepeB Ayriacii Ha poOMHHIN MuIaHTALIT
(2013-ro poxy cTBOpeHHsI) 32 PO3BUTKOM KPOHU
CTAaHOM Ha OCiHb 2025-r0 poky

XapaKkTepuCTHKA PO3BUTKY KPOHH, 0aJ

Poanna K-cTb nepes, mr -

A, m min max [ G’

1 2 3 4 5 6 7
11-4 49 2,6 1 5 1,283 1,647
13-1 36 3,2 1 5 0,882 0,777
1-5 50 3,6 2 5 0,881 0,777
1-6 12 42 2 5 1,090 1,188
2-11 32 3,4 1 5 1,088 1,183
3-16 36 3,4 1 5 0,973 0,948
3-6 25 3,5 2 5 0,957 0,916
4-2 43 3,6 2 5 1,058 1,120
4p 34 3,3 1 5 1,429 2,043
5-1 82 3,6 1 5 1,037 1,076
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[Mponowxenns Tabmumi 9

1 2 3 4 5 6 7

5-19 84 34 1 5 1,011 1,023

6-2 18 3,5 1 5 1,402 1,964

8-1 74 3,1 1 5 0,808 0,653

9-1 31 3,1 2 5 0,943 0,890

9-3 9 3,6 3 5 0,728 0,531

6/u 7 5,0 5 5 0,000 0,000
cymin 40 3.4 1 5 1,182 1,398
Pazom/cepenne 662 3,4 1 5 1,100 1,210

Tabmums 10

Po3noaisi moroMcTB AepeB ayriacii Ha poauHHIA naHTamii

(2013-ro poky cTBOpeHHsI) 3a MpUPOcTOM 1-ro poky

CTaHOM Ha ocinb 2025-ro poky

XapakTepHucTHKA 32 TPHPOCTOM 1-ro poKy, cM

Poauna K-cTb 1epeB, it -

A, ™ min max c c?
11-4 49 17,7 10 27 4,7 22,147
13-1 36 18,6 11 25 3,7 13,496
1-5 50 19,6 13 27 33 11,208
1-6 12 21,3 12 28 49 24,438
2-11 32 18,1 12 24 3,3 10,692
3-16 36 18,2 12 25 4,0 15,960
3-6 25 18,6 12 24 3,5 12,507
4-2 43 18,6 13 24 3,3 10,800
4p 34 19,2 12 26 3,9 15,361
5-1 82 18,6 12 30 3,8 14,235
5-19 84 19,1 10 27 3,7 13,461
6-2 18 19,0 12 25 4,5 20,000
8-1 74 17,6 11 27 3,6 12,682
9-1 31 18,1 11 28 3,8 14,590
9-3 9 18,6 15 22 2,2 4,816
o/u 7 23,5 23 24 0,5 0,250
cymint 40 19,3 12 25 3,3 10,735
Pazom/cepenne 662 18,7 10 30 3,8 14,559
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Tabmuusg 11

Poznonis noromceTB AepeB ayriacii Ha poqMHHINA maHTanii
(2013-ro poky cTBOpPEHHSI) 32 MPUPOCTOM 2-T0 POKY
CTAHOM Ha OciHb 2025-r0 poky

XapakTepHCTHKA 32 IPUPOCTOM 2-TO POKY, CM
Ponuna K-cTb 1epes, mr -
A, M min max c c?
11-4 49 15,6 10 22 3,110 9,673
13-1 36 16,5 10 20 2,550 6,500
1-5 50 16,4 10 20 2,412 5,820
1-6 12 16,4 13 20 2,176 4,734
2-11 32 16,5 11 20 2,172 4,720
3-16 36 15,2 10 18 2,372 5,628
3-6 25 16,8 11 22 2,880 8,293
4-2 43 16,2 12 22 3,212 10,320
4p 34 16,3 10 22 3,083 9,504
5-1 82 15,9 11 25 2,811 7,902
5-19 84 16,2 10 20 2,492 6,211
6-2 18 15,9 11 21 2,658 7,066
8-1 74 15,5 11 22 2,510 6,299
9-1 31 16,3 12 21 2,147 4,610
9-3 9 16,0 12 19 2,138 4,571
o/u 7 19,5 18 21 1,500 2,250
cymim 40 16,4 11 22 2,604 6,783
Pazom/cepenne 662 16,1 10 25 2,691 7,243

CepemHiit 6air po3BUTKY KPOHHU cTaHOBHB 3,0, 10 BKa3ye Ha TIepeBasKaHHS
JepeB i3 moOpe po3BHHEHWMH KpoHamu. HaliOinpmumu mapameTrpaMu KpoH
BinmpisHsutucs pomuHm: 1-5, 1-6, 4-2, 5-1, 9-3, 6/1 (6an 3,6-5,0). Cepenniit
MPHUPICT TArOHIB OCTAHHBOTO POKY CTaHOBUB Omm3bko 19,0 cm. HaiiBumii
MIPUPOCTH OCTAHHBOTO POKYy Oymu 3adikcoBani y pomwmu: 1-6, 1-5, cymim
(19,3-23,5 cm). 3Ha4HO HIKYI HMPUPOCTH OCTAHHBOTO POKY OyiM y IepeB
pomua 11-4, 8-1. IIpupocTi MUHYIOTO POKYy OyiIM HAWBHIIMMH Y TIOTOMCTB
1-5, 1-6, 13-1, 2-11, 6/1, cymim (16,4—-19,5 cm).
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3. OcobaumBocTi penpoayKu,ii
copTiB GyHAYKa YKpaAiHCbKOI ceneKuii

PemponyktuBi  BnmactuBocTi pocnuH Buny Corylus  BigMidaeTbcs
y pizHomy Bimi. [Topsiz i3 uM, BUBEICHI COPTH PYHIyKa XapaKTEPH3YIOThCS
OUITBII paHHIM TUTOMOHOMICHHAM. SIKIIO IBITIHHA Y OutbmocTi BuniB Corylus
BiZIMIYa€ThCsl KOOKHOTO POKY, IIPOTE 3HAYHHUN YpOXKai TOpPiXiB IOBTOPIOETHCS
JIHIIIE i3 TIEBHOIO TIepioanyHicTio! 17 18,

IMouarox wBiTIHHS Oimbimocti pociuH Corylus BiOMIYaeTbes Mmie OO
Hepexoy TeMIIepaTypH MoBiTps dyepe3 5 °C, 110 € XapaKTepHUM ISl TOYATKY
BererariiiHoro mepiogy. Came Ii TepMiHH € TIOYaTKOM BereTalii OiTbIIOi
KUTBKOCTI BHJIIB OCHOBHUX JICPEBHUX MOPiN y MTOMipHii 30Hi. s pizHEX a3
(hopMyBaHHS KBITKOHOCIB y BUAY € TOTpeda MO0 PiZHOTO TEMIIEpaTypHOTO
pexuMmy. 3o0Kpema, A TOYATKy IBITIHHA HEOOXimHE IIiABHUICHHS
TEeMIepaTypd, TOAI AK Ui PO3BHUTKY KBITKOBHX OpPYHBOK € HEOOXiTHICTBH
II0JI0 HASIBHOTO TIEBHOTO TEPioy MOHMKEHUX TeMmreparyp'® 2% 2L,

TepmiHnamMu (oOpMyBaHHS THYMHKOBHX CYIBITH IS OUNBIIOCTI BHUIB
Corylus B ymoBax Creny Ta Jlicocteny Ykpainu € mepiia noxoBuHa OepesHs,
KOJTH cepeHs 1000Ba TeMreparypa noBitps nepesuirye 3 °C. PenpoxykTuBHi
mporecH, 30kpemMa (GOopMyBaHHS TOpIXiB Ta IHTCHCHBHICTh IX YTBOPEHHS
€ KI0YoBMMH. L{e 3yMOBJICHO THM, IO ceneKis (pyHIyKa CIpsiMOBaHa came
Ha OTPHMaHHS MaKCUMAJIbHOI ypokaifHOCTI Ta 3a0e3ledeHHs BiIlOBiTHOI
saxocTi moxiB. [lopsn i3 MM IHTEHCHUBHICTD IIOAOHOIICHHS 3yMOBIICHA HE
JIMIIE TEHETHYHUM BJIACTUBOCTSAMH COPTIB, aje W MOTOAHO-KIIMaTHYHHMH
YMOBaMH, sIKi HOPMYIOTECS BIIPOJOBXK POKY.

JocnikeHHsT OO0 CTaHy Ta PENpONYKTUBHHX IPOLECIB NPOBEACHO
B yMoBax neHapomnapky XHAY im. B. B. Jloky4aeBa. 30kpema, TOCITIIHKEHO

16 Komaanoea O. B., Jlocs C. A., Curnix I. ¥ OcoGnuBocti pocty it po3BHTKy JHIIMHE epeBo-
noni6uoi (Corylus colurna L.) y HacamkenHsx 3eneHoi 3ouu XHAY im. B. B. [lokyuaesa.
Jlicisnuymso i acponicomeniopayis. 2018. Bun. 132. C. 66-72.

17 Konmuanosa O. B., Jloce C. A. MinnuBicts MOp(ONOriYHMX O3HAK CEPEKOK COpTiB (yHIyKa
YKpaiHCchKoi cenekuii. Jlicignuymeo i azponicomeniopayis. 2014, Ne 125. C. 115-120.

'8 Heiiko O. B. Cyu4acHuii cran Ta e(eKTHBHICTh BHKOPHCTaHHs JilmHu aepeBoBunoi (Corylus
colurna L.) B ymoBax Ilomimrs. Marepiann MiKHapoaHOI HAayKOBO-IPAaKTHYHOI KoH(epeHIl
«Edukacja i nauka lesna: stan, problemy i perspektywy rozwojuy. Tom. 3. Lomza — Matyn. 36-40.

9 Komuauosa O. B., Jlock C. A. Curhik I. M. Ocobmusocti pocty ii pO3BHTKY JillMHH
nepesononiouoi (Corylus colurna L.) y Hacamkennsx 3enenoi 3oun XHAY im. B. B. [lokyuaesa.
Jicienuymeo i acponicomeniopayis. 2018. Bum. 132. C. 66-72.

2 Komuanoa O.B, Jlocs C. A., Xanimon €. B., bk O. M. JlimuHa JepeBoBHaHA y mapkax
TontaBmunu. [Hmpodykyis pociuH, 30epejxcenHs ma 30a2ayeHHs 6 OOMAHIYHUX cadax ma
dendponapkax : MkHapoaHa HayKoBO-TpakTH4Ha KoHdepenuis. Kuis. C. 120-121.

2! Komyanosa O. B., Jloce C. A. MituBicTh MOP(ONOTIYHHX O3HAK CEPEXKOK COPTIB (ByHIyKa
yKkpaincbkoi cenekuil. Jlicignuymeo i azponicomeniopayis. 2014. Ne 125. C. 115-120.
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IHTEHCHUBHICTh  IUIOJIOHOIIEHHS 12-TW  copTiB  (QyHIyKa yKpaiHCHKOI
cenekuii*> 2,

BOPOBCHKUI — Hanexuts 10 cOpTY, [1is SKOTO XapakTepHi cepemHi
PO3MIpH JINCTKOBOI IJTACTUHKH, SIKa 32 JIOBKHHOIO CTAaHOBUTH On3bko 10—11 cm,
a 3a mupuHoro — 10-11 cm. CopT XapakTepu3yeTbCsi KOPOTKUM UEPEIIKOM,
JOBXWHA SIKOTO cTaHoBuUTh 1—2 cMm. Koedimient ¢opmu cranoButh 10 1,0,
0 BKa3ye Ha OUIbII BHUPAXEHY 3a0KpyIIeHy (OpMY JIMCTKOBOI IUIACTHHKH.
JIMCTKOBI IUIaCTMHM TIEPEBAXKHO IPABHJIBHOI (opMH, OKpyrii. BepxiBka
JIUCTKA 3[e0UIBIION0 HUPOKA Ta Ma€ 3arocTpeHni KiHuuK. OCHOBa JIMCTKOBOT
TUTACTHHKY 3/1e0LIBIIOro cepuenoniOna. ¥ copTy J0CTaTHbO BHpakeHi 3yOli
TIEPILOro NOPsAKY. JIMCTKOBI IITACTHHH 13 3yOLISIMU 2-TO TTOPSIIKY, SIKi € CEPEIHBO
BUPaKCHUMH Ta 3yOLli 3-ro HOPsIKY, sIKi € ci1abo-BupakeHi. JJoBKHHA cepeskok
y CeperHbOMY CTaHOBUTH On3bKo 3,0 cM. Dopma JIyCOYOK CEpen oK € BY3bKO-
3a0KpyrieHoto. KiHuMK J1ycouku 3a ()OpMOIO € BUIOBXKEHUM, a Kpail JIyCOUKH —
npssMuM. JIycodku 371€0UIBIIOTO € TyCTO-OITYICHUMH.

BEJIETEHb — copr, mo BiApi3HS€TbCS JOCTaTHbO  BEIMKHMHU
napaMeTpaMu JIMCTKOBUX IUIACTHH, JOBXKMHA $KOi cTaHOBUTH 11-13 cwm,
a mmpuHa — 9-10 cMm. Jlomxkuna yepemika ckianae 1,5-2 cm. [ns nanoro
COPTY € XapaKTepHa BUIOBKEHICTh JUCTKA. JINCTKOBI INIaCTUHHM 371€01IIBIIOTO
MIPaBUWIIbHOI, OKpyIioi ¢opmu. [yt aMCTKa BiacCTHUBA IIMPOKA 3arocCTpeHa
BepxiBka. JIMCTKOBa IUIacTMHA 13 cepLEenoniOHOI0 OCHOBOIO. JIMcTkM i3
3yOIsaMHU 1-ro MOpsAKy, sKi MepeBaXHO € cinabo BupaxeHuMu. CepenHbo
BHPQXKCHUMH € 3yOIli 2-ro Ta 3-ro mopsuky. XapaKTepu3yeTbCs CePEeIHBOIO
JOBXMHOIO cepexxok — 3,5 cMm. Cepexku 3a (OpPMOIO JIyCOYOK BY3BKO-
3aokpyrieHi. dopma KiHYMKa JyCOUYKH — BHJOBKEHA, Kparo JIyCOUYKH —
BUKpHBIIeHA. JIyCOUKH cepeHbO-OITyIIeH .

JIOXIJTHUI — copr, siKuii Bipi3HA€THCSA 3HATHUMHU PO3MIpaMH JINCTKA SIK
3a 1oBxkHHOI0 — 10—13 cM Tak i mmprHOo0 — 8—11 cM. CopT XapakTepu3yeThes
JOCTaTHBO JOBIMM YEpeIIKoM — 2—2,5 cM. € BIIaCTHBOIO Jiesika BUTSTHYTICTh
nmucTka. BepxiBka y jmcTka mmMpoko 3aroctpeHa. CepuenopiOHa JHMCTKOBA
IUTacTHHA. € JIOCTaTHHO BHPaXEHWMH 3yOui mepiuoro nopsiaky. CepeaHio
BHPaXEHICTh MaIOTh 3yOIli 2-T0 MOPSIKY, a 3yOIi 3-ro MopsAKy 34e01IbIIoro
ciabo-BupaxeHi. COpT XapaKTepH3yEThCS CEPEIHBOIO IOBKHHOIO CEPEXOK —
4,2 cMm. dopma IJIyCOUYOK CEPEKOK — By3bKo-3aroctpeHi. dopma kparo

2 Komyanosa O. B., Jlocs C. A. MeropuuHi acriekTd BUBYEHHS (JOPMOBOTO Pi3HOMAHITTS JILIUH HA
NpUKNazi CopTiB (GyHIyKa YKpaiHCbKOi cenekuii. Jlicienuymeo i acponicomeniopayis. 2018. Ne 133.
C. 10-19.

% Cyraik 1. M. Tapkn XapkiBchKkoro HamioHaTsHOTO arpapHOro yHisepcutery im. B. B. Jlokyuaesa.
XapriB. Hatl. arpap. yH-T iM. B. B. Jloky4aeBa. Bup. 2-re, nonos. i nepepo6. Xapkis, 2017. 224 c.
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JYCOYKHM € BUKPHBIICHOIO, a KiHUYMKa JYCOYKH — TPHKyTHOIO. OmyIleHicTh
JIyCOUKU CEepeNHs.

KHI/IHOBI/IZ[HI/Iﬂ — COpT, SIKHI BIiAPI3HSAETHCSA JOCTATHHO BEIUKUMH
napaMeTpaMu JIUCTKOBOI IJIACTHHKH, JOBXHHA sIKOi cTaHOBUTH 11-13 cwm,
amupuHa —9—-10 cM. Y nHuCTKa KOPOTKUI UepelloK, JOBKHUHA IKOTO CTAaHOBUTh
1-1,5 cm. [Inst TuCcTKOBOT TUIACTHHKY € XapaKTepHUM HalMEeHIIHH Koe]ilieHT
¢opmu, 1o BioOpaxkae BUTATHYTICTh JIMCTKA. JINCTKOBA IIaCTUHA OBAJIBHOI,
MpaBWIbHOT (opmu. BigMmivaeTbcs MIMPOKa 3aroCTPEHICTh BepXiBku. st
OCHOBH JIMCTKa BlIacTHBa cepuenoniona gopma. Ciiabo BUpaXeHUMH € 3yOLi
1-ro i 2-ro mopsakiB. Takoxk crabo BHUPaKCHUMH € 3yOIli i 3-ro HOPSIKY.
JIoBXKMHA CEpexoK y CepedHbOMY CTaHOBUTH 2,8 cM. Dopma IyCcodoK
CEpeXOK — TPHUKyTHA. KiHUMKH JIyCOYOK MalOTh TYIIO-3arOCTPEeHy (opMmy,
a Kparo JIyCOYKHU — JIell0 BUKpHBJeHYy. ONyIIEeHICTh JIyCOYOK ciadKa.

KPACHOJIMCTUM — copt, st SIKOTO BIACTHBI CepeHi po3MipH JIHCTKa,
JIOBXHHA SKOTO y CepelHbOMY CTaHOBUTH 11-12 cM, a mmpuHa — 9-11 cm.
JlucTkM MaroTh XapakTepHUH 4YepBOHyBaTHH Kouip. JloBknHa uepelka
craHoBuTh 1-1,5 cm). JIMCTKOBA IUTACTHHA XapaKTEPU3YETHCS JCSIKOIO
BUTATHYTICTIO. JIJIs JIMCTKa BiacTHBa OLIBLI BHpa)KeHa MpaBWIIbHA, OKPYyIJa
dopma. IlIupoko 3aroCTpeHOI0 € BepXiBKa JIMCTKA. Y OCHOBI JIUCTKOBOI
IUIACTUHM BYIIKO-noA1i0Ha hopma. CepetHbo BUpaKeHUMH € 3yOri 1-ro, 2-ro
i 3-ro nopsiaKiB. JIOBKHHA CEPEXOK y CEPEeAHBOMY CTaHOBUTH 3,2 cM. Dopma
JYCOYOK CEpEeKOK — TpUKyTHA. KiHYMK JIyCOYKHM TPHUKYTHHH, a Kpamo —
BUKpUBIEeHHH. ONyIIEeHICTh JIyCOYOK Maie BiJCyTHSI.

JIO3IBChKUM BYJIABOBUJIHUI — copr, 1HCTOBA IIACTHHA SIKOTO
BIZIPI3HSETHCS TOPIBHSHO HEBEIIMKUMU PO3MipaMH JIMCTKOBOI IUIACTHHH,
JIOBXKHHA 5iK01 cTaHoBUTH 9—10 cMm, a mmpuHa — 7-9 cM. JloBxkHHA yepenika
He3HauyHa — 1-1,3 cM. JIucTok XapakTepu3yeThCcsl HE3HAYHOI BHUTATHYTICTIO
racTuHy. JIMCTKOBa TMJlacTHMHA € PO3LIMPEHOK Yy HWXKHIM 4YacTuHI Ta
Mae siinenoniony ¢opmy. BepxiBka Bipi3HSETBCS CEPEAHBOIO MIMPUHOIO
Ta € 3aroctpeHor. CeprenoniOHOI0 € OCHOBa JIMCTKA. Bupaxeni 3yOui
1-ro mopsaKy, a 3youi 2-ro MOpsAKY 3AeOUTBIIOT0 € CePeIHhO BHPAKCHUMU,
a 3-ro mopsiaKy — cnabo BUpaKeHUMH. JIOBKHMHA CEPEIKOK Y CKITamae — 2,6 CM.
dopma JTyCoHOK CeperOK — IUPOKO-OKpyIia. KiHUMK JIyCOUKH BUIO0KEHHH,
Kpail JTyCOUKH BUKpUBIICHHH. OIyIIEHICTh JIyCOUOK CEepPEIHS.

JIO3IBCHKUI IIAPOBUJIHUIA — copr, ist SIKOTO XapakTepHi cepe/Hi
pPO3MIpH JIMCTKOBOI IUIACTHHKH, OBXHHA SIKMX cTaHOBUTH 9—11 cm. Taka
K IIMpUHA JIUCTKA, fKa ckiaagae 9-11 cM. ¥V jgucTKa mepeBakHO KOPOTKHM
YepeIroK JOBKUHOK 1-1,5 cm. 3HadeHHs koedinieHTy Gopmu Onm3bKe 10
1,0, mo BijoOpakae 3a0KpyICHICTh (HOpMH TUIACTHHU. JIMCTKOBA TUIACTHHKA
pO3IIMpPEHA Y BEPXHiA YaCTHHI Ta 3a (OPMOIO € 3BOPOTHO-SHIICTIONIOHOTO.
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BepxiBka JTHCTKOBOI IUIACTMHKM — HIMPOKO 3arocTpeHa. Bymiko momiOHoo
€ OCHOBA JIMCTKA. BupaxeHumu € 3yOui 1-ro mopsiaky, a Takox 3yOui 2-ro
nmopsAKy. 3yOri 3-ro mopsaky € cinabo BHpakeHHMHU. J[OBKHHA CEPEkKOK
y cepeIHbOMY CTaHOBUTH 2,9 cM. DopMa CeperkoK JIyCOYOK HIMPOKO-OKpYTIIa.
VY nycowok BiacyTHil kiHumk. [Ipsimoro € ¢opma kpato. Jlycouku € rycro
OITyLIIEHUMHU.

OJIIMIIIICBKHIA — copr, sikoMy BIACTHBi cepeHi po3Mipy TOBKHHH —
12—-13 cM JIUCTKOBOI IUTACTUHKM Ta 3HayHa mmpuHa — 9—11 cM. IlepeBaxkHO
CepeHs TOBKHUHA dyepemka — 1,5-2 cM. JIuCTKoBa MIIaCTHHKA BiIPI3HAETHCS
JIeIKOl0 BUTSTHyTicTIO. DopMa JMCTKa NpaBHIBHOI OBasbHOI. BepxiBka
JIUCTKOBOI IJIACTUHKU MEPEBAXHO € 3BYXKEHOK Ta 3arocTpeHor. dopma
OCHOBH JIMCTKa — cepuenofiona. Ciabo BupaxeHUMH € 3yOui 1-ro nopsxy,
a 3yO1i 2-ro Ta 3-ro MopsAKiB — CEPEeAHBO BHPAKEHUMH. [IOBKHHA CEPem]OK
y CepeaqHbOMYy CTaHOBUTH — 2,5 cM. dopma JTycOuOK CEpekoK — BY3bKO
3aroctpeHa. KiH4MK jycoukn 3a (OpMOIO — TPHKYTHHH, Kparo JIyCOYKH —
BUKpHBJIEHHH. ONMyIIEHICTh JIyCOYOK CepeTHS.

[IPOXOK — copr, siIKoMy BIaCTHBI JIUCTKOBI IUTACTHHY 3HAYHOT JTOBXHHU —
11-13 cm, Ta He3Hauna mupuHa — 8—10 cm. Jlyna uepeiika xapakTepHa
cepenust nomxkmHa — 1,5-2 cm. JlucTkoBa IUTacTMHA  BIIPI3HSETHCS
HaliMEHIIMM 3HaYeHHSIM KoediuieHTy ¢opmu, 1m0 BinoOpakae Ha 3Ha4YHY il
BUTATHYTiCTh. J[JIsl JMCTKa BllacTMBa MpaBHiIbHA OBaibHa (opMa. BepxiBka
MIEPEBaYKHO CEPEIHbOI IIMPUHU Ta y OUIBIIOCTI BUIAJKIB € 3arOCTPEHOIO.
Cepuenoniona ocHoBa nuctka. J{ist 3yoniB 1-ro Ta 2-ro mopsiikiB — Bi1acTHBa
cepelHsl BUPaKEHICTb, a M1 3-TO MOpsIIKy — ciiabka BupaxkeHicTb. Ceperkku
JOBXUHOIO Onn3bko — 3,5 cMm. dopma JIycodok cepexok TpukyTHa. KiHumk
Ma€ TYIO-3arocTpeHy (opmy, a Kpaii JIyCoukH Maibke npsimuid. OmymieHicTh
JIyCOYOK cliabka.

[IPEBOCXOJIHUI-2 — copr, ais sKOro BIACTHBI BEIHKi poO3MipH
JIUCTKOBOI IUTACTUHKHU 3a JOBXMHOIO — 11-14 cM Ta mumpunoro — 10-13 cm.
VY IMCTKIB KOPOTKMH uepemok, moBxkuHoo 1-1,5 cm. JluctkoBa miacthHa
Ma€ HE3HAYHy BHUTATHYTICTh. DopMa JIHMCTKa 3BOPOTHO-siIenofiOHa i3
po3mMpeHHsM Yy HwkHIA dvactuHi. lllupoka Ta 3arocTpeHa BepxiBKa.
Hupkononionoro € ocHoBa 1MCTKOBOI IutacTWHKU. Cinabo BHpaKCHUMH
€ 3y0ui 1-ro 1 3-ro mopsizkis, a 3youi 2-ro NOPSAKY — CEPEHbO BUPAKEHUMHU.
JloBxKMHA cepe’koK y cepeHboMy cknagae 2,9 cM. dopma JIyCOuOK CEepexoK
BY3bKO 3a0KpyniieHa. KiH4YMK J1ycouku 3a ()OpMOIO BHJIOBXKEHHH, a Kparo
JIYCOYKH — Maike npsamMuid. OImymeHicTh JIyCO4oK — ciadka.

CEPEBPUCTHI — copr, siKuii BiApi3HSEThCS MOPIBHAHO BEITMKHMHU
po3MipamMH JIHCTKIB 3a MOBXHHOKW — 12—14 cm Ta mmpuHowo — 11-15 cm.
Jluctox 13 mMOpIBHSHO JOBrMMH dYepemikoM — 1,5-2 cM. 3HaueHHs
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koegimienty ¢opmu Oomu3pko 1,0, mo BigoOpaxkae BiJHOCHO 3a0KpYIVIEHY
¢dopmy nmcTka. JIMcTKOBa MIacTHHA Mae IIMPOKO OKpyry dopmy. BepxiBka
XapaKTepU3YEThCSl 3HAYHOIO MIMPUHOIO Ta Ma€ 3aroctpeHuil kinunk. ®opma
OCHOBH JINCTKAa — HUpKomnoaiOHa. CepenHbo BHpaKeHUMH € 3yOui 1-ro Ta
2-ro mopsakiB. Cnabo BHpaKeHI JHCTKU 3-T0 TOPSIKY. JIOBKUHA CEpekrOK
Y CepeIHbOMY CTaHOBUTH 3,6 cM. KUIBKICTh CEpeXOK y CyLBITTI 31€011b110TO
3 wt. Cepexku NOBXKHHOIWO Onuspko 3,6 cM. Popma IJIyCOUOK CepesroK
IINPOKO-OKpYIa, a KiHYMK Yy JIyCOYOK BifcyTHiil. Kpaii ycodok cepexok
npsmuid. OnyIeHicTh — rycra.

XAPKIB-4 — copr, siIkoMy BJIaCTHBI CepelHi pO3MipH JIMCTKOBOI INTACTUHKH,
JTIOBXKHMHA SKUX cTaHOBUTH Bix 10 10 12 oM, a mupuHa — Big 8 1o 10 cm. Copt
XapaKTEPU3YETHCS BITHOCHO JIOBI'UM YEPEIIKOM, KU CTaHOBUTH 1,5-2 cM.
Y JMCTKOBOI IJIACTHHU CIIOCTEPIraeThesl JesKa BUAOBXKEHICTh. JlucTkoBa
IUIACTUHA TePeBAXKHO MPaBWIIbHOI, Jemo oBajbpHOi (opmu. BepxiBka
JIMCTKOBOI IUIACTUHM Ma€ CEpeiHI0 IIMPUHY Ta € 3aroctpeHoro. OcHoBa
JucTKa Mae cepuernoniony ¢opmy. CepeqHb0 BHpakeHUMH € 3yOui 1-ro ta
2-ro nopsnkiB. 3yoni 3-ro nopsaky — ciabo BupaxeHi. CopT xapakrepusy-
€TBCSI CEPEHBOI0 JIOBKUHOIO CEPexoK — 2,9 cM. Y CylBITTI MepeBakHO 10
3 wrT. cepexok. OCHOBHOIO (hOPMOIO JIYCOUOK CEPEKOK € TPUKYTHA, a (hopma
KiH4MKa — cTpijononiona. Jlycouku maixke He OIMyIIeHi.

[HTECHCHBHICTh TUIOMOHONICHHS HAMHU BH3HaueHO y Oanax (Bixg 0 mo 5-tu).
HaiiBuiny iHTEHCHBHICTb TUIOIOHOIICHHS OLIHIOBAJIN Y 5 0aiB, a HAWHIKIY —
1 Gan. BincytHicTb monoHomenHs Oyina ouineHa y 0 6asnis. Hikye HaBoguThest
XapaKTEepUCTHKA COPTIB 32 HAsBHUMH Ta JONOBHEHUMH NECKPUITOPAMH Ha
OCHOBI TIPOBEJICHHX JIOCII/PKEHb.

VY Tabmuui 12 HaBeneHi AaHI CTOCOBHO IHTEHCHBHOCTI IUIOJOHOIICHHS
copTiB (hyHAyKa YKpaiHCHKOI CeNeKIil.

3a naHumu Tabmuui 12 cepemHst IHTEHCHBHICTH IUIOAOHOIICHHS COPTIB
cTaHoBWIA 2,5 OaniB mo BimmoBimae uucenbHOCTI 10-16 TOpixiB Ha OAMH
MeTp TiikH, abo 6,2—11,1 1/ra. HaiiBuima npoaykTuBHICTE Oynia BigMideHa
y copry «KpacHomuctuity. CepenHiii 0an IJIOMOHOIICHHS 3a3HAYCHOTO
copry cranoBuB 5,0 OamiB, mo Bimmoimae HasBHOCTI 30-Tu 1 OuTbIIe
ropixie Ha 1 M, abo 10,0 m/ra. [locTaTHbO BHUCOKOK MPOMYKTHBHICTIO
BIZIpI3HSABCS TaKoXK copT «XapkiB-4» — 4,0 6amu (7,1-10,0 1/ra). Cepennboro
IHTEHCHMBHICTIO IUIOZIOHOILICHHSI XapaKTepU3yBalucs copTd «bopoBChKHI,
«JloziBchkmii mrapoBuaHui» Ta «Bemerews» — 3,0 6aym (4,1-7,0 w/ra).
Husbka npomyKTUBHICT 32 YTBOPEHHSIM TOpiXiB Oyia y copTiB «JloximHuii»,
«KnmuunoBuamit», «Jlo3iBchkuii OynmaBoBuHMiD» Ta «IIpeBocxomHuit-2» —
2,0 o6amm (2,14,0 wra). HaliHWKYOK pPENPOAYKTHBHOK 3IATHICTIO
BiapizHsuucs coptu *OniMniiicekuit’ Ta «Ilipoxox» — 1,0 6an (0,6-2,0 1/ra).
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Tabmuus 12
Cepennst iHTGHCHBHICTD IJIOIOHOLICHHS COPTIB (hyHAYKa yKpaiHChbKOI
ceqaekuii (ITaBnenko) B ymoBax aenaponapky XHAY

N win Copr T an " | a1t rinen | ropiain wira
1 Joxinuuit 2,0 6-12 2,1-4,0
2 Boposchkuit 3,0 13-20 4,1-7,0
3 JI031BCHKHI IAPOBUIHHUM 3,0 13-20 4,1-7,0
4 XapkiB-4 4,0 21-30 7,1-10,0
5 Knunosuanuii 2,0 6-12 2,1-4,0
6 OnimMmiicbKui 1,0 2-5 0,6-2,0
7 ITipoxxok 1,0 2-5 0,6-2,0
8 KpacHonucruit 5,0 30< 10,0
9 Cepebpuctuit 2,0 6-12 2,1-4,0
10 Benerenb 3,0 13-20 4,1-7,0
11 JlosiBcpkuii OynaBoBHIHHI 2,0 6-12 2,1-4,0
12 TIpeBocxonumii-2 2,0 6-12 2,1-4,0

Cepenne 2,5 10-16 6,2—-11,1

Crin 3aHa4MTH, WO OIIHIOBAHHS PENPONYKTUBHHUX IIPOIECIB COPTIB
(dyHIyKa ITOBHHHO 3iIICHIOBATUCS PETYISPHO, TAK SIK Pi3HI COPTH HO-pi3HOMY
pearyioTh Ha HOTOAHO-KIIMaTH4HI YMOBH. Y I[bOMY KOHTEKCTI € BayKIIMBHM
BH3HA4YEHHsS 0COONMMBOCTEH (POPMYBaHHS PENPONYKTHBHHUX OpPraHiB 3a YMOB
PI3HOTO TeMITEpaTypHOTO PEXXUMY Ta OMaiB, SIKi CHOCTEPIratoThCs BIPOIOBX
YCBOTO BEreTaliiHoro nepiogy. BaskiimBUM acrieKTOM TakoX € HasBHICTb M
BiJICYyTHICTh PAaHHBOBECHSHUX 3aMOPO3KiB, SIKi MOXYTh CYTTE€BO BIUIMHYTH Ha
(opMyBaHHS pENPOYKTUBHHUX OPTraHiB y Iel mepioz.

BUCHOBKU

[HTeHCHBHICTH IIOOHOMIEHHS Ay0a 3BUYaifHOTO HA KIIOHOBUX HACIHHEBUX
rra"Tanisx 1977-1978 pokiB cTBOPEHHS Pi3HUX PEXHUMIB 3piILKEHHS (UITHKA
Ne 5, 6, 7) B ymoBax Binanuunan y 2025-My porti Oyna HU3BKOIO Ta CTAHOBHIIA
1,1 6amm. fxmo Ha mingHIi Oe3 3pipKeHHs cepenHid Oall IIOZOHOUIEHHS
craHoBuB 0,6 TO Ha AisHII 7 (i3 BHCOKOIO IHTEHCHBHICTIO 3pi/DKEHHS) —
2,6 O6amm. Ha ninsHIi i3 BUCOKMM CTYIIEHEM 3pIDKEHHS TakoX BiIMiYeHO
JiepeBa i3 MaKCUMaJIBHAM piBHEM IUTOAOHONIEHHS — 4 Ganmu. BomHouac, nepesa
i3 TIOBHICTIO BIICYTHIM IUTOZOHOUIEHHSM HA JaHif IUITHII OyiaH BiACYTHIMH.
HaiiBummmM piBHEM IJIOIOHOIICHHS XapaKTepH3yBaIiCsl IOMDKHI (h)eHOJIOT1UHI
¢dopmu, 30Kpema, paHHS MpPOMDKHA, IIi3HI NPOMDKHA, cepeqHiid Oan
IJIOMOHONICHHS SKuX craHoBHB 0,5-3,1 Oamu. Y TOH ke 9ac, iHTECHCHBHICTh
TUTOZIOHOIIEHHS Mi3HIX (eHonorivHnx Gopm ckiranana 0,3-2,1 6ann.
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Ha pinsgHui KJIOHOBHMX HACiHHEBMX InIaHTauisx 1977-1978 pokis
CTBOpEeHHs1 0e3 3piKeHHs (IinsHka Ne 5) MakcHMalbHOIO TPOAYKTUBHICTIO
XapaKTepu3yBaJIMCS IMPOMDKHI Ta pPaHHI MPOMiXHI (eHosoriuHi dopmu,
CepeHs IHTCHCUBHICTh IUIONOHOIICHHS skux ckama 0,5 Oamu. Haitamxgi
piBHI perponykuii Oymu y mi3Hix Ta paHHix ¢enodopm (0,3 6amm). IlizHi
MPOMDKHI Ta MpOoMiXkHI (eHonoriuHi GopMH BiIpi3HSIINCS BUIIMMH PiBHIMHU
perponyKuii Ha IUISHII i3 CcepelHiM piBHEM 3piKeHHS (auisHKa 6) —
1,3-1,4 6amu. Sk i Ha moMepeHIM MiISHIN, IHTCHCUBHICTh PENPOMYKIIi Oyiia
HAMHIKYOK Y Mi3HIX (eHonoriyanx Gopm (cepenniit 6am — 0,7).

3a pesynbraTraMu MPOBEACHUX JNOCTIDKeHb Yy 2025-My pori Ha pOIUHHIN
rwia”tanii gyriacii 2013-ro poky, 3aknaneHiii B ymoBax BiHHMYYMHHK
BCTAHOBJICHO: HAMBHIIOK MPOIYKTHBHICTIO 3a BHCOTOK (7—8 M) Xapak-
TepusyBanucs poxgunu: 1-5, 1-6, 3-6, 6/H Ta cywim; nepeBa mepeOyBaiu
y nobpomy craHi (mepeBaxaroda kareropis crany — 2,0), Aemio Kpamum
CTaHOM BiJpi3HsMCs motoMmcTBa: 1-6, 2-11, 4-2; kpalli XapakTepUCTHKU
3a MPSMHU3HOIO CTOBOypa Oynu y pomun 1-5, 2-11, 5-19; BUABICHO HU3BKHIA
piBeHb pernponykuii (cepenHii 0an IHTEHCHBHOCTI yTBOPEHHS MIMIIOK IO
rianTanii craHosuB (,2), mpoTe y okpeMmux nepeB poauH S-1, 11-4, 4-2,
piBEeHBb penpoayKuil craHOBUB 4—5 OalriB.

PenponyktuBHa 3maTtHICTE copTiB  QyHayKa yKpalHCBKOT —cenekuil
3aJISKUTh BiJl psly YMHHHMKIB, SIKI 3yMOBJICHI SIK iX 010JI0T0-€KOJIOTiYHUMU
0COOJNMBOCTSIMH Tak 1 yMOBaMM 30BHILIHBOTO cepenoBuina. HaiiBumioro
PENPOIYKTHBHOIO 3IaTHICTIO B YMOBax XapKiBHIMHH XapaKTepH3yBaHCs
copru «Kpacnomucruit» (5 6ainis, abo 10,0 1/ra) Ta «XapkiB-4» (4 6anu, abo
7,1-10,0 1/ra). Bucokum piBHEM ypOKaHOCTI BiJPI3HSUTUCS TaKOX COPTH
«bopoBcrkuit», «Jlo3iBebkuil mapoBuaHui» Ta «Benerens» (3,0 6amu, abo
4,1-7,0 wra). 3a3Ha4eHi COPTH MOXYTh YCIIIIHO BUKOPHUCTOBYBATUCS JUIS
CTBOPEHHS IUTaHTaLli}l TopixomuIiaHuX B ymoBax Jlicocremy.

AHOTALIA

Y po0oTi HOCHIIPKEHO CyYacHHI CTaH, PEHpOAYKTHBHY 3IaTHICTH Ta
NPOAYKTHBHICTb OCHOBHHMX JICOTBIPHMUX TIOPiA 1 TOPIXOILTIIHUX KYJIBTYp
B ymoBax Jlicocremy VYkpaiHM B KOHTEKCTI MOCHJICHHS KIIMaru4HUX Ta
AQHTPOIIOI€HHUX BIUIMBIB. AKTYyaJbHOIO NPOOJIEMaTHKOI JOCIIPKCHHS
€ 3HIKEHHS O10JIOriuyHOi CTIHKOCTI Haca/pKeHb, Jerpajiaiis JICOBUX
TeHEeTHYHUX PECypciB Ta HeloCTaTHS €PEeKTUBHICTh MPUPOJHOTO i IITYYHOTO
HACIHHEBOTO BIATBOpeHHs. Ha OCHOBI 0araropiyHHX CIIOCTEPEIKCHb Ha
KJIOHOBUX HACIHHEBHMX IUIAHTAIisIX Jy0a 3BHYAHHOTO BCTAHOBJIEHO, LIO
IHTEHCHMBHICTb 3pI/PKEHHSI CYTTE€BO BIUIMBA€ HAa PIBEHb IUIOJOHOIICHHS,
SKHH 3a YMOB CWIBHOTO 3piDKEHHS 3pocrae y 3—4 pa3u IOpiBHSHO
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3 HE3pDKEHHMH JUITHKaMH. BUsBI€HO mepeBary NPOMDKHHMX 1 TMi3HIX
NpOoMiKHUX (eHoNoriuHux ¢GopM 1yda 3a HACIHHEBOIO NPOAYKTHBHICTIO,
TOMI K Mi3HI (GOpPMH XapaKTEepHU3YIOThCS HAWHWKIUM PiBHEM PETPOTYKITii.
JocnimkeHHs poInHHOI TuTaHTamii 1yracii MeH3ica mokasain mepeBaKaHHs
JepeB I0OpOro Ta BiIMIHHOTO CTaHy, JOCTaTHBO BHCOKi MOKA3HHKH POCTY
1 PO3BUTKY KpOHH, ajie 3arajoM HM3bKy IHTEHCHBHICTH (pOpPMYyBaHHS LIMIIOK
y MoJIofoMy Billi. BcTaHOBIEHO 3HaYHY MI>KPOJMHHY MiHJIUBICTB 32 BUCOTOIO,
HNPUPOCTOM, MPSIMHU3HOIO CTOBOypa Ta PENpOAyKTHBHUMH MOKAa3HHUKAMH, IO
CBITYHTDH PO MEPCIEKTUBHICTH CENEKIIHOTO 1000pY.

AHami3 pempomyKTHBHUX TIPOIECiB COPTIB (QYyHAyKa YKpaiHCBKOI
CeNIeKIii TMIATBEPOUB 3AJNEKHICTh IHTCHCHBHOCTI IUIOJOHONICHHS Bif
TEeMIIEpaTypHOTO PEXHUMY Ta IIOTOAHMX YMOB BereTamifHOro mepiony.
BusiBiieno MopdoutoriuHi Ta (eHONIoriuHI 0COOIUBOCTI COPTIB, SIKI MOXYTb
OyTH BHUKOPHCTaHI sIK JIarHOCTHYHI O3HAKU Yy CeNeKIiiHii poboTi. OTpumani
pe3yabTaTH 3acBiqUYIOTh HEOOXITHICTh aNanTHUBHOTO MiAXOAy 1O BEACHHS
JIICOBOTO HACIHHWIITBA Ta BUPOIIYBAHHS TOPIXOIUTIAHUX KYJIBTYp y 3MIHHHAX
KIIMaTHIHOX yMoBaX. [IpakTWyHa IIHHICTH POOOTH IOIATAE Y MOXKIUBOCTI
3aCTOCYBaHHS PE3yNbTaTiB IS ONTUMI3allii peXXUMIB JOIISAY 32 HACIHHEBUMH
TUTAaHTALISIMH, TTBUIIEHHS 1X PENpOoayKTHBHOI e()eKTUBHOCTI Ta 30epekeHHs
TeHETUYHOTO TOTEHIiay JIicOBUX ekocucteM Jlicocrery.
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CHAPTER 2

CYYACHUW CTAH OITOLLEHO3Y
MOJIOHNHM PIBHOI KAPMAT

®dekera l. 1O.
DOI https://doi.org/10.30525/978-9934-26-654-6-2

BCTYIN

[Tpuponni TipChbKi E€KOCHCTEMH TIOJIOHWH CTAaHOBJIATH BHHSATKOBY 3a
CBOEIO I[IHHICTIO CKJIQZOBY Oi0pi3HOMAaHITTs. DITONECHOTHYHUHA ITOKPUB
TIOJIOHMH HaJlidye ONMM3bKo 835 BU/IIB KBITKOBHX 1 BUIIMX CHOPOBHX POCIHH,
mo BiAmoBinae npuOmm3HO 42 % 3araJbHOTO BHJOBOTO CKIamy (iopu
Vipaincekux Kaprar'. Taka KoHLIEHTpalis BUIIB CBITYUTE PO HAA3BHYAITHO
BHCOKY NPHUPOJHY I[IHHICTD IIUX €KOCHUCTEM.

BomHouac MONOHMHCHKI 010T€OIEHO3M € €IEeMEHTaMM CKJIQJHOI, TiCHO
B32€EMOIIOB’13aHOI  €KOJIOTIYHOI CHCTEMH IulaHeTH. [ipchki TepuTopil
BiZIrpaloTh BU3HAYaJIbHY posib y (DYHKIIOHYBaHHI DI0OaJbHOI exocdepH,
OCKIUTBKH 3a0€311euyroTh (JOPMYBaHHS BOAHUX PECYpPCiB, MIATPUMYIOTH JIiCOBI
MacuBu®. [I0JIOHMHY BiZirparoTh KJIKOYOBY POJB Y COLIABHO-CKOHOMIYHOMY
PO3BUTKY KapraTrchbKuxX perioHiB. OCHOBY TpaJMIiHOTO TOCHOAAPCHKOTO
BUKOPUCTAHHS [IUX TEPUTOPI CTAHOBJIATH BiAriHHE TBAPUHHHIITBO, 3aTOTIiBIIS
CiHa, a TaKoX 3eMJIepOOCTBO Ha OE3JICHUX IUISHKAaX JICOBOTO IOACY IIO
€ BaXXJIMBUM ]IS CIJIbCHKOTOCIIOAAPCHKOTO BUPOOHHUIITBA™ 4.

Pa3zoM i3 THM MOJIOHMHM HaJeXaTh JO HaWOUIBII Ypa3iIWBUX MPHPOIHUX
KOMITJIEKCIB, CXWJIBHMX JI0 TPHUCKOPEHUX €pO3IHHMX IIPOLECiB, PO3BUTKY
3CYBIB, CKOPOUCHHS IIION] NPHPOIHUX OCENHI] i MOCTYNOBOTO 3HM)KCHHS
piBHS GiOpi3HOMAHITTSL.

YeBinomnieHHsT I00aidbHOI 3HA4YyIIOCTI Ta BpPA3IMBOCTI  TiPCBKUX
exocucreM Oyno 3akpiruieHe me y 1992 pomi mix wac Kondepenmii
Opranizanii O6’enrnannx Hamilf 3 HAaBKOJUIITHBOTO CEPEIOBHINA i PO3BUTKY

! Pypenxo B. II. Teorpadis npupono-pecypcroro norenuiany Ykpainu. YepHisui : UepHiBeubkuii
Hall. yH-T., 2010. 552 c.

2 Manunoseskuit K. A. Kpiudanywiit B. B. Pocimnni yrpynoBaHHs BHCOKOTrip’s YKpaiHChKHX
Kapnar. ¥xropon, 2002. 244 c.

3 Manunosebknit K. A, PocimnHicts Bucokorip’s Vkpaincekux Kapmar. Kuis @ Hayk. nymka,
1980. 278 c.

4 Baitnariii 1. Mnemo nomonumy xocutn? Yixropon : 3eneni Kapmarn, 1995, Ne 1-2. C. 120-123.
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B Pio-ne-Xaneiipo, ne ocoOnmBy yBary MiDKHapogHOI cHUIBHOTH Oyio
30CepeIPKEeHO Ha MpoliieMax CTajoro po3BHTKY TipCchbKUX perioHiB. [TuranHs
«palliOHAIFHOTO BUKOPUCTAHHS BPa3JIMBHX E€KOCHUCTEM 1 CTaJlor0 PO3BUTKY
TIPCHKUX TEPUTOPI» 3HAWIUIO CBOE BiJOOPaXXEHHS B IMPOrPAMHOMY
nokymenTi «Ilopsimok gennuit Ha XXI cTomTTsD .

CydvacHi KJIiMaTH4Hi 3MiHM y MO€JHAHHI 3 IHTCHCUBHUM aHTPOIIOI'€HHUM
HaBaHTKEHHSM Ha TipChKi JIaHIAPTH, 30KpeMa Ha €KOCHCTEMH TipChKOTO
macuBy [lononnnu PiHoi (IToonnHu PyHOT), cTaHOBIATE cepiio3Hy 3arpo3y
IXHI} eKOJIOTiYHIN cTablIbHOCTI Ta BUKJIMKAIOTh OOIPYHTOBaHE 3aHETIOKOEHHS
110710 30€pEeKEeHHS iX MPUPOIHOTO IMOTEHIIIAITY.

[Ipuponne OaraTrcTBO IOJOHMHCHKMX JaHAWAdTiB y NOEIHAHHI
3 IXHIM BaroMHM TOCIIOJapCHKHM MOTEHIIaJIoM 3/1aBHA MPHUBEPTANO yBary
HayKkoBIIiB®, 7, ¥, mpalli sIKuX 3pOOWITH BaArOMHI BHECOK Y CIIpaBy 30epeiKeHHs
POCITUHHOTO OiOpi3HOMAHITT YKpaiHH. A caMe BHBYCHHIO CKOJIOTIYHUX
YMOB, OKPEMHX THUIIIB POCIMHHUX YTPYIIOBaHb, 010JIOTTYHUX 0COOIMBOCTEN TX
CKJIQJIOBHX, TOMYJISILIHHOT CTPYKTYPH POCIIHH, IPOLYKTHBHOCTI (piTOLIEHO3IB
Ta HIIKX aCMEKTIB eKoJIorii Ta 6iosorii pocaun’.

Boxnouac 3HauHi ruromi nonoHnH Kapnarchkux Tip A0CI 3a/IMIIAIOTHCS
HEJIOCTaTHBO OXOPOHIOBaHMMH, WIO CIIpUSiE€ IIOCTYNOBIH  Jerpamauii
POCIIMHHOTO MTOKPUBY.

30epeskeHHs! (IIOPUCTHYHOTO PI3HOMAHITTS B Cy4YaCHUX YMOBAaX € OJHI€I0
3 KIIOYOBUX CKOJIOTIYHHMX IpoOJIeM, aKTyaJbHICTh SIKOi IiJIKPECIIOETCS
MOJIOKEHHSIMA  MDKHApOJHUX IPHPOJOOXOPOHHHMX KOHBEHIIH Ta IHIIMX
HOPMAaTHUBHHX JIOKYMEHTIB.

’ Topsinok nennuii Ha XXI cromitrs. URL: https://dev.sd4ua.org/shho-take-stalij-rozvitok/istoriya/

¢ AHTpororeHHi 3MiHK GioreoreHoTHYHOTO OKpHBY B Kaprarcekomy periosi / 3a pex. M. A. Tomy6us.
KuwiB : Hayk. nymka, 1994. C. 17-22.

" Bpazic €. M. Ilonosnsn 3akapnarcbkoi o0macTi, IXx BUKOPUCTAaHHS Ta MUIIXH TomimmeHHs. Kuis :
Bun-so AH VPCP, 1951. 68 c.

8 Topbux B. H. Pocnunnicts mononus [omans ta Yusunn B Ykpaiucekux Kapmarax. Vipaincokuil
oomaniunui ncypran. 1967. T. 26, Ne 1. C. 22-28.

® Mamnnosesknii K. A., Kpiudanymiit B. B. Bucokoripaa pocmuusicts. KuiB : ®itocouiomnentp,
2000. T. 1. 232 c.
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1. diToueHOTHYHA pi3HOMaHITHicTb Mos10HMHYU PiBHOT

Vrpomosx Garatopiunux mociimkeHs'® ! 12 mpemmeToM HayKOBOTO
aHanmizy Oynyd TpPHUPOAHI TOMyMNAMil OaraTopidHUX TpaB SHUCTHX POCIHH
1 YarapHHUKIB, 1[0 HAJIEXKATh 10 Pi3HUX 010MOPQOIOTIYHUX THITIB 1 KUTTEBHX
cTpareriii Ta popMyIoTh pociuHHNN NokpuB [logonnau PiBHOI YkpaiHChKHX
Kapnar. [locnmimkeHHsS OXOIUTIOBAJNIM Taki BHAM, K 4opHUUA (Vaccinium
myrtillus L.), 6inoByc ctucHytuii (Nardus stricta L.), XocTpulll depBOHa
(Festuca rubra L. s. str.), miTnuns ToHKa (Agrostis tenuis Sibth.), mrydnux
nepuuctuit (Deschampsia caespitosa (L.) Beauv.) i maBens ampmificbKuii
(Rumex alpinus L.).

Bucoxoripai macosumHi exocucreMu Kapmar, mpuypodeHi go 6e3micux
BEpIIMH TipChKUX XpeOTiB. 3Ha4yHI aOCOMIOTHI BHCOTH Haja piBHEM MOps
y TOEIHAHHI 3 TPHBAJMM aHTPOIIOTCHHUM BIUIMBOM 3yMOBHJIHM BiJCyTHICTbH
JIEpEBHOI pOCIIMHHOCTI Ta CIIPHSIIN IOMIHYBaHHIO TPaB’ STHUCTHX (PiTOIIEHO3IB.

3rigHO 3 TeoOOTaHIYHMM palOHYBAaHHSAM, TEPUTOPIsS MOIOHWHH PyHOT
Hanmexuth 10 CraBHeHCHKO-)KIeHIBChKOTo (BepXHBOYKOIBKOTO) reoboTa-
HigyHOTO paifony Kapmarcekoro oxpyry OykoBux miciB LleHTpanbHO-
€BPOMEHCHKOI MPOBIHIIT €BPOIEHCHKOT MIMPOKOIUCTIHOMICOBOT 00acTi'.

Puc. 1. Hosionnna Pisna't

10 Mexera 1. 10. Exonoriuni npobnemu ¢ditopisHoMaHiTTs non0oHMH Ykpainchkux Kapmar. Bicuk
Xapkiecokoeo Hayionanvho2o yHieepcumemy imeni B. H. Kapaszina. Cepis: eeonocis—zeoepaisi—
exonoeis. 2011. Ne 956. Bumn. 34. C. 234-238.

I dexera 1. 10., I'puroprok 1. II., SIkybenko B. €. I'eoboraniuHa XxapakTepHCTHKAa POCIMHHOCTI
nosonnnn Pynoi Kapmar B ymoBax auTtpomorenHoi Tpancopmauii. Haykosuu eicnux HYBill
Vipainu. Cepia: 6ionoeis, 6iomexnonoeii, exonozis. 2011. Bum. 158. C. 19-27.

12 @ekera I. FO. XapakrepucTika poOCIMHHOCTI MOJOHMHU-PYHH Kaprar B yMOBax aHTPONOrEHHOT
tpancdopmaii. Bicnuk Jlvsiscvkoeo ynisepcumeny. Cepis ceocpagiyna. 2014. Bum. 45. C. 137-143.

13 Kykypynza C. L. Bioreorpadist : migpyunuk. JIbsis : Bunasanuuii uentp JIHY imeni Iana ®panka,
2006. 504 c.

4 Googl map. URL: https://www.google.com/maps/place
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Pocnaunumii moxpuB 3axizHoi uyactuHM IloloHMHCBKOTO XpeOTa Mae
YiTKO BHpa)X€HY BHCOTHY NOsicHiCTb. Ha cepennix Bucorax (IpuOIM3HO 10
900-1100 M H.p.M.) AOMIHYIOTh IIMPOKOJUCTSHI OYKOBI JIICH 3 JIOMIIIKOIO
IHIIMX JePEBHUX MOPIiJ, SKi MICISIMU I THIMAIOTHCSl MaiKe /10 MeXi ITOJIOHHH.

Buiie BepxHb0i MexXi J1icy YOPMYIOTHCS SUTMHOBI JIiCH, TIOJEKY/IH 3 y4acTIO
sumati Outol Ta Oyka. Ha BUPIBHSHHMX BepIIMHAX i TUIATOMONIOHHUX JITSHKAX,
nounHaroun 3 Bucor 1100-1300 M H.p.M., NOIIMPEHI CeperHbOTIPCHKI
MOJIOHWHH, IO HaJeXarb A0 cybanpmiiickkoro tumy wicueBocreid. Tyt
NepeBaXkatoTh BUCOKOTIPHI JIyKH Ta YarapHUKOBI ITyCTHIIA.

Cy4acHa pOCIMHHICTh HOJIOHWH Ma€ NEepPEeBaKHO BTOPHHHE ITOXOKEHHS
i copmyBasiacs BHACIIJIOK TPUBAJIOrO BHIIACY CBIMCBKMX TBApHH Y 30HI
KpuBoiicess, mounHatoun 3 XV—-XVI cr. IHTeHCcHBHE rocmonmapcbke
BUKOPUCTAHHSI TPHU3BEJIO JI0 ICTOTHOIO CKOPOYEHHS IUIOLI KPUBOJIICCS,
3HW)KEHHsI BepXHboI Mexi jicy Ha 200-300 M Ta MOpYLIEHHS CTPYKTYpH
KOPIHHUX POCIMHHHMX YyrpynoBaHb. Y pe3ylbTaTi Ha 3HAUYHHUX IUIONIAX
copMyBauCsl BTOPMHHI TpaB’siHI JIy4yHi (opmarii, sKi HEOIHOPa30BO
cTaBasy 00’€KTOM (DITOIIEHOTUYHUX TOCIIIKEHb.

YHpomoBxK pasiHCHKOTO TIepioy TOJIOHUHN PO3IVISIANIUCS HacaMIIepes sIK
KOpMOBa 0a3a TipChKOrO TBAPHHHHUIITBA'®. 3 I[i€}0 METOIO BIIPOBAKYBAIUCS
3aXOMH 3 «ONTHUMi3alil» POCIMHHOrO'® Ta IPYHTOBOrO MOKPHUBY, BKIIFOYHO
3 PpO30OPIOBAHHSM OKPEMHX JIUISIHOK, OCYIICHHSM 3a00JIOYEHUX MICIIb,
3HUILEHHSM 3apoCTedl SsUTIBIIO Ta 4YopHULi. [IpoTe BXe B Apyriil MojoBHHI
XX cr. cTayso OYeBHIHHMM IIPOBIJHE EKOJOTiYHE 3Ha4YeHHs abOpHUreHHOl
POCIMHHOCTI IIOJIOHMH 1 HeoOXimHicTh T 30epexeHHs, OXOpOHM Ta
PpalioHaIbHOT0, HEBUCHAKIIMBOTO BUKOPUCTAHHSI.

[Nononnucekuii xpeder Ykpaincbkux Kapmar Bxomuth 10 ¢uopucthd-
HOro paiiony «CximHi beckuam ¥ HHU3BKI TOJIOHHHW», SKHH 3arajioM
XapaKTepU3y€EThCsl BIMHOCHOK (IOPUCTHYHOIO OJHOMAHITHICTIO!. Brcoko-
ripua ¢uopa ui€i Tepuropii € OIMHINIOW MOPIBHSIHO 3 MiBJCHHIIINMU
paifonamu Kaprar, 1110 MosiCHIOETbCS ICTOPUYHIMHU 0COOIMBOCTAMH Mirparin
POCIMH y MiX- Ta HiCISUILOIOBHUKOBI Nepioan. BopHowac TyT TparuistoTbes
OKpeMi CXiJJHOKAapmnaTcbKi €HAEMIKH, 30KpeMa MoJjiodail KapnaTchbKHi

15 Jlazapenko A. C., Menbunuyk B. M., Manunoscbkuit K. A. IlonminmenHst OiI0ByCHUKOBHX
macoBHI cybansmilicekoro noscy Kapmar. Ilpani Incturyty arpo6ionorii AH YPCP. 1953. Bum. 6.
C. 47-76.

1 bemeit M. 1. BmmB wmiHepanbHHX [OOpPHB HA MPOMXYKTHBHICTH KOCTPHIIEBHX YK
y cybanbmiiicekomy nosici Kapnar. Ykpaincoxuii 6omaniunui scypnan. 1966. T. 25, Ne 1. C. 55-61.

17 Komenmap B. L. Jlikapceki pocmuan Kapmar. [uxopocmi Ta KyasTypHi. Yxropox : Mucrempka
ninist, 2007. 504 c.
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(Euphorbia carpatica), nepectpiu ['edixa (Melampyrum herbichii) Ta Oy30k
CXimHOKapnaTcekuii (Syringa josikaea).

VY ckiagl poCIMHHOCTI BHCOKOTIPHHX JIYK BHIINE BEPXHBOI MEXi JIicy
NepeBaXkaloTh OLTOBYCHUKOBI yrpyrnoBaHHs 3 ydwacTio dopHuul (Vaccinium
myrtillus), koctpuui uepBoHoi (Festuca rubra), masento anbiiicbkoro (Rumex
alpinus), mitnuii ToHKOi (Agrostis capillaris) Ta UIyYHHKa JIEPHUCTOTO
(Deschampsia caespitosa). XapaKTepHOI OCOOJIHMBICTIO I[i€l MiCIICBOCTI
€ BIJICYTHICTb 3apOCTel COCHHM TipchKoi (Pinus mugo), TAMOBUX JUIi OaraTthox
iHIMX paioniB Kapnar.

Y XXI cr. min BIIMBOM To0ambHUX KiIiMarndHUX 3MiH y Kapmarax
CIIOCTEpPIraeThcsl MEPepo3Noisl CE30HHUX OINaiiB, 3pOCTaHHS aTMoc(epHOl
BOJOIOCTI Ta TOCWJIEHHA TiJPOJOTIYHUX KOJMBaHb. Y  MO€JHAHHI
3 AQHTPOIOr€HHUM BIUIMBOM, 30KpeMa MacIITaOHMMH BUPYOKaMH Jicy, e
CTIpHsi€ 3MEHIICHHIO BHUIOBOTO PI3HOMAHITTS (MJIOPH, MiJBHIICHHIO PU3UKY
KaracTpo(iYHMX TABOAKIB 1 MOTIPIICHHIO TIPYHTOBUX YMOB. [loreriHHs
KJIIMary Ta TOCWJICHHS BUIIAPOBYBAaHHS CIIPUSIOTH HAKONWYEHHIO COJed
Y BEPXHiX FTOPU30HTAX IPYHTY, 3HH)KEHHIO KUCIIOTHOCTI Ta MOTIPIIEHHIO YMOB
ICHYBaHHS TUIIOBUX TIPCHKHX BHJIIB, HacamIlepesl YOPHHUI, 110 NMPHU3BOJUTH
JIO 3MEHIIEHHsS (ITOIEHOTHYHOI CTIMKOCTI STifAHUKIB. BpycHuIs BUsBIsiE
JICIIO BUIIY CTIMKICTh JIO WX 3MiH.

[TpoBiTHUM THIIOM POCIMHHOCTI B MeEXax JOCIIDKYBaHOI TepUTOpil
€ YOPHUYHHUKH, 5IKi 3aiiMaroTh 61m3bk0 70 % moBepxHi. [IpoekTnBHE TOKPUTTS
JarapHUKOBOTO sipycy csirae 95 %, 3 sxux 80-85 % mpumanae Ha YOpPHUILIIO,
a 5-10% — Ha OpycHuiro. MicusiMu y MeKax YOPHUYHUKIB TPAIUISTIOTHCS
BKpaIUICHHS JIyYHHX JIOMIHAHTIB, 30KpeMa IIy4YHHKA JIEPHHCTOIO Ta
KyHUYHHUKA OYEPETSHOTO.

JlpyruM TOIIMPEHUM THUIIOM POCIMHHOCTI € BHCOKOTIpHI JIyKH, JIe
JIOMiHy€e OUIOBYC CTHCHYTHH 13 3Ha4HOIO Y4YacTIO IIyYHHKa JEPHHCTOTrO,
KOCTPUIl 4YEpBOHOI, KyHHYHHKA OYEPETIHOIO Ta MITIMII coDayoi.
[ToonMHOKO TPAILISIOTHCS €EMEHTH KOJIHMIIHBOTO KPHUBOJIiCCS, PE/ICTaBICH]
BepOOIO MOMENACTOI0, BIJIbXOIO 3€JICHOI0, TOPOOMHOIO 3BUYAHHOIO Ta SUIMHOIO
€BPOIENUCHKOIO.

VY310BX TIpPYyHTOBUX JAOpir cdopMyBaiacs BTOPHHHA 3JIaKOBO-Ty4Ha
pyZnepaibHa POCIUHHICTD, sKa 3aiiMae Onu3bko 15 % twiomi. TyT JOMiHYIOTH
IIyYHHUK JIEPHUCTHH, OCOKa 3as4a, KYHHUYHHMK OYEpEeTSHUH Ta iBaH-4yai.
BinHOoCHAa OJHOMAHITHICTH POCJIMHHOTO IOKPHBY 3YMOBIIOE OOMEKCHE
BUJIOBE PI3HOMAHITTSI TBAPMHHOTO CBITY L€l TepuTopii.

[Mopsn i3 ripCbKUMU JIicaM¥ TPAIUISIOTHCS MICJISUTICOBI JIYKH Pi3HOTPAaBHO-
3JIaKOBOTO THILY, TOJIi SIK y BEpXHIX 4aCTHHAX I'PCHKOTO peibedy chopMmyBammcs
3Ha4HI Oe3JiCi MPOCTOpH — MOJOHWHHU. BOHHU SIBIAIOTH COOOKO BiIKPHTI
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JIy4HI KOMIUIEKCH, sSIKI B JIITHIH Mepiof BiJ3HA4YalOTbCS BHUCOKUM PpiBHEM
(IIOPUCTHYHOTO PI3HOMAHITTS Ta YEPryIOThCS 3 YarapHUKOBUMH 3apOCTSIMH
COCHHU Tipchkoi (Pinus montana Mill.), Binbxu 3enenoi (Alnus viridis DC) ta
SHJIEMIYHOTO POJOACHAPOHA Kapnarchkoro (Rhododendron kotschyi Simk.),
BIJJOMOTO cepeJ] MICIIEBOTO HAcCEJICHHs ITiJ] HAa3BOKO albIIHCHKOT IIMIIINHA
(Rosa pendulina L.).

@®opmyBaHHSI I PO3BUTOK POCIMHHUX YIPYIOBaHb TiPCHKUX IOJOHHH
BU3HAYAETHCSl MOETHAHHAM enadiuHux i oporpadiyHMX YHMHHUKIB, 30KpeMa
THIIOM IPYHTIB, 1X (pI3MKO-XIMIYHMMH BJIAaCTUBOCTSIMH, PIBHEM KHCIOTHOCTI,
TEeMIEPATyPHUM PEKUMOM 1 3BOJIOKEHHSM, KPYTICTIO Ta €KCIIO3MIIEI0 CXHJIIB,
IUTOLICI0 JIyYHMX MAacHUBIB 1 TPHBAIICTIO IONEPEAHIX JICOyTBOPIOBAJIBHUX
npoueciB. BopHouac mpupomHi MOMysAwLii JOCTIIPKYBaHUX BHUIIIB XapakTe-
PH3YIOThCSl 3HAYHOIO EKOJIOTIYHOIO IUIACTUYHICTIO Ta 3aTHICTIO iCHYBaTH
B LIMPOKOMY CIIEKTPi (PiTOIIEHOTUYHHUX YMOB, 30CEPEIDKEHUX Y MEKax JIyIHUX
1 CKEJIbHUX LIEHO31B CYOaNbIIHCHKOTO 1 alIbIiHCHKOTO BUCOTHUX MOSICIB.

Tpas’stuuctuii nokpus [lononnnu PyHOT Mae wiTko BupakeHy Mo3zaid-
HICTb: OLIIOBYCHHKOBI yrpyroBaHHS 3aiMaroTh MoHax 65 % Tuiomi, Toai sK
YOPHUYHHKH MOUIMPeHi npubnusHo Ha 20 % tepuTtopii.

AKTHBHA BereTaiisi pO3IOYMHAETHCS HANPUKIHII KBITHS, JOCATae
HaMBHIIOT IHTEHCHBHOCTI HAIIPUKIHII YEPBHS — HA [IOYATKY JINIHS, TICJIS YOTO
B JIpyTiil NOJOBHHI JIiTa (KiHElb JIMITHS — Meplla MOJOBHHA CEpPITHS) CIIoCTe-
piraerscst aza NpUTHIUYEHHS POCTOBHX IPOIECiB. Y BEpECcHI BiI3HAYA€THCS
MIOBTOPHE IBITIHHA OKPEMHUX OCIHHIX BH[IB, @ B JpYTii MOJOBHHI >KOBTHS
JKUTTEBI MTPOLIECH PI3KO CIIOBIJIBHIOIOTHCS I MaiiKe MPUIHHSIIOTHCS.

Otxe, ¢ditonenornunnii noxkpus Ilomonunn PiBHOI Xapakrepu3yeTbes
BHCOKOIO Pi3HOMAHITHICTIO Ta CKIQJHOK IIPOCTOPOBOIO CTPYKTYPOIO,
3yMOBJICHOIO TO€JHAHHSAM BHCOTHOI MOSICHOCTI, eAadiyHuX 1 KIIMaTH4HUX
YMOB, @ TaKO)X TPHBAJIMM AaHTPOIIOTEHHHM BIUIMBOM. [IpOBIIHUMH THIIAMH
POCIIMHHOCTI € YOPHUYHUKH Ta BUCOKOTIPHI JIyKH, NPEICTaBIICHI IIePEBAXKHO
OIJIOBYCHUKOBUMH YIPYNOBaHHSAMH, IO 3aiiMalOTh HAWOUIBIN  IJIOILII.
Cy4acHa pOCJIHMHHICTh TOJIOHUHH Ma€ 37e0OUIBIIOro BTOPHHHE TTOXO/DKEHHS,
c(hopMOBaHe BHACIIZIOK 0AaraToBIKOBOTO BHIIACY XYy/IOOHM Ta rOCIIOIapChKOTO
BUKOPUCTaHHsI TepuTopii. BusBieHa Mo03aluHICTE POCIMHHOTO IOKPUBY
BiJjoOpakae PI3HUH CTymiHb TpaHchoOpMalii NPUPOAHMX YrPYHOBaHb 1 iX
ajlanTamio 10 3MiHEHHX yMOB cepenoBuina. KiiMarnyHi 3MiHM OCTaHHIX
JECATWIITh Yy TOEIHAHHI 3 aHTPONOI€HHMM HaBaHTAKCHHSIM HEraTHBHO
BIUIMBAIOTh Ha (DITOLEHOTHYHY CTIHKICTh, 30KpeMa STiIHUX YIpyNOBaHb.
Y uinomy ¢itoneno3u Ilononunu PiBHOI mOTpeOyrOTH MOAAIBLIOTO
KOMILJIEKCHOTO BHBYEHHSI Ta HAyKOBO OOIPYHTOBAaHUX 3aXOIB 30€pekeHHs
1 panioHaJIbHOr0 BUKOPHCTAHHSI.
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2. Bnauve a6ioTM4HMX YNHHUKIB cepeaoBuULLa
Ha dpopmyBaHHA daopu MNonoHuHa PiBHa
3aranpbHOBIIOMO, II0 3HAYHUH BIUIMB Ha (OpMyBaHHS Cy4acHOTO CTaHy
(iTOIIEHO31B €KOCHCTEM MalOTh a0iOTHYHI YMHHUKH CEpElOoBHINA: pernbed,
KITimar, efnadidai YMOBH.

Haii6inpimni 3a 1IIoOmIEr0 TOJOHWHH 30CEpeKCHI B CXINHIA dYacTHHI
Kapmar, ne ripceki XpeOTH [OCATaoTh MakCUMAaJIbHUX BHCOT. Y 3axifgHOMY
HanpsMKy, 31 3MCHIIEHHSIM a0COITIOTHHX BHCOT, IUIONII MOJOHHWH MOCTYIIOBO
CKOPOYYIOTBCSL.

Penvegh. Tlomonmna PiBHa € omHUM i3 HaWOUTBIIMX BHCOKOTIPHHX
MacuBiB YkpaiHcbkux Kapmar i posramoBaHa B MiBHIYHO-3aXiAHIA 9acTHHI
ITononuHchKOrO XpedTa, y Mexax BOJAOALTIB BepXiB’iB pivok Jliora, Illumit,
Typuns, Ipenyunnii Ta BoeBonun. Macus Mae GpopMy IIHPOKOTO, BiTHOCHO
BUPIBHSAHOTO IIJIaTO, 3Ha9HA YacTHHA SKOTO BKPHUTAa MOJIOHWHAMHU. Penbed
XapaKTEPU3YETHCS PI3KUM 3HIDKCHHSM y MIBHIYHOMY Ta CXiJHOMY HalpsMax.
3a OumpmiicTio reorpadiuyanx omiHOK, Ilomonmna PiBHa € HalOinbIIO
MONOHNHOI0 YKpaiHcbkux Kapmar i 3aiimae mronry 6mussko 1100 ra.

Puc. 2. Peaned mononunu Pipna'®

'8 Tecnosuu M., Kpuuescbka [I., Bpycak B. Mopdonnnamiunuit ananiz penbedy miBaeHHO-CXixHOT
YAaCTHHHM TOJIOHMHH PiBHOI METOIaMU Tic-MOZAEMIOBAHHSAIA IPUPOLOOXOPOHHUX NOTpPeO. [Ipobnemu
2eomopeponoeii i naneoceocpacpii. 2022. Bum. 1 (14). C. 128-146. DOI 10.30970/gpc.2022.1.3857
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Y Mexax MacuBy BHIUIIETHCS KUIbKAa BEpIIUH, HAWBUIIOK 3 SKHX
€ ITononnna PiBHa. [laHi momo aOCONIOTHOT BHCOTH BEPIIMHM BapilOIOTh
y pi3HUX JDKepeliax 1 KoJauBaroThes Bif 1479 no 1487 M Haj piBHEM MOpsI, TOII
SIK Cy4acHl CYIYTHHUKOBI BHMIpIOBaHHS (DIKCYIOTh MaKCUMajbHI ITO3HAYKH
6omu3bKko 1474 M H.p.M.

LenrpanbHa YacTMHA MacuBY XapaKTEpU3YETHCS HAMOUIBIIUMH BHCO-
TamH, SIKi csratorh Oiam3pko 1480 M Hag piBHeM Mops. Y MiBHIYHOMY Ta
IiBIECHHOMY HalpsiMax [TOBEPXHS MAaCHUBY 3HIKY€EThCs cTymninyacto. [TiBnenHi
CXHWJIM CWJIBHO PO3WJICHOBaHI MEPEKEI0 BOJAOTOKIB, 110 (POPMYIOTH BUIOBKEH]
BIJIPOTH, TOMI SIK MiBHIYHI BiJI3HAYAIOTHCS OUTBIION KPYTICTIO.

BepumHHa TIOBepXHST Mae BHpIBHSHMH XapakTep, 4YacTo BKpHTa
KaM’SIHUCTUMH PO3CHITMIAMHU, [0 M 3YMOBWJIO BIiJNOBIIHY TOIOHIMIKY.
Teputopiss IOJOHMHU BXOAWTH JO CKIany JaHJAQTHOrO 3aKa3HHUKA
«Coxomnosi Ckedi».

Knimam six 6araTopiuHUi peXMM IOTOAHUX YMOB € OJHIEIO 3 BAXIIMBHX
XapaKTepUCTHUK, 110 BU3Ha4ac (OPMYBAHHS POCIMHHOTO MOKpuBY. Kiimar
moJoHnHN PyHOi (OpMyeThCs BHACHIZOK B3a€MOIIl COHSIYHOI pasiarliii,
aTMoc(epHOT MUPKYJIAIIT Ta 0COONUBOCTEH MiACTHILHOI HOoBepxHi. [IpoBiqHy
ponb y ¥Horo ¢opmyBaHHI Bimirpae oporpadis, OCKUIBKH TipCBKHH MacuB
3MIHIOE HaIPsIM 1 IIBUJIKICTH IEPEMILIEHHS TOBITPSHUX Mac, TpaHC(HOPMYHOUH
IXHI TeMIepaTypHi Ta BOJIOTICHI XapaKTEepUCTUKH.

Hampsim 1 xapaktep BITPOBOIO peXHMY 3HAYHOIO MIpOIO 3ajieXaThb BiJ
opieHTallii xpeOTiB 1 piukoBUX goiuH. [ monoHuHM PyHOiI THmOBHMU
€ TIPCHKO-JIOJMHHI BITPH 3 YITKO BUPAKEHOIO J000BOIO NEPiONUYHICTIO,
0COONHMBO B TEIUTy MOpYy poKy. [lepioguyHo crocTepiraothes peHu — cyxi
1 TETUTi MOBITPSHI MOTOKH, [0 BUHUKAKOTH BHACIIIOK MiIHOMY, OXOJOIKCHHS
Ta MOAAIBLIOTO CITYCKY ITOBITPSHHUX Mac IO CXMJIax Tip. 3arajoM IIBHIKICTH
BITpPY TYT NOMIpHa, IO ITOB’S3aHO 31 3HAYHOIO PO3WICHOBAHICTIO peibedy.
Ha nononnHi PiBHa BCTaHOBJIEHa NpWBATHA METEOCTAHIs, SIKa 3MIHCHIOE
MOHITOPHHT HAMpsIMy, IIBUIKOCTI Ta MOPHBIB BITPY'.

lNipcekuii penbed iCTOTHO BIUIMBAE Ha PO3MOALT aTMOC(EPHUX OIaiB.
3aBasiku oporpadiuHomy edekry it cermeHranii unkioHiB Hax [loixonnHOIO
PiBHOIO BUMaae 3Ha4YHA KUIBKICTH BOJIOTH. [TOBITpsIHI MacH, 10 HAIXOAATH
MEPEeBaYKHO 13 3aXiJIHOTO Ta MiBJICHHO-3aXIJJHOTO HAIpSMKiB, BTPavaloTh
TYT OCHOBHY YacTHHY ONaJiB, 3a0e3Meuyrodyd MiJBUILEHY 3BOJIOXKEHICTh
TepuTopii.

19 Mereomnocr. [IpuBarna mereocrantist y [lomornni Pyni. URL: https://meteopost.com/ua/mstation/
runa/#google vignette
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Puc. 3. Hanpsam, mBuAKicTh Ta NOPUBHU BiTPY y BepecHi 2023 p.

Knimatnyna — xapakTepuCTHKa MacuBY  IPYHTYeTbCS HA  JaHHUX
GaraTopidHNX CHOCTEpEeXeHb CHiroaaBnHHOI crannii Ilnaif, po3ramoBanoi Ha
Bucoti 1330 M Hag piBHeM Mops B Mmexax [lomonman Bopxasa. 3a ¢dizuxo-
reorpaiYHIMH YMOBAaMH ISl CTAHIIIS € PETIPE3EHTATHBHOIO JUIS OIIHIOBAaHHS
KiriMatuaHAX mapametpis [lonoruan PiBHOI.

IMounnaroun 3 Bucor Onm3pko 1000 M Hax piBHEM Mops, KIiMaT CTae
OiTpII CYBOPUM 1 KOHTHHEHTAJIHHUM IMOPIBHSHO 3 HU3WHHUMH pailOHAMHU
3akapnarts. [logaTok BereTaniiHOTO Iepioay TyT 3MINTy€eThCs Ha 3—4 THXKHI
mi3Hime. [IpoTsarom poky mepeBakae 3axiIHUW 1 MiBICHHO-3aXiTHUN
MEePEeHOC TMOBITPIHUX Mac, TOMi SK CXIiAHI BTOPTHEHHS TPAIUISIOTHCS
3HAYHO piname. ATIaHTHYHI TOBITPSHI MacH MPUHOCSTH BIITKY 3HAYHI
Olaau, a B3UMKY — IHTGHCHBHI CHITONAIW, TyMaHW W TPHUBAy HHU3BKY
XMapHICTB.

Temnepamypuuui  pesicum. CepemHs MicSs4HA TeMIIEpaTypa IOBITPS
€ OCHOBHHMM ITOKa3HHKOM TEPMIYHOTO PEXHMY TEPUTOpIi Ta TICHO KOPEIIOE
3 pIYHHM XOJIOM COHSIYHOI paiarlii. Y 3MMOBHI ITEPioJl MOXIIMBI KOPOTKOYACH1
BIJUTNTH, 3YMOBIICHI HAIXOUKEHHAM TEIUIMX 1 BOJOTMX aNIAHTUYHUX
MOBITPSTHAUX Mac. AOCOIIOTHI MAKCUMYMH JITHIX TEMIEparyp CATaloTh Maibke
+27 °C, Toni 1K MiHIMaJbHI 3HAYCHHS MOXYTh 3HIDKyBatucs po —27 °C. s
XOIIOJTHOTO TIepioAy XapaKTepHI TeMIlepaTypHi iHBepcii, 0cOONMMBO B yMOBaX
AQHTUIMKIJIOHAIBFHOT TIOTOIH.

3aposaku iHQOpMAIl TPO PEKUM CEepPeTHBOI MICIIHOI TeMIeparypu
MIOBITPSI MOJKHA BHPIITYyBaTH 0araro MATaHb CTOCOBHO 3MiH KiiMarty. Pianamit
Xig cepemHBOI MICAYHOI TEMIIEpPaTypH MaibKe CIIBIIagac 3 PIYHAM XOIOM
COHSYHOI pasiarii.
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Tabmurs 1
Cepennst MicA4Ha Ta piuHa TeMnepaTypa NoBiTps
Micsui I | I | II|IV| V| VI|VI|VII|IX| X |XI|XI |Pix

Temmneparypa
C)

—6,1 | —5,6(—2,8(3,1(81|11,4|132|13,4|8,8[44|0,1|-4.8]3.,6

I3 HaBeneHux nmaHWx Tabn. | BUAHO, IO B3UMKY, IHKOJH, i B paifoHi
[ononnuun PiBHOT MOXyTh OyTH BiJUIMTH, IO MOB’S3aHO 3 BHHOCOM Ha
3akaprarTsl TEIUIMX 1 BOJIOTMX IMOBITPSHUX Mac i3 3aXiTHUMH BHUCOTHUMH
TeyisiMA 3 ATIAaHTUKH. AOCOJIOTHI MakCUMyMH TEMIIEPaTyp BIITKY JOCHUTH
BuCOKi (+26,9 °C), a abconroTHI MiHIMyMH MOXYTb csrati 10 —27,6 °C, mo
¢ikcyernes pa3 B 25-30 pokis. Yacrinie Binmivatrorsest Moposu —25 °C-28 °C,
pa3 B 1-2 poku. JlocuTh 4acTo Ha TEPUTOPII IiPCHKOTO MAacHBY, B XOJOIXHHH
MIepiof POKY, CIOCTEPIraloThes iIHBEPCii TemMnepaTyp MoBITpSI.

[Ipn BTOpPrHEHHI XOJNIOAHUX ApKTHYHHUX MOBITPSHUX Mac, SK B3UMKY
TaK 1 BIITKY, MIBHIYHO-CXITHI CXHJIH Tip OYIyTh 3aBXKIM XOJOMHIIIMMHU Bil
iBICHHO-3aXIJJTHUX CXWIIB, NPU BITpax MIBHIYHOIO HANpPSIMKy 3a paxyHOK
TOT0, 110 XOJIO/IHA MOBITPSIHA Maca PO3MOBCIOKYETHCS B MIBICHHO-CX1THOMY
HaTPSMKY — B3JIOBXK MIBHIYHO-CX1THOTO Makpocxuity Kapmar.

Be3mopo3Huii mepion mpomoBKY€EThCS B cepeHboMy 145 nHiB (HaiimoBIINi
OyB B 1994 p. — 153 nHi, HaWOUnbm kopotkuit B 2000 p. — 81 neHs.

3uMa Ha BHCOKOTIp’T IIOYMHAETHCS, B CEPEIHBOMY, B CEPE/INHI JINCTOIIA/1a
1 3aKiHYy€ThCs B KiHII Oepe3Hsi, KO CepeaHbOI000BI TeMIepaTypH MOBITPs
cTabinpHO nepexonsTh 4epe3 0 °C B OiK IiIBUIEHHS.

BecHsuuil nepiof Bil3HAaYa€ThCs HECTIMKMM TEMIEPAaTYypPHUM PEXHMOM
1 YacCTMMH KOJIMBaHHSIMHU TeMmeparyp. JIiTo KOpoTke i IpOXOJNoJgHe, TPUBAE
B cepenHboMy 55-60 nHiB, a Ha Bucorax monax 1000 M — me MeHme,
3 MOXKJIMBUMH 3HIDKEHHSIMU Temmeparypu a0 +0—(+5) °C HaBiTh y cepenuHi
ce3oHy. OCiHb HETpHBaJa i 3aBEPUIYETHCS B CEPEHHI JIUCTOIAIa.

Ammocgepui  onadu ma  cuicoéuii  noxpue. Posmomin  omajiB
€ HEepiBHOMIPHUM SIK Y CE€30HHOMY, TaK 1 B IPOCTOPOBOMY BIJHOIIEHHI: Ha
HaBITPSAHUX IMiBAEHHO-3aXiJHUX CXWIaX 1X BHUIAJa€ 3HAYHO OiNbILe, HDX Ha
MIJBITPSHUX MiBHIYHO-CX1THUX.

VY Tabmuui 2 HaBeneHO cepenHi OararopiuHi AaHi 0oA0 arMochepHUX
omafis 3a 1991-2020 pp.

Ta6muusa 2

Cepenns MicsiuHa i piuHa KinbKicTh onagiB (Mm)
Micsini I | II |II|IV| V | VI |VII|VII|IX | X | XI |XII| Pix
Omnanu (mm) | 100 | 104 [ 103 | 89 | 133 | 135 | 170 | 104 | 126 | 120 | 135 | 132 | 1451
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Cepenns piyHa KiIBKIiCTh OmnamiB y Mexax [lomonunu PiBHOI cTaHOBUTH
6mm3pko 1451 MM, npudoMy Oinblia iX yacTHHA MMpUNAJAE HA TEIUIMH Tepion
POKY.

[TostBa mepIIoro CHIroBOro MOKPUBY Y BHUCOKOTIpHil yactuni [logoHuHM
PiBHOi 3a3Buuyail mpumagae Ha KiHEIb JXOBTHS, TOAI SK (OpMyBaHHS
CTIMKOTO CHITOBOTO IOKPUBY HalvacTime BilOyBaeTbCs y Ipyriil aexani
nucronana. TaHEHHS CHITY PO3MOYMHAETHCS HANPHKIHLI OepesHs, Mpote
Ha IMiBHIYHMX CXWIaXx y OararocHDKHI POKM BiH MoOXe 30epiratucs 10
CepelHM KBITHS. 3a AeCATHOATBHOIO IIKAIOK IIOKPUTTS CHITOBUI IOKPUB
Yy BHCOKOTIp’T YTPUMY€ETBCS 1O KIHISI KBITHS 3 IHTEHCHBHICTIO 5—6 0aliB,
a B 3aMKHEHHX YJIOTOBMHAX, sIKI BUKOHYIOTH (DYHKIIIO JTaBHHO300DiB, — 10
CepeMHU TPaBHSL.

VY cepenHbOMY CTIHKHUIT CHITOBHII MOKPUB Y BUCOKOTIpHiit 30H1 [TogoHrHN
PiBHOi 30epiraerbcsi Onu3bKo I'ATH MicsiniB. HaiiOuremii 3amacu  cHiry
aKyMYJIIOIOTBCSL Y TpPEeTii JleKall JII0TOro, KOJIM HOro HIIBHICTH JOCsTae
MaKCUMaJIbHUX 3HaueHb i craHoBUTh 200—400 kr/m>.

[Ticns iHTEHCHBHHMX CHIromajiB, XapakTEpHUX Uil 3MMOBOTO Iepiomy
(TpyAeHb—IIOTHI), Y BHCOKOTIP’T YaCTO PEECTPYIOTHCS CXOKEHHS CHITOBUX
naBuH. CIIOCTEpeXEHHsS 3a JIaBUHHOI aKTHUBHICTIO BIPOJOBK XOJOJHOTO
CE30HY 3/IMCHIOE CHIrOJNIaBUHHA cTaHIlis [[1aid, sika Ha OCHOBI CIIeIiaTi30BaHIX
PO3paxyHKiB 3a0e31euye CBO€4acHe Ha/IlaHHS IITOPMOBHX HOIEPEIKEHb.

Y pokH 3 MIIBHUIIEHOI KUIBKICTIO aTMOC(EpPHHUX ONaIiB IOTY>KHICTh
CHITOBOTO TIOKPHBY B YJOrOBHHAaX BHCOKOTIpHOi 30HM 3HAa4HO 3pOCTaE,
dopMyrouM TakK 3BaHI CHITOBI akyMynsmii a00 «CHITOBI HaMeTH.
3a pesynbraTaMd  CHITOMIDHHX CIOCTEPEXEHb JICOBHX TOCIIOAAapCTB,
y nrotoMy 1999 poky BHCOTa CHITY B OKPEMHX BHCOKOTIpHHX MOHUKCHHSX
nocsrana 2,5-3,0 M, Toi SIK y TipChbKUX JOJMHAX BOHA craHoBmia 1,5-2,0 M,

Bapro 3asnaumtn, mo Ha Ilomonuni PiBHIi ¢dopmyBaHHS oOxeneni,
CKJIaJIHUX BIAKJIA/JeHb, a TAKOK HAJMIIAHHSA 3aMep3JI0r0 MOKPOIO CHIry
Ha MPOBOJAX, TIKAaX JEpeB Ta IHMKX 00’€KTax y OUIBIIOCTI BHITAJKIB
3YMOBJIIOETHCSL AKTHBHOI NMKJIOHIYHOIO JISUTBHICTIO W IPOXOIDKEHHSAM
armMocepHux ¢poHTiB Haj Tepuropicto 3akapmnarts. Cepex ycix Qi3uko-
reorpadiyHUX 30H OOJacTi came BUCOKOTIpHI pallOHM XapaKTepU3yIThCs
HaWBHUILIOIO MTOBTOPIOBAHICTIO HEOE3MEUHUX 0XKEJIEI0-1aMOPO3EBHX SIBHIIL.

Y TipchKMX yMOBaxX TaKi IIPOLIECH CIIOCTEPIraloThCs IEPEeBaKHO
B XOJIOAHWH Tepiol pOKy — BiJl KIiHI JIMCTONAAa JI0 CEPEeJUHU OepesHs.
3a maHuMHU CHiroJaBHMHHOI cTaHIii [nai, a Takox (axiBIiB, MO 3/IHCHIOIOTH

2 akaprmarcekuil obnacHuii meHTp 3 rigpomereopororii. URL: http://gmc.uzhgorod.ua/metdata.
php?StNo=33518
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00CITyroByBaHHsI €IICKTPOMEPEK B YKIOPOACHKOMY paiOHI, NMOYMHAIOUH
3 abcomorHux Bucor 600-800 M Hax piBHEM MOps, B OKpPEMi POKH
MaKcHMallbHa TOBIIMHA JILOJOBHX HallapyBaHb a00 CKIIaIHHUX BiJKJIaJeHb
(ToeHaHHS JILOLY Ta 3aMEP3JIOr0 MOKpOTO CHITy) Ha ApOTax i riikax JepeB
Moxe pocsiratd 80—130 mMm. Ha Bucotax monan 1000 M H.p.M. Lieil TOKa3HUK
3poctae 10 140 mm.

Taki sBUIIA CTaHOBJIATH CEPHO3HY HEOE3MNEKY, OCKIJIbKH CIHPUYHHSIOTH
3HaYHI MEXaHIYHI HaBaHTAXCHHsS Ha IHXKEHEpHI CHOpyaW, JIiHil
eJIEKTpoIiepeiadi Ta POCIMHHICTD, IO TPU3BOAUTH IO MaTepialibHUX 30UTKIB
1 MONIKO/PKEHHS TIPUPOJAHUX KOMIIOHEHTIB JIaHJIadTy.

Eoagiuni wunnuxu. PO3BUTOK POCIMHHOTO NMOKPHUBY TIPCHKHX ITOJOHHH
3yMOBJIIOETBCS CYKYIHICTIO efadiuHUX YMHHUKIB, 30KpEMa THUIIOM IPYHTIB,
X ()i3MKO-XIMIYHUMH BJIACTUBOCTSMH, PIBHEM KHCIOTHOCTI, TEMIIEPATypHUM
PEKUMOM 1 3BOJIOKEHHSIM, @ TaKOX MOP(QOJIOTIEI0 CXUJIB, IX EKCIIO3HLIETO,
TUTOIIEIO JIyYHUX MAacHBiB 1 TPHBAJIICTIO JIICOYTBOPIOBAJIBHUX MPOLIECIB.

@®opmyBannst  ¢uiopn  Ilomonmnn PiBHOi  BinOyBanocst IOCTYNOBO
SK y MeXax BJIacHE IIOJIOHMHCBKUX TEPUTOPIH, Tak 1 B TNpHICDIIN
TIPUTIOJIOHUHCHKIN 30HI CyOaIBbIIMCHKOTO Ta ajbIiHCHKOTO BUCOTHHX IIOSICIB
(1100-1400 m wanm piBHeM Mopsi). Lli mporecu posropraniucs MepeBa)KHO
Ha TIPCBKUX JIyYHO-OypO3EMHHX IPYHTaX, sIKi 32 MOP(OJIOri4HOI0 OyI0BOIO
npodiro ONM3bKI 10 HENIMOOKMX ab0 CepeqHbOITHOOKUX OypuX JICOBHX
IPYHTIB.

VY ripchkiii 30HI JOMIHYIOTH Oypi TipCBKO-JIICOBI CepeTHbOITHOOKI Ta
HerTMOOKI KaM’SIHUCTI TIPyHTH. Y OypuX TipChbKO-TiCOBHX HEIIMOOKHX
KaM’SIHUCTUX IHJIyBaTo-CepeJHbOCYNIMHUCTUX I'PyHTaX IMOWHA BEPXHBHOTO
TYMYCOBOTO TOPU30HTY TEMHYBarTo-Oyporo KoJibOpy, KOJIMBAa€Thcs Bix 8 10
20 cm, Jie 1o BcboMY NPOQUIIO CIIOCTEPIraeThes MEOiHb Ta YIaMKH TBEPIUX
Topi.

Y mepenrip’i mepeBakaroTh OypO3eMHO-II30JIUCTI MUITyBaTO-CepPei-
HBOCYDJIMHUCTI 1 JICPHOBO-OYPO3eMHI CEpeHBONTHOOKI MIlaHO-CePETHBO-
CYIJIMHHCTI I'PYyHTH. 3B’SICOBaHO, 110 OYPO3E€MHO-IIII30JIUCT] ITHITyBaTO-CEPE/-
HBOCYIVIMHHCTI TPYHTH XapaKTepPHU3yIOThCS HU3BKHUMHU (Pi3MKO-XIMIYHUMHU
BIIACTHBOCTSIMH, 30KpeMa CJ1a0MM BOJHO-IIOBITPSHUM PEXHMOM i HIBHIKHM
HaOyXxaHHSIM 32 YMOB 3BOJIOXKECHHsI. BOHM NOIIMpPEH] NepeBa)KHO Ha MOJIOTHX
BEpLIMHAX 1 MOJIOTHX CXWJIaX YBaJIiB, MAlOTh [THIIyBaTO-TPYAKYBATy CTPYKTYpy
ryMycoBOro miapy i Ha miuOuHi 45-50 cM — HaA3BUYaWHO IIUIHLHHN
UTIOBIaJIBHUM 1Iap, Y SIKOMY BOJIOTa IPOHUKAE Cl1abo.

Taxki akTopy HEraTHBHO BIUTUBAIOTH HA PICT, PO3BUTOK KOPEHEBOI CUCTEMHU
Ta NPOAYKTUBHICTH OAararopiyHuX pociuH. [1pCHKO-JIy4HO-JIICOBI IPYHTH
copMmyBaicss B HEPEXiJHild 30HI MiX CyOaJbIiIICEKUMU JIyKaMH Ta JlicaMu
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i 3aiimarore oOMmexkeHi miomn. Ha IMononuHi PiBHIN BOHM 0Oe3mocepenHbo
MEXYIOTh i3 OypUMH TipCBKO-JIICOBUMH IDYHTaMH Ta PO3BHBAIOTHCA il
3apoCTsAMH CyOalbIIHCHKOTO KPUBOJICCS, SUTBLIO W pisHOTpaB’s. OTxe,
¢dopmyBanHs Ta cyuacHuil craH ¢uopu IlomonuHu PiBHOI BH3Ha4YalOTHCS
KOMIUIEKCHOIO B3a€EMOJII€I0 a0i0OTHYHNX YMHHHUKIB, CEpel IKUX MPOBIJIHY POJIb
BilirparoTh peibed, KmiMaTHYHI YMOBHM Ta exadiuHi ocobmuBocti. BucorHa
MOSICHICTh, BUPIBHSHUN XapaKTep BEPLIMHHOI IIOBEPXHI Ta €KCHO3MUIIIS CXUIIIB
3yMOBJIIOIOTh MO3aT4HICTh POCIIMHHOTO TOKPHBY 1 TPOCTOPOBY rdepeHLialiito
¢itorieno3iB. CyBopuil TipChbKH KJIIMAar 13 KOPOTKMM BEreTalliiiHUM
NepiooM, 3Ha4YHOK KUIBKICTIO arMOC(EpPHUX ONajiB, TPUBAIUM CHITOBHM
MOKPHUBOM 1 4acTUMH HEOE3NEeYHHMH METEOPOJIOTIYHUMH SIBHIIAMH iCTOTHO
0OMEKy€e BHIOBHH CKIaJ i MPOMYKTHUBHICTH POCIMHHOCTI. [pyHTOBI yMOBH,
NPEJICTAaBICH] TEPEeBaAXXHO OypUMHM TipCHKO-JIICOBUMH Ta TipCHKO-JIyYHO-
OypO3eMHUMH IPyHTaMU 3 HEBEJIMKOIO MOTYKHICTIO I'yMYCOBOTO TOPH30HTY,
JIOIaTKOBO BIUIMBAIOTh HAa PO3BHTOK KOPEHEBHX CHCTEM 1 JKUTTEBI cTparerii
pocimH. CyKkyrHa Jist 3a3Ha4eHuX abiOTHYHUX YMHHHKIB opMye crierudivni
eKOJIOTiYHI yMOBM icHyBaHHA ¢uopu I[lomonunu PiBHOT Ta 3ymoBiroe il
a/IaNITUBHUI XapakKTep 1 BITHOCHY CTIMKICTh y MEXaX BUCOKOTIPHUX €KOCHCTEM.

3. CyyacHui cTaH, npo61eMu Ta NepcrnekTUBM BUKOPUCTAHHSA
JiToueHosiB NoNIoHMHKN PyHa

PocnuHuMi TOKpUB CyOanbIiCHKOTO Ta ajbliHCHKOTO BHCOTHHX IOSICIB
Vkpaincekux Kaprar mae icroTHe rocrnofapcbke 3Ha4€HHS ISl TIPCBKUX
1 mepenripcbkux paiioHiB 3akaprarchbkoi 00JacTi. YIPOMOBX TPHUBAIOTO
ICTOPUYHOTO Mepiony OiOpI3HOMAHITTS MOJOHHH 33a3HABAJO BIUIMBY PIi3HHX
(hopM aHTPONOTeHHOT JisUTBHOCTI, IHTEHCUBHICTD 1 XapakTep SIKUX MOCTYIIOBO
3MIHIOBAJIHCS.

Ha panHiX eramax OCBO€HHSI TipCBKHX TEPUTOPIH JIIOICHKUN BIUINB
OyB OOMeXeHWil TpaguLiiHUMH BHJAMH HPHUPOJAOKOPUCTYBAHHS, 30KpeMa
BUIIACAHHSIM XYJOOH, 30MpaHHAM sTifd, TpuOiB 1 Jikapchkux pociuH. OmHak
i3 yacoM MaciuTabM aHTPOIIOTCHHOTO HaBaHTAXXCHHS CYTTEBO 3POCIIH.
Bukopucranus cyOanbificbkoi Ta albHiHChKOT POCIMHHOCTI SIK ITaCOBHII
posnodanocst me y IV-V cromiTTsix, Tomi SIK 3HAa4HE IOCHIJICHHS BUIIACy
npunagae Ha XVI-XVII cromitta. Lle Oynmo mnoB’s3aHO i3 3a00pOHOIO
BUIIACAHHS XynoOHu y (eomanpHuX jicax Ta il BUMYIIEHHM II€pEBEACHHAM
Ha BIJIKPUTI BHCOKOTIpHI MacoBHINA. BHaciiok HpOro moyanocs akTHBHE
3HUILIEHHS MEPBUHHUX CyOallbIIHChKUX POCIMHHUX (opMalii i mocrynose
3HW)KEHHSI BEPXHBOT MEXI JIiCy.

baratoBikoBuii BHWIAc HEraTMBHO IO3HAYa€TbCs Ha CTaHi MPUIIONO-
HUHCBKUX JICiB: 3MiHWJIAcsi KOH(Qirypamiss BepxHbOI Mexi JicoBol
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POCIIMHHOCTI, MOPYIIMIIACS CTPYKTYpa JEPEBHUX 1 YarapHUKOBUX YIPYIIOBaHb,
a Tako)X 3HU3WIACS iX BOJOOXOPOHHA POJIb. 3HAUHI TpaHChopMalii 3a3HaIN
1 KpHUBOJIiCCSl TA TPaB’IHUCTI (DITOLICHO3H.

Haii6inpi iHTeHCHBHUN aHTPOIIOTEHHUI BIUTUB HA ITOJIOHMHU 3aKapraTTs
cnocrepiraBess 'y mepiox 1950-1985 pokiB. VY meit wac, i3 CTBOPCHHSAM
panrociiiB i KOJITOCIIIB, TOJIOHMHHU IIUPOKO BUKOPUCTOBYBAINCS JUIsl JTITHHOTO
BHITIACY BEIHKOI POraroi Xyo0u, OBeIlb i KOHEH, a TaKOXK JUIsl 3arOTiBJi CiHa.
[IpuponHo-KIiMaTH4YHI YMOBH CIpUsUIM e€(EKTHBHOMY Haryily Xyaoou Ta
BUPOIYBaHHIO MOJIOAHsIKA. Pa3oM i3 THM rocronapchKa JAisuIbHICTh MTPU3BEIa
JI0 CYTTEBUX 3MiH TPaB’SIHHCTOI POCIMHHOCTI SIK 32 KUIbKICHUMH, TaK i 3a
SIKICHUMH TTOKa3HUKaMH.

Pesynbrary yncieHHNX HayKOBHX JIOCIIJDKEHb, IPOBEACHHUX Ha ITOJIOHUHAX
3akaprarts, 3acBiIYYIOTh, IO BIPOBAIPKEHHS arpoOTEXHIYHHMX 3axOIiB —
PETryJIIOBaHHS PEXKUMY BHIIACy, JOIVIS 32 TPABOCTOEM i1 BHECEHHS HOOpPHUB —
ICTOTHO MIJBUIIMIM IPOSYKTHBHICTh BHUCOKOTIPDHMX NacoBuIl. BojHouac
TaKi 3aX0IU CIPUYMHSIIN 3MiHY OOT@aHIYHOTO CKJIajJy YrpylOBaHb, 3a3BHYal
y HaIlpsIMKy 3pOCTaHHS! KOPMOBOI IIIHHOCTI TPaBOCTO0. Y MeXax TOrOo4acHUX
IporpaM PpO3BUTKY CUIBCHKOTO TOCHONAPCTBAa MPAKTUKYBAIOCS TaKOXK
MacoBe 3HUILIEHHS YOPHUYHO-OPYCHHYHHUX YIPYNOBaHb, SIKI BBaXKalOTHCS
HENPUJATHUMHU JUIsl CTBOPEHHS CIHOXKAarei, 10 HEraTMBHO BIUIMHYJO Ha
MIPUPOJHY CTPYKTYpy (iToleH03iB. BHaciigok 1HbOro nepeBakHa 4YacTHHA
cydacHol (UIOpH Ta PpOCIMHHHMX YIPYNOBaHb IIOJIOHUH Ma€ BTOPUHHE
TTOXO/KCHHSL.

[Micns mikBimauwii KOJArOCHHOI CHCTEMH aHTPONOIEHHE HABaHTaKEHHS
Ha TOJIOHWHM YacTKOBO 3MEHIIWIOCSH, OJIHAK BHIAC CBIHCHKHX TBapHH
1 HajaJi 3aJIMIIAETHCS BXKIIMBUM YMHHUKOM TpaHcgopManii TpaB’ssHUCTOTO
MOKpHBY, 30kpeMa Ha [lonmonunna PiBHa. Hacamnepen 3MiH 3a3Hae nepBUHHA
npupoaHa uiopa, a 3rooM — BTOPHHHI POCIMHHI yrpynoBaHHs. Haibinpmiol
LIKOJM 3aBJAIOTh TaOyHW KOHEH, SIKI IHTEHCHBHO 3aTONTYIOTh POCIHHHICTBH
1 BUi#aloTh i 710 KOpEeHeBOI CHCTEMH, 30KpeMa BUIM (opMaliii KOCTpHIl
yepBoHoi (Festuca rubra s. str.), koctpumi kpeiasHoi (Festuca cretacea) ta
pi3HOTpaB’s.

HepiBHOMIpHHI PO3MOII aHTPOIIOTEHHOTO HABAaHTAXKEHHS MO TEPUTOPIT
CIIPUYMHSIE TIEPEPO3NOILUT BUAIB Pi3HUX XKUTTEBUX (hopM. [TocunenHs Bumacy
Ta BUTOITYBAHHS CTUMYIIIOE MMOLIMPEHHS IIUIHOAEPHUHHUX BHUJIB, TOII SIK
BiJJTHOBJICHHSI 1 PO3MHOKEHHS POCJIMH IHIIMX JKUTTEBHX CTpaTerid iCTOTHO
YCKJIATHIOEThCS Yepe3 MOTIPIIeHHS IPYHTOBOI CTPYKTYPH.

Oco0nMBO YyTIIMBUMH 10 MEXaHIYHOTO BIUIMBY € yrpyIOBaHHS LeTpapii
icnmancekoi (Cetraria islandica), siki IIBUAKO JeTpayrOTh HaBITh 32 IOMiPHOTO
BHUIIACY, 1110 IIPU3BOIUTH IO OTOJICHHS I'PyHTOBOI oBepxHi. Ha Takux ninsHkax
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MEpBUHHI ANBMIMCHKI LIEHO3U TOCTYIIOBO 3aMIIYIOThCS KOCTPUYHUKOBHUMU
YIpyNOBaHHIMHU BHACHIZOK E€KCIIAHCIT MIITbHOAEPHUHHNX BUIB. JlogaTKOBUM
YMHHUKOM 3MEHILECHHS YMCEJbHOCTI IeTpapii € i1 3aroTiBis SK JiKapChKOl
CHPOBUHH, TIONIPU 3aHECEHHsI BUY 10 YepBOHOI KHUTH YKpaiHH.

Y cykymHoOcCTi BCi 3a3HadeHi ()OPMH TOCHOAAPCHKOTO BUKOPUCTAHHS,
HacamIepe], BHIIAC XylAOOW, CHPUYMHMIM ICTOTHE 3HIKEHHS IPUPOJHOT
BEPXHBOI Mexi Jicy Ta (opMyBaHHS BTOPMHHUX JIyYHHX YrpylnoBaHb Ha
MicIi KOJMIIHIX JIICOBUX MacHuBiB.

OkpeMHM YHHHMKOM aHTPOIOTEHHOTO BIUIMBY Ha IIOJOHHHCBKI €KO-
cucreMu Oynmo BukopuctaHHs [lomoHuHM PiBHOT y BIMCHKOBHX IIJISIX
y pagsHChKMi mepiof. CBim4eHHsSM LBOrO € 30epexeHl MOHMHI pyiHH
KOJIMIIHBOT pajionokaniifnoi cranuii «bapey, ska Mana crpareriuHe 3Ha4EHHSI.

[Ille omHMM CYTTEBUM BHJOM AaHTPOIIOTEHHOI IiSUTBHOCTI, IO YHUHHUTH
iHTeHCHBHUI BIUIMB Ha (ropy [Tononnna PiBHa, € 30MpaHHs Ta 3aroTiBIIs AT
YopHHLI 3BUYaiiHOI. SIKIIO paHimie 30ip JUKOPOCIHX STiJ MaB NEPEBaYKHO
pexpeauiiHo-1o0yTOBHI XapakTep, TO HUHI BiH TpaHCQOpMYyBaBcs y GpopMy
KOMEPLIHHOTO TPOMUCITY, 1110 3HAYHO MOCUIINIIO aHTPOIIOTEHHE HABAHTXKCHHS
Ha MPHUPOJIHI yIPyHOBaHHS.

CrpecoBuil BIUTUB JIIOICHKOT AiSTIBHOCTI TPU3BOJMTS 10 3MiH (IIOPHUCTHYHOT
CTPYKTYpHu 0i0IeHO31B uepe3 Inepedy10By FOpU30HTAIBHOI Ta BEPTUKAIBHOT
opraHizauii pPOCIMHHOTO TOKPHBY, TPaHC(HOPMALil0 CBITIIOBOTO pPEXUMY
Ta 3aJly4eHHS HOBHX BHJIIB 10 (opmyBaHHsS ditoueHo3iB. KoporkowacHuit
1 JIOKaJIi30BaHMH aHTPOIIOTCHHUI BILUIUB 3a3BHYail 3yMOBIIIOE JIMILIE HE3HAYHI,
3BOPOTHI 3MiHM Yy CTPYKTypi HONYJIALiN, OAHAK Wi 3MIHM MAalOTh YiTKY
CIPSIMOBAHICTh Ha IHAMBIAYyaJbHOMY Ta BHYTPIIIHBOIONY/ISLIHHOMY PiBHSX.
Haiiuacriie BoHM TIPOSIBIISIIOTHCS Y 3HWKEHHI KUTTE3AaTHOCTI TeHEPAaTUBHUX
0COOWH, 3MiHI TEMIIIB CTapiHHS W OMOJIO/KEHHS, a TAKOX Y PEBEPCHBHUX
nporecax, TOAl SK 3arajbHa YUCEJIBbHICTh JOPOCIMX POCJIWH 1 IIUIBHICTH
MOMYJISIIH 3aJIMIIAIOTECS BIAHOCHO cTabiibHUMH. HaiiOunpmn uyTiMBOIO
JI0 HU3BbKOIHTCHCHBHOTO aHTPOIIOTEHHOIO TUCKY BUSIBISIETHCS TI'€HEpaTHBHA
ctepa pociuH.

CucrematnyHui 30ip ATiJ ICTOTHO IMOPYIIY€E PENPOIYKTUBHI MPOLECH
yopHuLi 3Bu4aiiHOi (Vaccinium myrtillus L.). BcraHoBneHo Takox npsiMuid
1 OrocepeIKOBaHNWI HEraTUBHUH BIIMB HA BiITBOPEHHSI HOMYJISIIN PiAKICHUX
BU/IIB POCJIMH. 3HAYHOI MIKOAM €KOCHCTEMaM 3aBJa€ 1 3aroTiBis JIIKAPCHKUX
pociuH, 30KpeMa Tupiauuy BarouHukoBoro (Gentiana asclepiadea L.) Ta
nepcraua npsimocrosdoro (Potentilla erecta (L.) Raeusch.).

3arajgbHe NOTIPIIEHHS CTaHy JOBKUUISA, CHPUYMHEHE IHTEHCHBHOIO
TOCIIOJIapCHKOI0  ISIbHICTIO, TPU3BEJIO 0 CKOPOYEHHS UHCEIBHOCTI
ab0 IMOBHOIO 3HUKHEHHS OKpPEeMHX BHUIIB pociuH. OcCOOIHMBO Bpas3iUBOIO
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JIO aHTPOIIOT€HHOTO BIUIMBY € POCIWHHICTH BHCOKOTIP’Sl Ta IOJOHHH
Vkpaincekux Kapnar, 1e Hacmigkyd NOpyIIEHb MaloTh JIOBIOTPUBAIIMNA
i MOTEHIIIITHO HE3BOPOTHHI XapakKTep.

OcTaHHIMM pOKaM{ aHTPOIIOTCHHE HaBaHTAXXEHHS Ha BHCOKOTIpHI
paiionn Kapmar 3pocio 3a paxyHOK akTHBi3allii ripcbKOro TypHU3My, 30UpaHHs
JIiKapchKoi CHPOBUHH, STij i TPUOIB, @ TAKOXK 3pUBAHHS TyPHUCTAMH PiJKICHUX
JICKOPAaTHBHUX 1 JIIKapChbKUX pociuH. OcoOMMBO HeOE3MeUHUMH sl 0i0TH
W TPYHTOBOTO MOKPHUBY € arpecuBHI BUAM peKpeallii, Taki sIK KBaAPOLUKIIIHT
1 JDKUITIHT, SIKI COPUYUHSIOTH JIIHIHHY €po3ilo Ta pyiHYBaHHS JEPHUHH.

BongHouac HMHI po3misgaeTbcs NHTaHHS HaJaHHA Kommadii «BitpsHi
[Mapkn YkpaiHu» m03BOIYy Ha pO3pOOJIECHHS JOKyMEHTAIll i3 3eMJICYCTpOIO
3 TIONAJIBIIOID OPEH/IOI YacTUHHM TEpuTopii MojJoHWHW PyHoi s
BCTAHOBJICHHS JIOCHIHUX BITPOBMX MIODI 1 MOAANBIIOro OydiBHUITBA
BITPOEHEPreTHYHHUX YCTaHOBOK, 110 NMOTpedy€e BCeOIYHOT EKOIOTIYHOT OI[IHKH
MOXKJIMBUX HACIIIKIB.

Bapro 3azHaunTH, IO MiBAEHHI Ta 3aximHi cxwin MmacuBy I[lonmoHuHa
PiBHa 4YacTKOBO OXOIUIIOIOTHCS 00’€KTaMH IPHUPOJHO-3aMOBIIHOTO (HOHIY
3arajJbHOJEP)KaBHOTO 3HAYEHHs, 30KpEMa 3arajibHO300JI0TTYHUM 3aKa3HUKOM
Typ’s-TlonsHcbkuit (2163,0 ra) Ta OpHIiTONOTIYHUM 3aKka3HUKOM COKOJOBI
ckeni (605,6 ra). Ha 06a3i mux TtepuTopii JOUUIBHUM € CTBOPEHHS
MIPUPOJOOXOPOHHOT YCTAHOBH KJIACTEPHOIO THUILY, HAIPHKJIA] PETiOHAIBHOTO
nanamadrHoro napky «Ilosonuna PiBHay.

ITonpoBi 00CTEkKEHHS 3aCBIAYYIOThH, IO MiJX JIEH0 MPUPOTHHUX i TOCHO-
JapChbKUX YMHHHUKIB (TUIOLIMHHA €po3isl, CHCTEMaTHYHHUI BUTIac) BinOyBaeThCs
3HW)KEHHSI TPO(MIYHOCTI IPYHTIB. Y pe3yibTari MITIHULEBI JIyKH HOCTYIOBO
3aMIIyIOThCS KOCTPUIIEBUMHM, a 3rOJOM JETPaayloTh JIO0 OiJIOBYCOBHX
yIpyINoBaHb, SIKi € HAMEHII TPOAYKTUBHUMH Ta (IIOPUCTHYHO 301HEHUMH.
[Ipsmuii aHTpONIOreHHH BIUIMB HaifuacTillle MpPOSBISAETHCS y MEXaHIuHOMY
TIOLIKO/PKEHH1 POCIIMH BHACIIJIOK CTPaBIIIOBAHHS, 3pUBaHHS, BUTONTYBAaHHS
Ta BUKOITyBaHHs. OnocepeKoBaHa Jiisl IIOB’s13aHa 31 3MiHAMU BJIACTUBOCTEH
enadoromny Ta (iTocepenoBHINA: YIIUIBHCHHSAM, OTOJICHHSM 1 JCTPajailieio
BEPXHIX TOPU30HTIB IPYHTY.

BigHOBIIEHHS! POCIMHHOTO TIOKPUBY Y BHCOKOTIPHHMX YMOBax ITOJIOHHMHH
PyHoi BitOyBaeThCs HAI3BUYAITHO ITOBIIBHO, 1110 3yMOBJICHO HECIIPUSTIIMBUMHU
YMOBaMH JUIsL PO3BHUTKY MiJPOCTY I'€HEPAaTUBHOTO MOXOPKEHHS Ta HHU3BKOIO
LIBHJKICTIO 3aceleHHS IOPYLIEHHX [UITHOK BEreTaTUBHO PYXJIWBUMHU
BUJAMH.

AHTPONOTeHHHUH TUCK CIIpU4MHsSE TpaHcdopmalito OiOLEHO3IB NUIIXOM
nepeOy10BU MPOCTOPOBOI CTPYKTYPH POCIMHHOTO NMOKPUBY U (hOpPMYBaHHS
BTOPUHHUX YIPYNOBaHb. 3a yMOB HAJIMIPHOTO BHUIIACy Ta HOCHIJICHOTO
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JIEPHOBOTO IPOLIECY Ha MiCLli JIICOBUX, YarapHUKOBUX 1 JIy4HUX (opMamii
BUHMKAIOTh LIYYHUKOBI Ta OLIOBYCOBI Jiyku. BogHOYac 4epBOHOKOCTpHIIEBI
yrpyIyBaHHs TpaHC(OpPMYIOThCs y O1IOBYCOBI, a Ha cTiliOMIax GopMyIOThCs
maBesbHUKY. Lle 3yMOBIIIO€ HEOOXIHICTh BIPOBA/KEHHSI KOHTPOJILOBAHOTO,
HAayKOBO OOIPYHTOBAaHOTO 300py STiJ YOPHMII Ta JIIKAPCHKUX POCIUH 0e3
MOPYLIEHHS IXHIX PENpONyKTUBHUX (QyHKIIiH.

BUCHOBKU

[Tononnna PiBHa € omHMM i3 HaWOLIBIIMX BHCOKOTIPHUX MAacHBIB
VYkpaincpkux Kaprnar i xapakrepusyeTbest MO3aiqHIM ITO€AHAHHSIM YOPHUYHUKIB
Ta BHCOKOTIDHHMX JIyK, cpopMoBaHMX y cneuudiuHux abloTMYHHMX yMOBax
(BHCOKa 3BOJIOXKEHICTh, KOPOTKMI BereTaliifHUui Nepiof, TpUBAJIMH CHIrOBHA
MOKPHB, YacTi O0XeJIeH0-aMOpPO3CBi SBHINA, KOHTPACTHI emadiuHi yMOBH).
CyvacHuil (ITOLEHO3 Ma€ MEepeBaKHO BTOPHHHE IIOXOIKEHHS, OCKIJIBKU
0araroBikOBHH BHIIaC i TOCHOJAPCHKE OCBOEHHS ITIPU3BENM JIO 3HIKEHHS
BEpXHbOI MeXi Jiicy, Aerpagaunii KpuBoiiccs Ta (OpMyBaHHS BTOPUHHHUX
JydHHX yrpynoBanb. ¥ XX cT. (ocoomuBo 1950-1985 pp.) «onrtumizauiitHiy»
arpo3axofid, 30KpeMa BTPYYaHHS B YOPHHUYHO-OPYCHHYHI IICHO3U, ICTOTHO
3MiHWIM OOTaHIYHUH CKJIAJI 1 IPOCTOPOBY CTPYKTYPY POCIMHHOTO TIOKPHBY.

Huni xmodoBuMu (hakTopamu jaerpajanii € HagMipHUH 1 HepiBHOMIPHUI
BUIIAC Xy[AOOW, IO CHPUYMHSE BHUTONTYBAHHS, OTOJICHHS W YIIUIBHEHHS
IPYHTY Ta CYKLECiHHI 3MIHM 31 3HIXKEHHSM TpodidHOCTI U mnepexonoM
NPOAYKTHBHIIINX JIyK Yy OUIOBYCHUKOBI $K (JIOPUCTHYHO 30iIHEHI.
JlonaTkoBO MOCHITIOIOTHCSI PH3MKH Yepe3 HMPOMHCIOBHH 30ip AT YOpHUIL,
3aroTiBIIIO JIIKapChbKOI CHPOBMHH, 3pMBaHHS PiIKICHUX POCIHH 1 peKpeariiHi
BIuIMBH. HaiOuibIl pyiHIBHUMHU € KBaIPOLMKIII3M 1 JUKMITIHT, IO (GOPMYIOTh
JiHIHHY epo3if0 Ta pYyHHYIOTh JEpHUHY. BiJHOBIEHHS POCIUHHOCTI
Y BHCOKOTIp’T € NOBUIBHUM, TOMY HaBiTh JIOKaJIbHI TIOPYLIEHHS MOXYTbh MaTu
TpuBanuii edext. [loTeHIiiHI HOBI 3eMJIEKOPHCTYBaHHS (30KpeMa IMiAIr0TOBKa
TEpUTOpiil MiJ BITPOSHEPreTHUYHI IPOEKTH) MOTPEOYIOTh EKOJIOTIYHO
BUB@KCHUX pIllleHb, OCKUIBKH MOXYTh HOCWIIUTH (DparMeHTAalil0 OCEJIHII
1 gerpajamnito rpyHTiB. BusHaueHo, mo 30epekeHHs ¢itorneno3iB [lononuan
PyHoi morpebye moeqHaHHS OXOPOHHM KJIIOYOBUX OCEJUIL, PETYIHOBAHOTO
TPAaIMLIHHOTO TNPUPOJOKOPUCTYBaHHS Ta MOCTI{HOTO MOHITOPHHIY, IO
3a0e3Me4nTh EKOJIOTIUHY CTaOUIbHICTh TEPUTOPIl i MOXIMBICTH ii CTaloro
BUKOPUCTaHHS.

AHOTALIA
Y crarTi TpoaHaNi30BaHO CydaCHHW CTaH (DITOICHO3IB IOJIOHUHHU
Pynoi (PiBnHoi) B VYkpaincekux Kapnarax y KoHTeKCTi Xii abioTHYHUX
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YMHHHUKIB 1 TpPUBAJOr0 aHTPOIIOIEHHOIO HaBaHTaXEHHS. Po3misHyTO
0COOJIMBOCTI TPOCTOPOBOI CTPYKTYPH DOCIMHHOTO TIOKPUBY, BHCOTHOI
MosICHOCTI Ta enadiuHuxX yYMOB (OpMyBaHHS BHCOKOTIPHUX JIYYHHX
1 4YarapHMKOBUX yrpynoBaHb. BCTaHOBIIEHO, IO IepeBa)KHa 4YacTHHA
Cy4acHOI POCIMHHOCTI ITOJIOHMHU Ma€ BTOPHHHE IOXOPKeHHs, chopmMoBaHe
BHACIIIOK 0araroBiKOBOTO BHIIaCy Ta TOCHOAAPCHKOTO BUKOPHCTAHHS
tepuropii. [TokazaHo, 10 JOMiIHYIOUUMH THUIIaMH (DITOIEHO3IB € YOPHUYHHUKH
Ta OUIOBYCHMKOBI BHMCOKOTIpHI JIyKH, $IKi BIiJI3HAYarOTBCSl MO3aI4HICTIO
W Pi3HUM CTYIIEHEM aHTpPOIIOTeHHOI TpaHcdopMmauii. BusBieHo HeraTnBHUNA
BIUIMB HaJMIPHOTO Ta HEPIBHOMIPHOIO BHIIACy, IIPOMHCIOBOTO 300py Sril
1 JIIKapChbKUX POCIIMH, a TaKOXX PEKpeaniiHOro HaBaHTa)KEHHS Ha BUJIOBHUH
CKJIaJ 1 PEenpOAyKTHBHY 3/aTHICTb pociauH. OOIpyHTOBaHO, IO JIeTrpajaris
I'PYHTOBOT'O ITOKPHBY H YILIIEHEHHS IEPHUHU 3yMOBIIIOIOTH CyKIIECiiHI 3MiHM
y HampsiMi (HopMyBaHHsS MaJIONIPOAYKTHBHUX OUJIOBYCHHKOBUX YI'DYIOBaHb.
BuzHadeHo, 110 BiTHOBJICHHSI POCIMHHOTO MIOKPUBY Y BUCOKOTIPDHUX YMOBax
BinOyBaeThCcs MOBUIBHO I morpedye TpuBajoro uvacy. Haronomeno Ha
HEOOXiJHOCTI BIPOBA/KEHHsSI HAYKOBO OOIPYHTOBAaHHMX 3aXOJIB 3 OXOPOHH
Ta pAalliOHAaJBHOTO BHKOPHCTaHHS (DITOLIEHO3IB, 30KpEMa pETyITIOBAHHS
BUmacy W 300py HpHpoaHuX pecypciB. OTpUMaHi pe3ylnbraTH MOXYTb OyTH
BUKOPHUCTaHI [UIsl pO3pOOJICHHS MPUPOJOOXOPOHHHUX 1 YIIPAaBIiHCHKUX PilllCHb,
CIIPSIMOBAaHUX Ha 30epekeHHs 010pPI3HOMAHITTS MTOJIOHUHCHKUX €KOCHCTEM.
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CHAPTER 3

ENVIRONMENTAL PRINCIPLES

IN THE DEVELOPMENT OF SCIENTIFIC STRATEGIES
FOR THE CONSERVATION AND RESTORATION

OF NATURAL ECOSYSTEMS UNDER
ANTHROPOGENIC PRESSURE

Voloshanska S. Ya., Kvasnii L. H., Drozd I. F.
DOl https://doi.org/10.30525/978-9934-26-654-6-3

INTRODUCTION

In the 21Ist century, the problem of preserving and restoring natural
ecosystems has become a global and key challenge for sustainable human
development. The rapid growth of anthropogenic pressure caused by
urbanization, industrialization, the transformation of agricultural landscapes,
excessive exploitation of natural resources, and climate change has led
to a significant disruption of the natural self-regulating mechanisms of
ecosystems. This leads to land degradation, reduced biodiversity, disruption
of the hydrological regime in these areas, and a decrease in the ability of
ecosystems to provide vital ecosystem services.

The issue of environmental principles underlying the development of
scientific strategies for the conservation and restoration of natural ecosystems
is particularly relevant in the context of increasing anthropogenic pressure,
when traditional approaches to nature conservation prove insufficiently
effective. Modern environmental science is shifting its focus towards integrated,
interdisciplinary solutions combining ecosystem-based approaches, adaptive
management principles, and innovative environmental monitoring methods.
The development of such strategies requires a deep scientific understanding
of the patterns governing the functioning of natural systems, the limits of
their stability, and their capacity for recovery.

The development of scientific strategies for ecosystem conservation is
based on an environmental approach that involves a comprehensive analysis
of the interaction between biotic and abiotic components of the environment,
as well as an assessment of the anthropogenic impact on the structural and
functional organization of ecosystems. The preservation of natural systems
is impossible without considering the spatial integrity of landscapes,
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preserving ecological corridors, maintaining natural succession processes,
and protecting key biotopes. Simultaneously, the role of scientifically
substantiated forecasting of environmental changes is growing, enabling
the prevention of critical ecosystem disturbances and the minimization of
negative consequences from economic activity.

Restoring degraded natural ecosystems is a complex and multifaceted
process requiring a combined approach of passive and active environmental
restoration methods. Passive approaches are based on reducing or eliminating
anthropogenic pressure and creating conditions for the natural restoration of
ecosystem functions. Active methods involve targeted measures to recultivate
disturbed land, restore water bodies, regenerate vegetation cover, and
reintroduce native species. Selecting the optimal restoration strategy should be
based on the ecological characteristics of a specific ecosystem, the degree of
its degradation, and the socio-economic conditions prevailing in the region'.

In the context of global and regional environmental challenges, especially
for countries with transitional economies, it is critically important to
integrate ecological principles into strategic planning and natural resource
management systems. Scientific strategies for the conservation and restoration
of ecosystems must be consistent with the goals of sustainable development,
environmental safety, and improving the living standards for the population.
In this context, the formation of ecological culture, the development of
environmental education and the involvement of the public in environmental
decision-making processes play an important role.

Therefore, the study of the ecological principles forming scientific
strategies for the conservation and restoration of natural ecosystems under
anthropogenic pressure is scientifically and practically significant. It is aimed at
substantiating effective approaches to preserving natural potential, increasing
the sustainability of ecosystems and ensuring the balanced development
of society. The results of such studies can be used in the development of
national and regional environmental programs, natural resource management
strategies, and practical measures for environmental restoration.

1. Ecological prerequisites for the formation of scientific strategies
for the conservation of natural ecosystems
The formation of scientific strategies for the preservation of natural
ecosystems is based on a deep understanding of the ecological patterns in

! Bochevska M. E. Restoration of degraded ecosystems in the context of post-war transformation of
nature management. Academic visions. 2025. Issue 43. DOI: https://doi.org/10.5281/zenodo.15585538

2 Argenti P. Reputation and corporate brand. Review of corporate reputation. 2004. No. 6. P. 371.
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the functioning of the natural environment and its ability to self-regulate.
Melnykovych M., Nijnik M., Zibtsov S. et al. conducted a comprehensive
analysis of the impact of hostilities on the socio-ecological systems of
Ukraine’s forest ecosystems and outlined possible directions for their
further restoration in their studies®. Researchers emphasize the advisability
of introducing nature-oriented solutions into the process of forming policies
for the restoration of forest ecosystems. At the same time, Mirzabaev A.
and Wuepper D. focused on the economic dimensions of the restoration of
degraded ecosystems, emphasizing that investing in environmental restoration
can provide tangible economic benefits, in particular by creating new jobs
and improving the well-being of local communities*.

Natural ecosystems are complex dynamic systems whose stability is
determined by the level of biodiversity, trophic structure, and the intensity
of energy and matter exchange between their components. The increase in
anthropogenic load disrupts these connections, which leads to a decrease in
environmental resilience and an increase in the risk of degradation processes.

Scientific approaches to ecosystem conservation involve the application
of ecosystem and landscape approaches, allowing the assessment of
anthropogenic factors in a spatial-temporal dimension. Defining ecologically
acceptable limits for the economic use of natural resources and establishing
critical thresholds for anthropogenic pressure are important elements. In this
context, the role of environmental monitoring, bioindication, and forecasting
of changes in the condition of ecosystems is growing, providing a scientific
basis for management decisions in the sphere of environmental protection.
Scientists note that the limited maturity of the sustainable investment
market, the insufficient level of institutional support for environmentally
oriented business models and limited tax incentives prevent the scaling of
environmentally oriented solutions that could serve as synergies between
economic development and environmental protection®.

In such conditions, local communities are often forced to rely on their own
resources and initiatives, which limits the scale and speed of implementation
of environmentally friendly technologies and renewable energy projects. At
the same time, the lack of proper financing of instruments, grant programs and

3 Melnykovych M., Nijnik M., Zibtsev S., et al. Pathways for Ukraine’s Post-War Recovery:
Forest Socio-Ecological System in the Focus. Preprints.org. 2025. DOL: https://doi.org/10.20944/
preprints202502.1736.v1

4 Mirzabaev A., Wuepper D. Economics of Ecosystem Restoration. Annual Review of Resource
Economics. 2023. Vol. 15. P. 329-350. DOI: https://doi.org/10.1146/annurevresource-101422-085414

> Bochevska M. E. Restoration of degraded ecosystems in the context of post-war transformation of
nature management. Academic visions. 2025. Issue 43. DOI: https://doi.org/10.5281/zenodo. 15585538
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state support mechanisms hinders the development of the “green” economy,
reduces the attractiveness of environmental investments for business and
makes it impossible to comprehensively restore degraded ecosystems. This
is especially relevant for the post-war reconstruction of Ukraine, where the
scale of destruction and land degradation requires significant resources,
systematic planning and integration of nature-oriented solutions. At the same
time, initiatives aimed at supporting environmentally sustainable community
development are already in place at the national level, in particular, the state
programs “Energy Modernization in the Community™® and “Clean Air for
Ukraine’,” which provide grants and loans for building insulation, installation
of energy-efficient technologies, and modernization of heat generation
capacities in accordance with environmental standards.

Institutional support is also intensified through the implementation of
the provisions of the National Recovery Plan of Ukraine and relevant local
development programs, where the environmental component is included
as a priority. For example, under the Green Reconstruction program,?
community and municipal initiatives receive funding for the reclamation of
degraded land, the cleanup of water bodies, and the restoration of green areas,
which is implemented in cooperation with international partners: UNDP,
UNEP, the European Investment Bank, and EU funds. Similar initiatives
have already supported energy efficiency and environmental improvement
projects in communities of Lviv, Kyiv and Kharkiv regions, demonstrating
the potential of combining state, local and international support for large-
scale implementation of environmental innovations. In the long term, such
approaches could form the basis for a national model of post-war recovery,
combining the environmental, economic, and social aspects of sustainable
development in local communities.

2. Scientific approaches to ecosystem restoration
under anthropogenic pressure
Restoring natural ecosystems that have been damaged by long-term
human activity is one of the key areas of focus in modern environmental
science. Scientific strategies for restoration are based on a combination of

¢ State program “Energy modernization in the community”. URL: https:/www.kmu.gov.ua/
news/zatverdzheno-derzhavnu-tsilovu-prohramu-enerhetychnoi-modernizatsii-pidpryiemstv-
teplopostachannia-do-2030-roku

7 State program “Clean Air for Ukraine”. URL: https:/liubym.otg.dp.gov.ua/novini-ta-podiyi/novini/
prohrama-chyste-povitria-dlia-ukrainy

8 Post-war green reconstruction of Ukraine: processes, stakeholders, public participation analytical
report January — February 2024. URL: https://racse-report_2024-5-13-1_ukr.pdf
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passive and active methods of environmental restoration, which are selected
depending on the type of ecosystem, the degree of its degradation, and the
environmental conditions in the region. Passive restoration involves reducing
the intensity of anthropogenic pressure and creating favorable conditions for
natural succession, while active measures include targeted intervention to
restore key ecosystem functions.

The position of the OECD in terms of overcoming institutional and
economic barriers in Ukraine’s environmental recovery policy is to increase
institutional capacity and implement the principles of good governance, in
particular through improving the judicial system and strengthening anti-
corruption mechanisms, as well as adapting the environmental taxation
system to the standards and requirements of the European Union’.

The principle of prioritizing the restoration of natural processes over
man-made solutions is particularly important in the formation of scientific
restoration strategies. UNIDO emphasizes the need to formulate and
implement a green industrial reconstruction program for 2024-2028, aimed
at stimulating the introduction of environmentally friendly technologies and
compliance with modern environmental standards'®.

A systematic analysis of current scientific sources'' has shown that among
the existing approaches to ecosystem restoration, the leading ones are socio-
ecological, economic, legal, and nature-oriented approaches. At the same
time, the methodologies of international organizations such as OECD, UNEP,
UNDP, UNIDO and the World Bank are highly structured and scientifically
sound, which makes them suitable for the application in the Ukrainian context.

Restoration of hydrological regimes, soil cover, plant communities and
food chains contributes to increasing the environmental sustainability of
ecosystems and reducing the need for further intervention. At the same time,
the application of modern scientific methods, namely ecological modeling,
geographic information systems, and ecosystem services assessment, can
improve the effectiveness of restoration measures and ensure their long-term
effectiveness.

 OECD. Ukraine — OECD. URL: https://www.oecd.org/en/countries/ukraine.html

10 United Nations Industrial Development Organization. Green Recovery Vision for Ukraine. URL:
https://www.unido.org/green-recovery-vision-ukraine

" UNECE, UNEP, OECD. Platform for Action on the Green Recovery of Ukraine URL:
https://ukraine.un.org/en/271424-unece-unep-and-oecd-launch-platform-action-green-recoveryukraine

52



3. Features of developing scientific strategies
for the conservation and restoration of ecosystems in Ukraine

For Ukraine, the issue of preserving and restoring natural ecosystems is
particularly important because of the combination of traditional anthropogenic
factors and the consequences of military action and technogenic pressure.
Significant plundering of the territory, intensive use of land and water
resources, urbanization and industrial pollution for a long time formed
a high level of environmental vulnerability of natural systems. The hostilities
additionally caused the destruction of landscapes, pollution of soils and waters,
degradation of forest and steppe ecosystems, which significantly complicates
the processes of their natural restoration. Today, the ecological state of land
in Ukraine is extremely critical as a result of the military aggression of the
Russian Federation. A significant portion of the land has suffered degradation,
mechanical damage, and pollution, leading to widespread erosion. Hostilities
cause the accumulation of toxic chemicals and heavy metals in the soil,
while explosions from mines, rockets, and bombs create craters, disrupting
the landscape and soil structure. In addition, there is a total violation of the
basic land law principles that guarantee rational use and protection of land, as
well as disregard for the priority of environmental safety requirements at the
national level. Such a complex of negative impacts creates serious obstacles
to the restoration of land resources and requires the development of evidence-
based strategies for their rehabilitation and protection.

It should be noted that the problems of soil fertility preservation in Ukraine
took place before the war. Thus, almost 26 % (about 16 million hectares) of
soil cover was already eroded, and more than 15 % of this land needed to be
withdrawn from cultivation and conservation activities'?.

Restoration of degraded lands in Ukraine under conditions of constant
anthropogenic and military influence requires an integrated scientific approach.
Priority strategies include reclamation of damaged areas, stabilization
of erosion processes, cleaning of soils from toxic substances and heavy
metals, as well as restoration of the landscape structure of the territories.
An effective approach is to combine passive methods, which involve limiting
anthropogenic impact and supporting natural succession, with active measures
such as planting adapted plant communities, restoring water regimes, and
creating ecological corridors. The integration of these measures into state
programs for post-war reconstruction and land resource management, taking

12 Novakovska 1. O., Skrypnyk L. R., Slavin 1. V. Economic incentives for the implementation
of measures for the land use and protection. Problems of the systemic approach in the economy.
No. 2 (82). 2021. P. 150-161.
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into account the priority of environmental safety, plays an important role. The
application of scientifically sound restoration strategies not only stabilizes
the condition of land resources but also creates conditions for the further
sustainable development of Ukraine’s agricultural and environmental sectors,
ensuring the restoration of ecological balance in the affected areas.

Scientific strategies for the conservation and restoration of ecosystems
in Ukraine should take into account the regional specifics of natural and
climatic conditions, the level of anthropogenic load and socio-economic
challenges. In particular, in the east and south of Ukraine, where a significant
part of the territories has been destroyed as a result of hostilities, the priority
is the restoration of degraded lands, the purification of water bodies and
the reclamation of industrial zones. In the western and central regions, the
conservation of forests, the development of green corridors and the integration
of environmental elements into urban planning and agricultural plans are
important. Scientific strategies should provide a comprehensive approach
integrating scientifically sound methods for monitoring and assessing the
health of ecosystems, effective management decisions for local communities,
financial and institutional mechanisms to support restoration, and the
integration of international standards and programs such as the UN Decade
on Ecosystem Restoration and the European Green Deal. This approach
allows not only to restore ecosystems, but also to increase the resilience of
communities to climate and anthropogenic risks, forming the prerequisites for
the sustainable development of Ukraine.

Priority areas are the restoration of degraded lands, rehabilitation of
water bodies, conservation of biodiversity and the formation of a national
ecological network, which involves the restoration of natural landscapes,
ensuring the spatial integrity of ecosystems and maintaining ecological
corridors. The implementation of these areas should be based on the
application of the ecosystem approach, the integration of nature-oriented
solutions and the introduction of modern environmental monitoring tools.
Coordinating environmental protection measures with regional socio-
economic development and post-crisis recovery programs is an important
aspect.

One of the prerequisites for land reclamation and conservation in Ukraine
in the post-war period is the development and legislative approval of a national
program for land protection and restoration. This program should include
a detailed plan for land restoration involving international organizations,
investors, and foreign scientists in the field of soil protection and restoration,
as well as the use of innovative technologies and approaches. In addition, the
document needs to identify the sources of funding and procedures for land
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management, since these issues remain insufficiently regulated at the current
legislative level®. The nationwide program for the protection and restoration
of Ukraine’s land in the post-war period will serve as a strategic guideline
for the state, defining priority measures for land restoration, in particular
conservation and recultivation. The'* program will provide for comprehensive
planning of restoration work, taking into account soil types, the degree of
their degradation, and local natural conditions, as well as the integration of
modern scientific methods for monitoring and assessing the condition of land.
Particular attention will be paid to coordination between national and local
authorities, involving local communities in planning and implementation, and
drawing on international experience and financial support, including grants
and technical assistance from UNDP, UNEP, and the European Investment
Bank. Such integrated management will not only restore soil fertility and
stabilize ecosystems, but also ensure sustainable development of territories,
increase environmental safety and integrate environmental principles into
local development strategies.

Table 1
The main directions and measures of the National Program
for the Protection and Restoration of Lands of Ukraine (post-war period)

Direction Executors / Financing
of the Specific activities Responsible sources Expected effect
program persons
1 2 3 4 5
Land Temporary Ministry of State budget, Preservation
conservation | withdrawal of Agrarian Policy | local budgets, | of soil fertility,
degraded areas from |and Food, international reduction of land
cultivation, erosion territorial grants degradation
prevention measures, | communities
and protection against
pollution
Land Restoration of Local authorities, | State Restoring
Remediation | industrial, military private subventions, ecosystems,
and contaminated contractors, international improving
areas, restoration academic programs environmental
of soil structure, institutions (UNDP, UNEP, | safety, increasing
landscape rehabili- EIB) land productivity
tation

13 Agriculture of Ukraine under martial law: lessons for society and politicians. URL:
https://www.nas.gov.ua/UA/Messages/Pages/View.aspx?Message]D=9288
' National Academy of Agrarian Sciences of Ukraine. Scientific, methodological, and coordination
center for scientific issues related to the development of Ukraine’s agro-industrial complex. URL:
http://naas.gov.ua/content/ publichna-informaciya/ogoloshennya/7393/
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Continuation of Table 2

1 2 3 4 5
Monitoring | Regular assessment | Ukraine State State budget, Scientifically
and of soil degradation, Service of grant funding based planning of
assessment | pollution monitoring, | Geodesy, activities, control
of land and geoinformation | Cartography over the program
condition database management | and Cadastre, implementation
scientific
institutes
Institutional | Coordination Cabinet of State Improving
support and | between national Ministers, budget and management
management | and local authorities, | Ministry of international efficiency, shaping
integration of Economy, technical environmental
environmental Environment assistance culture and
principles into local | and Agriculture community
strategies of Ukraine, responsibility
territorial
communities
Supporting | Stimulation of Local authorities, | Government Sustainable
the green environmentally safe | business, grants, development
economy land use, introduction | international loans from of territories,
of energy-efficient partners international synergy of
and nature-oriented financial economic
technologies organizations growth and
environmental
protection
This approach will contribute to increasing the resilience of
natural systems, reducing environmental risks and ensuring long-

term environmental safety. The integration of scientific environmental
approaches into state environmental policy, spatial planning systems,
and post-war land restoration programs plays an important role in this
process, ensuring the coordination of environmental, economic, and social
measures. Such integration contributes to improving the effectiveness of
restoration measures, strengthening the environmental sustainability of
regions and creates prerequisites for sustainable development and long-term
conservation of natural ecosystems.

Thus, the implementation of scientifically sound environmental strategies
in Ukraine is a prerequisite for ensuring environmental safety and sustainable
development of the state. The combination of fundamental environmental
knowledge, innovative technologies and effective management of natural
resources creates the prerequisites for preserving the country’s natural
potential and increasing the sustainability of its ecosystems in the long term.
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CONCLUSIONS

The study found that the increase in anthropogenic pressure is
a determining factor in the degradation of natural ecosystems, which manifests
itself in a violation of their structural integrity, a decrease in biodiversity
and a weakening of the ability to self-regulation. Under such conditions, the
conservation and restoration of ecosystems requires a shift from fragmented
conservation measures to comprehensive, scientifically sound strategies based
on ecosystem and interdisciplinary approaches.

It has been proven that the environmental principles underlying scientific
strategies for the conservation of natural ecosystems must be based on
consideration of the interaction between biotic and abiotic components of the
environment, determination of the limits of acceptable anthropogenic pressure,
and assessment of the ecological stability of natural systems. Environmental
monitoring, bioindication, and forecasting tools play an important role in this
process, ensuring the timely detection of negative changes and providing
scientific justification for management decisions.

It has been established that effective restoration of degraded ecosystems
is possible provided that passive and active methods of environmental
restoration are combined, with priority given to the restoration of natural
processes. Specific restoration measures should be selected, taking into
account the type of ecosystems, the degree of their disturbance, and regional
natural and climatic characteristics. This approach contributes to increasing
the resilience of ecosystems and reducing the risks of repeated degradation.

The study pays particular attention to the specifics of developing scientific
strategies for the conservation and restoration of natural ecosystems in
Ukraine, where traditional anthropogenic factors are exacerbated by the
consequences of hostilities. The necessity of integrating environmental
strategies into the system of state policy, spatial planning, and post-war
reconstruction programs is justified in order to ensure environmental safety
and sustainable development of territories.

Consequently, the implementation of scientifically sound strategies for
the conservation and restoration of natural ecosystems is a key prerequisite
for preserving natural potential, improving the quality of life of the
population, and achieving sustainable development goals. Further scientific
research should be aimed at improving methods for assessing ecosystem
services, developing nature-based solutions, and strengthening institutional
mechanisms for environmental management in the context of growing
anthropogenic pressure.
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SUMMARY

The paper examines the environmental principles underlying the
development of scientific strategies for the conservation and restoration of
natural ecosystems in the context of increasing anthropogenic pressure. The
main factors of ecosystem degradation and their impact on the structural
and functional organization of the natural environment are analyzed. The
importance of the ecosystem approach as a methodological basis for the
development of effective environmental strategies is substantiated. Scientific
approaches to assessing the environmental sustainability and resilience
of ecosystems are considered. The role of environmental monitoring,
bioindication and forecasting in the management decision-making process
is determined. Passive and active methods of restoring degraded ecosystems
are characterized. Particular attention is paid to the integration of nature-
oriented solutions in the strategy of environmental restoration. The specifics
of forming scientific strategies for preserving ecosystems in the context of
wartime and post-war challenges are analyzed. The importance of combining
environmental, economic and social aspects in the process of restoring natural
systems is emphasized. It is concluded that it is necessary to implement
comprehensive science-based strategies to ensure environmental safety and
sustainable development.
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CHAPTER 4

BACTERIA FROM ENVIRONMENTS WITH EXTREME
CONDITIONS AS BIOLOGICAL AGENTS

FOR THE DEVELOPMENT OF PREPARATIONS

FOR PLANT GROWTH PROMOTION

Hnatush S. O., Komplikevych S. Ya., Maslovska O. D.
DOl https://doi.org/10.30525/978-9934-26-654-6-4

INTRODUCTION

Environmental pollution with heavy metals and other toxicants caused by
military actions or intensive human activity is becoming a global problem and
poses one of the most serious environmental threats of our time. Such processes
lead to the degradation of natural habitats, disruption of biogeochemical cycles,
and a significant reduction in areas suitable for agricultural use' %

According to the Ministry of Economy, Environment, and Agriculture of
Ukraine, the russian-Ukrainian war has caused the greatest ecological disaster
in modern European history. Among the key destructive factors are massive
explosions of artillery shells and rockets, large-scale fires, particularly at oil
depots and industrial facilities, as well as uncontrolled leaks of hazardous
chemicals®. It has been proven that explosive substances and combustion
products significantly alter the physical and chemical properties of soils,
contributing to their compaction, reduction in humus content, and biological
activity, as well as the accumulation of toxic elements* >.

! Alloway B. J. Heavy metals in soils: trace metals and metalloids in soils and their bioavailability.
3rd ed. Dordrecht : Springer, 2013. 614 p. https://doi.org/10.1007/978-94-007-4470-7

2 Wuana R. A., Okieimen F. E. Heavy metals in contaminated soils: a review of sources, chemistry,
risks and best available strategies for remediation. ISRN Ecology. 2011. Vol. 2011. Article ID 402647.
20 p. https://doi.org/10.5402/2011/402647

3 Ukraine and the UK officially legally consolidated the abolition of import duties and tariff
quotas in bilateral trade : [news] / Ministry of Economy of Ukraine. URL: https://me.gov.ua/News/
Detail/29b4233b-e60e-4224-ac2e-81bSa7e62cdc?lang=en-GB (nara 3Bepuenns: 30.12.2025).

4 Certini G., Nocentini C., Knicker H., Arfaioli P., Rumpel C. Wildfire effects on soil organic matter
quantity and quality in two Mediterranean pine forests. Geoderma. 2021. Vol. 385. Article 114918.
https://doi.org/10.1016/j.geoderma.2020.114918

5 Broomandi P., Guney M., Kim J. R., Karaca F. Soil contamination in areas impacted by military
activities: A critical review. Sustainability. 2020. Vol. 12, Art. 9002. https://doi.org/10.3390/
sul2219002
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Elevated concentrations of copper, lead, nickel, as well as products of
incomplete combustion of hydrocarbons, sulfur, and nitrogen compounds,
which have high migration capacity and toxicity to living organisms, have
already been recorded in the combat zone. The toxic effects of heavy metals
are due to their cumulative nature and long half-life, which causes them to
accumulate in soils and subsequently enter plants and aquatic ecosystems®.

According to the State Environmental Inspectorate of Ukraine, the total
environmental damage caused by the war has reached 6.01 trillion hryvnia,
based on the latest estimates’. The accumulation of toxic substances in soil,
water, and air poses long-term risks to food security and public health, as
hazardous compounds can be transmitted through food chains and cause
chronic toxicosis, mutagenic, and carcinogenic effects® °.

The search for effective tools to mitigate the consequences of large-
scale human-made and military pollution of the environment necessitates
a comprehensive study of microorganisms capable of functioning under
conditions of intense environmental stress. In this context, extreme biotopes
are of particular scientific and practical value, as they are considered
a promising source of microbial strains with unique properties formed as
a result of prolonged adaptation to unfavorable living conditions.

The main stress factors in such environments are high concentrations
of organic and inorganic toxicants, in particular petroleum products,
explosives and their transformation products, as well as heavy metals in
high concentrations. In addition, extreme biotopes are often characterized by
high salinity, nutrient deficiency, sharp temperature fluctuations, and intense
ultraviolet radiation, which further complicates the viability of biota.

The ability of microorganisms to withstand the combined effects of
these stresses is due to the presence of specific physiological, biochemical,
and genetic adaptation mechanisms, including detoxification systems,
metal-binding proteins, antioxidant protection, and effective DNA repair

¢ Kabata-Pendias A. Trace elements in soils and plants. 4th ed. Boca Raton : CRC Press, 2011. 548 p.
https://doi.org/10.1201/b10158

7 OuoBnena motkHesa iHporpadika mpo 30MTKH, 3aBaHi JOBKULIO BHACIIZOK 30pOHHOI arpecii
pd cranom Ha 26.12.2025 : [HoBuHa] / [lepxaBHa ekosoriuHa iHcmekuis Ykpainu. 2025. 29 rpya.
URL: https://www.dei.gov.ua/post/onovlena-shchotizhneva-infografika-pro-zbitki-zavdani-dovkillyu-
26-12-2025 (mara 3Bepuenss: 30.12.2025).

8 Jaishankar M., Tseten T., Anbalagan N., Mathew B. B., Beeregowda K. N. Toxicity, mechanism
and health effects of some heavy metals. Interdisciplinary Toxicology. 2014. Vol. 7. No. 2. P. 60-72.
https://doi.org/10.2478/intox-2014-0009

 Sharma A., Adhikari B., Shrestha M. [et al.]. Evaluation of heavy metals in vegetables from
contaminated agricultural soils of Madhyapur Thimi, Bhaktapur District, Nepal and their potential
health risk assessment. International Journal of Applied Sciences and Biotechnology. 2022. Vol. 10.
No. 3. P. 149-163. https://doi.org/10.3126/ijasbt.v10i3.48703
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mechanisms. These adaptive properties ensure their competitiveness and
stable survival in unfavorable conditions, and also determine their potential
for use in biotechnological approaches to remediate contaminated soils and
aquatic ecosystems.

In the context of increasing anthropogenic pressure on ecosystems, developing
soil bioremediation strategies is a priority task that involves using microorganisms
resistant to a wide range of toxic substances. The use of plant growth-promoting
microorganisms is considered an effective and environmentally safe alternative
for intensifying the productivity of agroecosystems and increasing plant
resistance to negative environmental factors!’.

The aim of our work was to analyze the plant growth-promoting effect of
bacterial strains resistant to environmental factors, which differ significantly
in terms of metabolism type and oxygen requirements.

1. Characteristics of the bacteria used in the study

The studied strains of microorganisms we isolated from biotopes with
different physicochemical characteristics. In particular, Rhodopseudomonas
yavorovii IMV B-7620 bacteria were isolated from Lake Yavorivske, the
water of which contained elevated levels of sulfur compounds and metal
ions, including Mn(II), Cd(II), Pb(Il), and Fe(III), during the period of strain
isolation''. Lake Yavorivske was formed on the former site of a sulfur quarry.
This is Ukraine’s largest artificial lake, measured by both depth and volume
of water. R. yavorovii IMV B-7620 is characterized by flexible metabolism.
They can be heterotrophs or autotrophs, depending on lighting conditions,
oxygen supply, carbon sources, and electron donors, and are resistant to
cobalt(Il) chloride, ferric citrate, copper(Il) chloride, potassium dichromate'.
As a result of the formation of lipid peroxidation products under the influence
of ferric citrate and cobalt(II) chloride, antioxidant defense enzymes are
activated in the cells of these bacteria, which, in combination with other
defense strategies, in particular non-enzymatic antioxidants, ensure the

1 Wang C. Mechanisms on salt tolerant of Paenibacillus polymyxa SC2 and its growth-promoting
effects on maize seedlings under saline conditions / C. Wang, J. Pei, H. Li et al. Microbiological
Research. 2024. Vol. 282. Art. Ne 127639. https://doi.org/10.1016/j.micres.2024.127639

I Mopoz O. M. CynbdimoreHHa akTHBHICTb Cymb(haTBIIHOBHHX Ta CIPKOBIIHOBHHX OakTepiit
3a BBy cnoiyk Metanis / O. M. Mopos, C. O. I'marym, O. B. Tapabac, X. I. borocnasenp,
I". B. fIBopceka, b. M. bopcykeBuu. Biosystems Diversity. 2018. Vol. 26, Ne 1. C. 3—-10. https://doi.org/
10.15421/011801

12 Komplikevych S. Changes in the pigment composition of Rhodopseudomonas yavorovii IMV
B-7620 under the influence of heavy metal salts / S. Komplikevych, O. Maslovska, A. Halushka,
S. Hnatush. Mikpobionozis i 6iomexnonoeis. 2024. Ne 1. C. 6-21. https://doi.org/10.18524/2307-4663.
2024.1(60).297340
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survival of bacteria under these conditions'. Under the influence of ferric
citrate, cobalt(Il) chloride, copper(Il) chloride, and potassium dichromate in
the cells of R. yavorovii IMV B-7620, changes the qualitative and quantitative
composition of photosynthetic pigments (lycopene, anhydrorhodovibrin,
bacteriochlorophyll a)'.

Ochrobactrum rhizosphaerae IMV B-7956 isolated from the filtrates of
the Lviv solid waste landfill — wastewater containing a complex of organic
and inorganic toxicants, the concentration of which exceeds the norm by
5-50 times'>'S. O. rhizosphaerae IMV B-7956 bacteria synthesize siderophores
and auxin-like compounds, are characterized by phosphatase activity, and
metabolize a wide range of organic carbon sources. O. rhizosphaerae IMV
B-7956 bacteria can metabolize compounds in wastewater from an alcohol
production plant, reducing chemical oxygen demand by 55 % in four days. These
bacteria are resistant to 15% NaCl and a variety of heavy metal compounds
(cadmium chloride, ferrous sulfate, copper(Il) chloride, potassium dichromate,
manganese(II) chloride, cobalt(Il) chloride)'. The bacteria Paenibacillus tundrae
IMV B-7915 were isolated from a sample of Antarctic substrate. In Antarctic
conditions, microorganisms are exposed to low temperatures, UV radiation,
elevated metal content, among other factors'® °. P. tundrae IMV B-7915 are
spore-forming microorganisms capable of growing in a temperature range of

3 Hnatush S. O. Influence of cobalt chloride and ferric citrate on purple non-sulfur bacteria
Rhodopseudomonas yavorovii / S. O. Hnatush, O. D. Maslovska, S. Y. Komplikevych, I. V. Kovbasa.
Biosystems Diversity. 2022. Vol. 30, Ne 1. P. 31-38. https://doi.org/10.15421/012204

14 Komplikevych S. Changes in the pigment composition of Rhodopseudomonas yavorovii IMV
B-7620 under the influence of heavy metal salts / S. Komplikevych, O. Maslovska, A. Halushka,
S. Hnatush. Mikpo6ionozis i biomexnonoeis. 2024. Ne 1. C. 6-21. https://doi.org/10.18524/2307-4663.
2024.1(60).297340

15 Popovych V. Migration of hazardous components of municipal landfill leachates into the
environment / V. Popovych, J. Telak, O. Telak et al. Journal of Ecological Engineering. 2020. Vol. 21,
Ne 1. P. 52-62. https://doi.org/10.12911/22998993/113246

' Malovanyy M. Optimal pre-treatment of moderately old landfill leachate at the pilot-scale
treatment plant using the combined aerobic biochemical and reagent method / M. Malovanyy,
V. Zhuk, I. Tymchuk et al. Heliyon. 2023. Vol. 9, Ne 6. Art. Ne ¢16695. https://doi.org/10.1016/].
heliyon.2023.¢16695

7 CpimourBo mpo JaemoHyBaHHs wTamy Oaxrtepiit  Ochrobactrum  rhizosphaerae K-3
y Henosurapii lucturyty Mmikpooionorii i Bipyconorii im. . K. 3a6omornoro HAH Vikpainu
3 HaJaHHAM peecTpauiitnoro Homepy Ochrobactrum rhizosphaerae IMB B-7956 / C. O. I'marym,
O. M. Mopos, O. JI. Macnogcska, C. 5. Kommiikenu. 2021.

18 Parnikoza 1. Soils of the Argentine islands, Antarctica: diversity and characteristics /
I. Parnikoza, E. Abakumov, S. Korsun et al. Polarforschung. 2017. Vol. 86, Ne 2. P. 83-96.

1 Komplikevych S. Culturable microorganisms of substrates of terrestrial plant communities
of the Maritime Antarctic (Galindez Island, Booth Island) / S. Komplikevych, O. Maslovska,
T. Peretyatko et al. Polar Biology. 2023. Vol. 46. P. 1-19. https://doi.org/10.1007/s00300-022-
03103-7
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2-37 °C, which ensures their resistance under unfavorable conditions. These
microorganisms are characterized by cellulase, amylase, and lipase activities,
are capable of synthesizing siderophores and auxin-like compounds, fixing
molecular nitrogen, and are resistant to cadmium chloride, ferrous sulfate,
copper(Il) chloride, potassium dichromate, manganese(Il) chloride, and
cobalt(Il) chloride®. The bacteria O. rhizosphaerae MV B-7956 and
P tundrae IMV B-7915 are capable of accumulating copper ions in cells.
After one hour of incubation in Tris-HCI buffer with different concentrations
of copper(Il) chloride, 2.3-7.8 mg Cu/g biomass (O. rhizosphaerae IMB
B-7956) and 1.5-3.4 mg Cu/g biomass (P. tundrae IMB B-7915) were
detected in the cells*" 2. As a result of the loading of these bacterial cells
with copper(Il) ions, the content of the products of lipid peroxidation and
oxidative modification of proteins increases in the cells, and the activity of the
enzymes of the antioxidant defense system (catalase, superoxide dismutase,
glutathione system enzymes), and bacteria produce more exopolysaccharides
compared to the control?* 2,

The studied microorganisms differ significantly in terms of metabolism
type and physiological needs, ranging from autotrophy in R. yavorovii
IMV B-7620 to aerobic and microaerophilic heterotrophic growth in
O. rhizosphaerae IMV B-7956 and P. tundrae IMV B-7915, respectively?-26:27

2 Tuarym C. O. CBigouTBo npo JAenoHyBaHHs wramy 6akrepiit Paenibacillus tundrae 5A—101
y Henosurapii IHcTutyTy MikpoGionorii i Bipyconorii im. JI. K. 3a6onornoro HAH VYkpainu
3 HaJaHHSIM peecTpauiiiHoro Homepy Paenibacillus tundrae IMB B-7915 / C. O. I'marym,
T. b. Ilepetsatro, O. M. Mopos, O. 1. Macnogcbka, C. S1. KommnikeBuu. 2020.

2! Komplikevych S. Adaptations of the antarctic bacterium Paenibacillus tundrae IMV B-7915
to copper (II) chloride exposure / S. Komplikevych, O. Maslovska, T. Moravska et al. Ukrainian
Antarctic Journal. 2023. Ne 2 (21). P. 66-78. https://doi.org/10.33275/1727-7485.1.2023.707
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2 Komplikevych S. Adaptation of Ochrobactrum rhizosphaerae IMV B-7956 bacteria to the effect of
copper (II) chloride / S. Komplikevych, O. Maslovska, T. Moravska et al. Mikrobiolohichnyi Zhurnal.
2024. Vol. 86, Ne 3. P. 58-69. https://doi.org/10.15407/microbiolj86.03.058

2 Tapabac O. B. CsimourBo mpo nemoHyBanHs mrtamy Oakrepiit Rhodopseudomonas yavorovii
Ya-2016 y Jleniozurapii [nctutyty Mikpo6ionorii i Bipycounorii im. [I. K. 3abonornoro HAH VYkpainu
3 HaJaHHAM peecTpauiiiHoro Homepy Rhodopseudomonas yavorovii IMB B-7620 / O. B. Tapabac,
C. O. T'naryu, O. M. Mopos, b. O. Ocram. 2017.
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Such metabolic plasticity and natural resistance to stress factors became
the basis for further study of their potential in agrobiotechnology.

2. The effect of bacteria resistant to environmental factors
on the growth of wheat seedlings

Microbial preparations are widely used today for pre-sowing seed treatment
or spraying of growing plants. Their action is aimed at optimizing mineral
nutrition, since it is known that microorganisms can promote plant growth
by facilitating the bioavailability of nutrients and macroelements (potassium,
phosphorus, nitrogen, iron, zinc, copper) in the rhizosphere. Another
important aspect is the ability of plant growth-promoting microorganisms
to produce a wide range of phytohormones, other biologically active
substances, synthesize hydrolytic enzymes, and enzymes of the antioxidant
defense system (catalase, superoxide dismutase). This leads to increased plant
resistance to phytopathogens, higher yields, and improved quality indicators
for agricultural products, as well as enhanced plant adaptability to extreme
biotope conditions, and contributes to the revitalization and preservation
of soil fertility?® 2% 30 31.32.33.34 ' The integration of plant growth-promoting
microorganisms into plant cultivation technology allows for a significant
reduction in the use of mineral fertilizers, synthetic pesticides, and other

2 THarym C. O. CBigourso npo jAenoHyBaHHs wwramy Oakrepiit Paenibacillus tundrae 5A—101
y Jeno3urapii [HctutyTy Mikpo6ionorii i Bipyconorii iM. . K. 3a6onornoro HAH Vkpainu
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T. B. ITepersatko, O. M. Mopos, O. 1. Macnoscbka, C. 5. Kommikeuu. 2020.
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et al. Frontiers in Plant Science. 2018. Vol. 9. Art. Ne 1473, https://doi.org/10.3389/fpls.2018.01473

3 Khan S. T. Consortia-based microbial inoculants for sustaining agricultural activities. Applied Soil
Ecology. 2022. Vol. 176. Art. Ne 104503. https://doi.org/10.1016/j.aps0il.2022.104503

31 Zhao D. Isolation and genome sequence of a novel phosphate-solubilizing rhizobacterium Bacillus
altitudinis GQYP101 and its effects on rhizosphere microbial community structure and functional
traits of corn seedling / D. Zhao, Y. Ding, Y. Cui et al. Current Microbiology. 2022. Vol. 79, Ne 9.
Art. Ne 249. https://doi.org/10.1007/s00284-022-02944-z

32 Ahmad M. Combating iron and zinc malnutrition through mineral biofortification in maize through
plant growth promoting Bacillus and Paenibacillus species / M. Ahmad, A. Hussain, A. Dar et al.
Frontiers in Plant Science. 2023. Vol. 13. Art. Ne 1094551. https://doi.org/10.3389/fpls.2022.1094551
33 Asghar 1. Plant growth promotion and nutrient mobilization by indigenous bacteria from soil
under long term wheat and maize cultivation in district Bhimber / I. Asghar, M. Ahmed, 1. Gul et al.
Pakistan Journal of Agricultural Sciences. 2023. Vol. 60, Ne 1.
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agrochemicals®*. Wheat (Triticum aestivum L.) is a strategic food crop in
Ukraine and the primary source of grain for the world’s population. However,
its productivity is significantly limited by the influence of biotic and abiotic
stressors’®: 37 38, 39.40.41. 42 "Tp view of this, it is important to develop complex
biological products based on non-pathogenic strains of bacteria that are
resistant to environmental factors, particularly in conditions of anthropogenic
stress. This will not only stimulate plant growth and increase yields, but
also minimize ecotoxicological risks to humans. In particular, the use of
metal-resistant strains can help reduce the accumulation of heavy metals in
plant biomass and grain, thereby preventing them from entering the food
chain** *. Replacing agrochemicals with bacterial preparations reduces the

3 Ahmad M. Combating iron and zinc malnutrition through mineral biofortification in maize through
plant growth promoting Bacillus and Paenibacillus species / M. Ahmad, A. Hussain, A. Dar et al.
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https://doi.org/10.1007/s11356-018-1996-0
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overall environmental impact of pesticides and chemical fertilizers, directly
improving the quality of life and health of the population®.

Heterotrophic bacteria P. tundrae IMV B-7915 and O. rhizosphaerae
IMV B-7956 were grown on tryptic soy agar medium for 3 days, and
photosynthetic bacteria R. yavorovii IMV B-7620 were grown on ATCC
No. 1449 mineral medium for 7 days under 200 Ix illumination. Wheat seeds
of the cultivar Tubalt were soaked for 18 hours in a bacterial suspension
(suspension density 5.0 according to McFarland) in a 0.9 % NaCl solution.
The control was wheat seeds soaked for 18 hours in a 0.9 % NaCl solution.
The seeds were planted into the soil and sprinkled with tap water. Wheat was
grown for 8 days at 1618 °C.

Improvements in plant development are usually characterized by improved
seed germination, increased amounts of both above-ground and below-ground
plant parts, chlorophyll content, and yield, and flower and/or fruit size*.

In our study, the effect of seed bacterization with bacterial suspensions
was assessed based on its impact on seed germination, the length of roots
and shoots of 8-day-old seedlings, and the chlorophyll content in their leaves.
Bacterization of wheat seeds with suspensions of the studied bacteria had
a predominantly positive effect on seed germination (Table 1). In particular,
seed germination rates in the experimental variants exceeded those of
the control on both the third and eighth days of wheat growth. The most
pronounced stimulating effect was found for P. tundrae IMV B-7915, which
increased germination by 21 % and 10 % on the 3rd and 8th days of seedling
growth, respectively. Additionally, under the influence of this strain of
bacteria, the dry weight of the seedlings increased slightly (Table 1), whereas
in variants with other bacteria, the moisture and dry weight indicators
remained at the control level under these conditions.
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Table 1
Seed germination and dry weight accumulation of Triticum aestivum
wheat seedlings of the cultivar Tybalt, the seeds of which were treated
with bacteria Rhodopseudomonas yavorovii IMV B-7620, Paenibacillus
tundrae IMV B-7915, Ochrobactrum rhizosphaerae IMV B-7956

Seed
Bacterial strains germination, % | Moisture, % | Plant dry weight, %
3 day | 8 day
Control 69+5 | 89+4 | 88.37+0.87 11.62+0.87
O. rhizosphaerae IMV B-7956 78+4 | 94+3 | 87.94+0.52 12.06+0.52
P. tundrae IMV B-7915 90+5 | 99+3 | 86.49+0.34 13.51+0.34
R. yavorovii IMV B-7620 78+9 | 85+8 | 88.86+0.24 11.14+0.24

Bacterization of seeds with suspensions of P. tundrae IMV B-7915 or
R. yavorovii IMV B-7620 resulted in a statistically significant elongation of
shoots and roots of seedlings by 3 % and 16 %, respectively (Fig. 1).
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Fig. 1. Root length and shoot height of wheat seedlings the seeds
of which were treated with bacteria Rhodopseudomonas yavorovii
IMYV B-7620, Paenibacillus tundrae IMV B-7915,
Ochrobactrum rhizosphaerae IMV B-7956:

1 — control; 2 — O. rhizosphaerae IMV B-7956; 3 — P. tundrae IMV B-7915;
4 — R. yavorovii IMV B-7620 (x£SD, * — p < 0.05, *** — p<0.001 — probable
differences in root or shoot length compared to the control)
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Morphological changes in the root system increase the area of contact
with the soil, facilitating access to nutrients and their transport to plant organs.
Due to the sustainable assimilation of nitrogen, phosphorus, potassium, and
microelements, growth processes are activated, which ensures an increase in
plant biomass*. The total chlorophyll content and chlorophyll a content in
the leaves of 8-day-old wheat seedlings increased by 15-25% when wheat
seeds were treated with P. tundrae IMV B-7915 and O. rhizosphaerae IMV
B-7956 bacteria (Fig. 2).
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Fig. 2. Chlorophyll content in the leaves of 8-day-old wheat seedlings,
the seeds of which were treated with bacteria Rhodopseudomonas
yavorovii IMV B-7620, Paenibacillus tundrae IMV B-7915,

Ochrobactrum rhizosphaerae IMV B-7956:
1 — control; 2 — O. rhizosphaerae IMV B-7956; 3 — P. tundrae IMV B-7915;
4 — R. yavorovii IMV B-7620 (x£SD, ** — p < 0.01, *** — p<0.001 — probable
differences in chlorophyll content compared to the control)

It has been established that among the strains studied in monoculture,
P tundrae IMV B-7915 has the most pronounced stimulating effect on seed

% Woo S. L. Microbial consortia: promising probiotics as plant biostimulants for sustainable
agriculture / S. L. Woo, O. Pep et al. Frontiers in Plant Science. 2018. Vol. 9. Art. No 1801.
https://doi.org/10.3389/pls.2018.01801

69



germination and wheat seedling development. The data we obtained are
consistent with the information available in the literature regarding the high
growth-promoting potential of representatives of the genera to which the
selected strains belong*- 3% 5!,

In particular, it is known that bacteria of the genus Ochrobactrum are
capable not only of intensifying the growth of agricultural crops, but also of
neutralizing the toxic effects of heavy metals. For example, Ochrobactrum
sp. MGJ11 stimulates soybean growth at the same time, reducing the negative
impact of cadmium on the root system of these plants®, and Ochrobactrum
sp. Pv2Z2 promotes an increase in bean biomass and optimizes nitrogen
assimilation compared to non-inoculated plants>.

The plant growth-promoting effect of Rhodopseudomonas palustris strains
has been described for various model plants. Bacterization of cucumber
seeds with bacteria R. palustris G5 improves seedling growth parameters
and stimulates induced systemic resistance under salt stress conditions®.
The use of R. palustris SC06 reduces cadmium translocation into rice tissues
during growth on contaminated soil®>. With prolonged (5 years) application

4 Zakry F. A. A. Isolation and plant growth-promoting properties of rhizobacterial diazotrophs from
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% Su Y. Rhodopseudomonas palustris shapes bacterial community, reduces Cd bioavailability
in Cd contaminated flooding paddy soil, and improves rice performance / Y. Su, Q. Shi, Z. Li et
al. Science of The Total Environment. 2024. Vol. 926. Art. Ne 171824. https://doi.org/10.1016/
j.scitotenv.2024.171824
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of R. palustris 1SP-1, peanut yield increased by 12.5% %7, and strain
R. palustris GJ-22 promoted the growth of Nicotiana benthamiana and
increased resistance to tobacco mosaic virus®®.

The modern market for biological products in Ukraine offers a wide
range of products for various groups of agricultural crops (cereals, legumes,
industrial crops, etc.). They usually contain live cultures of microorganisms,
often in combination with their metabolic products, biologically active
substances, and microelements in chelated form™.

Specialists pay particular attention to bacteria of the genus Paenibacillus.
Based on the P. polymyxa KB strain, the preparation “Polymyxobacterin”
was developed (Institute of Agricultural Microbiology and Agroindustrial
Production of the National Academy of Agrarian Sciences). Its use intensifies
the development of nitrogen-fixing microbiota in the rhizosphere of winter
wheat®, increases grain yield and quality (protein and gluten content)
on different soil types®" 2. An important characteristic of this strain is its
protective effect against the toxic effects of lead and cadmium®.

56 Wang Y. The long-term effects of using phosphate-solubilizing bacteria and photosynthetic bacteria
as biofertilizers on peanut yield and soil bacteria community / Y. Wang, S. Peng, Q. Hua et al.
Frontiers in Microbiology. 2021. Vol. 12. Art. Ne 693535. https://doi.org/10.3389/fmicb.2021.693535
57 Pandit B. Microbial biofertilizers: bioresources and eco-friendly technologies for agricultural and
environmental sustainability. Science and Culture. 2024. Vol. 90, Ne 3—4. P. 92—100. https://doi.org/
10.36094/s¢.v89.2024.Microbial_Biofertilizers_Bioresources.Pandit.92

8 Enebe M. C. The impact of microbes in the orchestration of plants’ resistance to biotic stress:
a disease management approach / M. C. Enebe, O. O. Babalol et al. Applied Microbiology and
Biotechnology. 2019. Vol. 103, Ne 1. P. 9-25. https://doi.org/10.1007/s00253-018-9433-3

5% Kyrychenko O. V. Market analysis and microbial biopreparations creation for crop production in
Ukraine. Biotechnologia Acta. 2015. Vol. 8, Ne 4. P. 40-52. https://doi.org/10.15407/biotech8.04.040
® Bonkoron K. I. Po3BHTOK MiKpoOpraHi3MmiB a30THOTO LHMKIy B pu30C(hepi MIICHHI 03MMOI IMij
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C. 95-102.

! Knroyenko B. B. Bruue MikpoOHHMX MpenapariB Ha MPOYKTIBHICTb Ta SIKICTh 3€pHA IMIICHHML
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Ne 140. C. 33-36.
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3. The effect of compositions of resistant
to environmental factors strains of bacteria on the morphological
and physiological parameters of wheat seedlings

The development of multicomponent complex microbial preparations
is a relevant area for modern agrobiotechnology. The use of several types
of bacteria in a single preparation requires careful consideration of their
ecological and physiological compatibility®*.

Typically, microbial compositions demonstrate higher efficacy and
stability compared to individual strains because they are capable of functional
complementarity®. The combination of two or more plant growth-promoting
microorganisms can promote plant growth, combat stress, and control
pathogens®. After the combined application of Bradyrhizobium japonicum
(TAL-378 and TAL-379) and phosphate-solubilizing Pseudomonas sp. for
soybean inoculation, the yield of these plants increased®’.

The formation of such associations is based on a detailed analysis
of interspecies interactions. The main criteria for selecting cultures are:
functional diversity (combination of strains with different types of metabolism
and growth stimulation mechanisms); resistance of components to changing
environmental conditions (pH, temperature, presence of toxicants); biological
compatibility, which prevents the suppression of some cultures by others; the
possibility of effective adsorption on the seed coat or stable development in
the rhizosphere of plants®® %, The promising application of these compositions

% Kyrychenko O. V. Market analysis and microbial biopreparations creation for crop production in
Ukraine. Biotechnologia Acta. 2015. Vol. 8, Ne 4. P. 40-52. https://doi.org/10.15407/biotech8.04.040
% Behera B. Microbial consortia for sustaining productivity of non-legume crops: prospects and
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https://doi.org/10.1007/s40003-020-00482-3
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rewaju, O. O. Babalol et al. Microorganisms. 2019. Vol. 7, Ne 11. Art. Ne 519. https://doi.org/
10.3390/microorganisms7110519

7 Argaw A. Evaluation of co-inoculation of Bradyrhizobium japonicum and phosphate solubilizing
Pseudomonas sp. effect on soybean (Glycine max L. (Merr.)) in Assossa area. Journal of Agricultural
Research. 2012. Vol. 14. P. 213-224.

6 Pellegrini M. Plant growth-promoting bacterial consortia render biological control of plant
pathogens: a review / M. Pellegrini, R. Djebaili, G. Pagnani et al. Sustainable Agrobiology: Design and
Development of Microbial Consortia. 2024. P. 57-74. https://doi.org/10.1007/978-981-19-9570-5_4
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is due to their ability to form a stable microbiocenotic system that is more
resistant to biotic and abiotic stresses compared to individual strains™.

Three strains of bacteria resistant to environmental factors were used
to form the compositions (Table 2). Before forming the compositions,
interspecies interactions were analyzed using an antagonism test. The study
found no growth inhibition between any of the strains studied, confirming
their biological compatibility.

The most pronounced difference in seed germination between bacterized
seeds and controls was observed on the third day of the experiment.

In particular, when using binary compositions of O. rhizosphaerae
IMV B-7956 and R. yavorovii IMV B-7620 (mixture 3), as well as the
combination of O. rhizosphaerae IMV B-7956 with P. tundrae IMV B-7915
(mixture 1), seed germination exceeded 90 % on the third day.

Table 2
Composition of mixtures used in the study
Mixture Bacterial strains
1 O. rhizosphaerae IMV B-7956 + P. tundrae IMV B-7915
2 P. tundrae IMV B-7915 + R. yavorovii IMV B-7620
3 O. rhizosphaerae IMV B-7956 + R. yavorovii IMV B-7620
4 O. rhizosphaerae IMV B-7956 + P. tundrae IMV B-7915 + R. yavorovii IMV B-7620

By the end of the observation period (8 days), the germination rate in the
mixture | variant reached 99+1 %. Also, after applying this composition for
seed bacterization, the dry weight of seedlings increased (Table 3).

Table 3
Seed germination and dry weight accumulation of Triticum aestivum
wheat seedlings of the cultivar Tybalt, the seeds of which were treated
with bacteria Rhodopseudomonas yavorovii IMV B-7620, Paenibacillus
tundrae IMV B-7915, Ochrobactrum rhizosphaerae IMV B-7956

Mixture Seed germination Moisture, % Plant dry weight, %
3 day 8 day
Control 69+5 89+4 88.37+0.87 11.62+0.87
1 94+3 99+1 87.04+0.15 12.96+0.15
2 68+2 92+3 88.39+0.31 11.61+0.31
3 92+3 98+3 88.92+0.17 11.08+0.17
4 7843 88+3 88.87+0.32 11.13+0.32

0 Maciel-Rodriguez M. The role of plant growth-promoting bacteria in soil restoration: A strategy
to promote agricultural sustainability / M. Maciel-Rodriguez, F. D. Moreno-Valencia, M. Plascencia-
Espinos et al. Microorganisms. 2025. Vol. 13, Ne 8. Art. Ne 1799. https://doi.org/10.3390/
microorganisms13081799
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Data on the morphogenesis of the root system are of particular interest,
since the root is the primary organ of contact with the rhizosphere microbiota
and ensures the absorption of nutrients. A statistically significant increase
in root length of 17% was recorded after inoculation of wheat seeds with
mixture 2 (P. tundrae IMV B-7915 + R. yavorovii IMV B-7620). The highest
root length growth rate (33 %) was achieved with mixture 3 (O. rhizosphaerae
IMV B-7956 and R. yavorovii IMV B-7620) (Fig. 3). These results indicate
a pronounced synergistic effect of these strains, which significantly activates
the development of the wheat root system in the early stages of growth.
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Fig. 3. Root length and shoot height of wheat seedlings,

the seeds of which were treated with mixtures:
1 — control; 2 — mixture 1; 3 — mixture 2; 4 — mixture 3, 5 — mixture 4;
(x£SD, * — p<0,05, ** — p<0,01 — probable diferences in root or shoot length
compared to the control)

An important criterion for assessing the physiological state of wheat
seedlings under the influence of microbial compositions is the content of
photosynthetic pigments. This is due to the fact that about 90 % of plant
biomass is formed as a result of CO, assimilation, therefore plant growth
rates directly depend on the intensity of photosynthesis processes’".

" Kour D. Microbial biofertilizers: Bioresources and eco-friendly technologies for agricultural and
environmental sustainability / D. Kour, K. L. Rana, A. N. Yadav et al. Biocatalysis and Agricultural
Biotechnology. 2020. Vol. 23. Art. Ne 101487. https://doi.org/10.1016/j.bcab.2019.101487
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Increased chlorophyll content not only optimizes photosynthesis, but also
contributes to the overall intensification of plant growth™.

Il Total chlorophyll content
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Fig. 4. Chlorophyll content in the leaves of 8-day-old wheat seedlings,
the seeds of which were treated with mixtures :
1 — control; 2 — mixture 1; 3 — mixture 2; 4 — mixture 3; 5 — mixture 4,
(x£SD, * — p<0,05, ** — p<0,01 — probable diferences in chlorophyll content
compared to the control)

It was found that the application of mixture 1 (P tundrae IMV B-7915
and O. rhizosphaerae IMV B-7956) contributed to an increase in the total
chlorophyll and chlorophyll a content in the leaves of 8-day-old seedlings by
16 % compared to the control (Fig. 4). The application of a mixture of P. tundrae
IMV B-7915 and R. yavorovii IMV B-7620 (mixture 2) resulted in an increase
in the total chlorophyll content in leaves by 15-34 %, chlorophyll a by 8-28 %,
and chlorophyll » by 39-54 % compared to the control. When O. rhizosphaerae
IMV B-7956 and R. yavorovii IMV B-7620 (mixture 3) were used together, the
chlorophyll content in the leaves was slightly lower than in the control.

2 Sundar L. S. Utilization of Rhodopseudomonas palustris in Crop Rotation Practice Boosts
Rice Productivity and Soil Nutrient Dynamics / L. S. Sundar, K. S. Yen, Y. T. Chang, Y. Y. Chao.
Agriculture. 2024. Vol. 14, Ne 5. Art. Ne 758. https://doi.org/10.3390/agriculture 14050758
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The increase in chlorophyll content is considered to be a fundamental
mechanism of wheat tolerance to abiotic stresses. Along with indicators such
as cell membrane stability and proline accumulation, high pigment levels
ensure resistance to moisture deficiency and enable high productivity to
be maintained in drought conditions™ 7 7 7. Since heavy metals are one
of the critical factors that inhibit photosynthesis, the ability of the studied
bacterial strains to maintain and increase chlorophyll levels, as established
by us, is a strong basis for their use in biotechnologies for the restoration of
technologically polluted areas.

Although the results of numerous studies confirm that the use of a mixture
of plant growth-promoting bacteria is a more effective tool compared to mono-
inoculation” 7", our data indicate the selective nature of such influence depending
on the composition of the mixture. The combined application of the studied
strains revealed significant potential for enhancing wheat growth, particularly in
terms of root system development and photosynthetic pigment accumulation.

At the same time, further research is needed to move from experimental mix-
tures to the creation of a targeted bacterial preparation. The primary tasks remain:
optimizing the quantitative ratio of cultures in the compositions; establishing
a critical cell titer that will ensure stable plant growth-promoting activity; studying
the viability of strains in the compositions during long-term storage.

The results obtained provide a scientific basis for the development of
complex preparations aimed at increasing the productivity of agroecosystems,
particularly under conditions of technogenic stress.

3 Talebi R. Evaluation of chlorophyll content and canopy temperature as indicators for drought
tolerance in durum wheat (Triticum durum Desf.). Australian Journal of Basic and Applied Sciences.
2011. Vol. 5, Ne 11. P. 1457-1462.

™ Naeem M. K. Physiological responses of wheat (Triticum aestivum L.) to drought stress /
M. K. Naecem, M. Ahmad, M. Kamran et al. International Journal of Plant & Soil Science. 2015.
Vol. 6, Ne 1. P. 1-9. https://doi.org/10.9734/1JPSS/2015/9587

5 Kalaji H. M. Chlorophyll a fluorescence as a tool to monitor physiological status of plants under
abiotic stress conditions / H. M. Kalaji, A. Jajoo, A. Oukarroum et al. Acta Physiologiae Plantarum.
2016. Vol. 38. P. 1-11. https://doi.org/10.1007/s11738-016-2113-y

6 Ahmed H. G. M. D. Conferring drought-tolerant wheat genotypes through morpho-physiological
and chlorophyll indices at seedling stage / H. G.M. D. Ahmed, Y. Zeng, X. Yang et al. Saudi Journal
of Biological Sciences. 2020. Vol. 27, Ne 8. P. 2116-2123. https://doi.org/10.1016/].sjbs.2020.06.019

7 Wang J. Beneficial bacteria activate nutrients and promote wheat growth under conditions of
reduced fertilizer application / J. Wang, R. Li, H. Zhang et al. BMC Microbiology. 2020. Vol. 20.
P. 1-12. https://doi.org/10.1186%2Fs12866-020-1708-z

" Khan S. T. Consortia-based microbial inoculants for sustaining agricultural activities. Applied Soil
Ecology. 2022. Vol. 176. Art. Ne 104503. https://doi.org/10.1016/j.aps0il.2022.104503

" Ahmad M. Combating iron and zinc malnutrition through mineral biofortification in maize through
plant growth promoting Bacillus and Paenibacillus species / M. Ahmad, A. Hussain, A. Dar et al.
Frontiers in Plant Science. 2023. Vol. 13. Art. Ne 1094551. https://doi.org/10.3389/fpls.2022.1094551
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CONCLUSIONS

It has been established that strains of microorganisms resistant to
environmental factors P. tundrae IMV B-7915, O. rhizosphaerae IMV B-7956,
and R. yavorovii IMV B-7620 have pronounced plant growth-promoting
activity on wheat (Triticum aestivum L.). In monoculture, the most effective
stimulator of wheat seedling growth was the strain P. tundrae IMV B-7915,
bacterization with which increases seed germination by 21 % and stimulates
root growth by 16 %. A synergistic effect was observed when using mixtures
of bacterial cultures, as mixtures ensured faster seed germination (germination
rate >90% on the third day) compared to monocultures. Bacterization of
wheat seeds with a mixture of two cultures, O. rhizosphaerae IMV B-7956
and R. yavorovii IMV B-7620, significantly stimulated the growth of seedling
roots. Bacterization of seeds with the studied bacteria had a positive effect
on the chlorophyll content in the leaves of seedlings. The highest increase
in chlorophyll content (by 15-34 %) is provided by compositions based on
P tundrae IMV B-7915 and R. yavorovii IMV B-7620.

SUMMARY

The current state of agroecosystems is characterized by progressive soil
degradation and increasing anthropogenic pressure, particularly heavy metal
pollution resulting from industrial activities and military operations. This
creates critical abiotic stress for agricultural crops, leading to the suppression
of photosynthetic processes, metabolic disorders, and a significant reduction
in wheat yields, which poses a threat to global food security. Traditional
agricultural technologies often prove ineffective in such extreme conditions,
which creates an urgent need for the development of environmentally safe
biotechnological agents for plant protection and growth stimulation.

This section presents the results of a study on the effect of three strains
of microorganisms resistant to environmental factors (Rhodopseudomonas
yavorovii IMV  B-7620, Paenibacillus tundrae IMV B-7915, and
Ochrobactrum rhizosphaerae IMV B-7956) on the growth and development
of wheat seedlings. Seed inoculation with bacterial mixtures promotes
germination, stimulates root system development, and increases chlorophyll
a and b accumulation. Synergistic effects were observed when using binary
mixtures, resulting in a 33 % increase in root length and a 15-34 % increase
in chlorophyll content. The results are of practical importance for the
development of complex bacterial preparations designed to enhance the yield
of grain crops under conditions of technogenic stress.

Major research was performed and funded under the Ministry of Education
and Science of Ukraine project “Development of an approach to restore soil
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fertility in soils affected by hostilities using microbial biological preparations”
(Grant number 0124U000931). A portion of the work has been completed
within the tasks outlined in the State Target Scientific and Technical Research
Program in Antarctica for 2011-2025.

The authors are thankful to the private agricultural company “Zahidny
Bug” (Lviv region, Ukraine) for sharing wheat seeds of the cultivar Tybalt.
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CHAPTER 5

MONITORING AND ASSESSMENT

OF ATMOSPHERIC AIR QUALITY:
SOURCES OF POLLUTION AND IMPACT
ON ECOSYSTEMS

Dunaievska O. F., Sokulskiy I. M., Hutyy B. V.
DOl https://doi.org/10.30525/978-9934-26-654-6-5

INTRODUCTION

The current stage of society’s development is characterized by an increase
in anthropogenic pressure on the natural environment, which raises the issue
of its preservation and rational use">*. Environmental challenges related to
climate change, ecosystem degradation, and biodiversity loss are becoming
global in nature and require comprehensive scientific understanding and
effective management decisions at the national and international levels* > °.
One of the fundamental rights of Ukrainian citizens is the state-guaranteed
right to an ecological environment that is safe for life and health, which is
enshrined in national legislation and is part of constitutional human rights’.
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and biotechnology. 2023. Vol. 11. P. 1114422. https://doi.org/10.3389/fbioe.2023.1114422

3 Foysal M. J., Neilan B. A., Timms V. The impact of anthropogenic activities on antimicrobial and
heavy metal resistance in aquatic environments. Applied and environmental microbiology. 2025.
Vol. 91, Ne 4. P. 0231724. https://doi.org/10.1128/aem.02317-24

4 Wood Hansen O., van den Bergh J. Environmental problem shifting from climate change mitigation:
A mapping review. PNAS nexus. 2023. Vol. 3, Ne 1. pgad448. https://doi.org/10.1093/pnasnexus/
pgad448

5 Climate change, biodiversity loss, and Indigenous Peoples’ health and wellbeing: a systematic
umbrella review protocol / L. J. Brubacher, T. T. Chen, S. Longboat et al. Systematic reviews. 2024.
Vol. 13, Ne 1. P. 8. https://doi.org/10.1186/s13643-023-02423-x

¢ Interconnecting global threats: climate change, biodiversity loss, and infectious diseases. The
Lancet / A. Pfenning-Butterworth, L. B. Buckley, J. M. Drake et al. Planetary health. 2024. Vol. 8,
Ne 4. P. 270-283. https://doi.org/10.1016/S2542-5196 (24)00021-4
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FOpuouunuii sicnux. 2021. Ne 1. C. 235-240. DOI https://doi.org/10.32837/yuv.v0il.2104
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Human interests, in particular the creation of safe living conditions, including
the environmental component, are among Ukraine’s key national interests® °.
The National Security Strategy of Ukraine emphasizes that personal security
is the foundation of state security as a whole, and environmental security is
one of its defining components'* - 12,

The state provides guarantees for the creation of a safe environment,
including an ecological one, for the life and health of the population, which is
defined as one of the basic principles of environmental protection!® ', At the
same time, the ecological environment is important not only for humans, but
also for the existence and development of the animal world, as it represents
a complex of natural conditions and factors that ensure the vital activity,
reproduction, and evolutionary development of living organisms'.

The functioning of natural systems is based on a combination of various
components and processes that are closely interrelated'® 7. Within these
systems, the environment for living organisms is formed, which determines
the conditions of their life activity, adaptive capabilities, and the stability
of ecological relationships. Thus, the ecological environment includes
a set of physical, chemical, and biological factors, as well as a system

8 Buzunko O., Krasnova Y. Features of Judicial Protection of Environmental Rights of Citizens in
the European Court of Human Rights. Law. Human. Environmen. 2022. Vol. 13, Ne 2. P. 7-16.
doi:10.31548/1aw2022.02.001

° Mensauuerko O. A., Makaposa B. 1., Crapycesa B. B. Ekonoriuna Gesrexa: 3Ha4eHHs Ta
B3a€MO3B’SI30K 3 IHIIMMH CKIaJI0OBUMH HalliOHAJBHOI Oe3neku. Hayionanwvni inmepecu Vipain. 2025.
Ne 5 (10). C. 1164-1173. https://doi.org/10.52058/3041-1793-2025-5(10)-1164-1173

10 Bapkuupkuii O. C. AktyaibHi 1poGIeMu IpaBoBOro 3a0e3eueHHs eKONOrTYHOT IOMITHKY YKpaiHu
(TeopetnyHi acnekt) : MoHorpadis. [xinponerpoBchk : HamioHanbHuil TipHHYHMiA yHIBEpCHTET,
2012. 200 c.

' Bammme M. S1. Exornorivse mpaBo vs mpaBo AOBKULLL FOpuouunuti HAyKo8ull eleKmpoHHULl
acypuan. 2024. Ne 6. C. 171-175. DOI https://doi.org/10.32782/2524-0374/2024-6/41

12 Bamenko C., Hocauenko B. JlepxaBHa momituka y cdepi exonmoriunoi Oesmexu. [lyOniune
VAPAGNIHHA! KOHYenyii, napaouema, po3sumox, yoockonanenns. 2024. Ne 7. C. 14-21. https://doi.org/
10.31470/2786-6246-2024-7-14-21

'3 Auppiiiko O. @., Kucins JI. €. AxqmiHicTparnBHO-IpaBoBe 3abe3medeH s peanizatii nmpas i cBo6ox
rpoMazsH B YkpaiHi. Yaconuc Kuigcokoeo ynisepcumemy npasa. 2015. Ne 3. C. 107-110.

' Green infrastructure and relationship with urbanization — Importance and necessity of integrated
governance / N. V. Miroshnyk, A. F. Lichanov, T. O. Grabovska et al. Land Use Policy. 2021 Ne 114.
P. 105941. https://doi.org/10.1016/j.1andusepol.2021.105941

15 KonpparbeBa K. A. AkryanbHi HOCIHIIKCHHS y raiy3i HPaBOBOTO PErYIIOBAHHS EKOJIOTIYHOI
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16 Krohs U., Zimmer M. Do ecosystems have functions?. Ecology and evolution. 2023. Vol. 13, Ne 9.
P. 10458. https://doi.org/10.1002/ece3.10458

7 Regulation in ecological systems: an overview / C. M. Pinto Leite, I. N. de Carvalho,
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P. 58. https://doi.org/10.1007/s40656-025-00707-0
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of interactions between various components of the biocenosis—animals,
plants, and microorganisms that form integral ecosystems'®. Disruption
of these interrelationships due to anthropogenic impact, climate change,
or degradation of natural resources leads to a decrease in the stability of
ecosystems and negatively affects their functioning. The quality and stability
of the ecological environment determines not only the survival of individual
species, but also the preservation of biodiversity as the basis for ecological
balance and sustainable development of natural systems'® ?°. Thus, ensuring
environmental security is a complex task of state policy that combines the
interests of individuals, society, and the environment and is of strategic
importance for the sustainable development of Ukraine.

The development of humanity is closely linked to the growth of industrial
production, which is one of the key factors of economic progress, but
at the same time is a source of increased anthropogenic pressure on the
environment?'?2, Under conditions of industrialization and urbanization, the
volume of pollutant emissions into the atmosphere tends to increase, leading
to a deterioration in air quality. The main sources of atmospheric pollution
remain industrial enterprises and motor transport® ** 2, with industrial
emissions accounting for almost twice as much as emissions from vehicles.
The most intense volumes of pollutants enter the air as a result of the activities

18 Effect of organic farming on insect diversity / T. Grabovska, V. Lavrov, O. Rozputnii et al.
Ukrainian Journal of Ecology. 2020. Vol. 10, Ne 4. 96-101. doi 10.15421/2020_174

! Terbman A. II. BepxoBeHCTBO mpaBa B IHCTHTYTi YIPABIiHHS TPHPOJOKOPHCTYBAHHAM Ta
OXOPOHOIO JOBKULIA. Exonociune npaso Yxpainu. Hayxoso-npaxmuunuii scypnan. 2017. Ne 3-4.
C.2-7.

2 Casruenko JI. O., Kopabmboa A. A. IloHATTA Ta IOPHAMYHI O3HAKH EKOJOTIUHOI OE3MEKH
y TBapuHHMUTBI. [Ipaso. Jloouna. Joskinna. K. : HYBill Vkpainu. 2019. Tom 10, Ne 1. C. 73-82.
https://doi.org/10.31548/1aw2019.01.010

2! Analysis of anthropogenic impact on the environment, measures to reduce it, and waste
management / N. A. Eremeeva, O. A. Savoskina, L. M. Poddymkina et al. Frontiers in bioengineering
and biotechnology. 2023. Vol. 1. P. 1114422. https://doi.org/10.3389/fbioe.2023.1114422

2 Rhind S. M. Anthropogenic pollutants: a threat to ecosystem sustainability?. Philosophical
transactions of the Royal Society of London. Series B, Biological sciences. 2009. Vol. 364, Ne 1534.
P. 3391-3401. https://doi.org/10.1098/rstb.2009.0122

3 Chandrappa R., Chandra Kulshrestha U. Major Issues of Air Pollution. Sustainable Air Pollution
Management: Theory and Practice. 2015. P. 1-48. https://doi.org/10.1007/978-3-319-21596-9 1

2 Anthropogenic modifications: impacts and conservation strategies / A. Belgrano, F. Cucchiella,
D. Jiang, M. Rotilio. Scientific reports. 2023. Vol. 13, Ne 1. 12009. https://doi.org/10.1038/s41598-
023-38940-x

> Effects of transport-carbon intensity, transportation, and economic complexity on environmental
and health expenditures / Z. Hussain, B. Marcel, A. Majeed, R. S. M. Tsimisaraka. Environment,
development and sustainability, 2023. P. 1-31. Advance online publication. https://doi.org/10.1007/
$10668-023-03297-8
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of thermal power plants that use fossil fuels and are characterized by high
emissions of sulfur, nitrogen, carbon, and particulate matter.

A significant contribution to atmospheric pollution is made by metallurgical
and coal industry enterprises, whose operations are accompanied by intensive
emissions of toxic gaseous compounds, heavy metals, and dust fractions of
varying dispersibility. Such pollutants can accumulate in the air, soil, and water
bodies for a long time, leading to the deterioration of the natural environment
and increased environmental risks for the population, in particular an increase
in the incidence of respiratory and cardiovascular diseases?, ?’. Given the
preservation of traditional production processes, these industries remain
among the most environmentally burdensome. In this regard, it is particularly
important to introduce modern environmentally friendly and resource-
saving technologies, gradually modernize production processes, improve the
efficiency of gas cleaning facilities, and strengthen state and public control over
compliance with industrial emission standards. The implementation of such
measures is a necessary prerequisite for reducing the anthropogenic load on the
atmosphere and ensuring the environmental safety of regions.

The state of atmospheric air and the natural environment as a whole is
influenced by a complex of interrelated natural and anthropogenic factors,
among which military emergencies occupy a special place® 2>, Combat
operations are accompanied by large-scale destruction of industrial, transport,
and energy infrastructure, leading to a sharp increase in emissions of pollutants
into the atmosphere, as well as secondary pollution of soil and water bodies?'.

According to available estimates, the environmental damage caused to
Ukraine’s environment, in monetary terms, amounted to approximately

% Belokon K. V. The investigation of the emissions influence from industrial enterprises on
pollution of atmospheric air in the zavodskyi district of Zaporizhzhya. Collection of scholarly
papers of Dniprovsk State Technical University (Technical Sciences). 2018. Vol. 2, Ne 33. P. 91-96.
https://doi.org/10.31319/2519-2884.33.2018.206

27 Osokina N. Modern problems of ukraine’s ecology: agricultural pollutants and the quality of
drinking water in the city of Kyiv. Environmental safety and environmental management. 2024.
Vol. 3, Ne 51. P. 22-27. https://doi.org/10.32347/2411-4049.2024.3.22-27

% Leaning J. Environment and health: 5. Impact of war. CMAJ : Canadian Medical Association
Jjournal = journal de I’Association medicale canadienne. 2000. Vol. 163, Ne 9. P. 1157-1161.

» Tvanet M., Hordiienko A., Horielyshev S. Analysis of sources of military emergencies and their
consequences. Honor and law. 2023. Vol. 1 (84). P. 36-43. DOI: https://doi.org/10.33405/2078-
7480/2023/1/84/276810

% Environmental consequences of military operations in Ukraine on the example of soil research
in the Kharkiv region / O. V. Krainiuk, Y. V. Buts, R. V. Ponomarenko et al. Journal of Geology,
Geography and Geoecology. 2025. Vol. 34, Ne 2. P. 304-317. https://doi.org/10.15421/112526

31 BesconoB €. BrumB «ymy BiifHu» Ha eKocucTeMu YKpainu. Exonoeiunuil gichux. [ExexrpoHHmit
pecype]. 2022, Ne 3. C. 25-26.
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UAH 2 trillion as of December 2023, which indicates an unprecedented scale
of negative impact on natural systems*. Back in 2015, as a result of intensive
pollution of water resources and atmospheric air in the Donetsk region, signs
of a potential environmental disaster were recorded, the risks of which have
significantly increased in the context of further military escalation®.

Natural reserves are particularly affected, especially in the Luhansk and
Donetsk regions, where military operations are disrupting natural landscapes,
destroying rare species of flora and fauna, and causing the loss of unique
ecosystem functions®*. In just a year and a half of active warfare, an
extremely large number of animals and plants have been destroyed, leading to
a significant reduction in biodiversity and disruption of food chains?®> 3¢ 3738,

The impact of the war in Ukraine extends beyond national borders and
has global environmental consequences®” # 442 Significant emissions of
greenhouse gases and toxic substances into the atmosphere contribute to the

32 Crpinenp P. [lIkona noskimmo. (2024). URL: https://armyinform.com.ua/2023/04/15/shkoda-dovkil
lyu-vid-vijny-vzhe-perevyshhuye-19-tryljona-gryven-ruslan-strilecz/ (nara 3sepnenns: 14.01.2026).

33 Biiina i noBkirs: 3anoBigauky B 30Hi ATO. Ykpainceka npasaa. URL: https:/life.pravda.com.ua/
society/2015/03/7/190398/ (nara 3Bepuenus: 14.01.2026).

* T'ybapea B. 500 nmiB BiliHM: ekcrepTH OOTrOBOPIOIOTH BILUIMB BiliHM Ha noBkiwmi. URL:
https://uwecworkgroup.info/uk/500-days-of-war-experts-discuss-the-wars-environmental-impacts/
(nmara 3BepHeHHs: 14.01.2026).

3 Omensuyk O, Camorypeska C. Ilpupona ta BiiiHa: sk BilickkoBe BropraeHHsi Pocii BiuuBae Ha
noBkima Ykpainu. URL: https://ecoaction.org.ua/pryroda-ta-vijna.html (nara 3Bepremms: 15.01.2026)
36 Pirgo O. International and domestic practices for the protection of animals from cruelty in the
conditions of armed conflict. Bulletin of Luhansk Scientific-Educational Institute named after
E. O. Didorenko. 2024. Vol. 3. P. 125-133. https://doi.org/10.32782/2786-9156.107.3.125-133

37 Dukhnevych A. V., Karpinska N. V. Environmental consequences of war: assessment of waste
impact on the environment. Analytical and Comparative Jurisprudence. 2025. No. 1. C. 347-352.
https://doi.org/10.24144/2788-6018.2025.01.55

3% Bonpmap O. L., @inin I. C., llleyenko P. HO. Exosnoriusi BUKIMKH BOEHHOTO 4Yacy: OLiHKA BIUTHBY
Ha JIOBKUUI KOCMIYHMMHU CHCTEMaMH JHUCTaHLiiHOro 3oHayBaHHsA Ta GPS-Havirauii. Exonoeiuni
nayku. 2022. Ne 4 (43). C. 40-49. DOI: https://doi.org/10.32846/2306-9716/2022.eco0.4-43.7

3 Jlicoa H. O. Bruis BiiicbkoBuX Jiii B YkpaiHi Ha ekonoriunuii cran teputopii. Haykosi sanucku
Teproninvcokozo nayionanbhozo nedazoeiunozo ynigepcumenty imeni Bonooumupa I'namioxa. Cepis:
eeocpacpis. 2017. Ne 43 (2). C. 165-173.

4 Exonoriuna GOesmeka B ymoBax BoeHHoro crany / O. M. Cemepns, O. 1. JloOuHchKHid,
1. B. ®enopuyk Ta iH. Exonomiuni nayku: naykoso-npakmuunui scypuan. 2022. Ne 2 (41). C. 62-66.
https://doi.org/10.32846/2306-9716/2022.ec0.2-41.11

# TlepcriekTHBM  BI/IIKO/YBAHHS EKOJIOTIYHOI IKO/M, CIPHYMHEHOI 30poiiHOI0 arpeciero P
B paMKax MiDKHAPOJHUX EKOJOriyHuX yron: mociOnuk / €. AnekceeBa, C. bapan, C. ['ombdcrppom
Ta iH. 3a Hayk. pex. O. Kpasuenko, JI. Cxpunbhikosa. JIpBiB : BunaBuuurso «Kommanis «Many-
ckpunT», 2023. 92 c.

# Ipantora C., Skymenko JI. IIpioputern 3abesnedeHns exooriuHoi Oesrnekn YKpaiHH B yMOBax
pociiicbkol BoeHHOT arpecii : aHaniTuyHa ponosins. HIC/J. 2024. 61. https://doi.org/10.53679/NISS-
analytrep.2024.11
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acceleration of climate change, while pollution of surface and groundwater,
soil degradation, and biodiversity loss threaten the stability of ecosystems not
only at the regional but also at the planetary level* .

The southern regions of Ukraine are particularly vulnerable, where steppe
ecosystems, due to their natural sensitivity to wind erosion, are undergoing
accelerated degradation as a result of the destruction of vegetation cover
and disruption of soil structure®. In addition, the ecological balance in
ornithological complexes is disrupted: intense noise and technogenic
influences change bird behavior, causing the loss of traditional nesting sites
and migration routes, which in turn leads to a decrease in population size
and a reduction in the reproductive potential of species*. Thus, military
actions are a powerful destructive factor that has a complex impact on
the atmosphere, biodiversity, and functioning of ecosystems, highlighting
the need for scientific monitoring, post-war ecological rehabilitation, and
integration of the ecological component into the national security system.

Thus, the state of atmospheric air and the natural environment in Ukraine
is shaped by a combination of industrial, transport, and military factors, the
effects of which are long-term and often irreversible. Ensuring environmental
safety should be considered an integral part of national security and sustainable
development of the state in the context of modern challenges.

1. The condition of the air basin
as an indicator of environmental quality
Ensuring environmental safety and preventing negative changes in the
natural environment is one of the priorities of the state environmental policy. To
this end, Ukraine has a State Environmental Monitoring System in place, which
provides for comprehensive and systematic observation of the state of key natural
components, assessment of environmental risks, and forecasting of possible
changes under the influence of natural and anthropogenic factors (Polozhennia

# The human toll and humanitarian crisis of the Russia-Ukraine war: The first 162 days /
U. Haque, A. Naeem, S. Wang et al. BMJ Global Health. 2022.Vol. 7, Ne 9. article number ¢009550.
https://doi.org/10.1136/bmjgh-2022-009550.

# Exosoriudi mpo0ieMn CiIbChKOrO rocroiapceTsa B ymoBax BoeHHoro crany / O. @. JlyHaeBcbKa,
I. M. Coxynbcekuii, H. B. Mensnuk, A. O. Ilinins. Exonoeiuni nayku. 2024. Ne 1 (52). Tom 1.
C. 22-27. https://doi.org/10.32846/2306-9716/2024.eco.1-52.1.3

4 Impact of the full-scale war in Ukraine on the environment: Environmental damage assessment /
Yu., Polukarov, N., Kachynska, O., Polukarov et al. Law. Human. Environment. 2024. Vol. 15, Ne 1.
P. 85-100. https://doi.org/10.31548/law/1.2024.85.

% Pipia S. The Effect of Russia’s Invasion of Ukraine on Non-Human Animals: International
Humanitarian Law Perspectives. Israel Law Review. 2024. Vol. 57, Ne 2. P. 265-287. https://doi.org/
10.1017/S0021223724000086
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pro derzhavnu systemu monitorynhu dovkillia : Postanova KMU Ne 391,
1998)*. Despite the existence of a regulatory framework and environmental
control tools, atmospheric air remains one of the most vulnerable components
of the environment. It is constantly polluted by stationary and mobile sources,
accompanied by the release of a wide range of harmful impurities into the air.
Some of these have a pronounced toxic and carcinogenic effect, posing a threat
to public health and increasing the risk of premature mortality.

Particular attention is paid in global practice to assessing the impact of the
most dangerous atmospheric pollutants. According to the recommendations
of the World Health Organization, priority air quality indicators include
ground-level ozone, particulate matter with an acrodynamic diameter of less
than 2.5 pum, and nitrogen dioxide, which are characterized by a high risk
of adverse effects on human health and require constant monitoring (nakaz
Ministerstva okhorony zdorovia Ukrainy Ne 89 vid 17 sichnia 2022)*.

A separate area of environmental assessment is the identification and
classification of carcinogenic substances that can enter the atmosphere and
pose a potential health risk to the population. The International Agency for
Research on Cancer, in collaboration with the Ministry of Health of Ukraine,
has compiled a list of such compounds and divided them into five groups
depending on the degree of carcinogenic hazard (nakaz MOZ Ukrainy vid
20.06.2022 Ne 1054., 2024)®. The introduction of this classification makes
it possible to assess the risks of pollutants more reasonably, identify priority
areas for environmental control, and develop effective preventive measures.

In addition, in the context of growing man-made and military risks,
the use of specialized methods for predicting the likely impact of toxic
substances in the event of accidents or emergencies is of particular importance
(nakaz Ministerstva vnutrishnikh sprav Ukrainy Ne 1000 vid 29.11.2019)%.

47 TlonokeHHs: MPO AEPKaBHY CUCTEMY MOHITOpUHIY moBKiwiA : [locranoBa KMY Ne 391, 1998.
URL: https://zakon.rada.gov.ua/laws/show/391-98-%D0%BF#Text (nara 3BepreHns: 15.01.2026).

4 QuiHka pu3MKY Uil 300POB’S HACENCHHs BiJ 3a0pyAHEHHs arMOC(EepHOro INOBITPS: Hakas
MinictepcTBa oxopoHnu 310poB’s Yipainu Ne 89 Bix 17 ciuns 2022 p. URL: https:/moz.gov.ua/uk/
decrees/nakaz-moz-ukraini-vid-17012022--89-pro-zatverdzhennja-metodichnih--rekomendacij-
ocinka-riziku-dlja--zdorovja-naselennja-vid-zabrudnennja-atmosfernogo-povitrja (1ara 3BepHEHHS:
15.01.2026).

4 Tlpo 3arBepmkennst [irienidaoro nopmaruBy «llepelik pEYOBHH, MPOMYKTIB, BHPOOHHINX
NPOLIECiB, MOOYTOBUX Ta NPUPOAHHUX (aKTOPIB, KAHIIEPOTCHHUX IS JTIOAMHMY» : Haka3 MO3 VYkpainu
Biz 20.06.2022 Ne 1054. URL: https://zakon.rada.gov.ua/laws/show/z0910-22#Text. (nata 3BepHEHHS:
15.01.2026).

3% Tlpo 3arBepmKkeHHss MeTOAMKH IPOTHO3yBAHHS HACIIAKIB BIINBY (BUKHIY) HEOE3MEUHMX XIMITHIUX
PEUOBHH I 4ac aBapiii Ha XiMiYHO Hebe3meyHHMX 00’eKkTax i TpaHCHOpTi: Haka3 MiHicTepcTBa
BHyTpilHiX crpaB Ykpainu Ne 1000 Big 29.11.2019 p. URL: https://zakon.rada.gov.ua/laws/show/
70440-20#Text. (nara 3BepHenHs: 15.01.2026).
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Such approaches allow for timely assessment of the scale of possible pollution,
minimization of negative environmental impacts, and ensuring an adequate
level of protection for the population. In this context, the state of atmospheric
air is of particular importance as an integral indicator of the ecological quality of
the environment, reflecting the cumulative impact of natural and anthropogenic
factors and the level of technogenic load on the territory.

The current state of the environment is determined by the interaction of
natural and anthropogenic factors, among which the state of atmospheric
air is of particular importance. Air quality directly affects the health of
the population, the functioning of ecosystems, and the stability of natural
processes, therefore its systematic study is an important task of environmental
science and natural resource management.

Research on the selected topic was conducted during 2023-2024 to assess
the ecological state of the region’s air basin and identify the main factors of
its pollution. The object of the study is the ecological state of the air basin
of the Zhytomyr region, while the subject is air quality indicators, sources of
pollution, and their dynamics during the study period.

Various scientific methods were used to achieve the set goal. Among them are:

— analytical and generalisation — review of literary sources, processing
of previous research results, formulation of conclusions;

— descriptive — systematisation and analysis of atmospheric air
measurement results;

— comparative — comparison of the data obtained with the results of
previous studies to identify trends and changes;

— cartographic — depiction of the spatial distribution of pollutants on
a map of the region;

— statistical and graphical — processing of numerical data, construction
of diagrams, graphs, and tables for visual presentation of results.

For direct research into the state of atmospheric air, air samples were
taken using specialized instruments and impurities were determined in
accordance with methodological recommendations and standards’" *2. This
comprehensive approach allows for a scientifically sound assessment of the
state of the air basin and identification of key factors affecting its quality.

Emissions of pollutants into the atmosphere are mixtures or individual
components that negatively affect air quality and the environment. Such
substances are produced in certain facilities called emission sources and may

! Meroan BUMIpIOBaHHS MapaMeTpiB HABKOMMINHBOTO cepenoBuma: miapydnuk / I. I I'puus,
B. I. Moxonsko, O. B. CysopiH Ta iH. CeBepononerpk : Bunaauurso CHY im. B. lans, 2019. 420 c.
52.52. ACTY 1SO 4219:2004. Skicte moBitps. BusHayanHs ra3omomibHHX CIpYHCTHX CIIOMYK
y HaBKOJIMIIHBOMY HOBITpi. YcTaTkyBanHs i Binoupanas mpob (ISO 4219:1979, IDT).
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be of chemical or biological origin. Pollutant emissions directly affect human
health, ecosystems, and natural processes, so their regulation is an important
element of state environmental policy.

In Ukraine, the list of pollutants and emission standards are approved by
legislative and regulatory documents. In particular, these are Resolution of the
Cabinet of Ministers of Ukraine No. 1598 of November 29, 2001, “List of the
most common and dangerous pollutants, whose emissions into the atmosphere
are subject to regulation” and Order of the Ministry of Ecology and Natural
Resources No. 177 of May 10, 2002, “Instructions on the procedure and
criteria for state registration of objects that have or may have a harmful effect
on human health and the state of the atmosphere”. These documents establish
which sources are subject to control and define the procedures for recording
harmful emissions.

Emission standards are set for each pollutant, which allows for the
assessment of the environmental impact of industrial and other enterprises.
If the established standards are exceeded, the excess emissions are calculated
and the amount of compensation for the damage caused is determined
in accordance with the “Methodology for calculating the amount of
compensation for damage caused to the state as a result of excess emissions
of pollutants into the atmosphere”, approved by Order of the Ministry of
Energy and Environmental Protection of Ukraine No. 277 of April 28, 2020.
This approach not only allows for the assessment of economic damage, but
also encourages enterprises to reduce emissions.

Separate procedures are provided for emergencies or martial law. For
such cases, a methodology has been approved for determining unorganized
emissions of pollutants into the air and calculating the amount of damage
caused, in accordance with Order No. 175 of the Ministry of Environmental
Protection and Natural Resources of Ukraine dated April 13, 2022. This allows
for the rapid assessment of environmental damage in cases of emergencies
and the planning of measures to minimize negative consequences.

An important indicator of atmospheric air quality is the calculation of
pollutant emissions per person per year. This indicator is determined for
stationary sources of pollution and used to assess long-term trends. An
analysis of the dynamics shows that, compared to 2010, per capita emissions
have almost halved, which is explained by the modernization of industrial
enterprises, a reduction in production, and the introduction of modern
purification technologies (Fig. 1). However, despite the positive trends, the
problem of air pollution remains relevant and requires constant monitoring,
the introduction of new environmental standards, and active state and public
monitoring.
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Fig. 1. Trends in emissions from stationary sources
for the period 20102020 (kg/person)

In addition, it should be noted that modern approaches to emissions
management include not only control over the amount of harmful substances,
but also assessment of their impact on public health and ecosystems,
forecasting possible consequences, and developing preventive measures.
Including such measures in strategic environmental policy planning makes
it possible to more effectively reduce anthropogenic pressure on the
atmosphere and improve the quality of the environment at the regional and
national levels.

Zhytomyr Oblast is an administrative-territorial unit comprising four
districts and 66 territorial communities, among which the city of regional
significance, Zhytomyr, is of particular importance. The region is located
within two soil and climatic zones — Polissya and forest-steppe — which
determines the diversity of natural conditions and influences the formation
of the local climate. Typical meteorological phenomena are observed in the
region’s atmosphere, including fog, wind, thunderstorms, and precipitation.
In recent years, there has been an increase in the frequency and intensity
of dangerous meteorological phenomena, including heavy rain and snowfall,
strong winds, and squalls, which have a potentially negative impact on the
natural environment and the socio-economic sphere.

Atmospheric air is a unique natural resource on which the life of all
organisms on Earth depends. Ensuring its purity and sustainable condition
is a pressing task for modern society and one of the priorities of the
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state’s environmental policy. Industrial development, intensive use of natural
resources, and urbanization create an additional burden on the environment,
which manifests itself, in particular, in an increase in the volume of pollutant
emissions into the atmosphere and changes in the chemical composition of
the air basin.

Monitoring the state of atmospheric air is an integral part of the
environmental monitoring system, as it allows assessing the level of
pollution and its impact on public health, ecosystems, and biodiversity*.
Despite this, in some cases, state air monitoring does not provide
sufficient efficiency and completeness of data for comprehensive
environmental management, planning of preventive measures, and
response to emergencies. Harmful impurities are constantly entering the
atmosphere along with emissions from industrial, transport, and domestic
sources>* 336,

The main components of atmospheric air are nitrogen and oxygen, the
latter accounting for approximately 21 percent by volume. In addition, air
contains other gases, including argon, carbon dioxide, hydrogen, and water
vapor, as well as various impurities®”***°. Impurities are variable components
and depend on geographical location, type of human activity, seasonal and
meteorological conditions. These include, in particular, ammonia, ozone,

3 ®enontok M. A. Jlo nHTaHHS YAOCKOHAJICHHS CHCTEMH JEPKaBHOIO EKOJIOTIYHOrO MOHITOPHHIY
cTaHy arMoc(epHOro HoBITps. Enexmponnuil xcypHan «/lepocasne ynpasninus: yOOCKOHANEHHA Ma
possumoxy. 2013. Ne 2. http://www.dy.nayka.com.ua/?op=1&z=541

3 OuiHKa eKOJIOTiYHOrO BIUIMBY HA(TOMEpepOoOHOro MiANPHEMCTBA HA HABKONMIIHE CEPEIOBHIIEC
Vkpaimn / C. B. boituenko, O. I Ilysik, II. I. ToninbHuubkMi Ta iH. Enepeemuxa: exonomixa,
mexnonozii, exonozis. 2016. Ne 4. C. 109-122.

5 Tlerpuana B. B., JI. 1. Buacuk Ilerpurny O. A. CBHHElb: TOKCHKOJNOTIYHI, TirieHiuHi Ta
Oionoriuni acnektu. Kniniuna ma excnepumenmanvna namonocia. 2017. Vol. 16, Ne 2. C. 97-102.
https://doi.10.24061/1727-4338.XV1.2.60.2017.20

¢ Improvement of the current system for atmospheric air quality monitoring in Kyiv according to the
EU requirements / I. V. Dvoretska, M. V. Savenets, L. M. Nadtochii et al. Hydrology, Hydrochemistry
and Hydroecology. 2022. Vol. 3, Ne 65. P. 105-106. DOI: doi.org/10.17721/2306-5680.2022.3.8

57 Jones R. L., Ball S. M., Shallcross D. E. Small scale structure in the atmosphere: implications for
chemical composition and observational methods. Faraday discussions. 2005. Vol. 130. P. 165-524.
https://doi.org/10.1039/b502633b

% McNeill V. F. Atmospheric Aerosols: Clouds, Chemistry, and Climate. Annual review of
chemical and biomolecular engineering. 2017. Vol. 8. P. 427-444. https://doi.org/10.1146/annurev-
chembioeng-060816-101538

% Schlesinger W. H., Bernhardt E. S. The Atmosphere. Biogeochemistry. 2020. P. 51-97.
https://doi.org/10.1016/B978-0-12-814608-8.00003-7
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sulfur oxides, methane, and other harmful substances®® " % % It is these
impurities that have the most significant impact on air quality and the
ecological state of the region.

Air is an integral part of the natural environment and an important
resource for human life and ecosystem development® %. Its physical and
chemical properties determine climatic conditions, environmental quality, and
the functioning of natural processes, so assessing the state of atmospheric air
and its components is a pressing task for environmental science.

The atmosphere is a complex gaseous envelope of the Earth, which forms
a constant and stable complex of gases with a certain ratio of components,
providing protection for the planet from cosmic radiation, maintaining
temperature conditions, and enabling the existence of 1ife®* ¢. The main gases
in the atmosphere include nitrogen, oxygen, argon, carbon dioxide, water
vapor, and other impurities that constantly circulate and interact with each
other, affecting meteorological phenomena and the ecological state of regions.

Sanitary norms and standards are applied to preserve air quality and
prevent pollution. Air quality is constantly monitored at the global level,
which allows assessing its safety for human health and the environment. For
example, in European countries, an air quality index is calculated every hour,

® Direct measurements of the convective recycling of the upper troposphere / P. O. Wennberg,
E. Scheuer, J. Dibb et al. Science (New York, N. Y,). 2007. Vol. 315, Ne 5813. P. 816-820.
https://doi.org/10.1126/science.1134548

' Changes in air quality and tropospheric composition due to depletion of stratospheric ozone
and interactions with climate / X. Tang, S. R. Wilson, K. R. Solomon et al. Photochemical &
photobiological sciences : Official journal of the European Photochemistry Association and
the European Society for Photobiolog. 2011. Vol. 10, Ne 2. P. 280-291. https://doi.org/10.1039/
cOpp90039¢g

02 Active atmosphere-ecosystem exchange of the vast majority of detected volatile organic
compounds / J. H. Park, A. H. Goldstein, J. Timkovsky et al. Science (New York, N. Y). 2013.
Vol. 341 (6146). P. 643—647. https://doi.org/10.1126/science.1235053

% Volatile chemical products emerging as largest petrochemical source of urban organic emissions /
B. C. McDonald, J. A. de Gouw, J. B. Gilman et al. Science (New York, N.Y.), Vol. 359 (6377).
P. 760-764. https://doi.org/10.1126/science.aaq0524

¢ Updates in Air Pollution: Current Research and Future Challenges / D. Vilcins, R. C. Christof-
ferson, J. H. Yoon et al. Annals of global healt. 2024. Vol. 90, Ne 1. P. 9. https://doi.org/
10.5334/a0gh.4363

% Environmental and Health Impacts of Air Pollution: A Review / I. Manisalidis, E. Stavropoulou,
A. Stavropoulos, E. Bezirtzoglou. Frontiers in public health. 2020. Vol. 8. P. 14. https://doi.org/
10.3389/fpubh.2020.00014

% Zahnle K., Schaefer L., Fegley B. Earth’s earliest atmospheres. Cold Spring Harbor perspectives in
biology. 2010. Vol. 2, Ne 10. a004895. https://doi.org/10.1101/cshperspect.a004895

¢ Experimental and simulation study of inert gas mixture inhibiting coal spontaneous combustion /
X. Wang, L.Wang, W. Li, D. Liu. Scientific Reports. 2024. Vol. 14, 4305. https://doi.org/10.1038/
541598-024-53979-0
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allowing for a rapid response to exceedances of permissible concentrations of
harmful substances® 70, According to international studies, less than 1 % of
the world’s population has access to clean, breathable air.

Effective management of atmospheric air quality requires the implementation
of comprehensive measures. These include the development and implementation
of programs to reduce pollution levels, compliance with environmental standards,
assessment of the impact of new substances and compounds for which maximum
permissible concentrations (MPC) have not yet been determined, as well as
updating and improving national environmental standards. Equally important
are international cooperation, consultation, protection of citizens’ rights,
and consideration of environmental aspects in land-use planning, enterprise
modernization, and the implementation of preventive measures’ 7.

All facilities that could potentially cause harmful emissions into the
atmosphere and negatively affect public health are subject to state registration
in accordance with the “Instructions on the procedure and criteria for state
registration of facilities that have or may have a harmful effect on human
health and atmospheric air quality” (Order of the Ministry of Ecology and
Natural Resources of Ukraine No. 177 of May 10, 2002). Such registration
ensures systematic control, the ability to assess risks to the environment
and people, and the formation of scientifically based recommendations for
regulating emissions and improving air quality.

Air quality is one of the key indicators of the ecological state of the
natural environment and the level of safety of human life™ ™. Air pollution

8 Specific approach for continuous air quality monitoring / P. Zivkovic, M. A. Tomic, G. S. Ilic et al.
Hemijska industrija. 2012. Vol. 66, Ne 1. P. 85-93. https://doi.org/10.2298/HEMIND110525066Z

% Long-term, continuous air quality monitoring in a cross-sectional study of three UK non-domestic
buildings / S., Stamp, E., Burman, C., Shrubsole et al. . Building and Environment. 2020. Vol. 180,
Ne 24. 107071 doi.org/10.1016/j.buildenv.2020.107071

" Air quality monitoring using statistical learning models for sustainable environment / M. Imam,
S. Adam, S. Dev, N. Nesa. Intelligent Systems with Applications. 2024. Vol. 22. 200333 https://doi.
org/10.1016/j.iswa.2024.200333

" Koxypa JI. O. AxMiHICTpaTHBHO-IIPABOBHil 3aXMCT Ta OXOPOHA: MOHATTS Ta CIIiBBiXHOLICHHS.
Haykosuii sicnux Yoceopoocvkozo nayionanvroeo yuieepcumemy. Cepis «llpasoy. 2015. Bum. 35.
Y LT2.C. 119-122.

2 Py6uosa L. [Tonsitrs it ocobnuBocti aerepMinanTi «OXopoHa aTMOC(EpHOro TOBITPs. Exonoziune
npaso. 2021. Ne 6. C. 107-110. https://doi.org/10.32849/2663-5313/2021.6.17

3 Revised analyses of the National Morbidity, Mortality, and Air Pollution Study: mortality
among residents of 90 cities / F. Dominici, A. McDermott, M. Daniels et al. Journal of toxicology
and environmental health. Part A. 2005. Vol. 68 (13-14). P. 1071-1092. https:/doi.org/
10.1080/15287390590935932

™ Air Pollution and Health: The Need for a Medical Reading of Environmental Monitoring Data /
M., Iriti, P., Piscitelli, E., Missoni, A. Miani. International journal of environmental research and
public health. 2020. Vol. 17, Ne 7. 2174. https://doi.org/10.3390/ijerph17072174
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is both local and transboundary in nature, causing negative impacts on
human health, the functioning of natural and anthropogenically transformed
ecosystems, and the course of climatic processes. Prolonged exposure
to elevated concentrations of pollutants is associated with an increased
risk of respiratory, cardiovascular, and other chronic diseases, as well as
a decrease in the resistance of biological systems to external stressors. In
this regard, systematic monitoring of atmospheric air quality, identification
and assessment of pollution sources, analysis of the spatial and temporal
dynamics of emissions, and implementation of effective environmental
monitoring systems are of particular importance. The data obtained through
such monitoring provides a scientific basis for making management decisions
in the field of environmental protection, developing preventive measures
to reduce anthropogenic pressure, and forming environmentally oriented
policies for sustainable development of territories.

Ukraine has approved a list of the most common and potentially dangerous
pollutants, the emissions of which into the atmosphere are subject to state
regulation. This is provided for by Resolution of the Cabinet of Ministers
of Ukraine No. 1598 of November 29, 2001, “On Approval of the List of
the Most Common and Dangerous Pollutants, the Emissions of Which into
the Atmosphere are Subject to Regulation”. This list includes both common
pollutants — nitrogen oxides, carbon monoxide, lead and its compounds,
formaldehyde, as well as more dangerous substances, including metals,
chlorine, fluorine, cyanides, freons, and other chemical compounds that can
have a significant negative impact on the atmosphere and human health.

At the regional level, a list of enterprises whose activities are classified
as environmentally hazardous due to emissions into the atmosphere has
also been approved. Among them, the following stand out in the Zhytomyr
region: KP “Zhytomyrteplokomunenergo” ZhMR, LLC “Cersanit Invest,”
LLC “OBIO,” PJSC “Korosten MDF Plant,” LLC “Monsarto Seeds.” Such
accounting allows for the control of pollution sources and the implementation
of measures to minimize the negative impact on the environment and public
health.

It is possible to assess the state of atmospheric air in the city of Zhytomyr
using online monitoring services (Fig. 2), which provide general information
about air quality in real time.
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Fig. 2. Overall assessment of atmospheric air quality
in real time online™

Individual indicators, such as concentrations of major pollutants, air
temperature, humidity, atmospheric pressure, and wind speed, are available
on specialized meteorological portals (Fig. 3). However, it should be noted
that such information is for reference only: it does not always reflect the
dynamics of pollution changes and does not contain data on potential hazards
to humans and the environment.

The Earth’s atmosphere is a gaseous envelope of the planet that was
formed as a result of complex exogenous and endogenous processes. The
main gases are nitrogen and oxygen, with nitrogen being considered inert
and its concentration relatively stable, although it may increase slightly
due to natural phenomena, such as volcanic emissions. In addition,
the atmosphere contains argon, carbon dioxide, water vapor, and other
impurities that affect meteorological processes and the chemical balance
of the air.

Constant monitoring of air pollutant levels and compliance with established
standards are necessary to preserve ecological balance and public health. This
requires not only state registration of enterprises that produce emissions, but
also the development and implementation of modern methods for monitoring,
assessing, and forecasting the ecological state of the atmosphere.

S Skicte mositps y wmicti JKutommp. URL: https://www.saveecobot.com/maps/zhytomyr (mara
3BepHeHHS: 15.01.2025).
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Fig. 3. General indicators of atmospheric air quality in real time online

Given the current challenges, in particular the intensification of
industrial activity and the impact of climate change, a systematic approach
to atmospheric air management is important, including: modernization
of emission sources, optimization of pollution standards, development of
air purification technologies, and international cooperation in the field of
ecology. This approach provides a comprehensive assessment of the state of
the atmospheric basin and effective measures to prevent negative impacts on
the environment and human health.

2. Sources of atmospheric pollution
and their environmental consequences

In modern conditions of increasing anthropogenic pressure on the
environment, it is becoming increasingly important to study the factors that
pose environmental risks to natural systems and public health. Particular
attention should be paid to analyzing sources of pollution, the nature of
their impact, and the consequences of harmful substances entering natural
components, which allows for the justification of environmental control
and management decisions. Thus, in addition to constant gas components,
atmospheric air contains a variable part represented by various impurities, the
concentration and composition of which depend on the intensity of natural
and anthropogenic processes. These impurities enter the atmosphere as
a result of stationary and mobile sources of pollution, which shape local and
regional air quality characteristics.
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Among the substances that enter the atmospheric air, compounds with
proven carcinogenic effects on humans pose a significant danger. According
to the order of the Ministry of Health of Ukraine dated 20.06.2022 No. 1054,
humans momuau (nakaz MOZ Ukrainy vid 20.06.2022 Ne 1054), some
of these pollutants belong to the first group of carcinogens. This group
includes asbestos, arsenic and its compounds, aflatoxins, benz(a)pyrene,
beryllium and its compounds, chloromethyl methyl ether, diesel engine
gases, mustard gas, coal tar and pitch, N-nitrosonornicotine, silicon oxide,
nickel and its compounds, toluidine, hexavalent chromium compounds,
and 2,3,4,7,8-pentachlorodibenzo-furan. A significant proportion of these
substances enter the human body through inhalation, which increases the risk
of developing chronic and oncological diseases.

Air pollution causes ecological imbalance and intensifies negative
anthropogenic processes, which manifests itself, in particular, in the
transformation of the vegetation cover of natural and urbanized areas. Plant
communities are among the first components of ecosystems to respond to
changes in the quality of atmospheric air, as they are in direct contact with
pollutants throughout the growing season.

The action of pollutants causes physiological disorders in plants,
in particular changes in the intensity of photosynthesis, gas exchange
processes, transpiration, and mineral nutrition, which leads to a decrease
in the productivity and viability of plant organisms. Under conditions of
prolonged and systematic exposure to pollutants, they accumulate in plant
tissues, causing anatomical and morphological changes in vegetative organs,
in particular leaves and shoots. Such changes can manifest themselves
in the disruption of the leaf blade structure, changes in cuticle thickness,
degradation of conductive tissues, asymmetry of organs, and inhibition of
growth processes. The combination of these reactions reflects the level of
anthropogenic pressure on ecosystems and confirms the feasibility of using
plants as sensitive indicators of atmospheric air quality in environmental
monitoring systems.

In this regard, plants are widely used as sensitive bioindicators in
biotic monitoring systems, in particular phytomonitoring, which allows
assessing the level and spatial differentiation of atmospheric air pollution.
Bioindication indicators reflect the cumulative impact of a complex of
pollutants and are informative for long-term environmental observations.
It has been established that air pollutants cause disturbances in the indicators
of fluctuating asymmetry of the leaf blade of Betula pendula Roth, which is
considered a sensitive indicator of environmental stress and destabilization of
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plant growth conditions’ ”’. An increase in the level of asymmetry indicates
a decrease in the adaptive capacity of plant organisms and can be used for
a comprehensive assessment of the ecological status of territories.

The negative impact of atmospheric pollutants has also been confirmed
by numerous experimental studies on animals. Air pollution accelerates
the development of pathological processes, reduces the adaptive capacity
of the organism, and decreases the chances of survival. Pollutants cause
morphological changes in the vessels of vital organs at the tissue level and
can also be factors in the onset and progression of autoimmune diseases,
particularly rheumatic diseases. The results obtained are reasonably
extrapolated to humans’ 7.

The atmospheric basin of the Zhytomyr region is formed by a combination
of basic gas components and additional impurities, which can be either
permanent or temporary. In terms of their functional significance, these
components are divided into those necessary for human life and those that are
inert. Products of anthropogenic activity are impurities that have a negative
impact on the human body and the environment. Some of them contribute to
the destruction of the ozone layer, while others exacerbate the greenhouse
effect and global climate change processes. Pollution of the atmospheric basin
of the Zhytomyr region is caused by both natural and anthropogenic sources.
Natural factors include wind erosion of soil, which causes soil particles,
biological material, and residues of agrochemicals, including fertilizers and
pesticides, to be lifted into the air and carried over long distances.

The leading anthropogenic source of atmospheric pollution in the region
is motor transport. The composition of toxic components released into the
atmosphere in 2021 is shown in the diagram (Fig. 4).

76 BioimmuKaniiiHa OI[iHKA BIUIMBY TEXHOTEHHOTO HABAHTAXKECHHS BiX 3a0pyIHEHHS aTMOC(EpHOro
HOBITPsL B yMOBaxX 3MiH HPOMHUCIOBOI iH(pacTpyktypu periony / B. B. boiiko, JI. . Ilmsuyk,
JI. T. ®inaros, I. O. TpynoBa. Bichux KpHY imeni Muxaiina Ocmpocpadcvkoeo. 2012. Ne 73.
C. 150-153.

77 Khannanova O. R., Arkanova A. A. Bioindication assessment of the atmospheric air of poltava
municipal park. Biolohiia ta ekolohiia. 2017. Vol. 3 (1-2). P. 69-75.

8 Identification of an Association of TNFAIP3 Polymorphisms With Matrix Metalloproteinase
Expression in Fibroblasts in an Integrative Study of Systemic Sclerosis-Associated Genetic and
Environmental Factors / P. Wei, Y. Yang, X. Guo et al. Arthritis & rheumatology (Hoboken, N. J.).
2016. Vol. 68, Ne 3. P. 749-760. https://doi.org/10.1002/art.39476

" BmimB KCEHOOIOTHKIB y MOBITpi Ha mepeOir aHriomarii y IIypiB 3 MOMENII0 CHCTEMHOTO
ayTOIMYHHOTO peBMarnyHOro 3axsoproBanus / €. JI. €rynina, I. C. Takramos, B. . Mikykcrc
Ta iH. 3000ymxu Kainiunoi i excnepumenmanvroi meduyunu. 2017. Ne 1. C. 32-37. https://doi.org/
10.11603/1811-2471.2017.v0.11.7335
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Fig. 4. Component composition of toxic substances released
into the atmospheric air of the Zhytomyr region in 2021

These compounds have a negative impact on the ozone layer, the respiratory
systems of humans and animals, and vegetation. In addition, they contribute to
acid rain, climate change, and the deterioration of the overall ecological situation,
which makes it difficult for ecosystems to adapt to increasing anthropogenic
pressure. Elevated concentrations of carbon monoxide disrupt oxygen transport
processes in the body, which is especially dangerous for people with chronic
diseases of the cardiovascular and respiratory systems. Solid particles, in
particular soot fractions, accumulate in the lungs and can cause inflammatory
processes and the development of severe respiratory pathologies® [80].

Assessing changes in pollution indicators over time is an important tool
for analyzing the effectiveness of environmental protection measures and
identifying general patterns of the impact of socio-economic and external
factors on the state of the environment. Analysis of statistical data makes it
possible to track fluctuations in emissions and identify periods of increase or
decrease. Analysis of the dynamics of pollutant emissions into the atmosphere
shows that there is no consistent trend towards their constant reduction or
increase. During the period under review, there were alternating phases of
decline and increase in emissions, which was due to changes in the level
of industrial activity, the intensity of transport flows, and the influence of
economic and social factors. The total emissions from all sources of pollution
are shown in Fig. 5.

8 Patseva 1., Kahukina A. Analysis of the atmospheric air state in the city of Zhytomyr. Sloboda.
Scientific Journal. Natural Sciences. 2024. Vol. 1. 77-81. doi.org/10.32782/naturalspu/2024.1.10
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Fig. 5. Volumes of pollutant emissions into the atmosphere
in Zhytomyr region in 2000-2020 (thousand tons)

At the same time, a comprehensive analysis of the current situation is
complicated by the limited availability of official statistical information.
Data on pollutant emissions in 2022-2023 were not published by the Main
Statistical Office due to the introduction of martial law. This situation limits
the possibility of a comprehensive assessment of the impact of military actions
on the dynamics of anthropogenic load and requires the use of alternative
sources of information and predictive approaches. The results obtained
indicate the need to further improve the environmental monitoring system, in
particular to ensure the continuity of data collection and publication even in
emergency situations. This will increase the reliability of assessments of the
environmental status of territories and enable the formulation of scientifically
sound recommendations for reducing pollution levels.

An analysis of pollutant emission trends over the past 12 years shows
significant variability in indicators over time. The lowest emissions were
recorded in 2020, while the highest volumes were in 2013, reflecting periods
of varying intensity of economic and transport activity (Fig. 5). In 2020-2021,
there is a clear trend towards a decrease in total emissions: the reduction
was 19.54 t and 14.74 t, respectively, which in relative terms corresponds to
a decrease of 73.4 % and 79.9 %. The observed decrease in emissions during
this period may be associated with a decline in industrial activity, restrictions
on transport flows, and general socio-economic changes. At the same time,
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it should be noted that the total indicator was formed by emissions from
both stationary and mobile sources of pollution, whose contribution varies
depending on the year of observation (Fig. 5).

An analysis of long-term trends in pollution sources shows that mobile sources
continue to dominate in terms of total pollutant emissions. Over the past twenty
years, their contribution has systematically exceeded emissions from stationary
sources, as clearly shown in Figure 6 (with the exception of 2022-2023, for
which no official statistics are available). On average, emissions from mobile
sources were 3.5-4 times higher than those from stationary sources, indicating the
decisive role of the transport sector in polluting the region’s atmospheric basin.
Stationary sources are characterized by significant variability in emissions over
time. The minimum values were recorded in 2015, while the maximum values
were recorded in 2011, with a difference of about 2.3 times between the extreme
values. Such fluctuations may be related to changes in the structure of industrial
production, the level of capacity utilization of enterprises, and the introduction or
absence of environmental protection measures.

80

70

60

50

40

30

20

11,9

10 . - ,33

2000 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

=== Stationary sources === Mobile sources

Fig. 6. Comparative dynamics of pollutant emissions
into the atmospheric basin of Zhytomyr region (thousand tons)

The dynamics of emissions from mobile sources are more smoothed out,
but also show clearly defined extreme values. The lowest emissions were
recorded in 2020, which is probably due to a decrease in traffic intensity,
while the highest values were recorded in 2013. The difference between the
minimum and maximum values for this group of sources was about 1.7 times.
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The results confirm that mobile sources are the main anthropogenic load
on the atmospheric basin of the Zhytomyr region. This justifies the need to
focus environmental protection measures on reducing transport emissions, in
particular by optimizing transport infrastructure, renewing the vehicle fleet,
and introducing environmentally friendly fuels.

For a comprehensive assessment of the spatial characteristics of
anthropogenic load, it is advisable to use relative indicators that allow
comparing emission volumes with the area of the territory. Such indicators
make it possible to assess the intensity of pollution more objectively and
identify periods with increased or decreased environmental load.

One of the important integral indicators characterizing the spatial
distribution of pollutant emissions and their concentration levels over the
region is the emission density, calculated per unit area (1 km?) and expressed
in kilograms. This indicator makes it possible to assess the intensity of
anthropogenic pressure on the atmosphere regardless of administrative
boundaries and territory size, which is especially important for regions with
a heterogeneous economic structure (Fig. 7).
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Fig. 7. Density of emissions distribution in the atmospheric basin
of Zhytomyr region (kg per 1 km?)

Emissions density allows for a correct comparison of pollution levels at
different times, as well as tracking trends in its growth or decline over time.
In addition, this indicator is informative when analyzing the effectiveness of
environmental protection measures and changes in the structure of pollution
sources, in particular the ratio of stationary and mobile sources.
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Data on the density of pollutant emissions within the Zhytomyr region
are presented in Diagram 7, which clearly shows the spatial and temporal
dynamics of anthropogenic impact on the region’s air basin.

Analysis of the data presented shows that the lowest emission density
values were recorded in 2020, while the highest values were recorded in
2014. The difference between the minimum and maximum density levels was
about 1.4 times, indicating relatively moderate but stable fluctuations in the
intensity of anthropogenic load in space.

The decrease in emission density in certain years may be associated
with a decline in industrial activity, a reduction in transport flows, and the
implementation of environmental protection measures. At the same time,
periods of elevated values reflect an increase in anthropogenic pressure on the
atmospheric basin, which requires tighter control over sources of pollution
and improvement of the environmental monitoring system.

To assess the real anthropogenic load on the population, it is advisable
to use relative indicators that take into account not only the total volume of
emissions but also the number of inhabitants in the territory. Such indicators
allow for a better reflection of the potential impact of pollution on humans
and enable accurate interannual comparisons.

One of the informative indicators characterizing the environmental load
is the volume of pollutant emissions per capita per year. This indicator is
illustrative because it allows assessing the conditional “share” of pollution
attributable to each inhabitant of the region. Given that 1 liter of air weighs
approximately 0.001225 kg, even relatively small concentrations of pollutants
become significant when converted to annual human air consumption.

In some years, emissions per person in the Zhytomyr region reached about
70 kg per year, which is equivalent to approximately 192 g per day. These
values indicate a significant level of anthropogenic load and potential risks to
public health. The dynamics of changes in this indicator over the last twenty
years are shown in Figure 8. Analysis of time series shows that the minimum
emissions per capita were recorded in 2000, while the maximum were recorded
in 2013. The difference between the minimum and maximum levels was
about 1.6 times. The identified pattern is consistent with the dynamics of total
emissions, in particular with their peak values in 2013 (Fig. 8), which confirms
the close relationship between absolute and relative pollution indicators.

The results obtained emphasize the expediency of using the per capita
emissions indicator as an important tool for environmental assessment, which
allows for a more objective analysis of changes in anthropogenic pressure
and the formulation of scientifically sound recommendations for reducing
pollution levels.
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CONCLUSIONS

Assessment of the state of the atmospheric environment is one of the
key indicators of a region’s environmental well-being and an essential
component of the environmental safety system. It enables not only the
recording of current pollution levels but also the identification of priority
areas for environmental protection activities aimed at reducing anthropogenic
pressure on the environment. The application of a set of absolute and relative
pollution indicators provides a more comprehensive and objective assessment
of the impact of various groups of emission sources on ambient air quality,
ecosystems, and public health.

The results of long-term studies confirm that atmospheric pollution is
not only local in nature but also transregional and global, which necessitates
coordinated actions at both national and international levels. In this context,
compliance with environmental standards and the implementation of
environmentally oriented approaches in the industrial, transport, and energy
sectors become particularly relevant. An analysis of emission dynamics within
Zhytomyr Oblast over the past twenty years has demonstrated a persistent
trend of mobile pollution sources dominating over stationary ones, leading
to the formation of elevated concentrations of carbon monoxide, particulate
matter, and potentially carcinogenic compounds in the near-surface layer of
the atmosphere.
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It was established that the most strained environmental situation in
terms of atmospheric pollution was observed in 2013, while the minimum
values were recorded in 2020, reflecting the influence of socio-economic
and technogenic factors on emission formation. An analysis of specific
pollution indicators calculated per capita confirms the identified patterns and
indicates a close relationship between total emission volumes and the level
of individual environmental burden on the region’s population. This situation
has direct consequences for human health, the functioning of biota, and the
stability of natural ecosystems.

The generalized results of the study indicate the need to apply an
integrated and systemic approach to reducing anthropogenic impacts on
the atmospheric environment. This includes modernization of transport
infrastructure, development of environmentally friendly modes of transport,
implementation of advanced emission reduction and air purification
technologies, realization of regional environmental programs, as well as
strengthening state and public control over compliance with ambient air
quality standards.

Systematic monitoring of the air basin and analysis of its spatio-temporal
dynamics at the regional level provide a scientific basis for the development of
well-grounded management decisions aimed at improving the environmental
situation, enhancing the quality of life of the population, and ensuring the
sustainable development of territories.

SUMMARY

The current state of the environment has a direct impact on human
health and the functioning of ecosystems, and atmospheric air is one of
the key components of the environment. Increased anthropogenic pressure,
in particular emissions of harmful substances from stationary and mobile
sources, causes degradation of the air basin, negatively affects biota, and
contributes to the development of diseases in the population. Monitoring the
volume and composition of emissions in regions with developed transport
and industrial infrastructure is a particularly pressing issue.

The aim of the study was to investigate the ecological state of the atmospheric
basin of the Zhytomyr region, analyze the dynamics of air pollution, and assess
the impact of stationary and mobile sources on air quality. Analytical review,
descriptive and comparative analysis, statistical and cartographic methods, as
well as assessment of emissions per capita were used.

The results of the study showed that over the past two decades, emissions
from mobile sources have consistently exceeded emissions from stationary
sources by 3.5—4 times. The highest pollution levels were recorded in
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2013, and the lowest in 2020. The main source of pollution remains motor
transport, with carbon oxides and particulate matter dominating its emissions.
The amount of pollution per capita demonstrates the level of pressure on
the atmosphere from various sources of pollution. The study confirmed the
significant impact of anthropogenic factors on the state of the atmosphere
and emphasized the need for continuous monitoring and implementation of
measures to reduce air pollution.

The data obtained can be used to improve state environmental control,
develop regional air protection programs, and plan measures to minimize the
negative impact on the population and the environment.
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CHAPTER 6

ECOLOGICAL-COENOTIC DIFFERENTIATION

OF SYNTAXA OF THE CLASS CARPINO-FAGETEA
SYLVATICAE OF THE LEFT-BANK FOREST-STEPPE
OF UKRAINE ACCORDING TO PHYTOINDICATION
PARAMETERS

Kalinskyi P. V., Goncharenko 1. V., Drebot O. I.
DOl https://doi.org/10.30525/978-9934-26-654-6-6

INTRODUCTION

Forest vegetation of the Carpino-Fagetea sylvaticae class is one of the
leading components of the natural ecosystems of the Left-Bank Forest-Steppe of
Ukraine'. This class unites groups of moderately humid and humid broad-leaved
and mixed forests, which are formed under conditions of sufficient moisture,
developed soil cover and relatively stable microclimate. Within the region, such
forests are confined mainly to well-drained floodplain terraces and elevated relief
elements, where natural conditions contribute to the development of nemoral
woody vegetation®. They play an important role in shaping the landscape structure
and ensuring ecosystem functions, in particular regulating the water regime,
maintaining soil fertility and stabilizing microclimatic conditions®.

At the same time, long-term anthropogenic impact has significantly
transformed most of the forest communities of the Carpino-Fagetea
sylvaticae class in the Left-Bank Forest-Steppe. Forest use, changes in the
hydrological regime, development of territories and recreational load have
led to the fragmentation of phytocenoses and disruption of their species-
coenotic organization. Under such conditions, the study of ecological factors
that determine the conditions for the formation, differentiation and stability of
forest syntaxa of the region becomes particularly relevant.

! ®enpbaba-Kinymmna JI. M. TIpogpomyc pocaunnocti Ykpaitu : Monorpadis. Kuis : Hayk. mymxa,
2019. 782 c.

2 Tonuapenko 1. B. Amami3 pociMHHOr0 MOKpWBY MiBHiYHO-cXigHoro Jlicoctemy VYkpainu. Vip.
pimoyenon. 36. Cep. A.2003. Bum. 1 (19). C. 1-203.

3 OnmruMizamis €KOMOTTYHAX (QYHKIIH, TEpUTOPIaTbHOTO PO3MOMINY, BHKOPHCTAHHS Ta OXOPOHH
HOJIE3aXUCHUX JICOBHX cMyr arpocdepu VYkpaiHm (CTaH, CTPYKTypa, pEHpe3eHTaTHBHICTS,
¢itoctpoma) : meron. pek. / B. B. Komimyk Ta in. KuiB : Agroecology and Environmental
Management NAAN, 2024. 82 c. DOI: https://doi.org/10.33730/978-617-7785-61-2
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In addition to their high cenotic and floristic diversity, forest communities of
the Carpino-Fagetea sylvaticae class are characterized by pronounced ecological
heterogeneity, which is reflected in the variability of edaphic, hydrological and
microclimatic conditions within the Left-Bank Forest-Steppe. Gradients of soil
moisture, trophicity and aeration, combined with differences in relief position
and groundwater depth, determine a wide spectrum of habitat conditions and,
consequently, a significant differentiation of forest syntaxa. This ecological
variability creates preconditions for the coexistence of forest communities
with different ecological strategies and levels of tolerance to environmental
factors, making the class a convenient model for studying patterns of ecological
differentiation and stability of nemoral forest vegetation.

Phytoindication methods are an effective tool for analyzing the ecological
conditions for the formation of vegetation and have been widely used in
geobotanical studies of the Left-Bank Forest-Steppe since the early 1990s.
The development of this direction in Ukraine is associated with the works
of Ya.P. Didukh* and his scientific school, within which the theoretical
and methodological foundations of synphytoindicative research of forest
vegetation were laid>¢. Further work has demonstrated the informativeness of
phytoindication scales for assessing the role of edaphic and climatic factors in
the differentiation of forest communities of both natural and anthropogenically
transformed origin” 8.

Modern research has significantly expanded the range of phytoindication
analysis objects, covering various types of forest stands, including artificial
and secondary groups characteristic of the forest-steppe zone® ' '

4 Hinyx 4. I1., [mora I1. T. ditoinpukais exonoriuaux paxropis. Kuis : Hayk. xymka, 1994. 280 c.
5 Himyx S1. T1. Meromonorivmi migxomu a0 mpobiaeM (iToiHauKamii eKomoriduux (axropis. Vip.
ooman. xcypn. 1990. T. 47, Ne 6. C. 5-12.

¢ Himyx 5. I1., €mmasos [. I, IlkonsuikoB 0. A. Bukopucranus (iToiHIUKALIHHIX OLIHOK TIPH
BHBYCHHI CTPYKTYpPH JIICOBHX €KOCHCTEM. Ykp. boman. acypn. 1997. T. 54, Ne 1. C. 47-56.

7 Bakan A. IL, Hdigyx S. I1. ®itoinaukauiiiHa XxapakTepucTHKa MPUPOJHHX YMOB OKOJHIb MicTa
Cymu. Vkp. 6oman. ocypn. 1991. T. 48, Ne 5. C. 57-61.

8 Tonuapenko 1. B. Pociuuuicts 3akasuuka «[limmichiBcbkuit»y (Cymcbka ofmacte) Ta 1i
Gitoinaukaniiiauit ananis. Yp. gpimoyenon. 36. Cep. C : @imoexonoeis. 2003. Bum. 1 (20). C. 98-102.
® Tomuk I. M., Tomuapenko I. B. CunrakcoHomiss nepeBHoi pocimHHOcTi M. Kuesa, ii
cuH(piToIHANKALIHKI aHali3 Ta aHTpONOreHHa TpaHchopMmalis. Exonoeis ma Hoocgeponoeis. 2017.
T. 28, Ne 1-2. C. 49-63.

10 Goncharenko I. V., Solomakha 1. V., Shevchyk V. L. et al. A phytoindicational assessment of the
vegetation of afforestation belts in the Middle Dnipro Region, Ukraine. Environmental & Socio-
economic Studies. 2022. Vol. 10 (2). P. 30-39. DOI: https://doi.org/10.2478/environ-2022-0009

' Boumapyk M. A., Lenimes O. I. ®iroinxukanis eqadidHux pesxnMiB €KOTOIIB JIICOBHX €KOCHCTEM
JliBoGepexHO-/[HINPOBCHKOTO JIicOCTENOBOr0 OKpyry YKpainu. Jlicisnuymeo i aepoinicomeniopayis.
2018. Bum. 132. C. 94-104. DOI: https://doi.org/10.33220/1026-3365.132.2018.94
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The results obtained indicate the decisive influence of soil and climatic
regimes on the ecological differentiation of forest syntaxa, however, most
of the available works are focused on individual local territories or narrow
groups of phytocenoses.

In this regard, it is relevant to conduct a comprehensive ecological-
coenotic analysis of syntaxa of forest vegetation of the Carpino-Fagetea
sylvaticae class within the Left-Bank Forest-Steppe of Ukraine using
phytoindication approaches. Such studies contribute to the clarification of the
ecological amplitudes of forest communities, deepening the understanding
of their spatial-ecological differentiation and creating scientific prerequisites
for substantiating measures for the conservation and rational management of
forest ecosystems in the region.

The aim of this study is to perform hierarchical clustering of syntaxa of
the Carpino-Fagetea sylvaticae class of the Left-Bank Forest-Steppe of Ukraine
based on phytoindication parameters and further analysis of the obtained
dendrogram in order to identify the structure of their ecological differentiation.
The main attention is paid to the interpretation of the dendrogram as an integral
reflection of the similarity of syntaxa according to the set of soil-hydrological
and climatic factors, to determine the optimal number of generalized ecological
clusters, as well as to analyze the position of individual syntaxa (Ne 1-50) within
the formed groups. This approach allows us to deepen the understanding of the
ecological relationships between syntaxa, characterize their relative ecological
niches and assess the degree of ecological homogeneity and delimitation of
forest groups reflected in the structure of the dendrogram.

1. Materials and methods of research

1.1. Characteristics of the conditions of the research region

The Left-Bank Forest-Steppe of Ukraine is one of the key physical-
geographical and geobotanical components of the forest-steppe zone of
Eastern Europe. Territorially, it is located within the left-bank part of the
Dnieper basin and extends from north to south between Polissya and the
steppe zone, forming a transitional zone with a high level of natural diversity.
Within this region, elements of different natural zones are combined, which
determines the complex spatial organization of landscapes and a significant
variety of ecological conditions'> 13,

12 Harmjonaneunii atmac Vipainm / pemkon.: JI. I. Pymenko (romoBa) Ta im. Kui : JJHBII
«Kaprorpadis», 2007. 440 c.

13 Ipanenko €. . KomiuiekcHe mpuposHe paidloHyBaHHS YKpAIHH : iCTOPHKO-KapTorpadidHmii Oris.
Disuuna 2eoepais ma ceomopgponoeis. 2015. Bum. 1. C. 12-22.
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The geomorphological structure of the Left-Bank Forest-Steppe is
characterized by a combination of watershed plains, undulating loess plateaus,
terraced valleys of large and small rivers, as well as the remains of ancient
accumulative landforms. Such a variety of orographic conditions determines
the heterogeneity of soil cover, hydrological regime and microclimatic
characteristics, which directly affects the formation of plant cover and
spatial differentiation of forest groups'* '*. In geobotanical terms, the region
encompasses several districts that differ in floristic composition, structure
of plant communities, and degree of participation of zonal and intrazonal
vegetation types'®.

The climate of the Left-Bank Forest-Steppe belongs to the moderately
continental type and is characterized by pronounced seasonality, which is
manifested in clear annual fluctuations in air temperature and the amount of
atmospheric precipitation. Winters are usually moderately cold, with unstable
snow cover, while the summer period is marked by fairly high temperatures
and uneven distribution of precipitation. Within the region, a gradient of
climatic conditions is observed in the direction from north to south, which
causes a gradual increase in the continentality of the climate, a decrease in
humidity and an increase in the duration of the warm period. Such climate
features create diverse ecological prerequisites for the formation of broad-
leaved and mixed forests, and also determine their sensitivity to changes in
thermal and water regimes'’.

The soil cover of the Left-Bank Forest-Steppe has a pronounced mosaic
structure, reflecting the complex history of soil formation under conditions
of variable climate, relief and vegetation cover. On the watershed plains and
gentle slopes, typical and degraded black soils are most common, which were
formed under meadow-steppe and forest-steppe vegetation. In the southern
part of the region, a significant area is occupied by dark-gray forest soils
associated with the spread of broad-leaved forests and characterized by
relatively higher acidity and a different ratio of humus horizons': °.

14 Teorpadiuna enuuknonexis Ykpainu : y 3 T. / peakon.: O. M. Mapuund (Bigm. pex.) ta in. Kuis :
VPE im. M. I1. Baxana, 1993. T. 3 : TI-51. 480 c.

15 Hauionanphuii atmac VYkpaimm / pemkom.: JI. I. Pymenko (romosa) Tta im. Kuis : JHBII
«Kaprorpadis», 2007. 440 c.

16 Teobotaniune paidonyBanus Ykpaincekoi PCP / I. 1. Binuk, €. M. Bpaznic, M. A. Tony6eup Ta iH.
Kuis : Hayx. mymka, 1977. 304 c.

17 Teorpaciuna enuukionenis Ykpainu : y 3 T. / peaxoin.: O. M. Mapuuuy (Bian. pex.) ta in. Kuis :
VYPE im. M. I1. Baxana, 1990. T. 2 : 3-0. 480 c.
'8 Kpynckuit H. K., [Toxynan H. Y. Amiac nous Yxpaunckoit CCP. Kues : Vpoxait, 1979. 160 c.

1 Teorpadiuna ennukmonexais Ykpainu : y 3 T. / penkon.: O. M. Mapuuny (Bigm. pex.) ta in. Kuis :
VPE im. M. I1. Baxana, 1989. T. 1 : A—X. 416 c.
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1.2. Research materials

The material basis of the study was synoptic and complete phytocenotic
description tables published in works devoted to the study of the vegetation
of broad-leaved forests of the Left-Bank Forest-Steppe of Ukraine.
A representative array of literary sources covering different parts of the region
and reflecting the current state of syntaxonomic studies of forest vegetation
was involved in the analysis.

In particular, materials published by O. M. Bayrak®- 2!, I. V. Solomakha
et al.?2, V. L. Shevchyk and O. D. Polishko?, 1. V. Goncharenko®" %,
Ye. O. Vorobyov?, L. M. Gomlya?’, V. A. Onyshchenko?, D. A. Davydov®,
O. Yu. Smagliuk, N. O. Smoliar and V. A. Solomakha®® 3% 3 were used. The
mentioned works contain detailed descriptions of the floristic composition,
community structure, and ecological conditions of their formation.

From the above list of sources, data on the full species composition and
ecological characteristics of 50 syntaxa of the Carpino-Fagetea class were

2 Bajipak O. M. CunrakcoHoMis mmpokonucTsaux JiciB JliBobepexuoro Ilpuaminpos’s. Vip.
@imoyenon. 36. Cep. A. 1996. Bum. 3 (3). C. 51-63.

2! Baiipak O. M. OiToneHOTHYHA XapaKTePUCTHKA 3aIiaBHuX JTiciB JliBobepexkuoro [IpuaHinpos’s.
Vip. gpimoyenon. 36. Cep. A. 1997. Bum. 1 (6). C. 45-51.

2 Conomaxa I. B., Cenunsio O. O., Konor O. M., Boiiriok b. 0. Jlicosa pocausnicts HopHyXiBIIMHM
(TTonrraBcbka 06nacts). Vp. gpimoyenon. 36. Cep. A. 1997. Bum. 2 (7). C. 80-88.

2 Illepunk B. JI., [Moniuiko O. [I. CHHTAKCOHOMIst POCIMHHOCTI AiIAHKA GopoBoi Tepacu (JlimusBebke
nicHuITBO Yepkachkoi obnacti). Vip. ¢himoyenon. 30. Cep. A. 2000. Bum. 16 (1). C. 67-89.

2 Tonuaperko . B. AHami3 pocnvHHOTO MOKpuBY miBHiuHO-cxigHoro Jlicocreny Ykpainu. Vip.
gimoyenon. 36. Cep. A.2003. Bum. 1 (19). C. 1-203.

2 Tonuaperko [. B. ®nopuctiyna kinacudikanis micis gicocrenosoi Cymuman. Yip. ¢imoyenon. 36.
Cep. A.2001. Bum. 1 (17). C. 3-17.

% BopoGiios €. O. Ilonepenniii mpoxpoMyc CyXOAOJBHHX JICIB Ta PiAKONICH MPUPOIHOrO Ta
IITY4YHOTO MOXO/DKCHHS 3 MEepeBaKaHHIM a00 MOMITHOW yuactio Pinus sylvestris L. s.l. piBHUHHOT
yacTHHH Ykpainu. PocimHHicTh XBoiHMX JiciB Ykpainu. Kuis : ®itocouionentp, 2003. C. 13-42.

27 Tomunst JI. M. PociuunicTs sonuau piuku Xopoi. Yip. gimoyenon. 36. Kuis, 2005. C. 3—186.

2 Onyshchenko V. A. Forests of order Fagetalia sylvaticae in Ukraine. Kyiv : Alterpress, 2009.
212 p.

¥ JlaBumos [I. A. JlicoBa pocinuHicTE PomeHcbKo-TlonTaBchKoro reoboraniasoro okpyry (Ykpaixa):
CHHTAKCOHOMis, aHTPOIOTCHHI 3MiHM Ta OXOpPOHA : JAHC. ... KaHAa. Oiom. Hayk : 03.00.05 / Im-T
6oraniku iM. M. T. Xonoxroro HAH Ykpainu. Kuis, 2012. 408 c.

3 Cmarmok O. IO., Conomaxa B. A. ®nopucriuna kinacudikaiis Me30QUIbHUX MIXPOKOIUCTIHUX
miciB corosy Carpinion betuli Issl. em. Oberd. 1953 y Gaceiini Hmwkuboi Teuil piuku Cymn. Bicnux
Yepracwvkozo ynisepcumemy. Cep.: Bionoeiuni nayku. 2015. Ne 19. C. 98-109.

31 Solomakha V., Smoliar N., Smagliuk O. Floristic classification of the floodplain alder, willow
and poplar forests in the basin of the lower Sula (Ukraine). Bicnux Kuiscvkoco mayionanvrozo
yHigepcumemy imeni Tapaca Illesuenxa. Cep. : bionozia. 2016. Bum. 2. C. 33-44.

32 Cmarmok O. 10., Cmonsp H. M., Conomaxa B. A. ®nopucrruna knacugikaiis Me30(hinbHIX
KJICHOBO-JIMIIOBO-yOOBUX JiciB y Oaceiini HmwkHboi Cymu (YkpaiHa). Bichuk Jlbgigcbkozo
yuigepcumemy. Cep.. bionociuna. 2017. Bun. 75. C. 23-34.
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selected for further analysis. Among them, 27 syntaxa correspond to the rank
of associations, while 23 are represented by subassociations and variants that
reflect the internal differentiation of forest communities within the region.
In the combined list of species formed on the basis of the analyzed syntaxa,
there are a total of 3115 species of vascular plants, which indicates a high
level of floristic diversity of the studied vegetation.

1.3. Research methodology

At the initial stage of the study, data on the occurrence of species within
individual syntaxa were aggregated and unified. In order to ensure correct
comparison between syntaxa, the initial indicators were converted into
a percentage format, which allowed to level the influence of a different
number of descriptions within individual phytocenotic tables. This approach
ensured statistical consistency of the data and created the basis for further
calculations of ecological characteristics.

Further analysis was performed using the phytoindication method*, which
is based on the use of ecological scales that reflect the reaction of plant species
to the leading abiotic factors of the environment. The study took into account
12 ecological indicators that cover the key parameters of the plant habitat: soil
moisture, moisture variability, soil acidity, total salt regime, nitrogen content,
air humidity, soil aeration, thermal regime, illumination, climate continentality,
cryoclimatic conditions and soil carbonate content. The set of these indicators
allows for a comprehensive characterization of the ecological niches of
syntaxa and the identification of patterns of their spatial differentiation. To
identify similarities between syntaxa by a set of ecological characteristics,
the hierarchical clustering method was used. Previously, only numerical
ecological variables were selected from the original table, after which the
data were standardized by z-transformation in order to eliminate the influence
of different dimensionality of the indicators. The matrix of distances between
syntaxa was calculated using the Euclidean metric, which is generally accepted
in multidimensional ecological analysis. Clustering was carried out using the
Ward method (Ward.D2), which minimizes intracluster dispersion and ensures
the formation of statistically justified and ecologically interpreted groups. The
results of hierarchical clustering are presented in the form of a dendrogram,
on which the branches are signed with the corresponding syntaxon numbers.
The optimal number of clusters was determined based on the analysis of the
dendrogram structure, taking into account the levels of merger and sharp changes
in the intercluster distance. Cutting the dendrogram allowed us to identify four

3 Didukh Y. P. The ecological scales for the species of Ukrainian flora and their use in
synphytoindication. Kyiv : Phytosociocentre, 2011. 176 p.
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generalized clusters that reflect the main types of ecological differentiation of
syntaxa of the Carpino-Fagetea class within the Left-Bank Forest-Steppe of
Ukraine. All statistical calculations and graphical visualization of the results were
performed in the R environment using standard packages for processing tabular
data and multivariate statistical analysis, which ensured the reproducibility and
transparency of the results obtained.

2. Results and their discussion

Hierarchical clustering of syntaxa according to the complex of
phytoindication parameters, performed by the Ward method using Euclidean
distance, revealed a clear ecological differentiation of forest communities.
The dendrogram reflects the grouping of syntaxa according to the gradients
of moisture, trophicity and climatic conditions, while syntaxa of one
syntaxonomic union mainly form compact clusters, which indicates the
ecological integrity of the corresponding phytocenotic types (Fig. 1.).

Syntaxon clustering dendrogram
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Fig. 1. Dendrogram of hierarchical clustering of syntaxa
of the Carpino-Fagetea sylvaticae class by the complex
of phytoindication parameters

Syntaxon designation: 1. Aegonychon-Quercetum roboris’®; 2. Melica
picta-Quercetum roboris’’; 3. Aceri negundi-Alnetum glutinosae’®; 4. Rubo

3% Jlaumos JI. A. JlicoBa pocamnnHicts PomeHcbko-TTonraBeskoro reoboraniuaoro okpyry (Ykpaixa):

CHHTAaKCOHOMIsl, aHTPOIOTCHHI 3MiHM Ta OXOpOHA : JHMC. ... KauA. Oioa. Hayk : 03.00.05 / In-T
6otaniku iMm. M. I. Xonoaxoro HAH Ykpainu. Kuis, 2012. 408 c.
3 Ibid.

% Solomakha V., Smoliar N., Smagliuk O. Floristic classification of the floodplain alder, willow
and poplar forests in the basin of the lower Sula (Ukraine). Bichux Kuiscokozco Hayionansno2o
yuigepcumemy imeni Tapaca Ilesuenka. Cep. : bionozia. 2016. Bum. 2. C. 33—44.
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caesii-Alnetum®; 5. Ficario-Ulmetum®S; 6. Luzulo-Quercetum subass.
dryopteridetosum®; 7. L.-Q. subass. alliariosum®; 8. Ficario-Ulmetum?,
9. F-U.subass. typicum*; 10. F-U.subass. chrysosplenietosum®; 11. Rubo
caesii-Alnetum*; 12. Melico nutantis-Quercetum roboris®; 13. Ficario-
Ulmetum®; 14. Luzulo-Quercetum subass. dryopteridetosum?; 15. L.-Q.
subass. alliariosum®; 16. Tulipo biebersteinianae-Carpinetum betuli”,
17.  Galeobdoloni  luteae-Carpinetum betuli subass. sambucetosum
nigrae’’; 18. G. L.-C. b’'; 19. Carici pilosae-Carpinetum; 20. C. p.-C.%3;
21.  Galeobdoloni Iuteae-Carpinetum subass. typicum var. Violae
reichenbachianae’®; 22. G. 1.-C.%%; 23. Tilio-Carpinetum®®; 24. Galeobdoloni
luteae-Carpinetum betuli subass. betuletosum pendulae’”; 25. G. [.-C. b.subass.

37 Baiipak O. M. ®iToneHOTHYHA XapaKTepHCTHKA 3alUIaBHuX Jicis JliBobepesxHoro IIpuaHinpos’s.
Vkp. ¢pimoyenon. 36. Cep. 4. 1997. Bun. 1 (6). C. 45-51.

% Tonuapenko I. B. AHami3 pocnuHHOTO HOKpUBY miBHiuHO-cXigHOro Jlicocremy VYkpainu. Vip.
gimoyenon. 36. Cep. A.2003. Bum. 1 (19). C. 1-203.

3 Tbid.

40 Tbid.

4 leunk B. JI., [Tomimiko O. J[. CHHTaKCOHOMist POCIHHHOCTI AiTsHKE 60poBoi Tepacu (JIimisBehKe
nicauuTBo Yepkachkoi obnacti). Vkp. ¢pimoyenon. 36. Cep. A. 2000. Bum. 16 (1). C. 67-89.

4 JlaBunos JI. A. Jlicosa pocnunnicts Pomenchko-ITonrasebkoro reoboraniusoro okpyry (Vkpaina):

CHHTaKCOHOMIsI, aHTPOINOTCHHI 3MiHM Ta OXOpPOHA : JHC. ... KaHA. Oionm. Hayk : 03.00.05 / IH-T
6oraniku iM. M. I. Xonoxnoro HAH Ykpainu. Kuis, 2012. 408 c.
4 Ibid.

4 Tomust JI. M. PociuunicTs gonnnu piuku Xopoi. Vip. gimoyenon. 36. Kuis, 2005. C. 3-186.

4 Tomnuapenxo I. B. AmHami3 pocIMHHOTO TOKpHBY MiBHIYHO-cXimHoro Jlicocrermy VYkpaiuu. Vip.
@imoyenon. 36. Cep. A.2003. Bum. 1 (19). C. 1-203.

4 Tomuapenxo 1. B. ®nopuctnyna kiacubikariis micis micocrenoBoi Cymimuan. Yip. ¢imoyenon. 36.
Cep. A.2001. Bum. 1 (17). C. 3-17.

47 Tbid.

“ Ibid.

4 Cwmarmok O. 10., Conomaxa B. A. ®nopuctiuna knacudikaiis Me30(iIbHAX MIHPOKOIUCTIHUX
miciB corosy Carpinion betuli Issl. em. Oberd. 1953 y Gacelini HkubOI Teuil piuku Cymu. Bichux
Yepracwvkozo ynisepcumeny. Cep.: bionoeiuni nayku. 2015. Ne 19. C. 98-109.

0 Tbid.

3! Baiipak O. M. CunTakcoHOMis wWHpoKOIUCTAHUX JiciB JliBoGepexHoro Ilpumninpos’s. Vip.
gimoyenon. 30. Cep. A. 1996. Bum. 3 (3). C. 51-63.

52 Ibid.

33 Conomaxa L. B., Cenumsio O. O., Konor O. M., Boiitiok B. 1O. Jlicosa pociunnicts YopHyXiBUIMHH
(ITontaBcbka obnacte). Vrp. gimoyenon. 30. Cep. A. 1997. Bum. 2 (7). C. 80-88.

>4 Ibid.

55 Ibid.

56 TlleBunk B. JI., Moniuiko O. JI. CuHTAaKCOHOMIsI pOCIMHHOCTI AlIsHKA GopoBoi Tepacu (JIirusBebke
nicHunTBO Yepkackkoi obnacti). Vkp. ¢pimoyenon. 36. Cep. A. 2000. Bum. 16 (1). C. 67-89.

57 Onyshchenko V. A. Forests of order Fagetalia sylvaticae in Ukraine. Kyiv : Alterpress, 2009. 212 p.
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sambucetosum nigrae®®; 26. G. [.-C. b.subass. typicum®; 27. G. L.-C. b. subass.
betuletosum pendulae®; 28. G. [.-C. b. subass. melampyretosum nemorosi¢’,
29. Galio-Carpinetum subass. poetosum nemoralis®®; 30. G.-C. subass. typicum®;
31. Convallario-Pinetum®; 32. Melico-Quercetum®; 33. Melico nutantis-
Quercetum’®; 34. Convallario majalis-Quercetum roboris”; 35. Pteridio-
Quercetum®; 36. Melico nutantis-Quercetum roboris subass. typicum®,
37. Stellario holosteae-Aceretum platanoidis subass. typicum’’; 38. S. h.-A. p.
subass. caricetosum pilosae’;39. S. h.-A. p. subass. parietosum quadrifoliae’;
40. S. h-A. p.%; 41. 8. h.-A. p.%, 42. S. h-A. p.”5; 43. S. h.-A. p. subass.
caricetosum pilosae’®; 44. S. h.-A. p. subass. parietosum quadrifoliae’,
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3 Jlaupos JI. A. JlicoBa pocaunnHicts PomeHcbko-TlonraBebkoro reoboraniuaoro okpyry (Ykpaixa):
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45. Aegonychon-Quercetum roboris’™; 46. Mercuriali perennis-Fraxinetum
excelsioris™; 47. Stellario holosteae-Aceretum platanoidis®’; 48. Convallario-
Padietum®'; 49. C.-P. subass. equisetosum hyemali®; 50. Pteridio aquilini-
Quercetum roboris®.

The optimal number of clusters was determined based on a comprehensive
analysis of the hierarchical clustering dendrogram, constructed using the Ward
method, which minimizes intragroup variance and ensures the formation of the
most ecologically consistent clusters. The key criterion for cluster selection
was the sharp increases in the height of the merger, which are interpreted
as a significant increase in the intercluster distance and, accordingly, as
the boundary between qualitatively different ecological groups. Cutting the
dendrogram at the level preceding the maximum jump in this indicator made
it possible to reasonably distinguish four generalized ecological groups of
syntaxa. These clusters reflect the leading ecological gradients of moisture
and trophicity of the environment, which are decisive for the spatial
differentiation of forest vegetation of the Left-Bank Forest-Steppe.

Further detailing of the dendrogram structure by deeper branching of
clusters did not lead to the identification of new, ecologically independent
types of groups, but only reflected the internal variability of syntaxa within
one ecological regime. This indicates the adequacy of the selected level of
clustering and confirms that it is the four clusters that most fully represent the
main directions of ecological differentiation of the studied groups.

The syntaxa of cluster I are characterized by close values of phytoindication
parameters of moisture, soil aeration and thermal regime, which indicates
the formation of the corresponding groups in relatively humid, well-drained
habitats under moderately warm climatic conditions. The majority of syntaxa
of this group are characterized by increased values of soil and air moisture in
combination with average indicators of acidity and mineral nitrogen supply.
This set of ecological features is consistent with their localization to lowered
relief elements, thalwegs of ravines, river floodplains, and transitional forms
between floodplain and suprafloodplain terraces. The small number of syntaxa

" Baiipak O. M. CunTakcoHOMis ImmpokonucTsHux iicis JliBoGepexHoro Ilpumninpos’s. Vip.
gimoyenon. 30. Cep. A. 1996. Bur. 3 (3). C. 51-63.

™ Ibid.

80 Tbid.

81 Ibid.

8 Bajipak O. M. QiToneHOTHYHA XapaKTePUCTHKA 3aIuaBHuX JTiciB JliBobepexuoro IIpuaninpos’s.
Vkp. gpimoyenon. 36. Cep. A. 1997. Bun. 1 (6). C. 45-51.

8 Bajipak O. M. CunrrakcoHoMis mmpokoiucTsHux niciB JliBoGepexnoro Ilpumminpos’s. Vip.
@imoyenon. 36. Cep. A. 1996. Bum. 3 (3). C. 51-63.
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within the cluster and their compact grouping on the dendrogram indicate the
relative ecological homogeneity of this group, despite certain differences in
the floristic composition of individual associations.

Cluster II is the most numerous and unites syntaxa that are formed mainly
in mesophilic conditions with average or moderately elevated moisture and
trophic indices. Phytoindicative values within this cluster vary in a relatively
narrow range, which determines their unification into one generalized
ecological group. At the same time, the internal structural heterogeneity of
the cluster reflects the different position of syntaxa along the gradients of
soil moisture and mineral nutrition. It includes groups of different genesis,
floodplain, ravine ecotopes, terrace and plateau, which determines the breadth
of the ecological amplitude of this group. Despite this, the dendrogram
records common features of their ecological organization, primarily in terms
of mineral nitrogen content, acidity and soil aeration regime.

Syntaxa of cluster III are characterized by relatively lower values of
moisture and trophicity indicators than in clusters I and II, as well as
slightly reduced thermal values. This indicates their confinement to better
drained ecotopes, mainly associated with the upper and middle parts
of slopes, as well as plateau areas. The compactness of this cluster on
the dendrogram indicates the proximity of the ecological niches of the
syntaxa, even if they belong to different syntaxonomic units of higher
rank. The internal structure of the cluster reflects a gradual transition from
more mesophilic to relatively xerophilic conditions without clearly defined
ecological boundaries, which is characteristic of slope and plateau forest
ecotopes of the Forest-Steppe.

Cluster IV unites syntaxa, which are characterized by a combination of
moderate or reduced moisture with relatively poorer soils and increased
continentality of conditions. The indicators of acidity, mineral nitrogen
content and air humidity within this cluster are generally lower compared
to clusters I-II, which is consistent with the localization of the groups to
floodplain terraces, sandy and sandy loam soils, as well as pine complexes.
At the same time, the thermal parameters remain within the limits typical
for the forest-steppe zone, which determines a clear, but not marginal
separation of the cluster on the dendrogram. In general, this group is
characterized by sufficient internal ecological coherence and represents
a specific type of forest groups adapted to relatively drier and oligotrophic
conditions.

Further detailed analysis of each cluster taking into account the specific
composition of syntaxa confirms the consistency of the clustering with the
ecotopic and phytoindication characteristics of the groups.
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Cluster I unites syntaxa Ne 3, 5, 10, 11, 13 and 49, which are
characterized by similar ecological and coenotic parameters and are confined
to low-lying, well-moistened elements of the forest landscape. According to
the soil moisture index, these groups cover the interval from mesophytic to
hygro-mesophytic conditions, which corresponds to formation on fresh and
moist soils with full or periodically excessive moisture. This characteristic is
consistent with the ecotopic confinement of syntaxa Ne 3, 10 and 11 to river
floodplains, low-lying areas and thalwegs of deep forest gullies with close
groundwater levels.

The indicators of moisture variability reflect the predominance of
hemihydrocontrastphobic conditions, characteristic of floodplain and lowland
ecotopes with moderately uneven water regime. The aeration regime of the soils
corresponds to hemiaerophobic conditions, which indicates the development
of communities on moderately aerated, often moistened substrates. The
acidity of the soil environment is characterized by subacidophilic values,
typical of weakly acidic sod-podzolic and gray forest soils.

According to the general salt regime, the syntaxa of the cluster correspond
to mesotrophic and semi-eutrophic conditions, which is consistent with well-
moistened, but not saline soils. Mineral nitrogen availability varies from
heminitrophilic to nitrophilic conditions and is most pronounced in syntaxa
Ne 3 and 49, confined to floodplain forests. The carbonate regime indicates
the formation of communities mainly on non-or weakly carbonate substrates.

Climatic indicators within the cluster are relatively homogeneous: the
thermal regime corresponds to submicrothermal conditions, the continentality
of the climate, to the hemioceanic type, and the cryo-regime, to subcryophytic
conditions with moderate severity of winters. Atmospheric humidification
is characterized by subaridophytic values with relatively high air humidity,
which is consistent with the location in floodplains and lowlands. The light
regime corresponds to hemisciophytic conditions, typical of closed or semi-
closed deciduous and alder forests.

Thus, cluster I represents a group of floodplain and lowlands broadleaf
and alder forest communities, united by conditions of increased moisture,
moderate trophicity, and a relatively stable microclimate, which is clearly
reflected both in phytoindication parameters and in the ecotopic characteristics
of syntaxa Ne 3, 5, 10, 11, 13, and 49.

Cluster II includes syntaxa Ne 6, 7, 8, 9, 14-28, 30, 32, 39, 41, 42,
44-48 and represents mesophilic broad-leaved and mixed forests of various
ecological and coenotic positions-from floodplain and terrace to plateau and
ravine-gully ecotopes. According to the soil moisture index, all cluster groups
are confined to mesophytic conditions, which corresponds to the formation
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on fresh soils with full moistening of the root-containing layer. The highest
moisture values are characteristic of floodplain and terrace syntaxa Ne §,
9 and 48, while somewhat lower ones are characteristic of the plateau and
upper slope groups (Ne 16, 19, 28, 45).

The variability of soil moisture reflects the predominance of hydrocontrast-
phobic and hemihydrocontrast-phobic conditions, which indicates a relatively
uniform water regime in most ecotopes. Soil aeration corresponds to
subaerophilic and hemiaerophobic conditions, characteristic of gray and dark
gray forest loams. Soil acidity is subacidophilic, which is typical of sod-
podzolic and gray forest soils of the Forest-Steppe.

According to the general salt regime, the cluster groups belong mainly to
mesotrophic ones. At the same time, increased values of the content of mineral
elements are characteristic of individual floodplain and terrace syntaxa (Ne 7,
8,9, 32, 42, 48), which is consistent with their confinement to richer and
better moistened substrates. The carbonation of the soils corresponds to
hemicarbonatophobic conditions and reflects the formation of communities
on weakly carbonated or non-carbonated soils.

Climatic indicators within the cluster are quite homogeneous: the thermal
regime corresponds to submicrothermal conditions, the continentality of the
climate is of the hemioceanic type, and the cryoregime to subcryophytic
conditions. Atmospheric humidification is characterized by subaridophytic values,
typical of the Left-Bank Forest-Steppe. The light regime is mainly sciophytic and
hemisciophytic, which corresponds to closed or semi-closed stands.

Overall, cluster II represents an ecologically relatively homogeneous
group of mesophilic broadleaf forests that form under conditions of moderate
moisture, mesotrophic soils, and a stable microclimate, while covering a wide
range of ecotopes — from floodplains and terraces to plateaus and ravine-
gully systems, which causes internal differentiation without going beyond the
mesophilic ecological optimum.

Cluster III includes syntaxa Ne 1, 2, 4, 29, 37, 38, 40 and 43, united
by similar phytoindication characteristics and confinement to well-drained,
relatively dry ecotopes of slopes, plateaus and ravine-gully systems. According
to the soil moisture index, most of the groups belong to submesophytic
conditions, which corresponds to development in relatively dry forest habitats
with moderate moisture of the root-containing layer. Syntaxon Ne 4 (Rubo
caesii-Alnetum) is distinguished by mesophytic moisture values, however,
its inclusion in the cluster is due to its proximity in other soil and climatic
indicators.

The variability of moisture reflects hydrocontrastphobic and hemihydro-
contrastphobic conditions, which reflects a relatively stable or moderately
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uneven water regime, typical of slope and plateau ecotopes. The aeration
regime of soils varies from subaerophilic to hemiaerophobic, which is
consistent with the distribution of communities on well-aerated gray and dark
gray forest soils, as well as on eroded substrates of slopes (Ne 1, 2, 29).

Soil acidity within the cluster is relatively homogeneous: the values
indicate subacidophilic conditions typical of gray forest soils of the Forest-
Steppe. According to the general salt regime, the syntaxa correspond to
mesotrophic conditions without signs of salinity. The carbonate regime is
characterized by hemicarbonatophobic values, which reflects the formation
of communities on weakly carbonated or almost non-carbonated soils. The
mineral nitrogen supply is heminitrophilic, without pronounced enrichment.

Climatic indicators within the cluster are consistent: the thermal regime is
submicrothermal, the continentality of the climate varies from suboceanic to
hemioceanic, the cryo-regime from cryophytic to subcryophytic. Atmospheric
humidification corresponds to mesoaridophytic and subaridophytic conditions,
which is consistent with the confinement of the groups to elevated and well-
drained relief elements. The light regime is sciophytic or hemisciophytic,
characteristic of closed and moderately closed stands of oak and mixed
forests.

In general, cluster III represents a group of forest syntaxa of drier and
warmer habitats of the Left-Bank Forest-Steppe, united by submesophytic
moisture conditions, mesotrophic soils, and relatively stable soil and climatic
parameters.

Cluster IV includes syntaxa Ne 12, 31, 33, 34, 35, 36 and 50, confined
mainly to floodplain and pine terraces of rivers and leveled interfluvial
areas with sandy and sandy loam, mostly podzolized soils. According to
the soil moisture index, the cluster groups are formed in conditions from
submesophytic to mesophytic. The driest habitats are characteristic of syntaxa
Ne 31 and 35, while Ne 12, 34 and 50 are confined to somewhat wetter terrace
ecotopes. The variability of moisture corresponds to hemihydrocontrastophic
conditions and reflects the moderately uneven water regime of well-drained
sandy and sandy loam soils. The aeration regime is mainly subaerophilic,
which is due to the light granulometric composition of the substrates. The
acidity of the soil solution ranges from acidophilic to subacidophilic values,
with the maximum values in syntaxa Ne 33 and 34.

According to the general salt regime, the groups belong to mesotrophic
conditions. The carbonate regime is characterized by hemicarbonatophobic
values, typical of podzolized sandy and sandy loam soils. The supply of
mineral nitrogen varies from subanitrophilic to heminitrophilic conditions,
with the lowest values in syntaxon Ne 35.
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Climatic indicators within the cluster are relatively homogenecous:
the thermal regime is submicrothermal, atmospheric humidification is
subaridophytic, the continentality of the climate is hemioceanic, the cryoregime
is subcryophytic. The light regime is predominantly hemisciophytic, which
corresponds to oak, oak-pine and pine-oak forests with moderately closed
stands.

In general, cluster IV represents a group of terraced and interfluvial forest
communities of the Left-Bank Forest-Steppe, formed under conditions of
moderate moisture, good drainage and mesotrophic slightly acidic podzolized
soils, which is clearly reflected in the agreed phytoindication characteristics
of syntaxa Ne 12, 31, 33, 34, 35, 36 and 50.

CONCLUSIONS

A comprehensive phytoindication analysis of 50 syntaxa of the Carpino-
Fagetea sylvaticae class of the Left-Bank Forest-Steppe of Ukraine was
carried out using hierarchical clustering according to 12 ecological indicators.
The results obtained demonstrated a clear ecological differentiation of forest
communities and allowed us to generalize their spatial-ecological organization.
The allocation of four generalized clusters is statistically justified and reflects
the leading gradients of moisture, trophicity and drainage of habitats, while
further detailing only clarifies intracluster differences.

Cluster I combines floodplain and ravine-gully communities confined
to lowered relief elements with increased moisture, moderate or increased
trophicity and limited soil aeration. Cluster II, the most numerous, is represented
by mesophilic broad-leaved and mixed forests formed under conditions of
moderate moisture and mesotrophic soils and covers a wide range of ecotopes
while maintaining similar phytoindication characteristics. Cluster III includes
a group of well-drained, relatively drier habitats of slopes and plateaus with
submesophytic moisture conditions and stable soil and climatic indicators. Cluster
IV represents terraced and interfluvial forests on sandy and sandy loamy, mainly
podzolized soils, which are characterized by good drainage, a weakly acidic
environment and reduced mineral nitrogen supply. We established that edaphic
factors in the intraclass differentiation of groups play a leading role, primarily
soil moisture, its acidity and nitrogen content, while climatic indicators within
the region remain relatively stable and are of secondary importance. Overall,
the results indicate high ecological plasticity of the Carpino-Fagetea sylvaticae
class, whose groups cover a wide range of ecotopes. The determined ecological
amplitudes of syntaxa can be used to predict changes in forest vegetation and
scientifically based planning of measures to preserve the biodiversity of the
Left-Bank Forest-Steppe of Ukraine.
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Studies of this type are of particular importance for the development of
an evidence-based approach to the assessment, conservation and management
of forest vegetation under conditions of increasing anthropogenic pressure
and climate change. The use of phytoindication and multivariate statistical
methods makes it possible to identify latent ecological gradients that are not
always evident from floristic composition alone, to objectively delimit syntaxa
and to assess their ecological similarity and vulnerability. The obtained
results form a methodological basis for comparative analyses at the regional
and interregional levels, contribute to the improvement of forest typology and
syntaxonomic schemes, and can be applied in monitoring programs aimed
at detecting early signs of ecological shifts and degradation processes in
nemoral forest ecosystems.

SUMMARY

The paper presents the results of a comprehensive phytoindication analysis
of 50 syntaxa of the Carpino-Fagetea sylvaticae class of the Left-Bank Forest-
Steppe of Ukraine. The aim of the study was to identify patterns of ecological
differentiation of forest communities in the region. Hierarchical clustering
methods (Ward’s method) based on 12 ecological scales of Ya.P. Didukh were
applied. It was established that the leading factors of differentiation are soil
moisture and trophicity (nitrogen content, acidity), while climatic indicators
are relatively stable. Four generalized ecological clusters of syntaxa are
distinguished: hygro-mesophytic floodplain and lowland forests; mesophilic
forests of a wide ecotopic spectrum; submesophytic groups of slopes and
plateaus; submesophytic forests of pine terraces on sandy soils. The results
obtained demonstrate significant ecological plasticity of the Carpino-
Fagetea class and provide a basis for predicting vegetation changes under
anthropogenic load.
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CHAPTER 7

EKOJIOTYHI ACIEKTW YTPABJIIHHA
TEPUTOPIAIBHUMU TPOMALOAMU

Y CUCTEMI 36EPEXXEHHA TA BIOHOBJIEHHA
NMPUPOAHNX EKOCUCTEM

KgacHii 3. B., CeHbKiB B. M., laHnneHkKo HO. B.
DOl https://doi.org/10.30525/978-9934-26-654-6-7

BCTYN

B ymoBax 3pocCTaiodoro aHTPONOTEHHOTO HaBaHTAKEHHS OCOOIMBOTO
3HaueHHs! HaOyBa€ pOJb TEPUTOPIATBHUX TpoMaj SK KIIOYOBHX CyO’€KTIB
YIIPaBIiHHS TPHUPOIHUMH pecypcaMH Ha MicueBoMmy piBHI. Came B Mexkax
rpoMaJi pealli3yeTbcsl 3HaYHa YacTHHA MPAKTUYHUX 3aXOJiB i3 30epekeHHS
Ta BIAHOBJICHHS NPHPOAHUX EKOCHCTEM, 30KpeMa YIPaBIiHHS 3€MEIbHUMH,
BOJJHMMH Ta JIICOBUMH PECypcaMy, MPOCTOPOBE IUIAHYBAaHHS Ta OpraHi3amis
TIPUPOJOOXOPOHHOT NisuTbHOCTI. EdekTHBHICTH HayKOBHX CTparerii y mid
cdepi 3HAUHOIO MIpOIO 3aJICKHUTH BiJl IHTETpamii EKOJOTiYHWX MPUHIIAIIB
y CHCTEMY MICIIEBOTO CAMOBPS/IyBaHHS Ta MPUHHSTTS yIPABITIHCHKHUX PillICHb
3 ypaxyBaHHSM €KOCHCTEMHOTO ITi/IXOy.

VYrpaBniHHA TEpUTOpiAILHUMU TpoMaJaMHM Ha 3acafax eKoJIOTidHOl
CTaJIOCTI Tependavae BIPOBAHKEHHS KOMIJICKCHUX MEXaHi3MIB TUIAHYBaHHS
PO3BHUTKY TEpUTODIiH, SKI BpPaXOBYIOTh CKOJIOTIYHY €MHICTh JaHAIIA(TIB,
PiBEHb aHTPOIIOI€HHOTO HaBaHTAXXEHHSI Ta MOTEHIIiall MPUPOJHUX SKOCHCTEM
JI0 CaMOBITHOBJIEHHS. 3aCTOCYBaHHsS HAayKOBO OOTPYHTOBAaHHMX iHCTPYMEHTIB
€KOJIOTIYHOTO ~ MOHITOPHHTY, TeOiHpOpMamifHMX CHCTEM 1  OILIHKH
€KOCHCTEMHHUX TIOCIYT JIO3BOJISIE TPOMajaM iJeHTH(]IKyBaTH EKOJIOTIdHi
PHU3HKH, BHW3HAYaTH TIPIOPUTETHI HANpsMH BiJHOBICHHS JETrpaJOBaHUX
TEpUTOPi Ta mMiABHINYBaTH €(EKTUBHICTh BHKOPHCTaHHS IPHPOIHUX
pecypciB. Y IbOMY KOHTEKCTi BRXJIMBHM € PO3BHTOK MIKMYHIIHMIAIBLHOTO
CHiBPOOITHHIITBA 3 METOIO 30€pE)KCHHS €KOJIOTIYHUX KOPHJIOPIB 1 MiTICHOCTI
MIPUPOJHHUX EKOCHCTEM, IO BHUXOIATH 3a aJMIHICTPAaTHBHI MEXi OKpPEeMHX
rpoma.

HayxoBi crparerii 30epexeHHsI Ta BiIHOBJIEHHS EKOCHCTEM Y CHCTEMi
YIPaBIiHHSA  TEPUTOPIaAIbHUMH TPOMajiaMH  MaioThb OyTH  y3TOIPKeHi
3 JEpKaBHUMHM Ta PETriOHAJbHUMH IIPOrpaMaMM €KOJOTIYHOI MONITHKH,
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a TaKoX 13 LUIAIMH cTaJIoro po3BUTKY. OcoOMMBOT akTyanbHOCTI 11e HalOyBae
B YMOBaX IICJIIBOEHHOTO BiJIHOBJICHHS TEPUTOPIH, KOJIM IPOMaJM BiAirparoTh
NPOBIHY poJsb y peaOuriTauii ferpajoBaHuX 3eMejb, BiJIHOBIEHHI BOJHUX
00’eKTiB 1 (OpMYBaHHI JIOKAJHHUX EJIICMCHTIB HAIlIOHAJTHHOI CKOJOTIYHOI
Mepexi. TakuM UYMHOM, IO€JHAHHS EKOJIOTIYHMX 3acax i1 e(eKTHBHOro
YIPaBIiHHS TEPUTOPIAILHUMU TIPOMaJaMH CTBOPIOE MEPEIyMOBH  JUIS
peaitizanii HayKoBO OOIPYHTOBAHUX CTpaTeriii 30epekeHHS Ta BiJHOBICHHS
NPUPOJHUX EKOCUCTEM Ta 3a0e3IeUeHHs eKOIOTiYHOl Oe31eKH Ha MiCLieBOMY
piBHI.

1. Ponb ekonoriyHux 3acap, y ¢opMyBaHHi cTpaTeriit ynpasaiHHS
NPUPOAHUMU pecypcaMm TEPUTOPIaSIbBHUX FpoMaj,

B ymoBax 3pocTaruoro aHTpPOIOI€HHOI0 HAaBAaHTAXXEHHsS EKOJIOTIuHI
3aca/iv CTal0Th BU3HAYaJIbHUM €JIEMEHTOM ()OPMYBaHHsI CTpaTeriil ynpasiiHHs
MPUPOJHUMHE PECypcaMu Ha PiBHI TEPUTOpiadbHUX rpoMal. JlereHrpanizairis
VIOpaBiIiHHS Ta  PO3MIMPEHHS  IOBHOBRXEHb  OpPraHiB  MiCIEBOTO
CaMOBpSAYBaHHS 3yMOBIIOIOTh HEOOXiAHICTh TIEPEOCMUCIICHHS MiAXOIIB 10
BUKOPUCTaHHS, OXOPOHHM Ta BIJHOBJIEHHS IMPHUPOIHHUX EKOCHUCTEM Y MeKax
rpomaj. CaMe Ha JIOKaJbHOMY PiBHI BiIOyBa€eThCs Oe3mocepeHs B3a€MOIis
MDK TOCHOAAPCHKOIO TISUTBHICTIO JIFOMHY Ta IIPUPOJHUM CEPEAOBHIIEM, L0
pOOUTH TPOMaaM KIIFOYOBUMH CYO’ €KTaMH pealtizaliii eKoJOTi4HOI IOJITHKN
Ta HAyKOBO OOIPYHTOBAHMX CTPATETIH CTANIOrO PO3BUTKY.

Exonoriyni 3acaau yrpasiiHHs TEPUTOPISIMH ITepe10adatoTh 3aCTOCYBaHHS
€KOCHCTEMHOTO IiJIXO/y, SIKUIl OpIEHTYEThCS Ha 30E€peKEHHS WITICHOCTI
NPUPOJHUX CUCTEM, MIATPUMAHHS OIOpI3HOMaHITTS Ta 3a0e3NeueHHs
BIZITBOPIOBAHOCTI ~ €KOCHCTEMHHMX TIOCIYr. Y  KOHTEKCTi AisIBHOCTI
TEPUTOPIAILHUX TPOMAJ] II¢ O3HAYa€ HEOOXIIHICTh BPAaxXyBaHHS EKOJOTTUHOL
€MHOCTI TEpUTOpii, IOMYCTMMHUX MEX aHTPOIOT€HHOTO0 HaBaHTAKCHHS
Ta IPOCTOPOBOI B3a€EMOIIOB’S3aHOCTI MPUPOJHHUX KOMIIOHEHTIB IiJ dYac
NPUIHATTS YHpaBIiHCHKUX pilieHb. Takuid MiAxig J03BOJISIE MiHIMiZyBaTh
EKOJIOTIUHI pH3MKH, 3aroliratv jaerpajanii 3emMeib, BOAHUX 1 JIICOBUX
pecypciB Ta CTBOPIOBATH IEPEIyMOBH ISl JIOBFOCTPOKOBOI EKOJIOTIUHOI
CTIMKOCTI TEPUTOPIH.

BaxnuBoro ckiazioBor0 (OpMyBaHHS HAayKOBHUX CTpAaTerid ynpaBiiHHS
NPUPOIHUMH PECypcaMH TpoMaj € BUKOPUCTAHHS PE3YJIBTaTiB €KOJIOTIYHOTO
MOHITOPUHTY Ta HAyKOBHX JOCHiKeHb. CHCTEMaTH4YHE OIHIOBaHHS
CTaHy JOBKUUISL, BHSBJICHHS OCEpEAKIB Jerpajamii Ta HpOrHO3yBaHHS
EKOJIOTIYHMX 3MiH Jal0Th 3MOTY TpOMazaM OOIPYHTOBYBaTH NpIOPHTETH
PO3BUTKY Ta IUIaHyBaTH BiTHOBIIIOBAJIbHI 3aX0/U 3 YpaxXyBaHHSIM IPHUPOJAHUX
ocobmuBocTeil Teputopiii. CHUCTEeMaTHYHE OI[IHIOBAHHS CTaHy JOBKIJUIS,
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BUSIBJICHHSI OCEpENKiB Jlerpajaiii Ta IPOTHO3yBaHHS EKOJOTIYHUX 3MiH
JIal0Th 3MOTY TPOMajiaM OOIPyHTOBYBAaTH MPIOPUTETH PO3BUTKY Ta IJIaHyBaTH
BIJHOBJIIOBAJIbHI  3aXOIM 3 YpaxyBaHHAM IPHUPOTHHX OCOOIMBOCTEH
tepuropiii. Lle nependauae BUKOPUCTAHHS JaHUX €KOJIOTIYHOTO MOHITOPHHTY,
reoiH(opMaIifHUX CHCTEM, NPUPOIOOXOPOHHUX 1HAWKATOPIB Ta PETYISPHUX
OLIIHOK CTaHy BOJHMX, 3€MEIBHHUX 1 JICOBHX pecypciB aist (opMyBaHHS
3aXO0JiB 3 PEKYJIbTUBALIl €POJAOBAHUX 3EMEJb, OYMIICHHS BOIHHX 00 €KTIB
1 BiHOBNEHHs npupoiHux naHamadTis. Hampukian, y HU3Mi rpoman, 1o
3a3HaNM PyHHYBaHb YHACIiJIOK BOEHHUX [Iili, BIPOBAJUKYIOTHCS HPOTpamu
BIJJTHOBJICHHSI 3€JIEHMX 30H Ta PEKyJbTHBAILl AErpajoBaHHMX AUISHOK — Ha
OCHOBI METOIMYHHMX pEKOMeHpalii, 3arBepkenux KaGinerom MiHicTpiB
VKkpaiHM [IO0 MICJISIBOEHHOTO BiJHOBJICHHS (30KpeMa Ha OCHOBI
HauionanpHoro ruiany BinHOBIEHHs YKpainu). Taki mporpamu BKJIIOYAIOTH
BiJJHOBJICHHSI TIPMJIETVIMX JI0 HACEJICHUX IYHKTIB JICOBUX MacHBiB, OUHIIECHHS
PIYOK 1 BiJHOBJICHHS TPHPOAHOIO TiAPOJIOTIYHOTO PEXKHMY, IO CHpUSE
crabinizanii eKocucTeM i 3MEHIIEHHIO PU3UKY €po3ii IPYHTIB.

IHTerpamist eKoJNOriYHMX IOKAa3HUKIB Yy CTpareriydHi Ta HpPOCTOPOBI
IUTaHU PO3BUTKY I'pOMaJl CIIPUSE Y3TOKEHHIO MPUPOJIOOXOPOHHUX 3aXOJiB
i3 coLiaJIbHO-eKOHOMIYHMMHU TIOTpebamMM MICLIEBOIO HAaceJIeHHs. 30KpeMma,
[Inan ynpapiiHHS pU3MKaMU Ta BiIHOBJIEHHS IICJsI KPH30BUX CHUTyallid Iuis
OKpEeMHUX TEPHUTOpiaJIbHUX TI'poOMaJ Iiepeadadae BKIIOYEHHS EKOJIOTIYHUX
LJIel y MicLeBi cTparerii pO3BUTKY, 110 BiANIOBia€ BUMOraM 3aKoHy YKpaiHu
«IIpo crpareriuHy €KOJIOTiYHY OIIHKY»' Ta monoxeHHsM [upextusun €C
II0JI0 OLIHKH BIUIMBY Ha JOBKULIA. BajkMBO 3a3Ha4MTH, 1110 BUKOPUCTAHHS
MDKHApOIHUX Nporpam, Takux sk Jecsarunitrss OOH 3 BiTHOBIEHHS €KOCHCTEM
(UN Decade on Ecosystem Restoration 2021-2030) ta €Bpomneiicbkuit
senenuii Kypc (European Green Deal), 103Boiisie rpomMaiaM 3a1yqaTy TpaHTOBY
1 TeXHIYHy HIATPUMKY Ui peanizalii NpPUPOJOOPIEHTOBAHMX MPOECKTIB.
Hanpukian, y pamkax imiriaruB €C o0 BiTHOBJICHHS OiOpi3HOMAHITTS
MicleBi IHILIaTUBH MOXYTb OTpUMYyBard (DiHAHCYBaHHS Ha PEKYJIBTHUBALIO
JIeTPa/IOBaHUX 3€Mellb, CTBOPEHHS €KOJIOTIYHMX KOPHJIOPIB Ta BiHOBJICHHS
MIPUPOJHUX BOIHO-OOJIOTHUX YTi/ib.

3anydeHHs [UX MDKHApOJHMX JDKepell MapTHEepPCTBAa CIpHsE HE JIMIIE
TEXHOJIOTIYHOMY OHOBJICHHIO, ajie i MiJIBUIy€e IHCTUTYLIIHY CIPOMOXHICTB
OpraHiB MICIIEBOTO CaMOBPSIyBaHHS, OCKUIBKH BOHH OTPHUMYIOTh JIOCTYII
JI0 TepPeJOBOTO JIOCBIJly EKOJIOTIYHOTO MEHEPKMEHTY. BonmHouac akTuBHE
3aJy4eHHS MICLUEBHX TI'poMaJl N0 TPOLECIB NPUHHATTS pilieHb CIPHSE

! Bakon Ykpainu «IIpo crpareriuny exomoriuny oriaky» Bix 20.03.2018 p. https://zakon.rada.gov.ua/
20/2354-19
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(opMyBaHHIO EKOJIOTIYHOI KyJABTYpPH ¥ BIINOBINAILHOIO CTaBJIEHHS 10
NPUPOIHUX PECYPCiB, IO € BAKIMBUM €JIEMEHTOM CTajoro pO3BUTKY Ta
MICJIIBOEHHOT pealditiTallii TepUTOpii.

Takwii WiAXiA JO3BOJNSE TIOEAHATH YIPABIIHCHKI, CKOJOTIYHI Ta
colliaJIbHI acleKTH PO3BUTKY Ipomaj, 3a0e3Meuyrodd KOMIUIEKCHE BiJIHOB-
JeHHS. 1HQPACTPYKTYpU Ta MPUPOJHHMX CUCTEM. BKIIIOYEHHS MeEIIKaHIIB
y TUIaHYBaHHS Ta Peai3allilo BiJHOBIIOBAIBHUX HPOEKTIB CIPUSE HE JIMIIE
O1JIBIII TOYHOMY BpaXyBaHHIO MiCIIEBUX ITOTPEO, a i IMi IBUIIICHHIO ¢(h)eKTUBHOCTI
BUKOPUCTaHHS PECYPCIB, 3MEHILECHHIO KOHQJIIKTIB 1100 3€MJICKOPHCTYBaHHS
Ta OXOpOHHM HOBKULIL. Kpim TOro, iHTerpanis rpoMaasHCHKHX iHIIIaTHB
y TPOIIECH PEKYJIBTUBAIT 3¢MEllb, BIJIHOBICHHS BOJIHUX OO0 €KTIB 1 3€JICHUX
30H CTBOPIOE NEpeIyMOBH JUIst (GOpMyBaHHS JIOKAJbHUX EKOJIOTIYHUX MEPEeX,
MOKPALIEHHS SIKOCTI XKHUTTS Ta JOBrOCTPOKOBOI CTIHKOCTI TepuTOpiil. B ymoBax
MICIISIBOEHHO] BiJJOY/IOBU 1€ 0COOJIMBO BayKJIMBO, OCKIUJIBKH JIO3BOJISIE ILIBHJIKO
pearyBaTtd Ha HacJliJK{ PYHHIBHUX IiH, aJlanTyBaTH CTpaTerii ynpasJiHHS
JI0 3MiH KJIIMary Ta aHTPOIIOI€HHOTO THCKY, a TaKOX 3a0e3Iledye B3a€MOJII0
3 HaliOHAJIBHUMH Ta MDKHAPOIHMMHU IPOrpaMaMM IATPUMKH CTajoro
PO3BUTKY. I[HTerpoBaHa MojeNnb yHpaBIIiHHSA TEPUTOPIAJILHUMHU TI'pOMajaMu
MOEJHYE MOHITOPUHT JOBKULIS, HOPMAaTHBHO-TIPABOBY MIATPUMKY Ta
MDKHaApOAHY CIIBIIPAIlo, CTBOPIOE YMOBU Uil €(DEKTHBHOTO BiJHOBIICHHS
€KOCHCTEM 1 ITJBUIICHHS €KOJIOT1YHOI Oe3MeKH Ha JOKaJIbHOMY piBHi.

Tabmuus 1
OcCHOBHI miIX0AW 10 €KOJI0TiYHO OPi€EHTOBAHOIO BiTHOBJICHHS
TepuTOpiaJbHUX FPOMaa YKpaiHu

HopmarusHa
Hanpsim Konkperni 6a3a / Mixknapoana OuikyBanmii
BiTHOBJIEeHHS 3axoau cTpaTeriyui MiATPHMKA edexr
JOKYMEHTH
1 2 3 4 5

3akon Ykpaiuu | JecaTumitrs

PexynbruBaris . BinHoBIEHHS
Y «IIpo oxopony | OOH 3 Big- .
. JIerpajloBaHNuX . poxmrodocTi
BinHoBneHHs 3emenby, Hamio- | HOBieHHs .
3eMelb, 00poThOa L IDYHTIB, 3M€H-
3eMellb . HaJbHUU IUIAH | EKOCHCTEM,
3 epo3i€ro, KOHCEp- . LICHHS Jerpajganii
Ballisl CLIBIOCHYTib BIANOBICHIA rpanti i
.. TePHUTOPIi
y VYkpainu UNDP pHTOp
. .. IMominmrexns
OumncTka pivoK, 3akoH YkpaiHu EU .
. . T SKOCTi BOAIH,
BIJTHOBJICHHS BOJTHO- «IIpo BoxHi Biodiversity .
. . BiJTHOBJICHHS
Bonni 06’ext |  GonoTHHX yrige, | pecypcm», Crpa- Strategy, e .
. . . h 6i0pi3HOMAHITT,
BIHOBJIEHHS Tifpo- | Teris exosoriu- | UNDP Water
. .. 3MEHIICHHS
JIOTI9HOTO PEXXUMY HOI Oe3nexn Programme

PU3HKY NOBEHEN
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Iponoexenns Tadmui 1

1 2 3 4 5
- 3axoH YkpaiHu .
Bucanka nicis, . BinnosneHHst
«IIpo micny», European
N CTBOPEHHS 3€JICHUX €KOCHCTEM, ITOKpa-
JlicoBi Ta . 3axon «IIpo Green . .
. KOpHUZIOpIB, pea- IIECHHS MIKPOKJIi-
3€JIEH] 30HH L . TIPUPOIHO- Deal, Bonn o
OliTamis napkis R Mary, peKkpeauiiti
S 3a110Bi JHUH Challenge
i Jiconmocanok 30HU JUIS TpoMaj
¢dou»
EneproepextuBHe | 3akoH YkpaiHu
. 3MEHILICHHS Hera-
OymiBHUITBO, pekoH- | «IIpo crpare- European
. . THBHOTO BILTHBY
Iadpa- CTPYKLis MEIUYHHUX | Ti4HY €KOJO- Green Deal, Ha TOBKILIS
CTpYKTypa | i coLiaNbHUX 3aKia- | TIYHY OIIHKY» iHaHCY- .
PyKTyYP . Y , u ¥ IiIBUIICHHS CHEp-
IIiB 3 ypaxyBaHHSAM OymiBenbHi Banus €16 .
roeeKTUBHOCTI
€KOJIOTi1 HOPMH
MoHiTopHHT 3akoH YkpaiHu TlinBuiieHHs
noBkims, iHTerpauis | «IIpo miciese UNDP e(EeKTUBHOCTI
IHCcTHTYLIiHE | €KOJOTIYHMX MOKa3- CcaMOBpsY- OF CD’ YIpaBIiHHS pecyp-
YIpaBIiHHS HUKIB y cTparerii | BaHHs», Ctpare- rpanTH é c | camm, hopmyBaHHS
TpOMaJi, HABYaHHsS | Tisl EKOJOTIYHOT p E€KOJIOT1YHOT
MEPCOHAITY 6esnexu KyJIBTYpU
3amydeHHs 3akoH [TinBuIIeHHS
IPOMAJICHKOCTI Vipainu «IIpo 06i3HaHOCTI
. 10 TUTaHYBaHHSI cTpaTeriy HaceleHHs
Couianra CKOJ]OFi'-lH{i ocsiT’a eKI:)norilmy UNDP, tdopm Baﬂﬂ;l
cKnazoBa o Jorriy UNESCO  POPMY
KOHCYIBTaLi| OLIIHKY», BIZIMOBIAANTBHOTO
3 MICLIEBUMH JIOKabHI CTaBJICHHS J10
MELIKAHIIMA nporpamu JIOBKIILIS

Lowcepeno: cpopmosano asmopamu Ha 0CHOBI aHANizy HAYKOBUX Odcepen

TakuM YHMHOM, iHTETrpaIlisi EKOJOTiYHUX 3acajl Y CHCTEMY YIIPaBIIiHHI
TEPUTOPiAILHUMH TpoMazgamMu (OpMy€e HAyKOBYy OCHOBY Ui peaiizarii
CTpaTeriii 30epekeHHs Ta BIAHOBICHHS NPUPONHUX EKOCHCTEM 1 CIIpHsE
JOCATHEHHIO IiJIeH CTaJoro po3BUTKY HA MiCIIEBOMY DiBHI.

2. MexaHi3Mu iHTerpauii eKo/1I0riYHMX cTpaTerii y cuctemMy
yNpaBAiHHA TepuTopia/IbLHUMK rpoMajamm

Peaxizamist HayKoBUX cTparerii 30epe’keHHs Ta BiTHOBICHHS MPUPOTHUX
eKOCHCTeM Ha pIiBHI TEPUTOPIaJbHUX TPOMal TOTpedye BIIPOBAKCHHS
e(eKTHBHUX YIPABIIHCBKAX MeEXaHi3MiB, M0 3a0e3NedyroTh IHTErpariio
EKOJIOTIYHHUX TPIOPUTETIB Y MPOIECH MICIIEBOTO PO3BUTKY. Taka iHTerparis
Mae B3AIHCHIOBATHCS Yepe3 CHCTEMYy CTPaTeridyHoro Ta IPOCTOPOBOTO
IUIAaHyBaHHS, [pOrpaM  COLIaJbHO-GKOHOMIYHOTO  PO3BUTKY  I'pOMaj
1 MexaHI3MH OIO[DKETHOTO YIpaBIiHHSA. BKITIOUEHHS EKONOTIYHMX IiIen
JI0 CTpaTeriyHuX MOKYMEHTIB IPOMaJ J03BOJISE Y3TOOUTH TI'OCHONAPCHKY
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JUSUTBHICTB 13 TPUPOI0OXOPOHHUMHU 3aB/IaHHSIMH Ta MiHIMi3yBaTH HETaTUBHUN
BIUIMB aHTPOIIOT€HHOTO HaBaHTAXXEHHs Ha JIOKAJIbHI €KOCHCTEMH.

BaxauBUM  iHCTPYMEHTOM €KOJOTIYHO OpIEHTOBAHOTO  YIPABIiHHSI
rpoMajaMi € BIPOBA/DKEHHS CHCTEM EKOJIOTIYHOTO MOHITOPHHTY Ta
BUKOPUCTaHHA TeoiHpopManidHuX TexHojorid. Bonm 3abe3neuyrors
MPOCTOPOBY 1IeHTH(DIKAIIIF0 CKOJIOTIYHUX MPOOIIEM, OLIIHKY CTaHy 3€MEIbHUX,
BOJHHUX 1 JIICOBUX PECypCiB, a TAKO)K BU3HAYEHHs NPIOPUTETHUX 30H JUIS
BIZIHOBJICHHSI Ta OXOpOHM. Ha OCHOBI Takux JaHUX OpPraHH MiCIIEBOTO
CaMOBpSAYBaHHS MOXYTh IPHUHMard HayKOBO OOIDYHTOBaHI PIIIEHHS OO
PEeKyIbTHBALIT JerpajJoBaHUX TEPUTOPiH, 30epekeHHs OiOpiI3HOMAHITTSA Ta
(hopMyBaHHS JIOKAIBHUX €JIIEMEHTIB €KOJOTTYHOT MEepexi.

He MeHIT BaXXJIMBOIO € pOJIb IHCTUTYHIHHHUX Ta (IHAHCOBO-EKOHOMIUYHHX
MEXaHI3MIB y peaii3alii €KOJOTiYHUX CTpaTerii TepUTOpiaJlbHUX TPOMal.
3ajydeHHs IHBECTHULIH y NPUPOAOOPIEHTOBAHI IIPOEKTH, BHUKOPHCTAHHS
IHCTPYMEHTIB J€p)KaBHO-IIPUBATHOTO IIAPTHEPCTBA, T'PAHTOBUX IPOTpaM
1 MDKMYHIIMTIIaJIBHOTO CMiBPOOITHULITBA CTBOPIOE JOJIATKOBI MOMJIMBOCTI JUIst
MacmTaOyBaHHs CKOJIOTIYHUX 1HIIIATHB.

BopHoyac MiIBUIIEHHS EKOJOTIYHOI KOMIIETCHTHOCTI OpraHiB Miciie-
BOTO CaMOBDSIAYBaHHS Ta 3aJy4eHHsS TI'POMAJICBKOCTI JI0 IPOLECIB yXBa-
JICHHS pIlIeHb CIPUSIOTH (OPMYBAHHIO BIANOBINAJIBHOTO CTaBJICHHS
JI0 TPUPONHUX PECypCiB 1 MiABUINECHHIO e()EeKTUBHOCTI YIPABIiHHS
MPUPOJHUMH CEKOCHCTeMaMH Ha MiciieBomy piBHi. Ile no3Bosse rpomamam
OIIEpaTHBHO pearyBaTd Ha EKOJIOT1UHI BUKIIMKH, IUIAHYBAaTH BiJHOBIIOBAJIbHI
Ta PEKYyJIBTHBALMHI 3aX0M 3 ypaxyBaHHSIM MICLUEBHX OCOOIMBOCTEH Ta
NPIOPUTETIB, a TakoK e(EeKTHMBHO IHTErpyBaTH IPHUPONOOXOPOHHI I
y cTparerii couiajabHO-eKOHOMIYHOTO PO3BUTKY. AKTHBHA y4acTh MICLEBUX
MEIIKaHIIB Y Ipolecax yXBaJeHHs pillieHb CIPHsIE iIBUILEHHIO IIPO30POCTi
Ta MiA3BITHOCTI OpraHiB BIIAJAW, 3MIIHIOE IHCTHTYLIHHY CHPOMOXHICTh
rpomMan ta (opMye KyJIbTypy CTajoro BHUKOpHCTaHHs pecypciB. Kpim Toro,
MO€THAHHS MICLIEBHX IHII[IaTHB 13 HalliOHAJBHUMHU NIPOTpaMaMH BiJHOBJICHHS
Ta MDKHapOJHMMH EKOJIOTIYHMMH CTpaTerisiMu, TakuMHU sK JlecarumiTrs
OOH 3 BiHOBIICHHSI €KOCHCTEM 1 €BPONEHCHKUI 3CIICHHUI KypC, CTBOPIOE
NepeyMOBH Ul KOMIUIEKCHOTO Ta €()eKTHBHOTO BiJHOBIICHHS IPHPOJHUX
€KOCHCTEM Y HICISIBOEHHHUH Mepio.

BonHouac akTUBHE 3ay4eHHs MiCLIEBHX IPOMaJI JI0 MPOLIECIB yXBaJICHHS
piweHp crpusie (HOpPMYBaHHIO BIiINOBIAAJIBHOTO CTAaBJICHHS 10 NPUPOIHUX
pecypciB i MiABHINEHHIO €(EKTHMBHOCTI  YNPaBIiHHS  HPUPOAHUMH
eKoCHCTeMaMH Ha MiclieBoMYy piBHi. Lle miaTBep/uKyOTh MPaKTHYHI TPUKIAAN
3 pi3HMX perioHiB YKpaiHu, Je rpoMaay OepyTh y4acTh y peanizaiii poeKTiB
3€JICHOTO MIC/ISIBOEHHOTO BIiJHOBJICHHS, IO TOEAHYIOTh CKOJOTIYHUIA,
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colianbHUN 1 ekoHoMiyHMH BuMipu. Tak, y KpacHOKyTchbKiii rpomani Ha
XapkiBIIMHI  peasi3oBaHO iHIIaTHBY 31 CTBOpEHHS OiOpi3HOMAHITHHX
IIPOCTOPIB i3 Pi3HOMAHITHUMH TPaBaMH, IO HE JIMILE CIIPUSE BiTHOBICHHIO
MIPUPONHMX JaHAmAadTiB, a ¥ MATPUMYE KJIIMAaTHYHY CTIHKICTH Ta OCBITY
MICIIEBUX JKHTEIB TPO B3a€EMO3B’S30K JIIOAWMHM 1 NPUPOAH. AHAIOTIYHO,
MPOEKTH «3eJieHa BiNOyHOBa» TNepen0dadaroTh OLIHIOBAHHS EKOJIOTTYHOI
LIKOJM, OYMIICHHS IPYHTIB 1 BOJM, @ TaKOXX BIIPOBAPKEHHS EKOJIOTIYHO
0e3reyHnX TEXHOJIOTiH, IO peasi3yloThCsl CHUIbHO 3 YKpalHCBKUMH Ta
MDKHApOIHUMHM eKkcriepTamu Juis npuoiausno 90 rpoman mo Bcidd kpaini. Taki
MPAKTUKU JEMOHCTPYIOTh, IO IHTETPALlis SKOJOTIYHUX MTOKA3HUKIB Y MiCLICBI
cTparerii pO3BHTKY HE JIMIIE ITJBHIIYE EKOJIOTiUHY Oe3leky, a i crae
OCHOBOIO JUIsl 3aJIy4€HHs JOJAaTKOBHX PECYpPCIB Ta MDKHApPOAHOI MiATPUMKH
B IIpoOIiecax IiCIIBOEHHOTO BiJHOBJICHHSI.

3. EkonoriyHi npioputeTn ynpasniHHA TepuTopiaJbHUMU rpoMajamMu
YKpaiHu B yMoBaXx BiliHM Ta MiC/IIBOEHHOIO BiAHOBJIEHHA

Boenni nii Ha Tepuropii YKpaiHM CYTTE€BO 3aroCTpPHIIM EKOJIOTIUHI
po0JieMH Ha JIOKAJIILHOMY PiBHI Ta HOCHJIMIIM POJIb TEPUTOPiaIbHUX IpoMal
y mporecax 30epexeHHs! i BiTHOBJICHHSI IPUPOAHUX eKOCcHCTeM. PyliHyBaHHS
naHqmadriB, Aerpajalis 3eMeib, 3a0pyIHeHHS! IPYyHTIB 1 BOIXHMX 00’€KTIB,
MOPYILCHHS JIICOBMX Ta CTEIOBHX EKOCHCTEM CTBOPWJIM Oe3npeleaeHTHi
BUKJIMKM JUISi CHCTEMH MICLEBOIO YNpPaBiiHHSA. 3a TaKUX YMOB TpPOMajau
BUCTYNAIOTh KJIIOYOBHMH CyO’€KTaMHu peajri3amii eKOJOTIYHHMX 3aXOiB,
OCKUIbKM caMe Ha IXHbOMY pIBHI BiJIOyBa€TbCsl IEPLIOYEpProBa OIIHKA
€KOJIOTTYHHMX 30MTKIB Ta ()OPMYBaHHS IPAKTUYHUX PIlLIEHb 11010 peadiniTamii
MOCTPAXKIAIUX TEPUTOPIH.

Y micnABOEHHWH Tepion YNpaBiHHSA TEPUTOPIAIbHUMHU TPOMaJaMu
VKkpaiHu Mae TIpyHTyBarucs Ha IHTerpamii eKOJIOTIYHUX TIPIOPUTETIB
y cTparterii BiIHOBJIEHHS Ta pO3BUTKY. Taka iHTerpauis norpedye NocuIIeHHs
HOPMaTHUBHO-IIPaBOBOI 0a3u, 30KpemMa JOTpUMaHHs NoiokeHb KoHcTuTywil
Vkpaiuu®? Ta psioy 3akoHIB y cdepi OXOPOHH MOBKINLIA, TAaKHX SK 3aKOH
Vipaian «IIpo OXOpOHY HABKOIHMIIHBOTO MPUPOAHOIO CEPEIOBHIIA»,
«IIpo oxopoHy 3emenb»?, «IIpo exomoriuny mepexy Ykpainm»® Ta «IIpo

? Koucrutyuis Ykpainu. https://zakon.rada.gov.ua/laws/show/254x/96-p#Text

* BakoH VYkpaiHn «IIpo OXOpOHY HABKONMIIHBOIO HPHPOXHOIO cepeoBuiiay. https:/zakon.rada.gov.ua/
20/1264-12

4 3akon Vkpainm «IIpo oxopony 3semens» Bim 19.06.2023. https://ips.ligazakon.net/document/
T030962

5 Bakon Ykpainu «[Ipo exomoriudy mepexy Ykpainm» Bix 24.06.2004. https://online.budstandart.com/
ua/catalog/doc-page.html?id_doc=46311
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CTpaTeriyHy eKOJIOTiYHY OLIHKY»®, 110 BU3HAYAIOThH MPABOBI 3aCa i OXOPOHU
Ta palioHAJILHOTO BUKOPHUCTAHHS NPUPOJHUX PECYPCiB HAa MICLIEBOMY PiBHI.

KpiMm TOro, HOBi iHILiaTUBM JAEp)KaBHOI NOJITHKH CIPSIMOBaHI Ha
3a0e3MeueHHs] MICISIBOEHHOTO BiJHOBJICHHS TEPUTOPIH 13 ypaxyBaHHAM
exoyioriuHux  BuMor.  Hampukian, crBopenHss HawmionanbHoi — paam
3 BiZHOBJIIEHHS YKpaiHW BiJ HaCIiZKiB BiHH mepeadavae y4acTb €KCHEpTiB
1 HayKoBIIB y cdepi eKoyoriuHoi Oe3neKH Ta BHECEHHS NPOMNO3ULIH 1100
3aXHMCTY AOBKULIS Y BiIHOBJIIOBAJIbHI IIPOTrPaMH.

HaykoBi JOCIHIDKEHHSI T0Ka3ylOTh, IO «YCBIJIOMIIIOIOUH KPUTHYHY
HEOOXI/IHICTh 3yNUHUTH, 3amo0irTH Ta 3BEPHYTH HAa3aj JCrpajallito
€KOCHCTEM, a TAKOXK €(hEeKTHBHO BiJTHOBUTH JIETPa0BaH1 Ha3eMHI, IPICHOBOAHI
Ta MOPCBKI €KOCUCTEMH 110 BChbOMY CBITY, [ eHepansHa AcamOiest Opranizanii
O6’eqnannx Hauiit y Pesomouii 73/284 oronocuna 2021-2030 poku
Hecsrunitram Opranizanii O6’eqnanux Haitiii 3 BiTHOBIEHHS eKOCHCTEMY .

Ha wmixHapogHoMy piBHI HayKoBi cTparerii BiJIHOBJIEHHS EKOCHUCTEM
MOXXYTb CITUpaTUCS Ha paMKOBi IoKyMeHTH, Taki sk UN Decade on Ecosystem
Restoration 2021-2030%, imimifioBana OOH, sika MPOMOHYE KOMILICKCHI
MIIXOZM /10 BiJHOBJICHHS J€TPaJloBaHMX €KOCHUCTEM 1 CIIPUSHHS 1X CTIMKOCTI
Ha JOBIOCTPOKOBY IiepcreKTuBy’. Peamizalii NPHUHIMIIB 3iJHO I[HOTO
JOKyMEHTYy B YkpaiHi nepenbayae BUKOPUCTAHHS IPUPOJOOPIEHTOBAHUX
pilieHb, BiJHOBICHHS (PYHKIIOHAJIBHOCTI JaHAIA(PTIB, a TaKOX 3aTyueHHS
rpoMaj Ji0 NOMIMPEHHS MPAKTUK BiJHOBJICHHS.

3ajydyeHHS MDKHApOJHMX OpraHizaliid, iHO3eMHHUX 1HBECTOPIB i HayKo-
BOI CHITBHOTH CIIPHUSE BIPOBA/PKCHHIO IHHOBALiHHUX EKOJOTIYHHMX MiJIX0-
JIB, MIJBUIICHHIO IHCTUTYIIHHOI CIIPOMOKHOCTI OpraHiB MICIIEBOTO CaMo-
BpsIyBaHHs Ta 3a0e31e4eHHI0 (hiHAHCOBOI MiTPUMKHU €KOJIOTIYHUX IPOEKTIB.
TakuM 4YHMHOM, EKOJOTIYHO OpI€HTOBAaHE YIPABIIHHA TEPUTOpPiATEHUMU
rpoMazamMu YKpaiHM B YMOBax BIMHM Ta HICISIBOEHHOTO BiJHOBIICHHS
€ HeoOXiJHOI TIepexyMOBOI0 30€pekeHHs IPUPOJHOIO  MOTEHIaly,
MIiBUILEHHST SIKOCTI JKWUTTS HAceJeHHs Ta JOCSATHEHHS Iied cranoro
PO3BUTKY JEpKaBH.

¢ 3akon Ykpaiuu «IIpo crpareriuny exoioriuny owinky» Big 04.10.2016. https:/ips.ligazakon.net/
document/JH21J00G

7 TIpuHUMIM BiHOBICHHS SKOCHCTEM, SIKUMH CJiJ KepyBaTHcs B pamkax Jecsrwiitrs Opranizamii
0O6’ennannx Hamiit 2021-2030 pokiB. https://www.decadeonrestoration.org/publications/principles-
ecosystem-restoration-guide-united-nations-decade-2021-2030

8 UN Decade on Ecosystem Restoration 20212030 https://www.decadeonrestoration.org/

> UNEP — UN Environment Programme. https:/www.unep.org/explore-topics/ecosystems-and-
biodiversity/what-we-do/decade-ecosystem-restoration?utm_source=chatgpt.com
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BaxmiBUM METONOJIOTIYHUM OPIEHTHPOM IJIS IICISIBOEHHOTO €KOJIOTid-
HOTO BIJHOBJIIGHHS TEPUTOpiaIbHUX TIpoMa] YKpailHM € IMIUIEMEHTalis
MOJIOKEHb MIDKHApPOIHUX CTpATeriii i MporpamM BiJHOBJIEHHS EKOCHCTEM.
30kpema, 3HauHWK TOpakTUUHUE moteHmian Mae Jlecsatwrnitts OOH
3 BigHoBineHHs exocucteM (UN Decade on Ecosystem Restoration
2021-2030)"°, ske cmpsMoBaHE Ha MacIITaOyBaHHsS MPUPOAOOPIEHTOBAHUX
pillieHb, BiHOBJICHHS JIErPaJOBaHUX 3€MeJb, BOAHUX 1 JIICOBUX €KOCHUCTEM,
a TaKOXX 3aJTyYeHHS MICLIEBHX IPOMaJ JI0 EKOJIOTIYHOrO0 yIpaBiiHHS. B ipomy
JOKYMEHTI 3a3HadeHo, 0 «TiJgbkM 3aBASKH 3J0POBHM EKOCHCTEMaM MH
MOYKEMO TMOKPAIUTH JKUTTS, IPOTHIISTH 3MiHaM KJIiMaTy Ta 3yIHHHUTH Kpax
GiopizHOMaHITTS». B yMoBax Ykpainu 1 iHiniaTnBa € 0COOJMBO aKTyaJIbHOIO
3 OIVISIYy HAa MacIITaOHI BOEHHI MOIIKOKEHHS MPUPOIHOTO CEPEIOBHUIIIA.

KpiM TOro, y KOHTEKCTI MICISIBOEHHOTO BiJHOBICHHS JOIUTEHUM
€ BpaxyBaHHS NpUHLUIIB €Bpomnelicbkoro 3eneHoro kypcy (European
Green Deal), 30kpema B 4acTHHI KIIMaTW4HOI HEHTPaIbHOCTI, 30epeKeHHS
010pI3HOMAHITTS Ta CTAJIOr0 3eMJICKOPHCTYBaHHS. [l TepuTOpianbHUX
rpomaJi e O3Ha4ae HeOOXiTHICTh IHTerpalii eKOJIOTIYHHUX LiIeH y Micuesi
cTparerii pO3BHUTKY, NpPOCTOPOBE IUIAHYBaHHS Ta iH(QPACTPYKTYypHi
npoektH. BaxxnuBy ponb Takox Bimirpae Crparerist €C 3 6iopi3HOMaHITTS
no 2030 poxy (EU Biodiversity Strategy for 2030)", ska mnepenbauae
BiJJTHOBJICHHS JIETPaJIOBAaHUX EKOCHCTEM 1 PO3IIUPEHHS MPHPOFO0OXOPOHHHUX
TEpUTOpii, 110 MOXKe OyTH amanToBaHO 1O yKpaiHChKMX peaniif. Crpare-
TiYHUHA JOKYMEHT BH3HAYa€ YiTKi 3000B’s3aHHS Ta KOMIUIEKC IPAKTUYHHUX
3ax07IiB, pealtizallist sKuX Ha Teputopii €Bponeiicbkoro Coro3y 3aruiaHOBaHa
no 2030 poky. Jo HaiiOinbimm amOITHUX IfiJicH, JOCATHEHHS SKUX IEpea-
0auaeTbCsl B CEPEAHBOCTPOKOBIH MNEPCIEKTHBI, HaJeKaTh PO3IIMPEHHS
MEpexi MPUPOAOOXOPOHHUX TEePUTOpid 10 mioHaimenmie 30% rurommi
cyxomony Ta 30% MOpCHKHMX aKBaTropiif, a TaKoX aKTUBI3alis PO3BUTKY
CTaJIOr0 W OPraHIYHOIO CIILCHKOTO rocHozapcTBa. BaxkiMBuM mpiopuTeToM
€ CKOPOYEHHS BHKOPHCTaHHS HeOe3neyHuXx mnectuiunaiB Ha 50 %, mo mae
CIIPHSATH 3MEHIIEHHIO aHTPOIIOT€HHOTO TUCKY Ha EKOCHCTEMH Ta 30epeKeHHIO
MOMYJISAIIHA 3amiroBaviB. JJOKyMEHT TaKOX Iepeadavae icTOTHE OOMEKCHHS
BIUIyYSHHSI 3 NPUPOIHOTO CEPEAOBHIIA IPOMHCIOBUX BUAIB, YHCEIBHICTH
SIKMX TiepeOyBa€ y CTaHi CKOPOYEHHs, a TaKOX BiJHOBIJICHHS LIOHAalMEHIIe
25 THC. KM Pi4OK 10 IPUPOIHOTO BUILHOIUIMHHOTO CTaHy 3 METOIO 30€pekeHHs
€KOCHCTEM IPICHOBOJHUX BOJOHM.

10" Necsrumitrst OOH 3 BimHOBneHHs exocucrteM. https://forest.gov.ua/news/vsesvitnij-den-ohoroni-
navkolishnogo-seredovishcha-pochatok-desyatilittya-oon-iz-vidnovlennya-ekosistem

I Crpareris  Giopizaomanittss €C mo 2030 poKy: MOBepHEHHS MPUPOAH B HAIIE IKHTTIL
https://uncg.org.ua/stratehiia-bioriznomanittia-ies-do-2030-roku-povernennia-pryrody-v-nashe-zhyttia/
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I'moGanpHi KiaiMaTHYHI 3MIHM, SKI CTald OHHM 13 KIIOYOBHX YHH-
HUKIB (opMyBaHHS 1€l NPUPONOOXOpPOHHOI crparerii €C, MaroTh
TpaHCHAI[IOHAJILHUN XapakTep 1 He OOMEXYIOThCS JIMIIE PO3BUHEHHUMH
3axiHOEBpOIEHCHKMMH KpaiHamu. HaiiOnbI Bit4yTHUI HEraTUBHUH BILIHMB
100abHOTO TOTEIUTIHHS Ha CTaH JOBKULIS Ta €KOHOMIYHY CTaOiIbHICTH
3a3HAIOTh MEHII DPO3BUHEHI, HacamIlepe]l arpapHoO OpIEHTOBaHI JEpKaBH.
VY eBporneichbkoMy KOHTEKCTi JI0 TaKUX KpaiH HaJeXUTh YKpaiHa, Jie piBeHb
PO30PAaHOCTI TEPUTOPIH csArae OnM3bKO 54 %, M0 € OJHMM i3 HAWBHUINUX
MOKa3HUKIB He Juiie B €Bporri, a i y cBITOBOMY MaciiTaoi.

Ha mHamioHambHOMY — piBHI  €KOJIOTIYHI  NPIOPUTETH  JiSUIBHOCTI
TEPUTOpIANILHUX TPOMaJ y IICISBOEHHUHM NEpiof MaloTh peati3oByBaTHCS
BianoBinHo o Crparerii ekosoriuHoi Oe3MeKH Ta ajanTaiii 10 3MiHH KJIiMaty
Vikpainu'?, Crparerii JAepKaBHOI €KOJOTIYHOI MOMITHKKA YKpaiHH Ha mepion
10 2030 poky'3, a Takox moiokeHb HaiioHAIBHOTO IUIAHY BiJHOBIICHHS
Vkpainu'*, B sKOMy €KOJOTIYHHI KOMIIOHEHT BU3HAYCHO OJJHUM i3 HACKPI3HUX
HarpsMiB BinOynosu. Ilepuri cuctemHi iHILIATHBU 3 BIJHOBJICHHS YKpaiHU
Oynu 3amouatkoBani y 2020 poiri, 10 3HANIDIO BiMOOpaXKCHHS Y IMiIHCAHHI
(inaHCOBOT yromu Mix YKpaiHOIO Ta €BpONEHCHKUM iHBECTHLIHHUM OaHKOM.
OnHKUM 13 KIIIOYOBUX HANpsIMiB peaiizauii 1i€i mporpamMu CTajlo BiJHOBICHHS
iHppacTPyKTypH, 3a KOOpAMHALIIO SKOTo BianoBigae MiHicTepcTBO
PO3BUTKY TpOMaj, TepUTOpid Ta iHdpacTpykTypu Yipainu. diHaHcyBaHHS
3aTBEP/UKEHOTO  TEPEeNiKy TIPOEKTIB  3IIHCHIOETHCS IIUIIXOM  HaJlaHHS
CyOBCHIIIH 3 IeP>KaBHOTO OIOKETY MiCIIEBUM OFOIKETaM, TOJII IK KOHTPOJIb 32
X BUKOHAaHHSIM ITOKJIa/ICHO Ha BiANOBITHUN LIEHTPAJIbHUI OpraH BUKOHABYOI
Binaau. [Iporpama opieHTOBaHa He JMIIe Ha BiAOYIOBY 00’€KTIB KPUTHYHOT
iHQPACTPYKTYpH, ajie i Ha PSKOHCTPYKIIIIO Ta KaIiTaJIbHUI PEMOHT 3aKJajliB
couianbHol cepH, 30KpeMa MEMYHUX YCTaHOB.

Boanouac mnoBHOMacmiTaOHa BiliChbKOBa arpeciss TpOTH YKpaiHHM Ta
MaclmTabHI pyHHYBaHHS, SIKMX JepaBa 3a3Hana y 2022 poui, 3yMOBHIN
HEOOXIZHICTh PO3POOJICHHS! OHOBJICHOTO IUIAHY BiJHOBJICHHS W aKTHBHOTO
3aJly4eHHsI JOJaTKOBUX (PIHAHCOBHX PecypciB Ta MDKHApPOAHOI HiATPUMKH.
Y cyuacHMX yMOBaxX akTyalli3y€TbCsl 3aBIAHHS Y3TOJUKEHHS IOIEpenHiX
1 HOBUX IMpOrpaM BiIOYZOBH 3 METOI 3armo0iraHHs TyOJIFOBaHHIO 3aXOIliB

12 Crpareris exosoriunoi Gesneku Ta ajanrauii 1o 3MiHu Kiuimary Ykpainu. https://mepr.gov.ua/
wp-content/uploads/2022/08/NatsionalnaPolitykaAdaptatsiyiDoZK mozhlyvostiTaNapryamyRoboty.
pdf

13 Crparerist iepykaBHOi eKOIOTTYHOI TOMITHKA Ykpaitu Ha mepion g0 2030 poky. https:/ips.ligazakon.net/
document/T192697

4 HarioHanbHuii miaH BigHOBIEHHs Ykpainm. https://ua.urc-international.com/plan-vidnovlennya-
ukrayini
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Ta MiABHINCHHA €(EeKTUBHOCTI BHKOpPHCTaHHS pecypciB. Oxpemoi yBaru
notpeOye iHTErpallisi IUIaHIB MICISIBOEHHOTO BiHOBJICHHS 3 JOBOEHHHMU
HalllOHAJIBHUMH CTpATErisiMH, MDKHApOIHUMH 3000B’sS3aHHIMHU YKpaiHH
y cdepl mpaB JIOJMHH, a TaKoX i3 INPOLECOM €BPONEHCHKOI iHTerpamii
Ta BHUKOHAHHAM BIANOBITHMX 3000B’A3aHb Ha LUIIXY MO0 4WIGHCTBA
B €Bporneiicekomy Coro3i.

Tabmuusa 2

MixnapoaHi cTparerii eKoJIOTiYHOT0 Bi/THOBJIEHHSI TA MOMKJIUBOCTI
iX 3aCcTOCYyBaHHSl B TEPUTOPIAJILHUX IrPoMagax YKpaiHu

Mixnapoana . e . Mo:kJauBOCTI aganTamii
. Koaroudosi mini Ta IncrpymenTu A
cTpareris / . P JIJIS1 TEPUTOPiaIbHUX

c . . npioputeTn peadizanii ..
ininiaTuBa rpomMaja YkpaiHu
Bignosnenns . .. .
Ipuponoopien- Peabimitartis 3emerb,
. JIeTpazgoBaHuX - . L.
Hecsturittss OOH . TOBaHI PillICHHS, BiIHOBJICHHSI JIiCiB 1 BOI-
. €KOCHCTEM,; IIiIBH- ..
3 BiTHOBJICHHS €KOCHCTEMHE HUX 00’€KTIB; 3aTy4eHHS

IEHHS CTIAKOCTI

EKOCHCTEM [UIaHYBAHHS, Y4acTh | IPOMaj 10 MPOEKTIB KO-
MIPHPOIHUX . h . -
MICIIEBHX CIIBHOT JIOTIYHOTO BiHOBIICHHS
CHCTEM;
Knimaruyna . .
. . M . N InTerpanis exomoriuyHux
€BponeicbKuit HEHTPabHICTB; Exonorizanuis R
. . . 1ineit y crparerii pos-
3eNICHHI Kypc CTaJIHil PO3BUTOK | EKOHOMIKH, 3e/eHa .
i . BUTKY I'poMaJ; BinOynoBa
(European Green | teputopiii; 36epe- |  iH(pacTpykTypa, .
L0 iH}pacTpyKTypH 3a «3ele-
Deal) JKEHHS TIPUPOJI- JieKkapOoHizaris

HOTO Karitairy

HUMW» CTaHAApTAMH

Crpareris €C
3 GiOpi3HOMAHITTS
10 2030 poky

3yMUHEHHS BTpaT
6i10pi3HOMAHITTH;
BiHOBIEHHS
€KOCHCTEM

Posupenns npupo-

JIOOXOPOHHHUX TEpH-
TOPIH, eKoJoriuHi
KOPHAOPH

DopMyBaHHS JIOKATBHUX

EKOMEPEXK; BiTHOBICHHS

NPUPOTHUX JaHImAadTiB
y MeXax rpoMaj

IIporpamu Csi-
TOBOTO OaHKY

3 EKOJIOTYHOTO
BiJIHOBJIEHHS

[Moennanns
€KOJIOTIYHOTO Ta
€KOHOMIYHOTO
BiJHOBIICHHS

dinaHCyBaHHS,
TEXHIYHa J0IO0-
Mora, iHCTUTYIiiHa
MiATPUMKA

Peaumizaris mpoexTiB
PEKyJIBTHBALII Ta CTaIOro
3eMJICKOPUCTYBaHHS
3 MDXKHApOJHOIO (hiHaHCO-
BOIO ITiITPUMKOIO

ITigxonu UNEP ta
UNDP no nicasikpu-
30BOI'0 BiJIHOBJICHHS

BigHoBiIeHHS
JIOBKIJUISL B YMO-
Bax KOH(IIKTIB;
MIABUILEHHS €KO-
JIOTIYHOT Oe3meKu

O1iHKa €KOIOTIYHUX
30UTKIB, IJIaHYBaHHS

BIIHOBJICHHS

IIpoBeneHHs eKoa0TrivHOT
OIIIHKU BOEHHHUX BTPAT;
PO3po0OKa MiCIeBUX IUIaHIB
€KOJIOTIUHOI peadimiTanii

OECD: cranuit
TEPUTOPIATBHUIA
PO3BUTOK

Bananc exoHoMiu-
HOTO PO3BHUTKY Ta
OXOPOHH JOBKIIIS

InrerpoBane tepuro-
piajbHe ympaBIiHHS,

pexomeHanii

TixBunieHus
YIPaBIiHCHKOL
CIIPOMOXKHOCTI TPOMaJT
y ctepi exonoriuHo

Lowcepeno: y3azanbHeHO as8MOpoM HA OCHOBL MIDCHAPOOHUX CMPAmeiuHux
O0OKYMeHmi8
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Boanowac y mporeci MICISBOEHHOTO BiJJHOBJICHHS TEPUTOPIAIbHUX
rpoMaJi eKoJoriyHa CKJIazoBa Mae HaOyTH CTaTycy OHOro 3 0a30BUX
NPIOPHUTETIB AepKaBHOI NMOMITHKK. BinOynoBa 3pyiiHOBaHOI iH(pacTpyKTypH
MOBUHHA 31IHCHIOBATHUCS 3 YpaxyBaHHSM NPHUHLMIIB CTaJIOTO PO3BHUTKY,
CKOJIOTIYHOT Oe3meku Ta anmanrtamii mo 3MiHu kiimary. lle nepembavae
BIPOBA/KCHHSI EHEepProe()eKTUBHUX 1 pecypco30epiratodynx TEeXHOJOTIH,
BUKOPUCTaHHS €KOJIOTTYHO Oe3reyHux OymiBeNIbHMX MarepialliB, a TaKoX
MiHIMi3al[il0 HEraTMBHOTO BIUIMBY BiJHOBJIIOBAJILHUX POOIT Ha JOBKULIA Ha
JIOKJILHOMY DiBHi.

OcoOnuBoro 3HavyeHHs HaOyBae IHTErpaiis EKOCHCTEMHOTO IiJIXOmy
B CTparerii po3BUTKY IpoMaJi, 30KpeMa IIiJl yac MpOCTOPOBOTO IJIaHyBaHHS,
PEKOHCTPYKLIT JKUTJIOBHX 1 IPOMHUCIOBUX 30H, BIJHOBJIEHHS TPaHCIOPTHOI
Ta iHKeHepHoi iH(pacTpykTypu. Peamizarisi npupoaoopieHTOBaHHUX pillIeHb
TaKUX SIK BIJHOBIJICHHS 3€JI€HHX 30H, PEKYJIBTHBALlisl JETPaJoBaHUX 3eMEJlb,
pealbimiTaliss BOAHMX OO0’€KTIB 1 CTBOPEHHS EKOJOTIYHUX KOPUAOPIB —
CIpPHUSTUME TIJIBUIIEHHIO CTIMKOCTI TEpPUTOpIH 1O aHTPOIOTeHHUX
1 KIIIMaTUYHUX PU3HKIB, @ TAKOXK MOKPAIIEHHIO SIKOCTI XKHUTTS HACEJICHHS.

KpiM TOro, ekoJOTi4YHO Opi€HTOBaHA BigOylIOBa TIPOMaj CTBOPIOE
HepeyMOBU ISl 3aJIy4eHHS] MIKHApOIHOTro (iHAaHCYyBaHHs Ta IHBECTHUIIIH,
OCKUIBKH Bi/INIOBiJIa€ MpiopuTeTaM €BPONEHCHKOro 3eJIeHoro Kypey, Crparerii
€C 3 GiopizHomaniTTs 10 2030 poky Ta Jecsarumitts OOH 3 BigHOBICHHS
exocucTteM. TakuM YMHOM, IIO€JHAaHHS IHPPACTPYKTYpHOI PEKOHCTPYKIIT
3 BIJTHOBJICHHSIM NPHPOIHHUX €KOCHUCTEM JI03BOJISIE C(HOPMYBATH KOMILJICKCHY
MOZIeNb  MICISIBOEHHOTO PO3BUTKY TEPUTOpPIANBHUX TI'poMaja  YKpaiHH,
OpIEHTOBaHy Ha JIOBIOCTPOKOBY €KOJIOTIYHY Ta COLiaJIbHO-€KOHOMIUHY
CTIHKICTb.

TakuM YMHOM, TTO€AHAHHS MDKHAPOAHUX EKOJOTIYHUX CTpAaTerii i3 Haiio-
HaJIbHUMH TIpOrpamMaMy MiCISIBOEHHOTO BiJHOBJIEHHS CTBOPIOE IEPEIyMOBU
Uil GopMyBaHHS B YKpaiHi MOJEN CTaJoro PO3BHUTKY TEPHUTOPiallbHUX
rpoMaJi, OpiEHTOBAaHOI Ha BiJHOBJICHHS €KOCHCTEM, Ii/IBUILECHHS €KOJIOTIYHOT
0e3IeKH Ta IOBIOCTPOKOBY CTIMKICTh COIiaJIbHO-€KOHOMIYHOTO PO3BUTKY.

BUCHOBKU

Y xomi pocmigpkeHHs OyJ0 BCT@HOBJIEHO, IO Cy4acHi aHTpPOIIOTeHHI
(haxTOpH, 30KpeMa iIHTEHCUBHE 3€MJIEKOPUCTYBaHHS, IIPOMHCIIOBA AisIBHICTD,
ypOaHi3ailis Ta BOEHHI JIii, CYTTE€BO BIUTUBAIOTh HA CTAH MPUPOTHIX CKOCUCTEM
B YKkpaiHi Ta CBITi, CHPUUUHSIOUN JIETPA/IALliIo0 3eMeb, 3a0pYIHEHHS BOJAHUX
pecypciB, BTpary OiOpi3HOMAHITTSI Ta MOPYIICHHS EKOJOTIYHOi piBHOBAru.
AHani3 HayKkOBUX IWIJIXOAIB J0 30€pekeHHsS Ta BiJHOBIICHHS EKOCHCTEM
JIO3BOJIMB BHOKPEMHTH KOMIUIEKC CTPaTEriyHHMX HaNpsMiB, IO MOEJHYIOTh
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COI[I0-CKOJIOTIYHUH, EKOHOMIYHHWH, TIPaBOBHUH 1 IIPUPONOOPIEHTOBAHUI
acriekTH. BaxkimBoro mepeayMoOBOIO e(DEeKTHBHOCTI TakKHX CTparerid
€ iHTerpauis HayKOBHX 3HaHb Y CHUCTEMY YIPaBIIiHHS TEPUTOpiaIbHUMHU
rpoMaJiaMy Ta JIep)KaBHY E€KOJIOT1UHY ITOJIITHKY, 1110 3a0e3Ievy€e y3ro/KeHICTh
€KOJIOT1YHHX, COL[IaJIbHO-EKOHOMIYHUX 1 IPOCTOPOBHX MPIOPUTETIB PO3BUTKY.

OcoOnuBoro 3HaueHHs HaOyBa€ pOJIb TEPUTOPIAIBHUX TPOMaJa  SIK
KIIIOYOBUX CYO’€KTIB peajizaiii MpUpOJOOXOPOHHHX 3aXOJiB, OCKIJIBKH Ha
JIOKQJIBHOMY PiBHI BiJIOYBa€THCS OLIHKA €KOJOTIYHUX PH3HKIB, IJIaHYBaHHS
3aXO0J[iB BIJHOBJIIEHHS Ta YINpPaBIiHHS NPUPOAHUMHU pecypcaMmu. [HTerpamis
€KOJIOT1YHMX 3acajl y MPOLECH CTPATETIYHOIO Ta MPOCTOPOBOTO IUIAHYBaHHS
JI03BOJISIE TpoMajgaM e(EeKTHBHO YIPaBIsATH 3EMEJIbHUMH, BOAHUMH Ta
JICOBUMH pecypcamMu, (GOpMyBaTd JIOKaJdbHI EIEMCHTH HAI[lOHAIBHOT
€KOJIOT1YHOT MepeXi Ta MiJBUILLYBAaTH CTIHKICTh TEPUTOPIN 10 aHTPOIIOTEHHUX
1 KIIIMaTUYHUX HaBaHTaKCHb.

[IpoBenenuii aHasi3 ykpaiHCHbKHX YMOB I10Ka3aB, 1110 MacIliTabHi pyiHHawii
BHACJIIOK BOEHHOI arpecii CTBOPWJIM KPUTHYHI BHUKJIMKH IJISl 30€pekeHHs
MIPUPOJHOTO NOTEHIiay KpaiHu. [TicasiBoeHHE BiJHOBICHHS TEPUTOPIaIbHUX
rpomaJi noTpedy€e KOMIUIEKCHOTO IiAXOIY, IO Nepeadavyac peKyJIbTHBALII0
JICTPaIOBaHUX 3€MEllb, BiTHOBJICHHS BOJHUX OO’€KTIB 1 JIICOBUX MACHBIB,
a TaKkoX 1HTErpalliio IMPUHIHIIIB CTAJIOT0 PO3BUTKY Ta NPUPOIOOPIEHTOBAHUX
TEXHOJIOTI y  OymiBHHULITBO Ta PEKOHCTPYKLiIO  iH(pacTpyKTypH.
CuHXpOHI3allisl HaliOHAJBLHUX IPOTrpaM BIJAHOBIEGHHS 3 MIDKHAPOIHUMH
imimiaruBamu: Jecatunitrsm OOH 3 BiTHOBIICHHS €KOCHCTEM, €EBPONICHCEKIM
3€JIeHUM KypCOM Ta CTparerisiMu 30epekeHHs] 0i0pi3HOMAHITTS — CTBOPIOE
NepelyMOBU Uil 3aJlydeHHS PpECypciB Ta MiJBHIICHHS e(eKTHBHOCTI
MIPUPOJOOXOPOHHUX 3aXOIIB.

HayxoBo oOrpyHTOBaHi crparerii BiJHOBJIEHHS INPUPOJHHUX EKOCHCTEM
B VYkpaiHi MaroTh 3a0e3NeYuTH TapMOHI3aLil0 MK  EKOJOTiYHUMHU
MIPiOpUTETaMH, TpaBaMH JIIOJUHA Ta SKOHOMIYHMMH IOTpe0aMu MiCLEBHX
rpomMaJi, a TaKOXK CTaTH OCHOBOIO JJIsi PO3BHUTKY IHHOBAaLIMHMX MOJeJel
YIPaBJIiHHS NPUPOJHUMHE pecypcamu. BripoBakeHHS KOMIUIEKCHUX ITiXO/1iB
10 30epexeHHs €KOCHUCTeM, IX BiJHOBIICHHS Ta IHTerpamii y mnporecu
TEPUTOPIAILHOTO YIIPABIiHHS CHpUSTUME (POPMYBAHHIO CTAJIMX, EKOJIOTIYHO
Oe3reyHuX 1 COILiaJbHO BIAMOBINATBHUX TPOMAJ, 30aTHUX IPOTHIISTH
Cy4acHHMM Ta MaiOyTHIM BHKJIHMKaM aHTPOIIOT€HHOTO THCKY.

TakuM 4MHOM, PE3yNbTaTH JOCIIJDKEHHS IiJTBEPPKYIOTh, 110 HAyKOBI
cTparerii 30epe)KeHHsI Ta BiJHOBJICHHS NPUPOJAHUX E€KOCHUCTEM € HE JIMIIE
HEOOXiJHOI0 yMOBOIO €KOJIOTIYHOi Oe3neku YKpaiHM, a W KIIOYOBHM
YMHHHUKOM 3a0€3I1€4EeHHS CTaJ0r0 PO3BUTKY TEPUTOPIaJIbHUX TPOMa y Ticis-
BOEHHUI TIEPiO]I.
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AHOTALLIA

JociipkeHHsT TPOBEACGHO Ha OCHOBI aHai3y CydYacHHX HAyKOBHX
MiOXOMiB 10 30epekeHHsS Ta BIIHOBICHHS NPHPOIHHX EKOCHUCTEM B yYMOBaxX
3pOCTAalOYOr0  AHTPOIOTCHHOTO  HaBaHTAKEHHSA. PO3DISAHYTO  OCHOBHI
(akTopu nerpajianii JOBKIUISA, BKITIOYAIOYM IHTCHCHBHE 3eMIICKOPUCTYBAHHS,
ypOaHi3alifo, MPOMHUCIOBY MiSUIGHICTE Ta HACTIIKA BOEHHHX KOH(IIKTIB.
[IpoananizoBaHO HAYKOBO-CKOJIOTIYHI TMIIXOAM, M0 TOEJHYIOTH COIIiO-
EKOJIOTIYHI, eKOHOMIYHi, TIPAaBOBI Ta MPUPOAOOPIEHTOBAHI 3acaigy YIPAaBIiHHS
exocucremamu. OcoONHBY yBary MPHIUICHO pPOJi TEPUTOPiaTbHUX TpoMa
SK KIIFOYOBHX CyO’€KTIB peali3amii MpUPOJOOXOPOHHUX Ta BiJHOBIIOBAJIBHUX
3axofiB. BuW3HAUeHO TPIOPUTETHI HANPSAMH TMICISIBOEHHOTO BiJHOBICHHS
EKOCHCTEM, 30KpeMa pPEKYIBTHBAII0 [EeTPaoBaHUX 3eMellb, peadiTiTamiio
BOIHUX O0’€KTIB Ta JIiCOBIAHOBJICHHS. PO3MISAHYTO iHTErpaIliro Mi>KHApOITHUX
CTpareriit BimHOBICHHS, TakuX 5K Jecsrmtitrs OOH 3 BiTHOBICHHS €KOCHCTEM
1 €Bporieiicbkuii 3eTeHN Kypce, Y HalllOHANBHI TUTaHU PO3BUTKY. JlocimimkeHo
B3a€MO3B’SI30K CKOJIOTIYHOI TMONITUKM Ta CTparerii CTajJoro pO3BUTKY
TepuTopiabHUX TpoMan. ITokazaHO 3HAYEHHS IHCTHTYIIIHOI CIIPOMOXKHOCTI
Ta (piHAHCOBHX MEXaHI3MiB I €(PEKTUBHOI peatizarlii mpHpOIOOXOPOHHUX
3axomiB. OOIpyHTOBaHO HEOOXITHICTH KOMIDIEKCHOTO MiIXOAy, IIO IO€AHYE
HayKOBi, PaBOBi Ta EKOHOMIYHi aCTIEKTH YIIPABIIHHS TPUPOIHUMH PECYPCaMIL.
Momnorpadis cripsimoBaHa Ha (OpMyBaHHS HayKOBO OOTPYHTOBAHUX CTpAaTeTii
IU1st 3a0€3IeYeHH s KOJIOTIUHOT OE3IeKH Ta CTaJoro PO3BHTKY YKpaiHH.

Jlitepatypa

1. 3akon VYkpaiam «lIpo cTpaTeriuHy eKOJOTiYHY OLIHKY» Bif
20.03.2018. https://zakon.rada.gov.ua/go/2354-19

2. Konctutymiss VYkpaiam. https://zakon.rada.gov.ua/laws/show/254x/
96-Bp#Text

3. 3axon VYkpaiHm «lIpo OXOpOHY HAaBKOJMIIHHOTO HPHUPOIHOTO
cepenoBummay. https://zakon.rada.gov.ua/go/1264-12

4. 3akoH VYxpaimm «IIpo oxopony 3ememp» Bim 19.06.2023.
https://ips.ligazakon.net/document/T030962

5. 3axon Ykpaiau «IIpo exonoriuny mepexy Ykpainm» Bix 24.06.2004.
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=46311

6. 3axon VYkpaianm «lIpo cTpaTeriuyHy eKOJOTiYHY OLIHKY» Bif
04.10.2016. https://ips.ligazakon.net/document/JH21J00G

7. llpuHunMnu BiTHOBJIEHHS EKOCHCTEM, SKHMH CIiJ KepyBaTHCs
B pamkax Jlecsrwmitts Opranizamnii O6’emnannx Hamiit 2021-2030 pokis.
https://www.decadeonrestoration.org/publications/principles-ecosystem-
restoration-guide-united-nations-decade-2021-2030

151



8. UN Decade on Ecosystem Restoration 2021-2030 https://www.
decadeonrestoration.org/

9. UNEP - UN Environment Programme. https://www.unep.org/
explore-topics/ecosystems-and-biodiversity/what-we-do/decade-ecosystem-
restoration?utm_source=chatgpt.com

10. Hecsarunitrs OOH 3 BimHOBNCHHs ekocucTeM. https://forest.gov.ua/
news/vsesvitnij-den-ohoroni-navkolishnogo-seredovishcha-pochatok-
desyatilittya-oon-iz-vidnovlennya-ekosistem

11. Crpareris exojoriyHoi Oe3meku Ta ajganrauii A0 3MiHM KiiMary
VYkpainu. https://mepr.gov.ua/wp-content/uploads/2022/08/NatsionalnaPolity
kaAdaptatsiyiDoZK mozhlyvostiTaNapryamyRoboty.pdf

12. Crpareris epKaBHOi €KOJOTIYHOI MOJITHKK YKpaiHM Ha mepioj A0
2030 poky. https://ips.ligazakon.net/document/T192697

13. HamionanpHuii 1u1aH BiTHOBIICHHs YkpaiHu. https://ua.urc-international.com/
plan-vidnovlennya-ukrayini

Information about the authors:

Kvasnii Zenovii Vasylyovych,

Candidate of Economic Sciences,

PhD student,

Private Joint-Stock Company “Higher education institution
“Interregional Academy of Personnel Management”

2, Frometivska street, Kyiv, 03039, Ukraine

Senkiv Viktor Mykolayovych,

Candidate of Technical Sciences, Associate Professor,
Associate Professor of the Department of Ecology,
Ivan Franko National University of Lviv

1, Universytetska street, Lviv, 79007, Ukraine

Danylenko Yurii Volodymyrovych,

Doctoral Student,

Private Joint-Stock Company “Higher education institution
“Interregional Academy of Personnel Management”

2, Frometivska street, Kyiv, 03039, Ukraine

152



CHAPTER 8

NATURAL ECOSYSTEMS:
FIGHTING HUNGER, ENERGY AND RAW MATERIALS
DEFICITS IN THE MODERN WORLD

Kichura D. B., Sobechko I. B.
DOI https://doi.org/10.30525/978-9934-26-654-6-8

INTRODUCTION

Today, half a billion people on planet Earth do not have enough food.
To produce a sufficient amount of vegetable protein, from which farm
animals create high-quality animal protein, agriculture needs large amounts
of nitrogen fertilizers, which are produced by industry. The modern history
of microbiological protein production began during the First World War in
Germany — the use of yeast. Due to food shortages, baker’s yeast was grown
on an industrial scale and “stuffed” mainly sausage products, some dairy
products and instant soups with it. Yeast has a significant advantage, feeding
on cheap sugar solutions, while converting sugar into high-value protein.
During World War 11, thousands of people were saved from starvation with
the help of yeast “flakes”, but the hard times passed, and the experience was
forgotten. Only in the 60s did they start building plants for the production of
protein using microbes again, since humanity needed more and more of it.
Along with the use of oil alkanes and alcohol, wood is a source of nutrients.
But at the same time, wood cellulose is not broken down by yeast and must
first be destroyed using acid into building “blocks” — sugars. Agricultural
waste such as straw, cotton residues, potato waste, vegetables and fruits,
containing no more than 5 % protein, can also be converted by microbes into
valuable feed.

The pharmaceutical business today ranks third in terms of investments
and profits after the drug trade and arms. For example, if in 2010 the profits
of pharmaceutical companies reached 300 million dollars, then when the
pandemic took place in 2002, 2003, 2009 the profits reached 1...2 billion
dollars, as we see an impressive difference of 1000 times. Let’s ask ourselves,
who will miss such an opportunity to make money? Profits during the 2019
pandemic reached more than 200 billion dollars and are growing to this day,
as more and more new strains of viruses appear, which require new research,
and therefore further development of vaccines, antibiotics and other auxiliary
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materials. Nevertheless, the main idea of developing biological energy
sources, which, unlike oil and coal, are constantly renewed, has a great future.
In many countries, agricultural waste unsuitable for other needs is rationally
processed into alcohol. When processing sugar beets and sugar cane, they
accumulate in the form of molasses, and in cheese production — in the form
of sugar-containing whey. But alcohol is used not only to obtain energy, it
is also used in industry as a solvent, as a raw material for the production of
dyes, artificial fibers, adhesives and cosmetics.

1. Edible microbes

First of all, there is a shortage of products containing complete protein,
such as: meat, fish, eggs, milk, legumes (beans, peas, soy). The problem
is exacerbated by the fact that the Earth’s population is increasing by
approximately 70 million people annually; in order to cover at least the
additional need for 2 million tons of protein caused by population growth, it
would be necessary to grow protein-rich soy on an area of 40 million hectares.
It is precisely in regions where there is a shortage of protein foods that the
highest rates of population growth are noticeable with little development
of agriculture and industry. To obtain 1 kg of animal protein, 5-10 kg of
vegetable protein are needed, thus, already at this stage part of it is “lost”,
and this is in addition to the colossal losses of products that are caused by the
“work” of agricultural pests, carelessness in harvesting, transportation and
storage. Microorganisms could effectively help solve the food problem of
mankind. They not only produce medicines, wine and cheese — they are also
edible! They contain high-quality proteins, fats, sugars and vitamins.

As ecarly as 1521, after the conquest of Mexico, the Spaniard Bernal
Diaz del Castillo reported that the Aztecs ate strange little “pies” similar to
cheese. Today it is known that these “pies” were made from unicellular algae
that lived in Mexican lakes. Thousands of kilometers away from Mexico,
the African natives living on the shores of Lake Chad, the Kanevu tribe,
have also eaten unicellular blue-green algae of the genus Spirulina since
time immemorial. This algae grows in significant quantities in Lake Chad,
it is caught, dried and eaten like vegetables. In fact, algae are good protein
producers, they double their mass in just 6 hours. For example, cereals need
2 weeks for this, chicks need 4 weeks, piglets need 6 weeks, and calves
need 2 months. Therefore, in many countries, science is making a lot of
efforts to create an “algac farm”. This requires quite numerous reservoirs,
namely pools with a large surface area of water. There, algae will be able
to be sufficiently irradiated with sunlight, with the help of which they form
sugar and then protein from carbon dioxide, water and mineral nutrients.

154



The need for light and air does not require any financial costs, and to encourage
algae to grow abundantly (numerously), only cheap mineral supplements are
needed. On the same area, Spirulina algae produces 10 times more protein
mass than wheat, and with a higher protein content. When harvesting, the
algae are simply “strained” through a mesh, later they are dried in the air and
substances are added to them that improve the taste. After that, the product
is ready for consumption and goes on sale. Why haven’t similar large-scale
farms been created in areas where the population is starving? Only because
even such a simple technology is missing there, and in many regions, water
supplies are very limited, which is quite expensive' % ?.

2. “Homemade liver” from microbes

Bacteria, yeast and other lower fungi grow even faster than algae.
Bacteria double their mass in 20 minutes to 2 hours, and the bacterial mass
can consist of 70 % protein. It has already been said that algae synthesize
protein 100,000 times faster than a cow. At the same time, a cow gives us in
the form of meat about 10 % of the nutrients that the cow itself consumes in
the form of plant food, 0.9 % of the cow’s feed for human nutrition is lost!
In bacteria, yeast and fungi, almost the entire mass of nutrients is converted
into proteins, sugars and fats suitable for use by humans and animals. Over
time, it was discovered that microorganisms are able to consume not only
sugar-containing nutrient solutions, but also assimilate oil components —
alkanes (saturated hydrocarbons of the general formula C, H, .,). Inedible
for humans and animals, solid alkanes — paraffins — are only microbes able
to utilize and convert into valuable protein. In 1963, the first experimental
installations began to operate on pre-purified oil samples, growing yeast of
the genus Candida, which consumed alkanes and at the same time multiplied
very quickly, forming protein. About 1 ton of oil was obtained, containing
600 kg of protein. Moreover, much higher quality diesel fuel was obtained
from the oil that remained and did not contain alkanes. At the very beginning
of the production of yeast from alkanes, many doctors and veterinarians
expressed concerns that the protein obtained in this way would be toxic to
higher mammals. But many years of research have shown that yeast protein
is harmless, thanks to many years of experiments this protein is one of the
most studied food and feed products. The discussion between scientists and

! Biorexuonorist : nigpyunuk / B. I. Tepacumerko, M. O. T'epacumerko, M. 1. L[BinixoBcbkuii Ta iH. ;
nig pexn. B. I. Tepacumenka. Kuis : IHKOC, 2006. 647 c.

2 JOnesuu O. 1. BiorexHounoris : HaBuansHuil nocibuuk / O. 1. FOnesuny, C. 1. Kosryn, M. L. T'wis ;
3a pen. M. 1. T'unb. Muxonais : MJIAY, 2012. 476 c.

3 W.-D. Fessner Biocatalysis: From Discovery to Application. 2000. 268 p.
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manufacturers about the possibility of widespread use of microbiological
protein (vitamin protein concentrate VPC) as a feed additive in livestock,
poultry, and fish farming has taken on a truly dramatic color today. Scientists
associate the difficult ecological state of some regions of countries and the
population with the location of VPC production plants in these areas?, 5.

Yeast protein exceeds all fodder plants in terms of its nutrient content.
Experiments have shown that 1 ton of yeast can replace 7-8 tons of feed grains.
The first large-scale enterprise for the production of yeast based on alkanes
began operating in 1973, with a capacity of 70,000 tons per year. Subsequently,
8 giant factories for the production of “alkane” yeast operated. Such enterprises,
where valuable protein was produced from oil, operated in Germany in the
city of Schwedte (the final point of the Druzhba oil pipeline), as well as in
Romania. A similar “protein factory” was also built in the People’s Republic
of China, since the oil fields of this country are characterized by a high content
of alkanes. Even Arab oil-exporting countries are now showing great interest
in this biotechnology, because the production of feed protein from their own
oil, with its colossal reserves, is economically profitable, because then there
is no need to cultivate land in the deserts that occupy the main territory of
these countries. With proper biotechnological production, there is no need for
expensive imports of grain, beans, soybeans or fish meal. In the mid-70s, as
a result of an unexpected rather strong increase in oil prices, countries that
do not have their own oil production were forced to look for another, cheaper
source of nutrients for microbes that produce protein. Methyl alcohol, which
was obtained in pure form from coal or oil, was proposed as such a substitute. In
the UK, Bacterium Methylophilus methylotrophus “works” at one installation
for the synthesis of microbial protein from methanol; The annual productivity
of this bacterium is 50,000 tons of protein feed “prutin”, which is used mainly
in the cultivation of broiler chickens and fattening calves. A bioreactor with
a volume of 150,000 liters of absolutely sterile nutrient solution in which the
bacteria live at 35 °C, consuming exclusively methanol, ammonia and oxygen
from the air. Bacteria are continuously released from the bioreactor; later
they are treated with hot steam (the vital activity of the bacteria stops), and
the obtained biomass in the form of rather large lumps is dried. As a result,
a granular product is obtained, which has the color of burnt sugar; the brand
name is prutin.

Since 1985, microbial protein has also been used in the food industry
for the production of various dishes and semi-finished products. In the UK,

4 Roger L. Lundblad Biochemistry and Molecular Biology Compendium. 2007. 422 p.
* Lilia Alberghina Protein Engineering For Industrial Biotechnology. 2003. 374 p.
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specialized stores sell puff pastry with filling, similar in appearance and
taste to beef. You can feel the “meat fibers” in this dish! The new bioproduct
mycoprotein (from the Greek mykee — mushroom, protein — protein) is made
from the Fusarium fungus. It contains 45 % protein and 13 % vegetable fat, that
is, it is not inferior in nutritional value to many varieties of meat. The mushroom
threads (mycelium) are so “interwoven” with each other that an external
analogy with meat fibers appears. And as you know, fibrous food is extremely
important for good digestion. Fusarium grows on all sugary substances: in
Europe, for example, potato waste is used for this, in America — cassava roots
(cassava (manioc) is a plant of the Euphorbia family, which is grown in areas
with a tropical climate, flour is obtained from its roots), fruits or sugar cane®.
Along with “beef”, “chicken meat” is also made from Fusarium. Soon, stores
will be able to buy at least 10 types of pies, minced meatballs, salads and
delicacies made with the addition of microbial protein. In Finland, with the help
of lower fungi that grow on toxic wastewater from a pulp and paper factory,
10,000 tons of valuable feed protein are produced annually. Without “microbial
treatment”, these wastewaters cause mass fish deaths in lakes and rivers. In this
case, biosynthesis solves two problems at once — obtaining protein from non-
expendable nutrient solutions and protecting the environment’ %,

3. Plants that fertilize themselves

Nitrogen, along with carbon, hydrogen and oxygen, are the main
components, the so-called small “building blocks”, that make up the
compounds found in all living things, proteins and hereditary material. The
air contains 78 % by volume of nitrogen, but neither humans nor animals
can absorb gaseous nitrogen. The same applies to a significant part of plants,
which are only able to absorb chemically bound nitrogen in the form of
ammonium salts, nitrates or urea.

The ancient Romans already knew that growing legumes, such as clover,
lupine, alfalfa, beans and peas, increases soil fertility. When legumes were
first cultivated in a field, they were first spread on it with soil from fields
where plants of this family were already growing. Of course, the Romans
could not yet know that they owed their agricultural successes to nitrogen-
fixing nodule bacteria that live in the root systems of certain types of legumes.
In symbiosis with the plant, these microbes convert atmospheric nitrogen into

¢ Ehud Gazit, Anna Mitraki Plenty of Room for Biology at the Bottom: An Introduction to
Bionanotechnology. 2013. 216 p.

7 T. Iupor Bioximiuni ocHOBH MikpoGHOTO cunTe3y Kuis : Jlipa, 2019. 349 c.

8 Tpoxumuyk 1. M., Ilmora H. B., JlorBunerko B. II., Cauyk P. M. BiotexHoorist 3 ocHOBaMu
eKOJIOTi1 : HaBYaNbHUH nociOHuk. Konmop, 2019. 539 c.
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ammonia, one of the nutrients that the plant absorbs. Thus, the bacteria supply
nitrogen fertilizers to the soil, and in return receive other nutrients from the
plant. Ammonia is also produced in industry by the so-called Haber-Bosch
process: atmospheric nitrogen at 550 °C and a pressure of several hundred
atmospheres is combined with hydrogen to form ammonia, which is then
applied to the soil as a “nitrogen fertilizer” (ammonium salts). The chemical
method of producing ammonia requires enormous energy costs, and energy
is becoming increasingly expensive, which is why fertilizer prices have
increased significantly. As a result, nitrogen fertilizers become inaccessible to
agriculture precisely in those countries where increasing yields is a priority
task in order to feed a half-starved population’.

To this should be added that, generally speaking, plants absorb only
less than half of the amount of fertilizers that are introduced into the soil
by humans. A significant part of the fertilizers is washed out of the soil
with rainwater and later “oversaturates” lakes and rivers. As a result,
microorganisms multiply excessively in water bodies, which completely
consume the oxygen dissolved in the water, after which significant numbers
of these microorganisms die. Along with the bacteria, fish, crayfish and all
other living creatures that require oxygen die'°.

Bulbous plants form ammonia at normal temperature and pressure.
For example, red clover produces 100-150 kg of nitrogen “fertilizers” per
1 ha of crop with the help of its own bacteria. In general, microbes remove
approximately 100 million tons of ammonia from the air annually, compared
to 40 million tons produced industrially at “hellish” temperatures and high
pressure. Moreover, tuber bacteria once again demonstrate the advantage of
biological processes that save energy. The formation of “nitrogen fertilizers”
from the air by microbes has another advantage: they are not washed away by
rain — therefore, they are completely preserved for plants and do not pollute
water bodies. Thus, in 2000, American scientists invented a type of red worm
that devours garbage with the formation of beneficial microflora: this creature
is able to digest 1 kg of garbage per day and obtain 250 g of humus rich
in useful and nutritious substances. This method of garbage processing has
become interested in Japan, where entire islands have been constructed from
garbage, on which people live and work. In many countries, experimental
attempts are being made to colonize other non-legume crops with nodule
bacteria. Genetic engineers are also trying to transfer genes from nitrogen-
fixing bacteria into cereal cells.

? Tupor T. I1. 3aranbha mikpo6iosoris : mixpyunuk. Kuis : HYXT, 2004. 471 c.
1o dgopceka I B., T'yass C. I1., Twarym C. O. Ipomucnosa mikpo6ionoris. JIbBiB : Bua. ueHtp
JIbBiB. Ham. yH-Ty iM. | ®panka, 2008. 256 c.
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4. New plants from a test tube

Before cereals “learn” to extract nitrogen directly from the air, a lot
of research needs to be done. At the same time, new high-yielding plant
varieties are already being propagated in a test tube using biotechnological
methods. First, scientists cultivate plant cells (in principle, by analogy with
the cultivation of microbes) in nutrient solutions. Later, using enzymes, they
carefully dissolve the cell walls. Such a “naked” single cell is able to divide
and multiply, forming a cluster of cells (callus) in the nutrient solution.
After adding certain specific nutrients and growth-promoting substances,
full-fledged plants emerge from this cluster of cells after some time! In
this way, thousands of plants can be grown in a test tube from 1 g of plant
cells. Asparagus, pineapple, strawberries, alfalfa and ornamental plants have
already been propagated in a similar way. Now, on 1 m? of laboratory space,
100,000 such plants can be grown in a short time, all from the cells of one
“superplant”. The resulting offspring are called clones (from the Greek clon —
branch). All of them — like identical twins — have the same hereditary material.
For example, through cloning, it was possible to obtain 1,000 young olive
palms, which were planted in Southeast Malaysia. These palms are direct
descendants of one palm tree, which turned out to be extremely resistant to
diseases, and also produced 20-30 % more palm oil than ordinary palm trees.
At the first stage of cloning, a leaf is cut from the plant that is proposed
for propagation. In a solution containing enzymes that destroy cell walls,
thousands of single “bare” cells (protoplasts) are formed that do not have
walls. In a nutrient solution, the protoplasts form new cell walls, and the cell
begins to divide. After about 2 weeks, each individual cell forms a cluster
of cells (callus). The callus is placed on a special nutrient medium, where
it develops to its full potential and begins to form a shoot. On the second
nutrient medium, the shoot grows into a small plant with roots, which is later
planted in the ground. Thus, from a single leaf, thousands of new plants with
the properties of the mother plant can be grown in the shortest possible time.

If plant cells can be cultivated in nutrient solutions, like microorganisms,
why not also try to use them using genetic engineering methods? Plants that
are resistant to drought and plant protection agents (herbicides), that grow
even on saline soils and are characterized by a large amount of protein — these
are the goals set by genetic engineering specialists. Unfortunately, plasmids
cannot be directly introduced into plant cells, as was the case with bacteria.
But scientists have found a “snake” for genes here too: the widespread soil
bacterium Agrobacterium tumefaciens. This bacterium infects plant cells and
causes them to grow uncontrollably and form galls (disease-causing growths
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on plants). In the galls, the bacterial genes enter the plant cells with the help
of bacterial plasmids. Later, the modified plant cells of the galls are cloned in
a test tube, as described above, and whole plants are grown from them again.
Thus, it is indeed possible to transfer such properties to cultivated plants as
increased protein productivity, nitrogen fixation from the air, or resistance
to drought and pests. Out of pure scientific curiosity, an attempt was made
to incorporate firefly genes into tobacco plants. Tobacco plants subjected to
such manipulations emitted a greenish-yellow glow in the dark — proof that
the experiment was a success. Soon it will be possible to create plantations
of trees that grow quickly specifically for the needs of the pulp and paper
industry. The basis for them can be transgenic aspen, trees with introduced
genes outgrew control ones in growth by 5-10 times.

Foreign genes are introduced into the plant using special agrobacteria
or by “shelling” with a gene gun. In this case, a microscopic “ballistic
projectile” is covered with a thin layer of gold or tungsten particles, on which
genetic material is placed. After firing, the particles penetrate the plant cells,
introducing genetic constructs with the necessary genes. The developed design
of a gene gun using compressed air turned out to be very successful. With
its help, it was possible to obtain more than 30 transgenic plants — wheat,
potatoes, tomatoes, cucumbers, peas, soybeans, strawberries, rapeseed, aspen,
which was already mentioned, and cedar.

All these plants have many unique features — increased yield, resistance
to weather vagaries, intensive growth. But the specialists are in no hurry
to transfer the resulting plants to production, although they work only with
those genes that are primarily present in all plants. They want to make sure
that they are completely safe and harmless to humans, and that the process
of attenuation of the expression of the introduced genes will not begin in the
“alien environment”. To this end, the biochemical and physiological features
of the transgenic plants created here are being studied in the newly created
laboratories of the institute.

In 1999, the American The Monsanto company offered 4 regions of
Ukraine to grow GM potatoes (Volyn, Vinnytsia, Rivne, Khmelnytskyi).
Two potato crops that they harvested were buried in Cherkasy region, but
it must be borne in mind that firstly, not the entire crop was buried, and
secondly, pests remained that had developed immunity to herbicides and
became much more dangerous and resistant to the effects of pesticides. They
wanted Ukraine to become a springboard for growing GM plants. Although,
if you believe today’s official data, 40 % of GM corn, wheat, potatoes are
already grown in our country, 80% of rapeseed and soybeans in Ukraine
are also GM. Despite the fact that Ukraine has a law prohibiting the use
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of GM plants in food production and even to meet the needs of the chemical,
fuel or energy industries.

In 2010, 150 million hectares — about 10% of the area on which
agricultural crops are grown — were used for the production of GM plants.
GM fruits and vegetables have no taste or smell, and during their storage,
which lasts up to 3—6 months, they do not lose their consumer properties at
all. The disadvantage of their storage is that the longer they are stored, the
more proteins accumulate in them, which negatively affect the human body.
In 2020, more than 210 million hectares in more than 30 countries around
the world are occupied by GM plants. In 2008, the American subsidiary of
Monsanto Engine encroached on the most sacred, medicine, proposing to
introduce a gene into a banana that has rubella antibodies in order to kill
two birds with one stone. On the one hand, to relieve children of the fear of
vaccination, and on the other, to support its production'!.

5. Microbes against pests

In some African countries, insects or rodents destroy about 60 % of the
harvest. In Europe, crop losses are from 25 to 40 %. In addition, in tropical
countries, insects are carriers of dangerous viral diseases, such as malaria
(Anopheles mosquito) or sleeping sickness (Tsetse fly). Malaria is the first
disease to affect 300 million people every year. In terms of its scale, malaria
ranks first in the world among other diseases on Earth.

Various chemicals called insecticides are used to combat insects; annual
costs for these products are approximately $ 2.5 billion. But not only pests
die, but also all other insects that come into contact with insecticides.
Therefore, insecticides disrupt the common habitat of animals and plants, and
animals that consume these insects, especially birds, are gradually poisoned.
Insecticides eventually get into water and food. In addition, insecticides are
no longer effective against approximately 400 insect species. Because these
species have become resistant to the drugs used. In order to combat such
resistant species, it is necessary to either increase the dosage of poison or use
new insecticides. Therefore, many countries are searching for environmentally
friendly biological methods of pest control.

Today, in the USA and other countries on different continents, millions of
tiny (no more than 1 mm long) Trichogram riders are already grown by the
“flow method” and transferred to fields affected by pests. Each Trichogram
female pierces up to 300 eggs of other insects and lays her eggs in them.

' Menpumuyk M. ., Hosak T. M., Kynax A. B. Biorexnomoris pociun. Kuis : Iloxirpad
Koscantunr, 2003. 520 c.
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Trichogram caterpillars, which are formed from the eggs of parasites, cat the
contents — the eggs of the host and thus protect the plant.

Bacteria, fungi and viruses are also used to combat pests. Thus, Bacillus
thuringiensis, which became known in Thuringia as a moth larva exterminator,
has proven itself well as a caterpillar “killer”. Fields are sprayed with aqueous
suspensions of these microbes, and the caterpillars eat them along with
their food. The microbes form poisonous protein crystals that destroy the
caterpillar’s intestines, causing their death. Bacillus thuringiensis is currently
grown in bioreactors. One ton of the microbial preparation is enough to rid
300 hectares of forest, beet fields, cotton crops or fruit tree plantations of pests!
It was also possible to transfer the gene that controls the formation of poisonous
protein crystals from Bacillus thuringiensis to bacteria that inhabit the roots
(Pseudomonas florescens). Now, the caterpillars of the winter scoop, which
damage cereals by gnawing at the roots, die if they only ingest Pseudomonas
bacteria transformed by genetic engineering methods with their food.

The combined use of Trichogramma riders and bacilli against cabbage
moths has been tested. In this case, the “riders” reduce the number of butterfly
eggs, while the bacilli kill only the caterpillars that have hatched. The new
bacterial strains are specifically effective against the Colorado potato beetle.
Insects that consume the leaves of forest trees, such as the oak borer or
various types of silkworms, can be eliminated in the same way as houseflies,
goldfinches or Anopheles mosquitoes, without harming other insects,
including bees. In Eastern European countries, viruses are successfully used
against the odd-toed silkworm and the nun, and in the USA against the spiny
worm. Microscopic fungi are used to combat the Colorado potato beetle,
apple fruit borer and insects. The so-called biological protection of cultivated
plants is specifically aimed at harmful insects that are characterized by mass
reproduction. In this case, the balanced coexistence of all living things is not
disturbed and, in addition, no toxic substances enter our natural environment.

6. “Frost-resistant” bacteria

In addition to pests, unexpected night frosts in spring or early autumn also
cause significant crop losses. But cold damages plants only when ice crystals
form on them and inside their various parts (roots, stems, leaves).

It was discovered that billions of bacteria of the Pseudomonas syringae
species live on plants and secrete proteins. Ice crystals form around the “ice-
forming” bacteria and their proteins at sub-zero temperatures. Experiments
have shown that if you get rid of these bacteria, then ice crystals do not
form on plants almost down to -8 °C. Conversely, in the presence of “ice-
forming” bacteria, ice crystals appear on plants at temperatures close to zero,
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which damage plant tissues. These “harmful” bacteria have found a useful
application: they are added to water in “snow cannons”: even with a slight
cooling to create a snow cover in order to provide conditions for winter sports.

But another idea is more interesting: an attempt was made to transform
bacteria “ice-forming” by genetic engineering methods, namely, to cut out
from bacterial DNA the gene that controls the formation of protein from “ice”.
After this “operation” the bacteria can no longer produce protein from “ice”.
And indeed, ice crystals no longer formed around these modified bacteria!
For the test, these bacteria were used to spray land plantings. It turned out
that “frost-resistant” bacteria suppressed the development of bacteria — “ice-
forming” and warned the plant against sudden drops in temperature. In this
case, the strawberry bushes were only experimental plants, since the main
task is to protect orange, grapefruit and lemon trees from frost. It is possible
that in the future these plants, which are sensitive to sub-zero temperatures,
can be grown in areas much further north ',

These possibilities are constantly being tested. The fact is that some
researchers fear that new microbes can spread throughout the world and
disrupt the natural balance of various species. In this regard, biotechnology
bears a special responsibility, because it is necessary to guarantee that new
microbes will be completely safe and will not harm nature and humans.

7. Clean water thanks to the work of microbes

In 1892, the residents of Hamburg thought that they could take drinking
water directly from the Elbe and Alster rivers. But such ideas had a tragic
end — the residents of Hamburg were “mowed down” by cholera. The water
has long ceased to be clean. It is a habitat for microbes, including the most
dangerous pathogens of cholera. In large cities, wastewater treatment has
become mandatory. Today, each resident of the city “produces” 150-200
liters of wastewater annually. When producing 1 ton of paper, the volume of
wastewater is approximately the same as the volume of domestic wastewater
of 1,000 people, and often the wastewater of one chemical plant corresponds
in volume to the wastewater of a city with a million inhabitants.

The natural ability of rivers to self-clean, due to the activity of
microorganisms, is now no longer enough, so wastewater must be
decomposed with the help of microorganisms in giant treatment plants so
that the wastewater can be discharged into rivers and lakes without harming
the natural environment. When treating wastewater, microorganisms do

12 Piuapn Jlokkin3 Hayka jurst myini Hotatku parionanicta / nep. 3 anri. Jl. Ilpokonuk. Kuis : Hamr
(opmar, 2019. 384 c.
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a particularly hard job. Consuming oxygen in the process of breathing, they
use it to decompose substances (carbohydrates, proteins, fats) in wastewater
to carbon dioxide and water, and on this basis grow and build their new cells.
Treatment plants provide them with the best conditions for development,
reproduction and destructive activity. These are giant “biofactories”, and
their “bioproduct” is clean water. When treating wastewater, macropollution
is first removed from it: paper, pieces of wood, remnants of matter. Heavy
particles of sand are deposited in sand traps. Only after this, the lighter
suspended particles are concentrated at the bottom of the sedimentation tank
in the sludge trap. This wastewater enters the aeration tank — an aerated tank,
where ideal conditions for the life of microbes are maintained. In the aeration
tank, bacteria, yeast and fungi form large flakes (“activated sludge”) with
wastewater substances, which are not decomposed due to the mucus (through
mucus) secreted by the bacteria. The main problem of this bioprocess is
related to the supply of oxygen to microbes. Microbes spend more than 1 g of
oxygen to break down 1 g of sugar, and the solubility of oxygen in water
at normal temperature is only 9 mg/l. Therefore, very soon after the start
of the microbiological process, all the oxygen contained will be completely
consumed by microorganisms. Thus, for the success of the business,
wastewater in the aeration tank must be constantly mixed and enriched with
oxygen. By the way, a person produces so much wastewater per day that
microorganisms consume 54 g of oxygen for its decomposition. To ensure
aeration of wastewater, the aeration tank is equipped with rotating brushes
and a pipe through which air is pumped into the water. The air constantly
“swirls” the activated sludge flakes, due to which they do not reach too large
sizes, remain suspended and are well supplied with oxygen. Microbes of the
flakes absorb wastewater substances, decompose them during respiration and
multiply at the same time. Some of the microbial flakes are later deposited in
secondary settling tanks in the form of sludge. A smaller part is returned to
the aeration tank in order to have a sufficient number of microbes to oxidize
the wastewater that is coming in again. All the sediment collected from the
first and second settling tanks is decomposed in septic tanks or methane tanks
(structures for fermenting sewage sludge with the help of microorganisms)
by methanobacteria until the formation of “biogas” (methane). This gas can
be used very efficiently by burning to obtain heat. The residual “fermented”
sludge is dried and often used as fertilizer.

The tanks of treatment plants occupy large areas. This condition, however, is
difficult to fulfill in industrial areas. Therefore, in recent years, biotechnologists
have developed ‘“small-sized” tower bioreactors with a height of about
15-20 m for wastewater treatment. Wastewater from industrial enterprises
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often contains substances and poisons that are difficult to decompose, such as
cyanide and mercury compounds. These substances are not decomposed by
“normal” microbes, they even kill many microorganisms. Therefore, a search
is underway for new highly productive strains of microorganisms that could
utilize such toxic impurities. For example, Indian biotechnologist Ananda
Chakrabarti has isolated “superbacteria” capable of breaking down highly
toxic agents 2,4,5 — T (2,4,5 — trichlorophenolacetic acid), which the USA
used during the Vietnam War to cause “leaf fall” in large areas of the jungle.
Since the chemical compounds of this group of pesticides cause leaf aging —
artificial leaf fall, they are known as defoliants. They are used in agriculture
in the period before harvesting for defoliation of plants (removal of leaves),
mainly in cotton. Professor Chakrabarti has also identified true “eaters” of
oil. These bacteria “greedily” eat toxic oil residues and are used to quickly
decompose oil in the event of disasters with oil tankers, when large areas of
water are under threat of pollution by oil products!> 4,

Over time, microorganisms that have multiplied in considerable quantities
are eaten by other marine animals and thus quickly disappear. But disasters
that occur with tankers are only a small percentage of oil pollution. Every year,
about 6 million tons of oil enter the sea, a quarter of this amount is a result
of cleaning empty tankers in the open sea, a third is with sewage brought by
rivers. By the way, Professor Chakrabarti’s “oil eaters” are the first in history
“newly formed” living beings for which a patent has been issued. At the
Institute of Biotechnology in Leipzig, strains of bacteria have been isolated
that absorb and deposit mercury in their cells. If these “mercury collectors”
are deposited on a filter, then mercury can be recovered from wastewater.
Algae also have the ability to accumulate mercury, lead and silver in their
cells and thereby purify wastewater. And yet, the shortest and easiest way to
protect our planet’s water basin is to develop production processes that do not
emit any harmful products into the environment! This is exactly the goal that
biotechnologists want to achieve.

8. Biosensors: Microbes signal pollution
How, in fact, do we know how much wastewater is polluted? The content
of toxic and decomposing substances in wastewater can be signaled by
microbes themselves. First, the oxygen concentration is determined in each
sample, then microbes that live in wastewater are added to the samples. The

13 Daniela Cardinale, Thierry Michon Enzyme Nanocarriers. 2015. 266 p.
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sample bottles are tightly closed and after 5 days, the oxygen content in each
bottle is determined again. Samples with a high degree of pollution contain
many nutrients, so microorganisms will consume more oxygen here than in
samples with “clean” wastewater. But 5 days is a rather long period. During
this time, heavily polluted wastewater manages to enter rivers in significant
quantities. Therefore, an earlier “preliminary signal” is needed!

Over the past 10 years, “biosensors” have been developed — biological
measuring probes that show the degree of pollution of wastewater in a few
minutes. A biosensor is an electrode connected to an electronic display, which
displays data on the oxygen content in a given liquid. A thin layer of microbes
that live in wastewater and are retained on the electrode by a dense filter are
applied to the surface of this electrode. By immersing such a biosensor in
a liquid, it is possible to directly measure the “breathing” of microbes. In
the case when the biosensor is in clean water, the microbes almost do not
breathe, since too few nutrients are at their disposal and the biosensor gives
a very weak (weak) signal. On the contrary, if the biosensor is immersed in
a sample of wastewater containing many nutrients (i.e. heavily polluted), then
the microbes receive a lot of “food”, they breathe more intensively, consume
more oxygen, and the biosensors respond with a signal of great strength. With
this method, wastewater control can be carried out in one minute. With the
help of such biosensors, it is also possible to determine the concentration
of nutrients in the bioreactor. There are biosensors that work on the basis
of enzymes secreted from microbes. For example, a device with a biosensor
that carries the glucose oxidase enzyme on the surface of its electrode can
determine with great accuracy in 1 hour more than 100 blood or urine
samples whether they contain an increased amount of sugar compared to
the norm, that is, diagnose diabetes. Biosensors are particularly suitable for
serious tests. With their help, it is possible to check the health of 1000 people
in a short time'.

9. Renewable energy sources
In Brazil, hundreds of thousands of cars run on “new fuel”. This fuel
is ethanol! The impetus for the introduction of alcohol as a car fuel was
the energy crisis that grew in the 70s, when oil prices on the world market
suddenly rose sharply. Brazil had little oil, so its import quickly became
a burden for the country. In search of a way out of this situation, plans were
made to produce alcohol from vegetable raw materials.

15 N3sanesuu C. B., Commarkin O. I1. HaykoBi Ta TeXHONOTIUHI 3acajii CTBOPEHHS €IEKTPOXIMIYHHX
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166



Due to the considerable length and tropical climate of Brazil, growing
sugar cane on large areas did not pose any technical difficulties. In this most
powerful biotechnological project in the world, cane sugar is fermented with
the help of yeast, forming ethyl alcohol. In 1995, 10 billion liters of alcohol
were obtained! Thus, Brazil became the largest producer of alcohol in the
world.

In addition to sugarcane, which grows well only on fertile lands, it is also
proposed to introduce into production a starch-containing raw material — the
cassava plant (manioc). Unlike sugarcane, potato-like cassava plants grow
on depleted soils. But in them, it is first necessary to break down starch
using amylase into sugars, which are then fermented by yeast into alcohol.
Until now, it was believed that the Brazilian version of the biotechnological
solution to the fuel problem was the best. But it turned out that in Brazil,
significant areas of arable land are sown with “car feed”. To produce enough
alcohol to meet the annual fuel needs of cars with a mileage of 12,000 km, it
is necessary to collect plants from 13,000 m? of arable land. Meanwhile, for
the annual consumption of one person, only 800 m? is needed. In other words,
one car takes food from about 18 inhabitants! But in Brazil, millions of people
suffer from malnutrition! To this should be added environmental problems:
for economic reasons, industrial effluents from distilleries are discharged into
rivers untreated, turning them into dead waters, and tropical forests are cut
down in vast areas — that is, the pursuit of alcohol only leads to violations
of an already rather fragile and unstable natural balance. Wood waste can
also be broken down using enzymes into sugars. In some countries rich in
forests, so-called “energy plantations” are even being established. These are
fast-growing tree species, the wood of which is regularly “harvested” every
3-5 years and processed into sugar, which is used as a source of nutrition for
microorganisms. True, for many developing countries, wood has become as
scarce as food in other countries. In some arid regions of Africa, the annual
need for firewood per capita for cooking alone is only 0.5 m?. The last forests
are “burning”, the desert is advancing further and further. But what will
people use to heat their fireplaces tomorrow? Biotechnology offers a solution
here too: the production of biogas.

10. Bioethanol Project in Ukraine
Ukraine cannot fully provide itself with energy resources and is forced
to import a significant part of them, which is a significant import item and
hinders the development of our economy. Many countries are in a similar
situation, but economically developed countries have something to offer oil-
exporting countries, and first of all, these are industrial products. States that
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buy “black gold” abroad, despite the temporary drop in prices on the world
market for oil, are forced to develop systematic measures to save energy
consumption and look for alternative energy sources. It is also known that,
based on the assessment of global oil reserves, the era of its depletion is
approaching. Naturally, this will significantly exacerbate the energy problems
of most countries in the world.

For Ukraine, the search for new alternative energy sources is of
paramount importance today. In this regard, the role of biotechnology in
providing humanity with alternative sources is increasing. After all, it is
biotechnology that helps to utilize waste or plant biomass, as well as solid
municipal waste (garbage) for energy recovery. Various forms of energy can
be used to generate electricity, as well as as fuel for transport. There are
several types of transport fuels that can be obtained from biomass — biogas
(mainly methane), biodiesel and bioethanol. It is believed that fuel ethanol
has the greatest potential, given the inexhaustible sources of its production.
These can be herbaceous plants and wood, waste from agriculture and the
wood processing industry. As well as household waste. Ethanol is the oldest
product of biotechnology, which was born no less than 4000 years BC in
Ancient Egypt and Babylon. In this technology, sugars (glucose and fructose
and some others) are fermented anaerobically by yeast. Until recently, all
ethanol obtained in this way was used to produce alcoholic beverages. Only
small amounts of it, obtained chemically, have been used in industry, but
over the past 25 years the situation has changed radically. Today, more than
half of the world’s ethanol production is used as an additive to fuel for
internal combustion engines (gasoline), and only 15 % — for the production
of alcoholic beverages. For example, in 2000, world production of ethanol
was 35 billion liters, food ethanol (alcohol needed for the production
of alcoholic beverages) was produced 4 billion liters, ethanol used in the
chemical industry — 10 billion liters, and fuel ethanol — about 20 billion
liters. Only 7% of ethanol is obtained by chemical synthesis, and 93 % —
using yeast fermentation. About 60 % of the latter is produced from sugar,
the rest — from grain. Interestingly, the production volumes of edible alcohol
have remained unchanged since 1975, while the production of fuel ethanol
has been increasing year by year (from 2 billion liters in 1975, to almost
20 billion liters in 2000, 30 billion liters in 2010, 35 billion liters in 2020).

Today, all fuel ethanol is produced biotechnologically — by fermentation,
there are government programs to support the production of fuel ethanol.
In 2000, Brazil produced 6.5 billion liters of fuel ethanol, which provided
13% of its total energy needs and 19% of its liquid fuel needs. This
saved $36 billion that would otherwise have been spent on the purchase of
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petroleum products. Previously, Brazil produced mainly anhydrous ethanol,
which was used as fuel for cars with special engines. But recently, Brazil has
been using additives as fuel in which the ethanol content is 26 % in gasoline
and 3 % in diesel fuel. Such mixtures do not require changes in the design
of internal combustion engines and diesel engines. The United States is also
a significant industrial producer of fuel ethanol. Thanks to its production,
the USA saves $1.5 billion annually on the import of petroleum products.
In large cities with a population of more than 1 million people, in the winter
they use only gasoline containing 10 % ethanol, the so-called UE gasoline, or
gasohol. The sales volume of which in the USA is 12 % of the total gasoline
sales. EU countries produce 2 billion liters of ethanol annually, but today
they use less than 10 % as fuel. But the EU has adopted a bill that provides
for the addition of 5% ethanol to all types of gasoline by 2010, and up to
10 % by 2020. In addition to saving currency, the use of fuel ethanol in the
form of gasoline-ethanol mixtures allows you to significantly reduce the
content of harmful components in exhaust gases (carbon monoxide, oxides
and oxides of nitrogen, and other volatile toxic emissions). Back in 1994,
the USA adopted a special law, according to which gasoline must contain
at least 2% (by weight of oxygen) of oxygen-containing additives (mainly
ethanol) to reduce exhaust toxicity. The positive effect of using bioethanol as
fuel is extremely important, even global, because carbon dioxide, which is
released during combustion, has a primary atmospheric origin. That is, it can
be assimilated again by plants, which in the future will become a source of
fuel ethanol. And when using minerals as fuel, CO, is released, which is an
additional source of the greenhouse effect.

Fuel ethanol obtained from sugar cane fully pays for itself. Its production
in Brazil has been growing by 4 % annually since 1990, and the cost price
has decreased by 3 %. The reason for this is the scientific and technological
progress of the industry, new varieties have appeared, sugarcane cultivation
technologies have improved, new technologies for sugar extraction,
fermentation and distillation have been developed. Ethanol production from
corn, practiced in the USA, despite the reduction in the cost of fuel ethanol by
2/3 over the past 15 years (since 1990), is less profitable. But even today the
USA provides serious tax discounts on fuel ethanol to make it cheaper than
gasoline. According to the law that came into force in 2010, the discount is
$0.014 per liter of gas. Such a tax policy is to some extent due to the constant
support of low prices for petroleum products. Meanwhile, the real cost of
petroleum products is much higher than the price at which they are sold (for
example, in the USA, 4 times higher, taking into account the indirect costs
of the US state for monitoring and cleaning the environment from harmful

169



emissions during the production and use of petroleum products, as well as
for maintaining security in the main oil production areas in the Middle East).

Even in the USA, where corn is very cheap, maintaining the profitability
of fuel ethanol production requires government subsidies, while for other
countries, creating a profitable production process (so that ethanol competes
with imported petroleum products in price) is possible with a further
significant reduction in fuel ethanol prices. The main ways to reduce the cost
of this product are alcoholic fermentation technologies that can replace raw
materials for production or radically change the technology. The replacement
of raw materials consists in using biomass of whole plants such as grass,
wood, including agricultural waste, wood processing, and household waste
instead of grain. Basically, such dry biomass consists of cellulose (glucose
polymer), hemicellulose (glucose and xylene polymer), and lignin (aromatic
alcohol polymer), abbreviated as lignocellulose. The use of such non-
traditional materials makes the raw material base for producing fuel ethanol
practically inexhaustible. Calculations show: using only agricultural waste,
wood processing industry and municipal waste for fuel ethanol production will
allow the USA to replace 40 % of gasoline with ethanol. Specially cultivating
certain woody (alder, aspen, etc.) and herbaceous (in particular sorghum)
plants for further conversion into ethanol could provide the remaining 60 %.

The problem of alcoholic fermentation of lignocellulose has been studied
for at least 20 years. Various international conferences are attended. Special
scientific periodicals are published “Biomass and Bioenergy”, “Renewable
Energy”, “Bioresource Technology”, etc. But the problem turned out to be
quite complicated. Lignocellulose consists of three biopolymers — cellulose,
hemicellulose and lignin, the first two are hydrolyzed to the corresponding
monomers, sugars, among which the main ones are glucose (up to 40 %) and
xylose (up to 30 %). Methods of such hydrolysis: chemical or enzymatic are
still far from optimal. Well-known baker’s yeast, which effectively ferment
glucose to alcohol, but would be able to ferment xylose to ethanol, were
not described at all until recently. Since there is no free xylene in nature.
Nevertheless, such yeasts have been discovered, although they accumulate
small amounts of ethanol.

Today, the most effective way to obtain ethanol from plant raw materials
is simultaneous enzymatic hydrolysis with subsequent fermentation of free
sugars. Enzymes — fungal cellulose and hemicelluloses, which effectively
hydrolyze crushed lignocellulose, but function at a relatively high
temperature of 45 °C, while known yeasts ferment sugar only at 30 °C. The
cost-effectiveness and profitability of such production largely depends on the
sale of ethanol. If ethanol is sold at $0.33 per liter, a fuel ethanol plant will

170



not be profitable without producing a second product, furfural. Even if the
cost of transporting waste is $0.19 per ton of dry matter per 1 km (taking
into account the idling in the opposite direction) and only 10 % of the waste
is processed. The optimal plant size should process 4360 tons of waste
per day. Significantly larger or smaller plants are unprofitable. The capital
investment for building such a plant is $455 million. The annual profit would
be $281 million, and the costs would be $173 million, so the annual profit
(before taxes) would be $108 million.

If we conduct an economic calculation of ethanol production using
herbal plants, the price of ethanol would be $0.62 per liter. At this price,
ethanol production is profitable without the simultaneous production of other
products. However, only practice can give a decisive answer regarding the
profitability of ethanol plants. Since 2000, the first industrial plant for the
production of fuel ethanol from bagasse — waste from sugarcane processing,
mainly — the remains of plant stems and leaves, was launched in Brazil, with
a capacity of 75 million liters of ethanol per year, the price is as close as
possible to gasoline. The operation of such a plant was the first technological
and economic test of the profitability of fuel ethanol production from
lignocellulose in the conditions of using today’s technologies. A positive result
will allow the processing of the entire (whole) sugarcane plant into alcohol,
and not just extractive sugar, without increasing the cost of transporting raw
materials.

Ukraine has wide possibilities for industrial production of such ethanol.
Since the state produces many agricultural products, annually accumulating
considerable amounts of agricultural waste — straw, corn cobs, sunflower
husks. In addition, significant amounts of solid household waste are
collected, mainly consisting of lignocellulose. Ukraine is a large producer
of edible alcohol, at the same time many alcohol plants are not operating
at full capacity or are idle at all. In the future, the capacity of these plants
can be used for biofuel production, but such production must be profitable.
The cost of biofuel will depend on the tax policy of the state, its cost, which
in turn is dictated by the production technology. Despite the fact that the
creation of the latest technologies for producing biofuels is very relevant,
until recently, scientific developments in this direction were not carried out at
all in Ukraine. But while there are unresolved scientific problems of a more
general nature, the solution of which would make the production of fuel
ethanol more efficient.

One of these problems is the need to reduce the cost of the process of
distilling ethanol from the fermentation liquid. The classical process is quite
energy-intensive (63 % of all energy costs are distillation costs). This is due
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to the relatively high boiling point of ethanol (78 °C). Several years ago,
American researchers proposed stopping the process of alcoholic fermentation
at the stage of acetaldehyde (boiling point 21 °C), which can be converted
into ethyl alcohol in the process of chemical catalysis at room temperature.
But so far, effective methods of stopping alcoholic fermentation at the
stage of acetaldehyde formation have not been technologically developed.
Scientists at the Lviv Institute of Cell Biology of the National Academy of
Sciences of Ukraine first proposed using mutant strains of methylotrophic
yeast, specially obtained at the institute, for fermentation, along with
general cultures of alcoholic yeast. This indeed leads to the accumulation of
acetaldehyde, a very volatile compound, as the final product, not ethanol, but
acetaldehyde, a highly volatile compound that evaporates spontaneously at
room temperature without any distillation.

All known industrial processes of alcoholic fermentation are periodic, that
is, they require the fermentation process to be resumed after the accumulation
of 10% ethanol, which makes the latter highly toxic to yeast. Attempts to
conduct continuous fermentation, in which the accumulated ethanol would
be constantly removed and the sugar substrate for fermentation would be
constantly added, were unsuccessful. The idea mentioned above — to use
compatible yeast cultures for alcoholic fermentation with the formation of
acetaldehyde as the final product — can also solve the problem of continuous
alcoholic fermentation. If the fermentation is carried out at a temperature
higher than the boiling point of acetaldehyde, the latter will not accumulate,
but will evaporate spontaneously, and the process of its formation from sugars
can be continuous.

As already mentioned, technologies for alcoholic fermentation of
lignocellulosic raw materials are being developed all over the world, which
would significantly reduce the price of fuel ethanol. But alcoholic yeast cannot
ferment up to 40 % of the sugars of such hydrolysates. Other yeast strains
have been found that can ferment all the sugars of hydrolysates, although the
efficiency of such a process is very low. In Ukraine, unfortunately, no one has
been engaged in alcoholic fermentation of hydrolysates and other waste until
recently. But in recent years, Ukrainian and Belarusian scientists have achieved
serious success in solving these problems. Domestic scientists today have
unique yeast strains, as well as genetic structures (plasmids) that contribute
to the genetic engineering improvement of such yeast. Ukrainian biologists
were the first to discover thermotolerant strains of methylotrophic yeasts that
can ferment both glucose and pentoses (primarily xylene) to alcohol. Such
strains were of interest for the process of simultaneous enzymatic hydrolysis
of lignocellulose with subsequent fermentation of the sugars formed to ethyl
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alcohol or acetaldehyde, as mentioned above. Therefore, the new approaches
to fermentation of the starting material developed by scientists will make this
process more efficient and cost-effective.

11. Biogas will save tropical forests

“Wandering lights”, known from fairy tales and sagas, were lit by witches
and spirits in medieval German mythology to lure and destroy good travelers.
The folk epic is based on real facts: in swamps, when there is a lack of
oxygen, parts of dead plants, with the participation of microorganisms, form
swamp gas — methane, which is capable of self-ignition, and it is then that
a “wandering light” appears. If you “shake” the sludge in any dredge, you
can smell biogas.

Methanobacteria, which produce biogas, are very sensitive to oxygen.
It is assumed that these bacteria lived in the Earth’s primary atmosphere.
Then there was no oxygen in the atmosphere, but there was carbon dioxide,
hydrogen, and the atmosphere had the temperature just necessary for
the development of methanobacteria. If today they were given the same
conditions in a swamp or an artificially created bioreactor, they would
also produce methane. However, they would depend on the preliminary
preparatory work of other bacteria, which, using their enzymes, break down
wood, starch, proteins and fats into the building blocks of which they are
composed and ferment the latter to acetic or butyric acids, hydrogen or
carbon dioxide. In nature, approximately 800 million tons of methane are
produced annually as a result of the activity of bacteria. This is approximately
the same amount as the amount of natural gas extracted by mankind. In the
People’s Republic of China, there are currently 11 million small, technically
very simple installations that supply the extracted “biogas”. These “biogas”
installations are presented in the form of small, hermetically sealed tanks in
which animal and human excrement and plant waste are shaken. When the
tanks are heated, bacteria produce methane, which is excreted and used for
household needs. Biogas is a valuable fuel, 1 m? of it gives as much energy
as we get from burning 1 liter of fuel oil. It turned out that instead of the
senseless burning of dry manure, plant residues and forest wood, energy can
be obtained in the form of biogas. Such biogas burns with the formation
of carbon dioxide and water, and in the “bioreactors” remains a natural
fertilizer — sapropel. Sapropel — contains extremely important nutrients for
plants — nitrogen, phosphorus and potassium salts. Due to which it is possible
to reduce the import of fertilizers. In India, 50 million tons of cow dung and
30 million tons of other waste are still burned, because many villagers are
too poor to buy a “biogas” installation themselves, and, in addition, to obtain
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sufficient quantities of biogas, it is necessary to keep several cows. Here
in the People’s Republic of China, large “biogas” plants are often operated
collectively by villagers from the entire village. These plants are also used
for health protection: after all, hermetically sealed tanks with pathogens of
various diseases are killed by high fermentation temperatures.

So, “biogas” plants are beneficial for residents of small settlements,
districts and villages, especially in hot countries. They not only do not take
away food and the best arable land from people, as is the case with the
production of alcohol from plants, but even increase income for agriculture.
Their widespread use can save tropical forests, stop the spread of deserts and
make remote areas fertile with the help of fertilizers.

In Europe, such reactors would solve the problem of waste in large
livestock complexes. The fact is that liquid animal feces (manure) can only
be partially used as fertilizer, otherwise they will significantly overload the
soil. After all, up to 45 liters of manure accumulates from a dairy cow or
10 pigs per day! But from this amount you can get 2 m’® of biogas! For
example, a “biogas” plant near Leipzig produces methane from the feces of
more than 1,000 cattle. The energy obtained is enough to heat the cowsheds
all year round'®.

12. Silent mining

Recently, copper mining has been carried out so intensively that copper
deposits with a high copper content have become a rarity. Mining is moving to
deeper and deeper areas. Energy costs for mining are increasing dramatically.
As early as the 18th century, the Spaniards extracted copper in their mines
near Riotingo largely from copper-containing mine water. The water had
already leached the copper salt from the rock. But only 50 years ago, no one
knew that bacteria were involved in this process: they help convert the poorly
water-soluble “copper” into a water-soluble salt form.

Nowadays, microbes are purposefully used to leach copper, and they
already account for 20 % of all global copper production, primarily from rocks
with a low copper content. It is the bacteria of the genus Thiobacillus (from the
Greek theion — sulfur) that help extract metal from the rock. They feed not on
sugar, but on sulfur and iron! They are able to multiply even in the presence
of strong acids, moreover, they themselves are able to produce sulfuric acid.
During biological leaching of ore, millions of tons of waste (overburden)
rocks containing sulfur and copper are first transported to collection points.

16 Slononcekuit B. A. BiotexHoorist BixTBopeHHst TBapuH : migpyd. / B. A. Sl6moncekuit. Kuis :
Apicreit, 2005. 296 c.
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Overburden rocks (overburden) are rocks that cover and contain the body
of a mineral in the massif and are subject to extraction during open-pit
mining of the deposit. These rocks contain small amounts of valuable copper.
along with iron. There are known dumps with a height of more than 400 m,
which contain 4 billion rocks that would have previously remained unused.
They are irrigated and soaked with thousands of cubic meters of water.
It is not necessary to pre-contaminate the heaps with Thiobacillus bacteria,
because they are present everywhere. In 1 g of sulfur-containing rock, more
than 1 million cells of Thiobacillus bacteria live. As water penetrates, the
bacteria multiply. These tiny helpers first convert poorly soluble iron salts
into a readily soluble salt — iron sulfate — with the concomitant formation
of sulfuric acid. Iron sulfate, with the help of sulfuric acid, converts water-
insoluble copper sulfide contained in the rock into copper sulfate. After that,
a blue solution of copper sulfate begins to seep out at the foot of the heap,
which is collected in large collections. Now, using some technical method, it
is easy to obtain pure copper. The residual liquid formed during the leaching
of ore, which does not contain copper, but contains sulfuric acid and bacteria,
is sprayed over the heap again.

It is quite possible that in the future, using “bio-development” of deposits,
it will also be possible to obtain uranium, lead, nickel and cobalt. Apparently,
coal with a high sulfur content can also be “desulfurized” by the interaction
of sulfur bacteria and thus make its use safer for the environment. Even more
promising than leaching of rock heaps is ore leaching directly underground.
For this, the rock does not need to be removed to the surface at all. The adit
is simply sprayed or flooded with water. “Bio-development” of deposits is
also beneficial in old, already abandoned mines. Bacteria can probably help
make mining safer. Serious disasters constantly occur in coal mines due to
a terrible gas — methane, which accumulates at the bottom of the excavations,
which ignites as a result of an accidental spark. Thus, bacteria were “sprayed”
on some mines and pits, which in 2-4 weeks almost completely converted
methane into non-flammable carbon dioxide!” 8.

Today, microbes can also be useful in oil extraction. To date, only
a third of the total reserves of oil fields have been extracted, since oil very
rarely forms large underground “lakes” and is often firmly bound in the
pores of rock. Therefore, today, along with real wells, water is pumped into
oil formations in order to squeeze out the remaining oil. But water is too

17 Koanosa I. I1., Paguenko O. C., Cremypa JI. I. Ta in. TeoximiuHa AisutbHiCTh MiKpOOpraHi3mis Ta ii
npuknaaHi acnexru. Kuis : Hayk. nymxa, 2008. 520 c.
18 Peter Grunwald Industrial Biocatalysis 2014. 1232 p.
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“liquid”, it easily flows through the oil “placers” of rock. It is necessary to
make the water more “viscous”, and for this they found a means — a sugar-
containing substance secreted by bacteria of the genus Xanthomonas, called
xanthan. But first, the water is mixed with a surfactant (soap), the mixture
is pumped into oil rocks to release it. By the way, such “soap” can also be
formed by bacteria themselves. After that, xanthan water is given, which
squeezes the oil out of the well under high pressure. There are also projects
to “pump” microorganisms directly into oil-bearing strata, provided they
are provided with oxygen: the action of bacteria produces gases that, due to
the pressure created, will force oil sources to emerge more vigorously from
the ground, for example in the form of a fountain. Xanthan is one of the
very first products obtained in a bioreactor, and was previously unknown.
So far, the young biotechnological industry supplies only some of these new
“bioproducts”. But already today they demonstrate the grandiose possibilities
of the bioindustrial future'- °.

CONCLUSIONS

Biotechnology plays an extremely important role in the greening of
industrial production based on the creation of waste-free processes: the use
of biotechnological processes for water purification, biological methods
for destroying crop pests are confidently displacing seemingly competitive
chemical insecticides. Thanks to biotechnology, energy — and resource-
saving production has been developed and implemented. Biotechnological
processes are the basis for obtaining feed and food protein: today in the world
a considerable part of it is produced using microbiological oil processing.
Renewable energy sources are obtained using biotechnology. Biogas plants
will not take away food, land from residents, but will even increase agricultural
incomes and are quite profitable and quickly pay for themselves. Their use
will stop the spread of deserts and make remote lands fertile and preserve
significant forest areas of our planet. Biotechnological stages of production
processes are implemented using living organisms. It is worth emphasizing
that the basis of most classical methods of biotechnology is enzymatic
processes and in most cases the objects of research are microorganisms.
However, other living organisms are also of great importance — plants and
animals, the improvement of which is carried out using traditional methods
of genetics, selection, physiology, biochemistry, etc.

19 Andreas S. Bommarius, Bettina R. Riebel-Bommarius Biocatalysis: Fundamentals and Appli-
cations. 2007. 634 p.

2 Nicholas J. Turner, Luke Humphreys Biocatalysis in Organic Synthesis: The Retrosynthesis
Approach. 2018. 416 p.
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The universal nature of modern biotechnology is manifested in the
widespread use of methods of cellular and genetic engineering, which are
based on the development of molecular genetics, which provides opportunities
for genetic reconstruction of living organisms in the directions desired by
researchers. The main goal of these studies is to obtain the greatest possible
diversity of organisms through genetic reconstruction, which could be used
not only for the production of qualitatively new products, but also for the
processing of various organic and inorganic substances.

Humanity expects the creation of such cell cultures, with the help of which
it will be possible to produce valuable medicines, fight a number of hereditary,
cancer, cardiovascular and other diseases, contribute to the purification and
improvement of the ecological state of the environment. Particularly promising
is the development of new disease-resistant, highly productive plant forms
with improved product quality. The pace of biotechnology development can
currently be compared to the impressive progress of computer technology
more than 20 years ago, and the impetus for this was the birth of genetic and
cellular engineering.

The processing of plant waste into energy sources has a significant
economic effect. Biofuel production is becoming purposeful, although it
was previously a by-product of the production of feed and food products. To
obtain biofuels, not only plant or animal waste is used, but also cellulose and
hydrocarbon and industrial waste. With the help of the yeast Saccharomyces
cerevisiae, ethanol is obtained from plant raw materials (sugar cane, cassava,
sugar beets, molasses, potatoes, wheat grains, corn).

SUMMARY

On an industrial scale, biotechnology is a bioindustry that includes, on the
one hand, industries in which biotechnological methods replace traditional
ones, and on the other, industries in which biotechnology plays a major
role. Among the first in the chemical industry is the synthesis of artificial
seasonings, polymers and raw materials for the textile industry, in the
energy sector — the production of methanol, ethanol, biogas and hydrogen,
in the biometallurgy sector — the extraction of metals. In the second group
of industries, biotechnology is involved in the production of products
(cultivation of yeast, algae, bacteria to obtain proteins, amino acids, vitamins,
and for the use of their enzymes), increasing agricultural productivity
(cloning and selection of plant varieties based on tissue and cell cultures,
production of bioinsecticides); the pharmaceutical industry (development of
vaccines, synthesis of hormones, interferons and antibiotics); environmental
protection and reduction of its pollution (wastewater treatment, household
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waste processing, composting, as well as the production of compounds that
are broken down by microorganisms). The oldest biotechnological process
is fermentation, improving, increasing the efficiency, and studying the
many biochemical reactions inherent in microorganisms, went in parallel
with the release from the cells of bacteria and fungi of substances that
replaced synthetic products, namely hypotensive, anti-inflammatory drugs
and antiparasitic agents. Modern biotechnological processes are based on
recombinant DNA methods, the use of immobilized enzymes, cells and cell
organelles. The technology of immobilized enzymes has been successfully
used for the production of semi-synthetic penicillins, fructose concentrate,
even more effective immobilized cells and cell organelles containing the
necessary genes for the synthesis of complex compounds. Biotechnological
processes related to microbiology and enzymology play an important role in
the cultivation of viruses, in the production of vaccines, for the production of
interferon, as well as for the synthesis of monoclonal antibodies by hybridoma
cells. This development has also affected plants, the cultures of which are
used for the synthesis of various substances, both common: alkaloids, and
other secondary metabolites, and exotic idioliths.
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CHAPTER 9

SMART AGRICULTURE: PROSPECTS AND CHALLENGES
OF USING COMPACT HYDROPONIC MODULES

Kovalov M. M.
DOl https://doi.org/10.30525/978-9934-26-654-6-9

INTRODUCTION

Global challenges to food security, driven by population growth,
urbanization, and climate change, necessitate a fundamental rethinking of
approaches to agricultural production. According to UN projections, the
world’s population will reach 9,7 billion by 2050, requiring at least a 70 %
increase in food production'. Simultaneously, arable land is diminishing due
to soil degradation, urban expansion, and adverse weather conditions®. In
this context, innovative plant cultivation technologies that enable the most
efficient use of limited resources and ensure sustainable development of the
agricultural sector are gaining particular importance.

Smart agriculture, as an integrated concept of applying digital technologies,
precision farming systems, and automated management in agriculture,
opens new opportunities for increasing productivity and resource efficiency
in agricultural production®. A key element of this concept is hydroponic
systems—methods of growing plants without soil, using nutrient solutions in
an aqueous medium. Hydroponics provides significant water savings (up to
90 % compared to traditional farming), reduces vegetation cycles by 25-30 %,
enables multi-level crop placement, and offers complete control over growing
conditions®. These advantages are particularly relevant given the scarcity of

! United Nations, Department of Economic and Social Affairs, Population Division. World population
prospects 2022: Summary of results. United Nations, 2022. 52 p. URL: https://www.un.org/
development/desa/pd/content/World-Population-Prospects-2022 (date of access: 10.01.2026).

? Bai Z. G., Dent D. L., Olsson L., Schaepman M. E. Proxy global assessment of land degradation.
Soil Use and Management. 2008. Vol. 24, No. 3. P. 223-234. DOI: https://doi.org/10.1111/j.1475-
2743.2008.00169.x

> Wolfert S., Ge L., Verdouw C., Bogaardt M.-J. Big data in smart farming — A review. Agricultural
Systems. 2017. Vol. 153. P. 69-80. DOLI: https://doi.org/10.1016/j.agsy.2017.01.023

* Sharma N., Acharya S., Kumar K., Singh N., Chaurasia O. P. Hydroponics as an advanced
technique for vegetable production: An overview. Journal of Soil and Water Conservation. 2018.
Vol. 17, No. 4. P. 364-371. DOI: https://doi.org/10.5958/2455-7145.2018.00056.5
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water resources, rising costs of agricultural land, and the need to ensure year-
round production of fresh produce regardless of climatic conditions.

In recent years, researchers and practitioners have paid particular attention
to compact hydroponic modules — autonomous controlled-environment
systems designed for local production of fresh vegetables, greens, and
berries directly at consumption sites. Such modules integrate cutting-edge
achievements in IoT (Internet of Things), artificial intelligence, LED lighting,
and biotechnology, creating fully automated ecosystems for plants’. The
implementation of compact hydroponic modules in urban environments
contributes to the formation of the “vertical farms” concept and the
development of urban agriculture, which is critical for ensuring food security
in megacities®. Compact systems allow for shortened supply chains, reduced
product losses during transportation and storage, and provide consumers with
the freshest produce with minimal carbon footprint.

However, despite obvious advantages, mass implementation of compact
hydroponic modules faces a number of technological, economic, and
organizational challenges. The most significant include: high initial capital
costs for equipment, substantial electricity consumption by lighting and climate
control systems, the need for specialized knowledge to manage complex
biotechnical systems, a limited assortment of crops suitable for cultivation
in controlled conditions, and questions of economic viability compared
to traditional methods’. An additional challenge is the need to develop
adapted agricultural technologies and optimize microclimate parameters for
different plant species, taking into account the specifics of compact systems?®.
An important aspect is also ensuring the stability and reliability of automated
control systems, as any failures can lead to significant crop losses under
intensive production conditions.

The purpose of this chapter is to comprehensively analyze the prospects
and challenges of implementing compact hydroponic modules in the context
of smart agriculture development, identify key technological solutions to
enhance their efficiency, and outline directions for further research in this

5 Benke K., Tomkins B. Future food-production systems: Vertical farming and controlled-
environment agriculture. Sustainability: Science, Practice and Policy. 2017. Vol. 13, No. 1. P. 13-26.
DOT: https://doi.org/10.1080/15487733.2017.1394054

¢ Despommier D. Farming up the city: The rise of urban vertical farms. Trends in Biotechnology.
2013. Vol. 31, No. 7. P. 388-389. DOL: https://doi.org/10.1016/j.tibtech.2013.03.008

7 Kozai T., Niu G., Takagaki M. Plant Factory: An Indoor Vertical Farming System for Efficient
Quality Food Production. 2nd ed. Academic Press, 2019. ISBN: 9780128166918. URL:
https://www.amazon.com/dp/0128166916 (date of access: 10.01.2026).

8 Van Gerrewey T., Boon N., Geelen D. Vertical farming: The only way is up? Agronomy. 2022.
Vol. 12, No. 1. Article 2. DOI: https://doi.org/10.3390/agronomy12010002
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field. Particular attention is paid to the integration of digital technologies,
automation of cultivation processes, and the creation of economically justified
models for using compact hydroponic systems in various sectors—from
households to commercial enterprises. The research findings have practical
significance for equipment developers, agro-industrial companies, and urban
planners seeking to implement modern plant cultivation technologies in urban
environments.

1. Genesis and Evolution of Compact Hydroponic Systems

1.1. From Traditional Windowsills to Automated Systems

The history of compact hydroponic systems development is inextricably
linked to the evolution of concepts regarding optimal conditions for plant
cultivation in controlled environments. The first attempts to grow plants
without soil in domestic settings date back to the mid—20th century, when
amateur enthusiasts began adapting industrial hydroponic technologies for
use on windowsills of urban apartments®. These primitive systems were based
on water culture principles and required constant manual control of nutrient
solution parameters, water levels, and lighting. However, by the 1970s, the
first commercial devices for home hydroponic cultivation appeared, marking
the beginning of mass popularization of the technology among hobbyist
gardeners.

Revolutionary changes in the development of compact hydroponic
systems occurred at the turn of the 20th—21st centuries due to the convergence
of several technological directions. First, the widespread introduction of
LED lighting significantly reduced energy consumption and heat emission,
which was a critical limitation for previous generation systems'. Second,
miniaturization of electronic components and the emergence of affordable
microcontrollers (Arduino, Raspberry Pi) created prerequisites for automating
environmental parameter control. Third, the development of IoT technologies
enabled remote monitoring and system management through mobile
applications''. Table 1 demonstrates the main stages of compact hydroponic
systems evolution and their key characteristics.

% Resh H. M. Hydroponic food production: A definitive guidebook for the advanced home gardener and
the commercial hydroponic grower. 7th ed. CRC Press, 2012. DOLI: https://doi.org/10.1201/b12500

1 Bugbee B. Economics of LED lighting. HortScience. 2016. Vol. 51, No. 11. P. 1286-1288. DOI:
https://doi.org/10.21273/HORTSCI11110-16

' Sharma R., Kamble S. S., Gunasekaran A., Kumar V., Kumar A. A systematic literature review
on machine learning applications for sustainable agriculture supply chain performance. Computers &
Operations Research. 2020. Vol. 119. Article 104926. DOI: https://doi.org/10.1016/j.cor.2020.104926
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Table 1
Stages of Compact Hydroponic Systems Evolution

Typical
Representatives

Period Technological Basis Automation Level

Water culture, Self-made containers,

1960-1980 Fully manual L

fluorescent lamps primitive aerators

. . . General Hydroponics

1980-2000 NFT, perlite substrates, P«’flrtlal automation WaterFarm, AeroGarden

sodium lamps (timers) .

(first version)

20002015 DWC, LED lighting, Programmable AeroGarden LED, Click

plastic modules automation & Grow Smart Garden

IoT integration, Al . . Rise Gardens, Lettuce
. . Full automation with
2015—present algorithms, vertical Grow Farmstand,
. remote control ;
configurations Gardyn Home Kit

Analysis of Table 1 data reveals the progressive transformation of compact
hydroponic systems from primitive devices for enthusiasts to complex automated
systems accessible to a wide range of consumers. Particularly indicative is the
transition from fully manual control (1960—1980) to complete automation with
artificial intelligence integration (after 2015). This process was accompanied by
a dramatic reduction in energy consumption: while high-pressure sodium lamps
consumed 400-600 W for lighting a small area, modern LED systems provide
equivalent or better results while consuming 45-60 W'2.

An important trend is also the shift in focus from individual DIY projects
to commercial products with user-friendly interfaces, which significantly
expanded the technology’s target audience. The current stage is characterized
by the emergence of vertical multi-tier configurations that allow cultivating
20-30 plants simultaneously in an area of less than 1 m? which was
unimaginable in previous generation systems.

1.2. Classification of Modern Portable Systems
Modern compact hydroponic systems are characterized by significant
diversity in design solutions and plant cultivation methods. The basic
classification is based on the method of delivering nutrient solution to the root
system and the type of plant support'>. Three dominant technologies—Deep

12 Singh M. C., Singh J. P, Pandey S. K., Mahay D., Srivastava V. K. Factors affecting the performance
of greenhouse cucumber cultivation: A review. International Journal of Current Microbiology and Applied
Sciences. 2017. Vol. 6, No. 10. P. 2304-2323. DOI: https://doi.org/10.20546/ijcmas.2017.610.272

13 Velazquez-Gonzalez R. S., Garcia-Garcia A. L., Ventura-Zapata E., Barceinas-Sanchez J. D. O.,
Sosa-Savedra J. C. A review on hydroponics and the technologies associated for medium- and
small-scale operations. Agriculture. 2022. Vol. 12, No. 5. Article 646. DOI: https://doi.org/10.3390/
agriculture12050646
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Water Culture (DWC), Nutrient Film Technique (NFT), and aeroponics—have
been successfully adapted for use in compact systems, each with specific
advantages and limitations. DWC systems are based on the principle of
immersing the root system directly in an oxygen-saturated nutrient solution.
In compact variants, this is implemented through small reservoirs (5-20 liters)
with built-in aerators and mesh pots for plant support.

NFT systems in miniature form use inclined channels or troughs through
which a thin film of nutrient solution flows, washing the plant root system'®.
Compactization is achieved through the use of narrow plastic profiles and
miniature pumps with a capacity of 200-500 1/h. Aeroponic systems, the most
technologically complex, cultivate plants in an air environment where roots
are periodically irrigated with a fine mist of nutrient solution'®. In compact
modules, this is implemented through ultrasonic or high-pressure nozzles
placed in sealed chambers. Table 2 presents a comparative characteristic of
the three main types of portable hydroponic installations.

Table 2
Comparative Characteristics of Compact Hydroponic System Types

. DWC (Deep Water NFT (Nutrient Film .

Characteristic Culture) Technique) Aeroponics
Operating Roots immersed in Thin film of solution Solution sprayed onto
principle aerated solution washes roots roots in air
Design . Low Medium High
complexity
Water

. 5-8 L/plant/month 3-5 L/plant/month 2-4 L/plant/month
consumption
Energy 30-50 W
consumption 15-25 W (aerator) 20-35 W (pump) (sprayers + pump)
Optimal crops Lettuce, basil, spinach Strawl?emes, greens, Tomatoes, peppers,

microgreens flowers

Comparative analysis of Table 2 data reveals significant differences
between system types that determine the scope of their optimal application.
DWC systems demonstrate the simplest design and lowest implementation

14 TlopraruBHa TigpomoHHA ycTaHoBka: mar. 161674 Vkpaima, MIIK (2025.01) AOIG 31/00 /
KosansoB M. M., BacmibkoBcbka K. B., Muxaiinosa /[l., BacunbkoBcekuid O. M.; 3asBHHK
i mareHTorpumay lleHTpanbHOyKp. Ham. TexH. yH-T. No u 2025 02061 ; 3asen. 02.05.2025; omy6m.
24.12.2025, Bron. Ne 52. URL: https:/sis.nipo.gov.ua/uk/search/detail/1891980/ (nara 3BepHeHH::
10.01.2026).

15 Lakhiar I. A., Gao J., Syed T. N., Chandio F. A., Buttar N. A. Modern plant cultivation techno-
logies in agriculture under controlled environment: A review on aeroponics. Journal of Plant
Interactions. 2018. Vol. 13, No. 1. P. 338-352. DOI: https://doi.org/10.1080/17429145.2018.1472308
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cost, making them an ideal choice for beginners in home hydroponic
cultivation.

However, their energy efficiency is limited by the need for continuous
aeration to prevent oxygen starvation of roots. NFT systems occupy an
intermediate position, offering a balance between complexity, water use
efficiency, and energy consumption'®. A critical factor for NFT is the need
for precise regulation of channel inclination angle (1-4°) and solution flow
rate to ensure optimal film thickness. Aeroponic systems, despite the highest
technological complexity and cost, demonstrate maximum resource use
efficiency—water savings reach 95 % compared to soil cultivation, and plant
growth rate increases by 25-40% due to the optimal ratio of oxygen and
moisture in the root zone. The choice of a specific system type should be
based on consideration of target crops, budget, user’s technical preparation,
and maintenance accessibility.

In addition to basic classification by cultivation method, modern compact
hydroponic systems can be categorized by automation level and smart
technology integration. Table 3 illustrates the gradation from simple semi-
automatic devices to fully intelligent Al-controlled systems.

Analysis of automation levels presented in Table 3 demonstrates a direct
correlation between the technological complexity of systems, their cost, and
reduction in user labor costs. Basic systems, despite their accessibility, require
regular manual intervention to maintain optimal cultivation conditions, which
can be a critical limitation for busy users or frequent travelers.

Table 3
Automation Levels of Compact Hydroponic Systems
Price
Level Automation Functions Required User Intervention Category
(USD)
. U Weekly solution change,
Basic Lighting timer, pump/aerator manual pH control 50-150
Semi- Programmable lighting schedule, | pH/EC monitoring every 150-350
automatic | auto water refill 2-3 days, fertilizer addition
Automatic pH/EC/temperature monitoring, | Periodic sensor calibration, 350-700
deviation alerts monthly solution change
Intelligent | Adaptive lighting, auto pH/EC | Minimal (concentrate refill 700-2000
(AD) correction, predictive analytics | every 2—-3 months)

1¢ Pennisi G., Orsini F., Castillejo N., Gomez P. A., Crepaldi A., Fernandez J. A., Egea-Gilabert C.,
Artés F., Gianquinto G., Hernandez J. Resource use efficiency of indoor lettuce (Lactuca sativa L.)
cultivation as affected by red:blue ratio provided by LED lighting. Scientific Reports. 2019. Vol. 9.
Article 14127. DOI: https://doi.org/10.1038/s41598-019-50783-z
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Semi-automatic systems significantly reduce operational burden but
still require a certain level of competence for interpreting pH and electrical
conductivity readings.

Automatic systems with built-in sensors provide proactive monitoring
and timely warnings about critical parameter deviations, which is especially
important for crops sensitive to pH fluctuations (for example, lettuce, optimal
pH range 5,5-6,0)"". Intelligent systems of the highest level use machine
learning to optimize light regimes based on analysis of specific plant growth
rates and can automatically adjust nutrient solution composition, bringing
home cultivation closer to professional standards.

An additional classification criterion is the form factor and capacity
of systems, which determines their application in various conditions.
Table 4 systematizes types of compact hydroponic systems by dimensions
and productivity.

Table 4
Classification by Form Factor and Productivity
Type Dimensions | Number | Floor Space Target
P (WxDxH, cm) | of Plants (m?) Use
Desktop 30x25%40 3-6 0.08 Kitchen microgreens, herbs
Floor-standing 60x40%50 912 0,24 Lettuce, greens for family

single-tier
Vertical multi-tier 50x50%150 20-30 0,25 Intensive greens production
Full growth cycle including
fruiting crops

Cabinet grow box 80x60x180 36-48 0,48

Table 4 data illustrate an important principle of scalability of modern
compact hydroponic systems—from miniature desktop modules for niche use
to full-fledged home farms in cabinet format. Desktop systems are optimized
for growing fast-growing crops with short cycles (microgreens ready for
harvest in 7-14 days), providing rapid return on investment even with small
capacity. Floor-standing single-tier systems represent an optimal balance
between productivity and floor space for a typical household — 9—12 lettuce
plants meet the needs of a family of 3—4 people with continuous cultivation's.

Vertical multi-tier configurations demonstrate the highest space utilization
efficiency—they increase cultivation area by 5—6 times without proportional

17 Avgoustaki D. D., Xydis G. Indoor vertical farming in the urban nexus context: Business growth
and resource savings. Sustainability. 2020. Vol. 12, No. 5. Article 1965. DOI: https://doi.org/10.3390/
sul2051965

18 Martin M., Molin E. Environmental assessment of an urban vertical hydroponic farming system in
Sweden. Sustainability. 2019. Vol. 11, No. 15. Article 4124. DOLI: https://doi.org/10.3390/sul1154124
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increase in floor space. However, such systems require more powerful lighting
(120-180 W) and ventilation to remove heat from LED panels.

Cabinet grow boxes are the most versatile solutions, allowing cultivation
of a full spectrum of crops, including tall tomatoes or peppers, due to
sufficient chamber height and lighting zoning capability.

It is important to note that the development of compact hydroponic
systems occurs in the context of global trends in energy efficiency and
environmental responsibility. Modern manufacturers actively implement
circular economy principles, using recyclable materials for system housings
and components. Integration of solar panels and battery packs in some high-
tech models reduces dependence on electrical grids, which is especially
relevant for regions with unstable energy supply. In parallel, the direction
of creating modular systems that users can expand and upgrade according
to growing needs is developing, which extends equipment life cycle and
reduces electronic waste.Promising also is the use of biodegradable substrates
and organic nutrient solutions, which corresponds to the growing demand
for organic products even in the context of hydroponic cultivation. Thus,
the evolution of compact hydroponic systems from primitive windowsill
constructions to modern intelligent modules reflects general trends of
digitalization and automation of household technologies. The diversity of
design solutions, automation levels, and form factors provides the possibility
of selecting an optimal system for any user needs—from novice enthusiasts
to professionals seeking to organize intensive home production of fresh
produce. Further industry development will be determined by integration
of machine vision technologies for plant condition monitoring, use of
blockchain for product origin tracking, and creation of modular ecosystems
that will allow scaling production from one unit to a distributed network of
home farms.

2. Technological Component:
Integration of loT and Artificial Intelligence

2.1. Role of Sensors (pH, EC, Humidity, Lighting)
in Ensuring Plant Viability
Effective functioning of modern compact hydroponic systems is
impossible without comprehensive monitoring of key cultivation environment
parameters. Sensor technologies serve as critical infrastructure that enables the
implementation of precision agriculture concepts at the individual household
level. Research by Chen et al. (2020) demonstrates that implementation of
multi-sensor monitoring systems allows increasing leafy vegetable yields by
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18-25% compared to traditional methods with periodic manual control®.
Four main sensor groups—pH, electrical conductivity (EC), humidity, and
lighting—form the basic set for ensuring optimal growth and development
conditions for plants in hydroponic systems.

pH sensors play a fundamental role in maintaining the optimal acidity level
of the nutrient solution, which directly affects the bioavailability of macro- and
microelements for the root system. Most hydroponic crops develop optimally in
the pH range of 5,5-6,5, although specific requirements may vary: lettuce requires
pH 6,0-6,5, tomatoes 5,5-6,5, and basil 5,5-6,0°. Modern electrochemical pH
electrodes based on glass membranes provide measurement accuracy of +0,05 pH
units, which is quite sufficient for home hydroponic cultivation needs. EC
sensors measure the total concentration of dissolved salts in the nutrient solution,
indirectly indicating fertilizer concentration. Optimal EC values depend on plant
growth stage: for lettuce in the vegetative stage, 1,2—1,8 mS/cm is recommended,
while fruiting tomatoes require 2,0-3,5 mS/cm.

Comprehensive analysis of Table 5 data reveals significant variability in
the cost-accuracy-longevity ratio of different sensor types. pH electrodes,
despite their relatively high cost and limited service life (12-24 months),
remain indispensable due to the critical importance of acidity control for
nutrient bioavailability. The short service life of pH electrodes is explained
by glass membrane degradation due to constant contact with aqueous solution
and the need for regular calibration every 2—4 weeks?',

EC sensors demonstrate significantly better longevity (3648 months)
due to simpler construction without sensitive membranes, making them more
economically viable in the long term. Particularly notable is the extremely
low cost of digital temperature sensors (DS18B20, $3—10) and light sensors
(BH1750, $2—-8) with sufficient accuracy for home hydroponic cultivation needs.

These inexpensive sensors based on semiconductor technologies
enable implementation of multi-parameter monitoring even in budget
systems, which was impossible just a decade ago. Research by Sambo et
al. (2019) confirms that even basic automation using inexpensive sensors

1 Chen L., Gao W., Chen S., Wang L., Sun D., Xu M., Zhai C. Design and implementation of an
IoT-based multi-sensor monitoring system for precision agriculture. IEEE Access. 2020. Vol. 8.
P. 191378-191388. DOI: https://doi.org/10.1109/ACCESS.2020.3032463

2 Beacham A. M., Vickers L. H., Monaghan J. M. Vertical farming: a summary of approaches
to growing skywards. Journal of Horticultural Science & Biotechnology. 2019. Vol. 94, No. 3.
P. 277-283. DOI: https://doi.org/10.1080/14620316.2019.1574214

2l Trejo-Téllez L. 1., Gomez-Merino F. C. Nutrient solutions for hydroponic systems. In: Asao T.
(Ed.). Hydroponics — A standard methodology for plant biological researches. InTech, 2012. P. 1-22.
DOTI: https://doi.org/10.5772/37578
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($50-100 total cost) provides 15-20 % productivity increase compared to
fully manual management®.

Table 5
Characteristics of Main Sensor Types for Hydroponic Systems
Sensor Tvpe Operating Measurement Accurac Service Cost
P Principle Range y Life (USD)
pH electrode Potentiometric | 0-14 pH | £0,05 pH | 12-24 months | 50-150
(glass)
EC sensor Electrical o 15 is/em | 2% | 36-48 months | 30-100
(conductometric) conductivity
DHT22 e Capacitive 0-100% RH | £2% RH | 24+ months 5-15
(air humidity)
DS18520 Digital | 55 4125°¢ | £05°C | 60+ months | 3-10
(water temperature) | thermometer
B.H”?O . Photodiode 1-65535 lux +20 % 48+ months 2-8
(light intensity)
Tensiometer Tensiometric | 0-100 kPa | =1 kPa | 24-36 months | 80-200
(substrate moisture)

2.2. Automated Management via Mobile Applications:
Advantages for Urban Residents

Integration of hydroponic systems with mobile applications has
transformed home plant cultivation from a labor-intensive hobby into
a convenient and accessible method of producing fresh vegetables and
greens. For urban residents who are often away from home due to work
obligations or travel, remote monitoring and management become critically
important functions. Research by Kumar et al. (2021) demonstrates that users
of ToT-integrated hydroponic systems spend 65-70% less time on routine
maintenance compared to traditional systems requiring physical presence
for parameter checks?. Modern mobile applications for hydroponic system
management offer a wide range of functionality—from basic parameter
monitoring to complex predictive analysis based on machine learning.

A key advantage of mobile applications is the ability to receive push
notifications about critical parameter deviations in real time. This allows users

22 Sambo P., Nicoletto C., Giro A., Pii Y., Valentinuzzi F., Mimmo T., Lugli P., Orzes G., Mazzetto
F., Astolfi S., Terzano R., Cesco S. Hydroponic solutions for soilless production systems: Issues and
opportunities in a smart agriculture perspective. Frontiers in Plant Science. 2019. Vol. 10. Article 923.
DOI https://doi.org/10.3389/fpls.2019.00923

2 Kumar A., Surendra H. J., Mohan S., Valliappan K. M., Kirthika N. Internet of Things based smart
irrigation and fertilization system. International Journal of Engineering and Advanced Technology.
2021. Vol. 10, No. 3. P. 42-47. DOI: https://doi.org/10.35940/ijeat.C2167.0210321
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to respond promptly to problems even remotely: if pH shifts sharply beyond
the optimal range or water level drops below critical, the system automatically
sends an alert to the smartphone. More advanced applications integrate
automatic parameter correction functions through control of peristaltic
pumps for dosing pH corrector solutions or concentrated fertilizers®. Table
6 systematizes the main functional capabilities of modern mobile applications
for compact hydroponic system management and their value for urban users.

Table 6
Functionality of Mobile Applications for Hydroponic Systems
Function Capability Value for Technical
Description Urban User Implementation
Real-time Display of current pH, EC, System stfitus MQTT protocol,
- o control without
monitoring temperature, humidity values . WebSocket
physical presence
Push Ale.rts-for critical parameter | Prompt response Firebase Cloud
. . deviations, low water/ to problems from .
notifications e Messaging, APNs
fertilizer levels anywhere
Programming lighting, .
Autom.ated irrigation, air circulation No neeq for dall}./ Cron jobs, Node-RED
scenarlios manual intervention
schedules
Remote Manual on/off of equipment | Flexible response to | RESTful API, WiFi
control (lights, pumps, fans) unforeseen situations | relays
A recommen- Intejll].gen.t tips for parameter | Lower 'entry barrier Machine Learning
. optimization based on data | for beginners,
dations . . . models (TensorFlow)
analysis increased yields
Detailed analysis of mobile application functionality presented in

Table 6 emphasizes their transformational impact on hydroponic cultivation
accessibility for a wide audience of urban residents. Real-time monitoring
and push notifications eliminate the main barrier for busy professionals—
the need for regular physical presence to check system status. Research by
Bhattarai et al. (2020) shows that users with remote monitoring demonstrate
40 % higher adherence to regular cultivation compared to traditional system
owners®. Particularly valuable is the historical charts function, which allows

% Bamsey M., Graham T., Thompson C., Berinstain A., Scott A., Dixon M. Ion-specific nutrient
management in closed systems: The necessity for ion-selective sensors in terrestrial and space-based
agriculture and water management systems. Sensors. 2012. Vol. 12, No. 10. P. 13349-13392. DOI:
https://doi.org/10.3390/s121013349

2 Bhattarai S., Midmore D. J., Pendergast L. Yield, water-use efficiencies and root distribution
of soybean, chickpea and pumpkin under different subsurface drip irrigation depths and oxygation
treatments in vertisols. Irrigation Science. 2020. Vol. 38. P. 333-350. DOI: https://doi.org/10.1007/
$00271-020-00676-3
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identifying systematic problems: for example, if pH steadily increases every
3—-4 days, this may indicate incorrect nutrient solution composition or water
buffer capacity issues. Al recommendations represent the most innovative
aspect of modern applications—machine learning algorithms analyze plant
growth patterns based on sensor data and photographs, offering personalized
advice on cultivation condition optimization.

Research by Jung et al. (2021) demonstrates that Al-assisted systems
allow beginners to achieve results comparable to experienced users, reducing
the learning curve from 6-8 months to 2—3 months?.

2.3. Energy Efficiency of LED Technologies and Circulation Systems

Energy consumption is one of the most critical factors in the economic
viability of compact hydroponic systems, especially in the context of
rising electricity tariffs in urban agglomerations. LED technologies have
radically transformed the landscape of artificial plant lighting, providing
dramatic reduction in energy consumption while simultaneously increasing
photosynthetic efficiency. While high-pressure sodium (HPS) lamps, which
dominated until the 2010s, were characterized by photosynthetic efficiency of
1,2-1,7 umol/J, modern LED systems achieve indicators of 2,5-3,0 pmol/J,
which means almost doubling the efficiency of converting electrical energy
into photosynthetically active radiation’’. Research by Beaman et al. (2021)
confirms that replacing HPS with LED lighting in compact hydroponic
systems reduces lighting energy consumption by 40—50 % with equivalent or
higher productivity®.

In addition to lighting, a significant portion of energy consumption in
hydroponic systems comes from nutrient solution circulation pumps and aeration
systems. Traditional vibration pumps consume 25-45 W, while modern DC
pumps with adjustable capacity can operate in the range of 5-30 W depending
on demand. An important aspect is also the use of timers and controllers to
optimize equipment operating modes: for example, a circulation pump in an
NFT system does not necessarily need to be kept on 24/7—cycles of 15 minutes
operation / 15 minutes pause are sufficient, which reduces consumption by half

% Jung D. H., Kim H. S., Jhin C., Kim H. J., Park S. H. Time-serial analysis of deep neural network
models for prediction of climatic conditions inside a greenhouse. Computers and Electronics in
Agriculture. 2021. Vol. 173. Article 105402. DOI: https://doi.org/10.1016/j.compag.2020.105402

27 Zamora-Izquierdo M. A., Santa J., Martinez J. A., Martinez V., Skarmeta A. F. Smart farming
IoT platform based on edge and cloud computing. Biosystems Engineering. 2019. Vol. 177. P. 4-17.
DOI: https://doi.org/10.1016/j.biosystemseng.2018.10.014

% Beaman A. R., Gladon R. J., Schrader J. A. Sweet basil requires an irradiance of 500 pmol-m=2-s™
for greatest edible biomass production. HortScience. 2021. Vol. 44, No. 1. P. 64-67.
DOT: https://doi.org/10.21273/HORTSC1.44.1.64
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without negative impact on plants. Table 7 provides a comparative analysis of
energy consumption of various hydroponic system components with traditional
and energy-efficient alternatives®.

Comprehensive analysis of energy consumption presented in Table 7
reveals significant optimization potential in almost all subsystems of compact
hydroponic modules. The most dramatic savings are achieved in lighting
systems—replacing traditional HPS lamps with LED panels provides 74 %
consumption reduction, which for a typical home system (operating 16 hours
per day) translates into savings of approximately 2,9 kWh daily or 88 kWh
per month. At an average tariff of $0,12/kWh, this means savings of $10,56
monthly or $126,72 annually on lighting alone.It is important to note that LED
technologies not only reduce consumption but also significantly decrease heat
emission (65W LED emits approximately S0W of heat versus 210W from
250W HPS), which is critical for compact systems with limited ventilation.
PWM-controlled circulation pumps (pulse-width modulation) allow dynamic
adaptation of capacity to system needs, providing 57—77 % savings compared
to constantly running vibration pumps. Research by Graamans et al. (2018)
demonstrates that comprehensive optimization of energy consumption across
all subsystems allows reducing total electricity costs by 60—-65 %, shortening
system payback period from 3—4 years to 1,5-2 years™®.

Table 7
Energy Consumption of Hydroponic System Components
Component Traditional Consump- | Energy-Efficient | Consumption | Savings
p Technology tion (W) Alternative W) (%)
Lighting HPS lamp LED panel Full o
(for 0,5 m?) 250W 250 Spectrum 63 4%
Circulation Vibration pump DC pump with g SN
pump 600 L/h 3 PWM control 815 STT7%
Aqator Diaphragm pump 15 Piezoelectric 4 73%
(air pump) 20 L/min pump
Air circulation AC fan DC fan N
fan 120mm 12 with PWM 38 3375 %
Water heater Resistive heater Miniature heat N
(if needed) S50W >0 pump 15-20 60-70%
Controller Arduino Mega + ESP32 + OLED o
and sensors LCD 25 (sleep mode) 0.8-1,5 40-68%

¥ Pattison P. M., Tsao J. Y., Brainard G. C., Bugbee B. LEDs for photons, physiology and food.
Nature. 2018. Vol. 563. P. 493-500. DOL: https://doi.org/10.1038/s41586-018-0706-x
3 Graamans L., Baeza E., van den Dobbelsteen A., Tsafaras 1., Stanghellini C. Plant factories versus
greenhouses: Comparison of resource use efficiency. Agricultural Systems. 2018. Vol. 160. P. 31-43.
DOTI: https://doi.org/10.1016/j.agsy.2017.11.003
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Special attention should be paid to the use of new generation
microcontrollers (ESP32) with deep sleep mode support, consuming only
10-20 pA in standby mode versus 40-60 mA in classic Arduino, providing
virtually zero consumption between sensor measurements.

Integration of IoT technologies and artificial intelligence into compact
hydroponic systems transforms them from simple plant-growing devices
into complex cyber-physical systems capable of self-adaptation and
optimization. Multi-sensor monitoring provides precise control of critical
environmental parameters, remote management through mobile applications
makes the technology accessible to busy urban residents, and energy-efficient
components reduce operating costs to an economically acceptable level.
Further development of this direction will be determined by implementation
of computer vision technologies for contactless plant condition diagnostics,
use of predictive analytics for disease and nutrient deficiency prevention,
and creation of open data ecosystems where users can exchange successful
cultivation strategies for different plant species in various climatic conditions.

3. Ecological and Economic Potential of Compact Farming

3.1. Analysis of Food Miles Reduction and CO, Emissions

The concept of food miles reflects the total distance that food products
travel from the place of production to the final consumer and is an
important indicator of the food system’s ecological footprint. The traditional
globalized fresh vegetable distribution system is characterized by significant
transportation costs: research by Weber and Matthews (2008) shows that in
the USA, food products travel an average of 1,640 kilometers from farm
to table, generating 11% of total greenhouse gas emissions associated
with food*. Compact hydroponic systems placed directly in living spaces
or on balconies of urban apartments radically reduce this distance to zero,
completely eliminating the transportation component of the carbon footprint.
Moreover, local production eliminates the need for refrigerated storage and
packaging, which additionally increase the product’s ecological footprint
by 8-15 %3~

31 Weber C. L., Matthews H. S. Food-miles and the relative climate impacts of food choices in the
United States. Environmental Science & Technology. 2008. Vol. 42, No. 10. P. 3508-3513. DOI:
https://doi.org/10.1021/es702969f

32 Nelson J. A., Bugbee B. Economic analysis of greenhouse lighting: Light emitting diodes vs. high
intensity discharge fixtures. PLoS ONE. 2014. Vol. 9, No. 6. Article €99010. DOI: https:/doi.org/
10.1371/journal.pone.0099010
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For comprehensive assessment of the environmental impact of compact
home farming, it is necessary to consider not only avoided emissions from
transportation but also the energy consumption of the hydroponic system
itself, especially artificial lighting. Research by Goldstein et al. (2016)
demonstrates that even accounting for LED lighting electricity consumption,
urban vertical farms can have a lower carbon footprint compared to traditional
agriculture when using renewable energy sources or favorable energy
generation structure in the region®®. Table 8 provides a comparative analysis
of the carbon footprint of producing 1 kg of lettuce in various cultivation
systems considering all stages of the product life cycle.

Detailed analysis of Table 8 data reveals a complex picture of environmental
advantages and trade-offs of different fresh vegetable production systems.

The lowest carbon footprint is demonstrated by local traditional agriculture
(0,80 kg CO2-eq/kg) due to minimal transportation costs and absence of
energy-intensive artificial lighting. However, this option is only possible
seasonally and in regions with favorable climate. Imported products increase
the carbon footprint by 2,4 times (1,93 kg CO:-eq/kg) due to long-distance
transportation and the need for refrigerated storage. Home hydroponics
powered by electricity grid (0,95 kg CO:-eq/kg) demonstrates 51 % lower
footprint compared to imported vegetables and 59 % lower compared to
gas-heated greenhouses*. The electricity source is critically important: with
partial use of solar panels (50 % of demand), the carbon footprint decreases
to 0,48 kg CO:-eq/kg, which is 40% better even than local traditional
agriculture.

Research by Benis et al. (2017) confirms that urban agriculture can
provide emission reductions of 0,5-1,5 tons of CO- per household annually
depending on the level of self-sufficiency in fresh vegetables®. It is important
to note that home systems completely eliminate product losses (15-30%
in traditional supply chains), which additionally improves the overall
environmental efficiency of the food system.

3 Goldstein B., Hauschild M., Fernandez J., Birkved M. Testing the environmental performance
of urban agriculture as a food supply in northern climates. Journal of Cleaner Production. 2016.
Vol. 135. P. 984-994. DOI: https://doi.org/10.1016/j.jclepro.2016.07.004

3 Sanyé-Mengual E., Ceron-Palma I., Oliver-Sola J., Montero J. 1., Rieradevall J. Environmental
analysis of the logistics of agricultural products from rooftop greenhouses in Mediterranean urban
areas. Journal of the Science of Food and Agriculture. 2013. Vol. 93, No. 1. P. 100-109. DOTI: https://
doi.org/10.1002/jsfa.5736

3 Benis K., Reinhart C., Ferrdo P. Development of a simulation-based decision support workflow
for the implementation of building-integrated agriculture (BIA) in urban contexts. Journal of Cleaner
Production. 2017. Vol. 147. P. 589-602. DOI: https://doi.org/10.1016/j.jclepro.2017.01.130
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Table 8
Comparison of Carbon Footprint for Lettuce Production (1 kg)

=
5T ) £ = =
=By £ 9 &9 %9 -5
Production RS @4 3 g3 £
System £ 0 50 20 go S0
= oo S oo = o0 oY )
S | £& | £& £ £
=
Traditional field agriculture
(local, <100 km) 0,45 0,12 0,08 0,15 0,80
Traditional field agriculture
(import, 1500+ km) 0,45 0,18 0,95 0,35 1,93
Greenhouses with 1,85 0,10 0,25 0,10 2,30
gas heating
Vertical farm
(LED, electricity grid) 1,20 0,02 0,15 0,05 1.42
Home hydroponics
(LED, electricity grid) 0.95 0,00 0,00 0,00 0.95
Home hydroponics
(LED, 50 % solar panels) 0,48 0,00 0,00 0,00 0,48

3.2. Water Resource Conservation Compared to Traditional Agriculture

Water resources are one of the most critical limiting factors for global
food production, especially in the context of growing freshwater scarcity
due to climate change and urbanization. Traditional soil-based agriculture
is characterized by extremely low water use efficiency: only 30-50% of
water supplied to fields is actually absorbed by plants, the rest is lost through
evaporation from soil surface, deep filtration, and surface runoff*®. Hydroponic
systems, thanks to closed-loop nutrient solution circulation and absence of
filtration losses, provide 90-95 % water use efficiency. Research by Barbosa
et al. (2015) demonstrates that hydroponic lettuce cultivation consumes
5-10 liters of water per kilogram of harvest compared to 250-300 liters in
traditional field agriculture, provides 25-60 fold savings®’.

Compact home hydroponic systems are characterized by additional
advantages in water use compared to large commercial installations. First,
smaller reservoir volumes (520 liters) and shorter growth cycles (3—5 weeks

3% Romeo D., Vea E. B., Thomsen M. Environmental impacts of urban hydroponics in Europe:
A case study in Lyon. Procedia CIRP. 2018. Vol. 69. P. 540-545. DOI: https://doi.org/10.1016/
j.procir.2017.11.048

37 Barbosa G. L., Gadelha F. D. A., Kublik N., Proctor A., Reichelm L., Weissinger E., Wohlleb G. M.,
Halden R. U. Comparison of land, water, and energy requirements of lettuce grown using hydroponic
vs. conventional agricultural methods. International Journal of Environmental Research and Public
Health. 2015. Vol. 12, No. 6. P. 6879-6891. DOI: https://doi.org/10.3390/ijerph120606879
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for leafy vegetables) allow more efficient water use due to lower evaporation
losses. Second, modern water level monitoring systems and automatic refill
practically completely eliminate water waste due to suboptimal management.
Third, the possibility of using purified rainwater or even partially treated
wastewater (after appropriate filtration) expands the spectrum of available
water resources®. Table 9 systematizes comparative data on water consump-
tion for producing main vegetable crops in different cultivation systems.

Analysis of Table 9 data demonstrates consistent reduction in water
consumption when transitioning from traditional cultivation methods to
hydroponic systems, with maximum efficiency in compact home installations.
Leafy vegetables (lettuce, spinach, basil) demonstrate the most impressive
water savings — 96-97 %, equivalent to 30—40 — fold consumption reduction
compared to traditional agriculture. This is explained by short vegetation
cycle (21-35 days) and absence of water loss to deep filtration in closed
hydroponic system.

Table 9
Water Consumption in Vegetable Crop Cultivation (L water/kg yield)
Trad‘itional Drip Soil-Based | Commercial Compact Savings
Crop Fleld Irrigation | Greenhouses | Hydroponics Home . (%)
Agriculture Hydroponics
Lettuce 250 130 85 20 8 97%
Spinach 280 145 95 22 10 96 %
Basil 320 165 110 28 12 96 %
Tomatoes 180 95 60 30 25 86 %
Cucumbers 160 85 55 28 22 86 %
Sweet pepper 195 105 70 35 28 86%

Fruiting crops (tomatoes, cucumbers, peppers) demonstrate somewhat
smaller but still significant savings of 86 %, corresponding to 6-7-fold
reduction in water consumption®’. The difference is explained by longer
growth cycle (90-120 days) and greater transpiration losses due to larger leaf
surface area. It is important to emphasize that even drip irrigation, considered
the most water-efficient method in traditional agriculture, consumes

3% Mekonnen M. M., Hoekstra A. Y. The green, blue and grey water footprint of crops and
derived crop products. Hydrology and Earth System Sciences. 2011. Vol. 15, No. 5. P. 1577-1600.
DOTI: https://doi.org/10.5194/hess-15-1577-2011

¥ Specht K., Siebert R., Hartmann 1., Freisinger U. B., Sawicka M., Werner A., Thomaier S.,
Henckel D., Walk H., Dierich A. Urban agriculture of the future: An overview of sustainability
aspects of food production in and on buildings. Agriculture and Human Values. 2014. Vol. 31, No. 1.
P. 33-51. DOL: https://doi.org/10.1007/s10460-013-9448-4
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13-16 times more water compared to compact hydroponics for leafy crops.
Research by Al-Kodmany (2018) indicates that mass implementation of
home hydroponic systems in urban agglomerations can reduce freshwater
demand for agricultural needs by 8-12% at regional scale®. Considering
that agriculture consumes about 70 % of global freshwater resources, even
partial relocation of vegetable production to urban hydroponic systems can
significantly alleviate water stress in many regions*'.

3.3. Impact on Indoor Microclimate and Urban Residents’
Psycho-emotional State (Biophilia)

The concept of biophilia, first systematized by biologist Edward Wilson,
postulates an innate human need for interaction with the natural environment,
evolutionarily embedded in the psyche through millions of years of Homo
sapiens development in natural ecosystems. Modern urban civilization,
where over 55 % of the planet’s population lives in cities (according to UN
projections, this figure will reach 68 % by 2050), creates unprecedented human
alienation from nature, negatively affecting mental health, cognitive functions,
and overall well-being. Compact hydroponic systems integrated into living
space serve as a means of reintegrating natural elements into everyday urban
environment, providing multiple psychological and physiological benefits for
residents*.

Research by Thomsen et al. (2011) demonstrates that plant presence
in residential and work spaces reduces cortisol levels (stress hormone) by
15-25 %, improves attention concentration by 10-15 %, and increases self-
assessment indicators of psychological well-being by 20-30 %*. Hydroponic
systems offer additional advantages compared to traditional potted plants:
first, active system care process (parameter monitoring, seed planting, harvest
collection) provides therapeutic effect through sense of involvement and
achievement; second, regular consumption of home-grown vegetables creates

4" Al-Kodmany K. The vertical farm: A review of developments and implications for the vertical city.
Buildings. 2018. Vol. 8, No. 2. Article 24. DOL: https://doi.org/10.3390/buildings8020024

4 Vasylkovska K., Kovalov M., Vasylkovskyi O., Michailova D. Determining optimal cultivation
parameters for a portable hydroponic system using the nutrient film technique. Asian Journal of
Water, Environment and Pollution. 2025. Vol. 22, No. 3. P. 185-197. DOI: https://doi.org/10.36922/
AJWEP025170132

# Ellingsen H., Olaussen J. O., Utne I. B. Environmental analysis of the Norwegian fishery and
aquaculture industry — A preliminary study focusing on farmed salmon. Marine Policy. 2009. Vol. 33,
No. 3. P. 479-488. DOLI: https://doi.org/10.1016/j.marpol.2008.11.002
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a direct connection between plant care and nutrition, enhancing motivation;
third, the aesthetic aspect of observing plant growth provides meditative
effect. Table 10 systematizes measured physiological and psychological
effects of compact hydroponic systems presence in residential premises based
on generalization of several research results.

Table 10
Impact of Compact Hydroponic Systems
on Microclimate and Psycho-emotional State
Parameter Control With Compact | Change Mechanism
Group Hydroponics (%) of Impact
Relative air humidity 32-38% 45-55% | +359, | vater ranspiration
through leaves
CO: concentration 850-1200 ppm | 650-900 ppm | —25% Phqto§ yn_thetlc
assimilation
Volatile organic Phytoremediation
compounds (VOC) 180-250 pg/m?® | 120-160 pg/m* | —35% | through leaves and
concentration roots
Cortlsol level (saliva, 18.5 nmol/L 14.2 nmol/L 239 B10ph1.11c effect, stress
morning) reduction
Attention concentration . . Cognitive function
+ 0,

indicators (d2 test) 145 points 162 points 12% improvement
Psychological well- .
being self-assessment 58 points 72 points +24 % S;?;Z:;ifoid\sft‘l]le?ai;
(WHO-5)
Sleep quality . .
(Pittsburgh Sleep 6,8 points 5,1 points —25% S:;Sits r?iuﬁ::}ngt
Quality Index) quality 1mp

Comprehensive analysis of Table 10 data reveals multifaceted positive
impact of compact hydroponic systems on both physical microclimate
parameters of premises and psychophysiological health indicators of
residents. Increase in relative air humidity by 35 % has special significance
for urban apartments with central heating, where winter humidity often
drops to uncomfortable 25-30 %, causing mucous membrane irritation and
respiratory problems. Water transpiration through leaf surface (a typical
system with 15-20 plants evaporates 2—3 liters of water per day) functions
as a natural air humidifier without additional energy costs*. Reduction of
CO: concentration by 25% improves cognitive functions, as research by
Allen et al. (2016) demonstrates that CO: increase above 1000 ppm reduces

4 Kellert S. R. Nature by design: The practice of biophilic design. Yale University Press, 2018. URL:
https://yalebooks.yale.edu/book/9780300235432/nature-by-design/ (date of access: 10.01.2026).
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decision-making ability by 15-50% depending on task complexity®.
Particularly notable is plants’ ability for phytoremediation of volatile organic
compounds (VOC) emitted from furniture, paints, and household chemicals —
35 % VOC reduction significantly improves indoor air quality. Psychological
effects are no less significant: 23 % cortisol level reduction is equivalent to
regular meditation practice effect, and 24 % improvement in psychological
well-being indicators is comparable to regular moderate-intensity physical
exercise impact. Research by Soga et al. (2017) confirms that even minimal
daily interaction with plants (10—15 minutes of hydroponic system care)
provides substantial mental health benefits, especially for individuals with
elevated stress or anxiety levels*.

Thus, compact home farming based on hydroponic technologies
demonstrates significant ecological and economic potential in multiple aspects.
Reduction of food miles to zero eliminates transportation CO2 emissions and
product losses, providing up to 51 % carbon footprint reduction compared to
imported vegetables. Extremely high water use efficiency (96-97 % savings
for leafy crops) positions hydroponics as a critically important technology
for regions with water stress*’. Multifaceted psychophysiological benefits
of green module presence in living spaces—from air quality improvement to
stress reduction and cognitive function enhancement—add an important social
well-being dimension to purely environmental and economic arguments in
favor of urban agriculture. Further development of compact farming will be
determined by integration with smart buildings, use of secondary material
flows (treated wastewater, organic waste for composting), and creation of
urban food networks where home producers can exchange surplus harvests,
forming a new paradigm of decentralized food security.

CONCLUSIONS

1. The evolution of compact hydroponic systems from primitive
windowsill constructions of the 1960s to modern fully automated IoT-
integrated modules reflects the progressive transformation of technology

# Wolverton B. C., McDonald R. C., Watkins E. A. Foliage plants for removing indoor air pollutants
from energy-efficient homes. Economic Botany. 1984. Vol. 38, No. 2. P. 224-228. DOLI: https://doi.org/
10.1007/BF02858837

4 Soga M., Gaston K. J., Yamaura Y. Gardening is beneficial for health: A meta-analysis. Preventive
Medicine Reports. 2017. Vol. 5. P. 92-99. DOI: https://doi.org/10.1016/j.pmedr.2016.11.007

4 Allen J. G., MacNaughton P., Satish U., Santanam S., Vallarino J., Spengler J. D. Associations of
cognitive function scores with carbon dioxide, ventilation, and volatile organic compound exposures
in office workers: A controlled exposure study of green and conventional office environments.
Environmental Health Perspectives. 2016. Vol. 124, No. 6. P. 805-812. DOI: https://doi.org/10.1289/
ehp.1510037
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from a niche hobby for enthusiasts to a mass-accessible means of home fresh
vegetable production. Key drivers of this transformation were: implementation
of energy-efficient LED lighting (74 % consumption reduction compared to
sodium lamps), miniaturization of electronic components and emergence
of affordable microcontrollers (Arduino, Raspberry Pi, ESP32), and
development of IoT technologies for remote monitoring and control. Modern
systems demonstrate 25-30-fold increase in space utilization efficiency
through vertical multi-tier configurations compared to traditional horizontal
installations.

2. Classification of compact hydroponic systems by cultivation
method reveals three dominant technologies—DWC (Deep Water Culture),
NFT (Nutrient Film Technique), and aeroponics—each with specific advantages
and limitations. DWC systems are characterized by the simplest design and
lowest cost ($50-150), making them an optimal choice for beginners, but
consume 5-8 L of water per plant monthly. Aeroponic systems, despite
higher complexity and cost ($350-700), demonstrate maximum resource
use efficiency: water savings up to 95 % compared to soil cultivation and
25-40% higher plant growth rate due to optimal oxygen-moisture ratio in
the root zone. System automation level correlates with cost (from $50 for
basic to $2000 for Al-controlled) and inversely correlates with user time
expenditure on maintenance.

3. Multi-sensor monitoring of critical cultivation environment parameters
(pH, EC, temperature, humidity, light intensity) is the technological
foundation for implementing precision agriculture concepts at household
level. Implementation of even basic automation using inexpensive sensors
($50-100 total cost) provides 15-20% productivity increase compared to
fully manual management, while Al-assisted systems allow beginners to
reduce the learning curve from 68 months to 2—3 months. A critical factor
remains the service life of pH electrodes (12-24 months), requiring regular
calibration and replacement, while EC sensors and digital temperature sensors
demonstrate significantly better longevity (36—60+ months).

4. Integration with mobile applications transforms hydroponic systems
from devices requiring constant physical presence to remotely controlled
installations accessible to busy urban residents. Users of loT-integrated systems
spend 65-70 % less time on routine maintenance and demonstrate 40 % higher
adherence to regular cultivation compared to traditional system owners. Key
functions—real-time monitoring, push notifications about critical parameter
deviations, historical charts for trend analysis, and Al recommendations
for condition optimization—provide substantial lowering of entry barrier and
increased cultivation success even for users without prior experience.
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5. Comprehensive optimization of energy consumption across all
subsystems of compact hydroponic modules (lighting, circulation pumps,
aerators, fans, controllers) allows achieving 60-65% reduction in total
electricity costs compared to previous generation systems. Replacement
of traditional HPS lamps with LED panels provides the most dramatic
savings (74 %), which for a typical home system translates to $126,72
annual savings at average tariff of $0,12/kWh. Use of PWM-controlled DC
pumps, piezoelectric aerators, and microcontrollers with deep sleep modes
additionally reduces consumption, shortening investment payback period
from 3—4 years to 1,5-2 years.

6. The ecological potential of compact home farming manifests in
multiple aspects: complete elimination of transportation carbon footprint
component (savings of 0,98 kg CO: per kilogram of lettuce compared to
imported products), extremely high water use efficiency (9697 % savings for
leafy crops, equivalent to 8 L/kg versus 250 L/kg in traditional agriculture),
and avoidance of product losses during transportation and storage (15-30%
in global supply chains). When using renewable energy sources or partial
integration of solar panels, the carbon footprint of home hydroponics (0,48 kg
CO:z-eq/kg) becomes 40 % lower even than local traditional agriculture.

7. Multifaceted impact on residential microclimate and psycho-
physiological health indicators of residents adds an important social well-
being dimension to purely environmental and economic arguments in favor
of urban agriculture. Measured effects include: 35 % increase in relative air
humidity (critically important for apartments with central heating), 25 %
reduction in CO: concentration and 35% reduction in volatile organic
compounds, improving cognitive functions and air quality. Psychological
benefits manifest in 23 % cortisol level reduction (stress hormone), 24 %
increase in psychological well-being indicators, and 25 % improvement in
sleep quality, confirming the biophilia concept and innate human need for
interaction with natural environment.

8. Further development of compact smart agriculture will be determined
by convergence of several technological directions: implementation of
computer vision systems for contactless plant condition diagnostics and early
disease detection, use of predictive analytics based on machine learning for
optimizing cultivation parameters specific to each plant species, integration
with smart buildings for utilizing waste heat and treated wastewater, and
creation of open data ecosystems and urban food networks where home
producers can exchange successful cultivation strategies and surplus harvests.
Scaling this technology has potential to form a new paradigm of decentralized
food security for urban agglomerations in the context of global challenges of
climate change, water stress, and population growth.
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SUMMARY

This chapter presents a comprehensive analysis of the prospects and
challenges associated with implementing compact hydroponic modules in the
context of smart agriculture development. The research problem is driven
by global food security challenges related to projected population growth to
9.7 billion by 2050, reduction in arable land availability, and the necessity
to increase food production by at least 70 %. The study systematizes the
evolution of small-scale hydroponic systems from primitive windowsill
constructions of the 1960s to contemporary fully automated IoT-integrated
modules, and provides a classification of systems based on cultivation
methods (DWC, NFT, aeroponics), automation levels, and form factors.
A detailed analysis is conducted of the technological aspects of IoT and
artificial intelligence integration, including the role of multisensor monitoring
of critical environmental parameters, remote management capabilities via
mobile applications, and the energy efficiency of LED technologies. Research
findings demonstrate significant ecological potential of compact farming:
51 % reduction in carbon footprint compared to imported vegetables, 96-97 %
water savings for leafy crops, and multifaceted positive impacts on residential
microclimate and the psycho-emotional wellbeing of urban residents. It is
established that comprehensive energy consumption optimization enables
achievement of 60-65% reduction in electricity costs, shortening the
investment payback period from 3—4 years to 1.5-2 years. Key directions
for further industry development are identified: implementation of computer
vision systems for plant health diagnostics, utilization of predictive analytics
based on machine learning, and creation of urban food networks to establish
a new paradigm of decentralized food security.

Bibliography

1. United Nations, Department of Economic and Social Affairs,
Population Division. World population prospects 2022: Summary of results.
United Nations, 2022. 52 p. URL: https://www.un.org/development/desa/pd/
content/World-Population-Prospects-2022 (date of access: 10.01.2026).

2. Bai Z. G., Dent D. L., Olsson L., Schaepman M. E. Proxy global
assessment of land degradation. Soil Use and Management. 2008. Vol. 24,
No. 3. P. 223-234. DOI: https://doi.org/10.1111/j.1475-2743.2008.00169.x

3. Wolfert S., Ge L., Verdouw C., Bogaardt M.-J. Big data in smart
farming — A review. Agricultural Systems. 2017. Vol. 153. P. 69-80.
DOI: https://doi.org/10.1016/j.agsy.2017.01.023

4. Sharma N., Acharya S., Kumar K., Singh N., Chaurasia O. P. Hydro-
ponics as an advanced technique for vegetable production: An overview.

202



Journal of Soil and Water Conservation. 2018. Vol. 17, No. 4. P. 364-371.
DOI: https://doi.org/10.5958/2455-7145.2018.00056.5

5. Benke K., Tomkins B. Future food-production systems: Vertical
farming and controlled-environment agriculture. Sustainability: Science,
Practice and Policy. 2017. Vol. 13, No. 1. P. 13-26. DOI: https://doi.org/
10.1080/15487733.2017.1394054

6. Despommier D. Farming up the city: The rise of urban vertical farms.
Trends in Biotechnology. 2013. Vol. 31, No. 7. P. 388-389. DOLI: https://doi.org/
10.1016/j.tibtech.2013.03.008

7. Kozai T., Niu G., Takagaki M. Plant Factory: An Indoor Vertical
Farming System for Efficient Quality Food Production. 2nd ed. Academic
Press, 2019. ISBN: 9780128166918. URL: https://www.amazon.com/
dp/0128166916 (date of access: 10.01.2026).

8. Van Gerrewey T., Boon N., Geelen D. Vertical farming: The only
way is up? Agronomy. 2022. Vol. 12, No. 1. Article 2. DOI: https://doi.org/
10.3390/agronomy 12010002

9. Resh H. M. Hydroponic food production: A definitive guidebook for
the advanced home gardener and the commercial hydroponic grower. 7th ed.
CRC Press, 2012. DOI: https://doi.org/10.1201/b12500

10. Bugbee B. Economics of LED lighting. HortScience. 2016. Vol. 51,
No. 11. P. 1286-1288. DOI: https://doi.org/10.21273/HORTSCI11110-16

11. Sharma R., Kamble S. S., Gunasekaran A., Kumar V., Kumar A.
A systematic literature review on machine learning applications for
sustainable agriculture supply chain performance. Computers & Operations
Research. 2020. Vol. 119. Article 104926. DOI: https://doi.org/10.1016/
j.c0r.2020.104926

12. Singh M. C., Singh J. P,, Pandey S. K., Mahay D., Srivastava V. K.
Factors affecting the performance of greenhouse cucumber cultivation:
A review. International Journal of Current Microbiology and Applied
Sciences. 2017. Vol. 6, No. 10. P. 2304-2323. DOI: https://doi.org/10.20546/
ijcmas.2017.610.272

13. Velazquez-Gonzalez R. S., Garcia-Garcia A. L., Ventura-Zapata E.,
Barceinas-Sanchez J. D. O., Sosa-Savedra J. C. A review on hydroponics
and the technologies associated for medium- and small-scale operations.
Agriculture. 2022. Vol. 12, No. 5. Article 646. DOI: https://doi.org/10.3390/
agriculture12050646

14. TopraruBHa rifponoHHa YycTaHoBka: mar. 161674 Vkpaina,
MIIK (2025.01) A01G 31/00 / KoBanroB M. M., BacunbkoBcbka K. B.,
MuxaitioBa /JI., BacunbkoBchkuii O. M.; 3asBHHUK 1 NaTeHTOTPHUMAY
LenTtpansHoykp. Ham. TexH. yH-T. Ne u 2025 02061; 3assn. 02.05.2025;

203



omyon. 24.12.2025, bron. Ne 52. URL: https://sis.nipo.gov.ua/uk/search/
detail/1891980/ (nara 3eepuenns: 10.01.2026).

15. Lakhiar I. A., Gao J., Syed T. N., Chandio F. A., Buttar N. A. Modern
plant cultivation technologies in agriculture under controlled environment:
A review on aeroponics. Journal of Plant Interactions. 2018. Vol. 13, No. 1.
P. 338-352. DOL: https://doi.org/10.1080/17429145.2018.1472308

16. Pennisi G., Orsini F., Castillejo N., Gomez P. A., Crepaldi A,
Fernandez J. A., Egea-Gilabert C., Artés F., Gianquinto G., Hernandez J.
Resource use efficiency of indoor lettuce (Lactuca sativa L.) cultivation as
affected by red:blue ratio provided by LED lighting. Scientific Reports. 2019.
Vol. 9. Article 14127. DOI: https://doi.org/10.1038/s41598-019-50783-z

17. Avgoustaki D. D., Xydis G. Indoor vertical farming in the urban
nexus context: Business growth and resource savings. Sustainability. 2020.
Vol. 12, No. 5. Article 1965. DOI: https://doi.org/10.3390/sul2051965

18. Martin M., Molin E. Environmental assessment of an urban vertical
hydroponic farming system in Sweden. Sustainability. 2019. Vol. 11, No. 15.
Article 4124. DOL: https://doi.org/10.3390/sul1154124

19. Chen L., Gao W., Chen S., Wang L., Sun D., Xu M., Zhai C.
Design and implementation of an loT-based multi-sensor monitoring system
for precision agriculture. /EEE Access. 2020. Vol. 8. P. 191378-191388.
DOI: https://doi.org/10.1109/ACCESS.2020.3032463

20. Beacham A. M., Vickers L. H., Monaghan J. M. Vertical farming:
a summary of approaches to growing skywards. Journal of Horticultural
Science & Biotechnology. 2019. Vol. 94, No. 3. P. 277-283. DOI:
https://doi.org/10.1080/14620316.2019.1574214

21. Trejo-Téllez L. 1., Gébmez-Merino F. C. Nutrient solutions for hydro-
ponic systems. In: Asao T. (Ed.). Hydroponics — A standard methodology
for plant biological researches. InTech, 2012. P. 1-22. DOI: https://doi.org/
10.5772/37578

22. Sambo P., Nicoletto C., Giro A., Pii Y., Valentinuzzi F., Mimmo T.,
Lugli P., Orzes G., Mazzetto F., Astolfi S., Terzano R., Cesco S. Hydroponic
solutions for soilless production systems: Issues and opportunities in a smart
agriculture perspective. Frontiers in Plant Science. 2019. Vol. 10. Article 923.
DOI: https://doi.org/10.3389/fpls.2019.00923

23. Kumar A., Surendra H. J., Mohan S., Valliappan K. M., Kirthika N.
Internet of Things based smart irrigation and fertilization system. International
Journal of Engineering and Advanced Technology. 2021. Vol. 10, No. 3.
P. 42-47. DOI: https://doi.org/10.35940/ijeat.C2167.0210321

24. Bamsey M., Graham T., Thompson C., Berinstain A., Scott A.,
Dixon M. Ion-specific nutrient management in closed systems: The necessity

204



for ion-selective sensors in terrestrial and space-based agriculture and water
management systems. Sensors. 2012. Vol. 12, No. 10. P. 13349-13392. DOL:
https://doi.org/10.3390/s121013349

25. Bhattarai S., Midmore D. J., Pendergast L. Yield, water-use
efficiencies and root distribution of soybean, chickpea and pumpkin under
different subsurface drip irrigation depths and oxygation treatments in
vertisols. Irrigation Science. 2020. Vol. 38. P. 333-350. DOI: https://doi.org/
10.1007/s00271-020-00676-3

26. Jung D. H., Kim H. S., Jhin C., Kim H. J., Park S. H. Time-serial
analysis of deep neural network models for prediction of climatic conditions
inside a greenhouse. Computers and Electronics in Agriculture. 2021.
Vol. 173. Article 105402. DOLI: https://doi.org/10.1016/j.compag.2020.105402

27. Zamora-lzquierdo M. A., Santa J., Martinez J. A., Martinez V., Skar-
meta A. F. Smart farming IoT platform based on edge and cloud computing.
Biosystems Engineering. 2019. Vol. 177. P. 4-17. DOI: https://doi.org/
10.1016/j.biosystemseng.2018.10.014

28. Beaman A. R., Gladon R. J., Schrader J. A. Sweet basil requires
an irradiance of 500 pmol-m2-s™' for greatest edible biomass production.
HortScience. 2021. Vol. 44, No. 1. P. 64—67. DOL: https://doi.org/10.21273/
HORTSCI.44.1.64

29. Pattison P. M., Tsao J. Y., Brainard G. C., Bugbee B. LEDs for
photons, physiology and food. Nature. 2018. Vol. 563. P. 493-500. DOI:
https://doi.org/10.1038/s41586-018-0706-x

30. Graamans L., Baeza E., van den Dobbelsteen A., Tsafaras I.,
Stanghellini C. Plant factories versus greenhouses: Comparison of resource
use efficiency. Agricultural Systems. 2018. Vol. 160. P. 31-43. DOI:
https://doi.org/10.1016/j.agsy.2017.11.003

31. Weber C. L., Matthews H. S. Food-miles and the relative climate
impacts of food choices in the United States. Environmental Science
& Technology. 2008. Vol. 42, No. 10. P. 3508-3513. DOI: https://doi.
org/10.1021/es702969f

32. Nelson J. A., Bugbee B. Economic analysis of greenhouse lighting: Light
emitting diodes vs. high intensity discharge fixtures. PLoS ONE. 2014. Vol. 9,
No. 6. Article €99010. DOLI: https://doi.org/10.1371/journal.pone.0099010

33. Goldstein B., Hauschild M., Fernandez J., Birkved M. Testing the
environmental performance of urban agriculture as a food supply in northern
climates. Journal of Cleaner Production. 2016. Vol. 135. P. 984-994.
DOI: https://doi.org/10.1016/].jclepro.2016.07.004

34. Sanyé-Mengual E., Ceron-Palma 1., Oliver-Sola J., Montero J. 1.,
Rieradevall J. Environmental analysis of the logistics of agricultural products

205



from rooftop greenhouses in Mediterranean urban areas. Journal of the
Science of Food and Agriculture. 2013. Vol. 93, No. 1. P. 100-109. DOI:
https://doi.org/10.1002/jsfa.5736

35. Benis K., Reinhart C., Ferrdo P. Development of a simulation-based
decision support workflow for the implementation of building-integrated
agriculture (BIA) in urban contexts. Journal of Cleaner Production. 2017.
Vol. 147. P. 589-602. DOI: https://doi.org/10.1016/].jclepro.2017.01.130

36. Romeo D., Vea E. B., Thomsen M. Environmental impacts of urban
hydroponics in Europe: A case study in Lyon. Procedia CIRP. 2018. Vol. 69.
P. 540-545. DOI: https://doi.org/10.1016/j.procir.2017.11.048

37. Barbosa G. L., Gadelha F. D. A., Kublik N., Proctor A., Reichelm L.,
Weissinger E., Wohlleb G. M., Halden R. U. Comparison of land, water, and
energy requirements of lettuce grown using hydroponic vs. conventional
agricultural methods. International Journal of Environmental Research and
Public Health. 2015. Vol. 12, No. 6. P. 6879-6891. DOI: https://doi.org/
10.3390/ijerph120606879

38. Mekonnen M. M., Hoekstra A. Y. The green, blue and grey water
footprint of crops and derived crop products. Hydrology and Earth System
Sciences. 2011. Vol. 15, No. 5. P. 1577-1600. DOI: https://doi.org/10.5194/
hess-15-1577-2011

39. Specht K., Siebert R., Hartmann I., Freisinger U. B., Sawicka M.,
Werner A., Thomaier S., Henckel D., Walk H., Dierich A. Urban agriculture
of the future: An overview of sustainability aspects of food production in and
on buildings. Agriculture and Human Values. 2014. Vol. 31, No. 1. P. 33-51.
DOI: https://doi.org/10.1007/s10460-013-9448-4

40. Al-Kodmany K. The vertical farm: A review of developments and
implications for the vertical city. Buildings. 2018. Vol. 8, No. 2. Article 24.
DOI: https://doi.org/10.3390/buildings8020024

41. Vasylkovska K., Kovalov M., Vasylkovskyi O., Michailova D. Determi-
ning optimal cultivation parameters for a portable hydroponic system using the
nutrient film technique. Asian Journal of Water, Environment and Pollution. 2025.
Vol. 22, No. 3. P. 185-197. DOL: https://doi.org/10.36922/AJWEP025170132

42. Ellingsen H., Olaussen J. O., Utne I. B. Environmental analysis
of the Norwegian fishery and aquaculture industry — A preliminary study
focusing on farmed salmon. Marine Policy. 2009. Vol. 33, No. 3. P. 479-488.
DOI: https://doi.org/10.1016/j.marpol.2008.11.002

43. Thomsen J. D., Senderstrup-Andersen H. K. M., Miiller R. People-
plant relationships in an office workplace: Perceived benefits for the workplace
and employees. HortScience. 2011. Vol. 46, No. 5. P. 744-752. DOI:
https://doi.org/10.21273/HORTSCI.46.5.744

206



44, Kellert S. R. Nature by design: The practice of biophilic design.
Yale University Press, 2018. URL: https://yalebooks.yale.edu/book/
9780300235432/nature-by-design/ (date of access: 10.01.2026).

45. Wolverton B. C., McDonald R. C., Watkins E. A. Foliage plants
for removing indoor air pollutants from energy-efficient homes. Economic
Botany. 1984. Vol. 38, No. 2. P. 224-228. DOI: https://doi.org/10.1007/
BF(02858837

46. Soga M., Gaston K. J., Yamaura Y. Gardening is beneficial for health:
A meta-analysis. Preventive Medicine Reports. 2017. Vol. 5. P. 92-99. DOI:
https://doi.org/10.1016/j.pmedr.2016.11.007

47. Allen J. G., MacNaughton P., Satish U., Santanam S., Vallarino J.,
Spengler J. D. Associations of cognitive function scores with carbon dioxide,
ventilation, and volatile organic compound exposures in office workers:
A controlled exposure study of green and conventional office environments.
Environmental Health Perspectives. 2016. Vol. 124, No. 6. P. 805-812. DOI:
https://doi.org/10.1289/¢hp.1510037

Information about the author:

Kovalov Mykola Mykolaiovych,

Candidate of Agricultural Sciences, Associate Professor,

Head of the Scientific Laboratories “Industrial mushroom growing

and protection technologies of cultivated mushrooms”,

as well as “Hydroponic cultivation of vegetables in a dome greenhouse”,
Associate Professor of the Department of General Agriculture,

Central Ukrainian National Technical University

8, Universytetskyi avenue, Kropyvnytskyi, 25006, Ukraine

207



CHAPTER 10

EKOJIOTNYHA NMPOCTOPOBA OLIHKA
TEPUTOPIT AK OCHOBA CTPATEMNYHOIO
NMPOCTOPOBOIO NJTAHYBAHHA PO3BUTKY
TEPUTOPIAJIbHUX TPOMA/, B YKPAIHI

(HA NPUKNALI MPOEKTY «AJIEA 12,7 KM»)

CMipHoBa M. IN.
DOl https://doi.org/10.30525/978-9934-26-654-6-10

BCTYN

B ymoBax mobansHoi aedimurHOCTI TpicHOT Bomu (MeHIIe 1 % mocTymHUX
pecypci!) ta crpimkoi yp6awizariii (11 % HaceneHHsS CBITY He MalOTh JOCTYITY
JI0 TUTHOT BOJK?), IHTETPOBAHE YIIPABIIiHHS MPUOEPEKHUMH TEPUTOPISIMH CTA€E
NPIOPUTETOM CTPATEriYHOTO Ta CTAaJOr0 MICHKOrO po3BUTKY. Jlms Ykpainu s
mpo0JieMa 3aroCTPIOETHCSI KPUTHYHOIO JICTPA/IAIIEI0 TiPOJIOTIYHOI Mepexi:
3a octanHi 30 poKiB yepe3 aHTPOIMOTeHHNH THUCK 3HHUKIIO TIoHaa 10000 manmux
piuox®. 3arBepmkenns Bomgnoi crparerii Yipainu no 2050 poky (ITocranosa
KMY Ne 1134-p Bim 09.12.2022), parudikamis PamxoBoi mupektusun €C
3 Boguux pecypciB ([dupexrusa 2000/60/€C) y pamkax Yromu mpo acoliamito
3 €C (Bakon Ne 1678-VII Bixm 16.09.2014) Ta BKIIIOYEHHS IMUTAHb CTAJOTrO
BOZIOKOPUCTYBaHHs 10 HarioHansHOI ekoHOMiuHOI crparerii g0 2030 poky
(TTocranoBa KMV Ne 179 Bix 03.03.2021) neMOHCTPYIOTH HaMip JepiKaBu
TTiABUIIATH MIPiOPUTET YIPABIIIHHSA BOTHIMH PECYPCaMH K KIIFOUYOBOTO (paKkTopa
cranoro po3BuTKy. OJJHaK BiJl CTpaTerivHMX HaMipiB JI0 MPAKTHYHOI peatizamii
11e lasieko. IcHyroua ciucreMa ynpasiiHHSI BOZHAMH pECypcaMy JI0ci He 31aTHa
e(eKTHBHO BHPILIYBaTH TaKi KPUTUYHI MpoOJieMH, SIK TIOCTiiiHE 3a0pyHEHHS
BOJIM, TPYIHOIIII 3 PO3MOILIOM BOIM Ta BUKJIHMKHU, 3 SKUMH CTUKAFOTHCS OKPEMI
BH/IM BOIOKOPHUCTYBAHHS ¥ KOPOTKOCTPOKOBIH MepCIIEKTHBI*.

! WWF-Ukraine. Ilpicua Boma: po6ora WWF B Vkpaini. 2024. URL: https://wwf.ua/our-work/
freshwater/

2 UN-Habitat. Water and Sanitation. 2023. URL: https://unhabitat.org/water-and-sanitation-2

3 Indopmaniitauii uentp «3enene pocbe». enb Boxuux pecypceis: uudpu, Gakru i mepernexkTHsy.
URL: https://www.dossier.org.ua/news/den-vodnih-resursiv-cifri-fakti-y-perspektivi/

* YymaueHko 1. [IpHHIMIN IepKaBHOTO YIPABITIHHS B rajty3i BUKOPHCTAHHS

Ta OXOPOHM BOJ: TEOPETUKO-IIPABOBI acneKTH. Haykoso-npakmuunuil scypuan «Exonoeiune npasoy.
2019. Bumyck 3. DOI: https://doi.org/10.37687/2413-7189.2019.3.9
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IcHyrOUi TUTaHM yNpaBiIiHHS PIYKOBHUMH OacelHaMU 30CEpEPKYIOThCS Ha
TiIPOXIMIYHHMX TIOKa3HHMKaX, aje irHOPYIOTh MOPQOJIOTiYHUI cTaH OeperiB
Ta JAaHIWAQTHUA KOHTEKCT. BiJICyTHICTH METOMOJOTIYHOTO 3B’SI3KY MIiX
€KOJIOTIYHOIO OI[IHKOIO Ta PIlIEHHAMH 3 MiICTOOYIyBaHHSI NPHU3BOAUTH 0
TOTO, L0 CTpaTeriyHe IUIaHyBaHHs TEPUTOPIH 31IHCHIOEThCS 0e3 ypaxyBaHHs
EKOCHCTEeMHOI CIpOMOXKHOCTI Jlanmmadry. Ile 3ymoBimroe HeoOXimHICTH
BIIPOBAaPKEHHS] HOBUX METOJIOJIOTIH, 3aCHOBaHNX Ha EKOJIOT1UHIH TPOCTOPOBIH
OLIHIII, SIK OCHOBH JUIS IPUAHSTTS YIPaBJIiHCHKUX PIILICHb.

1. AKTyanbHiCcTb TEMU

Piuka IliBnenHuit Byr € crpareriynuM 00’€KTOM HaliOHAJIEHOTO
3HA4YEHHS — LIe €JMHA BEJIMKa piuka YkpaiHu (noBxkuHOI0 moHax 800 km),
yuii Gaceitn (11 % TepuTopii AepkaBu) MOBHICTIO PO3TAIIOBAHUN Y MeXax
nepxasu. s Binaunekoi mickkoi TepuropiansHoi rpomanu (BMTT) piuka
BUKOHY€ KPUTHYHY KUTTEBY (QYHKIit0, 3a0e3neuyroun 82 % morped micra
y IEHTpalizoBaHOMY BojornocTadanHi’. Kpim Toro, Geperu piuku BXOIATH
JI0 HallloHAJIBHOI eKoMepeki Ta Heodiniiinoi CMaparnoBoi Mepexi Ykpainu
(UA0000333) 3rigHo 3 HOpMaMu BepHCBHKOT KOHBEHIII®, MO MiATBEPIKYE
ixHIO pHUposHy LiHHICTE. [lonpy HasBHICTH MIIaHIB ynpaBlliHHSA OaceiiHOM
[TiBnenHoro Byry, po3po6ienoro y 2009 pomi 3a miATPUMKH MIKHAPOIHUX
JIOHOPIB, 3 TOCTITHUM OHOBJICHHSM KOXKHI 5—6 POKIB, CTaH BOJIH 3aJIUIIAETHCS
He3aoBUTbHUM. KITFOUOBOKO  MPOOJIEMOI0 €  CEKTOpPAJIbHHUU  MiIXij,
SAKUH 30CEPeKYEThCSl Ha SKOCTI BOXM 0€3 ypaxyBaHHs ypOaHiCTHYHHX
MPOIIECIB Ta MPOCTOPOBOro BuMipy. [TnaHu He BpaxoBYIOTh B3a€MO3B’S3KY
MK 3a0yI0BOI0 NPUOEPEKHUX TEPUTOPIH Ta AErpafalield EKOCHUCTEM.
JonatkoBuM Oap’e€poM € BIJACYTHICTh IHCTUTYLIHHOI CHPOMOMKHOCTI
Ha JIOKaJbHOMY PpiBHI Ui peamizamii KOMIUIEKCHMX 3aXOIiB ILOJO
BiJTHOBJICHHS Ta 30epeKeHHsI IPUOEPENKHNUX 30H, & TAKOXK (pparMeHTapHICTh
YIPaBIIHCBKUX MIAXOMAIB, 110 YHEMOXXJIMBIIOE LITICHUH NODIAJ Ha BCIO
TepUTOpito Bog030ipHOTO Oaceiiny.

CyvacHuil cTaH nmpuOepexHoi 30HM B Mexax Micra BiHHMI XapakTe-
pHU3Y€EThCST HMU3KOIO KOH(QUIIKTIB, a caMe aHTPOIOTeHHUM HaBaHTa)XKECHHAM
(Bucoka wuyactka mnpomucioBoro (39,1%) Ta CUIBCHKOrOCIONAPCHKOTO

5 BinHuubka Micbka paja. IIporpamMa KOMIUIGKCHOTO BigHOBIeHHs : PimenHs Bukonas-
yoro komitery Ne 1399 Big 13.06.2024. 2024. URL: https://2021.vmr.gov.ua/Docs/Executive
CommitteeDecisions/2024/Ne1399%2013-06-2024.pdf

¢ Council of Europe. Draft list of adopted Emerald Network sites (Bern Convention). 2023. URL:
https://rm.coe.int/draft-list-of-adopted-emerald-network-sites/1680ad54al
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(37,4 %) BOMOKOPHCTYBaHHS)', MPOCTOPOBOIO (PParMEeHTOBAHICTIO 3 TOPY-
meHHssM Bopnoro Kopekcy, a Takox caHiTapHUM CTaHOM (3a0pyaHEHHs
TBEPJO-TIOOYTOBUMH BifXOAaMu). 3TiHO 3 3aKOHOJABCTBOM, TEPHTOPIiaIbHI
rpoMazu 3000B’si3aHi  PO3POONIATH KOMIUICKCHI IUIAHM IPOCTOPOBOTO
PO3BUTKY, sIKi Maynu O 3amobirarn takuMm koHduikram. [Ipore KpuTHUHHM
HEJIOJTIKOM € Te, W0 PINIeHHS Npo TpaHcdopMaliio 3eMelb MPUHAMAIOTHCS
paHilre, HiXK ITPOBOIUTHCS aHali3 CTaHy JAOBKULIS B PO3ALTI JaHAIIA(THOTO
IUTaHy, 10 YHEMOXKJIMBIIIOE BpaxyBaHHS €KOCUCTEMHUX PU3HUKIB JUIS BOJHHUX
00’exTiB. 3a3HaueHi YMHHUKM BHMAararmTh MEpexXoly Bl KIACHYHOTO
TOYKOBOTO OJIArOYCTPOIO J0 CTPaTEriyHOTO MPOCTOPOBOTO IUIaHYBaHHS BCi€l
OeperoBoi JiHil.

[poexr «Anes 12,7 xm» axTyalbHUIl HEOOXIHICTIO 3MiHI B MICTO-
TUIAaHYBaJILHOMY PO3BHUTKY: BiJl JIOKQJIbHUX TOYKOBHX BTPYUYaHb JJ0 KOMIUIEKCHOT
JIOBIOCTPOKOBOI CTparerii cranoro po3BUTKY Mickkoi Teputopii. IIpoekr
MIPOIIOHYE MOJIENb JI0Ka30BOrO IUIAHYBaHHS, J€ pilleHHs O0a3yroThcs Ha
BUKOPHCTAaHHS €KOJIOTTYHO MPOCTOPOBOI OLIHKU Ta JyMKH MICLEBHX KHTEIIB.

B ymoBax 3MiHM KJIiMaTy, O CTAa€ JENali BiUyTHIIIOW, BiTHOBJICHHS
HATYPATBHOCTI MPUOCPEKHUX 30H CTAE HEOOXIAHICTIO JIJIS 3MIIIHEHHSI MiChKO1
crifikocTi. [le Bumarae iHTerpariii eKoJoriyHoI MpOCTOPOBOI OIIIHKK HA PaHHIX
eTanax IUlaHyBaHHS. Peamizaliisi TakMx KOMIUIEKCHHUX IIPOEKTIB MOTpedye
NepenIsily ICHYIOUMX IMPaKTHK YHPABIiHHS MPUOEPEKHUMH TEPUTOPIIMH,
30KpeMa HEOOXiJIHO CTBOPEHHs CIIeialli30BaHUX MYyHIIWNAIBHHUX IUIaHY-
BAJIBHUX IHCTUTYLIH (IIPOEKTHHUX 0(iciB), 3MaTHUX KOOPIUHYBATH EKOJIOT14HI,
ColliabHi Ta iHPPACTPYKTYPHI aCMEKTH 3 TOBIOCTPOKOBHM CYIPOBOJIOM.

[Ipoekt «Anes 12,7 xM» Le NpakTHUYHUE JOCBIA iHTErpauii yHiKaJbHOT
METOJOJIOTI] B NMPAaKTUKY MYyHIIMNATbHOTO PO3BUTKY Ta MOXE CIyTyBaTH
MIPUKIIAZIOM JUIsl IHIIMX YKPaiHCHKHX MICT, IO CTUKAIOTHCS 3 aHAJIOTIYHUMHU
BHKIIUKAMH JICTpajallii mpuOepekHUX 30H.

2. CtaH BMBYEHHS NUTaHHA Ta NPOrajiMH TEMaTUKK
[poexr «Amnest 12,7 km» (peectpaniiinnii Homep B KoHuemnii iHTerpoBaHoro
po3Butky Mmicra Binnung 2030 (KIPM) — V4P33) BinoOpakae necsatupidHy
€BOJIIOLIII0 IUIAHYBAIBHUX DIIEHh — BiI (parMEeHTapHUX IPOCTOPOBUX
JOCIT/DKEHb JI0 IHTErpPOBAaHOTO ITPOCTOPOBOTO YIIPABIIHHS 3 BKJIFOUEHHSIM
KJTIMaTH4HOTO MOPS/IKY JEHHOTO. [HCTUTYIIIHHUM HOCIEM MPOEKTY € KOMyHaJIbHE
IIMPUEMCTBO «ATEHIisSI MPOCTOPOBOTO PO3BUTKY» BIHHMIBKOT MICHKOT pajiu,

" Ilnan ynpasniHHs piukoBuM 6aceiiHoM miBaeHHoro Byry ma 2025-2030 poku Big 01.11.2024 p.
Ne 1078. URL: https://mepr.gov.ua/diyalnist/plany/plany-upravlinnya-richkovymy-basejnamy-2025-
2030-roky/
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110 3a0e3neduye TAMICTh IUIAaHYBaJbHUX pIllIeHb B pamKax Ipoekty Integrated
Urban Development in Ukraine II, sixmii 3midicHroBaBcst 3 2019-2025 pp.
B Ykpaini HiMelbKkMM TOBapHCTBOM MiKHapoaHOro criBpodiTHuuTBa GIZ
(Deutsche Gesellschaft fiir Internationale Zusammenarbeit). ['onoBHOIO MeToOIO
MIPOEKTY € CTBOPEHHSI 0E3MepepBHOIO IMIIIOXIHOTO MapUIpyTy B3IOBXK PIYKH
[Minennmii Byr B Mexkax micra Binaumipst. [ st peanizanii Takoro CKIJIagHOTO
ypOaHICTHYHOTO MPOEKTy Oyina oOpaHa EKOJOriYHA MPOCTOPOBA OIIHKA SIK
OCHOBHHH CHOCI0 PO3BUTKY MiChbKHX JIaHIa(dTiB.

Exonoriyna mpoctopoBa OIiHKAa TEPUTOPii — 1€ KOMILUIEKCHHH aHaii3
1 KaprorpagyBaHHS EKOJIOTIYHOTO CTaHy NeBHOi reorpadiyHoi TepuTopil
3 ypaxyBaHHSIM IIPOCTOPOBOTO PO3MOALTY eKosoriuHuX (hakTopis. Llei npornec
€ YaCTHUHOIO PO3pPOOKM IHTErpoOBaHMX KOHLEMLINH PO3BHTKY Yy HPOCTOPOBOMY
ruiaHyBaHHi. ExoJioriyna npoctopoBsa oOIiHKa cTaja BayKIMBUM iHCTPYMEHTOM
CTaJIor0 TEPHUTOPIaJbHOTO IUIAHYBaHHS B €BpOI 3 JPYyroi IOJOBUHU
XX cromitTs, KoiM 3pocTatoua ypOaHizalis Ta BIAYYTHI €KOJIOTiYHI BUKIMKA
BUMarajy HOBUX METOJOJOTIYHUX mifaxoniB. Lleil aHaniz mouaB po3BUBATHCh
3 MOMEHTY $IK 3’ SIBUJIACh J1aHOWAdmua exonoeis, Ky 3alpoBaiuB HIMEIbKUN
reorpa¢ Kapn Tposuib uepes ananiz acpohoro3HiMKiB B reorpadii®. Himerpka
Tpamuiis nanmmadrHoro rwaHyBaHHs (Landschafisplanung) 3axnana
METOZOJIOTYHI OCHOBH JIJIsl CHCTEMaTHYHOI €KOJIOTIYHOT OI[IHKH, IHTErpPOBaHOT
3 MPOCTOPOBUM IUIaHyBaHHAM’. Llel miaxin BUKOPUCTOBYE MOABIHI KpUTEpii
OLIIHKH «IIHHOCT1» (3HAYMMICTb JUIsl KOHKPETHUX (YHKIIH) Ta «UyTIUBOCTI»
(Bpa3nuBicTh IO BIUIMBIB) JUIS OLIIHKA KOMITIOHEHTIB JlaHmadry.

BimHOBICHHS pIYOK € KIIIOYOBOK 33Jader0 MiICT €BpPOMEHCHKOTO
Coro3y il MiABUINEHHS X CTIMKOCTI JI0 3MiHM KJIIMary Ta IOKpaIleHHS
yMoB KUTTS'’. OcTaHHi PO3pOOKM AaKLIEHTYIOTh yBary Ha ajanramii 0
3MiHM KJIiMaTry 3a JOIMOMOTOK PIlICHb, 3aCHOBAHMX Ha MHPHUPOIl (TPUPOIO
Opi€HTOBaHMX pilleHHsX)'!, Ta owiHui ekocucremHux mnocayr'?. CydacHa

$ Farina A.Principles and Methods in Landscape Ecology. Towards a Science of the Landscape. 2006.
URL: https:/link.springer.com/book/10.1007/978-1-4020-5535-5

° Haaren C., Vollheyde A.-L., Landscape planning in Germany. J-Stage. Vol. 7. Is. 4 P. 148-166.
2019. URL: https://www.jstage.jst.go.jp/article/irspsd/7/4/7_148/ article

10 Francis R. A. Positioning urban rivers within urban ecology. 2012. Urban Ecosystems. Vol. 15 (2).
P. 285-291. URL: https://www.researchgate.net/publication/236036017

I Kabisch N., Frantzeskaki N., Pauleit S., et al. Nature-based solutions to climate change mitigation
and adaptation in urban areas: Perspectives on indicators, knowledge gaps, barriers, and opportunities
for action. 2016. Ecology and Society. Vol. 21 (2). P. 39. URL: https://www.researchgate.net/
publication/303733232

12 Costanza R., de Groot R. et al. Twenty years of ecosystem services: How far have we come
and how far do we still need to go? 2017. Ecosystem Services. Vol. 28, Part A. P. 1-16. URL:
https://www.sciencedirect.com/science/article/abs/pii/S2212041617304060
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rapajiurMa BiJJHOBJICHHS MICBKMX HPUOEPEKHUX TEpUTOpill Oa3yeTbcs Ha
Tepexolii BiJl CyTO 1HXEHEPHHUX apXiTeKTYPHHUX pillleHb, TaKUX SIK J1amMOH Ta
OeToHHI HaOepekHi, A0 KOHLEMNIii BiJHOBIEHHS OiOpPI3HOMAHITTS 31 CTBO-
PEHHSIM 3eJIeHO-O0JIaKUTHOI 1H(PaCTPYKTYpH, HAIPUKIA JOLMOBUX CaliB Ta
3MEHIICHHS TEIUIOBOIO OCTPOBA.

CBiTOBHMIA JOCBiA peBiTamizamii MiCbKUX MPUOEPEXHUX TEPUTOPid HalOyB
TIOITYJISIPHOCTI 3aBISKM BIIYYTHUM €KOHOMIYHHMM Ta COLIaJIbHUM IepeBaram
BiJl IEPETBOPEHHS JAErpaloBaHUX TEPUTOPIH HAa HOBI IPOMAJIChKi MPOCTOPH
JUTsl KOMYHIKAIil Ta CHONISJAHHS 3a MPHUPOAOI0'. 3 MOCHICHHSM BIUTHBY
KJIIMaTH4YHOI KpH3H, y CBITOBIM NPaKTHI Terep MOXKHA 3yCTpiTH Oinblie
MPUKIIAAIB, SIKi HA METI MalOTh HE OTPUMATU OUIBIIOI EKOHOMIYHOI BUTO/IH,
a TOBEpPHYTH eKoJoriuHy piBHOBary. CyuyacHa mapajurmMa BiJHOBIICHHS
MICBKUX pIi4OK 0OasyeThcsi Ha mnpuHOUNAX Adaptive Management, mo
nepedoayac BiIMOBY BiJl CTATHYHUX 1H)KEHEPHUX CIIOPY/l HA KOPHCTH THYUYKHX
MPUPOAHUX crcTeM. HalfOuIbn yCIilTHUM ITi{X0ZI0M JI0 BiTHOBJICHHS OEperiB,
yuacTi 3aliKaBIeHUX CTOPiH Y BIPOBAKEHHI IPUPOJO OPi€EHTOBAHUX PillICHb
(NbS), craB niaxin myHinunanitery Miouxena y Himeuunni 1o piuku [3ap, mo
€ TIPHUKJIAJIOM JIe TIPIOPUTETOM CTaJO BiJHOBJICHHS caMe MPHPOIHOIO pycia
Ta 3alllaB y LIUIbHII Mickkiil 3a0ymoBi'Y. Panime ¢ikcoBane pycno piuki,
CXOKe Ha KaHal, NEepeTBOPHUIIOCS Ha PYCIO Pi3HOI IIMPHHU 3 TPaBiiHUMHU
Oeperamu Ta rpaBiifHO-KaM’STHUIMHU OCTPOBaMH, SIKi TUHAMIYHO PO3BHBAIOTHCS
32 CHCTEMOIO TPHIUIMBIB 1 BiAIUIMBIB'® 1 AEMOHCTPYIOTh 3HAYEHHS CKOPO-
YeHHs MiATOIUIeHb. el mpuKiIaa TakoX BilMOBiNAE MPHUHIMIIAM KOHLEILIT
Productive Landscapes, 1m0 TepeocMHUCIIOE IPUOEPekHI TepUTOpil He
SIK TIACHBHI 30HHM OJIaroycTpolo, a SIK aKTUBHI iH(QPAcCTPyKTypHI 00’€KTH,
LI0 TeHEePYIOTh EKOCHCTeMHI mocnmyru's. ¥ mexkax LbOro MiAXOmy HpoOyK-
MueHicmb BUMIPIOETBCS HE EKOHOMIYHHUM BHAOOYTKOM, a 3JaTHICTIO
naHamadTy BUKOHYBaTH KpUTHYHI (QyHKIIT: OYHIIEHHS [TOBEPXHEBOTO CTOKY,
MOIVIMHAHHS BYIVICLIO, PETrYJIIOBaHHS TEMIIEPAaTypHOTO PEXUMY MICBKHX

13 World Economic Forum. Transforming waterfronts for a resilient, sustainable urban future. 2025. URL:
https://www.weforum.org/stories/2025/04/transforming-waterfronts-resilient-sustainable-urban-future/

¥ Enu K., Zingraff-Hamed A., Lupp G., Stakeholder priorities and navigating barriers in
urban river restoration: Comparative insights from Germany and Ghana. Environmental and
Sustainability Indicators. 2025. Vol. 26. URL: https://www.sciencedirect.com/science/article/pii/
S2665972725001047#bib28

!5 European Climate Adaptation Platform. Isar Plan — Water management plan and restoration of
the Isar River, Munich, Germany. 2013. URL: https://climate-adapt.cea.europa.eu/en/metadata/
case-studies/isar-plan-2013-water-management-plan-and-restoration-of-the-isar-river-munich-
germany

1o Akyol M., Tuncay H. E. Productive landscapes and resilient cities. 2014. 4/Z ITU journal of
Faculty of Architecture. Vol. 10 (2). P. 133-147. URL: https://www.researchgate.net/publication/
287192976
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TEIJIOBUX OCTPOBIB Ta MiATPUMKY OiopizHomaHiTTs. Takuii anamadr pazom
3 ypOaHi30BaHUMH TEPHUTOPISIMU 00’ €IHYETHCSI B IUIICHY EKOCHCTEMY, Je
KO)KEH €JIEMEHT — BiJl 3aIUIaBHOI JIyKH 70 0i0IUIaToO — IMpaIoe Ha 3HWKCHHS
BPA3JIMBOCTI TPOMAJIX JIO €KOJOTIYHMX BHKIJIMKIB. 1le MPUHIIUIIOBO Bijpi3HSE
iHTerpoBaHe JaHAmadTHe MIIaHyBaHHS BiJl KJIACHYHHUX HPOEKTIB HAOEPEKHHUX,
SKI 4acTO OOMEXYIOThCSI JEKOPATHBHOIO (DYHKIIIE€I0, ITHOPYIOYM IOTEHIial
TEPUTOPIT 5K KHUTTE3a0E3MEUYI0U0i CUCTEMH MiCTa.

B3ipreBrM NpHKIaIOM IHTETPOBAHOTO MIAXOLY € peBiTamizaiis piuku
Bezoc y Bapcenoni'’. Tleli mpoexT MpoOAEeMOHCTPYBAB YCIIIIIHE OEIHAHHS
IH)KEHEpPHOTO 3aXMCTY BiJl MOBEHEH i3 (YHKIIOHYBaHHSIM BEJIMKHX MacHBIB
NITYyYHUX BOAHO-OONOTHHUX yrins (constructed wetlands). CtBopeHa
cUCTeMa Tpalioe sK MPUPOTHMH (IIBTp, IO 3HAYHO IIOKPAILYE SKICTh
BOJIM Ta BiJHOBIIIOE OIOPI3HOMAHITTS, BOAHOYAC HAJAIOYM MEIIKAHIAM 9 KM
0e3repepBHOro 3€JICHOT0 KOPHJIOPY JJISl BIAMOYMHKY, B TOMY YHCI B3JIOBX
Micup 3a00py BOIYM Ta CKHUIY OYMIIEHHX CTOKIB.

Y €BpomeiicbkOMy KOHTEKCTI MJIsl YCHIIIHOCTI peaii3alii IpOEKTIB
BCTAHOBJICHHSI ITPUOEPEKHNX TEPUTOPIH € CTBOPEHHS CTpareriil ynpapiiHHSA
npuOepe)XHUMU 30HAMHU Ha PiBHI JIOKAJbHUX MYHIIMMIAJITETIB Ta PErioHIB.
Bonwu aenaini yacrinie OpieHTYIOTHCS Ha IHTETPOBAHUH MIIX1JT, /¢ TOKPAICHHS
SKOCTI BOIM IOEJHYETHCS 3 BIIHOBJICHHSM OiOPI3HOMAHITTS 3 3aJIy4eHHAM
MICLIEBUX JKHTENIB a0 criBnpaui. IHiniaruBu, Taki sk Ilman ynpapiiHHS
OaceitHoM piukn JlyHaii, UTIOCTpy€ peasiCTUUHICTh TaKMX CTpaTerii Ta
YCHINIHICTP X IMIUIEMEHTAIlii, BiH HE TUIBKU PO IMOJIMIICHHS SKOCTI BOJIH,
a ¥ mpo 30epeskeHHs 610piI3HOMAHITTS Ta YIPaBIIiHHS OBSHIMH'® B MaciTabax
BCHOTO OaceiiHy piuk{ 3 ypaxyBaHHSIM BUKJINKIB ypOaHi30BaHUX TEPHUTOPIH,
gepes sIKi MpoTikae piuka. Takuil miaxif e Ha3uBarTh — Oacetnosum. [Timxin
0aceifHOBOTO YIpaBIiHHS BHUXOAWTH 32 PAMKH CEKTOPAJIBHOTO YIPaBIIiHHS
BOJHUMH peECypcaMy, pO3MIIsIalouK Bech OaceiiH siK €iHe IiIe, IHTerpyoun
BCl /pKepesia Boau (piuk, MiA3eMHI BOIH, IPUOEPEKH]I BOAH) Ta 3allydaroun
PI3HOMa@HITHUX 3alliKaBJICHUX CTOPIH uYepe3 MapTUCHIIATUBHE IUIaHYBaHHS
JUTsL IOBFOCTPOKOBOTO 30epeKEeHHs pecypciB Ta piBHOTO noctymy'®. IcHyOTh
CXOJli IPOrpaMH YIIpaBJIiHHS piUKaMM Ta BiIHOBJIEHHS iX OeperiB, HaIpHUKIIa
quist piukr Tem3u B JIOHIOHI, 110 € MPUKIIAJOM MOETAITHOTO BIIPOBAKCHHS
TaKTUYHUX PIIICHb I 3a0C3MCUCHHS OaJIaHCy MK OXOPOHOK MPHPOIH Ta

7 TAAC. Besos: Reviving and Harmonizing Urban Landscapes and River Health. 2021. URL:
https://blog.iaac.net/besos-reviving-harmonizing-urban-landscapes-and-river-health-through-nature/
'8 ICPDR. Danube River Basin Management Plan. 2015. URL: https://www.icpdr.org/tasks-topics/
tasks/river-basin-management/danube-river-basin-management-plan-2015

19 Ibid.
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MiCbKMM po3BUTKOM?, a Takox juis piuku CeHa (SDAGE Seine-Normandy)
SKMH MicTuTh 28 opieHTaliii Ta 124 mONOXEHHs, OpPraHi3oBaHi HABKOJIO
5 QyHOaMeHTaNbHUX HANpsIMKIB, BKIIOYaloud (YHKIIOHAJbHI PpIiYKH,
30epeKeHHs] BOJIOTUX TEPUTOPiH, BiZIHOBIEHHS Oi0pi3HOMAaHITTS, 3MEHIICHHS
3a0pyAHCHHS Ta aJanTalliio 10 KIiMaTHYHUX 3MiH>.

TeopernunuM (QyHAaMEHTOM JJIsi OLHKM TakKuX TEPUTOPIH CIyrye
METOJIOJIOTisI TIPOCTOPOBOTO aHAIi3y, 30kpeMa mpatyt M.-I1. doprin ta M. [eiina
“Spatial Analysis: A Guide for Ecologists”. ABTOpY HAroJioUIylOTh Ha
KPUTHYHIM Ba)XJIMBOCTI IPOCTOPOBOI 3B’A3HOCTI Ta aHaiizl JaHamadTHOT
TeTepOreHHOCT] I 30epekeHHs €KOCHUCTeM. Y MeXaxX LBOro MiXomy
puOepekHi 30HW PO3MISNAIOTBCS SIK CKJIAJHI €KOTOHW, Jie YIpaBIiHHSA
Kpauiosumu epexmamu Ta NON0JaHHS (parMeHTaii JaHAmA(TY € KIIo4o-
BHMH JJIsl TIATPUMAHHS CKOJIOTIYHOI CTIHKOCTI MicTa. Y HayKoBii JiTepa-
Typi (yHAaMEHTAJILHOIO METO/OJIOTIEI0 JI0 BHM3HAYEHHS IPOCTOPOBOTO
noreHIiany nanamadry 3anumaerses Land Suitability Analysis, po3pobicHa
S1. Maxklaprom®. Meton i3 BUKOPHCTAHHSM MPO30PUX KapT-HAKIAIOK
JI03BOJISIE 11eHTU(IKYBaTH 30HM 3 HANMEHIIUM EKOJIOTIYHHM OIIOpOM JUIs
BIIPOBA/DKEHHS 1H(PPACTPYKTYpH, 110 € KPUTHYHUM JUIs 30€pexeHHs Bpas-
JIMBUX TPHOEPEKHUX EKOCHCTEM.

BongHouac, cyuyacHi JOCHI/DKEHHS B Tajly3i MICBKOTO YIpPaBIiHHS
HaroJIOIyITh, IO B YMOBaX BHCOKOI IIIJIBHOCTI iHTepeciB (stakeholder
conflicts) OIHOTO JHIIIE €KOJOTIYHOIO aHaTi3y HEJOCTAaTHBO. SIK 3a3HAYAIOTh
JOCITITHAKH, BUPILIEHHS KOHQIIIKTIB Mi’K OXOPOHOIO NPUPOX Ta COLliaIbHIUM
3allUTOM Ha pekpeanito morpedye 3acrocyBanHs Multi-Criteria Decision
Analysis (MCDA), mo no3Boiisie NpiopuUTEe3yBaTH KOHKPETHI TaKTHUYHI
BTpy4aHHs y npoctip. OnHak cucteMarnuHuid onisig 3actocyBaHHs MCDA
B OXOPOHI NpPUPOJAM BUSIBHB NPEBAJIOBAHHS EKCIIEPTHUX OLIHOK HaJ
MApTUCUNATHBHIMHU METOAAaMH 3aJIy4eHHS TPOMajl, a TaKoX Ae(ilUT aHaji3y

% Thames21. London Rivers Week: River restoration report. 2020. URL: https://www.thames21.org.uk/
wp-content/uploads/2020/10/LRW-River-restoration-report-Final.pdf

2! Yeung P., Paris’ Seine River Rebounds: A Model for Urban Waterway Restoration. Environment
Energy Leader. 2025. URL: https://www.environmentenergyleader.com/premium/stacker/stories/fish-
are-thriving-in-the-river-seine,68905

22 Bailey T., Spatial Analysis: A Guide for Ecologists. Review. 2006. https://doi.org/10.1111/j.1541-
0420.2006.00588_3.x URL: https://academic.oup.com/biometrics/article-abstract/62/3/942/7321852?
login=false

» Wagner M., Merson J.,Wentz E. Design with Nature: Key lessons from McHarg’s intrinsic
suitability in the wake of Hurricane Sandy. Landscape and Urban Planning. 2016. Vol. 155. URL:
https://www.sciencedirect.com/science/article/abs/pii/S0169204616301207
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YyTJIMBOCTI Ta KJacrepusauii ynonoOaHb 3allikaBICHUX CTOPIH y Ipoueci
TPHHAHSTTS pileHp?,

[Tonpu HasBHICTH IPYHTOBHHX TEOPETHYHHX pO3POOOK, IPAKTHYHA
peainizarliss  eKOJIOTIYHO OpPIEHTOBAHOTO IUIAHYBAaHHSI B YKpaiHI CTHKAaeThCs
3 HE3KOKO Oap’epis®. CydacHa CHCTEMa 3aJMINAETHCA 3HAYHOIO MIpOIO
OIOpPOKPATH30BaHOIO Ta CIUPAETHCS HA JKOPCTKI METONMYHI pEeKOMEHAalii, ae
nmaHAmagTHE IaHyBaHH, X0 1 (popMasIbHO BKITIOUCHE 10 cKiiaxy KoMIekcHux
IUIAHIB TIPOCTOPOBOrO PO3BUTKY TpoMan (3rimHo i3 3akoHoM Ne 711-IX),
4acTo PO3pOOIIETHCS MOCT(PAKTYM, KOJTHM OCHOBHI IUIAHYBAIIBHI PIllICHHS BXKE
npuiinsTi. B Ykpaini Mmetomosoris asamadTHOTO IuiaHyBaHHs Oy/1a aJarToBaHa
Ta TPOTECTOBaHA HA pETiOHATFHOMY Ta JIOKAJBHOMY pIBHSX, 30Kpema
B Yepkachekiit obmacti®®. HositHi mperienentn inTerparti JIIT y Komruiexchi
IUTaHH [IPOCTOPOBOTO po3BUTKY PorarrHchKoi Ta [TicouMHCHKOT TepUTOpianbHIX
TpoMaj TIATBEPIIUTA MOXJIMBICTh CHCTEMHOTO OIIHIOBAHHS —EKOJIOTi9HOTO
MOTEHIliATy HAa MYyHIIMMAJIbHOMY piBHI®. OmHAaK, TONPH YCHIMIHICTh IHX
HIIaTAB, BOHH 3COUIBIION0 3aUIIAIOTBCS IHCTPYMEHTaMH CTPATEriqHOTO
30HYBaHHS LJIO1 TpOMajH, e pe3ylIbTaTH OLIHKK HE 3aBXKAU KOHBEPTYIOTHCS
y JleTaJIbHI OTepaliiiiHi cTparerii /sl OKPEMHUX BPA3JIUBUX TEPUTOPIH.

IIpoext «Ames 12,7 ¥KM» TOKIWKAHWHA 3allOBHUTH IIi TPOTAJIHU,
JIEMOHCTPYIOUH, SK KOMIUIEKCHa EKOJIOTiYHA IIPOCTOpOBa OLliHKa MOXe
TeHEepyBaTH OINepaliiiHy pamMKy 3 KOHKPETHHMH JIOKATi30BaHHMH 3aXOIaMH
Ha pIBHI TEPUTOPIaIBbHOI FPOMALIH.

3. MeTopgonoris, MeToau BoCNigXKeHHS
Ta onuc npouecy «Anes 12,7 km»

Bepern piuxu IliBnenanit byr Oymu Bmepmie ineHTn¢ikoBaHi K IIHHAN
EKOJIOTIYHMH KapKac MICTa Yy CTpaTeriyHOMY IUIaHYBaJIbHOMY JOKYMEHTI
«KoMmIutekcHa cTpaTeris MiCbKOro TPaHCIOPTY Ta MIPOCTOPOBOTO PO3BHTKY»,
pospobieHomy y 2015 pormi. B HactymHi poku Oyma crpoba 3aTBEpauTH
OKpeMy KOHIEHIII0 PO3BHUTKY OeperiB, sika BHSBWIACH HEBJAIOIO, uepe3

2 Esmail B. A., Geneletti D., Multi-criteria decision analysis for nature conservation:
A review of 20 years of applications. Methods in Ecology and Evolution. 2016. URL:
https://besjournals.onlinelibrary.wiley.com/doi/epdf/10.1111/2041-210X.12899

% Mapynsik €., Tony6uos O., Jlicoeebkuii C., Ta in. Meroauusi MiAXoam i mpakTuka po3poOKu
naHamadTHUX MUIaHIB TepuTopianbHUX rpoman (Ha npukiazni [TicounHcebkoi Ta PoraHchkoi rpomar
xapkiBcbkoi obmacti). 2022. Jlanowagmosnascmeo : xypuan Ne 2 (2). URL: https://vspu.net/
landscapescience/index.php/journal/article/view/14/16

% Tomy6uos O. JlanmmuadrTHe MaHyBaHHS: OCHOBHI IOJIOXKEHHS Ta JOCBiA peanisauii B YkpaiHi.
2021.Ykpaincekuii reorpadiunmii xypuan. URL: https://ukrgeojournal.org.ua/sites/default/files/UGIJ-
1-2021-63-72.pdf

¥ Binnuupka Micbka pama. Crtparerist pO3BUTKY TPaHCIOPTY Ta IPOCTOPOBOro po3Butky BMTT.
2015. URL: https://2021.vmr.gov.ua/ContentLibrary/ Ctpareris%20rpancnopry.pdf
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Opak oOrpyHTyBaHbp ypOaHicTHYHHX pimieHb. ¥ 2017 pori, cniuparoduch Ha
pe3yabTaTy IPaKTUIHUX JOCIIKEeHb Mopdoorii Oeperis, Oys10 00rpyHTOBaHO
CTBOPEHHS O€3MepepBHOr0 MapLIPYTy 3aBIOBXKKH 12,7 KM came B310BXK JIIBOTO
Oepera, 10 3yMOBJICHO HOTO BHUIIOK (Pi3UYHOIO NOCTYIHICTIO Ta MEHIIIHM
CTyIEHEM IPUBAaTHOI 3a0y/lOBH MOPIBHSHO 3 MPaBUM Oeperom, sIKMi 3a3HaB
6inbIIoi ypOanizanii. BaxumBuM eranoM KoHLENTyamizamii cTana CHiBIpans
3 CANactions School of Urban Studies, mo no3Bonuia nmpe3eHTyBaTH Bi3it0
MIPOEKTY Ha MIXXKHAPOJHOMY apXiTeKTypHOMY (hOopyMi Ta 3aKIacTH IiJIPyHTS
Jutst (hOpMyBaHHSI TapTHCUIATUBHOI CcIinbHOTH «CHiTbHUN Oepery.
[porsirom 2018-2020 pokiB akumeHT 3MICTHUBCS Ha Bepudikamlio 0e3-
MIEPEepBHOCTI MIMIOXiMHUX 3B’A3KIB Ta iHCTHTyLioHai3airo. Ilicas 3arBep-
JDKEHHSI «AJel» SK CTpareriYyHoro MiIOTHOTO 00’€KTy 3 NpU3HAYEeHHSIM
BiJINIOBIAJIbHOT IHCTUTYIT, 30ip JTaHUX NP0 TEPUTOPIT MOTTMOUBCS. 32 y4acTio
I'O “Urban curators” Oymu po3poOieHi «IlepeanpoeKTHI TOCIiIKCHHS
PO3BUTKY NPHOEPEKHUX TEPUTOPii» 3 aKIEHTOM Ha CHPHUHHATTS PIYKH
MICTSIHAMH, ICTOPUYHOTO 3B’ 3Ky MiXK OeperaMu Ta iJIesiMH II0I0 TOAAIBIIOTO
po3BuTKy*® (kapra 1) 3a MiATPHMKH HIMELBKOTO TOBApHCTBA MiKHAPOIHOTO
cniBpobOiTHHLTBa GIZ. 3a yyactio ['O Gys0 mpoBeneHo cepiro BOPKILOIIB Ta
DIMOUHHUX IHTEPB 10 3 (POKYC-TPpyIaMu, IO TO3BOIMIIO JOCITUTA MEHTAIbHI
KapTH CIPUHHATTA PIYKU MicTsiHaMH. Pe3ynbratu Oynu npezcTaBiieHi i qac
myoniynoi mpe3eHranii. Ha ocHoBi mux nanmx, komaHmow KII «Arenmis
IIPOCTOPOBOTO  PO3BUTKY» Oy/IM HampaunboBaHI IONEperHi IMPOCTOPOBI
pilieHHs, sKi OyiaM NPE3eHTOBaHI y BHMIVIAJI BHCTaBKH 3 3alpOLICHHSIM
MIPE/ICTAaBHUKIB 0i3HECY, MyHIINIAIITETY Ta HAYKOBOI €KCIIEPTHOI CITIIEHOTH.
HacryrnHum kpokoM OyI1o 3airydeHHs TpyITH eKCIIepTiB 3 KiliMary, Tigporpadii
Ta exoHoMikn 3 ['O “Restart Agency” mis NpoBeJECHHS aHaNi3y PEXUMIB
3eMJICKOPUCTYBaHHs Ta OLIHKY BPA3IHBOCTI TEPUTOPidl 10 3MiHM KiiMary”
3a migrpumkn The City Climate Gap Fund (Gap Fund) Bix The World Bank.
Pesynpraru anamizy Oymu Bepu(iKoBaHI uepe3 Cepiro OHIAWH-KOHCYJIBTAIliN
3 (haxoBoro criyTbHOTOO BiHHMIII, 1110 JO3BOIMIIO YTOUHUTH MPOCTOPOBI PillICHHS
3 3aCTOCYBAaHHIM IMPUPOIO OPIEHTOBAHMX pilicHb. [lapanensHo 3a MiITpUMKA
Gap Fund Oymo po3poOicHO KOMYHIKAIIHY CTpareriio, sika BH3HAYWIIA
KJIFOYOBUX CTEHKXO0JepiB, OeHedileapiB Ta HampaloBaja 4YiTKi aJrOpHUTMH
B3a€EMOJIT M MYHIIMIATITETOM, OI3HECOM Ta I'POMAJION0, IO € HEOOXiHOIO
YMOBOIO JUIsl TIEPEXOY MPOEKTY BiX cTasil muiaHyBaHHs 10 (iznuHol pearizamii.

% Urban Curators. ITepenpoeKTHi T0CIIDKEHHS I pO3POOKH KOHLENLiT PO3BUTKY NPHOSPEKHUX
Teputopiii «Anes 12,7 km». 2020. URL: https://urbancurators.com.ua/ALEY-12-7-ALLEY-12-7

¥ Restart Agency. TexHiko-eKOHOMiuHe OOTPYHTYBAaHHS KITiIMATHYHOI KOMIIOHEHTH HPOEKTY
«Anes 12,7 kmy». 2023. URL: https://drive.google.com/file/d/1KICQIIbuw8kDZE8RFscpQ1vxRO9V
4XmK/view
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Kapra 1. Anani3 Tpancopmanii npudepexHux TepuTOpiii
piuku IliBgennuii Byr B me:kax micta Binnuus
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3akmoyHuid eran 0a3yBaBCS Ha CHHTE3 OTPUMAHUX JaHMX Ta pPO3poOLi
CHCTEMH PEXHMIB KOPHCTYBAaHHS (30HYBaHHS), IO MPOWILIM anpoOariiro i
yac cepii NpakTHYHUX BOPKIUIOMIB 3 IpPEICTABHUKAaMH MYHILMIIATITETY Ta
AKTMBHHMX MEIIKaHIIIB, 3 METOI0 HAIpalfOBaHHs IJIOTHUX NMpoeKTiB. [louaTkosi
TUIaHYBaJIbHI MPOIO3MLIIT OYJIM CYTTEBO CKOPETOBaHI: 3aCTapisli pillIeHHs 3aMIHEHO
Ha OUIBLI aJanTHBHI, 10 BiIIOBIIAIOTH pealbHOMY CTaHy O10TOIIIB, TPABOBOMY
CTarycy 3eMellb Ta COL[aIbHO-€KOHOMIYHMM BHKJIMKaM chorofeHHs.. Ilorouna
po6ora komanmu KII 3ocepemxena Ha ¢iHami3amii onepaiiHiuX peKoMeH Al
JUTSL MyHIUIATITETY OO0 TaKTHYHOI MpiopuTe3alii BTUICHHS MPOEKTY.

CrpareriqyHa METOJIOJIOTIS IPOEKTY 0a3y€eThCsl HA I’ ATH B3AEMOIIOB’ I3aHUX
LUIAX, 100 BU3HAYAIOTH Horo IimicHicTh. llo-meprie, ne 3abe3mnedeHHs
TapMOHIHHMX yMOB Uil CIIBICHYBaHHsS JIIOJICBKMX AaKTUBHOCTEH Ta
pupogHoi exocucremMu piuku. [lo-gpyre, 3acTOoCyBaHHS IHTEIPOBAHOTO
MiAX0NY, SKMH TOE€qHYE IH(PPACTPYKTypHE IUIaHYBaHHS 3 JIaHIIIAQTHUMHU
pilleHHAMH Ta 30epeKeHHSIM JIOKaJIBHMX Tpaauuii micus. I[lo-tpere e
aKTyaJIbHICTh KJIIMaTWYHUM BHKJIMKaM, IO IepeadavyaroTh BIIPOBAKEHHS
MIPUPOJO OpIEHTOBAaHUX pillleHb JUIs peHarypaiizauii OeperiB. YerBepra
Ta I’SATa Ul CTOCYIOThCS COLIAJILHOTO BHMIpy: MakcuMizauii MimoxigHoi
JOCTYIHOCTI IPUOEPEIKHNUX 30H Ta aKTUBHOTO 3aJTy4ESHHS MICTSIH JI0 ITPOLIECiB
criBTBOpeHHs. Takuii OaraTorpaHHUd WIiAXiA TO3BOJISE TpaHC(HOPMYBATU
IpUOEpekHy CMYTY Y CTIHKHIA €KOJIOTIYHUI KOPUAOP, IO BiNOBIIAE 3acagam
€sponeiicekoro 3eneHoro Kypey ta Llinsm Cranoro po3sutky OOH.

Mertonu, siki Oy/nu BUKOpUCTaHI 1MiJ1 9ac HapoOOK 0a3yroThCs Ha OJIbOBOMY
300py JaHMX, IHTEpB 10, aHai31 MiCTOOYIBHOT JOKYMEHTAllii, BUKOPUCTAHHS
DI00ANbHUX — BIAKPUTUX TE€OJaHMX Ta IHCTPYMEHTIB  JUCTaHLIHHOTO
3onyBanHs 3emui (JI33). nst Bepudikauii HaTypHUX JOCHTIPKEHb Ta OL[IHKH
CTaHy NpHUOEpeXHUX TEpUTOpiil y MacuTabi rpoMaan Oyiio 3aCTOCOBAHO:

* Buxopucranns 3niMkiB Landsat Ta Sentinel uepe3 pecypcu Climate
Data, Copernicus Browser Ta EarthExplorer, mo mo3Bonwio OuiHUTH
JUHAMIKy 3MiH 3€MEJbHOTO IIOKPUBY, CTaH BOAHUX OO’ €KTIB Ta BHSBUTH
«MiCBKi OCTPOBH TEIIa» B3IOBK PIYKOBOTO pycia.

* Iurerpamis manumx MmikHaponuux opranizamiii (WWEF, FAO, WRI,
World Resources Institute, UN Biodiversity) Ta BiikpuTux kaprorpadiqHux
cepiciB (Open Street Map, Wikimapia) st moOyToBH TOYHUX IMiIIOXiTHHX
3B’SI3KIB.

*  AHaJi3 IaHMX TIPO CTaH BOJM Y AMHAMILI.

OcoOnuBa yBara TNPHIUIAETHCS aHaNi3y OIOTHYHOIO PI3HOMAHITTS
TEPUTOPIH, 10 BXOASATH JI0 IIPOEKTHOTO MIEPUMETPY. MeTOI0JIOTIs BKIIIOYaa:

e Amnami3 pigkicHux BumiiB: BukopuctanHs naHux YUepBOHOT KHHTH
VYkpainu y moenHanHi 3 mioOanpHuMHU Oasamu jganux Global Biodiversity
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Information Facility (GBIF) Ta iNaturalist. Ile mo3Bommio BepugikyBarn
Miclsl 3HaXO/DKEHHsI IHHUX BUIIB (uiopu Ta dayHu.

* Exocucremuuii ¢okyc: IlpiopureTHe 0OCTEeXKEHHS Bpa3IUBHX
610TOMIB — BOAHO-OOJIOTHHUX YTijb, 3aIJIABHUX JIYK Ta JIICOBUX YPOUHIL, LI0
BUKOHYIOTH (DYHKI[iI0 IPHPOAHUX OydepiB piuku.

Becw pobounii npouec OyB cTpyKTypOBaHUI y B3a€MONOB’s13aHi (a3u:

1. 36ip mammx Ta Bepudikamis: KoHcomimaiis CTaTUCTHYHOI Ta
npocTopoBoi iHpopManii 3 odiniiiHNX Ta BIAKPUTUX JHKEPEL.

2. IlpoBemeHHst cepii MapTHCUNATHBHUX  3alyuyeHb,  BYJIUYHHX
IHTEpB 10 3 KOPUCTYBayaMu MPUOEPEXKHUX TEPUTOPIi Ta BIIKPUTOT BUCTABKU
OTPHUMaHUX IOTIEPEe/IHIX HaIpPallOBaHb.

3. TlpocropoBa 06podka (Processing): ['eokomyBaHHs TaHUX Ta iX aHAII3
y cepenoBuili GIS aist BUSBIICHHST €KOJIOTTYHUX 3arpo3 Ta 30H KJIIMaTH4HOI
BPa3JIMBOCTI.

4. Cunte3 Ta TIIaHyBaHHA: TpaHcdopmaiis pe3yibraTiB aHaji3y
B OIEPaTHBHI IUIAaHYBaJIbHI pillleHHs (30HYBaHHS Ta TAKTH4HI IHTEPBEHIII),
aJIanToBaHi /10 IHCTUTYLIHHUX peastiii rpoMaau.

5. AmnpoOamis IUIaHYBaIBHMX pIlIEHb 3 TPEICTaBHUKAMHU PI3HUX
COLIaJIbHUX Ta BIKOBUX I'PYN HaceJeHHs, 3alliKaBIEHHX CTOPiH 31 CTOPOHHU
0i3Hecy Ta MyHIIMIIAIITETY.

6. ®iHamizauii pimeHp Ta MyOniYHI Ipe3eHTalil 3 ONPUIIONHEHHIM yCiX
JIAHUX.

4. Pe3ynbtaTtn NPoeKTyY «Anesa 12,7 km»

JlocnipkeHHsT BHUSBUJIO MHOXHHHI BUKIMKM (KapTa 2) Ta KOHQIIKTH
(xapra 3) Ha TepHTOpil NPOEKTY, MO KiIacu(iKoBaHi 32 TPhOMa BEKTOPAMH.
[To-mepuie, KOHQIIKTH JOCTYIHOCTI: NpUBATH3alis IUISHOK, HAasBHICTh
3aKPUTUX PEKUMHUX O0’€KTIB Ta IPOMHCIOBHX HiANPUEMCTB CTBOPIOIOTH
¢disuyHi  Oap’epu, MO TO30aBIAIOTH TPOMATY BIIBHOTO JOCTYIYy JO
HPUPOIHOTO pecypcy. 3 €KOHOMIYHOTO MOIVISIIY i TEPUTOPIl 3aIMIIAlOThCs
MaJIo3aisIHUMH 4epe3 IpaBoBy (parMeHTalilo 3eMellb Ta BiJCyTHICTh
IHXeHepHOT 1HYPaCTPYKTYpH, 1110 3HWKYE TXHIO IHBECTULIIHY TPUBAOINBICTS.
[To-npyre, exonoriuHi KOHQUIIKTH: Aerpanaunis Oepera yepe3 OCTOHYBaHHS Ta
HAaMUBH, aKTHBHE IMOIIMPEHHS 1HBa3iHHMX BHUAIB OOpuiiBHUK COCHOBCBHKOTO,
PO3pHB-TpaBa, KJICH sCeHeIMCTHi) Ta 3a0pynHeHHs Bigxomamu. Ilo-tpere,
KOH(QJIIKTH BUKOPHCTaHHS: KOHKYpPEHLIis MK puOakaMH, CIIOPTCMEHaMH Ta
BiJITIOYMBAIOYMMH Ha TJIi MOTCHIIHHUX 3arpo3 MOJAIBIIOT 3a0yI0BH.

AHarni3 TpaHCIOPTHOI Mepeki MoKasaB, IO JIBUH Oeper Mae OuIbII
BJIaJly CTPYKTYpY IOPIBHSHO 3 IIPaBUM, IIPOTE IHTErpawist pailoHiB i3 piukoio
3aJIMIIAETHCS CIIA0KOIO.
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Kapra 2. Bukiauku npudepe:kuux Tepurtopiii piuxu IliBnennuii byr
B Me:kax Micra Binnuuns
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Kapra 3. OcHoBHi TepuTOpianbHi KOHPJIIKTH
npudepe;KHUX TePUTOPii
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OcoOnmuBo KpUTHYHOIO € JuistHKa Oinst LleHTpasnbHOro Mocry, e
pansHCbKe IIaHYBaHHS, OPIEHTOBaHE Ha 3aXMCT BijJ INOBEHEH, BUTICHHIO
pekpeauiiiHy (yHKIiI0o Ha KOPUCTh TeXHIYHOTo Tporyapy. Lllnsx mo Gepera
BiJl 3yNMHOK TI'POMAJICBKOTO TpaHCHOpPTy 3aiimae 15-20 XBWIMH, YacTo
MIpoJIsiratoyn yepes 3aHea0aHi TepuTopii, a BiZICyTHICTh OPraHi3oBaHUX Micllb
JUISL TIApKyBaHHS NPHU3BOAUTH JO XaOTHYHOTO HAKOIMYEHHS IPHBAaTHUX
aBTOMOOUIIB y MpuOepexHiil 30Hi.

ExoJgoriuna giarsocTuka ta rizpomMopdonoriuamii cran

KapryBannst 6ioTomiB m03BONMIO Kiacu(iKyBaTd CiM OCHOBHUX THIIB
cepenoBuIl icHyBaHHs 3a cucremoro EUNIS: Haii0inpiry yactky 3aiiMaroTh
antpomnoreHHi cepeponuina (I) — 23,5 % Ta micori macusu (G) — 22,4 %. BonHi
exocucremu (C) cxnanarors 18,3 %, varapuuku (F) — 15,8 %, nyku (E) —
12,7 %, Bogno-6omotHi yrigns (D) — 4,2 %, a ckenpHi Buxomu (H) — 3,1 %.
OuiHka rpyHTiB ineHTH(]iKyBada YopHO3eMH (43,2 %) Ta airoBiajbHI IPYHTH
(28,7 %) sk HaiuinHim aktuBy, npore 31,4 % TepuTopii € Bpa3iIuBUMHU 10
epo3ii, 0co0IMBO Ha CXMIIaX 3 KPyTU3HOIO MoHaK 5°.

T'inpomopdornoriyamii aHami3 3adikcyBaB MPOrPECUBHY TpaHCHOpMAIIio
6eperoBoi miHii: 3,2 kM (25,2 %) Oyio ykpimieHo 6etonom, a 2,1 km (16,5 %) —
mryyHo Hacumano. Kpim toro, 1,8 xm (14,2 %) Oepera mocTpaxianu Bil
HE3aKOHHOT'O 3aXOIUICHHS 3eMenb. [iapomnoriuni po3paxynku (1960-2023 pp.)
MiATBEPUKYIOTh KITIMATHYHI 3MiHM: MAKCUMAJIbHUH CTiK 3MeHINUBCS Ha 18 %
npu 30UTBIICHHI TPHUBAJIOCTI MOBeHEW Ha 23 %, II0 BHMAarae ajganTHBHHUX
IUIAaHYBJIbHUX PIllIEHb.

KaiMaTtnuna Bpa3uBicTh Ta OniHKa PU3UKIB

Amnani3 3a crenapiem RCP8.5 npornosye migBuIeHHs cepeaHbOPIuHOT
temreparypu Ha 2,3 °C no 2050 poky Ta Ha 4,1 °C no 2100 poky. Kinbkicts
JITHIX TEIUIOBUX XBWIIb 3pocTe 3 16 no 41 Bumajaky Ha CE30H O KiHIS
cromitTs. ['iposoriuHi po3paxyHKH BKa3yrOTh Ha 3MEHILICHHS! MAKCUMaJIbHOTO
CTOKY Ha 18 % Ta 3HIKEHHS CTOKY MaJliX NMPUTOK Ha 15-25 % y niTHI Micsi.

KapryBanHns BpaznuBocTi (kapTa 4) BUSBUIO KPUTHYHI 30HH:

e Jlyxe Bucoka BpaznuBicTe (22,5%): BOOHO-OOJIIOTHI Ta BOAIHI
€KOCHCTEMH, Yy TIIMBI 0 BOJHOTO CTPECY.

e Bucoka Bpa3nusictb (18,7 %): 1y0oBO-TpaboOBi JIicH, IKUM 3arpoxKye
JIeIIUT BOJOTH Ta IIKITHUAKH.

e 30HM MichbkHX TemioBUX ocTpoBiB (15,3 %): Tepuropii, mo
MoTpeOyIOTh TEPMIHOBOTO OXOJIO/PKSHHSI.

3aranbpHa OLliHKa PU3MKIB BUSBUIIA 3arpo3y MoBeHe s 8,7 % Tepuropii,
3a0pyIHEeHHs I'PyHTOBUX BOA Ha 22,8 % IuIoNli, Ta PU3MK TEIUIOBOTO CTPECY
JUTS BifBiayBadiB Ha 15,3 % MOBKUHM KOPHIOPY Yepe3 BiJACYTHICTh 3aTIHCHHS
y TIKOBI TO/IMHH.
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Kapra 4. Yyriausictb 6ioTonmiB 10 3MiHN KJiMaTy, CTBOpPeHa B paMKax
po3pobku «TexHiko-eKOHOMIYHOI0 OOIPYHTYBAHHSA KJIiIMAaTHYHOL
KOMIIOHEHTH NMPOEKTY «AJies 12, 7Tkm» I'O “Restart Agency”
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TpaHcdopmallisi 3eMIeKOPHUCTYBaHHSI Ta MPABOBi BUKJIUKH

AHani3 CTpyKTypH 3eMJICKOPUCTYBaHHS BUSBUB KPUTHYHY (pparMeHTarito
npubepeKHUX TepUTOPii (kapta 5). Y MekaX MPOEKTHOTro mepuMmerpy (1o
OXOIUTIOE 3HAYHO MIMPIIY 30HY, HDK HOPMAaTWBHA MpUOEpeXHA 3aXUCHA
cmyra — I13C) mpuBaTHa BIACHICTh CKJIAaJa€ HAWOLIBIIY YaCTKy — ITOHA[
346 ra. Lle cTBOpIOE CyTTEBI mepemoHH Uit (GopMyBaHHS Oe3MepepBHHUX
3B’SI3KIB Ta BUMAra€ po3poOKH CKIAJHHUX IMPABOBHX MEXaHI3MIB Y3TOMKCHHS
PEXKHUMIB KOpUCTYBaHHsI. HaTOMICTh MyHILIMIIabHA BIACHICTh OXOILTIOE JIUIIIE
79,6 ra, 1110 BU3HAYAE I1i TUISHKA SIK IPIOPUTETHI AJIS1 CTBOPCHHS ITyOMIYHIX
TPOCTOPIB.

OxpeMy yBary MpUALIEHO PETPOCHEKTHBHOMY aHAIi3y BTpar MPUPOAHHX
TepuTopiit. BeraHoBieHo, 1o B mepion micas 2010 poky BimOynmacst CTpiMka
nerpamaigist OeperoBoi JiHII uepe3 HE3aKOHHI HAMHMBHU Ta OCTOHYBaHHS,
BHACHIOK dYoro Oymno ¢(akTuyHO BTpadeHo Omm3pko 15% mpupomgHOro
OeperoBoro JaHamadry, M0 paHille BHKOHYBaB (DYHKIIO CKOJOTTYHOTO
Oydepa. Hapasi sume Omm3pko 255,5 ra 30epiraioT CTaryc PUPOIHO-
3aXHMCHHUX CMYT, III0 € OCHOBOIO MiCHKOTO €KOJIOTIYHOIO Kapkaca, MpoTe HaBiTh
i 3eMJIi BiOYyBalOTh aHTPOIOTCHHHMH THCK: 3,2 KM Oepera Bxe 3aKpillICHO
6eToHOM, a 1,8 KM TepuTOpiii MOCTPaXKIaIH BiJl CAMOBLIFHOTO 3aXOILICHHS.

ConiajbHa KOMIIOHEHTA Ta PesKUMH peKpeaniiiHoi aKTUBHOCTI

JlocimKeHHST COMLIaAbHOIO BUMIPY HaOEpEe)KHOI MPOAEMOHCTPYBAIO il
PoITb SIK GaraTo(yHKI[IOHATIBHOTO MPOCTOPY caMoimeHTH(]IKALl Ta TPaH3HUTY.
OCHOBHUMHM TPyIlaMH KOPHUCTYBadiB € 0COOH, IO 3MIHCHIOIOTH MPOTYJISHKA
(immmuBimyanbpHO 200 B Tpymax), 3aiiMarOThCs CIIOPTOM, PUOATIATE, BUTYIIOIOTh
cobaK YH BJAIITOBYIOTh IMIKHIKM. J[isI 3HAYHOI YaCTHMHH PECIOHICHTIB
Habepe)KHa BUKOHYE POJIb CTPATET1YHOI TPAH3UTHOI 30HH a00 MICI[SI 3yCTpidi.

IporynsHky kiacu(iKOBaHO 3a THIIOM OpTraHi3ailii Ha 1HIUBIAyalbHI
Ta TPymnoBi. IHIUBiAyalbHI aKTHBHOCTI 4acTO MAlOTh XapakTep PaHKOBHX
PHUTYaJIiB YCaMITHCHHS, € LIHYETHCS MOXIIHUBICTh BHYTPILIHBOI pediiekcii
Ta CIOCTEPEXKEHHS 3a NPUPOIOI0. PEeCrloHOEHTH BiJ3HAYAIOTh HAsSBHICThH
crenudiyHUX MPaKTHK, SK-OT BiJIOYMHOK Ha HAXWJICHUX JepeBax Y
nepeOyBaHHS B THUXHX JIOKAIAX IMOJali BiJl TPAH3UTHHUX IMOTOKIB. I'pymoBi
MIPOTYJISTHKH, HAaBIAKH, TOTPEOYIOTh MOMEPEIHLOTO MaHyBaHHSI. OCOOITUBOIO
KaTeropiero € ciM’i 3 ITbMH BIKOM 110 6 POKIB, IS SIKUX MIPUPOAA y30eperoKs
BUCTyNae OE3KOLITOBHUM Ti3HAaBaILHUM pecypcoM. IIpore us rpyma
HAHOLIBII TOCTPO BimuyBae Opak iH(GPACTPYKTYpH Ta HasBHICTH Oap’epiB,
10 YCKIAJHIOIOTE PyX i3 Bi3kaMu. MoJIOab MEPEBaKHO BiIBIAYE TEPHUTOPIIO
CIIOHTaHHO, IHTETPYIOUHM HAOCPE)KHY Y 3arajbHi MICBKI MapIIPyTH, HOpU
LBOMY pEKpeallisl 4acTo CYMpPOBO/DKYEThCS CIOKHUBAHHSIM 1KI Ta HAroiB,
MPUHECEHHUX 3 AOMY a00 MpHUI0aHUX Y HAHOIMKIOMY Mara3uHi.
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Kapra 5. IlinboBe npu3HayeHHs Ta (POPMH BJIACHOCTI 3eMeTbHUX
AinsTHOK mMpuOepekHUX TepuTopiii B31oBK piuku IliBnennuii bByr
B MesKax micra Binnnus
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dDyHKIioHAIbHE 30HYBAHHS Ta PeKUMH BUKOPHCTAHHSI

Ha ocHOBi cuHTE3y cCoOIiadbHUX 3alUTIB Ta EKOJOTIYHUX OOMeKeHb
PO3pOOJICHO CUCTEMY 3 IT’SITH OCHOBHHX PEKHMIB KOPHCTYBaHHs (Kapta 6),
Ha3BU SIKAX BIANOBIJAIOTH CTPATEriYHAM  HANpPAILIOBAHHSAM  MPOEKTY
2014-2025 pokiB:

e Tepuropii NMPUPOAM: BUKOHYIOTH POJIb LIEHTPIB O10PI3HOMAHITTS, 1€
MPIOPUTETOM € peHaTypasli3allis Ta BiIHOBICHHS 3€JeHOI 1HQPACTPYyKTypH
JUISL YIIPABIiHHS 3JIMBOBUMH BOJIAMH.

e Tepuropis crTanoi B3aEMOMii MK JIIOAWHOI Ta MPHPOIOID: 30HU
3 peKpealiiiHMM MOTEHI[aoM, /€ JOMYyCKAEThCS PO3MIIEHHS JIETKHX
iHGPACTPYKTYpHUX 00’€KTiB (MaBIIBHOHIB, IMyHKTIB IIPOKaTy), IO HE
MOPYIIYIOTh IPUPOIHUHN OanaHc.

o Michki HaOepeKHi: IHTCHCHBHI IPOMAJICHKI ITPOCTOPH, IO TOEAHYIOTH
¢byukuii MoOiTpHOCTI Ta comiamizarii. Jlu3alH mHMX 30H 0Oa3yeThCsl Ha
iHTerpallii PpOCIMHHOCTI Ta MPUPOTHUX CUCTEM (DiIBTpallii JOIOBUX BO.

e Tepuropii, mO MOTPeOYIOTh BIAHOBICHHS: IErPagOBaHi IUISHKA
(BHaCTimOK epo3il uu BUPYOKH), II0 MAIOTh BUCOKHI MOTCHINAT I Iepe-
TBOPEHHS HA EKOJIOTIYHO CTalli MPOCTOPH 3a YMOBHU IIJIECHPSIMOBAHOT
PEKyIBTHBAILII.

e Tepuropii, moO MOTPeOYIOTH 3aXHCTy: BPa3IUBI EKOCHCTEMHU
(3a00104CHI AUISTHKH, CKEJIbHI BUXOIH, MICIS KOHIIEHTPAIIT PIAKICHUX BUIIB),
JIe HeOOX1IHO HEraiHO 3alPOBAIUTH CYBOPI OXOPOHHI PeryIaMEeHTH.

IIpoexTHA MO/ TAKTHYHUX BTPYYaHb

Jns peamizanii BKa3aHUX PEXKHMIB 3alpOIIOHOBAHO TPYIH BAXKKUX Ta
M’SKHX 3axomiB. 30Kpema, s 3abesnedeHHs (i3udHOi Oe3mepepBHOCTI
MapHipyTy HependadeHo BIAIMITYBaHHS MINIOXiAHUX MOMOCTIB Ha TMaJeBUX
omopax, MiAHATHX Hax Bomoro. KiimaruuHa aganrtaiis peani3yerbes
yepe3 CTBOPEHHS OIOMIATO y THpJiIaxX MajuX PIiYOK, CTBOPEHHSIM MEpPEKi
JOUIOBUX CaJKIB /sl TIEPBUHHOI OYHCTKU ITOBEPXHEBUX CTOKIB Iepen
MOTPAIUISIHHSAM Y PiUuKH Ta (OPMYBaHHS 3€JEHUX KOPUAOPIB i3 BHUCAIKOIO
a0OpUTeHHMX POCIMH Ta JepeB. [Iporpama TakoX BKIIOYAE PO3BHUTOK
(GYHKITIOHATBHUX KJIACTEePiB (OCBITHBHOTO 011 1mKoIK Ne 29 Ta CHOPTHBHOTO
0ins 6a3u «JluHAMO») Ta MOAEPHI3ALIO IUISHKIB, 0 JO3BOJIUTH IHTEIPYBaTH
NPUPOAHUI JNaHmmAadT Yy NOBCAKICHHY CTPYKTYPY JKHUTTEIISUIBHOCTI
rpomand (kapta 7). o M’SKHX 3aXOHiB BIAHOCATHCS BHHECEHHS
MPUOEPEIKHO-3aXUCHUX CMYT B HATYpy Ta BHECEHHSM IX 1O JEepIKaBHOTO
KaIacTpy, CTBOPCHHsS 00’€KTIB MPHPOIHO-3aMOBIAHOTO (DOHIY, BUIIICHHS
30H, SKi MOTPeOYIOTh BIMHOBJICHHS pPIYKOBHX 3allylaB Ta KOHTPOJIO 3a
PO3IOBCIOPKEHHAM 1HBa31HHUX BHUIIB.
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Pe:kxuMu KopUCTYBaHHA NPUOepesKHUMHU TePUTOPIAMHU B3I0BK
piuku IliBnennuii Byr B mexxax micta Binnuns

Kapra 6.
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Kapra 7. Taktnuni ¢iznyni inTepBeHnii, HeoOXiqHI 119 MOT0JIaHHS
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Tepuropiii piuknu IliBnennnii Byr
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Hes3Bakaroun Ha BHCOKY TOYHICT pO3pOOJICHWX pillleHb, Hapasi
NPOEKT 3AJIMINAETBCS HA CTajil crparteriyHoro IuiaHyBaHHs. ®iznuna
peaiizaliss CTPUMYETBCS IEPEPO3IOIUIOM pECypciB B yMOBaX BOEHHOTO
CTaHy, a TaKOX IHCTUTYUIHHMMH Oap’epamu: OOMEKECHOIO 3alliKaBJIEHICTIO
3 0OKy MYHILMIIQJIBHOTO YNPABIiHHSA Ta BIJCYTHICTIO BHJUICHOI KOMaHAW
JUIl TIOCTIHOTO CYNpOBOAY NPOEKTY. Y pe3yibTaTi, HalpamtoBaHHS
2014-2025 pokiB ciIyTyI0Th JOKa30BOI0 0a3010 Ta ONepariiHo0 m1aTGopMoro
JUll MalOyTHBHOTO BiJHOBJIEHHS TEpUTOpii, 3a0e3reuyroun cranuii OayaHc
MDK peKpeaniiHO0 1HKIIO3UBHICTIO Ta 30€peXEeHHSIM €KOCUCTEMHHX HOCIYT
piuku.

5. Ouckycis

Ki1r04oBOIO TEOpPETMYHOIO IHHOBALIEID TPOEKTY «Amest 12,7 xm»
€ po3po0Ka CUCTEMH PEXUMIB KOPHCTYBaHHS, SIKa BUCTYIIAE AJILTEPHATUBOIO
TpaguUiiHOMy (YHKIIOHaJbHOMY 30HYBaHHIO, 3aKpiINICHOMY B YKpaiH-
cekomy 3akoHomaBcTBi (JIBH B.1.1-22:2017). T'olOBHUM HEIONIKOM YHHHOI
HOpMaTuBHOI 0a3u B YKpaiHi € i1 aHTpONOLEHTPUYHICTD: 30HU PO3IIISAAI0THCS
MEePeBaXHO 3 TOYKH 30py HO3BOJIEHHX BHAIB TOCHOAAPCHKOI IiSUIBHOCTI,
a HE 3 METOI0 3aXMCTy €KOCHUCTEM 4YM BBEICHHS HPEBEHTHBHUX OOMEKCHB.
Ha BigMiHy Bif KJIacHYHOTO IiAXO.Y, 3alIPOIIOHOBAaHI PEKUMHU CTBOPIOIOTH
pPaMKOBY OCHOBY Uil Oy/Ib-SIKMX BTpy4YaHb y INPHOEPEKHOMY IEPUMETPI.
Ile mneperykyerbcs 3 MDKHAPOIHOI KPUTHUKOIO J>KOPCTKOTO 30HYBaHHS
(Euclidean zoning), ska BKa3ye Ha WOro HE3MATHICTh aJaNTyBaTHCS [0
JUHAMIYHMX EKOJIOTIYHMX 3MiH. Y MDKHApOIHIH HayKoBii AMCKycil Bce
yacTile 3ByYdTh 3aKIHK J0 mepexomy Ha Productive Landscapes® ta
Adaptive Management, ne oOMeXeHHS € IHCTPYMEHTOM CTiHKOCTi, a He
MPOCTO FOPUINYHOIO (POPMANIBHICTIO.

BaknuBuM acrnekToM AMCKYCil € coulianbHO-paBoBHi KOHQUIKT. JlaHi
CBiYaTh 10 NpH HasBHOCTI 255,55 Ta NpUpPOIHO-3aXHMCHOI CMYTH 3TiJTHO
KomriekcHoro 1miany mpocTopoBOro po3BUTKY, 3 HUX 50 ra Bxe 3a0ymoBaHi
Ta BTpaveHi. [HTerpauisi coriagbHOI KOMIOHEHTH BHSBWJIA BHUCOKHH 3aIlUT
rpoMajgy Ha TEpaneBTUYHI JaHJAQTH Ta MOTpedu y Oe3neperkogHOMY
poctyni no Bogu. Tomy HasBHICTE 346 ra c(hOpPMOBaHMX 3€MEIBHUX
JUITHOK y MeXax MPOEKTHOTO MEPUMETPY Y NMPUBATHIM BIACHOCTI CTBOPIOE
UTI03110 MPUCYTHOCTI PIYKM Yy MICTI Ta MEHTaJBHOIO 3B’S3Ky MK HEI Ta
MmicTsiHaMu. J{ociipKeHHs IPOEKTY JIEMOHCTPYE, IO B YKPATHCBKUX peaisix

30 Akyol M., Tuncay H. E. Productive landscapes and resilient cities. 2014. A/Z ITU journal of
Faculty of Architecture Vol. 10 (2). P. 133—-147. URL: https://www.researchgate.net/publication/
287192976https://www.researchgate.net/publication/287192976 Productive landscapes_and_
resilient_cities
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PO3BHUTOK TPHOEPEIKHUX TEPUTOPIl Mae€ CyNpPOBOKYBAaTHCS COLIAIBHOIO
BiJIMIOBITAJIbHICTIO MYHIIUIAIITETY TEPE MICTIHAMH II[OJI0 3aXUCTY OeperiB
BiJ] 3a0y/10BM Ta BUKOHAHHSM 3aKOHOJIaBCTBA.

BincyTHICTh NMPaKTHYHOI IMIUICMEHTAIl TPOEKTY IEMOHCTPYE CYTTE-
BUI pO3PHB MDK BHCOKHUM pIBHEM €KOJIOTIYHO IPOCTOPOBOi OLIHKH Ta
IHCTHTYLIHHOIO HECIPOMOXHICTIO O i BIpPOBa/pKeHHs. Ha BigMiHY Bif
MDKHApOIHOTO JOCBiAy (Hampukian, keic piuku [3ap), ne 3a craniero Bi3il
ciligye rapaHToBaHe (iHAHCYBaHHS, YKpaiHCbKI TPOMajl CTHKAIOTHCS
3 nediluTOM 3aKOHOAABYOTO MiAIPYHTS JJIs apryMeHTainii Butpar Ha NbS
y 4acu BiiiHu. lle migHiMae mHMTaHHSA NPO HEOOXIAHICTH AEUEHTpaizawil
CKOJIOTIYHOT ~BIJMOBINANBLHOCTI: KOJM TpoMajga cama CTae Ccy0’eKToM
YIPaBJIiHHS PIYKOI0 Yepe3 CTBOPEHHS CIIelialli30BaHHUX JIOKAJIbHUX BiIILIIB
(piukoBUX 0(iciB), HE YEKAIOUH LIEHTPAII30BaHUX CYOBEHIIIH.

Oxpemoi yBarm 3aciyroBy€ 4acoBa TAIIICTh IPOEKTY, SIKa& CTAHOBHUTH
noHay 10 pokiB (2014-2025). Y KOHTEKCTi yKpaiHCHKOTO MICBHKOTO ILIAHY-
BaHHS, J€ OUIBIIICT CTpaTeriyHuX IHIIATUB BTPA4YalOTh aKTYaJIbHICTh
31 3MIHOIO MOJITHYHUX LMKIIB, AECATUpIUHE iCHyBaHHS «Aumei 12,7 km»
€ Oe3npereIcHTHIM TIOKa3HUKOM CTiiikocTi. Taka cTajicTh cTajga MOXINBOIO
3aBIIIKM HasBHOCTI C(OPMOBAHOIO IHCTUTYLIHHOrO HOCis — MpodinbHOrO
xomyHanbsHoro nignpuemctsa (KII), sike 3a0e3nedye HerepepBHICT poOOTH Hall
IIPOEKTOM He3aJIeXKHO BiJ] 30BHIMHIX (akrtopiB. Hassricte KII sik mocriiiHOTO
Moyieparopa J03BOJIMIIA MPOEKTY TPOMTH IUIAX Bijl IIEPBUHHOI €KOJOTiYHOT
Bi3ii 10 JIETaTi30BaHOI IPOCTOPOBOT AHATITHKH Ta KapTorpad)yBaHHs.

HapermuTi, npoekT NpoTHCTABISAETHCS JOMIHYIOUOMY B YKpaiHi KJIaCHUHOMY
Graroycrporo (sik y Bunaakax Kuesa un TepHOnosst), sKuit 4acTo peaizyeTbest
3aKpUTUM criocoboM. «Auiest 12,7 km» depe3 cBiif myOniuHUMil po3rojoc Ta
BIJIKPUTICTh JaHHUX 30JMXKYETHCS 3 MEPEOBUMH YKPAaiHCHKHMHU iHiLiaTHBaMU
(taki sk 3enenuit kopugop Camanaipka, [losra Crexka, KoHIeninist po3BUTKY
piuku Cityu), hopMyrO4YH HOBY HIKOJIY MiCBKOTO JIaHANIA(THOTO TUIAaHYyBaHHS,
Jie TIPIOPUTETOM € KiliMaTHyHa Oe3IeKa, a He Bi3yajbHa JEKOPATHBHICTB.

BUCHOBKUA

[poexr «Anest 12,7 kM» AeMOHCTPYE €(PEKTUBHICTh 3aCTOCYBaHHSI METOJIB
€KOJIOTTYHOI TIPOCTOPOBOI  OLIHKKM TEPUTOPii I PO3POOKH KOHKPETHUX
IUIAHYBaJIbHHX PillIeHb y cdepi po3BUTKY HprbepexHux Teputopiil. [locninosHe
BUKOHAHHS CTAaIlB OI[HIOBAHHS — BiJ] BU3HAYCHHS pAMKOBHX IUJICH [0
(opMyBaHHS CHUCTEMM TAaKTHYHHX pilleHb — 3a0e3MeYrsio KOMIUIEKCHUH Ta
HAyKOBO OOIPYHTOBAaHWI WiIXiJ JO IUIAHYBaHHS. Pe3ynsraTté KIiMaTHIHO
OLIHKY Jy1s1 BiHHMII Oe3arensmiiiHO TOBOASATH: €IMHAM JKUTTE3IATHIUM [UIIXOM
PO3BUTKY TPUOCPEIKHHUX TEPUTOPIN € 30CPEIKCHHs MPHUPOJHOCTI. 3MEHIICHHS
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CTOKY NPUTOK Ha 15-25% Ta pU3MKM TEIJIOBUX OCTPOBIB POOIATH KIACHYHHUN
TTi1X1/1 HeOEe3MEeYHNMMH JUTSl MiCHKOTO MIKpPOKJIIMATYy, T ATBEPPKYFO4i HEOOX1THICTh
BIPOBa/HKEHHS CaMe PO3POOJICHUX Y TIPOEKTI PEXXUMIB. 3aCTOCYBaHHS ITOABIHHOT
CHCTEMH OIIiHIOBaHHS 3a KaTeropisMM I[IHHICTb Ta YyTIMBICTH JO3BOJIWIO
BUSIBUTH HE JIMIIE HAWOLIbII LiHHI 111 30epekeHHs AUIHKY, ajle W TepHuTopii,
0 HOTPeOyIOTh TIEPUIOYCPIOBHX 3aXOMiB 13 peHarypaiizaiii. [Hrerpartis
OLIIHKH BPa3JIMBOCTI JIO KJIIMAaTHYHUX 3MiH Y CUCTEMY €KOJIOTTYHOIO 30HYBaHHS,
3abe3rneymna MPOAKTUBHUN XapakTep IUIAHYyBaHHS Ta MOMJIMBICTb aJarTariii
TEpUTOPIi 10 MalOyTHIX KJIIMaTHYHUX YMOB.

Kaprorpadiunuit cunte3 pesynerariB ouinioBanus y ['1C-cepemoBumii
BUSIBMBCS ~€()EKTUBHMM IHCTPYMEHTOM JUIi IPOCTOPOBOIO  aHaji3y
Ta NOPUIHATTA IUTaHYBaJIBHUX pilmieHb. CTBOpPEeHHS cepil TeMaTH4YHUX
KapT JO3BOJIWIIO Bi3yamizyBaTH CKJaJHI B3a€MO3B’SI3KM MDK PpI3HUMH
KOMIIOHEHTaMH JOBKUUIS Ta 3a0e3MeYniIo MOXIIMBICTB OIEPaTHBHOTO
aHaJi3y aJbTEpPHAaTUBHMUX BapiaHTIB IUIaHYBAIGHHUX pilleHb. [HTerpoBaHa
KapTa TaKTUYHUX PillIeHb 3 POCTOPOBOIO IPHB’si3kot0 10 rpyn 3axofiB craia
NPaKTHYHAM 1HCTPYMEHTOM JUIS IOETAalHOi peaii3alii HMpPOEKTy Ta MOXe
BUKOPUCTOBYBATHUChH JIJIsI MOHITOPHHTY TIPOTPECY.

Pospoliiena cuctema eKOJIOTIYHOTO 30HYBaHHS 3 YOTUpMa (PYHKI[IOHATBHUMH
30HaMH (OXOpOHA, peHaTypalizalisi, PO3BUTOK 1H(PPACTPYKTYpH, BiJHOBICHHS
JIOCTyIy) 3a0esreuye OajlaHC MK 30epeKEHHSM EKOCHCTEMHHX MOCIyT Ta
3aI0BOJICHHSIM peKpeauiiiHux norped rpomaau. JudepenniioBanuii miaxin 1o
YIPaBIIiHHS PI3HUMH JUITHKAMH TEPUTOPII 103BOJISE ONTUMI3yBaTH PO3MOJILIT
pecypciB Ta 30CepeiuTH 3yCHIIS Ha PIOPUTETHUX HAIPSIMKaX.

MeTon0JI0TisI €KOJIOTIYHOT MPOCTOPOBOI OIIHKH, anpoOOBaHa y MPOEKTI
«Anes 12,7 xm», Moxke OyTH ajianiToBaHa JUisl IHIIMX TEPUTOPIaAIbHUX IpoMal
VkpaiHu, sKi MarTh NPHOCPEKHI TEPUTOPIi Ta CTHKAIOTHCS 3 BUKIMKAMU
ypOaHizailii, BTpaTH MPUPOIHUX CKOCHCTEM Ta HEOOXiTHOCTI ajanTamii 10
KJIIMaTn4HUX 3MiH. KpUTHYHO BaXKJIMBUMH JUIsl YCIIIITHOTO BIIPOBAJDKEHHS €:
MPOBEAEHHS KOMIUIEKCHOT OLIIHKH J0 MOYaTKy NPOEKTYBAaHHS, BUKOPHCTaHHS
I'[C-texHoOTI# A5t IPOCTOPOBOTO aHaMi3y, 3alyYeHHs MIKAUCIUILTIHAPHOT
KOMaH/IM EKCIEpTiB, aKTHMBHA ydacTh I'POMajJd Ha BCIX eramax, IoeTalHe
BIPOBa/PKEHHS 3 MOHITOPMHIOM pe3yJbTariB. Pe3ynmbratm  IpoekTy
MOXXYTh BHUKOPHUCTOBYBAaTUCH JUIsSl CTPATEri4HOi EKOJIOTIYHOI OLIHKH IIJIaHIB
MPOCTOPOBOTO PO3BUTKY TEPUTOPIANBHUX IPOMaJ Ta IHTErpamii eKoJoriyHol
CKJIAJIOBOI y MICTOOYNIBHY JOKYMCHTAIIIO.

AHOTALIA
CrarTsl mpHUCBsYEeHA po3poOIli Ta ampodarii MeToJ0JOrii SKOJIOTiYHOT
MPOCTOPOBOT OLIHKY HAa IPUKIIAI TPOEKTY «AJtest 12,7 KM» Il iIHTErpOBaHOTO
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yIpaBIliHHSA NpUOEpeKHUMHU TepuTopisimMu piuku IliBnennuii byr B mexax
MicTa BiHHMIS B yMOBax 3MiHM KJIIMary Ta BHUCOKOTO aHTPOIIOTEHHOTO
HaBaHTAXEHHS. AKTYaJbHICTh 3yMOBIEHA BIJCYTHICTIO B YKpaiHCHKil
MiCTOOYAIBHIN MPAaKTULI AI€BUX IHCTPYMEHTIB JaHIIA(THOTO IUIaHyBaHHS,
IHCTUTYLIIHHOIO 1HEPIi€I0 Ta BiJICYTHICTIO IHTEIPOBAHOI €KOJIOTIYHOT OL[IHKH
y TIOTOYHOMY IIJIaHyBaJIbHOMY IIPOIECi, II0 B YMOBaxX aHTPOIOTEHHOTO
TUCKY Ta KJIIMaTHYHOI HecTaOLIBHOCTI TNPHU3BOAMTH JO HE3BOPOTHOI
Jerpaaaiii piykoBUX cucTeM. Y poOOTi 0OIpyHTOBaHO HEOOXiJTHICTH 3MiHU
IiJXO0/1B MYHIIMIIaIBHOTO YIPABIiHHS Yepe3 Mepexin BiJl (parMeHTapHOro
MiAXOAY A0 CHUCTEMHOr0 HMPOCTOPOBOTO IUIAHYBaHHS Ha OCHOBI HayKOBOT
Bepudikauii. Moaenb 10ka30BOro IUIAHYBaHHS 3 3aCTOCYBaHHSM €KOJIOT1YHO
MPOCTOPOBOi OLIHKKM JIO TMPOLECY MNPUHHATTS OCTAaTOYHUX PpILICHb
JEMOHCTPYE OUIBLIY MIATPUMKY iX aKTHBHUMH MeEIIKaHUSAMHU. [0J0BHHM
PE3yNBTaTOM IIPOEKTY € CTBOPEHHS PEKMMIB KOPUCTYBAHHS, SIK aJIbTEPHATHBU
CTaTUYHOMY (PYHKI[IOHAIBHOMY 30HYBaHHIO, 1110 320€31euyr0Th OajlaHC MiX
AQHTPOIIOTCHHUM HaBAaHTAKEHHSM Ta BiJHOBJIECHHSIM NPUPOAHOCTI Oeperis.
Hecsatupiuna Tsanmicte npoekty (2014-2025) minTBepaxye WO 3aBIsSKH
TOMY, IO KOMYHaJIbHE HiANPHEMCTBO BUCTYNA€ CTAJIUM IHCTUTYLIHHUM
HOCIEM TIPOEKTY, HE3AJEKHO BiJl MOJNITHYHUX LHUKIIB, BUKOPHCTAHHN
KOMIUIEKCHMH migxin € ycmimbuM. JlocBin mpoexkty «Axes 12,7 xm»
MIPOIIOHYETHCS SIK pedepeHCHa MOJEINb Ul YKPaiHChKUX MYHILMIAIITETiB
IIO/I0 BIPOBAPKCHHS KOMIUIEKCHOTO MIJIXOAY JAO peBiTamizamii BOIHHX
00’eKTiB Ta ajganrtamnii MICHbKOTO CEpelOBHUINA J0 EKOJOIIYHUX BUKIHKIB
MaiiOyTHBOTO.
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CHAPTER 11

ENVIRONMENTAL ASPECTS

OF MODERN PHARMACEUTICAL BIOTECHNOLOGY:
SUSTAINABLE WASTE MANAGEMENT

AND PHYTOMANAGEMENT OF TERRITORIES

Fedoryshyn O. M.
DOl https://doi.org/10.30525/978-9934-26-654-6-11

INTRODUCTION

The current stage of development of pharmaceutical biotechnology is
characterized by a paradigm shift: from purely technological efficiency
to environmental responsibility. In light of global challenges and the
implementation of the European Green Deal, the EU Chemicals Strategy for
Sustainability Towards a Toxic-Free Environment occupies a central place in
scientific discourse. Adopted in 2020, this Strategy initiated a fundamental
reform of approaches to the production and use of chemical compounds,
setting as its main goal the creation of a toxic-free environment where human
health and ecosystem integrity are priorities'.

The implementation of the Safe and Sustainable by Design (SSbD) concept
requires the integration of safety criteria at the design stage of pharmaceutical
products. This implies not only high functional activity of biologically active
compounds (BACs), but also their ability to biodegrade completely, minimize
the use of hazardous reagents, and transition to energy-efficient technological
cycles. The pharmaceutical industry is now considered one of the critical areas
of concern due to the specific nature of micro-pollutants-residues of medicinal
products and endocrine disruptors — which requires innovative solutions in
the field of wastewater treatment and sustainable waste management? >.

This monograph is devoted to the study of scientific strategies for the
conservation and restoration of natural ecosystems under conditions of

! European Commission. Chemicals Strategy for Sustainability Towards a Toxic-Free Environment:
COM(2020) 667 final. Brussels, 2020. 25 p.

2 European Medicines Agency (EMA). Guideline on the environmental risk assessment of medicinal
products for human use. Amsterdam, 2024. (EMA/CHMP/SWP/4447/00 Rev. 1).

3 European Commission. Pathway to a Healthy Planet for All: EU Action Plan: *Towards Zero
Pollution for Air, Water and Soil’ : COM(2021) 400 final. Brussels, 2021. 24 p.

235



intense anthropogenic pressure. Particular attention is paid to the potential
of bioremediation as an effective “nature-based solution” for the removal
of persistent and mobile substances. The use of microbial degradation,
phytoremediation technologies, and the development of biodegradable
materials based on natural polymers are considered key tools for minimizing
the negative impact of pharmaceutical production.

A separate vector of research is the analysis of the cumulative impact
of chemical mixtures (the “cocktail effect”) and the introduction of the
latest methods of toxicological monitoring. In the context of contemporary
challenges, particularly the need for post-war ecological restoration of
territories, knowledge about the mechanisms of xenobiotic transformation
is of strategic importance for ensuring Ukraine’s ecological security and its
harmonization with European standards* > ¢

The work is intended for a wide range of scientists, teachers, graduate
students, and specialists in the biotechnology and environmental sectors
who seek to integrate the principles of sustainable development into modern
pharmaceutical science and practice.

1. The eco-oriented paradigm of the pharmaceutical sector:
from EU regulatory requirements to risk assessment

This section reveals the conceptual foundations of the greening of the
pharmaceutical industry in accordance with the objectives of the European
Green Deal. A critical analysis of the EU regulatory framework in the field
of chemical safety and risk management is conducted. The problem of
pharmaceutical residues as a specific class of micropollutants is considered,
and the ways of their migration in the hydrosphere and soils are studied.

Attention is focused on the phenomenon of the “cocktail effect” and
the need to introduce integrated environmental monitoring, which allows
assessing the cumulative toxicity of BAS mixtures for biodiversity. According
to the latest monitoring data, traditional pore water analysis underestimates
the actual toxicity of the pharmaceutical background by 4-5 times, confirming
the need to introduce the MAF coefficient’. A 2024 study (Environmental

4 Rethinking chemistry for a circular economy / K. Kiimmerer et al. Science. 2020. Vol. 367, Is. 6476.
P. 369-370. DOL: https://doi.org/10.1126/science.aba4979.

> Al-Omari A. et al. Green Synthesis and the Pharmaceutical Industry: A Roadmap to Sustainability.
Green Chemistry Letters and Reviews. 2024. Vol. 17, Is. 1. Art. 2307555. DOL: https://doi.org/10.1080/
17518253.2024.2307555.

¢ Kiimmerer K. Sustainable Pharmacy: Sustainable development in the pharmaceutical sector. Berlin :
Springer Nature, 2021. 430 p.

7 Daughton C. G. Pharmaceuticals and the Environment: Overview of Strategy and Tactics.
Comprehensive Analytical Chemistry. 2016. Vol. 71. P. 1-37.
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Science Europe) showed that when calculating the risk to aquatic ecosystems:
the use of individual concentration limits (PNEC) reveals a risk in only
15 % of samples; using MAF (Factor Mixture Assessment) at a level of 10
(standard EU proposal) shows that critical pollution levels are exceeded in
68 % of European rivers studied.

The pharmaceutical industry in the EU Green Deal and Chemicals Strategy
for Sustainability. The fundamental transformation of Europe’s chemical and
pharmaceutical sectors at the present stage is determined by the provisions of
the European Green Deal. The key instrument for implementing this program
is the EU Chemicals Strategy for Sustainability Towards a Toxic-Free
Environment, adopted in 2020. It lays the foundation for a systemic reform
of the production and disposal of BAS, with the goal of creating a “toxic-free
environment”°,

Table 1
Priority groups of BAS in the focus of the EU Chemicals Strategy
and their ecotoxicological profile

Group Examples Main risk according
of substances (BAS) to EU criteria

Impact on biota

Ethinylestradiol Endocrine disruption Feminization of fish

Estrogens populations, decline in
(EE2) (EDC) fertility
o Sulfamethoxazole, The'sp.r cad N FAMR Disruption of soil
Antibiotics . . (antimicrobial . X
Clarithromycin . microbiome structure
resistance)
Diclofenac, High toxicity to food |Kidney damage in aquatic
NSAID . . .
Ibuprofen chains organisms and birds
Changes in the behavioral
Psychotropic Carbamazepine Persistence responses of aquatic

organisms

PFAS-containing . “Persistent chemicals,” | Carcinogenic and
Fluorinated BAS . . . .
compounds bioaccumulation immunotoxic effects

The central element of the Strategy is the concept of “Safe and Sustainable
by Design” (SSbD). This approach requires developers to integrate

$ Tickner J. A. et al. The nexus between chemicals policy and cleaner production. Journal of Cleaner
Production. 2021. Vol. 288. Art. 125672. DOI: https://doi.org/10.1016/j.jclepro.2020.125672.

° Pharmaceuticals and endocrine disrupting compounds in water matrices / A. R. Ribeiro et al.
Journal of Hazardous Materials. 2020. Vol. 384. Art. 121430. DOI: https://doi.org/10.1016/
j-jhazmat.2019.121430.
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environmental safety and biodegradability parameters at the molecule design
stage'®. Special attention is paid to:

— Phasing out carcinogens, mutagens, and endocrine disruptors;

— Restricting “forever chemicals” (PFAS): perfluoroalkyl and
polyfluoroalkyl substances, which are extremely persistent in the environment
due to the strength of the C-F bond,

— The “one substance, one assessment” principle: standardization of
procedures between ECHA, EFSA, and EMA for transparency of scientific
conclusions.

The integration of these standards is critical for Ukraine’s post-war
recovery and the harmonization of national legislation with EU requirements'.

The concept of “Green Pharmacy and Bioremediation of Production
Assets” is a comprehensive strategy in which a pharmaceutical company is
viewed not as a source of pollution, but as a closed biotechnological system
that minimizes its “ecological footprint”.

In the context of the EU Chemicals Strategy for Sustainability, this means
moving from simple waste disposal to managing the entire life cycle of
chemicals.

Sustainable Pharmacy: a preventive approach. Sustainable pharmacy
begins in the laboratory, long before the medicine reaches the patient. It is
based on the principles of Safe and Sustainable by Design (SSbD):

— Green synthesis: Replacing toxic organic solvents (such as benzene
or chloroform) with water, supercritical CO?, or ionic liquids. Using enzymes
(biocatalysts) instead of heavy metals;

— Design for degradation: creating drug molecules that remain stable in
the human body but break down quickly when exposed to ultraviolet light or
bacteria after entering the sewage system;

— Resource circularity: recovery (return) of valuable components from
production mother liquors for reuse.

Bioremediation of production assets: Technological level. “Production
assets” include not only equipment, but also the plant’s territory, its
wastewater, and sludge. Bioremediation acts as an in-situ purification tool:

— Treatment of industrial wastewater “at source”: Instead of mixing
pharmaceutical wastewater with municipal sewage, the company uses
membrane bioreactors (MBR) directly in the workshop. This allows antibiotics

19 Rethinking chemistry for a circular economy / K. Kiimmerer et al. Science. 2020. Vol. 367,
Is. 6476. P. 369-370. DOL: https://doi.org/10.1126/science.aba4979.

' Daughton C. G. Pharmaceuticals and the Environment: Overview of Strategy and Tactics.
Comprehensive Analytical Chemistry. 2016. Vol. 71. P. 1-37. DOI: https://doi.org/10.1016/
bs.coac.2016.03.002.
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and hormones to be removed before they are diluted and become difficult to
extract;

— Biodegradation of BAS residues in waste: Use of specific consortia
of microorganisms to convert solid production waste (e.g., spent mycelium or
filter cakes) into safe compost;

Phytoremediation of industrial sites: “Green assets” are created around the
plant specially selected areas of vegetation that clean the soil of accidental
spills and filter the air of volatile organic compounds.

The EU is introducing strict requirements that make “green pharmacy”
economically viable: Zero Pollution Action Plan: By 2050, air, water, and
soil pollution must be reduced to levels that are not considered harmful.
Bioremediation is the cheapest way to achieve these targets for complex
organic compounds.

Extended producer responsibility (EPR): Soon, pharmaceutical companies
in the EU will be required to pay for the modernization of municipal wastewater
treatment plants if their drugs are found in the water. Implementing their own
asset bioremediation allows companies to avoid these huge fees.

Eco-labeling: Having a “green pharmacy” strategy is becoming
a competitive advantage in the European market, attracting eco-conscious
investors and consumers.

Table 2
Comparison of traditional security assessment and approach
“Safe and Sustainable by Design” (SSbD)

Evaluation parameter Traditional approach The new SSbD approach
valu p (REACH until 2020) (Green Deal 2030)
. After the product hits At the stage of computer modeling
Analysis stage the market of molecules
Evaluation of mixtures Separately for each Mandatgry accounting for MAF
substance (cocktail effect)
. . . ial 1
Life cycle Production and consumption F'rom raw materials to complete
biodegradation
Criteria Hazard-based Consistency + Social value

Conclusions to Section 1
1. The current vector of development of the pharmaceutical industry is
inextricably linked to the implementation of the EU Chemicals Strategy for
Sustainability, which requires a transition from traditional emission control
to the concept of “Safe and Sustainable by Design.” This involves the
integration of environmental criteria directly into the process of molecular
design and synthesis of biologically active compounds.
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2. Pharmaceutical pollutants, in particular endocrine disruptors and
“forever chemicals” (PFAS), pose a specific threat due to their high persistence
(P), bioaccumulation potential (B), and toxicity (T). It has been substantiated
that replacing these compounds with environmentally safe analogues is
a priority task to ensure the requirements of a “toxin-free environment.”

3. The need to introduce the Factor Mixture Assessment (MAF) tool to
assess the “cocktail effect” has been proven. It has been scientifically confirmed
that ignoring the synergistic interaction of drug residues in wastewater leads
to a significant underestimation of the real risks to biodiversity and contributes
to the spread of antibiotic resistance.

4. The role of Environmental Risk Assessment (ERA) as an integrated
tool for sustainable management is justified. It has been proven that for
the Ukrainian pharmaceutical sector in the context of post-war recovery,
harmonization with ERA standards is not only a requirement for European
integration, but also a strategic mechanism for preserving ecosystem services
and public health.

5. Theoretical analysis of regulatory requirements and BAS migration
pathways confirms the critical need to develop innovative bioremediation
methods (Section 2) and create new biodegradable materials (Section 3),
which will close the cycle of environmentally safe pharmaceutical production.

2. Innovative technologies for bioremediation and purification
of industrial flows from pharmaceutical companies

This section is devoted to the practical aspects of applying nature-based
solutions for the disposal of pharmaceutical waste. The biotechnological
potential of activated sludge and specialized microbial consortia in the
degradation of resistant xenobiotics has been investigated. The effectiveness
of modern equipment solutions, in particular membrane bioreactors, in the
processes of advanced wastewater treatment is analyzed.

Strategies for phytomanagement of enterprise territories are highlighted,
which allow the creation of effective “green buffers” and soil reclamation
using phytoremediation technologies'> ' !4,

12 Advanced membrane bioreactors (MBR) for the removal of pharmaceuticals from wastewater:
A review / S. Azizi et al. Chemical Engineering Journal. 2023. Vol. 452. Art. 139145. DOI:
https://doi.org/10.1016/j.cej.2022.139145.

3 Microbial degradation of pharmaceuticals: Mechanisms and strategies / P. Bhatt et al
Environmental Science and Pollution Research. 2021. Vol. 28. P. 54504-54522. DOI: https://doi.
org/10.1007/s11356-021-16002-w.

!4 Phytoremediation of pharmaceutical contaminants: A sustainable nature-based solution /
C. L. Ezugwu et al. Science of The Total Environment. 2022. Vol. 838. Art. 156345. DOI:
https://doi.org/10.1016/j.scitotenv.2022.156345.
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Microbial degradation of xenobiotics in wastewater. This section discusses
the use of the biological potential of microorganisms for the destruction of
complex pharmaceutical molecules'®.

Selection of destructive strains: justification for the selection of specific
bacteria and fungi capable of using BAS as the sole source of carbon and
energy;

— Formation of microbial consortia: advantages of using mixed cultures
to break down “cocktails” of pollutants through the synergistic action of
various enzyme systems (oxygenases, peroxidases);

— Biodegradation kinetics: mathematical description of the rate of
xenobiotic decomposition depending on their concentration and environmental
parameters (pH, temperature).

Technologies for intensifying purification: from activated sludge to
membrane bioreactors (MBR). Comparative analysis of traditional and
innovative hardware solutions for the pharmaceutical industry:

— Modernization of activated sludge systems: use of biostimulation and
bioaugmentation to adapt treatment plants to specific effluents;

— Membrane bioreactors (MBR): analysis of the effectiveness of
combining biological treatment and ultrafiltration. MBRs allow high-
molecular-weight pollutants and microorganisms to be retained, ensuring
high-quality treated water suitable for technical recycling;

— Biosorption: use of non-living biomass and agricultural waste as
cheap adsorbents for BAS removal.

— Phytomanagement and creation of “green buffers” on company
premises. Use of higher plants as an element of treatment systems and
landscaping.

— Soil  phytoremediation:  mechanisms of  phytodegradation,
phytoextraction, and rhizofiltration of pharmaceutical residues in areas
adjacent to plants.

—  Creation of “green buffers”: design of protective plantings around
pharmaceutical enterprises to absorb aerosol emissions and prevent the spread
of pollution.

Constructed Wetlands: the use of decentralized phytoremediation systems
for final wastewater treatment before discharge into natural water bodies.

Bioaccumulation and Nature-based Solutions.

— Ecosystem approach: how bioremediation contributes to the
restoration of local biodiversity;

15 Prasad M. N. V. Phytoremediation: Management of Environmental Contaminants. Vol. 1. Cham :
Springer, 2019. 642 p.
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— Energy efficiency: comparison of energy costs for biotechnological
treatment methods compared to physicochemical methods (ozonation, Fenton
processes);

— Circularity: the possibility of using excess activated sludge or
phytomass after remediation as raw material for biogas or compost production
(taking into account environmental restrictions).

Practical recommendations for the pharmaceutical sector in Ukraine
regarding the implementation of “Green Pharmacy.” To harmonize domestic
pharmaceutical production with the requirements of the EU Chemicals
Strategy for Sustainability and transition to a green assets model, the
following is recommended:

1. Integration of SSbD criteria into R&D processes: Introduce protocols
for preliminary assessment of the biodegradability of new BAS at the
preclinical research stage. This will allow priority to be given to molecules
with lower potential for persistence (stability) in the environment.

2. Localization of purification (“Source Control”): Introduce compact
membrane bioreactors (MBR) and ozonation units directly in the synthesis
workshops of the most hazardous compounds (antibiotics, hormones). This
is more effective than mixing them with the general wastewater of the
enterprise, where the concentration decreases and the complexity of the
mixture increases.

3. Formation of “Green Shields” for the enterprise: Design the arca
around the production facilities according to the principle of Constructed
Wetlands (artificial swamps). The use of specific plants (reeds, cattails,
willows) allows for the final purification of rainwater and technical water
from BAS residues in a natural way.

4. Monitoring based on the MAF (Factor Mixture Assessment)
principle: Move from monitoring individual indicators to assessing the
overall ecotoxicity of effluents. This involves using biotests (e.g., on daphnia
or algae) to detect the “cocktail effect” that is not detected by traditional
chemical analyses.

5. Circular biomass management: Treat spent activated sludge and
phytomass not as waste but as a resource. After appropriate treatment
(fermentation or composting), these assets can be used to produce energy
(biogas) or technical fertilizers, closing the production cycle.

6. Environmental certification and transparency: Introduce voluntary
environmental certification of production lines in accordance with EU
standards. The availability of a “green passport” for assets increases the
investment attractiveness of the enterprise and simplifies the entry of
Ukrainian medicines into the markets of the European Union.
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Conclusions to Section 2

1. It has been proven that the use of microbial consortia is more effective
for the degradation of complex BAS mixtures compared to monocultures, as
it allows for a wider range of metabolic pathways to be involved.

2. The technical and economic advantage of introducing membrane
bioreactors (MBR) for pharmaceutical wastewater has been proven, ensuring
the retention of up to 99 % of micropollutants that cannot be removed by
traditional methods.

3. The high potential of phytomanagement as a low-cost and aesthetic
method of land reclamation and creation of protective zones has been
established, which is in line with the European Nature-based Solutions
strategy.

4. It has been determined that combining intensive (MBR) and extensive
(Constructed Wetlands) bioremediation methods allows for the creation of
a multi-stage system for protecting the environment from pharmaceutical
pollution.

3. Circular biotechnology: development

of biodegradable polymer materials and drug delivery systems

This section presents the results of the development and research of
innovative polymer composites based on renewable raw materials. The
advantages of using natural polysaccharides and their modifications to create
environmentally friendly packaging capable of complete biodegradation
in natural conditions are substantiated. The technological parameters for
obtaining biopolymer films and methods for assessing their stability are
described. An important place is given to the consideration of the use of
biodegradable matrices in targeted drug delivery systems, which allows
combining the high therapeutic value of drugs with the minimization of the
ecological footprint of pharmaceutical products.

A comprehensive expansion of the base of biopolymer materials has been
carried out, based on the principles of “Green Chemistry”, with particular
attention paid to an in-depth analysis of natural polysaccharides (starch,
cellulose) available in Ukraine and the antibacterial potential of chitosan'® and
the development of biosynthetic polymers (PLA, PHA) with a programmable
decomposition period. The technological aspect of the research covers
the creation of nanocomposites with improved barrier properties and the
introduction of environmentally friendly insoluble extrusion methods, which

16 Chitosan-Based Systems for Controlled Drug Delivery: A Review / J. Baranwal et al. Materials.
2022. Vol. 15, Is. 15. Art. 5122. DOI: https://doi.org/10.3390/mal5155122.
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minimizes volatile compound emissions by 90 % in accordance with the Zero
Pollution Action Plan. It has been proven that the controlled biodegradation
of the developed materials by enzymatic hydrolysis ensures complete
mineralization without the formation of microplastics within 180 days, which
is critical for compliance with the EU Chemicals Strategy. The integration
of these developments into high technologies, in particular in the creation of
intelligent “smart” packaging and bioresorbable drug delivery systems, not
only increases the therapeutic efficacy of drugs, but also builds a new level of
trust in pharmaceutical products through the implementation of the principles
of sustainable eco-design and the circular economy'’.

Physical, chemical, and biological principles of creating biopolymers
based on renewable raw materials:

— Alternative to synthetics: Justification for replacing traditional
petroleum polymers with natural analogues (starch, cellulose, chitosan,
polylactide);

— Renewable raw materials: Use of agro-industrial by-products as
a basis for the synthesis of biopolymers;

— Structural organization: Analysis of the “structure-property”
relationship in natural macromolecules used for film formation'®.

Technological parameters for obtaining and modifying biodegradable
films:

— Obtaining composites: Description of methods of watering, extrusion,
or thermo-pressing;

— The role of additives: The effect of glycerin, sorbitol, and other
plasticizers on the elasticity and strength of films;

— Antimicrobial properties: Modification of films with biologically
active compounds (essential oils, nanoparticles) to create “active packaging”
that extends the shelf life of medicines or cosmetics.

Research on the kinetics of biodegradation and environmental safety of
polymer composites:

— Assessment methods: Testing for biodegradation in soil (soil burial
test), aquatic environment, and compost in accordance with ISO/EN standards;

—  Destruction mechanisms: Description of the stages of fragmentation,
hydrolysis, and final mineralization by microorganisms;

17 Zhu Y. et al. Mechanical and barrier properties of starch-based films: A review. Carbohydrate
Polymers. 2021. Vol. 252. Art. 117181. DOI: https://doi.org/10.1016/j.carbpol.2020.117181.

'8 Bhardwaj R. et al. Sustainable Starch-Based Biopolymers for Food and Pharmaceutical Packaging.
Polymers. 2023. Vol. 15, Is. 4. Art. 890. DOLI: https://doi.org/10.3390/polym15040890.
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— Absence of secondary pollution: Proof that the decomposition
products of your materials are environmentally neutral and do not contain
microplastics.

Biodegradable polymer carriers in targeted delivery systems for bioactive
compounds:

— Drug Delivery Systems: Use of biopolymers to create micro- and
nanocapsules that ensure gradual drug release;

— Biocompatibility: Analyzing the interaction of polymer carriers with
living cells;

— Synergy: How “green” packaging technologies combine with high
therapeutic efficacy of the drug'’.

Conclusions to Section 3

1. It has been proven that the use of renewable raw materials (starch,
modified cellulose) allows the creation of polymer materials with performance
characteristics that are not inferior to synthetic analogues, but have zero
accumulation in the environment.

2. It has been established that the introduction of specific plasticizers
and bioactive additives allows the kinetics of biodegradation to be regulated,
adapting the service life of the material to the consumption cycle of the
pharmaceutical product.

3. It has been scientifically proven that the transition to biodegradable
packaging is consistent with the Circular Economy concept, as it allows waste
materials to be returned to the natural cycle through composting without the
formation of toxic residues.

4. It has been determined that the use of natural polymers in targeted
drug delivery systems is the most promising direction in modern biopharmacy,
combining environmentally safe production with innovative treatment methods.

CONCLUSIONS

In conclusion, the work carried out proves that the sustainable development
of pharmaceutical biotechnology is only possible if three components are
integrated: compliance with strict EU environmental standards (Section 1),
the introduction of effective biological treatment systems (Section 2), and
the creation of innovative eco-materials (Section 3). This model minimizes
anthropogenic pressure on the environment and ensures the reliable restoration
of ecosystems in the context of global “green” transformation.

! Moshood T. D. et al. Biodegradable plastic applications in sustainable packaging: A state-of-
the-art review. Cleaner Engineering and Technology. 2022. Vol. 7. Art. 100430. DOI: https://doi.
org/10.1016/j.clet.2022.100430.
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SUMMARY

This monograph is devoted to a comprehensive study of sustainable
development strategies for the pharmaceutical sector in the context of the
global “green transition.” The work analyzes the impact of current European
legislation, in particular the EU Chemicals Strategy for Sustainability, on the
transformation of biotechnological production. It highlights the mechanisms of
influence of pharmaceutical pollutants on ecosystems and proposes innovative
methods of bioremediation using microbial consortia and phytotechnologies.
Particular attention is paid to the development of the latest biodegradable
polymer materials as an alternative to traditional plastics. The publication
offers a comprehensive approach to the formation of an environmentally
safe production cycle: from the design of “Safe and Sustainable by Design”
molecules to the creation of circular waste management systems.

Bibliography

1. European Commission. Chemicals Strategy for Sustainability Towards
a Toxic-Free Environment: COM(2020) 667 final. Brussels, 2020. 25 p.

2. European Medicines Agency (EMA). Guideline on the environmental
risk assessment of medicinal products for human use. Amsterdam, 2024.
(EMA/CHMP/SWP/4447/00 Rev. 1).

3. European Commission. Pathway to a Healthy Planet for All: EU
Action Plan: *Towards Zero Pollution for Air, Water and Soil’ : COM(2021)
400 final. Brussels, 2021. 24 p.

4. Rethinking chemistry for a circular economy / K. Kiimmerer et al.
Science. 2020. Vol. 367, Is. 6476. P. 369-370. DOI: https://doi.org/10.1126/
science.aba4979.

5. Al-Omari A. et al. Green Synthesis and the Pharmaceutical Industry:
A Roadmap to Sustainability. Green Chemistry Letters and Reviews. 2024. Vol. 17,
Is. 1. Art. 2307555. DOI: https://doi.org/10.1080/17518253.2024.2307555.

6. Kiimmerer K. Sustainable Pharmacy: Sustainable development in the
pharmaceutical sector. Berlin : Springer Nature, 2021. 430 p.

7. Daughton C. G. Pharmaceuticals and the Environment: Overview of
Strategy and Tactics. Comprehensive Analytical Chemistry. 2016. Vol. 71.
P. 1-37.

8. Tickner J. A. et al. The nexus between chemicals policy and cleaner
production. Journal of Cleaner Production. 2021. Vol. 288. Art. 125672.
DOI: https://doi.org/10.1016/j.jclepro.2020.125672.

9. Pharmaceuticals and endocrine disrupting compounds in water
matrices / A. R. Ribeiro et al. Journal of Hazardous Materials. 2020. Vol. 384.
Art. 121430. DOI: https://doi.org/10.1016/j.jhazmat.2019.121430.

246



10. Rethinking chemistry for a circular economy / K. Kiimmerer et al.
Science. 2020. Vol. 367, Is. 6476. P. 369—-370. DOI: https://doi.org/10.1126/
science.aba4979.

11. Daughton C. G. Pharmaceuticals and the Environment: Overview of
Strategy and Tactics. Comprehensive Analytical Chemistry. 2016. Vol. 71.
P. 1-37. DOI: https://doi.org/10.1016/bs.coac.2016.03.002.

12. Advanced membrane bioreactors (MBR) for the removal of
pharmaceuticals from wastewater: A review / S. Azizi et al. Chemical
Engineering Journal. 2023. Vol. 452. Art. 139145. DOI: https://doi.org/
10.1016/j.cej.2022.139145.

13. Microbial degradation of pharmaceuticals: Mechanisms and strategies /
P. Bhatt et al. Environmental Science and Pollution Research. 2021. Vol. 28.
P. 54504-54522. DOLI: https://doi.org/10.1007/s11356-021-16002-w.

14. Phytoremediation of pharmaceutical contaminants: A sustainable
nature-based solution / C. 1. Ezugwu et al. Science of The Total
Environment. 2022. Vol. 838. Art. 156345. DOI: https://doi.org/10.1016/
j.scitotenv.2022.156345.

15. Prasad M. N. V. Phytoremediation: Management of Environmental
Contaminants. Vol. 1. Cham : Springer, 2019. 642 p.

16. Chitosan-Based Systems for Controlled Drug Delivery: A Review /
J. Baranwal et al. Materials. 2022. Vol. 15, Is. 15. Art. 5122. DOI:
https://doi.org/10.3390/mal5155122.

17. Zhu Y. et al. Mechanical and barrier properties of starch-based
films: A review. Carbohydrate Polymers. 2021. Vol. 252. Art. 117181. DOLI:
https://doi.org/10.1016/j.carbpol.2020.117181.

18. Bhardwaj R. et al. Sustainable Starch-Based Biopolymers for Food
and Pharmaceutical Packaging. Polymers. 2023. Vol. 15, Is. 4. Art. 890.
DOI: https://doi.org/10.3390/polym15040890.

19. Moshood T. D. et al. Biodegradable plastic applications in sustainable
packaging: A state-of-the-art review. Cleaner Engineering and Technology.
2022. Vol. 7. Art. 100430. DOL: https://doi.org/10.1016/j.clet.2022.100430.

Information about the author:

Fedoryshyn Olha Mykolayivna,

Candidate of Technology Sciences,

Associate Professor at the Department of Technology of Bioactive
Compounds, Pharmacy and Biotechnology,

Lviv Polytechnic National University

12, Stepana Bandery street, Lviv, 79013, Ukraine

247



CHAPTER 12

OXOPOHA TA BIJHOBJIEHHS

NPUPOOHUNX EKOCUCTEM YKPAIHU

B KOHTEKCTI MDKHAPOHUX 3060B’A3AHb
| EBPOMENCHLKOT IHTErPALLIT

®deciok B. O., Mopos I. A., Monsaxcbkuit C. B.
DOl https://doi.org/10.30525/978-9934-26-654-6-12

BCTYN

Y XXI ct. 30epeskeHHs Ta BiIHOBJIEHHS IPUPOAHUX €KOCHCTEM CTAJI0 OJJHAM
i3 TOJOBHHMX IPIOPUTETIB CBITOBOi €KoJoriyHOI momiTuku. Lle 3ymoBieHO
CTPIMKHMM CKOPOUYEHHSIM 010pI3HOMAHITTS, IeTpajali€cro 3eMellb, TOPYIICHHM
TIIPONOTIYHAUX MPOIECIB 1 3pOCTAHHAM KIIMATHYHHUX PU3HKIB. Y BiAIOBiNB
Ha I 3arpo3W MDKHApoOjAHA CIUIBHOTa PO3pOOMIa HHU3KY 0araTtoCTOpOHHIX
yrozm, cTpaTerii i mporpaM, CHPsIMOBaHUX SK Ha 3aXHUCT MPUPOJHOTO
CepeloBHUINA, TAaK 1 HA aKTUBHE BiJIHOBJIEHHS €KOCHCTEM. BOHO € BaXIMBHM
YMHHUKOM 3a0€3IIeUeHHs] EKOJOTiyHOi Oe3NmeKW Ta JOCATHEHHS CTajoro
PO3BUTKY. YKpaiHa, BHXOASYM i3 HAMBHIIOI MpPIOPUTETHOCTI €BPONEHCHKOI
iHTerparii Ta iMIDIEMEHTAIii MI>KHAPOTHIX EKOJIOTIYHMX CTaHIAPTIiB, B3sia
Ha cebe BiAMOBIIHI 3000B’s13aHHA y c(epi OXOPOHH MPUPOIM Ta BITHOBICHHS
JnerpamoBaHux ekocucteM. Lli  3000B’s3aHHS  3HAWNUIM  BiMOOpaXKCHHS
B JICP’)KaBHUX CTPATEriYHUX JOKYMEHTaxX i mporpamax. 3okpema, y OCHOBHUX
3acazax (cTparerii) Aep>KaBHOI €KOJIOTIYHOI HMONITHKM YKpaiHu Ha mepion 10
2030 p.! Ta B Yroai mpo acomianiro Mix Ykpainoto ta €C~

Cutyamiss i3 craHoM JOBKULIA B YKpaiHI yCKIaIHSEThCS 3HAYHOIO
AHTPONOTEHHOIO TpaHCc(opMalliero JaHAIadTIB Ta HEraTHBHUMHU HACIIIKaMU
roBHOoMacmTabHoi BiifHM. Tomy rocTpo mocrae HEOOXimHICTH iHTErpamii
KIACHYHUX MIJXOMIB JO MPHUPOIOOXOPOHHOI MisITBHOCTI, C(OKYCOBAaHOI Ha
30epekeHH] iICHYIOUMX MPUPOJHUX TEPUTOPIH, 13 CydacCHHMH KOHIETIISIMU

! 3akon Ykpainu 28.02.2019 Ne 2697-VIII IIpo OcHoBHi 3acaju (CTparerito) AepKaBHOI €KOJIOTIYHOT
nonituky Ykpainu Ha nepiox 1o 2030 poxy. URL: https://zakon.rada.gov.ua/laws/show/2697-19/card5
2 Vroga mnpo acomjamito MK VYkpaiHoro, 3 ommiel cropons, Ta €sponeiickkum Cor030M,
€BpONEHCHKUM CIIBTOBAPHCTBOM 3 aTOMHOI €Heprii 1 IXHIMU JepiKaBaMU-4ICHAMH, 3 IHIIOT CTOPOHH.
URL: https://zakon.rada.gov.ua/laws/show/984_011#Text
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BiTHOBJICHHS CKOCHCTEM, SIKi CIpPSIMOBAaHI HAa BiJHOBJICHHS CKOJOTIYHOI
CTPYKTYpH, (DYHKIIOHYBaHHS Ta CTIKOCTI EKOCHCTEM.

AKTyaJbHICTh TOCIIPKEHHS 3yMOBJICHA MOTPEOOK0 KOMIUIEKCHOTO aHATI3Y
MIXKHAPOIHUX 3000B’s13aHb YKpaiHH Y cepi OXOPOHH MPUPOIH, OCMHUCICHHS
TCOPETHYHMX 1 METOJOJIOTIYHMX 3aca]] BiTHOBJICHHS CKOCHCTEM, BU3HAYCHHS
OCHOBHHUX BHKIIMKIB 1 TEpEINKOJ i Yac peaji3alfii 3aXOjiB BiJHOBJICHHS
y HalioHAIFHOMY KOHTEKCTi. OCOONMBO BaXKIHMBOIO € OIIHKA MOTCHIIAHOL
iHTerpauii crpareriii BiIHOBJICHHS y CHUCTEMY EKOJOTIYHOTO YIpaBJIiHHS
VkpaiHu 3 ypaxyBaHHSIM TEPHUTOPIANIBHUX, COIIaJbHO-CKOHOMIUYHUX Ta
0e3rneKoBUX 00MEXKEHb. METOI JOCTIKCHHS € PO3IVIS 1 y3arajabHCHHS
MIXKHAPOJHOTO Ta HAIIOHAIBHOTO JOCBiy B KOHTEKCTI BiJHOBJICHHS
MPUPOJHUX CKOCUCTEM, aHaNli3 CYYaCHUX KOHIICMIIA 1 METOIOJOTTYHIX
MIiZXOMIB JI0 CKOJIOTIYHOTO BiHOBJICHHS, a TAKOXK BU3HAUCHHS KITFOUOBHX
BUKJIMKIB 1 MOXJIMBOCTEH JUIsl peatizallii TAKUX 3aXOJliB B YKpaiHi B yMOBax
€BPOIIEICHKOT iHTErpanii Ta HaciIKiB BOEHHHX JiH.

1. Mi>kHapoaHi 3060B’a3aHHS YKpaiHu y cdepi OXOpoHM
Ta BiHOBNIEHHA NPUPOAHUX EKOCUCTEM

VkpaiHa TOCTYIIOBO IHTErpyeTbCS B CHCTEMY MIDKHApOIHOIO IpaBa
i mparHe TicHimoi crmiBmpani 3 €Bponeiickkum CorozoMm. BopHouac Hamia
JepkaBa Oepe Ha cebe Mb>KHapOIHI 3000B’13aHHSI, Y TOMY YHCII IIIOJI0 OXOPOHU
Ta BigHOBICHHS mpupoad. L[i 3000B’s3aHHS MOCTYIOBO IMIUIEMEHTYHOThCS
y BHYTpilIHI 3aKoHOzmaB4i akTH. 30kpema, OCHOBHI 3acamu (cTpareris)
JIepyKaBHOI €KOJIOTTYHOI MOMITHKKM YKpainu Ha nepion 1o 2030 p., 3aTBepiukeHi
3akoHoMm Ykpainu Ne 2697-VIII Bix 28.02.2019 p., nependadarotb 3poCTaHHS
YaCTKH 3alOBIIHOCTI Teputopii kpaiau 12,5 % y 2025 p. ta 15% y 2030 p.

VY xinbkicHomy BuMipi mioma [13® npotsrom 2015-30 pp. mae 3poctu
33,8 10 9,1 mMiH ra, To0TO Maiixke y 2,4 pa3a. Bianoizarume 1ipomy npupict
yacTku [13® y cTpykTypi 3aranpHoi TepuTopii kpainu 3 6,9 % o 15 %. Taxe
PO3LIMPEHHS CBIAYMTH PO MpPArHeHHs JAEpXKaBHOI MONITHUKH BiAIOBiiaTH
CTaHAapTaM OXOPOHH IPHPOAN €BPONEHCHKUX KpaiH, A€ IUIONIA 3alOBiHUX
30H 3a3BHuail nepesuinye 15-20 %.

Oco0IUBO BiTYIyTHO Ma€ 3pOCTH YacTKa 3eMelb [13® 3araipHOIEpKaBHOTO
3HayeHHs. SIkimo y 2015 p. Bonu oxorutroBanu jiuie 2,24 % Teputopii KpaiH,
10 110 2030 p. 1Ieii MOKAa3HKUK MPOTHO3YEThCs Ha piBHI 8,85 %. 1le miakpeciroe
CHPSIMOBAHICTh HE TIUIBKM Ha 3pPOCTaHHS 3arajibHOI IUIONI 3alOBIJIHUX
3eMellb, a i Ha CTBOPEHHS 00 €KTIB 13 BUILUM OXOPOHHHM CTaryCoM, SK-OT
HaliOHANbHI mapku, OlocdepHi Ta NPUPOXHI 3aNOBIIHUKH, IO MAaroOTh
BUpIlIaJbHE 3HAYEHHS IS 30epekeHHs OiopizHoMmaHiTTA. [IpoTe 3pocraHHs
wiomi [13® came B 1IbOMY CErMEHTI BUDNIAIA€ HAUOUIBIIT MPOOIEMATHYHO.
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TuMm yacoM muIoOIIa HaliOHAJIILHOT €KOMEPEXKi IMOBMHHA 3pPOCTATH OUIBII
moctyrnoBo — 3 38,2% y 2015 p. mo 41% y 2030 p. Ockinbku eKoMepexka
B)XK€ OXOIUIIOE CYTTEBY YaCTHHY TEPUTOPIi KpaiHu, ii mojgabiiue po3mupeHHs
BiZIOYBa€ThCS MEPEBAKHO 332 PaxXyHOK YTOUHEHHS MEX, HOCHJICHHS 3B’SI3KiB
MDK OKPEMHUMH €JIEMEHTaMH 1 BKJIIOYEHHS JErpajioBaHUX EKOCHCTEM, IO
MoTpeOyIOTh BiJIHOBJICHHS.

HaiinoBinbHine cepex pO3MISIHYTHUX ITOKAa3HUKIB Mae 30UIbIIyBaTHCS
micucticts Tepuropii Ykpainm — 3 159% no 17,5%. lle nosicHroeTbes
O0OMEXEHHMH MOXIMBOCTAMH [UISl IIBHJKOTO PO3IIMPEHHS JIICOBHX ILIOLL
Yyepe3 MpHpOAHO-TeorpadiyHi yMOBH Ta KOHKYPEHILIIO 3a 3eMeJIbHI pecypcu
3 arpapHUM CEKTOPOM.

3rigHO 3 BMMOraMu €BpOIEHCHKOI mporpaMu 3i 30epekeHHs 0iopi3HO-
MawitTs, 10 2030 p.3 Vkpaina Mae 301IbIIKTH IUIOITY MPUPOIHO-3aMI0BITHOTO
¢bonmy 3 6,9 % 1o 30 % Bix 3aranpHOI TWIom Kpainu. Ha choromHimHii 1eHb
LW MOKAa3HUK CTaHOBUTHL juiine 23 % Bix HeoOXigHol 1iai. OueBUIHO, L0
JOCSTTH LUIBOBUX TOKa3HHUKIB HE BJACTHCS, OOCAT PYHHYBaHHS HPUPOAU
3HAYHO MEPEBHUILYE 3YCUILIA MO ii 30epeKeHHI0".

Ha curtyamiro 3HaYHO BIUIMBAIOTh ¥ BIiMCBKOBI Aii. 3 TOYAaTKOM MOBHO-
MacuTabHoro BroprHeHHsi 24 mrororo 2022 p. 3Ha4YHa YacTMHA TEPUTOPIN
[13® onuuwiace y 30HI OoifoBuX aiii abo OynaM OKyNOBaHi, IX CTaH HHHI
HEMOJMJIMBO OILIHUTH Yepe3 OOMEXeHHs JocTymy. YacTHHy TepuTopii
Oyno 3BiIbHEHO, ofaHak moHax 800 00’ekTiB Ta Teputopiit [13dD 3arampHOIO
Ionero Maike 1 MIIH ra joci mepeOyBalOTh Y 30HI BiHICBKOBUX Iill 4M
okymanii. Cepen HUX — KIIIOYOBI IPUPOJOOXOPOHHI 00’€KTH, 30KpeMma,
6iocdepni 3anoBinHUKN «AckaHig-HoBa», «HopHOMOpPCHKHiT», YKpaiHCHKUI
crenoBuii Ta Jlyrancekuii. Y Mexax YopHOOMIBCHKOTO 3aIlOBiJHHKA
BHACIJIOK OOMOBUX il 3HHUINECHO TOHAN 24 THC. Ta Jicy, a ne y 2 pasu
OinbIIe, HXK OyJIO CTBOPEHO HOBHX 3aMoBiMHUX Teputopiit y 2023 p. CuiibHO
MOCTpaXKJIaJId BiJi 0OCTPUIIB 1 MOXKEX HAIIOHAJIbHI MPUPOAHI mapku «CBsTi
Topu», «binobepexokst Cearocnabay, «Kam’saebka Ciuy’,

Karactpoda na Kaxorcekiti ['EC cnpuumHmiIa 3HauHI €KOJOTiYHI
30UTKU JUIS HAliOHANbHUX MapkiB «HKHBOIHIMPOBCHKUNY 1 «Benukuid

* Communication from the Commission to the European parliament, the Council, the European
economic and social committee and the Committee of the regions EU. Biodiversity Strategy
for 2030. URL: https://eur-lex.europa.eu/resource.html?uri=cellar:a3c806a6-9ab3-11ea-9d2d-
0laa75ed71a1.0001.02/DOC_1&format=PDF

4+ EU Biodiversity Strategy Actions Tracker. URL: https://dopa.jrc.ec.europa.eu/kcbd/actions-
tracker/#fCOHERENT%20NETWORK%200F%20PROTECTED%20AREAS

5 Pociiicbko-ykpainchka BiifHa: BrutmB Ha moBkimpi. URL: https://www.topleadprojects.com/
environmental-project- main
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Jlyr», a Takox mnst 00’extiB CmaparnoBoi mepexi — «KiHOypHCbKa Kocay,
«OnemkiBebki  mickmy», «KaxoBchke BomocxoBuiey, «Hwuxaii JIHIIPO»,
«/lninpoBcbko-By3pkuit muMan». OkpeMo nocTpaxaanu Pamcapcbki BogHO-
6onorHi yrignsa «lenpra [duinpa» Ta «Sropmuubka 3aroka». Hespaxaroun
Ha Te, MO (QopMaIbHUI CTaryc IHMX OO E€KTIB 3aJMIIAETHCS HE3MIHHUM,
EKOJIOTTYHHUH 30MTOK € MacIiTaOHUM i Hapasi CKJIaHO OLIHUTH HOTO IIOBHOIO
Miporo®.

BpaxoByroun mpomoBXKEHHsS BIiHICBKOBUX JiH, Taki BTpaTH JIMILIE
3poctatumyTh. KpiM TOro, Teputopis YKpaiHu 3apa3 € OmHIEI 3 HaWOUIbII
3aMiHOBaHMX Yy CBITi, 0 CTBOPIOE NOBrOTPHUBAJI 3arpo3u JJIsl €KOCHCTEM.
Ha nuisixy 10 BHMKOHaHHS MDKHapoOIHUX 3000B’s3aHb YKpaiHM OO
PO3LIMPEHHS MPUPOJHO-3aMOBIAHOTO  (OHIY 3aJHMIIAIOTBCA  YUCIICHHI
BUKIMKK. Cepex TOJOBHMX NpPUYMH — HeOakaHHS MICHEBHX TIpoMaj Ta
MIAIMPUEMCTB CTBOPIOBAaTH HOBI YM DPO3IIUPIOBATH ICHYIOYI 00 €KTH uepe3
NOOOIOBaHHS 1010 OOMEKEHHSI BUKOPHCTAHHS IPUPOIHUX PECYpPCIB Ha LIUX
TEPUTOPISX, @ TAKOXK HACIHIAKH BIHCHKOBHUX MiH.

OnHak BapTo BIJI3HAYNTH 1€ OJJHY BaroMy Npo0ieMy — IoraHuii eKoJIoTiYHHI
CTaH HU3KH TEPUTOPIH, L0 YCKIAIHIOE iX OXOpoHY abo BKItodeHHs o [13D.
e akryani3ye noTpedy y BiJIHOBJICHHI MPUPOIHOI CKIIAJOBOI TAKMX TCPUTOPIH,
BKJIFOYHO 3 PCHATYPaJIi3alli€lo JIerpaloBaHUX JTaHAIIA(TIB.

B pamkax aHaiizy piBHSI aHTPOIIOT€HHOI TpaHchopMaii JOBKiLLIS YKpaiHu,
cTBOpeHHs1 HOBUX 00’ ekTiB [13® Ta po3mmpeHHs icHy10401 Mepexi JOIIEHO
peaii3oByBaTH y perioHax i3 HalilMEeHII OCBOEHMMH Ta TpaHC(HOPMOBAHUMHU
nanamadramu. Taki Teputopii MarOTh OIIBIIMK MMOTEHIIAN JUII BUKOHAHHS
Oioceprux (yHKINH | HATAHHS EKOCUCTEMHHUX MOCHYT. 30KpeMa, WIeThCs
npo Kapnaru ta [Tomnices. JlanamadTi ux perioHiB € KJIFOYOBHUMH LIEHTPaMU
OiopizHOoMaHITTS YKpainu. ToMy mnWTaHHS BiJHOBJCHHS EKOCHCTEM LIUX
MicLeBOCTEH € HaJ3BHYAHO BaXJIMBMM Yy KOHTEKCTI BHKOHAHHS HAIIOIO
JIep>kaBolo 3000B’s13aHb, BU3HaUeHUX CTpaTeriuHUM IUIAHOM 13 30epeKeHHs
6iopizHomaniTTs (2011-20 pp.) ” Ta ARTHHCEKUMH UITHOBHMH 33/a4aMHu.

[Tpupono3anoBifnaHHs 3aJUIIAETbCS BAXIMBUM, a 4acTo W HaiiedexTus-
HIlIUM criocoboM 30epexxeHHst OlopisHoMaHiTTs. [Ipore me He exanHMA
HeoOxinHuit 3axin. Curtyanis i3 3armoBiJaHHSM HPUPOAM 32 OCTaHHI POKU
€ JOBOJII IOKA30BOI0, ajie B 0araTbox iHINX cdepax npoOsIeMH 11 CYTTEBILII.
Hampukian, 11e crocyeTbesl BiTHOBICHHSI PIYKOBUX Ta O3CPHHX EKOCHCTEM,
3amaB pivok, OOMiT, TOPGOBHIN, CTEHIB. X04a OKpPEeMi 3aXOIH BiIHOBICHHS

¢ Pociiicbko-yKkpaiHcbka BiiiHa: BB Ha moBkimiss. URL: https://www.topleadprojects.com/
environmental-project- main

7 Strategic Plan for Biodiversity 2011-2020. URL: https://www.cbd.int/decision/cop?id=12268
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MIPOBOIAITECS, BOHM JIyXe (parMeHTapHi Ta He 3a0e3NeuyloThb 3HAYHOTO
€KOJIOTTYHOTO e(DeKTy 3arajioM.

2. TeopeTUKO-METOA010TYHi 3acaan BiJHOBJIEHHS EKOCUCTEM
Y KOHTEKCTi NPUPOA,00XOPOHHOI AisiNIbHOCTI

BigHOBIIEHHS TPUPOJIH TICHO OB’ sI3aHE 3 PUPOAOOXOPOHHOIO AisITBHICTIO.
Ili nBa MOHATTA TICHO B3a€MONIIOTH Yy CHUIBHIH cCTpaTerii eKoJOriyHoro
yIOpaBIiHHS, Xoya ¥ MalwTh CyTTeBl BiaMiHHOCTI. IIpupomooxoponHa
JISUTBHICTh CIIPSIMOBaHAa Ha MOMNEPEDKEHHS LIKOAM NOBKIJUTIO, 30epekeHHs
ICHYIOUHX CKOCHCTEM i BH/IIB.

Bona oxommoe Taki 3axomu, SK po3poOKa 3aKOHOJABCTBA, OCBITHI
IpOrpaMy, CKOPOYEHHs 3a0pyAHEHHS Ta IHIMMX (OpM aHTPONOTeHHOTo
BruBy. OCHOBHA MeTa TaKHUX 3yCHJIb — MIATPUMKA CTAJIOTO CTaHy IPUPOIHUX
cucreM. [IpukiazmamMu € CTBOpEHHS 3allOBIIHUKIB Ta HallilOHAJIBHHUX IapKiB,
TIPUHHSATTS 3aKOHIB PO 0OMEXEHHS BUKU/IIB Ta CKU/IIB, IPOCBITHUIIBKI 3aX0I1
11010 IPaBHIILHOTO MOBOJDKEHHS 3 BiZXOJaMH, BCTAHOBJICHHS KBOT Ha BHJIOBU
pubu Tomo. BogHouac BiHOBIEHHS IPUPOIN Ma€ Ha METi BUIPABJICHHS BXKe
3aB/laHOl IIKOJM eKocucTeMaM. BoHO mependayae akTWBHI 3axomyl (TEXHIYHI
4y OlOJIOTIYHI), CHPSIMOBaHI Ha ITOBEPHEHHS EKOCHCTEM J0 HaOIMKEHOTo
JI0 TIpUPOIHOTO cTaHy. Hampukianm, mie Moxe OyTH BIIHOBJICHHS JICIB MICIIS
BUPYOOK, OUMIIIEHHS 3a0py/IHEHUX BOIOWM, IEMOHTAX T'IPOTEXHIYHUX CIIOPY,
TIOBEpHEHHs1 010JIOTIYHHUX BUAIB y MEXI IX ICTOPUYHHX apealis.

MeTtozoorisi  BITHOBIEHHS NPHPOAM CIHMPAETHCS HA HAYKOBUH IIXi
1 3HAHHS 3 PI3HUX Tray3eil NPUPOAHNYMX HayK. HallBaykIIMBIIIIME cepes HUX €:

1. Teopis ekocUCTeM aHANli3ye B3AEMO3B’SI3KM MiX KOMIIOHCHTAMU
€KOCHCTEM, CHEPreTHMYHI NOTOKM Ta LWKIM PEYOBHH, IIO JONOMAarae
OLIIHIOBATH BIUIMB 3MiH Ha CUCTEMY B LILJIOMY.

2. TlomynsuiiiHa ekoJyiorisi BUBYA€ YMHHUKH, IO BILIMBAIOTH HA YHCENb-
HICTh TOMYJISIIA, BHU3HAYA€ IMOPOTH IX JKUTTE3NATHOCTI JIs e()EeKTUBHOI
PEIHTPOAYKIIIT BHIIB.

3. JlammmradTHa €KONOTIS AOCHTIHKYE MPOCTOPOBI CTPYKTYPH CEpPEo-
BUINA, JO3BOJSIOUM IUIAHYBAaTH BIJHOBJICHHS IIPUPOJHMX YMOB Ha piBHI
naHqmadTiB i3 BpaXyBaHHSIM €KOJOTTYHUX KOPHIIOPIB.

4. Teopis cykuecii QOKyCyeThCs Ha MOCHIAOBHOCTI MPUPOIHUX 3MiH
y Tpoleci BiIIHOBJIEHHS EKOCHCTEM, LIO0 JI03BOJISIE €(EKTHBHO ILIaHyBaTH
JIIOZICBKI BTpYYaHHSI.

5. bioreoximis TOsCHIOE O00Ir XIMIYHMX €JIEMEHTIB Yy IIPHPO.I,
BiJTHOBJICHHSI POAFOYOCTI IPYHTIB 1 OYMIICHHS 3a0pYTHCHUX TCPUTOPIH.

6. Teneruka 3a0e3nedye 3HaHHS NPO 30EpEKEHHS T'€HETUYHOI BapiaTHB-
HOCTI TOIMYJISILIH 1 3an00iraHHst iIHOPUAMHTY MPH 3aX0aX BiIHOBIIOBIICHHSI.
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7. Teopist octpiBHOI Oioreorpadii BUBYA€E 3a€XKHICTh 0iOPI3HOMAHITTS
BiJl pPO3MIpy CEpEeNOBHUIL ICHYBaHHS, IO BAXJIUBO JJIsi HPOEKTYBaHHS
MPUPOIOOXOPOHHUX TEPUTOPIH.

8. Tlaneoexomnoris JOCHIPKye ICTOPHYHI 3MIHH CTaHy EKOCHCTEM,
JIOTIOMAararo4y BCTaHOBUTH 1X pedepeHTHI 0CoOIMBOCTI.

9. ApantuBHE ynpaBlliHHA 0a3yeTbcsi Ha MOCTIHHOMY MOHITOPHHTY Ta
KOpEeKLii cTpareriii y pa3i BUHMKHEHHS HOBHMX JIaHMX YM HemepeadadeHux
o0cTaBUH.

10. Teopist COIiaIbHO-EKOJIOTIYHUX CHCTEM BPAaXOBYE B3AEMOMII0 MIiX
EKOCHCTEMaMH Ta JIIOAICBKUMHU CIIUIBHOTaMH, 3a0e3ledye CTajiCTh BiJHOB-
JICHUX CHUCTEM HaBiTh 32 YMOBH 30€peXeHHs aHTPOIIOTCHHOTO BILJIHBY.

11. ImkeHepHa eKOJIOTISl NMPONOHYE MPaKTHYHI PIMICHHS Ul peaizamil
MIPOEKTIB BIHOBJICHHS i3 3a0€3MIEUCHHSIM CKOJIOTIYHOT CTIHKOCTI.

[ToenHaHHS TPUPOJOOXOPOHHOI MISIIBHOCTI W BIJHOBJICHHS TMPHPOIU
€ KIII04eM J10 30epekeHHs 010pI3HOMAHITTSl Ta FapMOHIHHOTO CIIiBiCHYBaHHS
JIOAMHU Ta JOBKULIA. s po3yMmiHHS 3acaj BiIHOBJIEHHS NPHPOIHUX
€KOCHCTEM HalBa)XKJIMBILIMMHU € 2 KOHIETITYalIbHi 3aCa/I1: TEOPis €KOJIOTIYHOTO
BIZIHOBJICHHS, siKa Iepen0adae MOXIIMBICTh IOBEPHEHHS JErpajoBaHUX
EKOCHCTEM [0 CTaHy, MaKCUMaJbHO HAOJMKEHOTO OO0 IPHPOIHOIOo, 3a
JIOTIOMOT'0I0 IIIJIECTIPSIMOBAHUX JIilf, Ta TEOpis PE3UWILEHTHOCTI, IO OIKCYE
3[1aTHICTh EKOCHCTEM CaMOCTIHHO BiJJHOBIIIOBATHCS ITICIIsl BILTMBY HEraTHBHUX
(hakTOpiB Ta QAANTYBATUCS JO 3MiH.

MeToa1 eKOJIOTIYHOTO BiIHOBJICHHS OXOILTIOIOTH®:

— aKTUBHE BTPY4YaHHS — BHCaJKa POCIHH, PEIHTPOMYKLis BUAIB YH
BIZIHOBJICHHS TiJJPOJIOTIYHOTO PEXHUMY;

— TACHBHI MiAXOIW — 3MCHIICHHS BIUIMBY YMHHHKIB Jerpanmarfii Jyis
3a0e3reueHH s IPUPOJHOTO PEreHepaliifHOro IpoLecy;

— Oilopemeniallifo — BUKOPUCTAaHHS OPTraHi3MIB JJIsl OUUILEHHS 3a0py.-
HEHUX TEpUTOPIii;

—  eKOJIOTIYHY IHXKEHEpIil0 — CTBOPIOE IITYYHI €KOCHUCTEMH JUISi BHKO-
HaHHSI HUMU NPUPOIHUX (QyHKIIi.

B rany3i BiTHOBJICHHS TOBKUIIS KJIFOUOBHMH € TaKi KOHIICIIIIT:

1. Konuenmis pedepentHoi exocuctemu. PedepeHTtHa exocucTema
BUCTYIIA€ MOJEIUIIO JUISl BiJHOBJIEHHS JAErpajloBaHUX eKocucTteM. Bona
BU3Ha4Ya€e Oa)KaHWI CTaH €KOCHUCTEMHM, OKPECHIoe ii 1iji, CTpyKTypy, QyHKIiT
W BHIOM, XapakTepHi Uil NPHPOAHOTO CEPEAOBHINA O AHTPOIOTEHHOTO

8 Gann G. D., McDonald T., Walder B., Aronson J., Nelson C. R., Jonson J., Dixon K. W.
International principles and standards for the practice of ecological restoration. Restoration Ecology.
2019. Vol. 27 (S1). P. 1-46. https://doi.org/10.1111/rec.13035
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BTpy4aHHs. L[ Monens 6a3yeThes Ha iICTOPUYHNX JaHUX, BUBUCHHI 3aTI0OBIIHIX
30H YM MPOTHO3aX MalOyTHIX ymoB. KoHIlenuisi IMPOKO BUKOPUCTOBYETHCS
y IUIaHyBaHHI, BUKOHaHHI Ta OLIHIOBaHHI NPOEKTIB BiJHOBJICHHS EKOCHCTEM.
IHoni abcomoTHE BiATBOPEHHS ICTOPUYHOIO CTaHy EKOCHCTEMH HEMOXKIIMBE
yepe3 3MiHY KJIIMaTy Ta [0 IHIIMX 30BHINIHIX YHWHHHUKIB. OOMEXCHHS
BUKOPUCTAHHs KOHIEMII MOB’Si3aHi i3 TPYJHOIIAMHM TOYHOTO BU3HAYCHHS
XapaKTepUCTUK pe(depeHTHOi EKOCHCTEMH 4epe3 HecTady AaHHX YU 3MiHM
y JOBKULII.

2. Konnenmist exocucremHux mocnyr. Lleil miaxin opieHToBaHMH Ha
OLIIHKY BHTO/I, SIK1 JIIONM OTPUMYIOTb BiJl IPUPOIHUX eKocucTeM. ExocucTeMHi
MOCITYyTH MOIUISIOTh Ha TaKi THIH: 3a0e3MeuyBabHI — MaTepialibHi pecypcu
(xka, BOma, JepeBHHA TOIIO); PETYNIOBAIBHI — KOHTPOJb EKOCHCTEMHHX
mpoueciB (OYMCTKa BOJM, PETYIIOBAaHHS KIIMary, 3alWIeHHs); KyJIbTYpHI —
HemaTepiajbHi LIHHOCTI (€CTeTHMYHE 3aJJ0BOJICHHS, peKpealis, JTyXOBHE
30aradeHHs); MiATPUMYIOYI — HPOIECH, HEOOXiNHI Ui iCHYBaHHS IHIIUX
nociyr (HampHKIaa, IPYHTOYTBOPEHHS YHM KPYrooOir IOKMBHHUX PEYOBHH).
L5 KoHLIeNLis CIPHsE YCBIIOMIICHHIO LIIHHOCTI IPUPOAH, MIATPUMILI CTAIOTO
PO3BUTKY, IHTErpailii CKOJIOTIYHHX AacCleKTiB B CKOHOMIYHY [IiSUTBHICTb,
e(eKTHBHOMY YNPaBIiHHIO TPUPOXHHMH pecypcaMH. li 3acTOCOBYIOTH
y TUIaHyBaHHI 3eMJIEKOPUCTYBaHHS, OLHIII BIUIMBY Ha JOBKIJUIA 1 (JOPMYBaHHI
MPUPOAOOXOPOHHOT TOMITAKA. OOMEKCHHSMHU y BUKOPHCTAHHI KOHIICTIIIi
€ CKJIQJIHICTD KIUIBKICHOT OLIHKH JAESKUX IOCIYI, PH3MK HaaMipHOI MOHe-
Tapu3anii MPUPOIU, HEIOOI[IHKA CKOJIOTIYHHX B3a€MO3B’SI3KIB 1 MOXIIUBI
KOHQIIIKTH MDK TIpynamMy CHOXHUBa4iB pecypciB. [lompu kpuTuky 3a
HaJMIpHHUH aKIEeHT Ha aHTPOIOLUEHTPUYHOCTI YW PHU3UK IEPETBOPEHHS
TIPUPOIH B «TOBAp», KOHLEILIS MPOJOBKYE po3BUBaTHCs. BoHa cnpsimoBaHa
Ha IHTEerpamilo y HaliOHAIBHI CHUCTEMH OIIHKA NPUPOJAHUX PECypCiB,
BIOCKOHAJIGHHSI METOIB MOHITOPHHIY 1 Y3TO/DKEHHS MDKIUCHUILTIHAPHUX
MiAX0miB, (OPMYIOUM CyYacHY OCHOBY JUIsl PAalliOHAJBLHOTO YIPAaBIiHHS
MIPUPOJHUMH pecypcamMu Ta 30epesKeHHs 010pI3HOMAHITTSI.

3. KoHuenmis KIIOYOBUX BUAIB BiJirpae 3Ha4Hy pOJIb y TPHPOIO-
OXOPOHHHMX IHIIlIaTHBaX, OCOOJMBO Yy IUIaHYBaHHI Ta peaji3auii HpPOEKTIiB
3 BIZJHOBJICHHSI ekocucTeM. KIIIoHOBMMH BBaXKalOThCs BHJIM, PEIHTPOMYKIis
abo miATpUMKa SKMX MOXE CIHPHYMHHUTH HENPONOPLIHHO BEIMKHUH
MIO3UTHBHUI BIUIMB Ha NPOLIECH BiJTHOBJICHHS CTPYKTYpH Ta (PyHKIIOHYBaHHS
exocrcTeM. BOHM MOXXYTh BUKOHYBaTH POJIb KaTali3aTopiB, IPHIIBHIIIYIOUN
MPUPOJHI HPOLECH BIHOBJICHHS, CIyIyBaTd IHAMKAaTOpaMu  YCIIiXy,
JIEMOHCTPYIOUH €()EKTHBHICTh BiJHOBIIIOBAJBHHUX POOIT, a TAKOXK 3MIHIOBATU
CepeIOBUINE Ha KOPHUCTh HOro pereHeparlii. Y bOMY KOHTEKCTI KIFOUOBHMU
aCreKTaMy BUKOPHCTAHHS KOHLELIT €: BU3HAYEHHS NTPIOPUTETHUX BUMIB IS
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PEIHTPOAYKIII, CTBOPEHHS YMOB JUIS iX IIPUPOIHOTO ITOBEPHEHHS, 3aTy4eHHS
TaKUX BHUJIB SK YNHHUKIB IPUCKOPEHHS BiHOBJICHHS. TUIIOBHM NPHKIIAZIOM
€ PpEIHTPOINYKLis OKpeMHUX BHAIB MOXIB y BIJHOBJIEHHI JerpajoBaHUX
TopdoBHI.

Pazom i3 THMM, 3acTocyBaHHsS KOHIEMII CTHKA€THCS 3 BUKIMKAMH,
TAaKUMH SIK CKJIAIHICTh y TepeadadeHH] HacliJKiB PeiHTPOAYKIII, MOXKINBI
KOH(QJIKTH 3 JIFOACHKOIO [ISUTBHICTIO, MOTpeba y IOBrOTPUBAJIOMY MOHI-
TOPMHTY Ta HEOOXiJHICTh aJanTUBHOTO ympapiiHHA. [lompm icHyroui
npoOsieMH, KOHLENIsl KIIOYOBUX BUJIB JEMOHCTPYE 3HA4HI MEPCIIEKTHBH.
Ile miATBEpMKYETHCS  JOCTIDKEHHSAMH  IOTEHLIaNly MIKpOOpraHi3MiB
y BiIHOBJIEHHI I'PYHTIB, aHaJIi30M iX pOJIi B IiIBUIIEHHI CTIHKOCTI EKOCHCTEM
JI0 3MiH KJIIMaTY, a TAKO>K PO3pOOKOI0 MI>KHAPOIHUX CTaHAAPTIB PEIHTPOLYKIiT
BUJIIB Y TPAHCKOPJOHHHX €KOCHcTeMaxX. TakuM YMHOM, 3HAYECHHS KOHLEMIiT
KJIFOYOBUX BH[IB Y IIPUPONOOXOPOHHIM MpPAKTHLI 3pOCTaE, CIPHUIIOUN
CTBOPEHHIO OUIBII CTAaOUIBHUX 1 CAMOPETYJIbOBAaHMX EKOCHCTEM.

4. KoHuenuisi €KOJOTIYHUX MOPOTIB ONUCYE KPUTHUYHI TOYKH B €KO-
cUCTeMaX, IEPeTHH SKHX MOXKE TNPH3BOJUTH JI0 KapAWHAJIBHUX, YacTo
HE3BOPOTHHX 3MiH y IXHIH cTpykTypi Ta ¢yHKIiOHyBaHHI. OCHOBHUMH
OCOOJIMBOCTSIMM KOHLIENLIT €: HeNiHIWHICTh (peakiis EeKOCUCTEMH YacTo
BUSIBJISIETHCSL HETIPOTIOPLIHHOIO 1010 3MiH 30BHIIIHIX YHHHHKIB), HE3BOPOT-
HICTh (IIOBEpHEHHS JI0 BUXIHOTO CTaHy IICIsl EPETUHY MOPOTY MOXe OyTh
BKpail Ba)KKMM YH HaBiTh HEMOXKJIMBHM), KackaaHi edexTu (IepeTuH oJHOro
a00 KiJIBKOX TIOPOTiB MOXKE CIIPUYMHUTH JIAHIIOTOBI IPOLIECH 3MIH Y CHCTEMI).
Exonoriuni moporu kimacugikyroTh 3a pPI3HUMH KaTeropissiMu: OloTWYHI —
MOB’s13aHi 31 3MiHAMH B MOMYJISIISAX a00 B3aEMOMISX MK BUIaMU; a0iOTHYHI —
CTOCYIOThCS (PI3MYHUX ab0 XIMIUYHMX 3MIH y CEpeJOBHILi; MPOCTOPOBI —
NOB’si3aH1 31 3MiHAMH y MPOCTOPOBiil oprauizauii nanamadris. [puknaramu
EKOJIOTTYHUX IOPOTiB MOXKYTh OyTH: eBTpodikallis BOJOHM uYepe3 HaJAMIpHY
KIJIbKICTh O10T€HHUX PEYOBHH, 1[0 MPOBOKYE HEKOHTPOILOBAHE PO3MHOKEHHS
BOJIOPOCTEH; MPOIIEC OIMYCTEIIOBAHHS YHACIIIOK HAJMIPHOTO BUIACY XYI00H,
SKWAH 3MIHIOE TPaB’sIHUCTY MICLEBICTh Ha IYCTEINIO; PyWHYBaHHS KOPaJOBUX
pudiB uepe3 MacoBy 3arubenb KOpajiB IMpU MiJBUIIEHHI TEMIIEpaTypy BOIH.
3acTocyBaHHsI I1i€1 KOHIICMIIIT JO3BOJISIE BHUSBISATA KPUTHYHI MEXi JOBKIJUISA
Ta (opMyBaTH e(EKTHBHI CTparerii 30epe:KCHHS 1 BiJTHOBJIICHHS CKOCHUCTEM.
ITpore Taki 3aBIaHHS yCKJIAJHSIOTHCS Yepe3 TPYIHOILI Y BU3HAYEHHI TOYHUX
MOPOrOBUX 3HA4€Hb IapaMeTPiB EKOCHCTEM, BapiaTHBHICTh IIMX MEX,
MHOKHHHY /1110 YHHHHUKIB, 1110 BIUIMBAIOTH Ha OPOTH. Y MPAKTHII BiIHOBJICHHS
NPUPOAN KOHIIEHIiS 3aCTOCOBYETHCS ISl BCTAHOBJICHHS JOIYCTHMHUX DPIBHIB
KOHIICHTPAIliT 3a0pyNHIOBaYiB, pO3pOOKU cXxeM (YHKI[IOHAILHOTO 30HYBaHHS
3aI0BIIHHKIB.
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5. Konuenmis couiansHo-exonoriunnx cucreM (CEC) € mikaucumiui-
HAapHUM TMIIXOJ0OM, IO CIPSMOBAHUI Ha aHai3 B3a€EMO3B’S3KIB MiX
JIIOJICBKAM CYCHUIBCTBOM Ta HAaBKOJMIIHIM cepenoBuiieM. Bona posrisinae
i B3aEMOJII SIK €IUHY, B3a€MOIOB’S3aHy CHUCTEMY, HAroJIOUIYIOYH Ha
ixgii cxiagHocTi. CoLiaIbHO-EKOJIONIYHI CHUCTEMH MAlOTh BJIACTUBICTH
aJanTyBaTUCs JO0 COLIaJbHUX a00 EKOJOTiYHUX 3MiH, JEMOHCTpPYBaTh
CTIHKICTh J10 30BHIIIHBOIO BIUIMBY. 3a3BHYail KOHIEMIiS BUKOPHCTOBYETHCS
JUIsl pO3pO0KH e(EeKTUBHHUX CTpATEriii yHnpaBlliHHS HPUPOAHUMH PECypCamH,
IUTaHYBaHHSl CTaJIOTO PO3BUTKY, OXOPOHHM OIOPI3HOMAHITTS YM YHpaBIiHHSA
BOJHMMM pecypcaMu. 1i 3acTocyBaHHS CHpHS€ TIMOIIOMY PO3YMiHHIO
CKJIQJIHUX 3B’SI3KiB MIXK iSUTBHICTIO JIFOIMHH 1 TIPUPOJAHUM CEPEIOBHILIEM, L0
Ma€ KJII0YOBE 3HA4YEHHS JUIs BUPILICHHS €KOJIOTTYHUX BHKIIHUKIB.

6. Konuenmis Restorative continuum po3kpuBae pi3Hi piBHI Ta METOIU
BiJJTHOBJICHHSI €KOCHCTEM, OXOILTIOIOYH IMPOKHH CIIEKTP 3aX0/1B — BiJI 3yTHHKH
JeTpalallifHuX MPOLECIiB J0 MOBHOI PEKOHCTPYKLii exocucteM. OCHOBHI
PiBHI BiJIHOBJICHHS BKJIIOYAlOTh: NPUIIMHEHHS Jerpajaiii 4epe3 yCyHEHHs
LIKIJUTMBOI JiSUTHOCTI, YaCTKOBE BiJJHOBJICHHS, CIIPSIMOBAaHE Ha ITOKpPAIIEHHS
okpeMuXx (YHKIIH CEKOCHUCTEM, TOBHE BIJHOBIICHHS 13 TIOBEPHCHHS €KO-
CHCTEeMU 10 ii IOYaTKOBOTO CTaHy, PEKOHCTPYKIiI0O — CTBOPEHHS HOBOI
EKOCHUCTEMHU Ha MICIi ICHYIOYOI i3 3HAUHUMH TMOUIKOKCHHsIMU. KoHIemis
nependavae BpaxyBaHHsI CrielM(iKW KOXHOI CHTyallii, 30KpeMa, MiCLEeBHX
YMOB, iCTOpil 3EMJIEKOPUCTYBaHHS, COIIaJbHO-CKOHOMIYHUX AaCIIEKTiB.
VY mnporneci BiTHOBICHHS 00 €IHYIOTbCS EKOJIOTIUHI, COLiaJIbHI Ta EKOHO-
MIiYHI L, nependaueHnii MOHITOPUHT i KOpUryBaHHs cTpareriid. Konuenmis
MAKPECIIOE, 10 BiJHOBJICHHS € TPHUBAIMM IpoLecoM 1 morpeldye
KOMILJIEKCHOTO TT1JIXOJTY.

3aBnsiku KoHuenuii Restorative continuum MoXkHa oOMpaTH ONTHMANbHI
pIlICHHsT UIs peaii3ailii 3axO[iB 13 BIIHOBJICHHS MPUPOIU 3aJCIKHO Bif
CTymeHs Jerpajaiii, JOCTYNHHMX pecypciB 1 OaxxaHUX pe3yJabrariB, IO
3abe3neuye eeKkTHBHE IUIaHYBAHHS Ta aJlaNTallil0 IPOEKTIB JO KOHKPETHUX
€KOJIOT1YHHX 1 COLliaJIbHUX YMOB.

BigHOBIIIOBAIbHUH KOHTHHYYM OXOIUIIOE HM3KY 3aXO/iB Ta BTPY4YaHb,
CIpPSMOBAHUX HA TMOJIMIICHHS CTaHy JOBKUUIS, MTPOTHUIII0 JAerpaaarii
eKOCHCTEM i 3MeHIIeHHs (parmeHTatii sanamadris’. e miaxin makpeciaroe
Ba)KJIMBICTh B3a€EMO3B 3Ky MK PI3HUMH BHJAMH JSUIBHOCTI Ta HAaroJIOUIYE,
IO XapaKTEePUCTHKA TEPUTOpii, Jie IUIaHYIOThCS BiJHOBIIOBAJIBbHI POOOTH,

® Gann G. D., McDonald T., Walder B., Aronson J., Nelson C. R., Jonson J., Dixon K. W.
International principles and standards for the practice of ecological restoration. Restoration Ecology.
2019. Vol. 27 (S1). P. 1-46. https://doi.org/10.1111/rec.13035
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Ma€ BUpIMIANGHE 3HAYCHHS JUIA C(EKTHBHOCTI IUX 3axofiiB. OCOOIMBOCTI
MICLIEBOCTI BH3HAYAIOTh, SIKi 3aXO/W IiJXOAATH VISl OKPEMUX JIaHJIIaQTHUX
30H. Y Mipy NpOCYBaHHs BIPaBO 110 KOHTUHYYMY (puc. 1) momimnuryerbes He
JIMIIE eKOJIOTTYHMI CTaH Ta OIOpI3HOMAHITTS, ajne W 3arajbHa SKICTh 1 00csT
€KOCHCTEMHUX IMOCIYT.

THE RESTORATIVE

CONTINUUM

Improving biodivarsity, ecological integrity,

and ecosystem sorvices
% o
~

A

REDUCING IMPROVING REPAIRING INITIATING PARTIALLY FULLY
SOOETAL ECOSYSTEM ECOSYSTEM NATIVE RECOVERING R
IMPACTS MANAGEMENT FUNCTION RECOVERY NATIVE

ECOSYSTRMS RCOSYSTEMS

EuEarion
: : iAmcAes
SER iz eolomeAUsiTORATION
Puc. 1. PiBHi BIUIMBY Ta 3axoam B Me:kax koHuenuii Restorative
continuum 3a Gann G. D. i3 cniBaBTopamu

VY paiioHax, 10 HaWOiIbIIEe MOCTPAKAAIH BiJl aHTPOIIOTEHHOTO BILIHBY,
MepIIUM KPOKOM € 3MEHIIEHHs LbOro BIumuBy. [lani ije eran pemeniamii —
YCYHEHHS YM MiHIMi3allis MIKOAW HaBKOJIUIIHBOMY CEPEIOBHILY, SKa BHHUKIIA
BHACJIJIOK JIOACHKOT AistibHOCTI. [licnmst mporo 3xificHIOETBCS pealimiTalis,
CIpsIMOBaHAa Ha BIJHOBJIEHHS EKOCHUCTEMHUX OYHKIIH. 3aBeplualbHUM
1 HaMCKJIaJHIIIMM €TarloM € TIOBHE EKOJIOTiYHE BiJHOBJIECHHS — MOBEPHEHHS
eKOCHCTEM 70 iX pe()epeHTHOro CTaHy, IO Iependavyac «03A0pOBICHHS»
CHCTEMH.

lann I. /. i3 cmiBaBTOpamMM BUAUIMIAM 8 NPUHLMUIIB EKOJIOTIYHOTO
BiZIHOBJICHHSL:

1. 3anmydeHHs 3aLiKaBICHUX CTOPIH.

2. BuxopucTaHHS pe3ynbTaTiB 0araTbox raiy3ei HayKH.

3. BpaxyBanus indopmanii Bix NpUpOJHUX €TAIOHHUX (pedepeHTHHX)
CHCTEM B YMOBax 3MiHH JOBKIJUIS.

4. TliaTpuMKHN NpOLECIB BiHOBJICHHS €KOCHCTEM.

5. OuiHKa i3 BUKOPUCTAHHSM YiTKUX IJIEH 1 3aBAaHb, BUKOPUCTaHHS
BUMIpIOBaHUX 1HAMKATOPIB.

6. IlparneHHs 10 HaMBHIIOTO PiBHS MOXKJIMBOTO BiJTHOBIICHHSI.
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7. KymysisTUBHOT I[IHHOCTI PY BUKOPUCTaHHI y 3HAYHUX MacluTadax.

8. BxuiroueHOCTI 10 KOHTHHYYMY BiJIHOBJIIOBaJIBHOI AisIIBHOCTI, TOOTO
KOHKPETHHH MeToj abo MiaXiZ 10 BiJJHOBJICHHS IPHUPOAN PO3IIISAAETHCS HE
130JIbOBAHO, a SIK YaCTHHA IUPIIOTO CIIEKTPY MOXIIUBHX /il BiJi MiHIMaJIbHOTO
JI0 MaKCUMaJIbHOTO BTPYYaHHS.

Suding K. i3 cmiaBTropamu BUAUTIIN 4 MPUHIAIY BiTHOBIECHHS'":

1. BigHOBIEHHS MigBHMIIYE EKOJIOTIYHY IUIICHICTH HPOCTOPOBHX
cucteM. BiJHOBIICHHSI eTpajioBaHUX TEPUTOPI MPHUCKOPIOETHCS BHACIIIOK
BH3HAYEHHs IIPIOPUTETHOCTI OIOLIEHO3iB, BKIIOYAIOYM IX BWJIOBHH CKIaj,
MIPEACTAaBHUITBO BCiX (YHKIIOHATBHUX T'PyI, OCOOIMBOCTI Ta NPOLECH,
HEeOoOXiHi JUIsl MATPUMKH 0i0TH Ta QYHKLIH €KOCHCTEMH.

2. BigHOBIEHHS CTiliKe y JIOBFOCTPOKOBIM INEPCHEKTHUBI, CHPsIMOBaHE
Ha CTBOPEHHSI CHUCTEM, SIKi BOJIOJITHUMYTb BJIACTHBOCTSIMH CaMOIIITPUMKH,
cTiikocTi, BigmoBimHocTi nanmmadgry. Ilicns 3aBepuieHHS NPOEKTY
BIJJTHOBJICHHSI JIIOJICbKE BTPY4YaHHS MiHIMI3yeTbCs. SIKIIO 3 dYacoMm Take
BTPYYaHHS BCE X IOTpiOHE, BOHO NMOBHWHHE OyTH CIIPSIMOBAHE Ha IMITallilo
MIPUPOJHUX TIPOLECIB, KUX JaHamadr Outbine He 3abe3nedye (HapUKIamd,
BHACJIIOK TOXEX YW BHJAJICHHS 1HBa3iMHMX BHIIB), a00 Ha MHIITPUMKY
TPaIUIIITHAX TPAKTHK MICIICBHX TPOMAJ.

3. PecraBpamis 3 ypaxyBaHHSM MHUHYJIOTO i MaiOyTHBOIO KOHKPETHOI
MPOCTOPOBOi CHUCTEMHU. 3HAHHSA OCOOIHMBOCTEH ()YHKIIOHYBAaHHS CKOCHUCTEM
B MHUHYJOMY JIO3BOJINTH BHM3HAYUTH IIOTEHLIHHI MaHOyTHI TpaexTopii
BiJJHOBJICHHS. HacTo iCTOpist PO3BUTKY KOHKPETHOI CUCTEMH € HE MIa0JI0HOM,
a aTpakTOpPOM BHU3HAYEHHS IIiJIed BiJHOBIICHHSI.

4. BigHOBIICHHS NTPUHOCHTH KOPHUCTh 1 3allydae CycCHiIbCTBO. BoHO
30CepeKY€EThCs Ha BITHOBJICHHI O10PI3HOMAaHITTS Ta MIATPUMII BHYTPIIIHBOT
LIHHOCTI MTPHUPOJIH.

AJNTOPUTM BIJIHOBJIEHHsI eKocucTeM (puc. 2) BigoOpakae IUTicCHUE Ta
METOJI0JIOTIYHO OOIPYHTOBaHMH MiJXiA MO IUIaHyBaHHS 1 peanmizawil 3axoiB
BIJJHOBJICHHS €KOCHUCTEM, IPYHTYIOUHCh Ha TPHHIMIAX aJallTUBHOTO
YIPaBJIiHHSL.

Jlorika BiJHOBJICHHSI peEaJli3ye€TbCcss IPU IOETAITHOMY Hepexoii BiJ
KOMIUIEKCHOI OIIHKM CTaHy HpPUPOJHOI EKOCHUCTEMH [0 BIPOBAaJDKEHHS
YIPaBIIHCBKUX PIMIEHb 13 TONAJBIINM KOPUTYBAaHHSIM Jif Ha OCHOBI
pe3yabrariB MOHITOPUHTY. Takuid MiJXiJ BiIIOBiAA€E Cy4acHUM YSBICHHSIM
PO JMHAMIYHHUH XapaKTep eKOCHCTEM 1 HEOOXiAHICTh THYYKOIO pearyBaHHs
Ha 3MIHU PUPOJHUX Ta aHTPOIIOTEHHHUX YMOB.

10 Suding K., Higgs E., Palmer M., Callicott J. B., Anderson C. B., Baker M., Schwartz K. Z.
Committing to ecological restoration. Science. 2015. Vol. 348 (6235). P. 638-640.
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TPYHTY SIKOCT1 JDKEPeT Ta CTYMEHS
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KOPOTKOCTPOKOBHX | KJIIOYOBHX BHIIB Ta ! perioHanbHUX Ta
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. Ta IOBFOCTPOKOBHX MPOLECIB ISt TI00ATEHIX eKOJIO-
Mozei 6axaHoro A 3 CTOPOHAMH . -
nineit BI/[HOBJICHHS ri4HuX cTpareriit
cTaHy
IInanyBaHHs BTpy4YaHb
Po3pobka crparerii Busnauenns
R . CxJtaiaHHs o Pospobka many
BiTHOBJICHHS: BUOIpP - BrokeryBaHHs Ta porteit Ta .
. 4acoBOro rpadiky . . . . . YIpaBIiHHS
METOZIB Ta - po3mnojin pecypcis BiJIMOBIANMBHOCTI
i pobit . PpH3UKaMU
TEXHOJIOTiH YYaCHHUKIB [POEKTY
MOHITOPHHT Ta OLiHKa
N . . TopiBHstHHS .
Bceranonenns Perynsphuii 36ip Amaji3 TeHaeHIii o3 pJ'ILTaTiB 3 ITinroToBka
CUCTEMH JIAHUX PO CTaH Ta aTepHiB pesy: NepioJNYHNX 3BITIB
. . . . BCTaHOBJICHUMH
iHIMKATOPIB yCIixy EKOCHCTEMH Bi/JHOBJICHHS e po 1porpec
AnanTuBHE yIpaBliHHA
Perymsipuuit BrposakeHHs Kopurysauus OMIH JOCBizOM Ta
Yauip poBalL ULy .| ’'aydxe pearyBanHs 0 1 J0CBIA
Teperiss Ta HOBHX HayKOBHX METOIiB Ha OCHOBI ; HalfKpaImMu
! Ha Herepea0ayeHi
OHOBJICHHS TUTAHY 3HaHb Ta pe3yabTariB . MPAKTHKaMH 3
p - ! 3MIHH Ta BUKIIUKA | .
BIJIHOBJICHHS TEXHOJIOT1H MOHITOPUHTY 1HIIMMHA [IPOCKTaMU

Puc. 2. MeTtoaoJoriuni 3acaay BiZHOBJIEHHSA €KOCHCTEM
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[epmmm eranom anroputMy € 0a3oBa OIIHKa, sika (OpPMY€E HayKOBE
MIATPYHTS JJIs MOJANIBIIKNX pilicHb. BoHa mependauae BceOiuHE 0OCTEIKCHHS
Oiopi3HOMaHITTS, 30Kpema, cTaHy ¢uopH, (ayHM Ta MIKPOOPraHi3MiB,
aHaJi3 IPYHTOBUX YMOB i3 ypaxyBaHHAM IX CTPYKTYypH, XiMi4HOTO CKJany,
piBHsI 3a0pyJHEHHS, a TaKOX TiJPOJIOTIYHI, TIPOXIMIYHI Ta I'iIPOEKOIOTIYHI
JOCII/DKeHHS. BaMBUM € iCTOpUYHUI aHai3, sIKUW JJa€ 3MOTY BiITBOPUTH
TIOTIEpEeIHIM CTaH eKOCHCTEMH Ta BU3HAYUTH XapakTep i Macmradu 3MiH, 10
BifOyIHcsI.

Ha ocHoBi pe3ynbrariB 0a30BOi OIIHKA BCTAHOBJIIOKIOTHCS LU
BigHOBNEHHs. Kito4oBUM 3aBiaHHAM erany € (OpPMYBaHHS YSIBICHHS
po pedepeHTHUH CTaH EKOCHCTeMH, SIKUH MoXe OyTH JOCSTHYTHH
y KOHKPETHHX INPHPOAHUX 1 COILIaJbHO-€KOHOMIYHHUX YMOBax. Y Mekax
LBOTO €Tally TAKOK BH3HAYAIOTHCS KOPOTKOCTPOKOBI Ta JOBIOCTPOKOBI L,
IZICHTU(IKYIOTHCS KIIFOYOBI BHJIU Ta CKOJIOTIUHI MPOIECH, BITHOBICHHS SKHX
€ KPUTHYHO BRXKJIMBUM JUId crabimizauii (yHKIIOHYBaHHS EKOCHCTEMHU.
BaxiBe 3HaYeHHS Ma€ Y3TO[DKSHHS IJIEH 13 CTEHKXONAepaMH, a TakoxX X
BIJIMIOBITHICT pPETriOHANILHUM, HAIIOHAJBHUM 1 [IOOATBbHHUM EKOJIOTIYHUM
CTpAaTerisiM 1 3000B’ I3aHHSIM.

Ha erani minanyBaHHS BTpy4YaHb PO3pOOJISIETHCS CTpATETisl BiJHOBJICHHS,
BUOMPAIOTHCS METOIM 1 TEXHOJIOTIi, SKi BIANOBIJAIOTH MPUPOIHUM YMOBaM
TepuTopii Ta Bu3HaueHMM WM. CKianaerscs NeTanbHUA rpadik pooit,
pO3po0IIsI€eThCS IJIaH YHpaBliHHA pu3ukaMu. Takuil miaxin 3abe3nedye
MIiHIMI3aI[il0 HEBH3HAYCHOCTI Ta IIJBUIICHHS C(QEKTUBHOCTI 3aXOIiB
BIJHOBJICHHSL.

Peaizanist 3aruiaHOBaHMX BTpY4YaHb CYIPOBOJDKYETHCS CHUCTEMATHYHUM
MOHITOPUHIOM Ta OILIHKOIO pe3ynbrariB. Ha mpomy erami po3pobisieTbes
cHcTeMa HJMKATOPiB INHAMIKN CTaHy €KOCHCTEM, ITPOBOIUTHCS 30ip 1 aHawi3
JIAHUX, BUSIBJSIFOTHCSI TEH/IEHIIT Ta 3aKOHOMIPHOCTI 3MiHM craHy. OTpumani
pe3yabTaTd MOPIBHIOIOTHCS 3 YCTAHOBJICHUMH IUISIMH JUIS OL[IHKH PiBHS iX
JOCSITHEHHSI.

3aBepLIaJIbHUM €TaloM aliTOPUTMY € aJanTHBHE YIPaBIiHHS, SIKE
3a0e3reuye THYYKICTh y MPUHUHATTI pimeHb. Ha mpomy erami nmpoBoanTbCs
PEryJISIpHUIA Teperisil 1 OHOBJICHHS IUIaHIB BiHOBJICHHS 3 ypaxyBaHHIM
pe3yabTaTiB MOHITOPHUHTY, KOPHUTYBAaHHSI METOJIIB Y Pa3i BUSIBJICHHS BiIXMICHb
BiJl 3aIUIaHOBAaHMX IOKAa3HMKIB, ONIEPATHBHE pearyBaHHs Ha HemnepenOadeHi
BUKJIMKH.
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3. OKpeMi npobaemu peanisauii 3axoais
BiAHOBJIEHHS Npupoau B YKpaiHi

BigHOBIICHHSI NMPUPOJHHUX E€KOCHCTEM y €Bpomi 3aiiMae KIIOYOBY pOJIb
Y eKOJIOTIYHOMY TOpSIIKY aeHHoMY. 21 gepBHsa 2024 p. cxBajneHO amMOiTHHIA
rwiad BigHOBICHHS MOBKULIS 10 2050 p. B €C !, JIOKyMEHT MICTUTh 4iTKi
BUMOTH /IO BiJHOBIICHHS PI3HMX THIIIB eKkocucTeM. Koxna KpaiHa-dieH
3000B’s3aHa  PO3POOMTH HANIOHANBHUNA IUIAH BITHOBICHHS IPUPOIH.
Hanpuknan, y cdepi ciTbChbKOTO TrocrmogapcTBa HEOOXiTHO TMOKPAIIUTH TaKi
MOKA3HUKH, K TTOIYJISILIS TOJTbOBUX METENINKIB, PIBEHb OPTaHIYHOTO BYTJICIIIO
B IpyHTax Ta OIlOpi3HOMaHITTA JNaHAmMAdTiB. Y JICOBOMY TOCIIONApCTBi
nepeabadeHo 30UTBIICHHS IMOMYMAMil NTaxiB, 0OCATIB MEPTBOI JEpEBUHH,
BH/IOBOTO PO3MAITTS Ta IUION[ CHONYYEHHMX JICIB, BUCA/UKEHHS 3 MIIPA.
nepeB. Ha piukax mepemdadeHO AEMOHTYBATH 25 THC. KM IITyYHHUX Oap’epiB
no 2030 p. Kpainm €C wmarots BimHoBuTH 30 % Teputopiii mo 2030 p.,
60% mo 2040 p. Ta 90% mo 2050 p. Ha mepmiit cranii Oyme mpumineHO
ocobmuBy yBary mepexxi Natura 2000.

Cutyaniss B VYKpaiHi BHIISZAaE MEHII ONTHUMICTHYHO. BukoHaHHS
MIPUPOIOOXOPOHHUX 3aXOIiB Y MekaxX Yromu mpo acormiamiro 3 €C moku He
JEMOHCTpPY€E 3HA4YHOro mocTtymy. OCHOBHOIO INPHUYMHOIO IIOTO € HHU3BKHH
TIPIOPUTET SKOJIOTIYHUX MHUTaHb y TOPSAKy AeHHoMy KMY ta BPY.

Hama xpaiHa 3iTKHymacs 31 3HaYHUMH €KOJIOT1YHHMH BUKJIMKAMH Ta Mae
KOMITJIEKCHUH XapakTep NPHUPOAOOXOPOHHUX Mpobiem. Exonoriuna ckiagosa
suMor €C swmmre pa3 irypysaiga B CTpyKTypi ymMoB Acomiarii’? — me Ha
eram BukoHaHHS [lopsnaky nemHoro 3 Acomiamii (miarotoBka Crparerii
EKOJIOTIYHOI TOJNITHKH y Tak 3BaHid Marpumi @rone). Biaromi mwraHHS
3aXHMCTy HAaBKOJIMIIHBOTO CEPENOBHUINA HE OylnM BKJIIOUCHI B IAKETH BHMOL.
YactkoBo 1me mOB’si3aHO i3 BiitHOI0. €C Hapa3i He akIeHTye yBary Ha
EKOJIOTIYHUX MHUTaHHAX MpHU OOTOBOPEeHHI MUTaHb acomialii. [Ipore 3 gacom
CHUTYaIlis 3MIHUTHCS 1 €KOJOT19HI MUTAHHS MIPUUICTHCS BHPINTYBATH.

He#t miaxim NOPOCHiAKOBYEThCS W y CTparerivyHOMy IUIaHYBaHHI Ha
HarioHanbHOMY piBHI. Hampukian, y mpoekti CepeqHbOCTPOKOBOTO IUIAHY
niit ypsamy mo 2020 p. TemaTHIll TOBKULIS HE OyJO BiABEIEHO OKPEeMOi Iii.
VY Ilnani npiopureTHUX Oill ypaxy Ha 2023 p. mATaHHS 3aXWCTy JOBKUILIA
3TraJyBaJIACs JIUIIC B KOHTEKCTI €KOHOMIYHOI e(peKTHBHOCTI iHAYCTpiabHUX

I Regulation (EU) 2024/1991 of the European Parliament and of the Council of 24 June 2024 on
nature restoration and amending Regulation (EU) 2022/869. URL: https://eur-lex.europa.cu/eli/
reg/2024/1991/0j/eng

12 OxopoHa mOBKULIL B yroai mpo acouiauiro Mix VYkpaiHoro ta €C. Jlomosixs ILiarpopmu
rpoMaisHCbKoro — cycminbetBa  Yipaina-€C. bBproccens, 18 tpaBus 2017 poky. URL:
https://www.civic-synergy.org.ua/wp- content/uploads/2018/04/Dovkillia-Fin-6.pdf
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MIapKiB, PEryJIrOBaHHS BHKOPHCTaHHS OIOLMAHUX IPOIYKTIB, IOBOJDKEHHS
3 pPajioakKTUBHMMH BiJXOIaMM Ta aJIMIHICTPYBaHHsS IpaB Ha OO0 €KTH
POCIHMHHOTO 1 TBApHHHOTO CBiTY. [Ipo0iemu 610pi3HOMAHITTS UM BiTHOBJICHHS
MIPUPOIM 3AJUIIMIIKCS 1033 yBaroro. [Ipore po3poOka i ymockoHaJICHHS
HAI[IOHAJIBHUX JIOKYMEHTIB JJIsl iIMIDIEMEHTAIlii YTOIM MPO acolliallilo MarTh
BiJIirpaTy KJIIOYOBY POJb JJISI CTBOPEHHs IHCTUTYLIMHUX 1 OpraHizamiiHuX
MeXaHi3MIB 11 BUKOHAaHH. 3-TIOMIX TaKUX JIOKYMEHTIB BapTo 3raJiaTd Yromy
mnpo acouiariro Ykpainu ta €C. ImaBa 6 Yroam «HaBkonmuirHe npuponHe
CepeloBHUIle» BH3HAYAE KIIFOYOBI HANpsIMU criBOpani A pedopMyBaHHS
CHUCTEMH eKoJIoTiuHOoro BpsiayBaHHs (cT. 360-363, 365, 366). 3 1.11. 2014 p.
PO3I0YaIOCh TUMYACOBE 3aCTOCYBAaHHSI ISSIKUX PO3/LTIB 1 crared Yronu.

BripoBapkenHst monoxkeHb [naBu 6 B YkpaiHi Hapasi, 31e0i1bLI0TO,
CIpsIMOBAaHE Ha aJaNTallil0 HalliOHAIFHOTO 3aKOHOJABCTBA JI0 3aKOHO/IaBCTBA
€C y chepi oxoponu moBkimis 3rigo domarka XXX mo Yroau 3. Bin
MICTUTH Tiepeltik 29 AUPEeKTHB Ta PErIaMeHTIB, SIKi OXOIUTIOIOTh 8 OCHOBHHX
ranmy3eit. OxpiMm Toro, Yroma mepenbavae rpadik iMIuieMeHTamii KOXXKHOTO
akTy €C, 3000B’s3yl04M JIOTPUMYBAaTHCh BH3HAauU€HHWX CTpOKiB. [luTanp
BiJJTHOBJICHHSI IPUPOJIH OCOOJIMBO CTOCYETHCS po3ii 5 — «OXOpoHa IPUPOAN,
SKMi BUMarae 3abesnedyeHHs BrpoBa/pkeHHs [upextuBu Ne 2009/147/€C
Ipo 3axMcT OUKMX nraxiB ta JupexktuBu Ne 92/43/€C mpo 30epexeHHs
MIPUPOJHOTO cepenoBHiia, Guopyu Ta (ayHu, 3 ypaxyBaHHSM 3MiH, BHECEHUX
IHIIMMU €BPOIICHCHKUMH JIOKyMEHTaMH.

VYkpaiHa BXKE€ NPOBOAWTH OKpeMi 3aXO/AW 3 BiJHOBIICHHS NPUPOJAM HA
3aKOHO/IaBUOMY piBHI. Y 4epBHi 2022 p. IPUHHSATO 3aKOH PO OXOPOHY JIICIB,
a B TpyaHi Toro x poky Kabiner MiHicTpiB YkpaiHu 3aTBEpIuB 3MiHH 10
MPaBWJI BIATBOPEHHs JICiB, sIKi 3a00pOHSIOTh BUKOPUCTAHHS iHBa31HMHUX
qy>KOpiTHUX BUAIB. Y TpaBHi 2023 p. TaKoX NMPUHHATO MEPEiK TaKUX BUJIB
nepeB. Kpim toro, B numHi 2022 p. 3aTBep/KEHO IUIaH 3aX0JiB 13 peanizawii
cTparterii 6io0Oe3neku Ta 0io3axucty Ha mepion 2022-25 pp., IO OXOILTIOE
MUTaHHs 1HBa3iMHUX BuAiB. I3 TpaBHs 2022 p. YkpaiHa npuegHanacs 10
Haroficbkoro mpoTokoiy mpo JOCTYIl 10 T€HETHYHUX pecypciB. JJoKyMeHT
SWD (2023) Bu3Hayae mojanbllli KPOKH ISl 3aXHCTy OlOpI3HOMAHITTH,
30KpeMa, TAKUX HalpsMiB, 5K OXOpOHa JUKHX NTaxXiB Ta OCENHIL, YIpaBIiHHS
300MapKaMy i TACTKaMH, a TAKOXK pO3poOKa cTparerii 3aXucty 610pi3HOMaHITTS
ta 1 mian aid. OcoOnuBy yBary npuuiieHo immieMeHrtanii KyHbMiHCBKO-
MomnpeainbCcbkoi 1100aIbHOT PaMKOBOI yroau 3 OiopizHOMaHITTS. Baxiusum

3 Jlomatok XXX mo maBn 6 «HakomiuHe npupomse cepenosuiue» Posmimy V  «ExoHOMiuHE
i ramysese criBpoOiTHuITBO». URL: https:/www.kmu.gov.ua/storage/app/sites/1/ugoda-pro-asociaciyu/
30_Annex.pdf
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3aBIAaHHSM € CTBOPEHHS i ympamiiHHs 00’ekramu Natura 2000 Ta pakTnaHa
peaitizanis y)xe IpUHHATAX HOPMAaTHBHUX aKTiB.

3aKOHONABCTBO YKpalHM Hapas3i 4acTKOBO Y3TOIKEHe i3 PermameHTamMu
€C mpo JnepeBHHY Ta MPO YNPaBIiHHS IPaBO3aCTOCYBAaHHSIM JIICOBOTO
3aKOHOJIABCTBA Ta TOPTIBIIO JICPEBUHOI, OJHAK HEOOXiTHHI KOHTPOJb
JOTPUMaHHS 1X HOPM.

Jlist 1boro HeoOXiTHO TOCHJIMTH HE3aJIC)KHICTh OPraHiB MOHITOPUHTY Ta
KOHTPOJIIO 3a JIIIEH3yBaHHSIM, BUPYOKOIO 1 MPOJayKeM JIICOBOT MPOAYKIII.

VY ueprHi 2023 p. BepxoBHa Pana Ykpainu parucdikysana Haros-Kyana-
Jlymmypcebkuii monatkoBuil mpotoxon 10 KapTraxeHChKOro mpoTOKOIy IHpo
6i00e3mexy.

Y cdepi oxopoHu mnpupomu B VYKpaiHi NPUHHATO pPsJiT HOPMAaTHBHO-
NPaBOBUX aKTiB, OJHAK IX IPAKTUYHOTO BIIPOBAPKEHHS [yl BHKOHAHHS
NPUPOIOOXOPOHHUX JaupekTHB €C IMOKM IO HEeJ0CTaTHbO. 30Kpema, He
3a0e3rneueHo BKMo4eHHS 271 NpPUPOIOOXOPOHHOro 00’ekTa YKpaiHH [0
CmaparnoBoi Mepexi €Bpomu, SK TOro BHMarae bepHCbka KOHBEHIS.
[Tnan peanizanii JlupekTuBH Npo 3axMCT JUKUX MNTaxiB He nependadae
3ax0/iB, HEOOXIJHUX JUIi CTBOPEHHS Ta (YHKI[IOHYBaHHS CIelialbHUX
NPUPOJOOXOPOHHUX  TEPUTOPiId, M0 MNpsSIMO  CYNEPEYHTh BHMOTaM
crarti 4.2 uiei aupekTHBH. IMIUIEeMEHTalis LHUX HOPM € OOOB’SI3KOBOIO
Takok y pamkax Eneprernunoro CniroBapuctBa. Y 2021 p. poGoua
rpyna MiHIpUpOAX MiATOTyBaia MPOEKT KOHLEMNIIl Ta 3akoHONpoeKT «IIpo
30epeKeHHs] IPUPOAHUX OCEJHII Ta BUAIB NMPUPOIHOI (ayHu 1 Gruopm».
JIOKyMEHT € MpOorpecuBHMM 1 3aCIIyrOBY€ Ha yBary, OIHaK HOro Tak i He Oyio
yxBajeHo BepxoBHoro Panoro.

IIpouec imruiemeHTanii €BPONEHCHKUX EKOJOTIYHUX BHMOT TPHBAE.
3okpema, Konuenuisi pedopmu [lepkaBHOI €KoJOTiYHOI IHCIEKLIl mepea-
Oadae migBUIICHHS €(PEKTUBHOCTI TPUPOJOOXOPOHHOTO KOHTPOJIO Y MpoLeci
neueHtpanizauii. [le mnepenbauaeTbcs peanizyBaTW LUISIXOM — IIeperadi
HU3KM (QYHKLIH MiCIEBUM rpoMajiaM (KOHTPOJb 3a 00 €KTaMH IPHPOIHO-
3anoBiHOTO (DOHIY MICIEBOIO 3HA4YEHHsS, CTAHOM 3eMelb, 0opoThOa
3 OpaKOHBEPCTBOM, HAJIG)KHE MTOBO/PKEHHS 3 Bigxonamu). Takok miaHyeTbes
YTBOPHUTHU IHCTUTYT TPOMAJICBKUX 1HCIIEKTOPIB OXOPOHM JIOBKIJUIS HAa OCHOBI
TEPUTOPIAIbHUX TPOMA/I.

BaxxnuBUM acrekToM iMIUIEMEHTAIi 3aIuiaeThes iHGOPMYBaHHS PO
CTaH €BpONEWCHKOI iHTerpamii Ha perioHaJbHOMY piBHI. Husbkuii piBeHb
00i3HaHOCTI MicCLIeBOi BiaJgy IOAO BIPOBAKEHHS €KOJOTIYHOI CKJIaJ0BOT
Yrogu mpo acowiamil0 HETaTUBHO IT0O3HAYAETHCS HAa TEMIIAX PO3ILUPCHHS
IUTOL TIPUPOJIHO-3aIIOBITHOTO (OHAY Ta PO3BUTKY EKOJOTIYHOI Mepexi.
Huni 3ycuss 3 iMIuieMeHTanii eKoJIoriYHOT YaCTHHU YTOAM 30Cepe/DKeHI Ha
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ajianranii HallOHAJILHOTO 3aKOHOAABCTBA JI0 BiANOBITHUX HOPM 1 CTaHAapTiB
€C. Boanoyac MicueBi opranu Biaju Maike He 3amydeHi 10 (GpopMyBaHHS
MOJITUKM W PO3pOOKM 3aKOHOJABYMX AaKTiB, L0 YCKIAIHHUTh IMPAKTHYHY
peaJtizalito NpUHHITUX JOKYMEHTIB y MailOyTHbOMY.

BUCHOBKHN

CyvacHa nomitika YKpaiHu y cdepi OXOPOHHU Ta BiTHOBJICHHS IPUPOTHUX
eKkocucTeM  (opMyeThCsl i  BIUIMBOM  MDKHApOTHHX  3000B’s3aHb,
HalpHKJaJ, €BpOIeHCchKOl crparerii 30epexxeHHs OilOpi3HOMaHITTS, Ta
3aJIeKJIapOBaHa Yy KJIFOYOBMX HAlliOHAIBHUX CTPATeridyHUX JIOKyMEHTaX.
30Kkpema, Ui IpPOMaJICbKOTO OOTOBOPEHHS ONPHIIIOAHEHO poekT Crparerii
30epekeHHsT 010JI0riYHOro pisHOMaHITTS YKpainu mo 2035 p. 30unblieHHS
IUIOIII TPUPOIHO-3aIOBITHOTO (DOHITY, PO3BUTOK HAI[IOHAJIBHOI €KOJOTTYHOI
Mepexi Ta IMiJBHIIEHHS JIICUCTOCTI TepuTopii KpaiHM BiAnosinae
3araJbHOEBPONEHCHKUM MiNX0AaM, aje CTPUMYETHCSI HU3KOI 00 €KTHBHHUX
1 Cy0’€KTUBHHMX YMHHUKIB.

JloMiHyBaHHS TpaaULidHOI MPHUPOIOOXOPOHHOI MOAENI, OpPiIEHTOBAHOI
NIepEeBaYKHO Ha 3aIOBiJaHHS TEPUTOPiil, HUHI HE JIOCTATHBO ISl HAJIEKHOTO
pearyBaHHs Ha MacimTabu Jerpajaiii ekocucTeM. 3pocrae moTpeda
y TIepeXoi BiJl BUKIIIOYHO OXOPOHHHX 3aX0/1iB /10 KOMIUIEKCHOTO €KOJIOTTYHOTO
BiJJTHOBJICHHSI, CHPSIMOBAaHOIO Ha BiATBOPEHHs CTPYKTYpH, (pyHKIIOHYBaHHS
Ta €KOCHCTEMHHX IOCIYT NPUPOAHUX KOMIUIEKCIB, 30KpeMa, Ha TEPUTOPIsIX
i3 BUCOKHM pIBHEM aHTPOIIOTeHHOI TpaHcdopMalii Ta rerpajauii mpupoIH.

EdexruBHe  BiJHOBIICHHS ~ €KOCHCTEM  IOTpeOye  BIIPOBAKEHHS
aJIalITUBHOTO yINPaBIiHHS, 3aCHOBAHOIO Ha TIOCTamHid 0a30Biil OIiHI
CTaHy JIOBKIJUIS, 4iTKOMY (hOPMYIIIOBaHHI peajiCTUYHMX IIiJIeH, IuIaHyBaHHI
BTpy4YaHb, CHCTEMaTHYHOMY MOHITOPHHIY Ta KOPHUI'YBAaHHI YIpPaBIiHCBKUX
pilieHb. 3anporoHOBaHUH Yy poOOTI aNrOpUTM BiJHOBJIECHHS EKOCHCTEM
BiJJOOparkae JIOTIUHY ITOCIIIOBHICTh [IUX €TaIliB i MOXe OyTH BUKOPUCTaHHH
SIK METOJIOJIOTIYHA OCHOBA JJIsl PO3POOKH HAayKOBO OOIPYHTOBaHMX IPOTrpam
BiJTHOBJICHHSI €KOCHCTEM Pi3HHUX MacmTaOiB.

BoeHHi nii CyTTEBO YCKJIAIHWIM BUKOHAaHHA YKpaiHOIO MIKHAapOIHHUX
MIPUPOJOOXOPOHHUX 3000B’sI3aHb, CIPUYMHWIM 3HA4YHI BTpaTH OlOpi3HO-
MaHITTS, Jerpajauilo 3amloBiIHUX TEPUTOPi 1 3pPOCTaHHS EKOJOTIYHUX
pusuKiB. BomHouac micisIBOEHHE BiJHOBJICHHS CTBOPIOE YHIKAJIbHE «BIKHO
MOXJIMBOCTEH» JUIs IHTEerpauii eKOJOTiYHOIrO BiJIHOBJIEHHS B 3arajbHO-
JIep’KaBHI IPOrpamMH BiIOYZOBH, L0 JI03BOJISIE MOEIHATH HMPUPOIOOXOPOHHI
Ta COL[aJIbHO-EKOHOMIYHI L.

[piopureTHumu perioHamu juiss po3wupenHs I13® Tta mnpoBeneHHs
3aXO0/iB BIIHOBJIIEHHS € TEpUTOPil 3 BIAHOCHO 30epekeHMMH YH ciIabo
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TpaHcopmoBaHuMH JaHmmadTamu, 3okpema Kapnaru ta Ilomices, siki
BUKOHYIOTH KJII04OBi OiocdepHi QyHKIIT Ta MalOTh BUCOKHH ITOTEHIaN JUIs
30epekeHHsT OlOpi3HOMAHITTS. 3HAayHA YacTHHA JIErpajoBaHUX TEPUTOPIH
notpedye peHarypaiizamii s X MoJaibiioi OXOpoHH abo BKIIFOYEHHS 0
EKOMEPExi.

3arajgoMm pe3ylisTaTd JOCHIPKEHHS CBiN4aTh, MIO JOCSTHEHHS CTpare-
TIYHUX €KOJOTIYHUX IIeil YKpaiHu MOXIIMBE JIMIIE 32 YMOBU PO3ILIUPCHHS
NPUPOJHO-3aIOBITHOTO  (DOH/AY, CHUCTEMHOTO BIiJJHOBJICHHS EKOCHCTEM,
MOCWJICHHS IHCTUTYIIIHHOI CIPOMOXKHOCTI OpPTaHiB YIPaBIiHHS Ta 3aTy4eHHS
ycix 3arfikaBieHuX ctopid. ToMy HEOOXiqHI MOJaNIbIN HAYKOBI TOCIIIKCHHS
y Wil 1apuHi, po3pOoOKM MPHUKIAJTHUX METOAMK OIIHKK Jerpajamii
eKocHcTeM 1 epeKTHUBHOCTI iX BiIIHOBJIEHHS B YMOBaX Cy4aCHUX €KOJOTIYHUX
1 OE3MEKOBUX BUKIIMKIB.

AHOTALIA

[TpoanaiizoBaHO Cy4acHi IiAXOH IO OXOPOHH Ta BiTHOBJIEHHS IPUPOITHUX
eKocHcTeM YKpaiHM B KOHTEKCTI MDKHApOAHMX 3000B’S3aHb i €BPONEHCHKOT
iHTerpaunii. Po3misiHyTO crpareriuHi wijgl Jep>KaBHOI €KOJIOTIYHOI IOJITHKU
IIOI0 PO3BUTKY MPHPOIHO-3AMOBIIHOTO (POHAY, HALIOHAIBHOI CKOJOTIYHOI
Mepexi Ta I JBUIEHHS JIICUCTOCTI TEPUTOPIi KpaiHH, OLIHEHO peajliCTUUHICTh
iX JOCSATHEHHS B yMOBaX BHCOKOTO PiBHS aHTPONOTrEeHHOI TpaHcdopmarii
JOBKIJUISL Ta BOEHHHMX AiH. IIpogeMoHCTpOBaHO OOMEXEHICTh TpajULiHHOT
NPUPOJOOXOPOHHOI MOJIeNl, OpIEHTOBAHOI TEPEBAXHO Ha 3aloBiJaHHS
TepuTopiil. OOIpyHTOBaHO HEOOXiTHICTh MEPEXOAY OO KOMIUIEKCHOIO KO-
JIOTIYHOTO BiJTHOBJICHHS SIK KJIFOYOBOTO 1HCTPYMCHTY 30€pe:KeHHs Oi0pi3HO-
MAaHITTS Ta MiJBUIICHHS €KOJOTIUHOI CTIMKOCTI JaHadTiB. 3anponoHOBaHO
AJITOPUTM BiJIHOBJIEHHSI €KOCUCTEM, TOOY/IOBaHHMH Ha MPUHIIMIIAX aJallTHBHOTO
ynpaBiiHHsA. BiH Bkiouae ertamu 0a30BOi OIIHKM, BCTAHOBJICHHS IIUICH,
IUIAaHYBaHHS BTPy4YaHb, MOHITOPHHTY Ta KOPHMI'YBaHHS YIPaBIiHCBKUX
pimenb. OKpecJeHO OCHOBHI BHKJIMKM peaii3amii BiJIHOBIIOBaJIbHUX
3axoliB B YKpaiHi. 30Kpema, HAaCIiIKK BIMCHKOBHX JiH, IHCTHTYLIHHI
OOMEXEeHHsI Ta COIliaJbHO-CKOHOMIYHI YMHHUKH. BH3HaueHO npiopHUTeTHI
HaIpsMHU TOJNAIBIINX JOCHIIPKEHb 1 NPAaKTHYHUX T y cdepl eKoIorivHoro
BiJHOBJIEHHS.
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CHAPTER 13

KOMIJIEKCHI MigXoau
10 MPOGUIAKTUKU OKCUIALIMHOIO CTPECY
TA IMYHOOE®DILUUTHUX CTAHIB Y TBAPUH

3A TEXHOTEHHOTO HABAHTAYXKEHHS

Byc Y. M., 'ytun b. B.
DOl https://doi.org/10.30525/978-9934-26-654-6-13

BCTYN

VY cydacHiii BeTepHHapHIH Haylli Ta MPaKTHII OCOOIMBY yBary MpUIISIOTH
TIOIIYKY €eKTHBHMX 3ac00iB, 30aTHHX ITi/IBUILYBATH HECTICIM(IUHY PE3UCTEHT-
HICTh Ta afanTamiifHu{ MOTEHIIA TBAPUH B YMOBAX JIil CTPECOBHX 1 TOKCHYHUX
(akTopiB cepemoBHIIa. TpHBana eKCIO3WIlS BAKKUX METATIB, MIKOTOKCHHIB,
MecTUIUIIB  a00 IHIIMX KCEHOOIOTHKIB CIPUYMHSE TIHMOOKI TOPYIICHHS
y (yHKIIOHYBaHHI aHTHOKCHAAHTHOI Ta IMYHHOI CHCTEM, IO MPOSIBISETHCS
PO3BUTKOM OKCHAALIMHOTO CTpecy, IMyHOAE(IIUTHUX CTaHIB i METaOOIIYHHX
auchyHKIIKA'. Y naHOMy KOHTEKCTI MEPCEKTUBHUM HAMPSIMOM BBaXKAE€THCS
KOMIUJIGKCHE 3aCTOCYBaHHsS aHTHOKCHJIAHTIB, BITaMIHIB 1 METaOONIYHHUX KOpEK-
TOpIB, SIKI 37aTHI HE JIMIIE HEWTPaNi3yBaTH BUIGHOPAJMKAILHI MPOIECH, aje
1 BiZHOBIIOBATH CTPYKTYPHO-(PYHKIIIOHAJbHY LUTICHICTh KIITHHHHX MeMOpaH,
aKTHBHICTh €H3UMHHX CHCTEM 1 TOPMOHAJIGHY PiBHOBArY.

Jo Haitoimpr epekTHBHUX 3ac00iB HANIC)KATh BITaMiHA aHTHOKCHIAHTHOT
aii (E, C, A, rpymu B), a takox BitTamiHomozniOHa pedoBHHa L-KapHITHH
1 eceHIliaJbHA aMiHOKMCIIOTa METIOHIH, Ki OepyTh y4acTb Yy peryisuii
SHEepreTHYHOro MerabonisMy, OilocmHTe3i Oidka Ta akTHBAaIii IMYHO-
KOMIIETeHTHUX KJIITHH. BaskimBe 3HaYeHHS MalOTh TaKOX MIKpPOENEeMEHTH
CeNleH 1 IMHK, IO BXOIITH JIO CKJIagy KIIOYOBHUX aHTHOKCHIAHTHHUX
(epMeHTIB — IIyTaTIOHIEPOKCHAA3W Ta CYNEpPOKCHIANCMYTa3u. Bonu
3a0e3MeuyloTh 3aXWCT KIITHH BiJl TEPOKCHIHOTO OKHCHEHHS JIIiiB,
MATPUMYIOTh CTaOLIBHICTE IMYHHOI BIAINOBIZl, a TaKOX IOTEHIIIOIOTH
JiI0 BITaMiHIB 1 aMiHOKHCIIOT, CTBOPIOIOYM CHHEPTiYHHHA e(eKT y cucTeMi
AHTHOKCHUJAHTHOTO TOMEOCTa3y. IX TO€/HAaHEe BHUKOPHCTAHHS y CXEMax

! Maprumyk T. B., T'yruit b. B. ImyHodizionoriusmii craH Ta aHTHOKCHIAHTHHI MOTEHIal
OpraHi3My IOPOCST 3a yMOB OKCHAAIIHHOrO cTpecy Ta Aii KOPHTYIOUMX YHHHHKIB : MOHOTpadis.
JIesis : CTIOJIOM, 2021. 108 c.
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npodiJaKTUKY Ta JIIKYBaHHS TO3BOJISIE 3MILHUTH NPUPOIHI 3aXUCHI CHCTEMHU
OpraHi3My, MiJIBUILUTH CTIHKICTh 1O Jii TOKCHKAHTIB, CTUMYJIOBATH IMyHHY
BIAMOBIJb 1 MIATPUMATH MPOIYKTUBHICTH TBAPUH Ha BUCOKOMY DiBHI.

1. BukopucTaHHs L-KapHiTUHY IK MeTaboliYyHOro KopeKkTopa
Y TBapUHHULTBI

Cepen cyyacHHX 3aco0iB TIJBHMINCHHS aJaNTalliifHOI 3JaTHOCTI Ta
CTIHKOCTI OpraHi3My TBapHH 3Ha4yHE MiCIIe MOCIIal0Th METa0OJIYHI KOPEKTOpH
BiTaMiHOMONIOHOT mpupoaH, 30Kkpema L-kapmitme?. HMoro Giomoriuma mis
MOB’s3aHa 3 KJIIOYOBOIO POJUIKO Y TPAHCIIOPTI JIOBTOJIAHIFOTOBUX JKHUPHUX
KHUCJIOT Yepe3 BHYTPILIHIO MeMOpaHy MITOXOHAPIH, 110 3a0e3Iedye ONTUMI3alIiio
SHEpreTUYHOro OOMiHY, 3MEHILECHHS JIIiJHOTO HAaBaHTaXXECHHS HAa IEYiHKY
Ta MiJABUIIECHHS e(QEKTHBHOCTI OKMCHMX HpoleciB. BiH crnpusie 30epexeHHI0
KITITHHHOI €HEPreTHKU B YMOBaX CTpECy, CTaOLIi3ye CTPYKTYpY MiTOXOHIpIH,
HopMmauisye cmiBBimHomerHs HAJT'/HA/TH, a Takok 3MeHIye iHTCHCHBHICTh
BUILHOPAJMKAJIbHUX TIPOIECIB, BHUKOHYIOUM aHTHOKCHJIAHTHY  (DYHKILIO.
3actocyBaHHs L-KkapHITHH TBaprHaM CIIPUSIE ITiIBUILIEHHIO OIIPHOCTI OpraHiaMmy
JIO TIMOKCil Ta IHTOKCHKALH, 1110 0COOMMBO BAKIIMBO TIPU YTPUMAHHI TBapHH
y TEXHOTCHHO HaBAHTAXKECHUX PErioHax abo MpH [iii TOKCHYHUX CJIEMEHTIB’.

VY nocmimxennsx €gimosa B. I Ta in. (2011) nosesneHo, 1m0 BBEACHHS
L-kapHiTHHY y ckiani kopmoBoi no6asku «Kapuikinr» (50 % L-kapHiTuny)
y 103i 500 r/T KOMOIKOpMY TO3UTHUBHO BIUTMBAE Ha MOP(HOJIOTIUHI MOKA3HUKH
KPOBI MTOPOCST Y Nepiof] BiATy4YeHHs. BcTaHOBIEHO, O Y TBAPHH JOCHITHOT
TPy piBeHb TeMonio0iHy 3poctaB Ha 42,6 % (p<0,05), a remarokpury —
Ha 21,5% (p<0,001) nopiBHsiHO 3 KOHTposneM. OIHOYACHO CIIOCTEpiraaocs
30UIBIICHHS KITBKOCTI €PUTPOLHUTIB 1 JIM(OLKUTIB, 1110 BKA3y€ MPO aKTUBALIII0
epuTpoIoe3y Ta KIITHHHOTO iMyHiTery. [lozutuBHa nisi L-kapHiTHHY
TOSICHIOETBCSL HOTO YYacTI0 B HIATPUMAaHHI E€HEPreTHYHOr0 TOMEeocTasy,
MEeMOpPaHOIIPOTEKTOPHUX Ta AETOKCHKAIIMHUX mpouecax. BiH momepemxkae
PO3BUTOK TiIOXPOMHOI ~aHeMii, 3HWXKYE pIBEHb CTpec-iHIyKOBaHOTO
KaraboJizMy, HOpMall3ye JeHKOUUTAapHy (OpMyNly Ta CIpHSE IIBUAIIIN
ajanTanii TBAPUH IO TEXHOIOTTYHUX HABAHTAKCHB'.

2 LiJ, Liu L., Weng J., Yin T. L., Yang J., Feng H. L. Biological roles of I-carnitine in oocyte and early
embryo development. Molecular reproduction and development. 2021. Vol. 88, No. 10. P. 673-685.

3 Karam K. M., Alebady A. S., Al-Nailey K. G. C., Al-Delemi D. H. J. L-Carnitine effect on induced
hyperlipidemia on premature rats: fertility profile. Journal of medicine and life. 2022. Vol. 15, No. 1.
P. 124-131.

4 €pimoB B. T, Kocriomkesnu K. JI, Jlimuk K. O., Anekceesa H. B. Bmms L-kaprituny
HaMOp(ONOriuHi MOKA3HUKKM KPOBI MOPOCATY TNepion BiuTydeHHS. Bichuk /IHinponemposcekozo
depoicashoeo azpaproeo ynigepcumemy. 2011. Ne 2. URL: http:/nbuv.gov.ua/UJRN/vddau_2011 2 28
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Kpununpka I. 5. ta cniBasr. (2010) Ha OCHOBI NMPOBENECHUX AOCIIIKEHB
BCTaHOBMJIA, IO BBEJICHHS KAapHITUHY XJIOPHIY TBapHHAM i3 TOCTPHM
QJIKOTOJIBHUM OTPYEHHSIM Ha TJIi IHTOKCHKaIi KaJMit0 XJIOPHIOM Ta alleTaToM
CBHHIIIO CIIPHUS€E 3HIKEHHIO IHTEHCHBHOCTI JII3UCY OUTKOBHX CTPYKTYp — SIK
HU3BKO-, TaK 1 BHCOKOMOJIEKYISPHHUX OLIKIB Ta KOoJareHy — H OJHOYacHO
MiABUIIY€E IHTIOITOPHUI NOTEHIian IUIa3MH KpOBi. 3pOCTaHHS pIBHSA
IHriOITOPIB y KPOBI Mi/i BIUIMBOM KapHITHHY XJIOPHIY MOXe OyTH IOB’si3aHe
3 HOTO0 37aTHICTIO aKTHBI3yBaTH MeTa0OJIuHI MPOLEeCH, 30KpeMa aHaboIiuHy
JIaHKy TOMeocTasy, 1o 3abesrnedyye CHHTe3 OUIKOBUX cTpykTyp. Kpim Toro,
BPaxOBYIOUH, 1[0 OKMCHEHI OUIKHM € OLIBII YyTJIMBUMH O HPOTEONITHYHOTO
PO3LICIUIEHHS, a €TaHOJ 1 COJi BaXKHX METAJiB MPOSBISIOTH BHPAXKEHY
MIPOOKCH/IAHTHY 110, MOXXHa 3pOOMTH BUCHOBOK, 1110 KapHITUHY XJIOPHUI Mae
AQHTUOKCHJIAHTHI BJIIACTUBOCTI, 3aBJISIKH SIKUM 3a1100irae OKMCHEHHIO aKTHBHUX
LEHTPIB OLNKOBUX iHTi6ITOPiB Ta cTabinizye OLTKOBHI OOMIH y OpraHi3mi’.

L-kapHiTHH cIipaBisie BUpaXEHHH IO3UTUBHMN BIUIMB Ha ITOKa3HUKH
€HJIOTeHHOI IHTOKCHKalii 332 YMOB TOKCHYHOTO YpPa)K€HHsS IapaleTamolioM
y TIOETHAHHI 3 Xap4yOBOIO JenpuBalieio. Lle mposiBisieThbcs 3HMKEHHIM PIBHS
JIAHIIOTOBUX 1 apOMaTHYHHMX aMIHOKHCJIOT y CKJaJl NMEeNTUAHUX (paxiii
MOJIEKYJI CEpeIHbOI MacH, a TaKOX MOCIa0IeHHM X 3arajlbHOr0 TOKCHYHOTO
BIUIMBY Ha MeMOpaHu epUTpouuTiB. HallOinpl BUpaXKeHU KOPHUTYBaIbHHUNA
e(eKT npernapary CriocTepira€Tbcsi Ha CboMy 100y €KCIIEpHMEHTY, 1110 BKa3ye
po ¥oro 31arHicTh cTabinizyBaTH OOMIHHI ITPOLIECH Ta 3MEHIIYBaTH MTPOSIBU
€HJIOTOKCHKO3Y®.

KapHiTHH mposiBisie BUpaKeHY aHTHOKCHIAHTHY aKTHBHICTb, OCKUIBKH
CTHMYITIOE KaTajia3y — OIMH 13 KIIFOYOBHX €H3UMIB CHCTEMH aHTHOKCHIaHTHOTO
3axXUCTy opranizmy. /laHy BIacTUBICTh HCOOX1THO BPaXOBYBaTH TP BU3HAYCHHI
OINITUMAJIBHUX JI03 IIpenapariB Ha OCHOBI KapHITHHY, OCOONMBO Mija 4Yac ix
3aCTOCYBaHHS Y MPAaKTHUIl BETEPHHAPHOI MEJUIMHN. TakoX BapTo 3a3HAYUTH,
IO KapHITUH BHUKOHYE (YHKIII aHTUrINOKCaHTa Ta IMyHOMOAYJSITOpA,
MIPUTHIYY€E arperamito TPOMOOIMTIB 1 BUsIBISIE (HiOPHUHONITUYHY aKTHBHICTD,
IO CHpUSE€ TOKPALIEHHIO MIKPOLMPKY/SLii, MiJBUIIEHHIO LIBHIKOCTI
KPOBOTOKY Ta, BIANOBITHO, €()EKTUBHILIOMY TPAHCIIOPTY KHCHIO 10 M’f3iB.
JlonarkoBO BCTaHOBJIEHO, MO L-KapHITHH MOXe [isITH SK aHTaroHict

5 Kpunnupka 1. 5., Mapymak M. L, Jlazapayk O. B., Myzapa A. €., SIsopcska C. 1., T'a6op I'. I. Bruus
KapHITHHY XJIOpHIY Ha TOKa3HMKH MPOTEIHA30-iHri0ITOPHOI CUCTEMH Y IIYpiB 32 YMOBH TOCTPOTO
QJIKOTOJILHOTO OTPYEHHS HAa TIi IHTOKCHKALil CONAMH KaJMil0 Ta CBHHUI. 3000ymKu KiiniuHoi
i excnepumenmanvroi meouyunu. 2010, Ne 1. C. 79-82.

¢ Tembaposcekuii M. B. (2013). B L-kapHiTHHY Ha NMOKa3HMKH €HJOTCHHOI IHTOKCHKALil 3a
YMOBH €KCIIEPUMEHTAJIBHOTO TOKCHYHOTO YPA)KCHHs IapaleTaMOoIoOM Ha TiIi Xap4oBOl JAenpHBarii.
Meouuna ximis. 2013. T. 15, Ne 2. C. 68-71.
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npocrananguay Ha, Oepyun y4acTh y perymsnii CyIMHHOTO TOHYCY Ta
3a0e3Meuyrour BIUIMB Ha KHCHEBO-TPAHCIOPTHY (DYHKIIiFO KPOBi’.

Lexwmictpenko C. 1. ta Kobepcrka B. A. (2012) noBenu, 1mo gonaBaHHS
L-kapHiTHHY 110 po3pijKyBada criepMH OyraiB crpusie akTHBaLii €H3MMIB
AQHTHOKCHJIAHTHOT'O 3aXUCTY — KaTaJla3¥ Ta [IIy TaTiOHNePOKCHIa3H — i iIBUIILy €
BWO)KMBaHHS criepMiiB. OnTumaibHa KoHneHTpauis npenapary (30 mr/100 mi)
3a0e3redye HOpMallizaliio KIITHHHOTO MeTaboJIi3My 32 yMOB OKCHIALiHOTO
cTpecy, cTabuni3ye MeMOpaHH, MiJBHUINYE CHEPTCTHYHHUIA MOTCHIAN KIITHH
1 IPOSIBIISIE BUPa)KCHY aHTUOKCHIAHTHY Jiro. Lle miarBepmkye eeKTuBHICTh
BUKOpUCTaHHS L-KapHITHHY sIK MeTaOOJIiYHOTO i aHTHOKCHAAHTHOTO 3acoly
JUTsl THIBUIICHHS BiITBOPIOBANBHOT 3MATHOCTI TBapUH®.

KoGepceka B. A. (2015) BcranoBmia, 110 3rojOBYBaHHS L-KapHITHHY
y cKkiazi pamiony OyraiB y nosax 2040 r/moOy cnpusie MiBUILEHHIO BMICTY
(ocdonininis y criepmi, 3HUWKEHHIO PIBHS XOJIECTEPOITy Ta HeeCTepU(iKOBAaHUX
JKMPHUX KHUCJIOT, crabimizamii MeMOpaH 1 3MEHILIEHHIO IHTEHCHBHOCTI HEpo-
KCHIHOTO OKMCHEHHsI JIiliAiB. L{e cynpoBOKYETHCS MiABUIEHHSM aKTHBHOCTI,
KOHLICHTpAIlii Ta BI)KUBaHHS criepMiiB. MexaHisM il L-kapHiTuHY 110B’si3aHUN
13 akTHBaLi€r0 aHAOOTIYHUX MIPOLIECiB, MOOLITIZALIEIO JITi/IiB SIK EHEPreTUYHOTO
cyOcTpary Ta onTuMizaiiero GocgoiniIHOro CKiiaxy MeMOpaH, 1o 3a0e3rneuye
MiBUILICHHS (PEPTUIBHOCTI Ta PE3UCTEHTHOCTI TBAPUH’.

3a nganumu 3araiiko A. JI. Ta cniBaBTr. (2016), L-KapHITHH € KIIIOUOBOIO
BITaMIHONIOZIIOHOI0 PEYOBMHOIO, IO PETYJIIOE CHEPreTHYHU OoOMiH, P-OKuc-
HEHHS JKMPHHX KHCJIOT 1 JICTOKCHKAIl0 KCeHOOIoTHKiB. BiH BHKOHYe
aHaOONiYHY, AHTHOKCHIAHTHY, aQHTHAIONTOTHYHY Ta HEHPONPOTEKTOPHY
¢GyHKUil, craOuTi3yroun KIITUHHI MeMOpaHH 1 IIJBHIILYIOUYH aKTHBHICTh
(hepMeHTIB aHTHOKCHIAHTHOTO 3aXHCTy. JIoBeeHO e(heKTHBHICTh 3aCTOCYBaHHS
L-kapHITHHY IPH IaTOJIOTiSIX [IEYiHKH, CEPLIs, HEPBOBOI CHCTEMH Ta EHIOKPHHHUX
po3najax, Mo BKa3ye Ipo HOro 3HAYHW MOTEHIa) Y BETEpPUHAPHIN MPaKTHLI
SIK MeTaboJIIYHOTO KOPEKTOpa i iMyHOMOIYITIOI04Y0ro 3aco0y'’.

7 Gu S., Wang W., Ye G., Chen C., Zhou Y., Guo L., Zhong S., Li X., Fu X., Wen C., Tang L., Sun
J., Hou J.,, Li Y. Hepatocyte-Derived L-Carnitine Restricts Hepatitis B Surface Antigen Loss Through
an Immunosuppressive Effect on Germinal Center-Related Immune Cells. The Journal of Infectious
Diseases. 2022. Vol. 225, No. 11. P. 1955-1966.

$ Tlexmictpenko C. I, KoGepceka B. A. AKTHBHICTH ()EepPMCHTIB aHTHOKCHIAHTHOIO 3aXHCTy
B esKy/sATax OyraiB 3a jgogaBanHs L-KapHITHHY O po3pifuKyBada criepMu. Texnonoeis upobnuymea
i nepepooku npooyxyii meapunnuymsa. 2012. Ne 8. C. 116-119.

° KobGepcbka B. A. BrumB L-kapHiTuHy y cknaji pauiony OyraiB Ha jimigHui ckimaj Ta SKicTh
cniepmu. bionoeis meapun. 2015. T. 17, Ne 1. C. 62-67.

10 Zaraiiko A. JI., bproxanosa T. O., IllunkapsoB A. A., Mensuuk H. B. MeraGormiuni edexru
KapHITHHY, POJb Yy PO3BUTKY IIaTOJOTi Ta MNEPCHeKTHBHM KJIIHIYHOTO 3aCTOCYBaHHS (OIVISN).
Vipaincoruii 6iogpapmayesmuynuii ocypuan. 2016. Ne 6. C. 17-22.
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[pucsokaroxk B. II. (2017) noBiB BHCOKY €(EKTHBHICTH BKIIIOYEHHS
L-kapHiTHHY /10 KOMIUIEKCHOTO JIKyBaHHS XBOPHX 13 HEaJIKOTOJBHOIO
YKMPOBOIO XBOPOOOIO MeuiHKK. BBeieHHs nmpenapary 3ade3rneuyBaino 3HHKEHHS
aKTHBHOCTI TpaHCaMiHa3, y-TJIyTaMUITpaHCHENTHa3H, JJaKTaTJeT1IporeHasy,
HOpMaJIi3allito ByIJIeBOAHOI0 OOMiHY Ta 3MEHIIEHHS IHTEHCUBHOCTI 3aI1aIeHHS.
Busiieno cyrree 3HwxkeHHst piBHIB TNF-o 1 jmentuHy npu ogHOYacHOMY
IiIBUIIEHHI aJUIOHEKTHHY, 10 BKa3ye MpPO BiJAHOBJIEHHS IMTOKIHOBOIO Ta
ajunokiHoBoro Oanancy. TakuMm 4MHOM, L-KapHITHH TNpOSBISE BUPAXEHY
renaronpoTeKTOpHY, aHTHOKCHIAHTHY Ta aHTH3alaJbHY JIi0, a TaKOX MOXe
pO3IIAAAaTUCh SIK MEPCIEKTUBHUI METa0O0IYHIHA KOPEKTOp y BETEpHUHApHIN
TIPAKTHL JJIS MiJBUIIEHHS PE3UCTEHTHOCTI OpraHi3My TBapHH 10 TOKCUYHHUX
ypaxeHb MeyiHku''.

KapHniTuH € 61010T19YHO aKTUBHOIO T00ABKOIO, SIKa 3HIKYE PIBEHb XOJIECTe-
POy Ta TPUIIINEPHIIB, CIPHsIE HOPMaTi3allii JimiJHOr0 OOMiHy B TCYiHII
Ta MONEpEeKAE PO3BHTOK ATEPOCKICPOTHUHHX 3MiH. Moro 3acTocyBaHHs
OIITHMIi3ye MeTaloJiuHI MpoLecH, NoKpamlye (GyHKIIOHAIbHUI CTaH NEeYiHKHY,
0 Mae OCOONMBE 3HAUCHHS JUIs OPraHi3MiB i3 MiJBUILIEHUM TOKCHYHHM
HaBaHTKEHHSAM abo0 HacliJkaMH 3JIOBXHMBaHHs ajkoroyieM. KapHiTHH
TaKOXX CIIPHUSE BUBEACHHIO 3 IMTOIUIA3MM KIITHH NPOMIKHHX MeTaOoJiTiB
1 TOKCHMYHHMX CIIONYK, 3amo0iraroud 71X HAaKONMYEHHIO B OpPraHi3Mi.
Jo ocHoBHHX (hapMakonoriyHux eQekTiB KapHITHHY XJIOpUAY HaJIeXaTb
CTUMYJIAILSE IMyHHOI CHCTEMHM Ta aKTHBallis IPOIECIiB JIETOKCHKalii, M0
3a0e3reuye OYMIICHHS OpraHi3My BiJi IIKIAJIMBUX PEYOBUH 1 MIATPUMYE
MeTaboiiyHy piBHOBary'2

[I’ssthmuko O. M. Ta cmiBaBr. (2021) noBenn, mo KoMOiHOBaHMH
mpenapar Ha ocHOBi Oyradocdany, BiTamiHiB rpynu B i L-kaphituny
MIPOSIBIISIE BHPAKEHY METa0ONiYHy, Tenaro- Ta He(QpOnpOTEeKTOpHY Jito
y KOHEH, sKi 3a3HalOTh HAJAMIPHOTO HABAaHTAXKCHHS a00 I1HTOKCHKAii.
[Ipemapar cTumynOe epuTpornoe3, OITKOBUH 1 CHEPreTHYHUI OOMIH,
HopMai3ye akTuBHICTh eH3uMiB (AcAT, AnAT, JIAI), 3umxkye nposBu
IHTOKCHKAIIi] Ta CIIpHsi€ BiTHOBIEHHIO ToMeocTa3y. TakuM 4YnHOM, IT0€THaHHS
Oyradocdany, Bitaminis B,,, B, 1 L-kapHiTHHY 3a0e31euye aHTHCTPECOBUH,
TOHI3YIOUMH 1 @aHTHOKCHAAHTHHH e(eKTH, IO J03BOJSE BHKOPHCTOBYBATH

I Mpucsoxaiok B. I1. EdexruBricTs 3acTocyBanus L-KapHITHHY y KOMILIEKCHOMY JiKyBaHHI XBOPHX
Ha HeaJIKOr0JIbHY JKHPOBY XBopoOy newinku. / enamonozia. 2017. Ne 1. C. 40-48.

12 NlemxiB 1. SI. BrmuB KapHiTHHY XJIOpHIy Ha MOKA3HHKH IMYHITETy Ta CTaH AHTHOKCHAAHTHOI
CHCTEMH Y TBAPHH i3 TOCTPUM OTPYEHHSIM €TUJIOBUM CIIUPTOM Ha (OHI TpHUBaIIOi IHTOKCUKALLT COMIIME
CBUHIIO 1 Kaamito. Haykosuil sicHux Yowczopoocekoeo yuisepcumemy. Cepia: Meouyuna. 2008.
Bum. 33. C. 44-49.
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NoAiOHI KOMIUIEKCH [UIsl MiJIBUIIEHHS PE3UCTEHTHOCTI Ta (YyHKIIOHAIBHOT
cTablIBbHOCTI OpraHi3My TBapuH'’.

Jlyuun 1. C. Ta iH. (2024) BCTaHOBWIHM, LIO JOJAaBaHHS IpeHapary
L-kapuituny “CarnEon 50” y mo3ax 200-250 r/t xomOikopMmy B TOMIBII
MOJIOJHSKY KpOJIIB CIIpUSiE MiJBUILEHHIO CEPeAHbOAOOOBHX MPHPOCTIB Ha
4,2-10,5 %, TONIMIICHHIO 3aCBOEHHSA KOopMy Ha 2,5-3,9% i 30UIBIICHHIO
Macu mapHoi Tymku Ha 124 1. [Ipenapar 3a0e3rnedyBaB aHTHOKCHIAHTHY,
AQHTUCTPECOBY Ta METa0OJIIYHY Ai10, 3a1100iraB pO3BUTKY racTPOEHTEPOKOIITIB
i Brpar noroumis’s. OnTuManbHO0 103010 Bu3HaueHo 200-250 r/T koMOikopMmy,
IO Mi/IBUIY€e peHTalOeNbHICTh BUPOOHHLTBA KpoisatuHH 10 34 %. Takum
4uHOM, L-KapHITHH MOXHa po3mIsigard sK Oe3NeYHWil NpHUpOIHHUN
OlocTHMYNIATOp, SIKMH IIOKpallye eHepreTMYHHH OOMiH, ajamnTariiHi
MO>KJTUBOCTI Ta MPOJAYKTUBHICTH TBapuH'*.

Takum ynHOM, L-KapHITHH € e)eKTHBHUM 3aCOOOM ITiIBUILIEHHS ITPUPOJHOT
PE3UCTEHTHOCTI TBapWH, SIKMH IPOSIBISIE aHTUCTPECOBY, aHTHOKCHIAHTHY,
iMyHOMOJIYTIOIOUY Ta TIEMOIOETHUHY Mif0. MOro BKIIOUEHHS 10 CKIay
KOPMOBHX J100aBOK a00 KOMIUIEKCHHX IIperapariB pa3oM i3 BiTaMiHaMH,
CEJICHOM 1 IMHKOM CIIpHsi€ 3MIIJHEHHIO 3aXMCHHUX CHCTEM OpraHi3my Ta
3a0e3reduye BUILMI PiBEHb ITPOJYKTHBHOCTI 1 30€pEKEHOCTI MOJIOIHSIKY.

2. Ponb BiTamiHiB E i B, y nigTpuMaHHi MeTabosnivHOi piBHOBarun
Ta iMyHHOro ctaTycy TBapuH

Bitaminu € He3aMiHHUMH O10pEryJsITOpaMu, sIKi BilirparoTh BaXKIUBY POJIb
y MiITPUMaHHI TOMEOCTa3y, MeTaOOJMiYHOI CTAaOUTPHOCTI Ta aJanTalliiHuX
MOXXJIMBOCTE OpraHi3My TBapuH. BOHM NpHHMalOTh y4acTb y perymsuil
OKHCHO-BITHOBHHX peaKlliii, CHHTe31 €H3UMiB, TOPMOHIB, HyKJIETHOBHX KHCIIOT,
a TakoX y (PYHKI[IOHYBaHHI CUCTEMH aHTHOKCHIAHTHOTO 3axucty. Jledimur
abo nmucOasiaHc BiTaMiHIB IPU3BOAUTH JI0 TIOPYLIEHb O1IKOBOTO, JIMITHOTO Ta
BYIJIEBOJAHOTO OOMiHY, 3HIDKEHHS Hecrenu(iyHOI pe3uCTeHTHOCTI, PO3BUTKY

B Istanuko O. M., XKuma M. 1., llkomsx H. B., Camiit O. O., Jlepkau M. B., KamuroBcska
JI. B. EdexruBHicTb 3acToCyBaHHs Npenapary Ha ocHOBi Oyragocdany, BitamiHiB rpymu B Tta
L-kapHiTHHy 1pH JiKyBaHHI KoHeH. Haykosuil gichuk JIbiBCbK020 HAYIOHANBHOZO YHigepcumenty
eemepunapnoi meduyunu ma 6iomexnonoziii imeni C. 3. Incuyvkozo. Cepisn: Bemepunapni
Hayxu. 2021. T. 23, Ne 101. C. 31-37.

4 Jlyaun 1. C., Corniuenko 0. M., Hesecenko A. B., Binan A. I1. Besneunicts i npogykruBHa jis
npenapary L-kapHITHHY Ha iHTEHCHUBHICTB POCTY MOJIOAHSKY KpOniB. Egexmugne KporigHuymeo
i 36ipienuymeo. 2024. Ne 10. C. 100-112.
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rirnoBiTaMiHO3iB, IMyHOJETIPECUBHHUX CTaHIB Ta MATOJIOTIH MEYIHKH, TPAaBHOTO
KaHally, CepIeBO-CYIMHHOI Ta HEPBOBOI cucTEM',

OcoOnuBe 3HaYeHHS BITaMiHIB y BETEpPUHApHIM NPaKTUI 3yMOBJICHE
iX KOMIUIEKCHOIO (i3ionoro-0ioxiMidHOO Jieto. Biramin A 3abe3neuye
HOPMAJIBHUH PICT 1 pereHepaniio emirenito, MpUHAMae ydacTb y CHHTE3I
DIIKONIPOTEiHIB, BiTamMiH E BHCTymae NOTY)KHMM aHTHOKCHJAQHTOM, IO
3amo0irae TMEPOKCHUIHOMY OKHCHEHHIO JIMiAIB 1 cTabulidye KIITHHHI
MeMOpanu; Bitamin C MiBUIIy€e aHTHOKCHIAHTHHUI ITOTEHIIIaA 1 aronnuTapHy
AKTHMBHICTb JICHKOLMUTIB; BiTaMiHU Ipynu B — karamizyroTe ¢epMeHTaTHBHI
peakiiii BYIVICBOIHOIO, JKHPOBOTO Ta OUIKOBOTO OOMIHY, CIPHUSIOTH
(bYHKIIOHYBaHHIO HEPBOBOI cucTeMH 'C.

Bitamin B, (niaHoko0anamiH) € OOHUM i3 HAWBAXUIUBIMINX BOLOPO3YUHHHX
BiTaMiHiB, SKHUH NpUIIMae y4acTb y perymsiuii KIITHHHOTO MeTaloii3my,
CHHTE31 HYKJICTHOBUX KHUCIIOT, €puUTporoe3i Ta (yHKIIOHYBaHHI HEPBOBOI
cuctemn. Moro Monekyna MiCTHTh LEHTpalbHMH aToM KOGANbTY, 3aBISKH
YOMY BiTaMiH BiIHOCHTBCS JI0 KOOaJaMiHiB — KO)EPMEHTIB, 110 3a0e3MeUy0Th
peaiizalilo peaxiii MepeHoCcy METHJIbHUX TPy 1 NEepeTBOPEHHS XHPHUX
kucior'’.

VY BeTepuHapHii npakTuli Biramin B,, 3acTocoByeTbes Ui IpodinaKTUKH
aHeMiil, CTHUMyJALil pOCTy, HOKpAaIIEHHs ameTUTy, MOJiMmeHHs (yHKIil
MIEYiHKHY, HEPBOBOi Ta CEPLEBO-CYAMHHOI CHCTEM, a TaKOX Yy KOMIUIEKCHIH
Teparii TOKCHYHUX ypaxKeHb, TMOBITaMiHO3iB Ta iHTOKCHKalii'S. TIpenaparu
Ha OCHOBI LiaHOKOOaJaMiHy Ta MeTHIKOOalaMiHy, 30kpeMa B,, AHkepmaH,
MIPOJEMOHCTPYBAIN BUCOKY €(EKTHBHICTh 1 O€3NeuHicTh NpU YCyHEHHI
JNeinMTHUX CTaHIB, BIIHOBJIECHHI MeTa0oiyHOrO OanaHcy Ta MpodinakTHIi
HeHpoiereHepaTuBHUX MPOLIECIB.

Bitamin B,, TicHo B3aemonie 3 (oNi€BOIO KUCIOTOIO Ta METiOHIHOM,
YTBOPIOIOYHM €IMHY METa0OJIiYHy CHCTEMY, SKa DPEryJro€ PEeMEeTHUIIIOBAHHS

'S Lavryshyn Y., Gutyj B., Zhyla M., Kurylas L., Prysiazhniuk V., Khariv I., Voroniak V. Influence
of “Metisevit” feed additive and liposomal preparation “Lipointersil” on the level of vitamins in the
blood of bulls at experimental chronic cadmium toxicosis. Scientific Messenger of LNU of Veterinary
Medicine and Biotechnologies. Series: Veterinary Sciences. 2020. Vol. 22, No. 100. P. 88-93.

1 T'yruit b. B. Bumict Bitaminie A i E y kpoBi 6H4YKiB 32 yMOB KaaMi€BOi IHTOKCHKAIli. BicHuk
Cymcokoeo nayionanvbhozo azpapnoco ymigepcumenmy. Cepis: Bemepunapna meouyuna. 2013.
Ne2.C.31-33.

7" Al Amin A. S. M., Gupta V. Vitamin B12 (Cobalamin) // StatPearls. Treasure Island (FL) :
StatPearls Publishing, 2023

'8 Golovach P., Gutyj B., Kolomiiets 1., Ostapiv D., Oseredchuk R., Sloboda O. The effect of
B groups vitamins (B1, B2, B5, B6, B10, B12) on the activity of antioxidant protection system
enzymes and the content of lipid peroxide oxidation products in the blood of feeding cattle. Scientific
Messenger of LNU of Veterinary Medicine and Biotechnologies. Series: Veterinary Sciences.
2023. Vol. 25, No. 112. P. 22-26.
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TOMOLIMCTEiHY, CHHTE3 HYKJIETHOBMX KHCJIOT i METWJIIOBAaHHS OiOMOJIEKYI.
Voro nediuuT mNpU3BOAMTL 1O HAKONMYEHHS TOMOLMCTEIHY — CIIONYKH
3 BHUP@XCHOI TOKCHYHOIO [Ii€f0, IO BUKJIMKAE OKCHIATUBHUH CTpec,
SHJIoTeNaIbHy JAUCQYHKIII0, CYAMHHI MOPYIIEHHS 1 MPUCKOPEHE CTapiHHS
kaitud. Lle Mae OesrmocepenHe 3HA4YEHHsI JUIS BETEPHHAPHOI IPAKTHKH,
OCKUIBKH 1TO10H1 MeTabo0IiuH1 PO3JIa/ii y TBAPUH 3HWKYIOTh IPOIYKTHBHICTb,
(epTUITBHICTD i PE3UCTEHTHICTD JI0 3aXBOPIOBAHb .

Bitamin B, Mae BaxIMBE aHTHOKCHAAHTHE Ta HEUPOIPOTEKTOPHE
3HAUECHHS, OCKIJIbKHM NPHUHMAEe y4acTh y BIJHOBJICHHI Mi€JIIHOBUX OOOJOHOK
HEPBOBUX BOJIOKOH, 3HM)KY€ OKCHJIALIHHUN CTPEC, MONEPEINKYE YIIKOIPKCHHS
MeMOpaH HEWpOHIB. B eKCIepUMEHTaNbHHUX 1 KIIHIYHUX JIOCHIHKCHHSIX
JOBEJEHO, IO BBEAEHHHA BiTaMiHy B,, copuse perenepauii HepBOBOi
TKaHWHH, CTUMYJIIO€ [udepeHIianiio MIBaHIBCBKUX KIITHH, MiIBUIIYE
NPOBIIHICT, HEPBOBHX IMITYJIBCIB 1 YMHHUTH aHaibreTHuHuid edekr. Came
TOMY METWIKOOalaMiH aKTHBHO 3aCTOCOBYETHCS IIpH IIOJIiHEHpOIaTisx,
riMOKCHYHUX YPAKEHHSIX MO3KY Ta iHTOKCHKALISX BaXKKHMH MeTanamu’.

Otxe, BiTamiH B,, € KIIOYOBUM KOMIIOHEHTOM CHCTEMH IIiJTPUMAaHHS
MeTaboJIiYHOi, IreMaToNoriyHOi Ta HEpBOBOI PIBHOBAarW OpraHi3My TBapHH.
Voro ocraTHe HaIXOKEHHS 3 KOPMOM a00 y CKJIaJ(i BITAMiHHO-MiHEpaIbHHIX
KOMIIJIEKCIB € OO0OB’SI3KOBOI0O YMOBOIO E€()E€KTHBHOTO POCTY, HOpMaizaril
(yHKIIT TediHKH, KPOBOTBOPEHHS, BIiTBOPEHHS Ta ajanTaiii TBapHH 0
CTPECOBUX 1 TOKCHYHUX YNHHUKIB.

3araJlbHOBU3HAHO, IO BiTaMiH E XapakTepu3yeThCs BHUCOKOIO aHTHOKCH-
JIAHTHOIO aKTUBHICTIO 1 BIZlirpa€ KIIIOYOBY POJIb Y HEUTpaizallii akTuBHUX (Gopm
KUCHIO, SIKI CIIPUYMHSIOTH OKCHJIAaTHBHE YIIKO/DKEHHS KIITUHHUX MeMOpaH
i Oiomorekyn®!. 3aBOSKH 34aTHOCTI BHUCTYMATH JOHOPOM ab0 MEPEHOCHHKOM
aToOMiB BOJHIO, JaHUH BITaMiH TajJbMy€ IPOLECH NEPOKCHIHOTO OKMCHEHHS
miminiB. EdexruBHicts nii Bitaminy E € Haj3BHualiHO BHCOKOIO — HABITh 3a
HHM3bKOT HOTO KOHIIEHTpALlii y KIITHHHUX MeMOpaHax, BiH 3a0e3neuye HaliiHuN
3aXHCT JIMiAiB 1 OUIKIB BiJ] OKCHIATMBHOIO IIOMIKO/DKCHHS T4 BiJ BIUIMBY
eK30r¢HHHX aKTHBHUX (OPM KHUCHIO?.

¥ Moxura T. Heoiuur Bitaminy B12: 3a marepianamu MyJIsTHIHCLUMILUIIHAPHOTO MaiCTep-KiIacy
3 Ipo0JIeM AiarHOCTHKY Ta JIKYBaHHS. Ykpaincokuti meouunutl yaconuc. 2024. Ne 6. C. 57-60

2 Ceprierxo B. O., Cerin B. B., Ceprierxo O. O. Biramin B12 i niaberuuni neiiponarii. Mirc-
Hapoonuil endokpunonociunuil scypran. 2024. T. 20, Ne 7. C. 481-490.

2! Donnelly J., Appathurai A., Yeoh H. L., Driscoll K., Faisal W. Vitamin E in Cancer Treatment:
A Review of Clinical Applications in Randomized Control Trials. Nutrients. 2022. Vol. 14, No. 20.
Art. 4329.

2 Tyruit b. B. Brutue Mericesity Ha BmicT BitaminiB A i E y kpoBi Oyraiiui 3a yMoB KajmMieBoro
HaBaHTaXeHHA. Bichux Cymcbko2o Hayionaibro2o azpaprozo yuieepcumemy. Cepis: Beme-
punapra meouyuna. 2016. Ne 11. C. 10-13.
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Biramin E chopusie MiIBHIEHHIO PE3UCTEHTHOCTI OpraHiaMy 1o il
HU3BKUX TEMIIEpaTyp, TiNOKcii Ta IHTEHCHBHHMX (I3MYHUX HaBaHTAXKEHb.
oMy npuTaMaHHa BUpaKeHa TelmaTonpOTeKTOPHA aKTHBHICTB: BiH 3amobirae
PO3BUTKY JXKUPOBOi TUCTPO(]ii MEUIHKK 32 YMOB CTAHOJIOBOI iHTOKCHKAIII,
3MEHIIY€ OKCHIATHBHI YIIKO/DKEHHS! TeIaTOLMTIB, 1MOciIalilioe HeraTuBHUN
BIUIMB OakTepiaibHUX TOKCHHIB, a TaKOK IOJIETHIye Mepedir TrocTpux
renaTUTIB 1 LHUPO3Y, CIIPUSIIOYN HOpMai3allii ekckperil Oinipyoiny™.

Biramin E mposBiisie G6aratorpaHHuii MO3UTUBHHMN BIUIMB Ha OpraHi3M
TBapHH, 30KpeMa aKTHBi3y€ (YHKIIOHYBaHHsS IMyHHOI CHUCTEMH, NpHHMae
yyacTh y peryisnii OOMIHHMX IIPOLECiB, HOKPALlye MiKpPOLMPKYJISLIiI0
Ta WTIATPUMYE €NacCTHYHICTh CYAMHHHMX CTIHOK. BiH cHopusie 3HMKEHHIO
apTepiajJbHOTO THCKY, 3ar00irae TpOMOOYTBOPECHHIO 1 TIIBUIIYE OKCHTCHAITI0
KPOBI, a TAKOXK Oepe y4acTh y polecax pereHeparii Ta BiJIHOBICHHS TKaHUH.

AHTHOKCHIaHTHA 3axucHa (YHKIS TOKOo(eposy OCOOIUBO BUpPa)KCHA
i Yac BIUIMBY YJIBTPadioseToBOro BHIIPOMIHIOBAHHS Ha ILIKIPY, OCKLIBKH
KEPaTHHOLMTH MICTATh 3HAa4YHY KUIBKICTb LBOTO BiTaMiHy. SIK OCHOBHHIA
KMUPOPO3UMHHUI aHTHOKCHIAHT, BiTaMiH E 3narHuii edexrrBHO 3amobiratu
MyTareHHii Ta KaHLEPOTeHHIM /Aii BUIBHUX pajuKalliB, OOMEXYIOYH IX
py#HIBHUI BIUIMB HA KIITHHHI CTPYKTYpH>*.

Takum yMHOM, aHTHOKCHAAHTHA Ais BiTaMminy E momsirae y nmepepuBaHHi
JIAHIIOTOBUX PpeaKiliii MEepeKUCHOT0 OKHCHEHHS B KIITHMHHHX MeMOpaHax
Ta HelTpasizamii akTHBHUX (OPM KHCHIO. 30Kpema, Y-TOKOo(epos 3IaTHHH
saxumarya Jinian, JJHK 1 OinkoBi MOJEKyTH BiJl YIIKOIKYBaJIbHOI Jii
MEPOKCUHITPUTY .

lomo pouni Bitaminy E y migrprManHi cTabiIbHOCTI KIIITHHHUX MEMOpaH,
JITEepaTypHl JaHi 3aJIMIIAIOTHCS JIOCUTh CYNEPEWIMBHMHU. 3 OIHOTO OOKY,
nedimur o-tokodepory y CKiIami MeMOpaH CHPUYHHSE MiABHINCHHS IX
IIPOHUKHOCTI Ta JecTadiii3amilo, M0 MOB’S3aHO 3 YTBOPEHHSM KOMILIEKCIB
MK JKHPHHMH KHCIOTaMH Ta Jizodocdoninizamu y ¢dochonimigHomy
Oimapi, BHACNIIJOK YOro 3MCHIIYETHCS IUIMHHICTH MeMOpaHHUX (ocdo-
mnmigiB. 3 iHmoro Ooky, o-Tokodepon 3marHUN 1HriOyBaTH aKTHBHICTBH

» Bymmacka 1. B., Cauko C. P, Ilerpyk A. I, ITaxonkis H. 1., I'ynuma B. 0., Cxopoxix A. B.
Kopexiiist 6i0XiMiYHUX MOKa3HUKIB KPOBi KOPIB y Tepe/- i MICIAOTEIbHAN Nepioan [IHIIKAMH XMEII0
Ta BitaMiHOM E. Haykosuil sichuk JIb8i8CbK020 HAYIOHATLHO2O YHigepcumenty 6emepuHapHol
Mmeduyunu ma Giomexnonoaiii imeni C. 3. Iocuyvkozo. Cepis: Bemepunapni nayxu. 2019. T. 21,
Ne 95.C. 117-121.

* Shklar G., Schwartz J., Trickler D. P., Niukian K. Regression by vitamin E of experimental oral
cancer. Journal of the National Cancer Institute. 1987. Vol. 78, No. 5. P. 987-992.

» Kymma O. I. MopdodyHKiioHansHI 3MIHH B Ie4iHII MHINCH NPH TPUBAIOMY HAIXOJUKEHHI
B OpraHi3M MaJIMX JJ03 CBMHIIIO i BIUIMB Ha HUX ainbda-Tokodepoiy Ta epbicony : aBroped. muc. ...
kaHn. 6ion. Hayk. Cim¢pepomnons, 2010. 17 c.
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MeMOpaHo3B’si3aH0l Qocdomninasu Az, 3arodirayu JiTHYHOMY pPyHHYBaHHIO
docdoninigie i THM cCaMUM TATPUMYIOYH CTPYKTYPHY LTICHICTE MeMOpan.

Biramin E, 3a0e3mneuyroun piBHOBary Mik NMPOOKCHIAHTHOIO Ta aHTH-
OKCHJIAHTHOIO CHCTEMaMH, Oepe aKTHUBHY y4acThb Y peryisuii pyHKUiH KIIITHH
IMyHHOT CHCTEMH, 30KpeMa Yy mporecax iHTerpauii Ta (yHKIIOHYBaHHS
MeMOpaHHUX JIMiAIB, OUIKIB 1 HYKJICTHOBHX KHCIIOT, @ TaKOX y KOHTpPOJI
ekcrpecii reHis?’.

Birtamin E nposiBiisic iMyHOCTUMYTIOBAJIBHUI BIIMB, TIOCHIIIOIOUH TIEpeady
CUTHAJIIB, IO aKTHBYIOTh IMYHOKOMIETEHTHI KJITHHH IIii 4ac (GopMyBaHHS
IMyHHOT BiATIOBifi. 30KpeMa, BiTaMiH MIJCWIIOE CHUTHAIBHI IUIAXH, SKI
CTUMYJIIOIOTh CHHTE3 iHTepielikiny-2 Ta iHtepdeponiB CD4* nimdouuramu.
Kpim Toro, Bitamin E mepemniko/pkae yTBOPEHHIO KOBAJICHTHUX 3B’SI3KIB MK
HHU3bKOMOJIEKYJISIPHUMH CIIOJTyKaMH Ta OUTKaMu KpOBI ¥ MEYiHKH, 30Kpema 3a
Jii 10HI3YIOYOTO BUIIPOMIHIOBAHHS. 3aBJISKH LIOMY 3MEHIIYETHCS arperaris
IMyHHHX KOMILJICKCIB 1 MOMEPEKAETHCS YIIKOLKEHHST 010MOTEKy ™,

Y cydyacHMX yMOBaX TEXHOT€HHOTO HAaBaHTAKEHHS, IMiJBUILEHOT
IHTEHCHBHOCTI BUPOOHHUIITBA Ta CTPECOBUX BIUIMBIB Ha TBAPUH KOMIUIEKCHE
3aCTOCYBaHHS BITaMiHiB pa3oM i3 MeTaboniyHUMU Kopekropamu (L-kapHiTuH,
METIOHIH, CeJIeH, IIMHK) 3a0e3Ieuye MOCUICHHS aHTHOKCHIAHTHOTO 3aXHUCTY,
aKTHBAIlI0 penapaniiHuX MpPOLECiB, MOKpaumeHHs (QYHKIIOHAJIBHOTO CTaHy
MEeYiHKM Ta MiATPUMaHHS IMyHHOI peakTUBHOCTI. Taki koMOiHaLil CIPUAIOTH
30€pEKEHHIO 3710POB’ s TBAPHUH, MiABUIICHHIO MIPOIYKTUBHOCTI Ta 010J0TTYHOT
MOBHOIIHHOCTI MPOJYKLi1 TBAPUHHHULITBA.

3. BionoriyHa ponb ceneHy, LMHKY Ta METIOHIHY
Yy NigTpUMaHHI aHTUOKCUAAHTHOIO CcTaTycy
Ta MeTab0/1iYyHOI piBHOBarn opraHiaMy TBapuH
Cepexn MiKpoeJeMeHTIB 1 OIOreHHUX CHOJYK, 110 3a0e3NedyloTh aHTH-
OKCHJIAHTHHUH 3aXHCT OpraHi3My TBapHH, OCOOJMBE 3HAYE€HHS MAlOTh CEJIeH,
UMHK 1 MeTioHiH?’. BoHu O6epyTh ydacTh y HEHTpami3alil BiTbHUX paJUKaiB,

% Karpiuk L., Wilczura-Wachnik H., Myslinski A. a-Tocopherol/AOT/alkane/water system. Journal
of Thermal Analysis and Calorimetry.2017. Vol. 131, No. 3. P. 2885-2892.

27 Naksuriya O., Okonogi S. Comparison and combination effects on antioxidant power of curcumin
with gallic acid, ascorbic acid, and xanthone. Drug Discoveries & Therapeutics. 2015. Vol. 9, No. 2.
P. 136-141.

2 Lewis E. D., Meydani S. N., Wu D. Regulatory role of vitamin E in the immune system and
inflammation. [UBMB Life. 2018. Vol. 71, No. 4. P. 487-494.

% Bashchenko M. L, Boiko O. V., Lesyk Y. V., Honchar O. F., Havrysh O. M., Gutyj B. V,,
Hoivanovych N. K., Krechkivska H. V. Changes in the blood parameters of rabbits consuming
a complex of citrates of zinc, selenium, and germanium under the conditions of heat stress.
Regulatory Mechanisms in Biosystems. 2024. Vol. 15, No. 4. P. 702-708.
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MATPUMaHHI CTPYKTYpPHOI IUIICHOCTI KIITHHHUX MeMOpaH, a TaKox
y perymsnii OiKoBOro, JIMiJHOTO W EHepreTHYHOro oOMiHy. Y CydacHid
BEeTCpUHAPHIN MpaKkTHIl JaHI PEYOBHHH PO3IISAAIOTHCS SIK  KJIFOYOBI
MeTa0OJIIYHI KOPEKTOpH, IO CIPUSIOTH ajanTalii TBapHH [0 BIUIUBY
TOKCHMYHHX 1 CTPECOBHX YNHHHUKIB.

3a JaHMMHM HayKOBHX JDKEpell, CEJIeH € OJHUM i3 Hale(eKTHBHIIIMNX
AQHTUOKCHJIAHTIB MPSAMOT /1ii Ta MOTYXHUM IMYHOMOJYJIATOPOM, SIKMH 3aXHIIa€e
KIITHHY BiJl YIIKO/DKYBAJIBHOI Jii BUIBHMX pajuKaliB i aKTHBHUX (OpM
KHCHIO, PETYNIOIOUH IHTEHCHBHICTH IPOLECIB MEPOKCHIHOIO OKHUCHEHHS
nmimigiB. Y KOMIUIEKCi BiTamiH E Ta celeH MpOsBISIOTH CHHEPriuHY ifo,
JEMOHCTPYIOUM BUPaXEHI AHTHOKCHJAHTHI BJIACTUBOCTI, IO IOJSTAlOTh
y TIepepHUBaHHI JIAHI[IOTOBUX PEaKIliii MEPEKUCHOTO OKUCHEHHS JIiTmiIiB>.

HanxomxeHns ceneHy B (i3ionoriyHo  OOTPYHTOBAaHMX — KUIBKOCTSIX
CIIpHsIE ONTUMANBHIN excripecii 010aKTMBHUX CEJIEHONPOTEiHIB, OULIBIIICTE 13
SIKUX MICTSTh CENICHOIMCTETH (Sec) y CBOEMy CKJalli Ta XapaKTepU3YHOThCS
(bepMEHTAaTHBHOIO aKTUBHICTIO, 3yMOBJEHOIO HAsBHICTIO aroMa CeleHy
B KaramitTnyHoMy weHTpi. Cenenonporeinn (SePP) BUKOHYIOTH KITIOYOBY
pOJIb y peryisuii YMCIICHHUX KIITHHHUX IPOLECIB: €H3UMMH INIyTaTiOHIEpo-
kcupasHoro komiuiekcy (GPx) 3a0e3neuyroTh aHTHOKCHUAAHTHHH 3aXUCT
KJITHH, KaTali3yloud BiIHOBJICHHS OPraHIYHHUX TiJAPOINEPOKCU/IB i EPEKUCY
BOJIHIO; HOATHUPOHIH-ICHOIMHA3 KOHTPOJIIOIOTh  aKTHBHICTh T'OPMOHIB
LIMTONOAIOHOT 3aJ103H, BIUIMBAIOTH HA MpOJiepallito KIITHH Ta MOIYJIIOIOTh
IMyHHY BiImOBign’!.

VY nocnimkennsax Kosampuyk 1. 1., IIpomanuyk O. B. ta cmiBasr. (2024)
JIOBEJICHO, IO cesieH y (opmi LUTpaTy YMHHUTH BUPAKEHUH IO3UTHBHHNA
BIUIMB HAa TEMAaTOJIOTIYHI IOKa3HUKH, (i3ionoro-0ioXiMiyHMI  cTaH
1 MIPOIYKTUBHICTH KPOJIiB. BBeneHHs HAHOTEXHOJIOTIYHOTO IUTPATy CEJICHY
y MUTHY BOJY TBapHH y KOHIEHTpaisx 50-200 MK/ cupusuio MiIBUILEHHIO
KIUJIBKOCTI €pUTPOLMTIB, pPIBHA TIeMODIOOIHY Ta JICHKOLMTIB, a TaKoX
MOKPAIICHHIO 1HTEHCHBHOCTI POCTY Ta CepelHbONOOOBUX IMPUPOCTIB MacH
Tina. JIOCHiTHUKH MiAKPECITIOITh, M0 CEJICH aKTHUBYE MPOLECH TeMOIOE3Y,
CTUMYIIIOE CHHTE3 NPOTEIHIB 1 €H3MMIB aHTHOKCHAAHTHOI CHCTEMH, CIIPHSE
ITiIBUIIIEHHIO PE3UCTEHTHOCTI OPTaHi3My, a TAKOXX Oepe y4acTh y MiATpUMaHHI
MeTa0oIiYHOi piBHOBAark. 3a TPHUBAIINIOTO BUKOPUCTAHHS LIUTPATy CeJICHY
CIIOCTepirajgy 3pocTaHHs BMiCTy reMorio0iny Ha 8,6—10,2 % Ta miaBUIIEHHS

30 Kosanbosa 1. B., Anronenko II. II. JluHamika 3MiH NPOXYKTHBHHX sKOCTeil Kypeil 3a BIUIHBY
cerneny Ta (itono0aBok. [Ipobremu 300iHdceHepii ma semepuHapHoi MeOuyuru : 30. HayK. npayb
Xapriscoroi deporcasnoi 3006emepunapnoi akademii. Xapkis, 2018. T. 35, Ne 3. C. 145-150.

31 Schomburg L. The other view: the trace element selenium as a micronutrient in thyroid disease,
diabetes, and beyond. Hormones (Athens). 2020. Vol. 19, No. 1. P. 15-24.
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KutbKOCTi JieiikormTiB Ha 30-34% mnopiBHsSHO 3 KoHTposieM. lle Bkasye
PO aKTHBAIIO JIEHKOMOETHYHOI (DYHKIIi KiCTKOBOTO MO3KY Ta IHOCHJICHHS
IMYHHOT BiAMOBiIi*2,

Cenen QyHKIIOHYE y TicHIN B3aemonii 3 Bitaminamu A, E ta C, a Takox
i3 KapoTHHOigaMu U mryTarioHoM. Lli peuoBHHM yTBOPIOIOTH €IMHY CHUCTEMY
AQHTUOKCHJIAHTHOT'O 3aXUCTy KJIITHHH, JI€ KOXKEH KOMIIOHEHT BUKOHYE CHHEp-
rivHy (QyHKIIFO: TOKO(Eepoi i ackopOiHOBa KHCJIOTa BiIHOBIIOIOTH OKHMCHEHI
(¢opMu TiIyTaTioHy, a CeNieH y CKJaAi DIyTaTiOHIEPOKCHIA3U 3HELIKODKYE
rigponepokcuau*,

Binomo, 1o cejeH BHKOHy€ HOABIHHY (YHKIIIO B peryinsuii BiATBOpIO-
BaJILHOT 3[]aTHOCTI OpraHiMy OyraiB. Y ckiaji ria3Mu CliepMH BiH HasBHHN
SIK KOMITOHEHT celieH3alexkHol ryrarionnepokcunasu (I'II), sika 3abe3mnedye
AQHTHOKCHJIAHTHUH 3aXKCT CHEPMaTO30i/iB, TOAL SIK y CaMHX CIIEpMaro30inax
CeJIeH BXOIUTH JI0 CKJIaly CTPYKTYPHHUX €JIEMEHTIB KIITHHH, MiATPHUMYIOUN
XHIO IUTiCHICTD 1 (PyHKI[IOHANBHY aKTHBHICTH>,

YCTaHOBIIEHO, IO CEJIEHOMETIOHIH 3aCBOIOETHCS 3HAYHO Kpamie, HiX
HeopraHiuHi (GopMu celeHy (CENCHIT HAaTpil), MO0 POOUTH OpraHiuHi
CHOJIyKH OUThII €()EeKTUBHUMH Ta MEHII TOKCHYHUMH. CaMe TOMY B Cy4acHii
BeTepHHapil NepeBary BiAJaroTh CEJICHOOPTaHIYHUM IIperaparam, TaKuM SK
Cen-Ilneke, siki 3a0e3Me4yrOTh ONTHUMalbHE HaJIXOMKEHHS MIKpOelIeMeHTa
0e3 pU3BHKY OTPYEHHS .

CeneH BHUCTyNae KIIOYOBUM MIKPOGJIEMEHTOM IMYHHOI peryssuii,
BIUIMBAIOYH SIK Ha KJIITHHHY, TaK 1 Ha T'yMOpaJbHY JIAHKH IMYHITETy TBapHH.
Jediuut naHOro eneMeHTy CyNpPOBODKYETbCS 3HIDKEHHSIM aKTHBHOCTI
¢aronuriB, npomidepanii yiMPONMTIB, CHHTE3y IMYHOINIIOOYJiHIB Ta

32 Koanmpayk 1. L., Tlpomanuyk O. B., Jlecuk . B., llam M. M., Iumumens A. 3., Komorauigs-
kuit B. A. ®izionoro-6ioximMiuHi MOKa3HUKH KPOBi 1 MPOAYKTHBHICTH KPOMIB 32 BHIIOIOBAHHS
HAHOTEXHOJIOTIYHOTO CeleHy LuTpary. E¢exmusne xponignuymeo i 3gipisnuymeo. 2024. Ne 10.
C. 144-156.

33 Himemenko M. II., Kosiit B. 1., Tpoko3 B. O., Omensayk O. B., Tlopormumceka O. A., Ctos-
oeupka JI. C., €menbsHenko A. A. 3MiHM aKTHBHOCTI JIY)KHOI Ta KucJOi (ocdarasy i mokasHUKIB
MiHEPaNbHOTO OOMIHY B OpraHi3Mi KypOK-HECY4OK 3a 3rOJIOByBaHHS HAHOXEITIB CENEHY, LIMHKY Ta
toxodepoiny. Biopecypcu i npupoooxopucmyeanns. 2019. T. 11, Ne 5-6. C. 185-193

3% Cnobomsin C. O., I'yruit b. B., Mypceka C. JI. BB cenenity Hatpito i KOpMOBOI H00aBKH
«MericeBiT mmoc» Ha MOP(OIOTiYHI MOKa3HUKM KPOBI IIypiB 3a iIHTOKCHKALi KajMieM i CBHHIEM.
Hayxosuii sicnux Jlvsiecvkoeo Hayionanvhozo yHisepcumenty GemepuHapHoi MeouyuHu ma
biomexnonoaiii imeni C. 3. Inicuyvkozo. Cepis: Bemepunapni nayxu. 2020. T. 22, Ne 97. C. 52-57
3% ®emopuenko A. M., Isuenko B. M. Ilokasuuku iMyHOOIOIOriYHOI PEaKTHBHOCTI Ta aHTH-
OKCHIQHTHOI CHCTEMH IIHOOKOTIIBHHX KOPIB MiJl BILIMBOM celleHopraHignoro npenapary Cexn-Ilnexc.
Haykosuii gichux semepurapHoi meouyunu : 30. nayk. npays. bina Llepksa, 2012. Bum. 10 (99).
C. 112-116.
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iHTepdepoHiB, 110 MiIBUILYE CIPUHHATIUBICTE MOJIOAHSKY 10 1HQEKIIHHIX
3aXBOPIOBAHbB,

Kpim Toro, ceneH 3narHuii migBUITyBaTH e()EeKTUBHICTh BaKLIIMHALI1, 3MEH-
LIYIOYM MOCTBAKIMHAIBHUHN CTPEC 1 MOCHIIIOIYH (POpMYBaHHS Crieli(iyHOTro
imyHitery. lleli edexr 0OyMOBJIEHMI CTUMYJIILIEIO JIEHKOIOE3Y, CHHTE3Y
LUTOKIHIB 1 WIIBUILEHHSAM eKCrpecii peuentopiB Ha JiMQonurax, Mo
MOKpAIy€e MXKKIITHHHY B3a€EMOJII0 B iIMyHHi# BiamoBimi®.

IMyHOMOy/TIOBaJIbHA Jlisl CEJIEHY HPOSBISETHCS K Ha TyMOpPalbHOMY,
TaK 1 Ha KIITUHHOMY piBHSX (yHKLIOHYBaHHS IMyHHOI cucremu. JloBeneHo,
mo JgehiIuT JaHOTO MIKpOENeMEHTa CYNPOBOUKYEThCS 3MEHIICHHSIM
CHHTE3Yy aHTHTUI, MOPYIICHHAM JIU(EepeHIiIOBaHHS TUMOLMTIB, 3HWKEHHIM
aKTHBHOCTI QarouuTiB i mpodidepanii JiMPOIMTIB, IO B LIJIOMY BeAe A0
ocabJIeHHST BPO[DKEHOTO Ta aJallTUBHOTO IMyHITETY,

Jediuut ceneHy TPH3BOIUTH JO 3HIDKGHHS CHHTE3Y IMYHOIIOOYITIHIB
kiaciB IgG ta IgM, BomHOYac He BIUIMBaKOUM iCTOTHO Ha piBeHb IgA. /lonaBaHHs
LOr0 MIKpOEJIeMEHTa JI0 PalLlioHy YacTKOBO KOMIIEHCYye aedinut Bitaminy E,
HopMaJtizyroun BMicT IgA ta IgG. BeraHoBieHo, 1110 y KOpiB, SIKUM 3rOA0BYBaJIA
KOpMH 3 JIONAaTKOBUM BMicToM 120 MKr ceieHy Ha Kitorpam, piBeHb IgG
y CHpOBaTL KpoBi OyB BUILMM, HDK Y KOHTPOJIBHUX TBAPUH. AHAJIOTYHA TEHICHIIs
criocrepirajacs i B TEJAT, HAPO/HKEHUX BiJl LIMX KOpIB, — TICIsl CIIOKHBAHHS
Morio3uBa BMicT IgG y IxHIH KpOBi IIepeBHIIyBaB TIOKAa3HUKH KOHTPOJIBHOI TPYIIH.
Taxum ynHOM, 30ara4eHHs1 parioHy CeJIEHOM CIPUSIE ITiIBUILIEHHIO XKUTTE3IaTHOCTI
SIK MarepiB, Tak 1 MOTOMCTBA. BaumBy ponb celieHy B peaiizauii iMyHHOT
BIIMOBIZI MIATBEP/DKYE IMIIBUINCHHSIM aKTHBHOCTI —celieHo(ocdarcuHTeTasu
B T-mimdormrax mix yac ix akTuBaiii — (EpPMEHTY, [0 KaTali3ye yTBOPCHHS
CEJICHOIMCTETHY, HEOOXITHOTO Il CHHTE3Y CEJICHOMPOTEIHIBY.

Bonnouac Giomoriuna nmoctymHicTe crionyk CerneHy Ta IHTEHCHBHICTh
BKJIIOYECHHSI €JIEMEHTY JI0 CKJIa1y MPOTETHIB 3HAYHO ITiABUIILYE€THCS 32 BUCOKOTO
BMicTy B pauioHi ioHiB [{unky. [{luHK cTUMyIIO€E picT Ta pO3BUTOK OpraHizmy

3¢ Himemenko M. II., Koziii B. 1., Tpoko3 B. O., Omemsuyk O. B., ITopommuceka O. A., Ctos6e-
upka JI. C., €EmenbsiHerko A. A. 3MiHH aKTHBHOCTI JIyxHOi Ta Kucioi docdarasu i MmOKa3HHKIB
MiHepaIbHOr0 0OMiHY B OpraHi3Mi KypoK-HECydOK 3a 3rOJJOBYBaHHS HAHOXENITiB CeleHy, IHHKY Ta
tokodepouny. biopecypcu i npupodokopucmysanns. 2019. T. 11, Ne 5-6. C. 185-193.

37 Ipuenko B. M., ®enopuenko A. M. Brums cenenosmicHoro mpenapary Cen-Iliexc Ha imyHo-
610JI0r14HI TOKA3HUKH TEJIAT, IMyHI30BAHUX HPOTHU CaIbMOHENbO3Y. Haykosuil gicHuk eemepunaphoi
Mmeouyuny : 36. Hayk. mpanb. bina Iepksa, 2011. Bum. 8, Ne 87. C. 45-50.

3% Dhur A., Galan P., Hercberg S. Relationship between selenium, immunity and resistance against
infection. Comparative Biochemistry and Physiology. Part C: Comparative Pharmacology and
Toxicology. 1990. Vol. 96, No. 2. P. 271-280.

¥ TapanoBuu I. I. ImyHHHI cTaryc Bemmkoi poraroi Xymobu B KputuuHi mepiomu. Dizionoiunutl
arcypran. 1997. Ne 3-4. C. 19-24.
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TBapWH 3aBASKM aKTHBallii MeXaHi3MIB CHHTE3y MpOTEiHy, WO CIpHsE
30LIBIICHHIO M’SI30BOT MAacH Ta 3araJlbHOMYy POCTY. Takok € KO(paKTopoM
Oinpme 300 eH3uMiB, 10 NPHUMAIOTh ydYacTh y OIOXIMIYHHMX pEaKLisX,
nporecax MeTadoli3My NpOTEiHIB, BYIVIEBOAIB, HYKJIETHOBHX KHCIOT Ta
AQHTHOKCHJIAHTHOTO 3aXMCTy. BiH akTUBye €H3MMH, IO NMPUHMAIOTh y4acThb
y MeTabomi3Mi TITFOKO3H, 30KpeMa TITFK030-6-pocdaraerinporenasy*’. Januii
€H3MM € KIIIOYOBHM Yy MpOLECI IIIKOJI3Y, OCKUJIBKH IEPETBOPIOE IIIIOKO3Y
B eHeprito y Ui monekyn AT®. [{unk 3abesneuye cTablibHUN piBEHB
eHeprii B OpraHi3Mi, 10 € BaXJIMBUM JUII HOPMaJIbHOTO (DYHKI[IOHYBaHHS
OpraHiB i CHCTEM ITijl YaC CTPECOBHUX YMOB*!

HaummikoBe HaJIXxo/pKeHHsI [IMHKY MOXK€ MaTH aHTAaroHiCTUYHHMH BIUIMB
Ha MeTaboii3M Mini, 3amiza ¥ Kalbllifo, TOMY BaXIJIMBO JOTPUMYBATHCh
OINITUMAJIBHOTO CITiBBITHOUICHHS MIKPOEGIEMEHTIB Y pallioHi TBapuH®.

LIMHK HaJNSKUTH 10 HAWBaXIMBIIINX MIKPOEJIEMEHTIB OpraHi3My, BHKO-
HYIOUM KIFOYOBY ponib y (yHKiionyBanHi moHaa 300 ¢epMeHTIB i Oepyun
y4acTh Yy BCiX OCHOBHHX OI1OXIMIYHHMX IMpoIlecaX, siKi 3ajexarh BiJ| iXHBOI
aKTUBHOCTI. BiH € KaTai3aTopoM, CTPYKTypHUM KOMIOHEHTOM i PEryISTOPHUM
10HOM, 1110 3a0e3Meuye HOpMaIbHUI TIepedir IMyHHUX peakiiin®.

[unk HeoOXinHwmid i pocty, nudepeHmianii Ta (QyHKUIOHYBaHHS KIITHH
IMyHHOI CHCTEMH, 30KpeMa HeWTpoQiiB, npupoaHux Kitepis i T-mimMponuTis,
SIKi BIIITPAIOTh BUPIIIAIBHY POJIb Y BPOPKEHOMY Ta aJJalTUBHOMY iMyHiTeTi. Bin
Oepe yuactp y cunrtesi JJHK, KIITHHHOMY MOALNI Ta aKTHBAIll IMyHHHUX KITITHH,
3abe3neuyoun e(eKTMBHY IMyHHY BiANoBinb. Jledimur LOUHKY chpuyuHse
NPUTHIYEHHS IMyHHOI (YHKIii, 3HIWKEHHS TPOAYKLii LUTOKIHIB, aKTMBHOCTI
JTMGOIUTIB 1 MiABUIIYE CIPUAHATINBICTD OPraHizMy 10 1H(QEKLIHHUX areHTIB.
Kpim TOro, MHK NpOSIBIAE aHTHOKCUIAHTHI Ta IPOTH3aNalbHI BIACTHBOCTI,
SKi JIOIIOMAararoTh 3aXHUIIAaTH KIITHHH BiJl OKCHUJIATHBHOIO YIIKO/DKEHHS Ta
PErynroBaTy iHTCHCHBHICTh IMyHHHX peakiiin®.

“ Dzen Y., Rosalovsky V., Shtapenko O., Slypaniuk O., Salyha Y. Effect of zinc methionine
supplementation on biochemical and hematological indices of growing rabbits. Bulgarian Journal of
Agricultural Science. 2023. Vol. 29, No. 4. P. 714-722.

41 FO3pBsik M. O., Jlecux . B. Kuiniuni mapamerpu oprasiamy KposjiB 3a YMOB TEIUIOBOTO CTPECY
Ta BIUTMBY HAHOYAaCTHHOK LIMHKY, CENICHY 1 FepMaHil0 LUTPATiB. E¢hexmugrne KponieHuymeo i 36ipie-
nuymeo. 2024, Ne 10. C. 169-184.

42 Tpuroposa H. B. lnHamika BMiCTy IHHKY, MarHif0 Ta Mili B KIITHHAX THMYCa TBapHH 332 YMOB
BBEJCHHS CyIb(aTiB LUX METaliB. Ykpaincvkuil scypran npupoonuyux nayx. 2025. Ne 12. C. 53-60.
4 Haase H., Ellinger S., Linseisen J., Neuhduser-Berthold M., Richter M., German Nutrition Society
(DGE). Revised D-A-CH-reference values for the intake of zinc. Journal of Trace Elements in
Medicine and Biology. 2020. Vol. 61. Art. 126536.

* Hedwomosa O. O., Snymkesnd K. C. IHTOKCHKaUiiiHUII BIUIMB COJIeH CBHHIO Ta KaJMil0 Ha
MEeYiHKy IIypiB i3 KOPEKILI€I CYKUMHATaMU LMHKY Ta 3ai3a. [lepcnekmueu ma inHosayii HayKu
(Cepis «Ilenarorikay», Cepist «Ilcuxonorisy», Cepis «Menummaay). 2024. Ne 2. C. 1170-1183.
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[luHK BXOAWTH O AKTHBHUX IICHTPIB METAJOCH3UMIB 1 Oepe ydacTh
y dopMmyBaHHI (pepMEHT-IUHK-CYOCTPAaTHUX KOMILICKCIB, 0€3 SKUX B3aEMOJIis
€H3UMY 3 CyOCTpaTOM € HEMOXJIMBOKO. KpiM TOro, 10HM LIMHKY € CTPYKTYpHHUM
KOMIIOHEHTOM YHCJIEHHUX HE(pEpMEHTATHBHUX METAJIONPOTEiHIB, /e BOHU
CTaOUMi3ylOTh BTOPHHHY Ta TPETHHHY CTPYKTYpY OIJIKOBHX MOJIEKYII,
3a0e3neuyroud X (GYHKIIOHATIbHY aKTHBHICTB i KOH(OpMaliiHy CTIHKiCTE®.

[usk BrumBae Ha Oararo acrekTiB (YHKIIOHYBaHHS IMYHHOI CHUCTEMH,
BiJIirpaloun KIIOYOBY POIb y PO3BUTKY Ta muepenmianii wmitun. Horo
JnedinuT IpU3BOAUTH JI0 NOPYIIEHHS poO0oTH Makpodaris, 30Kkpema IpoLecy
(haronmTo3y, a TAKOXK HETaTHMBHO BiJIOMBAETHCS HA JJO3PIBAHHI Ta aKTUBHOCTI
T- 1 B-nimgpouuris. Taki 3MiHM € HacIiAKOM JUCPEryJslii OCHOBHHX
610JIOT1YHHX TIPOLECIB HA KIITHHHOMY DiBHI.

Kpim TOro, Hecrada IMHKY 3HH)KY€ CEKPELil0 1 OiOJIOTiYHY aKTHBHICTh
LUTOKIHIB — OCHOBHUX CUTHAJBHUX MOJIEKyN iMyHHOI cuctemu’®. Ie, y cBotO
4epry, 3MeHIIye eQeKTUBHICTh IMyHHOI BIINOBIiAl Ta MiJABMILYE CXHWIBHICTH
OpraHi3My J10 BipyCHHX iH(EKIiH.

[uHK € HeoOXiIHMM eJEeMEHTOM sl MiATPUMaHHs Oap’epHOi (yHKLIT
KIITHHHAX MeMOpaH. 3a JaHUMH JOCIIKEeHb, Ne(ilUT Zn MPU3BOAUTH J0
MiJBUIIECHHS MPOHUKHOCTI MDKKIITHHHUX 3’€THAHb CHITENII0 KHUIICYHUKA,
0COOJIMBO B 30HaX LIUIbHUX 1 Ar€3MBHUX KOHTAKTIiB. Lle cympoBomKyeTbcs
aKTHBAlli€l0 Mirpanii HeWTpodidiB, 3pOCTaHHSIM CHHTE3y Ipo3anaibHUX
LUTOKIHIB 1 HAIMIPHOIO IHTEHCHBHICTIO 3allajbHOi BiANOBiAl. Y pe3ynbrari
TaKUX 3MiH BiJJOyBa€ThCS PO3BUTOK YCKIIJHEHb 1 (POPMY€EThCS 3aTHKHUAN abo
XPOHIYHHUI Mepebir 3amanpHuX MPOLECiB y KUIICUHUKY.

[TinTprMaHHs roMeocTasy IMHKY € HEOOX1THOIO YMOBOIO JUIsi HOPMAJIBHOTO
(yHKIIOHYBaHHS IMYHHOI CHCTEMH, 30KpeMa JJsi HpOLECiB KpPOBO-
TBOPEHHSI, J03piBaHHsI Ta AU()EpEHII0OBAaHHS KIIITHH, a TAKOXK JJIs 30€pekeHHS
CTaOUIPHOTO BHYTPILIHBOKJIITHHHOIO T'OMEOCTa3y IHMHKY 1 ITIOBHOLIIHHOT
AKTUBHOCTI IMyHOKOMITCTCHTHHUX KIITHH®,

[opsin i3 HUHKOM, BaXIIUBY POJIb y 3a0e3eYyeHH] MeTa0oIIiqHOT piBHOBAru
Ta IMyHHOI CTIHKOCTI OpraHi3My Biflirpa€ METIOHIH — He3aMiHHaA CipKOBMiCHa
aMIHOKHCIIOTA, SIKa BUCTYIIAE ITOIEPEAHNUKOM 0ararbox 010J0TiYHO aKTHBHHUX

4 Aximos O. €., Kysueuosa T. 0., Conosiiosa H. B., Mimenko A. B., 3akonozgua O. E., Conosiios
B. B. Ponb nuHKY B OpraHi3Mi JIIOAUHH Ta IUIIXH NOAONAHHS Horo nedinuty. Axmyanvni npobnemu
cyuachoi meouyunu. 2023. T. 23, Ne 3. C. 246-249.

4 Li D., Stovall D. B., Wang W., Sui G. Advances of zinc signaling studies in prostate cancer.
International Journal of Molecular Sciences. 2020. Vol. 21, No. 2. Art. 667.

47 Lazzerini M., Wanzira H. Oral zinc for treating diarrhoea in children. The Cochrane Database of
Systematic Reviews. 2016. No. 12. Art. CD005436.

4 Maares M., Haase H. Zinc and immunity: An essential interrelation. Archives of Biochemistry and
Biophysics. 2016. Vol. 611. P. 58-65.
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CIIOJIyK, 30KpeMa S-aJIeHO3WJIMETIOHIHY, IUCTeIHy Ta IIyTaTioHy. 3aBasKd
IIbOMY METIOHIH Oepe y4acTb y peakiisiX METHIIOBaHHS, aHTHOKCHIAHTHOMY
3aXMCTI KITITHH 1 IETOKCUKAIIMHUX Tporiecax™®.

BiH TiCHO TmOB’s3aHUN 13 MIKpOCIECMEHTAMH aHTHOKCHIAHTHOI ii,
TAaKUMH K CEJICH 1 IMHK, OCKUJIbKH 3a0e3Meuy€e CHHTE3 IIyTaTiOHy — KIH04O-
BOTO CHIOTCHHOTO AaHTHOKCHUAAHTYy, IO MIATPUMYE PEJOKC-TOMEOCTa3
1 cTaOLIBHICTD KIITHHHUX CTPYKTYp. OTXe, METIOHIH pO3DIiJaeTbcs He
JIUIIE SIK aMiHOKHUCIIOTa OUIKOBOTO OOMiHY, a ¥ SIK Ba)XIMBUH PEryIasTOp
AHTHOKCHUIAHTHOI CHCTEMH OpraHizmy>’.

MerioHiH Oepe ydyacTh y CHHTe31 LMCTEiHY, KapHITHUHY, aJpeHaNiHy,
XOJIIHY, @ TaKoX CIIPUS€ JIETOKCHKAlii MEeYiHKM HIISIXOM aKTHBAaIil METHII-
TpaHC(epa3HUX CHCTeM. 3aBISKH LIMM BJIACTHUBOCTSM METIOHIH IPOSIBIISIE
TerarorpoTeKTOpPHY Ta AHTUOKCHIAHTHY Jil0, 3HIKYE pPIBEHb JIMIIHOT
iHQUIBTpanil TrenaronuTiB 1 MIATPUMYE CHHTE3yIo4y (YHKIIIO MNEYiHKH.
Kpim Toro, merioHiH Oepe yuyacTs y cuHTe31 OUIKIB i dochomimiais, crpuse
pereHepanii KIITHH, PEryjlo€ BMICT T'OMOLMCTEIHYy B KpOBi, THM CaMHM
3MEHIIYIOYH PH3HK OKCHIATHBHOIO CTpecy’'.

Otpumani pesynsratn AnnpienkoM JI. M. (2019) migrBepakyroTh, L0
METIOHIH € JIMITYIOUOI0 aMIHOKUCIIOTOK y (OpMyBaHHI M’S30BOT MacH,
CHHTE31 CTPYKTYpHHX OiTKiB i (epmenTiB. Moro mocraTHe HamXOIKEHHS
CHpHsi€e IJBHUIICHHIO €HepreTHYHoi e(QeKTHBHOCTI O0OMIHYy pEYOBHH,
3HW)KEHHIO KaTaboIIi3My 1 HOKpaIlleHHIO 3aCBOEHHS a30Ty, 10 Bi0OpaxaeThCs
y MiZIBUIIEHUX OPHPOCTAX KHUBOI MacH™.

MerioHiH cripusic HOpMaJIbHOMY (PYHKIIOHYBAHHIO ITiAIUTYHKOBOI 321031
Ta Oepe yuacTb y cuHTe3i i 0OMiHi XomiHy, BiTaminy B,, 1 pomnieBoi kucnory,
pa3oM i3 siKol0 3a0e3redye e(EeKTUBHILE BHUKOPUCTAHHS JIMITIB KOpMY
TBapuHaMmH. L[5 He3aMiHHa aMiHOKHMCIIOTA € BaXIIMBOIO JJIs POCTY, pereHeparii
Ta MOAUTY KIITHH, @ TakoX — Pa3oM i3 LUCTUHOM — BUCTYNAE€ OCHOBHHM
CTPYKTYPHUM KOMIIOHEHTOM KepaTHHY, HEOOXiHOTO 11l (JOpMYBaHHSI BOBHU
y OBellb Ta Mip’s y OTHII. 3a JaHUMHU HHU3KH JOCHITHHKIB, METa00NIi3M

¥ Suko P. B. Bruke MeTioHiHy Ha MOp(ONOriuHi 3MiHH IUTONOAIOHOI 3811031 11ypiB. EHOOKpUHO-
n02is. 2019. T. 24, Ne 1. C. 41-45.

0 Angpienko JI. M. BrumB pisHHX [pKepen METIOHIHY HA JKMBY Macy Ta NPUPOCTH MOJOIHSKY
KpoIiB. Aepapna nayka ma xapyoei mexnonoeii. 2019. T. 5, Ne 1. C. 112-120

51 Ostapyuk A. O., Gutyj B. V., Kozenko O. V., Dvyliuk I. V., Shcherbatyi A. R., Magrelo N. V.,
Martyshuk T. V., Klym H. V., Krempa N. Yu., Vus U. M., Vysotskyi A. O. The influence of milk
thistle, metifen and silimevit on the protein synthesis function of the liver of laying hens under
cadmium load. Scientific Messenger of Lviv National University of Veterinary Medicine and
Biotechnologies. Series: Veterinary Sciences. 2024. Vol. 26, No. 115. P. 57-63.

52 Auppienko JI. M. BB pisHHX Kepea METIOHIHY Ha KHBY Macy Ta MPUPOCTH MOJOTHSKY
KpouiB. Aepapna nayka ma xapuosi mexnonoeii. 2019. T. 5, Ne 1. C. 112-120.
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METiOHIHY TICHO IOB’s13aHHMH 13 OOMIHOM LIMHKY, III0 BKa3y€ Ha IXHIO B3aEMHY
y4acThb y Ipoliecax OiJIKOBOr0 CHHTE3Y Ta TPO(i4HOro 3a6e3meueHHs KITHH.

CyTTeBUM € Te, L0 METIOHIH HAaJEXWUTh IO JINOTPOIHUX CIIOJIYK,
SKI  3amo0iraloTb PO3BUTKY KHPOBOI JIUCTpodil NediHKU. 3aBAsKH
HasIBHOCTI METHJIbHUX T'pyIl, BiH Oepe ydacTb y cuHTe3i (ocdoniminis, ski
BUKOPUCTOBYIOTHCSI KIIITHHAMHU TI€YIHKW JUIS pereHepauii Ta BiJHOBJICHHS
CTPYKTYPHHUX KOMITOHEHTIB, a iX Ha/IMIIOK i3 TOKOM KPOBI TPaHCIOPTYETHCS
JI0 IHIIMX OpTaHiB i TKAHUH. METIOHIH TaKOX CTUMYJIIOE YTBOPEHHSI XOJIiHY,
0 y MO€AHAHHI 3 TpHaLMiInIineponamu ¢opMmye xoniHpocdaruam, sKi
3a0e3MeuyoTh BUBE/ICHHS JIIMTI/IIB 13 IEYiHKU B KPOB’SIHE PyCJI0, 3a100irarodn
HAKOITMYCHHIO KUPIB 1 pO3BUTKY remaroauctpodii** [119].

Pesynsraru nocmimpkennst P. B. SIHKo BKasyroTh, IO JI0ZIaTKOBE BBEICHHS
METIOHIHY y 1031 250 MI/KI' CTHMYJIIO€ CHHTETUYHY AKTHBHICTH IIHUTOMOIOHOT
3aJI03M, BHKJIMKAIOYM 3MEHILICHHS KOJOiMy, IOCHJICHHS CeKpelii TOpMOHIB
1 pereHepaTuBHHUX NpoleciB y napeHximi. Lle miarBepmkye, Mo MeTioHIH Moxe
BUKOPHCTOBYBATHCSI SIK METa0OJIIYHMI KOPEKTOP SHAOKPUHHOT (DYHKLIIT, CIIPUSIOUN
crabimizanii OOMIHHMX MpOLECIB 1 IJBUILECHHIO aJAlTUBHUX MOXIMBOCTEH
OpraHi3My TBapHH 3a JIil CTPECOBUX ab0 TOKCHYHUX YMHHHKIB [107].

Y KOMIUIEKCHOMY 3aCTOCYBaHHI CeJIeH, IUHK 1 METIOHIH MatOTh BUPAKEHHUH
CHHEpPriyHMH eQeKT, MiJACWIIOIUN aHTHOKCHIAHTHY CHCTEMY OpraHi3my,
3MEHIIIYIOYH TPOSIBH IHTOKCHKAIIN 1 CTHUMYJIOIOUM aJanTalliifHO-3aX¥CHI
peakuii. Ix noeananus 3 sitaminamu E Ta B, nouinsHe mis MeTaGomiuHO
KOpeKLii y TBapHH, siKi IepeOyBaloTh IiJ BIUIMBOM TOKCHKaHTIB (30Kpema
CoJlell BaKKMX METaliB), y NEpioad IHTEHCHBHOTO pOCTY, JaKTalii 4u
PENpONyKTUBHOI aKTUBHOCTI.

BUCHOBKHA

CyvacHi migxoau 1O IMiABHINEHHS PE3UCTEHTHOCTI OpraHi3My TBapHUH
repen0avaroTh BUKOPUCTAHHS aHTHOKCHUAAHTIB, BiTaMiHIB, MIKpOEJIEMEHTIB
i BiTaMiHOIMOAIOHMX PEYOBHH, IO HOPMAJI3YIOTh KIITHHHHHA MeETaboIi3M
1 MmiATpUMyIOTh (DYHKIIOHAJbHY aKTHBHICTb AHTHOKCHIAHTHOI CHCTEMH.
Cepen HuX ocoOmuBe 3HadeHHs MaloTh Bitaminu E, B, ceieH, LUHK,
METiOHIH 1 L-KapHiTHH, $Ki TPOSBISIOTH BHPaXKE€HI TIe€NaTONPOTEKTOPHI,
AQHTUOKCHJAHTHI, AHTUTINOKCHYHI Ta IMyHOMOJIYJIOBaJIbHI BJIACTHBOCTI.
Ix mnoenHade 3acTocyBaHHS CHOpHUse aKTHBALii [IyTaTiOHNEPOKCHAA3HOT
cucTeMH, crabinizauii KIITHHHUX MeMOpaH, 3amo0iraHHI0 HaKOIMYECHHIO

53 Kimak I. T. BupoGHuirBo i 3actocyBauHs npemikcis. Kuis : Ypoxait, 1995. 350 c.
3% Church D. C., Pond W. G. Basic animal nutrition and feeding. New York : John Wiley & Sons,
1998. 472 p.
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TOKCHMYHHUX METaOOJITIB, a TaKOX IMJBUINY€E CTIHKICThP TBapWH MO0 il
TEXHOT€HHUX (haKTOpiB.

OTxe, 3pOCTaHHS TEXHOTCHHOTO HAaBaHTAXXEHHsS Ha arpoeKOCHCTEMH
BUMarae po3poOJeHHs Ta BIPOBAPKCHHS KOMIUIEKCHUX Ol0XIMIYHUX
1 (bi310JIOTIYHUX METOJIB KOPEKLii, CIIPIMOBaHUX HA 3MEHILIEHHS! TOKCHYHOTO
BIUIMBY B2)XKKMX MeETaJiB. BHKOpHCTaHHS aHTHOKCHAAHTIB, MIKpOEIEMEHTIB
1 BITaMIHOMOMIOHMX CIIOJIYK € €(EeKTUBHUM HampsMOM MpOQiIaKTHKN
MeTaboJIiYHUX OPYLICHb 1 MATPUMaHHS TOME0CTa3y Y TBaprH, 3a0e31euyoun
30epeKeHHs] IXHBOTO 3I0POB’sl, MPOAYKTHBHOCTI Ta SIKOCTI TBapHHHHUIIBKOI
MPOAYKIII B yMOBaX aHTPOIIOT€HHOI'O THUCKY.

AHOTALIA

OOrpyHTOBaHO JOLIBHICTH KOMIIEKCHOTO 3aCTOCYBaHHS aHTHOKCH/IAHTIB,
BiTaMiHiB 1 METa0OJIIYHUX KOPEKTOPIB SIK €()eKTUBHOTO HANPSIMY MPOQLIAKTUKN
Ta KOPEKLIi TOKCHUKO-IHJyKOBaHHX IOPYIICHb. Y3arajibHEHO MAaHi 100
poni L-kapHiTHHY SIK METa0OJIiYHOrO KOPEKTOpa 3 aHTHOKCHIAHTHOIO,
AHTUCTPECOBOIO, MEMOPAHOIIPOTEKTOPHOIO Ta IMYHOMOIYJIIOBAJILHOIO Ji€l0;
po3KpuTo 3HaueHHd BitaMiHiB E 1 B, y miarpumansi Meraboniunoi piBHOBary,
KPOBOTBOPEHHS, (DYHKIIIOHAJIBHOTO CTaHy NMEYiHKM Ta IMyHHOI PEaKTHBHOCTI.
Oxpemy yBary MpHIICHO OIOJOTiIYHIIM oI CeleHy, IIMHKY Ta METIOHIHY SK
KJIFOYOBMX KOMIIOHEHTIB aHTHOKCHIAHTHOI CUCTEMH, KOopaKkTopiB (epMeHTIiB
3axucTy (DIyTaTiOHIEpPOKCHIa3a, CYNEpPOKCHIIMCMYTa3a) 1 peryisTopiB
JIETOKCUKaLiHHUX TpoueciB. [ligkpecineHo cHHepriYyHui eQeKT MmoeaHaHoro
BUKOPUCTaHHS 3a3HaYE€HUX HYTPIEHTIB 1 METaOONIYHUX KOPEKTOPIB y cXeMax
npodiJakTUKK Ta JIKyBaHHS, IO 3a0e3redye 3MILHEHHS IPUPOJHOT
PE3UCTCHTHOCTI, MiJBUINCHHS aJanTaliiHOrO MOTEHIaly Ta CTabiii3aliro
NPOAYKTHBHOCTI TBAPHH B YMOBAX TEXHOI'€HHOI'O HABAaHTAKCHHSI.
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CHAPTER 14

TEOPETUYHI OCHOBU CTBOPEHHA
rNaoPOreENEBUX CUCTEM 3 NONIPEHOJIAMU

Adyk H. M.
DOl https://doi.org/10.30525/978-9934-26-654-6-14

BCTYN

Po3po6ka 6i0aKTHBHHX TiJPOTENEBUX CHCTEM € OJHUM i3 MPIOPUTETHUX
HampsiMiB cy4yacHoi OiotexHomorii Ta OioimkeHepii, 30kpema y cdepi
JlepMartoiorii Ta pereHepaTruBHOI MenuIMHE. OCoONMBHUIl iHTEpEC BHUKIMKAE
BHUKOPUCTAHHSI IPUPOTHUX TT0JTi(PEHOIBLHUX CHONYK SIK aKTHBHIX KOMITOHEHTIB
TiporeniB 3aBASKM iX BHPaXEHHMM AHTHOKCHIAHTHHM, HPOTH3aNaIbHIM
Ta AHTHCENTHYHUM BJIACTHBOCTSAM. BoiHO4Yac NpakTH4HE 3acTOCYBAaHHS
noripeHoITiB 0OMEKYEThCS iX HECTAaOUIBHICTIO Ta HU3BKOIO O100CTYIHICTIO.
VY po3aini 3miHCHEHO aHalli3 CyYacHUX IMIAXOIB 10 CTBOPEHHS TiJPOTEsIEBUX
cucTeM 3 Momi()eHOoIaMH, 0XapaKTEpH30BAaHO OCHOBHI THUMH OiOMOTIMEPHHUX
MaTpHIb Ta MEXaHI3MH 010JIOT1YHOT i1 MOMipEeHONBHIX CHOMYK. Y3araabHEeHO
pe3yabTaTé  JTOCIIUKEHb €BPONEHCHKNX, aMEPHUKAaHCHKHX Ta YKpPaiHCHKUX
HayKOBHX MIKJ, 30KpeMa II0JI0 BHUKOPHCTAHHS aJbTiHATHHUX 1 XiTO3aHOBHX
rixporenis. [Toka3aHno repcrekTUBHICTH IHTETpaLlii MoJideHoMiB y Tiaporeiesi
cucTeMH 71l 610MeIMYHUX 1 IEpPMATOJIOTIYHNX 3aCTOCYBaHb.

CyvacHuil eTanm pO3BHTKY HayKH XapaKTEPHU3YETHCS aKTUBHHUM IIOIIYKOM
IHHOBaLlIfHUX MaTepiaiiB 1 TEXHOJOTIH, 3/1aTHUX 3a0e3MeunTH e(heKTHBHY Ta
Oe3reyHy JOCTaBKy OiOJOTIYHO AKTUBHHX PEYOBMH 1O TKaHWH OpPraHi3My.
Y 1npoMy KOHTEKCTI TiJporeyieBi CHCTEMH IIOCiIaloTh OCOONMBE MicIe
3aBASKM CBOiM TPUBHMIPHIN HOJIMEpHIH CTPYKTYpi, BUCOKOMY BMICTY BOAM
Ta 30aTHOCTI IMITyBaTH BIACTHBOCTI XHMBUX TKaHuH'. [iaporeni mmpoko
3aCTOCOBYIOThCSL Y (papmariii, OGioMequIMHI, KOCMETONOTIi Ta TKaHWHHIN
IKeHepii SK Marpuii Ui KOHTPOJILOBAHOTO BHBUIBHEHHS aKTHBHHUX
KOMITOHEHTIB.

OcoOmuBy yBary B OCTaHHI POKHM HPUAUIAIOTH OiOMONIMEpHHM Tinpo-
reJsiM Ha OCHOBI NPUPOJHMX ToJicaxapuaiB 1 OUIKIB, 30Kpema Harpii
aJIBriHaTy, XiTO3aHy, OakKTepiaJbHOI LENIONO03H, TiaJypOHOBOI KHCIOTH Ta

! Ahmed E. M. Hydrogel: Preparation, characterization, and applications: A review. Journal of
Advanced Research. 2015. Vol. 6, No. 2. P. 105-121. DOI: https://doi.org/10.1016/j.jare.2013.07.006
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xkenaruHy?. Taki Marepiain XapakTepU3yIThCS BHCOKOIO 0i0CYMiCHICTIO,
GionerpanabepHICTIO Ta HU3BKOIO TOKCHYHICTIO, 10 POOUTH iX TpHBaOINBUMU
JUIs. CTBOPEHHSI CHCTEM JIOKallbHOI 1ii. BomHowac 3acTocyBaHHs rifporenis
K HOCIIB OI0OaKTUBHHMX CIIOJYK IOTpeOye IIHOOKOTO TEOPETHYHOTO
OOIpYHTYBaHHs, 30KpeMa 3 TOYKH 30py B3aeMOAIl MOJIMEpHOI MarpHili
3 aKTUBHOIO PEYOBHMHOIO Ta HABKOJMIIHIM O10JIOTTYHHM CEPEIOBHUILIEM.

Cepex IIMPOKOTO CIIEKTpa 010JIOrYHO aKTHBHUX CIHOIYK 0COOIMBE Miclie
3aliMaoTh MONI(EHONN — BTOPUHHI METa0OJITH POCIMHHOIO IMOXOMKEHHS,
IO BKJIIOYAIOTh (PrIaBOHOINM, (DEHOJIBHI KHCIOTH, CTHIILOCHU Ta 1HIII KiIach
crnonyk. [TonieHonu Bigomi CBOIMH aHTHOKCUIAHTHUMH, ITPOTHU3AIIAIbHUMH,
aHTubakTepiasbHUMU Ta (oTo3axucHUMH BractuBocTsMu®’. Came mi
XapaKTEpPUCTUKU 3YMOBIIIOIOTH IHTEPEC 10 iX BHUKOPUCTAHHS Yy CKIaxi
JICPMATOJIOTIYHUX 1 KOCMETOJIOTIYHUX 3aco0iB, 30KpeMa s JIOIVIIIy 3a
poOJIEMHO0, MOMIKOXKEHOI0 a00 BIKOBOIO HIKIPOIO.

Pa3oMm i3 TUM IpaKkTHYHE 3aCTOCYBaHHS MOTi()EHOIB 0OMEXYETHCS HU3KOIO
(haxTopiB, cepern SIKMX — HECTAOUIBHICTD Y BOIHHMX CEPENOBHIIAX, YyTIHBICTh
JI0 CBITJIa Ta KHCHIO, @ TAKOK OOMEXeHA POHHUKHICTh Yepe3 MIKipHUi 0ap’ep.
BukopucTaHHs TipOresieBUX CHUCTEM SIK HOCIIB MOJNi()EHOMIB JT03BOJISIE
YacTKOBO a0O IOBHICTIO IOZOJATH 3a3HAYEHI HEJOJIIKM 338 PaxyHOK 3aXHCTY
AKTHBHHX MOJICKYII, TPOJIOHTOBAHOTO BUBIJILHEHHS Ta JIOKAJIbHOT [ii*.

HayxoBi mkonu €Bpomneticbkoro Coro3y ta CIIIA akTHBHO pPO3BUBAIOTh
HarpsM CTBOPEHHS TaK 3BaHUX «IHTENEKTyaJbHUX» TiAporeniB (smart
hydrogels), 3marHux pearyBatu Ha 3MiHH pH, Temmeparypu abo iHIIHX
30BHIIIHIX YHMHHHKIB. YKpaiHChKi JIOCIIJUKEHHS, 30KpeMa BHKOHaHi
B HamionansHoMy yHiBepcuteTi «JIbBIBChKa MOJIITEXHIKA», 30CEPEIKEHI Ha
po3pobiii pH-3a5ie)kKHUX 10HHO 3IIUTHX TiAPOTEIiB HA OCHOBI allbIiHATY Ta
xiTo3aHy i 6GiOMeTUYHUX 3aCTOCYBAHB .

MeTol0 1IOTO PO3ALTY € y3arajJibHEHHs Ta CHCTEMaTu3allis Cy4YacHHX
HAayKOBUX JJAHUX II0JJ0 TEOPETHYHUX OCHOB CTBOPEHHS TiIPOTEIICBHX CHCTEM
3 nonideHonamu, aHami3 ix (i3UKO-XIMIYHUX Ta O10JIOTTYHHMX BIACTHBOCTEH,

2 Calé E., Khutoryanskiy V. V. Biomedical applications of hydrogels: A review of patents and
commercial products. European Polymer Journal. 2015. Vol. 65. P. 252-267. DOI: https://doi.org/
10.1016/j.eurpolym;j.2014.11.024

3 Peppas N. A, Hilt, J. Z.; Khademhosseini, A.; Langer, R. Hydrogels in biology and medicine: From
molecular principles to bionanotechnology. Advanced Materials. 2006. Vol. 18, No. 11. P. 1345-1360.
DOTI: https://doi.org/10.1002/adma.200501612

* Hoffman A. S. Hydrogels for biomedical applications. Advanced Drug Delivery Reviews. 2012.
Vol. 64. P. 18-23. DOLI: https://doi.org/10.1016/j.addr.2012.09.010

5 Sannino A., Madaghiele M., Demitri C. Development and characterization of cellulose-based
hydrogels for biomedical applications. Journal of Applied Polymer Science. 2009. Vol. 114, No. 6.
P. 3662-3669. DOL: https://doi.org/10.1002/app.30956
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a TAKOXK BU3HAYCHHS TEPCICKTHB TOAAJBIIOTO PO3BUTKY NAHOTO HAIPSIMY
B 0i0TeXHOJIOTIT Ta Oi0iHKEHEPii.

1. AHani3 cyyacHUX TEHAEHL,i Y CTBOPEeHHi 6ioaKTUBHUX rigporenis
lNgporeni Ha cydacHOMy eTari po3BUTKY OioTexHOJIOTI Ta OioiHXKeHepil
pO3IVIANAIOTECS SIK OJMH 13 HaWOUIbII TEPCHEeKTHBHHUX KIaciB M’ SKUX
(GyHKIIOHAJTBHUX ~ MaTepiaiiB it OlOMEOUYHMX 1 JIepPMaToJIOTIYHUX
3acTOCYBaHb. IX yHiKaIbHICTh 3yMOBJIEHA TPUBHMIPHOIO MOMIMEPHOIO CITKOIO,
3[ATHOKD YTPUMYBATH 3HAYHY KUIBKICTH BOAM a00 OIOJOTIYHUX PiIUH, IO
3abe3reuye BUCOKY O10CYMICHICTB i MOAIOHICTD 10 MDKKIIITHHHOTO MaTpUKCy
XKHUBUX TKaHWH. Came IS BIaCTHUBICTh POOUTH TiJporesi NpuBaOIUBUMH LIS
BUKOPUCTAHHSI SIK HOCIIB 010JIOT1YHO aKTMBHHUX PEYOBHH.

OnHi€0 3 KIIOUOBHMX TEHACHIIH Cy4YacHUX JOCIIIDKEHb € Mepexia Bif
CHHTETHYHUX IOJIIMEPIB 10 Oi0MoIiMepiB MPUPOJHOTO MOXOMKEHHs. Takui
MiAX1M 3yMOBICHHH HEOOXiTHICTIO 3MEHIIEHHS TOKCHYHOCTI, IOKpaIleHHS
GionmerpanabenbHOCTI Ta MiHIMI3alii IMyHOJOTTYHHAX PEaKIii MPH KOHTAKTI
Marepiamy 3 OloNOTiYHMMH TKaHWHaMH. Jlo HaWOUIBII MOIIUPEHUX
GiomosnimMepiB, 10 BUKOPUCTOBYIOTHCS JUIsl CTBOPEHHS TiJpOTeiB, HaJleKaTh
HaTpii ajpriHart, XiTo3aH, KappariHad, OakTepiajbHa IeJI0JI03a, TiaTypoHOBa
KHCJIOTA Ta JKEJIATHH.

AJBriHaTHI TiIporelii IUPOKO 3aCTOCOBYIOTHCS 3aB/ASKU IIPOCTOTI (hOpMy-
BaHHS IUISIXOM IOHHOTO 3IIMBAHHS 3 JIBOBAJIEHTHUMH KaTiOHAMH, 30KpeMa
ioHaMH Kaubliiro. Taki CHCTEMH XapaKTepU3YIOThCsS M SKOI TEKCTYpOIO,
BHCOKOIO 3JaTHICTIO 10 HaOyxaHHsS Ta 3aJOBUIBHOI0 OlOCYMICHICTIO, IO
pOOMTH IX IPUIATHUMU JJIsL CTBOPEHHS JIEPMATOJIOTIYHUX IMaT4iB i PaHOBUX
MOKpHUTTIB. BoaHowyac XiTo3aHOBI Timporeni BHPI3HAIOTHCS HASBHICTIO
BJIACHOT aHTHOAKTepiaJIbHOI aKTHBHOCTI, IO CYTTEBO PO3IIMPIOE CIEKTP X
3aCTOCYBaHHS, 30KpeMa JJIsl IPOOJIEMHOI Ta MOIIKOKEHOT MIKIpH.

OxpeMy yBary B CyYaCHHX JOCHI/DKEHHSX NPUAUISIOTH TiIporeisM Ha
OCHOBI OakTepiajbHOI IIEJIFOJIO3U, SIKI JIEMOHCTPYIOTh BHCOKY MEXaHIuHY
MIIHICTb, MPO30PICTh 1 3AATHICTh LIUIBHO MPHJISTaTH IO MOBEPXHI HIKIpH,
CTBOPIOIOUM TaK 3BaHMH e(eKT «apyroi mkipu». Taki cHCTEMH aKTUBHO
JOCIIJDKYIOThCS B KpaiHax €Bpomnelicbkoro Corozy ta CIHIA sik muardopmu
JUISL TIPOJIOHTOBAaHOI JJOCTaBKM aKTHBHUX IHTPEMI€HTIB y KOCMETOJOrii Ta
perecHepaTUBHINA MEIUIUHI.

HactynmHuM BaykJIIMBHM HalpssMOM € PO3poOKa TaK 3BaHUX «IHTEJEKTY-
QIBHUX» a00 CTUMYJIOUYTIMBHX TinporerniB (smart hydrogels). Ili cucremu
3[IaTHI 3MIHIOBaTU CBOI (Di3MKO-XIMIUHI BIACTHBOCTI Y BiJIIIOBib HA 30BHIIIIHI
¢daxropu, Taki sk pH, Temmeparypa, ioHHa cuia abo (epMeHTaTHBHA
aKTHBHICTH cepenosuina. Hampuknan, pH-4yTiamBi rigporeni  MOXyTh

296



BUKOPUCTOBYBAaTHUCSl ISl LIBOBOTO BHBIUJIbHEHHS AaKTUBHUX PEYOBHH
y 30HaxX 3alajJeHHs], JI¢ CHOCTEePIracThCsl 3HMKEHHS KHCIOTHOCTI MIKIPHOTO
cepeoBHILa.

Y cydacHuX myOrikamisix [efaji 4YacTille aKLIEHTYeThCs yBara Ha
KOMOIHOBaHUX TiIpOTENIEBUX CHCTEMaX, IO IOEAHYIOTh JIEKUIbKA THIIIB
mojiMepiB  abo pi3HI MeXaHi3MH 3IIMBaHHS. TakWui MiOXi JO3BOJISE
ONTHMI3yBaTH MEXaHI4Hi, PEOJIOTIYHI Ta aJre3WBHI BIACTHBOCTI MaTepiaiy
6e3 Brpary Horo GionoriyHoi cymicHOCTI. 30KpeMa, MOE€AHAHHS T1aTypOHOBOT
KHCJIOTH 3 JKEJaTHHOM abo aJIbriHaTy 3 XiTo3aHOM 3abesrneuye OajaHc Mix
€JIACTUYHICTIO, MILHICTIO Ta 3/IaTHICTIO JI0 KOHTPOJILOBAHOI'O BHBIIBHEHHS
AKTUBHUX KOMITOHEHTiB’.

CyTT€BUM TpEHIIOM € TakoK (yHKIioHaIi3allist TigporeiiB 0i0J0riyHO
AKTHMBHUMHU CIIOJlyKaMH, cepell SKUX BaKJIMBE MiCle 3aliMaloTh aHTH-
OKCHJIaHTH, NenTuay, (epMeHTH Ta NpHUpoaHi mnojidenonu. I[HTerpaumis
TAKUX PEUYOBMH Yy TIOJNIMEPHY MAaTpPUIIO JIO3BOJISIE CTBOPIOBATH HE JIMIIIE
NacWBHI HOCI{, a # aKTWBHI TepameBTHYHI Ta KOCMETOJIOTiYHI CHCTEMH'.
VY 11b0OMy KOHTEKCTI TiIporelli po3nisaoThes sK IIar(opMu il CTBOPEHHS
MEPCOHATI30BaHUX 3aCO0IB JOISAAY 32 IIKIPOO 3 MPOJIOHTOBAHOIO JTIETO0.

VKpalHCBbKI HayKOBI JOCIHI/DKEHHS TaKOX JIEMOHCTPYIOTh aKTHBHHUI
PO3BUTOK 1IbOTO HarpsiMy. Poboty, BukoHaHi B HarionaisHOMY yHiBepcUTeTi
«JIpBiBChKaA ITOJITEXHIKa», IPUCBIYEHI CTBOPEHHIO pH-3aiexHUX rixporeniB
Ha OCHOBI aJIbTiHATY Ta XITO3aHy, MiATBEPXKYIOTh MOXKIIMBICTh PETYIIIOBAaHHS
iXHIX pEOJIOTIYHMX 1 TPAHCIIOPTHUX BIIACTHBOCTEH WLUISXOM BapilOBaHHS
ckiamy Ta yMoB 3muBaHHS®. lle CTBOpIOE mMepenyMOBH Ui MOAANBIIOL
iHTerpauii noxideHoNBHUX CIONYK Y TaKi CUCTEMH.

TakuM YHMHOM, aHaNi3 CyYaCHMX TEHACHLIH CBIIYHTH, IO PO3ZBUTOK
010aKTUBHHMX TipOTeNliB  BiOyBAa€Tbcsi B  HampsiMi  IIJBUINEHHS IX
0iocyMicHOCTI, (PYHKI[IOHABHOCTI Ta aJaNTUBHOCTI JIO YMOB OiOJIOTIYHOTO
cepenoBuma. CaMe i MiAXOQM CTBOPIOIOTH TEOPETHYHE MIAIPYHTS JUIs
PO3pOOKH TiIporeneBUX CHUCTEM 3 moiideHonamMu, 34aTHUX IO€AHYBaTH
3aXHCHY, TEPANEBTUYHY Ta KOCMETOJIOTIUHY JifO0.

¢ Savka M. Z., Babin Ya. O., Kohut H. P. pH-sensitive hydrogels based on sodium alginate and
chitosan. Chemistry, Technology and Application of Substances. 2017. Vol. 63. P. 63-70.

7 Manach C., Scalbert A., Morand C., Rémésy C., Jiménez L. Polyphenols: food sources and
bioavailability. The American Journal of Clinical Nutrition. 2004. Vol. 79, No. 5. P. 727-747.
DOI: https://doi.org/10.1093/ajen/79.5.727

8 Pérez-Jiménez J., Neveu V., Vos F., Scalbert A. Identification of the 100 richest dietary sources
of polyphenols. European Journal of Clinical Nutrition. 2010. Vol. 64 (Suppl. 3). P. S112-S120.
DOT: https://doi.org/10.1038/ejcn.2010.221
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2. MpupoaHi nonidbeHoNnbHI cnonyku: Knacudikalis, BAacTUBOCTI,
6ios10riYHa aKTUBHICTb Ta MeTOAU OAEepXKaHHS

[omieHONBHI CHONMYKH SIBISIOTE COOOI0 BEIMKY Ta CTPYKTYPHO
pI3HOMaHITHY Tpyly BTOPHHHHX METa0ONITIB POCIMHHOTO MOXOMKECHHS,
[I0 BiJirparOTh BAXIMBY pPOJb Y 3aXHCHUX MEXaHi3Max pOCIHH Ta
BOIHOYAC IEMOHCTPYIOTH BHCOKY OiOJIOTIYHY aKTHBHICTH y BIJHOIIEHHI IO
OpraHi3My IIFONWHHU. Y CydacHii 0i0TeXHOJOTil Momi(eHOIN po3nIAIar0ThCs
SK TICPCIEeKTUBHI  OlOaKTHBHI  IHTpemi€eHTH Uid  (papMaleBTUIHHX,
KOCMETOJIOTIYHUX 1 AePMAaTOJIOTIYHHX 3aCTOCYBaHb.

3 XiMIYHOI TOYKH 30py MONI(EHONN XapaKTepPU3YIOTHCS HAsBHICTIO OIMHi€T
a00 MEeKUTPKOX (DEHONBPHUX TPYN y CTPYKTYpi MOICKYIH, IO 3yMOBIIOE iX
AHTHOKCHIAHTHI BITACTUBOCTI. 3aJICXKHO BiJl XIMIYHOI OyZTOBH Ta 610CHHTETUIHOTO
TTOXOIDKEHHS TOMi()EeHONBHI CIIONYKH TONUISIOTh HA KUThKa OCHOBHHX KJIAcCiB:
(eHONBHI KUCIOTH, (MIABOHOINM, CTHIBOCHM, JITHAHW Ta TaHIHM. HaiOuremn
JOCITIKEHAMH 3 TOYKH 30py OIONOTiYHOI aKTHBHOCTI € (pIaBOHOIMH, O SKUX
HaJIS)KATh KBEPLETHH, KaTEXiHU, PYTHH Ta eMirajJoKareXiH-raar.

DeHOMBHI KUCIOTH, 30KpeMa KaBoBa, (hepylioBa Ta rajoBa KUCIIOTH, IIHPOKO
TPENCTABICHI Yy POCIMHHIA CHPOBHHI Ta XapaKTePH3YIOThCS BUPKCHUMH
AHTHOKCHIAQHTHUMH 1 IPOTH3ANTATIEHIMH BIACTHBOCTAMU. CTUIEOCHH, TPEACTABICH]
HacaMIIepe]l PECBEpaTpoioM, MPHUBEPTAIOTh 3HAYHY YBary MOCIITHUKIB 3aBISKH
iXHI 30aTHOCTI MOIY/TIOBATH KITITWHHI CHTHAIBHI NULIXM Ta 3HIDKYBATH PIBEHD
OKCHZIaTHBHOTO cTpecy. JIirHaHM Ta TaHIHM TaKOX JEMOHCTPYIOTH OiOJNIOTiYHY
AKTHBHICTB, MPOTE iX BUKOPUCTAHHSA y CKIAI TiOPOTEIIEBHX CHCTEM IIOTpelye
JIOIATKOBOTO BHBYCHHS Yepe3 CKJIaIHICTh KOHTPOJIFO BUBUTBHECHHS.

Biomoriuna akTUBHICTH TOMiEeHOTIB 3yMOBIIEHa HacaMIepen iX 3aar-
HICTIO HEWTpami3yBaTH BiIbHI paJWKaIH, XCIAaTyBaTH I10HM MeETaliB Ta
iHTiOyBaTH (hepMEHTATUBHI MPOIECH, MOB’sI3aHI i3 3aMaliCHHAM 1 CTapiHHAM
mKipA. Y IepMaToNIOTI9HUX JOCHTIHKEHHIX MOi()eHOMH TTOKa3aiH 34aTHICTh
3MEHILYBaTH EPUTEMY, 3HI)KYBAaTH TpaHCEMiJepMalbHy BTPaTy BOJIOTH Ta
MTOKpaIIyBatu 0ap’epHi yHKIIT MKipH.

BaknMBHM acreKTOM BUKOPHCTAHHS MOMI(EHONIB € METOH iX OfepIKaHHS.
Tpamgunifino momideHonbHI  CHOMYKM OTPHMYIOTh [UIIXOM — €KCTpPaKmii
3 POCIIMHHOI CHPOBHMHH 3 BUKOPUCTAHHIM OpPTraHIYHUX PO3YMHHHKIB 00 BOTHO-
CIIAPTOBUX CHUCTEM. Y CyYacHHX JOCIHIDKEHHSX BCE OLIBIIOI HOMYISIPHOCTI
HaOyBarOTh «3€JICH» TEXHOJOTII eKCTPAaKIIil, 30KpeMa HAJKPUTHYHA (IFOiTHA
eKCTPAKIisl, YIbTPa3ByKoBa Ta MIKPOXBHIJIBOBA EKCTPAKLis, IO JO3BOJSIOTH
T IBUIMTH BHXiJT TIOTi(EHOIB i 3MEHIITMTH HETAaTHBHUN BIUTMB Ha JOBKILISL.

° Middleton E., Kandaswami C., Theoharides T. C. The effects of plant flavonoids on mammalian
cells. Pharmacological Reviews. 2000. Vol. 52, No. 4. P. 673-751.
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Oxpemuii HarpsM CTAHOBJISITH OIOTEXHOJIOTIYHI METOAM OTPHMAaHHS I10JIi-
(heHOITIB 13 BUKOPHCTAHHSAM MIKPOOPTaHI3MIiB Ta KIITHHHHUX KYJIBTYp POCIIHH.
Taki migxomu 3a0e3MEYyrOTh BiATBOPIOBAHICTH CKJIAAY Ta BHCOKY YHCTOTY
KIHIIEBOTO TPOIYKTY, IO € BAXKJIMUBUM JUIsl CTBOPEHHS CTaH/IapTU30BaHUX
rigporesnesux cuctem'’. IIpoTe BUCOKa BAPTICTh i CKIAMHICTh MacuITabyBaHHs
TIOKH 110 OOMEXXYIOTh HIMPOKE TIPOMHUCIIOBE BIIPOBADKEHHS IIMX METOJIB.

Hes3Bakaroun Ha 3Ha4YHUI IMOTeHWian MONI(EHONIB, iX NpakTH4HE
3aCTOCYBaHHS Yy CKJIaJi KOCMETOJIOTIYHUX 1 JIEPMATOJIOTIYHUX 3ac00iB
YCKJIATHIOETHCSI HU3BKOIO CTa0UIBHICTIO, ()OTOUYTIMBICTIO Ta CXWIBHICTIO JIO
okucHenHns"'. Came 1i 0OME)eHHs OOIPYHTOBYIOTH JOLIBHICTD iHTErparii
nomieHOILHUX CIIOJNIYK Y TiJporejieBi MarpHuIl, 3[aTHI 3aXWIIaTH aKTHBHI
KOMITOHEHTH Ta 3a0e3revyyBarH X KOHTPOJIbOBAHE BUBLUILHEHHS.

3. MexaHi3MM aHTUCENTUYHOI, aHTUOKCUAAHTHOI
Ta npoTusanasbHoi Aii nonidpeHonis

[MTonideHONBHI ~ CHONYKH  XapaKTepU3YIOTHCS  IIMPOKAM  CIEKTPOM
610JI0T1YHOT aKTMBHOCTI, 1[0 3yMOBJIIOE iX IHTEHCUBHE BUBYEHHS Y KOHTEKCTI
OloMeaNYHUX Ta JePMaTOJIOT YHNX 3aCTOCYBaHb. OCOOIMBY yBary NpUAUIsSIOTh
AQHTUCENITUYHUM, aHTHOKCHUJAHTHUM 1 TNPOTH3aNaJbHUM MeXaHi3MaMm Jii
nomieHoiB, AKi € KIIOYOBHUMHU JUIS MIATPUMaHHS IOMEOocTa3y WIKIpH Ta
npodiJaKTUKK 3aranbHUX i JereHepaTUBHUX IPOILECIB.

AHTHOKCH/IaHTHA i TNOMi()EHONIIB TPYHTYEThCSI HacamIiepex Ha IX
3MaTHOCTI IHAKTHBYBATH aKTUBHI (JOPMH KHCHIO Ta a30Ty IIUIIXOM JOHOPCTBA
€JIEKTPOHIB 200 aroMiB BoAHIO. DEHONBHI TJIPOKCHIIBHI TPYIH CTabili3yoTh
BUTBbHI paJiMKaIy, IIepeprBatoyH JIAHIIOTOBI PeaKIlii IEPOKCHIHOTO OKHCHEHHS
JNiiB KITHHHUX MeMOpaH. /laHuii MeXaHi3M € OCOOJHMBO BaXKJIMBUM IS
IIKIpH, sIKa TOCTIHHO 3a3HA€ BIUIMBY YJIBTPaQioleTOBOrO BUIIPOMIHIOBaHHS
Ta 3a0pyJHIOBANIBEHUX (DAKTOPIB JOBKLLIAL.

OkxpiM TOPsAMOTo pagvKajiI-NONINHAIYOro e(eKTy, HoNMieHOIN 3IaTHi
MOJYJIIOBAaTH AKTHBHICTh AHTHOKCHJIAQHTHHX (EPMEHTIB, TaKHX SK CyIlep-
OKCHJUCMYyTa3a, KaTajaza Ta DIyTaTiOHIepokcuaasa. JloBeneHo, 10 pec-
BEpaTpoJI i pyTUH CTUMYJIIOIOTh €HJOI'€HHI aHTHOKCH/IAaHTHI CUCTEMH KIIITHH,
3HW)KYIOYH DIBEHb OKCHAATHBHOTO CTpECy Ta YIOBUIBHIOIOUM IPOLECH
(oTocTapiHHs HIKIpH.

1% Pandey K. B., Rizvi S. I. Plant polyphenols as dietary antioxidants in human health and disease.
Oxidative Medicine and Cellular Longevity. 2009. Article ID 897484. DOI: 10.4161/0xim.2.5.9498

" Guedes B. N., Andreani T., Oliveira M. B. P. P,, Fathi F., Souto E. B. Eco-Friendly Hydrogels
Loading Polyphenols-Composed Biomimetic Micelles for Topical Administration of Resveratrol and
Rutin. Biomimetics. 2025. Vol. 10 (1). P. 8. DOI: https://doi.org/10.3390/biomimetics 10010008
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AHTHCenTHYHA Jisl MOJiQEHONBHUX CHOJMYK IOB’s3aHa 3 IX 3[aTHICTIO
BIUIMBATH HAa KIITHHHI MEMOpaHM MiIKpOOPTaHi3MiB, MOPYIIYIOUH IX TIPO-
HUKHICTh Ta iHriOylOuM aKTUBHICTH (PEpPMEHTIB, HEOOXIIHHX JUIl POCTy Ta
perutikarii. dnaBoHoinu Ta (EHOJIBHI KUCIOTH ICMOHCTPYIOTh OaKTepio-
CTaTH4HYy 1 OaKTepULUIHY AKTHUBHICTb IIOJ0 IPAMIIO3UTUBHHX 1 rpaMHera-
TUBHUX OakTepiif, a TakoX NpoturpuOkoBy airo. lle poOute nomidenonn
MEPCIIEKTUBHUMH ~ KOMIIOHEHTaMH TONIYHMX 3aco0iB Juisi JOIsny 3a
IpoOIEMHOI0 Ta 3aMalIbHO0 LIKIPOIO.

[IpoTu3ananbpHi  BIACTUBOCTI  MOJI(CHONIB  PEai3ylOThCA  4Yepe3
iHriOyBaHHS KJIIOYOBMX CUTHAJBHMUX NUIAXIB 3anajieHHs, 3okpema NF-«kB
ta MAPK. IlonideHOoNbHI CHONYKH 3[aTHI 3HWKYBAaTH EKCIIPECII0 MpO-
3anaJbHUX IUTOKIHIB, TaKMX K IHTepielkiH-1P, iHTepinelkiH-6 Ta dakTop
HEKpO3y NyXJHH 0, IO CIpUSE 3MEHIICHHIO JIOKAIBFHOTO 3arajeHHS.
B excriepuMeHTaNbHUX MOAENAX Oy/o MMOKa3aHo, L0 PYTHH Ta PecBeparpol
e(eKTUBHO 3MEHIIYIOTh HAOpSK 1 TOYEPBOHIHHS TKAHWUH IIPU MIiCLEBOMY
3aCTOCYBaHHI.

BaxnuBoro mepeparoro monieHoiB € X KOMIUIGKCHHH MeXaHi3Mm Iii,
110 MO€/IHY€E aHTUOKCUIAHTHHUH, aHTUCENTUYHUN 1 IPOTH3aNaIbHUN eexTH.
Taka OaraToQyHKLIIOHANBHICT IO3BOJSE pPO3NISAATH MNOMieHoNn SK
QIBTEPHATUBY CUHTETHYHUM aKTHBHUM DPEUOBHMHAM, SIKI 4acTO BUKIJIMKAIOTh
noipa3HeHHs a00 MoOiyHI peakiii mpyu TPUBAIOMY 3aCTOCYBaHHI.

Pazom i3 TuM edexTHBHICTH mONiIEHONIB 3HAYHOIO MIPOIO 3aJEKHUTh
BiJ ix crabuipHOCTI Ta GiomoctynHocTi. [Ipy npsiMOMy HaHeceHHI Ha HIKipy
aKTHBHI CIIOJIYKH MOXYTbh IIBHJIKO JIETpaJyBaTH Iijl BIUIMBOM CBIiT/JIa, KUCHIO
ta ¢pepmenTis'?. Came TOMY BKIIOUCHHSI MOTi()EHONIB y TiAPOreseBi CHCTEMH
O3 AAETCA SIK MEPCHEKTUBHUN MiAXiA 0 MiABHIIEHHS iX TeparneBTUYHO]
e(heKTHUBHOCTI Ta MPOJIOHT AT Jii.

4. MNMepcneKTUBM BUKOPUCTaHHA noJiibeHoiB y CKAagi rigporenesmx
cuctem ans 6iomeanyHUX i AepmMaTosIoriYyHMX 3acTocyBaHb

CyvacHi TeHIEHLII pPO3BUTKY OIOMEAMYHUX MarepiajiB CIPSIMOBaHI
Ha CTBOPECHHS (YHKLIOHAIBHUX CHCTEM JIOKaJbHOI Jii, SKI TOETHYIOTH
010CyMICHICTb, KOHTpPOJBbOBaHE BHBUIBHEHHS AaKTUBHHX pEUYOBHH Ta
MiHIMi3alil0 MO0IYHUX edeKTiB. Y IIbOMy KOHTEKCTI TiJpOresieBi CHCTEMHU
3 IHKalCyJbOBaHUMH NOMI(EHONAaMH pO3IISAAIOTECS K IEepPCIIeKTHBHA
ruiardopma Ut TOIIYHOIO 3aCTOCYBaHHS Y JIepMaTolorii, KocMeTonorii Ta
perecHepaTUBHINA MEIUIUHI.

12 Tian R., Wen Y., Zhang Z. et al. Recent advances in smart hydrogels derived from polysaccharides
andtheir applications for wound dressing and healing. DOI: 10.1016/j.biomaterials.2025.123134
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ligporenmi 3aBosgKy CBOIM TPUBHMMIpHIM TONIMEpHIA ciTmi 31arHi
YTPUMYBAaTH 3Ha4HY KUIBKICTb BOIH, 1110 3a0e31euye KoM(popT MpH HAHECEHH,
3BOJIO)KEHHS TKaHWH Ta CIPHUATINBE MIKPOCEPEIOBHUINE /sl BiJHOBICHHS
mwkipu. [loeqHaHHsa rigporeneBoi MaTpuli 3 MOJMIQEHOJIBHUMH CIIOITYKaMu
JTO3BOJISIE HE JIMINE 3aXUCTUTH OI0AKTUBHI MOJICKYIHM BiJ Jerpanarfii, aie
i 3a0€3MeYnTy iX MPOJIOHIOBaHE Ta KOHTPOJIbOBAHE BUBLILHEHHS.

Oco0nuBy yBary B Cy4acHHMX JOCIHIPKEHHSIX MPHIUISIOTH BUKOPHCTAHHIO
NPUPOIHUX Ta OIOPO3KIAJAHUX IOJTIMEpiB, 30KpeMa ajbliHaTIB, XiTO3aHY,
riaJlypoHOBOI KHCJIOTH Ta JKeNaruHy. Taki Marepianu JeMOHCTPYIOTh BUCOKY
010CYMICHICTD 1 3AaTHICTh JO B3a€MOIii 3 OIOJOTIYHUMH TKaHUHAMH, IO
€ KPUTHUYHO BaXKJIMBUM JUISl JIEPMAaToJOTIYHMX arulikalii. BrxiroueHHs
nomieHoIIiB y NoAiOHI CHCTEMH CIIPHSE TIOCUIICHHIO X aHTHOKCHIAHTHUX Ta
NpOTHU3aMaNbHUX BIACTHBOCTEIT .

Y nmepmaronoriuHii IMpakTHLi TigporeieBi mardyi 3 moJideHoIaMu
PO3IISLIAIOTECS K €(EeKTUBHI 3acO0M ISl JODNSAY 3a LIKIPOIO, CXMIIBHOIO
JI0 3amalieHHs, rineprirMeHrauii ta Qorocrapinus. PecBeparpoin, pyTuH,
KBEpLUETHH Ta KarexXiHM 3[aTHi 3MEHIIYBaTW OKCHJATUBHHUH CTpec,
MOKPAIIyBaTH MIKPOLMPKYJISIII0 Ta CHOPUSATH BiAHOBJICHHIO Oap’epHOT
¢byHKLIT enigepMicy.

[TepcrieKTHBHUM HAIIPSIMOM € TAKOXK BUKOPUCTAHHS 010MIMETHYHUX CUCTEM
JIOCTaBKH, 30KpeMa MiKeJd Ta HaHOCTPYKTYpOBaHUX HOCIiB, IHTErpOBaHUX
y rigporeneBy Marpuilto. Taki KOMOIHOBaHI CUCTEMH JIO3BOJISIOTh ITiBUIUTH
CTaOUIBHICTh TOJNI(EHOMIB, ONTHMI3yBaTH iX PO3MOALT y Tiaporem Ta
3a0e3Me4nTH TapreToBaHe BUBUILHEHHS aKTHBHUX KOMITOHEHTIB. Jlanuii miaxin
BIZIKpUBA€ HOBI MOJMJIMBOCTI JUIS CTBOPEHHSI BUCOKOE(EKTUBHHMX TOIIYHUX
(hopM 3 IPOrHO30BaHUMH (PAPMAKOKIHETUUHHMH XapaKTEPHCTHKAMH.

BoaHouac 3anuinaeTscsi HU3Ka HAYKOBUX 1 TEXHOJIOTIYHHMX BHKIIHKIB,
NOB’SI3aHUX 31 CTaHAApTHU3AlLi€l0 CKIaay TiJpOreJeBUX CHCTEM, BiATBO-
proBaHICTIO 1X  (i3MKO-XIMIYHMX BIIACTUBOCTEH Ta MacIUTaOyBaHHIM
BupoOHHLITBAa. Oco0MMBOT yBarn norpelye MuTaHHs 30epekeHHs 010JI0TTYHOT
aKTMBHOCTI moJideHodiB y mnpoueci (GOpMyBaHHS TiApOreniB Ta MpU
TpHUBAJIOMY 30epiraHHi TOTOBHX HPOAYKTIB.

OcraHHI JOCHIPKEHHSI CBiUaTh NMPO CTPIMKMHA DPO3BHTOK aJalTHBHHX
i OaratoyHKIIOHAJBHUX TiIPOTENIeBUX CHUCTEM, MPH3HAYCHUX  JUIS
OloMenMYHUX 1 JepMaToOJIOTiUYHMX 3acTocyBaHb. OcoONHMBY yBary IpH-
JIUISIOTH TiAporensM, (yHKIIOHaTi30BAHUM aHTHOKCHJAHTAaMH Ta NPUPO.-
HUMH TIONI(EHONbHUMH  CHOJIyKaMH, sIKi 3a0e3NedyyloTh IO€JIHaHHS

13 Savka M. Z., Babin Ya. O., Kohut H. P. pH-sensitive hydrogels based on sodium alginate and
chitosan. Chemistry, Technology and Application of Substances. 2017. Vol. 63. P. 63-70.
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MIPOTH3aNaibHOi, AHTUCENTHYHOI Ta pereHeparuBHOi aii. I[TokazaHo, miO
iHTerpauiss noni)eHoNmiB y OlOMIMETHYHI Ta CTHUMYJIOYYTIHMBI TifporeseBi
MaTpUI[l CHOpPUSE MiIBUIICHHIO CTAa0UILHOCTI Oi0AKTHMBHUX KOMIIOHCHTIB,
onTHMi3alii X KOHTPOJHOBAaHOIO BHMBUIBHEHHS Ta IMOKPALICHHIO MPOLECIB
3arO€HHS TKAaHUH'".

Takum 4MHOM, pe3yNbTaTH Cy4acHUX JOCIIKEHb CBiAYaTh PO 3HAYHUH
MOTEHLiaJl BUKOPUCTAHHS MOMi(EHOIIB Yy CKIaJl TiJpOreJeBUX CHCTEM JUIs
OloMeMYHUX 1 JIepMAaTOJIOTIYHMX 3acTOCyBaHb. KOMIUIEKCHE MO€IHAHHS
0loCyMiCHUX MOJNIMEpPIiB Ta MPUPOJHHUX OIOAKTUBHUX CIIOJIYK CTBOPIOE
HayKOBE IATPYHTS MJIsl pPO3POOKH I1HHOBAIIHUX TiIpOTeNieBUX MardiB
3 MOKpaleHUMH (YHKIIOHAJIBHUMHU BIACTUBOCTAMH, IIO OOIPYHTOBYE
JOLUIBHICTh MOAAJBLUIMX TEOPETHYHHUX 1 EKCIEPUMEHTAIBHHUX JOCHiPKeHb
y maHoMy HampsiMi'’.

BUCHOBKHA

[IpoBenenmii aHani3 Cy4acHMX HAayKOBHX JDKEpET JI03BOJISIE 3POOHTH
BHCHOBOK, IO TiJpOTeJieBl CHCTEMH € OJHIEI0 3 HaHOIIbII MEePCIIEKTHBHUX
atropM Ut JIOKIBHOT JOCTaBKM OlOAaKTHBHHX CIIONYK Yy OiOMEIMYHHX
i JlepMaToNoriuHM 3acTOCYBaHHAX. IX TpUBMMipHA MONiMepHA CTPYKTYpa,
BHCOKAa BOJOYTPUMYBajbHAa 3JaTHICTh Ta MOXJIMBICTH Mommikarii
(i3UKO-XIMIYHUX BJIACTUBOCTEH 3a0€3MeuyloTh ONTHMAJIBHI YMOBH JUIS
IIPOJIOHTOBAHOTO BUBIJIbHEHHSI aKTUBHUX PEYOBHUH 1 B3aeMOI1 3 Oi010riYHUMH
TKaHWHAaMH.

VY pesynerari aHamizy Cy4YacHUX TEHJCHIIH CTBOPEHHS O0l0aKTUBHHX
TiporesiB BCTAHOBJICHO, 1110 OCHOBHHUN HAayKOBHUIl IHTEpEC 30CEPEIKEHUI Ha
BUKOPUCTaHHI OiOIOIiMepiB MPUPOJHOTO MOXOMKEHHS, 30KpeMa ajblriHaTiB,
XiTO3aHy, TiaJlypOHOBOi KHCIIOTH, >KEJIATUHY Ta OakKTepiabHOI LEJIOJIO3H.
3a3HavyeHI MaTepiaal XapaKTePU3YIOTHCS BHCOKOI 010CYMICHICTIO, HU3BKOIO
TOKCHYHICTIO Ta 3AaTHICTIO 10 (OpPMYyBaHHS CTaOUIBHHX TiIpOTesIeBUX
MarpHlb 3 KEPOBAHUMHU MEXaHIYHUMH W PEOJIOTTYHHMH BIIACTUBOCTSIMH.

AHani3 jiTepaTypHHX IaHUX LION0 HPUPOAHUX IOJI(QEHOIBHUX CIOIYK
MOKa3aB, IO BOHM € OJHI€I0 3 HAWOUIBII OIlOJIOTIYHO aKTHBHUX TPyl
BTOPUHHUX METa0OJIITIB POCIMHHOTO 1OX0opkeHHs. [Toidenonu nposBisiors
BUpaXEHY aHTHOKCHIAHTHY, IPOTH3aNaIbHY Ta aHTUCENTHYHY aKTHBHICTb,

4 Yuhui Li, Guoyou Huang, Xiaohui Zhang, Baoqgiang Li, Yongmei Chen, TingliLu, Tian Jian Lu,
Feng Xu. Magnetic hydrogels and their potential biomedical applications. Adv Funct Mater. 2013.
Vol. 23 (6). P. 660—672. DOL: https://doi.org/10.1002/adfm.201201708

15 WangW., Dail., HuangY., LiX., Yang J., Zheng Y., Shi X. Extracellular matrix mimicking dynamic
interpenetrating network hydrogel for skin tissue engineering. Chem. Eng. J. 2023. Vol. 457,
Article 141362. DOI: https://doi.org/10.1016/j.cej.2023.141362
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mo OOyMOBIIOE IX HIMPOKMI NOTEHIa] y JAepMaroliorii, KOCMeToJoril
Ta pereHeparuBHIM MeaunuHi. BonHowac iX mNpakTHYHE 3aCTOCYBaHHS
OOMEXYETbCSI HU3BKOIO CTAa0UIBHICTIO, YYTIMBICTIO /O OKHUCHEHHS Ta
00MEKEHOI0 010JJOCTYITHICTIO.

Y po3nmini mokasaHo, WO IHKOpIOpauis moiideHoniB y rixporenesi
CHCTEMH JI03BOJISIE CYTTEBO MiHIMi3yBaTH 3a3Ha4deHi oOMeskeHHs. ['inporenesa
MaTpulsl BAKOHY€E 3aXUCHY (YHKII0, CTa0LIi3yloun 010aKTHBHI MOJIEKY/IH Ta
3a0e3reuyroun iX KOHTPOJbOBaHE BUBUIBHEHHS Y 30HI arutikauii. Oco0nnBo
MEepPCIIEKTUBHUMH € KOMOIHOBaHI CUCTEMH, Y SIKUX TOJII(EHOIH MOIEPEIHbO
IHKAIICYJIIOIOTECSL Y MIKEJISIpHI a00 HaHOCTPYKTYpOBaHI HOCII 3 MOAAJIBIIO0
IHTETPALIEI0 Y TiPOreb.

[MpoanamizoBaHi MeXaHI3MM  AHTHCENTHYHOI, AHTHOKCHIAHTHOI Ta
NpOoTH3aNaNbHOI Aii Moni)eHOoiB CBiAYaTh NPO iX KOMIUIEKCHUH BIUIMB Ha
KITITHHHOMY Ta MOJIEKYJIIPHOMY PiBHSIX, 30KpeMa 4epe3 HeWTpalti3anito BUIbHUX
paJMKalliB, MOMYJISILIIIO 3aJIbHUX CHTHAIBHHUX LUISAXIB 1 NPUTHIYEHHS POCTY
NaTOreHHUX MikpoopraHi3miB. Lle miaTBepKye AOULIBHICTH BHUKOPHUCTAHHS
NoMi(EHONBPHUX CIOAYK Y CKJIaii TiApOTeNieBUX CHCTEM Ui JONISLy 3a
HIKIPOIO Ta JIIKYBaHHs IMOBEPXHEBUX ypaXKeHb.

TakuMm 4MHOM, JIITEpaTYpHUH OIS MIATBEPIUKYE HAYKOBY Ta MPAKTHYHY
OOI'PYHTOBAHICTb MOEAHAHHS TiJAPOTEIEBUX MATPHLb 1 MOJI(QEHOMIB y CKIati
010aKTUBHHUX CHCTEM JIOKaJbHOI aii. OTpuMaHi y3arajJbHEHHS CTBOPIOIOTH
TEOpEeTHYHE MiAIPYHTS JUIS HONAIBIINX EKCHEPHUMEHTAJIbHUX JOCIiKEHb,
CIpPSIMOBAaHMX Ha pPO3pOOKYy Ta ONTHMI3AIlI0 TiIPOTENIEBUX CHCTEM
3 noni)eHoNIaMH, 110 1 BU3HAYAE aKTyaJbHICTh Ta JIOTIKY IMOJAJbIINX €TalliB
JUcepTaliiHoi podoTH.

AHOTALIA

Y pozmini y3araJdbHEHO CydYacHi TEOPETHYHI MIIXOAM A0 CTBOPECHHS
TiZporeNieBUX CUCTEM 3 IMojdipeHoNamMu SK NEepCIeKTHBHUX O10aKTHMBHUX
MarepialiB A OlOMEIUYHHMX 1 JEepMaToNOriYHUX 3acToCcyBaHb. [Ipoanaii-
30BaHO OCHOBHI TEHJEHLII PO3BHUTKY TiIpOreiliB Ha OCHOBI NPHPOIHHUX Ta
CHUHTETHYHHUX IOJIMEpIiB, O 3a0e3MeuyroTh 0I0CYMICHICTh, KOHTPOJIbOBaHE
BUBUILHEHHSI aKTUBHUX PEYOBHMH 1 aJanTUBHI (Di3MKO-XIMiYHI BIACTHBOCTI.
Po3msiHyTOo  Kiacudikalio MOMi(EHOIBHUX CIONYK, IiX (i3UKO-XiMidHi
XapaKTEepPUCTUKH, OI0JOTIYHY aKTHUBHICTh Ta Cy4acHI METOAM OJCpKaHHS
3 pociuHHOi cupoBHHH. OcoOnmBy yBary MpHAUIEHO MeXaHi3MaM
AQHTUOKCHJIAaHTHOI, aHTHCENTHUYHOI Ta MpoTh3amaibHoi Aii moxideHonis,
10 3YMOBJIIOIOTH 1X BHCOKY €(EKTHUBHICTh y CKJIaJi TiApOreieBUX HOCIiB.
ITpoanaiizoBaHO HayKOBI J1aHi €BPOIEHCHKNX, aMEPUKAHCHKUX Ta YKPATHCHKUX
JOCII/DKEHb IOA0 IHKamcymsnii moiideHomiB y TigporesieBi MaTpuIil.
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[TokazaHo mepeBard BUKOPUCTAHHS TiJPOTEJIEBUX CHCTEM MJIsl IMiJBUINEHHS
crabinmpHOCTI Ta OGiomoctynHOcTi nomideHONbHUX croiayK. OOrpyHTOBaHO
MIEPCIIEKTHUBHICTh 3aCTOCYBAaHHS TAKUX CHCTEM Yy KOCMETOJIOTIi, AepMaToIorii
Ta pereHeparuBHiii MexunuHi. OTpuUMaHi y3arajipHEHHS CTBOPIOIOTH
TEOPETHYHY OCHOBY JUISl OAAIBUINX EKCIEPUMEHTAIBHUX JIOCIHiPKEHb.
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CHAPTER 15

GENETICALLY MODIFIED ORGANISMS
IN FOOD IMPACT ON THE ECOSYSTEM

Kichura D. B., Sobechko I. B.
DOl https://doi.org/10.30525/978-9934-26-654-6-15

INTRODUCTION

Genetic engineering allows providing the world’s population with
a new type of food (“new food”). This is the main argument of supporters
of the spread of transgenes in pharmacology, agriculture, the food industry,
horticulture, and nature conservation. Among the food products registered
as GMOs, agricultural plants predominate: soybeans (54 %), corn (28 %),
cotton and rapeseed (9% each), and potatoes (1%). Transgenic products
do not spoil for a long time and do not change their appearance. Analyzing
information sources, we are convinced that genetic modifications of all food
products achieve the following goals: 1) Changing the consumer properties
of products. The goal is developing very slowly, and is being industrially
spread. For example, rice enriched with vitamin A and minerals has been
obtained; tomatoes with a high proportion of iron; rapeseed with a changed
composition of fatty acids; soybeans with a high content of phytosterols
(to reduce cholesterol). 2) Rational, efficient, and cheap production of food
products. 3) Increasing yield. The goal is achieved by introducing genes
resistant to: pests; climatic conditions; pesticides; viruses. Considerable
attention and resources are paid to such genetic modifications, as they form
the basis of modern GMOs. The main problems associated with the study of
GM food products are the following: firstly, gaps in the domestic legislative
and regulatory framework; secondly, the lack of a control system for products
labeled “with GMO” and incorrect labeling “WITHOUT GMO” (for example,
table salt, mineral water, sanitary napkins, etc.). For comparison, in Canada
and the USA, product labeling: “WITHOUT GMO” — is voluntary, in EU
countries all products with GMOs over 0.9 % — are necessarily labeled. In
Ukraine, food products labeled “WITH GMO” mean: a) the proportion of
GMOs exceeds 0.9 % in any ingredient of the food product; b) the product
consists of or is produced on the basis of genetically modified organisms

In European countries and some CIS countries, the legislation provides
for the following options for labeling food products: “Own GMO”, “Products
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containing GMOs”, “Products with GMOs”, “Finished food products
containing GM raw materials”, “Food products containing food additives or
flavorings obtained from GM plants or GM microorganisms”. However, on
packages with products from domestic manufacturers we see only the mark:
“Without GMOs”.

The third problem is the high cost of equipment and expensive materials
(test systems) for the identification and quantitative determination of GMOs
in a single product. Therefore, today the number of laboratories accredited
for the determination of GMOs is quite limited. Mostly, these are state
laboratories that are part of the State Service for Food Safety and Consumer
Protection. Products are identified for the presence of GMOs by laboratory
tests, using special equipment in laboratories accredited for compliance with
the requirements of DSTU ISO/IEC 17025:2006.

In Ukraine, the following laboratories are accredited for the identification
of GMOs in food products: the National University of Life Resources
and Environmental Management of Ukraine; the testing center of the
State Enterprise “Institute of Eco-Hygiene and Toxicology named after
L. I. Medved”; the central testing laboratory for the quality control of goods of
the State Enterprise “Ukrmetrteststandart”; the center for diagnostics of viruses
and transgenes of seeds and plants; SE “Kyivoblstandartmetrologiya” and
regional laboratories of SE “Standard Metrology” cities: Ternopil, Vinnytsia,
Cherkasy, Zaporizhia, Donetsk, etc.; regional state laboratories of veterinary
medicine: Ivano-Frankivsk, Lviv, Khmelnytskyi, etc. In Lviv, GMOs are
determined by the Lviv Regional State Laboratory of Veterinary Medicine;
State Control Research Institute of Veterinary Drugs and Feed Additives;
PE “Biola”.

The fourth problem, lobbying interests and the monopoly position of the
German company “R-BiopHarm AG” — a manufacturer of test systems for
GMO diagnostics. Test systems are developed by the following companies:
SE “Ukrmetrteststandart” (Ukraine); “R-BiopHarm AG” (Germany). Well-
established logistics for the sale of drugs in Germany and around the world,
SureFood test system kits are distributed by R-Biopharm. Test systems are
manufactured by the German company Congen Biotechnologie, which is
located in Berlin.

The fifth problem is that the EU and Ukraine have not yet developed
methods for detecting non-additive, enhancing or attenuating effects when
assessing the degree of risk of GMOs to human health. For example, it is
scientifically proven that the same trans gene, depending on its location
in the genome (chain) of DNA, the stage of GMO development, and the
season, exhibits different activity — unpredictable and uncontrolled. This
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affects metabolic pathways and properties of final products. For example,
lignification of cell walls was observed in Bt-soybean (herbicide-resistant)
and Bt-corn (pest-resistant). Therefore, the development of new methods
for risk analysis based on a synergistic model (which takes into account the
interaction of the transgene at all levels) is relevant for geneticists. The sixth
problem is the impact of gene technologies on ecology and the environment.
The spread of GMOs and the use of modified DNA leads to uncontrolled
interactions.

The main ways in which GMOs enter the environment are:

1) Disposal of intact GMOs and DNA on production equipment and in
laboratories through sewage.

2) Spread in a free state due to the cultivation of GMO plants on
experimental agricultural plots of land. In this case, trans genes are spread
through: pollen, which affects the crossing of plants (horizontal gene transfer);
assimilation of DNA from the remains of dead Bt plants by soil bacteria
(vertical gene transfer); the negative effect of new GM microorganisms with
different properties on insects in the ecosystem chain; an unpredicted change
in the properties of GMOs as a result of the interaction of the new gene and
the organism.

1. Why do we use GMOs?

Increased concern about food security at the national and international
levels is primarily due to the expansion of the spectrum of harmful effects that
are generated as a result of the deterioration of the environmental situation,
the creation of modified types of food raw materials, the use of a wide range
of pesticides and toxic chemicals to combat weeds, pests and diseases on
crops, the use of hormonal drugs for growing animals, poultry and fish, as
well as the use of a wide range of stabilizers, flavors, dyes and other chemicals
for the manufacture of food products. This has given rise to a number of
problems in various spheres of life of the countries of the world community,
the solution of which will be very difficult to solve without proper financial
support. First of all, we must understand the simple truth: “The quality and
safety of a healthy food product is laid in the agroecosystem”, and therefore
its creation must be considered in a single scheme: environmentally friendly
farming (technological aspect) — harvesting — storage — production of an
environmentally friendly product — trade network — consumer. Violation
of a single production cycle at any stage can lead to a deterioration in the
quality and safety of both food raw materials and finished products of food
industries in general. On the other hand, we should not forget that the need
for food products due to demographic changes in the countries of the world
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community will have an increasingly urgent importance. Since ancient
historical eras, the world’s population has been growing rapidly: in 1830.
the human population grew to 1 billion people, already in 1930 its number
was 2 billion, in 1960 — 3 billion, in 1975 — 4 billion, in 1999 — 6 billion,
and by the middle of the 21st century the population may reach more than
7 billion people. In this regard, it is obvious that the rate of production of
genetically modified food products will increase. According to supporters
of genetic engineering technologies, the need to grow GM crops is dictated
by the following factors: — the growth of the population on planet Earth,
which will suffer from hunger, will double in 2050 and will amount to
1.8 billion; increasing demand for biofuels;- reduction of agricultural land by
19.4 million hectares. Genetic engineering is a relatively young science that
is designed to create and improve the characteristics of living organisms by
transplanting foreign genetic material into them, for example, fish DNA into
a tomato (so that it does not freeze) or bacteria into a potato (so that a beetle
does not eat the plant). Genetic engineering is fundamentally different from
breeding in that its methods allow overcoming barriers between species,
which does not happen in nature. The first genetically modified plants
appeared in 1983, and large-scale industrial production of GM crops in the
world began in 1996 — at that time they occupied 1.7 million hectares. The
area under agricultural crops of genetically modified origin in 2016 reached
185.1 million hectares against 179.7 million hectares in 2015 — reports
the International Service for the Acquisition of Agribiotech Applications
(ISAAA). Currently, GM crops are grown in 26 countries. By the way, the
range of genetically modified crops today is quite wide, including: peas,
potatoes, corn, rapeseed, rice, sunflower, soybeans, cotton, sugar beets, flax,
chicory, tomatoes, eggplants, peppers, carrots, peppers, etc. The largest
number of them is in the USA (72.9 million hectares, which is 39 % of the
total area) — about 90 % of all GM crops registered in the world are allowed
to be grown here; in Brazil (49.1 million hectares, or 27 %) the largest
areas are occupied by crops such as soybeans, corn and cotton; in Argentina
(24.4 million hectares, or 12 %) — soybeans, corn and cotton; in Canada
(11.6 million hectares, or 6 %) — potatoes; in India (10.8 million hectares,
or 6%) — cotton, in Paraguay (3.6 million hectares, or 2 %) — soybeans;
in China (2.8 million hectares, or 2 %). — cotton. At the same time, plants
with herbicide resistance genes are grown on approximately 53 % of the
area (especially to systemic herbicides — ammonium glyphosate group),
combined type with several traits — on 33 % of the area and pest resistance —
on 18%. It should be noted that EU countries are more reserved about the
rapid introduction of biotechnological crops into their production.
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Thus, in 2016, GM corn MON810 (the only one permitted for cultivation
in the EU) was grown by only four countries (Spain, Portugal, the Czech
Republic and Slovakia). Germany practically abandoned the cultivation of GM
potatoes, and the Czech Republic and Slovakia stopped growing GM corn in
2017. Portugal and Spain also sharply reduced the area sown with GM crops.
At the same time, GM crops continue to be imported into the EU for further
use as animal feed. In particular, Roundup Ready soybeans are imported.
There are imported transgenic rice, sunflower and rapeseed oil on the market.
Supporters of GMOs cite a number of advantages of GM organisms: high
yield and quality of agricultural crops, increased frost and drought resistance
of such crops, the ability to resist many types of weeds, diseases and pests.
Instead, a wide range of scientists cite research data confirming the negative
impact of GMOs on both humans and the environment as a whole. These
include: the occurrence of allergic reactions; suppression of the human
immune system, possible metabolic disorders; increased toxicity in food
products, destruction of natural ecosystems and disruption of the ecological
balance during mass open cultivation of transgenic plants. The international
service, which annually publishes a global review of the commercialization
of biotechnological crops (ISAAA, 2014), identifies the following most
characteristic features of GM corn lines: resistance to various herbicides,
resistance to lepidopteran and coleopteran insects, resistance to antibiotics,
male cytoplasmic sterility in plants, drought resistance, altered alpha amylase
and amino acid composition of grain. Of course, the list of possible risks and
dangers from the use of GMOs has not yet been fully disclosed. It should
be noted that research in this field of knowledge is quite questionable today,
as a rule, they are highly specialized. For example, agricultural scientists
associate GM plants mainly with technology, food industry technologists
with quality, and scientists in the field of genetics with modifications in the
organisms themselves. At the same time, in our opinion, such research should
be given a comprehensive direction. An approximate scheme for conducting
such research is presented in the figure. What does the situation look like with
the production of genetically modified products in Ukraine? Officially, no
type of genetically modified plants is grown in Ukraine. But today, genetically
modified (GM) food products are not uncommon and the range of their
application in the food industry is quite wide. Genetically modified soybeans,
potatoes, corn, zucchini, tomatoes, rice, sugar beets, melons, etc. have found
widespread use in the food industry, some of them are also grown in the
fields of agricultural formations in Ukraine. Some experts believe that about
one million hectares of Ukrainian land are occupied by GM crops, of which
more than 50 % are soybeans, 20 % are corn, and the rest are potatoes, sugar
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beets, and rapeseed. Therefore, there is a high probability of encountering
GMOs in food products made from the above-mentioned plants': 2.

To more deeply clarify the situation regarding the production, circulation
and consumption of food products produced with the participation of GM
crops, we conducted a sociological survey of two categories of the population:
producers and consumers of these products. In particular, among the surveyed
respondents, the majority believes that the situation regarding the production,
use and circulation of GMOs in food technologies at the legislative level is
insufficiently regulated — 31.9 %, another 29.9 % — rather partially, 8.5% —
do not pay due attention to this issue, 27 % — are unaware and only 10.6 %
believe that this issue is fully regulated. The majority of respondents (55.3 %)
expressed their opinion on the need to test products for GMO content at
the stage of production, import and export and other areas of circulation,
19.1 % — selectively at different stages of circulation, 10.6 % — at the stage
of import and export, 6.5 % — rather partially and only 8.5 % — inappropriate.
At the same time, a significant part of the respondents (76.7 %) noted that it
is advisable to introduce an effective system of tracking and labeling of food
products containing GMOs at the level of the Law, 17 % — believe that such
tracking is advisable for individual products, 4.2 % — on a voluntary basis and
only 2 % — inappropriate.

In addition, a significant part of the population has reservations about the
safety of food products containing GMOs for human health (22 %), another
35.3% — partially and 36.7 % said that food products created with GMOs
are safe. The opinion of the surveyed respondents regarding whether they
have enough information about the sale of food products containing GMOs
in retail establishments is also noteworthy. In this context, the answers were
distributed as follows: 56 % of the respondents said that they were aware,
19.2% — rather partially, 13.2% — not enough, 7.2% — do not pay due
attention to this issue and 4.4 % — emphasized that they are not aware at all.
Regarding the answer to the question about the effectiveness of advertising in
Ukraine about the dangers of GMOs in food, the answers of the respondents
were distributed as follows: only 10.4% of respondents believe that such
advertising exists and is quite effective, another 11.8 % — rather partially,
but 58.8 % noted that there is no such advertising at all, at the same time
11.8 % do not pay attention to this issue at all and 7.2 % of respondents are
unaware. At the same time, a certain part of the respondents indicates that in

! FOnesuu O. I. Biorexuouoris : HapyanpHuit nociouuk / O. 1. Onesny, C. I. Kosryn, M. I. Tuis ;
3a pen. M. 1. T'unb. Muxonais : MJIAY, 2012. 476 c.
% Temnoyxos b. IT. 36post MacoBoro 3HuIeHHs Ta 3axuct Bia Hel. Kuis : Ckid, 2023. 100 c.
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Ukraine more attention should be paid to the production of organic products,
to conduct extensive explanatory work among the population regarding the
harmfulness of GMOs, or to ban their production and circulation altogether.
Therefore, the question arises, should Ukraine legalize or not legalize the
production of genetically modified products? If we objectively assess
the situation, it is obvious that it is worth abandoning the production and
consumption of genetically modified products for several good reasons: the
lack of in-depth research in Ukraine on the usefulness or harmfulness of food
products created with the participation of GMOs; the deterioration of the
population’s health; a fairly high level of agricultural production, which has
made Ukraine one of the largest exporters of plant raw materials. Possessing
a huge agricultural potential, among such developed countries of the world
as the USA, Canada, Great Britain, France, Germany, Italy and Poland,
Ukraine occupies key positions in the production of agricultural products per
person (2015): grain and leguminous crops — 1403 kg, sunflower — 261 kg,
potatoes — 486 kg, sugar beet — 241 kg, vegetables — 215 kg and eggs —
392 pieces. However, the indicators for milk and meat production have
significantly decreased compared to previous years, of which 248 and 54 kg
were produced, respectively. At the same time, in terms of food consumption,
Ukraine lags behind a number of developed countries of the world, especially
in terms of the range and quality of food products. Taking into account the
above arguments, it is more expedient in Ukraine to develop organic farming,
which is one of the methods of producing ecological products, which is
gaining increasing popularity in the countries of the world community.
Organic farming is a system of crop and livestock farming that refuses or
significantly limits the use of chemical agents, primarily pesticides, artificial
mineral fertilizers, growth regulators and food additives for the preparation of
feed for cattle, pigs, poultry, fish, etc. This system is based on scientifically
based crop rotations, the use of organic fertilizers, soil-protective tillage,
agrotechnical and biological means of protecting cultivated plants from pests,
diseases and weeds in order to form a stable crop yield with high quality
indicators of crop products. In this context, permaculture deserves special
attention, which is actively implemented in private farms. This direction is
especially worthy of attention for the development.

2. The GMO problem and risks
The GMO problem and the risks of using transgenic plants for human
health have not yet been finally proven. There is no consensus among world
scientists on the negative impact of GMOs. Some believe that GMOs are safe,
others that transgenic plants cause allergic reactions, cancer, gastrointestinal
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disorders, etc. Recently, the EU has been paying more and more attention to
assessing the risk of using GMOs in the human food chain. In 2014, studies
were conducted with the participation of the European organization EFSA,
aimed at assessing the risk of GMOs to the human body. The studies were
conducted in 6 European countries for three months. For this, 50 g of corn
in the form of pastries and flakes, which contains GMOs in an amount of
5.07 mg/kg, was introduced into the daily diet of people of different age
groups (from 3 months of age to 75 years). The results of the studies showed
that with daily consumption of GM corn in the diet by people of different age
groups during the specified period, a chronic 16 risk develops. What could
this indicate? If people who did not suffer from allergic reactions before
consuming GM corn, then they may be at risk of developing allergies in the
future. What is the situation in Ukraine regarding GMOs? Today, according to
the Law of Ukraine “On the State Biosafety System in the Creation, Testing,
Transportation and Use of Genetically Modified Organisms”, the industrial
production and introduction into circulation of GMOs, as well as products
produced with the use of GMOs, is prohibited until their state registration.
However, despite the ban, GM feed, raw materials and products have begun
to appear on the Ukrainian market. Given this fact, there is a need to create
and monitor raw materials, feed and food products for the presence of GMOs.
The aim of the work was to analyze the results of research on grains and feed
for the period 2016-2017 on the presence of GMOs and the spread of GM
lines in Ukraine. Materials and methods. The research was conducted during
20162017 using the real-time polymerase chain reaction (PCR-RF) method
on the basis of the research department for GMO detection of the State
Research Institute for Laboratory Diagnostics and Veterinary and Sanitary
Expertise (DNILDVSE), Regional State Laboratories of the State Service
for Food, Agriculture and Food Safety (RDL), branches of DNILDVSE and
other laboratories. Diagnostic kits for screening, identification of GM lines
and determination of their quantitative content (R-Biophapm AG, Germany)
were used for the research: SureFood GMO Screen 35S+NOS+FMV,
SureFood GMO Screen 4plex BAR/NPTII/PAT/CTP2:CP4 EPSPS, SureFood
GMO ID RR Soya, SureFood GMO ID RR2Y Soya, SureFood GMO
QUANT RR-Soya, SureFood GMO QUANT GT73 Canola. Reference
standards of different percentage concentrations of soybean, corn, and
rapeseed (ERM, Belgium) were used as positive controls. Biorad CFX96
amplifier. Research results. Today, the State Service for Food and Consumer
Protection has 9 fully functioning accredited laboratories that conduct GMO
analysis: DNDILDFSE, Kharkiv branch of DNDILDFSE, Poltava, Cherkasy,
Dnipropetrovsk, Khmelnytskyi, Lviv, Kirovohrad, Ivano-Frankivsk regional
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state laboratories. During 2016, 2,599 samples of plant raw materials were
examined, of which GM lines of soybean and rapeseed were detected in
177 samples. In 2017, 4,371 were examined, of which 329 samples were
positive. In positive samples of compound feed, soybeans, oilcake and
soybean meal, GM lines MON 40-3-2 and MON 89788 were identified in an
amount of more than 10 %, in samples of rapeseed and rapeseed oilcake, GM
line GT-73 was detected in an amount of more than 10 %?.

The main reason for controlling the circulation of GMOs is to provide
the consumer with the right to choose when consuming food products
containing components of GM plants. In Ukraine, the main regulatory
document regulating the circulation of GMOs in Ukraine is the Law of
Ukraine No. 1103 dated May 31, 2007 “On the State Biosafety System
for the Creation, Testing, Transportation and Use of Genetically Modified
Organisms”, adopted with the aim of implementing the basic principles of
the Cartagena Protocol on Biosafety into the legislation of Ukraine. However,
as practice shows, an effective mechanism for regulating GMOs, especially
in terms of their registration, is actually absent. Despite the existence of four
State Registers, currently in Ukraine there is only one product registered and
permitted in the production of feed for farm animals, namely “soybean meal
of the GMO line MON 40-3-2”. However, as the results of research by our
and other laboratories show, other GMOs are also present in circulation on
the agricultural market of our country.

3. GMOs as medicines

In recent decades, biotechnology has been rapidly developing in the
pharmaceutical industry. With their help, fundamentally new drugs (drugs)
(cytokines, hormones, blood clotting factors, vaccines, monoclonal antibodies,
etc.) are created, which more effectively and selectively affect pathological
processes. The use of drugs of biotechnological origin (BTP) is revolutionary
in the treatment of viral diseases and such severe chronic diseases as diabetes
mellitus, rheumatoid arthritis, oncological diseases, anemia in chronic kidney
disease, tuberculosis, etc. BTP drugs are produced, in particular, by genetic
engineering (or recombinant DNA technology), which is based on the
construction of DNA fragments in vitro with the subsequent introduction of
new (recombinant) genetic structures into a living cell and their expression.
The first to be synthesized using this technology were insulin, growth
hormone, a- and B-interferons in 2004, recombinant epoetin-o, granulocyte
colony-stimulating factor in 2006, and follicle-stimulating hormone

3 TiBens O. be3 'MO: npasna i crpaimiky mpo rexHy imkerepiro. Kuis : Bixora, 2022. 178 c.
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in 2007. Among the drugs of BTT origin is recombinant Interferon alpha-2b,
synthesized by Escherichia coli cells based on a gene encoding a product
identical to human alpha-2b interferon, using phage-dependent genetic
engineering biotechnology. The drug, like natural leukocyte interferon, has
three main types of biological activity: immunomodulatory, antiviral, and
antitumor. Filgrastim is a highly purified non-glycosylated protein consisting
of 175 amino acids, and is also produced by Escherichia coli bacteria, into
whose genome the human granulocyte colony-stimulating factor gene was
introduced by genetic engineering. Human granulocyte colony-stimulating
factor is a glycoprotein that regulates the formation of functionally active
neutrophils and their release into the blood from the bone marrow. Among
the drugs synthesized by cells of higher organisms is recombinant human
erythropoietin (EPO), which contains 165 amino acids in which the
human erythropoietin gene has been transfected. The product contains an
amino acid sequence identical to natural erythropoietin. Erythropoietin is
a glycoprotein that has a stimulating effect as a hormonal factor of mitosis
and differentiation of erythroid precursor cells in the bone marrow. The first
recombinant erythropoietin preparation (epoetin-a) was developed in the mid-
1980s. Currently, several recombinant human EPO preparations have been
obtained by genetic engineering for clinical medical use. In world medical
practice, the most widely used are recombinant EPO-alpha and EPO-beta,
which differ in the level of glycosylation. Their amino acid sequence is the
same (165 amino acids). Alpha and beta EPO differ only in the number of
carbohydrates, but have approximately the same biological activity. Purified
commercial alpha and beta EPO are a mixture of isoforms from 9 to 14. The
two products are synthesized in a culture of Chinese hamster ovary cells,
into which the cDNA of the human EPO gene was inserted. Omega EPO is
produced in a culture of kidney cells of young Chinese hamsters. Another
EPO that has received approval from the European Medicines Agency is
delta EPO, which is synthesized in a culture of human fibrosarcoma cells
(HT — 1080 line). Among the most significant problems of quality, efficacy,
safety and production of BTP drugs are: — the complexity of the structure of
the active substance (peptides or proteins, glycoproteins, which consist of
many macromolecules of complex structure); — the complexity of production
and the presence in the technological chain of “capricious” microorganisms
(viruses, bacteria, fungi), or animal cells (kidney fibroblasts (VNK line),
ovaries (CHO line); — imperfection of quality control methods for this group
of drugs; — lack of a long clinical history. The process of manufacturing BTP
drugs can be divided into six main stages: — synthesis of cDNA of the active
substance; — selection of a vector for transfection and its combination with
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cDNA; — selection of producer cells and modification of their genome using
the resulting vector-cDNA construct (transfection); growth of transfected
producer cells and obtaining a supernatant containing the biotechnological
product; — purification of the product using highly efficient biochemical
methods; — creation of a dosage form (stabilization, packaging, standardization
by dosage). Therefore, when studying the stability of drugs of BT origin, the
term “purity” is quite conditional, since it is extremely difficult to determine
the absolute purity of such products due to the effects of glycosylation,
deamidation or other heterogeneities. Therefore, the purity of these drugs
should generally be determined by more than one method, taking into account
that the results obtained will largely depend on the analytical method used.
Pharmacovigilance is a very important tool for collecting and evaluating data
on the safety of biosimilars. Key activities in pharmacovigilance of BTP
drugs are: risk identification, using knowledge of the reference drug, taking
into account potential differences in safety profiles, and efferent drug and
biosimilar. In this case, special attention should be paid to the detection and
assessment of cases of immunogenicity, including lack of efficacy*>.

4. GMOs - harm or benefit?

The growth of the population on the Earth and the emergence of factors
that affect the reduction of crop yields are forcing humanity to look for
ways to solve the global food problem. Today, one of these ways is to use
scientific achievements in the field of genetic engineering. With the help
of biotechnology, various “genetically modified organisms” (GMOs) are
obtained, resistant to various pests, diseases, changes in the habitat, climate.
Many scientists see genetic engineering as a way to solve the food problem in
developing countries. Almost a third of food products in European countries
are “genetically modified”, in the USA this figure reaches 60 %. This term
is understood as any living organism in which the natural set of genes has
been artificially changed. As a result, new varieties of plants are created and
grown that are resistant to environmental influences and that give high yields.
In animal husbandry, animals that are characterized by accelerated growth
are more productive. And yet, is the widespread use of genetically modified
products dangerous for human health and the environment? Supporters of
the use of genetic engineering in agriculture are sure that eating transgenic
food poses no greater danger to humans than eating conventional products.

4 Paul Knoepfler GMO Sapiens: The Life-Changing Science of Designer Babies. NY : WSPS,
2015. 282 p.

5 Wunderlich S., Gatto K. A. Consumer Perception of Genetically Modified Organisms and Sources
of Information. Adv. Nutr. 2015. Vol. 6. P. 842-851.
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Their main arguments are as follows: genetically modified crops allow for
the production of food products in larger quantities, cheaper and tastier
than traditional crops; plants can be modified so that they contain more
nutrients and vitamins; genetically modified plants can be adapted to 57
extreme conditions (drought, cold, etc.); the use of genetically modified
crops that are resistant to pests will allow fields to be treated with pesticides
less; food products containing genetically modified ingredients can become
beneficial for health if vaccines against infectious diseases are added to them.
The possible harm of genetically modified products was first announced
in 2000. Then a statement by world scientists on the dangers of genetic
engineering was published, and then their open letter to the governments of
all countries on GMOs, signed by 828 scientists from 84 countries of the
world. In December 2004, the European Union banned the sale of GMOs
using antibiotic-resistant genes, and the World Health Organization (WHO)
recommended that manufacturers refrain from using these genes. However,
even large corporations do not fully comply with WHO recommendations. At
an international conference dedicated to the topic of GMOs, experts from the
All-Ukrainian Ecological League expressed the opinion that the unauthorized
distribution of such products is a dangerous experiment on the population and
soils of Ukraine. There is a category of supporters and individuals interested
in exaggerating the potential danger of genetically modified organisms. First
of all, these are molecular geneticists who support the horror story of possible
GMO problems in order to obtain funding for scientific research, which, in
fact, contributes to the development of the topic of genetic engineering.
Religious motives for rejecting products created from modified organisms due
to the disruption of the natural process of formation of a particular organism
are quite understandable and acceptable. Giant corporations — manufacturers
of herbicides, pesticides, insecticides, are also interested in lobbying the
topic of GMOs in order to preserve their huge capacities, since they lose the
market for their products if transgenic plants do not need it. But the most
interested are manufacturers and importers of food additives and products
with synthetic additives, who are most satisfied with the fact that due to
the inflated problem of GMOs in the food industry, claims to less. As for
GMO itself, as such, according to the followers of genetic engineering, any
genetic information, modified or not, is encoded in the form of a sequence of
nucleotides consisting of a nitrogenous base, pentose sugar and phosphoric
acid, which are the absolute norm for all living things. Genetic modification
itself is a change in the order of this sequence. However, in the process of
preparing such a product for food, as well as in the process of digestion
itself, this sequence is hydrolyzed, that is, it breaks down into its constituent
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parts — nucleotides, which are naturally absorbed by the body. At the same
time, the information of the modified genome does not pose any danger, since
it disappears in the pan and stomach in the literal sense of the word. This is
the same as preparing and eating a dish from a sheet of paper with some text,
fearing that this information in the form of a certain sequence of letters of
the alphabet may have harmful consequences. GMOs are a real breakthrough
in providing food for the world’s rapidly growing population. And this is the
main argument of supporters of the spread of transgenes. There are many
scientific works devoted to the issue of genetically modified organisms, but
none of them directly answers the question of whether they are harmful or
beneficial. In the near future It is unlikely that scientists will give a specific
answer to the questions that the results of experiments in the field of genetic
engineering entail, and first of all, this is because they did not set such a goal.
After all, as always, there are two sides of the coin, that is, there are both
opponents and supporters of GMOs, and each of them will try to prove their
rightness and lobby their interests, using all possible and available means
for them. Perhaps genetically modified organisms really carry harm due to
combinations of genes that have never combined in nature. On the other
hand, perhaps genetically modified products are another great discovery,
which, like most sensational breakthroughs in science, has been unrecognized
for a long time, and humanity has not yet realized its benefits. Opponents of
GMOs cannot substantiate their fears at a more or less decent scientific level,
since the number of correct scientific works that relate to the topic of GMO
safety is quite limited. Scientists — biochemists, physiologists and molecular
biologists from scientific communities around the world — argue that from
a scientific point of view there is no difference between plants obtained using
genetic engineering and plants bred by traditional breeding methods when
cultivated in the fields and used in production, since the method of obtaining
transgenic plants itself does not raise any concerns. That is why the problems
of safety and use of GMOs should be resolved at the level of an individual
product — using various tests that confirm the compliance of the studied
products with existing standards and norms °.

5. Distribution of genetically modified soybean in Ukraine
Soybean is a unique feed, food, technical and medicinal crop, the beans of
which contain 35-45 % crude protein, 18-25 % fat, 22-35 % carbohydrates,
enzymes, vitamins, minerals. Soy protein has a full set of amino acids

¢ Guidance on the EU menu Methodology / European Food Safety Authority. EFSA Journal. 2014.
Vol. 12 (12) 3944. 77 pp. DOI: 10:2903/ j.efsa. 2014. 3944.
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necessary for the human and animal body, which is easily digestible and is
equal in biological value to the proteins of meat, milk, eggs. Soy protein, flour
and oil can be found on the shelves of supermarkets in developed countries
of the world as one of the components of more than 1000 food products —
margarines, mayonnaise, meat substitutes, imitation dairy products, bread,
bakery and confectionery products, chocolate, soy drinks, soy sauce and
seasonings. In terms of soybean seed cultivation, Ukraine ranks first in Europe
and is among the top ten countries in the world. Soybean is one of the most
common biotech crops. The total area of its crops in the world is constantly
growing and in 2016 amounted to 33.87 million hectares. Over 90 % of
this area is occupied by genetically modified soybean with Roundup Ready
herbicide resistance. Research results indicate the presence and cultivation of
GM crops in Ukraine as well. Given the number of samples of agricultural
crops containing GMOs, the constant growth of GM crop areas in the world
and the geographical location of our country, the problem of the safety of
using GM crops in food production arises. The aim of this study was to study
the impact of traditional and genetically modified soybean on the postnatal
development of rats of three generations. The experiment was conducted on
3 generations of Wistar rats: parental, first and second. The initial group was
females and males, age 3-3.5 months. The animals were divided into three
groups: control group — intact animals, group “Experimental 1”” — animals that
received a standard diet with 35 % of its protein content replaced by natural
soybeans, group “Experimental 2” — animals that received a standard diet
with a similar part replaced by transgenic soybeans “Roundup Ready” line
GTS 40-3-2. The diets of all groups of animals met standard requirements
and accepted norms. Before feeding, soybeans were heat treated to neutralize
antinutrients and reduce urease activity. Intact animals received standard
vivarium feed in compliance with the established diet. Animals of all groups
consumed water ad libitum throughout the entire research period. Puppies
were weaned from their mothers on the 30th day of life and transferred to the
diet that the parental group received. To continue the experiment, offspring
from different females were selected in order to randomize the studies and
prevent incest. Intact and experimental animals were in identical conditions,
the collection and processing of the material was carried out in parallel.
The experiment was conducted in compliance with the requirements for
experiments on animals (Strasbourg, 1985; Ukraine, 2001). A study of the
development of first-generation rat pups showed that the average litter size
in the “Experimental 2” group was 8.6+ 1.5 heads, in the “Experimental 1”
group — 8.0£2.1 heads, in the control group — 9.4+2.4 heads. No visible
defects were found in any experimental groups. Analysis of the physical
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development of the rat pups did not reveal any deviations from the norm.
Postnatal development of first-generation rats in the control and experimental
groups is characterized by high survival. In the period from 1 to 5 days of life,
the survival rate of the offspring of the “Experimental 17 group was 93.8 %,
in the period from 6 to 30 days of life — 91.7%, in the “Experimental 2”
group — 91.7 and 87.3 %, in the control group — 94.7 and 95.8 %, respectively.
Postnatal development of rats of the second generation is also characterized
by high survival in the experimental groups. In the period from 1 to 5 days
of life, the survival rate of the offspring of the “Experimental 1” group was
93.9 %, in the period from 6 to 30 days of life — 91.9 %, in the “Experimental 2”
group — 91.1 and 83.6 %, in the control group — 93.3 and 92.7 %, respectively.
There is a tendency to decrease in the number of suckling rats in the group
of animals that received genetically modified soybeans as part of the diet.
The average size of the litter in rats of the experimental groups of the second
generation was slightly lower compared to the size of the litter of female rats
of the first generation, but was within physiological values. Comparison of
the average weekly body weight gain between male and female rats of the
experimental groups did not establish a significant difference between animals
that consumed natural soybeans and GTS 40-3-2 soybeans, which coincides
with the results obtained by Chinese scientists when animals consumed
soybean flour. Comparison of the mass indices of the main organs of rats
of both sexes of three generations showed that the indicators do not differ
significantly. A study of the liver mass index of animals revealed that in the
“Experimental 2” group, an increase in this indicator was observed compared
to the control group in females of the parental generation by 23.5 %, in males —
by 15.7%. In animals of the next two generations, the trend was maintained
to the increase in this indicator, but less pronounced. Since the liver plays the
role of a detoxification center, it can be assumed that the response of the rat
organism to the influence of certain components of the diet is activated. The
results of the conducted studies indicate the absence of a probable negative
or positive effect of thermally processed genetically modified soybeans on the
reproductive functions of rats and the development of offspring of the first
and second generations. Thus, the relevance of long-term multilateral studies
remains to create a clear idea of the long-term consequences of the impact on
living organisms of transgenic plants and food products containing them” 8.

7 Aarts H. J. Traceability of genetically modified organisms / H. J. Aarts, J. P. van Rie, E. J. Kok.
Expert Rev. Mol. Diagn. 2002. Vol. 2 (1). P. 69-76.

8 Membanuyk M. [I., Hosak T. B., O6nan P. B. BioTexHoioris Ta MiIBHIIEHHS aJalTHBHOTO
MOTEHIIiaTy CLIbCHKOTOCHONAPCHKUX KYIBTYp. [ eHemuuno MoOuqhikosawi opeauismu: npooremu
i nepcnexmueu suxopucmanns ix 6 Yxpaini. Kui : Arpapna nayxa, 2008. C. 89-97.
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6. Genetically modified rice

Rice, corn, and wheat are the world’s most important crops. Rice is the
main food source for nearly half of the world’s population, mostly in Asia.
Farmers have been growing and breeding rice for thousands of years. Modern
breeders are still trying to improve rice’s ability to resist disease. Genetic
engineering is increasingly being used to achieve these goals. Genetic
engineering is one method that can be used to achieve breeding goals,
namely, the creation of resistant, high-yielding varieties that require little
or no spraying, bred “tailor-made” for the specific conditions of a particular
region. Genetic engineering offers the opportunity to increase resistance to
viral, bacterial, and fungal pathogens. Other important goals include tolerance
to drought and soil salinity. Rice is grown in tropical and subtropical regions
around the world. Rice cultivation is primarily concentrated in China, India,
and Southeast Asia. These regions account for 90% of the world’s rice
production, which is largely produced by smallholder farmers. Thailand
is the world’s leading rice exporter. The most important rice producer in
Europe is Italy. Weed and pest control are the main reasons why 80 % of
the world’s rice fields are flooded. Rice was not originally an aquatic plant.
Rather, it has been adapted through breeding for “flooded” conditions. Rice
breeding is taking place in many countries, including projects conducted at
international agricultural research centers. In 2000, the first two GM rice
varieties, both herbicide-tolerant, called LLRice60 and LLRice62, were
approved in the United States. These and other herbicide-resistant GM rices
were later approved in Canada, Australia, Mexico, and Colombia. However,
none of them reached the commercialization stage. Reuters reported in 2009
that China had granted pest-resistant GM rice biosafety status, but the line
had not been commercialized. As of December 2012, GM rice was not widely
available for production or consumption. China is leading the way in rice
breeding research, with high hopes for new, insect-resistant rice varieties. The
Chinese government is currently conducting systematic field trials of these
new varieties. Results show that most farmers using GM rice have been able
to stop tilling their fields altogether. In contrast to GM rice, conventional rice
varieties are sprayed, on average, 3—4 times during their growing season. GM
rice cultivation is expected in the near future in China, India, Indonesia and
the Philippines.

Golden rice is a genetically modified variety of rice (Oryza sativa L.).
Two genes were taken to modify the rice: the psy gene from the daffodil
(Narcissus pseudonarcissus) and the crtl gene from the soil bacterium (Erwinia
uredovora). In 2003, the concentration of beta-carotene in laboratory plants
reached 1.6 pg/g. The first outdoor harvest was obtained in 2004 in the city
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of Crowley, Louisiana, USA, as it is one of the few countries that has not
banned the genetic modification of food plants. In 2005, the biotech company
Syngenta created an improved variety called Golden Rice 2 — a rice variety
with an increased content of beta-carotene, a metabolic precursor of vitamin
A. The content of beta-carotene in it was increased times compared to the first
version. Since 2012, golden rice has already begun to be harvested in China
and the Philippines. The year 2014 is considered a turning point in the spread
of this crop and, thanks to the help of the Bill and Melinda Gates Foundation,
three and a half million farmers have already grown rice with the Subl gene.
As is known, rice contains a small amount of iron and vitamin A. In regions
where rice is a staple food, vitamin A deficiency is observed in the indigenous
population, which leads to vision problems and, in some cases, blindness.
According to WHO data from 2009 and 2012, 190 to 250 million preschool
children worldwide each year still suffered from vitamin A deficiency. Studies
have shown that vitamin A supplementation can reduce mortality among
children under 5 years of age by 24-30 %. This means that the availability
of vitamin A in 8 million children of late childhood and preschool age in
malnourished families could prevent 1.3 to 2.5 million child deaths per year.
An average serving of “golden” rice can cover half of the daily requirement
of the vitamin for a young child’.

In Japan, work is underway to develop varieties of rice that will pose
less of a problem for people with rice allergies. To achieve this, researchers
are trying to reduce the activity of the gene that leads to the formation of
an important allergen (AS-albumin). So far, researchers have not been
able to completely eliminate traces of albumin. In the UK (Department for
International Development), a rice variety resistant to yellow spot virus has
been developed. In Zurich, a rice variety resistant to yellow spot virus has been
developed. resistant to Tungro virus and various fungi. Ventria Bioscience
has developed rice varieties that can produce human proteins. For example,
one of these varieties synthesizes human lactoferrin and lysozyme. These two
proteins are present in breast milk and are widely used in the production
of baby food and rehydration products. Several insect-resistant rice varieties
have been developed and tested in large quantities in China. To make rice
varieties resistant to insect pests, the same technologies were used as for
corn — the introduction of genes from the bacterium Bacillus thuringiensis
to synthesize entomootoxins in rice plants. These varieties can resist a wide
range of pests, while other rice varieties need to be treated with insecticides
three to four times during the growing season. Bt rice has been widely grown

> W.-D. Fessner Biocatalysis: From Discovery to Application. 2000. 268 p.
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in Chinese fields since 2009. 140 In addition, many field trials are underway
in India with insect-resistant Bt rice. A number of research projects are related
to the development of new rice varieties that can survive with less water and
can grow in saline soil. In China, salt-tolerant varieties have already been
developed, into which a gene has been transferred from Suaeda salsa, a plant
that also grows in saline soil. A similar rice variety is also undergoing field
trials in Europe, the USA and India. Scientists at the University of California
have developed a type of GM rice that can withstand flooding for more
than two weeks. In Japan, work is underway to develop a hypoallergenic
type of rice in which the formation of allergens (AS-albumin, glutenin) is
suppressed. In other GM rice varieties, the starch composition (amylose) or
protein content has been changed. Sake producers could be potential buyers.
Therefore, new achievements in genetic engineering are of great importance
for agriculture, since some varieties of plants bred using new technologies
are already finding their place in the sown areas of various countries'® ' 12,

7. Food safety and genetics

Food safety problems are complex, and their solution requires numerous
efforts from scientists, manufacturers, sanitary and epidemiological services,
government agencies, and consumers. The relevance of this problem is
growing every year, since food safety directly affects not only human health,
but also the preservation of the gene pool of humanity as a whole. Genetics,
molecular biology, and molecular genetics use a number of common methods
and approaches, which together constitute a methodology — a certain way
of studying hereditary material (DNA). An important applied value of the
methods used in these subject areas is their use for assessing dangerous factors
for human life and health. In view of this, the development of a methodology
for assessing the safety and quality of agricultural raw materials of animal
and plant origin, as well as ready-to-eat food products based on molecular
genetic approaches is of scientific interest and has practical significance. The
last decades have been marked by significant progress in the development and
application of approaches to determining DNA polymorphism and the selection
of appropriate molecular genetic marker systems that would contribute to the
wider implementation of modern molecular genetic methods and assessment
technologies to improve the safety and quality of products in the agricultural

10 Lilia Alberghina Protein Engineering For Industrial Biotechnology. 2003. 374 p.
I Roger L. Lundblad Biochemistry and Molecular Biology Compendium. 2007. 422 p.
12 O6nan P. B. CyuacHi meroan BuzHaueHHss MO B Xap4oBHX IIPOJYKTaX Ta HPOJOBOJIBYIi CHPOBHHI

POCJIMHHOTO TOXO/DKEHHA. BicHux CymcbKkozo Hayionanbno2o aepaproeo yuisepcumenty. 2012.
Bum. 10 (20). C. 117-121.
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sector. Today, the following main areas of development of DNA technologies
for the needs of the agri-food sector are distinguished: development of
molecular methods for diagnosing and controlling the safety and quality of
agricultural raw materials of animal and plant origin; diagnostics of infectious
diseases of agricultural animal species and phytosanitary quarantine control;
detection of genetic diseases of animals at early stages of development;
genotyping of organisms to create genetic passports of breeds, species,
taxonomic groups; marker-associated selection (MAS). In Ukraine, over the
past twenty years, numerous studies have been conducted on the application
of modern achievements in molecular genetics and varieties of molecular
genetic markers in a wide variety of branches of domestic animal husbandry,
plant breeding, and food microbiology'* '“. Despite this, there is a significant
shortage of work on the practical application of modern achievements in
genetics and developments in the selection of high-yielding animal breeds,
obtaining plant varieties with improved properties, and developing systems
for monitoring the safety and quality of agricultural raw materials and food
products at all stages of their production.

Food safety and quality are among the most important factors determining
the health of nations. Recent decades have been characterized by a steady
deterioration in the health indicators of our country’s population. Of course,
this is primarily due to a decrease in the quality of life, a low level of social
protection, and a poor healthcare system. As a result, life expectancy in
Ukraine is one of the lowest in Europe and is on average 76.0 years for women
and 66.2 years for men. According to WHO and the State Statistics Service of
Ukraine, mortality per 1,000 people increased from 12.10 in 1990 to 25.2 in
2020. Among the causes of high morbidity and mortality, cardiovascular
and oncological diseases occupy a leading place, the development of which
is associated, among other reasons, with nutrition. Every person has an
inalienable natural right to the security of his life. One of the important
elements of life safety is food safety' 16,

13 O6nan P. B., Hosak H. B., Cemenosuu B. K., lumans T. H. Po3poGieHHs 1iarHOCTUYHOI TecT-
CHCTeMH JUI1 sKicHOro BH3HaueHHS MO y TpomoBONEBYid CHPOBHHI 1 XapuyoBHX MpPOAYKTaX.
Texnonozis upobnuymea i nepepooku npooykyii meapunnuymea. 2012. Bun. 7 (90). C. 78-81.

4 Numans T. M., KosmoBceka M. B., O6nan P. B., JIy6ia O. B., Kpasuenko O. I. T'emetnuno
MozH(hiKoBaHi CLTBCBKOTOCIOAAPCHKI KYIBTYpH: HpOrpec, mpodieMu, MEePCHeKTUBU : MOHorpadis /
3a pen. T. M. Jlumans, JI. I. IImopryn. Cepis: IMmnemenTanis €BpomeiiCbKMX HOPM 1 NPAKTHK.
PerymoBannst punkiB Ta jgocmiguunrBo B ymoBax COT. Kwui : IlpoGnemu iHHOBawuiiiHO-
iHBECTHIIIHOTO po3BUTKY, 2013. 158 c.

15 Komkanga 1. B. AxryanbHi [OWTaHHA [POROBONBYOrO 3abesmneueHHs. Bicnux Cymcbkozo
HayioHanbHo2o azpaproeo yHigepcumemy. 2017. Bun. 4 (71). C. 207-212.

1 €ropos b., Mapuap M. Cran xapayBanHsi HacesteHHst Ykpainu. Tosapu i punxu. 2011. Ne 1. C. 140-147.
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After all, it is well known that the consequences of consuming low-quality
and unsafe food products can be a danger to human health of varying degrees,
up to and including fatal cases. Food poisoning, in addition to harming the
health of a particular consumer, causes significant losses to the economy
and the image of the state, manufacturing enterprises, trade, tourism, etc. To
prevent these adverse consequences, each state implements certain principles
of state policy to ensure the safety and quality of food products and food raw
materials.

Trends in world economic policy have placed Ukraine in the need to
make radical decisions regarding the harmonization of legislation in the field
of food production with international standards and the adaptation of national
food safety standards to world requirements. In modern conditions, the
successful process of Ukraine’s integration into world economic cooperation
is impossible without coordinating efforts to ensure the production of safe
and high-quality food products. To this end, food industry enterprises are
developing and implementing safety and quality management systems,
for the successful use of which it is necessary to adhere to the general
principles of food hygiene. The modern attitude towards food safety has
been formed relatively recently. The increase in environmental pollution,
the introduction of new food production technologies, the use of genetic
engineering and biotechnology, the globalization of modern food production
and the strengthening of international trade relations between countries have
prompted the introduction of new international food legislation in order to
introduce stricter requirements for the safety and quality of food products. In
view of this, in 1963, the Food and Agriculture Organization of the United
Nations (FAO) and the World Health Organization (WHO) established the
Codex Alimentarius Commission. The main objective of the Commission was
to create a set of internationally recognized standards for food products. This
became the starting point for the development of requirements for ensuring
the safety and quality of food products at the national levels'” &,

The crisis in the food industry, associated with outbreaks of infectious
diseases of farm animals (foot-and-mouth disease, transmissible spongiform
encephalopathy of cattle, avian influenza), the detection of hormones in
pork, antibiotics in honey, dioxins in poultry, etc., led to the development
and justification of new approaches to risk management in the field of food
safety. These approaches were included in the Green Paper (1997) and the

17 Besmeka mMpoIOBOIEIO] CHPOBUHH i Xap4oBuX mpoxayktiB / 3a pex. T. M. dumans, T. I. Masyp.
Kuis : BII «Axkagemis», 2011. 520 c.

18 Tapsraa FO. II. TlpaBoBi 3acamu BHyTpimHbOrO pHHKY €Bpomeiicbkoro Corosy. Cmpameeiuni
npiopumemu. 2009. Ne 1 (10). C. 275-279.
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White Paper (2000) on food safety, and later transformed into a number
of regulatory documents of the main EU legislation'. Today, a global
and integrated approach to the food safety system includes a number of
fundamental points, such as, among others, the recognition of animals as
sentient beings; mandatory state control over all links in the food production
and consumption chain; differentiation of responsibility for compliance with
safety principles; the right to objective and timely information; increasing
public trust in food producers; introduction of effective systems for monitoring
and evaluating the effectiveness of national authorities. Today, ensuring the
quality of food raw materials and food products in production is achieved by
introducing and adhering to product quality management systems, as well as
standards that regulate the requirements for them. International organizations
have developed and implemented a number of systems to ensure the quality
and safety of food products. One of such systems is the HACCP system.
HACCP is the most common method of ensuring the safety and quality of
food products. This system is based on such basic principles as conducting
a risk analysis, determining critical control points, determining critical limits,
creating a monitoring system for critical control points, describing corrective
actions, determining procedures for verifying the effectiveness of the HACCP
system, documenting all procedures and recording evidence®”2!. Food safety
problems are complex, and their solution requires numerous efforts from
scientists, manufacturers, sanitary and epidemiological services, government
agencies, and consumers.

The relevance of this problem is growing every year, since food safety
directly affects not only human health, but also the preservation of the
gene pool of humanity as a whole. Food safety is primarily the absence of
direct danger to human health when consuming food (food poisoning, food
infections), as well as the absence of the danger of long-term consequences
(carcinogenic, mutagenic and teratogenic effects). Thus, food products that
do not harm the health of not only the current generation, but also the future
are considered safe.

19 Bapuenko O. M., Kpucanos [I. ®@., AprimoHosa 1. B. ®opmyBaHHs eBporeiicbkoi Mozeri Ge3ney-
HOCTi Xap4OBHX NPOXYKTIB Ta il BIPOBA/DKCHHS HAa MiANPHEMCTBAX arpapHOro CEKTOpy YKpaiHH.
Exonomixa ma ynpasninna AIIK. 2016. Ne 1-2. C. 15-29.

% Hazapenxo JI. O. Inentudikamis ta danscudikaris mpogoBoIBIHX TOBAPIB : HaBY. MOCi6. / 32 pex.
JI. O. Hazapenka. KuiB : Llentp yu6oBoi siteparypu, 2014. 248 c.

! Bouaposa O. B. HACCP i cucremu ynpaBiiHHsi Ge3IMEUHICTIO Xap4oBOl MPOMYKIii : HABY. mOCi0. /
3a pex. O. B. bouapooi. Ozeca : Arianr, 2019. 376 c.
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CONCLUSIONS

With food, substances hazardous to health can enter the human body
in significant quantities. Today, the issue of increasing the responsibility
of producers to ensure effective mechanisms for controlling the quality of
food products and guaranteeing their safety for the health of the consumer is
very acute. The safety of food products is assessed according to sanitary and
hygienic standards, which include biological objects, potentially dangerous
chemical compounds, radionuclides and harmful plant impurities. Their
presence in food products must be regulated and not exceed permissible
standards. More than half of the harmful substances that regularly enter the
human body come with food. Therefore, ensuring the environmental safety
of food products is extremely important. In recent years, the relevance of
this problem has further increased due to the widespread use of various types
of food additives and new packaging materials. In addition, a large number
of small enterprises have appeared, where the technological process of food
production is not sufficiently controlled. Hazardous substances can enter food
products at the stage of obtaining food raw materials from environmental
objects, as a result of the introduction of special additives during the
production of food products to improve taste, improve appearance or increase
shelf life. The safety of food products can also decrease when new production
technologies are used, such as genetic engineering or radiation exposure. The
decrease in environmental safety at the stage of production of raw materials of
plant and animal origin occurs as a result of the absorption and accumulation
of chemical substances by these organisms. The accumulation process can
occur through bioconcentration, biomultiplication or bioaccumulation. In
the first case, the accumulation of chemicals occurs due to direct perception
from the environment, in the second — during nutrition, in the third — both
due to the environment and food products. Thus, in connection with global
pollution of the external environment, the problem of foreign substances
entering food products and raw materials acquires socio-medical and socio-
economic significance. The relevance and complexity of this problem at the
current stage of industrial development is determined not only by the fact
that new substances enter nature every day, new combinations of chemical
compounds are formed, the action of which is unstudied, but also by the
fact that methods for determining foreign substances are largely cumbersome,
laborious and, unfortunately, not always accurate. If at the beginning of the
20th century, thanks to the successes of medical and biological sciences, as
well as preventive measures, many diseases lost their leading role, then at
present, due to environmental problems, the number of diseases is increasing.
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SUMMARY

The safety and quality of agricultural raw materials and food products
is one of the crucial components of the economic security of each state and
is determined by the country’s ability to effectively control the production,
export and import of food on generally recognized principles. In developed
countries, there is a multi-level system of protection of the population from
substandard goods, which is based on quality control. Monitoring and control
of the safety and quality of agricultural raw materials and food products
is impossible without the availability of appropriate analytical methods of
analysis and diagnostic test systems. Therefore, today, great attention is paid
to the development of modern highly effective approaches and methods for
detecting safety and quality indicators.

One of the critical points during the detection of GMOs and the determination
of their quantitative content for both DNA and protein analysis methods is
sample preparation. In this case, it is important to take into account not only
the limitations of each of the sample preparation stages, but also the specifics
of the analysis. The final result is also significantly affected by the size of the
sample and the procedure for its selection. An equally important stage in the
development of methods for the determination of GMOs based on DNA analysis
is the optimization of the DNA extraction procedure. This is primarily due to
the fact that, firstly, food samples contain a fairly high amount of inhibitory
agents, and secondly, the vast majority of them undergo heat treatment. Today,
there are a number of approaches to the determination of transgenic organisms,
but the most common are two, in particular, the enzyme-linked immunosorbent
assay method and the polymerase chain reaction method. Enzyme-linked
immunosorbent assay (ELISA) involves testing for the presence of specific
proteins using specific binding between an expressed antigen and an antibody.
Polymerase chain reaction (PCR) is based on the detection of DNA sequences
introduced into a given crop. These methods can be used both for qualitative
analysis, showing the presence or absence of GMOs, and for determining the
quantitative (percentage) content of GMOs in the sample under study.
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CHAPTER 16

PETYJTKOBAHHA BIOETUYHUNX ACTEKTIB
HAYKOBUX AOCNIOXXEHb

JlaspuHiok O. O., MyagpeHko B. IN.
DOl https://doi.org/10.30525/978-9934-26-654-6-16

BCTYN

CyvacHuil eTanm pO3BHTKY OiOMEIMYHOI HAayKH XapaKTepH3yeThcs 0e3-
MPEIECHTHAM MPHUCKOPEHHSM iHTerpamii BUCOKMX TEXHOJIOTIH y KIIHIUHY
Ta 1a00paToOpHy NMPaKTHKY. PenaryBaHHs reHOMY, CHHTETHYHA Oionoris, po3-
poOKa HaHOMpeTapariB Ta 3aCTOCYBaHHS MITYYHOTO iHTEJIEKTY B JIiarHOCTHII
BIZIKPUBAIOTH KOJIOCAJIbHI MEPCIIEKTHBH IS ITOAOJIAHHS PaHillle HEBUITIKOBHUX
xBopo0. OxHaK el TEXHOJIOTTYHNH CTPHOOK CTBOPIOE ITMOOKUI PO3PHUB MiXK
IHHOBaLliHHUMH MOMUIMBOCTSIMU HayKH Ta iICHYIOYMMH HOPMaTHBHO-ETHIHUMHA
MexkaMu. Y 2026 polii MATaHHS €THYHOT PerTaMeHTaIlii MEeIHKO-010T0T19HIIX
JIOCII/DKEHb TpaHC()OPMYETHCST 3 TEOPETHYHOI IUIONIMHN OiOETHKH y CTpa-
TeriyHui QakTop HamioHanbHOI Oe3MeKH Ta MIKHAPOIHOTO HAyKOBOTO
criBpoOiTHUIITBA' .

AKTyaJIbHICTh JOCIHIPKEHHS! €THMYHMX AacHeKTiB Ha JIOISX OOyMOBIICHA
MIepexo/10M 10 MOAEIN MepcoHi(hikoBaHOT MeUIMHN. TpaauniiHa KOHISIIis
iH(OPMOBAHOT 3TN CHOTO/IHI 3a3HAE TpaHCOpMaIii ITi/] BITTMBOM «BEJIMKUX
nannx» (Big Data). Bunukae xputnuyHa morpebda y NepeoCMHUCICHHI
NPUBATHOCTI TeHEeTHYHOI iHQopMmalii Ta TpaB MallieHTa B yMOBaX, KOJIH
Giomoriunni Marepian ctae 00’e€kTOM HU(POBOTO MozeiroBaHHA. ETnmuni
KOMi3ii BMHHUKAIOTh 1 B MHUTAaHHAX I1HKIIO3UBHOCTI: 3allydeHHsS Bpa3INBUX
BEPCTB HAaceJICHH JI0 KJIIHIYHUX BUIIPOOYBaHb BUMArae He JIHIIE IOPUANTHUX
rapasTiif, a # po3poOKM CKJIaJHUX MEXaHI3MIB COLIANBHOI Ta MOPAIBHOI
BiANoOBimaNBHOCTI JOCTiAHUKIB.

[MapanensHo 3 1M, mpoOiieMa ETHYHOTO IIOBOJDKEHHS 3 TBapHHAMHU
y JMOKJIHIYHMX BHIIpOOyBaHHSX HaOyBae HOBOi roctportH. Ilompu axTuBHY

! Budin-Ljesne 1., Teare H. J., Kaye J. et al. Dynamic Consent: a potential solution to ethical and
legal challenges of modern biomedical databases. Human Genomics. 2017. Vol. 11, No. 1. Art. 4.
DOI: https://doi.org/10.1186/s40246-017-0103-x.
2 The Belmont Report: Ethical Principles and Guidelines for the Protection of Human Subjects of
Research / U. S. Department of Health and Human Services. URL: https://www.hhs.gov/ohrp/
regulations-and-policy/belmont-report/index.html
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Iporarayjly TrymaHizamii Hayku, NMOBHa BiMOBa Bil BHKODHCTaHHS TBa-
PUHHUX Mojejied y HaWOMMmK4iil MepcreKTHBI 3aJHMIIA€ThCS HEMOXKINBOIO
Yyepe3 CKIQIHICTh CHCTEMHHX OIOJIOTIYHMX peakilid, sKi MOKM HE 3IaTHI
MOBHOIIIHHO BIATBOPUTH METOAW in Vitro abo in silico’. Y 3B’A3Ky 3 1uum,
AKTyaJli3yeThCsl HEOOXIAHICTh CyBOpOI iMIuieMeHTamii koHmemiii 3R
(Replacement, Reduction, Refinement) y nisulbHICTP €THYHHUX KOMITETIB.
OcobmnuBoi yBaru norpedye po3pobka «ryMaHHUX KiHLIEBHX TOYOK» (humane
endpoints), 10 103BOJISIIOTH MiHIMI3yBaTu CTpak[JaHHS TBapuUH 0e3 BTpaTtu
HAyKOBOI JOCTOBIPHOCTI pe3ynbsraris’.

CynepeyHicTh MK HEOOXIJHICTIO OTPUMAaHHS JOCTOBIPHMX HAyKOBHX
JaHUX JUISl TIOPSATYHKY JKHTTIB Ta MOPaJbHUM OOOB’SI3KOM JOTPUMYBATHCS
MIPUHIMIIB OI0€THKHM CTAHOBUTH TOJIOBHUH BHKJIMK JJISI Cy4acHOI HayKOBOT
CHUIbHOTH. BincyTHicTh yHiI(IKOBaHMX MIDKHApPOIHHMX CTaHIAPTIB, LIO
BpaxoByBaJM O OCTaHHI JAOCSTHEHHS 010TEXHOJIOTIH, NPU3BOMUTH 10 ITOSIBU
«ETHYHOTO JIEMITIHTY» — NEPEHECEHHs PU3UKOBAHUX JOCIIJUKEHb y KpaiHu
31 CIa0KMM pETyJISTOPHHM 3aKOHOIABCTBOM. Ile pOOUTH KOMILIEKCHHHA
aHaJi3 PEryJSITOPHUX MEXaHi3MiB, IO 3a0e3MedyroTh OajlaHC MK HAayKOBOIO
CBOOOJIOI0 Ta ETHYHUMH IMIIEpaTMBaMH, HaJ3BHYAHO CBOEYACHUM Ta
HEOOXiJHUM ISl TIOJIJIBIIOTO CTAJIOr0 PO3BUTKY MEIUIMHU Ta Oioorii.

Takum ynHOM, HayKOBE OOIPYHTYBaHHS HOBHX ITIJXOIIB 10 010€THYHOTO
KOHTPOJIIO € (PyHIAMEHTOM JUIs JICTiTUMI3allii MaiOyTHIX BIJKPHUTTIB Ta
MIATPUMKH CYCIIJIBHOI IOBIPH JIO HAyKH.

[MuranHst OGiOGTMYHOrO pEryjIIOBaHHS MPOTSTOM OCTaHHIX POKIB
nepeOyBaroTh y LEHTPl yBaru SIK BITYM3HSIHUX, TaK 1 3aKOPAOHHUX YUCHHX.
@dyHnaMeHTaNbHI 3acay 3axKUCTy INPaB YYacCHHKIB JIOCIIJUKEHb 3aKiaieHi
y mpansx k. Yinapeca ta T. biuamna, 9us «4OTHPUNPHHIUITHA MOICIIH)
(aBTOHOMIS, ONArofistHHS, HEIIKiAJIMBICTb, CHPaBEJIMBICTh) 3aJIMIIAETHCS
KJIACHYHUM 0a3uCOM.

VY cyuacHux nybomikanisx (2023-2025 pp.) ocobauBuil akueHT poOUTHCS
Ha nudposizamii  Gioetukw’. IIpobieMaTHKa ETHYHOTO  MMOBOKEHHS
3 TBapHHAMHM JIeTalbHO BUCBITIIOEThCs y 3BiTax NC3Rs (HamionambHoro
uentpy 3Rs, Benuka Bpurawist), e Harosnomyerbes Ha nepexozi 10 “NAMs”

3 Jlupexrusa 2010/63/€C €pponeiicbkoro ITapnamenty ta Pagm Bix 22 Bepechst 2010 poky mpo
3aXUCT TBapHH, SIKi BHKOPHCTOBYIOThCS s HaykoBux mimeid. URL: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=celex%3A32010L0063

4 OECD Series on Testing and Assessment. Guidance Document on Humane Endpoints for Animals
Used in Safety Evaluation. URL: https://www.oecd.org/env/ehs/testing/

5 Al in Drug Discovery: Ethical and Regulatory Frameworks. Nature Biotechnology. 2024. Vol. 42.
P. 210-218. URL: https://www.nature.com/nbt/
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(New Approach Methodologies) — iHHOBamiHHUX METONIB, IO MAaKOTh
3aMiHWTH TBapUHHI Monei’.

[Tonpu 3Ha4YHy KUIBKICTH HalpallOBaHb, 3aJHMIIAETHCS HEJOCTAaTHHO
BUBUYCHUM IUTAaHHS rapMOHi3allii eTHYHUX IPOTOKOJIIB Y TPAaHCHAIIOHAIBHUX
JIOCITIJDKEHHSAX, 0COOJIMBO B KOHTEKCTI BUKOPUCTAHHS T'€HETUYHO MOAU(IKO-
BaHMX OPraHi3MiB Ta peJaryBaHHs 3apOKOBOI JIiHIi JIIOIUHH, 110 i 3yMOBIIIOE
HEOOXiHICTh TaHOTO JOCIIi/PKEHHSI.

Mertol0 CTaTTi € KOMIUIEKCHHH aHalli3 Cy4acHHX €THYHHX BHUKIIUKIB
y MenuKo-OionoriuHiii cdepi Ta OIiHKa eQEeKTUBHOCTI ICHYIOYHMX pPeryJs-
TOPHHUX MEXaHi3MiB, IO 3a0e3NedyloTh 3aXUCT CYO’€KTIB JOCIIKCHHS
(Jrronedd Ta TBapHH) B yMOBaX CTPIMKOTO TEXHOJIOTIYHOTO IPOTPECy.

J1J1st noCSATHEHHS TOCTABJIEHOT METH 0YIJI0 BUKOPHCTAHO KOMIIEKC HAYKOBUX
METO/IB: CHCTEMHO-aHANITUYHUNA MeTON (11 BHBYCHHS MDKHapOJHOT
HOpMaTHBHO-TIpaBoBoi 6asu ([enbcincbka aAeknaparis, crangapta ICH GCP)’,
MOPIBHSUIBHO-TIPABOBHH MeTox (JUIs 3iCTaBJICHHS MiAXOHNIB 10 010€THMYHOTrO
peryroBanHs B kpainax €C, CIIA Tta Ykpaini)®, MeTon TepMiHOIOTIYHOTO
aHami3y (mist yrouHeHHs nediHimii «udpoBa 3roga» Ta «ryMaHHI KiHIEBI
TOYKW»), aKCIOJOTTYHMHI HinXiJ (Uil OLIHKKM MOpPaJbHO-I[IHHICHUX acIeKTiB
BTpY4aHHs B 010JIOT1YHY IPUPOAY KUBHX ICTOT).

1. EBosnouis iHpopmMoBaHoi 3roamn
B enoxy 6ioTeXHO/I0rN4YHOro MOHITOPUHTY

Tpancdopmauiss iHcTUTYTY iHpOpMOBanoi 3rogu (I3) BimoOpaxkae
mepexiJy BiJg CTaTU4HOI O0I0CTUYHOI MOJENi J0 IUHAMIYHOTO MHU(POBOTO
CYIIPOBOAY CyO’€KTa NOCHI/KCHHSA. Y KOHTCKCTI IHTCHCHBHOTO PO3BHUTKY
BHCOKOIIPOYKTUBHOI'O CEKBEHYBaHHs Ta 0i00aHKIHTY, TpaauliiiHa «pa3oBa
3rojia» BHUSBIISIE CBOIO HECHPOMOXKHICTh 3a0€3IEeUYUTH HAJICKHUH pIBEHb
ABTOHOMII y4aCHHKa B yMOBaX TPHBAJOr0 BUKOPHCTAHHS HOro 0ioj0ridyHOro
Marepiany.

CyuacHa TpaHchopmarllisi OiOCTHYHHMX CTaHIAPTIB 3yMOBIIOE TEpPEXif
Bijl cTaTMYHOI Mozesi iH(OPMOBAHOI 3roAM 0 KOHIEMII] JUHAMIYHOI 3roan
(dynamic consent), mo 3HaMeHye (YHIAMCHTAIBHY 3MiHY MapajMrMH: BiJl
MIACHBHOT'O OJHOPA30BOTO HAJAHHS JIO3BOJIy JO aKTHBHOTO YIPaBJIiHHS

¢ NC3Rs Self-Assessment Tools for Research Institutions / National Centre for the Replacement,
Refinement and Reduction of Animals in Research. URL: https://nc3rs.org.uk/

7 TenbciHchka Jekiapariss BcecBitHpOl MeauuHol acowjanii: ETHYHI NPUHIMINM  MeIMYHHX
JIOCTIKEHb 33 Y4YacTio JIoAMHK : npuiiHaTta 18-10 T'en. acambneero BMA, Tenbcinki, Oinnsuuis,
yepBeHb 1964 p. (pen. Bix 2008 p.). URL: https://zakon.rada.gov.ua/laws/show/990 005

8 TIpo 3ax¥cT TBapHH BiX OPCTOKOTO TMOBOMKEHHs : 3akoH Ykpainu Bim 21.02.2006 Ne 3447-1V.
URL: https://zakon.rada.gov.ua/laws/show/3447-15
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Cy0’€KTOM BJIACHUMH O10METPUYHHMHU JaHHUMH HPOTITOM YChOTO HAayKOBOTO
mukory. Lle# miaxin 0asyeTbcs Ha BIPOBA/KEHHI IEPCOHAIIZ0BAHUX
iHTepdeliciB, TakuX SK clieniaiai3oBaHi BeO-opTaan Ta MOOUIbHI 3aCTOCYHKH,
mo 3a0e3neuyloTh Oe3lepepBHUI KaHaid 3B’SI3Ky MDK JIOCIIIHHKOM Ta
JOHOPOM. 3aBASKM LbOMY yYacHHUK OTPHUMYE akTyajbHy iH(OpMAaIiio Tpo
HOBI IIUTi BUKOPUCTaHHS HOro 0i03pa3kiB ab0 MPOMIXKHI Pe3yJIbTaTH, II0
MaroTh Ul HBOTO IIpsIME KJIIHIYHE 3HAYCHHS, IO NEePETBOPIOE (OpPMAIIbHY
MPOIEyPy Ha peallbHUi Iporec MoiHGpOpPMOBaHOT yJacTi.

KirouoBrM  omeparmiifHuM €JIEMEHTOM I[i€l MOJCHi € 2epaHyIapHicme
KOHmMpOnio, s§Ka peaji3yeTbCsi uepe3 MOAYIBHUHM MiAXiJx 10 HaJaHHA
no3BoiiB. Ha BiaMiHy Bia TpaauuiiiHOT OiHapHOI JIOTIKH, YYaCHUK OTPHUMYE
iHCTpyMeHTapii aust  JudepeHuiioBaHOro yNpaBiliHHS JOCTYIOM: BiH
MOXK€ CXBAJHMTH BHUKOPHUCTAHHS CBOiX JaHUX JUIS CHEUU(IYHMX HarpsMiB
(HampuKIIa/l, OHKOTEHETHYHHUX JOCITIJDKEHb), BOJAHOYAC HAKIAIAlOud BETO
Ha iHII cdepH (30KpeMa, KOMEpIiiHI po3poOKH abo TECTyBaHHS B raiysi
nicuxiarpii). Taka gerasnizaiis J03BOJIsiE TApPMOHI3yBaTH HAYKOBHUH IOLIYK i3
0COOMCTUMH €TUYHHMHU YH PENriiHUMHU NEPEeKOHAHHSIMHU Cy0’ €KTa, 3HAYHO
IiIBUIIYIOYH PIBEHb CYCIIIJIBHOI TOBIpH 10 O10MEIUYHUX 1HCTHTYIIH.

OcoOnuBe Micue B apXiTEKTypi IMHAMIYHOi 3TrOAW IOCiJa€ IMPUHIINI
PEempocnekmueHoi aemonomii, SKUH TapaHTye YYaCHUKY NpaBO 3MIHUTH
CBO€E pillIeHHS B OyIb-IKUH MOMEHT 4acy (right to withdraw). Y KOHTEKCTI
JIOBrOTpUBAJIOrO 0100aHKIHTY Ll MeTon 3a0e3rneuye IOpUANYHY Ta €THUHY
THYYKICTh: XOuya JaHi, BXXE IHTerpoBaHi B arperoBaHi HAayKOBi 3BiTH,
3aJMIIAIOTHCS JUI 30€pexeHHsl [UIICHOCTI JOCIIKeHHs, AMHaMiYHa 3rofia
3abe3rneuye HeraliHe MPUIIMHEHHs Oyb-KO0i noAanbIoi o0poOku iHpopmarii
Ta TapaHTye aHOHIMi3alilo abo (i3uuHe 3HMIIEHHS 3pa3KiB. TakuMm YHMHOM,
3rona TpaHC(OPMYETbCS 3 Pa30BOr0 OIOPOKPATHYHOTO aKTy Ha >KUBHM,
TEXHIYHO 3a0e3MeYCHUI POoIleC MOCTIHOT Baiialii BoJi 0COOH.

Tcuxonoeiuna mpancgopmayis ma “Digital Empowerment”. BipoBajyKeHHSI
JMHAaMIYHOI 3rofiM 3MIHIOE CaMy HPHPOJY B3a€EMOBIIHOCHH MDK TallieHTOM
Ta HayKOI0, NIEPEBOIUM JJOHOpA 3 MO3MLII «hKepena Oiomarepially» y craryc
MOBHOIIPABHOTO TapTHepa (citizen scientist). BUKOpUCTaHHS 1HTEPaKTUBHUX
CHCTEM JIO3BOJISIE TIOA0NATH iH(OpMaliiiHy acHMMeTpil0: y4acHUK OauuTh HE
JMIIE CyXi IOpUAWYHI (OPMYIIOBAaHHS, a M peaJibHUH BHECOK CBOIX JaHMX
y m100abHUK HayKOBHH MPOTpec uepe3 Bizyalli3oBaHi 3BiTH PO BUKOPHCTAHHS
Hioro 3paskiB. Lle cTBOPIOE O3UTHBHY METIIO 3BOPOTHOTO 3B’SI3KY, JIe BUCOKHI
PIBCHb aBTOHOMii CTHMYIIIOE TPHBAIY JIOSUTBHICTH JO JOCIHIJKCHHS, IO
€ KPUTHYHUM IS JOBTOCTPOKOBUX KOTOPTHHX CIIOCTEPEKEHB.

Mexanizm  adanmusnozo  ingopmysanns.  OKpIM  TPaHYISIPHOCTI,
cydyacHa Mojenb nepenbadae iHTerpauito OaraTomapoBoro iH(opMyBaHHS
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(layered disclosure). 3amicTh OJHOMOMEHTHOI BHUJa4i BCHOTO O0OCATY
TexHIuHOI iH]opMalii, cucremMa MPONOHY€E JaHi i€papXidHO: BiJ] KOPOTKUX
Te3 (summary) 10 DIMOOKHX OINMCIB TEHCTHYHHMX MaHImyisid. Takwid
MiAXi7 MiHIMI3y€ KOTHITUBHE HAaBaHTA)KCHHS Ta 3amolirae (popMmaabHOMY
MIAMUCaHHIO JJOKYMEHTIB uepe3 iX CKJIAJHICTb. Y MOETHAaHHI 3 MOXIIHBICTIO
OHJIAH-KOHCYJIBTYBaHHS 3 €THYHHM KypaTopoM (4epe3 uar-0otu abo
BiJICO3B’S30K), 11 3a0e3Meuye HAMBUIIHIA CTAHAAPT «YCBIIOMIICHOCTI» 3TOJIH,
3aneKIapoBanuil y [enbCiHChKIlN AeKapaltii.

Pezynamopna  cmivikicms  ma  midchapoOHa  cymicHicms.  BaximBoro
MepeBarol0 JAWHAMIYHOTO MiIXOMy € HOro 3IaTHICTh ajanTyBaTHCS A0 3MiH
y 3aKOHOJABCTBI 0e3 HEeoOXIMHOCTI ()i3MYHOTO MEpemiqUCcaHHs JOKyMEHTIB.
VY pa3i osiBM HOBUX PETYJIATOPHUX aKTiB (HAPHKJIIA]], OHOBIIEHB y cepi 3aXUCTy
reHeTH4HOl iH(popMarlii), miatpopMa aBTOMATHYHO OHOBIIIOE HAJAIITYBaHHS
KOH(]IAEHIIHHOCTI Ta HAJCHIAE YYaCHUKY 3allUT Ha MIiATBEPXKEHHS HOBUX
YMOB JIMIIIE B THX MyHKTax, 1o 3miHwiucs. Lle 3abe3nedye OesnepepBHICTH
IOPU/IMYHOT YMCTOTH JIOCHI/PKEHHS HaBiTh y JUHAMIYHOMY IPaBOBOMY MOJIi
MOTOYHOTO POKY, 1[0 POOUTH JAMHAMIYHY 3rOAYy iA€ILHUM IHCTPYMEHTOM JUIs
MDKHApOIHUX MYJBTULEHTPOBHX BUIPOOYBaHb.

ApxiTeKkTypHa MoOJeNb OiOMEAMYHUX IOCHiIKeHb 3pa3ka 2026 poky
0azyeTbcs Ha IHTErpamii JAEHEHTPANi30BaHUX TEXHOJOTIH ISl BHPIIICHHS
(yHaMeHTaNBHOT AnIeMH 010€THKH: JOTPUMaHHs OajlaHCy MiX IPHHIUIIOM
Bigkpuroi Hayku (Open Science) Ta 0Oe3yMOBHMM NpaBOM IHIMBiZa Ha
KoH(ineHuiiHicTh. KIIIOUOBMM IHCTPYMEHTOM Y LIbOMY IIPOIECi BHCTyIae
TEXHOJIOTIS OJIOKYCHH, sKa B TMOETHAHHI 3 METOIAAMHU @HedepamusHozo
nasuanns (Federated Learning) no3Boisie mpoBOIUTH MacIITaOHI aHAITHYHI
JOCITIKeHHS 0e3 (hi3MYHOTO0 NepeMIICHHS JICAaHOHIMI30BaHHUX JTAaHUX 38 MEXi
Oe3reyHOro mepuMeTpa NMEpBUHHMX 0a3 naHux. Taka CHHEpris rapaHTye,
mo KoHQiACHIIHHA 1H(GOpMAIlis 3aJHIIAETHCS JIOKAJTI30BAHOI0, a HAyKOBa
CMIJIBHOTA OTPUMYE JIHIIE HEOOXiHI Pe3y/bTaTH OOYHCICHD .

Jlorika (hyHKI[IOHYBaHHS TaKol CUCTEMH pealli3yeThCsl Yyepe3 TpHUeTarTHUN
aNTOPUTM yHpaBiiHHA JpoctynoM. Ha mnepmomy erami 3aiHCHIOETBCS
Xewtyanns 3200u: Oynb-sika 3MiHA ETHYHHMX NpedepeHIiil KopucTyBaua
(ikcyeThCsl B pO3MOIIICHOMY PEECTPi SIK HE3MiHHA TPaH3aKIIisl, 0 BUKIIOYAE
MOXKJIMBICTh PETPOCIEKTHBHOTO MaHIIyIr0BaHHs 3rozoro. Jlaii 3amydatoTbes
CMAapm-KOHmMpakmu Ha OOCmyn, SIKi BUKOHYIOTH DPOJIb aBTOMaTH30BaHUX
eTHMYHUX KOHTPOJIEPiB, OJNIOKYyrOYM Oynb-SKi 3allMTH, IO HE BIANOBINAIOTH
TpaHy/SIpHUM HaJIalITyBaHHSIM yYacHUKA. 3aBEpLIAJIbHOIO JIAHKOIO € ayoum

° E6(R3) Draft Guideline on Good Clinical Practice (GCP) / International Council for Harmonisation
(ICH). 2023. URL: https://www.ich.org/page/efficacy-guidelines
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SUKOpUCMAanHA, MO H03BOJLE JOHOPY depe3 IepCOHaIi30BaHUN IupOBUM
KabiHeT y peaJbHOMY 4Yaci BiJICTE)XKyBaTH IOBHHUH IEpENiK YCTAaHOB, SIKi
IpalIoBaIy 3 HOro MarepiaaoM.

Jnst neranbHOTo po3yMiHHS TOT0, SIK caMe PorpaMHi MOyl 3a0€311e4y0Th
JOTPUMaHHS €THYHHMX CTaHIapTiB, HEOOXITHO PO3NITHYTH (PyHKIIOHAIBHY
CTPYKTYpy KOXKHOTO €JIeMEHTa CUCTeMH. lle T03BOIs€ MPOCTEXUTH 3B SA30K
MDK TEXHIYHUMH TapaMeTpaMy IiaTopMHu Ta TapaHTIIMH 3aXHCTy Cy0’eKkTa
JOCII/DKEHHS, sIKI CHCTEeMaTW30BaHO Y HaBeleHIH Hikdye crenudikamii
(Tabmuns 1).

Taomuns 1
TexniuHa peanizaunis ¢pyHkuiii AMHamMivHOI 3roan
B apXiTeKTypi 0/10K4eliH

Komnonenrt . .,
DyHKnioHaIbHe MPU3HAYEHHST Etnuna Baninanist
CHCTEMH
Kpunrorpadiunuii | CTBOpeHHS yHIKaIbHOTO TapanTis ninicHocti Ta
Xeur uupPOBOro BiJOUTKA aKTy 3rOId | HEMOXKIMBOCTI (anbcudikamii

BOJICBUABJIICHHA

CMapT-KOHTPAKT

ABTOMAaTHU30BaHUN MPOTrpaMHUI
KOHTPOIIb JOCTYITy [0 JaHHUX

TexHiqHE YHEMOKITHBICHHS
HECaHKIIIOHOBAHOIO a0o
HEILJILOBOTO aHAJI3y

Immutable Ledger

dopMyBaHHSI HE3MIHHOTO
Ta MOCIiIOBHOTO XKypPHAILY
TpaH3aKLii

3abe3nedeHHs MOBHOT
TPaHCHAPEHTHOCTI IJIs ayAuTy Ta
y4YacHHKa

API-inTerparis

JluHamMiuHHN 3B’ 30K MiX

CHHXpOHI3allisl aKTyaJIbHOTO

peectpamu, 6iobaHKamMu Ta CTaTyCy 3TOAM B PEXUMI
1abopaTopisiMu peanbHOro yacy

Mpumirka. I[Tmarpopmu sk MIDATA' (Ilseiinapis) ta LunaDNA! (CILIA) Bxe
IHTerpyBajl Il MEXaHi3MH, [03BOJSIIOYM TOKEHI3yBaTH MpaBa [JOCTYIy, LIO 03BOJIIE
KOPHCTyBauaM Oa4iTH peabHy LiHHICTH CBOTO BHECKY B HAyKy.

[HTerparis BUCOKOTEXHOIOTIYHUX PIllIeHb Y 010€TUYHY NMPAKTHKY HE JINIIE
PO3IIUPIOE MOKITUBOCTI YYACHHUKIB, a i BUIO3MIHIOE JTaHADT MOTCHIIHHAX
3arpo3. Y 2026 porri nepexis 10 mudpoBOro CympoBOAY JAOCTIKEHb BUMAarae
BiJl HAyKOBOi CIIUTBHOTH BIJIMOBH BiJi PEaKTUBHOTO MiJXOAy HA KOPHCTh
MIPEBEHTUBHOTO MOJIENIOBaHH: pu3uKiB. Lle 03Hauae, mo eTMyHa excnepTusa
MIPOEKTY CHOTOIHI BKJIIOYAa€E OOOB’S3KOBUI CTpEC-TECT HE JIMIIE MEINYHUX
MaHIIyJIsIii, a # iHpopManiiHOT apXiTeKTypH CHUCTEMH 3TOIH.

10 MIDATA Cooperative. Citizen-owned data cooperatives: A new era for health research and digital
sovereignty. 2026. URL: https://www.midata.coop

" LunaDNA. Privacy-Preserving Research and Genomic Data Ownership Platforms. 2025. URL:
https://www.lunadna.com

336



OCHOBHUM BHKJIUKOM 3aJIMIIAETHCS JOTPUMAHHS 0ajlaHCy MK BHCOKOIO
IHTCHCUBHICTIO  B3a€MOJil Ta KOTHITUBHHUM J0OpOOyTOM  ydYacHHKA.
CouianbHO-TeXHI4HI BPa3IMBOCTI, TaKi K [rdpoBa HepiBHICTh a00 peHoMEeH
«BTOMHM BiJl 3rOJM», MOXYTb HIBEJIOBAaTH IIepeBarv aBTOHOMII, SIKIIIO BOHU
He OylyTh BpaxoBaHi Ha eTami NpOEKTyBaHHs iHTepdeiiciB. Kpim Toro,
JUHAMIYHUH XapakTep JaHUX Yy peajlbHOMY uaci BHCYBae Oe3lperefeHTHi
BUMOTH JI0 CTIHKOCTI KpUITOorpagpiuH1X MPOTOKOIIIB.

Jns cucTeMHOl OIHKM IMX BHUKIHMKIB Ta pO3pOOKH e(eKTHMBHUX
KOHTp3axo/iB  OyJO0 BHOKpPEMJICHO KJIIOUOBI Kareropii pH3HKIB, MIO
CYIPOBO/UKYIOTh BIIPOBA/DKCHHSI JTMHAMIYHOTO MOHITOPUHTY. Y HaBeleHil
HIDKYE TaOJMIN JETalli30BaHO CTpaTerii, AKi JO3BOJIAIOTH TpaHC(HOPMYBaTH
BUSIBJICHI BPA3JIMBOCTI Y KEPOBaHi IapaMeTpy €THYHOT Oe3IeKN JT0CITIJDKEHHSI.

Tabmuus 2
ETnuni pu3ukn ta crparerii ix HiBeJIOBaHHS
B cHcTeMax 0i0TeXHOJIOriYHOr0 MOHITOPHHIY

Tun pusuxy Onuc npodnemu MexaHi3M HiBeJIIOBaHHS

udposuit HepiBuuii noctyn xo texnonoriii | BupoBamkeHHs ribpuaHux mozaeneit

po3puB JMHAMIYHOT 3rO/IN Cepel Pi3HUX (mariepoBi Ay0iiKaTH, 3aTy4eHHS €THY-
COL{aJIbHUX TPYI HHX MOCEPETHUKIB Y JOBIPEHUX 0Ci0)

«Broma Icuxonoriyne nepeBaHTaKSHHS Buxopucranns agantusaux IlI-acuc-

BiJl 3TOII» Ta opmanizauis BUGOpy depes TEHTIB JUIs IIpe-(iapTparii 3amuTis
HaJMIpHY KiJIBKICTh HUPPOBUX 3riIHO 3 Hamepe/ BU3HAYCHHM CTHYHUM
CIOBINIEHb npodinem

KibGepOesneka | Pu3nk HecaHKIIOHOBAaHOTO 371aMy | 3aCTOCYBaHHs KBaHTOBO-CTIHKOTO mIH(-
PEECTPIB, BUTOKY METaJaHUX ab0 | pyBaHHS, TOMOMOP(HOro KOAYBaHHS Ta
neaHoHiMi3auii Gionpodinis ACHMETPUYHHUX IPOTOKOIIIB 3aXUCTY

Mpumirka. [lnarpopma LunaDNA yacTkoBO BHpiulye mpo6ieMy BTOMH Bif 3roau depes

«TpaHyJSIpHI» HaJAIITyBaHHSA Npo(diNo, 1€ KOPHCTyBad 3a3jalierib BHU3HAYa€ NPIOPHUTETHI
chepu TOCIiIKEHB.

Cranom Ha 2026 pik QyHIAMEHTAIGHUM BEKTOPOM  PO3BHUTKY
GioMennYHOTO IpaBa CTajla CHCTEMHA TapMOHi3allis 3aralbHOTO PErIaMeHTy
npo 3axuct gaHux (GDPR) i3 HOBUMH BHMOTamMu E€BPONEHCHKOTO aKTy
npo mryanuil intenekt (EU Al Act). s cuHepris H03BONHMIIA BIIPOBAIUTH
xoHuenuio “Compliance by Design” (BIAIOBIIHICTh Yepe3 MPOEKTYBaHH),
Je TpaBOBI HOPMH IHTETPYIOThCS O€3MOCEpenHbO B  apXiTEKTypy
JOCHiAHULBKUX Tiargopm'?. Takuil MiAXi[ NEPeTBOPIOE ETUYHI BUMOTH

12 Privacy-Preserving Federated Learning in Medical Al Ethics and Implementation. [EEE
Transactions on Medical Imaging. 2025. Vol. 44, No. 2. P. 560-575. URL: https://ieeexplore.ieee.org/
journal/42
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3 IMTaCBHUX PETYJSTOPHUX OOMEXEHb HA aKTHBHI IPOrpaMHi aIrOPUTMH, IO
3a0e3reuyoTh aBTOMAaTHYHY BaJliallifo KOXKHOT orepariii 3 JaHUMH.

Y xonrekcti GDPR Compliance, BUKOpUCTaHHS CMapT-KOHTPAKTIB
panukanbHo cnpourye peamizauito Crarri 17 (IIpaBo Ha 3a0ytTst). Skimio
paHille TNpolec BiAKIMKAHHS 3rogu OyB OOTSHIKEHHH OIOpOKpaTHYHUMHU
MIPOLIEAyPaMH Ta JIFOACEKUM (PaKTOPOM, TO B CYYaCHHUX CHCTEMaX aHyJIIOBAaHHS
3rO/IM YYaCHUKOM Yy MOOIIbHOMY iHTep(eiici iHILI0E MUTTEBY TpaH3aKIilO
B Onokueiini. e npu3BoANTH 10 aBTOMAaTHYHOTO 3HUILEHHS a00 OJIOKYBaHHS
KpuntorpadiyHuX KIIOYIB JIOCTYyIy, LIO0 POOHUTH MOJANbILy OOpPOOKY
Gioindopmarii TeXHIYHO HEMOXKIIMBOIO VISl OY[b-SKUX JAOCIHIAHUIBKHUX TPyl
y PEXHMI peabHOro yacy.

[MapanensHo 3 M, A Act Integration BUMarae BiJi poO3pOOHUKIB CUCTEM
HII y memuumHi Oe3npeneaeHTHOro piBHs Ipo3opocti. J(uHamiuna 3roxa
BUCTYIAE TYT KJIIOYOBUM IHCTPYMEHTOM ITiJI3BITHOCTI: BOHA HAJa€ yYaCHUKY
MIepCOHAIII30BaHHUH 3BIT MIPO Te, SIKI CaMe aJrOpUTMHU Ta MOJEJi MalIMHHOTO
HaBYaHHS OOpOOJSUTM HOTO NaHi, 3 SIKOI0 METOK Ta SIKi pe3ylbTaTd Oyio
orpuMaHo. TakuM YMHOM, 3aMiCTh «40pHOI ckpuHbKM» LlI-aHamni3y, namieHT
OTPUMYE 3pO3yMLUTy KapTy BHUKOPHCTaHHS CBOrO LU(POBOro QeHoTHIry, mio
3MIIHIOE €THYHUI (yHJAaMEHT Cy4acHUX KJIIHIYHUX BUIPOOYBaHb.

OcoOnuBy rocTpoTy HHMTaHHs Oe3rnekn HalOyBae Ipu poOOTi 3 IOBHHUM
TEeHOMHHMM CEKBEHYBAaHHSM, JIe¢ J[aHi € HACTIJIbKHM YHIKaJbHUMH, IO Tpalu-
HifiHa aHOHIMI3allis YacTO BHSBIETHCS HEIOCTaTHBhOK. Hapasi Haykopa
CIIJIbHOT2 OCTarTOYHO Iepeiiuia BiJ aAMIHICTPaTHBHUX METOMIB 3aXHCTY
JI0O BUKOPHUCTAHHS MEXHONO2IU NOCUNeHHs KoH@idenyiunocmi (Privacy-
Enhancing Technologies, PETs). 1li iHCTpyMEHTH NO3BOJSIOTH pealli3yBaTH
MareMaTH4YHO JI0Ka30BY IPHBATHICTb, JI€ TPaBO HA AaHOHIMHICTb TapaHTy€eThCs
HE TPOCTO PEIIAMEHTOM YCTaHOBH, a CAMOIO CTPYKTYPOIO JIaHUX.

3actocyBanns PETs cTBOproe ymoBH Juisi IIMOOKOTO aHami3y BEIMKHX
MacuBiB OioiH(opmanii 6e3 HeoOXimHOCTI AemMdpyBaHHS IEPCOHATBHUX
ineHtudikaropis. Lle m03BONsE MOCHITHUKAM BUSBISTH KOPEISIMii MiX
TEHEeTUYHUMH MapKepaMH Ta T[aTojoTisMH, 30epiraloud mnpu  LbOMY
«uM(pOBY HENPO30PICTH» KOHKPETHOrO AOHOpA. Takuil migxix pajukaibHO
3HW)KY€ PH3MKU BHUIIAJKOBOI J€aHOHIMi3alii yepe3 IepexpecHi MOCHIIaHHS
Mik 0a3zaMy JaHUX, IO € KPUTHYHO BAXKIIMBHUM JUIS MALIEHTIB 13 PIAKICHUMHU
3aXBOPIOBAHHSMH.

st cucremaru3anii TEXHIYHHX pillleHb, 10 320€3MeYy0Th TAKU BUCOKHIH
PIBEHb €TUYHOI'O 3aXHMCTY, TOUIIBHO PO3IISIHYTH KIIFOYOBUI IHCTpyMEHTapii
PETs. V HacrynHiii TaOnuii HaBeJeHO aHajli3 HaHOLIBII e(EeKTHBHHUX
METO/IB, SIKI CTaJll CTaHAAPTOM ISl Cy4acHHX 0i00aHKIB Ta MIKHApOIHHUX
JOCHIJHAIBKIX KOHCOPIYMiB.
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Tabmuus 3
IncrpymenTapiii Privacy-Enhancing Technologies (PETs)
Y CBIiTJIi CyYacHHUX eTHYHHUX CTAHJAPTIB

TexHooris MexaHi3M 00po0Kku JaHHX ETnxo-npaBoBa nepesara
Judepenuiiina IH €Ki CTAaTUCTUYHOTO IIyMY YHEeMOXITHBIIIOE 1IeHTH]IKALII0
TIPHUBATHICTh B Ha0OpHU JaHUX Mepe]] aHaTi30M 0CO0HM LIISXOM CIIBCTaBICHHS

3 {HIMUMH 0a3aMu JaHUX
Tomomopdue BukonaHHS MateMaTH4HUX onepa- | JIoCHiAHUK OTpUMYE JUILe
mudpyBaHHS niil 6e3nocepenHpo Haj 3amKdpo- | KiHLIEeBUH pe3ysbTar, He Oayaun
BaHUM KOZIOM «CHPUX» TCHETHYHHUX TaHUX
Jlokasu 3 HyneoBMM | Baminaris TBep/ukeHHs 6e3 po3- MiHimi3anis 00cary JaHuX, 1o
PO3TOJIOLICHHSIM KPHUTTs camol iHdopMmalii (Hanpuk- | meperaroThesi TPETIM CTOPOHAM
(ZKP) Jaj, MiATBEPAKEHHS JiarHo3y)
CuHTEeTHYHI JaHi Teneparist mry4Hux Komiif peans- | J{03BoJIsIE IPOBOJUTH TECTY-
HUX JIaTaceTiB 31 30epemeHHsIM BaHHS aJITOPHTMIB 0€3 BHKO-
CTAaTUCTUYHUX BIIACTHBOCTEH PHCTaHHS peabHUX 010JaHHX
Mali€HTiB

Mpumirka. [Tnarpopma MIDATA BHKOPHCTOBYE KOOTIEPAaTUBHY MOJIEINb 30€piraHHs JaHUX,
e JOCTYI PeryIroeThesl BiAmoBimHO mo cranaapTiB GDPR, 3abe3nedyioun BHCOKHI piBeHb
CYBEpPECHITETY JaHUX.

BripoBapkeHHST Mozieli AMHAMIYHOT 3TOAM 3yMOBIIOE (yHIAMEHTAIbHY
PCKOHIICTITYATi3alli0 JisIbHOCTI JIOKAJhbHUX Ta ICHTPAIbHUX ETHYHHX
komireTiB (EK). TpamuuiiiHa Mozmenb «ekc-aHTe», 10 Hependadaiia pasoBy
SKCIIEPTH3y TPOTOKONY TMepel]] MOYaTKOM JociimkeHHs, y 2026 por
MOCTYMAETHCS MICIIEM 0Oe3nepepeHoMy emuyHoMy ayoumy. Y 1bOMY HOBOMY
koHTekcTi EK TpaHCOpMyIOTbCS 3 HamIIOBUX OpPraHiB y AMHAMIYHUX
MOZIEpaTopiB JIOCIITHULBKOTO Tpolecy. BoHM 31iHCHIOIOTH peryasipHUd
MOHITOPUHT BiIMNOBIAHOCTI (PaKTUYHUX MaHIMYJSALIH i3 JaHUMH HNOTOYHHM
npeepeHIisM yYacHUKIB, 110 € KPUTUYHO BaXKIMBUM JJIsI JOBIOTPUBAIIUX
MPOEKTIB y Tady3i FTeHOMIKH Ta MPOTCOMIKH.

OnmHUM 13 KIIIOYOBUX acmekTiB wLi€l TpaHcdopmamii € BIpOBaIKeHHS
OPUHIUNY — aneopummiunoi  nposopocmi. CydacHi ETwyni komiTeTH
PO3LIMPIOIOTH CBOIO KOMIIETEHIIII0, BKJIIOYAIOYM 0 aHajily He JInIie
TEKCTOBI (hOPMU 3roJiH, a i MPOrpaMHHUi KOJI CMapT-KOHTPAKTIB, 110 KEPYIOTh
JocTynoM ao Oiopanux. Exkcnieprnsa Mae miATBEpIUTH, IO JIOTiKa HU(POBOTO
KOHTPaKTy TEXHIYHO BI/AINOBIJa€ €THYHHUM TapaHTIsIM, 33aJCKJIapOBaHUM JUIs
yuacHuka. lle 3amobirac BUHUKHEHHIO «CIpHX 30H» y BHKOPHCTaHHI JaHHX,
Jie TeXHIYHI HaJallTyBaHHS CUCTEMHM MODIM O HIBENIOBaTH IpaBo 0coOM Ha
ABTOHOMIIO Yepe3 CKIIAJHICTh 00 3aKPUTICTh MPOrPAMHOTO 3a0€3MeUeHHS.

[TapanensHO 3 LUM, MPIOPUTETHOIO BUMOTOIO CTA€ iHKIIO3UGHUL OU3ALH
iHTepdeiiciB cuctem 3roau. PerynsTopHi HOpMHU 3000B’S3yIOTh PO3POOHUKIB
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ruiaropm aganTyBaTH HUQPPOBI IHCTPYMEHTH JJIs BPA3JIUBHUX IPYIl HACEICHHS,
30KpeMa 0ci0 i3 KOTHITHBHHMH TOPYLICHHSIMH, CECHCOPHUMH OOMEKECHHSIMHU
a00 HM3BbKKMM piBHeM 1M ]poBoi rpamoTHOCTI. ETHYHA Baminauis intepdeiicy
Terep nepeadadae mepeBipKy 3p03yMiJIOCTI Bi3yai3allii pU3HKiB Ta 3pyYHOCTI
MEXaHI3MIB BiJKJIMKaHHs 3rofu. Takuil miaxig rapaHTye, o TeXHOJIOTYHUN
Iporpec He IMpu3Be/ie N0 €TUYHOI JUCKpPHMiHalii, a HaBMaKu, 3a0e3MeuuTh
PIBHHMH IOCTYN JI0 Y4acTi y HEepeJOBUX HAyKOBHX IOCITIJDKEHHSX MJIS BCiX
BEPCTB CYCIILJIbCTBA.

Tpancdopmanis iHGOpMOBaHOT 3roau 3 MamepoBOro  QGopManizmy
B IHTEPaKTHBHY CHCTEMY «JIMHAMIYHOI 3roAW» CTaja 30J0THM CTaHIapTOM
cydacHocti. CuHepris Onokueiiny, PETs Ta oHOBIeHOro mpaBOBOTO
perynmoBaHHsl 3a0e3nedyye OanaHC MK MPOTpecoM NPEenu3iiHOT MEeIULHU
Ta 3aXMCTOM OlOJIOTIYHOI 1EHTHYHOCTI Oco0M, 3akianaroud (QyHAaMeHT
«uudpoBoi 10Bipr» y MI00aIbHIN HayI.

KommnekcHuid aHani3 eBoJrowii eTUYHMX CTAaHAApTIB Yy MEIHUKO-
010JIOTIYHHX JOCHIPKEHHSIX CBIIYUTH MPO MOYATOK HOBOI €PH — YUPpP0602o
2yManizmMy Ta aaropuTMivHol mposopocti. Hapasi Tpancdopmartis iHCTHUTYTY
iH(pOPMOBaHOT 3roJH 3 MarepoBoro GopMalizMy B IWHAMI4HY, IHTEPAKTUBHY
CHCTEMY YINpPAaBJIiHHA IpaBaMM YYacHHMKa CTajla HE JIMIIE TEXHOJOTTYHOIO
HEOoOXiJHICTIO, a ¥ (yHIAaMEHTAJbHOIO YMOBOIO BiJIHOBJEHHS CyCHUIBHOT
JIOBipU JI0 HayKH.

OCHOBHUMH pe3yJibTaTaMH JOCIIDKEHHS apXiTeKTypH LHM(POBOi 3ronu
€ HACTYIIHI MOJIOXKCHHS:

1. TexHosoriyHa JneTepMmiHaLlisl €THKH, JI€ BIPOBAIKCHHS apXiTEKTypH
Ha Oa3i ONOK4YelWHY Ta CMapT-KOHTPAKTiB JO3BOJWIO IEPEBECTH ETHYHI
MPUHIMNK (aBTOHOMiIO, KOH(IAEHLIWHICTh, CHpaBEJIMBICTh) Y IUIOMIUHY
aBTOMaTH30BaHMX THporueciB. lle MiHiMi3ye BIUIMB Jtoachkoro akropa Tta
3a0e3reuye TEXHIYHY TapaHTil0 JOTPUMAaHHs BOJIi JOHOpa Giomarepiaiy.

2. CuHepris Oe3leKH Ta BIJKPUTOCTI, MO JO3BOJHIO 3aCTOCYBaHHS
TexHousorii mocunenHs koHdinenuiitnocti (PETs), Takux sik romomopdne
muppyBaHHs Ta AudepeHLiiHa MMPUBATHICTh, BHUPILIYE iICTOPUYHY IWIIEMY
Oioetuku. Terep Hayka MOXKe OINEPyBaTH BEJIMKUMH MAacHBaMU T'€HETHYHHUX
JaHUX 0e3 PU3UKY JIeaHOHIMI3aIlil 0COOH, 110 BiIKPUBAE MUIAX J0 MI00ATEHUX
MIPOPUBIB Y MPEUU3i1HHII MEANUIIHHI.

3. Perynstopna apanramis, ae cydacHi ETHYHI KOMITETH YCHIIIHO
TpaHchopMyBaJKMCs B OpraHd OC3MEPEPBHOTO ayauTy, A€ 00’ €KTOM
eKCIIEpTH3H € He JIMIIEe TEeKCT 3roAM, a i aJropuTMivHa JIOTiKa CHUCTEM
nocrymy. ['apmonizariss GDPR ta EU Al Act cTBopmia HaniiiHe mpaBoBe
ToJ1€ JUIsl IHKJIIO3UBHOTO PO3BHUTKY Oi0TEXHOJIOTIH.
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VY migcyMKy, Cy4acHi BUKITUKH MEUKO-O10JIONTYHUX JOCTI/PKCHb BUMAraroTh
BiJl HAyKOBOI CIUIGHOTH HE JIMINEC BHCOKOI KBamiQikamii, a ¥ eTu4HOi
BI/IMOBIJILHOCTI, BTUICHOI B IM(POBI iHCTpyMeHTH. JlMHamiuHa 3roma Ta
PETyISATOPHI MEXaHI3MH HOBOTO IOKOJIHHS 3aKJIAIAF0Th (DYHIAMEHT JUTS CTiHKOT
HAyKOBOI EKOCHCTEMH, JI€ IHTEPECH OKPEMOI JIIOIIMHH Ta TIPOTPEC YChOTO JIFOICTBA
niepeOyBaroTh y CTaHi FapMOHIHOTO OanaHcy.

2. ETUYHi acneKTu Ta perynsTtopHi MexaHi3amMu
AocniaXKeHb Ha TBapuHax

CyuyacHa Oioetuka B raiy3i animal research 0asyerbcs Ha mepexomi Bif
CYTO YTHJIITAPHOTO MiIXOAY 1O KOHIEMLIT BU3HAHHS TBAPHUH SIK i1CTOT, 3/[aTHUX
o BimuyTTiB (sentience). Hapasi eTudHa ekcmepTH3a TaKHX JOCIIIKCHb
He 0OMEXYEThCS JIMIIE TEePEBIPKOI0 HAyKOBOI JOIIUIBHOCTI, a (hOKYCYeThCs
Ha Oe3yMOBHOMY JOTPUMAaHHI OHOBIICHOI KjIacW4HOI KoHIenmii «7pvox R”
(Replacement, Reduction, Refinement), sxa Oyia pO3IIMPEHA 3a PaxyHOK
MUPPOBUX TEXHOJOTIMH.

Kiacuuna Tpiaga mMeToziB r'yMaHHOTO eKcrepuMeHTyBaHHs y 2026 pori
HaOyja NPHHIMIIOBO HOBOTO 3MICTY 3aBISIKM CHHEprii LITy4HOIO iHTe-
JICKTY Ta mepenoBoi OioimkeHepii. Konnenis Replacement (3amina) TpaHc-
(hopmyBaacs y BHCOKOTEXHOJIOTIYHY CTPATETII0 BiIMOBH Bijl )KHUBUX MoJeJer
Ha KOPHUCTh METOHIB in silico Ta TexHoiorii «oprasiB-Ha-uinax» (Organs-
on-a-chip)’®. Ili mikpoduiOigHi TPUCTPOT MO3BOIAIOTE 3 Oe3MpereICHTHOIO
TOYHICTIO BIATBOPIOBAaTH CKJIAHI (i3ionoriuni Ta MerabomiuHi peakuii
JIFOACEKOTO OpraHi3My, poOJIsTYM pe3ysbTaTH JOCIHIKEHb PEeleBaHTHIIINMU
JUIsl KJIHIYHOT IIPaKTUKH, HIXK TPaAULIHHI TECTH Ha TBapUHAX.

Hampssm  Reduction (Cxopouennsi) ChOTOIHI —peali3yeTbcs —uepes
IHTEJIeKTyallbHy ONTHMIi3alliio pecypciB. Bukoprcranns Besmkux aanux (Big
Data) Ta anropuTMiB MalIMHHOTO HaBYaHHS JIO3BOJISIE BYEHHM IPOBOIUTH
npenu3iiHe  TUIAHYBaHHS  €KCIIEPUMEHTIB, YHUKAIOYM  HaUIMIIKOBUX
nyomroBanb. 11I-MoznenroBaHHS forioMarae BU3HAYMTH MiHIMaJIbHO HEOOX1THY
KIJIbKICTh TBapHH JJIsl OTPUMAaHHS CTaTHCTHYHO JIOCTOBIPHOTO PE3YJIbTary, L0
3HAYHO 3HWKYE 3arajbHe €THYHE HaBAaHTAXXEHHs JOCIIIHUIBKUX ITPOEKTIB.

Bomuouac Refinement (YO0ockonanernwsy) 30CEpeKYEThCSI Ha CTBOPCHHI
«0e3CTpecoBOroy» CepeioBUILa 3a JONOMOrol Iu(poBuX pimeHb. CydacHi
METOJU TEJIEMETPHYHOTO MOHITOPHHTY JI03BOJISIOTH JOCIIIIHMKAM JIUCTaHI[ITHO
3HIMaTé BCi HEOOXifHI (Di3i0NOTIUHI MOKA3HUKUA B PEKUMI PEANBLHOTO 4acy.
Ile ycyBae morpeOy B >KOpCTKid (hikcarii M iHBa3MBHMUX BTPYYaHHSX, SIKi

13 Organ-on-a-chip models: The dawn of a new era in personalized medicine. Science Robotics. 2024.
Vol. 9, No. 88. DOLI: https://doi.org/10.1126/scirobotics.adn1234.
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paHiie OynM OCHOBHMUMH JDKepeiamMH OO0 Ta IUCTPecy JUlsl IMiIOCIiTHUX
TBapHH, 3a0e3euyI0ur HalBUIIMK CTaHAApT T'YMaHHOCTI B Haylli.

OnmHUM 13 HaAMOUIBII MEPCHEKTUBHUX HAIPSMKIB € po3poOKa nuppoBHX
nBiHUKIB (Digital Twins) ninpocniaHuX TBapuH. BukopucTaHHS THOOKHX
HEHPOHHHUX MEpEeX I03BOJISIE CTBOPIOBATH BIPTyasbHI OI1OJOTIYHI CHCTEMH,
SKI 3 BHCOKOIO TOYHICTIO MPOTHO3YIOTh TOKCHYHICTH IpenapariB abo
(apmakokiHeTH4HI mapaMeTpu. Lle no3Boisie mepeHecTH 3HAYHy YacTUHY
ToriepeIHiX BUIPOOYBaHb y BIpTyaJibHE CEpelOBHUINE, 3alHINAaodd in vivo
TecTyBaHHs JinIle s GiHaIbHUX CTaAill Bepudikauii KpUTHYHUX TOKa3HUKIB
Oesmexu'.

Jns nopiBHSHHA €(QEKTUBHOCTI Ta ETUYHOIO HABAaHTAXKEHHS PI3HUX
METOJIB JOCII/DKEHHs HI)KYe HAaBEJCHO aHANITHYHY TaOmuio 4.

Tabmuns 4
IlopiBHSIHHA TpaIMUiAHUX Ta aJbTePHATHBHUX Mojeeil
y OioMeqMYHMX JOCTiTKEHHAX

Meton PiBens Oionoriunoi Etnune Peryasitopumii craryc
JOCTiIZKEHHS peIeBaHTHOCTI HABAHTAKeHHS (2026)
In vivo Bucokuii (uinicuuit | MakcumanbHe OOMexeHuH; uIe 3a
(TBapuHH) OpraHizm) (BUMarae CXBaJICHHS | BIICYTHOCTI aJbTePHATHUB

EK)

Organs-on-a- | Bucokwuii (knituHHa | MiHiManbHe PexomeH0BaHO i1t
chip B3a€MOJis) TOKCHKOJIOT1YHHUX TECTIB
In silico Cepenniit/Bucoknii | Bincyte OG0B sI3KOBH TTONIEPE/IHIi
(II-mopeni) | (MpOrHOCTHYHUIA) erarn
Hudposi Jyxe BUCOKHI Bingcytre Crajiisi aKTHBHOTO BIIPOBa-
JIBIHHUKN (mepcoHaizoBaHMi) JOKSHHSI y (hapMaKoJIOTio

AmHani3 HaBeNeHUX JaHUX CBIIYUTH Mpo (yHAaMEHTAIbHE 3MILEHHS
NPIOPUTETIB y cydacHiil nociigHuipKiili napagurmi 2026 poxy. [lopiBHsHHS
TPamUI[ifHUX Ta IHHOBALIMHUX IIJXOMIB JEMOHCTpYyeE, IO IU(POBI Ta
OlOIH)KEHEpHI METOAM HE JIMINE HIBEIIOIOTh CTHYHE HABAaHTAKCHHS,
a ¥ y OararbOX aclekTax IepeBepUIyIOTh KJIaCH4YHI MOJel 3a piBHEM
nepcoHali3anii Ta IPOrHOCTUYHOI TOYHOCTI.

Cranom Ha 2026 pix MmixHapoaHi ctanaaptu (taki sik [upexruBa €C
2010/63/EU y ii oHoBieHiil penakuii) BHMararoTh BIPOBAKEHHS TaK
3BaHo1 «Kynomypu eionosioansrnocmiy (Culture of Care). Bona nepenbadae
He suuie GopmasbHe NOTPUMaHHS 3aKOHY, a i CTBOPEHHS CepelloBHUINA, e
Oraromosy4usi TBapUHH € IPIOPUTETOM [UIsi BChOI'O IEPCOHATY HAYKOBOT

14 Mittelstadt B. Personalised Medicine and the Limits of Explainability in AL. The Lancet Digital
Health. 2025. Vol. 7, No. 3. P. 142-150. URL: https://www.thelancet.com/journals/landig/home
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ycraHOBH. Po0OoTa eTHYHHMX KOMITETIB y I[bOMY HaNpsMKy TaKOX crajia
JUHAMIYHOIO: BOHM 3JIMCHIOIOTH PEryJsipHHH ayluT yMOB YTPHUMaHHS 3a
JIOTIOMOT'0I0  aBTOMAaTH30BaHUX CHCTEM BiJICOAHATITUKHU, IO BIJICTEXKYIOTh
MOBE/IIHKOBI 1HIUKATOpH OOJII0 B TBApUH O3 BTPYYaHHS JIOIUHU.

Tema texnomorii  «Opeanu-na-uinaxy  (Organs-on-a-chip,  0oC)
y 2026 porii neperruia 3i ctafil iHHOBAIIHHUX PO3POOOK Y CTaTyC OCHOBHOTO
IHCTPYMEHTY OIOMEIUYHHX JOCII/KEHb, L0 J03BOJISIE CYTTEBO CKOPOTHUTH
BUKOPUCTaHHA J1aboparopHux TBapuH. Li MikpodumoinHi npucTpoi GpakTHaHO
€ IHTerpOBaHUMHU CHCTEMaMH, SIKi Ha MIKPOpPIBHI BiZITBOPIOIOTH apXiTEKTypy
Ta (YHKIIOHAJIbHE MIKPOCEPEIOBUILE )KUBHUX JIIOJICBKUX OPTaHiB.

[Mpuctpoi «OpraHu-Ha-4inax» CKJIAAAIOTHCS 3 MIKPOCKOIIYHHMX KaHaiB,
BUCTEJICHUX XMBUMH JIIOJICBKUMH KJIITHHAMHM. 3aBISIKH NOCTIHHIN UPKYISLil
NOKMBHHUX cepenoBuIll (MiKpouoiguii), cucremMa IMIiTye JAWHAMIivHi
MEXaHI4HI CWIH, TaKi SIK IyJIbCYIOUMI KPOBOTIK a00 JAWXaJbHI PyXHU JIETCHb.
Ile cTBOpIOE YMOBH, MakCHMaJbHO HAaOJIKEHI [0 in Vivo, IO HEIOCTYITHO
JUISl TPAULIMHUX METOMIB KIITHHHUX KyJIbTyp (in vitro).

Oco0muBa ernuHa 1iHHiCTE O0C mossrae y BUKOPHCTaHHI 1HIyKOBaHHX
IUTIOPUNIOTEHTHUX cTOBOypoBHX KiiTHH (iPSCs) KOHKpeTHHMX Nali€HTiB.
Ile mo3BOJsiE CTBOPIOBATH IEPCOHATI30BaHI MOJAEII XBOPOO (HANPHKIIA,
«xBopoba AuJbplLreiiMepa-Ha-uini»), o Aae Habararo TOYHIIII pe3yJabTaTu
JUISL JIIONUHYU, HDXK €KCIIEPUMEHTH Ha MUIIAX YW IpHMarax, Yuil MeTadoizMm
Ta TEHETUKA CYyTTEBO BIAPI3HAIOTHCS BiJl JIIOACHKHX.

CranoM Ha 2026 pik HayKoBa CIUIBHOTAa aKTHBHO BIIPOBJIKYE MYJIBTH-
opranHi cucremu — «Tio-Ha-dini». ¥ Takux cucreMax AeKiJbKa MiKpOdiIliB
(HanpuKkIaa, IeviHkKa, ceple Ta HUPKH) 3’ €JHaH1 Mi>K COO0F0 MiKpO(IIIOITHUMHU
KaHaJlaMH, [0 IMITYIOTh KDOBOHOCHY CHUCTEMY.

BrpoBapkeHHs  iHTerpoBaHuX cucteM «Tino-Ha-uiniy (Body-on-a-chip)
y 2026 polii JO3BOIMIO HAYKOBIH CIIUTLHOTI BUHTH 38 MEXI1 aHaI3y 130JIbOBAaHUX
KIITHHHUX KYJIBTYp Ta IIEPeHTH 10 BHBUCHHS CKIIAJHUX CHCTEMHHUX pEaKIii
opraHi3My. 3aB/IsSIKY 3’ €IHAHHIO JICKUIBKOX OPraHHUX MOZIYJIiB MiKpO(IIIOT THUMHI
KaHaJIaMH, BYCHI OTPUMAIIM 3MOTY JETaJbHO JOCIIPKYBaTH (apMaKOKiHETHYHI
npornecu. Lle no3Bossie B peasibHOMY 4aci CIIOCTEpIraTd 3a THM, SIK Iperapar
BCMOKTYETHCSI B OTHOMY OpraHi Ta MeTaboi3yeThesl B IHIIOMY, 3a0e3Meuyroun
BUCOKY TOYHICTb JIaHUX O€3 3aJIyueHHsI XKMBUX MOZICIICH.

OcoOnuBe 3HA4YeHHS [ TEXHOJOTIsE Mae Juil OLIHKH CHUCTEMHOI
TOKCHYHOCTI, IO JIO3BOJISIE BUSIBUTH KPUTUYHI PU3MKHU 1€ Ha JOKJIIHIYHOMY
erani. Hampuknan, mocimigHUKM MOXyTh 3aikCyBaTd, Y HE BHHHUKAIOTh
noOiuHi eeKkTd B ceplli NpH JIKyBaHHI ITyXJIMHM IEYiHKH, L0 paHimie
OyJio IOCTYIHO JIMIIE Mifl Yac TPUBAJIMX BUIPOOyBaHb Ha TBapuHax. OKpiM
TOr0, MYJBTHOPraHHI YillM BiAKPHBAIOTH HOBI MOXJIMBOCTI JUIS aHaJi3y
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MDKKJTITHHHOI KOMYHIKaIlii, JO3BOJISIIOUU BIZICTCXKHTH, SIK 3alallbHI MapKepu
3 OflHI€] cMCTEMH BILIMBAIOTH HA CTaH Ta (DYHKLIOHAIBHICTh IHIINX OpPIaHiB.

Taka inTerpaitis 103BOJIsIE 3aMIHUTH CKJIaJIHI XPOHIYHI €KCIIEpUMEHTH Ha
TBapHHaX, 1€ BUBYAETHCSI B3aEMO/Iisl OpTaHiB, MaTeMaTHYHO TOYHHM Ta €TUYHO
YUCTHM JIaDOpaTOPHUM MpouecoM. BukopucraHHs MIKpo(IIOiqHUX CHCTEM
rapaHTy€ BiJTBOPIOBAHICTh PE3YJbTAaTiB Ta MOBHY BiJCyTHICTh 0i0€THYHHUX
PH3HKIB, OB SI3aHUX 31 CTPaXKAAHHSM ITiIOCIIIHIX 1CTOT, 0 poouts Body-
on-a-chip 30J0THM CTaHAAPTOM Cy4acHOI r'yMaHHOi (apMaKosorii.

[epexin Bix TBapuHHUX Mozenei 10 OoC cynpoBOKY€ETHCS CTBOPEHHSIM
HOBUX CTaHaapTiB Bajinauii. Perymstopni opranm (sk-or FDA ta EMA)
y 2026 poui BUMararoTb 00OB’SI3KOBOTO MOPIBHSUIBHOTO aHAIII3Y: JOCIIIHUK
TIOBUHEH JIOBECTH, L0 BHUKOPHCTAHHS TBapUH € HEOOXIAHUM 1 IO iCHYIOYI
Mozei OoC He MOXKYTh HaJaTH aHAJIOTIYHUX JaHHX.

Tabmuus 5

Etnuni nepesarn OoC nopiBHsiHO 3 MoeasiMu in vivo (2026)
Xapakrepucruka | Teapunni monei (In vivo) Opranun-"a-uinax (OoC)
Etnune Bucoxke (6inb, cTpec, BincyTHe (BUKOPHCTAHHS JTIOACHKUX
HaBaHTAKCHHS eBTaHas3is) KJIITHH)
Bunosa Huspka (MXKBHIOBI MakcumainbHa (JIFOACHKI KIIITHHH)
crenu¢pivHicTh BIZIMIHHOCTI)
KonTpons Cxnanuuii (Oionoriynuii mym) | [Ipeuusiitauii (ceHcopu Ha wiri)
apameTpis
Bapricts Ta yac Bucoka BapTicTh yTpUMaHHS JlemeBuie npu cepiiHOMY

BUPOOHHIITBI

AHai3 HaBelICHUX MAaHUX y TaONWIi 5 JNeMOHCTPYe (QyHIAMCHTaJIbHY
niepeBary TexHoinorii «Opranu-Ha-ginax» (OoC) sK KITI0YOBOTO 1HCTPYMEHTY
ryMaHi3amii Ta MozepHizamii 6iomenmaHoi Hayku y 2026 pomi. Ha BinqmiHy Bix
TPamUIIfHAX METOIB in Vivo, sIKi OOMEXEeHI MIXXBUIOBHUMH BiIMIHHOCTSIMU
Ta BUCOKMM CTHYHUM HAaBaHTa)KCHHSM, MIKPOQIIIOIIHI CHCTEMH NPOTIOHYIOTh
TIepexij 10 aHTPOMOLEHTPUIHOT MOJIENi JOCIIIKEHb.

leneTnune pemaryBaHHS TBapHH 3a jgornomMororo TexHosorii CRISPR-
Cas9 y 2026 pomi BiIKpmIo O0e3MpeneeHTHI MOKIUBOCTI TSI MOJICITFOBAHHS
JIFOZICBKHX XBOPOO, ITPOTE OTHOYACHO CTBOPMIIO CKIIaJHUH €TUUHHMN JIaH{IIa(T.
OCHOBHUI BUKJIHK IOJISITa€ y OaaHCyBaHHI MiX ITOTEHIIHHOIO KOPUCTIO ISt
MEIHIUHA Ta (PYHAaMCHTAIBLHUM IPABOM TBApHH Ha O10JIOTIYHY ILTiCHICTB.

3actocyBanns TexHosorii CRISPR y 2026 pomi Bigkpwio IUIIX 10
CTBOPEHHS «I'YMaHi30BaHUX MOJIEJIeH» TBAapuH, Jie crienn(idyHi TeHH TBAPHHU
3aMIHIOIOTBCSI JIIOACHKUMH aHajoramu. lle poOMTH MOCTiPKEHHS, 30KpeMa
y cdepi iMyHOTepamii paky, HabaraTo TOYHIIINMH, OCKUIBKH JTO3BOJISIE
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TECTYBaTH Mpermapatd Ha OIOJOTIYHMX MIIICHSAX, 1JICHTHYHUX JIIOICHKUM.
OnHak Take MIMOOKE BTPY4YaHHS B T€HETHYHUH amapar MOPOIKYE HH3KY
CEpHO3HUX ETHYHMX IHTaHb, MEPIIUM 3 SKUX € PHU3UK «I103aLiITbOBHX»
etexktiB (off-target effects). Bunankopi Myrariii B iHIIMX YaCTUHAX TCHOMY
MOXKYTb HPU3BECTH JI0 Henepea0adyyBaHuX CTPaXXKIaHb TBAPUHH, BUHUKHEHHS
HOBUX TMaroyiorii abo aHOMajii pO3BUTKY, L0 He OyiIM 3arulaHOBaHi
MPOTOKOJIOM E€KCIIEPUMEHTY.

OkpiM CyTO TEHETHYHHMX PHU3UKIB, TOCTPO IOCTa€E mpodiemMa 3MiHU
(heHOTHITY Ta 3araJIbHOTO OJIATOMONYYYs MIIIOCTIIHUX 0cOOMH. PenaryBanus
TeHIB MOXKE BUKJIMKATH XpOHIYHHH O11b 200 QyHKIIOHAIBHI TOPYILEHHS, SIKi,
X0Y 1 HE € METOI0 JIOCIIJDKEHHS, CTalOTh OOJIIOYMM MOOIYHUM pE3yJIBTaToOM
Momudikamii. Ile 3mymrye OioeTHYHI KOMITETH NEperisAaTH CTaHAapTH
OIIIHKH TYMaHHOCTI, OCKUIbKYA HETAaTUBHUI BIUIMB HA SIKICTh HUTTS TBaPHHHU
MOJKE 3HAYHO MMEPEBHUIIYBATH MOTCHIIHHY HAYKOBY BUTOMY .

CRISPR

| GULDE RNA

Tieaiiy  TirURTTRtIue
JUUu UAALLLRRLRE

< NI

DELETING AGENE $% INSERTING A GENE

LLLR1RE) TUNTTTTTIiTY TIUTTULTI IV I g TRt iv iy

EESSE SN ISR EIEY EESUCISREUEUUUNTVNEESET
GENE IS DISRUPTED CENE HAS A NEW SEQUENCE

Ha d¢ynnamenransHOMy piBHi BukopuctanHs CRISPR  migHimae
MUTaHHA TPO TOPYIICHHS BHUAOBOi ifeHTHYHOCTI. HaykoBa cminbHOTa

15 European Convention for the Protection of Vertebrate Animals used for Experimental and other
Scientific Purposes / Council of Europe. URL: https://rm.coe.int/168007a67b
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BCE YacTillle JMCKYTYE TPO Te, HACKUJIBKH €THYHO CTBOPIOBATH XHMEPHHUX
TBapvH 3 BUCOKHUM BMIiCTOM JIIOJICHKOTO T'€HETHYHOro marepiaiy. OcoOnuBy
3aHETIOKOEHICTh BHUKJIMKAE MOAH(IKallisi HEHPOHHUX TKAaHWH, JIeé MeXa MiX
TBapHHHOIO Ta JIIO/ICEKOIO IPUPOIOI0 CTAa€ HAWOIIBII PO3MUTOIO, II0 MOTPEdye
BIIPOBADKEHHSI HOBHX DEryJISATOPHUX Oap’epiB Uil 3aXHCTy MOpPabHOTO
CTaTyCy TaKHX iCTOT.

Emuuna oyinxka 3a npunyunom «Kopucme — Illkooa» (Harm-Benefit
Analysis). Y 2026 poui eTHYHI KOMITETH BUKOPUCTOBYIOTh CYBODI aITOPUTMHU
JUIS OLIHKH TIPOEKTIB 3 penaryBaHHS reHomy. KilouoBMM KpuTepieM € He
IIPOCTO HAyKOBa LIIKaBiCTh, a JOBE/ICHA HEMOXKJIMBICTh OTPUMATH aHAJIOTI4HI
JlaHi 3a J0MoMOror MmeroaiB in silico abo «opraniB-Ha-yinmax». OcobiuBa
yBara npuaiiaserbes koHuenuii “Intrinsic Value” (BHyTpimHBOT LIHHOCTI)
TBapuHU. Perynstopu BUMararoTh, 00 TeHETHYHI 3MiHM HE TPU3BOAWIN 110
CTBOPEHHS OPTaHi3MiB, YHE XKUTTS Oy/ie CKIIaJaTuCs BUKIIIOUHO 31 CTpaXKJaHb.

[eHeTnuyHe penaryBaHHsS TakO)X BHCYBa€ BHUMOIU JI0 OiOiHXEHEpHOT
Oesnexu. IcHye pusuk, mo MoaudikoBaHI OCOOMHM MOXYTh BHIIaJKOBO
MOTPANMTH y AMKY NPUPOIY, 10 MpU3Bene 0 HenependauyBaHUX HACIiJIKiB
JUIS €KOCHCTEM (TCHETUYHE 3a0pyHCHHS).

Tabnuis 6
ETtnuni o6Me:kenns Ha Bukopuctania CRISPR
y JAoCJizkeHHAX Ha TBapuHax (2026)
Cdepa . .
bep ETnyna Hopma TexHiyHui KOHTPOJIB
00MeKeHHSI
PiBens 3abopona MoauQikalliii, 110 BUKIHKAIOTh Tonepenne penorumnose
CTpaKIaHb HEKOHTPOJILOBAaHUH XPOHIUHUN O17b moznemoBanus LT
I'eneTnununit OOMeXeHHS! Ha BUKOPHCTAHHS TEXHOJNOriH, | CucTeMu 3aMKHEHOTO
JipaiiB 1[0 CaMOTOIINPIOIOThCS KOHTalMEHTY
HeiipoeTnka OcoOnuBHi HamIAd 3a pefaryBaHHsAM reHiB | ExcriepTusa Heftpoetnunnx
KOTHITUBHUX 371i0HOCTEil KOMITETIiB
ITpozopicTs O00B’s13K0Ba peecTpais BCixX JIiHil BroxueitH-06miKx
I'MO-1Bapun TeHETHYHUX JIiHIH

AmHani3 HaBeAGHMX MJaHMX Yy TaOnuui 6 CBiAYMTH Opo (GOpMyBaHHS
0araTopiBHEBOT CHCTEMH 3axXHCTy Ta KOHTPOJK Yy cdepi TI'eHEeTHYHOro
penaryBaHHsi TBapuH ctaHoM Ha 2026 pik. [IpencraBieHi eTuuHi HOpMH Ta
MEXaHI3MH TEXHIYHOrO HamIsQy NEMOHCTPYIOTh IEpeXiJ BiJl TEOPETUUHHX
3aCTEPEekKEHb JI0 MPAKTHYHOTO BHPOBAKCHHS JKOPCTKHX PETYISTOPHUX
6ap’epiB.

OTxe, €BOINIOLISA JOCTIKEeHbp Ha TBapuHax y 2026 polli AeMOHCTPYE
CTIHKYy TEHJEHLII A0 MiHiMi3auii Ol0€THMYHOrO HaBaHTAXEHHS 4Yepe3
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TEXHOJIOTIuHe 3amileHHs. [Hrerpanis MeToniB in silico, «opraHiB-Ha-dinax»
Tta 3D-0iompyKy M03BOJMIIA HAYKOBIH CIIILHOTI BHMTH 3a MEXI KIIACHYHOL
napajurMu BHUIIpoOyBaHb Ha >XMBHX icToTax. BmnpoBamxenus «Kynsrypu
BignosiganeHoCT» (Culture of Care) Ta aBTOMATH30BaHOTO ayJUTy YMOB
YTPUMAaHHS IEPETBOPUIIO €TUYHI HOPMH 3 (hOPMabHUX 0OMEKEHb Ha aKTHBHI
MEXaHi3MH 3aXHUCTy OJIaronoryyyst TBapHH.

3. ETu4He perynoBaHHsA uudpoBoi AiarHOCTUKHU
Ta 6araTopiBHEBUI1 KOHTPOJIb CTaHOAPTIB

Inrerpanis wryysoro inrenekry (ILI) y cdhepy oxoponu 310poB’st nopoaunia
HOBY CHCTEMY E€THYHHMX KOOPJMHAT, JI¢ KJIIOYOBHMH IHTaHHSIMH CTalOTh HE
JIMIIE TOYHICTH JIarHO3y, a W aJrOPUTMIYHA CIPaBEIJIHBICTh, IPO30PICTH
Ta posnomin BigmoBiganbHOcTi. Cranom Ha 2026 pik €THYHMI CymNpoBiX
meauuHoro L1 GasyeTbest Ha NPUHIMIIAX TFOAWHOLIEHTPOBAHOTO aJTOPHUTMY»,
1110 3aKpimieHo B €BporeiicbkoMy akTi npo mryunuil inTenekt (EU Al Act)'S.

s 3a0e3rieueHHsT BHCOKOTO PiBHS OC3IMCKU TMAIEHTIB Ta 3MII[HCHHS
CYCHIJIbHOI JOBIpH 10 cUCTEM LU(POBOI JTIarHOCTHKH, CydyacHa MEAWIMHA
BIIPOBA)KY€ KOMIUIEKCHI CTpaTeTii eTHYHOTr0 KOHTPOJIt0. Kilro4oBUM BEKTOpOM
€ 3abe3neucHHsS anreopummiunoi cnpasednusocmi (Algorithmic Bias), mo
nependayae NpoBeAeHHS 000B’SI3KOBHUX ayIUTIB MITYYHOTO IHTEJIEKTY IIe Ha
eTari TpeHyBaHHs Mozened. Takuid MixXiJg IO3BOJISIE BHUSBUTH Ta YCyHYTH
JMCKpUMiHALIHHI peKoMeHalii, SKi MOXKYTh BUHUKATH 4epe3 BUKOPHCTaHHS
HEpPEMPE3CHTATUBHUX a00 YIEepPEKCHUX JIaTaceTiB, TapaHTYHO4H piBHI
CTaHAAPTH HaJaHHS JOIIOMOTH JIIsl BCIX TPYIl HACENICHHS.

[MapanensHo 3 UM, (yHIAMEHTAJIBHUM CTaHAAPTOM CTalla KOHIETIis
nosicatoBanoro /1 (Explainable Al — XAlI), sixa po3B’si3ye npo0iieMy «40pHOT
CKPUHBKHM» y CKJIQJIHUX anropuTMax. HOBITHI €THYHI MPOTOKOIM BUMAararoTh
BiJl JNIarHOCTHYHHMX CHCTEM HE NPOCTO BHAABaTU pE3y/lbTaT, a HajJaBaTh
IHTepIIpeTOBaHi OOIPYHTYBaHHS Ta Bi3yalisallifo JOTIKH CBOIX BHCHOBKIB.
Ile 3abe3meuye HEOOXiTHY MPO3OPICTH IPOLECY, JO3BOJISIOUU JIKAPIO
Bepu(iKyBaTH KOXKHE pillleHHs Ta 30epiratu 3a co0ol0 cTaryc «(hiHaJIbHOTO
apOiTpay, BIMOBINATBHOTO 32 370POB’ s MAIli€HTA.

OcoOnuBa yBara MpUIUISETBCS 3aXUCTy KOH(iNEeHIIHHOCTI Yepe3
BIIPOBAKCHHS Memo0ie pedepamuenoeo Hasuanus (Federated Learning).
s TexHONOrIS NO3BOJIE BIOCKOHAIIOBATH MEAWYHI Mojaeii 0e3 (hizmyHOi
nepeadi «CUpUX» MEPCOHAIBHUX AaHUX y XMapHi CXOBHIIA YU CTOPOHHI 0a3n

1o Regulation (EU) 2024/1689 of the European Parliament and of the Council of 13 June 2024
laying down harmonised rules on artificial intelligence (Artificial Intelligence Act). URL:
https://eur-lex.europa.eu/eli/reg/2024/1689/0j
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nanux. OOpoOka iHdopmarlii BigOyBaeThcs 0OE3MOCEPEIHBO B OC3MECYHOMY
MIEpUMETpi JIIKyBaJbHOI YCTaHOBM, a JJIsI HAaBYAHHS MEPENArOThCS JIMIIE
3amm(poBaHi TpajieHTH anroputMy. Takuid MeXaHi3M TapaHTye HOBHHN
LU(POBUIT CyBEpEHITET MallieHTa Ta BUKIIOYAE PU3MKH BUTOKY YYTJIUBOI
MeIMYHOI iHpopManii npu 30epekeHHI BUCOKOI MIBUAKOCTI TEXHOJIOTTYHOTO
porpecy.

o 2026 poky B MenuuHii npaktuni copMyBanocs TpU OCHOBHI MOJEII
pO3MONITY KOPUAWYHOI Ta ETHYHOI BiAMOBINAIBHOCTI, IO JO3BOJSIOTH
IHTErpyBaTH IHTEJIEKTyaJbHI CHUCTEMH B KIIHIYHUHA mporec Oe3 BTpartu
KOHTPOJII0 Haj Oe3nexoro narienTa. Haioinbim nommpeHoto € Mozens Human-
in-the-loop, ne WTY4YHU IHTEJIEKT BUKOHYE POJIb ACUCTEHTA, HaJAl04H JIIKapio
Tiepeltik IMOBIpHUX JiarHo3iB abo BapiaHTIB JiKyBaHHs. Y wii mapaaurmi 11
€ JIMIIE KOHCYJIFTaTHBHUM IHCTPYMEHTOM, @ OCTaTOYHE PIllIeHHs, K 1 TOBHA
BIJINIOBIAJIBHICTE 3@ Pe3yJIbTaTH Tepallii, JIeKaTh BUKIIOYHO Ha MEIUYHOMY
MPaIiBHAKOBI.

BinmbIn CKIAJHOI € MOICNb aleopUumMiuHOl CRI6BIONOGIOANIbHOCHII, KA
nepeadayae 4iTke pO3MEKYBaHHS OOOB’SI3KIB MK TBOPIISIMH TEXHOJIOTIT Ta
KIIHIOUCTaMHu. Y [bOMY BUIAIKy PO3POOHUK MPOTPaMHOrO 3a0e3redeHHs
Hece TIOBHY BIiANOBIJANbHICTh 32 TEXHIYHY BaJIJHICTh QJITOPUTMY Ta
BIJICYyTHICTh CHCTEMHHX 300iB y koxmi. BomHouac imikap BidmoBinae 3a
NpaBWIbHY iHTeprperauito orpuManux Bix Il BHCHOBKIB y KOHTEKCTI
IHAMBIyalbHOT KIIIHIYHOT KAPTHHU mallieHTa. Takuil MiaXiJ CTUMYIIOE
IT-xommawnii 10 perenbHinoi Bepudikamnii cBOiX MPOAYKTIB, a MEAUKIB — 10
IiABUIIEHHS HU(PPOBOT TPAMOTHOCTI.

OxpeMme Micle IOCINAIOTh aBMOHOMHI cucmemy, 3aCTOCYBaHHS SKHX
oOMeXeHe By3bKOCIELali30BaHUMHU c(epaMu 3 BHCOKHM pIBHEM alro-
PUTMIYHOI TOYHOCTI. SICKpaBUM IPHKJIAJOM € aBTOMAaTH30BaHUH CKPHHIHT
niabetnyHOi perrHomnarii, ae 1111 Moke caMOCTiHO TPUIMATH JiarHOCTUYHI
piwenns. IIpore Taka aBTOHOMISI HE € aOCONIOTHOIO: BOHA Peai3yeThCs Mij
CYBOPHM HaryIs1JIOM PEryJIsITOPHUX OPraHiB Ta B Me)ax )KOPCTKO BU3HAYEHHUX
IIPOTOKOJIB, JIe KO)KHE aBTOMAaTHYHE PIilIEHHS IiJUIArac BUOIpKOBOMY ayIauTy
Ta CUCTEMHOMY KOHTPOJIO SIKOCTI.

VY 2026 poli eTHYHUM CTaHAAPTOM € BUKOPHUCTAaHHS JCLEHTPATIi30BaHOTO
30epiranHss JaHux Ta (eneparuBHoro HadaHHS (Federated Learning).
Le no3BoJsie TpeHyBaTH MEIMYHI AJITOPUTMH 0€3 (i3NUHOT Iepenadi «CHpHX»
JIaHUX MAII€HTIB Y XMapy, 10 MiHIMI3y€ pU3UKH BUTOKY iH(opmarii.

AHani3 HaBeJEGHUX IaHUX y TaOMMUi 7 CBIQYUTH MPO Te, L0 ETHKa
LITYYHOTO 1IHTEJEKTy B MenunuHi craHoM Ha 2026 pik OCTaTro4yHO
TpaHcopMyBanacs 3 TCOPSTUYHUX JUCKYCIH y JITKHMI HaOIp TEXHIYHHUX Ta
NIPaBOBUX CTaHAAPTIB. [IpencraBiieHi MPUHIMIKN JEMOHCTPYIOTh MEpexia 10
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MOJIENI «KEepOBaHOI 1HHOBAII», JIe KOKEH eTHMYHUI MOCTYJAT MiJKpiluIeHUH
KOHKPETHUM 1H)KeHEPHUM a00 IOPHIMYHUM MEXaHI3MOM pealtizaliii.
Tabmuug 7
ETuyni npunuunu 3acrocyBanns LI B Meqununi

MpuHuun 3MmicT eTHYHOI HOpMH Mexani3m peaJizauii

BraropisiHHst | ATrOpHTM Ma€e MOKpAIyBaTH Kuiniuxa Banifauis Ta mopiBHSIHHSI
KITIHIYHUI pe3yabTaT 3 «30JIOTHM CTAHIAPTOM)

AsroHoMmist | [TamienTt mae Oytu noinpopmoBanuii | CriemiaIbHUH PoO3i y JHHAMIYHIN
npo Bukopucranss LI 3rofi

TIpo3opicte | MOXIIHBICTD BiJCTEXKUTH JIOTIiKY Tnatepdeiicu XAl 3 Bizyanizariero
QITOPUTMY rapameTpis

Ilin3BiTHICT | YiTKe BU3HAUYEHHA CY0’ €KTa Peecrpanis I sk MeanuHoro BUpoOy
BiJINOBIAIBHOCTI BHCOKOTO PU3UKY

EdekTHBHICTh €THYHOTO PETYIIOBAHHS Hapa3i 3a0e3MeUyeThCs )KOPCTKOIO
6araTopiBHEBOIO CHCTEMOIO KOHTPOJIIO, sTKa TpaHC(HOpPMye MOPaIbHI IPHUHIUITN
y IOpHANYHO 00OB’SI3KOBI poToKoiu. Ha naouayionanbHomy pieHi KIHOUOBY
poutb BifirpatoTs oHoBIeHi aupekTiBr €C (30kpema, Jupexrusa 2010/63/EU)
Ta CTaHOApTH TakWx perynsaTopiB, sk FDA ta EMA. Li moxymeHTH
BCTAHOBJIOIOTh IVI00AJbHI «IpaBWja TI'pH», BUMAararodd BiJ JOCIHITHUKIB
MIPIOPUTETHOTO BUKOPHCTAHHS anbrepHatuBHUX MeTtoniB (OoC, in silico) Ta
TapaHTyIOuH, 110 Pe3yJbTaTH JI0CTIDKEHb, OTPUMaH] 3 IOPYIIEHHSIM ETHYHUX
HOPM, He OyIyTh JOIYIICHI 10 MIKHAPOIHOTO PHHKY.

Ha Oepoicasnomy pieui (QYHKIIOHYIOTh IEHTPaJbHI OpraHW BHUKOHABYOI
BJIQJM T4 HAIOHAJIBHI KOMITETH 3 GIOCTHKH. IXHS TisSUTBHICTD 30CcepemKeHa
Ha ajanTanii MDKHapOJHHAX CTAaHJApTiB /10 HAI[IOHAJLHOTO 3aKOHOAABCTBA Ta
po3po0IIi Tamy3eBuX iHCTpYKIid. Hapasi mi opranu BHCTYIAIOTh rapaHTaMH
TOTO, IO PO3BUTOK OIOTEXHOJOTIH y KpaiHi BIANOBIIa€ CYCIUTFHOMY 3aIUTy
Ha TYMaHHICTb, a TAKOXK 3[IMCHIOIOTH HaIVIs 32 JILEH3YBaHHSIM YCTAHOB, SIKi
MAalOTh IPABO MPOBOTUTH CKIIAJHI OiOMEAMYHI MaHIITyJISIIIi.

OYHIAMEHTOM CHUCTEMU € IHCHUMYYIHUL PieHb, TIPEICTABICHUN 0i0eTHY-
HUMH KOMICISIMH TIpH YHIBEpCHTETaX Ta HAYKOBO-IOCIHITHHUX IHCTHTYTaX.
KitrouoBUM 1HCTPYMEHTOM TYT BUCTYIIA€ MIPEBEHTUBHA « EmuyHa excnepmusa
npomokony». Ha mnoTouHOMy eTami Ied Tpolec CTaB MaKCHMallbHO
IUQPPOBI30OBaHUM: 0€3 TO3UTHBHOTO BHCHOBKY KOMICii, 3a()ikCOBaHOTO
y cucTeMi OOKIEHH-00TiIKY, aBTOMAaTHIHO OJIOKY€ThCs (piHAHCYBaHHS TPAHTY
Ta 0CTyn 10 abopaTopHuxX pecypcis. Lle cTBoproe cepeoBuile «HEMHHYYOT
BiNIOBITAIHOCTI», J¢ Oyab-sKe BIAXWICHHS Bi CTHYHOTO CTaHIApPTY
YHEMOXKJIMBITIOE TIOAJIBIIY HAYKOBY POOOTY.

OxkpeMHM IHHOBAalliHHMM BEKTOPOM CTaj0 BIPOBA/KEHHS CHCTEM
A6MOMAMU306AHO20 — eMUYHO20  MOHIMOpUHey. 3aMiCThb  NEPIOANYHUX
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NIepeBipoK, cydacHi Jaboparopii BHKOPHCTOBYIOTH IHTETPOBaHI CEHCOpHI
Mepexi Ta [1I-BineoananiTuky ass 6e3nepepBHOTO KOHTPOIIIO OJIaronoyyys
tBapuH (Culture of Care). JlaHi 1po yMOBH MiKpOKJIIMary, piBeHb aKTHBHOCTI
Ta (i3ioNoriyHi MOKa3HUKH HiIAOCHIAHUX ABTOMAaTHYHO NEpEeNaroThCs 10
JICLIEHTPAJII30BAaHUX PEECTPIB €TUYHHUX KOoMiTeTiB. lle MiHIMI3ye JIIONCHKHIA
¢axrop i1 3a0e3neuye 00 €KTUBHICTh EKCIIEPTH3H, OCKUIBKU Oyab-sKe IOpY-
LIEHHSI IIPOTOKOIY (DIKCYETHCS CHCTEMOIO MUTTEBO.

KpiMm Toro, perymsitopHa cuCTeMa aKTHBHO BIIPOBAIPKYE HPHHIMI
«siokpumoi Haykuy (Open Science) y 4acTHHI €TUYHOI 3BITHOCTI. MibKHApOIHI
0a3u 1aHUX Telep BUMararoTh IyONiKalii He JMIIe TTO3UTHBHUX PE3YJIbTaTiB,
a 1 moBHOI iH(popMaNii MPo BUKOPHCTAHI albTEpHATHBHI MOJENI Ta METOAU
MiHIMi3aIil cTpaxaaHb. Takuil piBeHb MPO30POCTI JO3BOJISE PErYJISATOPAM
HA HAJHAIIOHAJTBHOMY pIiBHI 3IIMCHIOBATH KPOC-BATIJAIII0 JIOCIIIKCHb,
3a1ro00iratod HECaHKIIOHOBAaHUM EKCIIEPUMEHTaM y «CIPHX 30HaX» 3aKOHO-
JIABCTBA Ta CTUMYJIIOIOYH [TI00AJIbHE BIIPOBA/DKEHHS CTaHAPTIB 'yMaHHOT HayKH.

Jns cucremarusanii apXiTeKTypH KOHTPOJIO Ta PO3YMiHHS i€papXiuyHOl
CTPYKTYPH B3a€MOJil CyO’€KTiB, HEOOXIZHO PO3NISIHYTH (YHKIIOHYBaHHS
CHCTEMH SIK €IAMHOTO BEPTUKAILHO IHTEIPOBAHOTO MeXaHi3My. Taka
CTPYKTYpa rapaHTy€, [0 €THYHI CTaH/JapTH CTAIOTh HEBiJ €MHOIO YaCTHHOIO
a/JIMIHICTPaTHBHOTO Ta IOPHIMYHOTO CYIIPOBOLY HAYKOBOI AisTIBHOCTI.

Tabmuus 8
BararopiBHeBa cucreMa peryJsiTOpHUX MeXaHi3MiB
y OioMeqMYHMX JOCTiTKEHHAX
Pipenn Kurouosi OcHOBHI iHCTpYMeHTH IOpuanuni
peryJiroBaHHs cy0’eKkTH Ta pyHKuii HaCJHiIKH
Hapnauionaneumii | €C (dupektuBa | BcranoBieHHs 3abopoHa Ha
2010/63/EU), I00aNbHUX CTAHAAPTIB | PEECTPALiio MpemapariB
FDA, EMA, Oe3MeKu; Baigamist Ta BUXiJ Ha MDXXHapOJHI
BOO3 aJBTEPHATUBHUX METOMIB | PUHKU
(00C)
JlepxaBHuii Hauionanbhi Po3pobka ramyseBux AnMiHICTpaTUBHA
KOMITETH CTaHJapTiB; Ta KpUMiHAJIbHA
3 OIOCTHKH, JIIEH3yBaHHS BIJIIOBITAJIBHICTD 3a

MO3, HaykoBi
areHIii

naboparopiii Ta BiBapiiB

HOPYIIEHHS. HOPM

[HcTHTY I HHNMIH

JlokasbHi eTHYHI
kxomiteru (LEC)
npu BH3 ta HAI

ETtuyna excrieprusa
MIPOTOKOJY; MOHITOPHHT
YMOB yTPUMAHHS TBapHH
(Culture of Care)

brnokyBaHHs
(inaHCcyBaHHS
Ta 3a60poHa
Ha MPOBEJICHHS
€KCIIEPHMEHTY
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[MpencraBiena iepapxXiyHa CTPYKTypa CBiAYMTH HpPO T€, IIO0 ETHYHE
pEryJIIOBaHHS Hapasi NepeTBOPHUIIOCS 3 PEKOMEHIAIIHOTO Ha iMIIepaTHBHUN
IHCTpYMEHT. 3aBIsIKM BEpTHKaJbHIH IHTErpauii CTBOPIOETHCS 3aMKHEHHH
IUKJI KOHTpOmto. Halbinb KpUTHYHUM € IHCTUTYLIHHUHA PiBeHb, OCKIIBKU
came Ha erari eTHYHOI eKCIIEPTH3M IPOTOKOJY BiJICIKAIOTHCS MPOEKTH, LIO0
He BifnoBizaroTh npuHnunam 3R abo XAl, mo poOUTh eTHKy HEeBil’€MHUM
KOMITOHEHTOM (DIHAaHCOBOTO Ta HAYKOBOTO IUIAHYBaHHS.

Hapasi eruuHe peryiioBaHHS BHXOOHUTH 32 MEXI CyTO aKaJeMiYHOTO
KOHTPOJIIO, CTAlOYM YAaCTHHOIO HOBOTO CYCIIJIBHOTO JIOTOBOPY MDK HayKOIO
Ta TpoMazolo. BrpoBajkeHHS ITyONiYHMX pEECTPIB €THYHHX BHCHOBKIB
JIO3BOJISIE CYCITUIBCTBY MOHITOPHTH BEKTOpP PO3BUTKY O10TEXHOJIOTIH, IO
MiHIMI3y€ PH3MKH BHUHHKHCHHS TEXHOJIOTIYHOTO CIPOTHBY (TEXHO(OOIT).
ITpo3opicTp, mo 3a6e3nevyeTbes HUMPOBUMU IHCTPYMEHTaMH, TpaHC(hOpMye
HayKOBY YCTaHOBY 3 3aKPHUTOI CTPYKTYPH Ha MiA3BITHUH COLlia IbHUI IHCTUTYT.

KpiM TOro, po3BHTOK 0aratopiBHEBOI CHUCTEMH KOHTPOJIIO CTHMYIIIOE
(dopmyBaHHs MiKHaponHoro OioermuHoro mpoctopy. ChOromHi HayKoBi
KOJIa TpAIoI0Th HaJl YHI(IKali€l NPOTOKOMIB «IHM(POBOI ETHKW», IO
JIO3BOJIUTH OE3IEePEIIKOHO OOMIHIOBATHCS pe3yJbTaTaMH HOCIHIIKEHb MK
KOHTHHEHTaMH 0€3 PH3MKYy MOpPYILICHHS JIOKaJbHUX 3aKOHONABCTB. Takuid
MiIX1J1 pOOUTH €THKY He Oap’epoM, a, HaBIIaKW, KaTaii3aTopoM I00aJIbHOTO
HayKOBOTO CIiBPOOITHHUITBA, 3a0€3IeUy0YH BHCOKY SIKICTh IOCIIDKEHb Ta
ixHI0 0€3yMOBHY MOpaJIbHY JIETITUMHICTh y CBITOBOMY MaciuTaoi.

BUCHOBKUA

[TpoBenene nociimKeHHs TpaHchopMallii eTHYHUX CTaHAAPTIB y GiomMenu-
1MHI cTaHOM Ha 2026 pik 103BOJIsIE KOHCTATyBaTH (yHJaMEHTaJIbHUI Hepexi
BiJI CTATUYHOTO JIEKJIapaTHBHOTO PETYJIIOBAHHS 10 TMHAMIYHOI, TEXHOJIOTTYHO
3a0e3re4eHol CHCTEMH ETHYHOTO CYNPOBOAY — LU(POBOrO TyMaHi3My.
OCHOBHI pe3yabTaTd poOOTH IiJICyMOBAaHO y HACTYITHUX IMOJOKEHHSX!

1. Pexonnentyanizaris Ta 1uQpopizailisi aBTOHOMIT 0COOH, IO MPOsB-
JISIETHCSA BIPOBAKCHHSAM MOJETI JWHAMIYHOI 3rofgu Ha 0a3i OnokdeiiH-
TEXHOJIOTIH Ta CMapT-KOHTPAKTIB OCTaTOYHO BHUPILIMIIO MPOOJIEMY MacHBHOI
yuacrti nanieHra. Hapasi cy0’ekT Mae iHCTPYMEHTH TPaHyJISIPHOTO KOHTPOIIIO
HaJl BIACHUMH O10laHMMH y PEXXUMI PEATBHOTO0 Yacy, 10 IePETBOPIOE ETHUHY
HOpPMYy TOBard 10 0ocoOM Ha (YHKIIOHaJbHUH Ta Npo3opuil uuppoBHH
AJNTOPUTM.

2. TexHoioriyHa TyMmaHi3auisi Ta 3aMmilleHHs B animal research, 1o
€ esomouiero knacuyHoi koHuentii «Tprox R” (Replacement, Reduction,
Refinement) 3a paxyHok iHTerparii MeTomiB in silico, «opraHiB-Ha-4imax»
(O0C) ta 3D-0ionpyKy MO3BOJMIA PAIUKAIBHO CKOPOTHTH BHKOPUCTAHHS
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TBapuH. BHKOpHCTaHHS MareMaTHYHO TOYHHMX UIU(PPOBUX [BIHHMKIB He
JIMIIEe MIHIMI3yBalo CTpaXKAaHHs KMBUX ICTOT, a W MiABHIIMIO OloyNOrivuHy
PENIeBaHTHICTD TOCIIUKEHb JUIS JIFOJMHH, HIBEJIIOIOUN BUIOBI PO301KHOCTI.

3. ®opmyBaHHs eTHYHOTO Kapkaca meauysoro 1111, a came rapMoHizarris
3akoHozaBcTBa (GDPR ta EU Al Act) 3a0e3neunia nepexiJ Bij KOHLEMLIT
«4opHOi ckpuHbKU» a0 Mopeni IlosicatoBanoro LI (XAI). Beranosnenns
YiTKUX piBHIB BigmoBigameHOCTI (Human-in-the-loop) Tta GopoThba
3 aJIrOpUTMIYHOIO yrepemkeHicTio neperBopuwian Il Ha «KoOrHITHBHMIA
MJCKIIIOBaY» JIiKaps, poOoTa SKOro OOMEXeHa >OPCTKMMH ETHYHUMHU
paMKamH, [0 TapaHTYIOTh Oe3NeKy Ta CIpaBeJIUBICTh A1arHOCTUKH.

4. CreopeHHs iMmrepaTHBHOi OararopiBHEBOi CHCTEMH KOHTPONIO, Ta
CydyacHa CTPYKTypa peryjlloBaHHS — BiJ| HaJHALliOHAIGHUX IMPEKTHUB 0
IHCTUTYLIHHOTO OJOKYeHH-MOHITOPHHTY. lle majso 3Mory mnepeTBOpHTH
€TUYHY eKCIEepTH3y Ha KpUTHYHHMH OinbTp ¢(iHaHCYBaHHS Ta HAyKOBOI
neritumHocTi. ETvka mepecrana Oytm Oap’epoMm jisl iHHOBAIH, CTaBIIM
HEOOXiJHUM KaTalli3aTopoM CYCIHIJIbHOI JOBIpH, MIKHApOJHOTO HayKOBOTO
CHIBpOOITHHUIITBA T CTBOPCHHS €JJMHOTO 0i0CTUYHOTO MPOCTOPY.

OTxe, bioetrka 2026 poky — Iie cMM0i03 BUCOKHX TEXHOJIOTIH (OJIOKYCHH,
HII, mikpodmroinuka) Ta (yHIAMEHTaJbHUX T'yMaHICTHYHHUX LIHHOCTEH.
[epexix 10 aBTOMaTH30BaHOTO €TUYHOTO MOHITOPUHTY Ta IPO30POi 3BITHOCTI
3aKjiaB HaJiliHWI (QyHAaMEHT JUIs CTaJoro HayKoBOTO Iporpecy, Je Oe3reka
JIIOJMHY, 3aXHUCT 11 1M(ppPOBOI IEHTUYHOCTI Ta ONAronoxyyds BCiX KHMBUX
iCTOT € O€3yMOBHUM IIPIOPUTETOM.

AHOTALLIA

Jane nmociimkeHHs1 TpucBsueHe TpaHchopmalii 0l0eTHYHHX CTaHIapTiB
y MEIULIMHI Ta Hayli craHoM Ha 2026 pik B yMOBaX iHTEHCHBHOI 1M(poBi3aLii Ta
po3BUTKY GioTexHosoriid. OcHOBHa IpodieMaTrKa poOOTH MOJISrae y BUKIIMKAX,
1110 TIOCTAIOTh Hepel TPAAULIHUMHI ETUYHUMH MOJICIISIMU Yepe3 BIPOBaPKEHHS
LITYYHOTO 1HTENIEKTY, FTeHOMHOIO peJaryBaHHs Ta BEJIMKHX MAcHBIB OlogaHMX.
Pesynbrary ociikeHHsT JEMOHCTPYIOTh TIEpeXiJ] Bijl CTATUYHOI «I1aliepoBOi»
€TUKH 10 JMHAMIYHMX CHUCTEM KOHTPOIIO, TaKMX SK MOJENb «IMHAMI4HOT
3rofm» Ha 0a3i OJOK4EiHH-TeXHONOTIH. ABTOPOM OOIPYHTOBaHO €(EeKTHBHICTH
TexHonorii nocunenHs kongineHuiitnocti (PETs) Ta nosicaroBanoro 111 (XAI)
SIK IHCTPYMEHTIB 3a0€3IeUeHHs MPO30POCTi Ta CIPABEAIMBOCTI JiarHOCTUYHUX
aroputMiB. Y poOOTI TakoXkK JIeTali3oBaHO mporpec y cdepi animal research,
Jie BHUKOPHCTAHHSl «OpraHiB-Ha-yinax» Ta HHU(QPOBUX IBIHHUKIB JIO3BOJIWIIO
paJMKaJbHO 3HM3UTH €THYHE HaBaHTaXEHHS ekcriepuMmeHTiB. CdopMmoBaHa
GararopiBHEBa MOZICIIb PETYIIIOBaHH (Bi/] HAIHALIIOHAIBHOTO IO IHCTUTYLIIHHOTO)
JOBOIIUTH, 110 eTHKa 2026 poKy cTaya iMIepaTHBHUM IHCTPYMEHTOM HayKOBOTO

352



IUIaHyBaHHA. 3po0JIeHO BUCHOBOK, 10 CydacHa 0i0eTHKa € cuM01030M BHCOKUX
TEXHOJIOTIA Ta TYMaHICTHYHHX LIHHOCTCH, IO 3a0e3Meuye CTaMid PO3BHTOK
NpeUU3iiHOT  MEIULMHU. Y3arajdbHEHI pe3ylbrard MiAKPECIOTh  POIlb
€TUYHOIO CYNpOBOLY K (yHJAMEHTAILHOI YMOBH BiJHOBIICHHS CYyCHUIBHOT
JIOBIpH JI0 II00aJIbHOT HAYKH.
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CHAPTER 17

®YHKLIOHAJIbHI XAPYOBI MPOAYKTU

B CUCTEMI TPOMAJZICbKOTIO 3JOPOB’Sl YKPAIHMU:
AJANTALIA EBPOMENCHLKOIO AOCBIAY

TA TEXHOJIOTIYHI ACMEKTU

®OPMYBAHHS PELIEMTYP

HenowwueaitneHnko H. O., KopHieHko I. M.
DOl https://doi.org/10.30525/978-9934-26-654-6-17

BCTYIN

[Tpobnema MOCHTIKEHHST 30pPOB’S IMIJPOCTAIOYOTO TIOKOJMIHHSA YKpaiHu
OB’ s[3aHa TIEpII 3a BCE, i3 BUBYCHHSM TCHACHIIH 1100 MOTIPIICHHS CTaHy
30POB’Sl JiTeW 1 MiATITKIB HAIIO! KpaiHW, BHABJICHHSAM PIi3HUX COIaBHIX
Ta MIKpOCOIIaIbHUX 3MiH, TOTIPIICHHSAM CTaHy TeHO(GOHAy HaIii,
HE3aBEPIICHICTIO CTPYKTYPHOI Iepe0yloBH CHCTEMH HaJaHHS IIEPBHHHOT
MEIUYHOI TOITOMOT'H Ta BOECHHI Jil.

Bce 1me oOymoBImOe HEOOXiAHICTH TOIIYKY Ta pO3pOOJEHHS HOBHX
CyYacHHMX IIiIXOIIB JIO TPOBEACHHS JWHAMIYHHX CIIOCTEPEKEHb 332 CTAHOM
370pOB’Sl  JWTAYOTO Ta IITITKOBOTO HACEJEHHS, aJeKBaTHUX BHMOTaM
CBHOTOJICHHSI. AKTYaJIBHICTh JIaHOI MPOOJNEMH € TakoK 3HAYHOI0 3 OISOy Ha
HE/IOCTATHICTh BUCBITIICHH ii Y BITYM3HSHUX HAYKOBUX JDKepenax iHpopmarii'.

B VYkpaini, sixk y Oynp-sKiii KpaiHi CBIiTY, COIiaJIbHO-CKOHOMIi4YHi Ta
MONITUYHI Herapa3ay 3MiHIOIOTh KUIBKICHI Ta SIKICHI TIOKa3HUKU XapyyBaHHS
HaCeJICHHS.

Jns Ykpainu mpoOnema SKOCTI XapuayBaHHS Mae€ KPUTHYHE 3HAYCHHS.
3a manuMu MiHicTepcTBa OXOPOHHM 3I0pPOB’St YKpaiHM Ta pe3yibTaTaMu
HarioHaneHOTO nociimkeHas “STEPS”, y 3HauHOi 4YacTHHHM HacelIeHHS
crocTepiraeTbcs  NMeilUT  CHOKMBaHHS ~ KIITKOBHHH, BITaMiHIB  Ta
NpoOIOTHYHMX KyJIBTYp, IO Ha T HECHPHUATIMBOI EKOJOTIYHOI CHTyaril
NPU3BOANTH 10 3POCTaHHS YacTKH 3aXBOPIOBaHb, 3AJIEKHUX B SIKOCTI
BXnBaHOI Iki. 30KpemMa, y HiUTITKOBOMY Billi ITONIMPEHICTh XBOPOO OpraHiB

! PiBeHb (i3M9HOrO PO3BUTKY MiWITKiB. O3HAKH rapMOHiiHOTO po3BUTKY. Hapoona ocsima. URL:
http://narodna-osvita.com.ua/601-rven-fzichnogo-rozvitku-pdltkv-oznaki-garmonynogo-rozvitku-
hlopchikv-dvchatok.html (nara 3Beprenns: 31.10.2025).
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TPAaBJICHHS 32 OCTAaHHE JCCATIIITTS 3pocia Ha 15-20 %, mo 6e3nocepenHbo
OB’ S13aHO 3 BiJICYTHICTIO KYJIBTYPH BXKHBaHHS (yHKI[IOHATBHUX MPOMAYKTIiB?.
3riqHo 3 maHuMU BceecBiTHBROI opranisanii oxoponu 3m0poB’s (BOO3),
CTaH 3/10poB’sl HacesjeHHs Oinbie HiK Ha 50% BU3HA4YAETHCS crocoOOM
JKHUTTS, IPOBIJHE Miclle B SIKOMY HaJIS)KUTh (hakTopy XapuyBaHHs. Hepario-
HaJIbHA JIi€Ta € OCHOBHHMM PH3MKOM DPO3BUTKY XPOHIUYHHMX HEiH(QEKIIHHUX
3aXBOPIOBaHb, 10 3YMOBIIOKOTH 10 70 % mepeadacHoi cMEpTHOCTI y CBITi’.
[Ipore B okpemMux perioHax 3 BUCOKUM TEXHOT'€HHHM HaBaHTa)XCHHSM BIUIHB
XapyyBaHHS Ha aJanTauiiHi pe3epBU opraHismy Moxe csratd ao 60 %.
XapuyBaHHS Ta HYTPIEHTHUI CTaTyC BIAIrPalOTh BAXIHMBY MOIYJIOIOUY
pONb Y pETyIATOPHUX Ipollecax OpraHi3My JIIOIMHM, BIUIMBAIOYM Ha
peryisiifo CTPEcOBOi BININOBiAl, 3allaJieHHs Ta TOPMOHAJIBLHOIO OajaHcy.
3rimHo 3 Comprehensive Mental Health Action Plan WHO 2013-2030¢,
(axropu croco0y XHTTSA, 30KpeMa XapdyyBaHHS, BU3HAIOTHCS KIIOYOBHMH
JIeTepMIHaHTaMH TICUXIYHOTO 3/I0POB’Sl Ta PE3UIBEHTHOCTI HACEIICHHSI.

Oco0nuBOi aKkTyanbHOCTI MUTAaHHS KOPEKLil palioHy MHiJUTITKIB HaOyBae
B KOHTEKCTI JIep>KaBHOT IOJIITUKKM YKpaiHH, 1110 3aKpimieHa y PosnopspkeHHi
Kabinety MinictpiB Ykpaiau Ne 1216-p Bin 07.11.2025 «IIpo 3aTBepmkeHHs
ollepaliifHoOro IJIaHy 3axofiB 3 peanizanii Crparerii peopMyBaHHS CHCTEMHU
HIKUTBHOTO XapuyBaHHS Ha 2025-2027 poxu». JlaHuii HOpMaTHBHUH aKT
BH3HAYa€ MPIOPUTETHICTH BIPOBA/KEHHSI HOBITHIX TEXHOJIOT1H IPUrOTYBaHHS
CTpaB Ta BUKOPHCTAHHS IPOAYKTIB i3 HOKPAIIEHUMH TOKa3HUKAMH MOXXUBHOT
LIHHOCTI, 0 0e3MocepeIHbO KOPEIIOE 3 METOI0 HAIIOTO JAOCILKEHHS 1010
Ppo3po0kH (PyHKIIOHAIIBHUX MPOMYKTIB HA OCHOBI POCIMHHOI Ta OOPOLIHSHOT
CHPOBHHI’.

ParionanbHe XapuyBaHHSI €KOJIOTIYHO O€3MEYHHMH Xap4OBHMH IPOLYK-
TamH crpusie GopMyBaHHIO 3JOPOBOTO OpPraHi3My Ta 3[4aTHOCTI HOro MpOTH-
JISITH BIUIMBY HeCHpUSTIMBUX (aktopiB. OCOOIMBO aKTyajJbHO HHTAHHS
OesreyHoro i 30alaHCOBAHOTO XapuyBaHHS CTOITh IE€PE MEIIKaHISIMU

2 Tlpo 3arBepaxeHHsT PeKoMeH/alliil 00 300POBOTO Xap4yyBaHHs AOPOCIHUX, JiTell Ta MiIITKIB
Haxa3 MinictepcTBa oxoponH 310poB’s Yipainu Big 03.09.2017 p. Ne 1073. URL: https://moz.gov.ua/
uk/documents/pro-zatverdzhennja-rekomendacij-schodo-zdorovogo-harchuvannja-doroslih-ditej-ta-
pidlitkiv (mara 3Beprenns: 19.01.2026).

3 Diet, nutrition and the prevention of chronic diseases: report of a Joint WHO/FAO Expert
Consultation. Geneva : World Health Organization, 2003. 149 p. (WHO Technical Report Series ;
Ne 916). URL: https://apps.who.int/iris/handle/10665/42665 (nata 3Bepuenns: 19.01.2026).

4 Comprehensive mental health action plan 2013-2030. Geneva : World Health Organization, 2021.
38 p. URL: https://www.who.int/publications/i/item/9789240031029 (nara 3sepHenns: 22.01.2026).

5 TIpo 3aTBepIKEHHsI OMEPALiiHOTO IUTaHy 3aXOiB 3 peanisauii Crparerii peopMyBaHHSI CHCTEMH
IIKITbHOTO XapuyBaHHS Ha 2025-2027 poxu : Posmopsyxenns KaGimery MinicTpiB Ykpainu Bix
07 nmucrom. 2025 p. Ne 1216-p. URL: https://www.kmu.gov.ua/npas/1216-07112025 (nara 3BepHeHHS:
19.01.2026).
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TEXHOI€HHO HaBaHTA)XEHHX TepuTopid. ToMy yOOCKOHaJeHHS TEXHOJOTiH
BUPOOHMLTBA (PYHKIIOHAJIILHUX XapuOBHX IPOXYKTIB Ta CTBOPEHHS HOBUX
peLenTyp € aKkTyalbHHM IHMTaHHSM CHOTOJICHHS HE TUIbKH sl YKpaiHw,
a Juig kpaiH €Bporneiicbkoro Coro3sy.

1. Ponb ¢yHKUiOHaIbHUX NPOAYKTIB Xap4yyBaHHS
y cucTteMi 36epexKeHHs 340poB’a NigniTKis

1.1. CyuacHi meHOeHuiT cmaHy 300poe’s
ma ¢i3uyHo20 po3sumkKy nidnimkie e Ykpaiui

3100pOB’sl IUTAYOrO0 OpraHi3My B CydYacHid TirieHi miTeidl 1 miJuIiTKiB
PO3IIIANAETBCS SIK IHTETPANIbHUH MOKa3HHK, 110 (OPMYETHCS BHACHIIZOK il
CKJIaJIHOTO KOMIUIEKCY B3a€MOIIOB’SI3aHMX 1 B3a€EMO3AJICKHUX BHYTPIIIHIX
YMHHUKIB Ta 30BHIMIHIX BIMBIB. Ha CHOrofHimIHIA [€Hb HEMOXKIMBO
BU3HAYUTH SIKICTh 370pOB’Sl JIUTHHH OKpEMO BiJ 1I COLIaJIbHOIO CTaHy,
KOHKPETHOIO CepeJoBUINa IepeOyBaHHS Ta EKOJOTIYHUX OCOOIUBOCTEH
MicLs TPOXKUBAHHSI.

I3 ananizy cyuacHoOi HayKOBOI JIiTepaTypy BUIHO, 1110 BIIPOJOBX OCTaHHIX
JIECSITH POKIB 370pOB’SI IiTeH 1 MiUIITKIB HAIIOi KPaiHK 3HAYHO MOTIPIINAIOCS,
3HU3UBCS piBeHb (i3MYHOro po3BUTKY. OCHOBHUMH IPUYMHAMU TaKOTO
CTaHOBHIIA € EKOHOMIYHI TPYIHOIII, 3HIKEHHS YyBarM 10 COLIaJIbHUX
npoOJieM Ta CaHITapHOI KyJIbTYpH, OCIA0IeHHs Jep:KaBHOT MOJIITHKY B Tay3i
npodiTaKTHYHOT METMIIMHH, 3MEHILICHHS TUTOMO] Bar'l HAYKOBHX JOCIIIXKEHb
i3 mpo06JIeM POCTY, PO3BUTKY 370POBOi AUTHHH Ta KepyBaHHS il 3M0pPOB’AME.

Haiikpanie OWIHMTH 310pOB’Sl JIIOAMHM 33 TaKMMH IIOKa3HUKaMu 1l
(i3n4HOTO CTaHy: IIyJbCOM, YaCTOTOIO JAWXaHHS, TEMIIEPaTypolo Tija,
KOJIbOPOM IIKIPU Ta CIM30BHX 000JOHOK. IToTpiOHO BpaxoByBaTH CTYIHiHb
(i3MYHOTO PO3BUTKY KOXKHOI TUTHHH: BIANOBIAHICTH 11 3pOCTY 1 MacH Tina
BIKOBHM HOpPMaM, MPOMOPIIHHICT, YaCTUH Tijla TOmO. BcCi i MOKa3HUKH
pa3oM i3 creuiaJIbHUMHU JOCIIDKEHHSAMH JIal0Th MOMKJIMBICTD 3 OUIBIIOI 4K
MEHIIOK TOYHICTIO OLIHUTH CTaH (hi3UYHOTO 310pPOB’ S JIIOIUHU.

BuBueHHs1 craHy 310pOB’st JiTel i MUTITKIB € 3 OJHUM HANBaXXIIMBILINX
3aBaHb, OCKIJIBKH caMe y AUTSYOMY Billi popmyeThest Bi3uuHe Ta TCUXidHE
300pOB’S JIIOAMHH, ii CTIMKICTH /O BIUIMBY HECHPHUSATIMBUX YHHHUKIB
HaBKOJIMIIIHBOTO CEPENIOBUINA Ta COLIaJIbHUX YMOB JKUTTSI.

© PiBeHp (pi3MUHOTO PO3BHTKY MiMTiTKiB. O3HAKK TapMOHINHOrO pO3BUTKY. Hapooma oceima.
URL:  http://narodna-osvita.com.ua/601-rven-fzichnogo-rozvitku-pdltkv-oznaki-garmonynogo-rozvitku-
hlopchikv-dvchatok.html (nara 3Beprenns: 31.10.2025).
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Huni y moBcskaeHHIM TisSUIBHOCTI JIiKapiB-mieniarpiB, CiIMEHHHX JiKapiB
Ta JIKapiB 3arajbHOOCBITHIX HaBUAJIBHHMX 3aKJIaJiB BUKOPUCTOBYIOTHCS
HACTYIHI KPUTEPii KOMIUIEKCHOT OI[IHKK CTaHy 310pOB’s AiTeH 1 miamiTKiB’:

— HasBHICTh a00 BIJCYTHICTP y MOMEHT OOCTEXEHHS XPOHIYHHX
3aXBOPIOBaHb;

—  piBeHb (DYHKIIIOHAJIBHOTO CTaHy OCHOBHHX CHCTEM OpraHi3My;

— CTYHiHb ONIPHOCTI OpraHi3My HECHPUSITIMBOMY BIUIMBY YHHHHUKIB
HaBKOJIMIITHBOTO CEPEIOBHINA;

—  piBeHb HEPBOBO-TICUXIYHOTO i ()I3MYHOTO PO3BHUTKY, L0 JOCATHYTHH,
Ta CTYMiHb HOTr0 rapMOHIHHOCTI.

BianoBinHO 10 yka3zaHMX KpHUTEpiiB po3poliieHa cxema po3Moiuly JiTed
1 mATiTKIB 3a rpynamu 300poB’stt. Po3mozin miteid 3a rpynamu 310poB’st J03BONISE
BUSIBUTH OCI0, SIKi MalOTh (PakTOpW PU3UKY IOAO PO3BHUTKY HATOJOTIYHHX
3pYyIIEHb, JiTEH 3 TOYaTKOBUMH ()OpPMaMH 3aXBOPIOBAHb Ta (PYHKIIOHATbHUMHU
BIJIXWJICHHSIMH 1 PO3POOUTH KOMIUIEKC 3aXO0IIB 3 TUTaHb OXOPOHH Ta 3MIIIHEHHS
X 370pOB’s1, PO UIAKTHKA BUHUKHEHHS XPOHIYHUX 3aXBOPIOBAHb.

B nepiry uepry 10 Takoi rpyIi HaJieXXarh JiTH Ta MiUTITKH, SIKi BiTHOCSITHCS
JI0 IPYTOi TPYNH 340pOB’s (IiTH, SKi 9aCTO 1 TPUBAJIO XBOPIIOTh, 3 3aTaJIbHOIO
3aTPUMKOIO 1 JIMCTapMOHINHICTIO (I3MYHOTO PO3BUTKY SIK 3a paxyHOK
HAJUTUIIKOBOT MacH TiJa, TakK 1 32 paxyHOK 11 gedimuty 0e3 eHIOKPUHHOI
1aToJIOTii, 3 MOPYILEHHSIMH HOCTaBH, IJIOCKOCTOIICTIO, 3 (DYHKIIOHAIbHUMHU
3pYHICHHSAMH 3 OOKY CEpIICBO-CYJAMHHOI CHCTEMH, MIOII€I0, KapiecoM,
rineprpodiero migHedOiHHUX MUrIaMUKiB 11 cTyneHs, aneprivHuMu peakuisaMH,
30UIbIIeHHAM mUTONONIOHOT 3am03u I i 11 cTyneHiB, acTEeHIYHUM CHHIPOMOM
TOI10). XPOHIYHMH NICUXOEMOLIIHHNI CTpec, XapaKTepHUil IS MCISIBOEHHUX
YMOB, CYIPOBOXKYETHCS aKTHUBAIIIEI0 TIMOTAIaMO-Tino¢i3apHO-HAHUPKOBOT
ocCi, 3MiHaAMH PIBHIB KOPTH30Ily, HOPYIIEHHSIM BYIJIEBOJHOTO Ta JIIliHOTO
oominy. HyTtpientHi nedinutn (30kpema BitaminiB rpynu B, marnito, 3aiisa,
LUHKY, OMera-3 J>KUPHHX KHCJIOT) MOXYTh IOCHJIIOBATH I IIOPYIICHHS,
3HW)KYBaTH aJalTaliifHi MOXIJIMBOCTI OpraHi3My Ta CIPHATH PO3BUTKY
ab0 3aroCTPeHHIO IICMXOCOMAaTHMYHHUX CTaHIB, TakuX SK (YHKIIOHAIbHI
pO3Jaau TPaBHOI CHCTEMH, CEpLEBO-CYJMHHI CUMIITOMH, XpOHIYHUH OULIb Ta
TIOPYILCHHS CHY.

7 PozBuToK mimmiTKiB. Di3MYHMHA PO3BUTOK JHOMUHH. Jucmanyiina niompumka oceimu. URL:
https://disted.edu.vn.ua/courses/learn/2253 (nara 3BepHenns: 31.10.2025).

8 ®isnunmit possurok mimmitkiB. URL: http://poradumo.pp.ua/sport-i-yiza/1349-fzichniy-rozvitok-
pdltkv.html (nara 3Beprenns: 19.01.2025).

358



1.2. Posb xapuyeaHHs y ¢popMyeaHHi adanmauiliHux moxcausocmeli

0p2aHi3mMy nionimkie

OpmHuM (akTOpiB, IO BIUIMBAIOTH HA PO3BHUTOK IT/UTITKOBOTO OPraHi3MYy,
Ha (OpMyBaHHS HOro aJanTHBHHX MOXJIHBOCTEH, € PEeXUM 1 CTPYKTypa
XapuyBaHHS.

OcTaHHIM YacoM HaWOIIBITY aKTyaJIbHICTh HaOyBa€ mpodiiemMa 310pOBOTO
XapuyBaHHS MdiTed 1 mimmiTkiB. [lpaBuibHe XapdyBaHHA B AUTIIOMY Ta
MiATITKOBOMY BiIli cripuisie MPO(ITaKTUIIl BENHUKOi KUTBKOCTI 3aXBOPIOBaHb,
MiABUINCHAIO TIPAIe3IaTHOCTI 1 YCHINTHOCTI MIKOMAPIB, iX TapMOHIHHOMY
(hizmgHOMY 1 pO3YyMOBOMY PO3BHTKY, CTBOPIOE YMOBH JUIS aJamTarii mif-
JITKOBOTO TIOKOJIHHS JI0 HABKOJIMIIHHOTO CEPEIOBHUILA 1 Ma€ CyTTEBHI BIUIHB
Ha (opMyBaHHS 1 CTaH 30POB’s MPOTATOM YCHOTO HOTO MOIAJBIIOrO JKUTTS.

BaxnmBy pomb y CTpPyKTypi XapuyBaHHS IiTed 1 MiIIITKIB 3aiimae
CIIOXKMBAHHS XapyoOBHX NPOAYKTIB B JNaHUW Iepiox oHToreHesy. Hemomik
NESIKUX HYTPIEHTIB B DKi BHUKIMKAE HEWPOXIMiUHI 1 HeHpodi3HoIorivHi
MOpYIIeHHS. PO3BHUTOK OiNKOBO-CHEPreTHYHOI HEOOCTATHOCTI y miTei
CTBOPIOE MEPEIYMOBH Ul 3HVDKCHHS alanTaliifHOTO MOTEHLIaly OpraHiaMy
1 paHHBOTO (OPMYBaHHS XPOHIYHOI comaromatonorii. Hefipodiziomoriuni
MeXaHi3MH BiZOOpakaloTh 3MiHYy MeETa0ONi3My B OpraHi3Mi TUTHHH
i 6araro B 4oMy BH3HAYarOTh (PYHKI[IOHAJBbHI BiTHOCHHH MDX HEPBOBOI Ta
CHIOKPUHHIMH CUCTEMaMH, SKi (POPMYIOTh MEXaHI3MH aIAITHBHUX PEAKIiH.

KoxHa nromrHA TOBMHHA BOJIONITH HEOOXITHUMH BiJOMOCTSAMH IIPO
palioHaNbHEe XapuyBaHHS, PEYOBHHAX, IO CTAHOBIATH DKy, NMPO iX poib
Y KUTTEIISUIBHOCTI opraHizMy. Bce me dopMmye KymbTypy XapdyBaHHS, IO
€ HEBI’€MHOIO YaCTHHOIO 30POBOTO CIIOCOOY JKUTTS JIFOIMHH.

XapuyBaHHS — LI¢ TPOLEC HAIXOPKCHHS, IepeTPaBIICHH, BCMOKTYBaHH 1
3aCBOEHHS B OpPraHi3Mi Xap4OBHX PEUOBHMH, HEOOXIMHHX IJIsl IOKPUTTS HOTo
CHEPreTHYHUX BHUTPAT, MOOYIOBM Ta OHOBICHHS TKAaHWH, MiATPUMKH
PETPOYKTHBHOI 37aTHOCTI, 3a0e3eUeHHs 1 peryisiii GyHKIIi# opranizmy °.

Bcranosneno tpu (yHKIii xapayBanHs'’:

—  Iepmra ¢pyHKIis MONATaE B MOCTa9aHHI OpraHi3My €Heprieto. Y IboMy
CEHCl IIOMWHU MOXKHA TIOPIBHATH 3 OyIb-SKOI0 MAIIMHOI, IO 3IiHCHIOE
poboTy, aje BuUMarae Uil IbOTO HAIXOKCHHS MayMBa. ParioHanbHe
XapuyBaHHS Iependadae MpHOMU3HUHN OallaHC HAIXOOUTh B OPTaHi3M eHeprii
1 BUTpadaeThcs Ha 3a0€3MEUEHHS IPOLECIB )KUTTEISITBHOCTI.

° BB xapuyBaHHs Ha ¢izionoriuni nokasuuku mimmitkiB. URL: http:/medbib.in.ua/vliyanie-
pitaniya-psihofiziologicheskie.html (nara 3sepuenns: 19.01.2025).
1% T'puban B. I. Baneosnoris : migpyunnk. Kuis : Lentp yubosoi nmiteparypu, 2008. 214 c.
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— Jlpyra o¢yHKUis XapuyBaHHS TIOJsira€ B IIOCTa4aHHI OpraHizMy
IUTACTUYHUMH PEUYOBMHAMHM, JI0 SKHUX HacaMIepe] Hajlexarb OUIKH, MeH-
LI0I0 MIpOI0 — MiHEpaJIbHI PEYOBHMHH, JKUPH 1 1€ B MEHIIIH Mipi — Bymie-
oau. Y mpoueci XHUTTEASUIBHOCTI B OpPraHi3Mi JIIOAMHU IOCTIHHO pyHHY-
I0TbCS ONHI KJITHHM Ta BHYTPIIIHBOKIITHHHI CTPYKTYPH 1 3aMicTh HHX
3’SIBJISIOTBCS iHINI. ByniBeIbHUM MaTepiajaoM Uil CTBOPEHHS HOBHX KIIITHH
1 BHYTDIIIHBOKJITHUHHUX CTPYKTYp € XIMiYHI PEYOBHHH, IO BXOJATH 1O
CKJIaJy XapuoBHX MponykriB. [lorpeba B mIacTUYHMX PpEYOBUHAX TKi
Bapilo€ 3aJIeXKHO Bijl BiKy: y HiTel Taka morpeba mijBuiieHa (aJuke y HHUX
BOHH BHKODHCTOBYIOTbCS HE TUIBKM JUIS 3aMiHM 3pPYHHOBaHHMX KIIITHH
1 BHYTPIIIHBOKJIITUHHUX CTPYKTYp, ajie 1 IJisl 3AiHCHEHHS IIPOLECiB pocTy),
a y JITHIX JIfoJiell 3HMKEeHa.

— Tpers ¢yHKuis XapuyBaHHA TIIOJISITa€ B IIOCTa4aHHI OpraHizMy
610JI0T1YHO aKTHBHHMH PEYOBHHAMH, HEOOXITHUMH JUIs Peryssinii npouecisB
KUTTENSIIBHOCTI. DEepMEHTH 1 OUIBIIICTE TOPMOHIB — PETYJIATOPH XIMIYHUX
MIPOLIECIB, 1110 MPOTIKAIOTh B OPraHi3Mi, — CHHTE3yIOThCS CAMHM OpPTraHi3MOM.
OnHak nesiki kodepMeHTH (HEOOXiJHA CKiIajoBa 4acTHHA (epMeHTiB), Oe3
SIKMX ()EPMEHTH HE MOXYTbH IPOSIBISTH CBOIO aKTHBHICTb, & TaKOX MAEsKi
TOPMOHHM OpraHi3M JIIOMMHU MOXXE CHHTE3YyBaTH TUIBKM 31 CIelialbHUX
MOTIEPETHUKIB, MO 3HAXOMAThCA B 1ki. [[uMu momepeqHHKaMu € BiTaMiHW,
MIPUCYTHI B MPOIYKTaX XapyyBaHHSI.

IlopiBHAHO HENAaBHO 3’SBHIUCS JaHi PO ICHYBaHHS MI¢ OJHI€l
4yeTBepToi (yHKILIi XapdyBaHHS, sKa MOJNATae y BUPOOJICHHI IMYHITETY, SIK
HecmenudiyHoro, TaK i crenudpivyHoro. Byao BcTaHOBIeHO!!, 110 BeaMYKMHA
IMyHHOT BiJIIIOBi/1i Ha iH(EKIiI0 3aJIeKNUTh BiJ] IKOCTI XapuyBaHHS i 0COOIMBO
BiJl IOCTAaTHBOTO BMICTY B i KaJIOpii, TOBHOLIHHMX OUIKIB 1 BiTaMiHiB. [Ipn
HEJIOCTAaTHBOMY Xap4yBaHHI 3HWXKYETHCS 3aralibHU{ IMYHITET 1 3MEHIIY€ThCs
OITiPHICTB OpraHi3My BCUIAKMM iH(EKIisM. | HaBIaku, NOBHOIIHHE Xap4yyBaHHS
3 JIOCTaTHIM BMICTOM O1JIKiB, )KUPiB, BITAMiHIB 1 KaJOPii MiJCHIIOE IMYHITET
1 miIBUIIy€e OMIpHICTH iH(EKIisIM. Y JaHOMY BUIIaJKy MOBa i€ po 3B’ 30K
xapdyBaHHsl 3 HecrenudiyHuM imyHiTetoM. Ili3Hime Oyno BHSIBICHO, MO
NIeBHA YaCTHHA XIMIYHUX CIIOJNYK, SIKI MICTATBCS B IPOAYKTAX XapdyBaHHS,
HE PO3LICIUTIOETHCS B TPABHOMY TPaKTi a00 PO3IIETUIIOETHCS JIMILE YaCTKOBO.
Taki Hepo3lIemyIeHI BeNWKI MOJEKYIH OUIKIB abo MHOJNINEeNTHIIB MOXYTb
IIPOHUKATH Yepe3 CTIHKY KHUIIEYHHWKA B KPOB 1, OyAydud 4y KOPIIHUMH JUIs
OpraHi3My, BUKJIMKaTH Horo crienudidauii iMyHHY Bianosins. LI uyxopinHi
Xap4yoBi OUIKM B OpraHiaMi BUpOOJNStOThCS crenudiyni aHTHTiIA. Takum
YMHOM, B IIpoLECi XapuyBaHHS BiJOyBae€TbCS MOCTIMHE HAIXOIHKEHHS

' Tpuban B. I. Baneouoris : mixpy4nuk. Kuis : Llentp yubosoi nireparypu, 2008. 214 c.
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AQHTUTEHIB 3 TPABHOTO TPAKTy Yy BHYTPIIIHE CEPEAOBHIIEC OpraHi3my, LIO
NPU3BOANTH 10 BUPOOJICHHS Ta MiATPUMAHHS crenu@ivHOro iMyHITETY 10
O1IKIB XK.

1.3. KonuentyanbHi 3acaau (pyHKI[IOHATBHOTO XapUyBaHHS Ta MEXaHI3MHU
Ji1 IpOOIOTHYHUX KYJIBTYP

PamionanpHe xapuyBaHHS (Binl Jar. ratio — pO3yMHHH) — JOCTaTHE
B KUIBKICHOMY i1 ITOBHOLIIHHE B SIKICHOMY BiJJHOILIEHHI Xap4yBaHHS, TOOTO
MOBHOIIHHE XapyyBaHHs 3JI0POBUX JIIOJEH 13 BpaxyBaHHSM IX BIKY, CTaTTi,
xapaktepy mpaui Ta iHIUX (akrtopiB. ParioHansbHe XapdyBaHHS CHpHsE
30€pEXKEHHIO 370POB’sl, OMPHOCTI IIKITMBEM (aKTOPaM HABKOJIUIITHBOTO
CepelloBHUIa, BHUCOKIH (hi3WuHIH W pO3yMOBIH Npale3JaTHOCTI, a TaKOX
AKTHMBHOMY JIOBTOJIITTIO.

OcHOBa palliOHAJILHOTO XapuyBaHHA — 30aJaHCOBAHICTh, TOOTO
ONTHMAJIbHE CITIBBIJHOILICHHS KOMIIOHEHTIB DKi. 3a TaKoro xapyyBaHHS
JI0 OpraHi3My HaaXOIATh PI3HOMAHITHI NOXXHBHI PEUYOBHHH B KUIBKOCTSX,
HEOOXIHUX Ul HOPMAJIBHOT KHUTTEAISIBHOCTI JTFOANHH.

PanionanbHe XapuyBaHHs 3a0€31€4y€ CTaTiCTh BHYTPILIHBOTO CEPEIOBHIIA
1 HOPMaJIbHUI1 PO3BUTOK OpraHi3My, IO MiATPUMYE KUTTEMISIIBHICTD PI3HUX
OpraHiB 1 CHCTEM Ha BHCOKOMY PiBHI IpH PI3HOMaHITHUX yMOBax Ipaii Ta
mooyTy.

XapuyBaHHs TOBHHHO CHPHSATH IiJABUIIEHHIO IPOLECY IPUCTOCYBaHHS
OpraHi3aMy 10 BIUIMBY HECHPHUSTIMBUX (PAKTOPIB HABKOJMIIHBOTO CEpPeNo-
BUILA, 3MILHEHHIO 3710pOB’s, 3a0e31euyBaTH MOXIIMBICT a/IeKBaTHOI peakiil
OpraHi3My BiJ Ha/I3BHYaliHOTO 30BHIIIHBOTO CTPECOBOTO BILIUBY.

s 3a0e3nedeHHs KHUTTEBO HEOOXITHUX MPOLECIB OpraHisMy HOTpiOHI
KaJOpiiHi, SKiCHI, IOBHOI[IHHI TPOJAYKTH. BOHM TIOBHHHI HaJIXOIWTH
B OpraHi3M B HOPMOBaHil KUTBKOCTI 3 TKCIO I BIJHOBJICHHS MOCTIHHIX
BUTpAT eHeprii 1 KJITHH opraHizmy. OCHOBHE IPaBHUJIO PallioHaJIBHOTO Xapuy-
BaHHSI € SIKICTh, PI3HOMAHITHICTh i HOPMOBaHHH 30aaHCOBaHUIT pamioH'.

3a manumun BOO3, 3mopop’ss Ha 70% 3amexuTh BiJ XapuyBaHHS.
Henorpumanust 6a30BHX NMpPaBHJI CKOPOYYE TPUBAIICTH JKUTTS Ta MPOBOKYE
NOsIBY HeiH(EKLiHNX 3aXBOPIOBAHb PI3HOTO THITY: OHKOJIOTTYHHX, CEPLIEBO-
CYIMHHHUX, IIyKpOBOTO Jia0ery.

B nannii vac 0co0MMBOIO aKTYaJIBHICTIO € CTBOPEHHS TPOJIYKTIB XapayBaHHs
HOBOTO TIIOKOJIHHS, IIO TIIOB’s3aHE 3 HEJOCTaTHbOIO 3a0e3IeueHiCTIO
HaceJIeHHsI KUTTEBO BAXJIMBHUMHU HYTPi€EHTaMu (MiHEpaJbHUMH PEUOBHHH,
aMIHOKHCJIOTaMH, XapYOBUMH BOJIOKHAMH 1 T. 11.).

12 BB xapuyBaHHS Ha (isiomoriuni mokasuuku mimmitkiB. URL: http:/medbib.in.ua/vliyanie-
pitaniya-psihofiziologicheskie.html (zara 3Bepuenns: 19.01.2025).
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Oco0nuBy poib Bifirpae sIKiCTh XapuyBaHHs Ta OajaHC Makpo- 1 MiKpo-
HYTpIEHTIB y peryisuii HelipomexniaropHux mnpoueciB. HyTpieHtn Oepyrtb
yyacTh y CHHTE31 Ta MeTaloji3Mi CEepOTOHIHY, no(hamiHy, HOpaIpeHaiHy
Ta Y-aMiHOMAcCJITHOT KHCJIOTH, 110 Oe3MOCepeaHbO OB’ 3aHO 3 €MOIIHHOI0
peryisiiieto, piBHEM TPHBOXXHOCTI Ta COMAaTHYHHMMH IPOSBAMH ICHXIYHOTO
HarpyxeHHs. JlepinuT okpeMnx MIiKpOHYTPI€HTIB (30KpeMa BiTaMiHIB Ipynu
B, mMarHito, 3a1i3a, IUHKY, OMera-3 JKUPHUX KUCIIOT ) aCOLIFOETHCS 31 3SHHKEHHSIM
aJanTalifHuX MOXKJIMBOCTEH OpraHi3My, IOpPYLICHHSIM HeHpoMeaiaTopHOl
peryisinii Ta IiJABHIIEHOI0 COMAaTH3alli€l0 MCUXOSMOILIIMHOTO Halpy>KeHHS.
€sponeiiceki pexomenpanii EFSA  (European Food Safety Authority)
HaroJIOYIOTh Ha BaXIMBOCTI aJIeKBATHOTO HYTPIEHTHOTO 3a0€3IeueHHs IS
HOPMAJIEHOTO (DYHKIIOHYBaHHsSI HEPBOBOI Ta €HJOKPUHHOI CHCTEM.

KoHrerist pyHKIIOHAIBHOTO XapuyBaHHS POOUTH HAIlE KUTTSA KpPaIlUM,
aJDKe 3[0pOB’S JIIOJMHU 3aJIKHUTh IEPEBAKHO BiJl XapyOBUX 3BHYOK Ta
BII0700aHb. XapyoBHil palioH Cy4acHOI JIIOJMHHU Pi3HOMaHITHUH, IPpOTe HOro
MATPYHTS CKJIaJaloTh HamiBpaOpuKaTh Ta MPOXYKTH, Y BUPOOHUITBI SKHX
3aCTOCOBYIOTh PI3HOMaHITHI Xap4oBi J00aBKH (IPLKIKI, ITyKpH, IIOCHIIIOBAYi
cMaky Tom). be3ymMoBHO, icHye puHOK 3 OpeHmoM «EKompogykr,
IpoTe JAJIEK0 HE BCI XapyoBl MNPOAYKTH 3aJIMIIAIOTHCS KOPHUCHUMHU
JIO MOMEHTY X BKMBAHHS. BUIBLIICTH 13 HUX BTPAyYaroTh IIHHICTH MiJ Yac
MIPUTOTYBaHHS 4M 30epiraHHs.

[epui npuHIMITY KOHIENIIT (YHKIIOHAJIBHOTO XapayBaHHs Oyiu po3po0-
neHi B 1984 poui SMOHCHKUMH BYEHHUMH, SIKI OOTPYHTYBajIM IO3UTHBHHN
BIUIMB TIEBHUX MPOMYKTIB XapuyBaHHS YM IXHIX CKJIQJIHUKIB Ha MeBHI QyHKLIT
opraniamy JoquHd. OCHOBHMMH KpPHUTEPISIMH, SKi BH3HA4YalOTh XapuOBHH
MPOAYKT K (YHKIIOHATIBHIMN, 3a3HAYCHO TaKi'*:

—  MAaroTh MICTHTH PEUOBHHH TiJIBKH ITPUPOTHOTO MTOXOKEHHS;

— HE MaroTh BUTOTOBIISITHCH y BHIVIA[I JIIKAPCHKUX Npernaparis (Karcy,
TTYJIO0K, TIOPOLIKIB TOILO);

— MaloTh OyTH YacTHHOIO IIOJCHHOTO XapyoBOIO palioHy abo
CIIO)KMBATHCS IPOTSTOM TPUBAJIOTO Yacy;

— MaroTh 3a0e3nedyBaTH IUJIECIPIMOBAaHUK BIUIMB Ha IEBHI (yHKIIi
OpraHi3My # 31iH{CHIOBaTH JIIKyBaJIbHO-IIPOMIIAKTHYHUN E(EKT.

VY 1991 porii B SIMOHCBKOMY 3aKOHOZIABCTBI OyJIO MPONKMCAaHO BU3HAYECHHS
Kareropii «IpONYKTH JUIs CHELiaJbHOrO MIETHYHOrO XapuyBaHHs» (foods
for special dietary use), sike mi3Hime OyJ0 3aMiHEHE Ha «IIPOLYKTH IS
crnenugikoBaHoro o3mopopyoro ukopuctanus» (foods for specified health

13 Functional foods. European Commission. Luxembourg : Publications Office of the European
Union, 2010. 24 p.
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use). st mporpama crana mpooOpa3oM yis monioHux nporpam y HimewuwHi,
Opanrii, Oinngunii, [senii, CIIHA, Kanani, Kurai, Ilipnenniii Kopei ta
Oararbox iHIIMX KpaiHax. Y 1999 poui B €Bporli mocuiuBcs iHTEpec 10
koHuenii «Hayku mpo QyHKUiOHaNBHI Xap4yoBi mpoxykTtu» Ta «Bumorn
3II0POB’sD», YHACHINOK YOro Oyiga cTBOpeHa E€Bpomelchbka KOMICiS Jyis
I y pamkax Hayku npo ¢QyHkuioHanbHi xap4oBi npoayktu (FUFOSE).
3aBnaHHs KoMmicii Oyno cHpsSIMOBaHO Ha pPO3pOOKy Ta 3aTBEPIKCHHS
HAayKOBO OOTPYHTOBAHOTO MiJXOAY ILIOJO PO3BHTKY BHPOOHHWIITBA XapyOBUX
NPOAYKTIB, SIKI MOXKYTh IO3UTHBHO BIUIMBATH HA TI€BHI (i3ionoriuni GyHKii,
a TaKoX IOKpallyBaTHd 3/I0pOB’S Ta CaMONOYYTTd W 3HIKYBaTH DHU3UK
BUHHMKHEHHSI 3aXBOpIOBaHb. lle jano momToBX AJsl MPakTUYHOI peaizamil
KOHIIEMIi1 (yHKIIOHAIBHOTO XapuyBaHHsS B €BpoIi Ta BBEACHHS TEPMiHY
«(yHkuioHanbHI Xapuosi npoxykti» (functional food).

ITin TepMiHOM «QYHKIIOHAJIBHI MPOLYKTH XapuyBaHHS» pPO3YMilOTh
CHCTEMaTH4YHE BUKOPUCTAHHS IPOAYKTIB NPHPOJHOTO TOXOJDKEHHS, SIKi
3[aTHI HOPMaJIi3yBaTH Ta PETYIOBaTH okpeMi (QyHKUIT i OioximiuHi peakuii
MIEBHUX CHCTEM, OPTaHiB Ta OpraHi3My 3arajoM JUIs 3MIIIHEHHsS 3/10pOB’s Ta
CaMOIIOYYTTsl, & TAKOXK 3HWKCHHS PH3HKY 3aXBOPIOBaHH:'*.

BiamnoBiznHO 10 CBITOBOT IPaKTUKH MPOAYKT BBAXKAETHCS (PyHKIIOHAIBEHIM,
SKIIO PerIaMeHTOBaHMWH BMICT MIKPOHYTPIEHTIB B HOro ckiajai AOCTAaTHIN
JUIl 33JI0BOJICHHs1 (TIpM 3BHYaiHOMY piBHI croxuBanHs) 25-50% Bin
CepeaHbOI000BOT MOTPEOU B TAaHUX KOMIIOHCHTAX.

Crorozui Binomo Ginbiie 300 Trc. HaiiMeHyBaHb (DYHKIIOHAJIBHUX Xapyuo-
BuX mponykriB. Y Smonii ne maibke 50%, y CIIA i €Bponi Onu3pko
25% Big BCIX Xap4yOBHX IPOIAYKTIB, IO BHITYCKalOTh. SIKIIO TOBOPUTH
PO KOHKPETHI MPUKIaAH, TO 32 OCTaHHI POKH YacTKa «340pOBOTO Xjiba»
y CHIA 36inbmmnacs B 3aranbHoMy oOcsizi BupoOHuuTBa 3 18 1m0 34 %,
a B HimeuunHi — B 2 pasu. SIk BBa)XalOTh SMOHCHKI i aMEpUKAaHCBHKI BUEHI,
came (YHKUIOHAIbHI TPOXYKTH B HEAJCKOMYy MalOyTHbOMY 3MIHSThH
3arajbHy CTPYKTYpYy XapuyBaHHS BCiX Jrofed Ha 3eMili, BOHU HAIOJIOBUHY
BUTHCHYTHh PHUHOK JIIKAPCHKUX Ipenaparis.

OnmHUM 3 TOJNOBHHUX (aKkTOpiB, MIO CIPHUSIOTH PO3BUTKY BHPOO-
HHULTBA (YHKIIOHAJBHUX Xap4OBHX MPOIYKTIB, € CIOCIO KUTTS CEpPEeaHBO-
CTaTHCTHYHOTO JKUTEsI HAllol IUIAHETH, SKE XapaKTepH3YEThCS DI3KUM
3HWKEHHSAM (Pi3MYHOI aKTHBHOCTI, IO HPU3BOAUTH 1O IMiJIBUIIEHHS BHUMOT
JI0 SIKOCTi DKi. Y PO3BHHEHHMX KpaiHaX CeKTOp (pyHKLIOHAIBHHX XapyOBUX
NPOAYKTIB 1 HAmoiB Mae INepLIOpsSIHE 3HA4YCHHS, OCKUIBKM 1€ HaiOUIbII

14 Functional foods. European Commission. Luxembourg : Publications Office of the European
Union, 2010. 24 p.

363



3py4Ha, IpUpoaHa (opMa HACHUCHHS OPTraHi3My JIFOJHMHU MiKPOHYTpIEHTaMU:
BiTaMiHAMM, MiHEPAJIFHHUMH PEYOBHHAMH, MIKPOEIEMEHTAaMH i IHIIUMHU
MIHOPHUMH KOMIIOHEHTaMH, HaNpHUKIaJA, NomideHoNaMH, IKEPEeNoM SKHX
CItyXaTb (pyKTH, OBOUi, AroH i T. 1. Kpim Tor0, 11e 1m1e i BucokopeHTade bpHa
cepa rocnopaproBaHHs. PHHOK (yHKUIOHAJIFHUX XapuoBHUX IPOIYKTIB
crnenuiyHUA 1 TUHAMIYHUNA CETMEHT IISUTBHOCTI, IO BHMAra€ HasBHOCTI
KBaJTihiKOBAHOTO 1 1HINIATHBHOTO EPCOHAIY, 31aTHOTO IIBH/KO H e()eKTHBHO
MIPOBECTH MOBHUH LUK PO3POOKH I BHPOBAKEHHS NPUHLMIIOBO HOBOTO
MIPOIYKTY BiJI Ja00PaTOPHUX JOCIIPKEHB 1 KIIIHIYHUX BUIIPOOYBaHBb /10 3aITyCKY
y BHUPOOHHMLTBO 3 HEOOXiHUM HAOOPOM HOPMATHWBHOI i TEXHOJIOTIYHOT
JOKyMeHTaril. TakuM YHMHOM, CBITOBHH 1 BITYM3HSHHNA JOCBIJ] MEPCKOHIUBO
CBIUUTH, IO HAHOUTBII €(DEKTUBHUM i TOIITEHUM 3 EKOHOMIYHOT, COI[IaJIbHOT,
ririeHi9Hoi ¥ TEXHOJIOTIYHOT TOYOK 30py CIIOCOOOM KapMHAIBHOTO pillleHHS
rpobiiemMu JediuuTy CrIOXKMBAaHHS HACEJICHHIM HEOOXITHUX MIKpDOHYTpI€HTIB
€ BHUITyCK (DYHKI[IOHAJIBHUX XapyOBUX MPOIYKTIB, 30aradeHuX BiTaMiHaMH,
MakKpo- Ta MiKpoeJeMeHTaMH JO piBHI, L0 BiAmoBinae QizionoriyHuM
norpedam sonuHu. Ha choronqti e)eKTHBHO BUKOPUCTOBYIOTBCSI 7 OCHOBHHUX
BUAIB (YHKIIOHAJBHHUX IHTPEIIEHTIB: Xap4yoBi BOJIOKHA (PO3YMHHI Ta
HEpO34YMHHI), BiTaMiHHU, MiHEpaJibHI PEYOBHHHU (KaJblLii, HOJ, CeleH, 3aji30
Ta iH.), aHTHOKCHIAHTH (B-kapoTHH, OioduaBoHOINM, G-TOKO(EpON Ta iH.),
MOJTIHEHACUYCH] JKUPHI KUCIOTH, NpebioTuku (iHyJiH, J1aKTO3a, MOJIOYHA
KHCIIOTA Ta iH.), mpobiotuku (6idigo- Ta nakrobakrepii Ta in.)' 16,

1.3.1. Xapuosi 80710KHA Yy CKNadi PyHKUiOHA/MbHUX Xapyosux NpoOyKmie
XapuoBi BOJIOKHa (Xap4yoBa KJIITKOBMHA, JIETHYHI BOJIOKHA) —
MIPUPOJHI KOMITOHEHTH TXki, CTiIHKiI 10 Aii aMinasum W iHMX (EepMeHTIB, He
MIEPETPABIIOIOTHCS €HIOTeHHUMH CEKpeTaMU IIUTyHKOBO-KHIIKOBOTO TPaKTy
JIOAMHU 1 HE BCMOKTYIOTHCS B TOHKIH KHIII; BIUIMBAIOTh Ha IIPOLECH
TPaBICHHS i BCMOKTYBAaHHS MOXHBHMUX pedoBHH'. BimblricTs xap4oBux
BOJIOKOH — HEKPOXMAaJIbHI IMOJicaxapuau: LENI0N03a, TeMILeNIoN03H, OJiro-
caxapuIy, 3amacHi TOJiCaxapuaud pPOCIHMH, KaMedi, CJH3H, TCKTHHOBI
PEYOBHHH, a TAKOXK JIITHIH — mojiMep (eHonpHOT npupoau'®.

!5 T'puban B. I. Baneonoris : miapy4rnk. Kuis : Llentp yu6osoi miteparypu, 2008. 214 c.

1o DyHKUiOHANIbHI IPOIYKTH XapuyBaHHs 5K MEPCICKTHBHI JIKyBalbHO-NIPOQLIAKTHYHI Ta AieTHYH]
3acobu / O. KamoxHas Ta iH. 3acansna meopia 300pog’s ma 300pog’azbepedicents : KONEKT.
MmoHorpadis. Xapkis, 2017. C. 185-194.

17 Slavin J. Fiber and Prebiotics: Mechanisms and Health Benefits. Nutrients. 2013. Vol. 5, Ne 4.
P. 1417-1435. URL: https://doi.org/10.3390/nu5041417

18 TlekTHHOBI peYOBMHH Ta iX ponb y xapdayBauHi : MoHorpadis / O. B. Camoxsan Ta in. Xapkis :
XAYXT, 2012. 164 c.
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Jerpanaiiiss Xap4oBUX BOJIOKOH TPOXOJAWTh Yy TOBCTIM KHIII ITiJ
BIUIMBOM aHAaepOOHMX MIKPOOPraHi3MiB, siKi ()EpMEHTYIOTH OUIbII PO3UMHHI
noiicaxapuad. MeHII po34MHHI IVIIKaHH 1 JITHIH 3a3HAIOTh YaCTKOBHX 3MiH
i 0epyTb yuacTb y (JOpMyBaHHI Kaiy.

Xap4oBi BOJIOKHA MaIOTh pi3HY 3AaTHICTH 1O (epMeHTanii. 30kpema, Ti,
10 MicTATBCS Y PpyKTax Ta oBouax GpepMeHTYyeThCsl y cepeaHboMy Ha 50 %.

ITin yac depmenTanii BUPOONAIOTbCS TPHU HAMBaXKIMBILI IIPOIYKTH:
KOPOTKOJIAHIIIOTOBI ~ KHMPHI KHCJIOTH (OLTOBa, MPOMIOHOBA, MAaclsHa,
i3oMacisiHa, BajiepiaHOBa, i30BajiepiaHOBa, MypallMHA, KalpoHOBA), Ta3u
(y OlmpIMX KiNBKOCTSAX — BOJEHB, IO eKckperyeThes, CO,, CH,, NH,, NO)
i eHepris. BcMOKTaBIINCE, )KUPHI KUCIOTH JTOCTYITHI aepOOHOMY METa00Ii3My
B TKaHMHaX OpPraHi3My 1 € JOKEpelIOM €eHeprii, sika BUKOPHUCTOBYETHCS
KOPHCHOIO MIKpPO(IIOPOK TOBCTOI KHIIKH JJIi POCTY W IKUTTEMISUTBHOCTI
(npeGioTnynuii edekr). [lominmenHs >XUBJICHHST CTUMYIIOE PICT MIKpOOioTH,
110 TaJIbMy€ PO3BUTOK IAaTOreHHUX MikpoOiB. Kpim eHepreTn4HOi LiHHOCTI,
KOPOTKOJIAHIIIOTOBI JKMPHI KUCIOTH Ta IHII METaboJliTH MaloThb HH3KY
MO3UTHBHUX MICIIEBUX 1 CHCTEMHUX €(DeKTiB Ha MaKpOOPraHi3M: TOCTaBICHHS
cyOcTpariB JINoO- 1 NIIOKOHEOTeHe3y, MiATPUMKa 10HHOTO 0OMiHY, 3/iiiCHeHHS
aHTuOakTepianbHOrO0 edexry W OJOKyBaHHS aiaresii NaTroreHiB, aKTUBALis
MICLIEBOTO IMYHITETY, peryJsiiist # Tu(epeHIiIIOBaHHS €MiTei0 TOLIO.

[HIIMMU JTaHKaMM MeXaHi3My Jii Xap4oBHX BOJIOKOH € ITiJJBHIICHHS
AKTMBHOCTI JIiNa3¥ Y TOHKIM KHUILI, 3HWKEHHS PiBHS aJliMEHTapHOI TIIiKeMii,
36epekeHHs] MOP(OIOTIYHOI CTPYKTYPH XapUOBUX BOPCHHOK KHIIKH'.

1.3.2. Mpobiomuku, AK iHzpedieHMu yHKUiOHAAbHUX Xapyo8ux
npooykmise

Cepen HaBeleHHMX CKIJIQJIHUKIB, IO BIAPI3HSAIOTH Xap4yOBHH MPOIYKT
K (PYHKI1IOHAJTBHUI, HA HAIIly TyMKY, HAalO1IbII BAXKIIMBUM € caMe TIPO010THYHI
Oakrepii, ajyKe came BOHHM CHPHSIOTH (POPMYBaHHIO KOPUCHOI Mikpodiopu
KUIIKIBHUKA JIFOAMHU, 0e3 sKoi He Bi0yBaTUMETHCS ITOBHOLIHHE 3aCBOEHHS
OpraHi3MOM BITaMiHiB, MiHEpaIiB Ta iHIIMX ITOXHBHUX 1 KOPUCHUX PEUOBHH
3 Dki. 3aBOSKM aHTAarOHICTMYHUM BJIACTHBOCTSIM HPOOIOTHKM JIOTIOMAararoTh
opraHiamy 60poTHCS 31 LIKIJUIMBUMH MIKpOOPTaHi3MaMH, 3MEHILIYIOTh PU3UK
3aXBOPIOBaHb Ta IIATPUMYIOTh IMYHHY CHCTeMY. MOJOYHOKHCII Oakrepii
OepyTb ydacTh y cuHTE3l BiTaMiHIB rpynu B ta Biraminy K, sxi marote
He3arepewInBy HiHHICTD VIS 3J0POB’S JFOANHH.

1 Gill C., et al. Dietary fibre in healthy ageing: focus on the role of the gut microbiota. Proceedings
of the Nutrition Society. 2021. Vol. 80, Ne 1. P. 95-104.
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Monounokucni 6akrepii (MKB) — crnenudiyna rpyma MikpoopraHi3is,
IO 3AIMCHIOE MOJIOYHOKHMCIIE OpOIiHHS, TOOTO po3maj JaKTO3W Ta IHIINX
BYIVIEBOZIB JI0 MOJIOYHOI KUCJIOTH 3 YTBOPEHHSM IHIIUX MOOIYHUX HPOAYKTIB.
Ocuosuumu cepen MKB e bidbinobakrepii (Bifidobacterium) ta JlakrobakTepii
(Lactobacillus)®. JlaktobakTepii — 11e TaauKH, IKi PO3MIIIYIOTHCS TOOIHHOKO,
MOMIAPHO YM KOPOTKUMHM JIAHILIOKKaMH, po3mipom 4-10 mxMm. Bonnm
HEpyXOMi, CIIOp i Kalcyln He yTBOpsTh, IpaMIo3uTHBHI. bidinobakrepii —
pix obniraTHO aHaepOOHMX IPaM-TIO3UTHBHUX OakTepiH, siki HE YTBOPIOIOTH
crop i BijpisHAIOTBCA TimIAcTOl0 Mopdonorieo. Ix MopdonoriuHoo
0COOJIMBICTIO € PO3JIBOEHHS Ha KiHI[l MaJM4YKH, BHACIIJIOK YOrO BOHU MarOTh
V a6o Y-nonibny dopmu. Kiituau 6idinodakrepiil aBistoTh co000 3irHYTI
MaJIU4KU JOBXKUHOW 2—5 MKM. CIIOpU HE YTBOPIOKOTH.

3a CBOEIO MPHUPOJIOI0 BOHH HAJIEXKATh JI0 HEMATOT€HHHUX TPaMIIO3UTHBHUX
aHaepoOiB 3 BHUCOKOK (PEPMEHTATHBHOK aKTWBHICTIO. binbmiicte MKB
ONTUMAIILHO PO3BHBAIOTHC 3a Temmeparypu 30+45°C. VYV mpoueci
(epmeHTallii yTBOPIOETHCS MOJIOYHA KHCIIOTA, 1110 IPU3BOAUTH 0 3HIKEHHS
pH npoxyxry. Takox BOHa CiIyrye KOHCEPBAaHTOM Ta BIUIMBAE Ha TEKCTYPY
1 CMaK KiHIIEBOTO MPOAYKTY.

bidinobakrepii Ta JlakroOakTepii MarOTh BHPaXEHUH MIKpPOOHHI
AHTaroHi3M, PETYIIOIOTh NMEBHUH KUIBKICHMH 1 SIKICHUH CKJaJl HOPMaJbHOI
KHIIKOBOT (pJIOpH, CTPUMYIOTH 3pPOCTaHHS 1 PO3MHOXKEHHS IaTOT€HHHUX
1 YMOBHO-ITATOT€HHUX MIKPOOIB Y KHIIKIBHHKY, L0 € BRXJIMBUM (PakTOpoM
3aXHCTy OpraHi3My, 0COOJIMBO JIiTell PaHHBOTO BiKY, BiJl PO3BUTKY KHIIKOBHX
indekuin?!. HapiBHi 3 IHIIMMH TpEJCTABHUKAMH HOPMAaibHOI (Gropu
kumikiBHnka MKB GepyTh akTHBHY y4acTh Yy TpaBJjeHHI i BCMOKTYBaHHI.
Bonu crnpusitots nporiecam pepMeHTATHBHOTO IepeBaplOBaHHs Ki, TOMY IO
IACHIIIOIOTH Tipoi3 OUIKiB, 30POILKYIOTH BYIJIEBOIH, YKUPU OOMHMIIIOIOTH,
PO3YMHSIIOTH  KJIITKOBUHY, CTHMYNIOIOTh IEPUCTAIBTHKY KHIIKIBHUKA,
CIIPHSIOTh HOPMaJIbHIN eBaKyallii KHIIKOBOTO BMICTY.

Biinobakrepii HecyTh BiTaMiHOYTBOpIOBaNbHY (yHKLil0. BoHu OepyTh
y4yacTh y CHHTE31 Ta BCMOKTYBaHHI BiTaMmiHiB rpynu B, Bitaminy K, ¢onieoi
Ta HIKOTUHOBOI KHCIIOT, CIPUSIOTH CHUHTE3y HE3aMIHHUX aMiHOKHCIIOT,
KpaIllOMy 3aCBOEHHIO COJICH KalbIlito, BiTaMiHy D, MaloTh aHTHaHEMIiYHY,
AQHTHPAXITHYHY i aHTHAJIEePriuHy mii*.

2 Tyces M. B., Mineesa JI. A. Mikpo6ioorist : miapy4suk. Kuis : Hosa kuura, 2003. 464 c.

2! @apmaneTnyna GiorexHomoris : mocionuk / J[. B. Moicees Ta in. ; 3a pem. JI. B. Moiceesa.
Xapkis : HDAY, 2019. 293 c.

2 Cupoxman 1. B., 3asropomust B. M. ToBapo3HAaBCTBO Xap4OBHX MPOMYKTIB (YHKIIIOHATIBHOTO
npu3HadeHHs : HaBd. noci6. KuiB : Llentp yubosoi niteparypu, 2009. 544 c.
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JlakroOakTepii NPUTHIYYIOTH PICT THUIBHUX 1 YMOBHO ITaTOT€HHUX
MIKpPOOpPraHi3MiB 3a pPaxyHOK 3[aTHOCTI BHJAUIATH LIy HU3KY DPEYOBHH:
MOJIOYHY KHCIIOTY, Ji301MM, Oakrepiounnu (takrouuuu B, F, J, M, nmaxro-
OpeBiH, IuIaHTapuIMH 1 iH.). LI IPOAYKTH KHUTTEMISIIBHOCTI JIaKTOOAKTEpil
MalTh BHpPaKEHUI aHTHOaKTepianbHUH e(eKT, a TaKoX BIUIMBAIOTH Ha
MeMOpanu emnitemonuTis, curre3 JJHK i nporeinis®.

[I11yHKOBO-KUILIKOBUI TPaKT Hacellsie BelMUe3Ha KUIbKICTh OakTepiid, mo
BIZINOBIIAIOTH 32 NPaBWIbHE TpaBieHHs. MonoyHOKHCII OaKTepil — HalOTbII
BOXJIMBI cepell HUX. BOHM CHIPHSIOTH NEPEeTPaBICHHIO 1Ki, CTUMYJIOIOTh
NEePUCTAIBTUKY (CKOPOYEHHS) KWIIEYHHWKA i CHPHSIIOTH IPaBUIBHOMY HOTO
OYMIICHHIO; OCPYTh YYacTh B 3aCBOEHHI BiTaMiHiB, ()OJII€BOT Ta HIKOTHHOBOI
KHUCIIOT, COJIEH, KaJIBIII0, HAJal0Th aHTHAJIEPTIYHY Ji0 1 3MILIHIOIOTh IMYHITET.

MKDB dYuHSTH AHTArOHICTHYHY [0 BIiIHOCHO 30YIHHKIB IU3CHTEPII,
CaJIbMOHEJI, EHTEPONATOTeHHUX KHUIIKOBHX ITAJIMYOK Ta iH. MexaHi3M IXHbOT
AHTaroHiCTMYHOI Iil 10 KiHI He BHBYEHHMU. BcraHoBieHO, 110 B Ipoueci
aHaepoOHOi (epmenTallii ByrieBoaiB MKB BHPOOISIOTH OLITOBY i MOJIOYHY
KHCIIOTH, SIKI EPEIIKO/DKAIOTh POCTY 1 PO3MHOXXEHHIO NATOI'€HHOT Ta YMOBHO-
MATOTeHHOT MiKpOQIIOpH.

MKB BxozmaTh 10 ckiany ey0ioTH4HOi (HOpMalbHOI), Tak 3BaHOI MpH-
CTIHKOBOI MIKpO(JIOpY TOBCTOTO KUIIEUHHKA, SIKa 3/1aTHA BUSBISATH 3aXUCHUN
eKpaHylouuil e(eKT, B KUIbKICHOMY BiJHOILIECHHI JOMIHYIOTh Y IIOpPiBHSHHI
3 1HII010 HOPMO(IIOPOIO, CTAaHOBITYH 99 % MiIKpO(IIOPH TOBCTOTO KHILIEYHUKY
3[I0POBOI I'PYAHOI AUTHHU. 3 POKAMH LSl KUIBKICTD TOCTYIIOBO 3MEHILYETHCS
1o 60-90% y nopocinoi nonuHu. Hopma s mopocioi JIIoAuHHU CKJaaae
34 %. 1106 kumeyHruk OyB 370pOBHM, JIOAHMHI Jy)K€ BOKJIMBO MiATPUMYBATH
CTaH 1 4yucenbHiCTh OidimoOaxrepii B IMX pamkax. B iHImoMy Bumaixy
BUHMKAIOTH Pi3HI MOPYLIEHHS] pOOOTH IUTYHKOBO-KHIIIKOBOTO TPAKTY.

VY pasi nopyuieHHs 6aJaHCy «KOPUCHUX» 1 «IIKIAJIMBHX» MIKPOOPraHi3MiB
B TPaBHOMY TpaKTi PO3BHMBAEThCS aucOakrtepios. Hepinko 3axBoproBaHHS
TaKOX MOXKe OyTH CYIyTHHKOM XBOpOO IUTYyHKY i KilikiBHUKa. [Ipu Hecraui
MOJIOYHOKHCIHX OakTepiii BinOyBa€ThCsl CTPIMKMH PO3BUTOK TOCTPOl
KUIIKOBOT 1H(EKIIT, MOXKITMBA Jliapest, OpOAIHHS 1 THUTTS, CKyITYEHHS YKOBYHUX
KUCIIOT. Y JAESKNX BUIAJKax MOXIIMBI 3allOpH, METEOPH3M, HEHpPHUEMHHN
3amax 3 poTa, Medisi, CHIIbHE 3AyTTS> .

BrumB MonouHOKHCIMX OakTepiil Ha OpraHi3M JIFOJMHU HE 0OMEXYETHCS
JIIe IXHBO 3IATHICTIO J0 KOJIOHIi3amii kunieynruka. CyqacHi TOCIiKCHHS

2 Caiit odimiitnoro BupoOHHKa Ta mpoaasist 3akBacok VIVO. URL: https:/www.zakvaski.com/
production/probio-yogurt-vivo.html (zara 3BepHenns: 22.12.2025).

2 Kyxtun M. JI. JlaGoparopumii mpaktukym 3 wmikpoGiomorii. URL: https://elartu.tntu.edu.ua/
bitstream/lib/41178/1/Kukhtyn Laboratornyy praktykum 2023.pdf (nara 3seprenns: 20.12.2023).
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BKa3ylOTh Ha KPUTHYHY POJIb iXHiX MeTaOoJiTiB — MOCTOIOTHKIB, 5IKi yTBO-
profoThest B mporieci pepmenTariiiz®. OKpiM MOJIOYHOI KHCJIOTH, 10 3HUXKYE
pH cepenoBumia ta mnpurHidye po3Butok maroreHiB, MKB cuHTE3yIOTH
OakTepiolHN (TIPUPOIHI AHTUMIKPOOHI MENTHIN).

OcoOnuBe 3Ha4eHHS MalOTh KOPOTKOJIAHIIOTOBI JKMPHI  KHCJIOTH,
30KkpeMa OyTHpar Ta anerar. BoHH BHCTYNalOThb OCHOBHHUM E€HEPreTUYHHM
cyOcTparoM Uit KOJOHOLMTIB (KIITHH €MiTeNiI0 KUIIEYHHKA) Ta CHPUSIOTH
3MIIIHCHHIO KOHTaKTyBaHHS KIITHH CIu30BOi o0OonoHkn?. Lle 3Ha4HO
3HW)KY€E MPOHMKHICTD KHMIIKOBOTO 0Oap’epy JUIsi €HIOTOKCHHIB Ta aJlepreHiB,
IO € KIIOYOBUM MEXaHI3MOM NpO(]ITaKTUKH CHCTEMHOTO 3alalieHHs Ta
MiATPUMKH IMyHITETY?'.

1.4. TexHon02i4Hi MOMCAUBOCMI PO3WIUPEHHS dCOpMUMeEHMY
(PYHKUiOHA/bHUX Xapyosux NPOOyKMie Ha 0CHO8i pOCAUHHOI
ma 60poWHSHOI CUPOBUHU

OCHOBHMM Ta HaiOUIBII XapakTePHUMH XapuOBHM  IPOAYKTOM,
[0 BUTOTOBJISIFOTE 13 BuKopucTanHaM MKB, € kucinomonouni nmponytu (kedip,
HOTypT, CMeTaHa) Ta MPOIYKTH, BUTOTOBIICHI Ha OCHOBI MOJIOKAa TBapUHHOTO
MOXO/KEHHS (TBEpAl Ta M’SIKI CHpPH), TOOTO Ii NMPOAYKTH 3a IONEPEAHBO
BHUCJIOBIICHOIO TEOpi€r0 € GyHKIIOHATBHUMES 2,

BongHouac He Bci JIIOOM 332 NEBHUX, MEPEBAKHO MEAWYHUX HPUYUH,
MOXYTb YXXMBaTH MOJIOYHI Ta KHCJIOMOJIOYHI HPOAYKTH, TOMY BHHHKA€E
norpeda pO3MIMPUTH ACOPTUMEHT (YHKIIOHAIBHUX XapyOBHX HPOAYKTIB,
y CKJIaji IKUX Mayiu 6 OyTH MpoOiOTHYHI KYJIBTypH MOJIOYHOKHCIINX OaKTepii.
[oBeprarouncy 10 BU3HAYEHHX KPUTEPIiB (YHKIIOHAJIBHOCTI HPOAYKTIB,
HaroJIOIIy€eMO, 110 BOHM MalOTh OyTH IOAEHHOTO BXXUTKY. TakKMM HPOLYKTOM
3a3BUYail € XJi0, MpOTEe TOJOBHOIO YMOBOIO JUIS BUTOTOBJICHHS XJi0a SIK
(YHKIIOHAJIBHOTO TIPOAYKTY € 3aMiHa XJI100NeKapChKUX APDKIDKIB XT10HOIO

» Salminen S., et al. The International Scientific Association for Probiotics and Prebiotics (ISAPP)
consensus statement on the definition and scope of postbiotics. Nature Reviews Gastroenterology &
Hepatology. 2021. Vol. 18. P. 649-667. DOL: https://doi.org/10.1038/s41575-021-00440-6.

% Wang S., et al. Postbiotics and their biotherapeutic potential for chronic disease and their feature
perspective: a review. Frontiers in Microbiomes. 2025. Vol. 4. Art. 1489339

77 Piqué N., Berlanga M., Mifiana-Galbis D. Postbiotics: Alternative to Probiotics in Cardiovascular
Diseases and Metabolic Disorders. Molecules. 2024. Vol. 29, Ne 11. P. 25-38.

» 3enencekuit ., Henommsaiinenko H. OmjiHka XapyoBOro MpPOAYKTYy Ha THTP MOJOYHOKHCIHX
Oaxrepiil (Ha mpuknani poscimbHoro cupy tuny «bpunza»). Youth Pharmacy Science : matepiaan
I Beeykp. Hayk.-nipakt. Koud. (M. XapkiB, 27-29 ksit. 2021 p.). Xapkis, 2021. C. 446.

¥ Henoumsaiinenko H., Kopmienko 1., Anaupkuit A. YIOCKOHAICHHS PELENTYPH MPHIOTYBAHHS
PO3CLIBHOTO cHpy THITy «BpHH3a» 3 MiJBUIEHNM TUTPOM MOJIOYHOKHCINX OaKTepiil. 30ipHuk naykosux
npayb [HInposcvKozo Oepxcasrozo mexuiuno2o yHisepcumemy (mexuiuni nayku). 2022. T. 1, Ne 40.
C. 164-174.
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3aKBACKOIO 13 MiJIBUIIEHUM THUTPOM JKUTTE3NATHUX KIITHH MOJIOYHOKHCIIUX
Oakrepiit. Kpim Toro, migsuiieHHs GpyHKIIOHAIBHIX O3HAK MOXKHA JIOCATTH
3aBISKHM 3aMiHi OOpOIIHAa BHUCOKOTO I'aTyHKy Ha LJIbHO3EpHOBE, Oarare Ha
Xap4yoBi BOJIOKHA.

Sk HaBelleHO B OITyOJIIKOBAaHMX HAyKOBHX IPALSIX, MOJIOYHOKHUCIT OakTepii
MAaroTh MIABHINEHI aJalTHBHI BJIIACTUBOCTI BIJNOBIZHO IO HEraTUBHUX
(akTopiB, 30KpeMa BIUIMBY BHCOKHX TeMIIEparyp, 3aMOpPOXYBaHHS Ta
YABTPa3BYKOBUX KOJIMBaHb. [IpoBeneHi OCHIDKEHHS Moo (epMeHTanii
OOPOLIHSAHOTO CKJIaTHUKA 3 TIOJIAJIBIINM BUITIKAHHSM IT0Ka3yIOTh 30€peXeHHS
010JIOTIYHOT aKTUBHOCTI Ta JKMTTE3JATHOCTI KIITUH MOJOYHOKHCIIUX
6aKTepiI‘/'I3O, 31, 32, 33.

[TpoBeneHi MOCTIKEHHS OO IIOIIYKY ITOKHMBHOTO CEPEIOBHINA IS
PO3BUTKY MOJIOYHOKHCIIMX OakTepii 3 METOI0 BHUIOTOBIICHHS (DYHKIIO-
HaJbHOTO Xap4YoBOTO MPOAYKTY * *° I03BONSIOTH PO3LIMPUTH ACOPTUMEHT
(YHKIIOHAJIBHUX XapYOBHUX NPOAYKTIB, BUTOTOBJICHUX Ha OCHOBI POCIMHHOT
CHPOBUHH, a came (PyKTOBOTO ITIOPE 3 JOJABAHHIM NPOOIOTHYHUX KYJIBTYP
MOJIOYHOKHUCITUX Oaktepiil. Takuii BapiaHT XapyoBOro IPOIYKTY Oyme
(YHKI[IOHAJIbHUM 3aBASKH HAsBHOCTI HE TUIBKM aKTHBHUX Ta JKUTTE3IATHUX
kiritne MKDB, a @ xapuoBuM BOJIOKHAM, IEKTHHY, BiTaMiHAM Ta IHIIAM
HyTpi€HTaM, Ha sIKi Oarati QpyKTH.

Orxe, omHa i3 3ama4 HAIIOTO JOCITI/PKEHHS IOJsrana B PO3pOOIEHHI
pELenTypy Ta TEXHOJIOTI] XapyoBHX IPOAYKTIB IOJEHHOIO PAlliOHY JIFOIUHHU,
0 MaloTh (DYHKIIOHAJBHI O3HaKaMM 3aBISKH JOJAaTKOBOMY 30aradeHHIO
NPOOIOTMYMHAMU  KYJIBTYpaMH — MOJIOYHOKHMCIMX — Oaxrtepiid.  [lepeBipka

30 Koprienko 1. JlocmipkeHHs BILIMBY Y/IBTPa3sByKOBUX KOJNMBAaHb HA TUTP MOJOYHOKHCIHX OaKTepiii
ticra. Biomexronoeis XXI cmonimms : te3u XV Beeykp. Hayk.-npakt. koH®. (M. Kuis, KIII). Kuis,
2021. C. 55.

3! Tlononuyk JI., Koprierko . AnanTnBHi BIaCTHBOCTI MOJIOYHOKHCINX GaKTepiii 10 HECTIPUITIMBIX
yMOB Ta (haKkTOPiB HABKOJIMIIHBOIO cepenoBuia. Asiayis ¢ XXI cmonimmi : te3u X BcecBiT. KOHTp.
(m. Kuis, HAY). Kuis, 2022. C. 4.1.46-4.1.49.

32 OyHKU{OHAIBHO-TEXHOJIOTIYHI BJACTHBOCTI 3aMOPOXEHMX HamiB(paOpHKaTiB, KpiOKOHCepBallis
roToBux xuibonpoxnykris / I. Koprienko ta in. Kuis : HAY, 2021. 54 c.

3 Korniienko 1., Kuznietsova O., Garkava K. Formation of individual human health: modern
biotechnological trends in the use of probiotic microorganisms in functional sourdough bakery.
Scientific and educational dimensions of natural sciences : Scientific monograph. Riga, Latvia, 2023.
P. 375-403. URL: https://doi.org/10.30525/978 (nara 3epuenns: 20.12.2025).

3 Henommsaiinenko H., Kopuienko I. AkryaibHi mpoOneMu iHAMBIZyanbHOro 30pOB’s IUTITKIB
Ta 3aCTOCYBaHHS CydJacHHX OioTexHONOrili BHpOOHHMITBA (yHKIIOHANBHHX NPOMYKTIB XapdyBaHHSI
3 MeTolo iX Bupitenns. Actual problems of natural sciences: modern scientific discussions : Collective
monograph. Riga: Izdevnieciba “Baltija Publishing”, 2020. P. 391-408.

3 Tlouryk MOKMBHOTO CEPEIOBHINA /Ul PO3BHTKY MOJOYHOKHCIMX OAKTepiil 3 METOK) BHIOTOBJICHHS
(byHKIIOHANBHOTO XapyoBoro npoxnykry / H. HenommBaiinenko Ta iH. biomexnonoeis XXI cmonimms :
marepianu XVII MixHap. Hayk.-ipakT. koH¢. (M. Knis, KI1I). Kuis, 2023. C. 141-143.
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PE3yJIBTaTUBHOCTI JOCTI/PKEHHSI TOJsiraja B YCTAHOBJEHHI (DyHKI[IOHAIBHOT
LIHHOCTI BJIACHOPYY BUTOTOBJICHHMX XapUOBHX MPOAYKTiB. OCKUIBKM TMiJ 4ac
JOCITIDKEHHST 3aCTOCOBYIOTBCSL Pi3HI TEMIIEpaTypHi PEKMMH PUTOTYBaHHS
(DYHKIIOHAILHUX XapuOBUX IPOJYKTIB, IIOCTaBJICHE 3aBIaHHs — OL[IHUTH O3HAKU
30epeskeHHs (DYHKLIOHAIBHHX BIACTHBOCTEH rOTOBOTO 10 BXKUBAHHS HPOIYKTY.

2. KoHuenu,is npoBeaeHHs A0CAia)KeHb

2.1. TexHono2iuHi achekmu npuzomyeaHHs (pyHKUioOHAAbHUX NPOOYyKmie

Y paMKkax IpOBEAEHHUX JOCIIPKEHb, 3alIPOIIOHOBAHO HACTYIIHI PELEeNTypH
BUTOTOBJICHHS (YHKLIOHATBHUX XapYOBHX IMPOAYKTiB, BHKOPUCTOBYIOYH
010JIOT1YHO aKTHMBHI IHIPEMIEHTH y TX CKJIaJI.

1) Kucnomosounuii Horypr: KOpoB’siue MOJIOKO JKUpHicTIO 2,6 % (1macTe-
pHU30BaHe y BUPOOHNYMX YMOBAaX); BUCOKOKOHIIEHTpOBaHa 3akBacka «IIpoGio
Horypr VIVO” 3 Bmictom Bifidobacterium lactis, Bifidobacterium infantis,
Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus rhamnosus,
Lactobacillus  paracasei, Lactobacillus  delbrueckii ssp  Bulgaricus,
Streptococcus thermophilus.

2) ®pykroBe (s01y4He) mrope: s0yKa; IyKOp; OUYMILIEHA IHTHA BOAA;
BHCOKOKOHIIGHTpoBaHa 3akBacka «IIpoGio Horypr VIVO” 3 Bmictom
Bifidobacterium lactis, Bifidobacterium infantis, Lactobacillus acidophilus,
Lactobacillus casei, Lactobacillus rhamnosus, Lactobacillus paracasei,
Lactobacillus delbrueckii ssp Bulgaricus, Streptococcus thermophilus.

3) LlinpHOo3epHOBMH X0 Ha XJTOHIM 3aKBacli: OOpOIIHSHA CyMIiIlI
(6OpOoIIHO 11ITFHO3EPHOBE IILIEHHMYHE, OOPOIIHO TIIEHWYHE BHUILOIO IaTyHKY
y cHhiBBigHOMICHHI 1:1); ouMIneHa NMHWTHA BOJA; CUlb; XJIiOHA 3aKBAaCKa, BHUIO-
TOBJICHA Ha OCHOBI BHCOKOKOHIICHTPOBAaHOi 3akBacku «IIpobio I7101"ypT VIVO”
3 BMicTOM Bifidobacterium lactis, Bifidobacterium infantis, Lactobacillus
acidophilus, Lactobacillus casei, Lactobacillus rhamnosus, Lactobacillus
paracasei, Lactobacillus delbrueckii ssp Bulgaricus, Streptococcus thermophilus.

[Tix yac BuroToBneHHs (QYHKI[IOHAJIFHUX Xap4OBHX MPOIYKTIB BUKOPHCTAHE
Take o0JaJHaHHsL: JyXoBa Iada; OneHep; TepMoCTar; MOpPO3WIbHA KaMepa.

Ouinka (QYHKUIOHAIBHUX BJIACTHBOCTEH BHUIOTOBJICHHMX Xap4OBHX
MIPOAYKTIB 37ilicCHEHa B OioTexHOJOTiuHiil Jlaboparopii i3 3acTocyBaHHIM
TepMOCTaTa, MIKpOCKOIIa, BariB 3 TOYHICTIO 10 | I, a Takox J1abOpaTopHOTo
nocyay (mpoOipku, MipHI IuIiHApY, yaky [lerpi).

TexHonoriuHa npouenypa ckiaganacs 3 TaKUX €TaliB.

1) IlpuroryBaHHS KHCIIOMOJOYHOTO HOTYPTY:

— migirpita go remneparypu 40 °C KopoB’siue MOJIOKO KHpHicTIO 2,6 %,
[acTepU30BaHe y BUPOOHUYHX YMOBAX;
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—  JoAatv MpoOIOTHYHI KyJIBTYPU MOJIOYHOKHCIHMX OakTepiil (3aKBacky
«IIpoGio Horypr VIVO™) B kinbkocTi 1 T Ha 2 11 MOIOKa (32 PEKOMEH/AIII€I0
TOBapOBHUPOOHUKA);

— TepeMillaTd, BIANPaBUTH JUIs  CKBAallyBaHHS B  TEepMOCTaT
3a temneparypu 40°C Ha 8 roguH.

2) Ilpurorysanus ¢pykroBoro (s0myuyHe) mope:

— 3amekTH sA01yKa B AyxoBiil madi 3a remneparypu 180 °C Brpomosxk
20 xB. Ta oxononutH 1o temmneparypu 40 °C;

— BUMUTH ¥ 3BUIBHUTH BiJ] CCPIICBUHH CBIXKI I0JTyKa;

— mnonpiOHMTH B ONeHIepl 3amedeHi Ta IiATOTOBJIEHI CBIXI sOIyKa
B npornopuii 1:1;

— jojatv NpoOIOTHYHI KyJIBTYPU MOJOYHOKHCIHMX OakTepiil (3aKBacky
«IIpoGio Morypr VIVO™) B kinbkocti 1 r Ha 2 1 miope;

— TepeMillaTd Ta BiANpaBUTH Ha (EpMEHTalLil0 B TEPMOCTaT 3a
temneparypu 35 °C Ha 8 roguH.

3) IIpuroryBaHHs XJiOHOI 3aKBacKu:

— 3MimaTd B PIBHUX INPONOPLIAX OopoumHsHy cyminl (OOpOIIHO
LUILHO3EPHOBE MIIEHUYHE, OOPOIIHO MIIEHMYHE BUIIOTO IaTyHKY);

—  JIoJaTH OYMILEHY MHUTHY BOAY B CHiBBiIHOIIEHHI 1:1;

—  jojatv NpoOIOTHYHI KyJIBTYPU MOJOYHOKHCIHMX Oakrepiil (3aKBacky
«IIpoGio Morypr VIVO™) B kinbkocti 1r Ha 1kr x1i6HOT 3aKBacKH;

— TepeMillaTd Ta BIANPABUTH y TepMocTar 3a temreparypu 35 °C;

— KoxHi 12 roawH ynpomomBkK 7 ai0 MPOBOIUTH OHOBJICHHS XJIiOHOI
3aKBACKH IIISIXOM IIepeMilllyBaHHS YaCTHHH IOTOYHOT 3aKBAaCKH, OOPOIIHSHOT
CyMIIII Ta MUTHOI BOAY B CHiBBiAHOMICHH] 2:1:1;

— Ha 8-my noOy Y dacTHHY OTpuUMaHOl XJIIOHOi 3aKBACKU IOCTABUTH
B MOpO3WIBHY Kamepy 3a temreparypu —5 °C na 10 xi6.

4) BumikaHHs OUIFHO3EPHOBOTO XJ1i0a Ha XJIiOHIN 3aKBaCi:

— 3aMICHTH TICTO 3 OOpOMIHSAHOI cyMimi (OOPOIIHO LiIEHO3EPHOBE
MIIEHWYHE, OOPOILIHO TMIIEHWYHE BHIIOTO TaTYHKY B cHiBBijHOWIEHHI 1:1)
Ta BoAW B mporopuii 2:1, nomaT comi 3a CMakoM, PO3MOAUIMTH TICTO Ha
JIBl piBHI YaCTHHU Ta 3aJUIIMTH Ul ayTONi3y Ha | TOIUHY 3a TeMIeparypu
20 °C;

— JIOIaTH B OIHY YAaCTHUHY MiATOTOBJICHOIO TICTa XJIIOHY 3aKBacKy, IO
He TiJy1aBajiacs 3aMOpPOXKyBaHHIO B TIporopuisix 4:1;

— JlofaTH B JIpyry YacTHHY HiJrOTOBJIEHOTO TicTa XJiOHY 3aKBackKy,
TIOTIEpEeTHbO PO3MOPOXKEHY Ta aKTHMBOBaHY BIIPOJOBX 12 TOIWH, y IPOHOp-
misix 4:1;

— chopmyBatH OKpeMO KOXHY XJIIOHYy 3aroToBKy Ta 3aJIMIIUTH
JUIs PO3CTOIOBAaHHs B TepMocTari 3a temrneparypu 30 °C BpoJoBx 3 roauH,
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— BWIikary xJyi0 y myxoBii madi 3a temneparypu 230 °C BIponoBx
30 xBUITUH.

5) BukoHaTu TpHKpaTHE MOBTOPEHHS Jii 3a MyHKTaMu 1-4.

6) IIpoBectu MikpoOioyorivHI AOCTIKeHHS Meron Koxa y HacTymHii
MOCITiIOBHOCTI:

—  B3STH HAaBaKKY MacO0 1T KOXHOTO 3 BUTOTOBJICHUX (DYyHKIIOHAIEHUX
MIPOIYKTIB;

—  TPOBECTH JCCITUKPATHI pO3BEICHHS MiJrOTOBJICHUX 3Pa3KiB 3TiHO i3
CTaHJAPTHUMHU MiKpOOIOJOTTYUHUMH METOIMKAMHU;

— mocistn B vamku Ilerpi Ha TOXUBHHMH M’SCO-IIENITOHHUI arap
IiJITOTOBJICHI PO3BECHI 3pa3Kd Ta MOCTABUTH B TEPMOCTAT 3a TEMIICPaTypu
40 °C BrpoaoBx 24 roauH;

—  TIPOBECTH MIKPOCKOIIIO 3 BU3HAYEHHs 3arajibHoi KibkocTi kiitne MKB.

7) TlpoBecTu AOCITIIKCHHS OPTaHOJCITUYHUX Ta SKICHUX MOKA3HHKIB!

— 3i0paTH KOHTPOJIBHI TPyNH PECIIOHAEHTIB Ta IPOBECTH Cepes HUX
IHCTPYKTaX IIIO0 BHMOI, sIKi PEKOMCHIIOBAHO B JICpPKABHUX CTaHIApTax
sikocTi (JICTY) mo BiIIOBITHOTO Xap4oOBOTO MPOAYKTY, 3alPOIIOHOBAHOTO
JUTSL IeTYCTallii;

— TPOBECTH JETYCTAIil0 KOXXKHOTO 3 BHUIOTOBJICHUX (DYHKI[IOHAIBHUX
MPOMYKTIB, 310paTy pe3yJbTaTH OLIHOK PECIOH/ICHTIB Ta HAJaTH CEPEIHBO-
CTaTUCTHYHY OLIHKY OPTaHOJICNTHYHUX TOKA3HUKIB Ta OLIHKY BiJMOBITHOCTI
JCTY KOXHOTO 3 BUTOTOBJICHUX (PyHKLIOHAIBHUX HPOAYKTIB.

[lin yac npoOBENCHHS EKCIIEPUMEHTY 3a0e3MeYeHO CTEPHIbHI YMOBHU
TEXHOJIOTIYHOTO MPOIECY BUTOTOBIICHHS BIAMOBIAHOTO (PYHKI[IOHAIBHOTO
XapuoBOTr0 MPONYKTy (CKBallyBaHHS, (DepMEHTAIlis, BHITIKAHHS, 3aMOPO-
JKYBaHHS).

Y KO)KHOMY TOTOBOMY JIO CIIOXKHBAaHHS ()YHKIIOHAJBHOMY Xap4yOBOMY
MPOIYKTI HA TPETIO J00Y MiCJsi BUTOTOBJICHHS BU3HAYCHO 3arajibHy KUIBKICTh
kiituH npodiotnunnux Kyneryp MKB. I'pynma pecrnionjeHTiB omiHmia Bci
XapuoBl MPOJYKTH 33 OPraHOJCHTHYHMMH Ta SKICHUMH IOKAa3HUKAMH, IO
BIJIMIOBIIAIOTH JICP>KABHUM CTAHJIApTaM BIIMOBIIHUX Xap4YOBUX MPOAYKTIB.

2.2. OuiHka cmaHy 300poe’ss pecNoHOeHMI8 32i0HO 8U3HAYEHHS
KiflbKicH020 ma sIKicH020 cKnady KUwKoeoi Mikpobiomu

B stkoCTi pecrnioHAeHTIB I MPOBEACHHS J0CIIKEHb 00paHo 3100yBaviB
ocBitn Komynasnbnoro 3akiany «Jlineir Ne 31» Kam’siHCbKOi MichKoi pajy,
BikoM 15-16 pOKIB siki HE MaJld XPOHIYHHMX 3aXBOPIOBaHb Ta IIKIUIMBUX
3BHYOK, BEyTh aKTUBHIH CIIOCIO XUTTS Ta 3aiiManucs y 3BUYaiiHii rpyIi no
¢i3kynbTypi 6e3 3HaUHKUX (Hi3UUHUX HABAHTAXKEHb. TaKMM YHHOM C(OPMOBAHO
IpYIH pecroH/IeHTiB 1o 10 y4HIiB B KOXKHIH.
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[Tepen movaTkoM AOCIIIKEHHS PECIIOHICHTaM OyJI0 3aIIpOIIOHOBAHO 3/1aTH
aHaJi3 KaJly Ha NpeIMeT BHU3HA4YCHHS PI3HOMAHITTS KHIIKOBOI MiKpoOioTH
y iX KHMIIKiBHUKY.

BrnpomoBk 2 HacTymHHMX THXKHIB pECHOHIEHTaM OyJ0 3alpOrOHOBaHO
BBECTH JI0 CBOTO palliOHy BUT'OTOBJICHUH (DYHKIIOHAJILHUM XapuOBUi MPOIYKT:

1 rpyna — @pykrose (s10;1yyHe) mrope;

2 rpyna — L{inpHO3epHOBHH XJ1i0 Ha XJTIOHIH 3aKkBacti (0e3 3aMOpOXKyBaHHS
3aKBacKH);

3 rpyna — Ll{inpHO3epHOBHI X0 Ha XJIOHIM 3akBacii (3 momepenHiM
3aMOPOXKYBaHHSM 3aKBACKH).

KoxHilf rpymi pecrnoHICHTIB HaNaBAJIMCh BiINOBiTHI (DYHKIIOHAIBHI
npoayKTH B KinbkocTi 200 r/100y, SIKi BOHM BXXHBaJIM ABOMA PiBHUMHU ITOPLISIMA
3paHKy Ta BBeYEpi IiCIs OCHOBHOTO MpuioMy Tki. CBIXOIPHIOTOBJIEHI
NPOAYKTH 30epiraruch B XONOAWIBHUKY NpU Temreparypi He Bume 5 °C He
6inbiie 3-x ai6.

[Ticnst OBOTHXKHEBOTO INMPUHOMY BHIOTOBJICHUX BHJIB (PyHKIIOHAJIBHHX
NPOAYKTIB, PECIIOHJEHTaM OyJI0 3alpONOHOBAaHO MOBTOPHO 3JaTH aHaji3
KaJly TpeaMeT OaKTepioNIori4YHOro JOCIIKEHHS KUIIKOBOI MiKpOOioTH.

3. EkcnepuMeHTasibHa ouiHKa PYHKLiOHA/IBHUX BJIaCTUBOCTEN
Ta 034,0POBYOI0O NOTEHL,iasly HOBOBBEAEHUX A0 LLOAEHHOIO paLioHy
niaNiTKIB XapyoBUX NPOAYKTIB

3.1. MikpobionoziyuHa ouiHka ma eepudikauis pyHKUiOHANbHUX
Xapakmepucmuk po3pobsieHUX npodyKmie XxapuyeaHHs

VY pesynerari peainizailii TEXHOJOTIYHUX €TaIliB Ta O10TEXHOJIIOTIYHHUX
MIIXO/IB, BUTOTOBJICHO Xap4yoOBi INPOAYKTH, (DYHKIIOHAJbHI BIIACTHBOCTI
SIKMX OIIHEHO 3TiJHO 3 MPOBEJACHUMHU MIKPOOIOJIOTIYHUMHU JIOCIIIKCHHIMHU.
Pesynbratu nociipkeHp HaBeaeHo B Ta0u. 1.

3rifiHO 3 pe3yJbTaraMH, HaBeJCHUMH B TalI. 1, yCTaHOBJIEHO, 110 KOXKEH
3 JIOCHI/DKEHUX XapyoOBHX MPOAYKTIB Mae (YyHKIIOHAJIbHI BIACTHUBOCTI,
OCKUIBKH B 3pa3Ky KO)KHOTO INPOJIYKTY Ha TPETIO 00y Micis MPUTOTYBaHHS
BU3HAYEHO KOJIOHIT MOJIOYHOKHCIMX Oakrepiif. HaiiOinpma KibKicTh
kiaitnH MKB  3adikcoBaHa B KHCIIOMOJIIOYHOMY HOTYpTi, aJKe MOJIOKO
TBapUHHOIO TIOXO/DKEHHSI € XapaKTepHUM CEpEIOBHILIEM ISl PO3BUTKY
MKB, a cpusTiuBHi TeMIEpaTypHHH PeXUM OOpOOKM € NMPUAATHUM JUIs
30epeKEeHHST KUTTE3AATHOCTI MTPOOIOTHYHHUX KYJIBTYpP Ta XJIi0i.

Y 3paskax xmiba, credeHoro Ha XJIiOHIH 3akBacii, 30epiraerscs
BUCOKa KutbkicTh KIiTHH MKDB, 00yMOBIEHOro CTIHKICTIO NMPOOIOTHYHUX
kynbTyp MKDB, 110 NOSICHIOETBCS 3aXHCHOIO JI€I0 XapyoBOI MaTpHIi
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xJiba — KPOXMaJbHO-OIJIKOBa CTPYKTypa M SIKylla eKpaHye€ KIiTHHH
MKGF Bij KUCHIO, CBITJa Ta KOJIMBaHb BOJIOTOCTI, 3HIIKYE IO TEPMIYHOTO
cTpecy (YacThHa KIITHH 30epiraeTbcs Yy MIKpPONOpPAaXx),CTBOPIOE edeKT
MikpoiHkancyssnii. Y pesyisrari Bikuanicte MKB y xiifi 3HauHO BHIIa,
HDK Y PIJKHX Xap4OBHX CHCTEMaXx.

Tabmuus 1
IMoxasuukn GpyHKIioOHAIBHOCTI po3podaeHnx npoaykris (n=10, M +m)

L. 3aranbHa KiabKicTs Kosonii, KYO/ cm?
Hocainni 3pazkn

IouyarkoBmii 3n00yTHii pe3yabraTr Hopma***
Kucnomonounuii #orypr (1,0£0,1) - 10'0* (8,7+0,1)- 10° 1,0-107
Sl6ny4uHe mope (1,0£0,1) - 10'0* (1,1£0,2) - 10° He nopmytotsest

Xi6 Ha 3akBacui (6e3

(5,7+£0,2) - 107 ** (5,0+0,2) - 107 He HOpMmytOTBCSE
3aMOPOXKYBAHHs 3aKBACKH)

Xni6 Ha 3akBacIi
(3 momepeHiM (5,7£0,2) - 107 ** (5,3+0,3) - 107 He HOopMmytoThest
3aMOPOKYBAHHAM 3aKBACKH)

M — cepenne apupMeTHYHE; /M — CTaHIAPTHA MOXUOKA CEPEAHBOTO
* Bakpacka «IIpo6io Morypr VIVO™6

** BracHOpYY BHTOTOBJICHA XJIIOHA 3aKBacka

%% JICTY 4343:2004. Vorypru. 3aranbai Texuiuni ymosu®

[Micns BumikanHs y XJi0i 30epiratoTecs GepMeHTOBaHI IyKpH (MabTO3a,
JNEKCTPUHM) Ta TMPOAYKTH TiAPONi3y KpOXMamio (3aBISKHA amilazam).
Ie no3BOIIsIE OKPEMUM IITaMaM MOJIOYHOKHCIIMX OakTepiii HOBUIBHO BiHOB-
JIFOBATH METa0O0I1i3M, a 1HKOJIM HABITh 3[1HCHIOBATH OOMEKEHMM MO KIITHH
y nepuri 48—72 rogunu. MoxknuBe GopMyBaHHS CyOIeTaqbHO YIIKOKEHUX
kiitiH. TepmiuHa o0poOka He 3HUIMye Bci MKD, ix dacTmHa mepexoiuTtsb
y cran VBNC, ski 3a cripusiTaBUX YMOB 30€piraHHs peakTUBYIOThCS. [Ipn
ObOMY OaKTepiONOTiUHMIA aHali3, MpoBeAcHUH Ha 3 100y, Qikcye BHIIHN
TUTP, HIXK OApa3y IMicis BUMIKAHHS.

B pesynprari monepenHOro 3aMOpPOXKYBaHHS XITIIOHOT 3aKBaCKH KiTBKiCTh
kiitiH MKB B x01i01 HaBiTh 30UTBIIYETHCS, PO MO CBiAYATH PE3YIIBTATH,
HaBeaeHi B Ta0i. 1.

36 Caiir oiuiiiHoro BupoGHnka Ta mnpomasus 3akBacok VIVO. URL: https://www.zakvaski.com/
production/probio-yogurt-vivo.html (zara 3seprenns: 22.12.2025).

37 TICTY 4343:2004. I710rypm. 3araybHi TexHIYHI yMoBH. KuiB : JlepxcnoxuBcranapt YkpaiHu,
2005. 12 c. URL: https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=72933 (nara
3BepHeHHS: 20.12.2025).
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OyHKIIOHATIBHI 03HAaKM TaKOX 30epiratoTbes Ui sIONyYHOTO MIOpe,
HEe3BKAOYM Ha HaWHWK4YY KutbkicTh KiaithH MKDB y npomy npomykri.
BusiBnenunit tutp xinitun MKB y sOmyyHoMy miope Ta XimiOHIH 3akBaci
JIOBOZNTH iXHIO JKUTTE3NATHICTD Y HEXapaKTEPHOMY ISl IXHBOTO PO3BUTKY
CEepEeIOBHIIII 32 YMOB CIIPUSATIMBOIO TEMIIEPATYPHOTO PEXKHUMY MPUTOTYBaHHS
LUX TPOAYKTIB.

VYei XapuoBi NPOAYKTH OLIHEHO TIPYNOI PECHOHJIEHTIB 3a OpraHo-
JCNTHYHAMHU Ta SIKICHUMU TIOKa3HWKaMHM, [0 BIANOBINAIOTH JEep)KaBHUM
CTaHIapTaM SKOCTI BiJMOBIIHUX XapuyoOBHUX MPOAYKTiB*® ¥ 4041 Pegynpratn
JIOCIIIJDKEHb HaBeJeHO Ha puc. 1.

3 puc. 1 BUAHO, IO PECHOHJEHTH MO3UTHBHO OLIHWIM 3alPOIIOHOBaHI
JUlsl gerycranii xapuoBi npoaykTa 3 85-95 % sinnosinnicTio 10 HopMm JICTY.
HaiiBumty OIiHKY SIKOCTi BIANOBIIHO J0 HOPM OTPUMAJH KHCJIOMOJIOYHHN
HOTypT Ta IbHO3epHOBUI X110 Ha XJIiOHIH 3aKBacli, sika Oya MmorepeHbO
3aMOpOXKeHa. 3a HaMKpalMU OPraHOJCITHYHUMH MMOKa3HUKAMH, Ha TYMKY
PECIIOH/ICHTIB, TaKOX € XJII0 Ha 3aKBacli 3 MONepeIHIM 11 3aMOPOKyBaHHIM
Ta 0Ty4HE TIope.

BusiBnenHs: QyHKIIOHaJBHUX O3HAK BUTOTOBJICHHX XapyOBUX IPOIYKTIB
OLIIHIOBaJIM 32 HasiBHICTIO KostoHIH MKDB y nociiiHuX 3pa3kax Ta miapaxyHKOM
y HuX 3araynpHOi KimbkocTi KimitTiH MKB. Ockinbku TUIBKM B OAZHOMY i3
JOCITI/DKEHUX  (DYHKIIOHAJBHUX IPOAYKTIB (KHUCIIOMOJIOYHOMY HOTYpTIi)
srigno 3 unHHUMH JICTY HOpMyeThcsl 1€l NMOKa3HUK, CIMPAJIKCS Ha HOPMY
came Ju1s Hporo — 1,0-107.

[Tpu nopiBHIHHI 3 HASSBHUMU HOPMaMH BH3HAUYMJIM, 110 YCi BUTOTOBJIEHI
XapyoBi MPONYKTH MaloTh (YHKIIOHaJbHI O3HaKM 3a psIOM CIaJaHHS
B HHUX KUIbKOCTI mpoOioTnyHMX KyieTyp KiaituH MKB: iorypr > xmi6 Ha
3akBacii > si0onmyuyne mope. Hecrauy kimitun MKDB y 3ampornoHoBaHux
Xap4yOBUX MPOIYKTaX MOXKHA KOMIIEHCYBAaTH ITiJBULICHHIM 1000BOT KiJIbKOCTI
BKMBAaHHS TaKuX NpoxykriB. Hampukian, 1o60Ba HOpMa BXUBaHHS HOTYPTY

3 JICTY 4343:2004. Horypru. 3aransni Texmiuni ymou. Kuis : JlepKcroKHBCTaHAAPT YKpaiHH,
2005. 12 c¢. URL: https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=72933 (nara
3epHeHHs: 20.12.2025).

3 JICTV 4084-2001. Koncepsu ¢pykToBi mopenoaiOHi /st AuTs4oro xapuysanss. TexHiuHi yMOBH.
Kuis : [Jepxcrangapr Ykpainm, 2002. 18 c. URL: https://online.budstandart.com/ua/catalog/doc-
page?id_doc=72407 (nara 3Bepuenus: 20.12.2025).

4 ICTVY-II 4588:2006. Bupobu xmi600ymodHi it CreriaabHOro JIETHIHOTO CIIOKHBAHHSL. 3araibHi
texHiuHi ymoBu. KuiB : Jlepxcnoxuscranpapr Ykpainm, 2007. 10 c¢. URL: https://dnaop.com/
html/33877/doc-ACTY-I1_4588 2006 (nara 3BepuenHs: 20.12.2025).

4 ACTY 7517:2014. Xni6 i3 numennyHoro OopourHa. 3araibHi TexHiuni ymoBu. Kuis
MinekoHoMpo3BUTKY Ykpainu, 2015. 15 c. URL: http://online.budstandart.com/ua/catalog/docpage.
html?id_doc=77546] (nara 3Beprenns: 20.12.2025).
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Ui mipritka ckiaanae 200 r/no0y, a xmiba — 500 r/mo0y. OTxe, 30iUIbIICHA
KUIBKICTh y)XKMBaHHs Xii0a Ha 3akBacli, 30aradeHoro mnpoOiOTHYHUMHU
KyJIBTypaMH, JO3BOJIUTh OTPUMATH CIIOKUBady J000BY motpedy MKD Tinbku
3aBIsKd X0y, SIKIIo 4acTuHy J0OOBOTO paiioHy (YHKI[IOHATBHOTO XJIiba
3aMIiHUTH Ha s0Ny4YHE mrope, 30aradeHe MPOOIOTHYHUMHE KYyJIBTYpaMU, YU Ha
KHCJIOMOJIOUHUIM HOTYpT, Y IbOMY BHIAJKy CIIOKHUBa4Y Oyne 3a0e3neucHHi
J000BOIO HOPMOKO 0ihifio- Ta JTAKTOOAKTEpiid, IO MO3UTUBHO BIUIMBAE HA
HOTo 3710pOB’SL.

& 100,00 5
]
i 5. Q5,040 1
Eg 9. L0 Elpp
EE 91 48 — 2.0
B 90,0
=5 9000 1 88,52
cE 87,04 §7.1
-
z F 85,0
5 8500 1
2
g3
5 7 50,00 1
=
=
g 7500
- K nossonesmndi Himysine mope Xmb ma memacen Xmid Ha saKBACHI
ﬁnnpr [F5] LMOPMEEYHANNE mcias
LSO FEANTEN
Bminea akocTi Rumose o JICTY OuisEk OPrAHTETTIPTHI TOETHIHER

Puc. 1. Jiarpama ycepenHeHOi OMiHKHA BUTOTOBJIeHUX (PYHKIIOHAJIBbHUX
Xap4YOBHUX NPOAYKTIB 3riJHO 3 JerycTalicl0 pecnoH/IeHTIB, y BigcoTKax

YcraHoBIIEHO, 110 B yCiX 0e3 BHHATKY XapyOBHX INPOXYKTaX YHPOIOBXK
Tpbox ni0 30epiraerbest Bucokuii tutp MKDB HesanmesxHO Bim TexHOoOril
BUTOTOBJICHHS. X04a TEXHOJIOTIsl BUMIKaHHs X1i0a i moTpebye 3acToCcyBaHHS
BHCOKHX TEMIIEpaTyp, TEMIIepaTypa Ha IOBEpXHI BUpOOy Ta B HOro cepeuHi
i1 yac BUIIKaHHS He migHiMaeTses Buie 3a 180 °C ta 70 °C BigmoBigHO, 110
€ TIPUJIATHOIO JUIsl TEPMOGUIFHOTO KOHCOPIiyMYy B CKJIaJl BUXIJIHOI 3aKBACKH
«IIpo6io Morypr VIVO”. V pesynsraTi BHCOKOTEMIIEPATYPHOIO IMPOLECY
tutp MKB 3Hmxyerbest Bim xmiOHoi 3akBacku (5,7 - 107) mo cmedeHOro
xmiba (5,0-107+5,3-107), mpoTe 3aBASKA YTBOPEHHIO 3aXHCHOI IUTiBKH
KJICHKOBUHOIO OOpOIIHA BCepequHi XJTIOHOro M’SKyIla IMiJl 4ac BHIIKAHHS
xurre3natHicte MKB  He BTpayaeThcs. YCTaHOBJIEHO, IO KUIBKICTB
kinitue MKB B xmi0i, credeHomy Ha XUmiOHIM 3akBacii 3 TOMEpEAHIM ii
3aMOpOXKYBaHHSIM, Oinblla, HiK O€3 IONEepeaHbOr0 3aMOPOXKYBaHHS, IO
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TaKOXK MiATBEPIXKYE BUCOKY BapiaOeJbHICTH YMOB PO3BHTKY NPOOIOTHYHUX
kynsTyp MKB.

[Muranns 30epexeHHs ¢yHKuioHansHUX BiactuBocteit MKbB y cknani
XJ11000y;I04HHX BUPOOIB MiciIs TEPMiYHOT 00POOKH Mae HayKoBe OOIPYHTYBaHHS
yepe3 KOHIEMIi mapanpobiotukie®?. Ilim dYac BHITIKaHHS TeMIeparypa
B IIEHTP1 M SIKyIIKH xJi0a 3a3Bu4ail He nepesuurye 95-98 °C, a yac BIUIMBY
MIKOBHUX TeMIleparyp € oOMexeHUM. J[o1aTkoBUM (akTopoM 3axHCTy KIITHH
MKB BucTynae KpoxmManabHO-OUIKOBa MaTpHLs IPOAYKTY, SIKa CTBOPIOE €(EeKT
MIiKPOIHKAICYJISILii, [0 YaCTKOBO HIBEIIOE TEIIOBHIA NIOK JUIs KINTUHY,

HaBiTh y Bunajxy iHaKTUBALil YaCTUHM XUTTE3AATHUX KIITUH, MPOIYKT
30epirae cBor (PyHKIIOHAJIBHICTh 32 PaXyHOK KOHIEIIi napanpo0ioTHKiB
(HexnBUX MIKpoOHMX KiiTHH). KUIITHHHI CTiHKM IHaKTUBOBaHMX JIAKTO-
OakTepiil (MenTUIOMTIKaH! Ta TEHXO€BI KUCIOTH) 3AJIMIIAIOTHCS IMYHOJIOTTYHO
AKTMBHUMH. BOHM B3a€MOJIIIOTH 3 pelienTopaMu IMyHHOI CHCTEMH KHIICYHHKA,
CTUMYJIIOIOUM Hecnenu(idHy pe3UCTeHTHICTh opraHismy*'. TakuMm YHHOM,
po3poOiieHui (QYHKI[IOHANBHUN XJTI0 3 BUKOpHUCTaHHAM 3akBacok VIVO
3abe3nedye 010JIOTTYHUN BIATYK HaBITB MICIS 3aBEPILCHHS [IUKITY BUITIKAHHS.

JonarkoBe 30araucHHs BUTOTOBJICHHUX Xap4yOBHX IMPOIYKTIB MPOOIOTHY-
HUMHU Kynbrypamu MKB crnpusioTh TMOJNIMNIIEHHIO SKICHUX, BIIIIOBIIHO 0
JACTY, Ta opraHojenTHYHUX XapaKTePHCTHK, IO MiJTBEPPKEHO BUCOKHUMHU
OLlIHKAMU PECHOHJEHTIB TMiJ 4ac Jjerycramii. Bucoki sKiCHI NOKa3HHUKH
BIZIMOBITHO 70 HOPMATHBIB Uil SIONYYHOIO IIOpPE MOCTYNAIOThCA iXHIM
OPTaHOJICITUYHUM ITOKa3HUKaM, a JUIsl KHUCJIIOMOJIOYHOTO HOTYPTY — HaBIIaKH,
10 TOSICHIOEThCS BIKOBUMHU BIIOJOOAHHSIMU PECHOHICHTIB ((oKyc-rpymy
pecnionnenTie Ha 80% ¢dopmyBanu migritkn). LlinkHO3epHOBUI XITiO Ha
3aKBacll 3a yciMa O3HAaKaMH MiATpUMala OUIBIIICTh PECHOHJAEHTIB, IO
XapaKTepu3ye Lei MPOAYKT SK HAOUIbII BKUBAHUH y IIOJCHHOMY pAlliOHI.
OTxe, came HOro pagumo NOMYJSPU3YBaTH SIK OCHOBHHMH (PyHKIIOHAJIBHUN
XapyoBUH MPOAYKT (32 yMOBHM JOTPHMAHHS 3allpONIOHOBAHOI TEXHOJIOTIi
BUTOTOBJICHHS TA KUIBKOCTI JOOOBOTO BXKHMBAHH).

# Vinderola G., et al. Integration of Postbiotics in Food Products through Attenuated Probiotics: A Case
Study with Lactic Acid Bacteria in Bread. Foods. 2024. Vol. 13, Ne 13. P. 2042.

# Techo S., et al. Survival of probiotic Lactobacillus plantarum in bread baking and its postbiotic
potential. Journal of Food Science and Technology. 2023. Vol. 60, Ne 4. P. 1120-1132.

# Cuevas-Gonzalez P. F,, et al. Role of lactic acid bacteria and yeasts in sourdough fermentation during
breadmaking: Evaluation of postbiotic-like components and health benefits. Frontiers in Nutrition. 2022.
Vol. 9. Art. 952435.
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3.2. KniHiko-6ios0z2iuHa ouiHKa enausy yHKUioHAabHUX hpoOyKmie
Ha sudosuli ma KinbKicHuli cKa1a0 MiKpobioMy KUWKieHUKa
ma 3az2anbHuli cmad 300poe’a nidaimkie

Sk Oyno 3a3Ha4eHO Y METOAMWI NPOBEACHOrO IOCIHIDKSHHS, MPOIOBK
2 TIXKHIB PECHOHICHTH BXXHMBAlM B JONOBHEHHS JO0 CBOTO 3BHUYAHHOIO
paLioHy BUTOTOBJICHUI! (yHKIIOHAIBHHI XapyoBHH HPOIYKT:

1 rpyna — @pykToBe (s10my4HE) TIOpE;

2 rpyna — LlinsHO3epHOBHII X110 Ha XMiOHIH 3akBacti (0e3 3aMOpoXKyBaHHS
3aKBaCKH);

3 rpyna — LlimpHO3epHOBHI X0 Ha XIIOHINM 3aKBacHi (3 MOMEpeTHIM
3aMOPOXKYBaHHSM 3aKBacKH).

3rigHO MPOBEACHUX MiKpOOIOJIOTIYHUX MOCIHIIKEHb BMICTY MIKpogIopu
KHIIKiBHUKY PECIIOH/ICHTIB BCTAHOBJICHA HASBHICTP JIAKTO Ta OidimodakTepiit
B pi3Hiii KinmpkocTi. OTpuMaHi ycepeaHeHi pe3yabTaT! JOCTiKCHHS HaBeICHI
B TaOm. 2.

Tabmnmsg 2
Ycepenneni pe3yJbTaTu MiKpoOioJOTiYHUX TOCTITKEHb KAy
pecrionaentis, KYO/ em® (n=10, M+ m)*

J1o B:kMBaHHS Iicas BXKUBaHHS
(yHKuioHaIBHOrO NPOAYKTY (yHKUiOHAIBLHOIO NPOAYKTY
Pecrionzent JlakTo- Bidino-
JlakTo-6akrepii | Bidino-6akrepii Gaxtepii Gaxcrepil
Pecnongentn
+ . S + . 7 + . S e . 9
| tpyom (1,0£0,1)-10° | (1,0£0,2)-107 | (1,0£0,1)-10° | (1,0£0,1)- 10
Pecnonnentn <1-10° (1,0£0,1)- 10° | (1,0+£0,2)-10° | (1,0+0,3)- 10"
2 rpynu
Pecnonnentn <1-10° (1,0£0,1)-10° | (1,0£0,2)- 10° | (1,0£0,2)- 10
3 rpynu
Hopwa pors 1-107+1-10° 1-10°+1-10' 1-107+1-10° 1-10°+1-10%
I JIITKIB

* M — cepente apudMeTHUHE; M — CTaHAAPTHA MOXUOKA CEPEaHBOrO.

VY pesynprari BXHWBAaHHS 3alpOIIOHOBAHHWX BHIIB (YHKIIOHATBHUX
XapuoBHX  TPOAYKTIB, 30aradeHMX  NPOOIOTHYHUMH  OpraHi3Mamu,
Y KHIIKIBHUKY PECHOHICHTIB 30UIBIINBCSA THUTP JAakTo Ta OidimobakTepiii.
30KkpeMa y pPECTOHIEHTIB Tpynmu 2 Ta rpynd 3 30UIbIIWIACE KITBKICTH
KOJTOHI# yTBOprofounx oxuuuIp (KYO) makrobakrepiit Big 1-10° mo 1-10% Ta
CTaJia BiAIIOBiAaTH HOPMaM IS MIITITKIB. Y THX CAaMHUX PECHOHACHTIB TaKOXK
30UIBIIMIIACH KUTBKICTh KOJOHIHM Oidimobakrepiit. s pecrOHACHTIB Ipymnn
| TakoX TOKPANIMINCH ITOKA3HUKM BMICTYy Yy KHIIKiBHHKY MPOOiOTHYHHX
OpraHi3MiB, X04a i He TaK IHTEHCHBHO, SIK y TIONIEPEIHIX.
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JleranbHuii aHalli3 OTPUMaHUX JAHUX JIO3BOJISIE BCTAHOBHTH 3aKOHOMIp-
HOCTI BIUIMBY Pi3HUX THIIIB Xap4OBHX MaTpHIb HA TUHAMIKY MIKpOOiOLEHO3Y
KUIIKiBHUKA.

Just nocnigHoi rpynu 1, 4ieHH sKoi BXHUBaNU siOy4HE mope, 30aradyeHe
NpoOIOTHYHUMH ~ OpraHi3MaMM  CIIOCTEepiraerbesi  epekr npeGioTHYHOT
crumyisiii. Tlonpu Te, mo TUTp JlakToOaKTepid y Wil TIpyri 3alHIIHBCA
crabimpauM (1 - 10° ¥¥9/cm?), cmocTepirangocss 3HauHEe 3pPOCTAHHS BMICTY
6idinobakrepiit —3 1107 mo 1 - 10° KYO/cM?, 1110 0GTPYyHTOBY€ETHCS BUCOKHM
BMICTOM NEKTMHOBHX DPEYOBHH Yy siOmMyuHid cupoBuHi. IlekTuH BHCTynae
CCJICKTUBHUM TPeOiOTHYHMM CyOCTpaToM, SKHI HE IepeTpaBIIOEThCS
B TOHKIH KHINIi, a (EepMEHTYEThCS EHAOTCHHOIO MIKPO(IOPOI0 TOBCTOTO
KUIIKIBHUKA, CTUMYJIFOIOYH TepPEeBaXHO picT OidinodakTepiit. TakuM YuHOM,
¢pyxrose mope 3 MKD 1€ sik cHHEPriYHUI MPOIYKT, IO MiATPUMYE BIACHY
MIKpO(IIOpy peCIOH/ICHTA.

Jnst pecnoHneHTiB, IO [0Aand J0 CBOIO palioHy NiIbHO3EPHOBHH
xJ1i0 Ha xJiOHiN 3akBacui (I'pynu 2 Ta 3) BCTaHOBJIEHWH NMPOOIOTUYHUNA Ta
naparnpoOioOTUYHUK MOTEHIial, L0 MiATBEPIKYETbCS 3POCTaHHAM THUTPY
nakrobakrepii Ha Tpu mopsaku (mo 1-108 KYO/cm?®), mo Biamosigae
¢izionoriyniidi HopMi. Baxknueum € Te, mo pesynsrat 2-1 Ta 3-i rpyn maiixe
inenTnyHi. lle noBoAMTBH, WO TONEpeTHE 3aMOPOKYBAaHHS 3aKBAaCKH HE
3HWXKY€E (QDYHKIIOHAIIBHY IIHHICTh TOTOBOTO IPOAYKTY. BHUCOKY edeKTuBHICTH
xymiba Ha 3aKBaCIli MOXKHA TOSCHUTH IOEJHAHHSAM JIBOX (AKTOpiB —
TEPMOPE3UCTEHTHICTIO MeTabomiTiB Ta edekry kpoc-¢ininry. Tobto mpu
BUITIKAHHI XJ1i0a, HABITh SIKIIO YACTHHA KJIITUH IHAKTUBYETHCS IiJ 4Yac Iii
BUCOKMX TEMIIEpaTryp B IpoOIleci NMPUrOTYBaHHS, BOHU NEPEXOIATh y CTaH
napanpoOiOTHKiB, 30epiralour IMYHOTCHHY AKTUBHICTh KIIITHHHHUX CTIHOK.
Edekr kpoc-¢dimiHry B naHOMY BHIIQJIKy IOJSra€ B TOMY, L0 MeTabomiTh
MKB (monouHa KUcI0Ta, OyTHpar) CTBOPIOIOTH crpusitinBe pH-cepenoBuiie
Uil pocTy cymyTHiX Oidinobakrepiii, 1m0 NOSICHIOE X 3pOCTaHHS [0
1-10"KYO/em?.

Cain BiAMITUTH, IIO BiJCYTHICTH CTAQTUCTUYHO 3HAYYIIOi PI3HHILI MiX
2-10 Ta 3-10 TpymamH IATBEPPKYE TEXHOJOTIYHY CTIHKICTh OOpaHuX
mramiB 3akBackh VIVO Ta JOUIJBHICTH BHKOPHCTaHHS 3aMOPOXKEHUX
HamiBaOpuKaTiB (3aKBaCOK) y MPOMHCIOBUX Macmitabax ©Oe3 BTparu
JIKYBaJIbHO-ITPO(IIAKTUYHUX BIACTHBOCTEH KiHIIEBOTO IPOAYKTYY.

[TpoanainizyBaBim pe3ynbTaTtu MIKpOOIOJIOTIYHUX ~ JIOCHIJDKEHb
KaJly PECIOHJCHTIB MOXXHA NPUHTH [0 BUCHOBKY, L0 IIPH BXXWBaHHI
(DYHKIIOHAJILHOTO TPOAYKTY, 30araueHoro MnpoOiOTUYHHMHU OpraHi3MaMH,
MO)KHa B TOBHIM Mipi HOKpallUTH CTaH KHINEYHHWKA. AOCOIIOTHO Yy BCIiX
PECIIOH/ICHTIB OKPAIIMINCS TTOKa3HUKK MIKpO(JIOpH KHIIEYHHUKA, KUTBKICTh

379



nmakto Ta Oidigodakrepiit 30iMpIIMIOCE. 3a pe3ynbraraMu Cy0’€KTHBHOI
OLiHKH, 85% pEeCHOHAEHTIB BiJ3HAYMIM TOKpAIlIEHHS 3arajlibHOro Ccamo-
TOYYTTS Ta MiJIBUIIEHHS CHEPTiHHOCTI MiCHs ABOTH)KHEBOTO KypCY BXHMBAHHS
MIPOIYKTIB.

[To3uTnBHA AMHAMiKa MIKpOOIOIEHO3y KHUILIKIBHHKA, 3adiKcoBaHa y BCIiX
rpynax pecroHJCHTIB, Ma€ MPSIMUIl KOPEIALIHHAN 3B’ 30K 13 TOKPAIIEHHIM
3arajJbHOrO CTaHy 310pOB’S IiUNITKIB. 30UIBIIEHHS THTPY NPOOIOTUYHUX
Mikpooprasizmi 70 ¢izionoriunoi Hopmu (108-10'° KYO/cm?®) 3abesmeuye
peaizaiio 03J0pOBYUX CHEKTIB.

3pocranHs momyisii Jlakto- Ta OidimobakTepiil crpusie axkTUBALil
CHHTe3y IMyHOnoOy:iHIB Kiacy A (IgA) ta iHTepdepoHiB, O NPOSBISETHCS
B IOCWJIEHHI IMyHHOTO 3axucTy. J{JIsi miuIiTKiB, SKi MPOKUBAIOTH B YMOBax
BHCOKOT'O TEXHOTEHHOTO HaBaHTAXKCHHS, 11€ € KPUTHYHO BaXKIIMBUM (pakTopoM
MiJABUIIEHHS HecHeuu(iyHOI pPE3UCTEeHTHOCTI OpraHi3My 1O CE30HHHX
BIpyCHHUX Ta OakTepiaibHUX iH(EeKIii.

Big3HaueHe pecHoOHIEHTAMM IIOKpAILCHHS MpPOLECIB TpPaBJIEHHS Ta
3HUKHEHHS CHMIITOMIB Jucrencii (MeTeopusMmy, BIIYYTTS BaXKKOCTI),
M ATBEP/KYETHCS BiJIHOBIEHHAM (DEPMEHTATUBHOI aKTUBHOCTI MiKPOQIIOPH.
BoxuBaHHS UiTBHO3EpHOBOrO xiiba Ha 3akBacii Ta (PYKTOBOIO IOpE
3a0e3MeunIIo HaIXOKSHH KOMIUIEKCy BiTaMiHiB rpynu B ta K, cuHTezoBanmx
MKGB in situ, 010 MO3UTUBHO BIUIMBAaE Ha HEPBOBY CHCTEMY Ta KOTHITHBHI
3ai0HOCTI MmIKoNsApiB. KpiM TOro noeqHaHHs NEKTUHOBUX PEUYOBHH (Y IIOpE) Ta
MeTa0oIIiTIB MPoOIOTHKIB 3a0e3neuye e(heKTHBHE 3B’SI3yBaHHS Ta BUBEICHHS
€HJIOTOKCHHIB, IO CHpUSE 3HIDKCHHIO PIBHS CHCTEMHOTO 3allaJICHHS, SIKE
YacTO MPOSBIAETHCS y MIJUTITKOBOMY Billl 4epe3 JepMarooriyHi mpobiemu
Ta MIBUJIKY BTOMJIIOBAHICTb.

Takum YMHOM, BIPOBAIKEHHS PO3pOOJICHUX (DYHKLIOHAJIBHUX MPOMYKTIB
y LOJICHHUH PaLliOH J03BOJISIE HE JIMIIIE HiBEJIIOBATH HACIIAKH HEPAIIOHAIEHOTO
Xap4yBaHHS, a i CTBOPUTH HaJIiHMIA QyHIAMEHT JUIsi rapMOHIHHOTO (hi3ndHOrO
PO3BUTKY MiTITKIB, MiABUILYIOUM IXHIH 3arajllbHAI JKUTTEBUH TOHYC Ta
Tpale3AaTHICTh.

[IpoBenene mMOpIBHSAHHSA OTPUMaHUX EKCHEPUMEHTAIBHUX JaHHX 13
pe3yiabraraMi  CBITOBUX JIOCTIJDKEHb JIO3BOJISIE MIATBEPAUTH HAyKOBY
OOIPYHTOBAHICTh HAIIOI TiMOTE3U.

[Mo-nepuie, BcraHOBIICHUH HaMH (haKT IIO3UTUBHOI'O BILUIUBY LJIEHO3EPHO-
BOro xiiba Ha TuTp nakrodakrepiit (I'pynu 2 Ta 3), monpu TepmMiuHy 00poOKyY
3aKBACKH, KOPEJIOE 3 0cTaHHIMU fociipkennsymu G. Vinderola ta in. (2024)%.

4 Vinderola G., et al. Integration of Postbiotics in Food Products through Attenuated Probiotics: A Case
Study with Lactic Acid Bacteria in Bread. Foods. 2024. Vol. 13, Ne 13. P. 2042.
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ABTOpH JOBOJISTH, 110 IHAKTHBOBAHI HATPIBAaHHSM MPOOIOTUKHU Y CKIIA1 XJ1i0a
3[aTHI MOJYJIIOBAaTH MIKpoOiOTy Ta IMyHHY BIiANOBiZb HE MEHII €(EeKTHBHO,
HDK JKMBI KynbTypH. Lle minTBepiukye KOHLEINLII0 MaparnpobioTHKIB, 3TiTHO
3 SIKOI0 (hparMeHTH KJIITHHHUX CTIHOK OakTepiil 30epiratoTh CBOO OioJIOriuHy
AKTHBHICTH HaBITb ITiCJISl BUITIKAHHSL.

[Mo-npyre, Hami gaHi Mmoo 30epexeHHs (QYHKUIOHAIBHOCTI HPOAYKTY
micis 3aMopoXKyBaHHs 3akBacku (I'pyma 3) y3romkyroTbes 3 BACHOBKaMH S.
Techo Ta in. (2023)*. ¥V ixHix gocmimkeHHsIX OyI0 MOKa3aHo, IO MPOOIOTHYHI
mramMu  Lactobacillus  plantarum JeMOHCTPYIOTh BHCOKY CTIHKICTH [0
cTpecoBux (hakTopiB (3aMOPOKYBaHHS/BIATaBaHH:), a iXHIH MOCTOIOTUYHUN
noTeHnian (MeraboiiTH, IO YTBOPWIKMCS B 3aKBaclli) 3aJHMIIA€THCS
crabinpHuM. Le cripocToBye 3acTapiiy AyMKy Ipo Te, M0 (yHKIIOHATEHUMHA
MOXYTb OyTH JIWIIE TPOAYKTH, SIKi HE MiJJIaBaJIHCs TEPMIYHIA YM KpiOreHHIN
00po0IIi.

[To-Tpere, BUSBIEHHUH CeNEKTHBHUM picT Oidinobakrepiii Npu BXUBaHHI
s6myunoro mope (I'pynma 1) minreepmxye BucHoBku P. F. Cuevas-Gonzalez
(2022)7 momo cuHEpri3My pOCIHHHHX TMOJicaXapuiiB Ta MiKpoOiOTH.
Hami pesynsratn m1oBOzsiTh, 10 (PYKTOBA MATpHIL € HE IPOCTO HOCIEM,
a aKTHBHHUM NPe0IOTHYHUM (QaKkTopoM, sikuii mijacuiroe airo BHeceHnx MKB.

BonmHouac, Ha BiZIMiHY BiJl IEAKUX JOCIIIXKCHB, SIKI aKIICHTYIOTh yBary
JIMIIE Ha BIPKMBAHOCTI KIIITHH in Vitro, Hale JOCHiPKeHHS Ha PECIIOHAEHTax-
MUTITKAaX TPOAEMOHCTPYBAJIO peasIbHUN (i310IOTiYHUH BIATYK (TIOKpaIeHHS
TpaBJICHHS Ta 3arajlbHOro ToHycy). lle migkpeciroe BHCOKY Oi0OCTYIHICTB
pPO3pOOJICHUX TPOMYKTIB Ta IXHIO aJaNTHBHICTH JO MOTPEO MOJIOIOro
OpraHi3My, 10 POCTE B YMOBAaX TEXHOTCHHOT'O HaBaHTAKCHHSI.

Takox, cepel peKOMEHHAI MO0 MIATPUMKH CTaOiIbHOI POOOTH
IITYHKOBO-KHIIIKOBOTO TPaKTy, a OTXE 3arajbHOr0 CaMOIOYYTTS MiUIITKIB,
CJIiJT HABSCTH HACTYIIHI:

— TOTpiOHO 3acTOCOBYBarM pi3HOMaHiITHE Ta 30ajaHCOBaHE MEHIO
XapuyBaHHs, Oarare (pykTamMu Ta OBOYaMH, XapYOBUMH BOJIOKHAMH Ta
3OPOBHMH KHPAaMH TIpH 1IbOMY HEOOXiZHO 0OME)KyBaTh BXMBaHHS 00poO-
JICHUX TPOIYKTIB, 3 BEJIMKOIO KUIBKICTIO LYKPY Ta HACHYEHHX MKHPIB,
OCKUIBKH 11€ MOXKE€ BIUIMBAaTH Ha CKJIa] MIKpO(IIOpH KUILCYHHKY;

% Techo S., et al. Survival of probiotic Lactobacillus plantarum in bread baking and its postbiotic
potential. Journal of Food Science and Technology. 2023. Vol. 60, Ne 4. P. 1120-1132.

47 Cuevas-Gonzalez P. F,, et al. Role of lactic acid bacteria and yeasts in sourdough fermentation during
breadmaking: Evaluation of postbiotic-like components and health benefits. Frontiers in Nutrition. 2022.
Vol. 9. Art. 952435.
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— HeOOXiIHO BXXHMBaTW JOCTaTHIO KIJIBbKICTh PIIUHM, OCKUIBKH BOZA
Ba)XJIMBA JUIS TPaBUIBHOIO (YHKIIOHYBaHHS KHIIEUHHKY Ta ITiJTPHUMKH
PYXiB KHMIIEYHUKA;

— perymsipHa (i3MyHa aKTHBHICTH MOXKE CIpPUSATH HOpMallizalii pyxiB
KHIIIEYHHUKA Ta MiATPUMYBATH 3arajbHe 3/10pOB’sl OpraHiaMy;

— CcTpec MOXe BIUIMBAaTH Ha (PyHKLIOHYBaHHS KHIIEYHHUKA, TOMY HEOO-
X1THO IpaKTHKyBaTH METOAW peJakcallii, Taki sk Hora, Mmemuranis, abo
MIMOOKUN IUXAJbLHUN BAUX,

—  CJIJ YHUKAaTd 3afiBOrO BXKUBAHHS aHTHOIOTHKIB, SIKI MOXYTh MOPY-
LIMTH HOPMAJILHUI CKJIaJl MIKpO(IIOPH KUIIEUHHKA, Ta BXXMBATH aHTHOI0THKH
TUIBKM 3a peKoMeHjauiero Jikaps. HeoOXimHO mNpoBOAWTH perynspHi
MeIUYHI OOCTEXEHHsI Ta KOHCYJbTalii 3 JIKapeM Uil BU3HAUCHHS CTaHy
3[I0pPOB’sl KMIIKIBHUKA Ta BYACHOTO BHSIBJICHHS MOXIIUBHX IPOOJIEM.

BUCHOBKHA

Binnosimuno mo mpunnumniB European Pillar of Social Rights ta migxomy
“Health in All Policies”, xapuyBaHHS BU3HA€TbCS BAKJIMBOIO CKJIAJ0BOIO
KOMILJIEKCHOTO, TMPO(UIAKTHYHO OPI€EHTOBAHOTO Ta JIIOAMHOLIEHTPOBAHOTO
nigxony. [loennanns ¢izmyHOi akTHBHOCTI Ta OIOXIMIYHO OOIPYHTOBaHHX
Xap4OBUX PEKOMEHALIH CIIPHSIE T IBUILIEHHIO PE3WIBEHTHOCTI, IIOKPAICHHIO
SIKOCTI JKUTTSI Ta 3HIDKCHHIO PH3MKY XPOHi3alii pi3HOMaHITHUX CTaHiB, IO
0COOJIMBO aKTyallbHO JJIsl TIOCTBOEHHOT YKpaiHH.

[TinTBEp/KEHO KPUTHYHY HEOOXIIHICTH KOpPEKILil pauioHy MiJIiTKOBOTO
HaceJeHHS YKpaiHHM, BpaxOBYIOUM TEHJCHIIl 10 3HIDKCHHS PIBHSA 3710-
POB’sl Ta BUCOKE TEXHOT'€HHE HaBaHTakeHHs. OOIPYHTOBaHO, IO HAKOUIBII
e(peKTUBHUM IHCTPYMEHTOM TaKoi KOPEKIii € BIPOBaPKEHHS (PyHKIIOHATBHUX
MIPOIYKTIB IIOIEHHOTO BXKUTKY, KIIFOYOBOIO CKJIAIOBOIO SKHX € MOJIOYHOKHCII
Oakrepii, sKi 31aTHI IOKpallyBaTH TPABJIEHHs, ITO3UTUBHO BIUIMBAaTH Ha
po0OTy LUTYHKOBO-KHMIIKOBOTO TPAKTy BHPOOJSIOUM MeTaOONiTH, 34aTHI
BIUIMBAaTH HAa MO30K Ta IMyHITeT.

3riIHO 3 MPOBEAECHUMH JIOCITIKEHHSIMH BCTaHOBJICHO, 1110 BC1 BUTOTOBJIEH]
Xap4oBl MPOAYKTH, SIKi IONepenHbo 30aradeHi MpoOiOTHYHUMHU KyJIBTYpaMH
MOJIOYHOKHCIINX OaKTepiil, BAPTO BIJHOCUTH /10 (PYHKLIOHAIBHUX, a/IKe B HUX,
3aMIIAEThCs 3HaYHA KUThKICTh KiIiTHH MKB. Kpim Toro, mocmimkeHi Xxapyosi
MPOIYKTH y CBOEMY CKJIaJli MICTATh Xap4oBi BOJIOKHA, BITaMiHHU, HATypasbHI
LYKpPH, sIKI HE PYHWHYIOTBCS MiJ Yac HHU3BKOTEMIIepaTypHOi oOpoOku (Ha
MPUKJIai HOTYpTy Ta (PyKTOBOTO mrope). Xiib Ha 3aKBAacCIli, BUTOTOBICHHUI
i3 IJIbHO3EPHOBOIO OOpPOIIHA, MOXKE CTaTH KOPUCHOIO (DYHKIIOHAIBHOIO
OCHOBOIO B IIIOJICHHOMY Xap4OBOMY pallioHi KOXKHOT JIFOJHHHU.
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JloBeneHo JOIiIBHICTh BUKOPUCTAHHS OaraTOKOMIOHEHTHHX 3aKBacOK
(sa npuknani «[IpoGio Morypr VIVO») y BHPOGHMITBI XMiGOOYIOUHHX
Ta (pykTOoBUX BHPOOIB. BecranoBneHo, mo konneHTparis MKB y rotosux
npoaykTax (s0my4He mrope, HiTbHO3epHOBHH Xiib) He Himkdye 10° KYO/em?
y oeHaHHi 3 MeTabomiTamu OpoaiHH: 3a0e31euye BUCOKUH QpyHKIIOHAIBHUN
BiAryk. [loBeneHo, mo Imompu TepMiuHy 0OpoOKy, LIbHO3EpPHOBHH X0
Ha 3akBacii 30epirac (QyHKIIOHAJNBHICTH 3a PaxyHOK KOHLENLii mapa-
npobiotukiB. KIIITHHHI CTIHKM I1HAKTHBOBaHMX OakTepill 30epirarwoTh
IMYHOT€HHY aKTHBHICTb, B3a€MOJIIOYM 3 DPELENTOPAMH IMYHHOI CHCTEMH
IITYHKOBO-KHIIIKOBOTO TPaKTy. BusBieHO cuHepreTHYHNH e(heKT NEKTHHOBUX
peyoBuH Ta MetabonitiB MKDB, 1o miIcHiiioe NeTOKCHKALIAHI BIACTUBOCTI
(dhpykTOBOTO MIOpE.

JoBeneno edexTuBHUI cHociO 3MIIHEHHS 370pOB’S MiUIITKIB uepe3
MOMNIMIIEHHS pPOOOTH KHIIKOBO-IIUTYHKOBOTO TpakTy Ta HOpMaizamil
MIKpO(JIOpH KHIIKIBHUKA ILUIIXOM JBOTH)KHEBOTO BXXMBAaHHS BJIAaCHOPYY
BUTOTOBJICHUX (DYHKI[IOHAJIbHUX XapuOBHX HPOAYKTIB, I0AATKOBO 30aradeHux
npoOioTHYHUME opraHizMamu. JlocinijKeHHs, npoBeaeHi cepexn 3400yBadiB
OCBITM KOMyHasbHOTO 3akmany «Jlimed Ne 31» Kam’sHCbkOi MichKol
pamy, MIATBEPOMIM, IO JOJAaTKOBE BBEICHHS IO pAIliOHy XapyyBaHHS
(YHKI[IOHAJIbBHUX XapyOBUX IPOAYKTIB JO3BOJSE BIIHOBHTH THUTp JIAKTO-
ta 6idinobakrepiit y mimmiTkiB 10 (izionoriyHoi HopMH (J1akTOOaKTEpii 110
1- 108, 6idimodakrepiit g0 1-10'° KYO/cm?), 1m0 KOpesoe 3 MOKPAIICHHIM
3arajilbHOr0 CaMOIIOYYTTS, TPAaBJICHHS Ta 3MILHEHHSIM aJanTauiiHoro
NOTeHIiay opraHizMy. Bcranoeieno, mo BxuBanHs 1o 200 rpam Ha
JeHb (YHKIIOHAJBHUX XapyoBUX NPOAYKTiB, 30araueHnx MKB, cnpuse
MO3UTHBHUM 3MiHaM Y pO0OOTi IUTYHKOBO-KHIIKOBOTO TPAKTY JFOAWHH.

3aranom, 30epekeHHs HOpPMajbHOI pPOOOTH KHUINKIBHUKA BHUMarae
KOMITJIEKCHOTO MIAXOY /0 3J0pPOBOr0 CHOCOOY JKHTTS Ta palioHaJIbHOTO
xapuyBaHHs. BixuBaHHS (YHKIIOHAJBHUX Xap4yOBHX IPOIYKTIB, IOJATKOBO
30arayeHuX NpedioTHKaMK Ta NPOOIOTHKAMM, MOXE MiATPUMYBaTH 30aiaH-
COBaHy MiKpoQuopy. 3ampornoHOBaHa JiHIMKA (QYHKI[IOHAIEHUX XapUuOBHX
NPOAYKTIB JO3BOJMTH ©€3 OOTSHKYBaHb XapuoBOIO pAIliOHY JIOIUHU
MiATPUMYBATH 3OPOBUH CIOCIO JKUTTS Ta MaTH MIOACHHUI 30aaHCOBAHUMN
XapyoBUH pallioH 31 CMayHUX Ta KOPUCHUX HPOAYKTIB IUIsi Jitofed Oyab-
SKOi BIKOBOI Kareropii He3aJeHO BiJl MEIUYHHUX 3acTepekeHb. Po3pobieHi
TEXHOJIOTI] PEKOMEHJOBaHI JUIi MacoBOTO BIIPOBA/DKEHHS Yy IMIKUJIbHE
XapyyBaHHS Ta JIOMAallHE BUKOPHCTAaHHS K JOCTYIHUH 3aci0 mpogiakTuku
J1c01031B Ta 3MIIIHEHHS IMYHITETY MOJIOZI.

[MpakTryHa peamizamist pe3yiabTaTiB JOCHIPKEHHS Ta BIPOBAIKCHHS
PO3pO0IIEHNX TEXHOJOTIH (LiIbHO3epHOBOTO XJiba Ta (PyKTOBOro IIOpe
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i3 3amaHUM MIKPOOIONOTIYHUM TpOQiieM) MOBHICTIO BINOBITA€ IUIAM
OmnepauiiiHoro 1uiany 3axomiB 3 peamizanii Crparerii pedopmyBaHHS
CHCTEMH IIKLIBHOTO Xap4uyBaHHs Ha 2025-2027 poku (Posnopsipxenns KMY
Ne 1216-p) Ta KopemtooTh i3 3acajaMH Jep)KaBHOI TOMTHKH y cdepi
rpOMaJICBKOro 370poB’st (3rimHo i3 3akoHoM Ne 2573-1X), crnpsMoBaHOI Ha
3MII[HEHHsI PE3WJILEHTHOCTI HacelieHHs Ta ()OPMyBaHHS 3]I0POBOTO cepe-
JOBUILA OJKUTTEASUIBHOCTI IJUIITKIB 4Yepe3 ONTHUMI3alilo XapuyBaHHs.
Ile no3BoJsie peKOMEHIyBaTH 3alpOIOHOBAaHI NPOAYKTU JUI BKJIIOYEHHS
JIO OHOBJICHOTO IIKUIBHOTO MEHIO SIK e(eKTUBHMH 3acid NpoQilakTHKu
QTIMEHTAapHUX 3aXBOPIOBaHb Ta 3MIIHEHHS IMYHITETY MiJIITKOBOTO
HaceJIeHHS B yMOBaX Cy4aCHHX BUKIIMKIB

Otrxe, nonmarkoBe BBeleHHs npoOioTmyHuX Kyiastyp MKB no cxiamy
Xap4yOBUX IMPOIYKTIB IIOJEHHOTO PalliOHy MiATBEPIAXKYE NPAKTHYHY I[IHHICTH
npoBenieHoi pobotu. JloBeneHHs (QyHKIIOHAJIBHUX O3HAaK Y PO3IISHYTHX
MIPOIYKTaX, HE3aJIKHO BiJl TEMIIEPATypHOTO PEKHUMY TXHBOTO BUTOTOBJICHHS,
yKa3y€e Ha HayKOBY HOBH3HY JIOCIIJDKEHHSI.

AHOTALLIA

Y poboTi AOCHIIKEHO TEOPEeTHYHI Ta MPaKTHYHI ACHEKTH CTBOPEHHS
(YHKIIOHAJBHUX  Xap4oOBMX IIPOAYKTIB, 30arade€HuX MOJIIUTAMHHMH
KOHIICHTpaTaMl MOJIOYHOKUCIHNX OakTepid. OOIpyHTOBaHO aKTyaslbHICTh
BITPOBA/PKEHHST (DYHKI[IOHAJIBHUX XapuOBUX IPOAYKTIB y PallioH MHiJUTITKIB
VYkpainu, BpaxoByroun aani BOO3 ta MO3 miono 3pocTaHHs ajliMEHTapHO-
3aJIeKHUX 3aXBOPIOBaHb Y TEXHOT€HHO HaBaHTA)KEHHUX PErioHax.

HayxoBa HOBH3Ha 1oJIsirae y po3LIMPEHH] YSBIEHb IIPO MEXaHI3MH BIUIUBY
MKB Ha opraHi3aM dYepe3 KOHIEMNLii MOCTOIOTHKIB Ta MapanpoOiOTHKIB.
JloBesieHo, 1m0 BUKOpHCTaHHs 3akBacku «IIpoGio Morypr VIVO” nossomse
He Juie 3a0e3NeYnT BUCOKUH TUTP uTTe3aatHux kiaitua (10° KYO/em?),
a ¥ 30epertM IMyHOMOIYJIOIOUY aKTHBHICTb NPOAYKTY HaBITh ICIs
TepMiuHO1 00poOKku (Ha nmpuKiIani xiai0o0yaouHUX BUPOOIB) 3aBasKU edekTy
MIKpOIHKAICYyJIsLii B XapyoBiil MaTpuIi.

3anpornoHoOBaHO TEXHOJIOTIUHI eTany BHPOOHMITBA (YHKIIOHAIHHOTO
HOrypTy, sOlydHOro MIOpe Ta XJi0a, IO CIPHSIOTh 3MIIHCHHIO Oap’epHOi
(GyHKII{ KUIIEYHWKA Ta 3arajbHOI PE3UCTEHTHOCTI opraHizMmy. Pesymbraru
JOCII/DKCHHS. MOXYTh OyTH BHUKOPUCTaHI MJIsl ONTHMi3alil MIKUIBHOTO
Xap4yyBaHHSl Ta O370POBJEHHS HAaceJICHHS B EKOJOTIYHO HECHPHUSITIMBUX
yMOBax B paMKax 3aTBep/pkeHol kabiHerom MinicTpiB Ykpainu Crparerii
pedopMyBaHHS CHCTEMH IIKITBHOTO xapuyBaHHs Ha 2025-2027 poku Ta
3aTBEPIPKEHOr0 Ipe3eHToM 3akoHy YkpaiHu «lIpo cucremy rpomanchbkoro
31I0pOB’s1», IKUH BBENIEHO B Ai0 3 1 sx0oBTHS 2023 poKy.
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CHAPTER 18

BIOLOGICALLY ACTIVE COMPOUNDS
OF CURCUMA LONGA L. AND ASPECTS
OF THEIR APPLICATION

Sachuk A. T., Konechna R. T.
DOl https://doi.org/10.30525/978-9934-26-654-6-18

INTRODUCTION

Curcuma longa L., known worldwide as a source of valuable golden
spice, is a perennial herbaceous plant that has been the basis of traditional
Asian medicine for centuries and is now the focus of modern science. Its
unique morphological structure with a characteristic orange-yellow rhizome
acts as a natural laboratory in which highly active polyphenolic compounds
are synthesized. The key component of this plant is diferuloylmethane,
which, thanks to its universal therapeutic properties, is becoming the basis
for modern treatment strategies for many diseases. Modern pharmacology
pays special attention to the ability of this polyphenol to modulate complex
inflammatory pathways. Preclinical studies confirm its high efficacy in
reducing airway obstruction, which is crucial in the treatment of asthma and
allergies. This mechanism is based on the precise inhibition of enzymes such
as sPLA2 and cyclooxygenase-2 (COX-2), as well as the blocking of key
signalling kinases (ERK, p38 MAPK, JNK) responsible for the progression
of pathological changes. In addition, polyphenol plays an important role in
preventing irreversible remodelling of lung tissue by reducing the activity
of MMP-9 metalloproteinase and decreasing the expression of proteins
associated with fibrosis. Beyond its medicinal aspects, turmeric has enormous
potential in the fields of healthcare, agriculture and economic innovation.
The cultivation of this plant, of which India remains the leading producer,
is key to the economic revival of many regions. Treating Curcuma longa as
a high value-added commodity stimulates the local economy, creates jobs
and strengthens export potential. Its rich history and status as a “golden
spice” also attract tourists interested in cultural heritage and natural healing
methods.
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1. Characteristics of Curcuma Longa. L.

Curcuma Longa. L. is perennial herbaceous plant distinguished be its
unique morphological structure. The basis of the plant is a strong cylindrical
rhizome? Which has a characteristic orange-yellow hue in its core. From this
underground system grows an egg-shaped, sessile stem, which serves as the
central axis for the formation of leaves. The leaves are basal and grow in
dense clusters, often reaching a total height of up to 1.5 meters, including
the petiole and blade. These leaves have a membranous base that transitions
into a simple, oblong-lanceolate lade that tapers to its starting point. The
flowering part of the plant manifests itself in a basal inflorescence in the form
of a cluster. This structure is supported by a peduncle that can reach 15 cm
or more. The flower inflorescence, approximately 10—-15 cm x 6 cm in size, is
crowned with bright pink terminal bracts, while the lower flower bracts are
pale green in colour. The flowers themselves are full and fragrant, regular,
zygomorphic. The are protected be two different types of bracts: sterile
ones, which form a bright pink cone (5-8 cm long) at the top, and fertile
ones, which are pale green in colour, 4-6 cm in size, noticeably curved and
rounded at the ends. At their base, the bracts and bracteoles merge to form
small sacs in which the flowers develop. The calyx consists of three sepals
connected be three small, uneven lobes. The corolla consists of three fused
petals forming a tube about 3 cm long, its upper half is funnel-shaped with
pale pink blades. The rear blade is egg-shaped, concave a curved above the
fertile stamens. The androecium has five stamens (2+3). In the inner ring, two
parts merges to form a lip-like staminode, leaving only one stamen, which is
fertile. This stamen is characterized by a short filament and an anther that has
grown at the base. The gynoecium has three carpels with a lower, syncarpous,
three-nested ovary. The pistil is thread-like, and the stigma is bilobed. The
plant forms a spherical capsule containing elongated or egg-shaped seeds'.

Origin and distribution. Curcuma Longa, which originates from the
tropical landscapes of Southeast Asia, has established itself as a staple of
Asian heritage. It is widely used in Chine, Bangladesh and Southeast Asia,
serving a triple function: as a delicious food additive, a natural preservative
and a powerful colouring agent. Today, it is grown worldwide in regions such
as Taiwan, Sri Lanka, Myanmar, Nigeria, Australis, Peru, Jamaica, and various
countries in the West Indies, the Caribbean, and Latin America. However,
India retains its undisputed dominance in the global market, accounting for

! Pratima Dolase, Vivek Chaudhari. Review on Cultivation Practices of Haridra (Curcuma
Longa Linn.). International Journal of Ayurveda and Pharma Research. 2024. P. 56-61. DOI:
https://doi.org/10.47070/ijapr.v12i9.3394 (date of access: 25.10.2025).
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approximately 78 % of world production, making it the leading producer,
consumer and exporter of this spice. In India, the agricultural base of this
industry is in states such as Odisha, Andhra Pradesh, Maharashtra, Tamil
Nadu, Kerala, Assam, Bihar and Bengal. Erode, in Tamil Nadu, historically
known as the ’Yellow City’ or ’City of Turmeric’, is recognized as the
world’s leading centre for production and trade. Sangli, a city in Maharashtra,
ranks second among the largest trading centres and plays an important role
in the distribution of spices. In particular, the variety grown in the state
of Kerala, known commercially as Alleppey Finger Turmeric (AFT), is
recognized as the highest quality on the market®.

Cultivation. Curcuma grows in warm and humid climates and requires
fertile, well-drained soil rich in humus for optimal growth. Turmeric is
sensitive to excess water and does not tolerate waterlogged areas. Although it
prefers alkaline soils, it demonstrates the ability to adapt to a wide pH range,
from 5.0 to 7.5. the key factor determining its development is temperature.
The planting phase is best carried out at a temperature of 30-35 °C, and
rhizome formation can take place at 30-35 °C, 20-25 °C and 18-20 °C.

The soil preparation process is labour-intensive and involves four to six
cycles of digging and ploughing to properly loosen the soil. The necessary
fertilisers are applied during the last ploughing. The method of field formation
depends on the soil structure. On porous soil, wide beds are formed, separated
be water channels. On non-porous soils, ridges and furrows are formed, and
the rhizomes are placed in shallow pits on the ridges or on the sides.

Curcuma Longa is usually propagated vegetatively using rhizomes, as
growing from seed is economically unprofitable. The best seed material is
considered to be the mother rhizomes. They can be planted whole or divided
into smaller pieces, provided that each piece has at least one bud. However,
using whole mother rhizomes guarantees stronger and better plant growth.

The planting period is usually from mid-April to August, depending on
local weather conditions and the specific variety. The traditional method
of propagation has certain limitations, as the two-month dormant period
allows only one plant to be obtained from each rhizome, forcing growers to
reserve a significant portion of the harvest for future sowing. This plant has
a high demand for nutrients, so farmers use manure as the main fertilizer,
supplemented by two applications of peanut meal.

2 Gopinath H., Karthikeyan K. Turmeric: A condiment, cosmetic and cure. Indian Journal of
Dermatology, Venereology, and Leprology. 2018. Vol. 84, no. 1. P. 16. DOI: https://doi.org/10.4103/
ijdvl.ijdvl_1143_16 (date of access: 25.10.2025).
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Proper irrigation is critical in three phases: germination, formation of
rhizomes and their swelling. In regions with abundant rainfall, cultivation
is carried out during the rainy season, while in others, artificial irrigation is
necessary. Even a few days without access to water can drastically reduce
yields.

The plant is considered mature when the above-ground part, including
the base of the stem, is completely dry. Depending on the variety, harvesting
takes place several months after planting. After ripening, dry leaves are
cut off at ground level. To facilitate the digging up of the rhizomes, it is
recommended to water the soil. The next step is to clean the rhizomes and
divide them into smaller round pieces and parts. Often, a small part of the
field is left untouched in order to collect seed material the following month®.

Storage, processing and preparation. Cleaned rhizomes intended for
sowing required special care. They are stored in shaded areas, protected from
the sun by the leaves of the plant itself or stacked in piles and covered with
soil mixed with cow manure. In some regions, these piles are additionally
sprinkled with ash and periodically moistened with water to maintain optimal
humidity.

The rest of the harvest, after preliminary hardening, is stored in
large quantities directly at the collection sites. Before the onset in sealed
underground pits, which are lined and covered with insulating materials such
as reed grass (Saccharum spontaneum) or date palm leaves. These storage
facilities are only opened after the heavy rains have ended.

The first stage of processing is to boil the rhizomes in water until they
soften. This process is key to destroying pests and must be carried out with
extreme care. Boiling time varies depending on the region and ranges from
30 minutes to as long as 6 hours. An interesting traditional element is the
addition of a small amount of cow manure to the water, as it is believed
that ats alkalinity gives the final product a better, deeper colour. An effective
technique is to use perforated troughs immersed in cauldrons, which allows up
to 700 kg of raw materials to be processed in about 30 minutes, significantly
saving time and fuel. After boiling, the rhizomes are gradually cooled and
then dried. Traditionally, they are laid out in the sun for 10-15 days, turning
them regularly to ensure even drying. An alternative is electric dryers that
maintain a constant temperature between 50 °C and 60 °C. Once dried, the

3 Choudhary A. K., Rahi S. Organic cultivation of high yielding turmeric (Curcuma longa L.)
cultivars: a viable alternative to enhance rhizome productivity, profitability, quality and resource-
use efficiency in monkey—menace areas of north-western Himalayas. Industrial Crops and Products.
2018. Vol. 124. P. 495-504. DOI: https://doi.org/10.1016/j.indcrop.2018.07.069 (date of access:
25.10.2025).
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hard rhizomes are rubbed against rough surfaces or trampled to remove
the outer layer of pores and skin. The next step is polishing, which gives
the product an aesthetic appearance. This is done using special machines
consisting of a large horizontal polishing drum, which is driven manually
or mechanically. The drum is protected by a fine wire mesh that prevents
small fragments from falling out. This process takes about 30 minutes for
a batch weighing 32 kg. Complete polishing results in a weight loss of 5-8 %,
while partial polishing limits this loss to 2—3 %. The final stage is to give the
rhizomes an intense colour, for which two main methods are used. The first
is a dry method, which involves mixing the rhizomes with chemicals, mainly
chromium. However, it is not recommended due to the harmful effects of
chemical dyes on health. Therefore, the wet method is usually preferred. In
this case, a solution of golden dye is mixed with water and sprayed onto the
semi-polished rhizomes, and then rubbed in. Another, more complex process
involves coating the dried rhizomes with a special emulsion containing castor
paste, alum, sodium bisulphate, sulphuric acid and turmeric powder. After
applying this mixture, the product is dried again in the sun for about 7 days.
The finished, fully processed Curcuma longa is characterized by its brittle
structure and intense bright yellow colour®.

Content of biologically active substances. Turmeric rhizomes, known in
India under the traditional names "Haridra’ or "Haldi’, are an extremely complex
mixture of nutrients and active compounds. They contain carbohydrates
(69.4 %), proteins (6.3 %), fats (5.1 %), minerals (3.5 %), moisture (23.1 %),
as well as volatile and non-volatile oils. The most important components of
the rhizome can be divided into two groups:

—  Curcuminoids: curcumin (curcumin I), demethoxycurcumin (curcumin II),
bis-demethoxycurcumin (curcumin III) and cyclocurcumin (curcumin IV).

— Essential oils (5-8%): a mixture of sesquiterpene ketones and
alcohols, including d-sabinene (0.6 %), a-phellandrene (1 %), cineol (1 %),
and borneol.

It is the curcuminoids that are responsible for the plant’s characteristic
intense yellow colour. In turn, essential oils give the plant its characteristic
aromatic smell and taste. Due to their antioxidant, anti-inflammatory and
analgesic properties, these oils are widely used not only in medicine, but also
in aromatherapy and the perfume industry. Curcumin is the main component,
accounting for aput 70 % of all curcuminoids. It is considered the primary

4 Pratima Dolase, Vivek Chaudhari. Review on Cultivation Practices of Haridra (Curcuma
Longa Linn.). International Journal of Ayurveda and Pharma Research. 2024. P. 56-61. DOI:
https://doi.org/10.47070/ijapr.v12i9.3394 (date of access: 25.10.2025).
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source of the golden pigment and most of the therapeutic properties. It is
estimated to constitute between 2 % and 5 % of the total mass of turmeric®.
Pharmacological action and aspects of use. Curcuma longa, often
referred to as the ’golden spice’, has an extremely rich history of use dating
back to ancient times. For centuries, the inhabitants of the Indian subcontinent
have used it not only as an integral part of their diet, but also, above all,
as a traditional medicine for treating a wide range of diseases. Importantly,
centuries of practice have not revealed any negative side effects associated
with its prolonged use. Historical documents show that turmeric has been
present in India for at least 6,000 years, used as medicine, cosmetic, culinary
spice and natural dye. The first mentions of it in the Western world appeared
in Marco Polo’s 1280 writings describing his travels to China and India.
Although it reached Europe in the 13™ century thanks to Arab merchants, its
true ’discoverer’ for the West is considered to be the Portuguese navigator
Vasco da Gama, who reached India in the 15™ century. Due to its unique
colour and aroma, turmeric was given the name ’Indian saffron’ in Europe®.
Chinese medicine has been using the rhizomes of this plant for over
a millennium to purify the blood, lower blood pressure, relieve stomach pain, and
as a natural antibiotic and antiviral agent. In both Indian and Chinese traditions,
turmeric has been used as an anti-inflammatory agent to treat toothache and chest
pain, menstrual disorders, stomach and liver diseases, wound healing and scar
lightening. Historically in India, it has also been used for skin diseases, upper
respiratory tract infections, and joint and digestive tract problems. Although its
preservative properties were widely recognized due to its antioxidant action, its
health benefits, including promoting digestion, suppressing excessive appetite
and treating jaundice, were no less important elements of traditional therapy.
Turmeric is currently advertised as an effective dietary supplement that
helps treat many diseases, such as arthritis, digestive disorders (dyspepsia),
respiratory tract infections, allergies (e. g., hay fever) and even depression.
Scientific studies confirm that oral administration of turmeric alleviates hay
fever symptoms such as sneezing, itching and nasal congestion. For digestive
disorders, the main active ingredient is curcumin, which has an effect similar
to Omeprazol, a popular drug for high acidity. The therapeutic effects of
the plant are due to the presence of biologically active molecules, primarily
curcuminoids. They interact with flavonoids, phenolic compounds, vitamin
C and carotenoids, enhancing antioxidant activity, promoting collagen

5 Gopinath H., Karthikeyan K. Turmeric: A condiment, cosmetic and cure. Indian Journal of
Dermatology, Venereology, and Leprology. 2018. Vol. 84, no. 1. P. 16. DOI: https://doi.org/10.4103/
ijdvLijdvl_1143_16 (date of access: 25.10.2025).
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synthesis and strengthening antibacterial barriers. In addition to their
antiseptic and appetite-stimulating effects, extracts and oils from Curcuma
longa are used in cosmetology they have photoprotective properties for matte
and dark skin, so they are used in creams and suspensions to provide natural
sun protection at a level of approximately SPF-207% %10,

2. Characteristics of curcumin

Curcumin. Curcumin, also known by its chemical name difurloilmethane,
is a hydrophobic polyphenol obtained from the rhizomes of perennial herbs
of the genus Curcuma, belonging to the ginger family (Zingiberaceae).
Although it is found in many species, such as Curcuma amada, Curcuma
zedoaria, Curcuma aromatica, and Curcuma raktakanta, Curcuma longa is its
most popular source. Typically, rhizomes contain 3% to 5% curcuminoid
derivatives, which include curcumin, demethoxycurcumin, and bis-
demethoxycurcumin, whose formulas can be seen in Figure 1.
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Fig. 1. Curcumin (A), demethoxycurcumin (B),
bis-demethoxycurcumin (C)

7 Anti-Inflammatory, Wound Healing, and Anti-Diabetic Effects of Pure Active Compounds Present
in the Ryudai Gold Variety of Curcuma longa / M. Z. Islam et al. Molecules. 2024. Vol. 29, no. 12.
P. 2795. DOL: https://doi.org/10.3390/molecules29122795 (date of access: 28.10.2025).

$ Daily J. W., Yang M., Park S. Efficacy of Turmeric Extracts and Curcumin for Alleviating the
Symptoms of Joint Arthritis: A Systematic Review and Meta-Analysis of Randomized Clinical
Trials. Journal of Medicinal Food. 2016. Vol. 19, no. 8. P. 717-729. DOI: https://doi.org/10.1089/
jmf.2016.3705 (date of access: 28.10.2025).

° Effect of Phenolic Compounds Extracted from Turmeric (Curcuma longa L.) and Ginger (Zingiber
officinale) on Cutaneous Wound Healing in Wistar Rats / C. Bouchama et al. Cosmetics. 2023.
Vol. 10, no. 5. P. 137. DOL: https://doi.org/10.3390/cosmetics 10050137 (date of access: 25.10.2025).

10 Research Progress on Sesquiterpenoids of Curcumae Rhizoma and Their Pharmacological Effects /
T. Cui et al. Biomolecules. 2024. Vol. 14, no. 4. P. 387. DOI: https://doi.org/10.3390/biom14040387
(date of access: 28.10.2025).
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In its pure form, difurylomethan is a crystalline compound with an intense
orange-yellow colour. The World Health Organisation (WHO) has set the
acceptable daily intake (ADI) of this substance as a food additive at 0-3 mg/
kg of body weight.

The chemical structure of curcumin is defined as [1,7-bis(4-hydroxy-3-
methoxyphenyl)-1,6-heptadieno-3,5-dione], molecular formula is C,H,,O,
molecular weight is 368.38 daltons, and melting point is 183 °C. Curcumin
is practically insoluble in water at acidic and neutral pH. It dissolves in polar
and non-polar organic solvents, alkaline solutions (bases) and in extremely
acidic environments, such as glacial acetic acid.

An extremely important chemical phenomenon in the case of curcumin
is keto-enolic tautomerism (Figure 2), which depends on the acidity of the
environment. In acidic and neutral environments, the stable ketone form
predominates, while in alkaline environments, the compound converts to the
enolic form.
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Fig. 2. Keto-enolic tautomerism of curcumin

The enolic form is further stabilised by intramolecular hydrogen bonding,
enhanced by resonance, which affects the reactivity and antioxidant properties
of this polyphenol.

In aqueous environments, the key factor determining the stability of
diferuloylmethane is pH, which manifests itself in the form of a noticeable
change in the colour of solutions. When the pH falls below 1, the solution
turns red, which is explained by the presence of the protonated form of
the compound. In a wide pH range from 1 to 7, molecules in neutral form
predominate, giving the solution a characteristic yellow colour. In turn,
exceeding a pH value of 7.5 leads to a transition to an orange-red hue'.

Studies of curcumin degradation kinetics conducted in various buffer
systems (pH 1-11) at a temperature of 31.5 °C showed that this process occurs
according to second-order kinetics. In the pH range of 7.0-7.8, changes in
phosphate buffer concentration had no significant effect on the rate of decay.

" Physical and Chemical Stability of Curcumin in Aqueous Solutions and Emulsions: Impact of
pH, Temperature, and Molecular Environment / M. Kharat et al. Journal of Agricultural and Food
Chemistry. 2017. Vol. 65, no. 8. P. 1525-1532. DOI: https://doi.org/10.1021/acs.jafc.6b04815 (date of
access: 24.01.2026).
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Other analyses conducted at 37 °C in 0.1 M citrate, phosphate, and carbonate
buffers (pH 3-10) at constant ionic strength indicated first-order kinetics.
Three decomposition products were identified during these processes:
vanillin, ferulic acid (FK), and feruloylmethane. Detailed chemical structures
of all decomposition products are provided in the technical documentation
(Figure 3).
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Fig. 3. Curcumin degradation products: (A) vanillin,
(B) ferulic acid, (C) feruloyl methane, (D) vanillic acid,
(E) ferulic aldehyde, (F) 4-vinylguaiacol, (G) p-hydroxybenzaldehyde,
(H) p-hydroxybenzoic acid

Vanillin is usually the main degradation product, but at pH values between
7 and 10 and a temperature of 31.5 °C, ferulic acid and feruloylmethane
dominate as key degradation products'®.

TLC. The identification and quantification of the active components of
turmeric rhizome is based on precise chromatographic techniques that allow
three main compounds to be distinguished: curcumin, demethoxycurcumin
and bis-demethoxycurcumin.

According to the official recommendations of the European
Pharmacopoeia, the main tool for verifying the identity of raw materials is
thin-layer chromatography (TLC). This procedure requires the preparation of
solutions (test and reference, containing fluorescein and thymol) in methanol.
An ice acetic acid system with toluene in a volume ratio of 80:20 is used as
the mobile phase. After development and drying, the plate is sprayed with
a solution of dichloroquinone chloride in isopropanol and then exposed to
ammonia vapour. The presence of difurylmethane and demethoxycurcumin

12 Stability of curcumin in buffer solutions and characterization of its degradation products /
Y.-J. Wang et al. Journal of Pharmaceutical and Biomedical Analysis. 1997. Vol. 15, no. 12.
P. 1867-1876. DOL: https://doi.org/10.1016/s0731-7085 (96)02024-9 (date of access: 24.01.2026).
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is confirmed by the appearance of two characteristic yellow-brown or brown
bands. They are located between the blue-violet zone of thymol and the
yellow zone of fluorescein (visible at the bottom of the plate)'.

HPLC. High-performance liquid chromatography (HPLC) is a technique
for determining the components of turmeric rhizome and is used to analyse:
diferuloylmethane, demethoxycurcumin and bis-demethoxycurcumin.

Scientists have conducted many studies on the use of HPLC for curcu-
minoids to find the best technique, so here are a few methods for performing
HPLC.

Using the HPLC method on a C18 column, four different varieties
of turmeric were analysed with detection at 425 nm using three solvents
(methanol, 2% AcOH and acetonitrile) to determine the percentage
composition of the fractions: Differuloylmethane — 1.06+0.061 to
5.65+£0.040, Demethoxycurcumin — 0.83+0.047 to 3.36+0.040 and
Bis-demethoxycurcumin — 0.42+0.036 to 2.16+0.06. The total content
of curcuminoids in the samples studied ranged from 2.34+0.171 to
9.18+0.232 %"

In order to obtain high resolution and repeatability of results, a validated
isocratic method was developed, which is characterised by the following
steps. Sample preparation — dissolution of the extract in acetonitrile and
dilution with a solution of this solvent. The mobile phase is a mixture of
acetonitrile and acetic acid (40:60). An Alltima C18 column was used, with
a flow rate of 2.0 ml/min, a temperature of 33 °C, and UV detection at
425 nm. This method allows for accurate concentration determination with
a very high recovery rate and low detection limits, which is necessary in
pharmaceutical research's.

Due to the low bioavailability of curcumin, innovative forms of
administration are being developed, such as micellar powders based on
casein (CMP) and poloxamer (PMP). The analysis of diferuloylmethane
trapped in these polymer matrices required the creation of a C18 column
(250x4 mm, 5 mm) with a diode array detector. A mixture of acetonitrile

13 Lestari M. L. A. D., Indrayanto G. Curcumin. Profiles of Drug Substances, Excipients and Related
Methodology. 2014. P. 113-204. DOI: https://doi.org/10.1016/b978-0-12-800173-8.00003-9 (date of
access: 24.01.2026).

14 Jayaprakasha G. K., Jagan Mohan Rao L., Sakariah K. K. Improved HPLC Method for the
Determination of Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin. Journal of
Agricultural and Food Chemistry. 2002. Vol. 50, no. 13. P. 3668-3672. DOI: https://doi.org/10.1021/
jf025506a (date of access: 24.01.2026).

5 A simple isocratic HPLC method for the simultaneous determination of curcuminoids in
commercial turmeric extracts / W. Wichitnithad et al. Phytochemical Analysis. 2009. Vol. 20, no. 4.
P. 314-319. DOLI: https://doi.org/10.1002/pca.1129 (date of access: 24.01.2026).
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and water with added acetic acid was used as the mobile phase for isocratic
elution at a flow rate of 1.0 mL/min and detection at 421 nm. The method
demonstrated excellent linearity in the ranges of 2-20 and 10-50 mg/ml,
confirming its effectiveness in the accurate dosing of polyphenol in modern
medical preparations'®.

Fluorimetric identification method. Given the growing importance
of diferuloylmethane, a key task for scientists has been to develop quality
control methods that are faster and more sensitive than routinely used liquid
chromatography (HPLC).

An innovative, rapid spectrofluorimetric method was developed on
96-well microplates, which allows for mass analysis of samples in a short
time. The limit of detection (LOD) for the fluorimetric method was only
7 and 15 ng/ml, and the linear range is 15 to 3900 ng/ml. This method has
been successfully used to study diferuloylmethane encapsulated in solid lipid
nanoparticles (SLNs) and chitosan nanoparticles (Chi-NPs)"".

Another breakthrough is the use of copper nanoclusters stabilised with
polyvinylpyrrolidone (PVP-Cu NCs) as fluorescent probes. This technique
is based on the phenomenon of FRET (Fluorescence Resonance Energy
Transfer), where the excitation/emission spectra of nanoclusters coincide
with the absorption spectrum of curcumin, leading to the quenching of the
probe’s fluorescence. The reduction in fluorescence lifetime after the addition
of the analyte allows for the accurate determination of diferuloylmethane in
the range of 0.1-10 mg/ml™" with a detection limit of 21 mg/ml™". This method
is characterised by exceptional selectivity in the analysis of real samples'®.

A simple and sensitive fluorimetric method using acetonitrile as a solvent
was developed for the early stages of drug development. The excitation
wavelength is set at 397 nm and the emission wavelength at 508 nm. The
method has demonstrated excellent linearity and accuracy, allowing effective

1o Analytical method for the determination of curcumin entrapped in polymeric micellar powder using
HPLC / H. Yusuf et al. Journal of Basic and Clinical Physiology and Pharmacology. 2021. Vol. 32,
no. 4. P. 867-873. DOL: https://doi.org/10.1515/jbcpp-2020-0491 (date of access: 24.01.2026).

17 A Sensitive Spectrofluorimetric Method for Curcumin Analysis / A. B. Sravani et al. Journal of
Fluorescence. 2022. DOLI: https://doi.org/10.1007/s10895-022-02947-w (date of access: 24.01.2026).
'8 FRET-based fluorometry assay for curcumin detecting using PVP-templated Cu NCs / Z. Yao
et al. Talanta. 2021. Vol. 223. P. 121741. DOI: https://doi.org/10.1016/j.talanta.2020.121741 (date of
access: 24.01.2026).
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control of the content of diferuloylmethane in suspensions of lipid and
polymer nanocapsules'.

Anti-inflammatory and antioxidant effects. These processes are
inextricably linked. Inflammatory cells release reactive oxygen and nitrogen
species (ROS and RNS) at the site of infection or injure, which directly
induces oxidative stress. On the other hand, these reactive molecules
activate intracellular signalling cascades the enhance the expression of
pro-inflammatory genes. This mechanism underlies many chronic diseases,
such as Alxheimer’s, Parkinson’s, multiple sclerosis, cancer, diabetes, and
cardiovascular and respiratory diseases®®?!.

A key mediator in this process is tumour necrosis factor a (TNF-a),
whose action is strictly regulated by the transcription factor NF-kB. NF-xB
is activated by a wide range of stimuli: from inflammatory cytokines and
viruses, through environmental pollution (tobacco smoke, UV radiation), to
psychological and dietary stress (high glucose levels, fatty acids). Curcumin
has the unique ability to block NF-kB activation induced be these factors,
making it a powerful therapeutic agent®.

From chemical point of view, diferuloylmethane is a classic phenolic
antioxidant that interrupts radical chain reactions. Its unique structure,
containing double carbon-carbon bonds, an B-diketone group and phenyl
rings with hydroxyl substituents, allows it to effectively donate hydrogen
atoms from phenolic groups to neutralize free radicals®.

As a lipophilic compound, curcumin is incorporated into cell membranes,
protecting them from lipid peroxidation, mainly due to its ability to bind iron.
In addition, it significantly increases the activity of the body’s protective

19 Development and validation of a fluorimetric method to determine curcumin in lipid and polymeric
nanocapsule suspensions / L. Mazzarino et al. Brazilian Journal of Pharmaceutical Sciences. 2010.
Vol. 46, no. 2. P. 219-226. DOI: https://doi.org/10.1590/s1984-82502010000200008 (date of access:
24.01.2026).

2 Kocaadam B., Sanlier N. Curcumin, an active component of turmeric (Curcuma longa), and
its effects on health. Critical Reviews in Food Science and Nutrition. 2015. Vol. 57, no. 13.
P. 2889-2895. DOIL: https://doi.org/10.1080/10408398.2015.1077195 (date of access: 24.01.2026).

2 Ak T., Giilgin I. Antioxidant and radical scavenging properties of curcumin. Chemico-Biological
Interactions. 2008. Vol. 174, no. 1. P. 27-37. DOI: https://doi.org/10.1016/j.cbi.2008.05.003 (date of
access: 24.01.2026).

22 Boroumand N., Samarghandian S., Hashemy S. I. Immunomodulatory, anti-inflammatory, and
antioxidant effects of curcumin. Journal of Herbmed Pharmacology. 2018. Vol. 7, no. 4. P. 211-219.
DOI: https://doi.org/10.15171/jhp.2018.33 (date of access: 24.01.2026).

3 On the Antioxidant Mechanism of Curcumin: Classical Methods Are Needed To Determine
Antioxidant Mechanism and Activity / L. R. C. Barclay et al. Organic Letters. 2000. Vol. 2, no. 18.
P. 2841-2843. DOI: https://doi.org/10.1021/01000173t (date of access: 24.01.2026).
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enzymes, such as superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx).

Curcumin is particularly important for protecting the reproductive system,
where it restores the redox balance necessary for normal sperm function,
protecting their DNA and mitochondria. In vital organs such as the drain,
liver and kidneys, curcumin mitigates the effects of chronic stress?.

Antibacterial effect. Modern research confirms that curcumin has a broad
spectrum of action against Gram-positive and Gram-negative bacteria,
including drug-resistant strains such as methicillin-resistant Staphylococcus
aureus (MRSA)?,

Curcumin can act in several ways, for example, due to its lipophilic
structure, it has the ability to directly embed itself into the lipid bilayers of
bacteria. Curcumin molecules penetrate deep into the membranes, leading to
their permeability and loss of structural integrity. Damage to the membrane
barrier facilitates the penetration of other drugs into the bacterial cell, which
explains the strong synergistic effect of curcumin when used in combination
therapies.

The key bacteriostatic mechanism of curcumin is the inhibition of cell
division. Curcumin directly binds to the FtsZ protein, which is necessary for
the formation of the Z-ring during cytokinesis. By increasing the activity
of the GTPase of the FtsZ protein, curcumin interrupts the process of its
polymerisation, preventing the reproduction of bacteria.

The next method involves curcumin’s ability to induce processes in
bacteria that resemble programmed cell death (apoptosis). Treatment of cells
with curcumin at MIC (minimum inhibitory concentration) leads to a sharp
accumulation of reactive oxygen species (ROS), membrane depolarisation
and calcium ion influx, and the expression of the RecA protein, a mediator
of the apoptotic response, increases under the influence of curcumin. Strains
lacking this protein (RecA) show significantly greater resistance to the action
of polyphenol. Curcumin also weakens bacterial DNA repair mechanisms by
suppressing LexA protein expression.

Curcumin effectively counteracts the formation of biofilms that protect
bacteria from antibiotics and the immune system. This compound disrupts
intercellular communication between bacteria, limiting their ability to adapt

2 Boroumand N., Samarghandian S., Hashemy S. 1. Immunomodulatory, anti-inflammatory, and
antioxidant effects of curcumin. Journal of Herbmed Pharmacology. 2018. Vol. 7, no. 4. P. 211-219.
DOI: https://doi.org/10.15171/jhp.2018.33 (date of access: 24.01.2026).

% Yun D. G, Lee D. G. Antibacterial activity of curcumin via apoptosis-like response in
Escherichia coli. Applied Microbiology and Biotechnology. 2016. Vol. 100, no. 12. P. 5505-5514.
DOT: https://doi.org/10.1007/s00253-016-7415-x (date of access: 24.01.2026).
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and settle on host receptors. It inhibits the adhesion of bacteria to surfaces,
which is key in the prevention of chronic infections.

An innovative application of this polyphenol is its use as a photosensitiser
in photodynamic therapy. When exposed to light with a wavelength of 455-
460 nm, curcumin generates additional portions of ROS, destroying the
proteins, lipids and DNA of pathogens. Treatment of bacteria with curcumin
affects the level of nitric oxide and the kynurenine pathway, depriving them
of nutrients necessary for growth, such as L-tryptophan®.

Arthritis. Osteoarthritis (OA) is a chronic disease characterized by
progressive destruction of joint cartilage, in which inflammation and
oxidative stress play a key role. Due to the lack of effective causal drugs,
diferuloylmethane is attracting increasing attention as a promising therapeutic
alternative.

Mechanistic studies conducted on human and animal chondrocytes have
shown that this polyphenol has a multi-vector protective effect. Although it
does not directle stimulate cell proliferation at physiological doses, it effectively
counteractsthe destructive effects of interleukin-1p (IL-1B). At the cellular
level, curcumin prevents chondrocyte death by increasing the expression of
anti-apoptotic proteins (Bcl-2, Bcl-XL) and inhibiting the caspase-3 cascade,
prevents inflammation-induced inhibition of chondrocyte differentiation,
by increasing the level of type II collagen and Bl-integrin. Treatment with
curcumin also restores the normal appearance of cell organelles, preventing
swelling of the mitochondria and endoplasmic reticulum.

The mechanism of action in osteochondrosis is based in the anti-
inflammatory effect of the compound, mainly through its effect on the NF-xB
system. Curcumin prevents movement of the p65 subunits of this factor to the
cell nucleus, blocking the activation of genes responsible for inflammation.
This leads to a significant reduction in the levels of matrix metalloproteinases,
which destroy cartilage, cyclooxygenase-2 (COX-2) and prostaglandin E2
(PGE-2) enzymes, and pro-inflammatory cytokines such as IL-6 and IL-1p.
Studies involving patients confirm the high clinical efficacy of curcuminoid
supplementation. In double-blind studies at doses of 1000-1500 mg per day
(often with the addition of piperine for better absorption), the following was
observed: reduction in pain and stiffness, efficacy compared to ibuprofen, and
a better safety profile, as patients who used curcumin reported significantly
fewer gastrointestinal disturbances.

% The Natural Product Curcumin as an Antibacterial Agent: Current Achievements and Problems /
C. Dai et al. Antioxidants. 2022. Vol. 11, no. 3. P. 459. DOI: https://doi.org/10.3390/antiox 11030459
(date of access: 24.01.2026).
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Wound healing. The optimal wound healing agent should perform
several key functions: protect tissues from bacterial infections, reduce
inflammation, and stimulate cell proliferation to repair damaged structures.
Diferuloylmethane has all these properties, combining anti-inflammatory,
anti-infective and antioxidant effects. Free radicals are considered the main
cause of inflammation during healing, so the antioxidant potential of this
compound is key to protecting newly formed tissues.

Studies have shown that curcumin significantly accelerates the repair
processes in several ways: it actively participates in the formation of new
granulation scar tissue and collagen deposition, supports the restoration of
the epithelial layer and increases the density of blood vessels at the site of
injury, and stimulates the cells responsible for the elasticity and mechanical
strength of the skin.

Inflammation is a necessary phase of healing, but its uncontrolled course
leads to tissue destruction. Curcumin optimises this process mainly by
suppressing the production of key cytokines: tumour necrosis factor alpha
(TNF-a) and interleukin-1 (IL-1). The key mechanism here is the blocking of
the transcription factor NF-kB, where curcumin inhibits kinases, i.e. affects
the AKT, PI3K and IKK pathways, which normally activate NF-«B.

Studies using COP polymer dressings impregnated with curcumin have
shown a reduction in the expression of pAKT and P13K kinases in rats,
which directly reduced inflammation?’.

Antiallergic and antiasthmatic agent. Since turmeric has traditionally
been used in Asian medicine to treat itching and skin diseases, its active
compounds are now the subject of intensive research in the context of treating
allergies and bronchial asthma.

A key aspect of curcumin’s anti-allergic action is its ability to inhibit
the release of histamine from mast cells. For example, it has been found to
regulate Th2 responses, where it reduces the production of IgE antibodies
and inflammatory cytokines, leading to the suppression of excessive immune
system reactions. This polyphenol also has the ability to inhibit the activity of
Th17 cells while promoting the development of regulatory Treg cells, which
restores immune balance in the airways.

Regarding the treatment of asthma, in studies on animal models induced
with ovalbumin (OVA), curcumin at doses of 20 to 100 mg/kg demonstrated
efficacy comparable to corticosteroids. A significant reduction in inflammatory
cell infiltration, cup cell (mucus-producing) hypertrophy, and alveolar

27 Curcumin as a wound healing agent / D. Akbik et al. Life Sciences. 2014. Vol. 116, no. 1. P. 1-7.
URL: https://doi.org/10.1016/j.1f5.2014.08.016 (date of access: 24.01.2026).
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oedema was observed. Diferuloylmethane inhibited the expression of NF-kB,
HSP70 protein, and kinases such as ERK and JNK, which directly leads to
less airway obstruction. Curcumin also increased the levels of aquaporins
(AQP-1 and AQP-5), which in turn helps to reduce pulmonary oedema by
improving water transport in tissues.

However, due to the low solubility of curcumin in water, there are
some problems with its delivery to the body, so researchers are currently
improving these methods. For example, nasal application is highly effective
in suppressing bronchial spasms and can be used in the form of drops,
quickly improving breathing comfort after an asthma attack. There are also
lipid nanoparticles (SLNs) and dry emulsions that significantly increase the
absorption of the compound from the gastrointestinal tract, more effectively
suppressing airway hyperresponsiveness.

Curcumin also has a protective effect in cases of viral infections (RSV),
as it suppresses virus replication and enhances the barrier function of the
nasal epithelium without exhibiting cytotoxicity. In acute lung injury (ALI/
ARDS), it protects lung tissue from damage caused by oxidative stress and
toxins (e.g., paraquat)? 2% 30,31,

Anticancer effect. Diferuloylmethane is also considered a chemopreven-
tive and therapeutic agent due to its pleiotropic action, i.e. its ability to
simultaneously affect multiple molecular targets and signalling pathways.
Its efficacy has been confirmed in studies of breast, lung, prostate, head and
neck, and brain cancers.

Curcumin has the ability to stop the uncontrolled proliferation of cancer
cells by reducing the levels of cyclins and cyclin-dependent kinases (CDK4,
cyclin D1), which leads to the arrest of the cell cycle. It further inhibits the
expression of the epidermal growth factor receptor (EGFR), which is often
overactive in adenocarcinomas, and reduces the levels of endothelial nitric
oxide synthase and nitric oxide (NO) itself, which promote tumour growth.

2 Shahid M. T., Khair-ul-Bariyah S. Anti-Asthmatic and Cardioprotective Efficacy of Curcumin-A
Review. International Journal of Scientific Research in Knowledge. 2014. Vol. 2, no. 5. P. 215-223.
DOI: https://doi.org/10.12983/ijsrk-2014-p0215-0223 (date of access: 24.01.2026).

¥ Kocaadam B., Sanlier N. Curcumin, an active component of turmeric (Curcuma longa), and
its effects on health. Critical Reviews in Food Science and Nutrition. 2015. Vol. 57, no. 13.
P. 2889-2895. DOIL: https://doi.org/10.1080/10408398.2015.1077195 (date of access: 24.01.2026).

3% Immunomodulatory and Anti-Inflammatory Potential of Curcumin for the Treatment of Allergic
Asthma: Effects on Expression Levels of Pro-inflammatory Cytokines and Aquaporins / H. Shahid
et al. Inflammation. 2019. Vol. 42, no. 6. P. 2037-2047. DOI: https://doi.org/10.1007/s10753-019-
01066-2 (date of access: 24.01.2026).

3! Kurup V. P, Barrios C. S. Immunomodulatory effects of curcumin in allergy. Molecular Nutrition
& Food Research. 2008. Vol. 52, no. 9. P. 1031-1039. DOI: https://doi.org/10.1002/mnfr.200700293
(date of access: 24.01.2026).
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This polyphenol also restores balance in cell death processes, which is
key in the fight against treatment-resistant tumours. It increases the levels
of pro-apoptotic proteins (e.g., Bax) while simultaneously suppressing anti-
apoptotic proteins (Bcl-2) and activates enzymatic cascades that lead to the
destruction of cancer cells. In cells resistant to classical apoptosis, curcumin
induces severe endoplasmic reticulum stress and leads to so-called mitotic
catastrophe, in particular by reducing survivin levels.

For growth, a tumour needs new blood vessels and the ability to penetrate
tissues. Curcumin blocks these processes by Inhibiting vascular growth
factors (reducing levels of VEGF, VEGFR2 and basic fibroblast growth factor
(b-FGF)) or degrading the extracellular matrix, where it inhibits the activity
of matrix metalloproteinases (MMP-2 and MMP-9), preventing the migration
and metastasis of cancer cells.

Chronic inflammation is also the basis of many tumours, and curcumin
effectively interrupts this process by switching off the NF-kB pathway, which
is constitutively active in tumours, reducing the levels of inflammatory
cytokines (IL-1p, IL-6, IL-8, TNF-a) and inhibiting the activity of COX-2 and
5-LOX, limiting the formation of pro-inflammatory eicosanoids.

Despite its enormous potential, the use of diferuloylmethane faces
obstacles such as low bioavailability due to poor water solubility and rapid
metabolism, and hydrophobicity, as the molecule often binds to the membrane
without reaching the interior of the cytoplasm. To overcome these difficulties,
science is developing delivery systems such as nanomicelles, liposomes, and
structural modifications that increase selective toxicity to cancer cells while
protecting healthy tissues (chemoprotective effect)> 3% 34,

CONCLUSIONS

Curcuma longa L. is a perennial plant belonging to the Zingiberaceae
family, characterised by a specific morphology, the key element of which
is a cylindrical underground stem with intense pigmentation, which is the
main repository of bioactive polyphenols. Diferuloylmethane plays a central

32 Curcumin and its promise as an anticancer drug: An analysis of its anticancer and antifungal effects
in cancer and associated complications from invasive fungal infections / J. Chen et al. European
Journal of Pharmacology. 2016. Vol. 772. P. 33—42. DOI: https://doi.org/10.1016/j.ejphar.2015.12.038
(date of access: 24.01.2026).

33 Biological and therapeutic activities, and anticancer properties of curcumin / D. Perrone
et al. Experimental and Therapeutic Medicine. 2015. Vol. 10, no. 5. P. 1615-1623. DOI:
https://doi.org/10.3892/etm.2015.2749 (date of access: 24.01.2026).

3 Tomeh M., Hadianamrei R., Zhao X. A Review of Curcumin and Its Derivatives as Anticancer
Agents. International Journal of Molecular Sciences. 2019. Vol. 20, no. 5. P. 1033. DOI:
https://doi.org/10.3390/ijms20051033 (date of access: 24.01.2026).
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role in the chemical profile of the raw material, which, due to its molecular
structure, exhibits a wide range of pharmacological activities, including
strong antioxidant, anti-inflammatory and immunomodulatory properties.
Preclinical studies show that this compound effectively inhibits the processes
of pulmonary fibrosis and airway obstruction by precisely modifying
signaling pathways and reducing the expression of metalloproteinases and
structural proteins. Despite its high therapeutic potential, the clinical efficacy
of Curcuma longa extracts is determined by their physicochemical instability.
Diferuloylmethane undergoes rapid degradation in an alkaline environment
and under the influence of UV radiation and high temperatures, which
necessitates the application of strict technological standards in the extraction
and storage process. Curcuma longa is a valuable raw material for modern
pharmacy and cosmetology, but optimising its use requires further research
into the crystalline polymorphism of active substances in order to improve
their stability and bioavailability in biological systems.

SUMMARY

This paper presents an in-depth analysis of the botanical, biochemical
and pharmacological characteristics of Curcuma longa L. The main focus
is on a detailed description of the morphological structure of the plant, the
peculiarities of its cultivation and a critical analysis of the properties of its
main bioactive component, diferuloylmethane.

The aim of the work is to systematise scientific data on the morphology
of Curcuma longa L. and to study in detail the therapeutic effect of
diferuloylmethane on pathophysiological processes in the body. It also aims
to identify the molecular mechanisms of action of the plant and determine the
factors that influence the stability of its active substances in order to optimise
their use in medicine.

The novelty of the study lies in its focus on the molecular aspect of the
interaction of diferuloylmethane with key signalling pathways and enzymatic
systems. The work substantiates the relevance of using turmeric as a means of
preventing airway obstruction and pulmonary fibrosis. Particular attention is
paid to the problem of low physicochemical stability of the active substance
under the influence of light, alkaline environment and heat treatment, which
is critical for pharmaceutical development.

Curcuma longa L. is a strategically important plant for modern
phytotherapy. It has been proven that diferloylmethane has a pronounced
ability to inhibit inflammatory mediators and regulate the expression of
structural proteins, which makes it indispensable in the treatment of chronic
inflammatory diseases. The work also highlights the economic importance of
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the plant, considering it a highly valuable product for the agro-industrial sector
and export potential, contributing to the development of local economies.

The results of the study confirm that Curcuma longa L. is a unique
source of bioactive polyphenols with a powerful therapeutic profile. It has
been established that the effectiveness of preparations based on it directly
depends on compliance with technological processing standards, since
active compounds undergo significant degradation at high temperatures.
Further research should be aimed at increasing the bioavailability of
diferuloylmethane, which will allow the full potential of the *golden spice’ to
be realised in modern pharmacology and industry.
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CHAPTER 19

LONG-TERM TEMPERATURE CHANGE
IN UKRAINE (1900-2021):
TRENDS, VARIABILITY AND SCENARIOS

Boychenko S. H., Maidanovych N. M.
DOl https://doi.org/10.30525/978-9934-26-654-6-19

INTRODUCTION

Human influence on the climate system is now firmly established, with
greenhouse-gas emissions from energy production, land-use changes, and
consumption patterns driving a sustained rise in global mean temperature' 2.
Recent assessments indicate that global surface temperature has already exceeded
the pre-industrial baseline by more than 1 °C, and the last decade has been marked
by an exceptional sequence of record-warm years®. The global signal manifests
regionally through shifts in the frequency of temperature extremes, changes in
seasonal regimes, and altered spatial gradients of warming climate®* .

Ukraine provides a valuable setting for examining these processes because
it lies at the intersection of Atlantic-European influences and continental
air-mass regimes. The country exhibits pronounced spatial heterogeneity in
temperature variability shaped by geography and atmospheric circulation®.
Observations indicate an overall warming background, accompanied by

' TPCC, 2023: Summary for Policymakers. Climate Change 2023: Synthesis Report. Contribution
of Working Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change / Core Writing Team, H. Lee and J. Romero (eds.). Geneva : IPCC, 2023. P. 1-34.
DOI: 10.59327/IPCC/AR6-9789291691647.001.

2 Climate Change 2021 — The Physical Science Basis. Working Group I Contribution to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press,
2023. P. 553-672. DOI: 10.1017/9781009157896.006.

> WMO. Provisional State of the Global Climate. 2022. URL: https://reliefweb.int/report/world/wmo—
provisional-state—global—climate—2022 (accessed on 15 January 2026).

4 Hegerl G. C., Bronnimann S., Schurer A., Cowan T. The early 20th—century warming: Anomalies,
causes, and consequences. Wiley Interdisciplinary Reviews: Climate Change. 2018. Vol. 9, Ne 4. ¢522.
DOI: 10.1002/wce.522.

’ Nita I. A., Sfica L., Voiculescu M., Birsan M. V., Micheu M. M. Changes in the global mean air
temperature over land since 1980. Atmospheric Research. 2022. Vol. 279. 106392. DOI: 10.1016/
j.atmosres.2022.106392.
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PaeBchkoro, 2003. 344 c.
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a decreasing likelihood of extremely cold conditions and an increasing
occurrence of anomalously warm episodes” ®. At the same time, substantial
interannual variability persists, making it essential to distinguish long-term
changes from circulation-driven fluctuations.

While global and regional modelling ensembles provide indispensable
context for future projections® '°, long observational records remain
fundamental for diagnosing regional climate change. Extended series establish
a historical baseline, allow detection of changes in the seasonal cycle and
extremes, and support the evaluation of modelling approaches. For Ukraine,
early instrumental measurements available for some locations add further
value by extending the perspective beyond the twentieth century.

Against this background, the present work examines the spatiotemporal
behavior of surface air temperature over Ukraine with a focus on long-term
change and the transformation of the seasonal cycle. In addition, we assess
a semi-empirical modelling approach for estimating average annual surface
air temperature over the lowland (plain) part of Ukraine by comparing
modelled estimates with observed values. This emphasis reflects the need
for transparent, computationally efficient tools that can complement more
resource—intensive numerical modelling frameworks in climate impact studies
and applied environmental planning.

Materials and Methods. This study relies on an analysis of long-
term changes in mean annual near-surface air temperature of Ukraine.
For Ukraine, monthly mean air temperature series were assembled from
45 meteorological stations (dataset €4, ;) and used to derive average
monthly values for 1900-2021 by spatial averaging across the network'" 2,
Stations were selected to ensure (i) observations commencing around 1900,

7 Bomouryk B. M., boituerxo C. I. Cuenapii MmoxxmuBux 3min kmimary Yipainu B XXI cromitri (mix
BIUIHBOM DJIOOAIBHOTO aHTPOIIOTEHHOTO OTeIUNHHSA). Kiivam Yipainu / 3a pen. B. M. Jlinincekoro,
B. A. Isiuyka, B. M. Ba6iuenko. Kuis : Bun-Bo Paescororo, 2003. C. 308-331.

§ Wilson L., New S., Daron J., Golding N. Climate Change Impacts for Ukraine. Met Office. 2021.
URL: https://mepr.gov.ua/wp—content/uploads/2023/07/2_Vplyv—zminy—klimatu—v—Ukrayini.pdf
(accessed on 15 January 2026).

® IPCC, 2023: Summary for Policymakers. Climate Change 2023: Synthesis Report. Contribution
of Working Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change / Core Writing Team, H. Lee and J. Romero (eds.). Geneva : IPCC, 2023. P. 1-34.
DOI: 10.59327/IPCC/AR6-9789291691647.001.

10 Jacob D., Teichmann C., Sobolowski S., Katragkou E., Anders 1., Belda M. et al. Regional
climate downscaling over Europe: perspectives from the EURO-CORDEX community. Regional
Environmental Change. 2020. V. 20, Ne 2. P. 51. DOI: 10.1007/510113-020-01606-9.

" CGO. Central Geophysical Observatory of empirical data, 2021. URL: http://cgo—sreznevskyi kyiv.ua/
index.php?lang=en&fn=u_klimat&f=ukraine&p=1 (accessed on 29 November 2023).
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sed on 15 January 2026).
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(i1) a proportion of missing data not exceeding 25 %, and (iii) a broadly even
spatial distribution, while limiting elevation effects by restricting station
altitudes to approximately <350—400 m.

Data gaps occur in several intervals and reflect well-known historical
disruptions, with the largest discontinuities associated with the First World
War and the subsequent period of political instability in the former Russian
Empire (approximately 1914-1925), as well as the Second World War
(1939-1945). In addition, station records for parts of eastern and southern
Ukraine are incomplete for 2014—2023 due to the ongoing Russian aggression
and resulting constraints on data availability.

The location of meteorological stations, which were used for analyses, is
shown in Figure 1.
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Fig. 1. Location of meteorological stations (used in this study)
on the territory of Ukraine

Furthermore, using empirical observations from the Ukrainian network
of meteorological stations for 1900-2021 and 1991-2021, we examined
the spatiotemporal patterns of annual and seasonal surface air temperature.
The seasonal temperature cycle was approximated by a first-order Fourier
representation (a single annual harmonic), which enables an objective
estimation of the amplitude and phase of the annual temperature wave'*:

13 Von Storch H., Zwiers F. W. Statistical analysis in climate research. Cambridge University Press,
1999. 495 p.
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here, k denotes the meteorological station, m is the month index, T ,/,‘, is the
mean monthly temperature, 7% is the mean annual temperature, 4 is the
amplitude (°C), and F is the phase expressed in months.

The 1900-2021 period was used to characterize long-term trends in
annual and monthly temperature and to provide a baseline for comparison
with changes observed in the recent climate period. Climatic normal for
1991-2020 were calculated from station data, whereas the 1961-1990 normal
were taken from the Climate Cadastre of Ukraine'. To quantify changes in
the seasonal temperature course, linear trend coefficients were computed for
each month at each station and subsequently averaged over the study area to
obtain territory-wide estimates.

Three Shared Socioeconomic Pathways (SSP) projections of
Ukraine’s annual mean near-surface air temperature: SSP1-2.6, SSP2-4.5,
and SSP3-7.0 were derived from the Berkeley Earth dataset. These scenarios
represent projected temperature change relative to a late-19th-century (pre-
industrial) baseline and correspond to alternative greenhouse-gas emissions
trajectories through 2100".

The Berkeley Earth team has developed a statistical methodology to derive
large-scale temperature anomalies from weather-station observations. A key
advantage of this approach is that it can accommodate short, fragmented,
and temporally discontinuous station records, allowing a substantially larger
fraction of available measurements to be retained in the analysis. The method
applies network-based weighting that accounts for station consistency and
data quality within the surrounding spatial context, so that records with
different uncertainty levels contribute appropriately without disproportionately
influencing the reconstructed signal.

Trends were estimated using linear least-squares regression. The statistical
significance of monotonic trends was evaluated with the non-parametric

14 Knimarnunnii kagactp Ykpainu. Cranaprai Hopmu 3a nepion 1961-1990 pp. Kuis : Llenrpansha
reodizuyna odcepsaropis, 2005. 48 c.

!5 Berkeley Earth. URL: http://berkeleyearth.org (accessed on 15 January 2026).
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Mann-Kendall test at the 95 % confidence level. Data processing followed
standard statistical procedures commonly applied to meteorological time
series. Descriptive statistics, significance testing, and plotting were performed
in MS Excel and XLSTAT.

Spatial mapping was carried out in QGIS and SAGA GIS. To generate
continuous surfaces of the meteoparameters from the station network, we
applied radial basis function interpolation using the thin-plate spline kernel,
a method widely used for climatological interpolation, particularly when
input points are relatively sparse's .

1. Long-time changes of average annual surface air temperature
on the territory of Ukraine for the period from 1900 to 2021

Since 1880, the annual global surface air temperature has fluctuated,
showing an overall signification upward tendency'®. The annual surface air
temperature anomaly was at its highest point in 2020, at 1.65 degrees above
average. Anomalies in surface temperature in Ukraine followed a similar
trend over the same period"’.

The long-term average annual surface air temperatures on the territory
of Ukraine for the period from 1900 to 2021 are shown in Figure 2.
According to the analysis of meteorological data, the average annual
surface air temperature on the territory of Ukraine for the period 1900-2021
was 8.6+0.9 °C. However, for the more recent period of 1991-2020, it
increased to 9.54+0.9 °C. Notably, the climatic norm of temperature for the
period 1961-1990 was 8.440.9 °C. The temperature in Ukraine exhibited
an increase of 1.31£0.42 °C per 100 years during the period 1900-2021.
It’s worth noting that climate change has accelerated significantly since the
second half of the 20th century. Over the last 30 years (for the last climatic
norm 1991-2020), a more pronounced increase in annual surface temperature,
by 0.79£0.08 °C per decade, was observed, contrasting with the trend of

16 Boer E. P., de Beurs K. M., Hartkamp A. D. Kriging and thin plate splines for mapping climate
variables. International Journal of Applied Earth Observation and Geoinformation. 2001. Vol. 3,
Ne 2. P. 146-154. DOI: 10.1016/S0303-2434(01)85006—6.

'7 Smith T. B., Smith N., Weleber R. G. Comparison of nonparametric methods for static visual
field interpolation. Medical & biological engineering & computing. 2017. Vol. 55. P. 117-126. DOI:
10.1007/s11517-016-1485—x.

18 TPCC, 2023: Summary for Policymakers. Climate Change 2023: Synthesis Report. Contribution
of Working Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change / Core Writing Team, H. Lee and J. Romero (eds.). Geneva: IPCC, 2023. P. 1-34.
DOI: 10.59327/IPCC/AR6-9789291691647.001.

1 Boychenko S., Maidanovych N. A century-long tendency of change in surface air temperature
on the territory of Ukraine. Geofizychnyi Zhurnal. 2024. Vol. 46, Ne 2. P. 53—-79. DOI: 10.24028/
2j.v46i2.297227.
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the climatic norm for the period 1961-1990, which showed a decrease of
—0.02+0.15 °C per decade.
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Fig. 2. Long-term average annual surface air temperatures
1 is averaged time series for 45 weather stations; 2 is five-year moving averages 4
is the standard deviation (+c); 3 and 5 are linear trends for the periods 1900-2021
and 1991-2020) on the territory of Ukraine

The spatial distribution of averaged annual surface air temperature and
corresponding trends on the territory of Ukraine from 1900 to 2021 are shown
in Figure 3. Changes in the temperature regime exhibit spatial-temporal
peculiarities within Ukraine. A temperature increases within the range of
1.5-2.0 °C has been observed in most parts of the country from 1900 to 2021.
Simultaneously, some parts of northern, northwestern, and eastern regions,
as well as Vinnytsia and Zaporizhzhia oblasts, are characterized by more
intense warming, reaching 2.0-2.5 °C, in contrast to southwestern, southern
regions, and the territories adjacent to the Ukrainian Carpathians, where the
temperature rise is within 1.0-1.5 °C. This is likely associated with both
the latitude distribution peculiarities of global warming and the continental
nature of climate conditions, along with regional features of atmospheric
circulation®® 2,

2 Bonomyk B. M., Boituenko C. I. Cuenapii MmoxxnuBux 3mi kinimMary Yikpainu B XXI cromitti (g
BILUIMBOM JI00AJIbHOTO aHTPONOT€HHOTO TOTeINiHAA). Knivam Ykpainu / 3a pen. B. M. Jlinincekoro,
B. A. Isiuyxa, B. M. Ba6iuenxo. Kuie: Bun-Bo Paescbkoro, 2003. C. 308-331.

2! Boituenko C. I HamiBemmipuuHi Mozeni Ta cueHapii mIobanbHUX 1 periOHaIbHAX 3MiH KiiMary /
3a pea. B. M. Bonomyka. Kuis : HaykoBa nymxa, 2008. 310 c. URL: https://www.researchgate.net/
publication/321301027.
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Fig. 3. The spatial distribution of averaged annual surface air
temperature (a) and corresponding trends (b) on the territory
of Ukraine from 1900 to 2021

The anomaly for a specific variable and year is calculated as the difference
between the variable’s value for that year and the multiannual average value
of the variable or climatic norm. It should be noted that the approach to the
estimated anomalies from multi-annual averages of global mean temperature
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can be used for monthly averages? . The average annual surface air
temperature anomalies (AT) were calculated from the annual average value
(weather data set €,y ,0,;) relative to the 1880-1900 pre-industrial average
(ar =1, (1

year (1880-1900)

>) 24, Temperature anomalies from 1900 to 2021

indicate the coldest annual averages occurred in 1933, 1956, 1976, 1985, and
1987 (AT=-0.68£0.54 °C), while the hottest annual averages were observed
in 2007, 2015, 2019, and 2020 (AT = 0.74+0.63 °C) (see Figure 4). In the
recent decade, there has been a significant increase in temperature in Ukraine,
as well as globally.
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Fig. 4. The average annual surface air temperature anomalies
1 is the coldest annual average, 2 is the hottest annual average, and 3 is the linear
trend on the territory of Ukraine for the period from 1900 to 2021

An analysis of interannual temperature variability var{T} (root-mean-
square error) relative to long-term annual means avr{T} across Ukraine
(1900-2021) reveals a clear spatial gradient. The highest var{T} values are
concentrated in the cooler northwestern, northern, and northeastern regions.

2 Climate Bulletin — about the data and analysis. URL: https://climate.copernicus.eu/climate—
bulletin—about—data—and—analysis (accessed on 15 January 2026).

2 State of the Global Climate. 2021. URL: https:/library.wmo.int/viewer/56294?medianame =State
of the Global Climate 2021 #page=1&viewer=picture&o=download&n=0&q= (accessed on 15
January 2026).

2 Boychenko S., Maidanovych N. A century-long tendency of change in surface air temperature
on the territory of Ukraine. Geofizychnyi Zhurnal. 2024. Vol. 46, Ne 2. P. 53-79. DOI: 10.24028/
gj.v46i2.297227.

419



Conversely, the lowest variability is observed in the warmer southern,
southwestern, and southeastern areas. This latitudinal intensification of
warming rates towards the north aligns with broader climate trends observed
across the Northern Hemisphere®.

Known that the climatic conditions of Ukraine are shaped by the interplay
of various external and internal factors®. Global influences encompass the
planet’s spatial orientation and the influx of solar electromagnetic radiation.
Zonal factors involve the latitudinal characteristics of heat exchange
distribution in temperate latitudes, the westward movement of air masses from
the Atlantic, and meridional flows of air masses. Regionally, the orographic
features of the terrain, proximity to seas, and local atmospheric circulation
play pivotal roles. Local factors, including regional winds, the impact of
water bodies, vegetation, and other elements, contribute to the formation of
microclimatic characteristics in specific areas.

2. The annual cycle of surface air temperature
on the territory of Ukraine

The seasonal course of the surface air temperature in Ukraine has
characteristic features of temperate latitudes. On average, the maximum
temperature in Ukraine is observed in summer (from 18.9 to 20.9 °C), the
minimum — in winter (from —1.6 to —4.1 °C). In transitional seasons the
average temperatures are from 1.3 to 15.2°C (in spring) and from 15.1 to
3.1 °C (in autumn). The annual cycle of averaged time series of surface air
temperature for the Qg ,,, Weather data set and their approximation on
the territory of Ukraine in the period of 1900-2021 are shown in Figure 5.
The comparison of the model monthly temperatures with their factual values
presented that the reliability of the linear regression (R?) is 0.97-0.99.

The seasonal pattern of temperature root-mean-square errors used here as
an indicator of weather variability shows a clear cold-season maximum and
warm-season minimum across Ukraine. The highest root-mean-square error
occurs in January-February (3.2-3.5 °C), while the lowest values are observed
during summer, reaching ~1.6-1.7 °C. The monthly course of root-mean-
square errors 1900-2021 indicating that interannual temperature variability
is substantially larger in winter than in summer. Against the backdrop of

» Bonouyk B. M., Boituenko C. I. Cuenapii MoxumBux 3MmiH kiimary Ykpainn B XXI cromitri (i
BIUIMBOM TJI00AJIBHOTO aHTPONOTeHHOTO noterutinas). Kiimar Ykpainu / 3a pen. B. M. Jliminckkoro,
B. A. Jlauyka, B. M. ba6iuenko. Kuis : Buzn-Bo Paescbkoro, 2003. C. 308-331.

% Kmimar Vkpaian / 3a pen. B. M. Jliniucekoro, B. A. Isuyka, B. M. Ba6idenko. Kuie : Bua-Bo
PaeBchkoro, 2003. 344 c.
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ongoing climate change, many studies have reported seasonally differentiated
temperature changes and shifts in seasonal temperature behavior?” 2,
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Fig. 5. The annual cycle of surface air temperature
1 is monthly data, 2 is average values for Qg »,, dataset, 3 is o,
4 is Fourier approximation and corresponding trends (5) on the territory of Ukraine
for the period 19002021

For Ukraine over 1900-2021, the strongest warming is detected
in the colder half of the year (October—March), with typical rates of
~0.7-2.0 °C per century, while the warm period (April-September) also
warms, at ~1.0-1.9 °C per century. This seasonally structured signal is
important because it implies not only a shift in mean temperature but also
potential changes in thermal risks, phenological timing, and energy-demand
seasonality.

The spatial distribution of average monthly surface temperature (in
January, April, July, and October) on the territory of Ukraine has zonal
differences, which are shown in Figure 6.

27 Boychenko S., Voloshchuk V., Kuchma T., Serdyuchenko N. Long-time changes of the thermal
continentality index, the amplitudes, and the phase of the seasonal temperature variation in Ukraine.
Geofizicheskiy Zhurnal. 2018. Vol. 40, Ne 3. P. 81-96. DOI: 10.24028/gzh.0203-3100.v40i3.2018.137175
% Twardosz R., Kossowska-Cezak U. Large-area thermal anomalies in Europe (1951-2018).
Temporal and Spatial Patterns. Atmospheric Research. 2021. Vol. 251. 105434. DOI: 10.1016/j.
atmosres.2020.105434.
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Fig. 6. The spatial averaged monthly surface air temperature
on the territory of Ukraine (January, April, July, and October)
for the period 1900-2021
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The amplitude of surface air temperature is a useful integral indicator of
climatic seasonality. For the station network beginning in 1900, the seasonal
temperature amplitude (4) was calculated using Eq. (1). For Ukraine as
a whole, the mean amplitude equals 4=12.7+1.1 °C for 1900-2021 and
A=12.5%+0.8 °C for 1991-2020. Analysis of A4 over the 20th century and
early 21st century indicates an overall decreasing tendency of about —0.5 to
—0.1 °C per 100 years, driven primarily by stronger warming during the cold
season. By contrast, for 1991-2020 the tendency is much weaker (—0.001 to
—0.01 °C per decade) and is explained by the more substantial warming in
the warm season, which partly offsets the earlier “cold-season-dominated”
reduction in amplitude.

Previous studies have shown that, across Ukraine during the twentieth
century, the rise in mean annual air temperature was accompanied by
a reduction in the amplitude of the annual (seasonal) temperature cycle by
about —0.4 °C per 100 years®. This pattern reflects stronger warming in the
cold season and comparatively weaker warming in the warm season, resulting
in a partial weakening of temperature “continentality”.

Analysis of linear trends of the surface air temperature for several 30-year
periods (meteorological norms) on the territory of Ukraine indicates certain
differences (see Figure 7).

Substantial inter period variability is evident: both the sign and magnitude
of trends for the same calendar month change markedly depending on the
selected 30-year window. This indicates that the seasonal “warming profile”
is not stable and is strongly contingent on the chosen baseline period, namely:

* 1951-1980 shows negative trends in a number of months, notably
January (—0.6°C per decade) and December (down to —1.0 °C per decade), as
well as negative values in the summer-autumn part of the year (June-October).
This suggests that, during this 30-year interval, the “warming signal” had not
yet become dominant across all seasons.

*  1961-1991 indicates warming in winter, especially toward the end
and beginning of the year (January-March show positive trends), but distinct
negative trends appear in late autumn, particularly November (pronounced
cooling).

* 1971-2000 is characterized by mostly moderate positive trends during
the cold half of the year and in part of the warm season; however, negative
values persist for some months, especially November and December.

¥ Bonouryk B. M., Boituerko C. I Cuenapii moxiuBux 3miH kiimMary Ykpaiau 8 XXI cromirri (i
BIUIMBOM IVI00AJIBHOTO aHTPOIIOI€HHOT0 NoTerutinus). Knivam Vipainu / 3a pen. B. M. Jlinincekoro,
B. A. Isiuyka, B. M. ba6iuenko. Kuis : Buzn-Bo Paescbkoro, 2003. C. 308-331.
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* 1981-2010 shows positive trends in nearly all months, with
maximum occurring in summer and late autumn (particularly July-August
and November, where trends reach about 0.8—1.2 °C per decade).

*  1991-2020 exhibits the largest trend values: trends are positive almost
throughout the year, with a clear intensification during the warm season
and toward the end of the year. The strongest increases occur in September
(0.9 °C per decade) and especially December (1.2 1.3 °C per decade). January
is close to zero or slightly negative, highlighting pronounced within-season
heterogeneity of the changes.
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Fig. 7. Annual differences in linear trends of the surface air temperature
for several 30-year periods on the territory of Ukraine

3. Scenarios of warming in Ukraine

Climate change scenarios are used to explore how different pathways
of greenhouse-gas emissions and socio-economic development translate
into future climate outcomes, thereby supporting mitigation and adaptation
planning®. A robust feature across projections is that land areas tend to
warm faster than oceans, largely due to lower effective heat capacity and
differences in surface feedback; consequently, national land-based averages
may exhibit a stronger warming signal than the global mean under the same

30 TPCC, 2023: Summary for Policymakers. Climate Change 2023: Synthesis Report. Contribution
of Working Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change / Core Writing Team, H. Lee and J. Romero (eds.). Geneva : IPCC, 2023. P. 1-34.
DOI: 10.59327/IPCC/AR6-9789291691647.001.
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scenario. At the same time, projections remain uncertain because climate
models represent a complex, coupled system and differ in their sensitivity
and regional responses to a given forcing trajectory’!.

In the IPCC Fifth Assessment Report (ARS), future forcing pathways
were commonly represented by Representative Concentration Pathways
(RCPs) — RCP2.6, RCP4.5, RCP6.0, and RCP8.5 — spanning low to very high
radiative forcing by 2100°%. In the CMIP6 framework, these pathways were
updated and paired with Shared Socioeconomic Pathways (SSPs), which
combine emissions trajectories with internally consistent assumptions about
population, technology, energy systems, and policy choices*. The commonly
used SSP-forcing combinations — SSP1-2.6, SSP2-4.5, SSP3-7.0, and
SSP5-8.5 are designed to reach radiative forcing levels broadly comparable
to the earlier RCP set by the end of the century, while offering a clearer socio-
economic narrative context for each pathway**.

Conceptually, SSP1 (“Sustainability”) describes a world that increasingly
prioritizes resource efficiency, low-carbon development, and inclusive
growth-conditions that reduce challenges for both mitigation and adaptation.
SSP2 (“Middle of the Road”) reflects a continuation of historical development
patterns with moderate improvements in efficiency but persistent structural
constraints, producing intermediate challenges. SSP3 (“Regional Rivalry”)
emphasizes fragmented governance, weaker international cooperation, and
higher barriers to mitigation and adaptation, which tends to sustain higher
emissions and vulnerability. This framing is useful for Ukraine because it
links the magnitude of projected warming not only to physical forcing, but
also to the socio-economic context that shapes emissions and resilience.

For national-scale projections, a common approach is to derive a country-
mean temperature series from climate-model output and then align (bias-
adjust) the modelled basecline with observed historical data to ensure

3! Climate Change 2021 — The Physical Science Basis. Working Group I Contribution to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press,
2023. P. 553-672. DOIL: 10.1017/9781009157896.006.

32 Lee J., Marotzke J. et al. Future Global Climate: Scenario-Based Projections and Near-Term
Information. Climate Change 2021: The Physical Science Basis / V. Masson-Delmotte et al. (eds.).
Cambridge : Cambridge University Press, 2021. P. 553—-672. DOI: 10.1017/9781009157896.006.

3 Meinshausen M., Nicholls Z., Lewis J. et al. The Shared Socio-Economic Pathway (SSP)
Greenhouse Gas Concentrations and Their Extensions To 2500. Geoscientific Model Development.
2020. Vol. 13, Ne 8. P. 3571-3605. DOI: 10.5194/gmd-13-3571-2020.

3% Riahi K., van Vuuren D., Kriegler E. et al. The Shared Socioeconomic Pathways and their Energy,
Land Use, and Greenhouse Gas Emissions Implications: An Overview. Global Environmental
Change. 2017. Vol. 42. P. 153-168. DOI: 10.1016/j.gloenvcha.2016.05.009.
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consistency between the reference period and the projection®. In this study,
the historical reference series used for scenario construction is taken from
Berkeley Earth, which is widely applied in climate monitoring and synthesis
products’®.

The projected changes in annual mean surface air temperature for Ukraine
relative to a late-19"-century pre-industrial baseline under three SSP pathways
are presented Figure 8. In brief:

* SSP1-2.6 represents a low-forcing pathway consistent with rapid
mitigation, where warming stabilizes at comparatively lower levels by 2100;

* SSP2-4.5 depicts an intermediate pathway with slower emissions
reductions and mid-range warming outcomes by the end of the century;

*  SSP3-7.0 reflects a high-forcing pathway with continued growth of
emissions for the century and correspondingly larger warming by 2100.
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Fig. 8. The annual average surface temperature changes relative
to a pre-industrial baseline in the late 19" century in Ukraine
(historical data) and the three scenarios of changes (SSP1-2.6, SSP2-4.5,
and SSP3-7.0), based on greenhouse emissions scenarios by 2100
(the uncertainties associated with projections)

Source: http://berkeleyearth.org

35 Krakovska S., Palamarchuk L., Gnatiuk N., Shpytal T. Projections of Air Temperature and Relative
Humidity in Ukraine Regions to the Middle of the 21st Century Based on Regional Climate Model
Ensembles. Geoinformatika. 2018. Ne 3. P. 62—77. URL: https://www.geology.com.ua/en/7514-2/

% Berkeley Earth. URL: http://berkeleyearth.org (accessed on 15 January 2026).
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Finally, SSP2-4.5 may be prudently treated as a pragmatic “central”
reference, as it approximates a world where mitigation progresses but remains
insufficient to limit warming to the lowest range. Accordingly, SSP1-2.6 and
SSP3-7.0 define the lower- and higher-end envelopes for a comprehensive
risk-based analysis®’.

CONCLUSIONS

This study consolidates long-term meteorological observations to
quantify century-scale change in Ukraine’s thermal regime and to support
climate assessment and decision-making. For 1900-2021, the national mean
annual surface air temperature equals 8.6+0.9 °C, rising to 9.5+0.9 °C for
1991-2020. The linear trend reaches 1.31+0.42 °C per century, whereas the
most recent 30 years show a much steeper increase of 0.79+0.08 °C per
decade, evidencing an acceleration of warming relative to early twentieth-
century conditions.

Spatial diagnostics indicate that warming is pervasive but not uniform.
Across most of the country, average annual temperature increased by
~1.5-2.0 °C between 1900 and 2021. The strongest changes (2.0-2.5 °C)
are detected in parts of northern, northwestern, and eastern Ukraine and in
Vinnytsia and Zaporizhzhia oblasts, while comparatively smaller increases
(1.0-1.5 °C) occur in the southwest, the south, and areas near the Ukrainian
Carpathians. Annual anomalies also confirm the shift toward warmer
conditions, with recent decades concentrating on many of the warmest years
in the record.

Interannual variability exhibits a clear spatial structure, with larger
year-to-year dispersion in cooler northern regions and smaller variability in
warmer southern/southwestern areas. The seasonal cycle remains pronounced
(summer maxima, winter minima) and is well captured by a compact harmonic
representation, supporting the use of compact descriptors (amplitude and
phase) in regional diagnostics. Agreement between modeled and observed
values is high. Trend significance is assessed with the Mann-Kendall test
(95 % level), and national-scale maps are produced using thin-plate spline
radial basis interpolation.

Finally, SSP1-2.6, SSP2-4.5, and SSP3-7.0 projections provide a scenario
context for interpreting observed change and for communicating plausible
futures. Collectively, the results highlight the need for region-specific adaptation

37 IPCC, 2023: Summary for Policymakers. Climate Change 2023: Synthesis Report. Contribution
of Working Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change / Core Writing Team, H. Lee and J. Romero (eds.). Geneva : IPCC, 2023. P. 1-34.
DOI: 10.59327/IPCC/AR6-9789291691647.001.
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and for continued enhancement of station networks and data products to better
resolve emerging gradients and extremes relevant to impact nationwide.

SUMMARY

Long-Term Temperature Change in Ukraine (1900-2021): Trends, Varia-
bility and Scenarios synthesize a century of instrumental observations to
quantify long-term change, interannual variability, and future trajectories of
near-surface air temperature across Ukraine. Using monthly mean temperature
series from 45 meteorological stations (£2,0,40,,) Spatially averaged
nationally, the study diagnoses annual, monthly, and seasonal behaviour while
acknowledging historical discontinuities and recent data constraints in parts
of eastern and southern Ukraine. Trend robustness is assessed with least-
squares regression and the Mann-Kendall test, and spatial fields are mapped
with thin-plate spline radial-basis interpolation in QGIS/SAGA GIS. Results
show an accelerated warming signal: national mean annual temperature
for 1900-2021 is 8.6+0.9 °C, increasing to 9.5+£0.9 °C for 1991-2020,
with a centennial trend of 1.31+0.42 °C per 100 years and a recent rate
of 0.79+0.08 °C per decade. Warming is spatially heterogeneous, reaching
~2.0-2.5 °C in parts of northern, northwestern and eastern Ukraine, versus
~1.0-1.5 °C in the southwest, south, and areas adjacent to the Carpathians.
Variability is seasonally structured, with maxima in January-February
and minima in summer, implying differentiated risks for energy demand,
phenology, and thermal extremes. The synthesis offers a baseline for
monitoring extremes and prioritising sectoral adaptation measures. Finally,
Berkeley Earth-based SSP1-2.6, SSP2-4.5 and SSP3-7.0 projections provide
a scenario envelope for 2lst-century warming to support risk-informed
adaptation and climate-impact planning.
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CHAPTER 20

MOPOEKOJIONYHUIN CTAH TA ®YHKLIOHYBAHHS
LLIMPELLLKOIO BOJOCXOBULLA B YMOBAX
AHTPOMNOTNEHHOIO HABAHTAXKEHHS

IeaHoB €. A., lMuaunosuy O. B., BinaHiok B. I.
DOl https://doi.org/10.30525/978-9934-26-654-6-20

BCTYIN

BonoliMu B OKOJMIIX BEIMKOTO MicTa € He JIMIIE MPOCTOPOM JUIst
BIZIMOYMHKY, a i BayKJIMBUM MPUPOJHAM €JIEMEHTOM, IO BIUIMBAE HA SIKICTh
JKUTTST MemKaHIiB. Taki BoaHi 00’€kTH (DOPMYIOTH EKOJIOTIYHHM KapKac
TEpUTOpii, CIIPHUAIOTh 30€PEKEHHIO NPHPOTHOro OanaHCy, 3HWKEHHIO TEM-
NepaTypHUX EKCTPeMyMiB 1 MiaTpuMaHHIO Oiopi3HomaHiTTS. HasBHICTH
BOJTHHUX 00’€KTIB MO3WTHBHO BIUIMBAE HA (DI3WYHWIA ¥ MCHXONOTIYHUNA CTaH
JIofel, CTBOPIOE NPHUBAOIMBE CEPEAOBHIIE Ui peKpealii Ta iHTerpyeThes
y TPUMICBKHH TpOCTIp SIK BXJIMBUN ECTETHYHHMH eneMeHT. BonHouac
BOZIOCXOBHII]A BUKOHYIOTH CKOHOMIYHY M CTpaTeriuyHy poib, BiIKpPHUBAIOTh
HOBI MOXIIMBOCTI I CTajJOro pO3BHUTKY, IHBECTHIH Ta peaiizarii
MPUPOJIOOXOPOHHUX IHIIIATHB B YMOBaX KIIMAaTHYHUX 3MiH.

[npenbke BoIOCXOBUIIE, sSIKE cTBOpeHe y pycii p. Lllupka i po3rammosane
B Mexax cena Hasapis IlycToOMHUTIBCBKOI MICBKOI TEpHTOpiabHOI rpoMaan
Ta HAISKUTh 10 OmakuTHOi iH(pacTpykTypn JIbBiBChKOI —armomeparii.
BonocxoBuine MaHyloTh peopraHizyBaTd y HOBY peKpealiiiHy 30Hy, a Juis
IILOTO HEOOXIJHO JIIKBIAYBAaTH Y1 OOMEXHUTH JUKepena 3a0pyJHEeHHS BOAOHMN
i mpuIeriol TepuTopii, pO3UUCTUTH 11 THO BiJ 3a0pyAHEHNX JOHHUX HAHOCIB,
3abe3neunTn 30epekeH s 010pI3HOMAHITTS Ta cTaje QyHKIIOHYBaHHS BOJHOT
€KOCHCTEMH.

BukopucTaHHS BOIOCXOBHIIA ISl PEKpeallii i3 KynaHHsAM, pHOaTIbCTBOM
Ta CIOPTUBHMM BIJMOYMHKOM Ma€ 3HA4HI BUMOTM 1O il caHiTapHO-
ririenigaoro crany. CydyacHHHM CTaH BOJOWMH BHUKJIMKA€ 3aHETIOKOEHHS,
BOHA 3a0pyIHEHA NPOMHUCIOBHMH, KOMYHaJIbHHUMH 1 3JIMBOBHMH CTOKaMH,
a 1 mpuOepexHi Tepuropii cmibHO 3acMideHi. Lle cTBoproe HebGesnexy
JUIS 37I0POB’Sl MICIEBUX JKHUTCNIB 1 BIAMOYMBAIOYNX. HeratMBHWII BIUIAB
MIOCWITIOE 3POCTaHHS y BOI0300pi BOJOCXOBHINA YUCEIBHOCTI HACENEHHS Ta
BIZIHOBJICHHSI ITPOMHUCIIOBOCTI. [OJIOBHMM HAcHiJIKOM BIUIMBY IIOCEIEHb Ha
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BOIIOWMY € TOpPYIICHHS MPUPOTHOr0 (YHKIIOHYBAaHHS BOJHUX EKOCHCTEM,
BTpaTa JKEpENl XKHUBJICHHA Ta TpaHC(HOpMALlis CTPYKTYpU PIUYKOBOI MEpexi
y BepxiB’sx. 1li 3MiHU MPHU3BOJATH 0 HE3BOPOTHHUX EKOJOTIYHUX HACIIJKIB,
JI0 Jerpajaiii i 3HUKHEHHS BOJHHUX SKOCHUCTEM.

1. leorpacdiyHe po3TallyBaHHS

[lupenbke BOZOCXOBMILE DPO3TALIOBaHE Ha MIBICHHUH-3aXiJ Bij MicTa
JIbBiB, Ha BifgcTaHi 3,95 kM Bij 00’3001 Tpacu Micta. Bomoiima po3ramioBana
y Bomo306opi piuku Il{upka, sika HanexxuTh 10 Oaceiny J[HicTpa Ta € iforo
niBoro mputokor'. Piukm Ilupka, ManeukoBuda i KoBup, siKi >KHBIATH
BOJIOCXOBHINE TIPOTIKalOTh Teputopiero CokiabHHUIBKOI 1 COJOHKIBCHKOT
rpomaj, 1o 3 MiBHOYI I MIBHIYHOTO CXOmy MEXyHTh 3 [lycTOMHTIBCHKOIO
MiCBKOIO TEPHTOPIAILHOK TpoMaioro (puc. 1).

Bonocxosurie crBopeHe y pycai p. Illupka y 1954 p. i no cwhoromsi
nepebyBae y mocriiiHomy kopuctyBanHi JIMKII «JIbBiBTEmIIOCHEPTOY.
lonoBHUM mpH3HAYEHHSAM BOJOMMHM € perymoBaHHs cTOKy p. llupka Tta
HAlOBHEHHS CHUCTEMH TEXHIYHOro BomomnoctadanHs JIeBiBcbkoi TEII-1.
BonHouac, BoIOCXOBHUINE BHKOPHUCTOBYIOTH SK 30HY BIANOYMHKY, & TaKOX
JUISL  JIIOOWTENbChKOI pUOANKM 1 CHOPTUBHOIO BeCiyBaHHS. Bomoiimy
PO3TAaIlIOBaHO Y PIBHUHHINA MiCI[EBOCTI, OTOYCHA IMOCCIICHHIMHU: 3 MIBHIYHOTO
3axony — c. Hagapisi, 3 miBHIUHOTO cxony — cena ManeukoBndi i HaropsiHu,
3 miBgHst — c. Ilopmnua. [Topyd 3 BOZOCXOBHIEM HPOXOAMTH aBTOAOPOTA
T 1416 JIsBiB—/]poroouy.

2. XapaKTepucTuKa BOA0CXOBULL,A

[lupenpke BogocxoBHLIE (TiPOBY30i1) po3TamoBaHe y 19 kM Big BUTOKY
piuku. O6’eM BoaM y BOJOWMI cTaHOBUTH 4,15 MiH M® BOIH, CepeaHs
mbuHa — 3,6 M, a MakcHUMaibHa DMOuHA — 7,8 M. DUIBTpaIlis BOIOCXOBHUIIA
yepe3 rpediro cknamae 0,48 mumH M*/pik. Brpatn Ha BHmapoByBaHHS 3 HOro
noBepxHi craHoBiATh 0,60 MiH M%/pik. MiHiMalbHA BEJIHYHHA MPOIYCKY
y HIKHIN 6’ed cknanae 3,16 mutH M*/pik. [Ipr HOpMaTBHOMY MiAMIPHOMY PiBHI
IUTONIA BOJOCXOBHINA CTaHOBUTH 1,15 kMm% JIo KOMIUIEKCY TiApOTEXHIUYHHX
CIIOpYZl BOJOCXOBHIA HaJeXaTh 3€MJIsIHA 1 BOAO3JIMBHA rpedni, HacOCHA
cTaHmis Ta Boxonposin 10 JIeBiBchKkoi TEII-1 momxkuHoO 11,5 KM.

! Teoekomoris JIpBiBCchKOT 00macti : monorpadis / 10. Auapeituyk, J1. be3pyuko, B. binantok Ta iH. /
3a 3ar. pex. €. Isanosa. JIbBiB : [Ipoctip-M, 2021. 606 c.
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Puc. 1. PosramyBanns I{upenbKoro BoIoCXoBHIA Ta fi0ro rOJT0BHHUX
JAOILTUBIB y Mexkax Bogo360py p. IllnpkaZ

2 Teoekonoris Il{uperpkoro Bonocxosuia / Auapeitayk 0., Binantok B., Bora O. Ta iH. / 3a 3ar. pex.
€. Isanosa Ta O. [Tmmmnosuy. JIbBiB : JIHY im. 1. ®panxa, 2024. 116 c.
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3eMIsIHy rpe0ITio BiJICHIIANY 13 CYIIMHKIB, YKPIITMIM KaMIHHSIM 1 Ie0eHeM,
1 TOBXKHHA CTaHOBUTH 185 M, mmpuHa — 20 M, a MakcUMalibHa BUCOTa — J0
10 m. ITo rpebento rpebini mpokianeHo aBroiopory. Bomosnmusaa OeToHHA
rpedIis € BIAKPUTOIO 3 IBOMA OTBOpamHu mupuHoo 6,0 M. HaiiHmk4a BigmiTka
Mopory Bopxo3nuBy ckianae 286,0 M. Ilpu mpoMy MOCTIHHO HiITPUMYIOTH
pisesr HIIP, mo cranoButh 289,0 M. MakcuManbHUN TOPH30HT BOJIH
BU3Hayae rpeGeHb 3aTBOPIB, 10 3HAXOAUTHCS Ha piBHI 289,3 M*. ¥V motomy-
Oepe3Hi BOJIOCXOBHIIE MiJrOTOBIIOIOTH JI0 NMPUHOMY BOJ BECHSHOI ITOBEHI,
JUISL YOTO BHKOHYETBHCS CIIPAIIOBAHHS BOJM BiIIIOBIHO 10 MPOTHUIIOBEHEBUX
MIPOTHO3IB.

MiHiMaJIFHO J103BOJICHA BEJIMYMHA CAHITAPHOTO IOMYCKY BOIAM Y HMKHIN
6’ed rigposysna cranoButh 0,10 M/c. Piununit 06’em 3a060opy BOaM i3 BOIO-
CXOBHINA yCiMa BOJIOKOPHUCTYBadamu csarae 2,38 miH M*/pik. O6’eM MPUTOKY
BOJM y BOJOCXOBHILIE B MaJOBOJAHUI pik 95 %-01 3abe3medeHocT] cKianae
6,62 MiH M.

3. lNaponoriyHi ymoBu Boao36opy p. LLupka

luperpke BOmOCXOBUINE po3TamoBane y pyciai p. Illupka, Tomy
PO3IVISIHEMO XapaKTEPUCTUKH I[bOTO BOIOTOKY. BUTIK BOJOTOKY 3HaXOAUTHCS
y JlamaiBchkoMy JIiCHUITBI Ha BUCOTi 312 M H. p. M., 1,14 KM Ha MiBHIYHHA
cxing Big ¢. O6pomuHo JIbBiBChKOTO paiioHy. Piuka Bmamae y p. JIHicTep
3 jtiBoro Oepera Ha BucoTi 251 M 6isst ¢. Yerst Crpuiickkoro paiiony. JloBxuHa
BOJIOTOKY CTAHOBHTH 46 KM, IIJI0Ia BOZ0300py — 434 kM2, 3arajibHe MaliHHs —
77 ™M, cepenHiit moxun pycina — 1,67 %o. Piuka HaNekHTh 10 MaNUX, TOMY
muprHa ii npudepexHO-3aXUCHOT CMyTH CTaHOBUTH 25 M. JKuBNEHHS piuku
€ 3MIIIaHNM, TP [[LOMY Ha JOILIOBE JKUBJIEHHs npumnaaae 50 % Bij 3araibHOT
KinbKOCTI, a 37 1 13 % — Ha cHIroBe i mia3eMHe KMBICHHS BiAMOBIIHO.

PiuxoBa mepexa lllupku € po3BuHYyTOI0, Y ii BO10300pi mpoTikae 74 piuku
3arajbHOIO MPOTSDKHICTIO 213 KM. Y CTpYKTYpi Mepexi TOMIHYIOTh BOJOTOKH
MEPIIOTO paHry, YacTKa SKHX CTaHOBHUTh 75,4 % BiJ 3araibHOI KUIBKOCTI
piuok. Ha piuku npyroro panry mpunanae 19,2 %, tpersoro panry — 4,3 %,
yerBepToro panry — 0,8 %, n’storo panry — 0,3 % Bij 3aranbHOi KiJIbKOCTI
pidok. Yci piuku, 3a BukitodeHHs M p. Illupka ta 11 npuroku p. CraBuaHku
MarTh JoBKHHY 70 10 kM. ['ycroTa piukoBoi Mepexi ckianae 0,49 km/km> *.
[IpaBoGepexoks OaceitHy Binpi3HSE TycTilIa MepesKa.

3 Teoexonoris upenpkoro Bogocxosuia / Auapeitayk 0., Binantok B., bora O. Ta im. / 3a 3ar. pex.
€. IsanoBa ta O. [Timmnosuy. JIbBiB : JIHY im. 1. ®panka, 2024. 116 c.

4 Kosanpayk 1. I1. Perionanshuii exonoro-reomopgornoriunmii ananis. JIbBiB : [H-T yKkpaiHO-3HaBCTBA,
1997.
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JlonHa piuky € 371e01Ib1I0T0 IPSIMOI0 M TparenienofioHo, Y BUTOLI — 13
HEYiTKO BUPaKEHOIO (hOpMoIo, a B okonmipsix ¢. Haapis me it 3a0omoueHoro.
CepenHs mupuHA JOJUHU cTaHOBUTH 1,0—1,5 kM, Hrkde Bix Hapapii momuna
3Byxyerbest 10 0,3 kM, a Oinsg c. CemeniBka csrae 3,0 kM. Pycino cimabo
3BUBHCTE, HEPO3rajly’keHe. Y pyCil BHSBICHO HHM3KY OCTPOBIB CKJIAJICHUX
MIIaHUMH 1 TOpG’ THUMH IPYHTaMH, 10 TOPOCIIi TPaBOKO. Y BEPXiB’1 BIPOIOBK
800 M pycio cyxe, He 4iTKO BUpaxxeHe, 0ist cin ['omosuid, [Topmna i Karyis
MEPErOPODKEHO rPpediIsiMU, 0 YTBOPIOKOThH Kackal cTaBkiB. IIIBuikicTh Tedii
3miHtoeThest Binm 0,1 mo 0,6 m/c. TloGnu3y OeperiB pycio 3apocTae OCOKOO
1 OuepeToM, MICIIIMH CYLIJIBHO 3apOCiie JIUTISIMY 1 JIaTaTTsiM, IHO piBHE, MiIaHO-
MynucTe, noonusy c. [omosuis — mimane. beperu Bucotoro 0,3-3,0 M (MicIsiMU
3JIMBAIOTHCS 13 CXMIIAMH JIOJIMHM), KPYTI 1 Ay’Ke KPyTi, y HIXKHIH Tedil nonexyan
TIOJIOT, TIEPEBAYKHO JIYTOBI, 3piJiKa MOPOCIH YarapHUKOM i JepeBaMu, CKJIaJIeHi
Hil@aHuMu 1 Topd’ SIHUMU TpyHTaMHU.

Cxuiu TONMHU € ciiaboeponoBaHuMu BucoTor 10-20 M, a miBuil cXui
micusimu 10 30—60 M, y BepxHiil Tedil — BUNYKIMMH, KPyTUMH, Y HWKHIH —
BBIrHYTUMH 200 NPSIMUMH, TIOMIPHO KPYTHMH i mojioruMu. CXUII0BI HOBEPXHi
MEPEeBAXHO PO30paHi, 3pigka 3aimicHeHHI (miBud Mix cenamu baciBka
i TonoBUL BKPUTHII YarapHUKOM), CKIIJIEHI CYIICKAMH 1 CYIJIMHKaMH,
MICLSIMH OTOJIIOIOTHCS MIIaHUKH i rincu. [To6nusy cin Jlanum 1 Karyis nonuna
Mae tepacu mupuHor 300-500 M, i3 KPyTUM YCTYIoM BUCOTOIO 2,5-8,0 M,
3 HEpIBHOIO IOBEPXHEIO, 3apOCiIOI0 TPaBOID Ta YarapHUKaMH, YacTKOBO
pozopaHor0. Y TITHDKKS CXWIiB, 0COONMBO Yy BepxiB’i, 3ycTpidaroTbes
BUXOJIU IPYHTOBHUX BOA 3 AebiToM 10 3—5 am*/c’.

3armiaBa € ABOCTOPOHHBOKO 13 mupuHO 110 0,1-1,0 kM, Oints c. [Tincagku
i B ¢. Jlanu Bopomorxk 0,5 KM BOHA BiAICYTHS. 3IEOUTBIIOTO 3aruiaBa Cyxa,
BKpPHUTA JIy4HOIO POCIIMHHICTIO, TOJIEKYIH 3a00Jio4eHa, IMOopociia OCOKOIO
1 TPOCTHHOIO, y BepXiB’i mpenacTapisie co0OK0 OONOTO i3 MIAPOM BOIU
0,1-0,2 ™. IlepeciueHa ymoroBMHamHM, CHJIBHO 3apOCIUMH CTapUISIMU
mbuHo 10 1,2 M, TOpd’SHUMHU Kap’€paMy 1 CyXMMH KaHaJIaMH, CKJIaJleHa
CYIINIAHUMH TPyHTaMH, Ha 3a00JI0ueHHMX IUISHKaX — Top(h’stHuMuU. bBinms
c. KaryiB cTBOpeHi cTaBky AJIsl pO3BEACHHS pUOU, 110 3apa3 CHIBHO 3apOCin
0OJIOTHOIO POCIMHHICTIO, JesKi nepecoxiu. IIpu BucOKMX migliomax piBHIB
3aruiaBa 3aToIuTioeThest mapom 1o 1,0-1,5 m. YV ManoBomgHi poku Bozma Ha
3aIulaBy HE BHXOJIMTh, IiJl Yac MaBOJKIB ITiJ BOLY HIyTh MOHMKEHI AUISHKA
3ariaBd Ha rbuny 0,3-0,5 m°.

5 Teoexomorist uperproro Bonocxosumia / Auapeitayk 0., Binantok B., bora O. Ta iu. / 3a 3ar. pex.
€. IBanosa ta O. [Twminosuy. JIesis : JIHY im. . ®panka, 2024. 116 c.

¢ MMwmmosny O., Koeampuyk 1. [eoexomoris piukoBo-GaceitHOBOI cucTemy BepxHboro Jlmictpa :
MoHorpadis / 3a Hayk. pex. L. I1. KoBanbayka. JIsBiB — Kuis : JIHY im. IBana ®panxka, 2017.
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Puc. 2. Cxema po3ramyBaHHs riIpocTBOpiB Ha Tonmorpagiunii kapTi
macmrady 1 : 50 000
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Bona y p. llupka BigHOCHO mpo30pa i3 3eleHyBaTUM BiATIHKOM, Oe3
3amaxy i nmprucMaxy, 0e3 JOOUMCTKU He NMPUIATHA ISl TIMTTS, Ha 3a00JI04EHUX
JUITHKaxX Ma€ KOPUYHIOBATHH KOJIIp 1 c1abo GONOTHUH HpUCMaK.

Ha piuni ¢yHKIIOHYE IyHKT TiIpOMETEOPONIOTIYHUX CIIOCTEPEkKEHb
y cmt Hlupens, 3 nepepBamu BiH npartoe Bin 1899 p. i no croroani. Ilnoma
B0710300py 10 Tiaponocrta ctaHoBuTh 307 KM%, BijcTaHb g0 rupia — 19 kM,
a BiZIMITKa «HYJISD» T1IPOIOCTa CTAaHOBUTH 258,85 M.

O0’€KTOM T1IPOEKONIOTIYHOrO AociikeHHs € ll{upelbke BOIOCXOBHIIIE,
piuka Illupka Ta nBi ii nputoku — piukn ManeduxoBuda i KoBup, 1110 KHUBJISATH
BoZIOiMy. [l po3paxyHKIB BOXHOTO OajlaHCy BOIOWMHM 3aKJIaJeHO YOTHUPHU
CTBOPH CIIOCTEPEKEHB (puC. 2):

ctBop 1 — nepen BnaxinuaMm p. Llupku y Bomocxosuiie;

CTBOp 2 — mepex BHaaiHHAM p. MajieukoBHYa Y BOJOCXOBHIIIE;

cTBOp 3 — mepen BrnaAiHHAM p. KoBup y Bogocxoswuie;

ctBOop 4 — y pycuni p. Illupka miciist BUTOKY 3 BOIOCXOBHINIA.

CrBOop 4 € 3aMHUKaO4MM 1 PO3TalIOBaHWI y HWKHbOMY O’edi HamipHOT
rpebii, y Miciii BUTOKy p. ll{upka i3 Bogocxopwuia. Po3paxyHKOBI TiIpoJIOTi4Hi
CTBOpU 00paHO JUIsl BU3HAUCHHs OajaHCy BOIHHMX PECYpPCiB BOIOCXOBHIIA.
Po3paxynku BogHOTO Oanancy 3nilicHuB riaponor B. YUopuuii. Piuka [{upka
Ta Tl MPUTOKK MAaIOTh Taki (i3uKo-reorpadiudi i MOpPOMETpUYHI TApaMeTPH,
1110 oOpaxoBaHi Ha OCHOBI TornorpadiuyHux Kapt (tadum. 1, 2).

Tabmuus 1
Mopdomerpuyni xapaktepuctuku p. [l{upka ta ii nonausis
Hasea Iloma Gaceiiny, | JloBxkuHa, IMoxuamn, %o JlicucricTh
BOJIOTOKY Crsop Km? KM I cep. | I cep. 3B. | Oaceiiny, %
p. Ulupka 1 24,9 8,55 4,56 3,04 23,8
p. MaseukoBuua 2 29,0 8,25 2,67 1,78 0,63
p. KoBup 3 13,4 5,06 7,31 3,66 14,6
p. lUlupka 4 74,5 12,0 3,25 2,24 11,1
Tabmwms 2
Po3paxyHnkoBi MopdoMeTpUYHi XapaKTePUCTUKH
lunpeublcoro BOJOCXOBHIIIA
Ne 3/m HajliMeHyBaHHSI IOKAa3HUKIB Opunung sumipy | Kiabkicts
1 2 3 4
1 Hasga BomHOTO 00’€KTa — [l[Mpenbke BOTOCXOBHIIE
2 Inoma BogHoro a3epkana mpu HITP KM? 0,80
3 ITnoma BoxHOrO M3epkana npu PMO kM2 0,47
4 JloBxuHa KM 2,4
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[IponmopxeHHs TaOIHIN 2

1 2 3 4
5 MaxkcumanbHa MIUPUHA KM 0,5
6 CepenHsl mMpUHA M 333
7 MakcumainbHa rubuna 611 rpe6ii M 6,91
8 Cepenns rmbuHa M 3,10
9 BigmiTka HopMmansHOro migmipHoro pisus (HIIP) M BC 289,00
10 | Bigmitka ¢opcoBanoro nignipHoro pisus (DIIP) M BC 289,30
11 | Bigmitka piBus meptBoro 06’emy (PMO) M BC 284,70
12 | TToBHwMit 06’ eM MIH M 2,97
13 | Kopucuuii 06’em MIIH M? 2,48
14 | MeprBuii 06’eM MIH M3 0,49

VY rigponoriynomy BigHomieHHI p. lllupka € 1OCTaTHbO BUBYEHOIO.
B cepenniit Teuii piky, y cmt Lupens ¢yHKIIOHY€E cTamioHapHUH T1iIporocT,
SIKMH CIITYE T1IporocToM-aHasoroM. [0oBHI MopdoMeTpuuHi napamerpu
Bomo30opy Ilupku o rigpomnocra po3MimieHo y Tabmumi 3. V BIAKpUTOMY
JOocTyni € jmaHi crocrepexeHb i3 1946 mo 2016 pp. Hassumii 70-piunuii
NIepiof CHOCTEPEKEHb € JOCTaTHIM Ui y3arajJbHEHHS pPO3PaxyHKOBHX
XapaKTEepUCTUK MOBEPXHEBOTO CTOKY PIYKH.

Ta6murst 3
Mopdomerpuyni napamerpu rigponocra Ha p. [lllupka (cmt Ilupens)
Moxuau c . Sani
piKu, %o epeHiii astice-
Maoma | Tosxkuna ’ = (;?C?Tl;ﬂ TMOXHUJI HiCTH
Tiaponocr | Bono3dopy, | piku, 35 3; B BOO- BOJ10- BOJ10-
Km? KM i E g 350py, M 36opy, 360py,
8 8 g > %o %
(2]
p- Mbipica = 307 27 (22| 17 300 27 12,2
cmt [upens

Butparn Boau y po3paxyHKOBHX cTBOpax 1—4 BU3Ha4eHI i3 BUKOPHUCTAHHAM
TLAPONOTIYHMX PSIIB JaHUX 3 TiIponocra-ananora Ha p. [llupka (cmt [upens)
LIJISIXOM OMPALFOBAHHS IX METOJOM MareMaTrndHoi crarucTuku. OKpiM Iux
JAHUX BUKOPUCTAHO Marepiaiyl IMOJbOBUX TiAPOIOTIYHUX HOCIHIIKEHb, IO
mpoBeneHo y TpymHi 2023 p. Ha piukax paiioHy cdopmyBaiack 3UMOBa
MexeHb. PiBHI Bomu ONMU3BKiI 0 MiHIMAIBPHUX BiAMITOK. MopdomeTpudHi
mapaMeTpy Pycel BOIOTOKIB MOJaHo y Ta0muii 4.
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Tabmuns 4
Pe3ynbTaTi N0JBLOBUX A0CTiIZKEHb MOP(OMETPUYHUX XaPAKTEPHCTHK
pycaa p. lllupka Ta BUTpAT BOAM

. MMupuna Cepenns Cepe;[‘lm Butpara
Hasa piuku CtBoOp rIM0MHa IBHIKICTH 3
pyciaa, m BO/AM, MY/C
pyciaa, m Teuii, M/c
Iupxa 1 5,0 0,34 0,066 0,107
MarneukoBnua 2 2,1 0,44 0,193 0,172
Kosup 3 1,7 0,06 0,044 0,004
Hlupka 4 6,8 0,40 0,059 0,134

Cymapuuii npuTik Bogu B Il{upenbke BomocxoBwuile ckiaagae 283 am’/c,
mo Ha 149 am’/c mepeBwuinye BHUTIK 3 HbOro. HeBiamoimHicTs Oamancy
MOSICHIOEMO TEXHIYHUM 3a00pOM BOAM i3 BOJOCXOBHIA, BTparamMu Ha
BUIIAPOBYBAHHS, 1HQUIBTPALiI0 Ta aKyMYJISLIEI0 CTOKY. 3aBHUILEHI BUTPATH
BOAM Yy cTBOpax 1 i 2 MOXyTh OyTH BHMKJIHMKaHI CKHJIOM NOOYTOBHX CTOKIB
y p. lupka i ManeukoBuua. OTpuMaHi pe3ysibTaTd BUMIpIOBaHb BUTpPAT BOAU
y p. KoBup fe1iro crioTBopeHi i 3aHMKEHI.

Pexxum p. Hlupka BH3HauarOTh KIIMaTH4HI OCOOJIMBOCTI TEPUTOPIl
BOZI0300py, HacamIiiepel] Xapakrep 1 KUIBKICTh OHagiB Ta TeMmIeparypa
NOBITps. BigmoBiAHO 10 KIIMarMyHUX MapameTpiB perioH Mae 3MilaHe
JKUBJEHHS. B yci ce3onu crik Boau Hmwkuud 50 % Bijg piYHOTO CTOKY,
B 00’€MHOMY BIIHOIIECHHI NlepeBaxkae BecHsHUi cTik. CepenHbobaraTopiuna
Butpara Bomu Oinst cmt Ilupens cranoButh 1,60 mM°/c, a MOmynb CTOKY —
5,21 aM’/c 3 1 kM2, MakcuMalibHi BUTPATH BJIACTHBI ISl BECHSHOIO MEPIOAY,
MiHIMaJbHI BUTpaTH BOJM HaifuacTille CIIOCTEpIraloTh y APYrid MOJOBHHI
TPaBHS, YepBHi a00 Y BEPECHI-)KOBTHI .

BecHsiHa OBiHb IPOXOUTH Y Oepe3Hi, HANBHUIIMHI piBEHB csirae 1-2 M Haj
YMOBHUM pIBHEM BOJM IpH 3BHYaiHINH moBeHi 1 2,9-3,0 M IpH BUKIIOYHO
Bucokiii moseni (1912, 1929, 1940, 1948, 1966, 1980, 1998 i 2020 pp.).
VY MajoBoaHI POKH BHCOTa MakcuMyMy He mepepuirye 0,3 M. Y GararoBoaHi
POKH miATOILIIOTECS cena Jmurpe, [onaruui i BepOik.

Ha moyarky KBiTHS Hactae MeEXeHb, L0 MPOAOBKYETHCS IO KOBTHS-
JHUCTONaAa, 3 HAMHWKYUMHU PIBHSAMH Yy TpaBHI 4Yd BepecHi. AMIuIiTyaa
KOJIMBaHb CEPEAHBbOPIYHOT MekeHi mocsrae 42 cM. Xia MEKCHHUX DIiBHIB
CIIOTBOPIOETHCS TOIYCKaMK Yepe3 rpediIro, a TAKOXK 3apOCTaHHAM piku. Kpim
TOT0, MEXEHb HEOIHOPA30BO (ABa-TPU pa3u) Y YEPBHI-CEPITHI MOPYIIYETHCS
IHTCHCUBHMMH JIOIIOBMMHK MaBoakamMu Bucotoro 0,5-1,0 M Hag yMOBHHUM

7 Teoexouorist Luperproro Bonocxosumia / Auapeitayk 0., Binanrok B., Bora O. Ta iu. / 3a 3ar. pen.
€. Isanosa Ta O. [Tuimnosuy. JIbBiB : JIHY im. I. ®panka, 2024. 116 c.
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piBHEM BoaHM, y 0araToBOHi pOKHM — 2,3 M HaJ NepennaBoJKOBUM. 3UMOBA
MEXeHb (IPYICHb-JIOTHI) HECTilKa, 4acTo IMOPYLIYETHCS IMiAHOMaMH PiBHS
BHCOTOO 10 1,8-2,6 M Hal yMOBHUM, BUKJIMKAHUMH Bijyiuramu. Temmeparypa
TIOBITPs pH Bijmrax cranoBuTh 8—10 °C. HaitHmk4i piBHI HaCTalOTh Yy KiHIi
TPyIHS — MOYaTKy CiuHs, 3a3BHYail BOHU Ha 5—8 cM HIXK4i OOYTOBHX PiBHIB.

JIbonoBHH peXHUM piKM HECTIHKWH, a CyUUIbHHH JbOJOCTaB OyBae He
LIOPIYHO; HEPIIKO HOocepes 3UMU Mae Miclie CKpeCaHHs PIiuKH, JIbOAOXIij,
OIOJIOHKY 1 TIOBHE OYMIIEHHS BiJl JIbOMY. 3arajibHa TPUBAIICTh MEpiody i3
JILOIOBUM siBHIaMu Bixt 17 1o 102 ni6. 3amep3aHHs OUYMHAETHCS Y CEPEHHI
IpynHs, 3a3Bu4ail i3 mosBu 3abeperiB. B Tperiii nekani rpyaHs, iHKONIM Ha
MOYaTKy TPYIHsSI BCTAHOBIIIOETHCS JIboJ0cTaB. CKpecaHHs PiKM MPOXOIUTH
Ha ToYaTrKy Oepe3Hsi, IHKOJIM Ha MOYaTKy JIToro abo y KiHIi OepesHs, iiomy
nepejye mosiBa MpoMoiH. BecHsHMIA JIbomoxia TpuBae 2—7 IHI, TPOXOAHUTH
3a3BUYAl MPU BUCOKHUX PIBHSAX BOJH, IHKOJIM CITIBIIAJIA€ i3 MIKOM TOBEHI.

[TmtocoBy Temneparypy BOAM CIIOCTEpIraloTh 3 OEpe3Hsl 10 JIMCTOMa.
VY ©Oepesni BoHa He mepesuinye 2,5-3,0 °C, y kBiTHI jopiBHioe 4-9 °C,
y TpaBHi — 10-14 °C, y uepBHi — 15-18 °C. Bix 4epBHs 10 JMITHS TeMIepaTypa
BoJM 3poctae Ha 2—-3 °C. MakcuMaibHa TeMIleparypa B OKpeMi JHi Jocsrae
27-29 °C. 3 nunHS MOYMHAETHCS 3HW)KEHHS TEMIIEpaTypy BOJIM, Halpi3Kilie
3HW)KEHHSI TEMIIEpaTyp CHOCTEpiraroTh y BepecHi 1 xoBTHI — 1o 6-9 °C,
y nucronaai — no 3—7 °C, y rpyani — g0 0-3 °C.

J1o TONIOBHUX TiIPOJIOTIYHKUX MapaMeTpiB IIOBEPXHEBOTO CTOKY HalleKaTh
JlaHi PO MaKCHUMAJIbHHH, CEepeHbOPIYHUI (BKIIOYHO 3 BHYTPILIHBOPIYHUM
PO3IOAIIOM) Ta MiHIMaJIBHUN CTiK. MakcuMaibHUHM CTiK GOPMYIOTH JOIIOBI
MaBOJIKM, NMPUHAMEMO 3a pPO3PaxyHKOBI Taki MaKCHUMalbHI BHUTPaTH BOAM
(Tabn. 5). MakcuManbHI BUTpaTH BOIM Yy CTBOpi 4 pI3KO 3MEHIIYIOTHCS
y 3B’S3KY 3 CYTTEBHM BIUIMBOM PO3TAIIOBAHOTO BHIIIE 32 TEUI€I0 BOAOCXOBHIIIA,
sIKe BUKOHY€E PETYIoouy (GyHKIIIO.

Ta6muus 5
MaxkcumaJjibHi BUTPATH BOAH BOJAOTOKIB

PospaxyHkoBi MakcuMalibHi BUTPAaTH BOAH,
Hassa pikn CtBoOp F, km? am/c
Ql Yo QZ %o QS% Ql(l% QZS%
Iupka 1 24,9 17,2 12,4 7,91 5,25 2,72
MazeukoBrda 2 29,0 19,7 14,2 9,06 6,01 3,11
Kosup 3 13,4 10,1 7,27 4,65 3,08 1,60
upka 4 74,5 21,9 15,8 10,1 6,68 3,47
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CepenHbOPIYHUN CTIK € IHTErpaJbHUM ITOKa3HUKOM BOJHHMX PECYpCIiB
TepuTopii BOAO300pY, TOMY NONAEMO CEpPEIHBbOPIYHI BUTPATH BOAU Ha
JOCIIJDKYBaHUX BOJIOTOKIB pi3HOI HMOBIPHOCTI mepeBHUILEHHS (Tadm. 6).
HeysromxkeHicTb cepelHbOPIYHOTO CTOKY MK HNPUXIZHOIO YaCTHHOIO CTOKY
(cymapso ctBOpH 1, 2, 3) 1 BUTpaTHO (CTBOP 4) MOSICHIOEMO HE BPaXOBAHUM
MOBEPXHEBUM 1 MIJ3EMHHM CTOKOM Y BOJIOWMY uepe3 HasBHY IOJaTKOBY
B01030ipHY oty (7,2 KM?), 1[0 MPUMHUKAE 10 HEl 1 He HAJIEXKHTh 10 PiYoK,
npote Oe3mocepenHbo POPMYE 1 BifIa€ CTIK y BogocxoBuie (puc. 3).

Tabmuns 6
CepeaHbopiuHi BUTPATH BOAM BOJAOTOKIB Ta IXHSI MIHIUBICTH
CepennbopiuHmii cTik 3a6e3neqenictio P%,
Ha3ssa pikn CTtBOp F, km? /e
QS(I % Q75 % QSl] % Q95 %
lupka 1 24,9 0,130 0,092 0,085 0,069
ManeukoBuua 2 29,0 0,151 0,107 0,099 0,080
Kosup 3 13,4 0,070 0,049 0,046 0,037
Iupka 4 74,5 0,388 0,274 0,254 0,206

MiHiManbpHI BUTpPAaTH BOIW HaJEXKaThb JO TOJIOBHUX TiIPOJIOTIYHUX
mapameTpiB, SKi BHKOPUCTOBYIOTh NPH MPOEKTYBAaHHI Ta OymiBHUIITBI Pi3HUX
BOJI03a0IpHUX TIIPOTEXHIYHUX CHOpPyH. Big HUX 3aiJeXHUTh BCTAHOBJICHHS
BEIMYMHU  CAHITAPHOTO CTOKY, pPO3PaxXyHOK TPAHWYHO JIOIYCTUMHX
ckuAiB Tomo. MiHIMaNbHI BHUTPaTH BOOM PO3PAaXOBYIOTH AHAJOTIYHO [0
CepeTHBOPITHNX Ha OCHOBI JAaHWX T'1IPOIIOCTa-aHAIOra, a MMOTIM IX MOJIETIOIOTh
y po3paxyHKoBi cTBOpHU. llomepenHpo BU3HA4YEHI MiHIMalbHI BUTPaTH BOAM
MIEPEHECEHO Y PO3PaXyHKOBI CTBOPH 3TiNHO i3 MaHWUMH MOXIYIS CTOKY Ta
3 BpaxyBaHHIM JIaHHUX MOJBOBOTO TiIPOJIOTIYHOTO JOCIiKeHHS (Tabm. 7).

Jna miaTpuMaHHS HOPMaJdbHHUX OlOJIOTIYHUX 1 CaHITAPHUX YMOB XKHUTTS
BOJOTOKY MOBHHEH 3aJUIIATHCS CaHITApHUH MiHIMYM, TPaKTyBaHHS PO3MIpy
SIKOTO, CTAHOM Ha ChOTOIHi, HEOIHO3HAYHE. PO3PAaX0OBaHy CaHITapHY BUTPATY
BOJM y CTBOpaxX MojxaHo y Tabi. 8. Buxomsun i3 mOIOKEHHS PO CaHiTapHUN
MiHIMyM, Oynb SKHHA MPOEKTHUH 3a0ip BOAM i3 JOCHIIKYBaHUX BOJOTOKIB
MOXE 3HIACHIOBaTHCS 3a OO0OB’S3KOBOI yMOBH 30epeXeHHS CaHITapHOI
BUTPaTH B OCHOBHOMY pyCIli Ta HOTPMMAaHHSA yCiX HOpM i BuMor Bopmnoro
KOJEKCY YKpaiHH.
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Tabmurs 7
MiniManbHi BUTPaTH BOIU BOAOTOKIB

Hassa pikn Crsop F, oot Minimanbni Burparu (cepeani 3a 30 i6), am*/c
Q75 %o Q8l] /3 Q95 % Q97 %o
lupxa 1 24,9 44,6 41,3 31,6 29,1
MarneuxkoBruya 2 29,0 51,9 48,1 36,8 33,9
Kosup 3 13,4 24,0 22,2 17,0 15,7
Iupka 4 74,5 133 124 94,6 87,2

Tabmuus 8
CaniTapHi BUTpaTH BOIM BOJOTOKIB

Hasea piku CrteOp F, km? Canirapuuii crik, Il‘M3/c
Quinss o Q caniTapna
Llupka 1 24.9 31.6 23,7
ManeukoBuua 2 29,0 36.8 276
Kosup 3 13.4 17.0 128
Hopra 4 74,5 94,6 71,0
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Boauuii OasaHc BOZOCXOBHMIA € CIIBBIAHOLICHHSIM HAJXOIKCHHS
BUTpAT Ta aKyMyJISlii BOAM B MeXax BOJOMMH 3a NEBHHH MPOMIXKOK Yacy.
BiH 3ayie)xuTh BijJ pI3HUX YHMHHUKIB: reoMop(osoridyHoi OymoBH TepUTOPIil
BOZ0300pY, TiAPOJNOTIYHOTO PEXKUMY, KIIMaTHYHAX YMOB, HasBHOCTI
TiIPOTEXHIYHUX CIIOPYH, IHTEHCHBHOCTI @HTPONOTE€HHOI IiSUIBHOCTI TOIIO.
3rifiHO 3 J103BOJIOM Ha CHENBOJOKOPUCTYBAaHHS T'OJIOBHUM BOJOCIIOKHBAYEeM
€ JIMKII «JIbBiBTemoeneproy». Jlimit 3abopy BoaM i3 BOJOCXOBHINA
craHoButh 5600,05 ™m*/moby (1725,4 tuc. m*/pik). BurparHa dvacTuHa
€ OunbIIoro0 3a npuxigHy Ha 1818,2 Tuc. M* (abo Ha 12,4 %). Lle o3nauae, mo
Ui yrpumanHs cranoro HIIP cnixg mpoBomutn GaratopiuHe peryitoBaHHS
CTOKY.

4. TippoxiMiyHMi1 i caHiTapHO-TiriEHIYHMI1 CTaH BOJ0CXOBULLLA

Jns  BusiBnenHs 3a0OpynHenHst ll{upernpkoro BOJOCXOBHINA —HaMu
BUKOPUCTAHO JIaHi MOHITOPHHTY JIHICTPOBCHKOTO 0aceiHOBOrO yIpaBJIiHHS
BOJHUX pecypciB 3a 2022 p., sike 3IIHCHIOE CIOCTEPEKEHHS 3a 3a0PYIHCHHAM
y p. llupka nepen BmaaiHHSIM Yy BOIOCXOBHIIE, Ta JaHi yiaboparopii TOB
«Kommnanis «Uenrp JIT/]» sikol0 mHpoBeAEHO TiIPOXiIMiYHI 1 caHiTapHO-
Tiri€HIYHI JOCHTIHKEHHS SKOCTI BOJ Y BOAOIMI i MPUTOKAaX, SIKi JKUBJIATH
Bozpocxosuiie y 2023 p.8. TIpo6u Boxu, TOHHUX BiIKIAAIB i IPYHTIB BifiOpaHO
y JOCIiKYBaHUX TOYKax (puc. 4).

binbuiicts mpo6 Oy npo3opi, 6e3 Kombopy 1 CTOpOHHIX 3anaxiB. JIume mpoda
TB. 9 mana cBITIO-KOBTUH KOJIp 1 Jienp BigdyTHWIA 3amax, a npoda T.B.10 —
cipuii Kouip 1 Bi4yTHHMIA 3amax KaHajizanii. 3a 3HaueHHsM pH Boaa B ycix npobax
HAJIXKATh JI0 HEUTPAJBHUX, 3 HAOVDKSHHSIM JI0 CIIA00ITYKHOT peaKilii.

MiHepaii3altist BOAH y BOZOCXOBHILI KonuBaeThest Bia 382 mr/nm® (T.B.1) o
839,6 mr/mm* (T. B.3). HaitHmkuuM i 6JIM3bKUM 10 TIPUPOJHOTO MiHEpaTbHUI
ckiaan y pycm p. Illupka 3adikcoBaHo mepes BHAAIHHAM Y BOIOWUMY.
HaiiBumunii moka3HuK MiHepamizamii Bif3Ha4eHO y p. MaeukoBu4a, ne
€ 3Ha4YHE 3a0pyIHEHHS BOAOTOKY CTIYHMMH BOAaMH. Y LEHTPAJbHINA 4acTHHI
BOJIOCXOBHIIA MiHEPATi3allisi CTAHOBUTDH 455,4 Mr/mm>.

BMicT TMOKa3HUKIB COJNBOBOTO CKJIAJy BIJIMOBIJa€ HOpMATWBaM B YCiX
npobax skmo Oparu no ysarum [JIK mis rocnomapchKo-moOyTOBHX BOJ,
OIHaK € IIEPEBUILEHHS 3a BMICTOM Cynb(ariB pudOrocrnoaapcbkux HOpM
y npo0i Boau 3 p. ManeukoBuua (T.B.3), He3HauHe mepeBuineHHs y mpoOi
BoaM 3 p. KoBup Ta y Bogocxosuini. Y npobi Boxu 3 p. MajieukoBrya HOpMY
MEPEBHILYE BMICT KaJIbLIIO.

8 Teoexomorist Luperproro Bonocxosumia / Auapeitayk 0., Binanrok B., Bora O. Ta iu. / 3a 3ar. pen.
€. Isanosa Ta O. [Tuimnosuy. JIbBiB : JIHY im. I. ®panka, 2024. 116 c.
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Puc. 4. Touxu Bindopy npod nmoBepxHeBUX BOJ, AOHHHUX BigkJaliB
i rpynTiB B exocuctemi II{upensKoro BoxocxoBuia

3nauenns bCK; B ycix mpodax MaroTh BiAXUIEHHS BiJl pHOOToCofapChKuxX
HOpM, HaioumpIe — y p. MaseukoBu4a (y 2,5 pa3u) Ta y KaHajii 06e3 Ha3BH
(T.B.10), mo Teue Bix c. HaBapis — y 9,4 pazu (puc. 6). B mpobax 3adikcoBaHO
HaiiBumi 3HaueHHs XCK 1 mepMaHraHatHOi OKHCHOCTI Ta HaWHIDKYI
KOHIICHTPALlii PO3YNHEHOT0 KHUCHIO®.

® Teoexonoris [lupenproro Bogocxosuia / Auapeitayx 0., Binantok B., Bora O. Ta in. / 3a 3ar. pexn.
€. IsanoBa ta O. [Trmmnoswy. JIbBiB : JIHY im. 1. ®panka, 2024. 116 c.
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Pesynsrarn monitopunry xomnanii «llentp JIT/]» y3romxkeni i3 naHuMu
JIHicTpOBCHKOTO GACEHHOBOTO YIPaBIIiHHS BOJHUX PECYPCiB. 3riIHO IMX JAHUX
cepennbopiuna konrenTpauist BCK; y 2022 p. cranosuna 4,12 mr/am® (3a HOpMH
3 mr/am®)"°. Makcumaneni nokasHuku BCK; 3adikcoBano y smmnai 2022 p.
i craHoBWIH 5,76 Mr/amM?, mo y aBidi nepesuiiye mokasHuk [JIK (puc. 5).
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Puc. 5. lunamika BCK; y p. lllupka y micui BnagiHHs y BoJ0oCXOBHIIe

Ilcepeno: na ocrnosi danux Bacetinoeozo ynpaeuints 600HUX pecypcis

Bwmict a3ory amoHiiiHOro B ycix mpo0ax € BHIMM 32 PHUOOrocronapchbKi
HOPMH, a B JIBOX KaHaJaX 1 33 rocrofapchKo-Mo0yTOBI HOPMH, IO CBIIYHTH PO
MOTPAIUISIHHS y BOIOCXOBHIIEC 3a0pyIHEHHS KOMYHAIbHO-IIOOYTOBUX CTOKIB.
Hanpukiazn, y T.B.10 BMicT a30Ty aMOHIHHOTO MEPEBHUIILYE HOPMY aX Y 95 pasiB.
B ycix npo0ax BUSIBIEHO CIIiM HITPATIB, a HITPUTH y p. ManeukoBuya — B 1,1 pasu,
y KaHauni 0e3 Ha3Bu — B 4,0 pa3u. 3a0py/JHEHHs HITPUTaMH IiITBEPIPKYIOTh JaHi
JIHICTPOBCHKOTO OACEHHOBOIO YIpaBIiHHS BOJHUX PECYpCIB 3riHO 3 SIKUMU
cepenHsi KOHLEeHTpaisi HiTpuTiB y p. [l{upka nepen BragiHHAIM y BOIOCXOBHILE
cranosmia 0,12 mr/mv®, makcumaneha — 0,15 mr/am’, mpu TJIK — 0,08 mr/mve.
Bwmict docdaris mepepuirye HopMy y KaHaiti 6e3 Ha3su — B 6,13 pasu'l.

10 JTnicTpoBcbke GaceiiHOBE yIpaBIIHHS BOIHHX PECypCiB. Jleporcaghe azenmcmeo 600HUX pecypcis.
URL: https://vodaif.gov.ua/; Open Access. Environmental. Marm. URL: http://openenvironment.org.ua/
water/

' Teoexosorist ILuperproro Bogocxosuma / Auapeitayk 0., Binantok B., Bora O. Ta im. / 3a 3ar. pex.
€. Isanosa Ta O. [Tuwimnosuy. JIbBiB : JIHY im. I. ®panka, 2024. 116 c.
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BMicT BaKKMX METAJiB € HIDKYUM BiJl YyTIMBOCTI METOMIB BH3HAYCHHS,
32 BMHATKOM 3ajli3a i MapraHiio. IX KOHIEHTpalis B ycix mnpo6ax
nepeBunrye nokasHuk [JIK puborocrnogapchbkoro 3Ha4eHHs. MaKCUMalbHY
KOHIICHTPAIIII0 IMX METAJIB BHSBJIEHO y Mpo0ax BOAM 3 KaHaly 0Oe3 Ha3BH.
Boua mepeuiye HopMy s 3aji3a 3arajJpHOro — B 28 pasiB 1 Maprauio —
B 56 pasi. IXxHS HasBHICTH y BOJI MOB’A3aHAa i TOCIIONAPCHKOIO MisTBHICTIO
HaceJIeHHs, 1 PO3MHOKEHHSIM CHHBO-3€JIEHUX BOAOpOCTEH. Y TphOX mpobax
(T.B.3, 11 i 10) 3adikcoBaHO HiIBUINEHUH BMICT IIMHKY, a B 000X mpobax
3 p. MaJieukoBrya — TMEPEBHINCHHS 3a BMIiCTOM Kammito (2,6-3,6 pasm).
3a3Haunmo, 1o y rupai p. Maneukosuua (T.B.2) #ioro BMicT MeHIuit, 1o
MOKe OyTH NOB’SI3aHO 3 OCTYIIOBUM II€PEMIIIYBaHHSIM BOJ.

30

. _

T.B.1 T.B.2 T.B.3 T.B.5 T.B.11 T.B.8 T.B.6 T.B.9 T.B.10

==bCK5 =—IJIK

Puc. 6. Konuenrpauis BCK; y Biniopanux npo6ax Boau, y mr/nm’

T.B.1 TB2 TB3 TBS TB.11 TBS8 TB6 TBY T.B.10

A30T aMOHITHUIT =="J1K (0,39 mr/am ky0.)

Puc. 7. Konnenrpauis a3ory amoHiiiHoro y Bixidpanux npo6ax Boamu,
y mr/am?
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Haiiripma sikicTh Boau 3a MIiKpOOioJIOTiYHIMY MTOKa3HUuKamu € y p. [llupka
nepeq BHAIIHHAM Yy BojocxoBuule, p. MaineukoBuya (c. MaseukoBnyi)
Ta B 000X BIYCKHMX KaHayiaX. 3arajioM, KHUIIKOBI MAJINYKH € CaHITapHO-
MOKA30BUMH (IHAMKATOPHUMH) MiKpoOpraHizaMamMu (pekaibHOro 3a0pyaHEHHS
JOCIIJDKYBaHOTO BOJHOTO O0’€KTy, a iX KUIBKICTh BHU3HAYa€ CTYIiHb
3a0py/IHEHHS ITOBEPXHEBUX BOJ, HASBHICTh IaTOTEHHUX EHTEpPOOaKTepii,
y TIM 4YHCIi caJibMOHeNIH Ta KoiidariB (OakrepiallbHUX BipyciB, BUSIBICHHS
SIKMX MOXK€ CBIJJUMTH MPO HASBHICTH MATOT¢HHUX BipyciB) (puc. 8). Y mpobax
BOJ BIIXWJIEHb Ha MEPioJ] JOCII/KEHb HE CIIOCTEePITay.

700
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200 \/\
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0
T.B.1 rB2 TB3 TBS5S TB.1l TBS TB.6 T.B9 TB.I0
== Komicarmu, ['AK (100 BYO mr/nm.xy0)

Puc. 8. Konuenrpauis komidaris y Biniopanux npoéax soau, y mr/am?

Jlnst MOHHMX BiJKJIaAiB TPAHWUYHO JOIYCTUMI HOPMH HE BCTaHOBJICHI,
TOMY OTpPHMaHI pe3y/bTaTH MOPIBHIOBAJINCS 3 TPAHUYHO JOMYCTHUMHUMU
KOHIIGHTpAIiSIMU, SIKI BCTaHOBJCHI Ui TIPYHTIB. 3a Bi3yaJbHUM CIHOCTE-
PEXKEHHSM BiiOpaHi 3pa3ku pi3HOTO MiHepaibHOro ckiany. [Ipodu BiniOpawni
y T.B.8 1 9 micTunu 3Ha4Hy KUTBKICTb micky, y T. B. 1, 2, 51 10 — rymycoBux
pedoBHH. BMicT pyxomMux (opM BaXKHX MeTaliB 1 Ha(TOmpOIyKTiB,
y OLITBIIOCTI 3pa3KiB HE MIEPEBHIILY € IOy CTUMUX HOpM. BmicT HadTonpomykTiB
HIDKYE YYTJIMBOCTI BHOpaHOI METONMKH aHawi3y, a pyXoMmi (OpMH Ba)KKUX
METaJiB BHUSBJICHI Y HE3HAUHHUX KUIBKOCTSIX, 33 BUHATKOM MapraHIlio 1 IIMHKY.
Bwmict mapranmto Bumie Hopmu y 1,0—1,5 pasu, a uuaky — y 1,14 pasis'?

12 Teoexonorist Lupenpkoro Bomocxosuina / Auapeitayk 0., Binantok B., Bora O. Ta in. / 3a 3ar.
pen. €. Isanosa ta O. [Tununosuy. JIesis : JIHY im. I. ®panka, 2024. 116 c.
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5. MNoceneHcbKe HaBaHTaXKEHHS i BOAOKOPUCTYBAHHA

Po3ramryBaHHs, a TakoXK IUIONIA Ta KUIBKICTh HACENEHUX ITyHKTIB
€ OfHUM 3 HAaWBaKJIMBIIINX YMHHHUKIB aHTPOIOTCHHOTO HABAHTAXXCHHS HA
BojoiiMH. B Mexkax Bomo30opy Illupenbkoro BOIOCXOBHINA PO3TALIOBaHI
JIeB’ATh TIOCENEHb, a came cena CoxinpHukH, Cononka, Haropsuan, Haapis,
Tlomosust, bBaciBka, Kow’spi, Ckamnie i Jlumawkum JIBBIBCHKOTO paioHY
JIsBiBCBKOT 0OMacti (puc. 9). LLinbHICTh HaceIeHHS y BOT0300Pi BOIOCXOBHUIIIA
y cepemaboMy craHOBHTH 300400 oci6/kM> 1 MoOKe IepEBHUILYBaTH
600 oci6/xm?. 1151 TepuTOpist HATEKHUTH 0 MBHIYHOT YacTHHH Oaceiny p. [L{npka
1 mpuMichkoi 30HH JIbBOBa, Bi3HAUA€THCSI BICOKOIO T'yCTOTOIO HACENCHHS Ta
IIBUAKKAM 3pOCTaHHIM HOTO YnceIbHOCTI. Hanpukian, aucensHicTh HaceIeHHS
c. CokinpHukn 3pocna Bix 2001 p. Ha 5366 ocib (puc. 10).

{ foren e
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Puc. 9. YuceabHicTh | WiNbHiCTH HACeeHHS Y BO10300Pi
I{upenbKoro BOAOCXOBUINA Y po3pi3i cyddaceiiniB
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Puc. 10. Ilunamika ynceabHocTi HaceJeHHs y celi COKITbHUKH

Loicepeno: 3eiono oanux Hepoicasnoi cayxcou cmamucmuxu Yxpainu)

3rinHo 3 nmaHMMmu noptany «JIpBiBmiMHA: momu B Ail» COKITBHUKH
€ JgepoM cepel CUThChKUX TpoMaa JIBBIBCBKOI 0ONAcTi 3a 3arajibHOIO
TUTOIICIO TIPUHHSTOTO B eKCIUTyaranito xuwia y 2022 p. Tyt odiniiino 3mamm
nonax 37,0 THC. M? KUTIOBOI HEPyXOMOCTI (Ul HOPIBHSAHHS, B YChOMY
JporobunpkoMy paiioHi IIOTO X POKY NMPHUHHSIM B EKCIUTyaTariio >KUTIa
29,7 tuc. M? xutina)’.

Taxki ) 3MiHM BiIOyBalOTHCS 1 B IHIIMX HACEJICHMX MyHKTaX y BOA0300pi
BOJIOCXOBHIIA, HAPHKJIA, 3acTocyHok Google Earth Pro no3Bossie mpocrexunn
SK 3pOCTae IIomia iy 3abynoBoro y cenax Haropstaum i IMopmmna (puc. 11).

CpOrosHi, LEHTPAJi30BaHUM BOAOIIOCTAYaHHSM B OKPEMHX JKHTIOBHX
MacuBax 3ab0esnedeno jmme 50 % CUIBCHKMX MeIIKaHMiB. Po3xix Bogu IS
paiioHy, IO OXOIUIEHMH IEHTPAJi30BaHWM BOJAOIOCTAYaHHSIM CTaHOBHUTH
750 ™*/moOy. YacTMHa MEINKAaHIIB BHKOPHCTOBYE BOAY 3 KOJIOAA3IB
i cBepoBuH. Y COKIJIBHUKAaX CHCTEMa IICHTPATi30BAHOTO BOIOBI/IBEICHHS
BiZIcyTHS. BinbIIicTh MEIIKaHIIIB KOPUCTYETHCSI BOMPAIBHIMHU 3 BUTPIOHUMHA
aMaM# 1 centukamu. Okpemi XWTIOBI OyIMHKM 10 Byll. [pymieBchKoro
TIIKIIFOYEHO 10 KaHalli3amiiHoi Mepexi rmo Byi1. Ctpuiicekiid (M. JIbBIB).

B Lviv. Media. ki cema JIbBiBIIMHE 3pocTaroTh HaHmBHame? PeHTHHr CLIBCBKMX TIpoMaji 3a
temmamu  OymiBeunrBa xkuria. URL:  https:/lviv.media/lvivshchyna/80879-top-5-sil-lvivshini-za-
tempami-i-rivnem-rozvitku/
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Puc. 11. 3pocTranns mionr mig 3a0y10BOI0 B OKOJIHIISX
Mupenskoro BoxocxoBuina ctanoM Ha 2009 p. (a) i 2022 p. (0)

JDicepeno: na ocnogi kocmosnimrie Google Earth Pro

Yacruna 3a0ynoBu Bynuis llleBdeHka i JIbBiBChKOI MpUEAHAHO /10 KaHa-
mizamiinoi cucremu M. JIbBoBa, y paiioni Byn. Tpyckaserpkoi. CibCbKuid
IPOMaJICHKHI LIEHTD, IIIKOJIA 1 JTIKapHS MaroTh JIOKAJIbHY CHCTEMY KaHAITI3alli, sika
repeKavye CTOKH y KoJieKTop M. JIbBOBa. 3a iHIL[IATHBOIO MEIIKAHIIIB MOOY/I0BaHI
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CaMOTI4HI KOJIEKTOpH >KHTIoBoro MmacuBy CoHs4HMH, Bymuib JIbBIBChKa
i IlleBueHka, HEOUMINEHI CTOKM IOTPAILULIIOTH y p. MaeukoBu4a, a jaini
y Wuperpke Bomocxopuine'. OTOXK, BOIOHMA € HKEPETIOM BOJOMOCTAYaHHS Ta
npuiAMadeM CTiYHKUX BoJ. Ha ekooriuyHmii craH oBEpXHEBHUX BOJI BOZOCXOBHINA
BIUIMBAE 3a0pyIHEHHS! KOMYHAILHO-ITOOYTOBUMH 1 IPOMHCIIOBUMH CTOKaMH Ta
TBEpPAUM NOOYTOBHM CMITTSIM; 3a0pyIHEHHS IPYHTIB i arMOoc(epHOro IOBITPSE;
a TaKOXK 3MiHa JJAHANIAQTHOI CTPYKTYPU BOIO300pY TOIIIO.

TonoBuuM BomokopuctyBadeM BopocxoBuma € JIMKII «JIpBiBTEmio-
eHeproy». 3riIHO 3 J03BOJIOM Ha CIICiaTbHE BOJOKOPUCTYBAHHS JIIMIT 300Dy
Boau cranoBuTh 5600,05 mM*/moby, abo 1725,4 tuc. M*/pik. Y 2022 p. 3abip
BOJIM 3 BojocxoBuia ctanoBuB 1034,7 tuc. M3/pik.

Y piuky [upka: T30B «Tpanc-Cepsic-1» 13 JiMITOM CKHJIB
y 25,42 tuc. M¥/pik, y 2022 p. obcsaru ckuaiB craHoBuiam 22,8 THC. MY/piK;
[T «Toproeuit [dim «Op0bita», mimit ckunie — 14,49 tuc. m*/pik, obcsaru
CKUJIIB — JIaHl BiJICyTHI,

V piuky Masneukosuua: T30B «O3epoy, mimit ckumiB — 9,11 tuc. M3/pik,
obcsru ckumie — 9,0 tuc. m3/pix; T30B «H. TLB.», miMmiT CcKumiB —
16,34 tic. M*/pik, 00CSITH CKHIIB — JaHi BiCyTHi.

Y piuky Kosup: KsaprupHo-excryaraumiinuid Biguin M. JIbBoBa,
mimit ckugie — 90,91 TtHe. M¥/pik, obcsiru ckumiB — 16,2 Thc. M3/pik;
AT «lannadrorasy, mmit ckumiB — 4,579 tuc. M*/pik, 0OCITH CKUIIB —
1,7 tc. M*/pik.

OxpiM odiuiiiHUX cyO’€KTIB TOCHOAAPIOBAHHS, SKI MAalOTh J03BOJIM Ha
CKUJIM, y PIUKM 1 KaHamy, 1m0 XuBJATh lllMperbke BOZOCXOBHIE CKUAN
3IIMCHIOIOTE NPUBATHI AoMorocnozaapcTsa. OOCSTH CKUAIB HEBIJOMI uepe3
te, mo nocenenns Cokineauku, Cononka, l'onosuirs, HaBapis i ManeukoBudi
HE MalTh CHUCTEMH IIEHTPaJIi30BaHOTO BOJOBiABEAEHHA. MU po3paxyBanu
o0csr CTIYHMX BOJ, IO MOTPAIUIIOTH y BONOTOKM cyObaceiny p. llupka
JI0 BIAIHHS y BOMOCXOBHINE. B Mexax cyObaceitHy mpoxuBaio 3412 ocio,
a HOpPMa CHOXXMBAaHHS BOAM JUIsd MEIIKAHIIB IPUBAaTHOIO CEKTOpy Oe3
[EHTPATi30BaHOl TO/ayi rapsiuoi BOOU CTAHOBHUTH 6,3 M3/Micsalp', CKunm
crigaux Box — 21 495,6 M® y Micsiue, ab6o 257 947,2 M y pik, mwo y Tpudi
MEPEeBHIIYE JIO3BOJICHMH CKUJA Y BOJOCXOBHINE. SIKIIO BpaxyBaTh CKUAW
y cyObacelinu pivok MaseukoBnya i KoBup, obcsiru ckuiiB OyayTb CYyTTEBO

4 Mumumosna O., IsamoB €., Amapeituyk 0., Tomny6es 10., XKosrsaucekuit O. Autpororente
HaBaHTaxeHHA Ha Boxo30ip Illmpenproro BomocxoBuma. Hayk. sanucku Tepnonin. nayioh.
nedazoe. yu-my im. B. Tnamioka. Cep.: T'eoep. 2024. Ne 1 (56). C. 160-168. DOI: https://doi.org/
10.25128/2519-4577.24.1.19

15 Hopmu CrioXXHBaHHS BOAH ISl MEIIKAHIIB mpuBaTHOro cextopa. URL: https:/kyiv.poverka.net.ua/
normy-spozhyvannya-vody-ukrayina/
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BummMH. Lle miaTBepIuKy€eThCs pe3yibTaTaMy TipOXiMIiYHOTO MOHITOPHHTY,
SIKI BUSIBWIN TIEPEBHUILEHHS BMICTY 3a0pYIHIOIOYHMX PEYOBHUH 1 MPUTHIYEHHUH
cTaH 010TH y piuKax i KaHauax, sKi BNaJal0Th Y BOZOCXOBHILE.

6. CTpyKTypa 3eM/JIEKOPUCTYBaHHSA Y BOA0360pi BOAOCXOBULLA

Sk BUAHO 13 CTapWX AaBCTPIACHKUX 1 TONBCHKUX KapT, KOJIHM IIe HE
ICHYBaJIO BOJOCXOBHIIA, OKOJIHUII TEPUTOPIl TOCITiIKEeHb Oyar Malio3ajliCHeHi,
a OCHOBHMM THUIIOM aHTPOIOTCHHOTO BIUIMBY HAa IIPUPOAHI TI'€OCHUCTEMH
3aJIMIIANIOCS TOCENICHChKE HaBaHTakeHHs. Ha choromHi, TepuTopist JOCIiKEeHb
HaJIOKUTh JI0 NpuMickkol 30HM JIbBOBa, a Takoxk 10 JIbBiBChKOT ammomepartii.
3 onmimy Ha Te, 10 Oy[b sSKa MiChKa arioMeparlis 3AiHCHIOE BHpIIIaIbHHH
TICPETBOPIOIOYMH  AHTPOIIOTEHHWH BIUIMB HAa HABKOJIMWIIHE MPHPOIHE
CEepEIOBHIIIE, BUIO3MIHIOIOUH i €eKOHOMIYHY CTPYKTYpY Ta COLialibHi acreKTH
JKUTTS HACEITICHHS, L JK MPOLIECH CIIOCTePiraéMo JOBKOJIa BOAOCXOBHUILA'®.

Kaprorpadiuna iHdopmariist cyTTeBO Jornomarae, a iHKOIH i CIIyTrye OCHOBOIO
JIOCITI/KEHHS SIK yMOB ()OpMYBaHHS 1 pO3BUTKY PUPOIHUX FEOCHCTEM, TaK 1 iXHBOT
AHTPOIIOTeHHOI TpaHchopMallii. BakiuBUMH ISl BIATBOPSHHS PETPOCIICKTHBU
TIPOSIBY TIPHPOHO-AaHTPOIIOTEHHIUX IIPOLIECIB € KapTorpadivHi mKepena. 30Kpema,
iX MO)KHa BUKOPHCTaTH IUIsI aHaNi3y pO3MIIICHHS, (YHKIIOHYBAaHHS, CTaHy
1 PO3BUTKY PI3HO(QYHKIIOHAIBHUX HPHUPOIHO-TOCIIONAPCHKUX CHCTEM, BHBUCHHS
TOTOYaCHHUX TOIOHIMIB reorpadiqHuX 00’ €KTIB.

Hns Bpanoi iHTepmperanii kaprorpadiynoi iHdopmanii cmig oOparu
MacimTad mOCHipKeHHs. BHWBYEHHS yMOB BHUHHUKHCHHS 1 (OPMYyBaHHS
cydacHuX JanamadTiB TepuTopii LI{npenskoro BOZOCXOBHIIA Ta HOTO OKOIHIb
HalKpamie MPOBOJUTH 3a JOIOMOTOI0 TOMOrpadiyHUX KapT MacIITaOHOTO
pany Big 1:25000 mo 1:50000. Ha ocHoBi omnparroBanHs KapTorpadidanx
(dounais kadinety kaprorpadii JIbBIBCHKOI HaI[lOHAIBEHOT HAYKOBOT 010J1i0TEKH
iMm. B. Credannka, LleHTpansHOro nep>kaBHOrO iCTOPUYHOTO apXiBy YKpaiHu
y JIbBOBI Ta iIHTepHET-pKepe KapTorpadiunoro cripsmysadas (https:/mapire.
eu; http://www.mapywig.org; https://maps.vlasenko.net ta iH.) mimidpaHo
TororpadiuHi KapTu A I STH ICTOPUYIHUX 3pi3iB, MO Al 3MOTY OXOIHUTH
yacoBuid nepion y nonan 200 pokis '7:

1) aBctpiiicbky kapry Ilepmroro TomorpadiuHoro 3HiMaHHS, CKJIAJEHY
mig wac mposeneHHs Mocndmuckoi merpukn (1779-1783) wmacuiraby
1:28 800 (puc. 12);

16 Jlosuncekmit P, Koctiok 1. Cyuacui mexi JIbBiBchkoi armomepauii. Hayk. sanucku Tepronin.
nayion. nedazoe. yn-my im. B. I'namioxa. Cep.: I'eoep. 2011. Ne 2. C. 55-60.

17 Mnmumony  O., IBanoB €., Augpeituyk lO., Tomy6es 0., Xoprsuceknit O. AHTpomorente
HaBaHTaXeHHS Ha Bono30ip l{upenpkoro Bomocxosuima. Hayk. sanucku Tepronin. nayion. nedazoe.
yH-my im. B. Tnamioka. Cep.: Teocp. 2024. Ne 1 (56). C. 160-168. DOI: https://doi.org/10.25128/
2519-4577.24.1.19
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Puc. 12. Tepuropist 1ociiizkeHHs1 HAa aBeTpilickKiil KapTi
Iepmoro Tonmorpadgivynoro 3HiMaHHs, CKJIadeHill M Yac mMpoBeIeHH
Hocuduncnkoi merpuku (1779-1783), macmrad 1:28 800

2) aBcTpilicbky Kapry Jlpyroro tomorpadigyHOTO 3HIMaHHS, CKJIAJAEHY
mig dac npoBeneHHs Dpanmuckancekoi MeTpuku (1819-1820) macmraly
1:28 800 (puc. 13);

e 3 AW Al >
Puc. 13. Teputopist nociaixxeHHs Ha aBcTpilicbki kapTi [{pyroro
TonorpagiyHoro 3HiMaHHsA, CKJIafeHi M Yac MpoBeIeHHs
®@pannuckancbkoi MmeTpuku (1819-1820), macmrad 1:28 800
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3) ascrpiiiceky kapty Tperboro Tonorpadiunoro 3HiManHs (1869-1887)
Macitady 1:25000 (puc. 14);

\ ‘“{‘.4 .,:' '7 ,/'7";.'; 3% WL S
Puc. 14. Tepurtopis gociixzkeHHs HAa aBeTpilichKil KapTi
Tpersoro Tonorpadgiunoro 3nimanns (1869-1887),
macmrab 1:25000

4) monbceki KapTH BilicekoBoro reorpadiunoro iHcruryty, WIG
(1924-1939) macmrady 1 : 100000 (puc. 15; Ha xanpe TormorpadiyHul JTHCT
Macurady 1:25000 aist TepuTopii JOCHIIKEHHS 3IUIIMIN HE OHOBICHHUM).
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Puc. 15. Teputopisi 1ocaigKeHHs HA MOAbChLKIH KapTi, AIKy 3i0paHo
3 OKpeMHMX JIMCTIB BUAaBHMUTBA BilicbkoBoro reorpadiunoro
incruryty, WIG (1924-1939), macmtad 1:100 000
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Tox po3mistHeMO TpaHchOpMaIiiHI 3MIHH Y CTPYKTYPi 36 MJIEKOPHCTYBaHHS
Ha OCHOBI IHMX KaprorpadiyHWX TBOpiB. SIK BHUINE 3a3HAYCHO, MOCTIHHO
JIiF0U0i BENMKOi BOMOWMH Ha Micii cydacHoro Il[upernskoro BomocXoBHIA
He icHyBaio. Haromicte y pi3Hi poku, ocobnmBo y XIX cr., ¢gyHKIioHYBaB
psn HeBeNMKUX cTaBiB y monuHi pidok l{upka, ManeukoBuuya i Koup.
Haii0inpmioro 3 1mux BomoiiMm € craB Ha KoBupky (KoBupchkwii), Taky
Ha3By mana p. Kosup y XIX ct. Micue po3MilllcHHs i HallOBHCHHS CTaBiB
3MIHIOETBCS 3AJICKHO BiJl ICTOPHYHOTO 3pi3y, L0 MiATBEPIUKYE TUHAMIUHICTh
3MiH BOJHUX 00’€KTiB y paiioHi nocmimpkerHs. CiiJ BiA3HAYUTH, IO y Micli
3mutTs pivok lupka i KoBup nmpakTiyHO Bech JOCIIDKYBaHUH iCTOPHYHHUNA
nepiof icHyBaja aam0a, Iisuik BOASHUN MIIMH, namipHs (mamnepoBa ¢adpuka)
Ta iHIII BOAOCHOXKMBarodi 00’ektu. Ha sxanp, ame maixke yci CTaBH Hepesn
Jpyroro cBiTOBOIO BiifHOWO cryIieHO. J{UISHKM JOJMHY, SKI He rnepeOyBanu
i1 BOJOHMAaMH 3aJIMINAINCS 3a00I0YEHUMHU 1 CHIIBHO MEPE3BOJIOKEHUMH.

Haiikpanie HarpsM niepeTBOpPEHHs! IPUPOJHUX YMOB TEPUTOPII BOI0300pY
BiZI0OpaXkaroTh 3MiHH Yy PIYKOBiH Mepesxi. PesynbraTu aHami3y kapTorpadiqHux
marepianiB XVIII-XX cr. 3acBiguytoTh NOBiIbHE OOMIJIIHHS 1 IepecUXaHHs
PIYOK 1 TIOTIYKIB.

BaxnuBumu mnokasHuKamMu TpaHcdopmauii HpUPOAHOTO CepeNoBHUINA
BBO)KAEMO YacCTKM 3aJliCHEHOCTI i 3abomoyeHocti TepuTopii. BiazHaummo
3arajibHi TEHAEHII{ 10 3MEHIIECHHS 3aJliCHEHHUX 1 3a00JI0UYEHHX IUIOLI, OJHAK
npoLec IXHBOI'0 CKOpPOYEHHS BinOyBaBcs mo-pisHoMy. 3a ocranHi 200 pokiB
BIZI3HAYUMO CYTTEBE CKOPOUCHHS 3aJICHEHMX IUIOII, SIKi 33 JOCHiPKyBaHUN
nepiox 3MeHmmiaucs Ha moHax 20 %. 3HauHO CKOpOYEHI TakoX W 3emiri
MiJi YarapHUKaMy, MACOBUIIAMHU 1 CIHOXKATAMHU. 31eO0LIbIIOro 3a000dveHi
1 IIepe3BOJIOKEH] IOl TpaIUIsoThCst y goiauHax Llupis, a Takok y Mexax
Horo npiOHMX 1 ManoAisUIBHUX NpUTOK. Ha BinMiHY BiJ 3a/liCHEHHUX, YacTka
3a00JI0UEeHUX 3eMejIb 3MeHImIacs numie Ha 1,5-2,0 %.

VY 2021 p. cepen neperiky BIaCHUKIB (KOPUCTYBadiB) 3eMEJIBHUX JIUISTHOK,
SKi BXOIATH B MexXi Jlep)kaBHOro akTy Ha MpaBO MOCTIHHOTO KOPHCTYBaHHS
JIMKII «JIpBiBTemnoenepro» (Ilupenske Bomocxosuine) 79,0 % Tteputopii
nepeOyBae y npuBarHii, 18,2 % — y komyHabHi# 1 ume 2,1 % — y nepkaBHil
BJIACHOCTI.

Y CTpyKTypi 3eMJIeKOpHCTyBaHHs Bon030ipHOi miomi I[I{upernpkoro
BOJOCXOBHILA HaWOLIbLI IO 3aliMaloTh 3eMJl MiJ pulieto, sKi
craHoBIATh 18,7 kM? (25,3 % Bix Bomo36ipHOI IUIOIII), TICOBUMH MacHBaMU
oxorteHo 8,2 km? (11,1 %), mix 3abymoBoro — 8,8 km? (12 %), mig cagamu —
0,6 ¥m? (0,8 %). SIkmo aHamizyBaTh CTPYKTYPY 3€Meib sl BOH0300piB
pivoK, 1o BrnaaawTh y ll{upenbke BOMOCXOBUINE, TO HAHOUTBINI IO PULTI
3ocepekeHi y Oaceitni p. ManeukoBuya (30,1 %), a mermio MeHImi IUIONI
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(20%) y Oaceitnax piuok Ilupka i KoBup. HaiizamicHeHimmuMm € OaceiiH
p. llupka, Tyt micamu 3aitasaro 23,8 % Bix miomn Bomo30opy. Hesnauwi
IUIONII JIiCIB Y 3araipHii wiomi Bogo36opy (14,6 %) 3adikcoBano y OaceiiHi
p. KoBup, a naiimenmii (0,63 %) — y Oaceitni p. ManeukoBuya (puc. 16).
Haii6inpii mutomni 3eMenbHUX yrifb 1iJ 3a0yJ0BOIO 30CepepkeHi y OaceiiHi
p- ManeukoBuua (16,0 %), a Halimenmii — y 6aceiitni p. {upka — 6,9 %. V Bcix
OaceliHaxX piYOK MaJOK0 € YacTKa 3eMeb i cagamu (10 2,0 %).

Takox J0CTaTHHO BUCOKHMM € TPAHCIIOPTHE HABAHTAXKCHHS HA TCOCHCTEMH
Boj0300py. Y BepxiB’i Illupku ImijgbHICTH IOpir KommBaeThes Big 0 1o
6,9 KM/KM?, 1ie TIOB’3aHO, SIK 3aTiCHEHHSM BEPXiB’sl TaK i 3 THM, IO TEPUTO-
Ppist HAJISKUTH 10 MPUMICHKOI 30HH 3 PO3TATYKCHOI0 MEPEKEIO aBTOMOPIL.

3 omisiay Ha Te, o JIbBiBChKa arioMeparisi pO3LINPIOETHCS i LI MPOIEeCH
MPOJOBKATHCS Y TMICIABOEHHHH MePiol, MOXKEMO MPUITYCKATH, 10 Y BKa3aHUX
0aceifHOBUX cHCTEMax 3pOCTaTHMYTh IUIOLI 3eMenb IIia  3a0yoBolo,
a 3MCHIIATHCS IUIOINII CLTBCHKOTOCHOAAPCHhKUX 3eMenb. Y 2009-2020 pp.
UIBUJKO 3pOCia 4YacTKa 3a0ymOBM Ha 3eMIISAX, SIKi BHKOPHUCTOBYBAIU IS
CLIBCHKOTO TOCIIOIAPCTRA.

BUCHOBKHA

Ha ocHOBI rigpoekosorivHux xociiukeHb y Bomo30opi Iluperpkoro
BOJIOCXOBHIIA T B MEXKaX HOro BOI0300py 3pOOJICHO TaKi BHCHOBKH:

1. Iluperbke BOJOCXOBHIIE PO3TAIIIOBAHE HA IBICHHUNA-3aXi]] BiJl MiCTa
JIpBiB, y 3,95 kM Bix 00’i3HOT Tpacu MicTa. AIMIHICTPaTHBHO TEPUTODIs
BOJOMMHM HayexuTh 10 cena Hasapis JIeBiBcbkoro paiiony JIbBiBChKOT
obnacti. BomocxoBuie crBopeno y pycmi p. llupka y 1954 p. TomoBruM
il Npu3HAYeHHSM € HAllOBHEHHS CHCTEMH TEXHIYHOIO BOAOIOCTAa4YaHHS
JIsBiBchKOT TEII-1.

2. BomocxoBuiie mnpu HOPMaJbHOMY MIAIIPHOMY piBHI Ma€ ILIOLLY
1,15 xm?, 06’eM Bomm — 4,15 M M°, MakcuMajibHa TIMOMHA BOAOMMHU — 7,8 M.
Jloke BOIOCXOBHILIA MA€E BUTSITHYTY 3 MiBHOYI Ha MiBICHb (OPMY 3 BiMITKaMU
nHa Bij 286,58 M y #oro niBHiuHIH 1 10 280,79 M — y MiBAEHHIH YacTHHI.

3. Tigponoriuni gocnimkenHs Illupenpkoro BomocxoBHIa 3IiHCHEHO
Ha OCHOBI J@HMX CTallOHApHOIO rixposoriyHoro mocra Ha p. llupka
(emt Ulupenp) i maHUX MOJBOBMX [OCITI[PKEHb HAa YOTHUPHOX CTBOpax
criocTepexeHb. Burparu BecHsiHOT noBeHi Ha p. ll{upka € He3HAYHUMH, TOMY
MaKCUMaJIbHUH CTIK PO3paxoBaHUM JIMIIE JJIsl JOIOBUX MABOJKIB i CTAHOBUTH
21,9 M/c. Monynb cepennbopiuHoro crtoky ckiagae 0,21 m*/c. MinimManbHi
CepeHbOMICSYHI BHTPaTH HE IEPEBHUINYIOTh MaKcHUMaibHI BUTPaTH BOIU
JUIS Pi3HUX POKIB BOI03a0e3MeUeHHs BIACTUBI il OEpe3Hs, a MiHIMaJIbHI —
JUISL JIATHS 1 CepITHSL.
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4. Ha ocHOBI rifpoXiMiuHOi 1 CaHITapHO-TITIEHIYHOI OLIHKH SKOCTI
MMOBEPXHEBUX BOJ[ 3p00JICHO BHCHOBOK, IO Hai3aOpyIHEHINIOW € p. Maneu-
kxoBuya (c. ManeukoBudi). TyT 3adikcoBaHO MNMEPEBHIICHHS BMICTYy Opra-
Hiunux pedoBuH (BCKj), cymbdaris, kaiplito, a30Ty aMOHIHHOTO, HITPUTIB,
3aji3a 3arajbpbHOrO, KajJMilo, MapraHifo, IIMHKY Ta HEBIIIOBIJHICTb 3a
0aKTepioNOriYHUMH TTOKa3HMKaMu. He3aloBilbHOIO € SIKICTh BOAM Y IBOX
KaHalax, Je 3a(iKCOBaHO IIEPEBUILEHHS JONMYCTHMMHX HOpPM 3a yciMa
BHUINIE3a3HAYEHNUMHU IOKa3HUKaMH. Y Mpo0ax BOZA 3 BJAacHE BOJOCXOBHINA
BUSIBJIEHO IepeBullieHHs puborocnonapebkux HopM BCK,, azoTy amoHniiiHoro,
3aji3a 3araJbHOr0, Mapraio i cyibdaris. Binxuiens 3a 6akrepionoriyHuMu
MMOKa3HUKaMHU HE BHSBJICHO.

5. TonoBHMMH BHJAMU AHTPOIOTEHHOTO BIUIMBY Ha Bono30ip Il{uperis-
KOTO BOJIOCXOBHMIIIA € TIOCENeHChKe (IiIbHA 3a0yJoBa, IUIOIIMHHHUN 3MUB,
CKMAM TO0YTOBHMX BOI) Ta CUIBCHKOTOCIIONAPCHKE HABAHTAXKECHHS (TOJIOBHO
PpibHHUITBO). BomocxoBuiLe € kepesioM BoAONIOCTadaH sl i pUiMadeM CTITHHUX
Bozt. TonmoBuuM kopuctyBadem BomocxoBuina € JIMKII «JIbBiBTEmIOCHEPrO).
VY cTpyKTypi 3eMIICKOPHCTYBaHHS BOJ030IpHOI IO BOJOCXOBHINA HAWOLIBIII
IUTOIIi 3afiMaloTh 3eMJIi MiJ PULICI0, 10 CTAHOBJATH 18,7 KM%, JCOBUMHU
MacHBaMH OXOIUIEHO 8,2 KM’ 3eMelb, i 3a0yI0Bo0 — 8,8 kM2, mij cagamu —
0,6 kv”. JIbBiBCBKA ariomepallis PO3LUIUPIOETHCS, TOMY 3POCTA€ IUIOIIA 3eMENb
111 3a0Y/IOBOIO 1 3MEHIITYEThCS TUIOIIA CLTCHKOTOCTIONAPCHKUX 3EMETIb.

AHOTALLIA

Hluperpke BomocxoBuie crBopeHe y pycai p. Hlupka B 1954 p. Ta
po3TaiioBaHe B aJMIiHICTpaTMBHHMX Mexax cena Hasapis IlycromuriBebkoi
MicbKoi TepuTopianbHOi rpomany JIbBiBchKoro paiioHy JIbBiBchKOi 0OnacTi Ta
HaJISKUTH 110 OnakuTHOI iH(MpacTpykTypu JIpBiBChKOT aromepauii. Bogoiima
Py HOPMAaJBHOMY MiAmipHOMY piBHI Mae miomty 1,15 kMm%, 06’em BoaM —
4,15 mia M°, a MakcuMmanbHa muOuHA — 7,8 M. MOIyib CepeaHbOPIYHOTO
CTOKY CTaHOBHUTH 5,21 mm*/c.

[IpoBeneHo KOMIUIEKCHE TiJpOEKOJIOTIYHE OOCTEXEHHS TepUTOpil
Bon0300py Il{uperpkoro BOMOCXOBUINA, 30KpEMa T1IPOJIOTIYHI, TipOXiMIvHI
1 caHiTapHO-TIri€HIYHI AOCIHIKEHHS BOJOWMH 3 METOIO BUSBICHHS IKEpel
3a0pyHeHHs Ta OL[IHIOBaHHS CY4aCHOTO EKOJIOT1YHOTO CTaHy Ta CTYIEHI
aHTPONOTeHHOI TpaHchopMalii npuientoi 10 Hei TepuTopii.

BonHumu 00’exTamu i3 HE3aIOBUTFHOIO SKICTIO BOIU € p. MajeukoBrua
Ta J1Ba KaHa. B HUX 3adikcoBaHO 3HAYHE MMEPEBHUILEHHS BMICTY OpraHiqHUX
peuosuH (BCKj), cynbdaris, kanblito, a30Ty aMOHIMHOTO, HITPUTIB, 3aii3a
3araJibHOTO, KaaMilo, Maprasilo, IIMHKY Ta HEBiIIOBITHICT 3a OakTepio-
JIOTIYHMMH TIOKa3HUKaMu. Y mpobax Box Illupenpkoro BopocxoBHIa
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BUSIBJIEHO IepeBUllieHHs puborocnonapcebkux HopM BCK,, a30Ty amoHiliHoro,
3aj1i3a 3arajJbHOr0, Mapratuo i cynbdaris. Binxunens 3a 6akrepionoriaHuMu
MOKa3HMKAMH HE BHSIBJICHO.

lonoBHMMM BHIaMHM aHTPOIIOTEHHOTO BIUIMBY Ha Bomo30ip Il{uperpkoro
BOJIOCXOBHILIA € TIOCENEHChKe (IIiIbHA 3a0yJ0Ba, IUIOIMHHUN 3MUB, CKHIN
NOOYTOBHX BOJ) Ta CUTCHKOTOCIIOAAPCHKE HABaHTaKEHHsI (TOJIOBHO PLJIBHHIITBO).
VY CcTpyKTYpi 3eMICKOPUCTYBaHHS BOI030IpHOI ILIOII BOIXOCXOBHIIA HAWOLIBIII
IUIONI 3aiiMalOTh 3eMJI Tif PULICI0, MI0 CTaHOBIATH 18,7 KM?, JCOBUMHU
MacHBaMH OXOIUIEHO 8,2 KM’ 3eMelib, Iij| 3a0ymoBoo — 8,8 kM2, mij cajgamMu —
0,6 xm?. JIbBiBCbKa arioMepailis PO3LIMPIOETHCS, TOMY B MaiOyTHHOMY
MPOJIOBXKATh 3pOCTAaTH IUIOLI 3eMeNb Miji 0araroroBepXOBOIO Ta IHPHBATHOIO
3a0y/I0BOO, & 3HUKATUMYTb TUIOIII JTiCO- 1 CLTBCHKOTOCIIONAPCHKUX 3EMEITh.
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CHAPTER 21

TEOPETUKO-METOOJIOTIYHI

M NPUKNALHI ACMEKTU OOCIOMKEHHSA
O3EPHOI CEAUMEHTALLI

B YMOBAX MOJIICCA YKPAIHU

InbiHa O. B., InbiH J1. B.
DOl https://doi.org/10.30525/978-9934-26-654-6-21

BCTYIN

Osepa VYkpaincekoro Ilosiccst € BaXJTMBUMH CKIQIOBUMHU JaHAmadTiB
1 XapakTepu3yloThCsl cHenu(iuHIMH YMOBaMH HarpoOMa/DKEHHS JIOHHUX
BiZKNamiB. Y Mexax Bono30ipHOTO OaceliHy BOHM € MicHeM aKyMYyJsil
OPTaHiyHOTO W TEPUTEHHOIO Marepiaiy, SIKMH HaJXOIUTh 3 MOBEPXHEBHUMH
W Tig3eMHUMH BomaMu. Y BOAOWMI BigOyBarOThCS CKIAQJHI XiMiKO-
GioyoriuHi mpouecH, sSKi BU3HAYAIOTh CY4YaCHHH O3EpHHH CEeIMMEHTOTCHE3.
OsepHa BofOHMa 3 yacy YTBOPEHHS € MicueM (hopMyBaHHS ¥ aKyMyssmii
PI3HOMA@HITHHX 3a CKJaJOM JOHHMX BigknamiB. HarpomamkeHHS O3epHHUX
BIZIKJIQIIB € KIHIIEBUM pE3YJbTaTOM CKJIAIHUX IHPOLECIB IEpeTBOPCHHS
1 IepeMillleHHs peYOBHHHU Ta €HEpril y cucTteMi «Bogo30ip — 03epo».

Osepa perioHy sIK €IEMEHTH HPUPOIHOTO CEPEAOBHINA TICHO IOB’S-
3aHi 3 (izuKo-reorpaivHUMH yMOBaMH OTouytounx Janamadris. Lle mposs-
JSIEThCA Y HAAXOPKEHHI 1O BOJIOWM 0OCaJOBOTO Marepially, 0COOIHMBOCTI
SIKOTO BU3HAYAIOTHCS IIPUPOJHUMH YMOBAMH 1, HacaMIiepes, 0COOINBOCTIMA
MiICTUIAIONNX TOPiJ, KIiMary W penbedy B Mekax IUIONI BOJ0300piB.
Pi3zHOMaHITHICTH BOI0300piB 03€p — OCHOBA BiZIMIHHOCTEH XiMIYHOTO CKIIaIy
BOIMY I TOHHHUX BiAKJIaIiB.

CennMeHTaniiHO-TiareHeTHYHI ITpo1iecy (OpMyBaHHS BiJKJIAIB, IX CKIa]
1 IOIMPEHHS BiOOPaXaloTh 3arajibHAM 3MICT IPUPOTHHUX MPOIIECIB y MEKax
JIOCIIJDKYBaHOTO PErioHy 3 BJIACTHBMMH HOMY MICIIEBUMH OCOOJIMBOCTSIMH.
O3epo B Mexax cBOro daceiHy — 1e 6a3zuc akymyssmii. 3 yacy BUHHKHCHHS
BOHO € MiCIIeM HarpoMaJKeHHs i (GopMyBaHHs Pi3HOTHITHUX PEYOBUH. IXHiii
CKJIaJl, MIBUAKICTh HArPOMAaKEHHS, TIOTYXXHICTH OB’ 513aHi 3 JaHJa)THUMA
0COOMMBOCTMHU BOZ0300py H CYKYITHICTIO SIBHII, SIKi BiJOYBAIOTHCS B 03€pi.

B o3epHMX ynmoroBuHax HarpoMa/UKYIOTBCSl JIOHHI BIIKIamd, SKi
€ BOKJIMBUMU KOMIIOHEHTaMH BHBYECHHS 3MIH NPHPOIHHX SBUI i MPOLECiB
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Ha BOmo30opax. BoHu BimoOpaxaroTh KOMIUIEKC IIOOAIEHUX 1 JIOKAIBHUX
MOAIH, 110 KOHTPOJIIOIOTH MEXaHi3M OCOOJMBOCTEH OCaIKOHArPOMaJHKEHHS
i ocobmmBocTi ckiaay #Horo mponykriB. Came TOMy LiKaBUMH 00’€KTaMu
JOCIII/DKEHHST 03€pPHUX CHCTEM € JOHHI BiIKIaau. BUKOpHCTOBYIOUM CydacHi
METOM JOCH/KeHHs (TeoxiMiuHi, JiiMHOmaneoreorpadiuni, OioymoriuHi)
MOXJIMBa PEKOHCTPYKIsl YMOB 1 IPOLECIB CEIMMEHTOreHe3y, 3’sICyBaHHs
JMHAMIKH BOJIHO-CTOKOBUX OCOOJIMBOCTEH, OLIHFOBAaHHS BIUTMBY KIIIMaTHYHUX
3MiH Ha 30HAJILHICTh IPUPOAHN 1 EBOIIOLIHHY CIIPSIMOBAHICT 3MiH B TOJIOLICHI.

B anTpoIoreHoBoMy 0ca/ioBOMy IMOKpPHUBI TEPUTOPIi pa3oM i3 BilKIagaMu
IHIIMX TEHETUYHHUX THIIB IIMPOKO INPEICTABIICHI JOHHI BIIKIaaH Cy4acHUX
03cpHUX BOIOHWM. B okpemMux paiioHax o3epHi OaceiHM CeTUMEHTAIil
3aiiMaroTh 10 10 % Tepuropii. [IpoTe, He3BaXkaUM HA 3HAYHE TOIIMPCHHS
CY4acHHMX O3€pHHMX BiAKIJIAJiB, IX BHBUCHHIO JI0 CHOTOIHI HE HPUALIAIOCS
3HayHOl yBard. Pa3oMm i3 TMM, MOCIIPKEHHSI O3€PHUX BIAKIIA/IIB Ma€ BEIMKE
MIPUKJIaJHE 3HAUCHHS, BOHO TIOB’S3aHE 3 IT3HAHHAM crenu@ikd 03epHOro
CEIMMEHTOreHe3y W PEKOHCTPYKLIEI0 TaJCONPUPOIHIX YMOB TOJIOLEHY;
BOHO MA€ 1 MPaKTHYHY LiHHICTb, 3yMOBJIEHY TOCHONAPCHKIUM BUKOPUCTAHHIM
03EPHUX BIJKJIAMIIB.

1. TeopeTUYHi acneKTn AoCNiAYKEHHSA 03epHOI ceAMMeHTaLii
[Ipn BuKOHAHHI JOCH/KEHHS oOmnpanboBaHO (OHIOBI Marepiaiu
JepxaBHOTO HayKOBO-BHpOOHHUOro mignpuemctBa «leoindopm Ykpainmy.
AmHani3 03epHHX BiAKIANiB 0a3yeTbCs HAa TEOPETHYHHMX 1 METOJOJIOTIYHHX
3acajax cydyacHoi JiiMHOJorii" > 3, opraHiuHoi reoximii 03epHUX BigKJIAmiB*,
AQHATITHYHUX METOJax XIMIYHUX JOCITI/DKEHb 03ep Ta iX iHTepmperarii.
BuBYeHHS TOHHUX BIIKIAAIB 03P — BaKJIMBHU HAIPSAM y TEOXiMil, BOAHIN

! Argillier C., Carriere A., Poikane S., Van de Bund W. Lake Hydromorphological Assessment and
Monitoring Methodologies. European survey, EUR 31029 EN, Publications Office of the European
Union. Luxembourg, 2022. DOI: 10.2760/274896, JRC127847.

2 Cole G. A., Weihe P. E. Textbook of Limnology. 5th ed. Waveland Press. 2016. 440 p.

* Oakenfold S. Limnology and Freshwater Ecology. Syrawood Publishing House, 2017. 241 p.

4 Bertrand S., Tjallingii R., Kylander M., Wilhelm B., Roberts S., et al. Inorganic geochemistry of
lake sediments: A review of analytical techniques and guidelines for data interpretation. Earth-Science
Reviews. 2024. Ne 249. P. 104639. DOI: 10.1016/j.earscirev.2023.104639.

5 Frantiskovié¢-Bilinski S., Sakan S. Geochemistry of Water and Sediment. Water. 2021. Ne 13 (5).
P. 693. DOLI: https://doi.org/10.3390/w13050693
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TOKCHKOJIOTii Ta HaBiTh pPO3MNISANAETHCA K OOOB’SI3KOBHH KOMITOHEHT
y Tporpamax KOHTPOJIIO 3a0pyAHEHHS MPUPOTHOro cepemoBumia’ 8,

OcoOmuBocti KiimMary, penbedy, I'PyHTOBOTO W POCIMHHOIO ITOKPHUBY
BU3HAYAIOTh CTYIIHb TUIOLIMHHOTO 3MHUBY, BHACIIIOK SIKOTO HPH OOMEXEHHI
poii  pIYKOBOIO CTOKY B 03€pa HAJAXOAATh OpraHiyHi W MiHepalbHi
pEYOBMHH. 3a MEBHUX NPUPOIHUX YMOB B 03€pi PO3BUBAIOTHCS IPOLECH, SIKi
W NpU3BOAATH 10 HarpoOMa/DKEHHs PI3HOMAHITHHMX 3a (aliajlbHUM CKIIaJO0M
TOBII O3epHUX BiakiamgiB. Ilpouecu ocaaKoOHArpoOMamKeHHS 3yMOBJICHI
HE TiJAbKM 30BHIIIHIMH YMOBaMH, a ¥ MOPQOJOTiYHUMHU OCOOIMBOCTSIMU
YJAOTOBUH, TiAPOJMHAMIYHUM 1 TiAPOXIMIYHUM PpEKUMOM BOJIHOI Macu
1 B KIHIEBOMY HiJICYMKY — PO3BHTKOM JIIMHOOIOHTIB.

MopdomeTpudHi 0COOIMBOCTI O3CPHHUX YJIOTOBHH BHU3HAYAIOTH BOIHUMN
PEXUM, TOJIOBHUM YMHOM TEMIIEpaTypHY CTpaTH(]IKaliio BOAOHM, y pe3yiib-
TaTi SIKOT (POPMYETHCS TA30BUIl PEKUM 1 MiHEpallizallis, IO BU3HAYAE THII
03CpHMX BIAKJIAIIB 1 BMICT y HHMX XIMIYHUX eJeMeHTiB. Pembed ozepHux
YJOTOBUH y MOEIHAHHI 3 I'PyHTOBUM HOKPHBOM PETYIIOIOTH IHTEHCHBHICTh
npoLeciB epo3ii i BUBITPIOBaHHS Ha Bomo30opi. TepureHHuil Marepian i3
BOJ10300pYy HAJXOIUTH 1 PO3MOALISIETHCS BIAMOBIIHO O 3aKOHIB MEXaHIYHOI
mudepennianii. Ocigaiouu Ha JHI, BIH 3MILIYETBCS 13 3aJIMIIKaMH BiIIMEPITUX
OpraHi3MiB, 4YacTKOBO a00 TOBHICTIO MiHEpaJi30BaHUMH ayTHICHHHUMHU
HOBOYTBOPEHHSMH, sIKi GOPMYIOTBCS B XO/Ii (hi3UKO-XIMIYHUX Ta O10XIMIYHUX
npoueciB. TyT yTBOpPIOETbCS LIap MeyoreHy (HaiBKOJIOINHOI piakoi MacH),
y SIKOMY BiIOyBarOTHCS BaXIIMBI O10XIMIYHI MPOIIECH, BiJ CHPSIMOBAHOCTI
1 IHTEHCUBHOCTI SIKMX 3HaYHOIO MIpPOIO 3aJIeXaTh HalBa)KJIMBILII BIaCTUBOCTI
JOHHUX BiAKiamiB o3ep (campomemnis)® '® !, Ilap BigkmamiB mij MeIOreHOM
€ KIHIIEBOIO ITPOIYKIIEI0 BOIOWM O3E€PHOTO THITY, Ha BJIACTHBOCTI SKOTO Ti€I0
YM IHIIOI MIpPOIO BIUIMBAIOTH Pi3HI JIMHIYHI YHHHUKH.

¢ Fluet-Chouinard E., Messager M. L., Lehner B., Finlayson C. Freshwater Lakes and Reservoirs.
In: Finlayson C., Milton G., Prentice R., Davidson N. (eds) The Wetland Book. Springer, Dordrecht.
2018. DOLI: https://doi.org/10.1007

7 Hoffman S. Lake sediment geochemistry. In: General Geology. Encyclopedia of Earth Science.
Springer, Boston, MA. 1988. DOI: https://doi.org/10.1007/0-387-30844-X_59

8 Ran F., Nie X., Wang S., Xiao T., Yang C., Liu Y., Wang L., Liu Y., Chu X., Li Z. A significant loop
of lake sedimentation state links catchment eco-surroundings and lake biogenic regime shifts. Limnol
Oceanogr. 2023. Ne 68. P. 1775-1790. DOI: https://doi.org/10.1002/Ino.12385

° Lnwin JI. B. Osepwi Binknaan. Exomoriuna enmuknoneis: Y 3 1/ pexkon.: A. B. Toncroyxos (rom.
pen.) Ta in. Kuis : TOB «I{entp exosoriunoi ocitu ta indopmauii», 2008. T. 3: O-41. C. 17.

1 Inpim JI. B. O3eposnaBctBo: Ykp.-poc. ci. [Tomstrst i Tepminm. Jlyusk : Pem.-Bum. Bimn. «Bexa»
Bomun. nepsx. yH-y im. Jleci Yrpainkn, 2001. 112 c.

I Illepayk M. V. Campormeni Ykpainu: 3amaci, sIKICTb Ta TEPCIEKTHBH BHKOPHCTAHHS. JIyIBK
Hancrup’s, 1996. 384 c.
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JlanmadTo3HABYO-TEOXIMIYHHMI ITiJIX1/1 1O PEKOHCTPYKIIIT €BOJIIOLIIT 03EPHUX
€KOCHCTEM (JIMHOCHCTEM) IPYHTYETBCS HA BIIMOBIZHOCTI THX YHM IHIIUX
naHaapTHO-TeOXIMIYHAX OOCTAHOBOK MEBHMM YMOBaM iX iCHyBaHHs'> '> 14,
3HayHy iH(OpMAaIi0 PO MHHYJIE HECYyTh TeOXIMiuHI pesikTd (acoriauii
XIMIYHHX €NEMEHTIB, Pi3HI HOBOYTBOPEHHs TOIIO), SIKI BMILIYIOTh JaHi Hpo
reoXiMi4HI OCOOIMBOCTI MUHYNUX JaHMIA]TIB, BIAPI3HAIOTECS Bijl Cy4acHUX
XIMIYHUAM CKJIaJoM. Belvike 3Ha4eHHsS y BUBUCHHI €BOJIOLIT JIIMHOCHCTEM Mae
aHaJII3 TEOXIMIYHMX LUKJIIB Mirpamii pe4oBUHHU, OCKIJIBKU BCS iCTOPISl PO3BUTKY
JIIMHOCHCTEM € HETIEPEPBHOIO AU(EPCHITIAIEI0 PCIOBHHHU.

Ockinbki  (QyHKLIOHYBaHHS JIIMHOCHCTEM HEPO3PUBHO IIOB’si3aHE
3 Mirpami€lo pe4oBUHHM, PO3MOALT 1 PI3HOMAHITHICTh IIEPETBOPEHb IPOAYKTIB
TEXHOTE€HE3y B TEOCHUCTEMax BH3HAYAETHCS 1CHYIOUOIO JaHAmadTHO-
reoximMiuHo cutyaiiero °. JIocmikeHHs IMHAMIKH TeOXiMIYHUX MapaMeTpiB
BiJJoOparkae OJlHY 31 CTOpIH 3arajbHOI JMHAMIKH JIIMHOCHCTEM (CIIOHTaHHHN
PO3BHUTOK) 1 iX aHTPONOreHHUX MOXiITHUX MOmUdiKaliil y cralioHapHHUX
YMOBaxX, JIa€ 3MOTY IPOTHO3YBaTH JaHAIIA()THO-TEOXIMIYHY CUTYaLlilo, sKa
MOXJIMBa MIPU TpaHc(opMallii TeOCHCTEM il BIUINBOM TEXHOTECHE3Y.

Sk BiIOMO, OCOONMBOCTI MaJHMX O3EPHHX OacelHIB y TOMy, IO
OCaJIKOHArpOMaJKeHHSI TICHO TIOB’si3aHE 31 CKJIQJIOM MOpiJI BOA0300piB.
JudepeHmialis peyoBUHU Ha CTafil CeNUMEHTAIlii crpuse (OpMyBaHHIO
TEHETUYHO PI3HUX BIIKJIAJIB, MOUIMPEHICTh SKUX MIiANOPSJIKOBaHA perio-
HaJIbHUM yMoBaM. Jlyisl 3icTaBiieHHs OaceiiHiB 1 3’siICyBaHHS iX perioHalbHUX
0COOJIMBOCTEN BaXIIMBO MaTH JIOKJIaHY 1H(OpMAILito Mpo cepenHi (KnapKoBi)
BMICTH OCHOBHMX KOMIIOHEHTIB IOPOJOYTBOpEHHs. Pa3oM i3 aHamITHYHUMHU
JAaHUMH HaM{ HarpoMaJDKEHO Marepial, sSIKMi XapakTepHu3ye BiJKJIaan MOHaT
200 pizHoTHIHHX BOmOM Ykpaincekoro [lomiccs. [leTanizoBaHi Takox AaHi
PO THUII3aLiI0 BiAKIAIB, IO JJa€ MOXKJIMBICTh MPOBOJUTH CHCTEMATH3ALIiI0
JAHUX HA TEHETUYHii ocHOBI'® 171819,

12 Manumesa JI. JI. Teoximist nanmadris : Hagy. nociouuk. Kuis : Jlubias, 2000. 472 c.

3 Inpin JI. B. JlaHmmadyTHO-reoxiMiuHi acreKTH TOCIIDKCHHs JiMHOCHCTEM. BicHuk JIbeigcbko2o
yuisepcumemy. Cepis eeoepagiuna. 2006. Bum. 33. C. 130-136.

' Tlyin L. Geochemical peculiarities of bottom sediments in polytypic lakes of Ukrainian Polissya.
Limnological Review. 2002. Ne 2. P. 155-163.

' Ilyin L. Wlasciwos$ci geochemiczne osadow dennyh réznych typow jezior Polesia Ukrainskiego.
Naturalne i antropogeniczne przeksztalcenia jezior: VI Konferencja limnologiczna. Lublin —
Okuninka : Maria Curie-Sklodowska University, 2002. P. 21-22.

1 Tnpin JI. B. JlimHokomiuiekc Vkpaitcskoro [lomicest @ MoHorpadist : y 2-x T. T. 1. Ilpuponsudo-reo-
rpadiuHi OCHOBH JOCIIDKEHHS Ta perioHaibHi 3akoHomipHOCTi. JIynpk : PBB «Bexa» BAY im. Jleci
Vkpainku, 2008. 316 c.

17 Inpir JI. B. Teoximiuri ocobnuBocti MoHHMX Bimkmamie osep Ilomices Ykpaitu. Aepoxivis i epyumo-
3nascmeo: Midcsioomuuti memamuynuii naykosuil 30ipuuk. Xapkis-JIypk, 2002. Ka. 4. C. 89-98.
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Pi3HOCTOpOHHE BHBUCHHSI 03€p CHpUSE€ BHKOPHCTaHHIO iX pecypcis,
3’CyBaHHIO aHTPOIOTCHHOTO BIUIMBY Ha BOJIHE CEpEAOBHIIEC W JOHHI
BIZIKJIaZIN, CTBOPIOE MOXKJIMBICTH HPOTHO3YBAaTH MOAAJIbIIE BHUKOPHCTaHHS
BOAHMX 00’ekTiB. KokHe 3aBmaHHS TIPYHTYEThCSI Ha aHalli3i CKIJIQJHUX
MPOLIECIB 03€pHOI CeIMMEHTallil, Mirpamii Ta B3a€MO/il peYOBHH 1 XIMIYHUX
CJIEMEHTIB y CHCTeMax «BOA030ip — 03epo, Boja — JIOHHI BiIKIJIQAW».
Teoximiunmii minxing nepenbadae AOCIHIIKEHHS 3aKOHOMIPHOCTEH PO3IMOAITY
0CaJJOyTBOPIOIOUMX €JIEMEHTIB Yy PIZHOTHITHMX 03epaX, SKi pPIi3HATbCS 3a
TIOXO/KEHHSIM Ta NPUPOAHUMH YMOBaMH BOIO030ipiB.

Osepni Oacelinu  Ykpaincekoro [lomiccs B CHITy CBOTO 30HAJIBHOTO
TIOJIOXKEHHSI, PO3MIpIB 1 ITOXOMKEHHS 3pY4HI AJIsl JOCHTI/DKEHHS TeoXiMil
0CaJIOBOTO TMpollecy M OpraHo-MiHEpalbHUX MoeaHaHb. OcagoyTBOpEHHS
BiOyBaeTbcs TYT 3a pI3HUX YMOB (T€0J0oro-reoMopQosyoriyHux, JIaHAa-
madTHUX, (Hi3NKO-XIMIYHHX).

Pi3HOMaHITHUMU € TeHe3HC, MOP(OIIOTist 03EPHHUX YIIOTOBHH, 1X ITOJIOKEHHS
B JjaHamadrax. HakonmuueHHs 0cajoBOro Marepialy CyHpOBOIKYETHCS
(hopMyBaHHSIM HOBOYTBOPCHHX aKyMyJIsAILid, MeXaHIYHHX cyMmimed Ta (abo)
OIIHOPIIHUX OpraHO-MiHEpaJbHUX N OpPraHiYHUX BIAKIAIIB, PO3MIILCHHS
1 CKJIaJ SKHX BIJIIOBiZa€ JTIMHIYHUM 1 TCOXIMiYHHM BJIACTUBOCTSM YJIOTOBHH,
3MICTy aBTOXTOHHO-AyTUTE€HHUX IPOIIECIB.

[Ipu reoxiMiuHOMY BUBYEHHI BiIKJIa/liB 03€p PO3PI3HAIOTH, 3a3BUYal, TaKi
3aBIaHHs: OLIHIOBAHHS BMICTY OCHOBHHX OCa/I0yTBOPIOIOYHX €JIEMEHTIB,
JIOCITIDKCHHS XIMIYHOTO CKJIaJy OPTaHIYHOI YACTHHU BiJKJIaJiB, BUBUCHHS
KapOOHATHOT PEYOBHMHM SIK KOMILJIEKCHOTO ITOKa3HWKa yMOB 1 CepeqoBHINA
0CaJIOHAKOITMYCHHS, OIIHIOBAaHHS BMICTYy MIKPOEJIEMEHTIB SIK ITOKa3HHUKIB
AQHTPOIIOT€HHOTO 3a0pyAHEHHS, BUBYCHHS ()OPM 3HAXOPKCHHS €JIEMEHTIB SIK
iHmuKaropa $Ha3oBOro CTaHy 0caJoBOro marepiamy.

CkjaJ peYoBHHHM, SKa YTBOPIOE O3€pHI BIAKIAIU, XapaKTEPU3YETHCS
BMICTOM TOJOBHUX OCaJ0yTBOPIOIOUMX ckiaagHukiB — SiO,, AlLO,, CaO,
MgO, Fe,0,, Na,0O, K,O, 30mbHicTro.

'8 Tnpin JI. B., Insina O. B. Brumms TexHOreHe3y Ha CeAMMEHTALIHH] IPOLEcH B 03epax YKpPaiHCHKOIO
Momnicest. Exonoziuni acnekmu pecionanbho20 napmmepemea 8 HAO36UYAliHUX cumyayisx : 301pHUK
matepianie I MixBy3iBcbkoi HaykoBO-MeTonuuHOi KoHdepeHuii (XapkiB, 21 mucromaza 2012 p.).
Xapkis : HYI3VY, 2012. C. 43-45.

19 Pasichnyk M. P., Ilyin L. V., Ilyina O. V. Composition and Properties of Bottom Sediments of the
Shatsk Lakes (West Polesia of Ukraine). 17th International Conference Monitoring of Geological
Processes and Ecological Condition of the Environment. Nov 2023. Vol. 2023. P. 1-5. DOL
https://doi.org/10.3997/2214-4609.2023520145

2 Insin JI. B. JlimHokomiuiekcu Yipaincbkoro ITomices. ¥V 2-x T. T. 2: Perionansni 0coOmuBoCTI Ta
onrumizauis. JIynek : PBB «Bexa» Bommn. Han. yu-Ty iM. Jleci Ykpainku, 2008. 400 c.
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IngukaTopaMy YMOB 1 YMHHHUKIB OCAQJIOHAaKOIMYEHHS MOXYTh OyTH:
y KapOOHATHUX BiIKJIa/laX — 3arajibHAH BMICT 1 Bapiallii B po3pizax opraHiqHux
peYOBUH, KapOOHATIB 1 iX CKJaay, TEPUTEHHUX KOMIIOHEHTIB (KpEeMHE3eMY,
QIIOMIHIIO, JIYTIB), MIKpOEJIEMEHTIB (THUTaHy, XpOMY, BaHa/il0, IMPKOHIIO,
MapraHenro, Miji; B 03epax-OpraHOHarpoMajKyBadax 3 OJHOMaHITHUMHU
OCaJIOBUM{ TOBILIAMH — pO3IOALT 32 IUIOICI0 1 JAWHAMiKa B po3pizax
opraHiyHoi pe4oBuHH, pH-, Eh- noka3HuKiB, KUCIOTHO PO3YMHHOIO 3alliza
W iH.; y BiIKJajgax i3 4epryBaHHAM MiHEpaJIbHUX W OpPraHiYHMX BiIKJIAJiB
JI0IaTKOBY iH(OpMallifo HecyTh Bapialii opm cipku, 3ai3a, MiKpoeJIeMEHTIB.

[ponec akymynauii pedoBHMHM B o0O3epax BiJIOYyBaeThCS 3a Y4acTiO
BHYTPILIHBOBOJIOMMHHX (JIIMHIYHMX) 1 30BHILIHIX MPOLECIB. 3a YHIOBUIEHEHOTO
BOZ0OOMIHY B Pi3HHMX IPUPOIHHUX YMOBax BOA0300piB (POPMYIOTECS Pi3HI THIH
ocasikoHarpomMapkeHHsl. OCKUTBbKM JOHHI BiIKNIAaH (Carporiesi) € CKIaJHUMHA
NPUPOTHUMH YTBOPEHHSIMH, a IX CKJIAJ 3MIHIOETBCS B 3HAYHUX MeEXax
1 3aleXuTh Bijl OaraTboX YMHHHUKIB, 3aCTOCYBaHHS METOAIB MaTeMaTH4HOI
CTaTUCTHKHU 3a0e3leuye JO0CTaTHBOI TOYHICTh y 3’SICyBaHHI 1X 00’€KTMBHHUX
XapaKTepPHCTHK.

Buuennst ocobiaMBoCTEl HarpOMaPKeHHS! BIIKIIa(iB 03€p 13 ypaxyBaHHIM
MaKCUMaJIbHOTO YHCJIa CYTO JIIMHIYHHMX, MOPOIOYTBOPIOIOYMX Ta IHIIMX
MPUPOJHHUX YHMHHHKIB Jla€ MOXJIMBICTH YCTAHOBHUTH 3aKOHOMIPHOCTI
(dopMyBaHHA X CKJIaJy 1 BJIACTUBOCTEH y PI3HOTHITHUX BOJOHMAaX.

JlanamadTo3HaBYO-reOXIMIYHNHN aHaIi3 JIIMHOCHCTEM, sIKi (DyHKLIOHYIOTh
B YMOBaX TEXHOT€HE3Y, € BXKJIMBOIO JIAHKOIO y BUBYEHHI PO3BUTKY F'€OCHCTEM
Ta X MOXiJHUX aHTPOIIOT€HHUX MOIUQIKaLill JUIs opraHizamii parioHaIbLHOTO
MIPUPOJOKOPUCTYBAHHS.

3a aHMMH 3arajJbHOTO BMICTY KOMITOHEHTIB MOYKHA IPOCTEXHUTH 3MiHU
y CKJail SK 3a IUIOIICI0, TaK 1 po3pi3oM O3€pHHX BIKIJIAMAIB, 3IIHCHUTH
OLIIHIOBAHHSI CalpOIIENICBUX Ta IHIINX KOPUCHUX KOIAJINH, BU3HAYNUTH LUISIXU
X IPaKTHYHOTO BUKOPUCTAHHS.

2. MiHepanbHa cK/1a0Ba AOHHUX BiaKaaais

BennunHa i ckinaa MiHepajJbHUX KOMIIOHEHTIB BU3HAYAIOTHCS Y 3araJIbHOMY
BUIVISZIL TTOKa3HUKOM 30JIbHOCTI. BiH 3aJIeKUTh BiJi Ha/JXOMKCHHS PEYOBHUHU
B 03€pO 3 PIYKOBHM, IPYHTOBUM 1 TIOBEPXHEBHM CTOKOM, XIMIYHUM CKJIAJIOM
BOJM U BiJ KOMIUIEKCY (I3UKO-XIMIYHUX Ta OI1OXIMIYHHMX MpOLECIB, SKi
BiOyBaroThCsl B caMiii BojoiiMi. MiHepanbHI pEYOBMHHM, SIKI BXOIATH [0
CKJIaJly O3€PHUX CalpOIEiB, BKIIOYAIOTh IPUHECEH] KJIACTOTCHHI eJIEMEHTH,
ayTUTEHHI YTBOPEHHS, KOMIIOHEHTH, aJICOPOLIHHO ITOB’s13aHI 3 OpraHiuyHOIO
PEUOBHHOIO 200 METAIOOPraHiuHi CHOIYKH.
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30JIbHICTh — FOJIOBHUH BU3HAYaJIbHUI MOKa3HHUK SIKICHOI XapaKTEePUCTUKU
BIJIKJIJIIB BOJOWM, a, BIAIMOBINHO, i HAmpsMIB iX BUKOPHCTaHHS. 30BCIM
HEJaBHO JIesKi BUEHI BBaXKaJM, NIO OLIHKY CalpoIeiiB CJiJ MPOBOIUTH
BUHSTKOBO 32 1X 30J1010. Y 3B’5I3Ky 3 HArPOMAaJPKEHHSIM 3HAUHHUX Marepialis i3
TeHE3UCy O03CpHHX BIJKIAiB (BUSBICHO carponei, siki BMinlyors 80-90 %
OpraHiyHUX PEYOBHH), IPUPOIHO, IO OLIHKA iX MMOBMHHA OyTH IPYHTOBHIIIA,
3 ypaxyBaHHSM MOXKJIMBOCTI BUKOPHUCTAHHS OpPraHiqyHO{ YaCTHHH.

3aranbHU PO3MONIT 30JBHOCTI 3a BEPTHKAIIO Yy BIAKIagax MOXKHA
NPE/ICTABUTH JIBOMA CXEMaMH, XapaKTepHUMH JUIs CyYacHHX OPraHOTC€HHUX
BIZIKJIQ/IIB: y HW)KHIX TOPU3OHTAax CallpoleleBuX BiKJIAAIB YMICT 3011
BUILMIA, a J0 BEPXHIX TOPU30HTIB 3MEHUIYEThCS; Ha CTparurpadiqHux
po3pi3ax psAy POAOBUIL YMICT 30JIM B CAlpOIENsiX 3HU3Y JJOTOPH OJHAKOBHH
a00 nyxe OJM3BKHIA.

Posmisnaroun  300BHICTH  CallpoIleNiB, JOLUIBHO 3yNMUHHUTHCA Ha
xiMidHOMY CKjiami 1x 3omu. Ile muTaHHS PO3MISANANoCcs PAAOM JOCIITHUKIB
Jutst Ykpaincekoro TTomices®! 22,

KinpkicTe MiHEpanbHOi 4acTHHM, ii cKian, (GOopMH OKpeMHX MiHepasliB
MaroTh BHpilllaJibHE 3HAYEHHS B TUIIOBIH i BUJOBIH XapaKTEpUCTUIIl TOTO YU
IHILIOTO TOKJIAJY, @ TaKOXK BH3HAYAIOTh HOTO TOCIIOJapCHKOI0 BUKOPUCTAHHSI.
VY Hammx TOCHiIKCHHSX Ha OCHOBI (hoHIOBHX MatepiamiB Jlep>kaBHOTO
HayKOBO-BUpOOHHMYOro minnpuemcrsa «leoiHpopm VYkpaiHu» BHBYEHO
CKJIaZ 30JM W OKpeMi (OpPMH E€IEMEHTIB, L0 BaXJIMBO JUIS IONAJIBIIOTO
BUKOPUCTaHHS BIJKJIaIB Y Pi3HUX ray3sx eKOHOMiku (Tadi. 1).

Amnaniz  QonnoBux MmarepianiB JlepkaBHOTO HayKOBO-BHPOOHHUYOTO
mignpuemctBa  «leoindopm VYkpaiHum» 3acBiguye, WO 30JBHICTH Mae
TEHJICHIT 10 3MiHM 3 IHOMHOIO BinkianiB. llel mokasuuk Bapiroe Bix 18 %
(7,0-7,5 m — 03. Benuke II) no 81,2 (4,0-4,5 m — 03. Kpache).

VY camporensx pi3HUX THUIIB YMICT MIHEPAIbHOI YaCTHHU KOJHMBAETHCS
B TaKHUX Mexax: B opraniuaux — 7-30 %, 3aminranux — 32—56, KpeMHE3EMUCTHX
i kapOoHaTHUX — 40—85 % B po3paxyHKy Ha CyXy PEUOBHHY.

OCHOBY MiHEpaJIbHOT YaCTHHH JIOHHUX BIIKJIa (iB B YMOBaX J0CIIKyBaHOT
TEPUTOPIi CTAHOBIIATH CHOIYKH KpeMHito — 71,87 % (03. [Tynemenske), 56,41 %
(03. JIronumup), SiO, Ha cyxy pedoBuHy (Tabn. 2). ¥V Bigkiazax KpeMHii
nepeOyBae y BUIBHIN GopMi (KBapI() y CKJIaJli CHIIKATHUX 1 aTFOMOCHITIKATHIX
MiHEpaiB, a TAKOX y BUIVISII aMOP(HOT KPEMHEKHCIIOTH.

2! Impin JI. B., Momsaak £1. O. O3epa Bosmimi. Jlimuonoro-reorpadiuna xapakreprcruka. JIyrpk : Hagctup’s,
2000. 140 c.

2 JloBimauk pecypciB camporemo Yikpainu. Ku. 1. Bommucska obmacts. Kui : JAI'TT «IliBHi4-
ykpreonoris», 1994. 194 c.
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Taomums 1
BeprukaabHuii po3moaia 30JbHOCTI y JOHHUX BiAKJIaaax
pi3HOTHIIHMX 03ep YkpaiHcbkoro Iloaices, %

O3epa
2Bl Bl Bl B Bl E| OBl ®| =| =
2 3 8|l gs 2|, & 2 3 § ) 5
s8|58| S| 28| Ee| g S| 8| E]| s
Dméuna,m | S 2| ol 8 c|5cl83|85183|g5|8€|E€|E¢
9 =i = 51 = < S < ] =S ] - =] <9 2
ER g Z|le2| 22| 52|28/ 28|23/ 85|55
S8 328|=2|&88|828|88|>8|FE|f5| 25| =%
E|RE 5|53 £ 8§ E g 2 AR
g = =& = = g = = = g
S| E| E|CE| E| E| 3| E| E| o| O
S & & & & & & & ~ =~ =~
0005 | — | - | - [ - -1 T -1 -1T -1 _-7T-°
0,5-1,0 - - - - - - - - 38,25 - 31,9
1,0-1,5 — — — — — — — — 39,79 — 31,6
1,5-2,0 37,0 | 50,0 | 42,0 | 42,0 | 23,0 — - - 39,29 - 39,6
2,0-2,5 37,0 | 29,0 | 34,7 | 46,0 | 30,0 — — 33,0 | 42,14 — 454
2,5-3,0 27,0 | 29,0 | 32,7 | 47,0 | 32,0 | 45,5 — 37,9 | 41,43 - 52,6
3,0-3,5 25,0 | 29,0 | 37,0 | 42,5 | 36,0 | 46,1 - 39,1 | 38,07 - 57,8
3,540 25,0 | 24,0 | 32,0 | 39,5 | 36,0 | 48,2 — 44,6 | 37,14 — 59,3
4,0-4,5 24,0 | 25,5 | 31,5 | 39,5 | 35,0 | 46,6 — 40,2 | 38,50 | 81,2 —

4,5-5,0 26,0 | 25,0 | 33,5 | 37,5 | 30,0 | 43,5 | 48,0 | 40,8 | 39,00 | 70,8 —
5,0-5,5 26,0 | 34,0 | 32,5 | 41,0 | 36,0 | 44,5 | 38,0 | 44,1 | 41,92 | 65,8 -
5,5-6,0 24,0 | 33,5 | 32,5 | 36,0 | 35,0 | 41,2 | 44,0 | 43,9 | 40,50 | 69,0 —
6,0-6,5 25,0 | 38,5 | 32,5 | 39,0 | 25,0 | 48,7 | 42,0 | 44,8 | 42,50 | 65,7 —
6,5-7,0 24,0 | 30,0 | 33,0 | 38,0 | 33,5 | 46,6 | 43,0 | 42,3 | 38,13 | 61,5 —
7,0-7,5 28,0 | 18,0 | 32,0 | 39,0 | 32,0 | 45,3 | 42,0 | 37,8 | 38,00 | 57,3 —
7,5-8,0 24,0 | 24,5 | 340 | 39,0 | 33,0 | 47,5 | 37,0 | 47,8 | 40,00 | 50,8 -
8,0-8,5 34,0 | 26,0 | 36,5 | 40,5 | 49,5 | 42,5 | 35,0 | 42,8 | 40,50 | 63,7 —
8,5-9,0 31,0 | 27,0 | 36,5 | 40,5 | 46,5 | 44,6 | 40,0 | 39,5 | 42,67 | 48,7 —
9,0-9,5 28,0 | 33,0 | 36,5 | 39,0 | 40,0 | 51,0 | 39,0 | 33,7 | 41,67 | 52,0 -
9,5-10,0 28,0 | 350 | 350 | 37,0 | 29,0 | 54,0 | 39,0 | 38,2 | 46,67 | 48,5 —
10,0-10,5 | 27,0 | 39,0 | 33,5 | 35,0 | 22,0 | 46,0 | 34,0 | 42,0 | 45,83 | 54,0 —
10,5-11,0 | 30,0 | 30,0 | 34,0 | 34,0 | 32,0 | 54,0 | 36,0 | 41,7 | 42,00 | 58,0 -
11,0-11,5 | 52,5 | 20,0 | 43,5 | 37,0 | 43,0 | 53,0 | 32,0 | 41,7 [ 43,50 | — —

115-120 | — | 280 | 400 | 425 [330] — [400] 450 [4200] — | -
120-125 | - [ 280430320370 - [370]370 5150 - | -
125-130 | - | 320440 — [260] — [360] - [5150] — | -
130-135 | - [350[380] — [250[ — [330] - [s400] - | -
135-140 | - [350] — | — [320] - [235] - [s300] - | -
140145 | - |20 — | = | = [ = [s00] = [s35] - | -
145150 | - | = [ = [ = [ = [ = [540] = [4850] - | -
150155 | - | - | - | = | = | - 4650 - | -

JDoicepeno: yzazanvhenio 3a Gondogumu mamepianamu Jlepicasnozo HayKo8o-6upoOHUL020
nionpuemcmea «I eoingopm Yrpainuy

470



«nudig wdogni10a p» powdswandupiu 020hnHgodn9-09oxdvn o2onsvdicdafy nwprvidowpw nwneoeHop e onnanarveped :orvadadicyy

MUg01dIOTOMHOL . . . . . ¢ . ¢ ‘ ‘ ¢

aronodire) 89°6T [10SY | Tv O 18°¢C STl 19 600 8L'T 8%'C S0°€C Sl N IOAINUIY]
ungo1ndLOTONHOL . . . . ‘ . P c ¢ f f

aronodire) Ly 6T | E€V9E| 0LO &ve 9C'1 S6'L 00 09°¢ (Vi34 9811 01 orrey oHdOR
ungo1udIoroNHOL . . . . ¢ ¢ ‘ ‘ ¢ ¢

arauodire 06CE [6E£SE| LVO 9¢'1 - 68 'L 80°0 LL'T 70°¢€ 124! 07¢ ardoeQ
ungo1udIorONHOL . . . . . . ‘ ¢ ¢ ‘ ‘

arrouodire) 09vE [998C| 6C0 9T0 & o 881 900 SI'e [ 4 90°TT Sl qroHmoRdey
UUg0IMdIOTONHOL . . . . P ‘ ‘ ‘ ‘ <

arrouodire’) TLET |9¢Se| 1ITO - €L0 L9°9C 60°0 680 se'l 91 ST 4IIOHUNOD)
ung011dIoTONHOL . . . . . . . . . . . MUY

aroodire) 6€CC [09%F | 1I€0 L0 S60 Sy8I1 LEO €el 60 ¢ eyl Sl ondop,
UHALOMWOEOHWAAN . . . . P ‘ . ¢ ¢ ‘ <

arauodirer YO IT | 18¥%S| 9% 0 L8T L8°0 8CT 1o S €e0 £€8°9¢ 09 dunmror

HUHHOHEIIIBEO ¢ ¢ ¢ ¢ ¢ ‘ ‘ ‘ ‘ ¢ ¢
VHIOMHAL LA €V IT | SL8L| 6LT 150 170 SLT 9L°0 61°6 LY9 1¥°9S 06 dummror]r
U901 dLOTONHOL . . . . . . ‘ ¢ ‘ ‘ ¢

aranodire 79°LT |0T8Y | SSO €Sl SLO 98'C 100 769 96t LT 0cI NIMOWALA
MULOMHHI LKA LT6 S9'18 | 0£°0 970 650 ¥9°1 10 8T 10 L81L UL MIMONILA |
MHALOMWOEOHWIAN . . . . ‘ . ¢ ¢ ¢ ‘ ¢

quanodire) 6 ST | €9P9 | LEO 9TC 200 YL'E €10 0LT €re v 61 08 MIMONSLAT
UUg01MdLOTONHOL . . . . ‘ . ‘ ¢ ‘ ‘ ‘

aramodire 869C |[S9TE| €80 9L'1 (4! LY 61 120 S1¢C 44 €89 ¥ 0¢ dEBLIET)
HULOUNQEIHWAAN . . ‘ . . . ¢ ¢ ¢ ¢ ‘

arrouodie)) orcl [ 1€S9| 920 960 180 LY 91 010 861 9L'S §S9¢ Sl deKLIET)

quom W ‘BHHQMILX edago
HYBENINE THHOY! o) -arog ‘0'd | ‘oS | O3 | O®D | Oul | ‘O%d | OV | ‘OIS “dogiria vasel
AMIIA

AHUFgOhdd AXAd OHLOIIr0dQE ¥H 9, ‘doco XMHIMLOHEId dIRIrNYId XHHHOY XHIIHXdIdol YeIrd HUHRINIY

KIUIQR ],

471



[HTEeHCUBHICTH HATPOMaPKEHHS KPEMHIIO 1 aJIIOMIHIIO B 03€pHUX BIIKIIagax
3aJIKUTh BiJi HAJIXODKEHHS TEPUTEHHOIO Marepiajly, IO 3yMOBJIEHO
IHTEHCHBHICTIO €pO3i1HUX IPOLECIB, Pelbe()OM i HOBEPXHEBUMH BiJIKIaJaMU
B0J10300piB. HarpomapkeHHs! KpHCTaIIYHOTO KPEMHIIO 1 aTFOMiHIFO OBHICTIO
BU3HAYAETHCSA O00CATaMH TEPUTEHHOTO CTOKY IPOAYKTIB pyHHYBaHHS
YETBEPTHMHHHUX TOKPUBHHUX BiAKIAMiB 1 MU(EpEHIII0eTbCs BiJIOBIIHO 10
3aKOHIB MeXaHIYHOI cenuMeHTalii. MakcuManbHa aKyMYJSLis aJllOMiHIiIO
BiOyBaeTbcs B €BTPOGHHUX 1 ME30TPO(GHHMX 03€pax y TOHKOAMCIIEPCHHUX
BIJIKJIAJIaX 13 BEJIMKUM YMICTOM DJIMHHCTOTO Marepiamy.

KpiM mnokasHMKa 30JbHOCTi, OCHOBHMMH KOMIIOHEHTaMH JIOHHHX
BIAIKJIAJIB 3MIIIAHOTO TUILY, K 3a3Haudanocs Buue, € Si0,,Ca0, MgO, Fe,O;,
AlO,, MnO, P,0,, N,0, K,O i in.

bimzpko 30% nmpexacTaBieHO BiAKIagaMHu, 30ja SIKMX CKJIIA€ThCs
3 kpuctanmignoi SiO, a BMICT OKpPeMHMX KOMIIOHEHTIB, BKJIIOYArOUH
P,0, (0,12-1,4%) i K,0 (0,3-1,3%), ineHTHYHI campomeis M OPraHi4HOIo
tumy. i canporeni XxapakTepusyloThCs OUIbII BHCOKMM PiBHEM 30JbHOCTI
(B cepennboMy 35%), HDK opraniuni. Bmict SiO, B 3011 KOIMBAa€TbCA
8,1-27,8 %, CaO Bin 7,9-17,3 %, Fe,0, — 5,9-19,1 % y po3paxyHKy Ha Cyxy
pPEUYOBUHY.

J1s KpeMHe3eMHCTHUX CalpolelliB IOoKa3HUK ymicty SiO, csrae Bia
29,7 no 74,6 %. [Ins KxpeMHE3eMHUCTUX BIIKJIaIiB XapaKTepHUH HaWOIIbIINNA
ymict Fe,O; (6,4-13,2 %), 1m0 3yMOBIICHO HasBHICTIO INIMHUCTUX MiHEPaiB.
3a3BUYai, MiZABUIIEHOMY BMICTY aJIOMIHIIO BiJIOBIiJa€ MiABUIIEHUH yMicT
kanmito. Tak, ymict ALO, cranoButs 6,3-12,7%, ymict K,O nopiBHioe
1,2-3,6 %.

Jis kapOOHATHHMX BIJKIQJIB TOJOBHUI MiHEPAaTbHHA KOMIIOHCHT —
kapOoHar ka1 (Bix 29,8 0o 84,2 %). Yumict Si0,1Fe,0,, sxi nepesaxaroTs
cepesl IHINMX KOMIIOHEHTIB 30JIM, 3MEHIIyeThcad B Mipy 3pocranHs CaCo,.
KapOonarni camponeni 6imHi okmciaamu (docdopy (0,09-0,56%) 1 kamiro
(0,12-0,48 %).

Binknmaau Bcix THIIB OiHI CipKOIO. [ xinpkicHuii YMICT HE TepeBaXkae
3 %, ckianaroun B cepeanbomy 0,09—1,7 %.

[loka3HUKM KHCIOTHOCTI B CampoleieBUX BiJKIagax HE MaroTh
3HAYHUX BIIXWICHb 1 KOJMBAIOThCA Bif kuciotHoro (3,2, 03. Tyxose) no
cnabokucinotoro (8,48, 03. OcoButchbke). SIK 3acBiAYYIOTH JaHi IMOJO
BOJIIOWM, PO3MIIIIEHUX y Pi3HUX perioHax YkpaiHcekoro [lomicest, OLTBIIICTE
03CepHUX BiJKJIaniB Mae nokasnuk pH Bix 5,5 no 7,5.

JlociimKeHHsT BOJIOTOCTI 3aCBiUYyIOTh, 110 HWDKHI NMPHUIOHHI TOPH30HTH
MaroTh JIEII0 HIKYY BOJIOTICTb, SIKa JI0 BEPXHIX T'OPU3OHTIB 30UIBIIYETHCS
(tabm. 3).
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Tabmurs 3
BepTrukajbHuii po3moia BOJIOroCcTi JOHHUX BiIK/IaaiB Pi3HOTUIHUX
o3ep Ykpaincskoro Iodgicest, %

O3sepa
Inouna, g‘g E'§ @l§ é'§ 2§ E‘E 0‘5 Q\E gé g§ EE
M Ss|E€cs|5s|scs|Ss|Ec|8s|2s|S8S|8S|5°
HEHEEEHEHEHEHE R S
Z182|T 2| EE|C5|182|78| |78 1%g| ¢
S| E| E|CE| E| 2| 3| E| & & &
e & & & & & e & ~ ~ =~
0,0-0,5 — — — — — — - — — — -
0,5-1,0 - — — - — - — - 9442 - 9288
1,0-1,5 — — — — — — — - (94,18 — |91,79
1,5-2,0 |94,37 86,83 89,22 93,81 |9526| - — - 93,60 - |88.23
2,0-2,5 [94,41 (92,57 91,74 92,55 93,84 | - - 1932519303 - [7785
2,5-3,0 [95,18192,44193,05]92,50 [ 92,27 [ 86,44 | — 92,63 [9148| - |68,65
3,0-3,5 94,40 (92,42 93,26 | 92,90 | 92,67 | 86,80 | — [92,62|91,93| - [62,32
3,54,0 94,00 [93,1392,80[93,03 192,26 83,76 | — [9229]9135| - [62,12
4,0-4,5 94,51 92,30 | 94,10 [ 93,14 {9091 | 83,05 | — [92,41[92,24|7880| —
4,5-5,0 194,00 | 93,01 | 93,56 | 92,51 | 91,66 | 86,88 | 83,21 | 92,84 | 90,62 | 80,28 | —
5,0-5,5 (92,84 191,36 193,14 | 92,66 | 91,77 | 85,39 | 89,86 | 91,91 [ 89,47 | 79,27 | -
5,5-6,0 [94,69 191,28 192,19 | 91,78 | 92,07 | 86,53 | 86,07 | 91,83 [ 90,07 | 76,24 | —
6,0-6,5 [94,16 191,07 ] 91,9 | 92,08 | 91,70 | 81,94 | 86,44 | 91,34 [ 89,35 [ 81,83 | —
6,5-7,0 (94,22 191,26 192,84 | 91,18 [ 91,20 | 82,20 | 88,31 | 91,60 | 90,22 [ 82,33 | —
7,0-7,5 193,03 193,27 192,99 | 91,18 [ 92,06 | 81,94 | 84,87 | 91,26 | 89,05 | 86,05 | —
7,5-8,0 [93,78 193,91 192,74 | 91,33 | 89,66 | 82,21 | 86,24 | 90,90 [ 90,46 [ 87,92 | —
8,0-8,5 93,18 [92,92 (93,12 | 91,66 | 87,82 | 83,92 [ 90,62 [ 91,55 | 88,54 | 83,78 | —
8,5-9,0 [92,88 193,00 92,22 |1 90,77 | 87,56 | 84,64 | 83,23 | 91,12 | 88,04 [87,38 | —
9,0-9,5 193,46 |91,25 | 91,40 | 90,77 | 89,33 | 83,82 | 85,76 | 91,15 | 87,75 | 87,20 | —
9,5-10,0 94,94 [89,91 | 91,65 | 90,67 | 89,59 | 81,17 | 85,07 [ 90,83 | 86,20 | 87,75 | —
10,0-10,5 93,74 [90,37 [90,03 | 90,96 | 91,15 | 86,80 | 87,39 | 89,60 [ 85,77 | 85,04 | —
10,5-11,0 93,29 190,70 | 91,32 [ 90,86 | 90,35 | 75,68 | 84,51 | 89,97 | 84,94 | 84,00 | —
11,0-11,5 [87,86 193,79 191,28 | 90,52 90,75 | 80,74 | 87,86 | 89,57 [79,36 | — -
11,5-12,0 — 95,38 [88,92 | 88,88 189,02 | — [81,27 (89,34 183,86 | - —
12,0-12,5 - 19433 189,59 - [90,61 — [83,65(89,82 (82,85 | - —
12,5-13,0 - 93,18 |8835| — [89,71 - 8627 - 180,07 - —
13,0-13,5 - |9L,1518899 | - [90,06 | — 8539 | — [79,68 | - -
13,5-14,0 - 190,28 188,99 | — (90,69 | - 91,03 — [79,6]1 | - —
14,0-14,5 - |8826| - — — - 89,17 | — [7872| - -
14,5-15,0 - (9247 - — — - (81,26 | — (81,00 | — —
15,0-15,5 — — — — - — — - 7894 | - -

JDicepeno: yzazanvhenno 3a ondosumu mamepiaramu Jlepicasrozo HayKo8o-6upooHUL020
nionpuememea «l eoingpopm Yepainu»
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Crneungiky SKICHOTO CKJIaJy NOHHHMX BigknaaiB YkpaiHcbkoro [lomiccs
BHM3HAYAIOTh 'COXIMIUHI BiIMiHHOCTI Janamadris. Camporeni o3ep xapakTe-
PH3YIOTECS] HEBHCOKOIO 30JIbHICTIO, 110 ITOB’s13aHO 31 3HAYHOIO 3200JI0YEHICTIO
HU3MHHUX BO10300piB. Lli YMHHHMKHM, a TaKoX CKJaJ IMOKPUBHHUX MOPiJ
MPHU3BOAATH IO TOMITHOI AMCTpodikaIii o3ep, IO CHOpPUAE IiABHIICHIN
KOHIICHTpAIlil OKCHAIB 3aii3a B camponeisnX. OKCHUIN Kalbllito, HABIAKH,
Oinbllle KOHIIEHTPYIOTbCS B CalpoIeNsX IMiJBUIIEHUX JaHImaQTiB, SKi
MaroTh CyHilllaHi H, pijJile, CyIIMHUCTI OBEPXHEBI MOPOJIH.

MexaHi3M 03epHOr0 HarpoMa/KEHHsI BU3HAYa€ PEUYOBHHHY CBOEPIIHICTH
BiKJIQMIB, CKJIQA 1 cTparurpadilo JJOHHUX BiAKIamiB, X 3B’SI30K i3
JaHIAGTHIMU 0COOIMBOCTSMH PETIOHY, 3arajlbHUMH JIMHIYHUMH YMOBaMHU
BOJIOIM 1 3MiHAMH LIMX YMOB IPOTATOM YChOTO 4Yacy iCHYBaHHs 03ep.

Y mporecax 03epHOTO HArpOMAKCHHS BiIKJIaliB BiOOPaXaeThCs
PI3HOMAHITHICTh  JaHAIIA(THO-TEOXIMIYHUX  OCOOIMBOCTEH  BOJ0300piB
1 (i3MKO-XIMIYHOTO CepelloBHUIla BOAOHM. MexaHiyHa, XiMiuHa Ta 0l0THYHA
nudepeHmianiss PeYOBHHHM TICHO MOB’S3aHa 1 MPOSIBISEThCS Yy crenudini
reoxiMii OKpeMHX eJIEMEHTIB.

3. bioreHHi eneMeHTU AOHHUX BigKNaAiB

OcCkinbKH 03epa € HarpoMaJpKyBadaMu 1 TpaHc(opMaTropamu PEYOBHHHU
B Jiitocdepi i BiOOpakaroTh B IHTETPOBAHOMY BUIVISAI CTaH i JUHAMIKY
0aceifHOBOT T€0CUCTEMH, TO aKTyaJbHUMH € UTAaHHS BUSBICHHS [TOKa3HUKIB
3MiHM CTaHy O3€PHUX TE€OCHUCTEM: IX CTalliOHAPHHX PEXHUMIB, JUHAMIKH,
HanpsiIMKiB MOMKJIMBUX 3MiH. Y LbOMY IUIaHi HaiOuIbII iH(OpPMAaTHBHUM
KOMIIOHEHTOM O3€pHOI I'€0CUCTEMH € JIOHHI BIIKJIaIu — KiHIEBUI pe3yJbTar
CKJIQJIHUX TIPOILIECIB IIEPETBOPEHHS DPEYOBHH, IO BiJOYyBalOTbCS B 4aci
B MEXaX BOI0300pYy.

OmHuM 13 HaYyTIMBIMMX IHAWKATOPIB IUX IPUPOTHHUX HPOLECIB
€ BMICT OIOTEHHHX €JIEMEHTIB y JOHHMX BiAKiIazax. ¥ LbOMY acHeKTi JOHHI
BiJIKJIaI BUBYEHI HEIOCTATHBO, YUM HOSICHIOETHCS BIICYTHICTh T€OXIMIYHUX
KpPHUTEpiiB, IO JAlOTh MOXJIMBICTH IPOCTEXKHUTH Ti YH IHII CTOPOHH
03CpHOI0 HArPOMAKCHHS BIJIKIIA/IiB. BUSBICHHS TeOXiMIUHUX 1HIUKATOPIiB
YMOB 03€PHOT0 HAarpOMAJKCHHS HEOOXiTHE JJIS PaliOHAJHHOTO BUPILICHHS
po0JieM MOHITOPUHIY O3€PHUX T'€OCHCTEM, OCKUIBKM BHKOPHCTAaHHS JUIs
i€l MeTH OHHMX BiJKJIAJiB BUKIIIOYAE TOTPeOy TPHBAIOTO CIIOCTEPEKEHHS
JUTS OTPUMaHHS HeoOXiqHO1 iH(popMalii.

AHTpONOTeHHI 3MiHM 010r€HHOTO HaBaHTAKECHHS THM YH 1HIIMM YHMHOM
BiJJOOpa)KarOThCSI Ha 3MiHI CTPYKTYpH €KOCHCTEMH O3€p: 3pOCTaE piBEHb
010MPOTYKTUBHOCTI, 3MIHIOEThCS BHIOBHH CKJIaJ] OIOTHYHHMX YIpYIOBaHb,
MOPYIUYETHCSA  CTIHKICTH TpoQiuHMX 3B’sa3kiB. OpHaK INHUTaHHSA TIPO
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TpaHcdopMmalito OI0reHHUX eJIEeMEHTIB y BOJOMMI, PO iX BIUIMB Ha piBEHb
1 IBUIIKICTh eBTPO(diKaIlii 03ep 1 ChOTOMHI € AKTyaTbHHUM 1 MOKH IO JAJICKUM
BiJl BUPIIIICHHS.

Jo OioreHnux eneMeHTiB Hanexarh: 3amizo (Fe), cipka (S), azor (N),
kanid (K), docdop (P) ta ixni crmomyku. 3amizo — ofMH 13 HaWOLIBII
JUHAMIYHMX KOMIIOHEHTIB JOHHMX BiJKIamiB, HOr0 CEJUMEHTALS TICHO
NOB’s13aHa 3 (Pi3UKO-XIMIYHUMHM YMOBaMH 1 TPO(HICTIO O3€pPHUX BOHOMM.
3aBAsKM 30aTHOCTI YTBOPIOBATM OKHMCHI I 3akucHi (opmu 3aii30, YiTKO
pearye Ha 3MiHU B OKHCHO-BITHOBHHX YMOBaX BOJHOI MacH.

B ozepax 3i CTIHKMM BiJIHOBHUM CEpEIOBHILIEM HAHONMYEHHS 3aiiza
BiZIOyBa€eThCs 32 paXyHOK OpPraHiYHUX Ta MiHEpaJIbHUX KOMIUIEKCHUX CIIOJYK.
IoHHI cnomyku 3aji3a MBHUIKO TiAPONi3yIOTHCS, OKHCIIOIOTHCS 1 BUIAJA0Th
B ocax. CraOumizamii 3amiza B JOHHUX BIIKJIaAax NpPH IbOMY CIIPHSE
DIMHUCTUH (OH CenMMEHTallil, OCKIJIbKM OCHOBHAa YacTWHA TEPUI€HHOTO
3aji3a MoB’sA3aHa 3 NIMHUCTUMHU MiHEpaJaMH.

Bucokuii ymict opraHiyHoOi peuoBHHHM BH3HAYa€ MOXJIMBICTh YTBOPCHHS
B JIOHHMX BiJKJaJax KOMIUIEKCHHX CIIOJYK 3aji3a. 31 3MEHIIECHHSM BIUIUBY
OpTaHiYHHUX PEUOBUH POJIb (HI3UKO-XIMIYHUX MPOIIECIB Y HAKONMYEHHI 3aiTi3a
3pOCTaE.

V IOHHUX BifIKIa[aX PO3MISHYTUX 03€p MICTUTHCS 3HauHa KinbKicTs Fe,O,
_fAKa KOJIMBAEThCA y 3HA4YHUX Mexkax: Bix 0,72 % (o3. Bemuke II, 7,5-8,0 m),
1o 18,0% (03. Mane 12,5-13,0 m). HaiimomupeHimiow B JOHHHUX BiIKIanax
€ CIIoJyKa 3ajli3a — JIIMOHIT. BeprukanbHuil posnoain OioreHiB y Biakiamax
y3araJbHeHUH y Tabn. 4, a cepeiHi MOKa3HUKU BMICTY HOTO Y Pi3HOTHITHUX
o3epax — y Taom. 5.

[Ipu migBHIICHOMY BMICTi 3aii3a 4acTO CIOCTEPIraeThCs ITiIBUIICHUI
BMicT (ocdopy, skuii Bapitoe B mmpokux Mexax Bim 0,05% no 7,41 %,
3aJIeXKHO BiJ BUAY JOHHUX BiaknaniB. B ozepa docdop morpamse y Bumsimai
JIOMIIIOK OpraHi4HOi PEeYOBHHH, JIe 3rOJIOM aJcOpPOYETHCS, BHUIIAJAE B OCal
1 MiHepaJIi3yeTbesi OaKTepisiMH.

Y 1OHHMX BiKJIaJaX NPUCYTHI OpraHiyHi i HEOpraHiuHi CIIOIYKH
dhochopy (cronyku 3 anroMiHiEM, KalbIlieM, 3aiizom). Heopraniuni ¢popmu
(ocdopy nepeBaxarorb B eBTpoQHUX 03epax, 0 CHPUYNHEHO IX IIBUJIKOIO
MmiHepaiizanieto. Opraniudi ¢popmu pocdopy HarpomMamKyroThCs B JOHHUX
BiZIKJIaIaX AUCTPOGHHUX 03€p, /i€ BOHM IIOB’s3aHI 3 TYMIHOBUMH KHCIIOTaMu;
XapaKTepu3yIOTbCsl HU3BKUMH TEeMIIaMH MiHepaiizalii, y pe3yiabrari 4oro
3HauHa vactuHa (ochopy He Oepe ydacTi B OIOTHUHOMY KPYrooOirosi,
a BIZKJIQIA€THCSI B OCA.
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Ta6muusa 4
BiorenHi esjeMeHTH NOHHUX BigkJaaiB o3ep Ykpaincskoro Ilomices,
% Ha CyXy pe4oBHHY™
Tnu6una, 03. Beauxe I1 03. Mane 03. Opixose
M N, |P,O;[Fe,0,|K,0| S [N [P,O,|Fe0,|KO| S [N, [PO,|Fe0,|KO| S
20  [1,98]0,16| 1,04 |1,04[1,282,88] 042 1,65 [0,30|1,49]3,41]0,32 | 3,11 [0,13 1,19
2,0-2,5 [1,80]0,09 | 0,89 [0,89 (1,23 — [0,25] 2,64 [021| — [3,05[0,70 | 324 |0,18 1,22
2,5-3,0 [3,18]0,20 | 0,95 [0,95[1,72(3,29] 0,40 | 1,75 {025 |1,47[3,43| 0,22 | 2,77 | 0,15 | 1,24
3,0-3,5 [2,31[0,15] 0,96 [0,96[1,25] — [0,71 | 2,01 [0,17| — [2,55] 1,05 4,78 |0,24|1,75
3,5-4,0 3,38]0,15] 0,95 [0,95]1,39]3,02| 0,38 | 2,69 |0,18[1,29|2,87| 1,05 | 3,60 | 0,18 |2,33
4,045 |3,17]0,11 ] 087 [0,87|1,18] — [0,84| 1,54 [024] - [3,01]0,86 | 4,93 |0,23[1,50
4,5-5,0 3,80]0,15] 0,91 [0,911,24]2,66|0,19 | 1,76 [0,25]1,35]3,35| 1,60 | 4,34 | 0,17 1,72
50-5,5 [2,45]0,05] 0,75 [075]1,07] — |147] 422 [013] — [3,13] 1,53 6,21 |0,24 |1,60
55-6,0 [4,00(0,08 | 1,14 [1,14]1,04{3,34| 0,31 | 3,12 [0,12[1,49[3,05] 1,01 | 5,70 | 0,25 [ 1,62
6,0-6,5 |2,89]0,08 | 1,15 |1,15|1,62| - [0,71] 3,22 [0,12] - [2,94]| 1,16 | 4,97 |0,27|1,89
6,5-7,0 |3,37]0,11 | 1,05 [1,05]1,09]3,26| 0,51 | 2,49 [0,12]1,53[2,95|5,03 | 4,35 |0,25[1,39
7,0-7,5 |3,80]0,11 | 0,85 [0,85|1.44| — [2,94] 4,56 [0,12] — [3,17|1,23| 4,50 |0,23[1,77
7,5-8,0 |3,97]0,10] 0,72 [0,72|1,10]3,14| 0,75 | 3,24 0,18 [1,32[3,54]| 0,67 | 443 | 0,33 |2,03
8,0-8,5 [3,62]0,10| 0,80 [0.80(1,40| — |222] 4,69 [0,09] — [245] 1,80 4,14 |047 [2,22
8,5-9,0 (3,10[0,10 | 0,84 [0,84]1,22(3,11|1,04 | 527 [0,14[1,54[2,45] 0,23 | 3,97 | 0,61 [2,29
9,0-9,5 [3,80]0,09 | 0,90 |0,90 |141| — |2,26] 3,32 |0,16| — [2,29]0,64 | 2,86 |0,17|1,71
9,5-10,0 {2,50 0,11 | 1,22 [1,22]1,52(3,24| 1,16 [ 3,78 0,16 [1,64| — | — | 599 |0,16| —

10,0-10,5 (3,80 [ 0,08 | 1,50 1,50 [1.41| — [3.30] 4,78 [0,15] — [2.81] 0,94 5,89 | 0,15 |1,64
10,5-11,0 [ 1,93 [ 0,13 | 1,99 [1,99 [ 1,80 [2,72] 0,91 | 5,61 [0,15]1.87] - | - | 679 |0,16| —
11,0-11,5 [4.46 | 0,06 | 1,57 1,57 [1,52] — [2.93] 6,71 [o16] - [2.92] 1,82 7,15 0,26 1,37
11,5-120| - | - | 087 [087] - [2.81]078] 6,39 [0,17[1.60] — | - | 6.82 [0,17] -
12,0-12,5[3,45] 0,06 | 0,87 [0,87]1.65] — [7.41[10,69]0,12] - [3,05[ 0,99 6,65 [0,20]1,95
125-130| — | - | 0,88 |0,88[2,00]3,00] — [1800[0,08[197] — | — | 560 [014] -
13,0-13,5 [3,02] 0,10 | 1,10 [1,10[ 1,62 — [5.02]16,52]0,00] — [3.30] 1,90] 5,44 [0,10(2,16
135-140( - | - | 149|149 - | - | - [1062f0,13] - | - | - | 492 [026] -
14,0-145 (1,99 0,15 | 2,56 256|182 - | - | - | - [ - |- - | - [ - | -
145-150 - | - [0 |rao| - | - | - = | - -|-1-1]-1-1-

Crnix 3a3HaYMTH TiABHIICHY KUTBKICTE (pocdopy, IO CIIOCTEepiraeThes
B Cy4YacHHX IIapax camponeiiB o3ep. Lle MOSCHIOETBCS HaAMIpHHM aHTPO-
MOr¢HHUM BIUTHBOM, IO 3YMOBJIECHHH T'OCHONAPCHKOIO IiSUTBHICTIO JIIOMHHHU.
OCHOBHUMH DKepelaMi HaaxokeHHS Qocdopy €: KOMyHalbHI Ta TIpo-
MUCIIOBI CTOKHU, TBAPUHHHIIBKI ()ePMH, CIITHCHKOTOCIIONAPCHKOI MiIPHEMCTBA,
pekpeamiss 1 pmeski iHmi. MakcuMmanbHI HaaxomkeHHS Qocdopy i3

B lyina O. V., Ilyin L. V. Biogenic Elements of Lake Sediments as Indicators of Natural and
Anthropogenic Processes. Monitoring of Geological Processes and Ecological Condition of the
Environment : 18th International Conference. April 2025. Vol. 2025. P. 1-5. DOI: https://doi.org/
10.3997/2214-4609.2025510123
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TBapUHHUIBKAX (epM 1 Ti, MO0 HAIXOIATh i3 KOMYHAJIBHHMH CTOKaMHM, Ha
OKpEeMHX 03epax CTaHOBIATH 10 90 % 3araJbHOTO HaBaHTaXEHHs Gochopom.
VY kpuTu4Hii cutyarii nepeOyBalTh 03epa, PO3MIIICHI B MEXaX HACCICHHIX
MYHKTIB i3 OararbMa JpKepenamu 3a0pyIHEHHS, BUOKPEMIICHHS SIKUX HE
3aBKAM MOXIIHBE. Pekpealtis, pa3oMm i3 iHIIMMU 00’€KTaMu, HaOyBae CTaTyCy
NOTYXHOTO jKepena ¢ocdopy, pekpealiiiHe HaBaHTaXKEHHS Ha OKpeMi
BozoiiMu ctaHoBuTh 10 50% BiZ cymMapHOro iX HaJXOIPKeHHS. Bwicr
dhocdopy B TOHHUX BIAKIAIaX 3MIHIOETHCS TOCUTh 1CTOTHO.

VY camporensax po3nITHYTHX 03¢p MICTUTHCS, 3a3BHUYail, HE3HAUYHA KUTbKICTh
cipku — 1-1,8 % 1 nmie B okpeMux Bumnajkax nepesuuiye 2 %. HagxomkeHHs
CIpKM B JIOHHI BIJKJIaJ 3aJICKHTh BiJ] OCOOIMBOCTEH BOMO300pY W OKHCHO-
BiJIHOBHMX yMOB 03epa. OCHOBHMMH (pOpMaMH CipKH{ B CAIPOIIEIISIX € OpraHivHa,
cynbparHa ¥ cymsdigHa. Harpomamxenns 1 BigOyBaeTbcsi BHACIIIOK
NONIMHAHHS CY/b(ar-iOHIB IUIAHKTOHOM. 3rojioM, Yy Xomi MiHepaizamil
OpraHiuyHOi PEYOBHHH, CIpKa NEPEXOIUTh Y MiHEpalIbHi (HPOPMH.

JIOHHI BiAKJIAIW MOCIIDKCHUX 03€p MAalOTh BHCOKUH BMICT 3arajibHOIO
azoty — 110 4,5 %. [1pu 11bOMY a30T y BiJIKJIaJIaX TOJIOBHUM YHHOM OPTaHI4HOTO
MOXO/KEeHHsI. XIMIYHUH CKJIaJ a30TUCTUX YTBOPEHb 3YMOBJICHHH BHJaMu
CHOJIyK a30Ty (OUIKHM, IIyKOp), IO MOTPAIUISIOTh y BIAKIAAH 3 PEILITKaMU
POCIIMHHUX 1 TBAPUHHHUX OPTaHi3MiB, sIKi i ()OPMYIOTh OpraHiuHy PEuOBHHY
Ta BIUIMBAIOTH HA CYKYIHICTH (I3MKO-XIMIYHHUX Ta MIKPOOIOTHYHUX
MIEepETBOPEHB y CaIlpoIeIeyTBOPEHHI.

HanxomkeHHst kasito Ta Horo Crojiyk y o3epa, a TaKo)K HOro ceJMMEHTalis
B O3€HMX BIJKJIaJax BU3HAYAETHCS OOCSIraMyd TEPUTCHHOIO Marepiaiy,
o BHOCHThCA. Kaumiii BXOOuTh 10 CKJIay allOMOCHIIIKATHMX IIMHHUCTHX
MiHEpaliB 1 3B’S3aHUN 13 TOHKOIUCIECPCHOIO (pakiiero BigkmamiB. Bix
3HaXOAUTHCS y CIIOfIaX, MOJILOBUX WINATaxX, NNIMHUCTHX MiHEpasiaX, a TaKoX
y CKJIaJl JIesTKUX BaXXKUX MiHepaiB. HasBHICTH Kajiro B JTOHHUX BiIKJIanax
03ep Ykpaincekoro [loricest € He TOCUTh 3HAYHOIO, CTAHOBUTH MeHIe 1 %.

PizHoTUNHI BomoliMu MaroTh pi3Hi mokasHuku BmicTy K,O (Big 0,13 %,
03. Byxose, 1o 0,80 %, 03. O3epo), P,O; (Bix 0,13 %, 03. binscexke, no 1,45 %,
03. Omur), S (Biz 1,05%, o3. Bepxue, 1o 1,47%, o3. Bexuns), Fe,O,
(Bix 1,42 %, 03. O3epo, 1o 7,41 %, 03. Omur) (Tadim. 5).

BrumB npupogHMX # aHTPONOTEHHMX IIPOLIECIB HAa O3€pHI KOMILIEKCH
(iKcyeThesl CydyacHUMH JIOHHUMH BifKIafgamu. JoCiiDkeHHs 3aKOHOMIpHOCTEH
MPOCTOPOBO-YaCOBOTO  PO3MOALTY OIOTEHHHMX EJIEMEHTIB Jla€ MOXJIMBICTh
3’sicyBaTH 3MIHH €KOCHCTEM BOJIOWM, IOB’SI3aHMX 13 MPUPOIHUMH YMHHHKAMU
1 3 IISUTHHICTIO JFOAMHK. 3MiHH YMOB CEIMMEHTAIlIl OIOTEHIB CIIOCTEPIracThes

B 03epax OIOreHHHX eJIEMEHTIB POOUTH JJOHHI Bi/IKJIa/IM BOYKJIMBUM CHPOBUHHHM
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pecypcoMm, SIKMH MOKE BUKOPHCTOBYBATHCS B PI3HMX cdepax TrocrnogapchKoi
JISsUTBHOCTI (CUThChKE TOCIOAAPCTBO, MEIMIIMHA, OaJbHEONOTIs 1 1H.).

Tabnuus 5
CepegHi NoOKa3HMKH BMiCTy 0iOreHHHMX eJIEeMEHTIB y Pi3HOTHITHUX
o3epax YkpaiHcbkoro Iloaices, % Ha cyXy pe4oBHHY

Ha3sga o3epa K,0 P,0, S Fe,O,
Binsceke 0,39 0,13 1,25 1,68
Bexuis 0,22 1,23 1,47 4,04
Byxose 0,13 0,47 1,32 4,96
Omur 0,41 1,45 1,46 7,41
CocHo 0,54 0,72 1,27 4,13
Bepxue 0,52 0,40 1,05 6,13
Mg 0,33 1,09 1,30 6,32
O3epcbke 0,42 0,34 1,13 3,85
ComuHe 0,28 0,83 1,41 6,20
Kapacun 0,18 0,33 1,24 3,95
Map’siHiBCbKe 0,28 0,45 1,14 4,25
O3epo 0,80 0,25 1,45 1,42

HactynmHum erarnom aHani3y OlOTeHIB € BUSIBJICHHS MEX, Ha PiBHI SIKHX
CIIOCTEpIraroThCsl aHTPOIIOTeHHI 3MIHM M Tepexin o3ep B iHIIY 3a piBHEM
TPOQHOCTI CTai0 pO3BUTKY. 3HaHHS MpoLieciB GOpMyBaHH: CKIIay BilKIIa1iB
1 YHHHHUKIB, K1 HOTO KOHTPOJIOIOTh, HEOOXi/IHE ISl HAYKOBO OOIPYHTOBAHOTO
IIPOTHO3Y PO3BHUTKY BOJOWM, BIUIMBY Ha HUX TEXHOT'€HHOTO HaBaHTAXKEHHS
1 po3po0KHK CXeM paliOHAIBHOTO BUKOPHCTAHHS iXHIX pecypciB.

4. MowwupeHHs i Tunisayis iIMHOreoxiMiYHMX 0Caf0BUX KOMIMJIEKCIB
Ta MOXXJ/IMBOCTI IX rOCMoAapCbKOro BUKOPUCTAHHS

Jlo uncria KOMIUICKCHHX XapaKTEPHCTUK JOBKULISI 1 HOro 3MiH HaJeXkarh
JaHmmagTHO-TeOXIMIUHI OCOONMBOCTI, SIKI BH3HAYAIOTh 3aKOHOMIPHOCTI aude-
peHLialil peYOBHHH i MOXKIIMBOCTI 1i Mirparyii. AHami3 Mirpatii pedoBHHN HaOyBa€e
0COONIMBOTO 3HA4YEHHsI B 3MIHEHHMX TOCIONAPCHKOIO JISUIBHICTIO O3€PHUX EKO-
CcHCTeMaX, Jie aKTUBHO B3aEMOII€ ii PUPOJIHUE 1 AHTPOTIOTCHHHI CKIIAJHIKK>*,

OsepHi Bigkmagum — JIyXe CKIaaHi O0’€KTH JOCHIDKEHHs, IX CKIaj
W BIIACTHMBOCTI 3aJieKaTh BiJl PI3HOTO SKICHOTO Ta KUIbKICHOTO IIO€JIHAHHS

* Ilyina O., Ilyin L. Forms of Lake Basins of the Ukrainian Polissya Region and Their
Transformations in the Process of Accumulation of Bottom Deposits. GeoTerrace-2023 : International
Conference of Young Professionals. Oct 2023. Vol. 2023. P. 1-5. DOI: https://doi.org/10.3997/2214-
4609.2023510066
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pedoBUH. Y 3B’S3Ky 3 LIMM HE BHIIAJKOBO B T€OXIMil JIOHHMX BIIKJIAIIB JIO
[BOTO Yacy iCHye [0araTo HEeBUpILICHUX MPOOJIEM, IO CTOCYETHCS HacaMIiepes
METOAWYHUX PEKOMEHMALIIH, SKi peTyIaMeHTYBaJI O YMOBH BUKOHAHHS OKPEMHX
cTajiil JOCHiKEHb 1 Jamu O MOXJIMBICTH B32€MOJIONIOBHIOBATH PE3YJIBTaTH,
OTpUMaHi B pI3HMX HAayKOBHUX YCTaHOBAaX. YPaxOBYIOUM 3arajibHi 3aKOHU
PO3BUTKY NPUPOJHUX KOMIUICKCIB, MOXKHA BHIUTUTH JBI TPYIH YMHHUKIB, 110
BIUTMBAIOTh Ha Tporiec (OpMyBaHHS 1 HAKONMYEHHS OHHHUX BIAKIAIIB O3€p.
Ile 30HaTBHI YHHHUKH — KJTIMAT, IPYHTOBHI TOKPHUB, POCIHHHICTD; Ta a30HANIbHI,
SIKi TIEPeTyCiM OB sI3aHi 3 0COOIMBOCTAMH HAMIP 1 penbedy TePHUTOPIi.

BuBueHHS cemuMeHTalii y BHYTPINIHBOKOHTHHEHTANbHUX BOAOWMAX
Ja€ 3MOTy BHUSBUTH (3’5ICyBaTH) IOOCHUTH CKIAJHI OCOOJIHMBOCTI 03€pHOTO
cenmuMeToreHesy, AOCHIDKEHHS SKHX [OKH Ile TIOB’Si3aHe 3 BEIUKHMHU
TpyaHoUlaMu. HazniiHOMy BHBYEHHIO CBOEPIJHOTO OCaIOHArPOMaKCHHS
CrpHsie 3HAYHA AKTUBHICTH CEIUMEHTALIHMX NpOLECiB, IO MPOTIKAIOTh
B aKBaJbHUX YTBOPEHHSAX HE3HAYHOrO po3Mipy Ta MMOMHHU. Posrismaroun
iX SIK €IMHY IPHUPOIHY CHCTEMY, MOXKHA BUSIBUTH IPOCTOPOBO-YaCOBI 3MiHH
0aJlaHCy PEYOBHHHU 3 YCI€I0 CTPYKTYPOIO JIITOMOP(OAMHAMIYHUX IPOLECIB,
BITPOXBHJIPOBHM Ta BOJHHMH U TiAPOXIMIYHIM PEKHUMaMH.

BuBgaroun mpoCTOpOBO-4acoBi OCOOIMBOCTI 03E€PHOTO OCaIKOHArpoMa-
JOKEHHSI, MU TIParHyJd HE TUIBKH PO3IISSHYTH YBECh KOMILIEKC IPOLECiB
HarpoMa/KeHHs YJIaMKOBOTI'O MaTepially B 03epax — 3aBepIIaibHUX (KIHIIEBHX)
BOJIOWMaxX cTOKy. He MEHII BaXIIMBO BHIITMTH OCHOBHI MPOLECH i SBUIIA,
sKi BimoOpaxkaroTbes y crpaturpadigHoMy po3pisi ocamoBoi ToBmii. OTxe,
3aBIaHHsI 3BOJIMJIOCS IO BHUSBJICHHS e€()eMEpHUX YTBOPEHb 1 TOTO KOMILIEKCY
SIBHII, SIKI BU3HAYAIOTH MPOCTOPOBUI PO3MOMALT JIITOMOTTYHUX THITIB TOHHUX
BiJIKJIaJ(iB, IOTYKHICTh Ta OYHOBY BiIKJIAiB.

I3 yciei pi3HOMaHITHOCTI THHONOTIYHMX O3HAK O3€p IXHA OCHOBHA
BJIACTHUBICTh — HArPOMAIXKEHHSI PEYOBUHH — € KIHIIEBUM BHPAKCHHSIM 3MICTY
03CpHHX MPOIECiB y MEBHUX (QauialibHUX yMoBax. SIK BizoMo, o3epHe
HarpoMaKCHHsI — 3arajJbHUN TUIIOJIOTIYHUN MMOKA3HHK, KUl 3aCTOCOBYIOTH
JI0 TIPUPOJHHUX BOJOWM, HE3AIEKHO BiJl iX XapaKTEPHUCTHK (0COOIMBOCTEMH).

Ha 0CHOBI CyTHOCTI 03€pPHOTO KPYyroo0iry, Ipoiec 0cagoHarpoMapKeHH
3IIMCHIOEThCSA IMiJl BIUIMBOM KOMIUIEKCY BHYTPILIHBO- 1 I03aBOAOMMHUX
ynHHUKIB. be3criuni o3epa VYkpaincekoro Ilomiccs, posmimieHi cepen
pIBHMHHUX JAaHAMIA(TIB, PO3BUBAIOTHCS TOJOBHAM YHHOM IIiJ Mi€l0
BHYTpILIHIX mpoueciB. /it Takux o3ep XapaKTepHHH aKyMyJISTHBHHH THIT
BOZIOOOMIHY, 3a SIKOTO IOBHA 3MiHa BOXM Y BOJOHMI YMOBHO BinOyBa€ThCs
3a poku (Hampukian, B 03. CBirszp uepe3 9 pokis), BoxHi macu Ha 80 %
cTabinpHI W XapaKTepU3YIOTHCS BHUPAXKCHOIO TEPMIUHOIO CTpaThdiKalliero,
CTYIIIHb IPOSIBY KO 3QJICXKHTh BiJl NTIHOWHU yiIOroBHHU. JIOMiHy€ OpraHidHui
THIT 0Ca/IOHArPOMaKeHHS (OpraHiuHa pedyoBHHA cTaHOBHUTH noHax 70 %).
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B o3epax iHImMX THUIIB Npoliecu KPyrooOiry pedoBUHH BiJOYBArOTHCS TTiJ
BIUIMBOM, TOJIOBHHM YMHOM, 30BHIIIHIX (QJIOXTOHHHMX) a00 «TEPUTCHHHX)»
YMHHHUKIB. BOHM XapakTepu3yloTbcs JOOpOI0 IMPOTOYHICTIO, IO CIIPHSE
BUCOKIH TpaHcopMoBaHOCTI BomHux wmac (> 80%), aKyMymnsTHBHO-
TPaH3UTHOMY THILy BOZOOOMIHY 3 NEpiofoM MOBHOI 3aMiHHM BOIM IPOTSTOM
POKY, TiIpOJIOTIYHOTO Ce30Hy a0o0 wdacTime. Y TakuX 03epax BiJICyTHS
TepMiyHa CcTpaTu(ikaiis, JOHHI BiIKIaau TPEICTABICHI MiHEPATbHUMU
W TYMyCHUMH MYJIaMH 3 yMICTOM OpraHiuHoi pedoBuHu 10 30 %.

Y npoMiKHY TpYILy, TPETIO, 31 3MILIIAHUM TUIIOM JIIMHOTE€HE3Y, BXOZISITh Cl1abo-
MPOTOYHI 03epa, Yy SKUX (OPMYIOTBCS OpraHO-CHJIIKaTHI, 3MilaHi i kapOo-
HaTHI BifKiagu 3 ymictoM opraniyHoi pedoBuHH 30-70%. B o3epax mnepe-
BaXAIOTh TPAH3UTHO-aKyMYJISITUBHUI a00 aKyMYJIATUBHHH THII BOIOOOMIHY,
YMOBHa 3MiHa BOJIHOI Macu 3IHCHIOETHCS INPOTSAIOM DOKY a0o0 IOBLIBHIIIE.
TpancdopmoBaHi i OCHOBHI BOJHI Macu CKiauatoTh Omisbko 50 %, y npodyH-
JIBHIM 30HI 4aCTO CIIOCTEPIraeThesl JBO- a00 TpHILIApoBa cTpaTudikariis BOIu.

dakTHYHUNA MaTepial Moo XIMIYHOTO CKiany BiakmamiB moHan 200 o3ep
Jla€  MOJMJIMBICTH JIOCTOBIPDHO NPOBOIUTH THUIMI3alil0 1 Kiacudikamito
CY4acHOTO Ta T'OJIOLEHOBOIO 0CaJOHArpoMa/KeHHs, pailoHyBaTH TEPUTOPIIO
3a TUIAMH CEIUMCHTOreHe3y. AHali3 OTpPUMAaHHMX MaTepialiB 3acBiIdye,
mo B Mexax YkpaiHcekoro [losmiccs o3zepa MOXKHa po3nisifaTH sIK OaceiHH
HarpoMa/KeHHs OpraHiqYHOl peHOBUHH.

3a KUTBKICTIO 1 TUIOMICIO EPEBAXKAIOTh 03€pa 31 3MIllIAHUM THUIIOM 03€PHOTO
cenuMeHTorenesy. s o3ep i3 TEPUIeHHHM THIIOM CEIMMEHETOreHe3y
XapakTepHi HE3Ha4Hi MOTYXXHOCTI BIIKJIAIiB 1 OLIbLII MOKA3HUKH CEperHiX
mOuH. BioreHHWH THUI CeAMMEHTOreHe3y XapakTepHHW Juis o3ep i3
HE3HaYHOIO IPOTOYHICTIO 1 MAKCUMAJIbHUM CTYIIEHEM 3alIOBHEHHS! YIIOTOBUHU
Bigiagamu (OP > 70 %).

CrarycTUYHE ONpAIIOBaHHS BMICTY TOJIOBHMX XIMIYHMX KOMIIOHEHTIB
y IOHHHMX BiJIKiIazax BonoiWM Ykpaincwekoro Iloimiccs 3acBimuye, mo uis
BOJIOMM OIOT€HHOTO THILy O3€pHOTO CEAMMEHTOreHe3y cepelHi NMOKa3HHKU
OpraHiuHOl pe4oBUHU CTAaHOBIATH 71,2 % (cyxoi pedosunn), Fe,O, — 4,7 %,
CaO - 5,4%, 3mimanoro — 52,7%, 7,1 %, 4,8 % i Tepurennoro — 18,4 %,
5,8 %, 8,7 %, BiaIIOBIIHO.

Hudepenuiamiss Teputopii 3a THIAMH CeIUMEHTOreHe3y BigoOpaxae
crieudiky 03epHOr0 HAKOIMYCHHS OCaJiB, Ma€ BaXJIMBE 3HAYCHHS IS
pI3HMX HamnpsMiB PAaLliOHAJILHOIO BUKOPUCTAaHHS O3€p, HacamIepen, sK
JDKepella eKOJIOTIYHO YHMCTHX OpraHiyHMX MatepiaiiB. O4yeBHIHO, IO JUIs
TEpUTOpiil i3 OIOrEHHMM THUIIOM O3EPHOTO CEIMMEHTOI'€HEe3y OCHOBHHM
HarpsiIMOM BHKOPHCTaHHS € J100yBaHHS CalpoIeliB — SIK JIKYBaJIbHHUX IPSI3ei,
CHPOBMHH JUIsi KOCMETHYHHX INpernapariB, KOPMOBHX J100aBOK, TOOTO, i€
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HeoOXiJJHa 3HaYHa KOHLEHTPALlisl OPraHiYHOl PEYOBHHH i MiHIMAIBHUH BMICT
3a0pyIHIOIOYIX KOMIOHEHTIB. Yepe3 YHIKaTbHOCTh OKPEMHX CaIllpOMeNIeBUX
MOKJIa [iB BEJIMKA YaCTHHA IX OBUHHA OXOPOHSTHUCS, @ 03€pa B MAJIbOBHUUUX
JaHmmadTax CliJi BAKOPUCTOBYBATH JUIS O3J0POBICHHAS HACEICHHSI.

Haii6inpm nmpotouyHi 1 moB’s3aHi 3 BOA03a00pOM 03epa 3 TEPUTSHHUM
THUIIOM O3CPHOTO CEIMMEHTOreHe3y 3a KUIbKICHUMH TapaMeTpaMH JOHHUX
BIIKIAAiB 1 y 3B’S3Ky 3 MalUMH CEpeNHIMH TOTY)XKHOCTSAMH BiIKJIaliB
HaliMeHII TpWAaTHi Juiss J00yBaHHS campomneneBoi CHUPOBHHH. 3HavHa
NPOTOYHICTE BOAOWM 3YMOBIIIOE€ HAIPOMaKCHHS y BiIKJIamax eKOJIOTiYHO
HeOe3MeUHNX CKJIAIHHKIB, 1[0 CIIPUYHMHSE BTOPHHHE 3a0pYIHEHHS BOMIM.
Bararto o3ep i3 TepUreHHHM THUIIOM CEIUMEHTOIeHe3y MOTPeOYyIOTh yBaru sk
00’eKTH BiTHOBJICHHS 1 cTadimi3allii eKoCHuTyartiii.

Ha reputopisix, ne mommpeHi o3epa 31 3MilIaHUM THIIOM O3E€PHOTO
CeJMMEHTOreHe3y, [OLJbHe JOOyBaHHS CHPOBHHHM Uil IIPUTOTYBaHHS
carnporneneBux 100puB, OypOBHUX PO3YMHIB, KOMIIOHEHTIB JJIsl Oy/IiBHUIITBA.

3aJIe)XHO BiJ 3aBIaHb JOCIIKEHD 1 BUKOPUCTAHHS 03€p 3aCTOCOBYIOTHCS
pi3HI KinacudikaiiiHi cxXeMH, SKi IPYHTYIOThCS Ha XIMIYHOMY # pedo-
BUHHOMY CKJaJi JOHHUX BIJKJIQJiB; iX ONIAA HaBEJCHUE y mparsax>: 26,
Mu nmoTrpuMyeMocs CXeMH, IO TIPYHTYEThCS Ha TEOXiMiYHOMY BHBYCHHI
JIAaHWX, SKi BU3HAYAIOTh T'€HETHYHI BIACTUBOCTI BIJKIJIAJIB: YCIIaIKOBaHICTh
03epOM PEUOBHHHU IIOpiZ BOHO300pY, 3MIHM CEIMMEHTOTeHe3y B Ipoleci
PO3BUTKY JIIMHOCHUCTEM, HaIPOMaJPKEHHS] HOBOYTBOPEHHX CIIOJIYK TOLIO.

leoximivHa iHAMKAIS YMOB OCaIKOHAIPOMa/PKEHHS Y BOJIOMMAaX, BUSIBICHHS
ii 3a JOMOMOTOI0 CTAaTUCTHMYHOI OINIHKM PO3MOIUTY MIKPOEJIEMEHTIB, pa3oM
3 IHOIMMH METOlaMH JOCHIKEHHS BiNOOpakae pi3HOMAHITHY JIMHOXIMIYHY
iHpopMariito, sfka Mae TEBHY I[HHICTh Yy JaHAMAPTO3HABIO-TEOXIMITHIX
JIOCIT/DKEHHSIX, MaJIe0reoXiMIUHMX, IajeoreorpadivHux i maxeoliMHOIOTYHUX
PCKOHCTPYKIISIX, Y KOPEIi OCaJoBMX TOBII 1 TOPH3OHTIB, BHBYCHHI
3aKOHOMIPHOCTEH €BOJIOIi 03€p 1 BCTAHOBJIECHHI IXHIX aHTPOIMOTEHHHMX 3MiH,
Yy BHBYCHHI TCHE3UCY O3CPHUX BIIKIAIB, BUSBICHHI SIKOCTI TOHHUX BiJKIaIiB
1 iX BUKOPHUCTaHHI B TOCMOAPCTBI 3aJIEXKHO Bifl CKIIaay Ta BIACTHBOCTEH.

leoxiMiYHUMH IHOMKAaTOpaMHd € TPOLECH HAKOMMYEHHS TOJOBHHX
0CaI0yTBOPIOIOYMX KOMITOHEHTIB, TOJIOBHI 3 SIKHX: OpraHi4YHA PEYOBHHA —
MTOKA3HHK TEIUIOTO KIIIMaTYy, ITOTHITY ¥ ¢allii BiIkIaniB, TpoOPigHOTO CTATyCy

% Inpina O. B., Inpin JI. B. Osepni canponeni Iloniccs Ykpaiuu: Bujau, pecypcH, Tocronapebke
BHKOpUCTaHHsI. PauioHabHe BUKOPHCTAHHS NMPUPOAHHUX PECYPCiB B yMOBAX IIOOAIBHHX BHKIHKIB :
KonekTnBHa MoHorpadis / 3a 3ar. pen. T. O. Yaiikn. ITonrasa : Actpas, 2025. C. 265-277.

% Inpiga O. B., Lasin JI. B. KoHcTpykTHBHO-TeOrpadiuHe OMIHIOBAHHS BOIHHX Ta CAIPOIEIEBUX
pecypciB o3ep Ta mITy4HHX BojoWM Ykpaincekoro Ilomices. Theoretical and applied aspects of
sustainable development of Ukrainian regions : scientific monograph. Vol. 1. Riga, Latvia : Baltija
Publishing, 2025. P. 106-125. DOI https://doi.org/10.30525/978-9934-26-539-6-5
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BOJIOMM Yy NEBHOMY BIKOBOMY Ta €BOJIOLIHHOMY IHTEpBaJi HOTro pO3BHTKY;
KoHIeHTpais noHas 80 % opraHiku Sk TOpOHArpOMa/KEHHS — 11€ TOKa3HUK
TEIJIOr0 W CyXOoro Kiimary, OOMUIIHHS BOAOWMH, mNpudepexHoi ¢arii,
IHIMKAaTOp PaHHBOTO TOJIOLEHY; KApOHATOHAKOIIMYEHHS — MIPOLIEC MONIreHHOT
CeIMMEHTALIT KaJbLUTY i JOJIOMITY, HOKa3HHUK TEIJIOTO Ta IIOMiPHO-BOJIOIOTO
KIiMaTy; KOHIIGHTpallis Kanbliro mnoHax 30% (dbopmyBanHS BamHa) —
iHuKarop eBTpoHOi cranii 6ioreoXxeMOreHHOro KapOOHAaTOyTBOPEHHS
Ta TpUOEpexkHO-cyOmiTopansHoi (arfil; 30UIbIICHHS YaCcTKU JIOJIOMITY
1 3HIKEHHs 3arajbHOr0 KapOOHAaTOHAKONWYEHHS — MOKa3HUK 3POCTaHHS
BOJIOTOCTI, ITOXOJIOJIaHHS, IOCWICHHSI aJUIOXTOHHOT CeMMEeHTaii, 3HHKEHHS
TpoQiyHOTO PiBHS BONOWMHM; BiJKJIAJCHHS CHJIIKATHOTO Marepialy — Ipolec
TEPUTeHHOTO OCAJOTBOPEHHs (MICKIB, IIIMH, MYJIB), IOKa3HUK XOJOJHOTO
W BOJIOTOrO KJIiMaTy, 3MIHM SKOTO y HAaNpsSMKY IOTEIUIIHHS 1 3MEHIIEHHS
BOJIOTOCTI BiJJOOpa)KarOTHCSI 3POCTAHHSIM 3HAUCHb CyMH 1 CHiBBIJHOIICHHS
Si i Al; criBBiIHOIIEHHS YJIaMKOBOTO, AJIEBPUTOBOTO W TOHKOAMCIIEPCHOTO
DIMHUCTOTO Marepiany — 1HIUKAaTOp HHU3bKOTPO(QHOrO CTaHy CepeloBHINA
(onirorpodHuX, Me30TPOPHUX, MATOEBTPOGHHUX CTAMdIN).

[TaneoniMHONOriuHa  iHGOPMATUBHICTL  HABEJEHUX  TEOXIMIYHHX
IHJMKATOPIB pi3HA W 3aJICXKUTH BiJl OXO/PKCHHS YIOTOBHH 03€pa, XapaKTepy
0Ca/IoBOr0 KOMILIEKCY BOZ0300py TOILO.

BUCHOBKHA

Po3BHTOK 03epHUX eKocHCTeM (JTIMHOCHCTEM) 3YMOBIIOETHCSI CYKYITHUM
BIUIMBOM 30HAJIbHUX 1 a30HAJILHUX YMHHUKIB 1 BiToOpaxkae Xxapakrep 3B’sI3KiB
BHYTPILUIHBOTO CTaHy CHCTEMH i3 30BHIIIHIMM YMOBaM{ HaBKOJHUIIHBOTO
cepenoBuina. HarpomapkeHHs! NOXKMBHUX PEYOBUH Y IIPOLIEC] €BOIONIT chop-
MYBAJIO TIEBHUI THII 1 piBEHb TPO(HOCTI, SIKMI BU3HAYAETHCS HaIXOMIKEHHIM
PEYOBHH, X aKyMyJISLI€IO 1 BHYTPIIHLOBOAWMHHUM MEPETBOPEHSIM.

CyvacHi OaceiiHM O03epHOi CceAMMEHTAlli JOCIIUKYBaHOTO pErioHy
XapaKTepU3YIOThCsl IPIOHOKOHTYPHICTIO, PI3HOMAHITHICTIO ()OPM i 00’€KTIB,
IO 3yMOBJIIOE CKJIJI, MIBHIKICTH YTBOPEHHS 1 TIOTYXXHICTH 0CaJ0BOI
ToBIIi. BMmicT Makpo- i 0cOONMBO MIKPOEJIEMEHTIB y Cy4acHHX BiAKJagax
PI3HOTHITHHX BOJIOWM 3aCBiUY€E, 110 BMICT OUIBIIOCTI 3 HUX ITOMITHO Bapiloe.
Hesnauna miomia mpu pi3HUX DIMOWHAX BOIOWM BHU3HAYAE TICHHUH 3B’SI30K
i3 JIITOTCOXIMIYHUMHU OCOOIMBOCTSIMY TOKPHUBHHX IMOPiA BOI0300pIB, CKIa[
JUKEpeIl PEYOBHHH, PI3HOMAHITHICTD BIJIKJIAJIB 1 CTPATOKOMILIEKCIB.

HaBeneni marepianu NepeKoHJIMBO MiATBEPUKYIOTh 3MIHH HPUPOIHOTO
CepelioBUINla HA OCHOBI aHami3y reoximiunoi iHdopmarii. [liarHocThka
1 OLIHIOBaHHS CYyYacCHOTO CTaHy O3€PHHX EKOCHCTEM, IO IPYHTYETbCS
Ha BUKOPUCTaHHI JIaHIIIA(TO3HABUO-TEOXIMIYHUX METOIB i3 HACTYIHOIO
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CTPYKTYPHO-AMHAMIYHOIO IHTEpPIPETAI€l0 aHuX, Aa€ 3MOTY 3/1iHCHIOBATH
NPOTHO3 MOXKJIMBUX 3MIH IIPU PI3HOMY CTYyIEHI aHTPOIIOTEHHOI'O BILIUBY
i po3B’A3yBaTH 3aBJaHHs MiHiMi3alii HEraTHBHUX BIUTUBIB.

Cepeq yCTaHOBJIGHUX U1 BOAOWM PETiOHY BHIIIB O3€PHOTO OCAIOHAKOITH-
YEHHS JIOMIHYIOUMM € OpraHiyHe. BijbIIicTh JOCHIIPKEHUX BOJOHM € 03epaMu-
NPOXYIEHTaMH OPraHi4HOI PEYOBMHH. YPaxoBYIOUM pOJIb OPraHiuHOIo
CKJIaJHUKa B (pOpMyBaHHI BIIKIAAIB 03€p, NOCHIILKyBaHy TEPUTOPII0 MOXKHA
BIJIHECTH JIO BEJIMKOI JIIMHOTCOXIMIYHOT 00JIaCTi 03ep-OpraHOHArPOMA KYBaYiB.
3akoHOMIpHOCTI (0COOIMBOCTI) CeMMEHTALlIT TOPOIOYTBOPIOIOUMX KOMITOHEHTIB
y po3pi3ax Jia€ 3MOr'y MOPIBHIOBATH IMHAMIKY PO3BHUTKY 03€p Y IPOCTOpi 1 Yaci.
V3aranbHEeHHs! BEIMKOTO Marepially Jajlo MOXJIMBICTh BHUIUIUTH y BOIOHMAax
HaWTOMMPEHIIl PI3HOBHAN OCAIOBUX KOMILIEKCIB.

3aKOHOMIPHOCTI pO3IOALTY M IMHAMIKM XIMIYHHX €JIEMEHTIB y BilIKJIagax
PI3HOTO TOXO/DKEHHSI Ta PI3HOTUITHUX BOJIOWMAax PO3IIUPIOE 1 MOIIHOIIOE
YABJIEHHS Teopii TyMIIHOrO KOHTHHEHTAJIBHOTO JIITOTCHE3y 3 TO3ULiN
MOPIBHSUIBHO-JIITOJIOTIYHOTO MeToxy. IIpakTudHe 3HA4YEHHS TeO0XiMIYHOTO
BUBUCHHS BIAKJIAgiB BOMOWM 3akiaieHi B HOro METOAMYHIH OCHOBI.
Po3ymiHHs (3HaHHST) MTpo1ieciB GOpMyBaHHS CKJIay BiIKJIaJiB i YUHHUKIB, SKi
Horo BU3Ha4alOTh (KOHTPOJIIOIOTE), HEOOXIIHE ISl HAyKOBO OOIPYHTOBAHOTO
MPOTHO3Y PO3BUTKY BOJOHM i/l BIUIMBOM TEXHOTCHHOTO HABaHTA)KCHHS
1 pO3poOKHU palioOHAILHUX CXEM BUKOPUCTAHHSI.

3aKOHOMIPHOCTI HPOCTOPOBOTO PO3MOJUTY, TeHe3UucCy, KoH]irypamii Tta
BHYTpILIHBOI Oy/lOBH BOAOIM, ()OpMYBaHHs IXHIX JOHHUX BIAKJIAIIB Pi3HUX
THUITB, JUHAMIKM TOJOBHHUX TI'€OXIMIYHHMX NpaMeTpiB BOIOWM Yy MpPOCTOpi
W 4Yaci TMONSTaloTh y TOMY, LIO BOHH MalOTh NPSIMHUI 3B’A30K i3 OymZOBOIO
penbedy 1 Haap, TiAPOKIIMATHYHUMH i TPYHTOBO-POCIMHHUMH Ta 3arajioM
JMaHAmaQTHUMHU perioHaTbHUMH YMOBaMH.

3’sicyBaHHSl TEOXIMIYHMX OCOOJIMBOCTEH YMOB O3EPHOTO OCAJIOHAKOIIH-
YEHHS Jla€ MOXJIMBICTH 3a JIOTIOMOTOI0 HENPSIMHX TeOXIMIYHHMX IOKa3HHKIB
BUBYaTH DEYOBHHHY CTOPOHY B3a€MOZii, 3aKOHOMIPHOCTI (DYHKI[IOHYBaHHS
1 IMHAMIKN 03€PHHX T€0CHCTEM. YCTaHOBJICHHS PUTMIYHOCTI 200 CIIPSIMOBAHOCTI
B MIHJIMBOCTI iX T€OXIMIYHHUX ITOKa3HUKIB BIKPHBA€ MOXKIIMBOCTI Mepea0adeHHs
i crBOpeHHs NporHo3iB. lle moOTpiOHO misi PO3POOKHM ONTHUMAJIBHHX YMOB
rilepreHHUX IepeTBOpPEeHb Ha BOJ0300pax i NpH OOIPYHTYBaHHI INPUHIIMIIB
00pOTHEOH 3 aHTPOIIOTCHHOKO BTPO(IKAIIIEI0 BOMOIM, BUSBICHHI TAPAreHETHIHUX
acoLiarliii MiKpOeJIeMEHTIB, 3’ ICYyBaHH1 y3araJIbHIOIOYNX Te€OXIMIYHHX ITOKa3HHUKIB
JaHa(THO-TEOXIMIYHUX YMOB OCaJOHAarpOMa/DKCHHS, OL[IHIOBaHHI  poii
30HAJIBHUX W a30HAJIbHMX YMHHMKIB y (OpMyBaHHI reoximidHOI crenugiku
OCaJIKOHATPOMAKEHHSL Y BOJOMMAX, a TAKOX JUIsl BUBYCHHS 3MiH a00 PUTMIKU
MIEBHHUX YMOB CEJUMEHTOIeHe3y (IIPUPOIHUX 1 aHTPOIIOTCHHHX).
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AHOTAUIA

Po3mstHyTI  TEOPETHKO-METOMONOTIUHI 1 TIPUKIIAHI aCTeKTH JOCTiIPKCHHSI
Ta MOXKJIMBOTO TOCIIOJIAPCHKOTO BHKOPHCTAHHS MPOMYKTIB O3EPHOIO CEIMMEHTO-
reHe3y B ymoBax [lomiccs Ykpainm. BusieHi mpocTOpoBO-4acoBi BiMIHHOCTI
HarpoOMa/DKCHHsI O3CPHHX BIIKIAJIB Ta iX TOKAa3HUKIB (MiHEpaIbHOI CKJIaI0BOI,
BMICTy OIOT€HHHX €JIEMEHTIB Ta iH.) Ta 0COONMMBOCTI MOMIMPEHHS JIIMHOT€OXIMITHHX
0CaJIOBHX KOMITIEKCIB. JIOCTimKEeHHS YMOB 03€pHOI CeIMMEHTAIIIT Ja€ MOKIIABICTD
3a JIONIOMOTOKD HENPSMUX TCOXIMIYHMX IIOKa3HUKIB BHBYATH PEUOBHUHHY
CKJIaZIOBY B3a€MOJIii, 3aKOHOMIpPHOCTI ()YHKIIIOHYBaHHS 1 IWHAMIKH O3CPHUX
exocucteM. CydacHi OaceifHM O3epHOI CeIMMEHTAlil JOCTiHKyBaHOTO PETiOHY
XapaKTepU3YIOThCS IPIOHOKOHTYPHICTIO, PI3HOMAHITHICTIO (JOpM ¥ 00’€KTIB, IO
3YMOBJIFO€ CKJIAJI, MIBUIKICTH YTBOPSHHS 1 TOTYXKHICTH OCA/I0BOI TOBIII. BMmict
MAaKpo- i 0COONMBO MIKPOCIIEMEHTIB y CyJaCHHX BiIKJIaaX Pi3HOTHITHUX BOIOHM
3aCBiTIye, IO OLTBIIICTD 3 HUX TIOMITHO Bapifoe.

Jlitepatypa

1. Argillier C., Carriere A., Poikane S., Van de Bund W. Lake
Hydromorphological Assessment and Monitoring Methodologies. European
survey, EUR 31029 EN, Publications Office of the European Union,
Luxembourg. 2022. DOI: 10.2760/274896, JRC127847.

2. Cole G. A., Weihe P. E. Textbook of Limnology. 5th ed. Waveland
Press. 2016. 440 p.

3. Oakenfold S. Limnology and Freshwater Ecology. Syrawood
Publishing House, 2017. 241 p.

4. Bertrand S., Tjallingii R., Kylander M., Wilhelm B., Roberts S., et al.
Inorganic geochemistry of lake sediments: A review of analytical techniques
and guidelines for data interpretation. Earth-Science Reviews. 2024. Ne 249.
104639. DOI: 10.1016/j.earscirev.2023.104639.

5. Franciskovi¢-Bilinski S., Sakan S. Geochemistry of Water and Sediment.
Water. 2021. Ne 13 (5). P. 693. DOI: https://doi.org/10.3390/w13050693

6. Fluet-Chouinard E., Messager M. L., Lehner B., Finlayson C. Freshwater
Lakes and Reservoirs. In: Finlayson C., Milton G., Prentice R., Davidson N. (eds)
The Wetland Book. Springer, Dordrecht. 2018. DOI: https://doi.org/10.1007

7. Hoffman S. Lake sediment geochemistry. In: General Geology.
Encyclopedia of Earth Science. Springer, Boston, MA. 1988. DOI:
https://doi.org/10.1007/0-387-30844-X 59

8. Ran F., Nie X., Wang S., Xiao T., Yang C., Liu Y., Wang L., Liu Y,,
Chu X., Li Z. A significant loop of lake sedimentation state links catchment
eco-surroundings and lake biogenic regime shifts. Limnol Oceanogr. 2023.
Ne 68. P. 1775-1790. DOI: https://doi.org/10.1002/Ino.12385

484



9. lmein JI. B. O3sepni Bigkmaau. Exonoriuna ennuknonenis: ¥ 3 1/
penkoin.: A. B. Toncroyxos (roi. pen.) Ta in. Kuis : TOB «llentp ekonoriunoi
ocBith Ta iH(popMariiiy, 2008. T. 3: O-41. C. 17.

10. Imein JI. B. Ozepo3naBctBO: YKp.-poc. ci. IIoHATTS 1 TepMmiHH.
JIynek : Pen.-Bua. Bign. «Bexa» BommH. nmepxk. yH-Ty im. Jleci Ykpainkw,
2001. 112 c.

11. Iepayx M. M. Canporeni Vipainu: 3amacy, sKicTh Ta IepCHEKTHBH
BukopucranHs. Jlyuesk : Hagctup’s, 1996. 384 c.

12. Manumesa JI. JI. T'eoximis janamadTiB : Hapy. nociOHuk. Kuis :
JIu6ine, 2000. 472 c.

13. Lmein JI. B. JlanamadTHO-reoxiMiuHi acleKTH JOCHIHKEHHS JIIMHO-
cucreM. Bicnux Jlvgiecvrkozo ynisepcumemy. Cepis eeocpagiuna. 2006.
Bun. 33. C. 130-136.

14. Ilyin L. Geochemical peculiarities of bottom sediments in polytypic
lakes of Ukrainian Polissya. Limnological Review. 2002. Ne 2. P. 155-163.

15. Ilyin L. Wlasciwosci geochemiczne osadow dennyh réznych typow
jezior Polesia Ukrainskiego. Naturalne i antropogeniczne przeksztalcenia
jezior: VI Konferencja limnologiczna. Lublin — Okuninka : Maria Curie-
Sklodowska University, 2002. P. 21-22.

16. Insin JI. B. JlimHokomIuiekcn Ykpaincekoro [lomicest : MmoHorpadis :
y 2-x 1. T. 1. IlpupopHudo-reorpadiyHi OCHOBH JOCIHIIPKEHHS Ta PErioHaIbHi
3akoHoMipHOCTI. JIynpk : PBB «Bexa» BAY im. Jleci Ykpainku, 2008. 316 c.

17. Insin JI. B. T'eoximivHi 0COOMUBOCTI JOHHUX BinkianiB o3ep Ilomiccs
VYxpaiuu. Aepoximis i epynmosnascmeo : Midceioomuuil meMamuyHuil HayKo-
euti 36ipruk. Xapkis — JIynek, 2002. Ku. 4. C. 89-98.

18. Inwir JI. B., Impina O. B. BruuB TexHOTreHE3y Ha CeNMMCHTAIliNHHI
nporecH B o3epax Ykpaincwkoro [omices. Exonozciuni acnekmu pe2ionanbnozo
napmuepcmea 8 HaodzeuuauHux cumyayisx : 30ipHUK MatepiamiB I Mix-
BY3IBCBKOI HAyKOBO-MeTOAM4YHOI KoH(epeHuii (Xapki, 21 nucromana
2012 p.). Xapkis : HYII3Y, 2012. C. 43-45.

19. Pasichnyk M. P, Ilyin L. V., Ilyina O. V. Composition and Properties
of Bottom Sediments of the Shatsk Lakes (West Polesia of Ukraine).
17th International Conference Monitoring of Geological Processes and
Ecological Condition of the Environment. Nov 2023. Vol. 2023. P. 1-5. DOL:
https://doi.org/10.3997/2214-4609.2023520145

20. Inwin JI. B. JlimHokoMIutekcu Ykpaincekoro [lomices. ¥V 2-x T. T. 2:
PerionansHi ocobmuBocTi Ta ontumizauis. Jynsk : PBB «Bexa» Bomuh.
Hau. yH-Ty iM. Jleci Ykpainku, 2008. 400 c.

21. Inwin JI. B., Monpyak f. O. O3epa Bomusi. JliMHONOTO-Teorpadivna
xapaxrepuctuka. Jlynsk : Hanctup’s, 2000. 140 c.

485



22. JloBinHuUK pecypciB canponeinto Ykpainu. Ku. 1. BonuHcbka 061acTb.
Kuis : AT'TI «IliBHivykpreomnoris», 1994. 194 c.

23. Ilyina O. V., Ilyin L. V. Biogenic Elements of Lake Sediments as
Indicators of Natural and Anthropogenic Processes. Monitoring of Geological
Processes and Ecological Condition of the Environment : 18th International
Conference. April 2025, Vol. 2025. P. 1-5. DOI: https://doi.org/10.3997/
2214-4609.2025510123

24. Ilyina O., Ilyin L. Forms of Lake Basins of the Ukrainian Polissya
Region and Their Transformations in the Process of Accumulation of
Bottom Deposits. GeoTerrace-2023 : International Conference of Young
Professionals. Oct 2023. Vol. 2023. P. 1-5. DOI: https://doi.org/10.3997/
2214-4609.2023510066

25. Impina O. B., Imein JI. B. O3sepni canpomneni [lomiccs Ykpainu:
BUJM, PECYpCH, TOCHONAPChbKEe BUKOPUCTAHHS. Payionanvbhe UKOPUCTIAHHSA
NPUpOOHUX — pecypcié 6 yMosax 2n00anbHux —GUKIUKIE : KOJIEKTHBHA
MoHorpadis ; 3a 3ar. pen. T. O. Yaiiku. [Tonrasa : Acrpas, 2025. C. 265-277.

26. Inpina O. B., Inpin JI. B. KoncrpykruBHo-reorpadiuHe OLiHIOBaHHS
BOJIHMX Ta CallpoIIeIeBUX PECYpPCIB 03€p Ta ITyYHHX BOAOHM YKpaiHCHKOTO
Iomiccst. Theoretical and applied aspects of sustainable development of
Ukrainianregions: scientificmonograph. Vol. 1. Riga, Latvia: BaltijaPublishing,
2025. P. 106-125. DOI https://doi.org/10.30525/978-9934-26-539-6-5

Information about the authors:

Ilyina Olga Viktorivna,

Candidate of Geographical Sciences,

Associate Professor at the Department

of Hotel and Restaurant business, Tourism and Recreation,
Lesya Ukrainka Volyn National University

13, Voli avenue, Lutsk, 43025, Ukraine

Ilyin Leonid Volodymyrovych,

Doctor of Geographical Sciences,

Professor at the Department

of Hotel and Restaurant business, Tourism and Recreation,
Lesya Ukrainka Volyn National University

13, Voli avenue, Lutsk, 43025, Ukraine

486



CHAPTER 22

CYYACHI TEHAEHLLII PO3BUTKY PIYKOBUX CUCTEM
NMEPEAKAPIMATTA B YMOBAX KNNIMATUYHUX 3MIH
TA AHTPOMNOINEHHOINo HABAHTAXXEHHA

ManaHunuko O. B.
DOl https://doi.org/10.30525/978-9934-26-654-6-22

BCTYN

3pocTrarounii BIUIMB CYYacHHMX KJIIMAaTHYHMX 3MIiH Ha TiJpOJOTiYHUI
PEXKHUM PIYOK Y MOEAHAHHI 3 IHTCHCHBHUM aHTPOIIOTEHHHM HaBaHTaXKCHHAM
(perymioBaHHsAM pycen, OyliBHHITBOM TiAPOTEXHIYHHUX CHOPYHA, CLIBCHKO-
TOCIIOJIapCHKMM OCBOEHHSIM TEPHUTOPiH, BHUPYOKOIO JICIB 1 3a0pyaHEHHAM
MPHUPOIHUX BOI) 3yYMOBIIOE aKTYalbHICTh 1 HEOOXIMHICTH IOCIIIKCHHS
CY4acHHMX TEHJEHUIH PO3BUTKY PIYKOBHX CHCTEM. YIPOIOBX iCTOPHYHOTO
PO3BUTKY JIOACTBO HAKONWYWIO 3HAaYHWH OOCAT NPaKTHYHUX 3HaHb IIPO
(yHKIIOHYBaHHS pycel 1 3amuiaB, OAHAK Cy4acHI KIIMaTW4Hi BUKIHMKH
moTpeOyIOTh IX IMEPEOCMHCICHHS B KOHTEKCTI TEOCKOJOTIYHOi CTIHKOCTI
MPUPOIHUX CHUCTEM.

B ymoBax mro0ambHOTO IMOTEIDIIHHS 3MIHIOETBCS PEXHM arMochepHux
OTa/1iB, 3pOCTAa€ YacTOTa MABOAKIB 1 MOCYX, IO MPHU3BOIUTH JO JeTpaaarii
BOJIHMX €KOCHCTEM, aKTUBI3alii epo3iifHNX MpoIieciB, nepedopMyBaHHS pycel
1 TIOTIpIIEHHS SIKOCTI BOAM. AHaIi3 0araTtopidyHHX TiJPOMETEOpOIOTIHHUX
CIOCTEpEXEHb CBIMYNUTH MPO Te, Mo KaprnarchKuil perioH € OAHi€ro 3 Hai-
OinbIn HeOe3neYHNX TEepUTOpPiH YKpaiHM IM0J0 BUHUKHEHHS TiAPOIOTIYHUX
HeOe3nek. BoHn QopMmyloThes BHACHIOK B3a€EMOJIl NMPHPOIHHUX 1 aHTPO-
MOT€HHUX YHMHHUKIB (T1IPOMETEOpPOIOTIYHUX, TI'C0JIOTO-TeOMOPQOIOTIHHIX
1 TOCTIOAAPCHKUX).

lNnpponoriyanii pexxum pidok YkpaiHcekux Kapmar TicHO moB’s3aHuMi
i3 TPUPOIHUMHU 3aKOHOMIPHOCTSAMH (DYHKI[IOHYBaHHS TipCHKO-TIEPEITipHUX
nmaHAmadTiB Ta KOMIUIEKCOM TPOo0IeM B3aeMOIiT IPUPOAN 1 CYCHIIbCTBA.

IlepenkapnarTs  XapakTepH3ye€ThCS  CKIQIHOIO  TIeoMOpQOIIOridHOI0
OyIOBOIO, BHCOKOIO TIPOJOTIYHOIO AWHAMIKOIO Ta 3HAYHOI KUTBKICTIO
MaJIiX 1 cepeqHiX BOMOTOKIB, UYTIIMBUX O KIIMAaTHYHUX KONUBaHb. [loBeHi
W TaBOIKM B MeXKax JIOCIIJUKYBaHOI TEpPUTOpii MAlOTh MIHJIMBHH Xapakrtep,
OKpeMi HaBiTh KaracTpo(iuHi, KONM NIBHJKOCTI IIOTOKIB IEPEBHIIYIOTH
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cepenHi 3HauUeHHs y AECATKH pasiB, 3aBJAlOTh 3HAYHUX 30MTKIB MPUPOJHUM
1 TOCIIOaPCHKUM CHCTEMaM.

OcranHi Taki MacmTaOHI IMaBoAKM B OaceliHax OCHIKyBaHHX PIdOK
BinOymucss y 2008 ta 2020 pokax. BoHu cynpoBomKyBaics MOpPYHIEHHIM
(YHKIIOHYBaHHS ~CHCTEMH  «IOTIK—pPyCio», PpYHHYBaHHSM  3aXHCHHUX
IH)KEHEPHUX CIOPYJ, MOCTIB, JIOPIr Ta KOMYHIKaIli.

[IpoBeneni HamMu exclemuUidHI JoCHi/KeHHS B OaceliHax pidoK
Iepenkapnarts # aHami3 JaHUX JAMCTAHIIIMHOTO 30HIYBAaHHSA 3eMIi Jaid
3MOTy 3a()iKCyBaTH XapakKTep i MPOCTOPOBY AUDEPEHITIAIIO X 3MiH.

TakuM 4YMHOM, MJOCIHIIKEHHS TI'€OEKOJIOTIYHHMX IpoOIeM NPHPOAHO-
AQHTPONOTEHHUX PIYKOBHX cucTeM llepenkaprnartsi € HEOOXiJHUM sl PO3-
pOOJIEHHS ajanTaiiHUX CTpaTeriii ynpaBiliHHS BOJHUMH pecypcamu i MiHi-
Mi3allii HeraTUBHUX EKOJIOTYHUX HACITIJKIB Cy4aCHHX KJIIMAaTHYHHUX 3MiH.

Mertol0 JIOCHIJDKEHHSI € OI[IHKa CY4YacHOrO CTaHy pIYKOBUX CHUCTEM
[epenkapnarTs, BUSBICHHS OCHOBHUX TEHJIICHLIN X PO3BUTKY, BU3HAUYCHHS
KIIIOYOBUX TE€OCKOJOTIYHMX TpoOiaeM 1 OOIPyHTYBaHHA MiJAXONiB 1O
30epeKeHHS Ta BITHOBJICHHSI PIYKOBUX E€KOCHCTEM.

OO0’€KTOM JOCIHI/DKEHHSI € TPHPOIHO-aHTPOIOTEHHI PIYKOBI CHCTEMH
[Nepenkapnarts (BOZOTOKH), 110 323HAIOTH OJJHOYACHOTO BILTHBY KITIMaTUYHUX
1 rocrojapchbKUX YMHHHUKIB.

[IpeameroM IOCTIDKEHHS € TEOEKOJIOTIUHI MpOLEcH Ta 3MIHHM CTaHy
BOJHMX eKocucreM pidok [lepenkapmartss i BIUIMBOM KITIMaTHYHHUX
KOJIUBaHb 1 aHTPOIIOTEHHOT JisTIbHOCTI.

MeTo05I0TiYHY OCHOBY JJOCII/PKEHHS CTAHOBUTB reoripoMopdooriyHuit
miaxin' i cucteMHuiA anasi3. [ BU3HAUCHHS POOJIEMU BUKOPUCTOBY BAJTHCS
METOJM aHajli3y i CcuHTe3y HayKOBHX Jpkepes. Emmipuuny 06asy cdop-
MOBAaHO 3a pe3ylbTaTaMH eKCHCHUIiHUX qociimkenb, GNSS-3iomkw,
MOp(GOMETPUYHOTO aHaNi3y pycel, dororpammerpii Ta Qikcaiii BHCOKUX
piBHiB Boau. O6po0OKa naHuX 3iiiCHIOBaIacs 13 3aCTOCYBaHHIM KOMIT IOTEPHUX
METOMIB 1 TeoiHpOpMaUiiHUX CHUCTeM. AHaJI3 [aHWX JUCTaHLIHHOTO
30HyBaHHs 3emili BUKoHaHO 3 BukopucraHHsiM QGIS, Google Earth Engine,
NASA Giovanni Ta ArcGIS Online, 1110 703BOJIWIO 3AIHCHUTH OararomapoBe
kaprorpadyBaHHs, TEOCTATUCTUYHUN aHali3 1 MOJCIIOBAHHS PH3HUKIB
Jerpajialii piYkOBUX CHUCTEM.

Cy4acHi HaykoBi JOCHI/DKCHHS IiATBEPDKYIOTh ICTOTHMH BIUIMB
KJIIMaTHYHUX 3MiH Ha TiAPOJIOTIYHUHA PeXHUM piukoBUX cucteM Kaprarcekoro

! FOmenro FO. C. Teorizpomopdororiaai 3akoHOMIpHOCTI pO3BHTKY pycen. YepHiBimi : Pyra,
2005. 412 c.
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periony®. st ripChKO-TIEpearipHUX TEPUTOPiH XapaKTepPHHUMH € 3POCTaHHS
YacTOTH I1aBOAKIB 1 TOCHJICHHS MEXKEHEW, L0 3YMOBIIOE aKTHBI3aLlilo
pycinoBux nedopmamiid, eposii OeperiB 1 Jerpamaiiro MpHOCPEIKHUX
EKOCHCTEM.

[ToenHaHHS KIIIMaTUYHUX 3MiH 3 @aHTPONIOT'€HHHUM BIUIMBOM: CHPSIMIICHHSIM
pycen,  OyOIBHMUTBOM  TiIPOTEXHIYHUX  CHOpyH,  TpaHcdopmariero
3eMJIGKOPUCTYBAaHHS Ta BHIOOYTKOM aJIOBIaJIbHUX BIJKIJIA/AIB, 3HAYHO
HiIBHUILYE TCOCKONOTiUHYy HECTIHKiCTh piukoBHX cuctem™ *. IlepenymoBu
CY4acHHMX TEOEKOJIOTIYHHMX JOCHi/PKeHb piukoBuUX cucteM llepenkapnarts
chopMyBanKucs B TPOIECI PO3BUTKY TCONOTIYHMX 1 TeoMOp(OIOTigHIX
nocnikenb periony’. Hanpukinmi XIX — Ha mouyatky XX cromitrs A.
Jlomuinpkuii, B. Teiiceitp 1 E. Pomep BukoHanu reosioriyHi 3HOMKH, IO
cTan ocHOBOM «leosoriynoro amtacy ["annunHmy». [lomansii qociipKeH s
JOJIMHHUX CHCTeM 1 Tiaporpadiunoi mepexi sailicHioBaau C. IlaBnoBchkuii,
1O. YmxkeBchkuii, 0. Ionsucekuii, B. JIo3iHCchKkuii Ta iHII. Y HiCIIBOECHHUH
nepion reoMopdonoriune palionyBanHs [lepeakapnarTs Ta aHai3 €BOJIOLIT
piukoBoi Mepesxi Bukonanu K. Ieperuyk®, I1. Iuce’, Ta iHiii, mo chopmysao
HayKOBY OCHOBY CYYacCHHUX PYCIJIO3HABUMX JOCIIIKCHb.

Y cepemuni XX cr. HaykoBui YepHIBEIBKOTO YHIBEPCHUTETY IIiJ
KepiBHULTBOM fo1ieHTa €. MaTBe€BOi po3rovain eKCeJuLiiHI Ta METOANYHI
JocipKeH st TigpoMopdonoriyanx ymoB pivok IIpyr, Uepemom i Ciper
y TIpCBKIH Ta MepeAripHii YacTWHax, 30KpeMa BHBYAIM (DYHKIIOHYBaHHS
BHYTPipycIOBHX (GopM i KinacudikyBaiu pisHOBHIM pycen® .

I3 kiHmst XX CTONITTS PyCIIO3HABYI JOCIIKCHHS HAOYIH T€0CKOIOTIYHOT
cnpsimoBaHocTi. HaykoBusiMu KHWIBCHKOrO HalliOHAJIBHOTO YHIBEPCHUTETY

2 IPCC. Climate Change 2021: The Physical Science Basis. Cambridge : Cambridge University
Press, 2021. 2391 p. URL: https://www.cambridge.org/core/books/climate-change-2021-the-physical-
science-basis/415F29233B8BD19FBS55F65E3DC67272B (nara 3eprenns: 11.01.2026).

3 Kondolf G. M. et al. Sustainable sediment management in reservoirs and regulated rivers. Earth’s
Future. 2014. Vol. 2. P. 256. DOL: https://doi.org/10.1002/2013EF000184

4 O6omoscekuii O. I, Spomresna O. €. ['inpomopdooriaaa orfiHKa AKOCTi piuok Oaceiiny BepxHuboi
Tucu. KuiB : [ureprexnonpyk, 2006. 70 c.

5 Pero M. 3., Hekoc A. H. Ekomoro-reomopgoioriua xapakTepucTuka aoiuHu J{HicTpa
B [lepenxapnarrti. JTioouna ma ooskinas. [Ipobremu neoexonoeii. Xapkis : XHY imeni B. H. Kapasina.
2014. Ne 1-2. C. 45-51.

¢ TIpupona Ykpaincekux Kapnar / pen. K. L. Tepenuyk. JIbBiB : Bua-Bo JIbBiBchKOTO YH-TY, 1968.
265¢c.

7 Tucs I1. M. Teomopdosorist YPCP. JIbsis : Bun-so JIbsis yH-Ty, 1962. 223 c.

8 Koxypura M. C. l'eomopodosoriuna Oymosa nomusn piku [pyt y [pukapnarri. lpayi. Excneouyis
no euguennio Kapnam i Ilepeoxapnamms. 1956. T. I11. C. 20-35.

° Koxypuna M. C. T'eomopdomoris momuuu piku Ceper y Ilpukapmarti [Ipayi. Excneduyis no
xomnaexchomy euguennio Kapnam i Ilepeokapnamms. 1957. T. IV. C. 28-43.
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imeni Tapaca IlleBueHka Oyno OOIPYHTOBAaHO METOJOJIOTIIO OLIIHIOBaHHS
TiIpOMOPQONOTivyHOi  SKOCTI PIYOK BIiANOBIAHO 10 BomHoi pamkoBoi
aupextuBr €C!, a Takok po3poOJIeHO MiAXOAM IO aHAI3y BEPTHKAIBHUX
pycioBux nedopmariil i paiionyBaHHs Oaceliny Bepxuporo ta CepeqHboro
Huictpa!'. 3HauHKI BHECOK Y PO3BUTOK I'eOriIpOMOPGOIOTiYHIX JOCIiIKEHb
3po0JeHO HayKOBLSIMH YUepHiBElbKOrO HalliOHAJILHOTO YHIBEPCUTETY IMEHi
Opis ®enpkoBuya. Y monorpadii'? y3araabHEHO pe3yabTaTH MOMEPEIHIX
JOCIII/PKEHb HAayKOBIIIB, 30KpeMa PO3IISTHYTO KJIFOYOBI acrekTH (popMyBaHHS
Ta PO3BUTKY PIYKOBHX IMPHPOIHO-aHTPOIOTEHHUX cucTeM [lepenkapmarts,
IIPOaHAII30BaHO METOJOJIOTIIO 1X JOCIHI/PKEHHS, IPUHIMITN 30aJaHCOBAaHOTO
TUTaHYBaHHS Ta 3aIlIPONIOHOBAHO METO/IMKY aHaJli3y TEPUTOPIaIbHOI CTPYKTYPH
MOJIOZIMX PIYKOBUX JIAHAIIA(TIB.

Takum 4YMHOM, HasBHa HaykoBa 0a3a CTBOPIOE MEPEIYMOBH ISt
KOMILJIEKCHOTO aHalli3y PYCJIOBHX IIPOLECIB PEriOHy, OAHAK I'€OCKOJIOTiYHa
OLliHKa MPUPOTHO-aHTPOIIOTEHHUX PiYKOBUX cucteM [lepeakapnarts B yMoBax
CY4acHHMX KJIIMaTHUHHUX 3MIH 3aJIMIIAETHCS HEAOCTaTHHO PO3POOJICHOI0, L0
BU3HAYA€ aKTyaJbHICTh TAHOTO JOCIiPKEHHSI.

OtpuMaHi pe3yabTaTd CIyTyIOTh HayKOBOIO OCHOBOIO sl (popMyBaHHS
cTpareriii 30epe>KeHHs, BIJTHOBJICHHS Ta a/IallTABHOTO YIIPABJIiHHS PIYKOBUMH
exocucreMamu [lepeakaprartss B yMoBaxX MOJAJbIINX KIIMaTHYHUX 3MiH
1 aHTPOIIOr€HHOTO THCKY.

1. TepuTtopisa gocniakeHHs Ta NpUpoaHo-reorpadiyHi nepeaymMoBu
¢$opMyBaHHS PiYKOBUX cUCTEM B MeXKax NepeaKkapnaTTts

Ilepenkapnarts € mepeximHow (i3uko-reorpadiyHO 00IaCTI0 MiX
Vkpaincekumu Kapraramu Ta I[logiibcbKOIO BHCOYHMHOIO, IO 3YMOBIIOE
TIO€IHAHHS TIPCHKUX, MEPEATIPHUX 1 PIBHUHHUX JaHAMAdTIB Ta OpMYyBaHHS
CKJIQJIHOI CTPYKTYpH PIYKOBHX cucTeM. [IprupoiHi yMOBH perioHy BU3HAYalOTh
PI3HOMAHITTS JIaHAIAPTHO-EKOJIOTIYHUX KOMIUIEKCIB (BiJ TIPCBKHX JiCiB
y BEpXiB’AX 10 LIMPOKUX 3aIIABHUX EKOCHCTEM y HWXKHIX TEYisiX PIdOK).
Ie 3a0e3neuye Bucoke OiOpi3HOMAHITTS, aje BogHO4Yac (HPOPMYE IiABUILEHY

1% O6omosceknii O. I, Spommesny O. €. T'ixpomopdornoridsa omiHka SKOCTi pidok baceiiny Bepxuboi
Tucu. Kuis : Inreprexnonpyk, 2006. 70 c.

I Posmau 3. B. Amnainiz BepTHKaJIbHHX PYyCIOBHX nedopmamiii pidok OGaceiimy Bepxmporo Ta
Cepennboro JlnicTpa : aBroped. auc. kany. reorp. Hayk : 11.00.07. Kuis, 2008. 22 c.

2 FOmenxo 0. C., Tonuap O. M., I'puropiitayk B. B. Ta in. [igpoexomoridee oOTpyHTYBaHHS
Oe3rmeyHoro Ta  30aJAHCOBAHOIO  PO3BUTKY  PIYKOBHX  IIPHPOJHO-AaHTPONOTEHHHX  CHCTEM
Iepenxapnartss : moHorpadis. / 3a pex. 0. C. HOmenka. YepHiBui : YepHiBeupkuil Hai. yH-T
im. 10. ®enproBuua, 2017. 472 c.
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BPA3JIMBICTh PIYKOBUX CHCTEM JIO T€OEKOJIOTTYHUX PHU3HKIB, 30KpeMa IaBoj-
KiB, 3CYBIB 1 pyCJIOBHX Je(dopMalliii.

[MoennanHs nUpUPOAHOI YYTIMBOCTI MEpeAripHUX JaHmmadTiB 13
3pOCTaHHSAM aHTPOIIOTCHHOTO HAaBaHTAXXEHHs BH3Hauae crenu@ivyHi yMOBH
(YHKI[IOHYBaHHSI CyYaCHHX DPIYKOBHX CHCTEM B MeXax Hepenrip’s, o
OOIpYHTOBY€E JIOIUIBHICTh X KOMIUIEKCHOTO JOCTI/DKCHHS B KOHTEKCTI
KJIIMaTH4YHUX 3MiH Ta TpaHchopMalii MPUPOTHOTO CepPeAOBHIIA.

TepuTopi€ro Hamoro AOCHiKEHHS OXoIuleHO [lepeakapmarts B Mexax
VYkpainn Ta npwienti yactuHun Ykpaincekux Kapmar i1 IMopimns (puc. 1),
10 XapaKTEePU3YIOThCS PO3BUTKOM DPO3IIUPEHHX JUISHOK PIYKOBUX JOJIHH,
3allOBHEHUX QJIOBIAJILHUMHU BiIKIagaMu, Ta (OpMyBaHHSIM LIMPOKUX
3alulaBHUX piBHMH. BoHa Bkitouae nepenripHi paiioHu JIbBiBchkoi, [BaHo-
®pankiBcrkoi Ta UepHiBenpkoi obnacrteid, e cdopmyBaimcs TrycTi piukoBi
Mepexi, 1110 HaJeXaTh IepeBakHo 10 OaceiiHiB [HicTpa, [Ipyty Ta Cipery.

Puc. 1. Kaprocxema Tepuropii mocimxenns"

13 TMamanmako O. B. 3akonomipHocTi pycnodopmyBanns pidok I[lepenkapmarts : aBroped. muc. ...
kanj. reorp. Hayk : 11.00.07. Kuis . 2010. 22 c.
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VY rigponoro-reoMopoIOTiYHOMY acleKTi I TEpUTOpis BUXOOUTH 32
MeXi Kilach4HOro reoMopdooriuHoro Ilepeakapnarts, MOeIHYOYH THIIOBI
i crienmgivni ymMoBH (OpMyBaHHS pycen nepearipHux pidok. Lle symositoe
BUKOPUCTAHHS PETiOHYy SK pENpe3cHTaTUBHOI TECTOBOI IUISHKU JUIs
JOCII/DKEHHST PYCJIOBHX IPONECiB, (YHKIIOHYBaHHS PIYKOBUX CHCTEM Ta
MIPOSIBY T€OEKOJIOTTYHNX PU3HKIB y OaceiiHax pidok [6].

[epenkapnarts 3aiiMae nepexiiHy ¢i3uxo-reorpadiuHy 30HY MiX
ripcekoro obnactio Ykpaincekux Kapnar i piBHMHHOIO YacTuHOIO CXimHO-
eBporeiicbkoi  nargopmu. Take TIONOKEHHS BH3HAaYa€ MHOTo poJib SIK
MIPUPOJHOTO KOHTAKTy MDK JIBOMa KOHTPAacTHHUMH MOP(OCTPYKTYPHUMHU
o0JacTsIMH, 110 ICTOTHO BIUTMBA€E Ha OpMyBaHHs rigporpadidHoi Mepexi Ta
oco0mBOCTI cTOKY. TepuTopist XapakTepHu3y€eThcsl YepryBaHHSIM IepeAripHIX
BHCOYMH, XBWISICTUX PIBHUH, IIMPOKUX MDKPIYKOBUX BOJOALIIB 1 moOpe
PO3BHHEHUX JOJIWHHUX CHUCTEM.

HasBHicTh 3HaYHMX yXWJIB IOBEpXHI B HanpsaMmKy Bin Kapmar mo
PIBHMHHOI YacCTWHHM 3yMOBJIIO€ IHTEHCHBHHMH IOBEPXHEBHH CTIK 1 BHCOKY
LIBHJKICTh TIAPONOTiYHUX peakiii Ha arMocdepHi onanu. Ilepenkapnarrs
BUKOHYE (YHKIIIIO CBOEPIIHOTO TPAH3UTHOIO TNOsICy. AJDKE 4Yepe3 HbOro
30IMCHIOETBCST BIATIK BEJIMKOI YacTHHHM KapIaTCbKUX BOJA y OaceiHM
CepenHixX 1 BEeJNMKHX PIBHHMHHHMX pi4oK. Bucoka rycrora moauHHOI Mepexi
CIpHsie KOHIEHTpamii CTOKY Ta (OpMyBaHHIO YHCICHHUX MaJIUX 1 CeperHix
BOJIOTOKIB, III0 € XapaKTEPHOIO PUCOIO PETIOHY.

[oennanHs TipchbKOro BOMO30IPHOrO MOSICY 3 MEPEATIPHOI aKyMyJis-
THUBHOIO 30HOIO0 CTBOPIOE IEPEIYMOBH JUISi aKTUBHOTO PO3BUTKY €poO3iiiHO-
aKyMYJISITHBHHX TIPOILECiB, (POPMYBAHHSI DPO3TANYKEHUX PYCIOBHX CHUCTEM
i mupokux 3ammaB. Came 1i OCOONMBOCTI BW3HAYalOTh Ii/IBUILEHY
YyTIUBICTh piukoBHX cucteM llepenkapmartss 10 3MiH KJIIMarddyHUX YMOB
1 aHTPOIIOr€HHOTO BILIUBY.

leonoriuna GynoBa Ilepeakapmartst copmyBanacs BHACTIIOK CKJIQJHUX
TeKTOHIYHMX mpoueciB Kapmarcekoi ckimamgactoi obnacti Ta PO3BUTKY
[epenkapnarcpkoro KpaioBoro mnporuHy. OCHOBY pO3pi3y CTaHOBIIATH
(IiIoBl TOBII, MOJIACOBI Ta HEOTCHOBI BIJIKIAAM, IEPEKPHUTI IOTYKHUM
[IapOM YETBEPTUHHUX aIOBIAJIbHUX 1 JIENIOBIAJIbHUX YTBOpPEHb. Taka
JITOJIOTIYHA PI3HOMAHITHICTh BU3HAYAE HEOJHAKOBY CTIMKICTh TipCHKUX
TopiJ 0 epo3ifHUX mpoueciB i GopMye cTpokaTy MOP(OJIOTito OIHH.

TekToHIUHA CTPYKTypa pErioHy mpeACTaBiIeHa CHCTEMOIO HacyBiB,
CKJIQJIOK 1 pO3JIOMIB, II0 3yMOBJIOE OJOKOBY OyIOBY TepHUTOpii Ta pi3Hy
IHTEHCHBHICTh BepTUKaJIbHUX pyxiB. Heorexroniuni migustTs Kapnarcekoro
MacHBY CIPHSIOTh aKTUBI3alii epo3iifHOro Bpidy piuoK y BEpXHIX 4acTHHaX
OaceifHiB, Tonmi AK y Mexax I[lepeakaprnarchbKoro NpOTHMHY IEpeBa)KaroTh
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AaKyMYJISITUBHI TIPOLECH, IO CHPUSIOTH (OPMYBAHHIO HIMPOKHX JIOJIMH
1 PO3BUHEHUX 3aIlIaB.

[MoTy>xHi TOBILII aMOBiAJIbHUX BIIKJIAJIB CTBOPIOIOTH CIIPHATINBI YMOBH
Ui (opMyBaHHS OararOpyKaBHHUX pPyCeJ, PO3BUTKY MeEaHAp 1 MOCTIHHOI
nepeOyJOBH PyCIIOBOi MEpeXi B Mexax cMyT pyciiopopmyBanHsi. Lle Bu3Hayae
BUCOKY MOP(GOIUHAMIYHY aKTUBHICTH PIYKOBHUX CHCTEM 1 iX CXMJIBHICTBH IO
ropu3oHTaNbHUX Jedopmaniii. BogHoyac Ha okpeMux JIUISTHKaX BUXOAW
KOPIHHHX TIOpifl 3yMOBIIIOIOT JIOKaJIbHY CTadiIi3auito pycen i popMyBaHHS
MIOPOTiB Ta HEpPEeKaTiB.

Kuimar Ilepenxapnarts € moMipHO-KOHTHHEHTAJIBHUM 3 YITKO BUPKEHUM
BIUIMBOM oporpadiunoro 6ap’epy Kapmar. YV HampsimMky Big piBHHH 10 Tip
CIIOCTEPIraeThCs 3pOCTaHHA KUIBKOCTI arMoc(epHHX OMamiB 1 3HMKCHHS
CepelHiX TeMIeparyp, 10 3yMOBIIIOE BEPTUKAIBHY KITIMaTHYHY 30HAJIBHICTB.
Piyna cyma onaniB y nepenrip’i cranoButs y cepeanbomy 700-900 mm, Toxi
SK Y TIpCBKHMX YacTHHAxX OaceiiHiB Moxke nepeBuiryBatd 1200 M.

[TepeBaxkaHHsI TOLIOBOTO JKUBJICHHSI BU3HAYa€ MIBUAKY PEaKIilo PiYOK Ha
3JIMBOBI OIaJH, 110 € OCHOBHOIO NPHUUYUHOIO ()OPMYBaHHS KOPOTKOTPHBAJIHX,
ajye IHTEHCHMBHMX IaBOJAKIB. 3Ha4HA YacTKa TBEPAUX OMNAMAIB y XOJOTHHH
nepionx poky 3ale3reuye BECHsSHE BOJOIUUISL, OJHAK pPOJb CHIrOBOTO
JKUBJICHHS B OCTaHHI JECSATWIITTA IOCTYIIOBO 3MEHINYETHCS BHACIHIIOK
II/IBUILEHHS TEMIIEPaTypH MOBITPSL.

KiiMarnuHi yMOBH pErioHy 3yMOBIIOIOTH BHCOKY MIHJIMBICTH CTOKY
BIIPOJIOBXK POKY, 4acTy 3MiHY (ha3 BOIXHOTO PEKUMY 1 3HaYHY BHYTPILLIHEOPIUHY
MIiHJIMBICTh BOAHOCTI. [lo€aHaHHS 3HAYHMX OMaiiB, CKIAIHOTO penbedy Ta
MaJioi IPOHUKHOI 3/[aTHOCTI IPYHTIB, CTBOPIOE YMOBH LIBHKOTO ()OPMYBaHHS
MIOBEPXHEBOTO CTOKY i1 aKTUBHOTO NEPEHECEHHs TBEPAOTo Marepiaiy.

ligporpadiuna wmepexa Ilepenxapmartss XapaKTEepU3YETHCS BHUCOKOIO
TYCTOTOIO i MPENCTABICHICTIO BETUKOT KUTBKOCTI MAJIMX 1 CEPEJIHIX BOOTOKIB.
OCHOBHI PIYKOBI CHCTEMH JIOCIIDKYyBaHOI TEpUTOPIl Hanexarb 10 OacelHiB
Huictpa, [Ipyra i Ciperty, 110 3 CHIOIOTh TPAH3UT CTOKY 3 TipChKOi 00acTi
JI0 PIBHUHHOT 4aCTHHH YKpaiHu.

[TepeBaxatoTh TipCHKO-TIEPEATIPHI PIYKOBI CHCTEMH 3 IABOAKOBUM
TUIIOM pEXHMY. Y BEpXiB’SX BOHM MAalOTh BY3bKi V-MOMIOHI JIOTWHH,
3HaYHl MOXWJIM pycelsl 1 JOMiHyBaHHS IIMOMHHOI epo3ii. ¥ Mexax nepen-
rip’st TOJIMHYU PO3LIMPIOIOTHCS, MOXHUIM 3MEHIIYIOTHCS, aKTUBI3YIOThCS IPO-
LIECH TOPHM30HTAIBHHUX pycioBuXx aedopmarliii i Gopmyerscst nobpe po3su-
HEHa 3aIiaBa.

Mani piukd B MeKax TEpUTOpil JOCHKEHHS OCOOJMBO YyTJIWBI 0
30BHILIHIX BIUIMBIB Yepe3 0OMeeHi po3MipH Bo0300piB i ciabky OydepHy
3parHicTh. CaMe BOHM NEpIIUMH pearyloThb Ha 3MiHY KIIMAaTHYHHX YMOB
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1 rocrionapchbKe OCBOEHHS TEPUTOPIi, 0 pOOUTH X iHAMKATOpaMH 3arajbHOTO
cTaHy piukoBux cucreMm llepenxapmarts.

B ocraHHI [JECATWIITTS CIIOCTEPITaeThCsl TEHICHLIS A0 3pPOCTaHHS
YaCTOTH T1IPOJIOTIYHUX HEOE3MEUHUX SBUIL, II0 OB’ S3aHO SIK i3 Cy4YaCHUMHU
KIIIMaTHYHUMH 3MiHaMH, Tak 1 3 TpaHc(hOpMAIi€l0 HPUPOAHOTO IOKPUBY
OaceifHIB yHaCIiJJOK JIICOKOPUCTYBaHHsI, ypOaHizallil Ta peryItoBaHHs CTOKY.
VYnponorx XX — mouarky XXI cromirrs Oacelinu pivok Ilepenkapnarrs
3a3HaJIM HU3KW 3HAUYHMX MaBOJKIB, HACIIIKK SAKHUX 30eperucst B Mop¢oIorii
pycel i CyTTEBO BIUIMHYJIM Ha 3aKOHOMIPHOCTI X PO3BUTKY.

e e

el
— T —

v e el

v o —— gy pooeef

<% —

Puc. 2. Cxema po3MillieHHsI CTBOPIiB cIIOCTEpPeKEeHHS
HA JOCJTIIKYBAHHX BOTOTOKAX

Takum duHOM, (i3uKo-Teorpad)idHe TIIONIOKCHHS, TEOJIOTiYHA Ta
TEeKTOHIYHAa OynoBa, KIIMaTWYHI YMOBH ¥ 0COONWBOCTI rimporpadidaoi
Mepexi (OpMYyIOTh KOMIUIEKC MPHUPOTHHUX IIEPEIyMOB PO3BUTKY PIYKOBUX
cucreM I[lepenkapmarts. [ToeqHaHHS CTOKY 3 TipCHKUX padOHIB, MEPEATiPHOT
aKyMYJIITHBHOI 30HHM Ta NAaBOAKOBOTO PEXHMMY IIiJ BIUIMBOM KIIMaTHYHUX
3MiH, Y TO€QHAHHI 3 aKTHBHHAM TOCIIONAPCHKAM OCBOEHHSM NepeAripHUX
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TEPUTOPIii, 3yMOBJIIOE BUCOKY T'iJIPOJIOTIYHY Ta MOP(OIMHAMIUHY aKTHBHICTh
B OaceitHax pivok. Came 1i mpuponmHi (GakTopH BU3HAYAIOTH IIiJBUIICHY
YyTIMBICTh PIYKOBUX CHUCTEM pErioHy J0 CyYaCHHUX KIIMAaTHYHHUX 3MiH
1 aHTPOIIOTEHHOTO HAaBaHTAXEHHs, LI0 OOIPYHTOBYE HEOOXiJHICTh IX
KOMITJIEKCHOT'O T€0EKOJIOTTYHOTO JIOCIIiPKEHHSI.

2. CyyacHi KniMaTU4HI TeHAEeHLUii Ta BOAHUIT peXKMM PiYKOBUX CUCTEM
B MeXkax lNepegkapnatTta

CyvacHi KJIIMaru4Hi 3MiHM CYTTEBO BIUIMBAIOTh Ha TiJPOJIOTIYHUI
pexuM pidok Ilepeaxaprarts, 3MiHIOIOYM CE30HHI 3aKOHOMIPHOCTI CTOKY Ta
9acTOTy HEOE3MEUHUX TiJPOMETEOPONIOTIYHMX ABUIIL. Bimomo, 110 3a ocTaHHI
JECSTUIITTS CHOCTEPIracThCs TEHICHLIS A0 IiJBHIICHHS CEepeIHbOPIYHOI
TEMIIEpaTypH MOBITPS Ta 3MIHM PO3MOIUTY ONajiB, 10 (GOopMye HOBI yMOBHU
Juisi QYHKIIOHYBaHHS PIYKOBUX cucTeM periony'!. V mexax [lepenkapmnarts
piuHa cyma arMocdepHux onasiB konuBaeThes Big 700-800 MM y nepenrip’sx
Jo noHax 1000 MM y mpuienux TipChbKHX paiioHax, IO CTBOPIOE BHCOKHN
piBeHb NOBEPXHEBOTO CTOKY Ta crpusie (popMyBaHHIO TaBOJKIB.

OCOONHUBICTIO TiIPOJIOTIYHOTO PEKUMY € MepeBaXKaHHs MaBOJKIB TEILIOTO
nepiofy, sSKi BUHUKAKOTH MiJ 4Yac IHTCHCHBHUX JITHIX onaniB. Lli maBomku
BIZIIrpaloTh BUpIMIAJIBHY pOJIb Yy pycilodOpMyBaHHI: 3pOCTa€ LIBHIKICTh
Teuil, BMIHIOETBCS TiJpaBiliuHa CTPYKTYpa MOTOKY, 30UIBIIYyEThCS TPAHCIOPT
HAHOCIB, (OPMYIOTbCS TpPAJOBI CTPYKTypH Ta aNIOBIabHI «SI3UKH» Ha
3aruiaBax.

AHai3 BIacHUX EKCIEAULIMHUX JaHUX Ta TIAPOJIOTIYHUX CHOCTEPEKEHb
nokaszas, 1o piuku [lepeakapnarts B XX—XXI cTomiTrsX 3a3Haiy IIOHAWH-
MeHIIe 5—6 3HAYHMX MABOJKIB, HACTIJIKU SKHX 3JIMIIWINCS B PYCIOBIH
Mopdosorii Ta cucremi «HoTik—pycio». IligBuimieHi BUTpaTH BOAM Ta
IHTEHCHMBHICTb ITOTOKIB IiJI Yac IaBOAKIB ()OPMYIOThH JOKaJIbHI 30HH epo3il
Ta gerpajamii 3amiaB. B yMoBaX HEHOCTaTHROI MIUIBHOCTI IMOCTIHHUX
TiPOJIOTIYHUX CHOCTEPEKEHb HaMH OyJI0O 3aCTOCOBAaHO METOJ| KOPEJSLii
BUTpaT BOAM 4Yepe3 MOJIYJ IaBOJKOBOIO CTOKY, IO JIO3BOJIMJIO OLIHUTH
MaKCHUMaJbHI BUTPaTH BOJY, BU3HAUUTHU TiIpaBIivyHi MapaMeTpH IOTOKY Ta
JIOKAJi3yBaTH JUISHKA 3 MIiJBHIICHAM T'€OCKOJIOTIYHUM pu3ukoM (Tabm. 1).
Pesynpratn aHamizy MakcUMalbHUX MOJIYJIB CTOKY HiITBEpIUKYIOTh
HEepIBHOMIPHUH MPOCTOPOBUIT PO3MOLT ABOJKOBHX ITIKIiB Ta KOHLIEHTPALIIO
eKCTPEeMaJIbHUX SIBHI Y 30HaX 3HAYHOTO aHTPOIIOICHHOTO BILIUBY.

4 IPCC. Climate Change 2021: The Physical Science Basis. Cambridge : Cambridge University
Press, 2021. 2391 p. URL: https://www.cambridge.org/core/books/climate-change-202 1-the-physical-
science-basis/415F29233B8BD19FBSSF65E3DC67272B (nara 3Beprenns: 11.01.2026).
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Taomums 1

Ouinka MaKCUMAJILHUX MOJYJiB Ta BUTPAT BOAU HA piukax

B Mekax Ilepenkapnarrsa's

5 /:’[ Piuka CrtBop F,, kv’ o /cl.l,KMZ Q, m¥/c
1 CTpB’sDK c. Yamni 500 0,4 200
2 Crpuit c. Posripue 2500 1,1 2750
3 Cgiua c. Anrenieka (1) 250 2,2 550
4 Caiua c. AHreniBka (2) 260 2,2 570
5 Caiva c. Knsoxomyka 700 1,7 1190
6 Cyxine c. [Monsuuis 92 2,6 240
7 Cykine c. Tucis 138 2,4 330
8 JliMHATIS c. Kyzpmunens (1) 330 1,9 630
9 JliMHULIS c. Kyspmunens (2) 340 1,9 645
10 | Jlimauns c. Scenn 500 1,7 850
11 | JliMHHIS cmrt Ileperincbke 573 1,6 915
12 JliManLs ¢. Cnobona PiBHsHCEKA 615 1,5 925
13 | Jlimauns c. bepnorn 715 1,4 1000
14 | Yeusa c. osre Kamycbke 548 1,25 685
15 | dy6a c. LlineBa 130 1,4 180
16 | dy6a cMT PoxxHATIB 135 1,4 190
17 | Puerpnua c. Tloporu 148 2,7 400
ConOTBHHCHKA
18 buctpuus c. PakoBelp 240 2,2 530
CoNIOTBUHCHKA
19 | bctpuua c. XKypaxu 400 1,9 760
CoI0TBUHCBKA
29 | Pucrpuns ¢. Toctosta 525 2 1050
HanpipHsancbka
31 | Buctpmu . Hansipsa 580 1.9 1100
HangipHsHcbka
2 gﬁ;‘i’g::mm c. Hasasizos 600 1,9 1140

*[lo3HayeHHS: F.i —mioma BOH0360py; KL —MOAYyJIb MAaKCUMAJIBHOT'O CTOKY, Q — MaKCHUMaJIbHa
BUTpaTa BOAU 3a YaC MaBOAKY.

BHacnimok miABWIIEHHS TeMIepaTypy Ta 3MIiHM IHTEHCHBHOCTI OMAaIiB
B YkpaiHcbkux Kaprarax iCHYIOTH TiIBHINCHI PHU3WKH BHHUKHEHHS TiIpo-
JOTiYHNX Hebe3neKk (KaracTpo(iuHMX MAaBOAKIB), IO MOXKHA IPOCTEKHUTH

15 TMamanmako O. B. 3akoHOMipHOCTI pyciohopmyBans pidok [lepemkapmarts : aBroped. Iuc. Kai.
reorp. Hayk : 11.00.07. Kuis . 2010. 22 c.
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32 CydacHMMHM MOJAEJSIMH NaBojKiB. lle y3romkyerbcst 13 OaratopiyHUMH
CIIOCTEPEKCHHSIMH Ta JIOBTOCTPOKOBHM aHAJII30M CTOKY OCHOBHHX BOJOTOKIB
B MEXaxX TEPHUTOPIi TOCTI/PKCHHS. BiIMITUMO, 110 CHIOCTEPIraroThesl 3MIICHHS
MIKIB BECHSHUX MABOJKIB Ha JITHIHM 1epiof 1 MiBUILIEHHS IHTEHCUBHOCTI CTOKY.

Kpim npupoaunx (akTopiB, 3HAYHUI BIUIMB Ha BOJHUN PEXUM PiYOK Mae
AQHTPOIIOreHHE HABAaHTAXXEHHS: IHTEHCHBHE CIJIbCHKOTOCIIOAAPCHKE OCBOEHHS
TepuTopii, ypOaHizauis, BUpyOKa JICIB, peryitoBaHHs pycel Ta BHAOOYTOK
AIIOBlaJIbHUX BIIKJIALIB.

[MoennanHs OcCOONMBOCTEH MPHUPOTHMX YMOB B MeXax Hepearip’s
1 AHTPONOTEeHHOTO THCKY Ha i JaHamadptd W Qopmye crenudivHi
re0eKOoJIOTYHI YMOBH. BOHM NPOSBIISIOTECS y BUINIAAI aKkTHBI3aLii OeperoBoi
epo3sii, gedopmariii pycen, Aerpaaanii 3ariaB Ta MOTiPIICHHS SKOJIOTIYHOTO
CTaHy BOJIHHX EKOCHCTEM.

BukopucTtaHHsS KOMIUIEKCHOTO IJXOMy, IO IOEAHY€E EKCIIeIUIiiHI
JlaHi, monepeuHi npodini pycel, XapaKTepHCTHUKH IaBOAKOBOIO CTOKY Ta
CYIYTHHUKOBI CIIOCTEPEKEHHS, J03BOJISIE HE JIMIIE OLIHUTH Cy4acHHH CTaH
pPIUKOBUX cHCTEM, a i po3podMTH amanTamiiiHi crparerii 30epeKeHHsI
BOIHMX €KOCHCTEM 1 3MEHIICHHsI HACJIKIB KaTacTpo(hiuHMX aBOJKIB.

BuBueHHsT 1OCBigy HaI[lOHANBHMX 1 MDKHApOIHHMX  pE3yJbTaTiB
JOCII/DKEHb, a TaKoX IIPOBENCHI BJACHI, MIATBEPIKYE Te, IO JIOKAJIbHI
TEHJIHLIT PIYKOBHX IpoueciB y Mexax [lepenkapnarts y3ropKyroThes i3
3arajlbHAMHM 3MIiHaMH KJIiMary Ta pPU3UKaMW BHUHHKHEHHS TiAPOJIOTiYHUX
HeOe3IeK.

3. AHTponoreHHe HaBaHTa)XXEHHS Ha PiYKOBi cUCTeEMU
B Me)Kax TepuUTopil AoCNiA)KEeHHs

AxTtuBHa TpaHchopMallist piukoBuX JaHqmadTiB posnoyaiacs me y XIX cro-
JITTI, a HaiHTeHCUBHIIIA (a3a npunana Ha cepenrHy XX CTOMITTS, KOJIK MacCOBO
CIIOPY/DKYBAJIIMCS TiJPOTEXHIYHI 00’€KTH, MOCTH, JaMOM Ta pO3pOOISUTHCS
pycioBi Kap’epH. AHaII3 KapTorpadidHuX MarepiaiiB, KOCMO3HIMKIB 1 OJIBOBUX
CIIOCTEPEIKEHb MIATBEP/KYE, 10 MPAKTHYHO BCl MEperipHi JUITHKA OCHOBHUX
PIYOK 3a3HaIM ICTOTHUX aHTPOIIOICHHUX IIEPETBOPEHb.

AHTpONOreHHHH BIUIMB Ha piukoBi cucrtemu [lepenkapnarts mposBIsSeTbCs
Ha pI3HUX MPOCTOPOBHX PIBHAX (BiA 3arajibHOOACEHHOBOTO JI0 JIOKAJILHOTIO)
1 € OfHMM i3 BHM3HAYAJBHUX YHHHUKIB CYyYacHOTO pycio(hOpMyBaHHS.
Ha GaceiiHoBOMY piBHI BiH peaii3yeThcst yepe3 TpaHc(HopMALlio MiACTHIAI090T
TIOBEPXHi, 3MiIHy 3€MJIEKODUCTYBaHHS Ta OIOCEPEIKOBAHO 4epe3 BIUIMB Ha
BOJHUI PeXHM 1 CTiK HaHOCIB. Ha MiciieBoMy piBHI aHTPOIIOT€HHA JTiSUTBHICTh
Oe3rnocepe]HbO 3MiHIOE MOpQOJIOTif0 pycen, CTaH 3aliaB i TigpaBIivHi
XapaKTEePUCTUKH TTOTOKIB.
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3MiHM BOJHOTO PEXUMY PIYOK 3yMOBIIOIOTBCS SIK KJIIMarHYHUMH
TEHJCHIIIMH, TaK 1 TOCIHOAAPCHKUM OCBOEHHSAM OaceliHiB. Xodya BIUIHB
3HENICHeHHS Ha (OpMyBaHHS KaTacTpO(PIUYHMX TABOAKIB 3aJMINAETHCS
JUCKYCIHMM, WOTO pOJb y MOCWICHHI epO3idHKUX MPOICCIB I HAIXOMKCHHI
HAHOCIB y PIYKOBY MEpPEXy € O4eBHIHOW. [lin Yac IHTCHCHBHHX IaBOJIKIiB
3pOCTae BHUHOC YJIaMKOBOTO MaTepially 3 TipChKUX YacTUH OaceifHiB, IO
BIUIMBAaE Ha TPaAHYJIOMETPUYHHH CKJIaJ pPycaopOpMyIOUMX BiIKIIaIiB
i XapakTep pyCcJIOBUX JehopMalriii.

[IpoTmiie)xHuM 3a HaNpsiIMOM YMHHUKOM € BHJIYYEHHS allIOBIIO 3 pyceil.
HexonTtponsoBanuii BUIOOYTOK pycioBoro marepiany (puc. 3). CnpuuuHSE
TIOHYDKEHHS JIHa, AedopMallito nonepeyHux npodiyis, pyHHyBaHHS OCTPOBIB
1 3MiHy TPaH3UTHHX BJIACTHBOCTEI CUCTEMH MTOBEPXHEBOTO cTOKY. Hacuminkom
€ TIIBUIIEHHS BITHOCHOT BUCOTH 3aIliaB i Tepac, 3pOCTaHHs POJi TBEPIUX
JIOHHUX BHCTYIIIB T4 3MiHA TiAPABIIYHOT CTPYKTYPH MOTOKY.

Puc. 3. Bin6ip amosiio i3 pycaa p. Jlimauus B c. Slcenn

BaxIMBUM Cy4aCHUM MPOSBOM aHTPONOTEHHOIO BIUIMBY € 30UTbIICHHS
poi «IepeBHOro HaHOCy». HakomuueHHs! JepeBHOTO Marepialy B pycnax
i Ol MOCTOBUX IEPEXOJiB CHPUYHUHSE JIOKaJIbHI 3aTOPH, MiJINOPU BOAM Ta
nepeOyI0By pycen MiJl Yyac MaBonKiB (puc. 4).

[ToTy)KHUM YHHHHKOM TpaHC(HOpMAIli PYCIIOBHX CHCTEM € PO3BHUTOK
0epero3axucHUX 1 PyCIOPEryIrounx cropya. JlamOu, MigmipHi CTiHKH,
CIPSIMJICHHSI pycCell 1 TPaHCIIOPTHI HACUIIM 3BY)XKYIOTb CMYTY pyciaopopMmy-
BaHHS, 3MIHIOIOTh YMOBH 3aIlIABHOTO 3aTOIUICHHS i CTPYKTYpY MaBOIKOBHX
MOTOKIB. Y 0araTtbOX BHIAJKaX TaKi 3aX0[H 3/1IHCHIOIOThCS 0e3 JOCTaTHhOTO
reoMopQoJIOTiYHOr0 OOIPYHTYBaHHS, L0 TPH3BOAUTH 10 (HOPMYBaHHS
MOP(hOJIOTIYHO HECTIHKUX AUISTHOK pycen (puc. 5).
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Puc. 4. YacTkoBo 3pyiiHOBaHuii MicT 4epe3 p. Yeuny
oinsa c. Jlosra Kaaycbka
(Bunno BenuKy KiNbKICTh «JIEpPEeBHOTO HAHOCY» i IpeOiHb ISy, IO 3yIHHUIACS
1 9aCTKOBO PO3MHTA IIepe]] MOCTOM)

Puc. 5. Po3muB JiBoro 0epera i nmojgoTHa 10poru nepej MocToM 4epe3
p- Jimauiio y cmt Ileperincbke

Ha nokaneHOMy piBHI aHTPONOTrEHHUI BIUIMB TNPOSBISIETHCS y TpPaHC-
(hopmarii rHpJIOBUX AUISHOK MPUTOK, PEAYKII pO3ralyKeHUX pycen i 3MiHi
YMOB B3a€MOJIii MABOIKOBUX MOTOKIB. ['OCHomapchbka MisIbHICTE (QOpMye
AHTPOIIOTCHHI PYCJIOBI NUISIHKM Ta HETUIOBI Mopdosoriudi ¢opmu, Mo
NOTPeOYIOTh CIIEIiadbHUX MIAXOIB 0 IX JOCIIPKSHHS.

AHTpOIIOreHHEe HaBaHTaXXEHHS € 0COOJIMBO BIMYTHUM Ha MaJlUX pidkKax,
Jie IHTEHCHBHICTh TOCIONAPCHKOI JISUTBHOCTI 3HAYHO MEPEBHUIIYE IIBUAKICTH
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MIPUPOJHUX MOP(OANHAMIYHMX MpoueciB. BHacmizok 1bOro KuIbKiCTh
JUISHOK 13 BIZIHOCHO NPHUPOAHUMH YMOBaMH (YHKIIIOHYBaHHS PYCIIOBO-
3arulaBHUX cucTeM y Ilepeakapnarti HOCTIHHO CKOPOUYETHCS.

Puc. 6. Buriisig kanaJizoBanoi giissHku pyciaa p. Boponn
oins c. OTunis

TakuM 9UHOM, CyYaCHHI CTaH PIYKOBHX CHCTEM B Mexax [lepemkapmarts
BU3HAYAETHCS  IHTETPOBAHOIO  Mi€I0 TPHUPOJHUX 1  AaHTPONOTCHHUX
YHMHHUKIB, cepell AKUX TOCHOAapChKa NisUTBHICTH Bifirpae MPOBITHY pOIIb.
e o0ymoBmOoe HEOOXIOHICTE KOMIDIEKCHOTO PYCJIO3HABUOTO —AaHAJI3y
AHTPOTIOTEHHO TPaHC(POPMOBAHUX MINITHOK Ta HAYKOBOTO OOIPYHTYBaHHS
3axO0JliB YIPABIiHHS PYCIOBHUMH IPOLECAMH i T€OCKOJIOTIYHUMH PU3HKAMHU.

4. leoeKoNOriYHi HacNigKN Cy4aCHUX KNIMAaTUYHUX 3MiH
Ta aHTPOMOreHHOro HaBaHTaXXEHHs Ha PiYKOBi cuctemm
MepepkapnaTTs
Cy4yacHuH pO3BHUTOK pIYKOBHX CHCTEM B Mexax Ilepeaxapmarts
BiIOyBa€THCSI B YMOBaX OJHOYACHOI [Iii TBOX MPOBITHHUX TpaHC(hOpMamiiHUX
YUHHUKIB: KITIMaTHYHIX 3MiH 1 3pOCTAI0Y0T0 aHTPOTIOTEHHOTO HABAHTAKEHHS.
3MiHH peXUMy OMajiB, TEMIIEPAaTypH MOBITPS Ta YacTOTH HeOe3MmedHuX
TIAPONOTIYHUX SBUII y TIOETHAHHI 3 1HTEHCHBHHM TOCIIONAPCHKHM
OCBOEHHSM JIOJIMH, pycel i 3amiaB (popMyroTh HOBI YMOBH (DYHKIIOHYBaHHS
PYCIIOBO-3aIJIABHUX KOMILIEKCIB. BHACIiIOK [bOTO MOPYIIYETHCS MPUPOIHA
Mop¢oarHaMiYHa piBHOBAra PiuKOBHX CHCTEM, 3MIHIOIOTBCS IX TiqpOJOTIvHI
1 TeoMOp(HOJIOTIUHI PEeXKIMH, TPAHCPOPMYIOTHCS EKOCUCTEMH Ta 3POCTAIOTh
TEOSKOJIOTIYHI PU3HKH [T TPUPIIKOBUX TEPUTOPIH.
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[TonpoBi Ta MUCTAHIINHI JOCITIIKCHHS, BHUKOHAHI MICIsA IPOXOKCHHSI
karacTpoiunnx naBoakiB 2008 i 2020 pokiB, 3aCBiTYMIN CYTTEBI 3MiHH Ta
MIEPETBOPEHHS PYCJIOBO-3aIJIABHUX KOMIUIEKCIB OCHOBHHMX PIYOK pETiOHY.
BusiBneno, mo xapaktep CydaCHHUX 3MIH pycel BU3HAYAETHCS MOEIHAHHAM
3pOCTaHHSl IABOJIKOBOi AKTHUBHOCTI, 3MIiHM TI'pPaHYJIOMETPHYHOIO CKJIamy
HAHOCIB, aHTPOIIOTEHHOTO 3BY)KEHHSI CMYT pyclioOpMyBaHHS Ta BTPyYaHHS
B CHUCTEMY MOBEPXHEBOT'O CTOKY.

Oco0nMMBO YiTKO IIi 3aKOHOMIPHOCTI TNPOSIBISIFOTBCSI IIPU TEPEXOAl Bif
TIPCHKUX JI0 TEPeAripHUX 1 PIBHMHHHMX JAUISIHOK Tedii, ae (opMyeTbcs
aJIOBIaNIbHE CEPEIOBUILE Ta PO3BUBAETHCS OaraTropyKaBHICTh pycell.

OnHMUM i3 KITFOYOBUX Fe€0EKOJIOTTYHUX HACIIKIB CY4aCHHUX 3MiH € 3pOCTaHHS
HeOe3MeKH 3aTOoIUIeHb 1 MiATOIIeHb. ExcrienuuiliHi criocTepekeHHs IOoKa-
3a]M, IO TIPOCTOPOBHH pO3MOAUI 30H 3aTOIUICHHS BHU3HAYAETHCS HE
JMIIE BEJIMYMHOIO MABOJKOBHX BHUTpaT, aje W MOpQOIIOTIE0 JOJINH,
TiPOTeoNIOTiYHIMH YMOBAaMH Ta CTYIIEHEM aHTPOIIOTeHHOI TpaHcgopmarii
3ariaB. HaliOinbIn HeOS3MeUHUMHE € TOHMKEHI JUISTHKY JOJIWH, BY3JIH 3JIUTTS
BEJIMKUX PIYOK, 30HHM IITYYHOTO 3BYXKEHHS BOJOIIPOITYCKHOTO KOPHIOPY
JamMOaMy, HacWIlaMHM Ta TPAHCHOPTHOIO iHQpacTpykryporo. BomHouac Ha
PO3MIUPEHUX 0OaraToOpykKaBHUX JUISHKAX HABITh KaTacTpO(iuHi MaBOIKH
YaCTO CYNPOBOPKYIOTHCS BiJTHOCHO HEBEIMKUMH aMIUTITYAaMH PiBHIB BOAH.

®ikcarliss MITOK BHCOKHMX BOJ 1 HIBEJIOBaHHS IONEPEUHHUX MPodisiB
pycen MO3BONMIM BCTAaHOBHTH Cy4YacHI aMIUNTYyId KOJMBaHb DIBHIB
1 OI[IHUTH MIMOWHM Ta MIBUIKOCTI MOTOKIB i Yac maBoAkiB. OTpuMaHi JaHi
MiATBEPIKYIOTh, 110 HA NEPEATipHUX IUITHKAX 13 PO3BHHEHOIO PYCIOBOIO
0araTopyKaBHICTIO €HEpris IaBOAKOBHUX IIOTOKIB YacTKOBO PO3CIFOETHCS,
TOAI SIK HA CTUCHYTHUX TiJPOTEXHIYHUMH CHOPYAaMH JTUITHKax (OpMYIOThCS
JIOKJIBHI TIJIIOPHU Ta MiBUILIEHI TIpOJMHAMIUHI HABAaHTa)KECHHS.

Mopdoornoriuni  HacHigKd KaracTpo(iuHUX I1aBOAKIB IPOSBISIOTHCS
Yy PO3BHUTKY KOMIUIEKCY PYCJIOBHX AedopMaliidl pi3HOTO i€papXi4HOTrO piBHSL.
Jlo HaiOuibII XapakTepHUX HaJeXaTh DO3IIUPEHHS pyclia 3a paxyHOK
PO3MUBY 3aIlJIaBHUX OeperiB, akTHBi3aiis a00 3MiHA MOJIOKEHHS OCHOBHHUX
MPOTOK Y PO3rally)XeHUX pycliaX, (JOpMyBaHHS HOBUX 3BUBHH, IepeOynoBa
BHYTPILIHBOI CTPYKTYpH OaraTtopykaBHUX cHCTeM. Taki 3MIHM MaroTh SIK
NPUPOIHUI XapaKTep, TaK 1 YiTKO BUPAXKEHY aHTPOIIOIeHHY 00yMOBJICHICTb,
30KpeMa y MICUsIX BTpyYaHHsSI B PYCIIOBI IPOIIECH.

BakMBHM reoekosI0riYyHIM HaCIIiIKOM € B3a€EMOIisl pyCIIOBHX Jedopmartiit
3 IHXKCHEPHOI iH(pacTpykTyporo. MocTh, mamMOu, OeperoykpiricHHs
i TpancnoprtHi Hacunu (puc. 7-10) 4acTo CcTalOTh YMHHUKAMH JIOKAJIBHOTO
3BY)KECHHS TIOTOKY, ()OpPMYBaHHS IHTEHCUBHUX CTPYMEHIB 1 PO3BUTKY IJINOWH-
HO1 Ta OIYHOT epo3ii.
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Puc. 7. Po3MuB BHCOKOro TepacoBoro Jgisoro depera p. Ctpuii
3a paxXyHOK PO3BHUTKY KPYNHoi 3BUBHHHM 0ijist moce JIbBiB — Hon
(c. T'ipne)

Ls

FETTE

BESRRS esey |y—p
2

Puc. 8. HamiB3pyiinoBanuii mict Ha p. BoJsioxiBka 6ias c. ly6oBuis
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Puc. 9. Po3amuB 1aM0u 00BajIyBaHHS HA MpaBomMy Oepesi
p. buctpunsa Haasipusincska puie c¢. YepHiis
(Ha npyromy rutani BUAHO OinbIl MOTYHY 1amMOy oOBayBaHHs CTaBKa)

- T TR
— T —

L

Puc. 10. PosmuB mmnopu Ha p. Bucrpuns HagsipHsaHcbka
0ina c. Hynunais

Ile 3ymMOBIIOE MiAMUB OIOp, PYHHYBaHHS 3aXHCHUX CIOPYA i PO3BUTOK
aBapiiHUX CUTyamid mig yac maBonkiB. OCOOMUBY POJIb y IBOMY Bifirpae
HaKOITUYCHHS «JICPEBHOTO HAHOCY» (puc. 8), SKWH 3aKpUBa€ MiJMOCTOBI
OTBOpH, CIIPUYHUHSE MIiAMOPU PIBHIB BOIU W TEpPEHANPABICHHS MOTOKIB 1O
3aruiasi.
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Crneun¢iyHiM Cy4acHUM YHHHHKOM TpaHc(hopMalii pyciIoBHUX CHCTEM
€ OararopiyHMi BinOip amioBil0 3 pycen 1 3amiaB. BugoOyTok pycioBHX
MarepialiB IpPU3BOMUTH O MOHW)KCHHS J[HA, 3MIHU CITIIBBIIHOIICHHS MIiX
DIMOMHHOIO ¥ GIYHOIO epo3i€lo, MOpYIIEHHS PIBHOBArM MK HaJXOMKEHHIM
i BUHOCOM HAHOCIB. Y TO€JHaHHI 3 MMABOJKOBOK AaKTHBHICTIO e (hopmye
YMOBH JUISl TIPUCKOPEHOTO BPi3aHHs pycel, 3MiHH iX IJIAaHOBOI CTPYKTYpH Ta
ITiABUIIEHHS HeOe3NeKH pyHHyBaHHS iH)KEHEPHUX CIOPYI.

3arajoM CydacHU# CTaH pPyCJIOBO-3alUIaBHHX CHCTeM B Mexax [lepex-
KapIiarTsi XapaKTepU3yeThCs TiIBUIIEHOI0 MOP(HOANHAMIYHOIO HECTIHKICTIO.
3pocTaHHs YacTOTH KaTacTpo(ivHNX NMABOAKIB Y MOEIHAHHI 3 aHTPOIIOTCHHUM
3BY)KEGHHSIM JIOJIMH, BHJIYYEHHSM ajoBifo, (hparMeHTai€io 3amiaB i BTPY-
YaHHIM Y CTPYKTYpPY pycen GpopMye KOMIUIEKC B3a€EMOIIOB’I3aHUX T'€0EKOIIO0-
TiYHUX PpU3MUKIB: HeOe3NeKy 3aToIUieHb, pyWHHYBaHHS i1H(pacTpyKTypH,
JIeTpajiallifo 3aIUTABHUX EKOCUCTEM 1 BTPATy MPUPOIHOI Oy(hepHOT poTi TOIUH.

TakuMm 4nHOM, Cy4acHI KJIIMaTU4uHi TEHAEHIIi Ta aHTPOIIOreHHE HaBaHTa-
JKEHHsI JII0Th y TICHIHA B3aeMofii, GopMyroun HOBY SIKiCTh (PyHKIIOHYBaHHS
piukoBux cucteM [lepeakapnarts. Ile oOyMoBIIOE HEOOXIMHICTh MEPEXOIy
BiJl JIOKaJIbHUX 1HXXEHEPHHUX DIllleHb 10 KOMILIEKCHOTO YIPaBIIiHHS PYCIIOBO-
3alUIaBHUMH CHCTEMaMHM, sIKE IOBHHHO IPYHTYBaTHCSi Ha BpaxyBaHHI
pupoaHoT MOp(HOANHAMIKH, JIOIMTYCTUMUX MEX aHTPOIIOICHHOTO BTPYYaHHS
Ta MPOTHO31 3MiH T'IPOJIOTIYHOTO PEKUMY B yMOBaX MOJAJIBIINX KITIMaTHIHUX
TpaHcdopmaii.

BUCHOBKHA

CyuvacHi piukoBi cucremu Ilepeakapnarts (yHKLIIOHYIOTH B YMOBax
MOEAHAHOT [ii KIIMAaTHYHUX 3MIiH Ta IHTCHCHBHOTO aHTPOIOI'CHHOTO
BIUIMBY, 110 NPU3BOAUTH A0 MOPYIIEHHS 1X NpUpoaHol MopdoarHamMiuyHOl Ta
TiIpOJIOTiYHOT PiBHOBATrH.

3MiHa PEKUMY OMAIiB i 3PDOCTaHHS YacTOTH KaracTpo(iYHUX IAaBOIKIB
MIOCHITIOIOTH PYCioBi aedopmanii, IHTEHCU(IKYIOTh €pOo3iHHO-aKyMyIsTHBHI
MIPOLIECH Ta 3MIHIOIOTH CTPYKTYPY PyCiI0(pOpMYIOUMX HAHOCIB.

AHTpOIOreHHe HaBaHTAXXEHHS, ITOB’sI3aHE 3 PETYJIIOBAHHSIM pycel, OymiB-
HUIITBOM J1aM0 1 MOCTIB, OCBOEHHSM 3aIUIaB 1 BiJOOPOM aJIOBIIO, CYTTEBHM
3MEHIIICHHSIM CMYTH PYCIO(QOpMyBaHHs, IO NMPU3BOAUTH 10 BpPi3aHHS pycell
1 perpajanii 3amtaBHuX JaHamagTi. [lopymeHHs mnpupoaHoro Oanancy
TBEPJIOTO CTOKY Ta IITY4HI 3MiHN OIYHHX OOMEXEeHb pycen (OpPMYIOTh TUISTHKA
3 HEXapaKTePHUMU IS TIPUPOAHUX YMOB MOP(OJIOTTYHUMHU CTPYKTYypaMH Ta
ITiIBUIICHO0 HECTIHKICTIO PYCIIOBUX MPOIIECIB.

BusiBiieHO 3pocTaHHSI TE€OEKOJOTIYHMX PU3UKIB Ul NPHPIYKOBUX
TEpUTOpif, 30KpeMa IiABUIIEHHS HeOe3NeKH MaBOJKOBUX 3aTOIUICHb,
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pyiHyBaHHsI 1H)KEHEPHUX CIOPYA 1 BTPaTW MPHUPOIHHUX PYCIOBO-3allJIaBHUX
KOMIIJIEKCIB.

CyvacHuil craH piukoBuX cucrteM Ilepenkapnartsi XapaKTepU3YETHCS
MOCTYIIOBUM CKOPOYEHHSM JUISHOK 3 BIJHOCHO HPUPOAHUMH YMOBaMH
(hYHKIIOHYBaHHS, [0 YCKIIAJHIOE SIK HAYKOBI PYCJIO3HABYI JOCIIKCHHS, TaK
i eheKTHBHE YNpaBIiHHS PIYKOBUMH JaHAIIA(TaMH.

OtpumaHi pe3yibTaTtd (GOPMYIOTh HAyKOBE IIAIPYHTS Ul pO3pOOICHHS
CTpareriii eKoJIOriYHO 30aJaHCOBAHOTO YIPABIIHHS PIYKOBUMH CHCTEMaMH,
BiJTHOBJICHHS MPHUPOAHOT MOPQPOIMHAMIKK PycCell 1 30epeKeHHS 3arlIaBHIX
EKOCHCTEM B MEXax JIOCII/KYBaHOI HAMH TEPUTODIi.

AHOTALIA

JocnimpkeHo cy4acHi TeHJAEHLii PO3BUTKY PIYKOBUX CHCTEM B MeKax
[epenkapnartss B yMOBaxX KJIIMaTHYHHMX 3MIH Ta aHTPOIIOTEHHOI'O HaBaHTa-
xenHs. [IpoGiemMaTnka AocHigKeHHSI TOJNATae y MOPYLICHHI NPHPOIHOI
MOpGhOIMHAMIYHOT PIBHOBArM PivuoK, Jerpajallii pyciIoBO-3alIaBHUX KOMII-
JIEKCIB Ta 3pOCTaHHI I€OEKOJIOTTYHUX PU3UKIB JJISI TIPHUPIYKOBUX TEPUTOPIH.
BusiBieHo, 110 3MIHM TiIPOJIOTIYHOTO PEXKUMY, YacTOoTa KaracTpoidHUX
MaBOJIKIB, IHTEHCHBHE T'OCIOJAPCHKE OCBOEHHS JOJNUH Ta PEryIIOBaHHS
pycell CIPUYMHSIOTh TPaHC(HOpMallilo PyclIoBUX (HOPM 1 CTPYKTYpH 3aIuiaB.
ITpoBeneHi MOMBLOBI JOCIIKEHHs, aHaIi3 KOCMO3HIMKIB i KapTorpadidHux
MarepialliB JTO3BOJIMJIM BUAUIMTH XapakTepHi Buaum aedopmalii pycen,
30KpeMa po3MHUBH OeperiB, 3MiHU MPOTOK 1 aKTHBI3aIlil0 3BUBHH. BCcTaHOBIICHO
3aKOHOMIPHOCTI B3a€MOJIl NPUPOAHUX 1 AHTPOIOTEHHUX YHHHUKIB, IO
NPU3BOAATH /O JIOKAJIBHUX 1 PEriOHaJbHUX 3MiH PYyCJIOBO-3allJIaBHUX
KoMILIekciB. OTpuMaHi J1aHi MiJKPECIIOIOTh BIUIMB aHTPONOIEHHUX TpPaHC-
¢dopmaniii Ha epo3ifiHO-aKyMyJSTHBHI MpoLECH Ta pyciopopmyroui
Bigkymaau. Pesymeratm mOCHiJUKEHHS MOXYTh OyTH BUKOpUCTaHi Juist
PO3pOOKH KOMITJIEKCHOT'O YIPaBIIiHHS PIYKOBUMHU CHCTEMaMH PETiOHY, OL[IHKH
TeOCKOJIOTIYHUX PHU3UKIB 1 30€peXeHHs NPHUPOAHMX Ta AaHTPOIIOTCHHUX
nanamadri.  PesympraTh  OCHI/DKEHHS MIiJAKPECIIOIOTh  aKTyalbHICTh
CHCTEMHOTO MiIXOAY A0 BUBYECHHS Ta MOHITOPHHTY Cy4acHHX 3MiH PIYKOBUX
cucteM Ilepenkapnarrs.
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