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IHAMKATUBHI BUMIPH 3ABPYIHEHHS MIOBITPSI B YKPATHI B MEXKAX
TAPMOHI3ALIT 3AKOHOJABCTBA 3 €BPONEICBKMMHU CTAHJAAPTAMU
(HA IPUKJAJI MICT XAPKIB TA KPOITUBHULILKUIA)

Meta. AHaini3 MpaBoBHX 3acajl IHANKATHBHUX BHUMIpPIOBaHb SKOCTI aTMOC(EPHOro MOBIiTpsS B YKpaiHi Ta
olLiHKa iX e(eKTHBHOCTI Ha mpukianl mict Xapkosa i KponuBHuipkoro y 2024-2025 pokax 3 ypaxyBaHHSIM
BIUIUBY BOEHHUX YMOB.

Metoaun. CucteMHHH aHai3, CTATUCTUYHI.

PesyabraTn. BcCTaHOBIEHO BIAMOBIAHICTH HANIOHAIFHOTO 3aKOHOAABCTBA BUMOTaM JIMpEKTHBH
2008/50/€C momo iHAWMKATHBHUX BUMIPIOBAaHB SIKOCTI aTMocdepHOro moBiTps. ['pomanceka mepexa EcoCity
CTaja Ji€BUM IHCTPYMEHTOM 300py J@aHUX HPO SKICTh aTMOC(EPHOro MOBITPs B yMOBax BiHH. J{ociimpkeHHs
BUSIBUJIO 3HAYHI BIZIMIHHOCTI B SIKOCTI TOBITpsl Mk XapkoBoM i KponuBHHIIBKUM uepe3 BILIMB 00HOBUX Iiil. ¥
XapkoBi 3adikcoBaHO pi3Ki Miku KOHUEHTpalii PMas Ta PMig, Toni sik y KponnBHHIIbKOMY TIepeBaXkatoTh Tpa-
JMLIHI Jokepena 3a0pyHeHHs, 30KpeMa, TPaHCIOPT, TPOMHUCIIOBICTb, 3 TOMIpHUMH NOKa3HHUKaMu PMys . Pania-
HiifHUI GOH B 000X MicTax 3aJHIIaBCs CTaOLIBHUM 1 Oe3MeYHNM, He TepeBullyoun npupoHuii Gon. Y Kpomus-
HUIIBKOMY CepeIHii pamiamiifanii (OoH BUIIMN, HiXK Y XapKOBI, [0 3YMOBIICHO T'€OJIOTIYHUMH OCOOIMBOCTIMHU
Tepuropii. Y XapkoBi 3adiKcOBaHO KOPOTKOYACHI MiIBUIEHHS KoHIeHTpawii NO: TpuBaiicTio 2—-5 n1i0, XapaxTe-
pHI UL 30H O60ioBHX Aiil. MinnuBicTh kKoHIEHTparii CO y XapkoBi OB si3aHa 3 CE30HHUMU (pakTopaMu, MeTeo-
POJIOTIYHUMH YMOBaMH, iHTEHCHUBHICTIO aBTOTPAHCTIOPTY, IPOMUCIOBUMH BUKH/IAMH Ta BILTHBOM 60iioBHX Iiil.

BucnoBku. IIpaBoBe 3a0e3reueHHs] MOHITOPHHTY SIKOCTI aTMOC(EpHOTO TOBITPS B VYkpaiHi 3a ocTaHHI
II’Th POKIB 3HAUHO BJIOCKOHAJIEHO BiJITIOBI/IHO JI0 €BPONEHCHKUX CTaHAAPTIB. BoeHHI /1ii cipu4nHUIM HOBUI THIT
3a0py/JHEHHS TIOBITPS 3 KOPOTKOYACHUMH, aJle IHTEeHCUBHUMHU BUKHIAMH, OCOOJIMBO B IPU(PPOHTOBUX MicTax. [H-
JTUKaTHBHI BUMIPIOBaHHS, peali3oBaHi uepe3 rpoMajceki Mepexi, 30kpema EcoCity, BusBmimcs eeKTHBHAM iH-
CTPYMEHTOM JUISl ONIEPaTUBHOTO BU3HAYECHHS TIOKA3HUKIB SIKOCTI MOBITPS B yMOBAaX BilHH.

KJIIOYOBI CJIOBA: monimopune ammoc@eprozo nogimps, ekoio2iune 3aKkoHo00a8Ccmeo, iHOUKAmueHe
BUMIpIOGanHs, epomadcvka mepedica EcoCity
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DOI: https://doi.org/10.26565/1992-4259-2025-33-01 (in Ukrainian)

© I'ososmobosa O. O., Pesnik T. C., [lamOpayckac B. O., Komap C. P., 2025
_ This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

8



https://doi.org/10.26565/1992-4259-2025-33-01
mailto:elena.gololobova@karazin.ua
https://orcid.org/0000-0001-5558-2114
mailto:rieznik2021.9512125@student.karazin.ua
https://orcid.org/0009-0004-5154-3117
mailto:valentyna.dambrauskas@student.karazin.ua
https://orcid.org/0009-0005-0459-0268
mailto:sofiia.komar@student.karazin.ua
https://orcid.org/0009-0008-9709-3034
https://doi.org/10.26565/1992-4259-2025-33-01
https://doi.org/10.26565/1992-4259-2025-33-01
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

ISSN 1992-4259 BichHuk XapKiBCBKOr0 HalliOHaJILHOTO yHiBepcutery imeHi B. H. Kapasina.

Cepis «Exomnoris». 2025. Bumyck 33

MomsiTopuHT cTaHy arMOC(HEpHOTO MOBi-
TPS € HEB1A €MHUM iHCTPYMEHTOM €KOJIOT19HOL
MOJITUKK YKpaiHH, IO CTIPHSE CTATIOMY PO3BH-
TKY Ta 3aXHCTy IOBKLLIA. 3a0pymHEHHS MOBi-
TPS CTBOPIOE CEPHO3HI PHU3UKHU IS 3J0POB’SI
HACEJICHHsI, EKOCHCTEM, 1110 BUMArae BIOCKOHA-
JIeHHSl 3aKOHOAaB4oi 0a3uW Ta OpraHi3alliiftHuX
MeXaHi3MIiB y mid ramy3i. OcTaHHIMH pOKaMu
VKpaiHa aKkTHBHO NpAaIlO€ HaJ OHOBICHHAM
CBOE€T 3aKOHOJIABYOI Ta OpraHi3auiiHoi CHCTEMU
MOHITOPHHTY JOBKUUISA, BIOPOBA/DKYIOUH Cy-
YacHI TEXHOJIOTIi Ta aanTyO4YHCh IO €BPOTICH-
ChKHX €KOJIOriuHuX HopM. Lli 3axomu Bigmosi-
JIaf0Th 3000B’SI3aHHSAM, BH3HAYEHHM YTOIOIO
mpo acomiaitito 3 €C, sika BUMarae y3ro/KeHHs
YKpaiHCBKOTO 3aKOHOIABCTBA 3 €BPONEHCHKUMHU
EKOJIOTIYHUMH CTaHJapTaMu, 30Kkpema 3 upe-
ktuBoto 2008/50/€C moao IKOCTi MOBITPS B aT-
Mocdaepi [1].

Hupekrusa 2008/50/€C, npuiinata €B-
pormeticekuM [lapmamentom i Pagoro, € kimtodo-
BUM JJOKyMEHTOM, IO PETYIIOE SKiCTh aTMOC-
(epHoro moBiTps B kpainax €C. Bona crpsmo-
BaHa Ha 3a0e3MEeYeHHs] YHCTOTO MOBITPS IUIS-
XOM BCTaHOBJICHHSI CTaHJAPTIB 1 3aXOIiB I
KOHTPOJIIO 3a0pyaHeHHs. HopMaTuBHMI aKkT BU-
3HAYa€ rPaHUYHO JIOMTyCTUMI PiBHI KOHIIEHTpa-
1i1 3a0pyAHIOIOYNX PEYOBHH, 30KpeMa, TBEPIUX
yacTok (PMio Ta PMys), o30ony (O3), miokcumy
azoty (NO2), miokcuny cipku (SO2) Tormo. 1li
HOPMH CIIPSMOBaHI Ha 3aXHCT 3710pOB’ s JIFOIer
1 TOBKIJUISA, CIIYTYIOUYM OPIEHTHPOM JUTSL KpaiH,
0 MpParHyTh BIJIIOBIJHOCTI €BPOINCHCHKUM
crangaptam. Jupekrusa 2008/50/€C BcTaHOB-
JIIO€ YiTKI CTaHIAPTH JJISI MOHITOPHUHTY SKOCTI
arMoc(epHOTo TOBITPS, BU3HAYAIOYM Hapame-
TPH, EPIOANYHICTH BUMipIOBaHb 1 METOIH aHa-
nizy. Lle cnpusie oTpuMaHHIO TOYHUX 1 TOCTOBI-
PHHX JaHUX Ipo cTtaH arMocdepu. Hopmarusu
JUPEKTHBH CIIYTYIOTh OCHOBOIO JIJIsi PO3POOKH
HalllOHAJIbHUX 3aKOHOJABYMX aKTiB y KpaiHax
€C, Bu3Hayaroun 0a30B1 BUMOTH JI0 SIKOCTI at-
MocdepHoro noBiTps. L{s upexTrBa cTBOPIOE
CTPYKTYpOBaHY CHCTEMY JUIsl KOHTPOJIIO Ta OIli-
HKHM CTaHy arMoc(epHoro moitpsi, 3adesmneuy-
I09M €JIMHUN MiaXiy y kpaiHax-wieHax €C [2].

AKTyaNbHICTh TpOOJIeMH 3a0pyJTHEHHS
arMocepHOro moBiTps B YKpaiHi mocCHIiIIO-
€TbCSI BOEHHUMH Ji5IMH, SIKi IPU3BOIATH 10 Pi3-
KHMX 3MIiH y SKOCTI MOBITps uepe3 OomOapiy-
BaHHSA, TIOXKEXKI Ta TIPOMHCIOBI  aBapii.

Beryn

UwcneHH] TOCHIHKEHHS MiITBEPHKYIOTh 3HAd-
HHH BIUTMB BIHU HA SIKICTB ITOBITPS Ta HEOOXi1-
HICTh YJOCKOHAJIICHHS MOHITOPMHTOBUX CHC-
teM. Hocmimkennas Zalakeviciute et al. [3] ana-
Ji3y€e BIUIMB POCIHCHKO-YKpATHCHKOI BIHHU Ha
KoHLeHTpanii 3a0pyaHtoounx pedoBuH (NO:,
CO, O3, SOz, PM> 5) 3a 101IOMOT0I0 CYITy THHKO-
BHX JJaHUX 1 HA3eMHOTO MOHITOpHHTY B Kuesi,
MOKa3yr4u pizke 3poctanHs PM,s udepe3 Bu-
OyXU Ta MOXKEXKi, 10 3arPOXKYE 370POB 10 HACe-
nenss. Hryhorczuk et al. [4] migkpecmoroTb
€KOJIOT19HI HACIIIKH BiifHH, BKITFOYAOUH 3a0py-
JTHEHHS TOBITPSl TOKCUYHUMH PEYOBUHAMH BiJl
py¥iHyBaHHS iH(QPACTPYKTYypH Ta MOKEXK, 3 aK-
[IEHTOM Ha JIOBTOCTPOKOBI PU3UKH JUIS 3710-
POB’s, Taki SIK pecripaTopHi 3aXBOPIOBAaHHS.
Leal Filho et al. [5] HagaroTh OIS 3arajJbHUX
€KOJIOTIYHUX BIUIMBIB, 3a3Ha4a04M 3POCTAHHS
BUKUIB 3a0pyaHIOBaviB (Hanpuknaa, PM,s oo
24.2 pug/m* ta NO2 g0 139.7 umol/m?) yepe3
BifICEKOBY HiSUTBHICTB, III0 BUMArae eKOJOTi9HO
opieHToBaHOi BinoynoBu. Hanoshenko et al. [6]
aKIEHTYIOTh Ha TpoOsieMi 3a0pyaHEHHS MOBi-
Tps BiIXOJaMH BiifHH, 30KpeMa depe3 TOPIHHS
MaTepiaiiB i pyiHyBaHHS iHPPACTPYKTYpH, IO
CIPUYHHSIE JIOKaIbHI MK PM> 5 Ta 1HIINX TOK-
CUYHUX pedoBHH. L{i AOCTIIKEHHS MiIKPECITIO-
FOTh HEOOXIi/THICTh MOCUJIEHOTO MOHITOPUHTY B
yMOBaxX BIfHH /IS ONEPaTHBHOTO pearyBaHHS
Ha 3a0pyAHEHHSL.

VKkpaiHa aKTHBHO IMIUIEMEHTYE HpPHUH-
uunu sKi 3a3Haueno y Jdupekrusi 2008/50/€C
JI0 CUCTEMH JICPYKABHOTO MOHITOPHHTY SIKOCTI
arMocdepHoro moBiTps. 3rimHo 3 [TocTaHoBOIO
KMY Ne 827 Big 14.08.2019 «Jleski nmuTaHHs
3MIACHEHHS JIEPYKABHOIO MOHITOPUHTY B raiy3i
OXOpOHH aTMOC(EPHOro TOBITPS» B YKpaiHi
OHOBJICHO MEXaHI3MH JAEP)KaBHOTO KOHTPOIIO
sikocTi armocdeproro nositps. Lliero [Tocrano-
BOIO 3aTBepKeHui [Topsamaok 3aiiicHeHHs nep-
YKaBHOTO MOHITOPHHTY B rajly3i OXOPOHH aTMO-
chepHoro MOBITps, sIKil Hependadae cucremMa-
TUYHI CIIOCTEPEKEHHS 32 TIOKA3HUKAMHU aTMOC-
(hepHOTO MOBITPsI 3 BUKOPHCTAHHSM CTaHIapTH-
30BaHUX METOMIB BHMIpIOBaHb. 30ip JaHHX
3IIUCHIOETBCS Yepe3 MEpPEKy CTalliOHAPHUX Ta
MOOUILHUX CTaHI[Ii MOHITOPHHIY, pO3TaIllOBa-
HUX y BU3HAYEHUX 30HaX Ta arioMeparnisx. Bin-
0ip mpoO MPOBOAMTHECS 3 ypaxyBaHHSIM BHMOT
JI0 4acTOTU KOHTPOJIIO, IO 3aJIEKUTh BiJI Kare-
ropii AOCHIKYBaHOI TEPHUTOPii. AHATITHIHA
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00poOKa OTpUMaHUX PE3yJbTaTiB BKIIOYAE BH-
3HAYEeHHS KOHIEHTpAIlii HOPMOBaHUX 3a0pya-
HIOIOUMX PEUOBHH, PO3PAaXyHOK CepeIHbom000-
BUX Ta CEpEIHBOPIUYHUX IOKA3HMKIB, IOPiB-
HSHHS 3 BCTAQHOBJICHUMH TPaHUYHO JIOITYCTH-
MHUMH KOHIIeHTparismu. s crammapTu3zaiii
OLIIHKY BIPOBAKEHO 1HAEKC SKOCTI TOBITPA B
VKpaiHi — MOKa3HHK, 10 BUKOPHCTOBYETHCS B
pamMKax IMpOBEACHHA MOHITOPUHTY arMocdep-
HOTO TOBITpsl A7 BigoOpaskeHHs iH(popmarii
PO KOMIUIEKCHHUH BIUIMB PiBHIB OCHOBHHX 3a-
OpyAHIOIOUMX PEYOBHH Ha 37I0POB’S HACEIECHHS
B aJIalITOBaHOMY JJIsl KopHcTyBada dopmari. [H-
(dopMalliifHO-aHATITHYHI CUCTEeMH 3a0e3meuy-
I0Th 30epiraHHs, CUCTEMaTH3aIliio0 Ta Bi3yai3a-
[0 JTaHUX MOHITOPHHTY. BOHUM T0O3BONSAIOTH
MIPOBOIUTH TPEHIOBHI aHAaIi3 Ta MOJCTIOBAHHS
po3noauTy 3a0pyIHIOIOYHUX PEUYOBHUH B aTMOC-
depi [7].

Hupexrusa 2008/50/€C Takox BU3HaYa€e
MiHIMaJbHY KUIBKICTh IMTyHKTIB MOHITOPUHTY B
3aJIEKHOCTI Bif THITy 30HU (MICBKi, POMHC-
JIOBI, CUTECHKI) Ta piBHSA 3a0pyaHeHHs. s Ko-
JKHOTO HOpMOBaHOT0 3a0pyaHioBaya (SOz, NOz,
PMio, PMa2.s, cBUHEIH, OSH301 TOIO) BCTAHOB-
JIEHO OKPEMi BUMOTH JI0 YaCTOTH BiiOOpy TIpoo,
TPHUBAJOCTI BUMIpIOBaHb T4 METO/AM aHaIi3y,
[0 MalOTh BIJIOBIJIaTH CTaHaapTaM CBpoOICii-
cpKkoro koMiTeTy 3 ctanmaprusanii (CEN). 3ok-
pema, Jutst TBepAuX 4acTHHOK (PMio Ta PMa2.5)
nepeadayeHo MOACHHUN BiAOIp Mpod y Mich-
KUX arioMepaisxX, 3aCTOCYBaHHS aBTOMAaTH4-
HHUX METO/IIB BUMIPIOBaHHS 3 HETIEPEPBHOIO pe-
€CTpAIlI€I0 JaHMX, TEPEBIPKY PE3yNbTaTiB 3a
JIOTIOMOTOI0 €TaJIOHHUX METOJIiB BaroBOro aHa-
mizy. dns rasonoaiOHux 3abpynHioBadi (SO,
NO2, 030H) TUPEKTHUBA BUMara€ BUKOPUCTAHHS
ABTOMAaTH30BaHUX aHAJITUYHUX CHCTEM 13 BH-
COKOIO PO3IUTHHOIO 3[IaTHICTIO, KaliOpyBaHHS
o0J1aiHaHHSI 3T1THO 3 €BPOINIEHCHKUMH IPOTOKO-
namu, 3abe3rnevueHHs 0e3epepBHOTO MOHITOPH-
HTY y 30HaX 13 MiJBUIIEHUM PU3UKOM. Pe3yib-
TaTl MOHITOPHHTY OOOB'S3KOBO MYOJiKYIOThCS
y BIZIKPUTHX 3BiTaX 3 J€TaIbHUM aHaII30M IPO-
CTOPOBO-4acOBOI JTMHAMIKK 3a0pyIHEHHS Ta
OLIIHKOIO BIUIMBY Ha 30POB'sl HACEJICHHS.

BaMBUM HOPMAaTHBHUM JIOKYMEHTOM,
SIKUI BCTAHOBJIIOE TIPABOBI 3acajy OpraHizarii
Ta (PYyHKUIOHYBaHHS CHCTEMU MOHITOPUHTY
AKOCTI aTMOC(epHOro MoBiTpsl B YKpaiHi cTaB
Haka3 MiHicTepcTBa BHYTpIlIHIX cripaB YKpa-
inm Bin 21 xBiTHS 2021 poxy Ne 300 «IIpo 3a-
TBepykeHHA [lopaaky pO3MILEHHS ITyHKTiB
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CTHIOCTepeXkeHb 3a 3a0pyaHeHHsM arMmocdep-
HOTO TIOBITPS B 30HAX Ta ariioMepamisx» [8].
Le#t 7OKyMEHT € 4aCTHHOIO peanisalii cTpare-
rii OHOBJIEHHS (PYHKI[IOHYBAaHHS CUCTEMH €KO-
JIOTIYHOTO MOHITOPUHTY arMoc(hepHOro MoBi-
TP B YKpaiHi, MOTOBHIOIOYHM 3aKOH YKpaiHu
«IIpo oxopoHy aTMoc(epHOTO HOBITPS» Ta MO-
cranoBn KabOinery MinictpiB. Hakaz cmpuse
CTBOPEHHIO KOMIUIEKCHOI CHCTEMH CIIOCTEpe-
JKCHHS 32 SKICTIO TIOBITPSI, sIKa BiJIIIOBIIA€ €BPO-
MEeHCHKUM CTaHIapTaM.

Haka3 MinictepcTBa 3aXWCTy IOBKLIISA
Ta NPUPOIHUX pecypciB Ykpainu Big 2021 poky
Ne 147 «IIpo 3arBepmxenns popmu [Iporpamu
JIEP>KaBHOTO MOHITOPUHTY B TaTy3i OXOPOHU aT-
Moc(hepHOTo ToBITPs» [9] € HACTYTHIM BasKIIH-
BUM €TalioM y BJOCKOHAJICHHI HOPMaTWBHOI
0a3u AJ1s1 KOHTPOJIIO SKOCTI MOBITPs B YKpaiHi.
Lle#t mOKyMeHT BCTaHOBIIOE yHiikoBaHY (¢o-
pmy IIporpamu jgep:kaBHOrO MOHITOPHHTY,
CTBOPIOIOYH MIATPYHTS JUIS CHCTEMHOTO TMij-
XOJTy /IO YIIPaBIiHHSA CTAHOM aTMOC(EpHOTO I10-
BiTpsi. 3ampoBa/pKEHHS €IWHUX CTaHIApPTIB
300py JaHHMX CIIPHSIE IMiIBUIICHHIO TXHBOT TOY-
HOCTI Ta HagiitHOCTI. Takuii miaxin 3a0e3neuye
e(heKTUBHUI 0OMiH €KOJIOTIYHOIO iHPOpPMAIIi€I0
MK JIep>KaBHUMH OpraHaMi, HayKOBUMH Opra-
Hi3alliIMU Ta TPOMAJCHKICTIO, BiJIOBIIAIOYM
MIPUHIIATIAM BiJIKPUTOCTI €KOJIOTIYHUX IaHUX,
Bu3HaueHuM y Jupextusi 2003/4/€C ta dop-
MYIO TIPaBOBY OCHOBY JUIsl aKTHBHOI y4acTi 3a-
IKaBJIEHOI TPOMAJICHKOCTI Y 37iiICHeHHI KOHT-
POJIIO 32 CTAHOM aTMOC(EPHOTO MOBITPAL.

[HUKaTUBHI BUMIPIOBaHHS, ITepea0adeHi
HupexruBoro 2008/50/€C, BimirparoTh KO-
YOBY POJIb Y PO3IMIMPEHHI MOHITOPHHTY SKOCTI
MOBITPsI, 0COOJIMBO B YMOBaX 0OMEKEHUX Pecy-
pciB. Hocnignuku Kuula et al. [10] nporony-
IOTh IHTETpallif0 HU3BKOBAPTICHUX CEHCOPIB
JUTS THAVKATUBHUX BUMIiprOBaHb PM, s Ta NOz,
o0 BIAMOBINAIOTH MEHII CYBOPHM BHMOTaM
SIKOCTI IaHUX, ajie 3a0e3MeuyI0Th pealbHUI uac
MOHITOPHHTY B ypOaHi30BaHUX 30HAaX, IIO € aK-
TyaJbHUM JJIs1 YKpaiHu B yMOBax BiltHU. Jlocii-
JOKEHHSI IEMOHCTPYIOTh €(DEeKTUBHICTH CEHCOP-
HUX Mepex (Hanpuknazn, Kunak, Airly) ans in-
JIMKaTUBHUX BUMIPIOBaHb, K1 JJO3BOJISIFOTH 3Me-
HIIUTH KUIbKICTh (PIKCOBAaHMX CTaHIINA 1 BH-
SIBUTH JIOKaJIbHI TpeHau 3a0pyaneHHs NO2 no
89% [11].

Hupexrusa 2008/50/€C mae 3HauHUR
BIUIMB HA BIPOBA/DKEHHS 3aXOIiB, CIIPSMOBa-
HUX Ha 3a0€3MeYCHHS JOCTYIy TPOMaIChKOCTI
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JIO €KOJIOTIYHOI iH(opMallii, 0 BiJINOBiIA€ €B-
poneiickkuM craHgapraMm. Kelicom ciyrye
CTBOpPEHHSI B YKpaiHi aBTOMAaTH30BaHOI CHC-
temu «ExoCucremay, sika cpusie myOmidHOMy
JIOCTYITy JIO IaHUX MPO CTaH aTMOCc(EepHOTO IMo-
BITpS B pexuMi peanpHOoro 4yacy. [Ipoekr criB-
npaifoe 3 MiHiCTepcTBOM €KOJIOTii Ta MPUPOA-
HUX pecypciB YKpaiHu Ta TpOMaJIChKUMH TUIAT-
(hopmamu, 10 3arliKaBlIeH] B pemyOiKalii exko-
JIOTIYHUX JaHWX, IO J03BOJISIE pealizyBaTh
1JICF0 aKTUBHOI B3a€MOJIii TPOMaJITHCHKOTO CyC-
MiIBCTBA 1 Ypsiay y cdepi eKoJOoriaHOi Moi-
TUKHU Ta 3aXUCTY HABKOJHIIHBOTO MPUPOIHOTO
cepemoBuma. €aMHA €KoOJOriuHa TuaThopma
«ExoCucrema» — 1ie 3arajibHOJICPIKaBHA aBTO-
MaTH30BaHa iH(oOpMaIliiiHo-aHaTITHIHA IIIaT-
¢dopma, mpusHaveHa sl 3a0e3redeHHs J10c-
TYIy 10 €KOJIOTi9HO1 iHpopMmanii. Bona miatpu-
MY€ TPOIECH CTBOPEHHSI, 300py, OTPUMaHHSI,
30epiranHs, BAKOPUCTAHHS, TIOIIUPEHHSI, 3aXH-
CTy Ta OXOpOHM JaHUX, a TaKoX 3abesmedye
EJIEKTPOHHY B3a€EMOJIiI0 MK (DI3UMHUMHU 0OCO-
0aMu, IOPUIUIHIME 0COO0aMHU, TTiITPHEMITSIMH,
Ha/JaBayaMu aJMiHICTPATHBHUX 1 ITyOJiYHUX
(ETEKTPOHHUX) MOCIYT, a TAKOXK IICHTPaMH Ha-
JIaHHS aJIMiHICTPaTUBHUX TOCIYT y cepi oxo-
pouu goBKims [12].

3aBmanas ExoCuctemu, 30kpema, oS-
rae y 3abe3rneueHHi rpoMajiHaM TpaBa Ha Bijlb-
HUH JOCTYII IO JaHUX PO CTaH JOBKIIIA, Mij-
BUIIIEHHI BIJIKPUTOCTI PIllIeHb, sIKi MPUHAMAIOTh
OpraHu JIepXaBHOT BIIAJU Ta MICIIEBOTO CaMO-
BPSITyBaHHS, a TAKOX Y CTBOPCHHI JIIEBOTO Me-
XaHi3My 3aro0iraHHs Kopynimii Ta 3MillHeHHi
TPOMaJICEKOTO HATTISITY 38 BAKOPUCTAHHSIM TIPH-
ponHux pecypciB. 1li 3aBnaHHs € KIIIOUOBHUMHU
JUTsl BUKOHAHHST YKpaiHOw 3000B’s13aHb 3a Op-
XyCBhKOIO KOHBeHITi€r0. L1 koHBeHI1is, O(illiiHO
BijoMa sik KoHBeHI1is po 10oCTyI A0 iHpopMa-
mii, yd4acTb TPOMAACBKOCTI B  Tporueci

MPUAHATTS PilIeHb Ta AOCTYH 10 MIPaBOCYAS 3
MMWTaHb, IO CTOCYIOTHCS MTOBKLISA, paruiko-
BaHa Ykpainowo B 1999 porii, 3a0e3neuye npa-
BOBY OCHOBY JJIs peajii3allii mpaBa rpoMazsiH Ha
JOCTYM JO0 €KOJIOTiYHOi iH(opmarii, yJacTs y
TIPUAHATTI €KOJIOTIYHUX PIIICHb 1 3aXUCT CBOIX
EKOJIOTIYHUX IpaB, CIPHSIIOYH MPO30POCTi, 3a-
oOIraHHIO KOPYMIIii Ta MOCHIEHHIO TPOMaJICh-
KOTO KOHTPOJIIO 32 YNPAaBIiHHAM HMPUPOIHUMHU
pecypcamu [13].

ImmnemenTanis npuHuumiB JupexTuBu
2008/50/€C B Ykpaini crpusiia 3aKOHOIABYIMA
HiATPUMII TPOMAJICBKOTO MOHITOPHHTY SIKOCTI
HOBITPSI, IO pa3oM i3 mostoxkeHHsIMI OpXyChKOT
KOHBEHIIIi, SIKa TapaHTy€e AOCTYI O €KOJOTid-
HOI iH(opMarii Ta y4acTh TPOMaJCHKOCTI B
OPUUHATTI pillleHb, CTUMYJIOBala PO3BUTOK
IPOMaJICEKAX MOHITOPMHIOBUX CHCTEM, TaKUX
sk EcoCity [14], SaveDnipro [15], xoamimis op-
rafizaiiii, mo 3aiiMarThCAd MOHITOPUHIOM Ta
JOOIFOBaHHSAM EKONOMITUKH «YncTe TOBITPA
st Yrpaiam» [16].

HupextuBa 2008/50/€C Ta Opxychka
KOHBEHIIiS TIEPETBOPIOIOTH IPOMA/ISIH Ha aKTHB-
HUX YYaCHHKIB, HAIal0YH TPOMAJICEKAM OpTaHi-
3aI[isIM MOXJIUBICTH 31MCHIOBATHA BJIACHI BAMI-
PIOBaHHS 32 YMOBH 3aCTOCYBaHHsI cepTH(ikoBa-
HOTO 00J1aTHaHHSI.

HactynHum Ba>kKnuBUM KPOKOM Y €KOJIO-
riuny interpanito Ykpainu 3 €C crano npuii-
HATT Hakasy MiHicTepcTBOM OXOpPOHH 3]10-
poB’st Ykpainu «IIpo 3aTBep/keHHA IepiaBs-
HUX MEIUKO-CaHITApHUX HOPMAaTHBIB JOITyCTH-
MOT'0 BMICTY XiMIiYHUX 1 Oi0OJOTiYHHX PEUOBHUH
B atMoc(epHOMy TMOBITpI HACEIEHUX MICIIb»
Bix 10.05.2024 Ne 813. Bin BpoBagxKye €Bpo-
NeHChKI CTaHIAAPTH SKOCTI MOBITPS, 3a0e31euye
MEXaHi3MH MOHITOPHHTY BiJIIMOBIAHO 10 BUMOT
€C, cnpusie 3aXUCTy 340pOB’ sl TPOMAISIH Ha OC-
HOBI €BpONEHCHKUX TiaxomiB [17].

MeTtoau TocaiaKeHH

[HAVKaTUBHI BUMIPIOBaHHS — L€ BUMIpIO-
BaHHS, SKl1 BIAIOBIAAIOTH BUMOraM OO0 SIKOCTIL
JIAHVX, SIKi € MEHII CYBOPUMH, Hi>k BUMOTH J10 (bi-
KCOBaHMX BUMIprOBaHb [1, 2]. 3rixHo 3 JupexTu-
Boto 2008/50/€C mpo sikicTh atMocdepHOro 1mo-
BITpSL Ta YHCTIIIIE TTOBITPSI J1sl €BPOIU BUKOPHC-
TaHHS T0JJATKOBUX METO/IIB OI[IHKH CTBOPIOE MO-
KJIMBICTh 3MEHIIIUTH HEOOXITHY MIiHIMAJIBHY Ki-
JBKICTh (hIKCOBAHMX MYHKTIB BifOopy mpol. IH-
JMKATUBHI BUMIPIOBAHHS IPYHTYIOTBCSI HA BUKO-
PHCTaHHI MOPTATUBHMUX 1 JOCTYIHUX 32 BapTiCTIO
npucTpoiB, Takux sk cranuig EcoCity, mis
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OTPUMAaHHS IaHHX Y PEKUMI peasIbHOrO vacy. Bi-
JIHOCHO OFOJKETHA I[iHA CTAHIIN JT03BOJISIE 1X 3a-
CTOCOBYBATH Yy 3HAYHO OUIBIIIHM KITBKOCTI, HIK
CTaI[lOHAPHI MTOCTH CIIOCTEPEXKEHHS 1, TAKMM YH-
HOM, OTPUMATH JIOIATKOBE JiKepeno iHdopmarii
3 BEJIMKUM TIOKPHUTTSM. BogHowac meron iHau-
KaTUBHUX BHUMIPIOBaHb € OUIBII JOCTOBIPHUM,
HiK MozemoBaHHs. Lle 3MeHImTh (hiHaHCOBE Ta
pecypcHe HaBaHTaKeHHsI Ha Cy0’ €KTiB MOHITOPH-
HTY — OpTaHiB MiCIIeBOT0 caMoBpsityBaHHs [18].
[HaMKaTMBHI BUMIpIOBaHHA TOKAa3HUKIB
SIKOCTI aTMOC(EPHOTO TOBITPS MPOBOIMINCEH 3
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noyatky KBiTHs 2024 poky 1o TpeTio aekany Oe-
pesnst 2025 poky B M. XapkiB Ta M. KpornnBHHIIB-
KU 33 TOTIOMOT'0I0 TPOMAJICEKOi MEpPEXi MOHITO-
punry EcoCity. [lana cucrema 0a3yeTscst Ha aB-
TOMAaTH30BAaHUX CTAHINIAX, SKI MOXBIIMHK (iK-
CYIOTh TIOKa3HWKH 3a0pyJHEHHS Ta TepeIaloTh
JlaHi Ha CepBep.

Cranmii EcoCity po3pobneni Ha mardo-
pmi Arduino 3 BuxopuctanHsMm Ethernet ayist cra-
O1IbHOTO 3B’513Ky. B sIKOCTI CeHCOpiB 3aCTOCOBY-
BaJIKCh TaKi MPUCTPOL:

—SDS011 — ns BUMIprOBaHHS KOHIICHT-
patii PMz.s Ta PMio (moxubka +10%);

—DHT22 — nnist BU3HAYEHHS TeMIlepaTypH
(tounicts £0,5°C) Ta BimHOCHOT BosOrocTi (TOY-
HicTh +5%);

—BMP180 — nns dikcarii armocgepHoro
THCKY (TOuHicTb +1 hPa);

—MikpodoH 3 migcHITIOBaYeM — JUIS Olli-
HKH PiBHS ByJJMYHOTO HIyMy (TIEPETBOPEHHSI aHa-
JIOTOBOTO CHTHAITY B IIU(POBHIL);

—Tpy6ka [eifrepa 3 UART-inTepdeiicom
— U BAMIPIOBAHHS pajiariiitoro ¢ony. [14].

Y M. XapkiB ¢ikcyBammcs TBEpIi YaCTKH
(PM..5, PMho), pamiariiauii pomn, amiak (NHa), mi-
okcnp azoty (NO.), moHookcun Byraerto (CO).
Y M. KpormmBautbkuii — PMz.s, PMio, pamiamii-
HUIA QOH.

Hnst aHanmizy NOKa3HUKIB BHUKOPUCTOBY-
BaJI HOPMATUBH SKOCTI MOBITPs], @ came, TPaHu-
yHo nomyctumi konuentpauii (I'ZIK), 3arsep-
JokeHI MiHICTEpCTBOM OXOPOHM 310pOB’sl YKpa-
nu [17] Ta rnobaneHi pexomeranii BOO3 mozno
MOPOTOBHX 3HAYCHB 1 TPAHUYHHX 3HAYCHB JUISI OC-
HOBHHX 3a0pYAHIOIOUMX PEYOBHH, IO CTaHOB-
JISITh PU3KK JIst 30poB'st [19].

Jl1s BCIX TTOKA3HHUKIB BHKOHAHO CTaTHC-
TUYHE 00POOJICHHS TaHKX, SIKE BKITFOUAJIO pO3pa-
XYHOK TaKHX XapaKTEPUCTHUK: cepeaHe apudme-
TUYHE, MeJlilaHa, MaKCUMYM, MiHIMyM, KoediIri-
€HT Bapiaii Ta qucnepcis. J{o1aTkoBo omiHIOBa-
Jacs HOPMAJIBHICTh PO3MOJUTY 3a JOIOMOIOI0
(hyskmiit Microsoft Excel. SKEW: Bu3nauae ko-
ediIlieHT acuMeTpii, K XapaKTepru3ye Biaxu-
JeHHs po3noauty Bin cumerpuuHoro. KURT:
o0urCITIOE KoeillieHT eKcIiecy, Mo BioOpaxae
CTYIIHb TOCTPOTH ITiKy PO3MOLTY TOPIBHSIHO 3
HOPMaJILHHM.

Jnst BuSIBNEHHS aHOMalliii BUKOPHUCTaHO
MeTos MbKKBapTHiIbHOTO posmaxy (IQR), sixwmit
JIO3BOJIMB iIEHTU(IKyBaTH NIEPiOJH 3 EKCTpeMa-
JIbHAMU 3Ha4YeHHSIMH ToKa3HUKIB [20].

Buxopucrosytoun Microsoft Excel, s
KOYKHOT'O JIOCIII/PKYBAaHOTO TapameTpa CTBOPEHO
TiHIMHI rpadiky, SKi LTIOCTPYIOTH IMHAMIKY TXHIX
3MiH YIIPOIOBK TIEPIOJTY TOCITIPKEHHSI.

PesyabTaTu KociigkeHHs: Ta 00rOBOPeHHs

AHai3 KOHIIEHTpalid apiOHoaUCIIEpC-
HUX 4acTok PMa.s y M. XapkiB 3a nepionx 3
09.04.2024 mmo 20.03.2025 nokazaB 3HaYHY Mi-
HJIMBICTh 3a0py/JHEHHS MOBITPS 32 IiM MOKa3-
HukoMm (Puc. 1). Cepeanbo/000Be 3HAYCHHS
KOHIeHTpaIlii ckiamo 8,31 MKr/M?, mo HmK4Ye
3a mpejcTaBiieHi y [ 1o0ansHIX peKOMEeH IAITisX
BOO3 11010 IKOCTI HMOBITPsI Ta BIUIUBY Ha 3]10-
POB’s 1OOOBY TPaHUYHO AOMYCTUMY HOpMYy (15
MKT/M?), ajieé 3HaYHO MEePEBUIIYE PIYHUN PEKO-
MeHJIOBaHWH piBeHb (5 MKr/M?). Meniana (4,28
MKI/M?) CBITYHTH PO TE, IO B OUIBLIICTH J10C-
JKyBaHHUX JHIB piBeHb 3a0pyIHEHHS OyB Bifl-
HOCHO HM3BKHM, aji¢ TepioJMYHO cIiocTepira-
e pi3ki miku (MakcumyMm 188,70 Mkr/m3).
Bucoka MIHTUBICTh JaHHX MiATBEPKYETHCS
koedimieHToM Bapiauii (241%), mo Bkasye Ha
CUJIBHY HEOJHOPIIHICTh KOHICHTpaliii PMa.s
3a yacoM. Lle Takox MiIKpeCTI0eTHCS 3HAUHIM
cranpapTHuM BigxwieHHsM (20,00 Mkr/m*) ta
Benkor aucrepciero (345,80), 1m0 CBIiTYUTH
PO HASBHICTH JIHIB 3 €KCTPEMaIbHO BUCOKUM
piBHeM 3a0pynHeHHs. PesynbraTH mepeBipKu
HOPMAaJILHOCTI po3noniny (6,85) cBimuaTs mpo

12

HOTro BIIXHWJICHHS BiJl HOPMaJIbHOTO, 1[0 XapaK-
TEPHO JUIS IaHUX 13 PIAKICHUMH, aje JTyKe BH-
COKHMMH 3HAYEHHSIMH.

BuiesasHadyeni CTaTHCTHYHI  ITOKa3-
HUKH, 30KpeMa, koedimieHT Bapiamii (241%) i
crannaptae BigxmiueHHS (20,00 Mkr/™M?), miak-
PECIIOIOTH BiICYTHICTh CTA01IBHOCTI — IO € TH-
MOBUM TS IPUGPOHTOBOTO MicTa. ACHMETpist
nmanux (6,85 > 0) Bkazye Ha YHCICHHI €KCTpe-
MaJbHI 3HaYEHHS, 110 BiAMOBIAAIOTH MEpiogaM
IHTEHCHUBHHMX OOCTPIJIB.

Knactepn aHOMallbHUX 3HAYEHb JIJIs
PM25 3adikcoBani Tpuui: 11 xBiTHsa 2024 (71
MKr/m3), 3 4 mo 8 uepsus 2024 poky (i 52,3
1o 188,7 mxr/m®) ta 3 10 no 14 uepsns 2024
poky (Bix 43,8 10 165,2 mxr/m3).

Hesnauni nepesumienHs Bmicty PMas
cnoctepiranucst 19 Bepecust 2024 ta 30 ciuns
2024 Tta cxmaganu BigmosigHo 34,33 ta 36,1
MKr/M2,

Posmnonin xonuenTpamit PMio 3a 11e#t ke
Iepioj] CIOCTEPEKEeHb MPEACTABICHUN Ha PHC
2. CepennponoboBa koHneHrparis (14,16
MKr/M®), HIK4Ya 3a €Bpomeichbki siMita (50
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MKT/M?) Ta HE MEPEBUIIY€E PIYHUN PEKOMEH/IO-
Baamii opieatnp BOO3 (15 mxr/m3). Ilpote
CIIPABXKHIO 3arpo3y BiJIOOpaKkaroTh HE CEepelHi
UQPH, a BPXKAIOUUI PO3KH] 3HAYCHDb — BiJ
Maibke guctoro moBiTps (1,20 Mxr/m3®) mo Haz-
3BUYaitHO BUCOKUX TikiB (198,90 Mkxr/m?), mo
MEePEBUINYIOTh HOpMY 10 4 pasiB. Kiouosi

200 1887

1652

160 + ERTER)

125
{1558

I3

36,1

'

0co0JMMBOCTI po3moauty Taki: memiana (9,30
MKT/M?) CyTT€BO HIKYA 3a CEpelHE, IO CBiA-
YUTh TPO Te, 10 B 50% mHIB piBeHb 3a0pya-
HEHHS 3aJIMIIaBCs BIAHOCHO Oe3ledYHuM, 13 O1-
JBINICTIO JaHuX y Mexax Bing 1,2 mo 20,5
Mkr/M?. [loHax momoBMHA BHMIpIOBaHb BKa3ye
Ha HU3bKY a00 TIOMipHY KOHIICHTpaIlito 3a0py/I-

Puc. 1 — Po3nmonin koHnenTpaitiii PMz.s y nepion
309.04.2024 no 20.03.2025, Mxr/m®, M. Xapkis

Fig. 1 — Distribution of PM..s between April 9,
2024, and March 20, 2025, ug/m®, Kharkiv

HIOIOUHMX PEYOBHH, SKa HE TMEPEBUIIYE I'paHU-
yHo gonyctuMy koHunentpanito (IAK) y 50
MKI/M°.

AJe cucTeMaTW4Hi eKCTpeMalbHi BH-
kuau (koedinieHT Bapiamii 155%) nemMoHcTpy-
I0Th HENPUTaMaHHUH JJ11 MUPHOTO Yacy piBeHb
koHIeHTparii PMi. «Baxkwuii xBicT» posIio-
nimy (acumeTpist 5,72 > ) BKa3ye Ha peryJsipHi
HaI3BUYaliHI TOJi1 — BUOYXH, MMOXKEXi, pyHHY-
BaHHS, & TAKOX BTOPHHHI ePeKTH 3a0pyAHEHHS
aTMOoC(EepHOro MOBITPS: MiJABUIICHUNA T BiJl
pYiH, poOOTH TEXHIKH, F€HEPATOPIB.

Knacrepu anomanbHUX 3HaYEHb TBEPANX
yacTok PM1o mpumnanaroTh Ha KBiTeHb, YePBEHb
2024 poky Ta ciuenb 2025 poxky. 11 kBiTHst 2024
POKY KOHLIEHTpauis 3a0pyIHIOIOYHNX PEUYOBHH
cknana 138,9 Mxr/m3,

3 4 no 8 uepBHA 2024 poKy MOKAa3HUKH
KOJIMBAJIMCS B Mexax Bix 54,9 mxr/m> 1o 198.9
Mkr/M2. 3 10 mo 14 yepBHst 2024 poxy 3HaYCHHS
BapitoBanucs Big 46 Mxr/m® 10 172,7 mxr/m3. 30
ciuas 2025 poky piBeHb 3a0pyJHEHHS JOCST
81,8 MKr/m3.

He3nauni nepesuiensas 3adixcoBani
19.09.2024 — 50,82 mxr/m®

AHauti3 pe3yJbTaTiB BKa3ye Ha 3HAYHY
HEepiBHOMIpHiCTh 3a0pynHeHHs PM:.s Ta PMyo
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Puc. 2 — Posnonin koHieHTpaitiii PMio y mepios
309.04.2024 o 20.03.2025, Mxr/m?,
M. XapkiB

Fig. 2 — Distribution of PMio concentration between

April 9, 2024, and March 20, 2025, pg/m3,
Kharkiv

3a Tmepioj JOCHi/pKeHHs ¥ M. XapkiB. Kitouo-
BOIO IPUYHMHOIO HEPIBHOMIPHOCTI MIOKa3HUKIB €
BILTUB OOMOBHUX [Iiii Ha CTaH aTMOC(EPHOTO I10-
BiTps y MicTi. Came miciisi MaCOBaHUX YAapiB 110
iHppacTpyKTYypi BiKkCyBaIKCs KA MAaKCUMaTb-
HOTO 3a0pyaHeHHs. PakeTHi 00CTpinu, MOXKexi
pyliHOBaHUX OyJiBesib MPHU3BOAATH 10 MUTTE-
BUX BUKHUIB BEJIUKOI KIJIbKOCTI ApiOHO-IUCIIC-
pcHMX yacToyok. [licis momkomKkeHb KOMYHi-
Kaliil MiCTO CTUKA€ThCS 3 BUMYLIIEHUM BUKOPH-
CTaHHSIM TEHEpaTopiB, L0 30UIBIIYE BUKUIN
BiJl HETIOBHOTO 3TOPSIHHS ManuBa. PyiiHyBaHHS
Jopir Ta OyAiBeJbHI pOOOTH TaKOX MiJIBHUILY-
FOTh MUJIOBUH (OH.

JaHi MOHITOPHHTY JpPiOHOJNUCIIEPCHUX
yacTok PMz.s y M. KponuBHUIIbKHIT 32 KBITEHD
2024 — Gepeszenb 2025 pp. pO3KpUBAIOTH ITOMi-
PHUIA, aJIe HEOJTHOPITHHI CTaH SKOCTi aTMOche-
paoro nosiTps (Puc. 3). Cepennpo1000Ba KOH-
ueHrtpauis (6,26 MKr/M?) 1e1o nepeBuIye pid-
Huit opiertup BOO3, ane 3Ha4HO HMXKYA 32 T10-
Ka3HUKH TpUupoHTOBHX MicT. Meniana (4,10
MKI/M?) MATBEPUKYE, IO B OLIBIIOCTI AHIB Pi-
BeHb 3a0pyAHEHHs 3ajHIIaBcs y Oe3NeyHOMY
mianasoni. [Ipore cnopaanuni miku go 87,00
MKr/M® (y 17 pasiB BulLe 3a MefiaHy) CBia4aTh
Ipo TMepioAWYHI  KpHU30BI  cuTyamii 3a
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JocmipKyBaHuid mepiog. CTaTUCTHYHI MOKa3-
HUKH, 30Kpema, koedirient Bapiarii (128%),
MOKa3ye MOMipHY, ajie 3HaYHy MiHJIuBicTh. CH-
TyaIlis 3a MoKa3HUKoM PMy s Gibinn cTabinbHa,
HIX y TpuGPOHTOBHX MICTaxX, aje BHpaKeHa
acumerpis (5,53 > 0) miaTBepaKy€e HAsIBHICTH
PiAKICHUX IHTEHCHBHUX BHKHIIB, SKi «BHUTSTY-
IOTb» CEpelHE 3HAYCHHS BroOpy, IHCHEpCis
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Puc. 3 — Po3nozin konnentpaiii PMa.s y nepion
309.04.2024 no 20.03.2025, Mxr/m®,

M. KponuBHHULIbK M

Fig. 3— Distribution of PM..s concentrations
between April 9, 2024, and March 20, 2025,
ug/m?®, Kropyvnytskyi

[Jani MoHiTOpHHTY 32 KBiTeHb 2024 — Oe-
pesens 2025 pp. I€MOHCTPYIOTh TIOMIpHHHA Pi-
BeHb 3a0pyAHeHHsI rpyOumu yactuHKkamu PMio
y Kponusaunpkomy. CepeaHpo1000Ba KOHIE-
Hrpamis (12,03 Mkr/M®) 3HaXOAUTHCA y MeKax
eBporneicbkux HOpM (50 MKr/M?), ajne mepeBu-
urye pivanit opieatup BOO3 (15 mxr/m®). Me-
niaHa (8,60 Mxr/M®) CBiTUNTE, IO M1 OLIBIIO-
CTi JHIB XapaKkTepHUW HU3BbKHUI (OHOBUI pi-
BEHb, 3HAUYHMII MacuB JnaHux ~ 60%, 3Haxo-
auThes y mianasosi Big 1,110 10 mMxr/m® i me
TJIK (40 mxr/m3).

He3nauni nepeBuIeHHS 32 MM IOKa3-
HUKOM BusiBiIeHi 4 sxoBTH: (51,5), 8 Ta 28 nuc-
tonana (41,5 ta 57,9 BignoinHo) 2024 poky Ta
7 6epesnst 2025 poky (51, 2 Mxr/m®).

[MomipHa MiHIHBiCTH TIOKa3HUKA (Koedi-
mieHT Bapiamii ckiaamae 100%), Bkasye Ha cTabi-
JBHINI yMOBH ()OPMYBaHHS SIKOCTI IIOBITPS HIXK
y npudpOHTOBUX MicTax. BimHocHO ciabka
acumerpis (1,69) — ekcTpeMabHi MKW KOHIIEH-
Tpauii PM10 TpamnsioTses pinmie, HiX UL
PM..s. Crannaptre BigxwienHs 12,00 — tuniose
JUTSI MICT 13 IIepeBayKaHHSIM aBTOTPAHCIIOPTHOTO
Ta Mo0yToBoro 3a0pyaneHHs (Puc.4).

(51,75) — 3HAUHO HMKYA, HIXK Y 30HAX AKTUBHHUX
OOMOBHMX Jii, TaKOX BKa3zye€ Ha IEPiOJUIHI
SIBUILIA, 110 MOPYIIYIOTh (DOHOBUIT CTaH.
Knacrepu anomaniii anst PM2 s 3adikco-

BaHi:

1. 30.09.2024 — 29,7 Mxr/m°.

2. 28.11.2024 — 30,4 mxr/M°.

3. 08.01.2025 — 87 mxr/m®.

70
60 515

50 ;

a0 i‘
ey _\.L.M

o N Ol Wy
» ™ ™ ™ ™ ™ CSIR - “ <
PR R P\ I P L R S N N L e AP
o \~ g Y~ g LS T
S R A U~ U~ S~ R~ T~ R~ < M <

Puc. 4 — Po3nopin koHnenrpariiit PMig y nepion 3
09.04.2024 1o 20.03.2025, mxr/m?,

M. KponuBHUILIbKHIA

Fig. 4 — Distribution of PMa.s concentrations between
April 9, 2024, and March 20, 2025, pg/m?,
Kropyvnytskyi

Ha mnporuBary npudponrosomy Xap-
KOBY, Jie MepeBakaloTh KPHU30Bi JpKepesa 3a-
OpyTHEHHS Ta CIIOCTEPIraloThCs PETYISPHI eKC-
TpeMabHi TikH, y KponuBHunbkomy hoHOBHIA
piBeHb yacTok PMzsi [IM1o popmyroTh Kitacu-
YHI MICBKi JpKepena 3a0pyIHeHHS, a caMme, Tpa-
HCIIOPT Ta MPOMHCIOBICTh. OKpeMi KiacTepu
aHOMaJIii, KUTBKICTh SKWUX Oylla 3HayHe MEH-
1010, HiXK y XapKoBi, TAKOXK OB s3aHi 3 HaC-
J/IKaMU TOBITPSTHHUX aTak.

Jani MoHiTOpHHTY 32 KBiTeHb 2024 — Oe-
pesens 2025 pp. JeMOHCTPYIOTH CTA0IIBHUM pa-
nianiiiauii Gpon y XapkoBi B yMOBaX BOEHHOTO
CTaHy, ITPO 110 CBIIYaTh HU3bKI 3HAYCHHS KOe]i-
nieHrta Bapiarii (18%) Ta MiHIMaIBHUN PO3KUJ
Mk cepeanim (11,03 mxP/rom) 1 menianoro
(10,73 mxP/ron). He3pakaroun Ha OKpeMi IiK{
1o 20,27 MxP/ron, siki HE3HAYHO MEPEBHUIIYIOTh
npuponauii o (10-20 mxP/rox), MiHiManbHe
3HadyeHHs (6,64 MxP/roa) miaTBEpIIKYE BIICYT-
HICTh KPUTHYHUX BijxuieHb (Puc. 5).

Hocrimpkenns pagiauiiiHoro ¢ony y Kpo-
MMBHHULIBKOMY 3a riepioa 3 kBiTHS 2024 mo Gepe-
3eHb 2025 pOKy BHUSIBHJIO BHUCOKHU PiBEHb HOTO
crabuteHOCTI. Cepente 3HaueHHs 16,35 mMxP/ron

14
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Ta Meniana 16,22 MxP/ron 1eMOHCTPYHOTh MiHi-
MaJIbHI BIIXWICHHS BiJl TICHTPAIHHOI TCHICHIII,
0 CBITYHUTH TPO BIJICYTHICTH CHCTEMATUYHUX
30ypenb. Ham3BuuaitHo HU3BKUI KoedilieHT Ba-
piartii (12%), sikuit Bka3ye Ha MiHIMaIbHY MiHJIH-
BICTh ITOKA3HMKIB. Majie CTaHIapTHE BiAXUICHHS
(2,00 MxP/rom) minTBEpAXKY€E BUCOKY CTANICTh pa-
miamiitaoro ¢ory Koedimient acumerpii 0,25 cBi-
JTMATH PO TIPAKTHIHO 1TCATbHUN HOPMATbHHUI
posmozin nanux (Puc. 6).

[lopiBHsITbHUE ~ aHaNi3  pajialiifHoro
(ony XapkoBa Ta KpONHMBHHIIBKOTO BHUSBUB,
10 MAKCUMYMH 000X MICT HE BUXOJSTH 32 MEXKI
npupoaHoro QoHy, pamiaiiiiHa 00CTaHOBKA Y
MicTax € cTabimpHOI0 Ta Oe3meunoro. Kpomnms-
HHUIBKUH JTEMOHCTPYE BHUIIUH CepemHiid (oH
(16,35 wmxP/rom) mnporm Xapkxosa (11,03
MKP/rox), 1o moB’s13aHO 3 0COOIMBOCTSIMH Te-
OJIOTIYHOI OYZIOBH TEPUTOPIi, Ha SKiH PO3TAIIIO-
BaHui KponuBHUIIBKUHA.
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Puc. 5— Pagiantiitanit ¢poH y nepion 3 09.04.2024—
20.03.2025, mxP/ron, M. Xapkis

Fig. 5 — Radiation background level during the period

from 09.04.2024 to 20.03.2025, pR/h, Kharkiv

JlaHi MOHITOPHHTY KOHIIEHTpAIIi amiaKy
NHs 3a mepion criocrepexeHb BHUSBISIOTH, 1110
3HAYHHI MacHB JaHuX (X 75%) 3HAXOIUTHCS Y
nianazoni Bix 0,03 mo 0,16 mkr/m®, Hu-
3bKa a00 MOMipHA KOHIICHTpALlis MpUTaMaHHA
OisTbIlIe TIOJIOBUHI BUMIipIOBaHUX JaHUX Ta HE
nepesumrye I'JIK — 40 mxr/m®,
KrnacTepiB aHOMaJIbHO BUCOKUX 3HAuYCHb
He 3a¢iKCOBaHO, MPOTE BiJ3HAYECHO 3POCTAHHS
KOHIIEHTpaIlii 3a0pyIHIOI0YOT0 TOKa3HUKA Y
TaKi rmepioju:
— 324 1o 30 ceprus 2024 poky: 3HaYSHHS
KoMBaiMcs Big 15,65 10 26,65 MKr/M>.
— 3 13 mo 17 BepecHs 2024 poxy: moxas-
HUKHY BapiroBanucs Big 13,37 10 15,66 Mxr/m3.
— 321 mo 25 BepecHs 2024 poKy: KOHIIEHT-
parist cranoBwia Bin 11,47 mo 19,43 mxr/m®.
(Puc. 7).
PiBens Bapiallii JaHuX CTaHOBUTH 485%,
10 CB1TYUTH PO BUCOKY HEOHOPITHICTH BUOI-
pxu. Takuit po3ku 00yMOBIEHUH 3HAUHUM PO-
30irom 3nauedb — Big 0,03 mxr/m® g0 26,62
MKT/M?, i3 PI3HUIEI0 MK MiHIMAJIbHUM 1 MaK-
CHUMaJIbHUM MOKa3HUKOM y 26,59 mkr/m®. Bu-
COKi 3HaueHHs aucnepcii (19,46) ta cepenHbo-
KBaJ[paTHYHOTO BiIXWJIeHHS (6 MKr/M®) migTBe-
PIDKYIOTh €KCTPEMANIbHY PO3CISHICTh JaHHX.
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Puc. 6- Pagmianiitamii o y nepiox 3 09.04.2024—

20.03.2025, mxP/rox, M. KpormuBHULIEKHI

Fig. 6 — Radiation background level during the
period from 09.04.2024 to 20.03.2025, uR/h,
Kropyvnytskyi

OxpeMmi pe3ynbTaTd BUMIPIOBaHb CYTTEBO Bij-
PIZHSIIOTBCS BiJI CEPEHBOT BEIMUMHH, sIKa CKJIa-
nmae 1,24 mxr/m®. Koedimient acumerpii 5,05
(>0) moxkasye, 1110 OCHOBHa Maca JaHUX 30Cepe-
JOKeHa B 00J1acTi HM3bKUX 3HA4YCHb (MeiiaHa
mume 0,11 mxr/m®). B Toif e 4ac icHye neki-
JIbKa BUMAJKiB BUCOKHMX 3HAY€Hb, SIKi «BUTSTY-
I0Th» po3noain BrapaBo. KopoTkouacHi pi3ki
3pOCTaHHSI MOXXYTh OyTH TIOB'SI3aHi 3 TEXHOJO-
FYHUMHM TOPYIIEHHSIMH, aBapiiHUMHM BHUKH-
JTaMH 3 TIOIIKO/KEHUX aMiadHUX KOMYHiKallii
BHACJIIOK OOMOBUX Miii.

i mani BigoOpaxar0Th HOBUH THIT €KO-
JIOT1YHOI 3arpO3H y BOEHHUH Yac — emi30J14Hi,
aJie MOTYXHI XIMIYHI BUKH]IH, 1[0 TOTPEOYIOTh
CHeNiaNbHUX IMiXO0/IiB 10 MOHITOPHHTY Ta yII-
PaBIIiHHS PU3UKAMH.

JlocipKkeHHsT KOHIEHTpAIl JTi0KCHUIY
azory (NO2) y atMocdepHOMY MOBITpi MPOBO-
JUIIOCS IPOTSrOM poKy — 3 9 kBiTHs 2024 110 20
oepesns 2025 poky. OTpumaHi JaHi A03BOJSI-
I0Th OLIIHUTH SIK CEPEAHIN piBeHb 3a0pyAHEHHS,
Tak i JUHAMIKy KOJHMBaHb KOHIIEHTpAIi Iriel
mKianuBoi peyoBunu (Puc. 8). Cepennst koHIe-
Htpauis NO: 3a BkazaHuii nepion cxiana 23,69
MKI/M®, [0 HE3HAYHE BUILE MEJIaHHOTO 3Ha-
yeHHs 22,58 mkr/m3. Taka HeBeaHKa DPi3HMIIS
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MIX CEpeJHIM 1 MEIIaHOK MOXKE CBITYMTHU IIPO
BiTHOCHO CHUMETPUYHHUU PO3MOJiT JAaHUX Oe3
BUPQXCHUX BHUKHMIIB Y TOH YW iHIIWH Oik.
IIpore miama3oH KOJWMBaHb KOHIIEHTpAIiN BH-
SIBUBCS IOCUTHb 3HAYHUM — BiJ MIHIMaJIbHHX
5,48 Mkr/m® 10 MakcuMmanbHux 45,83 Mir/me.
KoedinienT Bapiauii (CV = 34%) miaTBepmkye
MOMIpHY MIHJIUBICTB PiBHIB 3a0pyIHEHHS TIPO-
TSATOM POKY.

Craanmaptae BigxmieHHs B 8,00 mkr/m?
MiATBEPDKYE, IO OUIBIIICTh 3HAYEHb TPYITY-
IOTBCS B MeXaxX =8 MKI/M> BiJl cepeaHBOTrO

piBHS, OCHOBHMI MacuB paHuX (75%) 3Haxo-
JUThes y mianasoi Big 5,48 no 31 mxr/m®, mo
JEeMOHCTPY€E HHU3bKI a00 MOMipHiI KOHLIEHTpaii
3a0pyIHIOIOYOT PEUYOBHHH, SIKi HE MEpeBUIILY-
1o1b [ IK (40 mkr/m3).

Knactep aHOMaJbHOTO — IMiJBUIICHHS
NO: Busenenntii 23.08.2024 poxy. Konnenrpa-
st — 45,83 Mxr/mC.

Bucoka mucniepcis (55,09) i mmpoxuii i-
ana3oH KoJHBaHb KoOHIeHTparid (5,48-45,83
MKT/M?) MOXYTh TOSICHIOBATHCSI BIUIMBOM Ha
SIKICTH TTOKa3HUKIB aTMOC(HEPHOTO TTOBITPS pa
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Puc. 7 — Po3noain kourenrpaniii amiaky NHs
y mepion 3 09.04.2024-20.03.2025, Mxr/m®,
M. XapkiB
Fig. 7 — Distribution of ammonia NH3
concentrations during the period from 09.04.2024
to0 20.03.2025, pg/m?*, Kharkiv

KETHUX yJapiB, a caMe, TOPiHHA MMajiuBa PaKer,
pyHHYBaHHS 1HPPACTPYKTYpH MOXXYTh NaBaTH
KOPOTKOYACHI, alle Ty’Ke BUCOKI MIKH KOHIICHT-
paLiii a30THCTHX CHONYK, BKIoYaroun NO:.

3a pe3ysibpTaTaMyd MOHITOPHHTY SKOCTI TO-
BITpPS IPOTATOM POKY CIIOCTEPIrallucs XapaKTe

?)O

Puc. 8 — Po3moain koHIeHTpaniii giokcuay azoty NO2,

y nepion 3 09.04.2024-20.03.2025, Mxr/m3,
M. XapKiB

Fig. 8 — Distribution of nitrogen dioxide NO>

concentrations, during the period from 09.04.2024 to

20.03.2025, pg/m3, Kharkiv

PHUCTUKHU PO3MOALTY KOHIIEHTPAIIif MOHOOKCHTY
ByIJIeLI0: cepeanbopiunnii piBeHb CO ckiaB
1,38 mr/M?, ipu bomy Menianae 3HaueHHs (1,20
Mr/M*) BHUSBWIIOCH JIEIIO HIDKYUM 32 CEpENHE,
10 MO’K€ BKa3yBaTH Ha HAsIBHICTh TIEPIOJIiB 3 TIi-
JBUIIEHNMH KoHTeHTpattismu (Puc. 9). Minima-
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Puc. 9 — Posnonin koHueHTpaniit okcuay Byriaento CO y nepion 3 9 ksitHs 2024
no 20 Gepesns 2025 poky, mxr/m3, M. Xapkis

Fig. 9 — Distribution of carbon monoxide (CO) concentrations during the period from 09.04.2024

to 20.03.2025, pg/m?3, Kharkiv
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mpHe 3HadeHHs (0,40 mMr/m*) cyTTeBO Bimpi3Hi-
€ThCS Bl MaKCUMaITbHOTO (2,63 Mr/m3), 1o CBi-
JUUTh TIPO 3Ha4YHY MIiHJIHMBICTH PiBHIB 3a0pyn-
HEHHS. AJIC OCHOBHHUI MaCUB 1HUKATHBHUX BU-
MipIOBaHb 1OT0 TMOKa3HUKY (= 75%) 3Haxo-
JuThes y AianasoHi Bix 1,2 no 2,0 Mr/m%, Ta He
nepesuntye Hopmy I'JIK — 3 mr/m®. Bucoknii
koedimienT Bapiamii (145%) nemoHCTpye Bupa-
JKeHy HecTaOiupHICTh KoHMeHTpariit CO mpo-
TATOM JOCHIJKYBaHOro mnepiony. CtaHmapTHe
Bimxuneras (2,00 mxr/m?) ta mqucnepcis (0,26)
MiATBEPDKYIOTh 3HAYHUHA PO3KWI JaHUX Ha-
BKOJIO CEPEIHBOTO 3HAYCHHS.

Pesynprar mepeBipku Ha HOPMAIBHICTH
po3noginy (0,35) Bkazye, 1110 PO3MOALT JAHUX
HaO0JINKAETHCS 10 HOPMAILHOTO.

MiunnuBicte kKoHueHTpanii CO moxe
OyTH TOB'sI3aHa 3 BILTMBOM CE30HHOCTI, METEO-
POJIOTIYHUX YMOB, IHTCHCHUBHICTIO aBTOTpaH-
CIIOPTY, MPOMHUCIIOBUMHU BUKHJIIAMU, BIUIHBOM
OolioBUX miif, 30Kpema, pyWHyBaHHS iH(ppa-
CTPYKTYypH, moxkexi Tomo. Kmacrepie anoma-
JHLHO BHCOKHMX 3HaueHb KoHIeHTpamiii CO He
BHSIBJICHO, TIPOTE 3a(hiKCOBAHO 3HIKEHHS KOH-
LEHTpaIlii I[bOro 3a0pyIHIOBaYa MOBITPA y Tie-
piomu 3 24 o 31 cepmus 2024 ( Big 0,41 mo
0,50 mr/m®) Ta 3 13 o 25 Bepecns 2024 Bin 0,43
10 0,76 mMr/m°.

BucHoBku

[TpaBoBi 3acagu 3abe3meYeHHs] MOHITO-
PUHTY SKOCTi aTMOC(EPHOTO TOBITPs B YKpaiHi
3a3HaJIM 3HAYHOTO BJOCKOHAJICHHS 3a OCTaHHI
I’ SITh POKIB, IO BiJNIOBi/Ia€ BUMOTaM €BPOTIEH-
ChKMX CTaHIapTiB, 30KkpemMa JlupexTuBu
2008/50/€C. BBeneHHS HOBHX HOPMATHBHHX
akTiB, Takux sk lloctanoBa KaGinery Minict-
piB Ykpaiau Ne 827 Big 14 cepras 2019 poky
ta Hakaz MingoBkimns Ne 147 Big 2021 poky,
3a0e3MeYrIo rapMOHi3allil0 HalliOHAJIBHOTO 3a-
KOHOZAaBCTBA 3 €BPONCUCHKUMH HOPMaMH,
CIPUSIIOUN CTaHJAPTHU3aIlii METOIUK BHUMIipIO-
BaHb, PO3MIIICHHIO MTyHKTIB CIIOCTEPEKECHHS Ta
iHTerpanii cydacHux iHhopManiiHO-aHaTiTHY-
Hux cucreM. IloenHanHd BuMOr JlupexTuBH
2008/50/€C ta npuximmiB OpxycbKoi KOHBEH-
il TOCHIMIO TPOMAACHEKUI KOHTPOJIb 33 CTa-
HOM aTMOC(EpHOr0 TOBITPS, CIPHUSAIOYN CTBO-
PEHHIO HE3AJIS)KHIX MOHITOPUHIOBUX CHCTEM i
T IBUIIIEHHIO €KOJIOTIYHOT CB1JIOMOCTI CYCIiIh-
cTBa. [')poMa/icbki MOHITOPHHTOBI Mepexi, 30K-
pema, EcoCity, noBenu cBoio e€(pEeKTHBHICTh Y
300pi JaHUX Yy peajbHOMY Haci, 0COOJMBO B
yMmoBax BiiHu. Lli Mepexi cranu mi€eBUM iH-
CTPYMEHTOM Uil ONEPATUBHOTO BH3HAYCHHS
MOKA3HUKIB SKOCTiI aTMOC(EPHOTO MOBITPS, 30-
Kpema B MpUPPOHTOBUX MiCTaX, TAKUX K Xap-
KiB. AHaJli3 1aHuX 3a nepiof 3 kBitHA 2024 1o
oepesenb 2025 poky mMokasas, 110 Y XapKOBi
CIIOCTEpITAIOThCSL  Pi3Ki MKW KOHIEHTpamii
PMz.s (mo 188,7 mxr/m®) Ta PMio (mo 1989
MKT/M?), TIOB’sI3aHi 3 OOMOBHMH JisIMH, TOJI K
y KponuBHHIIEKOMY MepeBaXalOTh KIACH4HI

MiChKi JpKepena 3abpyaHeHHs (PMas mo 87
Mkr/M?). Pamianiitamii ¢oH y 000X MicTax 3aiu-
[Ia€ThCS CTaOLTBHNM 1 6e3meuHnM, xoda B Kpo-
MMMBHUIIFKOMY BiH zerio Burwii (16,35 MxP/ron
mpotu 11,03 mxP/ron y Xapkosi) uepes reosno-
Ti4HI 0COOIMBOCTI PETIOHY.

Biitra B YkpaiHi cipydrHATIA TIOSBY HO-
BOTO THUIY 3a0pyTHEHHS TOBITPSI, IO XapaKTe-
PHU3YETHCSI KOPOTKOYACHHMH, aje iHTCHCHUB-
HUMH BHKHIAMH, OCOOIHMBO y MPUPPOHTOBUX
3oHax. Konnenrpauii NO: y XapkoBi nemMoH-
CTPYIOTh pi3Ki 3poctanHs (1m0 45,83 Mkr/m?)
TpuBamicTio 2—5 1i0, mo MmoB’s13aHO 3 OoMo-
BHMH JIiSIMHU, TOJI1 SIK MIHJIUBICTh KOHIICHTPALIiH
CO 3yMoBieHa CE30HHHUMH, METEOPOJIOTi-
HUMH Ta aHTPOIIOTEHHUMH (pakTopamu. AMiak
(NH3) y XapkoBi TakoX IMOKa3ye €rmi30audHi
MIBUIICHHS, M0 MOXYTh OyTH CHpWYHHEHI
aBapiiHUMU BUKUIAMH 4Yepe3 IMOIIKOKESHHS
iH(pacTPYKTypH.

TakuM 4YHHOM, IHAWKATHBHI BHMIpIO-
BaHHsI HA OCHOBI TPOMAJICBKUX MEPEXK € BaXKIIHU-
BUM IHCTPYMEHTOM JUJIsl OIIHKH SIKOCTi aTMoc-
(hepHOTO MTOBITPS B yMOBax BiltHU. BoHM 103BO-
JSIFOTH OTIEPATUBHO BUSIBIATH aHOMAJi Ta Ha-
JIaBaTH JIaH1 JJIsl IPUHHSATTS YIIPABIiHCHKHX Pi-
weHsb. [Tonanpuinii po3BUTOK NMPABOBOIO Ta TeE-
XHIYHOTO 3a0e311eYeHHsI MOHITOPHHTY, a TAKOX
IHTErpaIis TPOMaJICHKUX 1 JIEPKABHUX CHCTEM,
CIPUATUMYTD MiIBHIIECHHIO €()EKTHBHOCTI KOH-
TPOJIIO 32 CTAHOM aTMOC(EPHOT0 MOBITPs B YK-
paiHi, 0co0IKMBO B yMOBaxX BOEHHOTO Hacy.

Konduaikr inTepeci

ABTOpH 3asBIISIIOTH, 110 KOHQIIIKTY 1HTEpeciB o0 myOuikamii 1poro pykonucy Hemae. Kpim
TOTO, aBTOPH TOBHICTIO JIOTPUMYBAJIMCh €TUYHUX HOPM, BKJIFOUYAFOUH TUIATIAT, pabch]ikaiito TaHuX

Ta TOJBIHHY MyOITiKaIlito.

Buecok aeémopie: Bci aBTopu 3p0o0WIM piBHHI BHECOK Y ITI0 poOOTY .
B po6oTi He BUKOPUCTAHO pecypc MTYYHOI'O IHTEIEKTY.
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INDICATIVE MEASUREMENTS OF AIR POLLUTION IN UKRAINE WITHIN
THE LIMITS OF LEGAL HARMONIZATION WITH EUROPEAN STANDARDS
(USING THE EXAMPLE OF KHARKIV AND KROPYVNYTSKY CITIES)

Purpose. To analyze the legal basis for indicative measurements of air quality in Ukraine and assess their
effectiveness using the example of the cities of Kharkiv and Kropyvnytskyi in 2024-2025, taking into account the
impact of military conditions.

Methods. System analysis, statistical.

Results. Compliance of national legislation with the requirements of Directive 2008/50/EC on indicative
measurements of ambient air quality has been established. The EcoCity public network has become an effective
tool for collecting data on ambient air quality in wartime. The study revealed significant differences in air quality
between Kharkiv and Kropyvnytskyi due to the impact of hostilities. In Kharkiv, sharp peaks in PM2.5 and PM10
concentrations were recorded, while in Kropyvnytskyi, traditional sources of pollution, in particular, transport and
industry, with moderate PM2.5 indicators, prevail. The radiation background in both cities remained stable and
safe, not exceeding the natural background. In Kropyvnytskyi, the average radiation background is higher than in
Kharkiv, which is due to the geological features of the territory. In Kharkiv, short-term increases in NO: concen-
tration lasting 2-5 days, typical of combat zones, were recorded. The variability of CO concentrations in Kharkiv
is associated with seasonal factors, meteorological conditions, traffic intensity, industrial emissions and the impact
of hostilities.

Conclusions. The legal framework for monitoring ambient air quality in Ukraine has been significantly
improved over the past five years in accordance with European standards, in particular Directive 2008/50/EC.
Military operations have caused a new type of air pollution with short-term but intense emissions, especially in
frontline cities such as Kharkiv. Indicative measurements implemented through public networks, in particular
EcoCity, have proven to be an effective tool for quickly determining air quality indicators in wartime.

KEY WORDS: air quality monitoring, environmental legislation, indicative measurement, EcoCity public
network

Conflict of Interest

The authors declare no conflict of interest regarding the publication of this manuscript. Furthermore, the au-
thors have fully adhered to ethical norms, including avoiding plagiarism, data falsification, and duplicate publication.

Authors Contribution: all authors have contributed equally to this work

The work does not use artificial intelligence resources.

References

1. European Parliament & Council of the European Union. (2008, May 21). On ambient air quality and cleaner
air for Europe (Directive 2008/50/EC). Retrieved from https://zakon.rada.gov.ua/laws/show/994 950#Text (in
Ukrainian)

2. Gololobova, O., Dambrauskas, V., & Komar, S. (2025). Legal support of state monitoring of atmospheric air
quality in Ukraine. Actual problems of formal and non-formal education in environmental monitoring and
reserve management: Proceedings of the IV International Internet Conference, Kharkiv, April 18, 2025, 86—

19


mailto:elena.gololobova@karazin.ua
https://orcid.org/0000-0001-5558-2114
mailto:rieznik2021.9512125@student.karazin.ua
https://orcid.org/0009-0004-5154-3117
mailto:valentyna.dambrauskas@student.karazin.ua
https://orcid.org/0009-0005-0459-0268
mailto:sofiia.komar@student.karazin.ua
https://orcid.org/0009-0008-9709-3034
https://zakon.rada.gov.ua/laws/show/994_950#Text

ISSN 1992-4259 BichHuk XapKiBCBKOr0 HalliOHaJILHOTO yHiBepcutery imeHi B. H. Kapasina.
Cepis «Exomnoris». 2025. Bumyck 33

90. V. N. Karazin Kharkiv National University. Retrieved from https://ecology.karazin.ua/wp-content/up-
loads/2025/04/akt-probl-form-i-neform-osv-z-monit-dovk-ta-zapov-spr-2025.pdf (in Ukrainian)

3. Zalakeviciute, R., Mejia, D., Alvarez, H., Bermeo, X., Bonilla-Bedoya, S., Rybarczyk, Y., & Lamb, B. (2022).
War  impact on air quality in  Ukraine.  Sustainability,  14(21), Article  13832.
https://doi.org/10.3390/su142113832

4. Hryhorczuk, D., Levy, B. S., Prodanchuk, M., Korchevyy, O., Bazylevych, N., Hryhorczuk, A., & Epperly, T.
(2024). The environmental health impacts of Russia’s war on Ukraine. Journal of Occupational Medicine and
Toxicology, 19(1), Article 2. https://doi.org/10.1186/s12995-023-00398-y

5. Leal Filho, W., Eustachio, J. H. P. P., Fedoruk, M., & Lisovska, T. (2024). War in Ukraine: An overview of
environmental impacts and consequences for human health. Frontiers in Sustainable Resource Management,
3, Article 1423444, https://doi.org/10.3389/fsrma.2024.1423444

6. Hanoshenko, O., Halaktionov, M., & Huber-Humer, M. (2025). Exploratory study on the impact of military
actions on the environment and infrastructure in the current Ukraine war with a specific focus on waste man-
agement. Waste Management & Research, 43(8), 1245-1259. https://doi.org/10.1177/0734242X241305909

7. Cabinet of Ministers of Ukraine. (2019, August 14). On some issues of state monitoring in the field of atmos-
pheric air protection (Resolution No. 827). Retrieved from https://zakon.rada.gov.ua/laws/show/827-2019-
o#Text (in Ukrainian)

8. Ministry of Internal Affairs of Ukraine. (2021, April 21). On approval of the Procedure for placement of at-
mospheric air pollution observation points in zones and agglomerations (Order No. 300). Retrieved from
https://zakon.rada.gov.ua/laws/show/z0635-21#Text (in Ukrainian)

9. Ministry of Environmental Protection and Natural Resources of Ukraine. (2021). On approval of the form of
the State Monitoring Program in the field of atmospheric air protection (Order No. 147). Retrieved from
https://zakon.rada.gov.ua/laws/show/z0543-21#Text (in Ukrainian)

10. Kuula, J., Mikeld, T., Aurela, M., Teinild, K., Varjonen, S., Gonzélez Fernandez, O., & Timonen, H. (2023).
Size-resolved field performance of low-cost sensors for particulate matter air pollution. Environmental Science
& Technology Letters, 10(3), 247-253. https://doi.org/10.1021/acs.estlett.3c00030

11. Hofman, J., Peters, J., Stroobants, C., Elst, E., Baeyens, B., Van Laer, J., Spruyt, M., Van Essche, W., Delbare,
E., Roels, B., Cochez, A, Gillijns, E., & Van Poppel, M. (2022). Air Quality Sensor Networks for Evidence-
Based Policy Making: Best Practices for Actionable Insights. Atmosphere, 13(6), 944.
https://doi.org/10.3390/atm0s13060944

12. Cabinet of Ministers of Ukraine. (2021, October 11). On the Unified Environmental Platform "EcoSystem"
(Resolution No. 1065). Retrieved from https://zakon.rada.gov.ua/laws/show/1065-2021-%D0%BF#Text (in
Ukrainian)

13. UNECE. (1999, June 25). Convention on access to information, public participation in decision-making and
access to justice in environmental matters (Aarhus Convention). Retrieved from https://za-
kon.rada.gov.ua/laws/show/994 015#Text

14. Eco-City. (n.d.). Public monitoring of air quality. Retrieved from https://eco-city.org.ua/ (in Ukrainian)

15.SaveDnipro.  (n.d.). SaveDnipro — Public organization  "SaveDnipro". Retrieved from
https://www.savednipro.org/ (in Ukrainian)

16. Clean Air for Ukraine. (n.d.). Clean air for Ukraine. Retrieved from https://cleanair.org.ua (in Ukrainian)

17. Ministry of Health of Ukraine. (2024, May 10). On approval of state sanitary standards for permissible levels
of chemical and biological substances in ambient air of populated areas (Order No. 813). Retrieved from
https://zakon.rada.gov.ua/laws/show/z0763-24#Text (in Ukrainian)

18. Public air quality monitoring: Advantages and integration procedure into existing monitoring systems. (n.d.).
Retrieved from https://ecolog-ua.com/news/gromadskyy-monitoryng-yakosti-povitrya-perevagy-ta-proce-
dura-integraciyi-v-isnuyuchu (in Ukrainian)

19. World Health Organization. (n.d.). Ambient (outdoor) air pollution. Retrieved from https://www.who.int/news-
room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health

20.Likhouzova, T. A. (2018). Probability theory and mathematical statistics: Lecture course. Igor Sikorsky Kyiv
Polytechnic Institute. Retrieved from https://ela.kpi.ua/server/api/core/bitstreams/20037ech-78e3-4fa6-9bfe-
42dbcedc38e8/content (in Ukrainian)

The article was received by the editors 11.09.2025 The article was revised 18.10.2025
The article is recommended for printing 22.10.2025 This article published 30.12.2025

20


https://ecology.karazin.ua/wp-content/uploads/2025/04/akt-probl-form-i-neform-osv-z-monit-dovk-ta-zapov-spr-2025.pdf
https://ecology.karazin.ua/wp-content/uploads/2025/04/akt-probl-form-i-neform-osv-z-monit-dovk-ta-zapov-spr-2025.pdf
https://doi.org/10.3390/su142113832
https://doi.org/10.1186/s12995-023-00398-y
https://doi.org/10.3389/fsrma.2024.1423444
https://doi.org/10.1177/0734242X241305909
https://zakon.rada.gov.ua/laws/show/827-2019-п#Text
https://zakon.rada.gov.ua/laws/show/827-2019-п#Text
https://zakon.rada.gov.ua/laws/show/z0635-21#Text
https://zakon.rada.gov.ua/laws/show/z0543-21#Text
https://doi.org/10.1021/acs.estlett.3c00030
https://doi.org/10.3390/atmos13060944
https://zakon.rada.gov.ua/laws/show/1065-2021-%D0%BF#Text
https://zakon.rada.gov.ua/laws/show/994_015#Text
https://zakon.rada.gov.ua/laws/show/994_015#Text
https://eco-city.org.ua/
https://www.savednipro.org/
https://cleanair.org.ua/
https://zakon.rada.gov.ua/laws/show/z0763-24#Text
https://ecolog-ua.com/news/gromadskyy-monitoryng-yakosti-povitrya-perevagy-ta-procedura-integraciyi-v-isnuyuchu
https://ecolog-ua.com/news/gromadskyy-monitoryng-yakosti-povitrya-perevagy-ta-procedura-integraciyi-v-isnuyuchu
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://ela.kpi.ua/server/api/core/bitstreams/20037ecb-78e3-4fa6-9bfe-42dbcedc38e8/content
https://ela.kpi.ua/server/api/core/bitstreams/20037ecb-78e3-4fa6-9bfe-42dbcedc38e8/content

ISSN 1992-4259 BichHuk XapKiBCKOr0 HalliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.
Cepist «Exomnoris». 2025. Bumyck 33

DOI: https://doi.org/10.26565/1992-4259-2025-33-02
VK (UDC): 504.4.54

B. B. TEP3EMAH,
acmipanT Kadeapu eKoJIoTii Ta OXOPOHHU JTOBKIIIS
e-mail: mikkymailz@gmail.com ORCID ID: https://orcid.org/0009-0004-2298-1003

C. M. OPACOB!, kanj. TexH. HayK, JOII.,
JOTICHT KadeIpH €KOJIOTIi Ta OXOPOHHU JOBKIJIISA
e-mail: urasen54@gmail.com ORCID ID: https://orcid.org/0000-0003-4312-249X
YOoecwvruii nayionanvruii ynisepcumem imeni I1. Meunuxosa
By JIbBiBCBKa, 15, Opeca, 65016, Ykpaina

CYUYACHI CBITOBI TEHJEHIIII B IPOTHO3YBAHHI SIKOCTI BOJ

Merta. Y3aranbHeHHs Cy4acHUX HayKOBUX ITiIXO/IB IO MPOTHO3yBaHHS SKOCTI BOJIH, BUSIBIICHHSI OCHOBHUX
TEHJICHIIIH PO3BUTKY, OLIiHKA IIepeBar i HeIOJiKiB HAWITOITUPEHIINX TPYIT METOIIB, a TAKOXX BU3HAYCHHS MOKIIH-
BOCTEH 1X e)eKTUBHOTO 3aCTOCYBAHHS B YMOBaX Cy4acHOi YKpaiHH.

MeToau. 3aCTOCOBAHO aJaNTOBAHWII MiJXiJ CUCTEMATHYHOro orisity 3a Mmeromoinoriero PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analysis), Bi3yansHuit Ta TOpiBHAIBHUN aHATI3H.

PesyasTaT. Ha 0cHOBI aHaITi3y Cy4yacHWX HAYKOBHUX ITyOIiKamii 3 MPOrHO3yBaHHS sSKOCTi Bou 3a 2020-
2025 pp., KIacu(iKoBaHO MiXOIH 10 MPOTHO3yBaHHS 32 YMOBHUMHM I'PyNIaMU METOJIB 3 METOIO BUSIBJICHHS TECH-
JICHILi{i Y HAYKOBUX JOC/IUKCHHSX. 32 IOOMOr0I0 TaOIMYHOTO PEIAKTOPa PO3PAXOBAHO 4aCTOTY BUKOPHUCTAHHS
KJIFOYOBHUX CIIIB y Ha3Bax ny6n11<au11/1 i 3a pe3yJbTaTaMu PO3paxyHKy mo0yoBaHHid XpOHOJ’IOFl‘-IHI/II/I rpadik, mo
BimoOpaxae TUHAMIKY mopqum YaCTOTH 3raJyBaHHS KIFOUYOBHX CIIiB, SIKi BIIIOBIAAIOTH PI3HUM I'pyIIaM METOIIB
MPOTHO3yBaHHS. 3 aHalizy rpadiky BUSBICHO HAWOMIMPEHIII TPYIH METOAIB, 3 YiTKOIO MTO3UTUBHOIO TEHACHIIIIO
X BUKOpPHCTaHHS Y HAyKOBHUX IyOmiKamisx. Takok mpoBeseHO OIHKY IepeBar, 0OMe)XeHb Ta NMEPCIIEKTUB BIPO-
Ba/KEHHSI IMX HAHITOIIMPEHIINX IPYI METO/IB Y BITUM3HSHIN NPAKTHUII], 30KpeMa 3 ypaxyBaHHIM Cy4acCHUX YMOB
MMOBHOMACIITA0HOT BilfHH. AHaIi3 JO3BOJIUB BU3HAYNTH HAWOLIBII peleBaHTHI Ta PEaliCTUYHO 3aCTOCOBYBAHI ITiJI-
XO/IM, @ TaKOXK BKa3aB Ha TMOTEHIHHI CKnazLHomi VY CBITI aKTHBHO I[OCJ'IiI[)KyCTI)C)I 3acTocyBaHHs MeToaiB XAl
JUISI TIOJI0JIaHHS np06neMH “qopHo'l' CKpUHBKU Y nporH03yBaHH1 skocTi Bogn. B Ykpaini XAl 3aCTOCOBYBABCH
MEepPEeBaXKHO B arpoCeKTOpi, TOAI K HAYKOBUX JOCIIIKEHb 13 BUKOpHCTaHHSIM XAl 1Jisi MporHO3yBaHHs SIKOCTI
BOJIM aBTOPOM HE BHUSIBIICHO.

BucHoBku. HaiinommpeHiiorw rpynorw MeTo/iB MPOTHO3yBaHHs SKOCTI BOJU € METO/IH, 1TOB’s13aHi 3 BH-
KOPHUCTaHHSM IITYYHOTO iHTEJIEKTY Ta MAlllMHHOTO HaBYaHHs. B YkpaiHi HasBHI JOCIIKEHHS 3 BUKOPUCTAHHIM
IITYYHOTO IHTEJIEKTY Ta MAIIMHHOTO HaBYaHHS, IEPEBa’KHO y BUIIIAI TiOpUIHNX METO/IB, HaiiuacTille MOoeTHY-
I0YM TMCTaHIIHE 30H/yBaHHS Ta MalllMHHE HaBYaHH. L{i miXoau 1eMOHCTPYIOTh BUCOKY €(eKTHBHICTh B YMO-
BaX [TOBHOMACIITA0HOT BiitHH, KOJH (Pi3MUHUIA JOCTYII IO BOAHOTO 00’ €KTa 0OMEKEHUH a00 HEMOKITHBHA.

KJIFTOYOBI CJOBA: oyinxa sikocmi 600, npocHo3 aKocmi 800, WmyyHULl iHmenieKkm, MauuHHue HaG4anHs,
MOOeb NPOCHO3YBAHHA

Sk muryBati: Tepseman B. B., FOpacos C. M. Cy4acHi CBITOBi TEHACHIII B MPOrHO3yBaHHI SIKOCTi BOJ. Bichux
Xapxigcvkozo HayionanbHoeo yHigepcumemy imeni B. H. Kapasina. Cepis «Exonoeisy. 2025. Bumn. 33. C. 21-32. DOI:
https://doi.org/10.26565/1992-4259-2025-33-02

In cites: Terzeman, V. V. & Yurasov, S. M. (2025). Modern global trends in water quality forecasting. Visnyk of
V.N. Karazin Kharkiv National University. Series Ecology, (33), 21-32. https://doi.org/10.26565/1992-4259-2025-33-
02 (in Ukrainian)

Beryn

SIKicTh BOJIHUX PECYpCIB € OJIHUM i3 KO-
YOBHX UYMHHUKIB €KOJIOTIYHOI OE3IIEKH, CTAIoro

TIOTIPIIEHHST SKOCTI TIOBEPXHEBUX 1 MiJ3EMHHX
Boj. lle ctBOproe moTpedy y ¢opmyBaHHI Hay-

PO3BHTKY Ta 3/I0POB’sl HaceNeHHs. B ymMoBax rio-
OaNbHUX KIIMATHYHUX 3MiH, 3pOCTaHHS aHTPO-
MIOTeHHOT0 HaBaHTaKEHHA, ypOaHizauii Ta iH-
TEHCHBHOTO CLIbCHKOTOCTIOAAPCHKOTO BHPOO-
HUIITBA CIIOCTEPIraeThCsl CTiMKa TEHACHINS [0

KOBO OOIPYHTOBaHMX CHCTEM IPOTHO3YBaHH, SIKi
JIO3BOJISIFOTH HE JIUIIE (hiKCyBaTH TIOTOYHHUI CTaH
BOJHUX OO’€KTiB, a W mependayaTd MOKIIUBI
3MiHH 1X SIKOCTI HiJ] BIUIUBOM IPUPOJHUX 1 TEXHO-
TeHHUX YMHHHKIB.

© Tepzeman B. B., IOpacos C. M., 2025
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Y cy4acHMX yMOBax [MPOrHO3YBaHHS
SKOCTI BOJT Ha0yBa€e 0COOIMBOTO 3HAYCHHS K 1H-
CTPYMEHT peatizallii IpPHHINITIB MPEBEHTUBHOT
€KOJIOTIYHOI TONITHKH, 3aKpIIUIeHNX y MDKHA-
POIHUX TOKYMEHTax - 30KpeMa, BomHili pam-
koBiit qupekTrsi €C 2000/60/EC [1], dupekTusi
2008/105/EC [2], mio BuMararoTh 3a0€3II€UEHHS
JIOCTYITY JIO YMCTOI BOJIM Ta HAJICKHOI CaHiTapii.

binbmiicte kpain cBity (Ykpaina, CLIA,
Kanana, Kurait, SInonis, nepykasu €C) nependa-
YalOTh Y CBOEMY CKOJIOTIYHOMY 3aKOHOJABCTBI
000B’SI3KOBICTh ITPOTHO3YBAHHS SIKOCTI BOIH IS
OLIIHKU CTaHy BOJHUX 00’ €KTIB, yIIPaBIiHHS CKH-
JIAMH Ta TUIaHyBaHHS BOJOKOpUCTYBaHHs [3, 4, 5,
6]. IIpoTe y HOPMATHBHO-TIPABOBUX aKTaX 3a3BH-
Yail He BU3HAYCHO KOHKPETHUX METOJIIB IPOTHO-
3yBaHHS, 0 CTUMYJIFOE AaKTUBHUI PO3BUTOK Ha-
YKOBHX ITiIXO/IiB 1 IPUKJIATHAX TEXHOJOTIN y il
cepi. Came HayKOBI HAITPAIFOBAHHS CHOTOIHI €
OCHOBOIO JUTS IPAKTHYHOTO 3aCTOCYBaHHS MOJIC-
Jied TIPOTHO3Y Y BOJTHOMY MEHEDKMEHTI.

Cy4acHuid eTan po3BUTKY IPOTHO3YBaHHS
SKOCTI BOJ| XapaKTEePU3YEThCS THTETPAIIIEI0 Tpa-
JULIAHAX TiIpOJIOTIYHUX MOJENEH 3 IHHOBALIiH-
HUMHU [AGPOBUMHU TEXHOJIOTisAMU. TaKi Mmiaxoan
JIO3BOJISIFOTE HE JIUIIE I ABUIIATH TOYHICTH 1 OIle-
PaTHBHICTD IIPOTHO3IB, a i 3a0€3MEUNTH TIePEXil
BiJI PEAKTUBHOT'O JI0 TIPEBEHTHUBHOT'O YIIPABIIiHHS
CTaHOM BOJTHMX €KOCHUCTEM.

BonHovac BificyTHICTH YHIIKOBaHMX Me-
TOJIVIK, CTaHIAPTU30BAHUX ITiJIXO/IIB 10 0OPOOKH
OaraTo/DKEpeNIbHUX JIAHUX, a TaKoK Heoo-
XiTHICTh aianTarllii Mozenel /10 JIOKaTbHUX YMOB
3TUIIAIOTHCS AKTYTLHUMH HAYKOBHMH MPO0JIIe-
mami. [e 3yMoBIIO€E IOTPeOy y cucTeMaTh3arii
CyJacHHUX TEHJICHIIIH, aHaii3i rmepeBar Ta oOMe-
JKEHb HOBITHIX METO/IiB MPOTHO3YBAaHHS, & TAKOX

y (hopMyBaHHI peKOMeHIaIi MO0 iX 3aCTOCy-
BaHHSA B MPAKTHIII €KOJIOTIYHOTO MOHITOPHHTY Ta
YIIPaBJIiHHS BOAHUMH PECYPCAMH.

3as0anus 0ocnioscenHs: TIPOAHATIZYBATH
CYJacHHH CTaH HAyKOBHX IOCIIDKeHb y cdepi
IIPOTHO3YBaHHSA SIKOCTi IOBEPXHEBHUX BOJI Y CBITI,
BU3HAYUTH CY9acHI TEHJIEHIIIT IO IPOTHO3YBaHHS
SIKOCTI BOJI, OXapaKTepHU3yBaTH HaNMOLIMpPEHIIII
METOAM Ta MiAXOAW OO MPOTHO3YBAHHS SIKOCTI
BOJI, BU3HAYHTH iX TIepeBaru Ta HENOMIKH, a Ta-
KOXK MOXKJIMBOCTI X ajanTaiii 10 yKpaiHChKUX
YMOB.

OO'eKT MOCHIJDKEHHS — TPOIEC IMPOTHO-
3yBaHHS SKOCTI BOJ Yy CYYaCHHX HAyKOBHX JIO-
CITIDKEHHSIX.

[IpeameT mociKeHAS — METOJTN, MOJIEN]
Ta TEXHOJIOTI] TPOTHO3YBaHHSA SIKOCTI BOJI, BKJIFO-
Yalo4YW 1HHOBAIIWHI TiJXOOH, IO 3aCTOCOBY-
FOTBCS JUTSI OIIHKH Ta YIPABIIIHHS CTAHOM BOJTHUX
00 €KTIB.

HayxoBa HOBU3HA OJISIrae y CUCTEMaTH3a-
il Cy9acHMX TEHICHIIN MPOTHO3YBAaHHS SIKOCTI
BoAM Ha ocHOBI anamizy 6000 HayKoBHX
nyOmikanii 3a 2020-2025 pp. Ta y BU3HAYCHHI
JOMIHYIOUMX TPyl METOAIB. 3amporoHOBaHO
aHATITHYHAN IT1AX11 1O BUSBIEHHS JUHAMIKH I10-
HIMPEHHS] METOJiB TPOTHO3YBaHHS 3a KIIIO-
YOBHMH clloBaMu. [IpoBeieHO OIIIHKY MOITHBO-
CTel BNPOBA/PKCHHS HANMONIMPEHININX Cy-
YaCHUX METOJIIB B YMOBAX Cy4acHoi YKpaiHH, 30-
Kpema 3a 00MeXeHOro (hi3UYHOTO JIOCTYIY 0
BOJIHUX O0’€KTIiB y Tiepiof BOEHHUX Aild. Buses-
JICHO BIiJICYTHICTh BHKOpPHCTaHHS MeTOMiB XAl
(SHAP, LIME) y BiTui3HSHUX ITyOJTiKAIisAX PO~
THO3YBaHHS SIKOCTI BOJHM, 11I0 BU3HAYAE MEPCIICK-
TUBHUH HanpsiM MOAAIBIINX HAYKOBUX JIO-
CITiJKEHB.

Cy4acHi maxoau 10 NPOrHO3yBaHHS SKOCTI BOJ

Y cydacHMX HAyKOBHX JOCIHIKEHHSIX
CIIOCTEPIra€ThCsl 3HAUYHA PI3HOMAHITHICTH Me-
TOMIB Ta IHCTPYMEHTIB, IO 3aCTOCOBYIOTHCS
JUIsl TIPOTHO3YBaHHs skocTi Boau. llIBumkuii
PO3BUTOK HU(POBUX TEXHOJIOTIH 3yMOBHUB II0O-
SBY YHMCJICHHMX IIIXOMIB 1 MOJCNEH, SKi
BIJIPI3HSAIOTHCS K 3a PIBHEM JeTaji3allii, Tax i
3a MpUHIMIAMUA PoOOTH. BusHaueHHs cCy-
YaCHMX TEHJCHIIH y 1il chepi € CKIaIHUM 3a-
BJIaHHSIM, OCKIIbKH TOTpedye cucremaruzaiii
BEJMKOI KIJBKOCTI iCHYHOUMX MeTomiB. Llei
MPOIIEC YCKIIATHIOETHCS THM, IO OKPEMi METO-
JTIUKA MOXYTh OyTH aBTOPCHKUMH PO3POOKaMH,
BUKOPHCTAHUMHU JIUIIE Y KiIbKOX HAYKOBUX JI0-
CITIJDKEHHSIX, [0 POOUTH X CTATUCTUYHY i/ICH-
TU(IKAIII cepell ACCATKIB TUCSY ITyOJiKarii
MPAKTHYHO HEMOXKIIMBOK 0€3 IOTIEepPEIHBOTO
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3HAHHA NIPO IXHE iCHYBaHHS.
KpiMm TOro, 3HayHa KiJIbKiCTh MiJIXOZiB
Mae€ TEHJICHIIIIO JIO IIEPETUHAHHS 32 BUKOPUCTA-
HHUM 1HCTPYMEHTapieM a0o0 KOHIENTYaJTbHUMHA
OCHOBaMH, IO CTBOPIOE JIOJIATKOBI TPYTHOII
npu ix knacudikanii. 3 ormsamy Ha 1e, s 3a-
Oe3rneueHHs1 CTPYKTYpOBaHOCTI aHali3zy Ta
MTOPIBHSJILHOT OI[IHKH, Y JaHOMY JOCIIiDKEHHI
BCi BHSBIIEHI METOAM MPOTHO3YBaHHS SIKOCTI
BOJM YMOBHO 3TPYIOBaHi 32 OCHOBHHM ITi/IXO-
JIOM, THIIOM 1HCTPYMEHTAapito a60 mporpaMHOro
3a0e3nedyeHHs Toulo. [0 TaKuX TpyI HaeKaTh:
-Al/ML — BHKOpHCTaHHS IITYYHOTO iHTE-
JICKTY Ta MAIIMHHOTO HABYAHHS JIJIs1 aBTOMATH-
30BaHOr0 aHalli3y JaHMX 1 MPOTrHO3YBaHHS
CKJIQ/IHUX HEJHINHHUX TPOIIECiB;
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— CTaTUCTHYHI MO/JIeNTi — 6a3yeThCs Ha BUSB-
JICHHI Ta KiJIbKICHOMY OTHCI 3B’SI3KiB MK Imapa-
MeTpaMH, TPOTrHO3YBaHHS 3MiHH TTapaMeTPIB 3a
JIOIIOMOTOF0 MaTeMaTHYHHX 3aJIC)KHOCTEH;

- izuko-Tigposnoriuni Moneni — 0azyeThes
Ha OMHUCi pea’dbHUX (I3UYHUX, XIMIYHHX Ta
OiloyoriyHUX TmpomeciB, MO BiAOYBarOTBCS Y
BOJIHOMY CEPEIIOBHIII, BOAHI MPOLECH OIHCY-
IOTBCSI CUCTeMaMu AU epeHIiaIbHUX PiBHSHB,
AKi TPYHTYIOThCS Ha 3aKOHaX 30epeKeHHS
MacH, eHeprii Ta iMmynscy. Moneni BpaxoBy-
I0Th TaKi SBUIIA, K OMajy, iHPUITPALis, M0-
BEPXHEBUH 1 TPYHTOBUH CTiK, TpaHCIIOPT 3a0-
PYIHIOBaYiB, OCaKEeHHs, 010TeoXiMiuHI peak-
i1 TOIIO;

-T'IC metoau, B SKMX BHUKOPUCTOBYIOTHCS
reoiadopmaniini cuctemu (I'IC) mis mpocro-
POBOTO aHaJi3y, MOJICIIOBAHHS Ta Bi3yasi3arii
MIPOIIECIB, 10 BILTUBAIOThH HA SKICTh BOJIH);

— IMCTaHIII{HE 30HIyBaHHS — METOAN 3yMO-
BJICHI  BHUKOPHCTAaHHSAM  TEXHOJNOTIA  JH-
craHuiitHoro 3ouayBanHs 3emii (133, Remote
Sensing), TOOTO oTpruMaHHsI, 00pOOKa Ta aHaII3
JAHUX TIPO TIOBEPXHIO BOJOIM 1 HaBKOJMIIHE
cepefioBHIIE 3 KocMocy abo 3 TOBITps (CYITyT-
HUKH, OC3MUIOTHUKH, aePO3HOMKa);

-IoT Ta GioceHcOopr — METOAM B SIKUX BHKO-
PUCTOBYIOThCSL TeXHONOTii IHTEepHETY pedeit
(IoT, Internet of Things) Ta 6ioceHcopHHUX cH-
CTeM JUISI MOHITOPHHTY SIKOCTI BOJ B PEXHUMI
peanpHOro yacy;

-riOpuaHi — MOJENi, 3aCHOBaH1 Ha MO€IHA-
HHI ABOX a0o0 Oiipllle METOAIB MOZIENIOBaHHS
(cTaTUCTUYHUX, MAIIMHHOTO HABYaHHS, T1IpO-
JIOTIYHUX,  MPOLECHO-OPIEHTOBaHUX  abo
HEUITKO-JIOT1YHHNX, Tomo). OCHOBHA MeTa Ta-
KHX MOJIeIel — KOMITIEHCYBATH CJIa0Ki CTOPOHU
OKpPEMUX METOJiB, TiJBUIIYIOUH TOYHICTb,
CTaOIMBHICTh Ta IHTEPIPETOBAHICTH MPOTHO3IB
SIKOCTI BOJIH;

—MOJIeJIi HEYITKOi JIOTiKM 00’€JIHYIOTh B
co0i METOIM MPOTHO3YBaHHs, 110 0a3YIOTHCA Ha
HewiTki# norimi (fuzzy logic) — migxomi, skuit
JIO3BOJISIE  ONMCYBATH CKJIQJIHI, HETIOBHICTIO
BH3HA4YCHI a00 HETOYHI MPOILECH MPUPOIHOTO
CepeoBHINa 32 JOMOMOTOI0 MOBHHX IPaBHI,
JMHTBICTUYHUX 3MIHHHX Ta (YHKIIH HaJexX-
HOCTI, a HE YKOPCTKHX MaTeMaTHYHUX PIBHSIHb.

Taka kimacudikallis 103BOJIsIE BCEOIUHO
MIPOaHaNi3yBaTH CYYacHI MiIXOAU IO MPOTHO-
3yBaHHS SIKOCTI BOJM Ta BH3HAYWUTH IPOBIJIHI
TEHJICHIIIT iX PO3BUTKY.

CyuacHi TeHIeHIIii NPOrHO3yBaHHA AKOCTi BOJ

Jnst aHamily TEHACHIH PO3BHTKY Me-
TOJIIB TIPOTHO3YBAHHS SIKOCTI BOJW BHKOPH-
CTaHO HaykoBy 0a3y Springer Nature Link, ne
IPOBEICHO TOUIYK 3a KIIOYOBHMH CIIOBAMHU
“Water quality forecast” ta “Water quality
prediction” 3a nepiog 2020-2025 pp. Iomyk
3MMIICHIOBABCS 3 BUKOPHCTAHHAM (iIbTPIB: THIT
nyOsikarii — “Research Article”, copryBaHHs —
3a pesieBaHTHICTIO. 17151 KO)KHOTO POKY €KCIOop-
TOBaHO pe3ynbTaTh y popmari CSV, mo BriIo-
yaiu no 1000 HaykoBUX cTarei, a 3arajbHa
BHOipka craHoBmira 6000 myOuikarriii.

[omanpmmii eran mependayaB aBTOMa-
TU30BaHUI MiApaxXyHOK KITBKOCTI CTaTeH, y
Ha3BaxX SKUX 3yCTPIYarOTHCS KIFOYOBI CIIOBA,
MOB’s13aHI 3 TIEBHUMH TIpyNaMH METOJIB IpO-
THO3YBaHHS SIKOCTI BOAM (30Kpema, METOIU
IITYYHOTO IHTENEKTY, CTATUCTUYHI, IPOLIECHO-
OpIEHTOBAHI, TIOPU/IHI TOIIO), SIKU BAKOHAHO B
cepenopuii Google Sheets 3 BUKOpUCTaHHSAM

bynkuii (1):

=SUM(ARRAYFORMULA(N(RE-
GEXMATCH(LOWER($A$2:$A),"KC1|KC2|....
Kcn")), (1)
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ne ARRAYFORMULA — nosBomsie 3a-
CTOCYBaTH (PYHKIIIO OJ[pa3y J0 BChOT'O jiara-
30HY;

N — mepeTBoproe IOTiYHI 3HAYEHHS
True/False y auciosi 1/0;

REGEXMATCH — ¢ynxuis, mo nepesi-
psi€, 9 BIATIOBIA€ TEKCT 3a/1aHOMY IA0JIOHY;

LOWER — 3miHtoe perictp nianazoHa Ha
HWXKHIH;

"KC1|KC2|....KCn" — mabnoH 3 KIHYo-
BHMU CJIOBAMU BiMOBIIHO JI0 TPYITi METOIB.

s popmyna 103BoIIsIE ABTOMATHYHO TT0-
paxyBaTu KiUIbKICTh IyOuiKalid, y Ha3Bi SKUX
MPUCYTHI 3a3HaUYCHI KIIOUOBI CJI0BA, 10 BiIHO-
CSITBCS JIO TIEBHUX METO/IiB IIPOTHO3YBAHHSI:

- AI/ML (“shap, lime, ai, ann, ffan, rnn,
Istm, gru, cnn, neural network, neural, ml, ma-
chine learning, svm, dt, decision tree, knn,
xgboost, lightgbm, catboost, learning, xai, ex-
plainable”)

- Craructiuuni mMeronu (“multiple linear
regression, linear, principal component analysis,
pca, mlr, correlation, trend, regression, multivar-
iate, statistical”)

- ¢izuxo-rigposoriuni (“hspf, hydrologi-
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cal simulation program, fortran| mike she, hy-
drus, qual2k, wasp, modflow, process-based
model, hydrological model, swat, soil and water
assessment tool, physically-based, distributed
hydrological model”)

- T'IC mopeni (“archydro, arcswat, qgis,
gis, grass gis hydrology tools, aquatox, sparrow,
geographic”)

- JucraHmiliHe 30H1yBaHHS (“satellite im-
agery, surface temperature, Ist, landsat, sentinel,
modis, aster, google earth engine, erdas imagine,
envi, snap, remote sensing, hyperspectral imag-
ing”)

- 10T Ta 6iocencopu (“arduino, raspberry,
esp32, iot, blynk, ubidots, boisensors, smart sen-
sors, internet of things, wireless sensor networks,
wsn|real-time monitoring, real-time, nanobi-
osensors”™)

- Ti6punni moxemni (“hybrid, fusion, ann-
svm, cnn-Istm, ga-ann, pso-svm, coupled, multi-
model, swat-ann, swat-svm, swat-Istm, swat-
cnn-Istm, fuzzy-ann, fuzzy-ga, wavelet-ann,
arima-ann, Istm-cnn, model fusion, integration,
combine, coupling, cps, cyber-phisical system,
mirroring, virtual sensor, digital twin, microsoft
azure, siemens mindsphere, dhi mike, epanet,
openmi, ansys, twin”)

- Fuzzy logic (“fuzzy, fis, fuzzy model,
frbs, neuro-fuzzy, anfis, fdss, cikit-fuzzy, simp-
ful”)

3BuyailiHo, Takuii miAXig Mae CBOI
HEJIONIIKM — BiH HE BPaxOBY€ aBTOPCHKI METO-

JIUKH, a TAaKOXX Ti BUTIQJKH, KOJH Y Ha3Bl CTAaTTI
BiJICYTHsI 3raJika KOHKPETHOTO METOJY, MOJei
gu iHCTpyMeHTY. [IpoTe oTpumaHi pe3ynbpraTi
€ JIOCTaTHIMH JUIA KiJTBKICHOTO aHali3y [u-
HaMiK¥{ BUKOPUCTAHHS Pi3HUX METOIiB IIPOTHO-
3yBaHHSA SIKOCTI BOIM, MOOYIOBH YacOBHX
rpaikiB MOMyISIPHOCTI Ta BUBHAYCHHS 3arajib-
HUX TEHICHLIH PO3BUTKY HAyKOBHX JIO-
CITiJKeHb y 1il cdepi.

Ha ocHOBiI oTpuMaHux pe3yibTariB 00-
4yHuCclieHb c(hOpMOBaHa y3araibHIOBaJbHA Tab-
nvns (tabmn.1), y kil mpeacTaBlIeHO KUTbKICTh
HayKOBUX ITyOJTiKaIliil, y Ha3Bax sSIKUX 3yCcTpida-
FOTBCS KITFOYOBI CJIOBa, TIOB’S3aHI 3 OKPEMHMU
rpymnaMd METOAIB MPOTHO3YBaHHS, 32 KOXEH
pik y nepiogi 3 2020 o 2025 pp.

Busnaueno (puc. 1) nuHamiKy BUKOpHC-
TaHHS KIFOYOBHX CHIB, SKi BiJMOBINAIOTH pi3-
HUM TpylaM METOMIiB NMPOTHO3YBaHHS SIKOCTI
BOJM Y HAYKOBUX IMyOITiKamigax 3a nepion 3 2020
o 2025 pik, 0 J03BOJISIE TPOCTEKUTH 3MiHA
y 4acTOTi 3rafyBaHOCTI OKPEMHX IPYyI METOJI0-
JIOTIYHMX MIJAXOJIB Y Yaci, 10, CBOEID YEProlo,
Jla€ 3MOT'Y BUSIBUTH T€H/ICHIIIi PO3BUTKY HayKO-
BUX JIOCIIIKEHb y cdepi MPOrHO3yBaHHS SIKO-
CTI BOJI Ta BU3HAYMTH HAHOUIBII aKTyaJlbHI Ha-
IPSIMH CYy9aCHHUX JOCIIJDKEHb.

AHami3 OTpUMaHUX pe3yNbTaTiB CBiJl-
YUTh, 110 HAHOUIBII MOIIUPEHUM 1 JMHAMIYHO
3pOCTAIOYUM HaNpsIMOM Y IPOTHO3YBaHHI KO-
CTi BOAM € METOIM, 3ACHOBaHI HA IITyYHOMY iH-
tenekTi (Al) Ta mammmaHOMy HaBuyanHi (ML).

Taoauns 1

Po3noain HaykoBux myOaikaniii 3a KIIOYOBMMH CJ10BaMU, 110 BiloOpakaloTh rpynu MeToiB
NporHo3yBanHs sikocTi Boau (2020-2025)

Distribution of scientific publications by keywords reflecting groups of water quality Tebled
prediction methods (2020-2025)

I'pyna mertoais 2020 2021 2022 2023 2024 2025
Al/ML 304 375 407 469 553 589
Statistical methods 63 67 70 83 64 59
Process-based model 8 11 14 16 16 9
GIS 18 13 18 20 15 17
Remote sensing 73 94 85 94 117 112
10T and biosensors 17 31 40 50 35 48
Hybrid 58 77 100 97 148 147
Fuzzy Logic 20 30 33 26 23 20

24
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Puc. 1 — JIlunaMika MOIIMPEHHS TPy METOMIB 3a KIIFOYOBUMH CIOBAMH B HAYKOBUX ITyOTiKaIlisax
3 IPOTHO3Y AKOCTI Box 3a mepiox 3 2020 mo 2025 pp.

Fig. 1 - Dynamics of the prevalence of method groups based on keywords in scientific publications
on water quality forecasting for the period 2020-2025

3a mepiox 2020-2025 pp. ueil Hampsm
JIEMOHCTPY€E YiTKO BHPaXKEHY TMO3UTUBHY TEH-
neHifiro. 3okpema, y 2025 poii moHaja ImoJio-
BUHY aHaJi30BaHUX fociimkeHs (589 i3 1000),
MPHUCBSIYEHUX TPOTHO3YBAHHIO SKOCTI BOJI,
MOB’513aHO 13 3acTocyBaHHsM anroputmi LI ta
ML. 3 moMiTHUM BiJCTaBaHHSIM, aje TaKOX 31
CcTabiTFHUM MTO3UTHBHUM TPEH]IOM,
BUJIUISETBCSL TpyIa TIOpWAHWUX MOJENeH, sKi
MOEHYIOTh PI3HI MiJAXOIU O MOJICITFOBAHHI.
HeBenuke 3poctaHHst criocTepiraeTbest i Ais
METO/IiB, 3aCHOBAHHUX Ha JIMCTAHIIITHOMY 30H-
nyBaHHI (remote sensing). Boanouac iHm
TpyIH MOJIeJiel He IEMOHCTPYIOTh YiTKO BUpa-
JKEHOI MO3UTUBHOI JIMHAMIKH MPOTATOM OCTaH-
HIiX II’ITH POKIB.

Lmyunuti inmenekm / mawiunhne Has-
uannus (AI/ML)

Al — 1e 37aTHICTH CTBOPEHOI CHCTEMU
HaOyBaTu, 00pOOJIATH i 3aCTOCOBYBATH 3HAHHS
Ta HABUYKU IS JOCATHEHHS KOHKPETHHX
iaei. [7]

Mamunane HapuanHs (ML) —  1e
MiPO3JIUT MITYYHOTO 1HTENEKTY, SIKUH JI03BO-
Jsie  KOMIT'IOTEpHUM CHUCTEMaM CaMOCTiHHO
3HAXOJIMUTH 3aKOHOMIPHOCTI B JIAHUX 1 pOOUTH
NPOTHO3H 0€3 SIBHOTO MPOTrpaMyBaHHS MPaBHIL.

Al/ML nigxoau B IpOrHO3yBaHHi SKOCTI

25

BOJM CTaBIATh 3a METYy BUSBUTH CKJIaIHI
HEJNIHIWHI 3aJI€KHOCTI MK BXIJHUMHU JaHUMU
(JacoBi pSU CEHCOPIB, CYMYTHUKOBI iHAEKCH,
TiApoMeTeo-aHi, 3eMIIEKOPUCTYBaHHS, CTOKH)
1 BUXiTHUMHU TToKa3HHKamH sikocTi (DO, xio-
podir-a, MyTHiCTh, HiTpaTH, WQI TOmIO).
3aMiCTh py4HOTO BUBEJICHHS eMITipHYHUX (op-
MYJI, MOJIEITi «BYATHCS» HA ICTOPUYHUX JAaHUX 1
MOTIM MPOTHO3YIOTh MaiiOyTHI 3HaueHHS [8, 9,
10, 11].

MeToau WITy4HOTO IHTENEKTy Ta Ma-
muHHOro HaBuaHHsA (AI/ML) BimkpuBaioTh
HOBI MOJIMBOCTI JUIS MIABMILNEHHS TOYHOCTI
IPOTHO3YBaHHS SKOCTi BOJM. IXHs roJI0BHA Ie-
peBara ToJisirae B aJanTUBHOCTI Ta 3aTHOCTI
BUABJIITH CKJIAJHI HEJIHIAHI B3a€MO3B’SI3KH
MiX TapaMeTpamH CepeIoBHINa, sSKi 4acTo 3a-
JUINAIOTHCS 11032 MEXaMH TPAAULIHHUX MOJIE-
aeii. AI/ML nerko iHTerpyroTh pi3HOMaHiTHI
JoKepena JIaHuX (BiJl CYMYTHHKOBUX 1 CEHCOP-
HUX CHUCTEM JI0 METEOPOJIOTIYHUX ITOKA3HHUKIB),
3a0e3Meuyoun MUTICHUI aHali3 CTaHy BOIAHHUX
00’extiB. IlIBuakicTh TOOYIOBH Mojeied i
MPOCTOTA HAJIAIITYBAaHHS JIO3BOJISIFOTH OIepa-
TUBHO CTBOPIOBATHM €(EKTUBHI 1HCTPYMEHTH
JUTSL YIIPABIIIHHSL BOJJHUMH PECYPCaMH.

Pa3zom i3 TuM, BukopucranHs AI/ML y
BOJHOMY IPOTHO3YBaHHI Ma€ MEBHI OOMEXEH-
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Hi. EQEeKTUBHICTh TakWX MOIENeH 3HAYHOIO
MipOIO 3aJIeKUTH Bijl 00CATY Ta IKOCTIi icTopry-
HUX JaHWX, a HASBHICTH IIyMy a0 MPOMYCKiB
MOJ€E CYTT€BO BIUIMHYTH Ha pe3yibTaTH. Mo-
JIelTi 4acTo MaroTh MPOOJIEMH 3 y3aralbHEHHSM:
ANTOPUTM, HABUYCHUHM Ha OIHOMY OaceiHi, He
3aBXKIIM a/IEKBaTHO TIPAITIOE B 1HIIOMY 6e3 10-
JaTtkoBoi amanTaiii. s 3MEHIIEHHST HEBU3HA-
YEHOCTI MPOTHO3IB 3aCTOCOBYIOTh aHCAMOJIEBi
abo OaifeciBChbKi MAXOMHU, TIPOTE T 301IIbIIyE
obuncaioBabHI  BUTpaTtH. HapemTi, orre-
pauiliHe BOPOBaKEHHsI TAKUX CHUCTEM IMOTpe-
Oye peryispHOTO KalliOpyBaHHs, TEXHIYHOTO
CYTIPOBOJY Ta HalilHOI iHGPACTPYKTypH 300py
1 mepeaayi JaHuX.

bararo cyuacuux mopeneit LI (oco6-
TUBO TIHOWHHI HEWpoHHI Mepexi, sk CNN,
LSTM, uu tpancdopmepn) GyHKIIOHYIOTH SIK
“4OpHi CKPUHBKH~ — BOHH MOXYTh POOHUTH
HaJ3BUYaiHO TOYHI MHPOTHO3W, aje MpoLec
OPUAHATTS  PILICHHS 3aJUINAETHCA  HE3PO-
syminum. Jns 3amobiranHs edekTy ‘“‘dopHOl
cKkpuHbKH BUKOpuCcTOBYI0TH XAl (Explainable
Artificial Intelligence — mosicHroBaHuit 1ITYY-
HUI 1HTEJIEKT) — e HaMpsM Y PO3BUTKY IITYY-
HOT'O 1HTEINIEKTY, IKHH CIIPSIMOBaHHI Ha Te, 11100
3poOUTH pOOOTY MOJENeH MAaIIMHHOTO HaB-
YyaHHs OUTBII IPO30POF0, 3PO3YMIJIO0 Ta IHTEp-
TIPETOBAHOIO JUIA JIIOMHM. Mloro ocHOBHA MeTa
-[IOSICHUTH, SIK 1 YOMY MOJIENb NPUIMaE MeBHE
pinienHs1, 30epiratouu Mpu IbOMY BUCOKY TOY-
HiCTh MporHo3is [12].

XAl nponionye Habip METOIIB 1 M IXO/IB,
110 JO3BOJIIOTH MOSICHUTH BHYTPILIHIO JIOTIKY
poboTH MoJeni a0 JOKaNbHO 1HTEPIPETyBaTH
okpemi pimenas. Cepell HUX BapTO BUALIUTH
taki meromu sk LIME (Local interpretable
Model-agnostic Explanations), 1o anaiisye, sk
3MiHa BXIJIHUX MapaMeTpiB y KOHKPETHOMY
NpuKiIaal BIJIMBae Ha nporHo3 Ta SHAP
(SHapley Additive exPlanations), mo Bukopu-
cToBye ixei 3 Teopil irop s BU3HAYCHHS
BHECKY KOXXHOTO TapameTpa y KiHIIEBUH pe-
3ynbraT (sKkuil dakrop “3BayKuB” HalOLIbLIE)
[13].

CynyTHUKOBE Ta JWCTAHIIIHE 30HIY-
BanHs_(RS — Remote Sensing).

JucraHniliHe 30HAYyBaHHS — IIE CHOCIO
300py Ta aHai3y JaHHX 3 METOI OTPUMAaHHS
iHpopmalii mpo 00’ekT 6e3 Oe3rmocepeTHLOro
KOHTaKTy MpwWwiagy, L0 3/iiCHIOE BHMi-
proBaHHsL, 3 M 00’ exToM [14]

Merton auctaHmiiHOTo 30HTyBaHHSA (RS —
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Remote Sensing) rpyHTy€ThCSI Ha OTpUMaHHI,
aHaJi3i Ta iHTepHpeTalii JaHUX PO MOBEPXHIO
BOAHHX 00’ €KTIB i3 CYITyTHUKIB, OE3MIIOTHHUKIB
abo mitakiB. BiH BHKOpHCTOBY€e CEHCOpPH, IO
peecTpyoTh  BimOMTYy a00  BHUIPOMIHEHY
EHEPril0 y PI3HUX CHEKTPaJbHHX Jiala3oHax
(BummMoMy, iH(PadEepPBOHOMY, paTiOXBHIIb-
oBoMmy) [15].

Lli maHi 103BOJISIIOTH BU3HAYATH ONTHYHI
Ta (DI3UKO-XIMIYHI XapaKTEPUCTHKHA BOJH,
HaIPUKIIAJ: KOHIEHTpaIito xiopodimy a (sIx
iHAMKaTOpa eBTpodiKarii); BMiCT 3aBUCIIUX pe-
yoBuH (TSS); mpozopicts (Secchi depth); Tem-
reparypy IOBEpXHI BOAW; CTYIiHb IBITIHHS
BOJIY; HASIBHICTh HAQTONPOIYKTIB UM 1HILINX 3a-
OpyTHEHb.

RS BukopucroByeTrbcs He nume A
MOHITOPHHTY, aje i ans moOyIOoBH MoJenen
MPOrHO3yBaHH 3MiH siKocTi Bonu. JlaHi cymyT-
HukiB (Hampukiaa, Landsat 8-9, Sentinel-2,
MODIS, VIIRS) moenHyrOThCS 3 Ha3eMHHMHU
BUMIPIOBAaHHSAMHU Ta KIIMATUYHUMH JIaHUMHU.
Ha X ocHOBI CTBOPIOIOTBHCS eMITipU4Hi 00 Ma-
IIMHHI MOJIENI, IO JT03BOJIIIOTH TPOTHO3YBATH
KOPOTKOCTPOKOBI 3MiHU SKOCTI Boau (Bix 1 1o
30 n1i6) Ta ce30HHI a00 JJOBrOCTPOKOBI TCHJICH-
1ii Yepe3 MoeJHaHHS 3 KIIIMATHIHUMHU Ta T1Ipo-
JoriYHUMHK Mozensmu [16].

MeTo  AMCTAHIIIHOTO  30HyBaHHS
(Remote Sensing, RS) € onnum i3 Haiinepcnek-
TUBHIIINX HANpPsSMIB Y TPOTHO3YBaHHI SIKOCTI
BOJI, OCKUIBKM 3a0e3rleuye LIMPOKe TepH-
TOpiajbHE OXOIUICHHS Ta MOXIJIMBICTH MOHITO-
PUHTY HaBiTh BOXKOJOCTYITHUX 200 HeOe3ned-
HUX JinsHok. CydvacHi CyNMyTHHKOBI IDIat-
dopmu, Taki sk Sentinel (mporpama
Copernicus) un micii NASA, 103BoNSIOTh OT-
PUMYBaTH 3HIMKH 3 BUCOKOIO YaCTOTOIO OHOB-
nensst (koxHi 3—5 11i0), 1110 pOOUTH MOKITHBUM
OTIepaTHBHE BiJICTEXKEHHS 3MiH y CTaHI BOAHHX
eKocucTeM. 3HauHOW nepeBaroro RS e Takox
€KOHOMiuHa e(eKTHUBHICTh: 3HAYHA YaCTHHA
CYITyTHUKOBHX JIAHUX € BIJIKPUTOIO Ta JIOCTYTI-
HOIO ISl HAYKOBHX JOCIHIPKEHb.

Boanouac MeTo TMCTaHIIIMHOTO 30HLY-
BaHHS Ma€ HU3KY OOMEXKEHb, 5Ki MOTPeOYIOTh
ypaxyBaHHS MPH NPaKTUYHOMY 3aCTOCYBaHHI.
30KpeMa, TOYHICTh aHalli3y 3MEHLIYETHCS 3a
YMOB XMapHOCTi, BUCOKOI KaJaMyTHOCTI abo
Majioi rinouan BogoiiM. Kpim toro, RS no3Bo-
JIsi€ BU3HAYATH JIUIIe 0OMeKeHU Halip mokas-
HUKIB SKOCTI BOJM (Hampukiam, Xjaopodin-a,
3BaKEH1 PEYOBHMHM, MPO30PICTH), TOMI SK TaKi
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rmapamMeTpH, K KOHIICHTpPAIis BaKKUX METaJiB
Y1 TOKCUYHUX CITOJIYK, BUMAraloTh JIa00paTop-
HuX MeToaiB. OTpUMaHi CyIyTHHUKOBI JaHi Mo-
TpeOyI0Th 000B’SI3KOBOT KaTiOPOBKH 32 Ha3eM-
HUMH CIIOCTEPEKEHHIMH, M0 3abe3mneuye ix
nmoctoBipHicTh. llle omniero mpobiemor €
HEOOXITHICTE OOpOOKH BETWKHX OOCSTIB da-
HUX, JJI1 Y0TO BHKOPUCTOBYIOTH CIICIiaIi30-
BaHi mporpamui cepenosuina (Google Earth
Engine, ENVI, SNAP), mo Bumarac
BIJIMIOBIHOI TEXHIYHOI MiATOTOBKH Ta 00-
YHCITIOBAJILHUX PECYPCIB.

Libpuoni modeni. I'ibpumHi Moaemni mpo-
THO3YBaHHS SIKOCTI BOJW MOENHYIOTH ABa a0o
OiNTbIIIe MiAXOMN — HampHKIaa, (Gizuko-Tiapo-
noriuni (process-/physically-based) momem +
MOJIei Ha OCHOBI MAalIMHHOTO HaBYaHHSA abo
CTaTHCTUYHI anropuT™u. Takwii miaxia 103Bo-
JIsl€e BUKOPUCTOBYBATH IEPEBaru KOXHOTO 3
KOMITIOHEHTIB: MEXaHICTHYHY OOIPYHTOBaHICTh
(GI3UKO-TIIPONIOTIYHNX ~MOJeNeld Ta ajam-
TUBHICTh-¢(DEKTUBHICTH JaHUX- KEPOBAHUX MO-
neneit. Hampukian, y IOCHIPKEHHI BHKOPH-
crano mojmenb Ha ocHoBi SWAT (Soil and
Water Assessment Tool) sk ¢dizuko-riapo-
Joriuny mnardopMy, a BHUXiJHI JaHi i€l Mo-
JIeNi CIYXHWIIA BX1THUMU 3MIHHUMH TSI PEKY-
pentHoi HedponHoi Mepexxi LSTM (Long
Short-Term Memory) is mporHO3yBaHHs 3a-
raipHOTO pocdopy. [17]

Y iHIIOMY [OCHi/PKEHHI 3aCTOCOBaHO
KOMOIHAIIIF0 XBHJICBOTO TepeTBopeHHs (wavelet
transform) + ANN + LSTM anst nporao3yBaHHs
AKOCTI BozH piuku Jinjiang.[18]

VY3arajJbHeHWH ~ MeXaHi3M ~ TO0OYJOBH
TiOpHIHOI MOJIENi MPOTHO3YBaHHS SIKOCTI BOJIH,
Ha MPHKJIa i KOMOIHYBaHHS CTATHCTHYHHX Ta Ma-
IIMHHO-HABYAIGHUX MeToniB [18], Burissmae
HACTYITHUM  YMHOM: Ha [EpIIOMY  eTaIll
3IIICHIOETBCST  TIOTIEpeiHs OOpoOKa Ta HOp-
MaJTi3arlist BXiTHUX JaHHX, II[0 MOXKYTh TTOXOUTH
SK 3 HATypHHX CIIOCTEPEXKEHb, TaK 1 3 IH-
CTaHIIIHOTO 30HIyBaHHs. Jlayi 3acTOCOBYETHCS
METOJ ICKOMITO3HITi1 (HAIPHKIIA]], XBIJIBOBE 200
EMITIpUYHE MOJIOBE PO3KIIAIaHHS) I BUOKPEM-
JICHHS TPEH/IOBHX 1 (MIIYKTYaI[ITHUX KOMIIOHEHT
YaCOBHX PAJIB, IO JO3BOJISIE 3MEHITUTH IITYM 1
HiABULINTH PO3AUIBHY 30aTHICTh curHaiy. Ot-
pUMaHi KOMIIOHEHTH TMOJAIOTHCA Ha BXIJ

QITOPUTMIB ~ MAaITMHHOTO  HAaBYaHHI  abo
Heliponaux Mepex (3okpema ANN, LSTM unu
CNN), sKi BUKOHYIOTh TIPOTHO3YBaHHS OKPEMO
JUTS KOXKHOI KoMIToHeHTH. Ha 3aBepragbHOMY
eTari 3IHCHIOEThCS PEKOHCTPYKIIS MPOTHO3Y
LOUISIXOM 00’€THAHHS PE3yJbTaTiB YaCTKOBHX
MOJIeTIell Y €OUHWA IHTErpOBaHWNA MPOTHO3
SIKOCTI  Bomu. Takuéi MeXaHi3M IO€HYE
AHATITUYHY TOYHICTH CTATHCTUYHHUX MOJEINCH
13 aJJaNTHBHICTIO Ta 3JaTHICTIO IO HETIHIHHOTO
HaBYaHHS METO[IB INTYyYHOTO IHTENIEKTY, IO
3a0e3mneuye MiABUIICHY HalidHICTH MPOTHO3IB
Y CKJIQJTHUX TiIPOEKOJIOTIYHIX CHCTEMaX.

I'iépuani Mozemni MPOrHO3yBaHHS SKOCTI
BOJIM TIOEAHYIOTH TepeBaru (i3MKo-Tiapo-
JIOTIYHHX Ta IHTEIEKTYyaIbHUX IMiIXOIB, 1110 3a-
Oe3mnedye MiIBUIIEHY TOYHICTh 1 HAIHHICTB pe-
3yibTariB. Hampuxman, y — mocnimkeHHi
ARIMA-MLP—Grasshopper hybrid wmonens
IoKasaja 3HA4YHO Kpaml pe3ylbTaTH, HiK
okpemi ARIMA a6o MLP. [19].

Kpim Toro, riOpuaHi mixo1u 1eMOHCTPY-
IOTh THYYKICTh y 3aCTOCYBaHHI — BOHH e(eK-
THBHI SIK JiJIS KOPOTKOCTPOKOBOTO IPOTHO-
3yBaHHsI KOHIICHTpALii 3a0py/IHIOBaYiB (3aBISKA
ML—xoMIioHeHTaMm), TaK i JijIst CepeIHbO— UM JIOB-
TOCTPOKOBOIO CLIEHAPHOTO aHANI3Y 3 ypaxyBaH-
HSIM KJTIMATHYHUX 200 aHTPOTIOI€HHUX BILTHBIB.
JloaTkoBOIO MepeBaroro € MOXKIHBICTb POOOTH 3
OOMEXEHUMU UM HEMIOBHUMH JaHUMH, KOJIH MTPO-
necHa Mojielb (hopMye 0a30BHil POTHO3, & MO-
NyJlb MAITMHHOTO HAaBYaHHS YTOUHIOE HOTO Ha
OCHOBI JIOCTYITHHX CIIOCTEPEKEHb.

BoiHOUac BUKOPUCTAHHS TOPUIHUX CH-
CTEM CYMPOBOKYETHCS HU3KOK CYTTEBHX 00-
MexkeHb. OCHOBHUMH HEJOJIKaMH € TXHS BH-
COKa CKJIaJTHICTh, PECypPCOEMHICTH Ta MOTpeda y
BEITMKOMY 00CS3i SIKICHUX JaHUX JUIS HAaBYaHHS
i KanmiopyBaHHs. [HTEerparis pi3HUX MiAXOIIB y
MeXaxX OJIHi€i MOJeNi YCKIAIHIOE IPOIecC
HaJIAIITYBaHHS ¥ iHTepHpeTalii pe3yJbTariB,
aJDKe BaXXKKO OJIHO3HAYHO BH3HAYMTH BHECOK
KO)KHOTO KOMITOHEHTa Y KIHIIEBUI MPOTHO3.
Kpim Toro, Taki Mozieni 4acTto IEMOHCTPYIOTh
0o0MeXeHy MEePEeHOCUMICTh — pe3yJbTaTH, OT-
pUMaHi JUIsi OJHOTO PIYKOBOTO OaceiHy 4
perioHy, He 3aBXIX MOXHa Oe3mocepenHbo
aJanTyBaTH O IHIIMX YMOB 0€3 MOBTOPHOI
KasiopyBaHHs ab0 pexoHdiryparrii.

Pezynomamu docnidricennsn

Ha cporogni B YkpaiHi 3acTocyBaHHS
METO/IIB IPOrHO3yBaHH SKOCTI BOJI IIepeOyBae

Ha eTari MOCTYyIOBOI'0 PO3BUTKY Ta iHTerpaii 3
€BPONCHCHKIMU  NPAKTUKAMH  YIPaBIiHHA
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BOJIHAMH pecypcamu. AHAJI3 iCHYIOUHX Tia-
XOJIB CBIJUUTH MIPO CYTTEBY PI3HULIIO MiXK TEO-
PETUYHUM TIOTCHIIANOM CYYacHHX MOJIeTeH Ta
peaTbHIMHU MOITUBOCTSMH X BUKOPUCTAHHS Y
HAI[IOHAJIBHIM CUCTEMI MOHITOPHHTY, IO 3yMO-
BJICHO SIK TEXHOJIOTIYHUMH, TaK i IHCTUTYIIIN-
HUMH 00OMEKEHHSIMH.

3aamns aHai3y MOXKIMBOCTI IMITTIEMEHTa-
Lii Cy4acHHMX METOJiB MPOTHO3YBAaHHS SIKOCTI
BOJ B YMOBax YKpaiHH CTBOPEHO y3araJbHEHY
Tabnuio (Tabdi. 2), B sAKil BKa3zaHi HAHIOIIK-
PEHIII cyyacHi METOAH, iX HEAONIKH Ta Iepe-
Bard, a TaKOX Ha SKUH MPOTHO3HUM mepiof ix
MO’KHa BUKOPUCTOBYBAaTH.

Taéauna 2

Y3aranpHeHa Ta0JuLs HANOIIMPEHIINX Cy4YacCHUX MeTO/iB NPOrHO3YBAHHS SIKOCTi BOM

Table 2

Generalized Table of Modern Water Quality Prediction Methods

Merto, Iepio .
A pioa IlepeBarn Hepnoaiku
TPOTHO3YBaHHS MPOTHO3Y
Bucoka TouHicTh TpU 1OCTaTHB- .
. . . . Bumarae BeMKOT0 MacuBy SIKICHUX
IITy4Huii 1HTENEKT, oMy 00cCsI31 TaHUX; 31aTHICTh
Kopotko- . JIaHUX; 00MEKEHE MOSICHEHHS
MAUIMHHE HABYAHKSA | - BPAXOBYBATH HEMHIlHI SR | 00 o o e o nanrami
(AI, ML) i HOCTI; MOXJIMBICTh OHJIalH- PO ’ 0
JI0 HIITHMX BOJIOWM.
OHOBJICHHSL.
OOMerkeHa po3IilbHa 3aTHICTS;
Merton Kopotko- Ta Benuke oxomnieHHs TEPUTOPI,; cHa posi A ’
.y X ., | 3aJeXHICTh BiJ] TOTOAHUX YMOB;
JUCTaHIIHHOTO CepeHbO- JOCTYTIHICTb IaHUX; IPUAATHAN . .
. o moTpiOHa KaniOpOBKa 3 MOJIEOBUMHA
3oxHyBaHHA (RS) | cTpokoBwmit JUTSL BAKKOJIOCTYTIHUX PETiOHIB.
JIAaHUMH.
[TigBuIeHa TOYHICTD; 31aTHI Bucoka ckimamHicTh peamizanmii Ta
BPaxOBYBAaTH SIK POCTOPOBI, TaK | KaiOpyBaHHS; BEJIMKE HABaHTa-
TiGpuai Moxeri Kopotxo-, 1 9acoBi 3aKOHOMIPHOCTI; JKCHHS Ha 00YHMCITIOBAIBHI PEeCypCH;
(Hylii)ri d Models) CepeHbO- Ta iIBUIIIEHA CTIUKICTH 10 notpeda B eKCIIEPTHOMY
JIOBIOCTPOKOBHI | HEIOBHHX a00 IIYMHHX JaHUX; | HAJNAIITYBAaHHI BCIX KOMIIOHEHTIB
MOXITMBICTh IHTErparii (craTucTryHa, (Hi3UKO-TiAPOJIOTIYHA,
3 KIIIMaTHYHUMH CLICHAPISIMH. MAaIlllMHHE HaBYaHH:)

MeToan MTYy4YHOTO IHTENEKTYy Ta Ma-
mmHHOoro HapuanHs (AI/ML) B Ykpaini HaOy-
BAIOTh BCE IIMPIIOTO 3aCTOCYBaHHS Yy cdepi
BOJIHOTO MOHITOPWHTY Ta MPOrHo3yBaHH: [20].
Ili MeTomum MaroOTh 3HAYHWHA MOTEHIal Yy
BOEHHUH Yac, OCKLIBKH HE MOTPEOYIOTh 0€3110-
CepeAHbOro AOCTYIY A0 BOAOMM 1 MOXYTh
NpaioBaTH Ha OCHOBI ICTOPHUYHHMX UM JHU-
craHiiiHuX naHux. OCHOBHHUM OOMEXEHHSIM
METOJIB IITYYHOI'O IHTEIEKTY € HasABHICTh
e(eKTy «4OpHOT CKPHHBKN, 110 YCKJIaTHIOE 1H-
TEpIIPETaIli0 Pe3yJbTaTiB 1 3HIKYE JIOBIPY 10
MPOTHO3IB.

CyuacHi miaXoau 3 BUKOPUCTAHHIM IO-
SICHIOBJILHOTO IITYYHOTO iHTENeKTy (XAl), 30-
kpema wmeroau SHAP (SHapley Additive
exPlanations) Ta LIME (Local Interpretable
Model-agnostic Explanations), cnpsimoBaHi Ha
MOJIONAaHHs i€l MPOOJIeMH NUIIXOM 3a0e3re-
YEeHHS TPO30POCTi y MPHUUHATTI PIllIeHb MO-
JEIUTIO.

B YkpaiHi HasiBHI JIMIIIe TTOOJUHOKI TIPU-

Kiaau  3actocyBaHHi XAl 'y  HaykoBHX

28

IochipKkeHHsIX [21], omHaK aHami3 TOCTYIMHHX
nyOJTiKaIiii He BUSBUB BUIIAJIKIB BUKOPUCTAHHS
SHAP a6o LIME y mnporHo3yBaHHi SIKOCTi
BOJIH.

MeTtomu  AMCTaHIIHOTO 30HAYBaHHS
3emmi (RS) nmemMoHCTpYIOTH BHCOKY edek-
TUBHICTh JUII KOHTPOJI) CTaHY MOBEPXHEBHX
BoA B YkpaiHi [22], ocobmuBO 3a BifCYTHOCTI
CTaOUIbHOI TOJILOBOT MEpEeXi CIIOCTEPEKEHb.
CynytaukoBi mnardopmu Sentinel, Landsat i
MODIS 103BOASAIOTE OTPUMYBATH NIPOCTOPOBO
y3ro/DKEHI JIaH1 PO CTaH BOJOWM, TeMIIepaTyp-
HUM pEeXUM, [BITIHHSA BOJIOPOCTEH Ta 3MiHU
IJIOMI BOJHOTO A3epkana. Bukopucranns RS e
HaWOUIBII peaNiCTUYHHUM ITiJ] Yac BifHU, KOJIA
Ha3eMHHI MOHITOPHHT 0OMexeHuit abo Hebe3-
MIEYHMI, TOJII SK Y MICISIBOEHHUH MepioJ| iXHE
MOE€THAHHS 3 HA3EMHUMH BUMIPIOBAHHSIMH 3a-
0e31eUnTh OCHOBY JIJIsl MOOYZIOBU CHCTEM CTa-
JIOTO MOHITOPHHT'Y Ta MPOTHO3Y SIKOCTI BOJIN Ha
pETioHaIbHOMY PiBHi.

I6puani Moaeni Hapasi nepedyBaoTh B
VYkpaimi Ha cramii eKcIepuMEHTaIbHUX
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nocimkens [22, 23]. Ixniit po3BuTox yckmaz-
HIOETHCSI OOMEXEHOK KUIBKICTIO BXIAHHUX Ja-
HUAX Ta HECTAOLTHHICTIO MOHITOPHHTOBHX MeE-
pex y BoeHHHH 4ac. IIpoTe y miciIsIBO€HHMH
nepiof TiOpHIHI CUCTEMHM MAKOTh 3HAYHUHN

MOTEHLIa, OCKIJIBKH TO3BOJISIOTH HiJBHIIUTH
TOYHICTh TNPOTHO3iB, BpaxyBaTW cleHapil
KIIMAaTHYHUX 1 aHTPONOTEHHUX 3MiH Ta 1HTe-
TpyBaTH pi3HI JKepena inpopmarii.

BucnoBku

AHati3 HayKOBHX MyOTiKaIliid 32 OCTaHHI
I’ SITh POKIB 3aCBiTYMB, 110 HAKOIIBII MOMIUPE-
HOIO TPYIIOK0 METOIB MPOTHO3YBAaHHS SIKOCTI
BOJIM 3aJTUIIAIOTHCA MTiIXO/IM, 3aCHOBAaHI Ha BH-
KOPUCTaHHI INTYYHOTO IHTENIEKTY Ta aJro-
PUTMIB MaIlTUHHOTO HABYAHHSI.

B ykpaiHCBKHMX HAYKOBUX JTOCTIIKSHHSX
MPOCTEXKYETHCS 3aCTOCYBAHHS METOJIB IITYY-
HOT'O IHTEJICKTY Ta MAlllMHHOTO HAaBUaHHSI, I1e-
PEBAKHO y CKJIali TIOPUIAHUX MOJIENICH, IO
MOETHYIOTh TEXHOJIOTI1 IUCTAHIIIIHOTO 30HTY-
BaHHS 13 TEXHOJIOTiSIMHA MAITUHHOTO HAaBYaHHSI.

Taki miAXOIUW JEMOHCTPYIOTH BHCOKY
aJanTHUB-HICTh 1 MPaKTHYHY €(EeKTHBHICTh B

YMOBaX BOEHHOTO Yacy, KOJW HpsIMHHA (Hi3ud-
HUH JOCTYII 0 BOJHUX 00’ €KTIB € 0OMEKCHUM
a00 HEMOXJIUBUM.

Ha mixxHapomHOMY piBHI aKTHBHO PO3BH-
Ba€ThCS  HANpSIM ~ 3aCTOCYBAaHHS  METOJIB
Explainable Artificial Intelligence (XAI) ans
MTO/IOJIAaHHS TIPOOJEMH “OPHOI CKPUHBKH Y
MPOTHO3HHUX MOJICNSX SKOCTi BOJIH.

B VYkpaini moniOHi iHCTpyMEHTH Hapasi
3aCTOCOBYIOTHCSl MEPEBAXXHO B arpapHUX J0-
CJTIJUKEHHSIX, TOJI SIK Iy OiKaIii, MPUCBIYEHIX
BUKOpHUCTaHHIO XAl y KOHTEKCTI IIPOTHO-
3yBaHHS SIKOCT1 BOJM, aBTOPOM HE BHUSBJICHO.

Konduaikr inTepeci

ABTOpPH 3asIBJISIFOTH, 1110 KOH(IIKTY iHTEpeciB 010 MyOuiKallii 1boro pykonucy Hemae. Kpim
TOT0, aBTOPH TMOBHICTIO JOTPUMYBAIUCH €THYHUX HOPM, BKIIIOYAIOUH IUIariat, Gpaabcudikallito JaHux
Ta TOJBIHHY MyOTiKaIlito.

Brecox asmopis: BCi aBTOPH 3p0OOMIIN PIBHUIN BHECOK Y 110 POOOTY

B po6oti 3anyueno inctpymenTy I a1 BUpIIIEHHS KOHKPETHOI TEXHIYHOI 3a1a4i: aBTOMaTH-
3allil MaKeTHOTO aHali3y TEKCTOBHX JaHuX y cepemouiii Google Sheets. 1111 BUKOpUCTAHO /TSl HAIH-
caHHs cKkiajgHoro 3amuty (1), 3MaTHOro0 0JTHOYACHO OOPOOJISITH MAacHB Ha3B Ta MiIPaxOBYBAaTH BXOI-
JKEHHS 32 HA0OPOM KJTFOYOBHX CJIiB. YCi aHAJIITUYHI €Ty JOC/IPKEHHS BUKOHAHI aBTOPaMH.
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MODERN GLOBAL TRENDS IN WATER QUALITY FORECASTING

Purpose. Generalization of modern scientific approaches to water quality forecasting, identification of
main development trends, assessment of advantages and disadvantages of the most common groups of methods,
as well as determination of possibilities of their effective application in the conditions of modern Ukraine.

Methods. An adapted systematic review approach according to the PRISMA methodology (Preferred Re-
porting Items for Systematic Reviews and Meta-Analysis), visual and comparative analyses were applied.

Results. Based on the analysis of modern scientific publications on water quality forecasting for 2020-
2025, forecasting approaches were classified by conditional groups of methods in order to identify trends in sci-
entific research. Using a spreadsheet editor, the frequency of use of keywords in the titles of publications was
calculated, and based on the calculation results, a chronological graph was constructed that reflects the dynamics
of the annual frequency of mention of keywords that correspond to different groups of forecasting methods. From
the analysis of this graph, the most common groups of methods were identified, with a clear positive trend in their
use in scientific publications. The advantages, limitations and prospects for the implementation of these most
common groups of methods in domestic practice were also assessed, in particular taking into account the current
conditions of full-scale war. The analysis allowed us to identify the most relevant and realistically applied ap-
proaches, and also pointed out potential difficulties. The use of XAI methods to overcome the “black box” problem
in water quality forecasting is being actively studied in the world. In Ukraine, XAl was used mainly in the agri-
cultural sector, while the author did not find any scientific studies using XAl to forecast water quality.

Conclusions. The most common group of water quality forecasting methods are methods related to the use
of artificial intelligence and machine learning. In Ukraine, there are studies using artificial intelligence and ma-
chine learning, mainly in the form of hybrid methods, most often combining remote sensing and machine learning.
These approaches demonstrate high efficiency in conditions of full-scale war, when physical access to a water
body is limited or impossible

KEYWORDS: water quality assessment, water quality forecasting, artificial intelligence, machine learn-
ing, prediction models
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EKOJIOTTYHI CTAHJIAPTH IKOCTI IMTHUX TA IIOBEPXHEBUX BO/]
B YKPAIHI TA B ITOJIBIII

Meta. AHaii3 HOPMAaTHBHO-TIPaBOBOI 0a3u, OIIHKH SKICHUX Ta KUIbKICHMX NMOKa3HUKIB IMUTHOI BOIH Ta
MOBEPXHEBUX BoA B YkpaiHi Ta [Tompmii.

MeTtoau. [TopiBHIIEHO-TIPaBOBHIA METOA, CHCTEMHUH aHAaJI3 I y3araJlbHCHHS Pe3yJIbTaTiB Ta METO aHa-
JIOTiH

Pe3yabTaTn. Ha mifcTaBi mopiBHSHHS peaIbHUX HOPMATHBIB 1 IMiIXOIB 10 MOHITOPHHTY B 000X KpaiHax,
IPYHTYIOUHCH HE JIMILE Ha TEOPETUYHUX JDKEepeliax, a i Ha MIPaKTUYHOMY MOPIBHSHHI HIM(PPOBHUX MOKA3HUKIB BH-
3HAYEHO JUIS IIMTHHUX BOJI KpalH: HOPMAaTHBHI BUMOTH 32 OPraHOJICNITUYHUMU ITOKa3HUKAMU BiJIPI3HAIOTHCS OMY-
CTHMHMMH MEXaMH IHTEHCUBHOCTI IIUX XapaKTEPUCTUK Ta METOJANYHUMH MiAX0JAaMH 10 1X Bu3HaueHHs; B [lomnbri
NUTaHHs OakTepionoriyHoi Oe3rmeku BOAM OiIbLI CTaHAAPTU30BAaHE, HOPMH SIKOCTI MUTHOI BOIM B YKpaiHi i
[Monbii ayxe 6au3bki, ane [Tonpina y 6aratbox BUMAJKax BCTAHOBIIOE OLIBII KOPCTKI BUMOTH JI0 OKPEMHX HO-
Ka3HUKIB (0COOJIMBO 3aJTi3a, MapraHiito, aMoHio). J[iis opraHoienTHYHUX MOKAa3HUKIB SIKOCTI OBEPXHEBUX BOJ B
Ykpaini HopMH OUIBIIT KOHKPETHI Ta KiNbKiCHI. {71 )i3UKO-XiMIYHHX IMOKA3HUKIB SIKOCTI MOBEPXHEBUX BOJI BHUSB-
JISIFOTHCS 3HAYHI BIIMIHHOCTI.

BucnoBku: [Tonsmia noBHICTIO iHTErpyBaiia BuMorH upekTB €Bporieiicbkoro Coro3y y CBOE 3aKOHOAAB-
CTBO, TOJI SIK B YKpaiHi e nporiec mie TpuBae. HeoOXiTHUM € moaibia TapMOHi3allis YKPaiHCEKHX SKOJIOTIIHIX
CTaHJAPTIB 3 €BPOIEHCHKUMHI BUMOT'aMH, IO BiAMOBimae monokeHHIM CTparerii JepKaBHOT MOJITHKH YKpaiHu
Ta IJIIM CTaJIOTO PO3BUTKY.

KJITOYOBI CJOBA: exonozciunuii Hopmamus, cmanoapm aKocmi 600U, 2apMOHi3ayis 3aKoH00a8Cmad,
NUMHA 8004, NOBEPXHEB] 800U

Sk muryBarn: Puyak H. JI., €ppemona A. A. EkoioriuHi cTaHIapTH SKOCTI MUTHUX Ta MMOBEPXHEBUX BOJ B YKpa-
ini ta B [Tombimi. Bichux Xapkiecokoeo Hayionanvrozo yHisepcumeny imeni B. H. Kapasina. Cepis «Exonozisy. 2025.
Bumn. 33. C. 33-48. DOI: https://doi.org/10.26565/1992-4259-2025-33-03

In cites: Rychak, N. L. & Yefremova, A. A. (2025). Ecological quality standards for drinking and surface waters
in Ukraine and Poland. Visnyk of V.N. Karazin Kharkiv National University. Series Ecology, (33), 33-48.
https://doi.org/10.26565/1992-4259-2025-33-03 (in Ukrainian)

Bcmyn

SIkicTh NMUTHUX Ta TMOBEPXHEBUX BOJ € AHTPOTIOTCHHOTO HABAHTKEHHS Ta KIIiMaTH4-
OJTHUM 13 KJIFOYOBHX IMOKA3HUKIB €KOJOT1YHOT HUX 3MiH. Y IbOMY KOHTEKCTi €()eKTUBHICTb CH-
0e3meKHr, cTaHy BOJHUX SKOCHUCTEM 1 PIBHS 3a- CTEMHU €KOJIOTTYHUX CTaHIAAPTIB AKOCTI BOAM BH-
XUCTY 3/I0pOB'sl HacEICHHS. 3a0pyAHEHHS BOJI- 3HaYa€ MOXIIMBOCTI JIep’KaBU IIONO 3aro0i-
HUX PECYPCiB 3aIUIIAETHCS OHIEI0 3 HAMOLTBII raHHs Jerpanaiii BOAHUX 00’€KTIiB i 3a0e3re-
aKTyaJbHUX NPOOJEM EKOJOTIYHUX MPOodIIeM YEHHsI CTAJIOTO BOJIOKOPHCTYBaHHs. YKpaiHa Ta
Cy4acHOCTi, OCOOJMBO B YMOBaX 3pPOCTaHHS [TonbIia MaroTh OAIOHI TPUPOTHO-KITIMATHYHI
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YMOBH, TPAHCKOPJIOHHI PIYKOBI OaceWHH, CXOXi
TTIXO/IM JT0 BUKOPHCTaHHS BOMHHUX pecypciB. Bo-
JTHOYaC HOPMAaTHBHO-TIPABOBI CHCTEMH PETYIIIO-
BaHHS SIKOCTI TUTHHX Ta TOBEPXHEBUX BOJI PO3BH-
BAIOTHCSI y PI3HUX TMPAaBOBHUX 1 IHCTUTYIIIMHMX
YMOBaX.

IlopiBHSUTEHUIT aHATI3 SKOCTI BOTHHX pe-
cypciB B Ykpaini Ta [lonbii, 30kpeMa MHUTHHX,
MiI3eMHUX Ta MOBEPXHEBHX BOJ YKpaiHH i
ITomplii € BayKIMBUM U1 BUSABJIEHHS BIAMIHHOC-
Tel y Migxodax A0 HOPMYBaHHS OpPraHOJIENTHY-
HHX, QI3UKO-XIMIYHMX 1 OaKTEPOJIOTIYHHUX MOKa3-
HUKIB, a TAKOXK JIJIsI OLIIHKY €()EKTMBHOCTI YHHHUX
CHCTEM MOHITOPUHTY BOTHHX 00’ekTiB. Oco0-
TIMBY HAyKOBY 1 NMPAKTHUYHY I[IHHICTH CTaHOBUTH
3iCTaBJIeHHS TPAHUYHO JIOITyCTHMUX KOHIIEHTpA-
Ii¥ 3a0pyTHIOBAJIFHUX PEYOBHH Ha OCHOBI pealtb-
HUX HOPMAaTWBHHUX 3HA4Y€Hb, IO JO3BOJUTH 00-
IPYHTYBAaTH HAMpsSMHU TIOJAIBIIOTO BIOCKOHA-
JICHHSI BOZIOOXOPOHHOTO 3aKOHO/IABCTBA.

3 oMy Ha €BpOiHTErpamiiHuil Kype YK-
paiHM Ha HEOOXiAHICTh BUKOHAHHS IIOJIOKEHD
JepyKaBHHUX cTpareriid y cdepi ekomoriqnoi 6e3-
TMIEKU 1 CTAJIOT0 PO3BUTKY, aKTYaJIbHUM € KOMILIIE-
KCHE JIOCITJDKEHHSI €KOJIOTIYHHX CTaHAApPTIB HT-
HHX Ta MOBEPXHEBHX BOJl y MOPIBHSUIILHOMY acIie-
KTi 3 KpaiHamu €Bporeiicbkoro Corosdy. Taxwuii
MiJIXiJ Ja€ 3MOTy BU3HAYUTH TPIOPUTETHI Ha-
NpsIMU TAPMOHi3allii HalllOHATEHUX HOPMAaTHBIB 1
T IBUIIIEHHS €()EKTUBHOCTI YIIPABIIiHHS BOTHUMH
pecypcamu.

[TutanHs rapMoHizallii eKoIIOTIYHUX CTaH-
JIAPTIB MPSMO TTOB’SI3aHi 3 MiJISIMU CTAJIOTO PO3BH-
tky (LICP/SDGs). Ix He BujineHO OKpeMoro
LTI, alte € cKIaoBoro Kimbkox LICP, siki crocy-
FOThCSI €KOJIOTIYHOI TIOMIITHKH, CTaJIOTO0 PO3BUTKY
Ta MibxHaponaHoro nmaptHepersa (LICP 12, 17). 30-
kpema, [ICP 17 Bigirpae CHCTEMOYTBOPIOIOUY
POJIb, SIK OCHOBY MIXKHAPOJIHOI IMOJIITUYHOI Ta 1H-
CTUTYLIMHOT KoopAuHAIil y cdepi eKoIoridHOi
noiTuku [1].

[NopiBHrOr0YM 1M POBI MOKA3HUKU HOpMa-
THUBIB Ju1s1 moBepxHeBux Box y €C, CIIIA Ta Vk-
paiHi, BcTaHOBJIEHO, 110 HopMaruBH Box €C Ta
CIIA € 3nauno xopctkimmmu. lle crocyerbes
TaKUX IMOKA3HUKIB K XiMiYHE Ta OioorivyHe CIo-
JKUBAHHS KHMCHIO, BMICT 10H-aMOHIO, HITPaTIiB Ta
HiTpuTiB, (hocdariB, xyopuniB Ta cynbdaris. B
VYkpaiHi KOPCTKIIIMMHE TTOKA3HHUKH € IS MiHepa-
mizanii Ta Kynpymy [2].

BaxmBuM 3aMIaeThCsl MMOPIBHSAHHS Me-
TOJIOJIOTIUHMX IIIXO/IIB Ta aJITOPUTMIB BCTAaHOB-
JICHHS] HOPMATHUBIB XIMIYHUX PEYOBUH Yy MUTHHUX
Ta MOBEPXHEBHX BOJax [3]. ANTOPUTMH BCTaHOB-
JICHHS HOPMATHBIB SIKOCTi BOJ] ITbOMY CTaHIApTH
JUIS TIMTHUX BOJ[ TIEPCBAKHO OPIEHTOBAaHI Ha
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3axXHCT 3[I0OPOB’S JIFONWHH, TOMI SK HOPMAaTHBH
JUTS TIOBEPXHEBUX BOJ — Ha 30epekeHHs (hyHKITI-
OHAJTBHOT ITUTICHOCTI BOIHUX ekocucteM. Ilopis-
HUTPHAW aHalli3 TaKuX aJrOPUTMIB Ja€ 3MOTY
OIIIHUTH, SIK Pi3Hi ITiIXO0IU JO BarOMOCTI UX CKJIa-
JIOBHX BIUIMBAIOTh Ha KiHIIEBI HOPMATHBHI 3Ha-
YeHHs Ta BAMOTH JI0O MOHITOPHHTY.

HupexktuBa 2020/2184 €Bporieiicbkoro
[MapnamenTy ta Pamu dopmye cydacHy, pu3HK-
OpIEHTOBaHY CHCTEMY CTaHJIAPTIiB SKOCTi ITUTHOI
BOJIY, 110 0a3y€eThCsl HA HAYKOBOMY Miaxoi [4].
Pu3uK - opieHTOBaHUH MiAXiJ, SIK HOBA Mapau-
rMa, PO3IJISJIa€ BIPOBAKCHHS OI[IHIOBAHHS PH-
3MKIB Ha BCIiX PIBHSAX CHCTEMH BOJOIIOCTaYaHHS,
JIe HOPMH SIKOCTiI MalOTh HE JIMIIIE YHCJIOBI Tpa-
HUYHI 3HAYCHHSI, ajie ¥ mporemxypHi BUMOTH 10
VOpPaBIiHHS SAKICTIO BOIW — BII JDKEpena -0
KpaHa CrokuBaya. Tako BCTAHOBIICHI BUMOTH
JI0 MaTepialiB, IO KOHTAKTYIOTh i3 ITUTHOIO BO-
JI0I0, 116 Ba)KJIMBa YaCTHHA KOHTPOIO SKOCTI,
sIKa TIOCHITIOE 3aXKCT CIIOXKKBava. Bu3HaueHO,
0 TIPOBEICHHS ITyOJIYHOTO MOHITOPHHTY Ta
000B’SI3KOBOr0  1H(OPMYBaHHS HaCCJICHHS
CHPUSIOTh 3POCTAHHIO JIOBIPH CIIOYKUBAYa, IO
HaJI3BUYAHO BAXKJIMBO B YMOBaX CY4acHHX KO-
JIOTIYHHX BHKJIHKIB.

Hupextura 2000/60/€C, Boxgna PamkoBa
HupextuBa (BP/I) BcTaHOBNIOE CHCTEMHI TIPHH-
UK BOAHOI momituku €C, 1110 BKIIIOYAOTh 1HTE-
TpOBaHE YIIPaBJIiHHS BOJAHUMH pecypcaMu Ha 6a3i
OaceliHiB PIYOK i TOCATHEHHS «I00pOro CTaHY»
yCiX BOIHUX 00’€EKTIB, a HE JIMIIIC BCTAHOBIICHHS
3a6ipaux I'JIK [5]. ¥V mopiBHsHHI 3 TpaauIiiii-
HUMH HalllOHAJIBHUMH CTaH/IAPTaMH, SIKi 4acTo
3ocepemkeni Ha ['JIK, BPJI mependavae iHTerpo-
BaHWii, aJIalTUBHUIA Ta EKOCUCTEMHO-OPIEHTOBA-
HUW MiAXI 10 YOpaBiHHA sKicTi0 Bomu. [lo-
nbla, Sk wieH €C immiemenye BPJI uepes Hattio-
HaJIbHE 3aKOHOJ]ABCTBO, IO O3HAYAE iHTETPAIIII0
BUMOT JIO TOBEPXHEBUX BOJ| Y IUIAHYBaHHI Ta
yIpaBiiHHi piukoBumu Oaceitnamu. BP/] po3ris-
Jla€ TPAHCKOPJIOHHUH KOHTEKCT, III0 CIIPUSE KO-
opauHamii MK KpaiHamu-wieHamu €C Ta
CyCimHIMU JiepkaBamu y OaceifHaX, IO MepeTH-
HAIOTh KOPAOHH. e BayKITMBO [y1s1 IHTErPOBAHOTO
VIIPaBITiHHS BOJHHMH PECypcaMH, OCOOJIHBO Y
IIPUKOPJIOHHKX perioHax Ykpaiau ta [loapmi.

[MutHa Ta TOBEepXHEBA BOJM € KPUTHYHO
Ba)XJIMBUMH pecypcaMu i 3a0e3neyeHHsl 3/10-
POB'sl HACEJICHHSI Ta CTaJIOr0 PO3BUTKY JIEPKaBH.
BingnosigHo 1o Ctparerii gepkaBHOi €KOIOTT9HOT
nomitukd Ykpaiau g0 2030 poky, omHUM i3
MPIOPUTETIB € 3a0e3MeueHHs Oe3MEYHUX 1 BHOKO-
SIKICHUX BOJTHUX PECYPCIB JUISl HACEJICHHS Ta €KO-
HOMIKH [6], 10 pOOWUTH MOPIBHSUTGHUN aHANTI3
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HAIllOHATPHAI Ta  €BIOMEWCHKUX  IMIXOJIB
Ha/I3BUYAHO BaXKIIMBUM.

Amnaniz pecypcie numuux i noeepxHesux
600. 3pocTaroue HaBaHTAKEHHS Ha BOJHI pecypcH
Ta IHTEHCHWBHE iX BUKOPUCTAaHHS MOXYThH Iiepe-
BHIITUTH MPUPOIHI MEXaHI3MH CaMOBITHOBJICHHS
E€KOCHCTEMH. Y HaliOHAIBHINA MOMITHIN YKpaiHH
OIITHMi3allis BOZOKOPHUCTYBaHHs HaOysa cTpare-
TIYHOTO 3HAUCHHS, & BOJIHI PECYpCH CTalld KPH-
TUYHO BAXJIMBOI CKIIQJOBOIO HAIliOHAIBHOT
Oe3riexy. 3araibHi BiJTHOBIIOBaHI BOJHI peCypcH
Vkpainu cTaHoBiATh 175,3 kM Ha piK, 3 SKUX
97% (hopMyeThes 3a PaxyHOK MOBEPXHEBOIO Pi-
YKOBOT'O CTOKY 1 jtmtiie 3% (5 km®) 32 paXyHOK I10-
[IOBHEHHS IMA3€MHUX BOI. 3TiAHO 3 IHIEKCOM
JIOCTYITHOCTI BOIHUX pecypciB, YKpaiHa Ma€ He-
JIOCTaTHRO BOJHHUX PECYpPCIB ISl PO3BUTKY
(menmre 1700 m® Ha aymry HaceneHHs). Y cepe-
HbOMY Ha OIHOro MewkaHus Ykpainu y 2020
pomi mpumagano 1280 M* pidHOTO MicCIIEBOTO
ctoky, y [lombimi — 5500 M ipu cepetHpOMY T10-
Ka3HUKY JUIS BCIX €BpOIechKkux Kpaid — 3040 m?
[7]. 3a pesynbraraMu MOJIETIOBAHHS CTOKY BOJU
B OCHOBHHX PIYKOBHX OaceifHax YkpaiHu BcTa-
HOBJICHO, IO 3a «moMipHUM» crueHapiem (RCP
2.6) BiOyIETHCS 3MEHIICHHS PIYKOBOTO CTOKY
Jo cepeannu Ta kinig 21 cromitrs. [Ipu «3BU-
yaiiHoMy BejieHH1 013Hecy» (RCP 8.5), piukoBwii
CTIK 3MEHIINTHECS CHILHIIIE, 1 3 IABUIICHHSIM
TEMIIepaTypy Ta 3MEHIIIEHHSIM KiJIbKOCTI OITa/IiB
1le TpU3BeZe JI0 MOMITHOTO 3HIDKEHHS BO/IO3a-
OesrevyeHoCcTi B TIBJACHHIH YacTWHI YKpaiHH.
Taka cutyalliss CTBOPHUTH JONATKOBE HaBaHTa-
JKEHHS JIJISL B TIEPITY Yepry JUIS CLTLCHKOTO TOC-
TIOAIAPCTBA 1 /ISl HACeJIeHHS B IioMy [7].

€Bpora Mae HU3BbKY BO/I03a0€3IIEUeHICTh
BHACJTIJIOK 3MIHU KJTIIMaTy, 301JIbIIICHHS KITBKOCTI
Ta MIUILHOCTI HACEJICHHS Ta BPaXOBYIOUH Ieorpa-
(biuHi 0COOMHMBOCTI PO3TAIIYBaHHS TEPUTOPIi J0-
ciijpkeHHs. B 30HI BOJHOI Bpas3iMBOCTI 3HAXO-
natbest Ykpaina ta [losbina [8]. Boawi pecypcu
HaWOLTBIIOT piuky B YKpaiHi, p. JIHIIpO, cCTaHOB-
ss1th 10 80 % 3arajbHOrO CTOKY PIYKOBHX BOJ
kpainu. Lle pobuts [[Hinpo crpareriyHo BaxKIu-
BUM BOJHUM 00’ €KTOM JIJIsl BOZ03a0e3IIeUeHHS Ta
PO3BUTKY rinpoeHepreTuku kpainu. Piuka Cisep-
cokuii [JloHenp, piuku OaceitHiB YopHoro Ta
A3OBCBKOTO MOpPIB € OCHOBHUM JPKEPEIIOM BOIH
JUISL CXiJTHOI Ta TIBICHHOI YaCTHHU YKpaiHu, e
BOJIHI pecypcH € 00MEXEHHUM, a YaCTKA Y BUKOPH-
CTaHHi BOJ € BKpail BHCOKOIO [2]. 3araiiom, cepe-
JIHIH OararopiuyHui 00CST MiCIIEBOTO CTOKY CKJIa-
nac 2,4 kv, a cepeHili 6araTopiuamii 06’eM Tpa-
H3UTHOTO COKy ckiamae 160,7 xm’. Ockinbkw,
TpamsuTHH cTik (160,7 kM°) y Garato pasis me-
PEBHIIyE MICIICBHMA CTIK, SKICTb BOIH VY
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TIPUKOPIOHHNX pIYKax 3aJIeKATh HE JIMIIE Bif
BHYTPIIITHIX 3aXO/IiB, aJIe i Bi/I €KOJIOTIYHOI TOTi-
THUKH CycCimHixX aeprkaB. llompmma xapakrepusy-
€TBCS BITHOCHO HU3BKUM pIBHEM BOJIO 3abe3Ire-
YeHHS: Ha | KM? TepUTOpii cepeHil piBeHb BOI-
HUX pecypciB cTaHoBuTh 5,0 11/c, mo Habararo
MEHIIIC Bil CEpemHBOrO IMOKa3HWKAa 10 €Bpori
(9,5 n/c na 1 km?) [9].

Bynp-sixe 3a0pytHeHHS, 3MiHa PEKUMY KO-
puctyBaHHsi Ha Teputopii [lompmi um Ykpaini
Oy1ie 3pa3y BIAYYTHHUM IS CYCiJHIX aepxas. [a-
PMOHI3aIliSl SKOJIOTIYHUX CTAHAAPTIB JIO3BOJISE
3aCTOCOBYBATH €JIMHI KpUTEpil Al TPAaHUYHHUX
KOHIICHTpAIIiH 3a0pyIHIOIOYNX PEUYOBHH, EKOJIO-
TIYHOTO CTaHy pidoK. BUKOHAHHS Mi>KHApOTHUX
3000B’s13aHb YKpaiHH, M0 PyXa€ThCs B €BPOTICH-
CBHKHI €KOJIOTIYHUH mpocTip, a [lomkina € wienom
€C, 3abe3nedye BiANOBITHICTH PaMKoBiil BoHIMH
mupektuBi €C [4], cpusie CriibHIM BOIOrOCIIO-
JIapChKUM IUTaHaM. Benmka gacTka TpaH3uTHOTO
CTOKY poOuTh BOMHI pecypcH Ykpainu i [lombrmi
(baKTUYHO CHIIBHUM EKOCHCTEMHUM KOMILICK-
coMm. ToMy rapMoHizalisi €KOJOTIYHUX CTaHIAp-
TIB — II¢ HE JIUIIIE MOJTITHYHA Y1 FOPHIMYHA HE00-
XiJJHICTB, & KPUTHYHA YMOBa 30epeKeHHs IKOCTI
BOJI, €KOJIOTiYHOI OE3MEKH Ta CTaJIor0 PO3BUTKY
NPUKOPJIOHHUX PETI10HIB.

Exonoeiunuti cman 600 6 Yxpaini. Y 2022
P. y TIOBEpXHERBI BOHI 00 €KTH YKpaiHU CKUHYTO
2 979,474 mun. M* ciunux Boj. 3a0pyaHeHi Boau
cxmanaote 12,55 %, HOpMAaTWBHO-OUYMINEHI —
354 % Ta HOPMAaTMBHO-4MCTI O€3 OYMCTKU —
52,04%. 3i ctiuanMHU Boamu OyJ10 CKHHYTO 3aBH-
CIIMX peYoBUH Om3bko 16,12 THC. T, HadTompo-
IYKTiB OJTU3bK0 158,7 T, a30TOBMICTHHX PEYOBHH
Omm3pKo 42 tHE. T [10].

Ha repuropii Yipainu BusiBiiu nmoxas 200
JISUTHOK 13 XPOHIYHMM 3a0pyIHHHSIM MiA3eMHHX
BOJI, IIJ0 TIPU3BEIIO JI0 BUBEJICHHS 3 eKcIuTyaraii 10
BO/103200piB 13 CyMapHUM PiYHUM OOCSATOM TIO-
nadi 6;m36Ko 80 mmn.M [11]. Y cuctemi nutHOTO
BOJIOINIOCTAYaHHs KpaiHU MPOBIAHY POJIb Bifirpa-
I0Th TIOBEPXHEBI BOIHI O00€KTH. 30Kpema, Ipu-
omm3HO 60% HaceneHHs 3a0e31eYyETHCS BOJIOKO 3
Oacceriny [ninpa, me O0mm3pko 15% - 3 iHIMX
pidok i BomocxoBwul. [Tin3eMHi Boau SIK OCHOBHE
IDKEpENo BHUKOPHCTOBYE OJIM3BKO YBEPTI YCHOTO
HaceNleHHs YKpaiHW, 30eOUIBLIOr0 y CUIbChKii
MicueBocti. BomHouac 3HauHa yacTHHa Hace-
neHss (Maibke 70%) crioxuBae BOLy 3 HELEH-
TPaJIi30BaHUX CHCTEM BoAomnoctadaHHs. LleH-
Tpai30BaHi BOIOMPOBIIHI MEPEXi OXOIUTIOIOTH
que 42,5% MICBKOTO Ta ClITbCHKOTO HACEJIeHHS,
TOJII SIK THIII CIIO’KHBAYl OTPUMYFOTh ITUTHY BOIY
3 IBTEPHATUBHUX MiI3eMHHX JDKEpeN, 30KpeMa
CBEPIJIOBUH 1 KaNTaXHUX Kojtomsi3i [10].


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/groundwater-recharge
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/groundwater-recharge
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Cumyayisa 3 AKicmi0O B00HUX pecypcié 8
Tonvwi. 3a indopmartiero [onoBHOT iHCTIEKITIT
oxopoHo noBkimts [lompmi, mume 6mmspko 10%
pIYKOBHX BOAHHUX OO €KTIB XapaKTepH3YIOThCA
Jo0puM abo Ty>ke T0OpPUM EKOJIOTiHHAM CTaHOM.
IlepeBakHa KiMBKICTH pidOK mepedyBae y 3a10-
BUIBHOMY cTaHi — npubin3Ho 60 %, Toxi sk 1me
30 % OLIHIOIOTHECA SIK TaKi, 1[0 MAIOTh HOTaHUI
a00 BKpall HE3aJIOBUIbHUN PIiBEHb CKOJOTIYHOI
skocri [12, 13].

[Nompiia 3aranom 3a0e3neyeHa BOTHUMH
pecypcaMu Ha PiBHI, TUITOBOMY JUIsI CBOET KJTiMa-
THUYHOI 30HH, OIHAK KJIIOYOBOIO MPOOIEMOI0 3a-
JIMIIAETHCS. HA3bKA SIKICTh BOJ. 3HA4YHA YacTHHA
PidOK, 03epi MprUOepeKHNX aKBATOPii XapaKTepH-
3Y€ThCS HE33I0BUTHHAM €KOJIOTIYHUM 1 XiMITHIM
craroMm [12].

OCHOBHOIO  NIPUYMHOIO  MOTiPIICHHS
SKOCTI BOIHUX PECYPCIB € HAUIUIIIKOBE HAIXO-
JKeHHS1 OIOTeHHHX E€JIEMEHTIB, CIONYK a30Ty Ta
¢docdopy, MO TPU3BOAUTE O PO3BUTKY €B-
Tpodikamiitanx mporneciB. HaifrocTpime i
SIBUIIA TIPOSIBIISIIOTHCS Y CAOKOMPOTOYHUX 1 3a-
MKHEHHUX CHCTEeMax, Takux sk Masypchki o3epa,
a TaKoX y NpuOepekHid yacTuHI banTtiichKkoro
Mops. HakonmyeHHs 3a0pyTHIOIOUYHX PEYOBHH Y
X aKBaTOPIsIX CIPHYMHSE MTOPYLICHHS IPUPO-
JTHUX O10JIOTTYHMX MEXaHi3MiB, CKOPDOUCHHS BU-
JIOBOTO PiI3HOMAHITTS Ta )OPMYBAHHS 30H TiITOK-
cii. Tak, y 2019 pomi noHas monoBUHY pekpea-
MiHHUX OUSTHOK banTtifichkoro y30epexoks Oyno
TUMYacOBO 3aKPUTO Yepe3 MAacOBHH PO3BHTOK
mianoOakrepii [13].

T'onoBHMME mKepenamy 3a0pyIHEHHS BOA
y Ilonpmii € mpoMHCIIOBI Ta MiChKi CTiYHI BOIH,
TPAHCIIOPT, CLITLCHKE TOCTIOAAPCTBO Ta Pi3HOMaHi-
THI Bigxomu. OcoONMBO Ii€ MOMITHO Ha ITBAHI
KpaiHu, Jie BHUAKI TIPChKi PIYKM TiJ] Yac MaBoj-
KiB TIEPEHOCSTh HEUHCTOTH,, 3aJMIIKUA JOOPUB,
CMITT#, sIKi MOTpamsioTh y Bicoy Ta Opnep, a
3BiaT — y banridickke Mope. Hacminkamu €
eBTpodiKallisi, MACOBE IIBITIHHS IIiaHOOAKTEPIH Ta
TUISDKaX Ta 3a0pyAHEHHS TYPUCTUYHUX 30H. 3ar1o-
OirTH IbOMY MOXKHA, B TIEPIITY YEpry, ILIIXOM KO-
HTPOJIIO KOPUCTYBauiB BOIHUX pecypcis [12].

Boooxopucmysanns 3a cexmopamu. Y
2022 p. B VkpaiHi 3xilicaeHo 3a0ip 4883,4 miH. M*
BOIY, 1110 Ha 3 973,1 MIIH. M MEHIIIE OPIBHAHO 3
2021 p. 3 wi€l KiABKOCTI (PaKTUYHO BUKOPHCTAHO
ommseko 1 223,1 M BOIH, 110 CTAHOBHUTH IPUOITH-
3HO 31% . Haii3HauHinly yacTKy CHIO>KMBaHHS 3a-
Oesnevye TIPOMHUCIIOBICT, SIKA& BHUKOpPHCTAJa
2391,9 M. M Bonu I BUPOOHMYKX MOTPED.
ArpapHuii CeKTOp IOCIIae pyre Miciie 3a 00cs-
TOM cnokuBaHHS Boaw: y 2022 p. BHUKOPHUCTAHO
196,4 mitH. M® Boam, a00 01m3bK0 4% 3arajabHOro
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3a0opy [10]. OcHOBHI BUTpaTH MOBS3aHi i3 3poO-
MIEHHSM KYIBTYp y TIBOCHHHX Ta CXIJHUX
perioHax Ta BOIONOCTa4YaHHSIM U1 TBApHHHU-
LITBA | TEXHOJOTTYHMX MOTPed. JKUTIoBO-KOMyHa-
TpHA cepa 3abe3meuye BoIOro MoOyTOBI Ta caHi-
TapHi orpedn HacemeHHs. Y 2022 p. BUKOpHC-
taro 753,2 muH. M* Bomu (~ 15% B 3aramsHOTO
3a00py). 3a0ip BOIM 3a JpKepeslaMy HACTYITHUM:
npicha - 4 860,9 mun. M%; mimzemna — 786,54
MiIH.M>; MopebKa — 4,64 mun. M[10].

Y 2022 p. 3a6ip Boau y [lonbIi cTaHOBUB
9,4 xm® [13]. 3 apyroi nonosuan XX CT. 3poc-
TaHHsI MiCT, POMHCIIOBOCTI Ta 3MiHU Y 36MJICKO-
PUCTYBaHHI 3HA4YHO 3OUTBIIMIA CHOXKUBAHHS
BOJIM - 33 OCTaHHI 35 pOKiB il BUKOPHUCTAHHS 3p0-
cIo 1o 6 pazi [14]. Y 2022 p. 3a6ip Bomu 1 €KO-
HOMIKH Ta HaceNeHHsI 3pic mpuonu3Ho Ha 1% no-
piBasiHO 3 2021p. Sk i B YKpaini, HaWOLIBITY Yac-
TKY CIIOXKMBaHHS 3a0e3I1edyBaa MPOMHUCIIOBICTh
(72%), xomyHamsHH cexTop (19%, 3 sSKIX AOMO-
rocriofapcTBaMu Bukoprctanu 1,3 km*). OcHOBHE
JDKEpeJIo BOIOMOCTA4aHHS - IOBEPXHEBI BOIH
(7,6 xm?, ) Ta rpynToBi Bomu (1,8 xv®) [13, 15].

BpaxoByroun inTerpaniiini npomecu Ykpa-
{HH y €BpOTICHCHKII IPABOBUI MPOCTIp, aKTyalb-
HHM € 3aCTOCYBaHHSI TIOPI1BHSUTLHO-TIPABOBOTO Me-
TOMY JJIsl 3iCTaBJICHHS HAIllOHAILHUX EKOJIOTiY-
HHUX CTaHJIApTiB 3 HOpMaMH JepkaB-wieHiB €C.
Le 3yMoBIIIOE HEOOXITHICTD MOPIBHIIEHOTO aHa-
T3y CUCTEM CTaHAAPTIB SIKOCTi BOAM B YKpaiHi Ta
TTonem.

Merta nocipKeHHS 30iHCHATH TTOPiBHSLIIb-
HUI aHaJli3 CHCTEM EKOJIOTIUHOI CTaHmapTH3aIlii
SIKOCTI IMTHHUX 1 MOBEPXHEBUX BOJ B YKpaiHi i
[Monp1i nUIIXoM TOCIiIKEHHS YMHHOT HOpMaTH-
BHO-TIPABOBOI 0a3H, a TAKOXK OIIIHKH SIKICHUX 1 Ki-
JIBKICHUX [TOKA3HHUKIB BOIM 3 YPaXyBaHHSM IiICH
CTaJIOT0 PO3BUTKY, BUMOT €BPONEHCHKOTO BOA-
HOTO 3aKOHOJIABCTBA Ta MOJIokeHb CTparterii aep-
YKaBHOI €KOJIOTIYHOI TOJIITUKY YKPaTHH.

HaykoBa HOBH3HA JTOCHI/PKEHHS TIOJISITAE y
BUKOPHCTAaHHI KOMIUICKCHOTO — IOPiBHSUIBHOTO
AHAJTI3y CUCTEM EKOJIOTIYHOT CTaHIapTH3ALIIT SKO-
CTi NMTHUX Ta MOBEPXHEBUX BOH YKpaiHM 1
[ompmii 3 ypaxyBaHHSAM HOPMaTHBHO-TIPABOBHX
BUMOT TIOJIO’KeHb BoIHOI pamMKOBOi AWMpPEKTHUBH
€C, nineil crajnoro po3BUTKY Ta CTpaTeridyHUX
MPIOPUTETIB JEP/KABHOI EKOJIOTIYHOI MOJITHUKH
Vkpainu. BusiBneHo BiAMiHHOCTI y mimxomax 1o
HOPMYBaHHS SKICHMX 1 KUIBKICHUX IOKa3HHKIB
BOJIM, OOTPYHTOBAHO HAIPSIMH rapMOHi3aIlii HaIti-
OHAJILHOTO BOJIHOTO 3aKOHOJIABCTBA YKPATHH 3 €B-
PONEHCHKUMH CTaHAapTaMK Ha OCHOBI TMOJIBCh-
KOTO JIOCBIY.

IIpakTranHa 3HAYYIIICTE JOCTIHKEHHS T10-
JISTa€ 'y MOKITMBOCTI BUKOPUCTAHHS PE3YIIbTaTiB
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MOPIBHSUIFHOTO aHAI3y SIK METOAWYHY OCHOBY
JUTSL TIOANTBIINX JOCIIHKEHb Yy cepi rapMoHiza-
I1ii BOJHOTO 3aKOHOIABCTBA YKpAaiHW 3 3aKOHO-

nmaBctBoM €C, st hopMyBaHHS CTpaTerii yIpas-
JHHS BOJHUMH PECYpCaMH, TUTaHYBaHHS MPHUPO-
JIOOXOPOHHUX 3aXO/IiB.

MeToau F0CaiIKEHHS

OO0’ €KTOM IOCIIIKEHHS BHU3HAYEHO IIO-
Ka3HUKH SKOCTI BOJ Pi3HUX KaTeropii, Imo 3a-
CTOCOBYIOTHCSL Ha TepuTopii VYkpainm Ta
[onpmi. Tndopmariiiny 6a3y poOOTH CTaHOB-
JIATh YMHHI HOPMATHBHO-TIPABOBI aKTH W 3aKO-
HOJIaBUl TOKYMEHTH 000X KpaiH. Y Xomi Aocii-
JOKCHHS BUKOPUCTOBYBAJIMCA METOAU HOpiBHH-
JHHOTO aHaNi3y TPAHUYHO JOMYCTHUMHUX KOHIIE-
HTpaLild XiMIYHUX CIIOTYK, a TAKOK CUCTEeMHUN
IMAX1T 1 METOJT aHAJIOTIHA.

VY Xozi 1BOTO JOCTIKEHHS BUKOPUCTO-
BYBaBCS TOPIBHUTFHO-TIPABOBUIT METOI, SKHI
BBAKAETHCA OMHUM 13 HAWOLIBII pe3ynbTaTHB-
HHUX Hi[{ 4Jac BHUBYCHHA HOPMATHBHO-IIPABOBHUX
aKTiB y MeKax Pi3HUX MPAaBOBHX CHCTEM. 3MiCT
IIFOTO METOJY TOJISIrac B aHAaJIi31 Ta 3iCTaBICHHI
MPABOBUX SIBHIII i TPOIECIB, IPUTAMaHHUX Pi3-
HUM JA€pKaBaM, 3 MCTOIO BU3HAYCHHA CHiHBHI/IX
Ta BiIMiHHUX XapaKTEPUCTHK, & TAKOXK TTOHSTH 1
TEPMIiHIB, IO IX OKpecroroTh [17]. 3HauymIicTh

3a3Ha4YE€HOTO0 METOAY IMOJArae B HOTO 34aTHOCTI
MOETHYBATH TEOPETHYHHUIN aHaNi3 HOPMATHBHO-
MIPAaBOBUX MPHUITUCIB i3 iX MPaKTHIHIM 3aCTOCY-
BaHHAM y MeXaxX KOHKPETHOT HalliOHAILHOT Ipa-
BOBOI cucteMu. OcoOIMBO JOLIIBHUM LEH Mif-
X1 BHSBHBCS T Yac MOPIBHSIHHOTO JOCITi-
JOKEHHSI €KOJIOT1YHMX CTaHIAPTIB SKOCTI IMUTHOI
Ta MOBEPXHEBHUX BOJ, 10 (YHKIIOHYIOTh B YK-
paiai ta PecnyGmimi [lonmpmia. BuxopucranHs
I[LOTO METOAY JaJ0 3MOTY BHUSBUTH CIILJIBHI Ta
BiJIMiHHI PHCH Y TIPABOBOMY PETYITIOBaHHI SKOCTI
BOJIHUX PECYpCiB y 3a3HaYCHUX JIepiKaBax, a Ta-
KOX OIIIHUTH CTYIiHb HAONMKEHHS YKpaiHCh-
KOTO 3aKOHOJIABCTBA JI0 BUMOT 1 CTaHIapTiB €B-
porieiicbkoro Coro3y. Pearizariisi opiBHSIBHO-
MPaBOBOTO METOAY IPYHTyBanacsi Ha JIOTPH-
MaHHI MPUHIUIIB 00’ €KTUBHOCTI, CHCTEMHOCTI
Ta YiTKO BU3HAYECHUX KPUTEPiiB MOPIBHIHHS, IO
cpusio 3a0e3MeYeHAI0 HayKOBOI BHBaXKEHOCTI
OTPUMAaHUX PE3ybTATIB..

Pe3yabraTtu Ta 00roBopeHHst

TopisusnbHuil ananiz HOPMAMUGHUX 00-
KVYMEHMI8, W0 HOPMYIOMb AKICIb NUMHUX 800.
BaxxnuBoro CkI1a10BO0 3a0€3MeYeHHsI eKOJIOT14-
HOI O€3MeKH Ta OXOPOHH 3JI0POB'Sl HACEJIEHHS €
HasBHICTh YiTKO PErIaMEHTOBaHMX HOPMATHBIB
SKOCTI BOAM. 3 MOPIBHSUILHOTO aHaji3y 3aKOHO-
JTABYMX JIOKYMEHTIB, 1[0 PEIJIAMEHTYIOTh SIKICTh
MUTHOT BOJM Ta MOBEPXHEBHX BOJ B YKpaiHi Ta
[omnpmi 3anmpormoHOBaHO At OOTOBOPEHHS J1Ba
YKpaiHChKUX Ta TPH MOJIBCHKUX JTOKYMEHTH, 10
peraMeHTyIOTh AKicTh THTHOI Bomu. Ilopie-
HSHHS 371HCHIOBANIOCS 38 TAKUMH KPUTEPIAMH,
SK 00’ €KT PETYIIOBaHHS, TUITK BOAOTIOCTAYaHHs,
NPIOPUTETH KOHTPOJIO, crienugika aHaji3oBa-
HHX MOKa3HHKIB, 8 TAKOXK METOJM BHUSBJICHHS 3a-
OpynHeHs (Tadm. 1).

VYkpaincebki ctangapta, Taki sk ICaunlliH
2.2.4-171-10 [17] Ta ACTY 7525:2014 [18], Ta
HOPMaTUBHUI JOKyMeHT ['irieHidHi HOpMaTHBI
SIKOCTI BOAW BOIHMX OO'€KTIB I 3a10BOJIEHHS
MUTHHUX, MOOYTOBHX Ta IHIIMX IMOTped Hace-
neHust [19] akmeHTyOTh yBary Ha Tiri€HIYHHX
BUMOTaX Ta METOJIaX KOHTPOJIIO, OXOTUTIOIOUH SIK
LEHTPaNi30BaHi, TaKk 1 HELEHTPali30BaHi CHC-
TEeMHU BOJONIOCTa4aHHs. BoHuU cipsiMoBaHi Ha 3a-
nMoOiraHHsl 3aXBOPIOBAaHHAM Ta 3a0e3MCUCHHS
Oe3meku s 310pOB’sl HaceneHHs. ExomoriuHi
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HOPMAaTHBHU 3 SIKOCTI BOJIH, III0 BIIPOBAJIKEHI Y
[Mosbi, 30kpema PN-EN 15975-2:2013-12 [20]
ta PN-EN ISO 14189:2016-10 [21], 30cepe-
JDKeHI Ha YTIPaBIiHHSA PU3UKAMH Ta crenudiy-
HUX MeToax aHaiizy. i crangapTu BimoOpaka-
10Th iHTerpariro [lombIi 10 eBporneiichkoi cuc-
TEMH HOPMYBaHHsI, IO BKJIIOYAE MIKHAPOIHI
METOIU JOCHTIHKCHHs. TakuM YUHOM, YKpaiH-
CBKi JOKYMEHTH MAtOTh OLITBIII 3araibHUH T IXi]
JI0 SIKOCT1 BOJH, TO1 K MHOJBCHKI — CIIEIiaji30-
BaHi, 3 aKIIEHTOM Ha KOHKPETHI TEXHOJIOT1i Ta yII-
PAaBIiHHS KPU30BUMH CUTYALiSIMU.

3rigHo 1o JlepkaBHOrO MopTany pe3eps-
HO1 CaHiTapHO — eITieMiONIOTiYHOI CTaHIIT B Mi-
CcTi PsiinieBi, 1110 BXOAUTh A0 OQILiHHOTO MOPTaIy
ypsany Ilonbmii - Bozxa, MO YTBOPIOETHCA B pe-
3yNbTaTi aHTPOIIOTEHHOI TiSUTHOCTI HE MOBUHHA
Mary MKiIJIMBOTO BIUIMBY Ta HAJHOPMAaTUBHUX
3aJIMIIKIB, (3aJ1130, MapraHelb, XJIOpUIH, HiTpa-
THI PEYOBHMHH, HITPHUTH, 3BAKCHI PEUOBHHM),
OyTH MPO30POI0 Ta MaTH XapaKTePHUI Ta OCBi-
karounid cMmak. [IpoGmema Oesmekw Bomu B
[onpwi perymoersca MinictepctBoM OXOpoHH
3mopos’s Bix 7 rpynas 2017 poky (BicHuk 3ako-
HiB 2017, mo3utiist 2294) 11010 AKOCTI JiKapCh-
KHX 3aCc00iB, MPU3HAYCHUX JIJIsl CIOKUBAHHS
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Taoaunsa 1

Table 1

Onuc HaioHATbHUX HOPMATHBHUX JOKYMEHTIB 1010 IKOCTi MUTHUX BOJI
Description of national regulatory documents on drinking water quality
Kpaina Cranpapr Onmnc
Iirieniuni Bumorn no nuTHOI Boay. Bu3Hauae Gesneuni
JCanlliH 2.2.4-171-10 PpiBHI 3a0pyIHIOIOUNX PEUOBHH, 3aM00irae
. 3aXBOPIOBAHHSAM Ta MIATPUMYE 310POB'ST HACETICHHS
VYkpaina p ATDIMY - A1op — -
BcTaHOBIIOE BUMOTH 10 SIKOCTI MIUTHOI BOAW Ta METOIIB
JACTY 7525:2014 i1 koHTpO0. OXOIUTIOE SIK IIEHTPAJi30BaHe, TakK 1
HEIIEHTPaJIi30BaHE BOAOIOCTAYAHHS
HacranoBu o0 ynpasitiHHA KPU300 Ta PU3HKAMH.
PN-EN 15975-2:2013-12 3abe3medye ympaBIiHHS PU3UKAMH U MOKPAIICHHS
CHCTEMH BOJIOTIOCTaYaHHS
Busnawae wmerox kimbkicHOro anamizy Clostridium
IMonbma | PN-EN ISO 14189:2016-10 | perfringens y nuTHi# Boai MeMOpaHHOIO (ibTpali€lo.
3acTOCOBYETHCS 10 BOIU O€3 TBEPANX YaCTHHOK
OuiHIOE BIJHOCHY TNPOAYKTUBHICTH JBOX KUIbKICHUX
PN-EN ISO 17994:2014-04 | metoniB 1y BU3Ha4eHHS Mikpoopranismis 3a ISO/TR
13843

JIIOMUHOI, IMIUIeMeHTyoun Permament Pamu
€pporeiicekoro Corozy 2006/€C [22].CiBcTas-
JICHHS] HOPMAaTUBHUX BUMOT 3a OpPIraHOJICITHY-
HUMU TToKazHukamMu (Tabm. 2), 1o BCTaHOBIICHI
3aKOHOZABCTBOM Ykpainu Ta [lombuii amst nut-
HHX BOJ, NOKa3aJIM, 1[0 KPaiHU PErIaMEeHTYIOTh
OCHOBHI ITOKa3HUKH — TIPO30PiCTh, KO, 3arax,
CMakK, NPOTE BiJPI3HIIOTHCS OMYCTHUMHMHU Me-
JKaMH IHTEHCUBHOCTI IIMX XapaKTePUCTHK Ta Me-
TOAWYHUMHU TMiAX0JaMH JI0 IX BU3HAYEHHSL.

V 3akononasctsi [Tosbii BUMOru OuIbII
rapMOHi30BaHi 3 aupekTrBamu €C, Toi K yK-
palHChbKI HOPMH YaCTKOBO 30epiratoTh HalliOHa-
JIbHY cnenn(iky Ta JeTaJIbHIIIE PErIaMEHTYIOTh
OKpeMi TTapaMeTpH.

CrocoBHO 3amnaxy: rijHo 3 [17], iHTeHCHB-
HicTh 3anaxy nutHoi Boxu npu 20°C He moBHHHA
nepesuILyBaTu 2 6amu 1 Texx came npu 60°C. ¥
HOPMAarMBHOMY JIOKyMEHTi BPaxOBaHO OLIHKY
3amaxy «OpraHoJIeITHYHAM METoA0M». B OHOB-
JIeHnX 3MiHax [19] opraHojenTHYHI MOKa3HUKH
€ yactuHoo ['irieniunux Bumor. Y Tlombmii pe-
TYJIIOBaHHSI SIKOCTi BOIM BCTAHOBIIIOE BUMOTH JIO
MOKA3HHKIB 3aI1axy - MPUHHATHI JJ15 CII0KHMBaYa.
3aranom, B YkpaiHi mijxia Oinbin ¢popmaizosa-
HUIA: 3a11ax BUMIpPIOIOTh 32 T’ ITHOAJIBHOIO IITKa-
JIOIO 1 BCTAHOBJIIOIOTh MaKCUMallbHi JJOIYCTUMI
Oasu. B [Tosbiii BUMOTa MEHIII )KOPCTKA: OILIIHKA
3amaxy Mae OyTH «IPUHHSATHOIO JUIS CHOXH-
Bayay. ToMy «IOpIr Yy TIMBOCTI» B YKPaTHCHKUX
HOpMaruBax Moxe OyTH 00’ EKTUBHILLINM, TOJI 5K
MOJIBCBHKI CTaHIApTH OiNbIle IMOKJIAAAIOTHCS Ha
Cy0’€KTHBHE CIIPUHHATTSA CHOKWBA4a, 3 aKLEH-
TOM Ha MPUPOIHICTD 3araxy.
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lomo 3abapBieHOCTi: B YKpaiHi BCTaHO-
BIICHO YiTKy IU(POBY Mexy 3abapBieHOCTI (<
20 rpamyciB), MO € KOPCTKUM HOPMAaTuBOM. Y
[Mompmi migXiz € OUTBIT THYYKHM: 3aMiCTh KOHK-
PETHOTO TPAaHMYHOIO YKCJIa B OCTAHHIA HOPMI —
OapBa Mae «OyTH IPUHHATHOIO AJISI CIIOXKKBAYa),
110 J]a€ OUTBIIHN TPOCTIp IS CyO’ €KTUBHOI OITi-
HKH CIIOKHUBa4eM. PI3HUI MiAXOMIB MOXKE BlIO-
OpaskarH pi3Hi IPpiOpUTETH: B YKpaiHi — CTpOruid
KOHTPOITb XapakTepucTuku, B [lompmii Oinmbrire
yBary Ha CIIPUAHSTTS SIKOCTi BOJIM CTIO)KHBAYEM.

CTOCOBHO CMaKy Ta MPUCMAaKy YKPaiHChKi
HOPMATHBH € OUThII (hopMalTi3oBaHi: € JiTka Oa-
JoBa mikana (<2 6amm), o Jqae 00’ €KTUBHE 00-
MmesxeHHs. B [Tosbini mifxiz rHydKimmii: 3aMicTh
KOHKPETHOTO YHMCIIOBOTO TIOPOTY — akIeHT Ha
CHPUIHATTI criokuBada (cMak mae OyTH TpH-
WHATHUM 1 0e3 «HeNpaBWIBHHUX» CMaKOBUX
3MiH). Taka pi3HUIS BioOpakae pi3HE CTaB-
JIeHHsI HOpMaTHBHUX OpraHiB: YKpaiHa (okycy-
€TBCSI Ha KOHTPOJI (i3ionoriuHux (YyTIMBHX)
nokasHukiB, [lompima — Oinbiie Ha KomdopTi
CIIOXKMBaYa.

MikpoOionoriuHi MOKa3HUKH — MOKa3-
HUKH €MiJeMigHOl Oe3MeKH MUTHOI BOIH, Iiepe-
BUIIIEHHS SIKUX MOYKE TIPU3BECTH JI0 BAHUKHEHHSI
iHpekuiiax xBopoO y monuau. [lpu mocmi-
JOKEHHI MIKpOOIOJIOTIYHMX ITOKA3HUKIB BOIOII-
POBITHOI IUTHOI BOAM B 11 MpoOax BH3HAYAIOTH
Coliformes, Escherichia coli, Enterococcus spp.,
Pseudomonas  aeruginosa, Legionella [17]

(Tabm. 3).
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Taoauns 2
HopMmaTuBu 1J1s1 OpraHoJIeNnTHYHUX MOKA3ZHUKIB AKOCTi MUTHUX BO
Table 2
Standards for organolepticindicators of drinking water quality
Ykpaina [17, 18, 19] Moawma [24, 25]
No Omnmmnst Hopmarus s Onmmst Hopmarus
IMoxa3nuk . B/M . I B/
3/n BUMIpY . BUMIpY .
TMUTHOI BOIH TMIUTHOI BOTH
3amax:
1 npu t 20°C 6an <2 <2 Oan 0-5
npu t 60°C
rpagyc abo rpaxyc abo
2 3abapBieHICTh Mr Pt/n_ <20-35 mr Py _ 15
(1 rpamyc =1 (1 rpamyc =
mr Pt/m) 1 mr Pt/m)
Hedomo- Hedomo-
METpPUYHA <1.0-3.5 a6o METpPUYHA
3 KanamyTHICTh OIUHUIIS - <0 ’58 OJMHUIIS <1,0
(IHOK = = (1HOK =
0,58 mr/m) 0,58 mr/m)
Cmax 3a JI0NIOMOTO0
4 Oanu <2 - OpTraHiB 4yTTs
Ta IMPUCMAK
JIFOTUHH
I'pagycu 3a I'panycu 3a
5 KostipHicTs TUTATHHOBO- 1020 TUTaTHHOBO- 5.50
KOOAJIbTOBOIO KOOaJIbTOBOIO
HIKAJIO0 HIKAJIO0
Ta6auus 3
HopmatuBu st Mikpo0io1oriyHuX NOKAa3HMKIB SIKOCTI MMTHUX BOJ
Table 3
Standards for microbiological indicators of drinking water quality
Ykpaina [18] IToabima [23]
Ne MokasHmk OZ[I/IH.I/l].lﬂ HopMaT"nB IJIst OJII/IH.PIIH[ HopmaT"nB IS
3/m BUMIipy MHUTHOI BOAH BHMIpY MUTHOI BOTH
1 | Coliformes KYo/ BiJICYTHICTB KOE/100 BiJICYTHICTB
L 100 cm? acy MIT acy
2 | Escherichia coli KYO/100 cm? BiJICYTHICTB KOI\}::U/; 00 BiJICYTHICTB
3 | Enterococcus spp | KYO/100 cm? BIZICyTHICTh KOE{Q 00 BIJICyTHICTh
4 Pseud(.)monas KYO/100 cM3 | HE BU3HAYaeTHCA KOE/100 BiZICYTHICTh
Aeruginosa M
IIpU TeMIieparypi U TeMIieparypi
5 | Legionella KYO/100 cm3 20-60°C KO}EQOO 20-50°C
BiJICYTHICTB BiJICYTHICTB

[lepm 3a Bce, B 000X KpaiHax Aj1si TUTHOL
BOJI JIi€ OJIHAKOBA BUMOTA — IIOBHA BiJICYTHICTh
Coliformes Escherichia coli, Enterococcus spp.,
Pseudomonas aeruginosa, Legionella. CTOCOBHO
OJIMHHIIF BHUMIpPY: B YKpaiHi 3aCTOCOBYIOThH
KYO/100 cm?, y Honpmmi — KOE/100 mi1. Texni-
YHO 1I¢ oHaKoBi oguHUIi BuMipy. KYO = KOE,
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y HOpMarWBHUX JokyMeHTax [lombmii o0'em
BKa3aHWH y MUILTITpaxX, a B Ykpaini — y KyOid-
Hux cantumerpax (ame 100 em® = 100 mo). Bin-
MIHHOCTEH HEMaE.

B VYkpaini BMicT moka3HuK Pseudomonas
aeruginosa HE BU3HAYAETHCSA SK OOOB'SI3KOBHIA
JUIsT TMTHOI Boad (B TAOJHI 3a3HAueHO "HE
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Br3HadaeThes"), y Ilompmii wiTko mpommcana
BHMOTa PO HOTO BiACYTHICTH. Le cBiquuTh mpo
Te, mo B [lodpmm muTaHHSA OaKTepioNOTidHOT
Oe3reKkn BOmy OiIBIN CTaHAapTU30BaHE BiIHO-
CHO BKa3aHOTO MIiKpOOiOIOTIYHOTO IOKa3HUKA
Pseudomonas aeruginosa.

HocmimkenHst BMICTY Legionella Bifmmo-
BiZTHO JTO HOPMAaTHBHUX BIMOT B 000X KpaiHax Bi-
nOyBa€eTbCcs NP MEBHUX TOKAa3HHKaX TeMIlepa-
Typu Boau: nipH Temmeparypi Big 20 go 60°C (B
Yxpaini) ado Big 20 go 50°C (y lonbmri) mae 6yt
3abe3meueHa i BincyTHicTh. TyT € HeBenmMyKa piz-
HHIIS B TEMIIEPaTypPHOMY Jlialla3oHi, 1 BOHa € Baxk-
JIMBOKO, 0O JIEKITbKA TPaIyCiB MOXKYTh BIUTHHYTH
Ha PU3UKH PO3MHOXKEHHS OaKTepiid.

BaxnuBy poJib y BU3HAYCHHI SIKOCTI BOJTU
BiZIITpatoTh (i3UKO-XIMiUHI MOKa3HUKY - Tie Pi-
3WYHI YM XIMiYHI TTOKa3HUKH, [0 HOPMYIOThCS

3a 3arajbHO-CaHITAPHOIO YA OPTaHOJIETTTHIHOIO
o3Hakow IKimBocTi [17]. ®Dizuko-ximiuHi
TTOKa3HUKH ITUTHOI BOAM BiMOOpaKaroTh KiJIbKi-
CHUI CKJIaJl OCHOBHUX PEYOBHH 1 CIIONYK Y 3pa-
3Ky, Ta BU3HAYAIOTh 11 BIAMOBIIHICTH BCTAHOB-
JICHUM HOpMaM skocCTi. Came 11l mapameTpu J10-
3BOJISIFOTH OIIHUTH OE3MEeYHICTh BOIM IS CITO-
JKUBAHHSI JIFOJAMHOIO Ta MIATBEPAUTH ii MpUIaT-
HICTh JUIS BUKOPDHUCTAaHHS B TUTHHX IJISAX
(Tabm. 4).

ITopiBHSITEHU aHATI3 TOKA3HUKIB BOITHE-
BorO TIoKa3HuKa (pH) Bkazye Ha pi3HHIIIO y HOp-
MaTWBHUX Jiana3oHax: B CTaHIApTax YKpaiHi
HOpMa BapilOETLCS B MeXkax 6,5-8,5, a y cTaH/a-
prax Ilonemi ¢ikcoBane 3HaueHHst — 7. Takum
YMHOM, B YKpaiHi 32 HOpMaMH JI03BOJICHO IIHP-
mwid criektp pH Bomu. CTocOoBHO BMiCTY 3aimi3a,
Yy HOpMaTHBHUX JoKyMmeHTax [lombri Hopma

Taoauus 4
Hopmatueu ans (isuko-xXiMivHUX NOKA3HUKIB AKOCTI MUTHUX BOJ
Table 4
Standards for physical and chemical indicators of drinking water quality
Hopmarus 11 Bo1onpoBiaHoi
Ne MokasHmk OZ[I/IH‘l/l].lﬂ NUTHOI BOAM
3/m BUMIpY Ykpaina MHoabma
[17, 18, 19] [23, 24]
1 BojHeBuii moka3HUK pH 6,5-8,5 7
2 3ami30 3arajanHe MT/T1 <0,05-2,6 <0,5
3
3 3arajbHa JXOPCTKICTh MMOJTB/ 1M <70 0,6-5,0
abo mr/n

4 Maprasueib MT/T1 <0,05-0,5 <0,05

5 Xnopuau MU/ <250-300 <250

6 Hitpatn MT/1T <50 <50

7 Hitpuru MT/T1 <0,5 <0,5

8 AMoHniit MT/T1 <0,05-2,6 <0,5

9 dTopuau MT/T1 <1,5 <1,5

10 | Mumr'sx MrI/J <0,01 <0,01

11 Kammiit MI/J1 <0,001 <0,005

12 Migs Mr/n <1 <2

13 | Pryth ikt <0,0005 <0,001

14 | Xnopodopm M/ - <0,03

OitbIII JKOpCTKa — He Oubine 0,5 Mr/i, Tomi siK B
CTaHAapTax YKpaiHu JOIMyCTUMHI BMICT 3ai3a
Moxe csratd 2,6 mr/i. Lle Bkasye Ha OiibII xo-
PCTKi BUMOTH 10 SIKOCT1 BOIM NOJIBCHKHMH CTaH-
JapTamH.

[Ipn mOpiBHSIHHI NMOKA3HMKIB 3arajbHOI
JKOPCTKOCTI BOAM, BCTAHOBJIEHO, 10 HOPMAaTUB-
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HUMH JIOKYMCHTaMH  YKpaiHi JIOIyCKa€eThCs
Mexa — 10 7,0 mmonbe/nm® (abo, BIATIOBIHO, Y
MT/1T), a 32 €KOJIOT1YHIUMH HOPMATUBHUMH JIOKY-
MeHTamu y [lorbii, MOKa3HHUK KOPCTKOCTI BOAX
Ma€ 3HaxXoauTHCh B Mexax 0,6—5,0 MMOb/oM>.
To6to, mutHi Boau B [Tonbmi € "m'skmmmu". 3a
BMICTOM MapraHIfto, /s Box y [lombIi 3HOBY
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BCTaHOBITIOE cyBopimti HopMu — g0 0,05 mr/m,
ToAi SIK B YKpaiHi gomyctumo ao 0,5 mr/m. [omo
XJIOPU/IIB 1 HITPATiB — TYT HOPMH OHAKOBi: HE
oirpme 250 Mr/n s XmopuAiB i 50 Mr/m s Hi-
TpariB. Lle BKa3ye Ha CXO0XKICTh BUMOT 0 MTUTHUX
BOJ IIEHTPATi30BAaHOTO BOJOIOCTa4YaHHS JUIs
000x kpain. Hirputu Ta aMOHIi Tako)X MAarOTh
OIHAKOBi 200 MaiiKe OIHaKOBi AOMYCTUMi KOH-
HEeHTpalii y JBOX KpaiHax, Xoda Ui aMOHII0 Yy
Bonaax [lonbii BucTaBiaeHa Hik4da Mexxa — 110 0,5
MTI/J1, TO/Ii SIK B YKpaiHi 11e Moxke OyTH ax 70 2,6
mr/n. Hlono dropy, My’ siKy, KaaMito — HOpMU
MPAaKTUYHO OJTHAKOBI JJIs BOJ B 000X KpaiHax, 3
JTy’K€ He3HAYHUMHU BiIMiHHOCTSIMHU.

s pTyTi, BiIMOBITHO MO EKOJOTIYHUX
cragaptie 'y [lombimi, AOMyCKaeTscs BMICT
0,001 mr/m, a BiAMIOBIMHO A0 HOPMAaTUBHUX JIO-
KyMeHTiB Ykpaiau, Hopma — g0 0,0005 wmr/m.
To6T0, BUMOTH YKPaiHCHKUX CTaHIAPTIB, BiATIO-
BIJTHO JTO BMICTy PTYTi € )KOpCTKimumu. Bumorn

10710 BMICTY XJIOpOQOPMY — B HOPMATHBHHX JI0-
KyMeHTax YKpaiHi NOKa3HUK He BKa3aHWH, TOMI
SK y craaaprax [lombIii BCTaHOBIEHA MeXa —

He Ounbire 0,03 Mr/i.

[lincymoBytoun, HOPMH SIKOCTI THTHOI
Bomu B Ykpaini i [lompmmi myske Onm3bKi, ane
[Tompma y OararhOX BHITQAKAaX BCTAHOBIIIOE
OLUTBIIT YKOPCTKI BUMOTH JI0 OKPEMHUX TIOKA3HUKIB
(ocobnuBo 3aiiza, Mapraio, amoHiro). Lle cBi-
JUUTh, 10 0OW/BI KpaiHM NPUIUIAIOTH BEIHKY
yBary Oesmeni BoAy, aje 3 MEeBHUMH IMpiOpHUTe-

TaMH Ha OKpCMi CIICMCHTU.

Tlopiensanvruli ananiz HOpMamusHuUxX 0o-
KYMEHmi6, w0 HOPMYIOMb AKICMb NOGEPXHEGUX
600. IloBepxHEBI BOAN € KIFOYOBUM KOMIIOHEH-
TOM Tizipocdepr Ta OCHOBHUM JKEPETIOM BOJIO-
MOCTa4YaHHs, iX SKICTh PETYIIOETHCS CyBOPUMHU

HOpMaTuBHUMU BUMoramu. (Tabm. 5).

B VYkpaiHi sKiCTh TOBEpXHEBUX BOJ PETY-

JIFOETHCA HU3KOKO HOPMAaTUBHUX aKTiB, cepena

Tabmuns 5
Omnuc HanioHAJbLHUX HOPMATUBHUX JOKYMEHTIB I0/10 IKOCTi IOBEPXHEBUX BOJ
Table 5
Description of national regulatory documents on surface water quality
Kpaina Cranpapr Onuc
ITocranoBa KMY Ne465 (1999) JIOKyMEHT € OCHOBHMM HOPMaTHBHUM aKTOM Y cdepi
[IpaBmita 0XOpOHHM MOBEPXHEBUX KOHTPOJTIO SIKOCTI MOBEPXHEBUX BOA B YKpaiHi.
BOJI Bif 3a0pyaHeHHs 3BopoTHUMH | Beranormoe Hopmu ['JIK, knacudikye Bomoiimu 3a
BOJIaMHU CTyTeHeM 3a0pyIHEHHs, PETYIII0E CKUIN CTIYHUX BOJL,
3aXMIIAI0YH SKICTh TOBEPXHEBUX BOJ B YKpaiHi
Ipo 3atBepmkenHs [irieHiYHIX BcTaHOBIIIOE Tiri€HIYHI HOPMATHUBH SIKOCTI BOIH IS
HOPMAaTHBIB SIKOCTI BOJTH IS KyTIaHHS, 30KpeMa I'PaHUYHO JIONYCTHMI MiKpoOioso-
kynanss: Hakas; MO3 Vkpaiuu Bin | riuni nokaszuuku (E. coli, eHTepoKkoku), mpaBuiia Mo-
Yikpaina | (3.12.2024 Ne 2005 // basa nauux HITOPHHTY Ta KPUTEPIi OLIHKK CTaHy BOAU Y 30HAaX
«3aKOHOIaBCTBO YKpaiHu»/ BIIMOYMHKY Ha BIIKPUTUX BOIOWMAx
Bepxosna Paga Ykpainu
IIpo 3arBepmxenns ['irieHI9HUX HO- | 3aTBEpIXKY€E TiTi€HIYHI HOPMATHBH SKOCTI BOIH BOJ-
PMAaTHBIB SIKOCTi BOIU BOIHUX 00'e- | HHUX 00'€KTiB, [0 BUKOPHCTOBYIOTHCS ISl TUTHHX, TO-
KTIB JUIS 32JI0BOJICHHS ITUTHUX, TOC- | CIIOJapChKO-TIOOYTOBUX Ta IHIIMX MOTPEO HACEIEHHS.
MO/IaPCHKO-TTO0YTOBHX Ta IHIIUX JIOKyMEHT BCTaHOBIIIOE TPAHUYHO JIOITYyCTHMI KOHIIE-
notped Hacesenns : Hakaz; MO3 HTpauii XiMIYHUX PEYOBUH y BOAI, KpuTepii ii Oe3ned-
VYxpainu Bix 02.05.2022 Ne 721 HOTO BUKOPUCTAHHS Ta iHIIe
Hupexrusa €C 2000/60/EC BcraHoBiI0€ OCHOBHI NIPUHIMITY YIIPABIIiHHS BOJI-
(BoxHa pamKkoBa THPEKTHBA) HUMH pecypcaMu, BKIIFOYAl0dX TOBEPXHEBI BOAIH, Ta
BUMOTH JI0 iX CTaHy
Hupexrusa 2008/105/€C BceranoBr0€ cTaHAAPTH SAKOCTI TOBKULIS MO0 HASIB-
HOCTI y ITOBEPXHEBUX BOJAX IMIEBHUX PEUOBHH a00
TPYT PEYOBHH, SIKi € IPIOPUTETHUMH 3a0pyIHIOBA-
Hompma YaMU yepe3 3HaUHUN PU3UK, SIKUil BOHU MOXKYTbh CTa-
HOBUTH JIJIsl BOJJHOTO CEpeIoBHIIa, a00 yepe3 HbOro
PN-EN 15204:2008 BcTaHoBII0€ METOIM MOHITOPHHTY SIKOCTI ITOBEPXHE-
BUX BOJI, 30KpeMa JJIsl OLIIHKU (iTO- Ta 300IIIAHKTOHY
PN-EN 14184:2014 Busnauae BUMOTH 10 610MOHITOPHUHTY TTOBEPXHEBUX
BO/I 32 IOTIOMOTOI0 BOIHHUX POCINH
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akux KiarodoBoro € IlocranoBa KMY Ne465
(1999). Bona BcTaHOBITIOE PaBUiIa OXOPOHH I10-
BEPXHEBHUX BOJ Bix 3a0pyAHEHHS 3BOPOTHHMH
BOAAaMH, BU3HA4Ya€ TPAHUYHO JOIyCTUMI KOHIIE-
utpanii ([ 1K) 3a0pyaHroBaIbHUX PEYOBHH, Kila-
cudikye BOOOWMM Ta perIaMeHTYe MOPSIOK
CKHUIly CTiYHUX BoZ. JlonaTkoBo,

Hakaz MO3 Ne2005 (2024) BcraHOBIIOE
TirieHiYHi HOPMAaTUBH SIKOCTI BOIH AJISl KyTIaHHS,
30KpeMa 3a MiIKpOOIOIIOTIYHIMH TTOKa3HHUKaAMK
(E. coli, enrepoxoku), a Hakaz MO3 Ne721
(2022) perymtoe SKiCTh BOIYM BOJHUX OO0 €KTIB,
1110 BUKOPUCTOBYIOTHCS JIsl TUTHHUX, HOOYTOBUX
Ta IHMUX TMOTped HaCeNeHHd, i3 3a3HaueHHSIM
JOMYCTUMHX KOHIIGHTpalii XIMIYHUX PEYOBUH
Ta MPaBWJI MOHITOPHUHTY.

V Iomnb1ii, sika JOTPUMYETHCS BUMOT €B-
pornelicekoro Coro3y, OCHOBHUM HOPMAaTHUBHUM
JOKyMEHTOM € BojgHa pamMKoBa JHpEKTHBa
2000/60/EC, sixa BU3Ha4Ya€ MPUHIUITA IHTETPO-
BAHOTO YNPAaBIiHHS BOXHUMHU PECYypCcaMH, BCTa-
HOBIIIOE E€KOJIOTiYHI LTI Ta CTaHAApTH SKOCTI
Boa. JlonosHtoe ii Jlupekrura 2008/105/€C, sika
BCTAHOBIIIOE CTAaHAAPTH TOBKIJUIS 1070 KOHIICH-
TpaLiif IpiopuTeTHUX 3a0pyAHIOBAYIB Y MTOBEPX-
HEBUX Boaax. Takoxk MIFOTh HAIIIOHAJIbHI CTaH 1a-
pru, Taki sk PN-EN 15204:2008, mo perymroe
METOIU MOHITOPHHTY (iTO- Ta 300IUIAHKTOHY, i

PN-EN 14184:2014, sxuii crocyeTbcst 610MOHi-
TOPUHTY 32 JOIIOMOTOIO BOIHHX POCIIHH.

ITomanpmmii aHami3 HOPMAaTWBHOI 0a3u
peaizoBaHO depe3 IMOpIBHAIBHY TaOIHITIO
(Tabun. 6), sika BUCBITIIIOE KJIFOUOBI OPTaHOJETITH-
YHI KpHUTepil SKOCTI BOAM 3TiTHO 3 BUMOTaMH
YKPaiHCBKOTO Ta MOJIBECHKOTO 3aKOHOIABCTRA, 1110
Jla€ 3MOTY BHOKPEMHTH Mapaiesi Ta po30iKHO-
CTl y MiJXOmax J0 OIIHKU Oe3MeYHOCTI BOIHUX
pecypcis.

Otxe, B YKpaiHi HOpMH OLIBIIT KOHKPETHI
Ta KiIbKicHi: 3anax mpu 25°C He TOBUHEH Iiepe-
BuIyBary 2 Oanw, 3a6apBieHicTs oOMexerHa 20
rpagycamu, KamamyTHicTh — 1,5 mr/m (abo 1,0
NTU), a cmak — 1 6ait. V Tlonbri miaxia Oiibin
CyO’€KTHBHUI: 3amax 1 cMak OI[HIOIOTHCS Op-
raHaMu YyTTS JEIOAWHA O€3 WiTKUX YHCIOBUX
HOPM, a 3a0apBIIeHICTh Mae OyTH MPHIAHATHOIO
Juis cniokuBadiB. KamamyTricts y I[Tosbiii oOme-
xera 1,0 NTU, mio cyBopimre, Hix B YkpaiHi.

[NopiBHsnEHA TAOHIIT MIKPOOIOIOTIHHIX
HOPMATHBIB JJIs SKOCTI MIMTHOI BOJAM B YKpaiHi
ta [onb1i He ckaaeHa yepes BiACYTHICTb Billb-
HOTO JIOCTYIy IO BimmoBigHOi iH(oOpMarii 3
nosbChKoi croponn. OginiiHi mKepena He mona-
I0Th TIOBHOTO IIEPEITiKy MiKpOOi0JIOT1YHHX TOKa-
3HHUKIB y IyOIiYHOMY TIPOCTOPI, 1[0 YHEMOXKITH-
BITIIOE IXHE TOYHE 3ICTaBJICHHS 3 YKPAiHCHKUMH

Taoauus 6
HopmaTuBu AJs OpraHojienTUHYHUX NOKA3HUKIB SIKOCTI OBEPXHEBUX BOJ
Table 6
Standards for organoleptic indicators of surface water quality
Ykpaiuna [18, 21, 27] MMonbma |25, 26]
Ne Onumuust Hopmarus Ommmunst Hopmarus
IMoka3Huk . IS B/M IToxka3Huk . 1M B/M
3/n BUMIipy .. BHUMIpY ..
MHUTHOI BOAN MUTHOI BOAM
Samax: 3amnax: 33 JOIIOMOT OO
1 o Bamn <2°C mpu t 20°C - OpraHiB 4yTTs
npu t 25°C o
mipu t 60 °C JIONUHU
I'pagycu MPUIHATO CIIO-
2 3abapBieHiCTh aGo mr Pt/E <20 3abapBIICHICTD - JRUBATAMI Td
(1 rpamyc = 0e3 HEKOPEKT-
1 mr Pt/m) HUX 3MiH
Hedomno- Hedoro-
METpHYHA
J— METpHYHA
3 KanamyTHicTs "~ <20 KanamyTHicTh OJUHULIS <1,0
(IHOK = ~
(1HOK =
0,58 mr/am) 0,58 mr/i)
a60 mr/oM° >
3a JOIIOMOTOIO0
4 | Cmak Ta mpucMak Bamn <1°c CMmaxk Ta nmpucMak - OpraHiB 9y TTS
JFOIMHI
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cTaHgapTaMy. Taka CHUTyallis € MOIIMPEHOI0 Y
BUTIAJIKaX, KOJH JepKaBHI OpraHd 0OMEXYyIOTb
BIIKPHUTICTDh TEXHIYHOI a00 CaHITapHO-TITiEHIY-
HOI1 JOKyMeHTAITi1.

IlopiBHSHHS HOPMAaTHBIB (hi3HKO-XiMid-
HUX TIOKAa3HHKIB SKOCTI TOBEPXHEBHUX BOJ Ha-
JaHo B Tabmmitl 7. OMHIEIO 3 KITFOYOBHUX CIUTBHUAX
pHUC € OMHAKOBHIA Jianma30H BOJHEBOIO ITOKa3-
nuka (pH) - 6,5-8,5 B cranmaprax 000X kpaiHax,
10 CBITYMUTH MPO YHi(HiKOBAHMIA MAX1T A0 MiIT-
PUMKH  KHCJIOTHO-JTY’KHOI ~pIiBHOBarW BOIU.

OnHak mpu aHaji3i IHIMX TMOKA3HHUKIB BUSBIIS-
FOTHCS 3HAUHI BiIMIHHOCTI.

B VYkpaini BcTaHOBJIEHO 3HAYHO JKOPCT-
Kinm HOpMH JUIs 3aitiza 3arainbHoro (0,05 mr/m
npotu 1 mr/ay [omnbmii), o Moxe OyTH MOB's-
3aHO 3 BHIIMMH BHUMOTaMH JI0 SKOCTi MHTHOI
BOIM. AHAJIOTiUHA CUTYaLlisl CIIOCTEPIraeThes i
3 3arajJbHOI0 JKOpcTKicTio: y [lomnbiii HOpMH
(0,6-5,0 Mr/i) € GBI THYYKUMH TOPIBHSIHO 3
yKpaiHChKUMH (7 MT/11).

Taoauus 7

Hopmaruu ais Qizsnko-xiMivyHHX MOKAa3HUKIB AKOCTi MOBEPXHEBUX BOJ

Table 7

Standards for physical and chemical indicators of surface water quality

Ne OnuHuIS HopMmarTuB sikoCTi HOBEpXHEBHUX BOJ
3/m Toxastme BHMIpY Vkpaina [18,21,27] | Hoasma [25, 26]
1 BoaxeBnit mokasHuk pH 6,5-8.5 6,5-8.5
2 3aJ1i30 3arajbHe MI/n 0,05 1
3 3arajbHa JXOPCTKICTh M;g;ﬂ;/r]}r} 7 0,6-5,0
4 Maprasnerns MI/n 0,01 0,0001
5 Xnopuau M/ 30 250
6 | Hirpartn MT/1T 0,2 5
7 | Hirpuru MT/1T 0,002 0,02
8 AMoHi#t Mr/1 0,1 1
9 Oropuan MU/ 0,7 -
10 | Mumr'sik MT/71 0,001 -
11 | Kagmiit MT/71 0,001 0,005
12 | Migp MT/71 0,001 0,00005
13 | Pryts MT/71 0,0002 <0,001
14 | Hunk MT/71 0,01 0,002
15 | Maruii MI/J 10 25
16 | ®ocdop MT/1T 0,015 0,1
17 | Hikenb ikt 0,02 0,001
18 | OnoBo ikt 0,02 0,00005

Bapro Big3HauuTH CYTTEBI BiAMIHHOCTI Yy
HOPMYBaHHI BaXKuMX MertaiiB. HopmarusHO-
NpaBOBE [10JI€ B YKPaiHi BCTAHOBIIIOE 3HAYHO CY-
BOPILLIi HOPMH AJIsl TAKUX TOKCUYHHX EIEMEHTIB,
gk mum'sx (0,001 Mr/a mpoTu BiACyTHOCTI HOp-
maruBy B [lombmii), kaamiit (0,001 mr/a npotu
0,005 mr/m), onoBo (0,02 mr/n mpotu 0,00005
mr/i) ta pryTh (0,0002 mr/m mpotu <0,001 mr/m)
(Tabmn.7).

CTOCOBHO HITpaTiB Ta HITPHUTIB, Y €KOJIO-
rivanx craHgaprax [lomeimi 3a3HadyeHO BHIIII
koHueHTpanii (5 mr/in i 0,02 Mr/i BiaNOBIIHO)
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MOPIBHAHO 3 yKpaiHcbkuMu HopMmatuBamu (0,2
mr/1 i 0,002 mr/mn). [loxiGHa TeHAeHIis crocTe-
piraerses i uis amowiro (0,1 Mr/a B craHzaprax
VYkpainu npotu 1 mr/n y [onbmi).

Bpaxaroua pi3HHIIS y BCTAHOBJICHUX HOP-
MaTuBax BMICTY XJIOPUIB Y TOBEPXHEBHUX BOAAX
Mix YkpaiHoto (30 mr/m) ta Ilomemero (250
MI/J1) oTpedye HayKoBOro mosicheHHs. Llst cyT-
TEBA PO30DKHICTH IPYHTYETHCS Ha KOMILIEKCI Te-
orpadiuHHX, TIIPOJOTIYHUX Ta HOPMATHBHO-
[IPaBOBUX OCOOJIMBOCTEH 000X KpaiH.
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T'eorpadiunuit akrop € BH3HAYATIHLHUM
JUTSI TIONIBCHKMX HOPMATWBIB. 3TiTHO 3 TOCIII-
JKeHHSIMH | 0JIOBHOTO 1HCIIEKTOpaTy OXOPOHH Ha-
BKOJIMIIHBOTO cepemoBuma Ilomsmi  (GIOS,
2022) [27], migBUIIeHU TPUPOTHANA BMICT XJIO-
PHIIIB y BOTHUX 00'€KTaX MiBHIYHUX PETi0HIB IT0-
B'SI3aHUM 3: iHPLUIBTPAIi €10 MOPCHKUX BOJT Y TIPH-
OepexHUX paiioHax banTiiChKOro MOps; Te0JIo-
TIYHUMH OCOOJIMBOCTSMH COJBOBUX POJOBHIIL
(manpuknan, Benmuka); arMocdepHuM mepeHe-
CEHHSIM MOPCBKHX aepO30JIiB.

BinmnosigHo, HOpMaruBu B YKpaiHi, BcTa-
nHoeieni JlCanlliH 2.2.4-171-10, BigoOpa-

JKAfOTh KOHCEPBaTMBHUMA IMiAXiA, IIO TPYHTY-
€TBCS Ha: peKOMeH 1allisiXx BeecBiTHROT opraniza-
mii oxopoHH 370poB's [28] Ta 0COOMUBOCTAX
LICHTPAII30BAHUX CHCTEM BOIOIOCTAYaHHSI.
TexHONMOTIYHMIA aCHEeKT MiATBEPKYETHCS
JOCTIKCHHSIMH CBpOIEHCHKOTO areHTCTBA 3
HaBkoyumrHBEOTO cepenopuma (EEA, 2021), ne
3a3HAYAETHCS, MO0 MOJILCHKI CHCTEMH BOIOIIM-
TOTOBKH CIELIATBHO aJIallTOBaHi Ui pOOOTH 3
T ABHIIIEHOI0 MiHepalizaliero. Bogaouac, ykpa-
THCHKiI HOPMH PO3pOOJIeH] 3 ypaxyBaHHAM MOXK-
JMBOCTEH TPAJUIIHHUX TEXHOIOTIH OUUIIICHHS.

BucnoBkn

[InsxoM 3iCTaBICHHS YUHHUX HOpMa-
THBIB 1 IIXONIB J0 MOHITOPHHTY B YKpaiHi i
[Monpmi, i3 3aMydeHHsIM HE JIUIIE TEOPETUUHUX
HalpaloBaHb, alle i MPAKTUIHOTO aHAII3Y Killb-
KICHHX IOKAa3HUKIB BH3HAYEHO KJIFOYOBI BIAMIH-
HOCTI Ta CIUIBHI PUCH Y BUMOTaX JI0 SKOCTi TIUT-
HHX BOZ :

~  CHIBCTaBJICHHS HOPM OPTaHOJEHNTUYHHX
MOKA3HUKIB CBiYaTh TIPO PIi3HI PeTYISTOPHI
miaxomu. YKpaiHCBKI  CTaHmapTH €  OUThIn
(dopManmizoBaHUMH Ta 00'€KTOCIIPSMOBAHUMIL,
OCKIJIBKA BCTaHOBITIOIOTh WiTKi KUTBKICHI MexXi
JUTSL 3araxy, 3a0apBiIeHOCTi Ta cMaky. [lombebki
HOPMH MalOTh THYYKHH XapakTep 1 IPyHTYIOThCS
MEPEBAKHO HAa KPHUTEPil «IPUHHATHOCTI IS
CIIOXKMBauay, 1110 IOCUIIOE POJb Cy0’€KTUBHOIO
crnpuiiHATTS. TakuMm YMHOM, B YKpaiHi npioputet
HAJIA€ThCS CTPOTOMY CaHITAPHOMY KOHTPOJIIO,
tofi sk y [loMbiii - CHOKHUBYOMY KOMGOPTY Ta
TPUPOTHAM XapaKTEPUCTUKAM BO/II;

- TIOpIBHSJIBHHUI aHaJ3 MiKpOOiOIOTYHIAX
MOKA3HWKIB 3aCBIUMB 3arajibHy Y3TOKEHICTh
0a30BHX BHMOT IIOJO BiJICYTHOCTI OCHOBHHX
MATOTEHHUX MiKPOOPTaHi3MIB 1 €KBiBAIEHTHICTh
omuaUIp BuMipy. Ilpore BusBIEeHI oOKkpemi
BIIMIHHOCTI Yy  MiAXOAaX JI0  KOHTPOIIO
Pseudomonas aeruginosa Ta TeMIIEpaTypHUX
yMoB MoHiTopuHry Legionella;

- CTOCOBHO (DI3MKO-XIMIUHHMX ITOKa3HUKIB
Ta BMICTY B@KKUX METaliB craHmapTu [losbiii
3arajioM € >KOPCTKIIMMH 110710 pH, BMicTy 3a1i3a,
MapraHIlfo, XOPCTKOCTI Ta aMOHIIO MOPIBHAHO 3
YKpaTHCBKUMH HOpPMaMH, YKpaiHChKI HOPMAaTHBU
JIONYCKAKOTh IIMPII MEXI KOJMBaHb OLIBIIOCTI
MOKA3HHUKIB SIKOCTI BOJIM; BUMOTH IO XJIOPHJIB,
HITpATiB, HITPUTIB, a TAaKOX (TOPY, MUII'AKY U
Ka/Miro B 000X KpaiHax € HOoAIOHIMHE; 32 BMICTOM
pTyTi Oimbll cyBOpi OOMEKEHHSI BCTAHOBJICHI B
VKpaiHi; ONBCBKI ~ CTAHOAPTH  JOAATKOBO
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PETIIaMEHTYIOTh  BMICT  XJlopodopMy, — SIKHH
BIJICYTiHl B YKpaiHCHKHX HOpMaX.

Ki1r04oBi BiIMIHHOCTI Ta CHIJIBHI pHCH Y
BUMOT'aX JI0 IKOCT1 MOBEPXHEBHUX BOJ :

- JUId OpraHOJICNTHYHHX TOKAa3HHUKIB,
BCTaHOBIICHO, IO B YKpaiHi 3aCTOCOBYIOTHCS
YiTKO BHW3HAUYEHI KiNBbKICHI HOpMaTwuBH (Oamm,
rpagycu 3abapsienocti, wmr/m, NTU), mo
CIpoIIye JTabopaTOpHUN KOHTPOIH 1 3MEHIIyE
mpocTip i inTepnperaniii; y [lompma (y pycmi
mupekTuB €C) BUKOPUCTOBYE SIKICHO-OMHUCOBHA,
CIIOYKMBAIIFKO OPI€EHTOBAHWH MMiIXi]T IUTS 3a1axy,
CMaKy Ta 3a0apBJIEHOCTI — KIIIOYOBUM KpHTe-
PIEM € «IPUHHSATHICTBY JJIsI JIIOJMHHU; KajlaMyT-
HicTb cnpaBai € BuHsATKoM: Jimit 1,0 NTU y
[Monbi € cyBopimmM 3a yKpaiHCHKHI HOPMAaTHB
1,5 mr/n (=1,0-1,5 NTU);

- TOpIBHSUILHUM  aHaji3  HOpMAaTuBiB
(i3UKO-XIMIYHMX TMOKAa3HUKIB 3acBiIdye YyHiQi-
KOBaHUM IMIiJXiJ[ IO PEryJIlOBaHHS KUCIOTHO-
myxHoro 6amancy (pH 6,5-8,5), onHak BUSIBIIsIE
CYTTEBI BIIMIHHOCTI MIOAO OUIBIIOCTI 1HIINX
napameTpiB. YKpaiHCbKi CTaHAApTU 3arajioM €
JKOPCTKIIIIMMHA, OCOOJIMBO CTOCOBHO BMICTY
BaXKMX METaNiB, CIIOJIYK a30Ty Ta 3aji3a, II0
CBIAYUTBH IIPO MiIBUIIEH] EKOJIOT1YHI i caHiTapHi
BUMOIM 10 SKOCTI Boau. HartomicTh OLIbII
nibepanbni HopMatuBu [lonbiri, 30kpema moao
XJIOPUJIIB, 3YMOBIICHI CHEUU(pIYHUMH Teorpa-
(hiYHAMU, TiIPOIOTIYHUMHE Ta MPUPOITHO-TEOXi-
MIYHAMHU YUHHHUKAMHU, IO BiJloOpaxkae ajamnTa-
1110 HAaIllOHAILHUX CTAHIAPTIB 10 PETiOHATBHUX
MIPUPOJHUX YMOB.

OTtpuMaHi pe3ynbTaTy CBiT4aTh Ipo HEOo-
XIJIHICTh MOAIBINOT TAPMOHI3aIii yKpaTHCBKIX
EKOJIOTIYHUX CTaHIAPTIB 3 €BPOIEHCHKUMHU BU-
MOTramH, 110 BiAnoBigae nonoxkeHHsM Crparerii
Jiep>KaBHOI TOJIITUKU YKpPaAiHHU Ta IJIIM CTajloro
PO3BHTKY.
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Kondutikr inTepecin

ABTOpH 3asgBISIOTH, MO KOH(MIIKTY iHTEpecCiB om0 mMyOmikallii mporo pykomucy Hemae. Kpim
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ECOLOGICAL QUALITY STANDARDS FOR DRINKING AND SURFACE WATER
IN UKRAINE AND POLAND

Purpose. Analysis of the regulatory framework, assessment of qualitative and quantitative indicators of
drinking water and surface waters in Ukraine and Poland.

Methods. Comparative legal method, systematic analysis to summarize the results, and the method of anal-
ogies were used

Results. Based on a comparison of actual standards and monitoring approaches in both countries, based
not only on theoretical sources but also on a practical comparison of digital indicators, the following has been
determined for drinking water in both countries: regulatory requirements for organoleptic indicators differ in terms
of the permissible limits for the intensity of these characteristics and the methodological approaches to their
determination; in Poland, the issue of bacteriological safety of water is more standardized; drinking water quality
standards in Ukraine and Poland are very similar, but in many cases Poland sets stricter requirements for certain
indicators (especially iron, manganese, and ammonium). For organoleptic indicators of surface water quality in
Ukraine, the standards are more specific and quantitative. There are significant differences in the physical and
chemical indicators of surface water quality.
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Conclusions: Poland has fully integrated the requirements of the European Union Directives into its legis-
lation, while in Ukraine this process is still ongoing. Further harmonization of Ukrainian environmental standards
with European requirements is necessary, which is in line with the provisions of Ukraine's State Policy Strategy
and sustainable development goals.

KEYWORDS: environmental standard, water quality standard, harmonization of legislation, drinking
water, surface water
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ANTHROPOGENIC IMPACT OF THE WAR ON THE CONDITION OF SURFACE
WATERS OF THE RIVERS KAZENNYI TORETS AND KRYVYI TORETS
WITHIN THE CITY OF DRUZHKIVKA

Purpose. To provide a comprehensive ecological assessment of the surface waters state of the Kryviy
Torets and Kazenny Torets rivers in the city of Druzhkivka in order to determine the main anthropogenic factors
of influence, in particular the consequences of war.

Methods. System analysis, statistical processing methods, analysis of retrospective dynamics, and fore-
casting of future trends.

Results. An analysis of water condition indicators was carried out for the monitoring posts — Kryvyi Torets
River and Kazennyi Torets River. Organic pollution (BODs and dissolved oxygen) in both rivers throughout the
entire observation period there was a systematic excess of BODs over the MPC. The concentration of dissolved
oxygen repeatedly dropped below the standard, which indicates a threat to aquatic biota and disruption of self-
purification processes. Nitrites constantly and significantly exceeded the standard, especially in 2005-2008. Peri-
odic significant maxima of phosphate-ion content were recorded, which indicates eutrophication processes and the
inflow of phosphates from detergents and fertilizers. Water mineralization (sulfate and chloride ions) is high, es-
pecially in 2006—2008 and 2011-2013. Since 2014, stabilization has been observed, but at a high level. Using the
Forecast Sheet resource forecasting carried out, which showed good convergence of forecast and actual values.
No positive dynamics in water quality were recorded — in 2024-2025 most indicators exceed the MPC.

Conclusions. The rivers Kazennyi Torets and Kryvyi Torets are in a state of persistent organic and chem-
ical pollution. The overall ecological condition remains unsatisfactory, and in 2024-2025 the situation has even
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worsened. Overall, the war has significantly deepened the ecological problems of these rivers. They require a
comprehensive approach to restoration: modernization of treatment facilities, rehabilitation of aquatic ecosystems,
and restoration of the monitoring system. Without this, there is a threat of further degradation of the region’s water
resources, which will have long-term consequences for the environment and human health.

KEYWORDS: Kryvyi Torets River, Kazennyi Torets River, surface waters, ecological monitoring, phos-
phates, ammonium, sulfates, chlorides, dissolved oxygen, BOD:s, nitrates, nitrites, anthropogenic impact, conse-
guences of war
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Introduction

Under the conditions of a prolonged mil- surface runoff and in the process of infiltration
itary conflict in eastern Ukraine, the problem of into the soil with meltwater and precipitation,
ecological monitoring of the condition of sur- pollutants enter groundwater, and from there
face waters of rivers becomes more significant. into surface waters [1].

Due to hostilities taking place in the territories In addition, during hostilities, wastewa-
of river basins of the eastern regions, monitor- ter treatment facilities are destroyed, and as a
ing of water quality is significantly complicated result of the absence of water purification there
or impossible. An example of this problem is is uncontrolled pollution of surface waters. In
the basin of the Siverskyi Donets River, which conditions of hostilities, the priority issues are
flows through the territories of three regions the assessment of military impact and the deter-

(Luhansk, Kharkiv, Donetsk). Hostilities in the
eastern regions of Ukraine have a significant
impact on the ecological state of surface waters
of rivers. The largest in terms of catchment area
in eastern Ukraine is the Siverskyi Donets
River. During martial law, it undergoes substan-
tial military impact. Under the influence of
long-term constant military impact, the condi-

mination of the ecological state of surface wa-
ters. Apart from industrial and agricultural pol-
lution, the main impact now comes from hostil-
ities. The problem of obtaining environmentally
safe water resources for the local population of
frontline regions is becoming increasingly ur-
gent and important. In such conditions, access

tion of surface waters has significantly deterio- to drinking water is significantly limited or may
rated. From detonation and fragments of ammu- be completely unavailable. Military impact on
nition, toxic compounds enter the soil (water va- water supply and water treatment facilities af-
por, hydrocyanic acid vapors, carbon monox- fects the availability and quality of water purifi-
ide, nitrogen, carbon dioxide, etc.) [1]. With cation [2].
Objects and Research Methods

Given the relevance of the problem, the issue of finding alternative sources of water
objects of research were chosen to be the rivers supply arises acutely.
of Donetsk region: the Kazennyi Torets (right Since the data of the Basin Water Moni-
tributary of the Siverskyi Donets River) and the toring Laboratory of the Siverskyi Donets
Kryvyi Torets (left tributary of the Kazennyi BUVR for the observation posts of the Kazen-
Torets River) within the city of Druzhkivka. nyi Torets and Kryvyi Torets rivers are availa-
The city is located in the Kramatorsk district of ble from 2003 to 2019, we carried out forecast-
Donetsk region, in the zone of active hostilities. ing of the corresponding indicators until 2025.
During hostilities, the access of the local popu- For forecasting, Excel tools were selected. The
lation to water resources is limited, water sup- first of these is the tool of data approximation
ply is carried out in limited quantities according by creating a trendline on a chart, which shows
to a set schedule. Under such conditions, the the general tendency of the data, using various
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regression methods such as linear, logarithmic,
polynomial, or exponential. Smoothing is
achieved by adding a moving average line,
which averages data values over a given period
to show a smoother dependence and hide short-
term fluctuations. In Excel, the least squares al-
gorithm is used to build the trendline, which
finds the best approximation of the data to a
straight line or another trend model by minimiz-
ing the sum of squared deviations of the actual
points from the trendline. Excel allows choos-
ing different types of trends, each of which uses
the corresponding mathematical algorithm to
determine the best curve for your data. The ac-
curacy of the model is checked using the coef-
ficient of determination (R-squared), which
shows how well the trendline fits the data.

Also, for forecasting the studied indica-
tors for the period until 2025, we used another
Excel tool — Forecast Sheet. It creates a table
and chart with forecasted values using exponen-
tial smoothing algorithms. The forecast makes
it possible to predict future values based on ex-
isting data (taking into account the time compo-
nent) using the AAA version of the exponential
smoothing (ETS) algorithm.

In general, exponential smoothing is a
time series forecasting method that is used to
analyze and predict data where each subsequent
value in the series takes into account the previ-
ous values with gradually decreasing weight,
which decreases according to the exponential
law. That s, it uses average values to predict fu-
ture values, reducing the influence of fluctua-
tions and highlighting the general trend. Expo-
nential smoothing takes into account all previ-
ous values of the time series, but gives greater
weight to the most recent observations, since
their influence on future values is considered
more significant. This is achieved using a spe-
cial smoothing coefficient (o), which deter-
mines the rate of decrease in the weight of pre-
vious values. The higher the value of a, the
greater the weight given to the most recent data,
and the lower, the more the weight is distributed
over the entire series.

FORECAST.ETS.CONFINT makes it
possible to calculate the confidence interval for
the forecast value. A 95% confidence interval
means that 95% of future data points are likely
to fall within this interval. The boundaries of the
confidence interval are the binding of the lower
and upper probability.

Results and Discussion

The problem of ecological assessment of
surface water quality under modern conditions
is relevant, and this topic has been developed by
many authors. In the works of Horoshkova
L.A., Menshov O.1., and others, the problem of
anthropogenic impact and military actions on
the condition of surface waters of the Dnipro
River in Zaporizhzhia was considered using
modeling methods [6]. An ecological assess-
ment and forecast were also conducted for the
Danube River [7]. Issues of monitoring ecolog-
ical safety by oxygen indicators were addressed
by Bessonnyi V.L., Ponomarenko R.V., Tretya-
kov O.V., and others [8]. The dynamics of
changes in dissolved oxygen in a mathematical
model using retrospective data for forecasting
the oxygen regime were studied in the work of
Bessonnyi V.L., Tretyakov O.V., Kravchuk
A.M., Statsenko Yu.F. [9]. For the rivers of the
Western Bug, an ecological assessment of the
water condition was carried out based on the mi-
crophyte index by Nekos A.N., Boyaryn M.V.,
and others [10-14].

In order to assess the anthropogenic load,
including that of the war, on the condition of
surface waters of the Kryvyi Torets and Kazen-
nyi Torets rivers in Druzhkivka, an analysis of
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water condition indicators was conducted for
the monitoring posts: Post Ne 1 — Kryvyi Torets
River, 1 km, Karlivska dam, technical water in-
take (48.616667, 37.533333), and Post Ne 2 —
Kazennyi Torets River, 55 km, Druzhkivka, be-
low the confluence, below the city technical wa-
ter intake (48.648694, 37.516667). Figure 1
shows the monitoring points of the studied riv-
ers as recorded by the Water Monitoring Labo-
ratory of the Siverskyi Donets BUVR. The re-
search was conducted for the following indica-
tors: biochemical oxygen demand for 5 days
(BOD:s) and dissolved oxygen, phosphate ions
and ammonium ions, nitrite ions and nitrate
ions, sulfate ions and chloride ions.

Figure 2 presents the dynamics of changes
in dissolved oxygen and BODs in water samples
from the Kryvyi Torets River (Post Ne 1) ac-
cording to retrospective data for the period
20052019 at the observation post (Post Ne 1 in
Fig. 1). Monitoring observations were conducted.
All recorded concentrations of dissolved oxy-
gen and BODs during the defined period did not
meet the maximum permissible concentrations
(MPC of dissolved oxygen — 4 mgO./dm? and
BOD:s — 3 mgO2/dm?).
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Fig. 2 — Dynamics of dissolved oxygen and biochemical oxygen demand (BODs) in the waters
of the Kryvyi Torets River in 2005-2019
The values of the studied indicators The values of the studied indicators
showed significant fluctuations in the period showed significant fluctuations in the period

2005-2009. The value of dissolved oxygen 2005-2009. The value of dissolved oxygen

tended to increase up to the highest during the
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monitoring period — 10.50 mgO2/dm? in 2006.
A gradual decrease to the lowest value for the
fourteen-year period was observed in 2006 and
amounted to 6.31 mgO»/dm?>.

In the period 2010-2014, the fluctuations
of dissolved oxygen with increases and de-
creases varied from 6.97 to 9.50 mgO-/dm?. In
2015-2019, the dissolved oxygen indicator
tended to decrease with subsequent return to av-
erage values; sharp increases were not ob-
served, the lowest value in this period was 7.10
mgO2/dm?.

During the period from 2006 to 2014,
BOD:s indicators fluctuated significantly; the
lowest value during the period was observed in
2007 and amounted to 3.29 mgO-/dm?, and the
highest value was in 2011 — 9.21 mgO2/dm?®. In

phosphate ion, mg/dm3

the period from 2014 to 2019, BODs values
showed only minor fluctuations.

Ddata showing the changes in the con-
centrations of phosphate ions and ammonium
ions in water samples from the Kryvyi Torets
River Fig. 3 presents. From 2005 to 2008, am-
monium ion values fluctuated considerably and
reached the maximum highest value in 2008 —
1.21 mg/dm?, while the minimum values were
recorded in 2006 and 2007 — 0.26 mg/dm?. In
the period from 2010 to 2015, the concentra-
tions of ammonium ions had a general tendency
to increase with periods of sharp decrease; dur-
ing this interval, the highest values of the four-
teen-year period were observed in 2013 and
2015 — 1.72 mg/dm?. The period from 2015 to
2019 was characterized by a general decreasing.

2,00
1,80
1,60
1,40
1,20
1,00
0,80
0,60
0,40

—@— ammonium, mg/dm3

—@— phosphate ion, mg/dm3

0,20
0,00

ammonium ions, MPC

Fig. 3 — Dynamics of phosphate ion and ammonium ion concentrations in the waters of the Kryvyi Torets River
during 2005-2019 compared with the maximum permissible concentrations (MPC)

trend with intermittent sharp increases in am-
monium ion concentrations The dynamics of
phosphate ion concentrations show a tendency
for gradual increase during the monitoring pe-
riod of 2005-2008, reaching the maximum
value in 2007 — 1.76 mg/dm?. Also, from 2005
to 2008, the minimum value for the fourteen-
year period was recorded. In the interval of
2010-2011, a sharp increase in phosphate ion
concentrations was characteristic, reaching the
highest value for the fourteen-year period in
2010 — 2.86 mg/dm?, followed by a gradual de-
crease to 0.93 mg/dm? in 2011. From 2012 to
2015, no sharp fluctuations were observed. In
2015, there was a sharp drop from 1.64 mg/dm?
to 1.11 mg/dm?, after which concentrations did
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not show significant fluctuations until the end
of the year. Since 2016, phosphate ion concen-
tration indicators have shown a tendency for
short-term increases to 1.62 mg/dm?® and 1.68
mg/dm?®; after this period, significant fluctua-
tions were absent.

Figure 4 presents the dynamics of
changes in chloride ion and sulfate ion indica-
tors in water samples from the Kryvyi Torets
River. From 2005 to 2009, chloride ion concen-
trations had a general tendency to increase with
periods of decrease; in this interval of the four-
teen-year observation period, the lowest value
was recorded in 2006 — 234.30 mg/dm?. In the
period from 2010 to 2018, fluctuations in chlo-
ride ion concentrations were minor, within the

ammonium ion, mg/dm3
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Fig. 4 — Dynamics of changes in sulfate and chloride ion concentrations
in the Kryvyi Torets River in 2005-2019

range of 262.70-355 mg/dm?>. Most of the graph
of chloride ion concentration values lies outside
the MPC.

From 2005 to 2008, sulfate ion concentra-
tions tended to increase with periods of sharp de-
crease in values; in this interval, the highest value
was recorded in 2006 — 902.90 mg/dm?, and in the
same year the lowest — 624.40 mg/dm?. The ob-
servation period from 2010 to 2014 was charac-
terized by fluctuations in sulfate ion concentra-
tions; the lowest values were found in 2011 and
2013 — 672.40 mg/dm?, while the highest was in
2010 — 861.10 mg/dm?. During 2015-2018, no
significant fluctuations in sulfate ion concentra-
tion indicators occurred.

Figure 5 demonstrates the change in nitrate

samples from the Kryvyi Torets River. Nitrate
concentrations during the fourteen-year observa-
tion period did not exceed the established MPC of
40 mg/dm?.

The dynamics of nitrite concentrations are
inversely proportional to nitrates. During the four-
teen-year period, all nitrite concentration indica-
tors did not meet the MPC, which was 0.08
mg/dm?, reaching the highest value in 2007 — 1.90
mg/dm?, while the lowest in the same year was
0.18 mg/dm>.

Nitrogen compounds, in particular ni-
trates (NOs") and nitrites (NO2"), are im-
portant indicators of water quality, reflecting
the level of organic pollution and the effi-
ciency of nitrification and denitrification

and nitrite concentration indicators in water
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Fig. 5 — Dynamics of changes in nitrate and nitrite ion concentrations in the surface waters
of the Kazennyi Torets River in 2005-2019 compared with the maximum permissible concentrations (MPC)
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processes. Monitoring their concentrations makes
it possible to detect technogenic impact, in partic-
ular the inflow of insufficiently treated
wastewater. The graph shows the long-term dy-
namics of changes in the content of nitrate and ni-
trite ions in the Kazennyi Torets River, which is a
left tributary of the Siverskyi Donets, taking into
account comparison with the maximum permissi-
ble concentrations (Fig. 5).

Figure 5 presents the dynamics of changes
in nitrate ion concentrations (right axis, orange
line) and nitrite ion concentrations (left axis, gray
line) in the waters of the Kazennyi Torets River
during 2005-2019. The values are compared with
the maximum permissible concentrations (MPC),
which for nitrites are 0.02 mg/dm?® (green line),
and for nitrates — 45 mg/dm? (blue line).

Regarding nitrites, in 2005-2008 an ex-
tremely high level of nitrite pollution was ob-
served — with frequent exceedances of 1.0
mg/dm?, and in some cases up to 1.9 mg/dm?,
which is more than 90 times higher than the MPC.
This indicates a significant organic load during
this period, probably due to the inflow of insuffi-
ciently treated domestic or industrial wastewater.
Starting from 2009, the level of nitrite ions de-
creases and stabilizes within 0.3-0.6 mg/dm?. Alt-
hough this still significantly exceeds the standard
(by 15-30 times), the fluctuations decreased sig-
nificantly, which may indicate some improvement
in the state of wastewater treatment.

Regarding nitrates, nitrate ion concentra-
tions were less variable and generally did not ex-
ceed the maximum permissible level of 45
mg/dm?. Most of the observed values were within
15-22 mg/dm?, which indicates background pol-
lution typical for areas with developed agriculture

dissolved oxygen, mg02/dm3

4,50

or urban infrastructure. After 2011, the concentra-
tions became even more stable.

Significant and prolonged exceedance of
the MPC for nitrites indicates high toxicity of the
aquatic environment in certain years, since nitrites
are extremely harmful to aquatic biota. The ab-
sence of nitrate exceedances does not exclude
risks for the ecosystem, as the combination of high
nitrite and nitrate contents indicates active trans-
formation of nitrogen compounds, typical for or-
ganic pollution. The decrease in nitrite concentra-
tions after 2010 can be associated with the im-
provement of biological treatment processes or
the reduction of load on sewage networks. The ob-
tained data indicate that the Kazennyi Torets
River in 2005-2008 was subject to intensive or-
ganic pollution, which was manifested in numer-
ous nitrite peaks. Since 2009, a gradual improve-
ment in the hydrochemical state has been ob-
served. At the same time, the persistent exceed-
ance of the MPC for nitrites requires further re-
search into pollution sources and strengthening of
control over the region’s water treatment infra-
structure.

The parameters of biochemical oxygen de-
mand (BODs) and dissolved oxygen (DO) are key
indicators of organic pollution and the aeration
state of aquatic ecosystems. The graph presents
the change of these indicators in the waters of the
Kazennyi Torets River in the period from 2002 to
2019, which makes it possible to assess the dy-
namics of organic load and the ability of the reser-
voir for self-purification (Fig. 6).

The level of dissolved oxygen (DO) in
most cases fluctuates within 7.5-10.0
mgO./dm?, which indicates satisfactory condi-
tions for oxygen saturation of the waters.
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Fig. 6 — Dynamics of biochemical oxygen demand (BODs) and dissolved oxygen concentration in the waters
of the Kazennyi Torets River (2002-2019)
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However, in some years, especially dur-
ing the periods 2004-2006 and 2011-2013, a
decrease of DO to the level of 6.5-7.0
mgO-/dm? was observed, which may be related
to increased organic pollution or changes in hy-
drological conditions. Biochemical oxygen de-
mand (BODs) was mainly within the range of
4.0-4.5 mgO2/dm3, which is close to the maxi-
mum permissible concentration (MPC) of 3
mgO2/dm?. The indicators repeatedly exceeded
this level, especially during the periods 2005—
2007 and 2011-2013, which indicates the pres-
ence of organic load. In 2011-2013, the greatest
decrease in the level of dissolved oxygen was ob-
served simultaneously with an increase in BODs—
probably due to increased inflow of organic sub-
stances, which led to active oxygen consumption
by microorganisms. Since 2015, there has been a
tendency towards stabilization: the DO level
fluctuates within 8.0-9.5 mgO./dm?, and BOD:s
decreased to a more stable level (3.8-4.2
mg0-/dm?), which indicates improvement of the
aquatic environment condition.

The analysis of the dynamics of dissolved
oxygen and BOD:s in the waters of the Kazennyi
Torets River during 2002-2019 indicates peri-
odic increases in organic load, especially in the
mid-2000s and early 2010s. However, in the

second half of the study period, there is a ten-
dency towards improvement of the ecological
condition, which may indicate a decrease in an-
thropogenic impact or an increase in the effec-
tiveness of treatment measures.

The Kazennyi Torets River, as a tributary
of the Siverskyi Donets, is an important element
of the Donbas water system and undergoes sig-
nificant anthropogenic load due to the presence
of industrial facilities and settlements. For the
purpose of assessing the degree of surface water
pollution and analyzing the sources of organic
and inorganic load, the concentrations of am-
monium ions (NH4") and phosphate ions (PO+*")
were analyzed during 2002—2019 (Fig. 7).

In the period 2002—2005, the levels of both
ions were mainly below the MPC, although iso-
lated spikes of ammonium exceeded 2.5 mg/dm®.
Starting from 2007-2008, a tendency of increas-
ing concentrations of both ions was observed,
with a particularly sharp rise in 2010-2012. Peak
values of phosphates reached almost 3.0 mg/dm?,
and ammonium ions — 1.8 mg/dm?, which signifi-
cantly exceeds sanitary standards.

After 2014, concentrations stabilized, how-
ever ammonium remained at a level twice as high
as the MPC.

2,00

phosphate ion, mg/dm3

ammonium ion, mg/dm3

Fig. 7 — Dynamics of changes in ammonium and phosphate ion concentrations in the waters
of the Kazennyi Torets River (2002—-2019)

Constant exceedance of the MPC for am-
monium ions indicates significant organic load,
probably caused by insufficient treatment of
wastewater and the presence of domestic and in-
dustrial pollution sources. High phosphate con-
centrations may indicate eutrophication caused
by excessive application of phosphate fertilizers
or the entry of phosphates from detergents. In
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general, the ecosystem of the Kazennyi Torets
shows signs of nutrient overloading, which cre-
ates risks for the condition of the aquatic envi-
ronment and biota.

Sulfate and chloride ions are among the
main components of natural water mineralization
and serve as important indicators of anthropo-
genic load. Their concentration is formed under
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the influence of natural processes (rock leaching,
atmospheric precipitation) and economic activity
(discharges of industrial and municipal
wastewater, use of mineral fertilizers, road rea-
gents, etc.).

For the Kazennyi Torets River, which
flows through industrially developed areas,

fluctuations in the levels of these ions are typical
depending on seasonal factors and technogenic
impact. The study of changes in SO+ and CI
concentrations makes it possible to assess the de-
gree of stability of the hydrochemical regime and
the level of anthropogenic pressure on the aquatic
ecosystem (Fig. 8).
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Fig. 8 - Dynamics of changes in sulfate and chloride ion concentrations in the waters
of the Kazennyi Torets River (2002—2019)

The graph shows the dynamics of sulfate
and chloride ion content in the surface waters of
the Kazennyi Torets River during 2002—2019.
Sulfate concentrations fluctuated within 600—
950 mg/dm?, with periodic peak values that ex-
ceeded the average level. Chloride ions were
mainly in the range of 200450 mg/dm?, with a
tendency to increase in 20062013, after which
some stabilization was observed.

In general, both indicators in a number of
cases approached or exceeded the normative
MPC values, which indicates significant tech-
nogenic impact on the river. There is synchrony
in the fluctuations of CI- and SO+*, which
points to their common sources of inflow, in
particular from industrial and municipal
wastewater. The largest peaks were recorded in
2006-2008 and 2011-2013, which may be re-
lated to intensive industrial discharges and low
river flow during these periods.

Starting from 2014, a relative stabiliza-
tion of concentrations is observed, but they still
remain high and, in some years, exceed permis-
sible standards. This indicates prolonged persis-
tence of anthropogenic load on the aquatic eco-
system and limited capacity of the river for self-
purification.

Monitoring of nitrogen-containing com-
pounds (nitrates and nitrites) is an important
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component of assessing the ecological state of
surface waters. Their excessive accumulation
may indicate the influence of anthropogenic
pollution sources — municipal wastewater, agri-
cultural fertilizers, or industrial discharges.
High concentrations of these compounds pose
risks of eutrophication and deterioration of wa-
ter quality, which is especially dangerous for
river ecosystems (Fig. 9).

Nitrate ions (brown line), their values fluctuated
within 5-25 mg/dm?. In certain years (2003—
2008), significant peaks were recorded, ap-
proaching the maximum permissible concentra-
tion (MPC =40 mg/dm?). Starting from 2010, a
relative stabilization of indicators at the level of
about 15-20 mg/dm? is observed, which is be-
low the normative value, but indicates constant
anthropogenic load. Nitrite ions (gray line),
fluctuated in the range from 0.1 to 2.0 mg/dm?.
In 2007, a sharp increase was observed (over 1.8
mg/dm?), which significantly exceeded the
MPC (0.08 mg/dm?). After that, the maximum
concentrations decreased, but throughout the
entire study period an exceedance of the stand-
ard by several times was observed. Comparison
with the MPC, the permissible level lines (blue
— for nitrates, green — for nitrites) clearly show
that the nitrate content in the river mostly re-
mains within the standard, while the concentra-
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Fig. 9 — Dynamics of nitrate and nitrite ion content in the waters of the Kazennyi Torets River (2002—-2019)

tion of nitrites systematically exceeds the limit
values The obtained results indicate a consist-
ently high level of nitrite pollution in the waters
of the Kazennyi Torets River, which poses a
threat to the ecological balance of the aquatic
ecosystem. The nitrate content generally corre-
sponds to the standards, however individual
peak concentrations may be related to the in-
flow of agricultural fertilizers and wastewater.
The presence of such tendencies indicates the
need to strengthen control over the sources of
nitrogen-containing compounds, especially in
the spring-summer period, when the risk of eu-
trophication processes increases.

Since the data of the Basin Water Monitor-
ing Laboratory of the Siverskyi Donets BUVR for
the observation posts of the Kazennyi Torets
River (55 km, Druzhkivka, below the confluence,
below the city technical water intake) and the
Kryvyi Torets River (1 km, Karlivska dam, tech-
nical water intake) are available for 20032019,
we carried out forecasting of the corresponding in-
dicators up to 2025.

The use of the data approximation tool in
Excel by creating a trend line on the chart did not
allow achieving acceptable forecasting accuracy.
Verification of the accuracy of all models for all
indicators, carried out using the coefficient of de-
termination (R-squared), showed that the trend
lines do not correspond to the data.

That is why for forecasting the studied in-
dicators for the period up to 2025 we used an-
other Excel tool — Forecast Sheet. Taking into
account that for using this function it is neces-
sary to arrange the time scale with a constant
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step between different points, we determined
the average annual values of the indicators.

The forecasting results using the Forecast
Sheet tool for the Kryvyi Torets River are pre-
sented for each studied indicator up to 2025 in
Figs. 10-17.

The forecasting results using the Forecast
Sheet tool for the Kazennyi Torets River are
presented for each studied indicator up to 2025
in Figs. 18-25.

The accuracy of the forecasts was veri-
fied using official data as of 26.05.2025 for the
corresponding posts of the Kazennyi Torets
River
(https://ecozagroza.gov.ua/map?id=39546&lay
er=water_resource) and the Kryvyi Torets River
(https://ecozagroza.gov.ua/map?id=39551&lay
er=water_resource), as well as for the Kryvyi
Torets River as of 04.07.2024 (http://monitor-
ing.davr.gov.ua/EcoWaterMon/MapEcoWater-
Mon/Index). The obtained comparative data are
presented in Table 1 and Table 2.

As can be seen, high accuracy was ob-
tained in the coincidence of the actual values of
the studied indicators in 2025 with the corre-
sponding average forecast values.

The general trends during the studied
years are as follows: the level of BODs in-
creases, the level of dissolved oxygen de-
creases, the level of phosphate and ammonium
ions increases; the content of sulfate and chlo-
ride ions, as well as nitrate and nitrite ions, de-
creases. However, these trends regarding water
quality in 20242025 are not positive, since the
indicator values exceed the MPC.
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Fig. 10 — Dynamics of changes in BODs level in the Kryvyi Torets River
and its forecasting until 2025
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Fig. 11 — Dynamics of changes in dissolved oxygen level in the Kryvyi Torets River and its forecasting until 2025
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Fig. 13- Dynamics of changes in ammonium ion levels in the Kryvyi Torets River and their forecasting until 2025
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Fig. 14 — Dynamics of changes in sulfate ion levels in the Kryvyi Torets River and their forecasting until 2025

E 400,00
RS 350,00
Ny I
£ 30000 S
T 250,00
o
b 200,00
150,00
100,00
50,00 year
20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
—\/alue 292323313324335332324320326304300282280,
Forecast 280265255244234224213203
—— Low-probability weighting 28024122019416413094,%6,7
—— High-probability weighting 280290290295304317332349

Fig. 15 — Dynamics of changes in chloride ion levels in the Kryvyi Torets River and their forecasting until 2025

60



ISSN 1992-4259 Bicauk XapkiBchKOro HallioHAIEHOTO YHiBepcuTeTy iMeHi B. H. Kapasina.
Cepist «Exomnoris». 2025. Bumyck 33

27,00
25,00
(g 23,00
S 21,00
o 19,00
% 17,00
o
g 15,00
= 13,00
11,00
9,00 ar
200 200 200200201 201 201 201 201 201201 201 201 201 202 202/202 202 202 202
6 7 8 9 0 1 2 3 4 5,6 7 8 9 0 1 2 3 4 5
e \/a|ue 22,318,315,517,118,716,915,717,417,617,718,117,917,5
Forecast 17,517,417,317,217,116,916,816,7
Low-probability weighting 17,514,112,911,811,010,29,468,77
——— High-probability weighting 17,520,721,722,523,223,724,224,7

Fig. 16 — Dynamics of changes in nitrate ion levels in the Kryvyi Torets River and their forecasting until 2025
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Fig. 17 — Dynamics of changes in nitrite ion levels in the Kryvyi Torets River and their forecasting until 2025
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Fig. 18 — Dynamics of changes in BOD:s level in the Kazennyi Torets River and its forecasting until 2025
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Fig. 19 — Dynamics of changes in dissolved oxygen level in the Kazennyi Torets River
and its forecasting until 2025
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Fig. 20 — Dynamics of changes in phosphate ion levels in the Kazennyi Torets River
and their forecasting until 2025
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Fig. 21 — Dynamics of changes in ammonium ion levels in the Kazennyi Torets River
and their forecasting until 2025
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Fig. 22 — Dynamics of changes in sulfate ion levels in the Kazennyi Torets River and their forecasting until 2025
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Fig. 23 — Dynamics of changes in chloride ion levels in the Kazennyi Torets River and their forecasting until 2025
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Fig. 24 - Dynamics of changes in nitrate ion levels in the Kazennyi Torets River
and their forecasting until 2025
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Fig. 25 — Dynamics of changes in nitrite ion levels in the Kazennyi Torets River and their forecasting until 2025

Table 1

Comparative analysis of forecasting results of the surface water condition of the Kryvyi Torets River
with BUVR monitoring data

Indicator BODS5, DO')S(;%I;/:? Phoizrr)lfllate Ammonium,| Sulfat, Hlorid, Nitrat, Nitrit,
mgO2/dm3 mgO2/dm3 | mg/dm3 mg/dm3 | mg/dm3 | mg/dm3 | mg/dm3 | mg/dm3
04.07.2024 4,56 7,38 1,48 1,21 749,30 298,20 1,95 0,26
Forecast 4,55 8,70 1,38 1,98 733,82 213,63 16,87 0,39
Low-
probability 4,23 7,51 0,06 1,56 675,13 94,84 9,46 0,12
weighting
High-
probability 4,86 9,90 2,69 2,41 792,51 332,41 24,28 0,66
weighting
26.05.2025 4,42 7,84 1,08 1,08 701,20 383,40 19,78 0,43
Forecast 4,57 8,74 1,38 2,06 731,85 203,20 16,76 0,38
Low-
probability 4,25 7,45 0,04 1,63 671,42 56,70 8,77 0,10
weighting
High-
probability 4,89 10,03 0,80 2,50 791,98 349,70 24,74 0,65
weighting

Thus, according to the data of the State
Institution "Donetsk Regional Center for Dis-
ease Control and Prevention of the Ministry of
Health of Ukraine” [15-17], in the Druzhkivka
TG as of May 2024 the water of the Kazennyi
Torets River and the Kryvyi Torets River was
characterized by the following exceedances of
standards:
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1) Kazennyi Torets River: sulfates — from 2.9
to 3.51 MPC, chlorides — from 1.71 to 2.46 MPC,
BODs—from 1.83 to 2.03 MPC, dissolved oxygen
below the norm by 1.12-2.41 times;

2) Kryvyi Torets River: sulfates — from 2.38
to 3.45 MPC, chlorides — from 1.37 to 2.09
MPC, BODs — from 1.8 to 1.86 MPC, dissolved
oxygen below the norm by 1.12-2.41 times
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Table 2
Comparative analysis of forecasting results of the surface water condition
of the Kazennyi Torets River with BUVR monitoring data
. BODS, | Dissolved Pho_sphat Ammonium, | Sulfat, | Hlorid, | Nitrat, Nitrit,
Indicator mg02/ oxygen, € lon, mg/dm3 mg/dm3 | mg/dm3 | mg/dm3 | mg/dm3
dm3 | mgO2/dm3 | mg/dm3 9 g 9 g g
26.05.2025 | 4,42 7,82 0,33 1,21 797,30 383,40 17,49 0,65
Forecast 4,75 8,26 2,23 2,11 809,26 340,75 17,19 0,58
Low-
probability 4,52 6,46 0,75 1,73 718,66 248,63 14,30 0,40
weighting
High-
probability 4,98 10,07 3,70 2,49 899,95 432,88 20,07 0,76
weighting

In August 2025, in the Kazennyi Torets
River the following exceedances were recorded:
sulfates — 2.02-2.05 MPC, BODs — 1.5 MPC,
chlorides — 1.15 MPC, the actual content of dis-
solved oxygen was 2.12 and 2.15 mg/dm? with

the normative value >4.0 mg/dm?, a decrease of
1.88 and 1.85 mg/dm?, respectively, was rec-
orded. In the Kryvyi Torets River: BODs —2.33
MPC; sulfates — 2.01-3.93 MPC.

Conclusions

The conducted analysis of the state of sur-
face waters of the Kryvyi Torets and Kazennyi
Torets rivers indicates long-term and systematic
pollution of the rivers. Organic pollution (BOD:s
and dissolved oxygen) in both rivers was high,
throughout the entire observation period there was
a systematic exceedance of BODs over the MPC
(3 mgO2/dm?), which indicates excessive organic
load. The concentration of dissolved oxygen re-
peatedly dropped below the standard (4
mgQO-/dm?), which indicates a threat to aquatic bi-
ota and disruption of self-purification processes.
The most critical periods were the mid-2000s and
early 2010s. In 2024-2025 a steady decrease in
oxygen levels is observed with high BOD:s values,
which confirms an unfavorable ecological state.

As for nitrogen-containing compounds (ni-
trates, nitrites, ammonium) — the situation is also
unfavorable. Nitrates generally did not exceed the
MPC, however peak values were recorded, asso-
ciated with agricultural load. Nitrites constantly
and significantly exceeded the standard (by tens of
times), especially in 2005-2008, which indicates
intensive organic pollution and the inflow of in-
sufficiently treated wastewater. Ammonium ions
in most years exceeded permissible values, reach-
ing peaks over 1.7-2.0 mg/dm?. This indicates a
stable technogenic load.

Periodic significant maxima of phosphate
ion content (up to 3.0 mg/dm?) were noted, which
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indicates eutrophication processes and the inflow
of phosphates from detergents and fertilizers.
Mineralization of water (sulfate and chloride ions)
is high, the concentrations of both indicators often
exceeded the standards, especially in 2006-2008
and 2011-2013. Since 2014 stabilization has been
observed, but at a high level, which indicates a
constant technogenic influence of industrial and
municipal discharges.

In the absence of monitoring data, we car-
ried out forecasting using the Forecast Sheet re-
source, which showed good convergence of fore-
cast and actual values. The general trends are as
follows: BOD:s indicators increase, DO decreases,
the content of ammonium and phosphate ions in-
creases, the content of sulfate, chloride, nitrate and
nitrite ions decreases, but their levels still remain
elevated. This means that no positive dynamics of
water quality was recorded — in 20242025 most
indicators exceed the MPC.

Thus, the Kazennyi Torets and Kryvyi To-
rets rivers are in a state of persistent organic and
chemical pollution, with dangerously low oxygen
levels and exceedances of BODs, ammonium,
phosphates, sulfates and nitrites. Despite partial
stabilization after 2015, the overall ecological
state remains unsatisfactory, and in 2024-2025
the situation has even worsened. This requires
strengthening control over sources of discharges,
modernization of treatment facilities, and the
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development of a comprehensive program for the
ecological rehabilitation of the Siverskyi Donets
basin.

Overall, the war has significantly deepened
the ecological problems of these rivers. They re-
quire a comprehensive approach to restoration:

modernization of treatment facilities, rehabilita-
tion of aquatic ecosystems, and restoration of the
monitoring system. Without this, there is a threat
of further degradation of the region’s water re-
sources, which will have long-term consequences
for the environment and public health.
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Meta. HagaTi KOMIUIEKCHY €KOJIOTIYHY OLIIHKY CTaHy HOBepXHEeBHUX BoJ piuok Kpuswuii Topens Ta Kazen-
Huit Topers y M. JIpy>KKiBKa 3 METOIO BU3HAUYEHHS! OCHOBHHMX aHTPOIIOTEHHHX (HDaKTOPiB BIUIMBY, 30KpeMa HACIi -
KiB BiffHH.

Metoau. CucteMHUI aHami3, METOIU CTATUCTUIHOT OOPOOKH, aHAIi3 JUHAMIKN y PETPOCIIEKTHBI Ta MPO-
THO3YBaHHS MalOYTHIX TCHICHITi.
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PesyasTaTu. [IpoBeneHo aHami3 MOKa3HUKIB CTaHy BOIM JJIS ITOCTiB MOHITOPHHTY — p. Kpusuit Topems Ta
p. Kazennnit Topens. Opraniune 3a06pynnenns (BCKs Ta pozunHeHnit KuceHs) B 000X piukax yHmpoIOBXK YCbOTO
nepiogy crnocrepiranocs cuctemarnane nepesuineHHst bCKs nvan I'/IK. KonnenTpanis po3YMHEHOT0 KHCHIO He-
OJJTHOPA30BO OITyCKajacs HW)K4Ye HOPMATUBY, 10 BKA3y€e Ha 3arpo3y Ul BOAHOI OIOTH Ta MOPYLIEHHS MPOLECIB
camoounieHHs. HiTpuTu mocTiitHO Ta CyTTEBO IIepEeBHUITyBaId HOpMaTHB 0cod0mmBo y 2005-2008 pp. BigznaueHo
MepioONYHI 3HAYHI MaKCHMYMH BMICTy Qoc¢aT-ioHIB, IO CBITYUTH MPO eBTPO(iKamiifHI MpolecH Ta HAAXO-
JUKEHHsT pocdatiB 3 MUIOUHMX 3ac00iB 1 100puB. MiHepaiizauis Boau (Cyabdar- Ta XJIOpHUA-iI0HN) € BUCOKOIO 0CO-
6mBo y 20062008 ta 2011-2013 pp. 3 2014 p. cnocrepiraeTbes crabimizaris, ane Ha BUCoKoMy piBHi. [IporHo-
3yBaHHs 3 BUKOpPHCTaHHIM pecypcy Forecast Sheet, sike mokaszano m00py 301KHICT MPOTHO3HUX Ta (PAKTHIYHHUX
3Ha4eHb. [[03UTHBHOT TUHAMIKH SIKOCTI Boau He 3adikcoBaHO — y 20242025 pp. OLIBIIICTE TOKa3HUKIB IIEPEBHU-
uye I'ZIK.

BucnoBku. Piukn Kazennuit Topens i Kpusuit Toperns 3HaX0A4TECS ¥ CTaHi CTIHKOTO OPTaHIYHOTO Ta Xi-
MIYHOTO 3a0pyAHEHHs. 3araJlbHAI eKOJOTIYHUN CTaH 3aJIAIIA€THCS HEe3aA0BUTHHIM, a y 2024-2025 pp. curyartis
HaBITH MOTipIIMIacs. 3arajoM, BiffHa 3HAYHO IOTIMOMIIA SKOJIOTIUHI MpoOiieMl NUX pidoK. BoHM moTpeOyroTh
KOMILIEKCHOTO IiX0Iy 10 BiTHOBIICHHS: MOJICPHI3aIlii OYMCHUX CIIOPY., peadimiTarii BOZHUX eKOCHCTEM Ta Bifl-
HOBJICHHSI CHCTEMH MOHITOPUHTY. be3 iboro icHye 3arpos3a nojansmiol gerpaganii BOJHUX PecypciB perioHy, o
MaTHMe JOBrOCTPOKOBI HACIIJKH JUTS TOBKILIA Ta 310POB’ sl HACEIICHHSI.

KJIFOYOBI CJIOBA: piuxa Kpusuii Topeys, piuxa Kazennuti Topeyb, nogepxuesi 600u, eKoA02IMHUN MO-
Himopune, gocghamu, amonii, cyrvghamu, xropudu, posuunenutl kucenv, 5CKs, nampamu, nimpumu, anmpono-
2eHHULL BNAUB, HACTIOKU BIUIHU

Kongpnixm inmepecie
ABTOpU 3asIBISIIOTH, IO KOHQJIIIKTY iHTEpeciB 111010 MyOrikaii 1iboro pykomucy Hemae. Kpim Toro, aB-
TOPH HOBHICTIO TOTPUMYBJIUCh ETUYHUX HOPM, BKIIIOYAIOUH IUIariaT, Ganbcudikaiiio JaHUX Ta MOJBiiHY my0-
JIKAIO.
Bnecok agmopis: Bci aBTOpHU 3p00WIH PiBHUN BHECOK Y IFO poOOTY
B po0oTi He BHKOPHCTAHO PECYpC MITYYHOTO IHTEIEKTY.
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EKOJIOTTYHUM CTAH BOJHUX OB'EKTIB XAPKIBCbKOI OBJIACTI B YMOBAX
BOE€HHOTI'O CTAHY (HA ITPUKJIAII P.YIN)

Merta. Ouinka auHaMiku Gi3MKO-XIMIYHHX TOKa3HHKIB SIKOCTI BOJM piuky Y ¢ y 2023 polii Ta BUSBICHHS
MOTCHINIMHUX JDKEpEeT 3a0pyAHEHHS.

MeTtoan. [Tonp0Bi, XiMiyHI Ta Pi3UKO-XIMIYHI, CTATUCTHYHI.

PesyabTaTu. Binbdip npo6 Boxu p. Y au 3xilicHeHo momicsns npotsrom 2023 poky Ha IBOX CTalliOHAPHUX
MYHKTaX CIIOCTEPEXKEHH: y MeXaxX HacelleHUX MyHKTIB 3osouiB Ta Ecxap XapkiBcbkoi obnacti. Busnaueno mo-
Ka3HUKH SIKOCT1 BOJIU: PO3YMHECHUH KHACEeHb, OioximMiuHe criokuBaHHs KUCHIO (BCKs), XiMiuHe CIIOKUBaHHS KUCHIO
(XCK), amomiit, HiTpUTH, HITpaTH, PochaTw, opTodocdarn, cyxuil 3aMuIIoK i HadTonmpoaykTu. HaitOinbm kpu-
TUYHUMH NokazHuKaMu BuctynaoTh bCKs, XCK, amoHiii, Gpocdartu Ta HadTonmpoaykTH, SIKi CHCTEMaTHIHO TIepe-
BUIIYIOTh TPAHUYHO JOITyCTHMI KOHIIEHTpaii, 0cOOIMBO B ITyHKTI CHIOCTEpeXeHHsI cMT Ecxap, 1o Bu3Havae mia-
BUILICHE OpraHiYHE HaBaHTAXEHH, 3a0pyIHEHHS CIOIyKaMu a3oTy, Gocdopy Ta HaTOmpoIyKTaMH, IO MOXKE
MOB’s3aHO 3 BUTOKAMH MAJMBHO-MACTHJIBHUX MaTepialliB Bijl BINCHKOBOI TEXHIKH, 3pyHHOBAaHHUX CKIIA/IiB Ta TPaH-
CTIOPTHHX LULIXiB.. BomHOUac KOHIEHTpanii HITPUTIB, HITPATIB Ta a30Ty HITPUTHOIO 3ATUILNAIOTHECS B MEXaX HO-
PMaTHBIB, 1110 BKa3y€e Ha BiZICYTHICTh TOCTPUX NpOLECiB HiTpH]IKaILil Ta MeBHY 3/aTHICTh BOJAOHMH JI0 CAMOOYH-
meHHs. Ce30HHa JAMHAaMIKa MIATBEPKYE, 1110 HAHBUILI piBHI 3a0pyAHEHHS MMPUNA/IAI0Th HA BECHSHO-JIITHIN Te-
pioa, 110 30iraeThes 3 MiABUILEHHSM TEMIIEPaTypH, aKTHBI3ali€0 OI0XIMIYHUX POLECIB Ta MOXKIIMBUMH HACIII]I-
KamMu OOMOBHX [Iif 1 3TMBOBHX 3MUBIB 3 TEPUTOPIi HACEIEHHUX ITYHKTIB 1 HOJIB.

BucHoBOK. 3a pe3ynpTaTaMu CriocTepekeHb MpoTsaroM 2023 poKy eKOIOTiYHHN cTaH p. Y U 3aJIHIIAETHCS
HANPYKEHHUM 1 XapaKTepU3YEThCS SIK IIOMIPHO 3a0pyTHEHHH 13 IOKAIFHIMH JUITHKAMHA BUCOKOTO PiBHS OpraHid-
HOTo Ta (hoc(haTHOrO HABAaHTAXKEHHS, 10 3yMOBJICHE ITOE€HAHHAM HPUPOJHNX 1 BOEHHO-TEXHOTCHHUX (haKTOpiB.
Juis cTabimizamii TizpoekocucTeMu MOTPiOHE KOMIDIEKCHE BITHOBJICHHS BOJOOXOPOHHUX CIOPY[, CUCTEM OYH-
IIEHHS CTOKIB i OaNbIIIe HAyKOBE CIIOCTEPEKEHHs 3a TMHAMIKOIO IOKa3HHKIB SKOCTI BOAH.

KJIFOYOBI CJIOBA: sikicmb 600u, (izuxo-ximiuHi NOKA3HUKU, OUHAMIKA NOKA3HUKIE, 3a0PYOHEHHS.

Sk muryBatn: llenenenko . B., Hanko H. C. Exomoriuaunii craH BOgHUX 00'ekTiB XapKiBChKOi 00JIACTI B yMO-
Bax BOEHHOTO CTaHy (Ha mpukiani p. Yau). Bicnux Xapxiecvko2o HayionanbHozo yrieepcumemy imeni B. H. Kapa-
sina. Cepis «Exonociay. 2025. Bun. 33. C. 70-82. DOI: https://doi.org/10.26565/1992-4259-2025-33-05

In cites: Shepelenko, D. V., Tsapko, N. S. (2025). Ecological state of water bodies of Kharkiv region in conditions
of martial law (on the example of the Uda river). Visnyk of V.N. Karazin Kharkiv National University. Series
Ecology, (33), 70-82. https://doi.org/10.26565/1992-4259-2025-33-05 (in Ukrainian)

Beryn
Bonni pecypcu SBASIOTBCS OJHUM i3 PO3BUTKY, 30€pEKEHHS €KOCHCTEM Ta BHPOO-
KJIIOYOBHX €JIEMEHTIB rigpochepu 3emini Ta € HHIITBA TIPOJOBOJLCTBA. Bosa € He yuIie XKuT-
HE3aMIHHOK OCHOBOIO JUIA 3a0e3IeueHHs 0a30- TEBO HEOOXITHUM PECYPCOM ISt iICHYBaHHS K H-
BUX TIOTPEO JIFOMHH, COIIATbHO-€KOHOMIYHOTO BHX OPTaHi3MiB, ajie i BaXKJTMBUM YHNHHUKOM
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miATpUMKHA OiOpiI3HOMAHITTA Ta (QYHKIIOHY-
BaHHSI IPUPOAHUX EKOJIOTIUHUX CHCTEM. YKpa-
iHa HaJCKHWTHh O KpaiH 3 OOMEKCHHUMH 3ara-
CaMHU JIOCTYIHHX JUIsl BUKOPHCTaHHS BOIHHX
pecypciB, Mo poOUTh e(EeKTUBHE YIPaBIIiHHS
Ta OXOPOHY BOJHHUX 00’€KTiB HAJA3BUYAHO Ba-
>kuBuM. TpuBamuii BIUIMB aHTPOIIOTCHHUX (ha-
KTOpIiB, TAKHX SIK IPOMHUCIIOBA JisUIbHICTD, iIHTE-
HCHBHE CIJIbCbKE TOCIIOJIAPCTBO, MICBKE Ta MO-
OyroBe 3a0pyIOHEHHSA, CIPUYMHUB CYTTEBI
3MIHH Y KiTBKICHHUX Ta SKICHUX XapaKTepUCTH-
Kax BOIHUX pecypciB. Lle BKIItoYae 3MEHIICHHS
o0csTiB 4ncToi BOAM, TIOTipIIEHHS 11 XIMIYHOTO
CKJIa Ty, ITiIBUIIICHHS KOHIIEHTPAIlil TOKCHIHIX
CIOJYK Ta MAaTOreHHUX MIKpOOpTaHi3MiB, a Ta-
KO JIeTpa/iallito BOAHUX EKOCHCTEM.

CraH MOBEPXHEBUX BOJI € OJTHAM 13 KITFOUO-
BUX I1HJMKATOPIB €KOJIOTTYHOTrO OJaromnomyyus
TEpPHUTOpii, OCKUIbKK BiZioOpaskae piBEHb aHTPO-
MIOT€HHOTO HAaBaHTAXKEHHS Ta €(EKTHBHICTH 3a-
XOJIB 3 OXOPOHH HABKOJMIITHHOTO CEPEIOBHIIA.
VY cyuyacHMX yMOBaX, 3 OISy Ha IHTEHCHUBHE
TIPOMHCIIOBE OCBOEHHS TEPUTOPIH, 3MiHY KITiMaTy
Ta HACJIAKA BOCHHUX JiH, IUTAaHHSI CHCTEMATHY-
HOT'O MOHITOPHHTY SIKOCTi BOJJHUX 00 €KTiB HA0y-
Ba€ 0COOTMBOT aKTYaITLHOCTI.

3araJbHUM NUTAaHHIM 30€pEeXEHHs BOA-
HUX PECypCiB Ta iX YIpPaBIiHHSA MPUCBIICHO
YMMaJo BITYM3HSHHUX poOiT (3aKOHO/JaBua 6aza
B YKpaiHi mono npouecy pedopMyBaHHS CH-
CTEMH YTIPaBIiHHS BOJHUMH PECypcaMu — B PO-
6orax M. 1. Pomamenxko [1], BomHMI MEHEK-
MEHT Ta HOT0 CyTHICTh PO3KPUTO Y mparisix Ma-
kapenko H. A. [2], KoMIIeKCHa OIliHKa SIKOCTI
BOJIM, ii METOJOJIOTIS JOCHIKCHHS, JDKepela
3a0pyJHEHHST BOJl — BHKIQJCHO y TIpaIsx

Crpokans B. II. [3-5] Ta inmmx). ITuranus
BIUTUBY BiliCHKOBOI isJTILHOCTI Ha CTaH BOJHUX
pecypciB  BHCBITJIEHO y po3pi3i  Takumx
HampsAMiB: O3HaKW 30pOWHHUX KOHQIIKTIB Ta
Hacniaku ix y perioni Jonbacy Ykpainu po3s-
Kkputo y npaisgx XimpueBcbkoro B. K. [6, 7];
MIPUKIIAIN TUISAXIB BUPIMICHHS BOTHUX KOH-
¢uixriB npeactasneHo y npausax Kyneka O. M.,
[MepemuGina JI. O. [8]. [IpoTe nuTaHHs 1100
BIUTUBY BIifICBKOBHX Jili Ha CTaH BOJHHUX pe-
cypciB YKpaiHW 3aJIMIIA€ThCS BIIKPUTHM, aK-
TyaJbHUM Ta 3aTpeOyBaHMM, OCKUIBKA MH
Ma€eMO pO3yMiTH OCHOBHI MaltOyTHI PU3HKH IS
KOMIIOHEHTIB JOBKIUIS, 1100 CBOE€YACHO ITOIIE-
PEANTH HACIiAKY 3a0pyTHEHHSI.

Piuka VYnu, ska mpoTikae TEPUTOPIEIO
XapKiBChKOI 00JIaCTi, € BaXKIIMBUM JDKEPEIOM
BOJIOTIOCTAYAHHS [Tl HACEIECHHS Ta IPOMHUCIIO-
BOCTI, a TAKOK BUKOHY€ (YHKIIIi peryIrOBaHHS
JIOKAIILHOTO BOJHOTO OaNaHCy Ta MiATPUMKH
OiopizHomaniTTs. [IpoTe Boan piuky 3a3HAIOTH
KOMITJICKCHOTO BIUTUBY NMPOMHCIOBUX, CiJIbCh-
KOT'OCITOJTAPCHKHX 1 TOOYTOBUX CTOKIB, & TAKOXK
BILTUBY OOMOBHX Jii, IO 00YMOBITIO€ HEOOXi-
HICTh OI[IHKY CYYacCHOT'O CTaHy ii BOAHHUX peCy-
pcis [9, 10].

MeTor OOCITIKEHHS € OLIHKA TUHAMIKHA
(hi3UKO-XIMIYHUX TIOKA3HUKIB SKOCTI BOIHU pi-
yku Yu y 2023 poiii, BUSBICHHS OTEHIIHHUX
JpKepen 3a0pyaAHeHHS Ta (JOPMYITIOBaHHS PEKO-
MEHJaliil 1010 MOKPAIIEHHs CTaHy BOJIHOTO
00’ekta. Pe3ynpTaTH MOCTIKEHHS MOXKYTh
CTaTH MiAIPYHTSAM JUIS TOAATBIINX HAYKOBHX
JOCITI/KEeHb, TUIAHYBaHHS 3aXO/iB 3 OXOPOHHU
BOJI Ta PalliOHAILHOTO BUKOPUCTAHHS BOJHHX
pecypciB y perioHi.

MeToau ToCaiIKeHHA

JL1st OLliHKH SIKOCTI BOJH Y p. Y AW TIPOBO-
JIMBCSI CHUCTEMAaTHYHWH MOHITOpHHT. Binbdip
npo® BoAM 3IIHCHIOBAaBCS BJIACHOPYY IIOMi-
csust mpotsiroMm 2023 poky Ha JBOX CTallioHap-
HUX MYHKTaX CHOCTEPEKEHHS: Y MeKaxX Hace-
JICHUX MYHKTIB cMT. 30104iB Ta cMT. Ecxap Xa-
pKiBcbKoi oOnacti. Bubip myHKTIB BimOopy
po6 oOTPYHTOBYBABCS OCOOIMBOCTSIMH aHTPO-
MOT'eHHOTO BILTUBY Ha PiUKY Y1 Ta HasIBHICTIO
NOTEHUIHHUX JpKeped 3a0pyIJHEHHS B MeKax
UX TEPUTOPIH.

[MonpoBuii BiOip mpod mpoBOAMBCS Bifl-
noBigHo 10 BuMor ctangapty ACTY ISO 5667-
6:2009 [14], mo 3a0e3neuye penpe3eHTa-THUB-
HICTB Ta IOCTOBIPHICTh OTPUMAHUX HaHUX. JJis
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MiHiMi3amii 3MiH (Qi3UKO-XIMIYHUX XapaKTepH-
CTHK TIPO0 TIiJT 9ac TPaHCIIOPTYBaHH Ta 30epi-
TaHHs BUKOPUCTOBYBAINCS CIELiaNbHI TrepMe-
TUYHI TOJTIeTUIIEHOBI OCYIMHH, a IPOOH BOAU
JOCTABIISUTA JIO JlabopaTopii y MakCcUMallbHO
KOPOTKHI TEPMiH.

VY BingiOpanux mpoOax BU3HAYAIU TaKi
MOKA3HUKH SKOCTI BOJM: PO3UMHEHHU KHUCEHb,
Oioximiune crioxxuBaHHs KucHIO (BCKs), ximi-
yHe criokuBanHsa kucHI0O (XCK), amoHil-ioH,
HIiTpUTH, HiTpaTH, Pocdartu, oprodocdaru, cy-
XU 32JIANIOK 1 HA) TOTIPOTYKTH.

BusHaueHHsT KOHUEHTpaLiii MOKa3HUKIB
3nifcHIOBajocst y naboparopii PerionansHoro
odicy BOIHHUX pecypciB y XapKiBChbKil 001acCTi.
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JlabGoparopHe BU3HAYCHHS MMOKAa3HUKIB
SIKOCTI BOJIM BUKOHYBAJIOCS BiJITOBIIHO J0 YUH-
HUX HAIIOHATHLHUX CTaHIAPTIB:
— a3oT amoHiliHmi — 3a JICTY ISO 7150-
1:2003 [15]. ;
— a30T HITPUTHUHA —
6777:2003 [16].;
— asot HitpatHuii — 3a JICTY ISO 7890-
3:2004 [17];
— (pocdatu (y mepepaxyHky Ha Gocdop) —3a
JCTYVY ISO 6878:2008 [18];
— optodochati — HOTOMETPUUHUM METO-
oM 3rigao 3 JICTY ISO 6878:2003 [18];
— HadrTomponyktu — 3a JCTY ISO 9377-
2:2015 [19];
—BCKs —3a JICTY ISO 5815-1:2009 [20];
— XCK —3a ICTVY ISO 6060:2003 [21].
OrmiHKa SKOCTI BOIM 3OIMCHIOBaJIACs
HUISIXOM TIOPIBHSHHS (PAaKTUYHUX KOHIEHTpPa-
il MOCTI/HKYBaHUX TMOKA3HUKIB 13 TPaHUIHO
nmorryctuvmumu koHeHTparismu (I'IK) Bixmo-
BiJIHO 110 «['iri€eHIYHUX HOPM SIKOCTi BOJU BOJI-
HUX OO’€KTIB IS 3a70BOJIEHHS IHMTHHUX,

3a JCTY ISO

rOCHOAAaPCHKO-TIOOYTOBUX Ta iHIIUX MOTPeO
nacenenns»» (Hakaz MO3 Ykpaian Ne 721 Big
02.05.2022 p.) [22].

Mertomoioris HOCTiMKEHHS mependa-
Yyaja KOMIUIEKCHUH MAXIJI, 1[0 BKIIOYAE,

[TonboBuit eran — BiAOip MPod y KOHTPO-
JIFHUX IyHKTaX Ta MepBUHHA (DiKcallis yMOB Ha-
BKOJIMIIHBOTO CEpelOBHIIA (Temmeparypa, mo-
TOJIHI YMOBH, IIBUAKICTD TeUil).

JlaGopaTopuuii eram — XimMidHHHA Ta }i-
3UKO-XIMIYHHHA aHaji3 Mpo0, BU3HAYCHHS BMi-
CTYy OCHOBHHUX 3a0pyJHIOBAauiB Ta IMOKAa3HHKIB
OpraHiYHOTO HABAaHTAKCHHSI.

AHaTITHYHWH eTan — CTaTUCTUYHA 00po-
OKa pe3ynbTaTiB, HOPiBHSHHS 3 HOPMaTHBHUMHU
3HAYEHHSAMH, OILIIHKA TUHAMIKH 3MiH ITOKa3HHU-
KiB TIPOTSTOM POKY Ta ifeHTH(IKAIis MOTEeH-
UiHHKUX HKepen 3a0pyaHeHHSI.

Bukopucranuii KOMIUIGKCHUH MiaXia 3a-
Oe3reuye CHCTEMHY OIIHKY SIKOCTi BOAX Y P. Y Iu
1 T03BOJIsIE 3pOOHUTH BHUCHOBKHU IIO/IO €KOJIOTI-
HOTO CTaHy BOJHOTO O0’€KTa Ta MpPIOPUTETHUX
HaIpsIMiB OXOPOHH BOJTHHUX PECYPCIB y PETiOHI.

PesyabTaTu nociigkeHHs: Ta 00roBOpeHHs

AHa3 JUHAMIKH BMICTY PO3YHMHEHOTO
KUCHIO y p. Yiu (puc.l) Bu3HaumB, Mo Yyci
3HaueHHs riepepumnytoth [JIK (4 wmr/mv?).
Ce30HHMI pO3MOAIT Ma€ YiTKO BUPAXKEHY
TEHACHIIIO: Yy JHTHI MICsIi CIOCTEPIracThes
3HIKEHHSI PiBHS KHMCHIO BHACTIZIOK ITi/IBUIIICHHS
TeMIIepaTypy BOIM Ta iHTEHCUikallii Oiororiy-
HHX TIPOLIECIB, TOJI SIK y XOJOMHHUN Tepiof] POKY

BMICT KHCHIO 3pOCTa€ 3aBJSIKH  3HIDKEHHIO
TeMIIepaTypH Ta OCUIICHHIO MPOIIECIB aepalii.
BMicT amMOHiI0 Y TYHKTI CITOCTEpPEKEHHS
cMT 3omo4iB npoTsiroM 2023 poky KOJIHMBaBcs B
mexax 0,85-2,36 mr/aM® Ta He NepeBHIyBaB
Bcranosieny ['JIK (puc.2). Bumict amoHito y p.
Ymu y cmt Ecxap xommBascs Bin 2,36 no 4,26
mr/mm® tipu ['J1K 2,58 mr/mv?. TlepeBuineHns

12

mr/om3

10

O . - L -
| Il 1] v

\Y

vIE | vIE | IX X X1 Xl | TR

Vi

# cmT 3on0uiB| 9,6 | 8,8 | 8,2 | 8,14

8,36

8,08|7,27|6,86|7,77 7,77 | 8,06 | 8,66 | 4

LlcmT Ecxap 9 8,6 8 (7,85

8,18

8,74 |7,45|6,52|7,27 (8,02 |8,19|8,76

Puc. 1 — Bmict po3unneHoro kucHrio mpotsirom 2023 p. y nopisusuni 3 ['JIK
Fig. 1 — Dissolved oxygen content during 2023 compared to the MPC
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4,5
mr/om3
3,5
3 M. — — 3
25 — — *‘ — — |
2 11| _—
15 +— R
1 S E—
0,5 A
O - L L L - L L - L L L |1
| Il ] v \ VI VI vIE | IX X Xl X | rgK
# cmT 30n104i8| 0,92 0,86 1,33(0,85|1,12|1,88(2,36(1,88|2,06/2,37|2,04(1,82|2,58
LicmT Ecxap  [3,16(3,48 4,26 3,05(|3,26|3,283,64|3,16(2,51(2,95|2,65|2,36
Puc. 2 — Bmict amosito npotsirom 2023 p. y nopiBasinti 3 [JIK
Fig. 2 — Ammonium content during 2023 compared to the MPC
I'IK mpocTexytoThest y BCi MicsILli, KpiM TEXHOJIOT1] OYMINEHHS CTOKIB, OOMEXHTH

BepecHst Ta rpyanst. [epesumenns I'JIK cBiquuth
npo 3a0pyJHEHHS TOOYTOBUMH Ta CIIIbCHKOTOC-
MOJAPCHKUMH  CTOKaMH, IO ITOCHIIIOETHCS
BOEHHUMH IIOLIKO/DKEHHIMM KaHalsawili Tta
BUTOKaMH 3 TMOLIKOKEHOI 1H(GPACTPYKTYPH.
e mMoke IPU3BOJUTH 0 TOKCHYHOTO BILIHBY
Ha BOJHI OpraHi3MH, BKIIFOUAI0YH HAKOTIMIECHHS
B Xap4OBOMY JIAHIIIO3, 1110 3aTPOIKYE 3IOPOB'EO
JIFOIMHY Yepe3 CIIOKMBaHHS 3a0pyJHEHOI BOIU
yn pubu. HeoOximHo BmpoBaguTH CydYacHi

BUKOPHUCTAHHS a30THUX JOOPHUB Yy CiJIbCHKOMY
TOCIOJapPCTBI Ta MPOBECTU ayauT iH(pacTpyk-
TYpH 15l 3amo0iranHs MoAiOHUM MpoOiieMaM.
JIOBroCTpOKOBI HACIiIKK MOXYTb BKIIOYaTH
MOPYUICHHSI TPYHTOBUX BOJl Ta TOTpedy B
JIOJIATKOBOI JIOTIOMO31 JIJIsl BiJIHOBJICHHSI.

Bwmict azoTy amoHiliHOTO Y BOoAi p. Yu
(puc.3), BiniObpaHoi 3 MyHKTY B CMT 30JI0YiB
MIPOTSIrOM POKY KOJIMBaNIKCh y Mexax 0,66-1,84
Mmr/am? Ta He nepeBumryBanu ['JIK.

3,5
mr/om3

1,5 +—

0,5 -

0 - | | |
I Il Il v \

vIE | vl | IX X Xl | Xl | rAK

@ cmT 3on0uiB | 0,71 10,67 | 1,03 | 0,66

0,87

1,46

1,83(1,46| 1,6 (1,84|1,58|1,41| 2

[dcmT Ecxap (2,45 2,7 | 3,3 | 2,36

2,53

2,54

2,8212,45/1,95|2,29|2,05|1,83

Puc. 3 — Bmict a30Ty aMOHIHHOTO npotsrom 2023 pik y mopisasami 3 TIIK
Fig. 3— Ammonium nitrogen content during 2023 compared to the MPC
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Bwict a3zoty amoHiliHOTO y p. YIu B CMT
Ecxap xomuBascs Big 1,83 g0 3,3 mr/mve. Tlepe-
BumeHHs ['JIK mpoctexyroTecss y BCi MicsIi,
KpiM BepecHA Ta rpymaHs. llimBumenwnii BMicT
a30Ty aMOHIMHOTO CBIAYUTH MPO OpraHivHe 3a-
OpyaHEeHHS (CTIYHUMH BOJIAMH, JOOPHBaML, TIPO-
IyKTaMH pO3Mamy), MO0 HeOe3neyHO, OCKLTbKA
NPHU3BOIUTE JI0 3HIDKEHHS PIBHSA PO3YMHEHOTO
KHMCHIO, «IBITIHHS» BOAM Ta 3aru0eili BOMHUX
OpraHi3MiB.

KonuenTparist HiTpuTiB y IpoOax BoAH 3
000X MYyHKTIB CIOCTEPEKeHHs mpoTsirom 2023
poxy He mepesumyBaia ['JIK (puc.4). Orxe,
SIKICTh BOAH Y P. YIH 32 TIOKa3HUKaMH HITPUTIB
BinoBifae [irieHiYHUM HOpMaM SIKOCTI BOJHU
BOJHUX 00 €KTIB IS 3210BOJICHHS TUTHUX, TO-
CIOJIapChKO-TIOOYTOBUX Ta IHIIUX MOTpeO Ha-
ceJIeHHs, 3aTBepkeHnx Hakazom MO3 Ykpa-
iHu Ne 721 Bin 02.05.2022 p. [22].
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0,201
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0,146

0,212

0,187

0,138

3,3

LicmT Ecxap 10,251

0,349

0,388

0,468

0,627

0,305

0,267

0,212

0,403

0,476

0,458

0,489

Puc. 4 — Bumicr HitpuTis npotsarom 2023 pik y nopisasHHI 3 ['/IK

Fig. 4 — Nitrite content during 2023 compared to the MPC

[potsirom 2023 poKy KOHLIEHTpALiSI 30Ty
HITPUTHOTO Y Boji p. Y1 (pHcC. 5) 3 000X MyHKTIB
CIIOCTEPEKEHHS 3aJTUIIIABCS CTA0UTHHO HU3BKUM i
3HaYHO HIKYHMM 32 HOPMATHBHI [IOKa3HHUKH.

Ce30HHA qMHAMiKa BU3HAYAE 3POCTAHHS
KOHIIEHTpAIlii Y TeIIMi repios poKy, HMOBIpHO

Yepe3 MiIBUILECHHS TEMIIEpaTypy Ta aKTHBI3aLilo
010XIMIYHHX TPOIIECIB Y BOJHUX 00’ €KTaX.
Haiimenmi koHueHTpamwii XapakTepHi
JUIsl 3MMOBOTI'O TI€pioAy, 110 MOXe OyTH MOB’f-
3aHO 3 p030aBJICHHSM BOJIHM ITiJ 4ac MaBOJKIB Ta
AKTUBHOTO BOJIOOOMiHY. Y IIJIOMY €KOJIOTi4-

1,2

mr/gm3

0,8

0,6

0,4

0,2

0
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Vv

W

\l

Vil

IX

X

Xl
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rOK

# cmT 30n0uiB | 0,31

0,4

0,7

0,67

1,01

1,01

1,01

0,83

0,74

0,99

0,86

0,68

1,14

LicmT Ecxap 0,077

0,106

0,12

0,143

0,191

0,093

0,081

0,065

0,123

0,145

0,14
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Puc. 5 — Bmict azory HiTpuTHOTO nipotsirom 2023 pik y mopiBastHHI 3 ['JIK

Fig. 5 — Nitrite nitrogen content during 2023 compared to the MPC
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HHH CTaH 32 JaHUM TIOKa3HUKOM MO>KHA BB)KaTH
CIPUSTIMBUM, OCKibkH TepeBuineHb [JIK He
3a(hikcoBaHO.

Konnenrparist HiTpaTiB y mpodax Boau 3
000X MyHKTIB criocTepexeHHs: npotsirom 2023
poky He nepesurnryBaia ['JIK (puc. 6). Orxe,
SKICTh BOAM y P. YIM 32 TIOKa3HUKAMH HITPaTiB
BIiJINIOB1/1a€ HOpPMaM SIKOCTI BOJIX BOJHHX 00’ €K-
TiB ISl 33J0BOJICHHSI MUTHUX, TOCIIOJAPCHKO-
noOyTOBHX Ta IHIIKX MOTPed HaceneHHs [22].

Konnenrparliss a30Ty HITpaTHOTO Yy
mpobax BoAM 3 000X IMYyHKTIB CIIOCTEPEKEHHS
mpotsiroM 2023 poky He mepeBumnyBama ['JIK
(puc. 7). OTxe, SKICTh BOON y p. Y U 3a TTOKa3-
HUKOM a30Ty HITPaTHOTO Bignosifae l'irieHiu-
HUM HOPMaM SKOCTi BOAM BOJHUX 00’ €KTIB ISt
3aJJ0BOJICHHSI TMTHHUX, TI'OCIIOAAPCHKO-1I00Y-
TOBHX Ta iHIIMX MOTpeO HACENeHHS, 3aTBEp-
JokeHux HakazoM MO3 VYkpainu Ne 721 Bin
02.05.2022 p. [22].

50
3
mr/om 45
40
35
30
25
20
15 ‘ —‘ 3
5 - | ! \ | ‘ !
Ojiiidiiali
| I 11 \Y) \Y \ VIL | VI IX X Xl XIl | rOK
# cmT 3onovis | 4,68 | 3,92 | 4,06 3,19 (3,07 |3,22| 4,1 |3,86|4,67(7,08|5,18| 5,6 | 45
LicmT Ecxap | 8,67 9,19 |110,12|10,54/10,21/16,04/17,08/17,39|15,29|17,55|11,55|14,19
Puc. 6 — Bwmicr nitpartis npotsirom 2023 pik y nopisasinti 3 ['/IK
Fig. 6 — Nitrate content during 2023 compared to the MPC
12
mr/om3
10
8
6
4
2 —3— '
0 -
| I 1 v Vv vi vik | v | IX X Xi Xl | rAaK
@ cmT 30n0v4i8 | 1,06 | 0,88 | 0,92 | 0,72 | 0,69 | 0,73 | 0,93 | 0,87 | 1,05 | 1,6 | 1,17 | 1,26 (10,17
LicmT Ecxap 1,96 | 2,07 | 2,28 | 2,38 | 2,3 | 3,62 (3,86 3,93 |3,45|3,96 | 2,61 | 3,2

Puc. 7 — Bwmicr a3oty HiTpaTHOTro npotsirom 2023 pik y nopisastaHI 3 ['/IK
Fig. 7 — Nitrate nitrogen content during 2023 compared to the MPC
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Busnaueno, mo, BMicT ¢ocdhaTiB y myH-
KTi CHOCTEpPEKEHHA CMT 30JI0YiB MPOTATOM
2023 poky komuBaBcsi B Mexax 0,95-3,55
mr/am® (puc. 8). Hesnaune nepeumenas 'K
3aikcoBane y uepBHi. BMmicT ¢ocdariB y p.
Ymu y cmt Ecxap konmuBarcs Bin 2,09 no 4,9
mr/am® mipu K 3,5 mr/mv3®. TlepeBureHHs
I'IK npocTexxyroThbest y BCi MicsIli, KpiM CIYHS,
moToro, 0epesHs Ta kBiTHS 2023 poky.

Lle moxe cBimuuTH TIPO 3HAYHE 3a0pyI-
HEHHSI BOJHOTO 00 €KTY, HMOBIpHO, BHACIIIIOK
3MHBY HOOPHB i3 CLTBCHKOTOCTIOAAPCHKHX YT1Ib
ab0 CKUAy HEOYMINEeHUX CTIi9HWUX BoA. OKpim

TOTO, MiABUILICHHS KOHLEHTpaLii ¢ocdari y p.
Yau moxe OyTu Haciinkom pyiHamii iH(ppa-
CTPYKTYpH B pe3ynbTaTi 60ioBHX Aiil (TIOmIKO-
JOKeHHS KaHalli3allii, OYMCHUX cropyn, ¢hocda-
THHX 3aBOJIiB TOIIO), IO TIPU3BEJIO 10 MOTpar-
JISTHHSL HEOUMIIEHUX CTIYHHUX BOA y piuky. Ta-
KOX (pochop Moxe OyTH HAsIBHUM y CKIIafl BH-
OyXiBKH, SIKi TICJIA JETOHAIIT 200 po3KiIaay Ta-
KO MOXYTb MOTPAILUISTH Y BOJY.

3abpynuenas  ¢ocdaramMu  BOIHOTO
00’ €KTa MOYKE IPU3BECTH A0 eBTpodikariii (1Bi-
TiHHSI BOJIN), 1110 HETATHBHO BIUINBA€E HA €KOCH-
CTEMY BOJIONMHU.
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mr/om3
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v

\

Vil | IX X Xl Xl

ViI rOK

@ cmT 30n04i8| 0,95 1,23 | 2,15 | 2,05

3,1

3,55

3,1 12,56|2,27(3,05/2,63| 2,1 | 3,5

LdcmT Ecxap 2,21 2,09 3,05 | 2,85

4,28

4,46

3,67|3,57|4,67| 49 |3,55|3,51

Puc. 8 — Bwmicr docdaris npotsrom 2023 pik y nopiBuasuHi 3 ['/IK
Fig. 8 — Phosphate content during 2023 compared to the MPC

Bwuict pochopy oprodocdarie (puc.9) y
MYHKTi CIIOCTEPEXEHHSI CMT 30JI04iB TIPOTATOM
2023 poky kommBaBcs B Mexax 0,31-1,16
mr/nm®. Hesnaune nepesuiienns ['JIK 3adikco-
BaHE y YepBHI MiCSAIIi.

Bwuict docdopy oprodocdatiB y p. Yau
y cmt Ecxap xonusascs Bin 0,68 10 1,6 mr/mm?
npu ['/IK 1,14 wmr/am®. Tepesumenns I'IK
MPOCTEXYIOThCS Y BCI MicAIli, KPIM CiUHS, JIFO-
TOTO0, Oepe3Hs Ta KBiTHSA 2023 poKy.

[ligsumennii Bmict dochopy oprodoc-
(daTiB y BOAI TOCTIIKYBAHOT PIUKH € HACTIIKOM
3a0pyIHEHHS CTIYHUMHU BOAaMH, a OOHOBI Hii
MOXYTh CIPHATH LIbOMY Y€pe3 MOIIKOKEHHS
1HQPACTPYKTYPH, IO PU3BOJIUTH O CKUIAHHS
HEOYMIICHUX CTOKIB, @ TakOX uepe3 3a0pyn-
HEHHS BiJI BIICEKOBOT TEXHIKU Ta OOEPHITACIB.
Ile BuKkIMKae NBITIHHA BOAW, BHUCHAKCHHS

76

KHCHIO Ta 3arv0eib BOJHMUX MEIIKAHI[B, a
TaKOX YCKJIQJHIOE€ OYHIICHHS BOAM JO CTaHy
IUTHOI.

BwmicT XIMIYHOIO CHOXXHBAHHS KHCHIO
(XCK) y Boxi p. Yau npotsirom 2023 poky
nepesunryBaan [JIK (30 mr/am®) Ha 060X
ITyHKTaX CHOCTEPEHKESHHS — CMT 30JI0YiB 1 CMT
Ecxap (puc.10). Lle cBimunTh mpo mijBHIIECHE
OpraHiyHe HaBaHTAKCHHS Ha BOJIHHUH 00’€KT
YIPOJOBXK YCHOTO POKY.

HaiiBuini 3HaveHHs 3aikCOBaHI y CMT
Ecxap y munai (50 mr/mm®) ta uepsHi (48
Mmr/am?®), 1o nepeBullye HopMatus y 1,6 pasu.
Y cMT 305104iB aHAIOT1YHI MIKOBI KOHIIEHTpAITii
NPHUINIAJIAOTh Ha JITHIA Tiepio] (YepBeHb—
cepnieHb: 43,5-42 mr/nmm®), a MiHIManbHI — y
ciuni—motomy (28 wmr/mm?). Ilicns ceprHs
CITOCTEPITAETHCS TOCTYTIOBE 3HIKCHHS PIBHIB
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Puc. 9 — Bumict docdopy oprodocdari nmporsarom 2023 pik y nopiBusinui 3 [IK

Fig. 9 — Phosphorus content of orthophosphates during 2023 compared to the MPC
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Puc. 10 — Bmict XCK npotsrom 2023 pik y mopiBasaHi 3 I'/IK
Fig. 10 — COD content during 2023 compared to MPC

XCK, xoua IMOKa3HUKHU 3aJIUIIAI0THCS BHITUMH
3a HopMmatuB. IlepeBumenns [JIK wmoxHa
MOSICHUTH KiJTbKOMAa YHHHUKAMH, TIOB’ I3aHUMHU
3 HacJigKaMu OOHMOBHMX il y perioHi: pyHHy-
BaHHSAM OYMCHUX CIOPYA 1 KaHami3al[iiiHuX
CHUCTEM, 1[0 CIIPUYHNHHIIIO HAJIXOKCHHS HEOUYH-
IMICHUX MOOYTOBUX 1 TOCTIOAAPCHKUX CTOKIB Y
PIYKY; BUTOKaMH{ MMaIMBHO-MACTHJIBHUX Mare-
piajiB yepe3 MOLIKOMKSHHS CKIIAIB 1 TEXHIKH;
pyWHYBaHHSIM ITPOMUCIOBUX 00’ €KTIB Ta HAKO-
MUYCHHSAM MPOAYKTIB TOPIHHA ¢ BaXKHX
OpraHiYHUX CIIOJIYKH Y MIOBEPXHEBUX BOJIAX.

7

3aranom, auHamika XCK cBimunTh 1IpO
HeCTaOUIbHUI €KOJIOTIUHME cTaH OaceliHy p. Yy,
3 MaKCHMaJIbHUM HABAHTAXKCHHAM Yy TEIUTHH
IEPIOJ] POKY, 1110 MOXKE OYTH HACHIKOM SIK TPH-
POMHHUX CE30HHMX MPOIIECIB, TaK 1 aHTPOIIOreH-
HOTO BIUTUBY, IIOCHJICHOTO YMOBAaMH BOEHHHUX ii.

Pe3ynbTaTvi MOHITOPHHTY CBIiYaTh MPO
CYTTEBE TIEPEBUIICHHSI TPAHUYHO JIOMTYCTUMHX
konueHTparii (I'IK = 3 mr/am®) GioxiMigHOTO
cnoxxuBanHs kucHio (BCKs) y Bozi p. Yau Ha
000X MYHKTax CIIOCTEPEKEHHS CMT 30JI04YiB i
cmT Ecxap mpotsarom ycporo poky (puc.11).
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Mr/nm3

O . L L - -
I Il 1] v

Vv

VI vIE I IX X Xt | Xl | TAK

@ cmT 3on0uiB | 3,56 | 3,25 | 3,28 | 4,07 | 3,67

4,62 5,08 |3,66|4,07|3,68|3,07|3,18| 3

LicmT Ecxap 3,64 (3,58 4,5 (6,88 5,61

5,24 6,18 |5,27 4,88 4,62 | 3,89 3,51

Puc. 11 — Bumict BCKs mpotsirom 2023 p. y mopiBastaHi 3 TIK
Fig. 11 — BODs content during 2023 compared to the MPC

HaiiBumyi 3HaueHHS 3a(ikCOBaHO y CMT
Ecxap y ksithi (6,88 mr/nm®) Ta smmni (6,18
MI/AM?), 10 NepeBUILye HOpMaTuB y 2,3 pa3u. ¥
cMT 30J104iB MIKOBI IOKa3HUKH CHOCTEPIraInCh Y
yepBHi—mHi (4,62—5,08 Mr/am®), 1o Takox CyT-
teBo niepesuurye ['JIK.

MinimManbHI KOHLIEHTpaLii B 000X ITyHKTaX
NpUIazaTh Ha 3uMoBui mepion (3,07-3,18
MI/AM®), IPOTE HABITh BOHW NIEPEBHUIIYIOTH JIOITY-
CTUMHI PiBEHB.

Taki moka3HUKU CBiTYaTh MPO CTiHKE Op-
ragivne HaBaHTaKEHHS Ha BOAHMI 00’ exT. OcHO-
BHUMH niprirHaMu miaBuiieHoro bCKs MmoxyTs
OyTH: TOTPAIUISIHHS HOOYTOBHX 1 TOCTIOAAPCHKUX
CTOKIB 4Yepe3 MOIIKOIKCHHS KaHaIi3aliHIX Me-
XK Ta OYMCHMX CIIOPYJ YHACTIIOK OOMOBHUX JIii;
PYHHYBaHHS IPOMHUCIIOBHUX 00’ €KTIB 1 CKJIA/IiB M1a-
JINBHO-MACTHJIBHUX MaTepiaIiB, 0 CIIPHYUHUIIO
HAJIXOJDKCHHSI OPraHIYHMX PEUOBHH JIO MTOBEPX-
HEBUX BOJ;

0,45

0,4

Mr/anm’

0,35 +
0,3
0,25 +
0,2

0,15 +

Ul v v

Vi

-

vit | vin | x| x| x| x| rak

M cmT 30n04i8| 0,3 | 0,25 | 0,3 0,284/0,341/0,382

0,275/0,189/0,268/0,221.0,14 3/0,161| 0,3

Womr Ecxap | 0,38] 0,3 | 0,3 [0,260,308/0,416

0,326(0,207|0,293|0,267,0,208:0,172

Puc. 12 — Bmict HadronpoaykriB npotsirom 2023 pik y nopisusiaHi 3 ['JIK
Fig. 12 — Petroleum products content during 2023 compared to MPC
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3MEHIIECHHS €(hEeKTUBHOCTI MOHITOPUHTY Ta OYH-
HIEHHS CTIYHUX BOJ 4epe3 mepedoi y podoTi Ko-
MYHAJIBHAX CITYO0 y 30HI BoeHHUX it [11].

3aranom, auHamika BCKs y 2023 poui ne-
MOHCTpPYE HECTaOUIbHHH EKOJIOTTYHHHA CTaH p.
Y1y, 13 XapakKTepHUMH BECHSIHO-JIITHIMH MTiKaMH,
0 MOXKYTh OyTH TIOB’S13aHi 3 IHTEHCH(IKAIIIEO
CTOKIB Ta BTOPMHHHM HaJIXO/PKEHHSM OpraHii-
HHX 3a0pyAHEHb 3 MOLIKOKEHUX iHPpacTpyKTy-
PHHX 00’ €KTIB.

AHaimi3 GpakTHIHAX KOHIIEHTpamiid HadTo-
NPOAYKTIB y pivli YW B MyHKTax BigOOpy CMT
Ecxap ta cMT 307104iB BUSIBUB BUPQXKEHY CE30HHY
MiHIEBICTb (prc. 12). Y cmt Ecxap makcumanbHi
3Ha4YeHHs 3apeecTpoBaHo y ciuni (0,38 mMr/am?) Ta
y uepBHi (0,416 Mr/nm®); mepeBHIIIEHHS TPAHUYIHO
nomycrrmoi koHmeHTpamnii (CAK = 0,3 mr/mv?®)

TiATBEPIKEHO B X Micstsx. [licys yepBHs crio-
CTEpIraeThCs TCHICHITIS 10 3HWKCHHS Ta YaCTKO-
BUM IT{/IBUIIEHHSM Y TPY/IHI.

VY cmt 3omouiB QikcyeThes ABa IMKH — y
TpaBHi Ta YepBHi i 3HauHi criaau y cepri (0,189
mr/nm?*) Ta mucronai (0,143 mr/om?); cucremartu-
gHoro rrepeBurtieHas ['JIK ve pussneno. [opis-
HAUIbHUM aHajli3 BKa3ye Ha TOMIpHY CHHXPOH-
HICTh CE30HHHX KOJIUBAHb.

MosxBrME (haKTOpamMul TAKUX 3MiH € ce-
30HHI T1IPOMETEOPOIIOTIYHI ITPOIIECH, IHITUICHTH
BUTOKIB Ta TEXHOT'CHHI BILUTUBH, BKJIFOUHO 3 HAC-
JITKaMH BOEHHUX [, a came pyiHyBaHHS iH(ppa-
CTpyKTypH, 3ammineHHss bK/OponeTexHiku, BaH-
TaXIBOK CYIPOBODKYIOTHCS JIOKAJIbHUMH BHUTO-
KaMM TMaJIUBHO-MACTWILHUX MartepialiiB, 0C00-
JIMBO ITi yac OoioBux mii [12, 13].

BucHoBku

Exornoriyamii cTad p. Y 11 3aNuImaeThes Ha-
npyxeHnM. HafOuThIl KPUTUYHAMH TIOKa3HU-
kamu Buctynarote bCKs, XCK, amoniii-ioH, ¢oc-
(hatyt Ta HAQTOMPOMYKTH, SIKi y OLIBIIIOCTI BUTIA/-
KiB TIEPEBHIIYIOTh TPAHUYHO JIOITYCTAMi KOHIICHT-
paitii, 0cOOIHMBO B ITyHKTI CIIOCTEpEKEHHS cMT Ec-
xap. Lle cBiunTh PO MiJIBUIIIEHE OpraHiuyHEe HaBa-
HT2)KEHHS1, 3a0pyTHEHHsI CIIOJIyKaMH a30Ty, Goc-
¢opy Ta npogayKkTaMu HaQTOXiMil.

BopHouac KOHIGHTpALIiT HITPUTIB, HITpa-
TiB Ta a30Ty HITPUTHOTO 3THIIAIOTHCS B MEXKaX
HOPMAaTHBIB, 10 BKA3y€ HA BiJICYTHICTh TOCTPHX
npolieciB HiTpudikalii Ta meBHy 31aTHICTb BO-
JOUMH O CAMOOUHILIEHHS.

Ce30HHA OMHaMIKa CBIIYMTH, IO ITIK 3a-
OpyIHEeHHSI TPUIIAia€ Ha BECHSHO-JITHIN Te-
pioJ1, KOJIM TIOEHYIOTHCS TiIBUIICHHS TEMITepa-
TYpH, TIOCHJICHHS 010XiMIYHUX TPOLIECIB Ta iHTE-
HCHBHI 3MHUBH TICIIS OMAiB. Y 1€l 9ac 10 piuku
HAJXO/UTh OCHOBHAa Maca 3a0py/HIOBAaJbHHX
PEYOBHH 13 TEPUTOPIi HACETEHHX ITYHKTIB 1 CllTb-
CBKOTOCIIOJIAPCHKHX YTi]Tb.

KirouoBUM YMHHUKOM TOTipIICHHS KO-
CTI BOJM € HEOUHIIECHI MOOYTORBI Ta rocromap-
CbKI CTOKH, IO MOTPAILISIOTH 10 PIYKH depe3

TTOIITKOIKEHHS KaHAJ3aIliifHIX MEPEX Ta OUHC-
HuX criopya. JlomatkoBe 3a0pymHeHHS (hopMmy-
I0Th PyHHYBaHHS IPOMHUCIIOBUX ITiAIIPUEMCTB Ta
CKJIaJIiB TIAIMBHO-MACTHJIHLHHUX MaTepiatiB, yHa-
CJIITOK YOTO Yy BOAY HaIXOMATh OpTaHiyHi CIO-
JYKH, TOKCUYHI PEYOBUHH Ta MMPOAYKTH TOPIHHSL.

BoenHi fii miacuimoOTh yci 3a3HadeHi
NPOLIECH: TIOIIKO/DKEHA IHPpacTpyKTypa Cripusie
aBapifiHUM CKW/IaM, BUTOKaM HeOe3neyHux pe-
YOBHH 1 3a0pyTHEHHIO BiJl BIHCHKOBOI TEXHIKH, &
ociabieHHs] pOOOTH KOMYHAITBHUX CITYXKO 3HH-
KY€ 371aTHICTh CHCTEM OYMWIIEHHS (PYHKIIOHY-
BaTW HaleXHUM 4MHOM. CyKYITHHH BIUIHB X
(bakTOpiB MPU3BOUTH J0 3HAUHOI'O TIOPYIICHHS
BOJIHOT €KOCHCTEMH Ta CTiMKOro MOTipIIEHHS
SIKOCTI BOJIH.

J1s okpateHHs SKOCTi BOAW Y p. YU
MIPOTIOHYIOTECST TaKi 3aXOJH: HPOBECTH AyIHUT
BOJIOOYHCHOI 1H(QPACTPYKTYypH Ta JIKBiAyBaTu
MOUIKO/KEHHSI; BIIPOBAJUTH €(DEKTHBHI TEXHO-
JIOT'1l OYHIIEHHS CTIYHUX BOX;, OOMEXUTH BHUKO-
puctanHs ¢GochaTHUX Ta a30THUX JOOPHUB Y
pUOEPEKHUX 30HAX; POIIMUPUTH MEPEKY MOHI-
TOPHHTY 3 yPaxyBaHHSM ITiCIIIBOEHHUX PH3HKIB.

Konduikr inTepecis

ABTOpH 3asIBJISIIOTh, 110 KOH(IIIKTY 1HTEPECiB 1040 MyOIiKalii [Or0 PYKOIHCY HEMAE.
KpiM TOro, aBTOpM MOBHICTIO JAOTPUMYBAIMCS E€TUYHHUX HOPM, BKJIIOYAIOYM ILjariar,

danbcudikariito JaHUX Ta MOABIKHY MyOiKalio.

Buecok aemopies: BCi aBTOpY 3p0OIIH PIBHUI BHECOK Y IO pOOOTY.
B po6oTi HE BUKOPUCTAHO pecypc MITYYHOTO iHTENEKTY.
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ECOLOGICAL STATE OF WATER BODIES OF KHARKIV REGION IN CONDITIONS
OF MARTIAL LAW (ON THE EXAMPLE OF THE UDA RIVER)

Purpose. Assessment of the dynamics of physicochemical water quality indicators of the Uda River in 2023
and identification of potential sources of pollution.

Methods. Field, chemical and physicochemical, statistical.

Results. Water sampling of the Uda River was carried out monthly during 2023 at two stationary observation
points: within the settlements of Zolochiv and Eskhar, Kharkiv region. Water quality indicators were determined:
dissolved oxygen, biochemical oxygen demand (BODs), chemical oxygen demand (COD), ammonium, nitrites,
nitrates, phosphates, orthophosphates, dry residue and petroleum products. The most critical indicators are BODs,
CSD, ammonium, phosphates and oil products, which systematically exceed the maximum permissible concentra-
tions, especially at the observation point of the Eskhar settlement, which determines the increased organic load,
pollution with nitrogen compounds, phosphorus and oil products, which may be associated with leaks of fuel and
lubricants from military equipment, destroyed warehouses and transport routes. At the same time, the concentra-
tions of nitrites, nitrates and nitrite nitrogen remain within the norms, which indicates the absence of acute nitrifi-
cation processes and a certain ability of the reservoir to self-purify. Seasonal dynamics confirm that the highest
levels of pollution occur in the spring-summer period, which coincides with an increase in temperature, activation
of biochemical processes and possible consequences of hostilities and storm washouts from the territories of set-
tlements and fields.

Conclusion. According to the results of observations during 2023, the ecological state of the Uda River re-
mains tense and is characterized as moderately polluted with local areas of high levels of organic and phosphate
loading, which is due to a combination of natural and military-technogenic factors. To stabilize the hydroecosys-
tem, a comprehensive restoration of water protection structures, wastewater treatment systems, and further scien-
tific monitoring of the dynamics of water quality indicators is required.

KEYWORDS: water quality, physicochemical indicators, dynamics of indicators, pollution
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METOIUKA TA OHIHKA I'ITPOEKOJIOI'TYHHOT'O CTAHY O3. KPUMHE

Merta. Po3po0Oka Ta anpo0Oarrisi METOIUKH 1HAMKATHBHOI Ta MMPOCTOPOBO-YACOBOI KUJIbKICHOI OIIHKH €KO-
JOTiYHOTO cTaHy 03. KpuMHe 1U1s BU3HAYEHHS Cy4acHOTO PiBHS HOTO €KOJNOTIYHOT CTIHKOCTI, BUSBHTH T'iJPOCKO-
JIOTiYHI TPOOIEMH Ta OKPECITUTH MPIOPUTETHI HAIPSMH HOTO BUKOPUCTAHHS Ta MOHITOPHHTY.

Metoan. [TompoBi rigposnoriusi, kKapTorpadivHi, AUCTAHIIKHOTO 30HAYBAaHHSA 3eMJIi, MATEMaTHIHOTO MO-
JCITIOBAHHS Ta MPOTHO3YBaHHSI.

PesyabTaT. MopdomerpuuHi 0cobIMBOCTI 03epa 3MIHIIUCH MOPIBHAHO 13 1933 p., muioma Ta 06’eM cKo-
POTHIIKCS YHACITIIOK Meltiopariii cepeaunu-kinist XX ct. Bomo30ip o3epa 36epir pucu mpupoaHocti. [Ipote 03epo
3a3Ha€e 3HAYHOI TpaHC(OpMaIlii: YacTHHA MPUOEPEIKHOI CMYTH po3opaHa, HiKCYIOThCs JIOKAIbHI CMITTE3BANIHUINA,
3pocTae peKkpeauiiiHuil THCK. BIjiMB aHTPONOreHHUX YMHHUKIB CIIPHsE HaJXO/DKEHHIO OioreHiB. BinOyBaeThcs
MOTIPILEHHS SKOCTI BO/M, ITiIBUILIEHHSI BMICTY OpraHiky, ¢ocdariB Ta aMOHit0, IEpiOANYHUI KUCHEBUH 1e(iluT,
NPOSIBISIFOTHCSI 03HAKH eBTpodikauii. Anani3 /33 (cunternunuii ingexc NDVI) migrBepkye ce30HHI KOJTMBaHHS
Ta JITHE 3pOCTAHHS NPOAYKTUBHOCTI 3 JIOKAJILHUM PO3BHTKOM Bojxopocteid i MakpodiTi. O3epo 4yTiHBe 10 Ha-
BaHTAXEHb 1 MOTPeOye MOCTIHHOTO MOHITOPHHTY Horo crany. OCHOBHI JuUKepelia aHTPOIIOTeHHOTO BIUTUBY — CTOKH
13 ceNMMTeOHUX TEPUTOPIH, CLTLCHKOTOCIOJAPCHKUX TOJIB 1 CMITTE3BAIIHII

BucHoBku. O3epo KpumHe Mae 3a10BibHUIA TiAPOSKOIOTIYHUIA CTaH, IPOTE BIACTUBA TEHICHIIS 10 1MO-
ripaieHHs. Ha 1ieit nmporec BIITHBArOTh 3pOCTaHHS BMICTy OiOTSHIB Y BOII, MPOSIB €BTPOQIKaIlil Ta CE30HHUH pO3-
BUTOK POCJIMHHOCTI.. [IpiopUTETHI MPUPOIOOXOPOHHI 3aXO0JU: JOTPUMAaHHS PEXUMY MPHOSPEIKHUX 3aXUCHUX
CMYT, ONITHMI3allisi 3eMJIEKOPUCTYBaHHS, MOJIEpHi3allisi BOJOBIABEICHHS Y HAWOIIKINX HACEIEHHUX MyHKTaX, Jii-
KBIJAI[isl CTUXIHHUX CMITTE3BAJIUII, CHCTEMHHUI T1IPOSKOJIOTIYHUI MOHITOPUHT 03¢epa.

KJIFOUYOBI CJIOBA: mopdoMeTpryHi 3MiHH, aHTPOIIOI'€HHE HaBaHTaXXEHHS, eBTpOodiKalis, rigpoximiy-
HUH CKJIaJl BOJH, T1IPOEKOJIOTIYHUE cTaH, MOHITOPHHT 03epa Kpumme
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Krymne. Visnyk of V.N. Karazin Kharkiv National University. Series Ecology, (33), 83-94.
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Beryn
Oszepa Bonmncekoro [lomices € HeBix eMm- [Iporte 3a ocTaHHI AECATUIITTS 3pOCTAHHS aHTPO-
HOIO YaCTHHOIO BOJIHUX PECYPCIB pETioHY, Biir- [IOTEHHOTO HABaHTAKEHHS, 3MIHU Y CTPYKTYPi 3€-
paroTh 3HAYHY POJIb Y MIATPUMII O10pi3HOMAHIT- MJICKOPHUCTYBaHHs y BOJ030ipHMX OaceliHax Ta
TS Ta 3a0e3NeYeHHI EKOCHCTEMHHUX IIOCHYT. 3MiHa KJIiIMaTy 3yMOBHJIM IIOCTYTIOBE TIOTipLIEH-
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HS T1APOCKOJIOTIYHOTO CTaHy 0ararbox o3ep, y T.
4, 03. Kpumse. Lle nposiBiseThes gepe3 eBTpodi-
KalIlifo, 3HKEHHS SIKOCTI BOTH, TPaHC(HOpPMAIIito
NpHOEPEKHIX EKOCUCTEM, HAKOIIMICHHS 3aBUC-
JIUX PEYOBHUH 1 TMOTIPIICHHS YMOB KUTTS JUIA Ti-
JIpoOIOHTIB. 3MiHA TAPOEKOJIOTIIHOTO CTaHy 3a-
TPOXKy€ He JIUIIE TPUPOTHAM KOMILIEKCaM, a i
MIiCLIEBUM TpoMajaM, SKi BHKOPHUCTOBYIOThH
03€po ISl 3aJ0BOJICHHS PI3HOMAHITHHUX MOTpPEO.

[MuraHHs KUTHKICHOT OIIIHKH T1pO-€KOJI0-
TIYHOTO CTaHy 03€p JOCHTH J0Ope BUCBITICHI y
iHO3eMHIH HaykoBii miteparypi. [Ipoanamizo-
BaHO Tifpoekonoriunnii cran 03. Hoizemiep
(ABctpis, Yropumna) [1], BU3HAUCHO cTaH 03ep
[2] B emoxy rimoGanbHUX 3MiH SIK IIEHTPIB 30epe-
JKEHHSI 010pi3HOMAaHITTA Ta €KOCHCTEMHHUX TOC-
TyT, Ta 010JIOTiYHI MOKA3HUKH €KOJIOTIYHOT KO-
CTi B THITOBHX MICBKHX PIYKOBO-03€PHUX €KOCH-
cremax [3]. Hocmimkenns [4] mpucBsueHO 3MiHi
TiIPO-eKOJOTIYHOTO CTaHy TiPCHKHX O3€p IIij
BIUIMBOM IIOTETUTIHHS Ta OPTaHIYHUX PEYOBHH Y
BOJi, JAVHAMIII pIiBHIB BOJM aMEPHKAHCHKUX
o3ep [5], anTpornoreHHOMyY BIUIMBY Ha (hiToILIa-
HKTOH BoeHchkoro 03epa [6], muTaHHIM eKoITo-
TYHOMY BiJHOBJICHHIO 03¢ep [7] , TomIo.

B xonrekcri npociimkenas Ilampkoi
TpyIH 03ep, 10 SIKHX BiTHOCUTHCS 03. Kpumae,
iyt 3ragat po6oTty [8], mpucBsyeHy ekosoro-
TOKCHKOJIOTTYHUM JTOCTiKeHHsAM o3ep Llars-
koro HIIII, 30kpemMa, BMiCTy OpraHiYHHX TOKCH-
YHUX PEYOBUHHM Yy Boi. [IpoananizoBano nuHa-
Mmiky piBHiB Bomu Ilampkux o3ep [9] Ta umH-
HUKH, 1110 HAa HEl BIUIMBalOTh, MOp(OMETpiro Ta
rigpoximito o3ep Ilampkoi rpymu [10], auna-
MiKy Tiipo-Mopdomnoriuaux napamerpis Llars-
kux o3ep [11] y nopiBusHHI i3 1933 p. Takox
IPYHTOBHO MPOAHAII30BaH1 pe3yJIbTaTH Tipoxi-

MIYHHX JOCTiIKeHs o3epa Kpumue [12], B moc-
mimkenHi [13] BuBYaeThCS TpaHChOpMAIlisS BO-
HUX 00’ekTiB lllambkoro moo3ep’s, piBeHH aH-
TPOIOT€HHOT'O HaBaHTAXXEHHS HA IPHPOJIHI KO-
cucteMu xepenamu 3abpyanenHs lllampkoro
HaLliOHATBEHOTO TIPUPOTHOTO Mapky [14], mpose-
JIeHa eKOJIOTIYHA OITiHKa eBTpodikartii o3ep 6io-
cdepuoro pesepary «lllanpkuit» [15], BHKO-
HaHO aHaJIi3 3arpo3 aHTPOIOr€HHOTO BILUTUBY Ha
nmagamadTHEe 1 Ol0JOTIYHE PI3HOMAHITTS 03ep
[Tarpkoi rpymu [16], mocimimkeHo npruarHu 00-
minmians Hlanpkux ozep [17] i nuisixiB perysmo-
BaHHS X BOJHOTO OanaHcy. TakoK TOCIiHKEHO
0co0MBOCTI eBTpOdiKaIlii pi3sHUX 32 TOXOIKEH-
HSIM, PO3MipaMy Ta TiIPOEKOJIOTIYHUM CTaHOM
o3ep Ilomiccst Bonuni [18, 19].

HesBakarounm Ha iCHYOYl HOCIIIKEHHS
JTIMHOCHCTEM PETioHy, KUTbKiCHA OIliHKA TiIpoe-
KOJIOTIYHOTO CTaHy o3epa KprMHe Bce 1iie Heto-
CTaTHBO po3poOiieHa. 30KpeMa, OpaKye HiTKUX
KUTBKICHUX OIIIHOK OKPEMHX acHeKTiB cydac-
HOTO TiIPOCKOJIOTIYHOTO CTaHy, BH3HAUCHHS
KJIFOUOBUX YMHHUKIB Jerpajaiii. ¥ npoMy KOH-
TEKCTI TIOCTa€ HEOOXiTHICTH Y PO3pOOI MeTo-
JIUKH, sika 3a0e3MeUnTh KOMIUICKCHY KIIBKICHY
OLIIHKY TiJJpOEKOJIOTIYHOTO CTaHy 03epa Ha oc-
HOBiI 00’€KTHBHUX JaHUX, JIOCTYITHUX METOJIIB
aHaJIi3y Ta iHCTPYMEHTIB IUCTAHIIIHHOTO 30H/TY-
BaHHS 3eMITi.

Meroro € po3poOka Ta arpoOarlis MeTo-
QMKW THIUKAaTUBHOI Ta MPOCTOPOBO-YaCOBOI KiJlb-
KICHOT OITIHKM €KOJIOTiYHOTrO cTaHy 03. Kpumhe,
1110 JIO3BOJIMThH BU3HAYUTH Cy4YaCHHI PIBEHb HOTO
€KOJIOTTYHOI CTIMKOCTI, BUSIBUTH T'iJPOEKOJIOT1YHI
npoOJIeMH Ta OKPECIUTH TPIOPUTETHI HaIpsSMH
HOro BUKOPHUCTAHHS Ta MOHITOPUHTY.

O0’cKTH Ta METOIH TOCTITKEeHHA

OO0'ekTOM JOCIIPKEHHS € TiIPOEKOCHC-
Tema o3epa KpumHe i3 BnactiuBumH iif ocoOu-
BOCTSIMU TIPUPOIHOTO CTaHy Ta TOCMIOAAPCHKOTO
BIUTUBY.

IIpenmerom € mapaMeTpy Cy9acHOTO Tij-
poekosoriuHoro crany osepa Kpumue, piBeHb
eBTpodikamii, MOKIMBOCTI OKpAILEHHS TigpO-
€KOJIONYHOr0 CTaHy O3epa BHACIIJIOK PO3po-
OKM KOMILIEKCY 3aXOJIiB PalliOHAJIBHOTO BHUKO-
PHUCTaHHA i OXOPOHHU 03€epa.

JocmipkeHHst 0a3yeThecss Ha Pe3ysibTaTax
TMOJTBOBHX T1IPOJIOTIYHKX Ta TiIPOXIMIYHUX JIOC-
JipKeHs, Kaprorpadiuanx merogax (I'C), nannx
JucTaHuiiiHoro 3oHxyBanHs ([133), ananisi siite-
paTypHHUX Ta apXiBHHX JaHHUX, MaTeMaTUYHOMY
MOJICITIOBaHHI /15 POTHO3YBaHHI CTaHy 03epa.
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MeTonrka OIIHIOBAHHS TiAPOCKOJIOTIY-
HOTO CTaHy 03epa Ifepedoadac mociiTIOBHIH aHa-
713 HasBHUX JaHuX. Criepily onpamnboBaHO iH-
(dhopmariro mpo XiMiuHUI CKJIa] BOIH, TPUPOAH]
0co0IMBOCTI BO/I0300pY Ta Horo Mopdomerpiro,
OCBO€HHSI Ta BUKOPHCTAaHHS 03epa Ta BOI0300py
B ICTOpHYHIN PETPOCIIEKTHUBI.

Jani 3a cylyTHUKOBUMH 3HIMKaMH, i3 BU-
kopuctanHsaMm nporpamu QGIS 3.34, ouineno
JUHaMIKy OeperoBoi JIiHil, MPOsBH epo3ii, 3a0py-
JTHEHHS, KOJIbOPOBICTh BOJIH, PO3BUTOK EBTPOdi-
kauii. [TonpoBi poO0TH 30CcepekeHi Ha Bi3yallb-
HOMY OIS IPUOEPEIKHOT 30HM Ta BU3HAYCHHI
XapakTepy aHTPOIOTeHHUX BIUIMBIB. SIKiCTh
BOJIM BMU3HAYCHO 32 OMyOJTIKOBAaHUMH JaHHMHU.
Ha mizcymkoBoMy etarni mpoBezieHa iHTeTparis
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BCIX MaTepiajiB, 3p00JICHO BUCHOBKH ITPO Tiapo-
€KOJIOTIYHUI CTaH 03epa, BU3HAYCHO SKOJIOTIUHI
3arpo3u 1 po3podIICHO TEPIIOYEProBl PEKOMEH-
JTAITii 1715 BiTHOBIICHHS Ta PaIliOHATBHOTO BUKO-
pUcTaHHs 03epa.

IleHTpanbHUM 13 BUKOPUCTAHUX METOIIB
€ mucTaHiiiHe 300 yBanHs 3emii ([133). Meto-
Juka 3actocyBaHHs iHaekcy NDVI mis omiHku
eBTpodikamii o3epa mnepemdavasa BHKOPHC-
TaHHS MYJIBTUCIIEKTPAIbHAX CYMYTHHUKOBUX
3HIMKIB BHCOKOi pO3miIbHOI 31aTHOCTI. [licmst
3aBaHTAXXCHHS IaHUX MPOBOAUTHCS IMOTICPEIHS
00po0Kka ix, mo BKIIOYae aTMOC(hEepHY KOpeK-
Iif0 Ta TIepEeNpPOEeKTYBaHHS 3HIMKiB. [l BIKO-
puctanux Hamu 3HiIMKiB Sentinel-2 L2A Taka
KOpeKIIis yxxe BukoHaHa. [ngekc NDVI o0uwmc-

JIFOETHCS AK BiTHOMIEHHS MIX BIIOUTTSM y dep-
BOHOMY Ta OJNWXKHBOMY iH(]pauepBoHOMY [ia-
ma3onax. Ha ocHOBiI oTpuMaHHX 3HA4YeHb (Pop-
My€TbCA MacKka BOJHOI MOBEpXHI, sika OyJie 3a-
CTOCOBaHa MpPH aHaJli3i MPOCTOPOBOTO PO3MO-
niny NDVI wan ozepom. lle no3Bonauth BH-
SIBUTH IUISHKA BOJHOTO O0’€KTa 3 HOTEHLIH-
HUM PO3BHTKOM BOAOPOCTEH Ta 3aBUCIUMHU pe-
yoBuHaMu. [TopiBHSHHS Pi3HOYACOBHX IaHUX
JIO3BOJISIE BU3HAYUTH 3MIiHH y CTYIIEHI eBTpodi-
Karrii, BepudikyBaTH iX i3 pe3ynbTaTaMu Haze-
MHHX CIIOCTepexeHb. Ha ocHOBI Takux cmocte-
peKEHb, OIIIHOK Ta aHaANi3y (POPMYITIOIOTHCS BH-
CHOBKHM IIPO Cy4acHHH CTaH o3epa Ta mpoobie-
MHIi 30HH, SIKi TOTPEOYIOTH MOAAIBIIOTO MOHI-
TOPHUHTY ¥ pearizalii eKoJIOTIYHUX 3aXO0IiB.

Pe3ynabTaTu Ta 00roBOpeHHs

Ozepo Kpumne po3ramoBane Ha TiBHOY1
[Manpkoi TepuTopiaibHOT TPOMaIH, HA MiBHIY-
HOoMy cxoni rpynu [lanpkux o3ep, 3a 1,5 kM Ha
MiBHIY Bix ¢. MenbpHUKH, 3a 1 KM Ha IiBAECHb
BiJl Jep>KaBHOTO KOpAOHY Ykpainu (puc. 1).
Boany moBepxHIO 03epa OTOUYIOTH JIicH 1 00-
nota. BonoiiMa Mae BUIOBXEHY, CKIaIHY YJIO-
TOBHHY, WMOBIpHO copMoBaHy HaBkojio 3-4
KapCTOBHX JIIHOK. 3a TOXOLKEeHHIM 03epo Kpu-
MHE — KapcTOBE, BOHO CIIOJIyu€HE KaHaJIoM i3
BepxiB’sM p. Puta. beperu o3epa, 3ae6i1pm10ro,

i

Goocle Macs

Mo Srvgary BEIUS Abtnon, NS | Atam | st | oo, VAl hovs, Muvm Taimgpon. Mg dats 8355 (uupe

HU30BUHHI, MicIsiMi 3a00I049€Hi, THO, TIepeBa-
JKHO, TMiIIaHe, Y MeXaX KapCTOBUX JIHOK CIro-
CTepiraeTbcs 3aMyJeHHsS. BXOAWTh 10 CKIamy
[Taupxoro HIIII.

MopdomeTpruHi TOKa3HUKH: TUIOHIA
n3epkana 6mm3bpko 145 ra, moBkuHa GeperoBoi
mHii 6,3 KM, MakCUMaJIbHa rIMOKnHa 10 6 M, ce-
peaHst — npuoau3HO 2,15 M; T0BXKUHA BOAOHMHU
— Omu3bko 2 kM, mupuHa — 0,72 kM, 00’eM —
3,23 muH M. @opmMa yJIOroBHHU — Tapaboi-
YyHa, OJMM3bKa 10 KOHIYHOI, BiAMOBI THUI Koedi-

Puc. 1 — ®parMenT cymyTHHKOBOTO 3HIMKY 03epa Kpumue (3amo3uueno 3 Google Earth Pro)

Fig. 1 — Fragment of a satellite image of Lake Krymne (taken from Google Earth Pro)
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mienT cranoButh 0,358. Taka dopma xapakTepHa
JUTS1 03€p KapcTOBOro NoxopkeHHs. B mexax Ia-
mpkoro HITIT o3epo Kpumae mocinae mocte Mi-
CIIe 3a IUTOMIEKO ¥ YeTBepTe — 3a TnouHoro [20].

liaponoriunuii G6ananc o3epa xapakTepu-
3y€THCS IOMIHYBaHHSIM TTOBEPXHEBOTO CTOKY: Y
TIPYXITHIN YaCTHHI Ha TIOBEPXHEBUH TTPUTIK TPH-
nagae omuseko 82%, omamu — 14%, mia3eMHUI
npuTiK — uie 4%. Y BUTpaTHIN YacTHHI TaKOX
TIOMITHO Majla 9acTKa MiJ3eMHOTO CTOKY (4%),
BUIIAPOBYBaHHs ckiaznae 61mu3pko 17%, a ocHo-
BHa BUTpaTa — MOBepxHEBHU CTiK (79%). Taki
0COOJIMBOCTI T1APOIIOTIYHOTO OaNaHCy 3yMOBIICHI
rimpaBmivHAMHA 3B’ si3kamMu MK o3epamu [1larie-
KOT'O M003ep’sl Ta, YaCTKOBO, PETYIISIIEI0 PiBHIB
BOJIM Yepe3 Mepexy kananiB. Came ToMy dac To-
BHOTO BOJI0OOMiHY jij1si KpMHOTO HEBEMKHUIT —
omm3pKo 1,1 poky, 110 € HAHKOPOTIIINM TIePioIoM
cepen Hlarmpkux o3ep [20].

Bomo30ipHi miomi, mepeBakHO, 3aWHSTI
MPUPOTHUMH YTIIIIMH — JIicaMd ¥ OoioTamu,
CTYIIiHb aHTPOTIOTeHHOI TpaHc(opMmallii He BUCO-
Kuil. 3a 0araTOpiuHMMH CIOCTEPEKECHHSIMU
(1929-2007 pp.) cepemuiii piBeHb BOAM (HiKCY-
eTbes Ha 161,36 M, aMIUTITYZ]a KOJMBaHb JIOCS-
rana 1,48 m. [lopiBHsbHMIA aHaI3 MopdomeTpii
o3epa 3a 1933 ta 2021 pp., mpoBeneHuit B podOTI
[11], Bka3ye Ha 3MeHIIEHHS IUIOII Ta 00’emy
o3epa. Tak, 3a jaHnMH aBTOpIB IUIoMIA 03. KpH-
MHe y 1933 p. cranoBuna 149,7 ra, ay 2021 p. —
ymme 137,5 ra, mioma 3MeHmmiIachk Ha 12,2 ra
(12,2%). O6’eM Bozu B 03epi T€K CKOPOTHBCS Ha
1,157 mmn. m® (35,85%). O3epo cyTTeBO 00Mi-
JIJI0, TOJIOBHUM YMHOM dYepe3 MacIiTaOHy OcCy-
nIyBajbHy Memmiopaiito Ha [lomicci B cepemui
XX cr. [11].

O3epo Mae 3HauHE O10PI3HOMAHITTSL: 3poc-
TarOTh JIATaTTs Oije 1 Jesiki opxijei, BUSBIEHO 25
BUJIIB puO Ta YMCICHHA OpHiTodayHa. 3arajioM
Kpumae — TvnoBe kapcToBe 03epo 3 nepeBakaH-
HSIM TIOBEPXHEBOT'O KMBJICHHSI, IIBUIKUM BOI00-
OMIHOM, BHCOKOIO 010pI3HOMAHITHICTIO H TIOMIT-
HUMH iICTOPUYHUMH 3MiHaMK MOpGhOMeETPii uepe3
IHTEHCHBHI OCYIIyBaJIbHI pOOOTH.

st Kpumboro BrnacTuBmi riipokapOoHa-
THO-KaJIBLIIEBUH THIT MIHEPAJIi3allii 3 epeBaXkKaH-
HSIM TipOKapOOHATIB 1 KaTiOHIB KaJIbIIit0; COIBO-
B CKJIaJl BiZIoOpaXkae JITONOTiYHI OCOOIMUBOCTI
Ta IPYHTH BOJI0300PY. 3arajbHHUI BMICT PO3YHHE-
HHUX PEYOBHH — y MEXaX HOPMAaTHBIB (Cyxuil 3a-
ymmok —193-273 mr/av® mipu I'ZIK 1000 mr/om?).
HaiiOinpin  IpyHTOBHO XIMIUYHMH CKIIaJ BOIM
03epa JI0CIiKEHO B cTarTi [8]. ABTOpaMu BcTa-
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HOBJICHO, III0 TIEPI TiMPOXIMITHI JOCITIHKESHHS
o3ep Hlanpkoro HIIIT Oynu nposeneni y 1948 p.
HacrymHi rigpoximMiuHi OOCTEXEHHS 37IHCHEHO
HaykoBIsiME [HCTHTYTY Timpo6Giomorii B 1975 p.
3romoM Taki JOCIHiMIKEHHS TPOBOAWIUCH IIE Y
1988 p., 1989 p., 1996-97 pp. B 2000-x pp. cno-
CTepSKEHHS 32 TIIPOXIMIYHAM PEKUMOM MaJTH
emizoan4Hui Xapakrep. OcTaHHI pe3ynbTaTH A0-
CITIJDKCHHS XIMIYHOTO CKJaay Boau 03. Kpumae,
3Hal/IeH] B HAYKOBUX JDKEpeNax, 10 JaTyFOThCS
2010 p. [8].

lNapoximiunuii cran 03. Kpumae 3a pe-
3yNIbTaTaMHU IUX JOCIIHKEHBb BigoOpaXkae MOe-
HaHHS TPUPOJHUX OCOOJHMBOCTEH 1 TPHBAIOTO
AHTPOIIOTEHHOT0 THCKY. SIKicTh Bomu y 2010 p.
JOCUTB BHUCOKA, aJie BMiCT HU3KH 3a0pyTHIOI0UHX
PEYOBHH CBiTYMB TPO PO3BUTOK €BTpOiKarlii-
HUX TporieciB. 3HadeHHs pH 3pocimo g0 8,31, mo
BiJIoOpakae TOCHJICHHS TPOIYKIIHHOI JisSUTEHO-
CTi BOIOPOCTEHi 1 301IBIIIEHHS YaCTKN O10TeHHUX
pedoBuH y cuctemi. Korrientpartii amowiro (0,785
mr N/nm?), "itpuris (0,001 mr N/nm®) Ta HiTpartiB
(0,018 mr N/nm®) He epeBHILYBaJIM TPaHUYIHI HO-
pmaruBH, poTe BMicT ¢ocdariB cranosus 0,02
mr P/aM3, 1110 3a IEBHHUX YMOB MOJKE CIIPUSITH Ha-
pocTtanHio GionoriuHoi npoykiii. [lepmanrana-
THa OKUCHICTB ¥ 2010 p. Oyma migsureHoro (32,8
mr O2/mvM?), 110 BKa3ye Ha HAKOITMYESHHS OpraHiy-
HHX JIOMIIIOK. BHCOKI MOKa3HWMKH OiXpoMaTHOI
OKHCHOCTI y TIOTIEpEeIHI POKU TIITBEPIDKYIOTH
TPUBAITY TEHJICHIIIIO MTOTIPIIEHHS SIKOCTI BOJIH.

Amnaniz 0araTopiyHuX TiIPOXIMIYHHX Ja-
HHUX TIOKa3y€e YiTKy TEHJCHIIO JO TMOTipIICHHS
sikocTi Boau o3epa 3 1970-x 10 2010 p. ¥ 1975 p.
CIIOCTEPITATNCh TOYAaTKOBI O3HAKK TepEeHACH-
YeHHsI BOJM 03€pa OpraHiYHUMH PEHOBUHAMH. Y
1988 p. y Bomoiimi (hikcyBaBcs Ae(illUT KUCHIO,
ITiIBUIIIEHHST KOHIIEHTpAIlii 3arajlbHOTO 3alli3a,
10 BKa3yBaJIO HA MOCWICHHS PEMYKIIHHIX TPO-
teciB y JoHHUX mapax. [Ipotsrom 1989-2003 pp.
0iOoreHHi MOKA3HUKH Pi3KO MOTIpIIyBaHCh. Mak-
CHMaJIbHI KOHIICHTpaIlii amoHiii-iony y 2003 p.
csraysm 3,15 mr N/nv? (nonan 3 T'/IK), docdaris
— 0,86 mr P/nqm? (mepeBuiuenns y 1,7 paza), Hit-
pariB — 3,45 mr N/nm? (nepeBumiieHHs Ha 72,5%),
BCKs — 7,76 mr O2/nm® (nepeBuiiendss y 2,6
paza). Bce 11e 03HaKM BUCOKOTO OpraHiyHOro Ha-
BaHTaXCHHS Ha EKOCHCTEMY. 3araibHa TeHICHIIIs
3MIHHM TiIPOXIMIYHHX ITOKa3HWKIB BKa3ye Ha Te,
0 03epO 3a3HA€E CTAOUIBHOTO BIUIMBY aHTPOTIO-
reHHux (paxropiB. Cepel HUX HAMBAKIMBILINMH
€ TIOBEPXHEBHUI CTIK 13 CeNUTeOHOi TepuTopii,
CUTBCBKOTOCTIONAPCHKUX ~ 3€MEJb,  CTUXIMHUX
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cMiTTe3BaMII. Y pe3ynbTaTi B 03epi BiaOyBa-
€THCS HAKONIMYEHHSI OPTaHIYHUX PEYOBHH, 3pOC-
Ta€ BMICT CIIONYK a3oTy # ¢ocdopy, MOCHIo-
FOTBCS TIpollecH 010XIMIYHOTO po3mamy Ta aedi-
T kucHio. [licnst 2010 p. naHi MOHITOpHHTY Bi-
JICYTHI, ajne 30epiracThCs BHUCOKA HMOBIPHICTB
TOTO, 110 HETATHBHI TEHACHIIIT TPUBAIOTH 1 ITOCH-
JIFOIOTHCS Ha TITi 3MiH KITiMAaTy, TIOCHIICHHSI peKpe-
aIlifHOr0 HaBaHTaXKEHHS Ta 1HIMX (GOpM aHTPO-
HOTEHHOT'O THCKY.

Bonoz6ip 03. Kpumue 3aramom 30epir
PHCH IPUPOJHOCTI, CTYMiHb HOT0 aHTPOIIOr€HHOT
Tpanchopmaiiii — He Bucokuii. [Ipiunaa nomsrae
B TOMY, 110 OLTbIIIa YACTHHA TEPUTOPIl HAJISKUTD
1o Hlampkoro HIII, ne obepiraroTbest IprpoaHi
naHnmadTH Ta 0OMEKEHA TOCHOAAPCHKA MislIb-
HIiCTb. Y CTpyKTYpi 3emenbHoro mokpuy (land
COVer) Bo0300py TepeBaXkatoTh JIICOBI MAaCHBH,
PO3TaIlIOBaHI Ha 3aXiJ 1 CXiJ| BiJ BOIOWMHU, a Ta-
KO’X 3a00JI09€eHi JIyKH Ha MiBHOYI Ta MiBHITHOMY
cxomi. Ha miBmeHHOMy 3axoni Ta MiBICHHOMY
CXOJIi 3yCTPIYarOTHCS OPHI 3eMJTi, OJTHAK 1X YacTKa
B 3arabHill CTPYKTYpi 3eMeJb BOI0300py HeBe-
nmka. Big HaOMIKIOro HACETICHOTO ITyHKTY (C.
MenbHHUKH) 03epO BiIOKPEMIICHE CMYTOFO ITPUPO-
JTHUX YT1/Tb ITMPUHOIO 10 1,5 kM.

HesBaxkaroun Ha BimHOCHO n10Ope 30epe-
JKeHE JIOBKLLIS BOJ0300py, HaWBPa3NIMBIIION
HOTO YacTHHOIO € MPUOEpPEeKHO-3aXHCHA CMYyTa.
3rizgHo ct. 60-61 BogHoro konekcy Ykpainu [21]
HaBKOJIO 03ep Mae Oyt mependadena 100-mert-
POBa 30HA 3 0OMEKEHOI0 TOCIOIAPCHKOIO JisiTb-
HicTI0. Ha okpemux aiisHKax, Hacamrepel, Ha
MBJICHHOMY, TiBJEHHO-CXiTHOMY Ta 3aXiIHOMY
y30epexOKsIX 3eMITl B MEXKax L€l CMyTH po3maio-
BaHi I BUKOPHUCTOBYIOThCS Mijt piyumo. Lle cyrme-
PEYNTh YMHHUM 3aKOHOJABYMM OOMEXKEHHSM 1
CTBOPIOE PU3HKH ISt eKOCUCTEMH 03epa. Pazom i3
TIOBEPXHEBHM CTOKOM MiHepasbHi 100pHBa, Tiec-
THIMN Ta 3aBHUCIT YaCTOYKH IPYHTY MOXKYTB I10-
TPaIUIATH y BOJOMMY, MOCHIIIOIOUHM €BTpOdika-
1ikHI nporecu. KamitaibHa He3akOHHA 3a0y10Ba
Y HITI TPYOI TOPYIISHHS Y MeXKaX PHOEPEKHO-
3aXMCHOI CMYTH Bi/ICYTHI, ajlleé pO3OPIOBAaHHS i
CLIBCBKOTOCHOIapChKe BUKOPUCTAaHHA Mpubepe-
KHUX 3eMellb € CYTTEBUM EKOJIOTTYHUM YHHHH-
KOM Ta NOTpeOy€ peryItoBaHHS.

JlomaTKoBUM TOTCHI[IHHUM PU3HKOM €
00’€KTH 32 Mexamu TIpuOepekHOT Teputopii. Ha-
NPUKIIAA, CMITTE3BANIMINA. 3a0pyIHIOKOUI pedo-
BUHU 3 BIZIXO/IB i BUTPIOHUX SIM MOXKYTb MIrpy-
BaTH B IPYHTOBI Ta MOBEPXHEBI BOJIH, a JIAJII MOT-
parsTa B 03epo. Kpim Toro, octaHHIMA poKaMH
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y ¢. MenbHUKH 301TBITYEThCS KUTBKICTh TPHBAT-
HHX caau0, OpIEHTOBaHUX HA IPHHAOM BiITIOUHBA-
THHUKIB. BOHM KOPHCTYIOTBCS peKpeariitHuMu
MoxsmBocTamu larpkoro moosep’si, Hacamrie-
pen, o3. Ilicoune. 3pocTaHHs aHTPOIOT€HHOTO
HaBaHTa)KEHHsI MO)KE MaTH BiJKIJIaICHUI HEraTu-
BHUIT e(pexT, 0COOIMBO 32 YMOBH BiICYyTHOCTI Ha-
JIeKHOI iHKeHepHO] iHdpacTpyKTypu.

EBTpodikarist o3ep — akTyanbHa eKOJOTi-
YHa TIpo0IieMa, 1o moTpedye eeKTUBHIX METO-
IiB OIiHKK Ta MOHITOpHHTY. J{71s1 03epa Kpumue
eBTpodiKallis OIiHCHA METOIaMH TUCTAHIIITHOTO
3oHMyBanHsA 3emii ([[33). Ha cymyTarkoBHX 3Hi-
MKax 3a¢iKCoBaHi 3MiHH KOIBOPY BOJH, 3yMOB-
JICHI 3pOCTaHHSAM KOHIIEHTpaIlii X10podiny Ta 3a-
BHUCIIUX PEYOBHH, SIKi € BI3yaJbHHUMH 1HIMKATO-
paMH HagMIPHOTO PO3BUTKY BOJOPOCTEH, a Ta-
KOJXX TIOMIHPEHHs Noscy TirpoditiB. MymbTucre-
KTpaJibHi CEHCOPH CYITy THHKIB JIO3BOJISIOTh KiJlb-
KiCHO BU3HA4YaTH KOHIIEHTPAIII0 XJIOPOQiTy, Kap-
TorpayBaTH MONIMPEHHS BOJOPOCTEH, MOHITO-
PUTH MHAMIKY [IMX TPOIIeciB y yaci [22].

VY pamKax AOCTiIKSHHS JUIsl OIIHKH CTaHy
eBTpodikarii o3epa KpumHe 3actocoBanmii HOp-
MaJTi30BaHUN PI3HUIICBUI BEreTalliiiHUi 1HICKC
(NDVI). Leit iHmeKc BUKOPUCTOBYETHCS SIK 1HIU-
KaTHBHUI, a He a0COFOTHUIN TIOKa3HHUK eBTPOdi-
Kariii. Bin HaOyBae Bce OUIBIIIOTO TTOITUPEHHS TSI
AHAITI3y TiJPOEKOJIOTIYHOTO CTaHy BOJOHM 3a-
BJIIKK CBOTH TIPOCTOTI 1 gocTynHocTi [22]. bazy-
€THCS HA BUMIPIOBaHHI BiZIOWTTS CBITJIA Y YEePBO-
HOMY Ta ONMKHBOMY iH(padepBOHOMY Jlianaso-
Hax CreKTpa. XJI0podi, 10 MICTHThCS Y POCITH-
Hax (BKJIIOYHO 3 BOJOPOCTSMH), aKTHBHO TIOTJIH-
Ha€e YepPBOHE CBITJIO 1 3HAYHO BijIOMBae iHdpayep-
BoHE. UKM BHIIa KOHIICHTpaIlisl XJIopodiny, THM
OLIbIIIa PI3HUIL MiK IIMMH ITOKa3HUKAMH, 1110 1 Bi-
noopaxkaetbest 3HaueHHssM NDVI. Illkama 3Ha-
YeHb 1HAEKCY KOMMBaeThes Bix -1 mo 1. s Box-
HHUX O0'€KTIB iHTEpIpeTaLlis JCLIO BiAPI3HAETHCS
BiJI TPaIMIIIHOI JUIsl HA3eMHOI POCIMHHOCTI. Bi-
J'€MHI 3Ha4YeHHsI (J10 -1) CBITYATh PO YKCTY BOY
3 MiHIMQJILHOIO KUTBKICTIO BOJOPOCTEH Ta 3aBHUC-
JIMX PEYOBHH, 3HaueHHs1 B iHTepsai (0; 0,2) Bka-
3yI0Th Ha IOMipHY eBTpodikariito, (0,3;0,4) — Bu-
COKHMII CTymiHb eBTpodiKaii, XapakTepHUH ISt
BOZIOWM 3 BEJIMKOIO KUIBKICTIO BOJIOPOCTEH Ta 3a-
BHUCJINX YaCTUHOK Y BOJi, BHILI 3HAYECHHS — KPH-
TUYHUN piBEHb €BTPO(MIKAIMHIX TIPOIECIB Yy
o3epi. ToOTo, ynm Bui 3HaveHHs NDVI y Bo-
J0Mi, TuM OUThIIMKA CTymiHb 11 eBTpodikarii.
[opisusaus 3Hayens NDVI y pizHi yacoBi niepi-
OJTN TO3BOJISIE €(DEKTUBHO BiICTE)KYBATH TCH/ICH-
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mii eBrpodikariii. Ha 3nauenas NDVI moxyTs
BIUIMBAaTH TAaKOXK IMIMOMHA Ta MPO3OPICTH BO-
JIOWMH, TOMY JUTsl TIOBHOIIIHHOI OIIIHKK eBTPOdi-
KaIlii peKOMEHIYEThCSl TIOETHYBaTH HOTO 3 1H-
HIMMHA METOJIAMH MOHITOPUHTY SIKOCTI BOJH (Ti/1-
pobiosoriune kKapTyBaHHsI, OlOiHAMKALIS, T1JpO-
XIMIUHUH aHai3).

AmHani3 cepii CyImyTHUKOBHX 3HIMKIB 3 Bi-
3yasizoBanuM mapom NDVI, otpumanux y cep-
Bici Copernicus Browser 3a 2025 p. (puc. 2), no-
3BOJIMB OLIHUTH CE30HHY AWHAMIKY POCIMHHOTO
TIOKPUBY B MeXKax BOJ0300py 03epa Ta MpOCTo-
POBi 0COOIMBOCTI 3MiHH iHIEKCY BOAHOI MOBEp-
xHi. BizyanbHa inTepnperauist ¢pparMeHTiB 3HIM-
KiB MIPOAEMOHCTpYBaJIa YiTKO BUPaKEHi piuHi KO-
TIMBaHHS IHTEHCUBHOCTI BereTallii Ik Ha TpHJIeT-
JMX 10 03epa TEPUTOPIAX, TaK 1 HA OKpEeMHUX Ii-
JSIHKaX BOJXOWMHM. 30KpeMa, Yy 3UMOBHH Iepion
(ciueHb-Oepe3eHb) A1 MOBEPXHI 03epa BIACTUBI
Bix emHi 3Ha4eHHss NDVI. Ile 3ymoBieHo HasB-
HICTIO JIbOJIOBOTO TIOKPHBY, YHCTOIO BOJOIO Ta

0012028

(ha3oro CcroKoro, y siKiil mepedyBae pOCIHHHICTb.
[TpubepexHi ALTSHKY BOI0300PY TaKOX JEMOH-
CTPYIOTh HU3bKI 3HadeHHs NDVI, mo Biamosi-
J1a€ OCOOJIMBOCTSIM IIPUPOHUX YMOB XOJIOTHOTO
CE30HY.

[epexin 10 BecHsHOTO TIepiony (KBITEHb)
CYTIPOBOKY€ETHCS OYMIICHHSM 03€pa BiJl JIHO0-
BOTO TIOKPUBY Ta BiJIHOBJICHHSM CHEKTPaJIbHOI
AKTUBHOCTI pOCIMHHOCTI. Ha BecHSAHMX 3HIMKaXx
4iTKO (hiKkCyeThCs BupasHe 30impmerHs NDVI Ha
Oeperax o3epa, BIACTUBE IS TIOYATKY IHTEHCHB-
HOI BECHsIHOI BereTarlii. BoHa rians HaOyBae of1-
HOPIAHOI CTPYKTYPH 31 CTaOLIbHO HU3bKUMH 3HA-
YEHHSIMHU 1HIEKCY, 110 A€ 3MOTY YiTKO BiIMEXY-
BaTH ii BiJi OTOUYIOUHX 3€JICHIX MACHBIB IIPHUJIET-
JIMX JI0 03epa JULTHOK Bo0300py. [IpoTsarom mit-
HBOTO TIepiony (TpaBeHb-THIeHb) iHAeKC NDVI
JIOCsIra€ MaKCUMAITbHUX 3Ha4eHb. JIicoBi Ta Ty4Hi
€KOCHCTEMH BOJI0300pPY XapaKTEePU3YIOThCS MaK-
CHMaJIbHUM PIBHEM BETreTalliifHOI aKTUBHOCTI. Y
Liel yac Ha MOBEPXHI 03epa JIOKAIBHO (iKCYIOTh-
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Puc. 2 — ®parmenTy cynmyTHHKOBHX 3HIMKIB 03epa 3 BizyamizoBanuM mapom NDVI 3a 2025 p.
(orpumano B Copernicus Browser)

Fig. 2 — Fragments of satellite images of the lake with a visualized NDVI layer for 2025
(obtained in Copernicus Browser)
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Csl OUISSHKY 3 MiJBMILIEHUMH 3Ha4eHHIMu NDVI,
0 MOXE CBIAYUTH TIPO PO3BHTOK MaKpO(iTiB,
MABOAHUX 3apocTelf abo CE30HHE PO3IOBCIO-
JDKEeHHS (iTOIUTaHKTOHY. Taki TpOSBH IIiiBH-
ICHHS 3HAYEHb 1HJEKCY € TUITOBUMH JIJIS €BTPO-
¢HUX Ta Me30TPO(PHUX BOJONM Yy TIEpiOf JITHHOT
010JT0T19HOT TIPOTYKTUBHOCT!.

Hampukinmi nita Ta Ha TOYaTKy OCEHi
(CepIieHb-)KOBTEHB) CIIOCTEPITAEThCS TIOCTYIIOBES
3HIDKEHHSI 3Ha4YeHb 1HIEKCY B MEKax BOJ0300py,
0 BijioOpakae TPUPOJIHE 3racaHHs BereTalliii-
HHX TiporieciB. BopHouac BoiHa OBEpXHS 3aIIU-
IIA€THCS OLTBII-MEHIII CTA0UTHHOIO 3a CIICKTPaslb-
HUMH XapaKTepUCTHKaMHU. X04a OKPEMHUM HeBe-
JMKUAM JIJISTHKAM BOJTHOTO JI3epKayia BOJOWMMU
BJIACTHBI HEOTHOPIIHI 3HAUYEHHS 1HIEKCY, IO CBi-
JT9aTh Mpo OIOTeHHI MPOIIECH, BIUIUB BITPOBOTO
TiepeMIIITyBaHHsI, 3MIHH PO30pocTi Boau. OcTaH-
Hill 3HIMOK (’KOBTEHB) YiTKO (PiKCY€ 3MEHIIICHHS
3HadeHp iHAekcy NDVI, mo Biamosigae ce3oH-
HOMY MEPEXO/TY JI0 XOJIOJHOTO Mepioxy.

Orxe, muaamika ingexcy NDVI wiTko Bi-
Jo0paXkae Ce30HHICTh — BiJl MiHIMaJIbHHUX 3Ha-
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YeHb y3UMKY IO MaKCHMAallbHUX Yy JITHIA Te-
pion. 3HaueHHS 1HAEKCY U BOIHOI MOBEPXHI
o3epa cTabiTbHO HIDKYI, HIX JJIS CymIi. YIITKY
PO3BUTOK BOAOPOCTEH JIOKANbHO IMiABHIIYE
NDVI na neskux gyactuHax o3epa. CTaH HaBKO-
JUTITHBOT TEPUTOPIi CBIMTUUTE PO TIEPEBAKAHHS
IIPUPOAHOI POCIMHHOCTI, KA aKTUBHO pearye
Ha CE30HHY 3MiHY KIIIMaTUYHUX YMOB.

JliBmii rpadik (puc. 3) BimoOpakae ce-
30HHI KonuBaHHs iHAekcy NDVI B mexxax akBa-
Topii 03epa NpoTAroM poky. Bin’eMHi 3HaUeHHS
B3MMKY Ta Ha MIOYaTKy BECHH CIIPHYMHEH] JIbO-
JOBUM TIOKPUBOM 1 BiACYTHICTIO Bereramii. Y
JITHIM TIepioa BiAMIYalOThCS JIOKAIBHI ITiIBH-
merast NDVI, mo moB’s13aHi 3 pO3BUTKOM BOJI-
HOT POCITUHHOCTI Ta 3MiHOIO ONITUYHUX BIIACTH-
BOCTe# BOAM (MOMYTHIHHSAM). Bocenm iHmekc
cTabimi3yeTbcs HA PiBHI, XapaKTePHOMY IS
BiJIKpUTOI BOJTHOI TOBEPXHI 3 HU3BbKOIO 010J10Ti-
YHOIO aKTHBHICTIO.

I'padix muaamiku NDVI ozepa Kpumue
3a I ITUPIYHANA TIEPioA NEMOHCTPYE MDKPIUHY
Ta CE30HHY BapiaOeNbHICTh 3HAYECHB, IO JJ03BO-

Sentinel-2 L2A - NDVI - 2%
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Puc. 3 — lunamika ingexcy NDVI mis o3epa Kpumue npotsrom 2025 p. ta 3a 5 pokis

Fig. 3 — Dynamics of the NDVI index for Lake Krymne during 2025 and over 5 years

JIsI€ OL[IHUTH IOBIOTPHUBAJI KOJIMBAHHS CIIEKTpA-
JIbHUX XapaKTePUCTHK BOJIHOI MOBEPXHI Ta MpH-
JIETJIUX AUBTHOK Bogo300py. IIpoTsirom koxkHOTO
13 POKIB IPOCTEIKYOTHCS TIOBTOPIOBAHI IMKJIH:

—  3uMOBOrO 3HWKeHHs 3HaueHs NDVI no
-0,6...-0,9, cupuUMHEHOTO JIHOAOBUM ITOKPHBOM
Ta MiHIMaJIbHUM BiIOUTTSIM y YEpBOHOMY Ta
OMIKHBOMY 1H(pauepBOHOMY Jiala30HaxX;

—  MOMIpPHOIO MIiJBMIICHHS 3HAYCHDb 1HJIE-
KCY HaBECHI Y 3B’3KY 31 CXO/PKEHHSIM IOy Ta
TIOSIBOIO BIJIKPHUTOT BOJIHOT IIOBEPXHI;

—  IiTHROI BapiadeNbHOCTI 3HAYEHb, IO
NPOSBIIAETHCS TOJATHIMHA 3HAUEHHSAMH 1HACKCY
(mo +0,2...+0,3) BHaCHiIOK TiABHIIICHHS 010J10-
TiYHOT IPOAYKTUBHOCTI, KAJJAMYTHOCTI, IBITIHHS
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BOJIM UM 1HIIIMX YMOB;

—  ociHHbOI crabimizamii, koau NDVI mo-
BEPTA€ThCs JIO CNAOKO HEraTHMBHUX 3HAYEHb,
BJIACTHBUX XOJIOJHOMY TIEPiozy.

Xo4a CTpyKTypa CEe30HHUX 3MiH 3HA4YCHb
THJIEKCY 3arajioM CXO)Ka, aMILITylla KOJWBAaHb
pi3HHUTBCA MiX pokamu. Hampukmnan, mpotsrom
2021-23 pp. cnocrepiraroTbesi OLIBII KOHTpac-
THI KK Ta craau 3HaueHbs NDVI, 1110 moB’ s13aHe
3 PI3HOIO TPO3OPICTIO BOAM, JIOKAILHAMHU 3Mi-
HaMH piBHS TPOQHOCTI, BIAMIHHOCTSIMU PO3IIO-
JiTy XMapHOCTi, KOJIMBaHHSMH IUIOLII 03epa Ta
piBHIB Boau. 3arajoM AaHi 3a 5 pokiB miaTBEp-
JOKYIOTh CTaOlIbHICTh JUHaMIKU 3HaueHb NDVI
st 03. KpuMHe, 1isixapakTepHOi JUIsl BOJAOKWM
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MOMIPHOTO TOsiCY. A camMe — MIHIMyM B3HUMKY,
3pOCTaHHS HAaBECHI, AWHAMidHa 3MiHAa 3HAYCHB
MIPOTATOM JITHBOI O10JIOTIYHOI aKTHBHOCTI Ta
MOCTYTIOBE 3HIKEHHS BOCEHHW. MIiXpIUHI Bif-
MIHHOCTI TTOB’sI3aHi 3 TiIPOJIOTIYHAMH OCOOITH-
BOCTSIMH KOHKPETHHX POKIB Ta 3MiHAMH €KOJIO-
TI9HOTO CTaHy BOJOUMH.

LlikaBo MOpIBHATH JUHAMIKY €BTpO(ika-
uiiHuX mpoueciB B pizHux o3epax Illanpkoi
rpymu 3a ganumu J133. [opiBHsuibHHK aHami3
muHaMmikn iHAekcy NDVI s o3ep Kpummne,
CaiTs13b Ta [licoune y 2023 p. BUSBUB CYTTEBI Bi-
JMIHHOCTI B XapakTepi eBrpodikarii Kpumuoro
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MTOPIBHSAHO 3 IHITMMH BogoMamu (puc. 4). 30-
KkpeMma, rpadix pigroro xomy NDVI mms o3.
Kpumae MeH™ riragkuii 1 BapiaOeapHITIHH, TTi-
KOBI 3HaYCHHS (MaKCUMAaJIbHI 1 MIHIMAJTBH1) IS
poro 03epa Kprmae BuIi Ta acTimti, HiXK s
03. CBiTa3b. Lle CBiTYHUTD PO BUIIY aMITTITYIY
KOJIMBAaHb MOKA3HUKIB eBTpO(diKallii Ta gyacTimmi
criajlaxu pO3BHTKY BojopocTeil B KpumHOMy.
Huspkuit koedinient xopemsmii (r = -0,18) mix
piuanm xonom 3Hadens NDVI mns ozep Kpu-
MHe Ta CBITS3b MATBEPIKYE 3HAYHI BiIMIHHO-
CT1 y AMHaMini iX eBTpodikamii, pi3Hi YAHHUKA
BIUIMBY Ta CTIHKICTb iX T1IPOCKOCUCTEM.
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Puc. 4 — IlopiBusinns auHamiku iHaekcy NDVI s okpemux Hlanskux o3ep nporsirom 2023 p.

Fig. 4 — Comparison of NDVI index dynamics for individual Shatsk Lakes during 2023.

Junamika NDVI nist 03. Kpumue Gibii
CXOXa Ha aHaioriuny jis o3. Ilicoune, 0co6-
JUBO y TEIUIMW Tepiof] poKy. bimbmricte mikiB
3HA4YCHb 1HJEKCY 30IraloThCs 32 MaKCUMaJlb-
HUMHM Ta MiHIMaJIbHUMU 3HAYE€HHSIMHU Ta 4acTo-
T010. LIsT CXOKICTh NOSICHIOETHCS CIIIBCTABHUMHU
po3mipamu (rwiomia o3. IMicoune — 139 ra, 03.
Kpumne — 145 ra), po3ranryBaHHsIM B OJJHAKO-
BUX (i3uKo-reorpadiyHUX YMOBax i TeépUTOpia-

JILHOI OJIM3bKIiCTIO. Buiuii koedimieHT Kope-
nsmit (r = 0,33) mix pigaum xogoM NDVI ux
JIBOX 03€p CBIIYUTH PO TICHIMIUH 3B'I30K MPO-
1IeCiB eBTpOdiKallii, CX0Ki aHTPOIIOTCHHI HaBa-
HT@KEHHA Ta NpUpoAHi ymoBH. [Ipu mpomy,
xo4ya o3epo IlicouHe TrincoMEeTpUYHO [EIo
BHUIIE 1 Ma€ Tiliani Oeperu, BOHO € OUIbII PeK-
peariiiiHo OCBOEHHM, a OTXKeE, Bi/[1yBa€ iHTCHCH-
BHIIIMK aHTPOIIOI€HHHIA THCK.

BucnoBku

Ha ocHoBI npoBeieHOT KOMIUIEKCHOT OI1i-
HKH T1POEKOJIOriYHOro cTaHy o3. Kpumue mo-
JKHa 3pOOUTH HU3KY MPOMIKHMX BUCHOBKIB. [1o-
Tnieplie, piBeHb aHTPOIIOI€HHOTO HaBAaHTAXKEHHS
Ha 03€pO BiTHOCHO HEBHCOKHH, L0 3yMOBJICHO
3HAYHOIO 3aJIICEHICTIO Ta 3200JI0YEHICTIO BOAO3-
OipHOTO OaceiiHy, HU3bKOIO YaCTKOI OPHUX 3€-
MeIlb Y CTPYKTYP1 3eMIIEKOPHCTYBAaHHS Ta [T~
HICTIO CiTbCHKHX MToceieHb. [lo-npyre, Ximiuauit
CKJIaJ] BOAM BU3HAYAETHCS, IEPEBAYKHO, IPUPOA-
HAMH YAHHUKAMH (JIITOJIOTIEI0, OCOOIMBOCTSIMI
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IPYHTOBOI'O MOKPHBY Ta TiJPOJOTIYHUMHU YMO-
BaMU BOJ10300pY), aHTPOTIOT€HHUI YNHHUK TEX
BIUIMBAE, IPOTE HOTo piBeHb HEBUCOKMH. B Toii
e K 9ac PIKCYEThCS TCHACHIIIS /10 301IbIICHHS
BMICTy OpraHi4HUX PEYOBHH i O10TCHHHX efleMe-
HTIB, HacaMIiepes], CIONyK a3oTy Ta dochopy, y
Boai o3epa. lle CBiTUMTH NPO MpPOrpecyrdy
eBTpodikaiito Bomoiimu. JKepenamu Haaxo-
JDKEHHS O10T€HIB € CTOKH 3 CEINTEOHHX IIJITHOK,
CLITBCHKOTOCTIONIAPCHKUX YTi/Tb, JIOKAILHUX CTH-
XIMHUX cMiTTe3BaMI. AHam3 quHaMiku NDVI
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MOKa3y€ CE30HHICTh €BTPOQIKaIIIfHNX TPOIIECiB
1 HEpIBHOMIPHICTh PO3MOJILTY BOAHOI pOCINHHO-
CTi, IO HAMOLTBII IHTEHCHBHO PO3BUBAETHCS Y
BITHOCHO MUJIKOBOJIHMX ITIBHIYHIN Ta CX1aHII 4a-
ctuHi o3epa. CydacHU# TiAPOEKOJIOTIYHUM CTaH
03epa MOKHA BU3HAUMTH SIK 3a/I0BUIbHUM 3 Hasl-
BHICTIO BUPa3HUX 03HAK MPOTPECYIOUOro EBTPO-
¢ixyBanns. Taka cuTyamis BUMarae peajizamii
MPUPOJOOXOPOHHHX 3aXO0IiB.

KirouoBum cepen HUX € ZOTPUMaHHS pe-
KUMY MPHOEPEKHUX 3aXUCHUX CMYT' IIMPHHOIO
100 M. PociuHHUMI OKPHUB TAKUX CMYT €(EKTH-
BHO (DiJIBTPYE MOBEPXHEBUH CTIK, IO 3MEHIITy€E
HaJIXO/DKeHHs OloreHiB. BaxusuMm 3axomom €
OINTUMI3allis 3eMJICKOPUCTYBAaHHS Yy MeXaxX BO-
J0300py. 3MEHIIEHHS 3aCTOCYBaHHs arpoximi-
KaTiB, TIepeXiJ] 1O KOHTYPHO-METiOpaTHBHUX Te-
XHOJIOTIH 3eMJIepo0CTBa Ta BIPOBAHKEHHS IPY-
HTO3aXHCHUX MPAKTHK (MyJIbUyBaHHs, O€3MOIH-
1EeBUiA 0OpOOITOK, CIBO3MIHH, TIOJE3aXHCHI
CMYTH, TIPOTUEPO3iiHI CIIOPYAN) CHPUSTHMYThH
3HW)KCHHIO IHTCHCUBHOCTI TIOBEPXHEBOTO CTOKY
Ta BUHECCHHIO O10r€HHHUX PEUOBUH B 03€PO.

CytreBmii epekT 3a0e3neUnuTh MOIEPHIi3a-
i CUCTEMHU BOJIOBIZIBEIICHHS y C. MEJIbHUKH,
30KpeMa, OXOIUIEHHS yCiX JIOMOTOCTIOIApCTB Ka-
HaITi3aI[ifHOI0 Mepexero Ta OYiBHUIITBO OUYHC-
HHUX CIIOpyA. YacTKoBO Lie BXKE peaslizyeTbes y
[anpkiii TepuTOpianbHiii rpoMaji B MeXax Tpa-
HCKOPJIOHHUX €KOJIOTiuHMX MpoekTiB [23]. Baxk-
JIMBO JIKBiAyBaTH HECAHKIIIOHOBaHI CMITTE3Ba-
TIHIIA 1 BIOPSIKYBATH CUCTEMH 300py MOOYTO-
BHX BimxomiB. Lle 3a0e3meunTs 3MEHIIICHHS Hal-
XOJ[KEHHsI OpraHigyHHX 1 010TeHHHX CIIONYK Y BO-
JIONMY 3 IPHOEPEIKHIX TEPUTOPIA.

JlocsArHeHHs 10OpOTro TiAPOEKOJIOrIYHOIO

CTaHy 03€pa HEMOJJIUBE O€3 CTBOPEHHSI IOBHO-
LiHHOI CHCTEMH TiAPOEKOJOTIYHOTO MOHITOpPH-
Hry, mwo nposogutumerscs anpkum HIIIIL
MOHITOPHHT TIOBHHEH BKJIIOYaTH PETYISIPHHUN
BiZI0ip Tp0o0 BOJIH, JOCIIHKEHHS T1Ap00ionoriv-
HUX TOKa3HWKIB, KapTyBaHHs POCIMHHOCTI 3a
nmorromororo /133 3 BUKOpHCTaHHSIM BeTeTalliii-
HMX 1HIEKCIB, aHaI3 JOHHMUX BIOK/IaOiB T4 KOH-
TPOJIb 3a 3MiHAMH 3eMJIeKopucTyBaHHs. Ha oc-
HOBI OTPUMAaHUX [JAHUX IPOTHO3YyBATHMYThCS
Temn eBTpodpikamii o3epa 3 ypaxyBaHHAM
3MiHH KJTIMaTy.

Takox cepen; MPUPOJOOXOPOHHHUX 3aX0-
B BXKITUBUMHU € 3aIIPOBA/KEHHS PEXKAMY JTiMi-
TOBAHOTO  MPUPOJOKOPUCTYBAHHS, OXOPOHA
npubepekHrX 1 OONOTHHX eKOocucTeM, oOme-
JKEHHSI MeIliOpaTUBHUX POOIT Ta BUPYOOK, pery-
JIFOBaHHS pPeKpeaniiHoro HaBaHTaKeHHS. Pearri-
3al1isl KOMIUIEKCY 3aXO0/IiB COPUATHME ITiATPUMIIL
€KOJIOTIYHO1 PiBHOBAru Ta MiIBUIICHHIO CTIHKO-
CTi T1IPOEKOCHUCTEMH 03€epa.

JonatkoBUM iHCTPYMEHTOM, SIKMH Hapasi
BHUKOPHCTOBYBATH HE JIOILITLHO, XO4a Ha HAOIH-
K9y TIEpeCIIeKTUBY MOXKIIMBO i Oyzie BapTo, € Oi-
opeMeiariisi, TOOTO BUKOPUCTAHHS POCIIHH 1 TifI-
POOIOHTIB, 3IATHUX TOTJIMHATH OIOTCHH Ta MOJIIII-
[IyBaTy KUCHeBWH pexxuM. Lleit meTox € exoori-
YHO OE3MIEYHNM Ta CTBOPIOE JAOBIOTPHUBAIIMIA TO-
3UTUBHUH eKoJNoriuHIN edekT. Takox yxe Baxk-
JMBUMH HANpsSMKaMHd OXOPOHU Ta 30€pe:KeHHS
03€epa € eKOJIOTiYHa OCBiTa Ta IPOCBITHUIITBO. 3a-
JIy4eHHsI TPOMaJIM JI0 OYHMCTKU OeperiB, pi3HOMa-
HITHUX BOJIOHTEPCHKUX IHIIIATUB 1 TIOMyJIsipU3a-
Lisl PaLioOHAIFHOTO NPHPOAOKOPHCTYBAHHS 3a-
0e31e4nTh EKOJIOTTYHY Bi/INOBITATBHOCTD Ta MPH-
POIOOXOPOHHHMI MOTEHIIIa TEPUTOPII.

Kondaikr inTepecin

ABTOpH 3asBIISIIOTH, 110 KOHQIIIKTY 1HTEpeciB o0 myOiikawii [poro pykonucy Hemae. Kpim
TOro, aBTOPH MOBHICTIO JIOTPUMYBAIHCh €TUYHUX HOPM, BKIFOUAIOUH TUIariaT, Ganbcudikaiio TaHux

Ta TOJBIHHY MyOITiKaIlito.

Bnecox asmopis: Bci aBTOpH 3p0OHIN PIBHUI BHECOK Y II0 POOOTY
B po6oTi He BUKOPUCTAHO pecypc MTYYHOT'O IHTEIEKTY.
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METHODOLOGY AND THE HYDROECOLOGICAL STATE ASSESSMENT
OF LAKE KRYMNE

Purpose. To develop and test a methodology for the indicative and spatial-temporal quantitative assessment
of the ecological status of Lake Krymne in order to determine its current ecological stability, identify
hydroecological problems, and outline priority directions for its further use and monitoring.

Methods. Field hydrological studies, cartographic methods, remote sensing, mathematical modeling and
forecasting.

Results. The morphometric characteristics of the lake have changed compared to 1933: the area and the
volume decreased due to mid-to-late 20th century land reclamation. The lake’s catchment retains features of
natural landscapes. However, the lake undergoes significant transformation: part of the riparian zone is plowed,
local waste dumps are recorded, and recreational pressure is increasing. Anthropogenic impacts contribute to the
inflow of biogenic substances. Water quality deterioration is observed, with increased organic matter, phosphates,
and ammonium, periodic oxygen deficits and signs of eutrophication. Remote sensing analysis (synthetic NDVI
index) confirms seasonal fluctuations and summer productivity increases, with local growth of algae and
macrophytes. The lake is sensitive to pressure and requires continuous monitoring. Main sources of anthropogenic
impact are runoff from settlements, agricultural fields, and waste dumps.

Conclusions. Lake Krymne has a satisfactory hydroecological status, but a tendency toward deterioration
is evident. This process is driven by increased biogen content in the water, eutrophication, and seasonal vegetation
development. Priority conservation measures include maintaining protective riparian buffer zones, optimizing land
use, modernizing wastewater systems in nearby settlements, eliminating illegal dumps, and establishing a
systematic hydroecological monitoring program for the lake.

KEYWORDS: morphometric changes, anthropogenic pressure, eutrophication, water hydrochemical
composition, hydroecological status, Lake Krymne monitoring
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AKTYAJIBHI TPOBJIEMHU EKOJIOTTYHOI'O AYIUTY 3EMEJIbBHUX PECYPCIB
B YKPAIHI

Meta. AHali3 cTaHy €KOJIOTIYHOTO ayIuTy 3eMellb B YKpaiHi y HOpIBHSHHI 3 ICHYIOYMM JIOCBIZIOM BIIPOBa-
JUKEHHS €KOJIOTIYHOTO ayIUTy B IHINMX KpaiHaX Ta BU3HAYEHHS aKTyaJbHUX NPOOJIEM i IEPCIIEKTHB PO3BUTKY €KOJIO-
TYHOTO ayaHuTy B YKpaiHi.

Pe3yabTaTu. 3 aHanizy eTaniB CTAHOBJICHHS €KOJIOTTYHOTO ayAUTY B YKpaiHi Ta CBiTi, XapaKTepPUCTHKH YHHHOT
3aKOHO/IaBuOI 0a3u BUSIBIICHO 11 OOMEXEHHs B KOHTEKCTI OBHOMAcIITaOHOI BificbkoBoi arpecii. [TopiBHSIHHS BUMOT
cxeM ISO 14001 ta EMAS Bu3Haumiio crerudiky eKoJIOTigHOTO ayIuTy B CITbCHKOTOCTIONAPCHKOMY CEKTOPi Ta aK-
TYyalbHICTh BIPOBA/KECHHS CHELIAILHOTO €KOJIOTTYHOTO ayJUTy TEPUTOPIH, 10 TOCTPAXK AN BiJl BOEHHUX JiH, KN
nepenbauae BAKOPUCTAHHS U(POBUX 1 IUCTAHIIHHUX TeXHOJOTIH nocmimkenns. OcoOMUBOI yBaru norpedye ay-
JIUT CLIBCHKOTOCIIONAPCHKUX 3€MeJIb, SIKI € OCHOBOIO MPOJOBOJILYOT OC3MEKH Ta €KCIIOPTHOTO MOTEHINATY
KpaiHu.

BucHoBku: Y 3B’s3Ky 31 3MiHaAMH €KOJIOTIYHOT CUTYAIIil Ta BUKIIMKaMHU BOEHHOTO Yacy, HEOOXiTHa MOJIepHi3a-
I[is1 EKOJIOTIYHOTO 3aKOHOAABCTBA YKpaiHH, 30KpeMa B YACTHHI BU3HAUCHHS METOIUKH, 00’ €KTIB Ta IHCTPYMEHTIB KO-
JOoTi9HOTO ayauTy. IIpiopUTEeTHIM € BIPOBAKCHHS CIICIIabHOTO ayJUTy MOCTPAKAATIHX 3€MEINb i3 3aCTOCYBaHHIM
CYYaCHHX TEXHOJIOTiH Ta €BPONEHCHKNX CTaHAAPTIB.

KJIKOYOBI CJIOBA: exonociunuii ayoum, ISO 14001, EMAS, 3emensvhi pecypcu, cneyianbHuil eko102iuHul
ayoum, MinimapHul 6niue

Sk muryBatu: Hemomkanos O. M. AkTyalnbHi IpoOIeMH €KOJIIOTIYHOTO ayuTy 3eMEeIbHHUX pecypciB B YkpaiHi. Bi-
cHux Xapxiscokoeo nayionanvnozo ynigepcumemy imeni B. H. Kapasina. Cepia «Exonoeiay. 2025. Bun. 33. C. 9-106.
DOI: https://doi.org/10.26565/1992-4259-2025-33-07

In cites: Nemoshkalov, O. M. (2025). Current issues of land resources environmental audit in Ukraine. Visnyk of V.N.
Karazin Kharkiv National University. Series Ecology, (33), 95-106. DOLI: https://doi.org/10.26565/1992-4259-2025-33-
07 (in Ukrainian)

Beryn

Exonoriyanii aynut (EA) stk iHCTpyMeHT orti- HaBKOJIMIITHHOTO CEPEIOBUIIA Ta HEOOXiTHICTh KOH-
HKH BIUTHBY TOCIIOIAPCHKOT TISITBHOCTI HA HABKOJIH- TPOJTIO 32 JOTPUMAHHSAM EKOJIOTTYHUX HOPM 1 CTaH-
IITHE CEPEIOBHMIIIC M04aB (hOPMYBATUCS HAIPHUKIHIT napris. [1, 2, 3]. Ha mexi 1990x — 2000x pokiB B
1960x - Ha mouarky 1970- pokiB. Y 1982 poui Oy:na pi3Hux Kkpainax cBity (CLIA, Benuka bpuranis, Hi-
npuitiaTa JlupexktrBa €BpONEHCHKOr0 €KOHOMIY- MeuunHa, OpaHiisi, ABCTpais TOIIO) HA TIIi 3ara-
HOTO CITIBPOOITHUIITBA 00 EKOJIOTIYHOTO ay/IHTY, JIBHOTO TMiIBUIIICHHSI YBarH JI0 IUTaHb OXOPOHH Ha-
B CIIIA KoHIIeNIIisi eKOJIOTIYHOTO ayJuTy Oya po3- BKOJIMIITHBOTO CEPEIOBHINA B CBITi, BiIOYJIOCH Ta-
poGiiena B 1984 poti a1t heepaibHUX areHTCTB 3 KOXK 3pOCTaHHS IHTEPECY U 0 MIUTaHb SKOJIOTTIYHOTO
OXOpOHM HAaBKOJIMIIHBOIO cepefoBUIa. 1 ooB- aymurty. Came Ha 1€ riepiof] pumajae HaiioibIa
HUMH TI€peyMOBaMH PO3BUTKY EKOJIOITYHOIO ay- KUTBKICTh HAYKOBHUX ITyOINiKalliil 3 MMTaHb €KOJIOTiY-
JIATY CTaJIO 3pOCTaHHS €KOJIOTIYHOI CBiIOMOCTI, 10~ HOTO ay[MTY, B IKUX PO3IISLIAIOTHCS HOTO TEOpeTH-
CWJICHHS 3aKOHOIABYMX BHUMOI MIOAO OXOPOHH YHi OCHOBM Ta IUISIXM BIIPOBakeHHs. Cy4yacHe BU-
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3HAYEHHS €KOJIOTiYHOTO aynury, sike, ¢axTryHoO, i B
TOATIBILIOMY TPHIHATO 1 B YkpaiHi Ha 3aKOHOZIAB-
YOMY piBHi, Briepie oQiliifHO ONpHIFOAHEHO €B-
poxomiciero y 1999 porii [4].

Ha mouarky 2000x pokiB eKoJoriyHuii ay-
JIAT TaKOXK 3arpoBakeHnil 1 B Ykpaini. Ha gymxy
Ruban A. and Rydén L. [5] Ha 3ampoBamkeHHS
EKOJIOTIYHOTO ayJuTy B YKpaiHi BIUIMHYIIN TaKi 90-
THpH (HAKTOPH:

1) moripieHHs eKOJIOTiYHO1 CUTYaIlli, CIPH-
gypHeHe YopHOOMIBCHKOIO0 KaTtacTpodoro (26 KBi-
THS 1986 p.) Ta pi3HOMaHITHOIO 3a0pPyIHIOBAIB-
HOIO JISUTHHICTIO 1HITUX TaTy3eil MPOMHUCIOBOCTI;

2) mmpoKa MpUBaTH3AIlis Jep:KaBHOI Biac-
HocTi B 1990-x 1 2000-x pokax, sika BUKJIMKaIa He-
OOXI1JTHICTh OIIIHKK KOJIMIIHIX €KOJOTIYHUX IOPY-
IICHB;

3) MOXJIMBICTh OTPUMATH JOCTYII 10 €BPO-
MEWCHKUX Ta MXKHAPOIHUX pHHKiB'

4) BlI[KpI/I’[TSI KOpILOHlB VYkpainu i MixkHa-
POIHMX IHBECTOPIB Ta 1HIIHMX (l)lHaHCOBI/IX ycra-
HOB, SIKUM HEOOXiZHO Oy/nO OLIHWUTH EKOJIOTi4Hi
PU3HKH, TIOB'SI3aHi 3 MOTEHITIHHUMHE 1HBECTHUIISIMH.

B VkpaiHi MOHATTS €KOJOTIYHWN ayduT
(EA) 3akonomaB4uo BctaHoiene B 2004 pormi 3
MpUHHATTAM 3akoHy Ykpainu «[Ipo exomorigauit
ayauT». 3T1IHO LbOTO 3aKOHY, EKOJIOT1YHUHN ayJuT
- L€ JOKYMEHTaJIbHO O(QOPMIICHUN CHUCTEMHHH
HE3aJIeXKHUHN NPOIIEeC OL[IHIOBaHHS 00’ €KTa €KOJIO-
TiYHOTO ay/InuTY, 0 BKIIIOYAE 30UpaHHs 1 00’ €KTH-
BHE OL[IHIOBAHHS JIOKA3iB JIJIsI BCTAHOBJIEHHS BiJI-
MTOBITHOCTI BU3HAYEHMX BMIB HiSILHOCTI, 3aX0-
JIiB, YMOB, CUCTEMH €KOJIOTIYHOTO YIIPaBITiHHS Ta
iHpopMalii 3 NUX NMUTaHb BUMOTaM 3aKOHOJIaB-
cTBa YKpalHU IIpO OXOPOHY HAaBKOJIMIIHBOIO

MPUPOIHOTO CEpPEeNIOBHIIA Ta iHIIUM KpUTEPisM
€KOJIOTIYHOTO ayauTy [6].

DaKTUYHO, 3aKOH PO3IVISAAE CKOJIOTTUHUM
ayJUT K MEXaHi3M BCTAHOBJICHHS BiJ[IIOBIIHOCTI
MEeBHOT BUPOOHUYO] JisSUTBHOCTI 00’ €KTIB €KOJIOT-
YHOTO aylIUTy BUMOTaM MPUPOIOOXOPOHHOTO 3a-
KOHOZIABCTBa AepKaBU. Takumu 00’ €KTamu, 3ri-
JTHO 3aKOHOJIAaBCTBA, MOXKYTh OyTH i AIPUEMCTBA,
YCTaHOBH Ta opraHizamii, ix ¢imii Ta mpeacraBau-
IITBa X 00’ €HAHHS, OKpeMi BUPOOHHUIITBA, 1HIIT
TOCIIONAPChKI 00’€KTH; CHCTEMH EKOJIOTIYHOTO
YIpaBIiHHA Ta iHII 00’ €KTH, IepeadaveHi 3aKo-
HOM [6].

B Toi1 ke Jac 3eMerbHI pecypcH — SKi € of-
HOYACHO 1 yMOBOIO 1 32c000M BUPOOHHUIITBA B CilTb-
CBKOMY TOCIIOJJaPCTBI MArOTh JOCHTh HEBHU3HAue-
HUH CTaH IIOA0 TOrO, YM € BOHU 00 €KTOM €KOJIO-
T1YHOTO ayUTy Ta SKi BUIU OLIIHOK CTaHy IPYHTIB
Ta 3eMellb € MPEAMETOM €KOJIOTIHHOTO ay/AnTy.

Ha remnepimHiii 9ac y 3B’s3Ky 3i 3MiHAMH
3aKOHO/ABCTBA, 10 BinOyaucs Bix 2004 poky Ta
3MiHaMH TTOTOYHOI CUTYyaIlil B YKpaiHi, 0COOIHUBO
y 3B’;131<y T ITUCaHHSIM yromu mpo acormiarito 3
€C Ta 3 BIliCEKOBOIO arpecm}o pocii npoTH YKpa—
IHH 10 CIPHYHHSE, OKpIM IHIIIOTO, ¥ BEUYE3HI
EKOJIOTIYHI 30MTKH, 3aK0H «IIpo ekonoriuHmii ay-
muT» B penakiii 2004 poky Bke HE MOBHICTIO Bi-
JIMOBi/Ia€ aKTyallbHUM TOTpedaM Ta MoTpedye
BIIOCKOHAJICHHS.

MeTor0 € aHalli3 CTaHy €KOJIOTiYHOTrO ay-
JUTY 3eMellb B YKpaiHi MOPIBHSHO 13 iCHYIOUUM
JIOCBIZIOM BITPOBAPKEHHSI €KOJIOTIYHOIO ayJuTy B
IHIIMX KpalHax Ta BUSBJICHHS aKTyallbHUX MPO-
0JeM Ta MEepCIeKTUB PO3BUTKY €KOJIOTIYHOTO ay-
JTUTYy B YKpaiHi.

Pe3yabraTu gociigkeHb Ta 00roBOpeHHS

Po3BUTOK €KOJIOTIYHOTO ayauTy BinOyBa-
BCsI HEPIBHOMIPHO B Pi3HUX KpaiHaX, 3aJ1€KHO Bif
PiBHSI EKOHOMIYHOTO PO3BUTKY, €KOJIOTIYHOI ITOJTi-
TUKHA Ta 3aKOHOJABYOTO 3a0e3MeYeHHs, 1 MOKHA
BHJILTUTH KiJIbKa KIIIOYOBHX eTamiB [1, 2, 7, 8].

3apomxenns EA (1970-1980 pp.). B neit
nepiof] BUHUKIM TEPHIi MiJIXOAH Ta MPAKTHKH
exonoriyaoro aynuty B CIA Ta neskux €Bpo-
neicbkux kpaiHax. ¥ 1972 poui na Kondepenmii
OOH 3 npo6eM HAaBKOJNUIIHBOTO CEPEAOBUILA B
CrokroyibMi Brepiie Ha MIDKHapOTHOMY piBHI
0OyJ10 HaroJOUIeHO Ha HEOOX1IHOCTI MOHITOPUHTY
Ta KOHTPOJIIO 32 CTAHOM HaBKOJIMIIHBOTO CEPeo-
Buma. Y CIIA B neit nepion Oyio npuiHAITO psij
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BaXJIMBUX C€KOJIOTIYHHMX 3aKOHIB, 30KpeMa 3aKoH
PO HAIIOHAIBHY MONITUKY B TaTy3i HAaBKOJIHII-
HBOTO cepenoBuia (1969), 3akoH mpo yucre mo-
BiTps (1970) Ta 3akon npo uncty Boxy (1972).

dopmysanHs Metozoorii EA npoxoanio
y BiciMzIecATi pOKM MHHYIIOTO cTopiuus. B e
nepioa BiAOyBajach po3poOKa METOMOJOTIYHHUX
MIIXOMIB 70 MPOBEJACHHS €KOJIOTIYHOIO ayIuTy,
(dbopMyBaHHS CTaHIApTiB Ta npoueayp. ¥ 1985
poli ATEHTCTBO 3 OXOPOHH HaBKOJMIIHBOTO Ce-
penosumia CHIA (EPA) po3pobuiio nepiie kepis-
HUIITBO 3 €KOJIOT1YHOT0 ayauTy. B €Bpomni nouanu
(opMyBaTUCS HAIlIOHAJIBHI CHCTEMHU EKOJIOTid-
HOTO ayJUTYy.
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B nactymue necatmmitts (1990-2000 pp.)
aKTHBHO BiAOyBaJlOCh 1HCTUTYIIHHE CTaHOBIICH-
HS eKOJIOTiYHOTO aynuTy. ExoaynuT OyB BKIIOUE-
HUI 10 HOpMaTUBHO-TIPABOBOi 0a3M pi3HUX KpaiH,
CTBOPIOBAJIMCH CIICIialli30BaHi opraHisailii Ta cu-
cremu ceptudikarii. [Tounnaroun 3 90-x pokis, B
PI3HKX KpaiHax CBiTy OyJM NPUHHSATI HalliOHABHI
CTaHIApPTH, SIKi PErIaMEHTYIOTh MiSUIbHICTh Yy
cepi eKoIOTIYHOTO MEHEKMEHTY Ta aynuTy. Ha-
TIpHUKIIaN, OpuTaHchkuid cranmapt BS 7750 Inctu-
TyTy cTaHmapTiB Bemmkoi bpwuranii, cranmapr
CSAZ 750-94 Kanancekoi acormiamii CTaHIapTiB,
CTaHJAPTH 3 €KOJIOTIYHOTO ayIuTy Ta YIPaBIiHHSI
y chepi 0OXOpOHH HaBKOJIHMITHHOTO ITPHUPOIHOTO Ce-
pemoBuiia Mi>xkHApOIHOT OpraHi3aliii cTaHIapTiB
cimeiictea ISO 14000. Y 1993 poui B €C Oyno
NpUIHATO PermamMeHT mpo eKoJorivyHuil MeHeK-
MmeHT Ta aymut (EMAS) [9]. a y 1996 poui mixHa-
ponui crannaptu ISO 14010, 14011 Ta 14012 [10].

B VkpaiHi ix ToTOXHi# nepekyiaa OyB BH-
3HaHUH B AKOCTi JlepkaBHUX cTaHmapTiB B 1997
poui sk JACTY ISO 14010-97; HACTY ISO
14011-97 ta ACTY ISO 14012-97. Ha Toii yac
i CTAaHJAPTH Maly JIUIIEe peKOMEHIAIMHNN Xa-
pakrep. Y 2003 p. mi Tpu cTanmaptu Oyiw 3ami-
HeHi emuamM  craHmaprom  JCTY  ISO
19011:2003 sxuii € TeperIaoM MiKHAPOIHOTO
crangapry [SO 19011:2002 «Guidelines for
quality and/or environmental —management
systems auditing». [le¥i crangapT 3apa3 Bxe BTpa-
TUB YUHHICTh Ta 3aMIHCHHI HOBOIO PEIAKI[IEID
JACTY ISO 19011:2019 (mepexmam ISO
19011:2018). ¥ 2015 poui OyB NpUIAHSATHIA, MiXK-
Haponuuii cranmapt ISO 14001:2015, sxuii Oys
npuiHsITHR 1 B Ykpaini B Tomy x 2015 pori ta
yuaHUi 1 gotenep sk ACTY ISO 14001:2015
«CucTemMu eKoNIoriuHoro yrpasiiHHs. Bumoru ta
HaCTaHOBU IIOA0 3aCTOCOBYBaHHD» [11].

B HacTymHi necatupivds BiOyBaimch Ipo-
LIECH TIOLIMPEHHS €KOJIOTYHOIO ayIuTy Ha MiXKHA-
POIHOMY piBHI, IHTETpallis 3 iHIIUMUA CUCTEMaMHU
VIPaBIiHHSA Ta ayguTy. PO3BUTOK MiKHApPOIHOTO
CHiBpOOITHUIITBA Ta OOMIHY JTOCBiIOM Y chepi eko-
JIOTIYHOTO ayauTy. PO3BUTOK KOMIUIEKCHHUX MpO-
rpam Ha piBai EC OyB NoB's3aHMil 13 IPUAHATTM
3araJIbHOEBPOIIEHCHKOTO 3eJIEHOTO KypCy Ta PO3BH-
TKOM €BPONEHCHKOTO 3aKOHOIABCTBA IIONO OXO-
POHH HABKOJIMIITHHOTO CEPEIOBHIIIA.

TenepiniHiii eTar po3BUTKY €KOJIOTIYHOTO
ayJMTy B CBITI TIOB'SI3aHUIA 3 IPUCKOPEHUM PO3BH-
TKOM TEXHOJIOTiH JOCHTIJKEHHsSI HaBKOJIHUIIHBOTO
cepenosuia, B Tomy uncii I'IC texHomoriit Ta
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JUCTAaHIIHOTO 30HAYBaHHS, PO3BUTKOM IITYyY-
HOTO HTEJIEKTY Ta MOSBOI0 HOBUX BY3bKO-CIIeIia-
J30BaHUX HAMpPSIMiB EKOJOTIYHOTO ayAMTy, K,
HaNpHUKIAA, ayTuT CEKBECTpallii ByIJIELIO B MpPO-
rpamax kKapOoHoBoro zemirepodcTBa. Cepen TeH-
JIEHIIi}1 Ta MUTaHb, [0 OOTOBOPIOIOTECS B Cydac-
HUX HAayKOBHUX MyOJIiKaIisIX MOJKHA Ha3BaTH BUKO-
puctanHg UU(POBHUX ITHCTPYMEHTIB B €KOJOTid-
HOMY aylWTi, MDKIUCIHIUIIHAPHA CIHIBIpaIs Ta
3MiHa (oKycy exonoriunoro ayauty [12, 13, 14].
Cepen cydacHUX MPOOJIEM €KOJIOTIYHOTO ayIauTy
Pi3HI aBTOpH HA3WBAIOTh OOMEKEHICTh PecypciB,
HEIOCTAaTHIO KBaJiQikalilo ayauTopiB, BiACYT-
HICTh €TUHOI METOMIOJIOTIT IPU 3POCTaHHI KiJIbKO-
CTi CTAaH/IAPTIB Ta BUMOT, BiJICYTHICTb Y3TOKEHO-
cTi pizHUX GOpM aymuTy, Opak mepesoBoro I0cC-
Biny, Opak MoTHBauii Ta iHQopMalii, piBeHb €KO-
HOMIYHOTO PO3BUTKY Toulo [12, 13]. Buainsaots
TPH BUAU €KOJIOTIYHOTO ayJuTy — ayAMTH BiIIO-
BIJTHOCTi, ayIUTH yNpaBIiHHA Ta ayAUTH MPOLe-
ciB, abo ¢ynkuionanbHi aynutu [14, 15]. B Tab-
muri 1 HagaHo cyvacHe YSBIIGHHS IPO 3MICT OK-
pPEMUX BUIB €KOIOTIYHOTO ayIUTY.

ExosioriuHa oIliHKa BUKOPUCTaHHS 3eMe-
JTBHUX JUISTHOK Ta OIliHKA CTaHy IPYHTIB MOXe
MPOBOAUTHUCH B paMKax €KOJIOT1YHOTO ayJuTy 3a-
JIEKHO BiJl XapakTepy BHKOPHUCTAHHS 3€MEllb.
CTOCOBHO 3eMelb, 10 BAKOPUCTOBYIOTHCS Y CLITh-
CBKOTOCIIOIapChKOMY BUPOOHUITBI B Kpainax €C
3aCTOCOBYIOTBCSl CaMe ay[WTH BiJIOBITHOCTI —
TOOTO MepeBipKa JOTPUMAaHHS arpOBUPOOHUKAMH
Psily €KOJIOTIYHMX BHMOT, 110 € 00O0B’SI3KOBUMH
JUTsL OTpUMaHHs CyOCHIii B pamMKaxX CHUIBHOT
cinbebkorocnoaapebkoi nostituku €C. Kpim Toro
arpoBUPOOHUKU MOXYTb IIPUHAMATH Y4acThb B J10-
OpOBUIBHHX CXeMaX EKOJIOTIYHOTO aymuTy, II0
Ma€ TOKpaIyBaTH JIOBIpY J0 TaAKHX BUPOOHHUKIB
Ta X KOHKYPEHTOCITPOMOKHICTb.

Ha tenepimmniit yac B €C exonoriyauii ay-
JUT Tiepen0adeHuil B Mexkax JBOX JOOPOBUTBHHX
CXeM —OIIIHKU BiMOBITHOCTI yMOBaM MiXXKHapOI-
Horo ctangapty ISO 14001 abo B Mekax cxeMu
EKOJIOTTYHOTO MeHeDKMEHTY Ta ayautry (EMAS).
EMAS — ne noOpoBuUIbHMI IHCTPYMEHT YIpaB-
JIHHST HABKOITUIITHIM CEpPEIOBUINEM, PO3POOTICHUIA
€pporeiicbkoro komiciero. EMAS 006’ eanye Ta po-
3IIMPIOE€ BAMOTH MIDKHAPOHOTO CTaH/IAPTY EKOJIO-
riudoro menemkmenty [SO 14001. IlopiBHAHHS
sumor EMAS Ta ISO 14001 "HaBeneHo B TaOimLi
2. Sk BuzHaueHo 3 Tabauui 2, EMAS € xerio
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Buau exosioriunoro aynury (3a [15])

Types of environmental audit (according to [15])

Taoauns 1

Table 1

AcnekTt/ AyauTH BignoBigHocti / Yupaaincbki ayauTu / DyHKIiOHATbHI ayauTH /
Aspect Compliance audits Management audits Functional audits
Doxkyc/ Busnauerns piBHS  gotpu- | OmiHka BigmoBimHOCTI cuc- | OIiHKa €KOJOTiYHOI BiAmo-
Focus MaHHSI [IPABOBHUX Ta PETYJSITOP- | TEM YIPABIIiHHS HABKOJNMII- | BiJHOCTI KOHKPETHHX OIepa-

Annually or more frequently
in regulated industries

Annually or more
frequently for high impact
areas

HUX  exojoriuemx  Hopm/ | HiM cepenoBumeM (CYC) | wmiit abo mporecis /
Determining the level of | Bumoram BimmoBigamx cran- | Assess the environmental
compliance with legal and | mapris/ compliance  of  specific
regulatory environmental | Assessment of environmen- | operations or processes
standards tal management systems
(EMS) compliance with
relevant standards
Mera ayaury / 3abe3neuenHss  gorpuManHsa | OuiHka epexruBHOCTI | OuiHKa e(heKTUBHOCTI KOHKpE-
Audit Objective 3aKOHIB i HopMaruBiB/ | CYC Ta loro nokpamieHHs/ | THUX onepaiiid abo nporecis/
Ensuring compliance with | Assessment of  EMS | Assess the effectiveness of
laws and regulations effectiveness  and  its | specific operations or
improvement processes
Yacrora / [opiuro abo gacrimie B pery- | [{opiuno abo wacrime mia | [okBapraneHO, pa3 Ha TiB-
Frequency JIBOBAaHHX TAITY35X/ 30H 3 BHCOKMM BIUTMBOM/ | poKy abo 3a moTpeOH Ha oc-

HOBI PH3HKY/
Quarterly, semi-annually or as
needed based on risk

Tpusamnicts / Big kinbkoxX IHIB J0 KiTBKOX

Big kiyIbKOX IHIB 10 THXKHA /

Bin KiJIbKOX IHIB IO THKHS/

Identifying non-compliances,
avoiding fines

Kariii, Takux sk ISO 14001/
Improvement of EMS,
achievement of important
certifications such as ISO

Duration THXKHIB/ From a few days to a week | A few days to a week

From a few days to a few weeks
PesynbraTn / BusiBnennss  HeBianosigHoc- | [Mokpamenns CYC, pocsr- | OnTumizariis KOHKPETHHX
Results Teil, yHUKHEHHS IuTpadiB/ | HEHHS BAXJIMBHX cepTU(di- | onepaiii, BUSIBICHHSI MOXKIH-

BOCTEH JIJIs1 TOKPAIICHHS1/
Optimize specific operations,
identify opportunities for
improvement

14001

mmpiia 3a [ISO 14001, ockinbku nepeadadae BIpo-
Ba/KEHHS MOCTIHHOTO MOKPALIEHHS €KOJIOTTYHHX
MOKa3HHUKIB BUPOOHUIITBA, TPO30POCTI 1 BIIKPHTO-
CTI JUIS CHIUIKYBaHHS 3 TPOMAJIChKICTIO. BigmiH-
HHM € TaKOX Cy0’ €KTH, 110 MalOTh IIPOBOAUTH €KO-
JIOTTYHUI ayIuT MiIIPHEMCTB B MEKax LUX JIBOX
cxeM. Skmo cranpaprusamis ISO nependadae
NPOBEACHHS BHYTPILIHIX Ta 30BHILIHIX €KOJIOTIY-
HUX ayauTiB, To EMAS BuMarae HezanexHoi Bepu-
¢ikamii ekooriuyHOT 3asBH HE3aJICKHUMH CEPTH-
¢ikoBanuMu  Bepudikaropamu. BimnosimHicTh
crargaptam sk [SO 14001 tak i EMAS nie 1060-
POBIJIbHI cXeMa €KOJIOTIYHOTO MEHE/PKMEHTY, Y-
acTb B SIKHX JIA€ MIAMPUEMCTBAM TIepeBary Ha pH-
HKY, 3 OTJISTY ITiITBEPHKEHOT IKOCTI MPOAYKIIii Ta
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BiJIMTOBITHOCTI ii cTaHAapTaMm, MJIIOBOTO OIO/Ia-
TKYBaHHS a TAaKOXX JI03BOJISIE EKOHOMHUTH PECYpPCH
Ta 3HIKYBaTW eKoJIorivHi rarexi. OOoB'sI3K0-
BUH eKoJyoriuHuil aynuT B Kpainax €C BiacyTHIH,
aJjie eKOHOMIYHI IlepeBark y4acTi B cXeMax eKoJIorTi-
YHOTO ayJuTy 3MYLIYIOTh BUPOOHHKIB MParHyTH
orpumanHs ceprudikary ISO abo cBigoirsa mpo
yuacts B EMAS.

Ha tenepimmniii yac B Ykpaii, BilIOBiAHO 10
JIFOYOT0 3aKOHOIABCTBA, MepeadadeHo Bl GopMu
EKOJIOTTYHOTO ayJIUTy - J0OPOBUILHHI Ta 000B’sI3-
koBHH. Sk Bka3aHO B 3akoHi Ykpainu «IIpo ekomno-
riyHui aymut» [6], B YkpaiHi moOposButsHuil EA
MOXE 3IIHCHIOBATHCS Ha 3aMOBJICHHS 3aiHTEPECO-
BAHOTO Cy0’€KTa 3a 3rOJI0I0 KEPIBHUKA UM BIIACHUKA



ISSN 1992-4259 Bicank XapKiBChKOTO HaIliOHATLHOTO YHiBepcuTeTy iMeHi B. H. Kapaszina.
Cepis «Exormoris». 2025. Burryck 33

Taoannsa 2

IopiBHAJILHUI aHATI3 CXeM eKO0JIOTIYHOro aynuTy 3a [16, 17]

Table 2

Comparative analysis of environmental audit schemes according to [16, 17]

Acnekrt/
Aspect

EMAS

ISO 14001

OcHOBHi BIMOTH/
Basic requirements

BigmosigHicTs Pernmamenty (€C)
Ne 1221/2009/

Compliance with Regulation (EC)
No. 1221/2009

BinmosigHicts cranmapty 1SO
14001:2015/
Compliance with ISO 14001:2015

Mera/ IocrTiiiHe MOKPALICHHS SKOJIOTIYHUX [MocTiliHe BAOCKOHAJICHHS CHCTEMH YTIPaB-
Purpose MMOKa3HWKIB BUPOOHMIITBA, TIPO30PICTh | JIHHS EKOJOTIYHIMH aCTICKTaMH, 3MCHIIICHHS
Ta 3aJIy4eHHS TPOMAaJICHKOCTI/ BILUTHBY Ha HABKOJIMIIIHE CEPEIOBHIIIE/
Continuous improvement of Continuous improvement of the
environmental performance, environmental management system,
transparency and public involvement reduction of environmental impact
JokymeHnraris/ Exonorivyna 3asBa, sika epeBipsIeTbes Exonoriyna nosmiTuka, i, IIaHy, Ipore-
Documentation He3aJIeKHUM Bepudikatopom/ JIypH Ta 3amucu/

Environmental statement verified by an
independent verifier

Environmental policy, objectives, plans,
procedures and records

BigmosigHiCTh 3aKo0-
HOJaBCTBY/
Legal compliance

TlixTBEepIKEHHS BiAMTOBITHOCTI 3aKOHO-
JIaBCTBY/

Confirmation of compliance with
legislation

3000B's13aHHSI JOTPHUMYBATHCS 32CTOCOBHUX
3aKOHOJABYUX BUMOT. BifICyTHICTh aymuTy
BIITOBITHOCTI/

Commitment to comply with applicable
legal requirements. No compliance audit

3ary4eHHs CIiBpOOiT-
HUKIB/

Employee
engagement

AKTHBHA y4acTh CHIBPOOITHHKIB y MPO-
1eCi NOCTIHHOTO BIOCKOHAJIEHHS €KOJIO-
TIYHUX MTOKAa3HHKIB/

Active participation of employees in the
process of continuous improvement of
environmental performance

3ary4eHHs CIiBpOOITHUKIB JI0 €KOJIOTIY-
HOTO yNPAaBJIiHHI, IPOBEACHHS TPEHIHTiB/
Employee involvement in environmental
management, training

30BHIIIIHE CIIIKY-
BaHH:/

BigkpuTe CrijKyBaHHS 3 IPOMaJIChKi-
CTIO Ta 3aL[iKaBICHUMH CTOPOHAMU/

CriinkyBaHHSI 3 3a1[IKaBJIEHUMH CTOPOHAMHU
3a morpeou/

External Open communication with the public Communication with stakeholders as
communication and stakeholders needed
Bepudixaris/ Hezanexna Bepudikarlis eKoJoridHoi 3a- | BHyTpilIHi Ta 30BHIIIHI ayIUTH BiIIOBiIHO
Verification siBU. Br3Ha4YeHa MepioAnyHICTh T METO- | BUMOT CTaHIapTy/
JIOJIOTis IPOBEICHHS BHYTpimHiX ayauTi/ | Internal and external audits in accordance
Independent verification of the with the requirements of the standard
environmental statement. The frequency
and methodology of internal audits are
determined
Ceprudikaris/ Peecrtparist B EMAS micis yeminao1 Ceprudikaris 3a ISO 14001 micns ycmim-

Certification

Bepudikarrii/
Registration in EMAS after successful
verification

HOTO aynuTy/
ISO 14001 certification after successful
audit

Peecrparis/
Registration

Y 3araJpbHOIOCTYIIHOMY PEECTPi KOXKHA
OpraHizallisi Ma€ iHIUBIAyaJIbHUH PEECT-
pamiiiauii Homep/

Each organization has an individual
registration number in the publicly
accessible register

Hemae odimiiitnoro peectpy/
No official register
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00’€KTa eKOJIOTIYHOTO ayAuTy. A 000B’s3koBHiT EA
3AIHCHIOETHCS HA 3aMOBJICHHS 32iHTEPECOBAHHX Op-
TaHiB BUKOHABYOI BIa i a00 OpraHiB MICIICBOTO Ca-
MoBpsinyBanHs. OOoB’s3koBoMy EA migmsrarorsb
00’exTH 200 BUIM IISUILHOCTI, SIKI CTAHOBJISTH
TiABHIIIEHY €KOJIOTIYHY HeOe3IeKy, BiAMOBITHO 10
TIEPEIKY, 110 3aTBepUKy€eThes KabineTom MiHicT-
piB YKpaiHu, a TakoX 1HII 00’ €KTH y Sl BHIA/I-
KiB, 30KpeMa 0B’ 3aHHX 13 3MiHOIO BJIACHOCTI UM
niepeniadi 00’ €KTy B OPEH/IY, EKOJIOTTYHOTO CTPaxy-
BaHHS 00’€kTiB Tomo [6]. OCKIIBKH 3aKOH IIPO
EKOJIOT1YHMI aymut OyB mpuiiHATHH 1me B 2004
polli TO B HROMY Ha TIPIOPUTETHE Micie 3aiimae
NpUBaTH3aLlis 00’ €KTIiB Ta 3MiHa (HOPMHU BIIACHOCTI,
sSIK TiFICTaBa JUIs MPOBEICHHS 000B’s13k0BOr0 EA.
Ha nanwit yac nmpuBatm3aiiiss BXKe HE € TAaKUM aK-
TyaJIbHUM TIMTaHHSM, B TOW JKe 4ac sK repely-
BaHHA O0’€KTIB B 30HI IHTEHCUBHUX OOMOBUX Iii
€, Ha HaIll oI, HabaraTo OUIBII BaroMoro Iij-
CTaBOIO /I 000B’I3KOBOTO €KOJIOTTYHOTO ayNIuTYy,
OCKLUITBKH 1€ TIPU3BOAUTH JI0 3MiHN 0a30BHX TOKa-
3HUKIB CTaHy JOBKLJUIA, 11O HE OB’ s3aHi 3 JisIb-
HICTIO 00’ €KTa ayIuTy.

JoOpoBiIbHAN €KONOTIYHUN ayJJUT BUKOPU-
CTOBY€TBCSL ISl cepTudikalii KOMIaHIi BiImo-
BigHO A0 cepii [SO 14001 ans BXOMKEHHS B MiXK-
HapOJIHI MapKepy Ta iHII €KOJOTiYHI CTaHAapTH
SKOCTI JUIS OLIIHKY KPEAUTHOTO PU3MKY €Bponei-
CbKMM OAaHKOM pPEKOHCTPYKLII Ta pPO3BHUTKY
(€BPP), MixnaponHowo (HiHaHCOBOIO Kopropa-
uiero (IFC), CeitoBum 6ankom (CB) Ta kimpkoma
KoMepLidiHuME OaHkamu B YKpaiHi. OTxe cyTTe-
BUM BaXkKeJeM NpOBeAEHHs N0OpoBinbHOro EA B
VYkpaini € Bumoru CBiToBOro 06aHKy Ta €Bponei-
cpkoro banky PexoHcrpykii Ta Po3BuTKY siki BU-
CyBaroTh NpoBeAeHHS EA miAnpueMcTB sk yMOBY
Ui HajaHHA (iHAHCOBOIO MIATPUMKH. Bincyt-
HICTh Takoi KOMEpIIiifHOI HEeOOXIJHOCTI YacTo
o3Ha4ae, (PaKTUIHO, i BIFCYTHICTH E€KOJOTIYHOTO
ayuTy MiATPUEMCTB.

3riHO 3aKOHONABCTBA, PE3YJIBTATH AYJHUTY
MAaroOTh OyTH TOJIaH1 y BUIVISI 3BITY ITPO €KOJIOT14-
HUI ayIuT, 3MICT SIKOTO PO3IISHYTO y ¢T.20 3aKoHy
«IIpo exomoriunuii aynur» [6]. Brazano, mo ¢o-
PMH 1 METOIM €KOJIOTIYHOIO ayJAMTy BHUKOHABEIlb
EA mae npaBo BU3Ha4YaTH CaMOCTIHHO, BiITIOBITHO
JI0 3aKOHOJIaBCTBA Ta JIOTOBOPY 13 3aMOBHHUKOM.

®opMHU Ta METOIM AyIUTY MAIOTh BiJIIIOBI-
naru crienugini 00’ exry ayauty. OCKibKH 3a Aa-
HAMHU 3€MENLHOTO aynuTy Ykpainwm [18] turomra
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CLTBCHKOTOCTIONNAPCHKUX 3€MeNb CTaHOBHUTH 68%
TepuTOpii YKpaiHu, came CKOJIOTUHUM ay/IUT Clilb-
CHKOTOCITOAPCHKOTO BUPOOHMIITBA Ta CiTHCHKOTO-
CHOIAPCHKUX 3eMeNb Mae OyTH OHUM 3 MIPiOpHTe-
THUX. BpaxoByroun nparHeHHs1 YKpaiHu 10 BCTYITy
B €C Ta HEOOXITHICTh BIAMOBITHOCTI €BPOTICHCH-
KHM CTaHJapTaM BayKJIMBO PO3YMITH CHCTEMY €KO-
JIOTIYHOTO ayauTy IIOAO0 BUKOPHUCTAHHS 3€MEIh B
CLIBCHKOTOCTIONAPCHKOMY BUPOOHHIITBI B KpaiHax
€C. Exonoriyauii ayaut CilbChbKOTOCTIONAPCHKUX
MIPUEMCTB Ma€ TIPUHITAIIOBI BiIMIHHOCTI, OCKi-
JbKH BECh BHPOOHHYMI TMPOLEC TaKuX MiANpH-
€MCTB TIOB’SI3aHHH HE JIUIIIE 13 BUKOPUCTAHHSIM 3e-
MENIBHAX PECYPCIB SIK MPOCTOPOBOTO Oa3UCy IS
PO3MIIICHHST BUPOOHMYMX TUIOIL Ta CKJIaJTyBaHHS
BIZIXOMIB, a i 3 BUKOPHUCTaHHSAM IPYHTIB SIK 3aC00y
BUPOOHUITBA.

Tpeba 3ayBaxkwtu, MO B E€BpOIEHCEKOMY
Co1031 €KOJIOT1UHI ayJIuTH HE € 000B'SI3KOBUMH JIJIS
BCIX 3eMEeJIBHUX JIIISTHOK 200 CLIbCHKOTOCIIONAPCh-
koi misutbHOCTI. HaroMicts €C BUKOPUCTOBYE TIO-
€THAaHHS 00OB'I3KOBHX 3aXOJIIB II0JI0 JOTPUMAHHS
EKOJIOTIYHOTO 3aKOHOJABCTBA Ta JOOPOBUITHHHUX
CXEM y paMKax CIUIBHOI CUIBCHKOTOCIIOAAPCHKOT
nojituky [19]. Bumoru ta iX BIpOBa»KeHHS MO-
JKYTh BIIPI3HITHCS 3aJIEKHO Biff KpaiHA Ta KOHK-
PETHOTO BHJY CLILCHKOTOCIIONAPCHKOT JMISUIbHOCTI
a00 3emyiexopuctyBaHHs. /[0 000B'SI3KOBHX €KOJIO-
rigaux 3axo/iB B €C BITHOCHTKCS TaK 3BaHa Iepe-
XpecHa BiINOBIIHICTE Y paMkax CHiTbHOT Ci1bCh-
xorocroaaperkoi nonituku (CCII). Yei depmepu
€C, sIKi OTPUMYIOTh TIPSIMI BUIIATH Y BUIVISIII J0-
TaIlii, MOBUHHI JOTPUMYBATHCS 00OB'I3KOBUX €KO-
JIOTIYHUX CTaHIAPTIB, BIAOMHX 5K «IepexpecHa
BignoBiaHicte» [19]. Ili cTaHmapTd BUMAararTh
MiATPUMKH 3€MEITb Y J0OPOMY CLITBCHKOTOCTIONAp-
cpKoMy Ta ekonoriuHomy ctani (GAEC) ta notpu-
MaHHS MPABWJI, IO 3aXHIIAIOTh 3JI0POB'S JIFOIEH,
TBapUWH 1 POCIIHH, a TAKOX JOBKULIA. JloTpuMaHHS
IIUX BUMOT KOHTPOJIOEThCS KOMIIETEHTHHMH Op-
raHaMu ayIuTy B KOXKHIN JeprKaBi-4JieHi, aje 11e He
€ TPaIUIIIHHAM EKOJIOTTYHHM ayJIuTOM, Iie HaOip
MEPEBIPOK Ta KOHTPOJIIO BUKOHAHHS 000B’I3KOBHX
BUMOT, TOB'SI3aHUX 3 MPaBOM Ha OTPUMaHHA CyO-
cuniii. 1li mepeBipkH 3/IHCHIOIOTBCS CIIEIialIbHO
YIIOBHOB2)KEHHMH OpraHaMu, SIKi B KOXKHIH nep-
JKaBi-wiICH] BIMOBIIAIOTH 3a PO3IMOILT KOIITIB,
CTPSIMOBAaHUX Ha (PiHAHCYBaHHS CITUILHOT CIJTBbCh-
KOTOCTIOapChKOoi MOMTUKU. OTKe 000B’SI3KOBUI
EKOJIOTIYHHH  ayJIuT  CLILCHKOTOCTIONAPCHKUX
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mianpueMcTB B Kpainax €C BiAcyTHiH, ane 3a-
MICTh HBOTO (PYHKIIi1 €KOJIOTIHHOTO KOHTPOIIO BU-
POOHHMIITBA BUKOHYIOTH ayIWTH BIATIOBITHOCTI B
paMKax HagaHHS CyOCHIi arpoBHPOOHUKAM.

Hapasi mnst Ykpaiam Taka cuctemMa KOHT-
POJIIO [IOKH 1110 HE aKTyaJIbHA OCKIJIBKY He YKpaiHa
He € uieHoM €C Ta Ha yKpaiHCBKUX arpoOBHPOOHU-
kiB Bumorn CCII He mommproroThes. OmHak, 3
OIJISTY MiJIUCAHHS YTOAU PO aCOIIaIiio Ta i
TOTOBKY YKpainu 70 BcTymy B €C HanpsiMOK ayau-
TiB BignmosimHocti BuMoraM CCII B HamOmmxui
poKu B YKpaiHi Ma€ aKTUBHO PO3BHBATHUCH.

IIle oqHMM aKTyaJbHUM HANPsIMKOM PO3BU-
TKY €KOJIOT1YHOTO ayIuTy B CLILCHKOMY TOCHOAp-
CTBi Yy 3B’sI3Ky 3 €BpoiHTerpauicro YKpaiHu Mae
CTaTH ayuT HAKOTIMICHHS Ta 30epiraHHs ByTJICIIO
Mekax AOOpOBUTBHHUX cxeM ceprudikaii Byr-
JIETIF0, METOONOTIS IKAX Hapasi TakoK pPO3BUBA-
eTbest B €Bporeiickkomy Coro3i Ta Mae OyTH BcTa-
HOBJIeHa B HaiOmmk4i poku [20]. Lleii Bun aymury
€ By3bKOCTICLIU()IIHUM, IPU3HAYEHUM 151 KOHKpE-
THHUX BUJIIB CLIbCHKOTOCIIONAPCHKOI isTIBHOCTI, a
came -KapOOHOBOTO 3eMJIEPOOCTBA B MEKAX CXEM
JIOOpOBLTBHOI cepTrdikallii, OHAK HOro pe3yib-
TaTd MOXXYTh OYTH BUKOPHUCTAaHI Ha MiCIICBOMY, pe-
TiOHATEHOMY Ta Jiep>KaBHOMY PiBHI, HAIPUKJIIA, Y
3BiTax MPO BUKW/IW MAPHUKOBUX Ta3iB.

Sk moka3aB aHalli3 PO3BUTKY EKOJIOTTYHOTO
aynuTy B YKpaiHi, npoBenenuii Pyoan ta Punenom
(2019), daza akruBHOTO cTaHOBIEeHHS (PyHAALIIT)
€KOJIOT1YHOTO ayAuTy B YKpaiHi siKa MpOoXoauia y
2004-2010 pokax 3minmacs y 3 2011 poky hazoro
crarHaitii, ko po3BuToK EA (aktudno He BinOy-
BaBCs. 3HAYHOIO MipOIO BHACIIJIOK BiJICYyTHOCTI 3a-
IKaBJIEHOCTI Cy0’ €KTIB ayJIUTy y OTO MPOBE/ICHHI
[5]. OTxe, Ha maHMii Yac aKTUBI3AIliSA TISLTHHOCTI 3
PO3BUTKY €KOJIOTIYHOIO ayJUTy CiIbChKOTOCIIO-
JapChbKUX MiANPUEMCTB 3 HAOIMKEHHAM 10 CTaH-
nmaptiB €C € akTyaTbHAM 3aBIaHHSM JIJIs YKpaiHH,
o NoTpedye OTHOYACHOTO PO3BHTKY IPABOBUX
3acajl, OpraHi3amiiHOi Ta METOAMYHOI CKJIaJI0BOI
€KOJIOT1YHOTO MOHITOPUHTY.

Ha Tenepimrniii yac y 3B’s13Ky 31 3MiHAMH 3a-
KoHozaBcTBa Big 2004 poKy Ta 3MiHAMH TTIOTOYHOT
curyarlii B Ykpaini, 3akoH «IIpo exonoriuyauii ay-
it 2004 poky BxKe 3HAYHOIO MIpOIO 3acTapiB Ta
HE BIJIOBIZae akTyajabHUM morpedam. Ha mpora-
JIMHA B JII0YOMY 3aKOHOJABCTBI 3 €KOJIOIIYHOIO
aynuTy B YKpaiHi, siKi icHyBanu me 10 2022 poky
BKazyBajw, Hanpukian [21, 22, 23]. Tomy, me B
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2021 pomi MiHiCTepCTBO 3aXWCTy MOBKLLIS Ta
NPUPOAHUX pecypciB Yikpainu pozpoduio [Ipoekrt
3axony Ykpainu «lIpo BHeceHHs 3MiH 10 3aKOHY
Vkpainu «IIpo exonoriunuii ayauT» Mo010 YA0CKO-
HaJICHHS NPOLENYpPHU HPOBEAEHHS EKOJIOTIYHOIO
aynuTy». MeToro nofaHHs JaHOTO 3aKOHOIIPOEKTY
y 2021 poui Oymno mpuBeneHHs: HOpM 3akoHy YKpa-
ian «IIpo exomoriyamii ayauT» y BiATIOBIIHICTH 13
3aKOHOMIaBCTBOM YKpPAiHHM, a TAKO’K YTOUHEHHS I10-
noxeHb 3akoHy Ykpainu «lIpo ekomoriuxuii ay-
AT 33T 3a0€3IeUCHHS TPO30PUX MEXaHi3MiB
3IiMCHEHHS ekojloriyHoro aymury. Lleit 3akoHO-
mpoekt Ne6349 mpoxoamB mporenypy 0OroBo-
PEeHHS Ta po3nIAny ax a0 JunHsa 2023 poky.

3a 11eli yac Bi0yIocs HOBHOMACIITaOHE Po-
CcilicbKe BTOPTHEHHS B YKpaiHy, 110 CYIIPOBOMIKY-
BAJIOCH, 30KpeMa 1 BETMYE3HUMH EKOJOTTYHUMH
30MTKaMH, OOCATH SKUX MOYKHA IOKH IE JIUIIE
MOTIEPEAHBO TPpy0o omiHuTH. [l neTanbHOl olli-
HKHU EKOJIOTIYHUX 30UTKIB HEOOX1THO MPOBEACHHS
EKOJIOTIYHOTO ayJIUTy MOCTPAXKIAINX TEPUTOPIH 3a
€JIMHOIO0 METOJIOJIOTIED, PO3pO0Ka SKOI € Ha ChOTO-
JTHI OTHUM 3 HalaKTyalbHIIINX 3aBJaHb €KOJIOTi4-
HOI HayKH. BpaxoByrodi 1i 0OCTaBHHH, B TpaBHI
2023 poxky MiHicTepcTBO 3aXMCTy JOBKULISA Ta
MIPUPOIHUX PecypciB YKpaiHM IMiroTyBaiIo JI0/ia-
TKOBI TIPOMO3HUIIii 10 3aKoHOIPoeKkTy Ne6349 mpo
BHECEHHSI 3MiH JI0 JeIKuX 3aKkoHIB YKpaiHH 10710
YAOCKOHAJIEHHS NPOLEAYPH MIPOBEACHHS EKOJIOTi-
YHOTO ayJIuT, [0 BPaxOBYBaJIM HOBI BUKJIMKY, IIIO
MoCTany nepel; YKpaiHow y 3B’S3Ky 13 BEACHHIM
BOEHHUX JIill Ha i1 Tepuropii [24]. OcHoBHI TpO-
TIOHOBAHI JIOTIOBHEHHS JI0 3aKOHOMPOoeKTy No6349
Oynu CcIipsMOBaHi Ha 3aKOHOJABYE BCTAHOBJICHHS
MOHATTS CHEIiaJIbHOTO €KOJIOTTYHOIO ayjIuTy, Ha-
LJIEHOTO NEPILTy Yepry Ha BH3HAYEHHS LIKOAM J0-
BKULTIO, 1[0 Oy/jia HaHeceHa 30pOWHOI0 arpeciero
Ta BINCHKOBAMH TiIMU.

OnHax, B jiunHi 2023 poky 1ei 3aKoHOIIPO-
ekT OyB BimxwieHud. YacTkoBO HaraibHi morpeda
BUSIBJICHHS Ta (PiKcallil KON 3eMEIbHUM Pecyp-
caM BHACJIIJIOK BEJICHHS BIMCHKOBUX il Oyia Bpa-
XoBaHa B HOBOMY IlopsiiKy mpoBeneHHs MOHITO-
PHHTY 3eMeJIb 1 IPYHTIB, IPUHHITOMY TIOCTaHOBOIO
Kabinere minictpiB Yipainn Ne848 24.07.2024
[25]. B miii mocTaHOBi OKPEMO HArOJIONTYETHCS Ha
TOMY, 1[0 MOHITOPHHT 3€MeJb i TPYHTIB BKIIIOUAE,
B TOMY YHMCI, MPOBEICHHS OLIHKHA MpPOLECIB,
MOB’sI3aHUX 13 3a0pYAHEHHSAM IPYHTIB, 3aCMi4€H-
HSM 3€MENIbHUX [JUISTHOK BHACHIJOK HaJ3BU-
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YaliHUX CHUTYyalliii Ta/abo 30poiHOI arpecii i 60iio-
BUX il TiJl 9aC BOEHHOTO cTaHy. Taki crocrepe-
JKEHHsI BIZTHECEHO JI0 ONIEPATHBHOTO MOHITOPHUHTY,
IT10 TTPOBOIUTECS HE3AJICIKHO Bl TIEPIOTMIHAX MO-
HITOPHHTOBHX TIPOIIECIB.

JiiicHO, B 9acTHHI BCTAaHOBJIEHHS (haKTy He-
TaTHBHOTO BIUIMBY Ha TOBKIJIIS Ta OLIIHKH HOTO Ha-
CITiIKiB chepa 3aCTOCYBaHHS EKOJIOTIYHOTO ayTUTY
Ta EKOJIOTIYHOTO MOHITOPHHIY TEPETHHAIOTHCS.
Came ToMy B 3Ha4YHIi YaCTHHI HAyKOBHX ITyOITiKa-
il OO0 EKOJIOTIYHOTO ayIuTy 3€MeNb aBTOPH
3MIIIYIOTh TTOHATTS €KOJIOTIYHOTO ayAHTy Ta KO-
JIOTiYHOTO MOHITOpHHTY. OJHAaK BiIMiHHICThH HO-
Jsira€ 3HAYHOIO MIipO y TOPSAKY MPOBEACHHS Ta
cy0’eKTax MOHITOPHHTY Ta ayluTy. SIKIIO IS eKo-
JIOTIYHOTO ayUTy TaKUM Cy0’ €KTOM MOXke OyTH 3a-
MOBHHK ayJUTy, B TOMY YHCIIi BIACHUK 00’ €KTY, a
BUKOHABIIEM — HE3AJIEXKHI EKOJOTiYHI ayJuToph
a00 ayTUTOPCHKI areHilii, To €KOJIOT YHIIA MOHITO-
PHHT 3IIHCHIOETBCS JHIe OQIIHHIMA OpraHaMu
3a 3aTBEP/KCHOI0 IIPOTrPaMOK0 MOHITOpUHTY [26].
CTOCOBHO 3eMelNbHI AUISTHOK, 3a0py/THEHNX Ta 3a-
CMIYEHNX BHACTINOK HAI3BUYaWHUX CHTYyaIliit
Ta/abo 30poitHoi arpecii i 60HOBHX Aiif i Yac BO-
€HHOTO CTaHy cy0’€KTOM (BUKOHABIIEM ) MOHITOPH-
Hry 3rigHo € JlepxekoiHcmekist [25].

Ha renepimniii yac B cepi BificTe:KeHHS Ta
pearyBaHHsI Ha Ha/I3BHYAiHI CUTYaIli] Ta HACIIIKU
0OHOBHUX il IPIOPUTET BiIAETHCS EKOJIOTITHOMY
MOHITOpHHTY [26]. OnHaK, MOXIIMBICTb 3aCTOCY-
BaHHS JI0 OI[IHKM HACJIJIKIB MIJITAPHOTO BILIUBY
MIPUHIIMITIB €KOJIOTTYHOTO ayAMTy JIO3BOJIMIO OU
CTIPOCTHTH Ta NPUIIBUIIINTY MPOLEAYPY OIIHKH
EKOJIOTIYHAX YMOB BHUPOOHUIITBA CiITBCHKOTOCIIO-
JAPCHKOT TPOAYKIi Ui arpoBUPOOHUKIB, s
SKMX BKJIMBUM € He JIMIIIE OL[iHKA HAasBHUX 30MT-
KiB Ta BU3HAYEHHS 30H, HEOC3MEUHUX ISl BUPOO-
HUIITBA, & i MOXKJIMBICTh cepTH(iKallii SKoCTi mpo-
JIYKIIii, SIKIITO 1€ IO3BOJIAIOTH €KOJIOTTYHI YMOBH

OTxe, MU BBaXXaemo, 110 npono3uuii MiH-
JOBKULIS YKpaiHU MO0 PO3BUTKY E€KOJIOTiYHOTO
aynuTy [24] B cydacHHUX yMOBax BiIOMBAaIOTh Hara-
TIbHI aKTyaNbHi motpedu Ykpainu, 1oB’si3aHi 3 He-
0O0XiHICTIO OLIIHKH €KOJIOTIYHMX HACITIJKIB POCIii-
CBHKOT BOEHHOI arpecii Ta BOHM MaroTh OyTH PO3BU-
HEHi Ta BIIPOBaKeHi B >kuTTs. L{i mponosuii Bu-
CBITJIIOIOTH HAasBHI NPOTaJIMHU B YUHHOMY 3aKOHO-
JTAaBCTBI YKpaiHU MIO/I0 €KOJIOTIYHOTO ayIuTy. 30K-
peMa 00 MOXKIIMBOCTI TPOBEICHHS CIIellialb-
HOTO EKOJIOT1YHOTO ay/TUTy Ha eKOCUCTEMaX Ta Te-
PUTOpPiabHUX OJMHUIIX, IO 3a3Halll HEraTHB-
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HOTO MUJTITAPHOTO BIUTUBY Ta MOXJIMBICThH ITPOBO-
JUTH JTOCITIJDKEHHS 13 BAKOPUCTAHHSIM JTUCTaHITIH-
HUX METO/IB.

3riHO 3 BU3HAYEHHSM, €KOJOTTYHHUN ayJuT
Mae€ Ha MeTi BUSBJICHHS Ta (DIKCAIIifO TOTCHITIHHIX
3arpos, JoKepel 1 piBHS HEraTWBHOTO BIUIMBY Pi3-
HHUX (POPM aHTPOMOTeHHOI AiSTTBHOCTI Ha JOBKLIISL.
VY uunHIl penakuii 3akony Ykpainu «IIpo exono-
TYHAR ayguT» IKepesioM TaKOro BIUIMBY BBaKa-
€TBCA MISUTBHICTh caMoro 00’ ekTa aynuty. OmgHak
BIMCHKOBI il € OCOOJIMBHM BHIOM aHTPOTIOTCH-
HOTO BIUIMBY, SIKUH O€3MocepenHbO IIKOAUTh Ha-
BKOJIMITHBOMY cepenoBuily. Lleit BB €, Tak 6u
MOBHTH, «30BHIIIHIMY» 100 00’€KTa ayauTy (Ha-
MPUKIIAJ, arpapHOro MiANPUEMCTBA) 1 HE TOB’si3a-
HUH 13 #ioro BiacHOW AisuteHiCTIO. IIpoTe BiH Ta-
KOX TIOTpelye (hikcarlii Ta OIiHKH. 3BIT KOJIOTid-
HOTO ayOuTy TEPUTOpiil, IO 3a3HAIM IIOIIKO-
JOKEHb, M€ CTaTH OCHOBOIO JIJIS pO3POOKH 3aX0IiB
3 YCYHEHHS HeTaTUBHMX HACJIJKIB 1 BiTHOBICHHS
IUX TepuTopiii. BiH Moke Takok BHKOPHCTOBY-
BaTy HASBHI J]aHi ONEPaTUBHOTO EKOJIOTIYHOTO MO-
HITOPUHTY.

BaxTMBUM acIieKToM € TaKo)K HOpMaTHBHE
BU3HAHHS MOXIJIMBOCTI 3aCTOCYBaHHs JAMCTaHIIIN-
HUX METOJIB JOCIIKSHHS IS 300py JOKa30BOi
0a3u 1i]1 Yac MPOBEICHHS CIIEIiabHOTO eKOJIOT Y-
Horo aynmuTty. Lle 0co0nmBO akTyanbHO B yMOBAX,
KOJIM Yepe3 3arpo3y Oe3rnerli HeMOXKIIUBO OllepaTH-
BHO 3/I1MICHIOBaTH TPaJIUIIiifHI BHi3HI 00CTEKEHHS
TEPUTOPIH, 110 3a3HAIU YIIKO[HKEHb BHACIIIOK
oOcTpiniB um aBiaynapis. [IpakTrka Hammx gocii-
JOKEHb CBIUUTH, 110 CBOEYACHICTH IPOBEICHHS
TakuX 00CTEXEHb MAa€ BHUpIlIaJbHE 3HAYCHHS JIJIS
BUSIBIICHHS TIOUIKO/DKEHb TIPYHTOBOTO TOKPHBY,
OCKUIBKH Bi3yallbHI O03HaKH OoMOOTYypOarii 3 4a-
coM 3HHMKalOTh. lle BiOyBa€eThCS SIK BHACIIJIOK
MPUPOHUX MPOIIECiB, TaK 1 Yepe3 aKTHBHE TIOBep-
HEHHS 3eMellb IO TOCHONAPChKOTO BUKOPUCTAHHS
micisl pO3MiHYBaHHS, SIKE HEPIAKO 3AIHCHIOETHCS
camMuMH epMepamMu.

MOHITOPUHT IPYHTIB, IO 3IHCHIOETHCS B
MeKax JIF0U0T0 3aKOHOIABCTBA HE 3aMIHIO€ EKOJIO-
TIYHUIA ayJUT, OHAK 11l IHCTPYMEHTH MaroTh OyTH
B32€MO-JIOTIOBHIOIOUMMH: 1H(OpMAITist OTpHMaHA B
paMKax MOHITOPUHIOBHX JOCIHIIKEHb 3eMETbHUX
JIUITHOK Ma€ OyTH JOCTYITHA BUKOHABIISIM €KOJIOTi-
YHOTO ayJIUTy Ta HaBIaKH, Pe3ylbTaTd eKOJOoriy-
HOTO ayJUTy MOXYTh OyTH BUKOPUCTaHI SIK JOTIO-
MDKHa iH(pOpMamis MpHU TMPOBENEHHI OINepaTHB-
HOTO MOHITOPHHTY.
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Bucnoexu

Ha cy4yacnomy erami po3BUTKY YKpaiHH, B
YMOBax BOEHHOTO CTaHy Ta TIMOOKHX €KOJIOTid-
HUX BTpPAT, CIPUUYNHEHUX OOMOBUMHU NiSIMH, €KO-
JIOTIYHMN aylmuT 3eMENIbHUX pecypciB HalyBae
0COOJIMBOrO 3Ha4YCHHS. J{iroue 3aKOHOTaBCTBO YK-
painm, 30kpema 3akoH «IIpo exomoriyamii ayauT»
2004 poky, moTpeOye OHOBIECHHS IJisl aJEeKBaT-
HOTO pearyBaHHs Ha cy4acHi Bukinku. HeoOxin-
HO CTBOPHUTH IIPAaBOBI Ta METOAWYHI MEXaHI3MH
JUTSL TIPOBEJICHHS CEiabHOTO EKOJIOTIYHOTO ay-
JUTY Ha MOCTPKAAINX TEPUTOPISAX, Y TOMY YH-
CITi i3 3aITydYeHHSIM AUCTaHIIITHOTO 30HIyBaHHS Ta
MDKHApPOJHOI EKCIIEPTH3H.

3 omIsiLy Ha €BPONEHCHKI MPaKTHKH Ta CTa-
Haapta [SO 14001 i EMAS, exonoriuyuuii aymut
B YKpaiHi OBUHEH iHTErpyBaTu K 00OB’S3KOBI,
TaK i JOOPOBIIbHI MEXaHI3MU KOHTPOJIFO Ta OIli-
HKHA. OcoOMuBOi yBaru moTpedye ayauT CilTbChKO-
TOCIOIAPCHKUX 3EMENb, SIKi € OCHOBOIO IPOIOBO-
JB401 Oe3MEeKH Ta eKCIOPTHOTO MOTEHIialy Kpa-
THH.

3anpoBaHKEHAS] CHCTEMH EKOJOTIYHOTO
ay[MTy, aJalTOBaHOI 1O YMOB 30poitHOTO KOH]ITi-
KTY, CIIPHATUME CTAJIOMY BiJJTHOBJICHHIO TOBKILIIIS
Ta TiABUIIIEHHIO TOBipH 3 00Ky Mi>KHApOmHUX (i-
HAHCOBHX 1 TOHOPCHKUX OPTaHi3amii.

Konduikr inTepecin

ABTOD 3as1BIIs€, U0 KOHQIIKTY iHTEpeCiB moA0 MyOmiKamii mboro pykonucy Hemae. Kpim Toro, aB-
TOp TIOBHICTIO JOTPUMYBaB €TUYHUX HOPM, BKITFOUAIOUH TUTariat, (aabcudikariro TaHUX Ta MOABIHHY My0-
JiKamito.

B po0oTi HE BUKOPHCTAHO PeCypC MITYIHOTO IHTEIEKTY.
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CURRENT ISSUES OF LAND RESOURCES ENVIRONMENTAL AUDIT IN UKRAINE

Purpose. The state analysis of lands environmental audit in Ukraine compared to the existing experience of
implementing environmental audit in other countries and identification of current problems and prospects for the
development of environmental audit in Ukraine.

104


https://www.l2l.com/blog/environmental-audits
https://op.europa.eu/en/publication-detail/-/publication/cca83b1c-5b40-4dc5-b186-62fd0b9c620c
https://op.europa.eu/en/publication-detail/-/publication/cca83b1c-5b40-4dc5-b186-62fd0b9c620c
https://www.emas.de/fileadmin/user_upload/4-pub/UGA_Infosheet_From-ISO-14001-to-EMAS.pdf
https://www.emas.de/fileadmin/user_upload/4-pub/UGA_Infosheet_From-ISO-14001-to-EMAS.pdf
https://agropolit.com/news/20700-struktura-zemel-ukrayini-s-g-zemlya-derjavna-peredana-gromadam
https://doi.org/10.1016/j.foodpol.2023.102481
https://www.undp.org/sites/g/files/zskgke326/files/2022-11/FINAL%20REPORT%20UNDP%20LH%20CARBON%20FARMING%20UKR.pdf
https://www.undp.org/sites/g/files/zskgke326/files/2022-11/FINAL%20REPORT%20UNDP%20LH%20CARBON%20FARMING%20UKR.pdf
https://nzlubp.org.ua/index.php/journal/article/view/687
https://mepr.gov.ua/mindovkillya-proponuye-udoskonalyty-protseduru-ekologichnogo-audytu/
https://mepr.gov.ua/mindovkillya-proponuye-udoskonalyty-protseduru-ekologichnogo-audytu/
https://zakon.rada.gov.ua/laws/show/848-2024-%D0%BF#Text
https://zakon.rada.gov.ua/laws/show/848-2024-%D0%BF#Text
https://zakon.rada.gov.ua/laws/show/684-2024-%D0%BF#n13
https://zakon.rada.gov.ua/laws/show/684-2024-%D0%BF#n13
mailto:alnemo7024@gmail.com
http://orcid.org/0009-0005-8275-7553

ISSN 1992-4259 Bicank XapKiBChKOTO HaIliOHATLHOTO YHiBepcuTeTy iMeHi B. H. Kapaszina.
Cepis «Exormoris». 2025. Burryck 33

Results. From the stages analysis of environmental auditing formation in Ukraine and the world, the charac-
teristics of the current legislative framework, its limitations in the context of full-scale military aggression were re-
vealed. A comparison of the requirements of the 1ISO 14001 and EMAS schemes determined the specifics of environ-
mental auditing in the agricultural sector and the relevance of implementing a special environmental audit of territories
affected by military actions, which involves the use of digital and remote research technologies. The audit of agricul-
tural lands, which are the basis of food security and the country's export potential, requires special attention.

Conclusions. Due to changes in the environmental situation and wartime challenges, there is a need to
modernize Ukraine’s environmental legislation, particularly regarding the definition of methods, objects, and tools of
environmental auditing. A priority is the implementation of specialized audits of damaged lands using modern
technologies and European standards.

KEYWORDS: environmental audit, ISO 14001, EMAS, land resources, specialized environmental audit,
military impact
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TAKCOHOMIYHA XAPAKTEPUCTHUKA JIAHJIIIA®THO-PEKPEAIIIITHOI O
KAPKACA B CUCTEMI EKOJIOTTYHOI'O MICTOBY1lYBAHHA

Meta. CricTeMaTH3yBaTH HAYKOBI MiJXOIU 0 BU3HAYCHHS CYTHOCTI Ta CTPYKTYPHO-(DYHKIIIOHAIBHOI Op-
rafizamii JaagmagdTHO-peKpeaniifHoro Kapkaca MicTa, BU3HAYATH HOTO TAKCOHOMIYHE MicIle cepe]l iHIIINX BHUIIB
MICBKHX KapKaciB y MeXax eKOJOT1YHOro IIaHyBaHHs TEPUTOPIi.

Metoan. AHaTITHYHHUN, CUCTEMHO-CTPYKTYPHUH, MOPIBHILHO-TCPMIHONOTIYHUNA Ta Kiacu]ikamiiHo-
y3arajbHIOIOYHI METO/IU, a TAKOXK KOHTEHT-aHaJli3 HAyKOBUX 1 HOPMATUBHUX JDKEPEI, 10 PEriIaMeHTYIOTh KO-
JIOTi3aIif0 MiCTOOYIIBHOI JisITBHOCTI.

PesyabraTu. Ha nifcrasi aHanizy HayKOBUX MiJXOJIB 0 TIIyMaueHHs MOHATh «EKOJOTIYHUI», «IIPUPO-
JTHO-EKOJIOTTYHHI, «3eJICHUI 1 «IaHImadTHO-peKpealiiftHni» KapKkacu BU3HAYEHO iX B3a€EMO3B’A3KH, 1€papxito
Ta qUudepeHINalio 3a CTYIIeHEM aHTPOIOTCHHOrO BIUTUBY. 3alpOINIOHOBAHO TPAKTYBaHHs JaHIad)THO-peKpea-
IIIHOTO KapKaca sIK JPYTOPSJHOTO BUILy MiCBKOTO KapKaca, IO ITO€JHY€ IPOCTOPOBO-(PYHKIIOHAIBHI Ta peKpea-
1iiHI BiacTuBOCTI chopMoBaHOro Michkoro Janamadry. HoBu3Ha gociikeHHs! MoJisira€ B yTOYHEHH] TepMiHO-
JIOTIYHOTO amapaTy Ta (POpMyBaHHI CHCTEMHOI MOJIEINI 3B’ SI3KiB MiXK BUIaMHU KapKaciB y cTpyKTypi micra. [Ipak-
TUYHE 3HAYCHHsI TOCIIKCHHS TOJIATaloTh y BIPOBAHKEHHI KOHICMIT JaH madTHO-peKpealiiHoro Kapkaca B
MPaKTHKY ITPOCTOPOBOTO IIAHYBAHHS i CTAaHAAPTH EKOJIOTIYHOTO Oy 1iBHUIITBA.

BucnoBku. [oBesicHO, 1110 JaHad) THO-peKpeaiiHuil KapKac € miaBUI0M €KOJIOTIYHOT0, IIPHPOTHO-EKO-
JOTiYHOTO a00 MPHUPOTHOTO KapKaciB i BHCTYIAE CTPYKTYPHO-(PYHKIIOHATHHOI MOIEIUTIO CTaloTO MiCBKOTO
nanmmadry. Moro peanizaris Crpyse MiJBHIIEHHIO eKOIOTIYHOT CTaGIMbHOCT] MiCBKHX CHCTEM, 30€peKeHHI0 Oi-
OpI3HOMaHITTs Ta GOpMyBaHHIO KOM(OPTHOTO YpOaHi30BaAHOTO CEPEOBUIIA.

KJIFOYOBI CJIOBA: ranowagpmuo-pexpeayitinuti Kapkac, eKkonoziune Micmo0yoyeanHs, 3ejeHd CUc-
mema, MicoKutl 1aHOwaghm, npocmopose NiaHy8anHs, cmaine cepedosulye, AHmponoeHHUll BNIUE, MEPMIHON02I-
YHa cucmemamu3ayis, ekor02iuHUll KapKac

Sk muryBatn: Kymnipyk T. M., [letpume O. 1., Joxypuu B. B. TakcoHOMiYHa XapaKTepHCTHKA JTaHAMAPTHO-
peKpeanifiHOro kapkaca B CUCTEMI €KOJIOTTYHOro MiCTOOYAyBaHHSA. Bicnux Xapkiecvkozo HayionanbHozo yHieep-
cumemy imeni B. H. Kapaszina. Cepis «Exonocisy. 2025. Bun. 33. C. 107-120. DOI: https://doi.org/10.26565/1992-
4259-2025-33-08

In cites: Kushniruk, T. M., Petryshche, O. 1., & Dodurych, V. V. (2025). Taxonomic characteristics of landscape
and recreational framework in the system of ecological urban planning. Visnyk of V.N. Karazin Kharkiv National
University. Series Ecology, (33), 107-120. https://doi.org/10.26565/1992-4259-2025-33-08 (in Ukrainian)

Bcmyn
B ymoBax nocriitHoro nporecy ypbaniza- 3aBJIaHHS BUPILITYETHCS B pAMKaX MEX 1CHYIOUHX
i1 TEPUTOPIl aKTyaJ bHUM CTA€ 3aBJIAHHS CTBO- TEPUTOPIH 1 OAATBIIOTO TIEPCIIEKTUBHOTO PO3-
peHHs KOM(MOPTHOTO CTIHKOTO KOMITAKTHOTO Mi- BUTKY MiCTa 32 MPIOPUTETHUMH HANpPSIMKaMH B
CBKOT'O CEpe/IOBHUIIIA, SIKE YaCTO HA3UBAIOTH IIPO- KOMIDIEKC] 3 ICHYIOUOIO IUIAaHYBAJBHOIO CTPYK-
cTo «koMm(opTHE Mickke cepenouie». Lle TYPOIO, iICTOPUIHIUMH OCOOJIMBOCTSIMH, TPAHCTIO-
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PTHO-IH)KEHEPHOIO iH(PPACTPYKTYPOIO Ta IPUPO-
JTHO-€KOJIOT1YHOIO CKJIAI0BOIO.

st peanizanii 7aHOTO HANpPSIMKY PO3BU-
TKY BiIOYBa€ThCS BIPOBAKEHHS Ta ampoOartist
PI3HUX TporpaM, 3aX0/iB 1 KOMIUIEKCHHX 3aXO0-
JIB TI0/I0 TOJIIMIIICHHST €KOJIOTIYHOI CHTYaIlil Ta
PEKOHCTPYKIIii TaH I THAX TPOCTOPIB Y MiCh-
KOMY Cepe/IOBHIL, BIJTHOBJICHHS Ta cTalimi3aii
HNPUPOJHUX 1 IPUPOJHO-aHTPOIIOTEHHUX O3€Jie-
HEHHUX TEPUTOPii Ta OIOPI3SHOMAHITTS B IJIOMY,
npoTe HaWOIIBII 3HAYHUM, WIJTICHUM 1 MacIuTao-
HUM € BUKOPUCTaHHS TaKOTO MiCTOOYIiBHOTO 1H-
CTPYMEHTY, sIK «I eHepanbHUii [U1aH MicTa» (TeH-
TUIaH), 30KpeMa HOoro MovyaTkoBa YacTHHA — aHa-
JIi3 ICHYFOUMX 1 IePCIIEKTHBHUX 3B’ SI3KIB SIK €]TU-
HOT'O KapKaca MicTa. 3a3BU4aii BAKOPUCTOBYIOTh
KUTbKa TUIIB TaKMX KapKaciB 3aJIe)KHO Bif| CIie-
mudikarii KoHKpeTHOro Micta. OHUM 3 HUX €
nanamadTHo-pekpeaniitnuit kapkac (JIPK), mo
BKJIFOUA€ETHCS SIK YACTHHA €KOJIOTTIHOTO CEPeo-
BUIIIA B CTPYKTYPi MiCBKOi 3a0yI0BH.

Bin mouatky XXI cTomiTTs Ta Cy4yacHOMY
eTari JepkaBHa IMONITHKA YKpaiHu nemami Oi-
JbIIIe Opi€EHTOBaHA Ha cTalimizaliio, PO3BUTOK
Ta 3aXUCT NPUPOTHO-CKOJIOTTUHOI CKJIAZI0BOT Mi-
cbKoro cepenosuila. e npossiseTbes y npuid-
HATTI psIy 3aKOHIB, CTpaTEriii, Mporpam i micue-
BUX IHIIIATHB, IO CTOCYIOTHCS O3€JICHEHHS, 3¢-
JICHUX HAcaKeHb, OJIaroyCTpOIO Ta CTAJIOr0 Po-
3BUTKY (Tabm. 1).

3ayBa)XuMO, 10 B HABEICHUX HOpMAaTH-
BHO-TIPABOBHX aKTaX Ta JEPKaBHUX MpOrpaMax
TPOCTEKYETHCS iticHe pOSYMiHHH HEoOXiTHO-
CTi 30epeKEHHs, PO3BUTKY Ta IHTErpawii npupo-
JTHUX KOMITOHEHTIB Y CTPYKTYPY MiCBKOTO cepe-
JOBHUIIA. Y OUIBIIOCTI TOKYMEHTIB BUKOPHCTO-
BY€TBCSl TEPMIHOJIOTIS, IO CTOCYETHCS 3€JICHOT
iHQpacTPyKTypH, 3eJICHHX 30H, 3€JeHUX Haca-
JDKEHb, PEKpealliiHuX TEpUTOpil, NPUPOIHUX
naHAmadTiB 1 eKOJIOTTYHOTO KapKaca TepUTOopii.
Xoua NOHATTS «IaHAmAPTHO-PEKpeaIliiHUMA Ka-
pKacy» IpsiMO He 3aKpilieHe B YUHHOMY 3aKOHO-
JaBCTBI, HOTO 3MICTOBHE HAIIOBHEHHS BiIIOBI-
Jla€ KOMIUIEKCHOMY MiIXO/y 10 IIPOCTOPOBOI Op-
raHizamii 3el1eHHX 1 peKpealiiiHiX CUCTEM Y Me-
’Kax HaceJeHWX MYyHKTiB, BU3HAYEHOMY B CTpa-
TEriYHUX JOKyMEHTaX €KOJIOT1YHOI Ta MicToOY-
JIBHOI IOJIITHKH.

BonHouac y HayKOBHX JpKepenax TepMiHO-
JIOTiYHa 1HTEpIpEeTalisi HOTo MOHSTTS Bapiloe —
pi3Hi aBTOpH TPOTIOHYIOTh BJIACHI TiJIXOJI! JIO BH-
3HAYCHHSI CyTHOCTI, CTPYKTYpH Ta @yHKum JaH/I-
maTHO-peKpealiiiHoro kapkaca Micra.

Tak, aBTopu pobotu [9] 3a3Ha4aIOTh, 110
MOYATOK YSIBJICHB Y LiH ray3i 3aKIaeHo BiTUH-
3HSHOIO iCTOpi€I0 JNAaHMMAPTHOTO TUIAHyBaHHS

108

Ta MICTOOYIIBHOTO IPOEKTYBAHHS, /1€ aKTUBHO
PO3BHBAIOTHCS Ta PEAITiZyIOTHCS SIK 171€51 «BOAHO-
3€JICHOTO J[iaMeTpay, IO MPOHU3YE TKAHUHY Mi-
cra. g apxitektypHo-manmmadTHa cucrema,
110 CKJIATA€THCS 3 IPUPOTHUX BOIOTOKIB 31 IITY-
YHUMH CIIOPYJAaMH, IapKaMu, caJaMi, CKBe-
pamu, OyibpBapaMy TOIIO, sIKa CTaja Tpoodpa-
30M MICBKOTO 3€JICHOTr0 KapKaca, TOCUTb YyCITi-
IHO (PYHKIIOHYE 70 TEMEPilIHbOTO Yacy.

3BepTarouuch O BHUTOKIB €KOJOTTYHOTO
MICTOOYyBaHHS, CIiJ{ 3raJiaTH JOCIIIKCHHS
[10], sixe chopmyIrOBaIo 1410 BUIUICHHS €1~
HOT'0 KapKaca, sIKUi IOKJIMKaHUH [TO€IHATH IIPU-
POJIHY OCHOBY i Michke cepeoBuiie. oro He-
00XiTHICTh 3yMOBJICHA THM, III0 MICTO SIK CHC-
TeMa He Ma€ JOCTAaTHIX MOXKIIMBOCTEN IS caMo-
peryIsIii, i TOMy OBUHHO CITUpATHCS HA TPH-
poaHy J'IaH,Z[H_Ia(bTHy CTPYKTYpY ~HABKOJIHIII-
HBOTrO periony. Ha mincrasi p03yM1HH$I 110 NpH-
POAHMI KapKac € NEePBHHHIM 1 CTAaHOBUTH OC-
HOBY apXiTEeKTypHO- TIaHyBalbHOI  CTPYKTYpH
MicTa, 6ym/1 OHpaI_ILOBaHl METOINYHI MiAXOAU
JI0 BHPIILICHHS MIPIOPUTETHUX EKOJOTTYHUX MPO-
ONeM BETIMKHX MICT KpaiHH.

Hanmani B po3BUTKY TepMiHY «MiCBKHUI
NPUPOJHUI KapKacy 3’SBUJIMCS iHIINI BapiaHTH
I[LOTO TOHSTTS - «MICTOCKOJIOTTUHHIA KapKacy,
«EKOJIOTTYHMH KapKacy», «3eNEeHHH KapKacy Mi-
CTa, a TAKOX «BOJIHO-3EJICHUI MICHKHI KapKacy
(B3MK). IIpu TepuropiagbHOMY ILIaHYBaHHI
JOCHUTB YacTO 1 aKTUBHO BUKOPHUCTOBYETHCS ITi-
JMH KOMIUIEKC CXOXKHUX MOHSTh, OCHOBOIO SIKHX €
3aTaJIbHAM TEPMiH «KapKac» - «IPUPOTHUID,
«EKOJIOTTYHUI, «IPUPOTHO-EKOJOTTIHUI, «Mi-
CTOEKOJIOTIYHHN», «IIPUPOTHO-PEKPEAIiTHIID»,
«BOJTHO-3€JICHUIT» 1 HAaBITh «OKUBHUI» KapKac Mi-
cra[l1].

Bapiantu TepMiHiB y HayKOBil Ta IpaKTH-
yHid cdepi ekosorii Ta MicTOOyayBaHHS 3a
OCTaHHI JECATHUIITTS IOCTIHHO 3MiHIOBAJIHCS,
aJie CyTh 3aJIMILaNacs MONepeIHbOIO - IUIaHyBa-
JBbHY CTPYKTYPY MICTa, SIK 1 paHilie, MpOIoHY-
€TbCsl BUOYJOBYBaTH 3 ONOPOIO Ha NPHPOAHY
(marmmadTHY) CTPYKTYpY MICIIEBOCTI, sSIKa € Tie-
PBHHHOIO, 3 TIOIANIBIINAM IPHUETHAHHSIM 03¢IIeHe-
HUX PYKOTBOPHHX OO’€KTiB 1 BCTaHOBJICHHSM
3B’SI3KiB MK yciMa KOMIIOHEHTaMH €IMHOT CHC-
TEMH Yy BUDJISI 00 €HYIOUMX iX B €JTUHE IIiJIe
€JIEMEHTIB-KOPUAOPiB.

Ho dbyHKIiH «kapkacay BIIHOCATH 1 6i0-
KIIIMaTH4Hy, 1 QyHKIi0 30epexeHHs 010pi3HO-
MAaHITTS, 1 CepeIOBUINEYTBOPIOIOY, 1 QYHKIIIIO
3 OopraHizarii MpocTopy JUIsl KUTTS JIFOJMHU, a
TaKOX COIIOKYJIbTYpHY 1 pekpeamiiiny [12].
CrpareriyanM 3aBaaHHsAM (GOPMYBaHHS TaKOTO
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Taoauns 1

HopMaTuBHO-TIpaBOBi aKTH YKpaiHu, 110 Pery.JIiol0Th eK0JIOriYHY HOJITHKY Ta 03eJIeHeHHSA
B MicTOOy1yBaHHI

Table 1

Regulatory acts of Ukraine governing environmental policy and greening in urban planning

Ha3pa HOpMATUBHO-IPABOBOI0 AKTY
nporpamu /
Title of the regulatory act for program

OcHOBHHUIA 3MicT i 3HAYEHHS Y KOHTEKCTI
JanamaTHO-peKpealiiiHoro kapkacy /
Main content and significance in the context
of the landscape and recreational framework

3axoH Ykpainu «IIpo 0XxopoHy HaBKOJIUIII-
HBOT'O NPUPOJHOrO cepenoBuia» 1991 p.
(pen. 2024 p.) [17/

Law of Ukraine “On Environmental Protec-
tion” of 1991 (as amended in 2024) [1]

BazoBuii 3aK0H, AKMif BU3HAYa€ MPaBOBi, EKOHOMIYHi Ta COIIi-
aJbHI OCHOBH OXOPOHH JTOBKLIIJIS; MICTUTB ITOJIOKEHHS IIIOT0
30epeKeHHs 3eJICHNX 30H, IIPUPOIHUX JaHAmadTiB, pekpea-
LiHHIX TEPUTOPIil Ta EKOIOTIYHOTO OaaHCy MICHKHX CHCTEM /
The basic law that defines the legal, economic, and social
foundations of environmental protection; contains provisions
on the preservation of green areas, natural landscapes, recrea-
tional areas, and the ecological balance of urban systems

3akon Ykpainu «IIpo 6maroycTpiit Hacene-
Hux myHKTiB» 2005 p. (pexa. 2023 p.) [2]/
Law of Ukraine “On the Improvement of
Settlements” of 2005 (as amended in 2023) [2]

Busnravae paBoBi 3acaqu OJIar0yCTPOIO TEPUTOPIH, BKIIIOYHO
3 YTPUMaHHSM, OXOPOHOIO i PO3BUTKOM 3€JI€HUX HACA/I’KEHb;
BCTAHOBJIFOE€ BUMOTH 0 IMMPOCKTYBAHHA 3CJICHUX 30H Y MiCTO-
OymiBHUX TOKyMeHTax /

Defines the legal basis for the improvement of territories, in-
cluding the maintenance, protection, and development of
green spaces; establishes requirements for the design of green
areas in urban planning documents

3akoH Ykpainu «IIpo perymntoBaHHs MicTOOY-
niBHOT misttbHOCT» 2011 p. (pex. 2024) [3]/
Law of Ukraine “On Regulation of Urban
Development” 2011 (ed. 2024) [3]

Hopmye nmanyBaHHS TEpUTOPI, 30KpeMa BKITIOUCHHS €KOJIO-
TYHUX KOMIIOHEHTIB, 3€JIEHUX KOPHUAOPIB 1 peKpeaniiiHux 30H
Y CTPYKTYpY MICBKOTO IPOCTOPY, Iepeadadac OLiHKY BILUTHBY
Ha JOBKiJLUIS i1 yac 3a0ya0Bu /

Regulates the planning of territories, in particular the inclu-
sion of ecological components, green corridors, and recrea-
tional areas in the structure of urban space, and provides for
an environmental impact assessment while construction

Crparterist Aep:KaBHOT €KOJIOTTYHOT MOTITHKU
Yxpainu Ha iepion 1o 2030 poky (3aTBep-
oxeHa 3akonoM Ykpainu Ne 2697-VIII)
2019 p. [4]/

Strategy of State Environmental Policy of
Ukraine for the Period until 2030 (approved
by Law of Ukraine No. 2697-VI1I1) 2019 [4]

BcraHOBIIOE CTpaTeTiuHI HAPSMH CTAJIOTO PO3BHTKY, 30K-
peMa eKoJIoTi3allifo MicTOOy IyBaHHs, PO3BUTOK 3€JICHOT 1H-
(dhpacTpyKTypH, IiABUIICHHS 010pi3HOMAHITTS Ta 3HUKCHHS
AHTPOIIOTEHHOTO HABAHTAXXEHHSI B YPOAHiI30BAHHX TEPUTOPIsX /
Establishes strategic directions for sustainable development,
including the greening of urban planning, the development of
green infrastructure, the enhancement of biodiversity, and the
reduction of anthropogenic pressure in urbanized areas

Crparterisi eKoJIOriyHOT OE3MeKH Ta afanTaIrii
Jio 3Miny KiriMary 110 2030 poky (po3mopsi-
Jokennss KMY Ne 1363-p) 2021 p. [5]/
Strategy for Environmental Security and Ad-
aptation to Climate Change until 2030 (CMU
Decree No. 1363-r) 2021 [5]

[Nepenbavae iHTErparLifo MPUPOAHUX 1 IITYUYHHUX 3EICHUX CHUC-
TEM Y CTPYKTYPY MICT 3 METOI 3MCHIIICHHS KJIIMATUYHUX PH-
3WKiB, (OPMYyBaHHS CTIHKOI ypOOSKOCHCTEMH Ta MIOKPALICHHS
SKOCTI KUTTS HaceIeHHs /

Provides for the integration of natural and artificial green sys-
tems into the structure of cities in order to reduce climate risks,
form a sustainable urban ecosystem, and improve the quality
of life of the population

Konuermist peasizarii jep>kaBHOT MOJITHKH Y
cdepi 3minn KITiMaty Ha iepiox 1o 2030 poky
(posnopsimxertss KMY Ne 932-p) 2016 p. [6]/
Concept for the implementation of state policy
in the field of climate change for the period un-
til 2030 (CMU Decree No. 932-r) 2016. [6]

CnpsiMoBaHa Ha BIPOBAPKEHHS IIPUPOJIOOPIEHTOBAHMX Pi-
IIEHb Y MIPOCTOPOBOMY IUIAaHYBaHHi, HIATPUMY€E PO3BUTOK 3€-
JICHUX HAacaJDKEHB K MEXaHi3My aJanTarii MiCbKUX TepUTOPiit
10 KJIIMAaTUYHUX 3MiH /

Aimed at introducing nature-oriented solutions in spatial plan-
ning, supports the development of green spaces as a mecha-
nism for adapting urban areas to climate change

JepxaBHi OynisensHi Hopmu Ykpainu (IBH
B.2.2-12:2019 «IInanyBanns Ta 3a0ymoBa Te-
puropii») 2019 p. [7]/

PermaMeHTYHOTh €KOJIOTIYHI MPUHIIAITN IPOCTOPOBOIO ILIAHY-
BaHHS, Tepe0adaloTh BUMOTH 10 3a0e3ledeHHs peKpeartiii-
HUX 30H, 3CJICHMX HACA/PKEHb, CAHITAPHO-3aXHCHUX CMYT Yy
CTPYKTYPi MICbKHX TepHTOpiii /
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State Building Standards of Ukraine (DBN
B.2.2-12:2019 “Planning and Development of
Territories”) 2019. [7]

Regulate the environmental principles of spatial planning, provide
requirements for the provision of recreational areas, green spaces,
and sanitary protection zones in the structure of urban areas

Haxaz MinictepcTBa 3 IMHTaHb JKUTIOBO-KO-
MYHAJBHOIO rocnopapcrsa Ykpainu Ne 466
«IIpo 3arBepmkeHHs METOANYHUX PEKOMEH-
JIallii i3 po3poOJIeHHST MICLIEBUX MPOTPaM po-
3BUTKY Ta 30€pEKCHHSI 3€JICHUX HACaKEHb Y
HacelleHHX MmyHKTax Ykpainmy 2010 p. [8]/
Order of the Ministry of Housing and Commu-
nal Services of Ukraine No. 466 “On Approval
of Methodological Recommendations for the
Development of Local Programs for the De-
velopment and Preservation of Green Plant-
ings in Settlements of Ukraine” 2010. [8]

Busnravae mopsok i KpuTepii IIaHyBaHHS CHCTEMH 3€JICHUX
HACaJ[KEHb, 1[0 CTAHOBUTH OCHOBY JIJIsl pO30YI0BH JaHAIIA]-
THO-pEKpeaniifHoro kapkaca B Mexkax mict /

Defines the procedure and criteria for planning a system of
green spaces, which forms the basis for the development of a
landscape and recreational framework within cities

KapKaca € MiATPUMKA EKOJIOT1YHOi PIBHOBaru
Bciel MiCTOOYAIBHOI CHCTEMH, iHIIUMH CIIO-
BaMH, CTaJOTr0 PO3BHTKY MiCTa, TOMY JO KO-
YOBUX XapaKTEPUCTHK KapKaca BiTHOCSTS:

- IPOCTOPOBY €JIHICTh, BKIIFOYHO 3 M03aMiCh-
KUMU TepUTOpisiMu (Oe3nepepBHICTD);

- icCHyBaHHS Ha Pi3HUX PiBHAX iepapxii (Bix
MaJICHPKOTO PYKOTBOPHOTO CKBEpY IO MiCh-
KOTO JIiCy IPUPOJTHOTO TTOXOKEHHS);

- eKOJIOTIYHICTh (OTI0pa Ha IPUPOTHY JaH/-
maQTHY CTPYKTYpY);

- OaraTto(pyHKIIOHATBHICTh (3MATHICTH O
BUKOHAHHS PI3HOMaHITHUX 3aB/IaHb).

3a3Ha4nMoO, 110 Taki BapiaHTH, 5K «EKO-
JIOT1YHUH KapKacy, «3eJIeHUI KapKacy, a Terep
1 «BOJHO-3CJICHUH MICBHKHMI Kapkac», B JaHUU
4yac € HaWOUIbII YCTaJICHUMH 1 BU3HAHI B SIKOCTI
OCHOBH 3HauyII01 MiCTOOY/IIBHOT KOHIICTIIIIi, Ha
0a3i sixoi c(hopMyBaBCsl OHOBJICHUH BEKTOP PO-
3BUTKY B IiH Tamy3i, B SIKOMy CTaBHUTHCS

3aBJaHHs MpakTu4Hoi peamizanii B3MK B mic-
Tax YKkpainu. BogHowac, HeE3Bakaloud Ha IU-
POKe MOIIMPEHHS B HAYKOBIH JliTeparypi, akTu-
BHE BUKOPHUCTaHHs (axiBISIMH-TIPAKTHKAMH,
NpeACcTaBHUKAMU OPraHiB YIpaBIiHHS Ta Mac-
MeJlia pi3HUX BapiaHTiB TEPMiHIB HA TEMY «Ka-
pKacy, )KOJIeH 3 HUX TaK 1 He OTpUMaB IOpHINY-
HOTO 3aKpiTUIEeHHS Ha PiBHI IEepPKaBHOTO 3aKO-
HOJIaBCTBAa, TOMY, Y3araJbHUBIIN BUTOKH, TE€O-
peTHYHE MATPYHTS Ta €KOJIOTIYHUH acIeKT, Ha
Hally IyMKy, HalOLNBII TOYHUM € caMe IIo-
HATTS «TaHAMIA()THO-EKONOTIYHUN  KapKacy.
Le#t ¢akT BH3HAUMB METy MAaHOTO JOCHi-
JDKEHHSI, 110 TOJISITa€e y CUCTeMaTH3alil HayKo-
BUX IIJIXO/IB JI0 BUBHAYCHHS CYTHOCTI Ta CTPY-
KTYpHO-(QYHKI[IOHAIFHOI OpraHizamii JiaHama-
(dTHO-peKpealiifHoro kapkaca mMicra, a TakoX y
BH3HAYCHHI HOTO TAKCOHOMIYHOTO MICIIS CepeT
IHIINX BHJIIB MICBKMX KapKaciB y MekKax eKoJIo-
FIYHOTO TUIAHYBAaHHS TEPUTOPIH.

00°ckm ma memoou 00Ci0ICeHNn

00’ €eKTOM JOCIHTIKEHHS € JTaHAmapTHO-
peKpeaniifHiii KapKac MicTa SIK CTPYKTypHHMA
€JIeMEHT €KOJIOTIYHOTO MICTOOYIyBaHHS, a
MPEeIMETOM - CTPYKTYPHO-(YHKIIOHAIBHI Xa-
PaKTEpUCTUKH, TAKCOHOMIYHI O3HAKH Ta TEPMi-
HOJIOT1YHO-KOHIENITyaJbHEe  MO3HULIOHYBaHHS
nasamagTHO-PEKpealifHOro Kapkaca B CHC-
TeMi MICBKHX KapKaciB.

3 METOI0 JIOCATHEHHS HAyKOBOT JIOCTOBI-
PHOCTI pe3yJIbTaTiB 3aCTOCOBAHO HH3KY B3ae-
MOJOITIOBHIOIOUUX METOIB. AHAIITUUHUNA Me-
TOJl BHKOPUCTaHO ISl TIUOOKOTO ONpaIo-
BaHHS KOPITYCy HayKOBHUX JiKepel, sKi (opMy-
I0Th TIOHATIHHO-TEPMIHOJIOTIYHE TIOJIE JIOCIi-
JOKCHHS Ta B1IOOpaXKaroTh €BOJIIOLIIO MIAX0/IIB
JI0 TPAaKTyBaHHS MiCBKHX KapKaciB y HallioHa-
TBHIN 1 3apyOiKHIM HaykoBill mymui. Llei me-
TOJI JaB 3MOTY BUSIBUTH T€HAEHLI1 (HOpMyBaHHS
TEOPETUYHHUX 3acaj] EKOJIOTTYHOTO IIaHyBaHHS,
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30KpeMa y HarpsMi rapMoHi3allii mpocTopoBoi
Ta IPUPOJHOI CTPYKTYP MICTa.
[TopiBHAIBEHO-TEPMIHOJIOTIYHUN ~ aHAII3
3a0€3MeYMB CUCTEMHE 3iCTaBJICHHS 3MiCTOBUX
XapaKTePUCTUK IOHSITH «EKOJIOTIUHUID, «IpH-
POJIHO-EKOJIOTTYHUIY, «3ENEHUI» 1 «ranmad-
THO-peKpeauiiinuil»y kapkac. Moro 3acrocy-
BaHHsI IO3BOJIMJIO 3’ SICYBaTH CTYIiHb iX ceMaH-
TUYHOTO TIEPETUHY, BUSBUTH CIIUTBHI CTPYKTY-
PHI 03HAKH Ta KOHIIENTYaJbHI PO301>KHOCTI, 1110
3YMOBIJIIOIOTH Pi3HI MiX0A1 10 1X Kiacudikaii
B Cy4aCHOMY MiCTOOYZIBHOMY JIUCKYpCI.
CHUCTEeMHO-CTPYKTYpHHIH METO]] BUKOPH-
CTaHO JUIS BH3HAYCHHS BHYTPINIHIX 3B’S3KiB
MiX OKpEMHMH BHJaMH MICHKHX KapKaciB, BH-
SIBIICHHS 1X 1€papXi4HOi MiAMOPSAKOBAHOCTI Ta
($yHKUIOHATIBHOI B3aeMOJIl y MekaxX MiChbKOT
exocucteMu. Ha i#ioro ocHOBI moOymoBaHoO Jio-
riYHy MOJENb MPOCTOPOBO-(PYHKIIOHAIBEHOT
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oprasizariii Kapkacis, y sKiit maHamagpTHO-peK-
pearifHiid KapKac po3TIIIAaeThCs SK 1HTETrpa-
LiiiHa 1aHKa.

KnacugikamiiHo-y3araJpHIOIOYHA  TTiI-
Xi7 JaB 3MOTY 3IIMCHATH TaKCOHOMIYHE TMO3H-
IIFOBaHHS JaHAmaTHO-peKpeariitHoro Kap-
Kaca SIK IiIBU/y €KOJIOTIYHOTO KapKaca, 00rpy-
HTYBaTH HOTO POJIb Y MiATPUMAaHHI €KOJIOTTYHOT
piBHOBaru ypOaHi30BaHHX TEPUTOPIN Ta cop-
MYJIIOBaTH KpHUTEpii HOTO BiHECEHHS IO IEB-
HOT'O PiBHS MiCBKOI i€papxii.

Emmipuuny 6a3y [OOCHiKEHHS CTaHoO-
BWJIM HAyKOBI Mpaili BITYU3HIHUX 1 3apyOiKHUX
aBTOPiB, HOPMATHUBHO-TIPABOBI aKTU YKpaiHU Y
cdepi OXOPOHU MOBKLLISA, MTPOCTOPOBOTO IIa-
HYBaHHA Ta OJIarOyCTPOIO, a TaKOX JIepKaBHI
CTpaterii eKOJOTiYHOT MOJITHKH 1 CTaJoro po3-
BUTKY 110 2030 poky. 3acTocyBaHHS aHATITHY-
HOT'O MiAXOAY OO LUX JDKEped J03BOJHIO BH-
SIBUTHU TE€H/CHIIIT IHTETpaIlii eKOJIOT1YHUX MPUH-
[IUTIIB Y TPOCTOPOBY OpPTaHi3aIlio MiCT Ta OKpe-
CJIUTH HAIPSAMHU HOAAJIBIIOIO yIOCKOHAJICHHS
KOHIICTIIII MiChKHX KapKaciB.

HaykoBa HOBH3HA Ofiep)KaHHUX pe3yibTa-
TIB TIOJSTAE y TEOPETHIHOMY OOTPYHTYBaHHI
CHCTEMHOTO Micls JIaHIIIagpTHO-pEKpeartiii-
HOTO KapKaca B iepapxii MiCbKHX KapKaciB, a Ta-
KOX y pO3po0IIeHH] y3arajJpHeHOT CXeMH X B3a-
€MO3B’SI3KiB, [0 PO3KpHBAaE MOP(HOIOTIYHY Ta
(hyHKITIOHATBPHY CTPYKTYPY €KOJOTIYHOTO Mic-
TOOYIIBHOTO CEpeOBHUILA.

[IpakTuuHe 3HAYCHHSI MOJSITA€ y MOKIIH-
BOCTi BUKOPUCTaHHS HalpallbOBAHOI MOJEII AJIs
PO3pOOIICHHSI METOAWYHUX PEKOMEHAALIN MO0
[UIAaHYBaHHS Ta PEKOHCTPYKIIT 3eNIeHHX i peKkpea-
[IHUX CHUCTEM MiCT, OPMyBaHHS MicTOOY/IiB-
HHUX CTaHI[apTiB Ta YAOCKOHAJICHHA HOPMATHBHO-
IPaBOBOi 06a3M EKOJIOTTYHOTO Oy TIBHAIITBA.

[epcrieKTHBH TTONANBIINX JOCIIIKEHB
MIOJIATAIOTh Y CTBOPEHHI iHTerpoBaHoi mudpo-
Boi Mojem naHamadTHO-peKpearliitHoro kap-
Kaca, 10 JI03BOJIUTH 3a0€3MeYnTH HOTo 3acTo-
CYBaHHA y CHUCTE€MI CTPATETiYHOTO TTAaHYBaHHS
MiCBKOTO PO3BHUTKY, 30KpeMa ITiJl 4ac po3poo-
JIGHHSI CXEM TPOCTOPOBOTO IUIAHYBAHHS TEpPH-
TOPiH 1 MICBKHX €KOJIOTIYHUX aTIIACIB.

P e3yiomamu ma oﬂzoeopemm

AHaJi3 HayKOBUX JKEpell BU3HAYaE, 1110 B
JAHWI Yac TOHATTS <«JIaHImadTHO-pEeKpeallin-
HUI KapKac MicTay JIOMyCKa€e pi3He TIIyMadeHHs
3aJIe)KHO BiJI TIO3MIIiT Ta morJsiziB aBropa. Yacto
JUIsl BU3HAYCHHS BUKOPHCTOBYIOThCS 1HIII, OJIU-
3bKi 32 CMHCJIOBUM HaBaHTAXKCHHSIM 1 BU3HAYEH-
HSIM TEpMiHH, HANPHUKIAA: <JIaHAmadTHO-eKOo-
JIOTIYHUI  KapKacy, «EKOJIOTIYHMH KapKacy,
«TIPUPOIHO-EKOJIOTTYHUH KapKacy.

Inero JIPK sk CTpYKTYpHOrO KOMIOHEHTA
MICBKO1 CHCTEMH, 1110 00’ €THYE cq)opMOBaHi (ic-
Honql) NPUPOJHI YMOBU TepHTopu B CYKYITHO-
CTi 3 TPOCTOPOBUMH B3a€MO3B’SI3KAMH MIiX
HUMHU B €JHHY CHCTEMY, PO3BHBAIOTH y CBOIH
npai N. Luka [13]. O60B’s3k0Be (yHKITIOHY-
BaHHsI JaHOT CUCTEMH 3JIIHCHIOETHCS 33 PaXyHOK
BUKOHAHHS €KOCHCTEMHHX TTOCITYT, B TOMY YHCITi
CIPSIMOBAHUX Ha 33JI0BOJICHHSI 3pOCTAIOYNX T10-
Tpe® MICHKOTO HACENIeHHS Y 3B’S3KY 3 TCHJICH-
i€l «KOM(OPTHOTO MiCHKOTO CEPEeI0BUILIAY.

[oBHouinnicts opmyBanns JIPK mocs-
raeTbCsl 3aBISKH OCOOIHMBOCTIM CTPYKTYPHOI
BHOp}I)IKOBaHOCTl CKJIaZIOBHX O3€JICHEHHX 1 PeK-
peaumHHx HpOCTOplB 3a ix 0araTOKOMIOHEHTHi-
CTIO, 3B’SI3HICTIO, O).'[HOpl,E[HlCTIO posmoiny Ta
THUIOJIOTTYHUMH O3HaKaM{ 1 BIIACTHUBOCTSIMHU.
BonHowac aBTOp 3a3Hauae, IO AaHE MOHATTS
MOXKe OyTH BH3HAYCHO 3a JOMOMOTrOK0 IHIIIMX,
CYMDKHHX 32 3MiCTOM TEPMiHiB, [0 HAJIA€ TIEBHY
MOHATIHHO-TEPMIHOJIOTIYHY  HEOJHO3HAYHICTH
BU3HAYEHHIO.
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Cxorke 3a 3MICTOM BU3HAUCHHS ITPOTIOHY-
I0Th HayKoBIi [14], iHTeprnpeTyoun cHCTeMy
nanamadTHo-pekpeaniiinux npoctopis (JIPIT)
SIK BIIKPHUTY HIJTICHY €KOJIOTIUHY CHUCTEMY 3 IIi-
JILOBOKO PeKpealiiftHor (GyHKIl€, 1110 CKiiaaa-
€TBCS 3 HACENICHHS, LITYYHOI'O CEepeJOBHIIA
(6maroycTporo) 1 TPUPOMHOTO CepeloBHINA
(mpupoaHoro NaHAMAPTY Ta 03EICHEHUX TepPH-
topiit). ®opmysanus cucremu JIPII posrmsma-
€TBCS SIK OJIMH 3 KIIFOYOBHX METO/IIB 30epeeHHs
Ta MATPUMKH (Pi3HIHOTO 1 ICHXOIIOTIYHOTO 3/10-
pOB’sl HaceleHHA Ta OiOPiI3HOMAHITTA B MiCh-
KOMY CEPEJIOBHIIII.

B pamkax nocmimpkenss [15] JIPK posymi-
€TBCS K €JIEMEHT MICBKOTO ITOJIOTHA, IO 3a0e3-
nieuye 3B’ s3HICTH (Oe3MepepBHICTS) sIK BCEpeAnHi
MICBKOTO CEPEIOBHINA, TaK 13 30BHIITHIMHE e€JIeMe-
HTamMH. [Ipy 1bOMY BpaxOBYETHCS TOTCHILIAN
MalOyTHHOTO PO3BUTKY KOMIIOHEHTIB KapKaca 3
OIOPOI0 HA BXKE BCTAHOBJICHI XapaKTEPUCTHKU
[UIaHYBAJIBHOI CTPYKTYPH TEPUTOPii. ABTOP i IK-
PECIIIOE, 10 OAHUM 3 KJIFOUOBUX MOMEHTIB KOM-
IUIEKCHOTO CTAJIOrO PO3BUTKY CYyYaCHHUX MICT €
ocBiTa, eBoxrowis i pynkuionysanns JIPK.

Sk cuHOHIMiIUHE TOHATTSA B mpami €.B.
Camotiinenko [16] BHKOPHCTOBYETBCS TEpMiH
«JTaHAmadTHO-EKOJOTIYHMI  KapKkacy. ABTOp
BU3HAYAE HOTo sIK 0a30BY KapTorpadiuHy cxemy
i OCHOBOIIOJIOXKHY KAaTEeropil0 YIpaBIiHHS Ta
CTaJIOTO PO3BUTKY TEPUTOPIi Y BUTIISII KOMILIE-
KCy, SIKUH BKJIIOYA€E TPHUPOJIHI, €KOJOTIYHI Ta
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nmaaamadTHO-MOP(HOCTPYKTYPHI ACTIEKTH SIK CY-
KYyTHICTb 3a3HaYE€HHUX CKJIaJOBUX MICHKHX TEPH-
TOpIif y KoMIUTeKci. Y mocmimkenHi [17] Takox
3YCTpIYaEThCS 1€ OHATTS KapKaca SIK iHCTpyMe-
HTY TIEPCTIEKTHBHOTO HANPSIMKY B YaCTHHI Opra-
Hi3aIii SKICHOTO MiCBKOTO CepeIOBHIIA Ta 30e-
PEXEHHS ICHYIOYOTO MPUPOIHOTO CEPeTOBHUILA
Juis 3a0e3neyeHHst KOM(QOPTHOCTI MICTSH LUIS-
XOM CTBOPEHHS 3€JICHO1 iHPpacTpyKTypH.

KoHIrerniiiro €KoJoriyHOro Kapkaca y CBO-
eMy nociipkenHi po3suBae BueHi C. O. Fernandes,
TPaKTYIOUH LEeH TEPMiH SIK MPUPOTHO-aHTPOTIO-
reHHe YTBOPEHHS, L0 CTaduUIi3ye cepeloBHILE,
sKke POPMYETHCS Ha PI3HUX PIBHAX TEPUTOPiaTb-
HOTO oIy (KpaiHa, PerioH, palioH, MiApueEM-
CTBO) - CYKYIIHICTh IPOCTOPOBO TOB’SI3aHUX Ta
i€papxivHO BIIOPSANIKOBAHHUX €JIEMEHTIB, IPHU3HA-
YeHUX JUTS M ATPUMKH €KOJIOTIYHOT CTa01TEHOCTI
JTAaHOT TepUTOpii, 3am0biraHHs merpanarii 3eme-
JBHAX PeCcypciB 1 JaHmmadTIB, a TAKOXK BTPATH
OiOpi3HOMaHITTS. ABTOp JeTami3ye MOHSTTS
€KOJIOTIYHOTO KapKaca sIK MOJIeNi, OPiIEHTOBAHO1
Ha EKOJIOTIYHE HOPMYBAHHS, 3HW)KCHHS ITOKa3-
HHKIB BUKHIIB 3a0pyIHIOIOUYMX PEYOBHH y Ha-
BKOJIMIITHE CEPEIOBHIIE Ta BIOCKOHATICHHS Me-
tonosorii OBJI. Exonoriuauii kapkac MiChbKOI
tepuropii (EKMT) — 1ie CykynHICTh KITFOYOBHX
JUISl MICBKOTO CEPEIOBHIIA MTPUPOTHO-aHTPOTIO-
TeHHHX 1 TUTBKH aHTPOIIOTEHHHUX €KOCHCTEM, PO-
3MOMAIIEHNX 32 (YHKI[IOHAIFHUMH 30HaMHu. Ha
JIyMKY aBTOpa, MOZCIb €KOJIOTTYHOTO KapKaca
MiCBKOT TepHTopll Bi/INOBiTa€ Cy4acHOMY i -
XOJly €KOJIOT1YHOTO TUTAHYBAHHS 1 € OCHOBHOIO
JIaHKOIO Y (pOpMyBaHHI €KOJIOTTYHOI MOJIITUKH B
perionax HOBOro ocBoeHHs [18].

B pamkax qociipkeHHs 3aCTOCYBaHHS [1a-
HOTO MOHSTTS B pEriOHaX HOBOTO OCBOEHHS (pe-
cypcuaux perionax) JI. I1. Lapuk ta 1. P. Ky3uk
PO3TISIIAIOTH €KOJIOTIYHUEN KapKac sIK iHCTpY-
MEHT CTaJloTO PO3BUTKY Ta iHIYCTPiabHOTO
OCBO€EHHSI TepHUTOPii. B OkpeMux BUIaakax BiH
MOKE BUCTYIIATH SIK MEPCIIEKTHBHA QopMma yII-
paBIiHHS TPUPOJIOKOPHCTYBAHHSIM. OcobnBe
3HAYCHHS NPH LOMY npn;uns[en,ca NPUHLUITY
36epe>KCHH§I €KOJIOT1YHOT plBHOBaFI/I 3a paXyHOK
CTUMYJIALIT IPUPOAHUX MIPOLIECIB, CIPSIMOBAHUX
Ha CaMOBITHOBJICHHS Ta CAMOPETYJISLII0 €KOCH-
cremu periony [19].

[loHsTTS exoJoriyHoOro Kapkaca i 3eie-
HOT'O KapKaca pO3TJISaI0ThCs SIK CHHOHIMIYHI B
CBOEMY JIOCTI/DKeHHI aBTopu pobotu [20], BU-
3HAYAI0YM CKOJIOTIYHUI Kapkac (3eJeHuil Kap-
Kac) MicTa ik OCHOBY (hOpMYBaHHSI 3JI0pPOBOTO 1
KOM(OPTHOTO CYCHUIBHOTO CEpPEIOBHUINA, IO
CKJIAJIA€THCS 3 IIOB’A3aHUX MK CO00I0 CHCTEM
3emeHuX 30H. CucreMa o3elieHeHHS ypOaHi-
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30BaHMX MPOCTOPIB ITOBMHHA 3a0e3MeUyBaTH Bi-
JTHOCHO PiBHOMIipHE PO3MIIIICHHS JepeBHO-Jara-
PHHUKOBUX 1 TPaB’THUCTHX (3€JICHHUX ) HACAKEHB
Ha TEPUTOPISAX Pi3HOTO (HYHKITIOHAIBFHOTO TIPH3-
HAauCHHS MICBKOTo cepenoBuiia. PopMyBaHHS
CHCTEMH MICHKHX 3€JICHUX Haca/HKEHb BU3HAYa-
€ThCSI TaKUMH (DaKTOpaMHu: CIIBBITHOIICHHIM
3a0y/I0BaHMX 1 BIAKPUTHUX MPOCTOPIB Y MiCTi; 4a-
CTKOIO BK€ iCHYIOUMX HACaKEHb, iX SKICTIO Ta
MiCIIeM y MiICBKOMY IUIaHyBaHHi; PO3MIpoM i
(hparMeHTaliero OKpEeMHX 3€IEHHUX 30H, a TAKOXK
iX (YHKIIOHATBHOIO 3HAYUMICTIO; OCOOIHMBOC-
TSAMH MICIICBOT'0 JIaHIIIA(Ty; TPAaHCIIOPTHOIO Ta
MIIIOXIHOIO JOCTYIHICTIO WX TepuTopiit. Boj-
HOYAC TYT €KOJIOT{YHUHA KapKac BU3HAYA€THCS 5K
OCHOBa CTaJlOTO PO3BUTKY TEPUTOPIH, CYKyI-
HICTh €KOCHCTEM, IO CIPHUSIOTh EKOJOTidHIH
CTaOLTBHOCTI perioHy Ta 30epeXEeHHIO MPOCTO-
POBHUX 3B’5I3KiB MiXK [IIHHUMH TIPUPOTHAMHU KOM-
IUIeKCaMU Ta iX 010piI3HOMaHITTSIM.

SIK TOpiBHSIHHE HOHATTS PO3IJIAAETHCS
MIPUPOAHO-EKOJIOTIYHUI KapKac y JOCIHiIKEH-
HsX [21] MexaHi3My CTaJIOro pO3BUTKY TEPUTO-
pii. Bin nepeabauae cyKymnHICTh €KOCHUCTEMHHUX
KOMIUIEKCIB, CIIPAMOBAaHUX Ha (OpPMyBaHHS Ta
pETYIIOBaHHS MICBKOTO cepefoBuma. [lpu
BOMY I1iJ] €KOJIOTIYHIM KapKacoM PO3yMi€ThbCs
«CUCTEMa EKOJIOTIYHO B3a€MOIIOB’SI3aHUX TIPH-
POJHUX TEPUTOPIH, IO XapaKTEePU3YETHCS Ta-
KHMH O3HAKAMHU: 3/IaTHICTIO 320e311euyBaTH eKo-
JIOTiYHYy piBHOBAry AJIsl JaHOI TEPUTOpIi; 3aXu-
LIEHICTIO IPUPOAOOXOPOHHUMH 33aXOJaMH, IO
BIINOBIJAIOTh TPAHUYHO JOIYyCTUMOMY aHTPO-
[IOTEHHOMY HaBaHTAXXEHHIO Ha MPHUPOY; 0OMe-
KCHHSIMU Ha BUJM TA IHTEHCUBHICTb PECYPCHOTO
MPUPOIOKOPUCTYBaHHs . Cepesl OCHOBHHX Mapa-
METpIB JIaHUX KapKaciB BHAUBIIOTH HACTYITHI:
KOMIIJIEKCHHH BILUTUB 1 MepexeBa 3aIeKHICTh Te-
PUTOpIif; YHIKAIbHA PEKUMHICTB; 1€papXiYHICTb
JIOMIHAHT (si7Iep) KapKaca;, TOHKa IpaHb CTaOlIb-
HOCTI 200 TIPUKOPIOHHII OaaHc. ABTOPH TaKOXK
BKa3ylOTh Ha BapiaTHBHICTh TAHOTO TEPMiHA.

3a M. Liu, Ta Y. Zhang [22], «byHnamen-
TOM» TPHUPOAHO-EKOJIOTIYHOTO KapKaca BHCTY-
ae NpUpoHuil Kapkac Micta. OCHOBHUMH elie-
MEHTaMH{ IPUPOAHOTO KapKaca MicTa € HalBax-
JMBimI TaHmAGTHI KOMIIOHEHTH Ta iX KOMILIE-
KCH B ME)Kax IE€BHOI TepuTopii. Y TakoMy BHIIa-
JKY TPUPOIHO-CKOJIOTIYHUM KapKac SIBJISIE CO-
0010 CYKYIHICTh MPHUPOTHOTO KapKaca, Majlo3-
Hauymyx JaHgmadTHUX eNeMEeHTiB (Hampu-
KJ1aJ1, TOOJIMHOKE JIEPEBO, KBITHUK TOIIO) 1 TEPH-
TOPIT 3araJTIbHOT0 KOPUCTYBAHHS Pi3HOTO (YHKIIi-
OHAJIGHOTO TIPU3HAYEHHS SIK HAa PIBHI TeHEpallb-
HOTO IUIaHy MICTa, TaK 1 Ha piBHI OKpEeMO1 3eMeIThb-
HOI TUISTHKH.
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HaykoBiii [23] y cBoEMy JOCITIKSHHI aK-
[EHTYIOTh yBary Ha TIOHSTTI HPHUPOIHOTO Kap-
Kaca, IKHil BU3HAYAETHCS SIK ICHYI09a eKOJIOTT9Ha
Oe3mepepBHA CHCTEMa BIAKPUTHX O3CJICHEHUX
MIPOCTOPIB PI3HOTO PiBHS BiAMOBITATLHOCTI Ta JI0-
CTYIIHOCTI, €KOJIOTIYHII KapKac, y CBOIO Hepry,
SIK KOMIUIEKCHE CHCTEMHE YTBOPEHHS IPHPOJI00-
XOpOHHUX TepuTopii. [lig BomHO-3eNMeHoI0 cHC-
TEMOIO MiCTa PO3YMIETBCSI MiACHCTEMa HOro
JaHamadTy, o CKIaAaEThCs 3 BIAKPUTHX 03ee-
HEHHX MPOCTOPIB 1 3HAYHUX BOIHHUX 00’ €KTIB pi3-
HOro Tumy (TUIOIIMHHI, JiHiHHI, OacelHOBOro
THUILY TOIIIO).

ABtopu pobotu [24] axryanizyrooTh MO-
HATTS] MICBKOTO TIPHPOJIHOTO KapKaca sIK KIIF0YO-
BOT'0 €JIEMEHTa TEPUTOPIATBHO-TIPOCTOPOBHX B3a-
€MO3B’5I3KiB MiCBKMX CHCTEM B KOMIUIEKc. Sk cu-
MOIOTUYHHI BHJI COMIAIBHOI Ta peKpeartiitHoi iH-
(bpacTpyKTypH IOAATKOBO BHIUISETHCS CHCTEMA
MICBKOTO O3€JICHEHHsI, CIPSIMOBaHA Ha IIiBU-
IIEHHS €KOJIOTIYHOT 3HA9yIIOCTi B MICBKOMY Ce-
penosumii. PopmyBaHHS Kapkaca BiIOyBaeThCA
JI0 eTaiy MiCTOOYIIBHOTO 30HYBaHHS MiCBKOTO
cepenouina. BogHovac BOHM pO3IIsIatoTh AaHe
TIOHATTSL SIK KOMIUIEKCHY IPOCTOPOBY CHCTEMY
3eJICHUX HacaKeHb, 0 (OPMYEThCS Yepe3 apXi-
TeKTYpHO-TUIaHYBIbHI PILIEHHS TEPUTOpiaib-
HHX 30H 3 METOIO CTBOPEHHSI KOM(QOPTHUX YMOB
JKUTTSl HaceJeHHs Ha OCHOBI 30aJlaHCOBAHOCTI
npupoau i cycniibcrsa. O3eneHeHHs ypOaHizoBa-
HHX TEPHUTOPIH CIIPUIMAETBCS SIK OCHOBA MPUPO-
JTHOTO KapKaca MiCBKOTO CEpEe/IOBHIIIA.

B pamkax TpeHy (GopMyBaHHS «3€I€HOD»
€KOHOMIKH B CTIMKHX MicTax HayKoBIl [25] Bu-
JIUISAIOTH TIOHSTTS 3€JIeHO01 iHPacTpyKTypH, Ta-
KO 3BaHOI MICTOM y caiy. BoHa posrismaerses
SIK OJMH 3 HAMBaXKJIUBIIINX €JIEMEHTIB CTaIOr0
PO3BUTKY MICT 1 peaizalii eKOCHCTEMHHX TOC-
JIYT, CKJIaJIOBUMH SIKOI € 3€JICHI 30HH. 3CJICHUMHU
30HAMH aBTOPH Ha3WMBAIOTh TEPUTODIi, sKi B Oi-
TBIIA Mipi BKPHUTI IPYHTOM 1 POCIIMHHICTIO, Ha-
NPUKIIAJT cajii, OyJIbBapy, OXOPOHIOBaHI MPUPO-
JIHI TEPUTOPIi, CIIOPTUBHI MallJIaHYMKH, TEPUTO-
pii 300mapkiB TOLLIO.

Y X0/1i IOHATIHHO-TEPMIHOJIOTIYHOTO aHa-
T3y I TaKOXK BUAUIATHA HAYKOBE JOCIIPKEHHS
[26], B ssixoMy aBTOpH TPOBOIATH KOMILICKCHHI
aHaJII3 BU3HAYEHb y HaNpsIMKy €KOypOaHi3My i
NPUXOJATD 10 BUCHOBKY, L0 IPUPOJHUM KapKac
ONM3BKUIA 32 3HAUSHHSIM /10 OCOOJIMBO OXOPOHIO-
BaHUX IPUPOAHUX TEPHUTOPil 1 sBisie coOOKO
€MHY CHCTEMY TIPHUPOJIHHUX KOMIUIEKCIB Ta
00’€KTIB 3 0COONMBIM (PYHKITIOHATBHAM 3HAYEH-
HIM 1 pekumoMm. Ili  00’exkTH  CHIpUSIOTH
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I ATPUMIIL €KOJIOTTYHOTo OaaHcy Ha PiBHI, 3AaT-
HOMY TIPHHECTH MaKCUMAJIbHY €KOJIOTI9HY, COITi-
aITbHY Ta eKOHOMIuHY Burony. EdextuBHICTS (y-
HKITIOHYBaHHS €JIEMEHTIB TPHPOJHOTO KapKaca
BH3HAYa€ MOXKIIMBICT MIATPHMKH €KOJIOTITHOTO
Oarancy B maniifi MictieBocTi. CTpyKTypa 1 HarmoB-
HEHHS TIPUPOTHOTO Kapkaca 0a3yloThCs Ha 3ario-
BiTHUX 200 OCOOJIMBO OXOPOHIOBAHUX TPUPOJI-
HHUX TEPUTOPISIX, SIKi € PETIO3UTOPIAMH Oi0TOTIY-
HHUX PECYpCiB POCIMHHHX i TBAPHHHHUX BHIIB Ta
MalAaHuYMKaMH ISl TPOBEJICHHS €KOJIOTiYHOTO
MOHITOpUHTY 1 KoHTposto. Exomnoriunmii kapkac,
3TJHO 3 TPOBEJCHUM aBTOPaMH aHAI30M, €
OLIBII IIMPOKUM MOHSTTSIM, OCKUTBKH Oy Ty€ThCs
Ha OCHOBI TIPUPOTHOTO KapKaca sIK OMOPHOI CHC-
TEMH 1 BKITFOUA€ B ce0e CepeIOBHUIIIE, CIIPSIMOBaHE
Ha CTIMKICTh 1 IUTICHICTE €KOCHCTEMH PETiOHY.
ABTOpH MiJKPECTIOIOTH HEAOIUIHHICTh BUKOPHC-
TaHHS TOHATH €KOJIOTTYHOTO 1 MPUPOTHOTO Kap-
KaciB SIK CHHOHIMIB. AHaJIi3 JDKepen MOoKa3ye K
CXOXICTh (CTIOPiTHEHICTh) TIOHSTH, TaK 1 BiAMIH-
HICTH y Tmxomax 1o ix iHTeprpertarii. Pe3yis-
TaTH 3aCTOCYBaHHS JaHUX TOHSTh Y HAyKOBHX
JOCTIPKEHHSIX HAIpsSIMy eKoypOaHi3My IpeicTa-
BJICHI HA PUCYHKY 1.

,Z[Jm BUSIBJICHHS B3aeMo3B’sI3I<y Ta B3aEMO-
3aMiHHOCTI ITHX TeleHlB 0a3younch Ha HaBejIe-
HOMY BUILIE aHAII3i, PO3IIISTHEMO TaKi KITFOUOBI
TOHSTTSI:

Kaprac. Tepmin «kapkac» HOXOIHUTH BiJ
(bpaHuy3H<0ro carcasse — ckener. Y MiCTO6y,Z[iB—
Hili TeOpii CIPYKTYPHY OCHOBY (hOPMYBAHHS MiCT
CKJIaJlaloTh TOIOBHI Ta JPYrOpsHi KOMYHiKa-
IiHHI 3B 513K 1 sipa TSHKIHHS HACeJIeHHS Pi3HOT
(hyHKITIOHAJIPHOT CIIPSIMOBAHOCTI, PO3CisHI Ha Te-
puropii micta. Tosi kKapkacoM MicTa JIOIUTHHIIIE
BBKATH BHYTPIIIHIO CTPYKTYPHY OJIMHHILIO, IO
npeJICTaBiIse€ COOO0I0 KOMyHlKa]_[H/IHy MEPEXKY,
CIIPSMOBAaHY HA CTAHOBIICHHSI 1 EPCHEKTHBHUI
PO3BHUTOK MiCTa 3 ypaxyBaHHSIM apXiTeKTYpHO-
KOMITO3UIIIIHOI Ta (YHKIIOHATEHO-TUIAHYBAIIb-
HOI ckianoBuX. OCHOBHOKO XapaKTEPHCTHKOIO
MICBKOTO KapKaca BBaKaeThCsl HoOro Oesmepe-
PBHICTb (3B’s13HICTB) [16].

Jlanowagm. JlanmmadT — e 1iTicHa reo-
rpadivyHa OJJHUIIS, OJHOPIIHA 32 TTOXOIKESHHIM
1 PO3BUTKOM TEPHUTOPIi, 3 BIACTUBUMHU i crielu-
¢iuarMH pUpoIHUME pecypcamu. Lle moHATTS
OIICYE CKIIaHy 3aMKHYTY TEPHTOpIaJIbHy CHC-
TeMy, IO BKJIIOYAE B3a€MOIIOB’S3aHi MPHUPOIHI
KOMITOHEHTH, a TAKOX IPUPOIHI T4 aHTPOIIOTEHHI
KOMITIEKCH HIDKYOTO PiBHS (HAIPUKIIaz, Miciie-
BocTi, Qarii). Jlanmmadt GpopmyeThbest 1] BILTH-
BOM SIK TIPHPOTHUX (PaKTOpiB (TEONOTIYHUX TPO-
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Puc. 1 — CucremaTn3anis TepMiHOJIOTIYHIX I IXOAIB O (POPMYBaHHS 3€JICHOT IIPOCTOPOBOI CTPYKTYPH MicTa
3a [13-26]

Fig. 1 — Systematization of terminological approaches to the urban green space structure formation
according to [13-26]

1ECiB, KITIMATHYHIX YMOB, JKUTTEISIBHOCTI Op-
TaHi3MiB), TaK 1 aHTPOIIOTEHHUX (YUCETBHICTH i
IIUTFHICT HACENEHHs, MarepiaJbHO-EHepreTH-
yHa 06a3a BUpOOHMYIMX CHII, ypOaHizarris) [18].

Pexpeayisn. Pexpealiiss — nipoliec BiJHOB-
JICHHS (DI3MYHUX 1 ICUXIYHUX CUJI JIFOJMHY Yepe3
KOMIUIEKC 03/I0POBUHX 3aXO/[[iB, Y TOMY YHCIIi Bi-
JIIOYHMHOK 1 po3Bard. TepMiH NMOXOAMTH BiJl Jia-
TUHCHLKOTO recreatio, 1o o3Hayae «BiJHOB-
JICHHS» 200 «IOHOBJICHHSD. Y KOHTEKCTI MiCh-
KOr0 Cepe/IOBHIIA 3a3BH Al BUJIUIAIOTH 30HU pe-
Kpearlii, Tak 3BaHi pekpearliiii pOCTOpH (PH) -
YaCTHHHU COLIAJILHOTO pocTopy, creriasnizoBa-
HHUM 3HAUCHHSM SIKOI € OpraHi3awis BiIHOYMHKY
HaceJICHHS 3a JOIIOMOr'0l0 BUKOPUCTAHHS (yHK-
[[IOHATEHO-TIUTHOBOTO TIPH3HAYCHHS TepuUTOpii
SK OCHOBHOTO pereamHHoro pecypcy» [14].
TakuM YMHOM, peKpealilo MOXKHAa BUALINTH 5K
KJIFOUOBY (DYHKIIIO B paMKax €KOJIOTi4HOTO ce-
peIoBHIIA 1 MICBKOT'0 JTaHAIIA(TY, ajie KO BU-
JUIsATH 11 SIK caMOCTiHY (QYHKIIOHANBHY OJU-
HUIIIO CTPYKTYPH MicTa, TO OpMyBaHHs Oe3re-
pepBHOI Mepexi BCIX peKpeamiiHuxX 00’€KTiB
MaJIOMMOBIpHE.

Exonozisn. TepMiH NOXOAMUTH BiJl IBOX Ipe-
IBKHX CITiB: 0iKOS («OyIuHOKY, «okHUTIION) 1 10g0s
(«BUEHHS»), 10 OYKBAIBLHO MEPEKIATAETHCS SIK
«BUBYEHHA OyIUHKY». EKOIOrist po3ymieThes K
HayKa, 10 BUBYAE B3a€EMOBITHOCHHH KHBUX Op-
TaHi3MiB M) COOOI0 1 3 HABKOJIMIITHIM Cepesio-
BuiieM. ToOTO BoHa po3risigae pisHi GakTopH,
0COOJMBOCTI B3a€MOJIIi, 1[0 BIUIMBAIOTL SK Ha
JKUTTSI OpraHi3MmiB i GlocepenoBuILe B LIIOMY,
TaK 1 Ha iX B3a€MHUH BIUIMB OAMH Ha OJHOTO i
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BCEPEIHHI CBOIX CHCTEM. 3 TOYKH 30PY €KOJOTii
MICBhKE CEepeIOBHINE PO3TISIAETHCA B KOMILIE-
KCi, TOJI 5K 3 TIO3UIIi1 TaHImad Ty BOHO Haigac-
TiIlIe aHAII3y€E€THCS Yepes3 MPU3My 010TeOIEHOIIO-
rii (BUBUEHHS €KOCHCTEM, 110 BKIFOUAIOTH YKHBI
OpraHi3MH 1 HeXUBY MPHPONY). B okpemux BH-
najKax JOCHIJDKYETbCS JIEMEKOOrisl (aoci-
JOKEHHS TIOMYJISIIIN, X CTPYKTYpH, 3pOCTaHHS,
JIUHAMIKHY, HAITPUKJIIAJ, JJIs1 JIAHAIA(QTHUX KOM-
no3utiit) [20].

Ipupooa. Tlim TpUPOIOI0 PO3YMIETHCS
BECh HABKOJIMIIIHIN HAC MaTepiajibHUK CBIT, 1O
iCHy€ HE3aJIeXHO BiJl JIFOJICHKOI CBIIOMOCTI Ta
nisutbHOCTI. BoHa BKITIOUa€ B ceOe sIK )KUBI, TaK 1
HEXUBI €JIEMEHTH: POCIIUHU, TBAPUHH, MiKPOOP-
TaHi3MH, TPYHT, BOJY, MOBITPsI, TIPCHKi ITOPOJIH,
KIIMaTH4HI SBHIIA Ta 6araTo inmoro [14].

Buxonsuu 3 HaBe/ICHUX BU3HAYCHb, BUI-
JMMO BHJM MICBKUX KapKaciB B KOHTEKCTi CTY-
IICHSI BILTUBY aHTPOIIOTEHHOTO (akTopy (puc. 2).

Exonozciunuii xapxac XapakTepu3yeThest
BHCOKHM PIBHEM aHTPOIOTEHHOTO BILIUBY,
NPUPOOHO-eKONI02IHHUIL — CEPEIHIM, a B OKpe-
MHX BHUIIAJKAX — HU3BKAM a00 MiHIMaJIbHUM
BIUIMBOM aHTPONOTeHHUX (akTopiB. [Ipupoo-
HUll Kapkac, HaBIAKH, iepeadadae HU3bKUH a0o
MiHIMaJIbHUN aHTPOTIOTeHHUH BIUIUB (3a3BUYait
XapaKTEePHO JUI MaJNX HEMPOMUCIOBUX MICT).
Takuii moxiy1 HO3BOJAE OLIBII TOYHO BHU3HA-
YUTH BHJ] OCHOBHOT'O KapKaca BiAMOBITHO 0
KIIFOUOBHX TOHSATH, TOJ1 SK BU APYTOPSTHOTO
KapKaca MO)KHa YTOUHUTH 3aJI€IKHO BiJ] PO3TIIs-
HYTOI CTOPOHH 1 BUIUINTH HOTO BCEPEAMHI KO-
YKHOTO 3 OCHOBHHX.
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IIpupoxHit KapEac

Exozoriusm KapKac

Micesmit Kaprac <

IIpHpoaHO-eKOTONYHIH KapKac

Puc. 2 — IepapxiuHa cxema BUJIIB MiCbKUX KapKaciB 3a piBHEM aHTPOIIOTEHHOT'O HaBAaHTA)KECHHS
3a [14; 16; 18; 20]

Fig. 2 — Hierarchical scheme of urban frameworks by the anthropogenic load level
according to [14; 16; 18; 20]

Tak, po3risgaroud MiCbKHH Kapkac 3
0OKy cucTeMu O€3MEepPEPBHOTO O3CJCHECHHS, Ii
KOMITO3UIIIHOI WIJIICHOCTI Ta CKJIaJ0BUX eje-
MEHTIB, MOXXHA BUIUIUTU JAHOWAGmMHUL I 3e-
Jlenutl Kapkacu, SKi 4acTo PO3TIISAAIOTHCS SIK
CHHOHIMH. SIKIIO akIeHT 3po0JeHW Ha CHC-
TeMi BOJIOMM 1 BOJIOTOKIB, IO PETYIIOE BOIHUMA
PEXHUM TEPHUTOPIi, JOUITHHO BUILIATH 800HULL
Kapkac. Y pa3i KOMIUIEKCHOTO pO3TIsiay 000X
CTOpiH (OpMyeThCS iX CHUMOIOTHYHE TOEM-
HaHHS — BOJIHO-3E€JICHUI KapKac.

3 TouKH 30py OiOpI3HOMAHITTS — SIK POC-
JIMHHOTO, TaK 1 TBAPUHHOTO — BUAUISETHCS Ha-
CTYITHHI BU]I IPYTOPSAHOTO KapKaca — 6i0102i-
YHUL KAPKAC, SIKUHA B OUTBII TTI00aTbHOMY Mac-
mrtabi Moxxe OyTH po3MIUpeHudt 10 biocghep-
Ho20. BUXOs1uM 3 HABEJICHUX BHUIIIE KIFOYOBUX
BU3HAYCHb, PEKPEAIlil0 MOXKHA BUJIIUTU HE SIK
CaMOCTiliHy OJIMHMUIIIO, & SIK CYMYTHIO (JOTOB-
HIOIOUY), SIKIIO BHIUIATH peKpeamiiiHy (QyHK-
il0 sK KIOYOBY B paMKax oOprasizamii

JaHqmapTHOTO Kapkaca. Y oMY BUIIAJIKY KO-
PEKTHillle BUKOPUCTOBYBATH TEPMIH «IaHOUA-
@mHo-pexpeayiinull Kapracy.

AHAJIOTIYHO MO)KHA PO3IIISAAaTH 3acTO-
CyBaHHS JESKHX EKOJIOTIYHMX acCHeKTiB B Me-
*ax JaHamaTHOro Kapkaca. Hampuknan, 3 To-
YKH 30pY BIUTHBY aIBEHTHBHHX €JIEMCHTIB 03€-
JICHeHHA B pamMKax (opMyBaHHs Oe3nepepBHOI
CHUCTEeMH JaHIIaQTHUX MPOCTOPIB HA iICHYIOYE
abopureHHe OiOpPI3HOMAHITTS TOUUIFHO BHUI-
TUTH JAaHOwagmuo-exoaoeiynull kapkac. Bci
3a3HaueHi BUAM JPYTOPATHUX KapKaciB HaBe-
JeHi cxemMaTnyHo (puc. 3).

TakuM YWHOM, 32 TAKCOHOMIYHHMM paH-
roM Ja"mmadTHO-peKpealiiHuil Kkapkac Haje-
KHUTh JI0 TPYIH JIPYTOPSAHUX BHIIB MiCBKOTO
KapKaca Ta MOXe PO3TIISIATHCS SIK TTiJIBUJT €KO-
JIOTIYHOTO, MPHUPOJTHO-EKOJIOTIYHOTO ab0 IMpH-
ponHoro kapkaciB. BiH BimoOpaxkae CcTiliKy
CTPYKTYpHO-(YHKIIIOHANBHY MOJelb copmo-
BaHOTO JaHImIadTy MicTa Ta peKpeaniiHoro

OcHosHmit BMT KapKacy J

|

|
Jlaxama dTHmT KapKac
(sememmit Kapxac)
[

|

Bozmmii xapxac

JlamgnragrHO-
PeEpealHNa KapKac
pexpeayia

JlanamagrHO-

Boaro-sexeHm

Kaprac

bBiloToNuHHI KapKac

BiocdepHmi Kaprac

LB 2T00QTHHO

eKOTONYHHI KapKac
exo102iAa

Puc. 3 — Iepapxiuna cxema IpyropsiAHMX KapKaciB 3a (yHKI[IOHAIbHUMH ACIIEKTaMU
[Po3pobieno aBTopamu]

Fig. 3 — Hierarchical scheme of secondary frames according to functional aspects
[Developed by the authors]
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CepeoBHILA, IO IIJIECTIPSIMOBAHO OPTaHi30BY-
€ThCs sl 3a0e3nedeHHss KOM(OPTHUX YMOB
JKUTTETISUTBHOCT] HACEICHHS Ta MiATPUMKH CTa-
JIOTO PO3BUTKY TEPUTOPII.

Jana mMozmens Mae OyTH Opi€HTOBaHa He
JIUIIIEe Ha 30€PEeKEHHS ICHYFOUUX MPOCTOPOBO-
(yHKITIOHATBHUX 3B’S3KiB, a i1 Ha CTBOPEHHS
nepeayMOB JUIS TOAAJIBIIOTO MPOCTOPOBOIO
3pOCTaHHs, EKOJIOTIYHOI CTA0UILHOCTI Ta ajarn-
TUBHOCTI MICBKHX CHCTEM [0 3MIHHHUX YMOB.
®dopmyBanHs JaHALAPTHO-PEKpEaliiHOTO Ka-
pKaca CTBOPIOE OCHOBY JIJIsl IHTETpallii eKoIori-
YHUX MPUHIINIIB y CTPATETiYHE Ta TeHepaTbHe
TUTaHYBaHHS MICBKMX TEPUTOPIH, CHPHUSIOUN
OnTHUMIi3alii BUKOPUCTAHHS 3eMEIbHUX PEeCyp-
CiB, MiJBHIICHHIO €()EKTHUBHOCTI YIPaBIiHHS
NPUPOTHUME KOMIIOHEHTAMH Ta PO3BUTKY «3€-
JEeHNX» 1HQPACTPYKTYPHHUX PIIICHb.

Moro BnpoBaJKeHHS Ma€e BaXIIMBE 3HA-
YeHHS B KOHTEKCTI pealtizalii oM THKH! CTaIoro
MPOCTOPOBOTO PO3BUTKY, OCKLIBKU CIPHSIE Tap-

MOHIHOMY TIO€JHAHHIO IPUPOHMX 1 IITYIHUX
eneMeHTiB ypOaHizoBaHoro cepemoBumia. Oc-
HOBHI aCMEKTH poji JaHAmadTHO-peKpeaiii-
HOTO KapKaca IoJsraloTh y 30epekeHH1 pupo-
JIHOI CIIaJILMHH, M ABUILEHH] €KOJ0ITYHOI SIKO-
CT1 MICBKOTO MPOCTOPY, 3HMKEHHI KJIiMaTH4-
HUX PU3UKiB, ()OPMYBaHHI COIiaIbHO 1HKITFO3H-
BHOTO CEepEIOBUIIA Ta 30araueHHi KyJIbTypHO-
€CTETHYHOTO MOTEHIIATy MicTa.

Y nepcnekTusi TaHamad THO-pEKpeartii-
HUI KapKac MOKE€ BHCTYIATH HE JIMIIE MPOCTO-
POBO-OpTraHi3aIiitHIM eJIeMEHTOM, aye i cTpa-
TEriYHUM THCTPYMEHTOM YIIPABIIIHHS MiCHKHM
PO3BHTKOM, SIKUH 3a0e3Meuye y3roIKeHHs eKO-
JIOTIYHMX, COL[laJbHUX Ta €KOHOMIYHHUX LIJIEH.
Woro inTerpais y NpoeKTHO-TLIAHYBANBHI pi-
IICHHS J03BOJIMTH (OPMYyBaTH 30allaHCOBaHI,
CTIfiKi Ta amanTHUBHI MICBKI CHCTEMH, 34aTHI
HiATPUMYBATH BUCOKY SIKICTh KHUTTS HACETICHHS
Ta e()eKTHBHO pearyBaTi Ha BUKIIMKH ypOaHiza-
il ¥ KIIIMaTUYHUX 3MiH.

Bucnoexu

Y3arajgbHeHO i CHCTeMaTH30BaHO HAyKOBI
TIXOM 10 BIU3HAYEHHS CYTHOCTI, CTPYKTYpH Ta
TaKCOHOMIYHOTO TIOJIOXKEHHS JIaHTIIapTHO-PEK-
peariifHoro kKapkaca MiCTa B CUCTEMi €KOJIOTiY-
HOTO MiCTOOYIyBaHHS.

[ToHATTS  «EKOJIOTIUHUID, IIPUPOIHO-
EKOJIOTTYHHID), «3eNeHUI» 1 «IaHImadTHO-peK-
peariifHuiDy KapKacu MaroTh CIUTLHY MOPGOJIOTi-
YHY OCHOBY, OJIHAK Di3HSTBCS 32 CTyNCHEM aH-
TPOTIOT€HHOTO TIEPETBOPEHHSI Ta (PYHKIIOHAb-
HOIO CIIPSIMOBAHICTIO.

Busienieno, 1o sanmiadTHO-peKpeartiii-
HHMI1 KapKac iHTerpye MpUpPOIHi Ta aHTPOIIOT€HHO
MoM(DIKOBaHI €IEMEHTH MiCHKOTO CEpPEIOBHIIA,
3a0e3Meuyodn 0anaHC MK SKOJIOTIYHIMH Ta CO-
iaJIbBHO-TIPOCTOPOBUMH TIOTpebaMu ypOaHi3oBa-
HOT TepUTOPii.

TakcoHOMIYHE TO3UIIIOBAHHS JaHaIad-
THO-PEKpeariifHoro Kapkaca Jajio 3MOry o0rpyH-
TYBaTH HOT0 HAJEXKHICTh JO IMIJABUIIIB €KOJIOT1Y-
HOT0, NIPHPO/THO- -€KOJIOTIYHOro abo MPUPO/HOTO
KapKacis, 1m0 (OpMYOTh EKOCHCTEMHHIA Gasuc
MICBKOI CTPYKTYPH.

VY Mexax CHCTEMHO-CTPYKTYPHOTO Mif-
XOJIy BHU3HAYCHO, IO JIaHIMIAGTHO-pEKpeallin-
HUH KapKac BHKOHYE IHTETpaIliiiHy (QYHKIIiO,
MOEHYIOYHM TIPUPOJTHI OCEPEIKU MiCTa - 3€JIeHI
HACa/DKCHHSI, TTAPKH, JICOMApKH, BOTHO-aKyMy-
JSIUiAHI CUCTEMH - Y €IMHY TIPOCTOPOBO-OpraHi-
3aliiiHy Mepexy, fKa crpusie 30epexeHHIo 0io-
PI3HOMAHITTS, ONTUMI3allil MIKpOKIIMaTy Ta
MMABUIIEHHIO €KOJIOTTYHOI CTIMKOCTI MICBKOIO
CepeIoBHINA.
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CdopmoBaHO y3aranbHEHy MOJETb B3ae-
MO3B’SI3KiB Mi>K BUJITAMH MiCEKHX KapKaciB, ITI0 Bi-
JIoOpakae X iepapXidHy MiAMOPSIKOBAHICTh Ta
(yHKIIOHATIBHY B3a€EMOII0. Y MoJeni JaHmad-
THO-PEKpealiifHui KapKac Tocifiae MpoMiKHE MO~
JIOKEHHSI MK TMPUPOJAHUMH W TEXHOTCHHUMH
KOMIIOHEHTAMH MICBKOTO TIPOCTOpPY, BHCTYIIa-
I0YA  CTPYKTYPHO-(DYHKIIIOHAILHOIO OCHOBOIO
cTasioro ypoaHicTH4HOro JaHmmadry.

BripoBapkeHHsT KOHLSIIT JIaHIadTHO-
peKpeariiHoro kKapkaca B MPaKTUKY MPOCTOPO-
BOTO TUIAHYBaHHS € BAKJIMBOIO IEPETYMOBOIO
eKoJIori3alii MicToOyIiBHOI misutkHOCTI. Moro pe-
anisauis 3abesnedye (OPMyBAHHS CKOIOTIIHO
30aJIaHCOBAHOI MiCHKOT CTPYKTYPH, T JBUIILYE SIK-
iCTh Cepe/IOBHIIA TIPOXKUBAHHS, CHPHUSE (HOpMy-
BaHHIO KOM(OPTHOTO MPOCTOPY VIS peKpeartii
HAceJIeHHsI Ta 3MEHIICHHIO HETaTHBHHUX HACHi-
KiB aHTPOIIOT€HHOTO HABAHTa)KEHHSI.

OtpruMaHi pe3ysIbTaTH MarOTh MPUKIIAJIHE
3HAYEHHS Uil PO3POOJICHHS HOPMATHBHO-METO-
JMYHUX JOKYMEHTIB y c(epi eKoJIoTiuHOro Iuia-
HYBAHHS Ta NIPOEKTYBAHHS, 30KpeMa 100 (op-
MYBaHHSI CTaHJAPTIB 1 KPUTEPIiB CTAIOrO MicCh-
KOTO PO3BHTKY.

[Nomanpmr moCHiKeHHST TOUUTLHO CIIPS-
MyBaTH Ha CTBOPEHHS iHTETPOBaHMX LU(POBHX
Mozenei nanamadTHO-peKpealifHoro Kapkaca,
SIKi 0 YMOXKJIMBHIIM HOTO BUKOPHCTAHHS SIK aHAi-
THYHOTO 1HCTPYMEHTY CTpaTeriyHOro yIpas-
JHHSA PO3BUTKOM MICBKHX TEPUTOPIH Ta OLIHKH
X eKOJIOT14HOI e()eKTUBHOCTI.



ISSN 1992-4259 BichHuk XapKiBCbKOr0 HalliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.
Cepist «Exomnoris». 2025. Bumyck 33

Konghnixm inmepecie

ABTOpY 3agBIAIOTH, MO KOHQIIKTY iHTEpECiB moA0 MyOuikamii mporo pykomucy Hemae. Kpim
TOTO, aBTOPH TIOBHICTIO TOTPUMYBAJIUCS €TUYHUX HOPM, BKIIFOYAIOUH IDIariaT, ¢panbcuikamiro JaHuX
Ta MOABIHHY MyOTiKaIliro.

Bnecox aemopis: Bci aBTOpH 3p0OHITN PIBHUI BHECOK Y III0 POOOTY

B po0oTi HE BUKOPHCTAHO PECypC MITYYHOTO IHTENEKTY.
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TAXONOMIC CHARACTERISTICS OF LANDSCAPE AND RECREATIONAL
FRAMEWORK IN THE SYSTEM OF ECOLOGICAL URBAN PLANNING

Purpose. Systematize scientific approaches to defining the essence and structural-functional organization
of the landscape-recreational framework of the city, determine its taxonomic place among other types of urban
frameworks within the framework of ecological planning of territories.

Methods. Analytical, systemic-structural, comparative-terminological, and classification-generalizing
methods were applied, as well as content analysis of scientific and regulatory sources governing the greening of
urban development activities.

Results. An analysis of scientific approaches to interpreting the concepts of “ecological”, “natural-ecolog-
ical”, “green”, and “landscape-recreational” frameworks was conducted. Their interrelationships, hierarchy, and
differentiation according to the degree of anthropogenic impact were determined. An interpretation of the land-
scape-recreational framework as a secondary type of urban framework that combines the spatial-functional and
recreational properties of the formed urban landscape was proposed. The novelty of the study lies in the clarifica-
tion of the terminology and the formation of a systematic model of relationships between types of frameworks in
the city structure. The practical significance of the study lies in the implementation of the concept of a landscape-
recreational framework in the practice of spatial planning and environmental construction standards.

Conclusions. It has been proven that the landscape-recreational framework is a subtype of ecological, nat-
ural-ecological, or natural frameworks and acts as a structural-functional model of a sustainable urban landscape.
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Its implementation contributes to improving the ecological stability of urban systems, preserving biodiversity, and
creating a comfortable urban environment.

KEYWORDS: landscape and recreational framework, ecological urban planning, green system, urban
landscape, spatial planning, sustainable environment, anthropogenic impact, terminological systematization, eco-
logical framework
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MONITORING OF GREENHOUSE GAS EMISSIONS AT MINING AND PROCESSING
PLANTS IN UKRAINE UNDER EUROPEAN INTEGRATION CONDITIONS

Purposes. To develop a scientifically substantiated approach to greenhouse gas emissions monitoring at
mining and processing enterprises in Ukraine in the context of European integration and industrial decarbonization,
ensuring compliance with European Union Emissions Trading System standards and Carbon Border Adjustment
Mechanism requirements.

Methods. The mass balance methodology and the risk matrix through probability and impact assessment
are employed.

Results. For calculating greenhouse gas emissions based on analysis of material flows at one of Ukraine's
leading mining and processing enterprises, sequential technological process analysis is conducted to identify emis-
sion sources, including pellet drying and firing zones, bentonite drying drums, mill circuits, and boiler installations.
Material flow mapping covered input flows (natural gas, coal, limestone, bentonite, iron ore concentrate, biomass)
and output flows (pellets, CO: emissions). A comprehensive risk matrix was developed for assessing monitoring
data quality threats based on probability and impact criteria. Analysis of greenhouse gas emission dynamics in
Ukraine over recent decades revealed significant reduction compared to baseline levels, primarily resulting from
economic crises and armed conflicts rather than purposeful climate policy. For the examined enterprise, total an-
nual CO: emissions were calculated, with natural gas accounting for the dominant share, followed by limestone
decarbonization, iron ore concentrate processing, and bentonite. International practice analysis demonstrates that
leading global producers achieve substantially lower emission levels per tonne of pellets through effective moni-
toring systems and decarbonization strategies.

Conclusions. The mass balance methodology proves optimal for mining and processing enterprises, ensur-
ing comprehensive accounting of all significant emission sources, including process emissions from carbonate
material decarbonization. The developed risk matrix enables systematic threat management through probability
and impact assessment. Implementation of certified monitoring systems is critically necessary for

© Kireitseva H. V., Khomenko S. V., Palii O. V., Kravchuk-Obodzinska T. V., Suprunova I. V., 2025
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

121


https://doi.org/10.26565/1992-4259-2025-33-09
mailto:gef_kgv@ztu.edu.ua
https://orcid.org/0000-0002-1055-1784
mailto:org_hsv@ztu.edu.ua
https://orcid.org/0009-0002-7463-7867
mailto:org_hsv@ztu.edu.ua
https://orcid.org/0000-0001-9239-4956
mailto:ke_ktv@ztu.edu.ua
https://orcid.org/0000-0002-1898-2837
mailto:kbo_siv@ztu.edu.ua
https://orcid.org/0000-0002-5800-3023
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

ISSN 1992-4259 BichHuk XapKiBCbKOr0 HalliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.
Cepist «Exomnoris». 2025. Bumyck 33

Ukrainian mining enterprises to maintain competitiveness in international markets and comply with European
climate requirements.
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Introduction

Global greenhouse gas emissions demon-
strate critical trends, having reached historical
peaks of 59+6.6 GtCO--eq in 2019, representing
a 54% increase over 1990 levels [1]. Analysis
of data from the Sixth Assessment Report Syn-
thesis Report (IPCC 2023) reveals significant
regional disparities in climate system impacts.
This results from the uneven nature of industri-
alization, and these disparities persist under cur-
rent global economic conditions. The growth of
greenhouse gas emissions over recent decades
demonstrates a rapid acceleration of anthropo-
genic influence on the climate system, particu-
larly after the 1950s, when the period of the so-
called "Great Acceleration” of industrial devel-
opment began.

The regional distribution of cumulative
CO: emissions from 1850 to 2023 demonstrates
significant inequality in historical responsibility
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for climate change. North America holds the
dominant position in historical cumulative
emissions, accounting for 23% of all anthropo-
genic CO: emissions since 1850. Europe
demonstrates the second-largest contribution
(16%), reflecting its role as the center of the In-
dustrial Revolution and early development of
the fossil fuel economy. East Asia, despite its
significant contemporary contribution, accounts
for 12% of historical cumulative emissions, in-
dicating the relatively late inclusion of this re-
gion in industrialization and urbanization pro-
cesses [2].

Figure 1 reveals a fundamental restruc-
turing of Ukraine's greenhouse gas emission
profile from 1990 to 2023. While total emis-
sions decreased 28.6% (964 to 688 Mt CO.-eq),
the composition shifted dramatically. Tradi-
tional gases declined substantially - CO. by

1990 1995 2000 2005 2010 2015 2016 2017 2018 2019 2020 2021 2022 2023

m CO2 (excluding LULUCF) CH4

Years

mN20 m HFCs m PFCs m SF6

Fig. 1 — Dynamics of greenhouse gas emissions in Ukraine from 1990 to 2023
(developed by the authors based on [3])
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80.3% (706 to 139 Mt), CHa4 by 70.0% (209 to
63 Mt), and N2O by 41.2% (49 to 29 Mt)- pri-
marily due to economic transformation and in-
dustrial restructuring. Conversely, HFCs in-
creased exponentially from near-zero to 2,423
Mt CO2-eq (352% of traditional gas emissions),
reflecting Montreal Protocol implementation.
This structural transformation necessitates com-
prehensive monitoring at mining and processing
enterprises that accounts for both declining
combustion-related emissions and emerging
fluorinated gas sources [4].

Analysis of greenhouse gas emissions by
economic sectors in Ukraine reveals the domi-
nant contribution of energy production and
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heavy industry to the national carbon footprint.
According to the National Inventory of Anthro-
pogenic Emissions, the energy sector consist-
ently accounts for the largest share of total
greenhouse gas emissions, representing approx-
imately 64% of national emissions (excluding
the Land Use, Land-Use Change and Forestry -
LULUCEF sector) in recent years (Fig. 2) [3].
The industrial processes and product use sector
constitutes the second-largest emission source,
contributing approximately 18% of total emis-
sions, with a historical peak of over 200 Mt
CO2-eq in 1990 declining to approximately 60
Mt CO:-eq by 2023 following economic re-
structuring and industrial modernization.

BEEREREEEREEREERE 2 B
s - s 8

Fig. 2 — GHG emissions and removals by sector in Ukraine, Mt CO--eq. in Ukraine from 1990 to 2023 [3]

Within the industrial processes sector,
metallurgy traditionally dominates with approx-
imately two-thirds of sectoral emissions, fol-
lowed by chemical industry (approximately
17%) and mineral products manufacturing in-
cluding cement and lime production [3]. Mining
and processing enterprises constitute a critical
component of both the energy and industrial
processes emissions profile. Statistical data for
2020 demonstrates that metallurgical produc-
tion generated 729,854 tonnes of pollutants and
greenhouse gases from stationary sources,
while extractive industry and quarrying opera-
tions contributed 365,586 tonnes. These figures
underscore the substantial carbon intensity of
mining and processing operations, which gener-
ate emissions through multiple pathways: direct
combustion of fossil fuels in technological pro-
cesses,  process emissions  from  ore
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beneficiation and pelletization, and chemical
transformations during mineral processing.
Therefore, in Ukraine, emissions reduc-
tion occurred through the destruction of indus-
trial infrastructure as a result of Russia's full-
scale war, which takes on particular signifi-
cance in the context of European climate re-
quirements Ukraine's commitments under the
Paris Agreement on emission reductions, com-
bined with European integration requirements,
necessitate harmonization of national monitor-
ing systems with EU standards, specifically the
European Union Emissions Trading System
(EU ETS) and the Carbon Border Adjustment
Mechanism (CBAM) [5]. The implementation
of CBAM from 2026 creates direct economic
incentives for accurate emissions accounting, as
Ukrainian exporters of iron ore products will



ISSN 1992-4259 BichHuk XapKiBCbKOr0 HalliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.

Cepist «Exomnoris». 2025. Bumyck 33

have to pay carbon charges when importing to
the EU [6].

Mining and processing enterprises
(MPEs) form the backbone of the Ukrainian
economy, providing approximately 85% of iron
ore raw material exports and a significant por-
tion of foreign currency earnings, while being
characterized by high specific CO2 emissions
resulting from energy-intensive pelletizing and
ore beneficiation processes. The complexity of
technological processes at MPEs creates meth-
odological challenges for accurate determina-
tion of greenhouse gas emission sources and
volumes, requiring consideration of both direct
emissions from fuel combustion and process
emissions from decarbonization of carbonate
materials [7]. Ukrainian MPEs need to invest 2-
3 billion euros by 2030 to achieve decarboniza-
tion goals, while the destruction of industrial in-
frastructure due to Russian aggression creates a
unique opportunity for implementing modern,
energy-efficient technologies instead of restor-
ing outdated energy-intensive industries [8].

Leading global iron ore producers
demonstrate significant progress in implement-
ing effective carbon monitoring systems, creat-
ing a methodological foundation for strategic
decarbonization planning in the industry. Swe-
dish company LKAB has set global efficiency
standards, achieving an emission level of 31 kg
CO: per tonne of pellets in 2013, representing
an 84% reduction compared to 1960 [9]. Arce-
lorMittal has developed a comprehensive mon-
itoring system as part of its strategy to achieve
net-zero emissions by 2050, setting an interim
target of 30% emission reduction by 2030 for
European operations [10]. Chinese metallurgi-
cal companies demonstrate experience in large-
scale monitoring with an average emission level
of 58.5 kg CO: per tonne of pellets and have
achieved emission reductions of over 60% for
automotive products [11]. Modern systems are
characterized by the implementation of digital
technologies and integration with international
reporting standards [12].

The main centers of mining and pro-
cessing industry are Kryvyi Rih, where the larg-
est iron ore mining and processing enterprises
are located, such as Pivdennyi (Southern),
Pivnichnyi (Northern), Tsentralnyi (Central),
Inguletskyi, Poltava - Poltavskyi Mining and
Processing Plant, and other mining and pro-
cessing enterprises of Ukraine - Bilanivskyi
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Mining and Processing Plant, Verkhnodniprov-
skyi Mining and Metallurgical Plant, Yer-
ystivskyi  Mining and Processing Plant,
Komysh-Burunskyi Iron Ore Plant, Marga-
netskyi Mining and Processing Plant, and oth-
ers. These enterprises ensure the extraction and
beneficiation of iron ore, producing concen-
trate, pellets, and agglomerate for the metallur-
gical industry [13].

Mining and processing enterprises are
subject to Ukrainian regulations governing the
monitoring, reporting and verification of green-
house gas emissions, with legal frameworks de-
fined by the Law of Ukraine "On the Principles
of Monitoring, Reporting and Verification of
Greenhouse Gas Emissions" and related subsid-
iary legislation that incorporates European cli-
mate policy standards. The classification of
mining and processing enterprises as subjects of
the monitoring, reporting and verification pro-
cedure is determined by the nature of their pro-
duction activities, which generate significant
volumes of greenhouse gases through fossil fuel
combustion in technological processes, electric-
ity consumption, blasting operations, operation
of quarry transport, and functioning of benefi-
ciation facilities. In terms of technical parame-
ters and capacity, most mining and processing
enterprises in Ukraine exceed the emission
threshold values established by legislation,
which automatically includes them in the list of
installations subject to mandatory monitoring
[14].

Analysis of international experience con-
firms the relevance of addressing greenhouse
gas emissions monitoring at mining and pro-
cessing enterprises in Ukraine, which is deter-
mined by the need for integration with Euro-
pean standards and achieving competitiveness
in international markets. However, analysis of
scientific research reveals significant gaps re-
garding the adaptation of international monitor-
ing methodologies to the specifics of Ukrainian
MPEs, comprehensive approaches to material
flow mapping, and practical aspects of imple-
menting monitoring, reporting and verification
systems in the context of environmental safety
and sustainable development. Ukrainian scien-
tists have explored various aspects of emissions
monitoring and the sustainable utilization of the
country's natural resources in their research
[15]. Performed an extensive examination of in-
novative strategies for sustainable natural
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resource management in Ukraine, evaluating
contemporary trends and obstacles within the
European integration framework [16]. How-
ever, these studies do not examine specific
methodological aspects of emissions monitor-
ing at mining and processing enterprises and
practical challenges of material flow mapping
in the context of CBAM requirements.

Purpose is to develop a scientifically sub-
stantiated approach to greenhouse gas emis-
sions monitoring at mining and processing en-
terprises in Ukraine in the context of European
integration and industrial decarbonization, en-
suring compliance with European Union Emis-
sions Trading System standards and Carbon
Border Adjustment Mechanism requirements.

Materials and Research Methods

The study was conducted at one of
Ukraine's leading mining and processing enter-
prises, which specializes in iron ore (magnetite)
extraction, primary processing, ore beneficiation,
and pellet production. The enterprise belongs to
the category of large iron ore producers, providing
a significant share of Ukraine's iron ore raw mate-
rial exports. The enterprise comprises 29 work-
shops and subdivisions, the main ones being the
mining workshop, railway workshop, crushing
and beneficiation plant, pellet production work-
shop, beneficiation plant tailings management
workshop, off-rail transport workshop, finished
product dispatch workshop, and internal logistics
service.

The selection of this enterprise was deter-
mined by its representativeness for the industry,
the availability of a complete technological cycle
for pellet production, and the possibility of obtain-
ing technical data necessary for conducting emis-
sion assessments.

The study was based on analysis of the en-
terprise's production reports, technical documen-
tation of technological processes, equipment spec-
ifications, and records of raw materials and fuel
consumption for 2023. Additionally, official
greenhouse gas emission factors published by the
Ministry of Environmental Protection and Natural
Resources of Ukraine and data from the National
Inventory of Anthropogenic Emissions by
Sources and Removals by Sinks of Greenhouse
Gases were used.

The regulatory framework for the study in-
cluded the Law of Ukraine "On the Principles of
Monitoring, Reporting and Verification of Green-
house Gas Emissions," Resolution of the Cabinet
of Ministers No. 960 "On Approval of the Proce-
dure for Monitoring and Reporting Greenhouse
Gas Emissions," as well as European regulations
EU ETS and CBAM requirements [17].

Identification of activity types was carried
out through sequential analysis of the enterprise's
technological processes following the metho-
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dology recommended by the Ministry of Environ-
ment in the Recommendations for Interpretation
of Installation Activity Types. At the first stage, a
technical audit of the installation was conducted
with determination of installation boundaries in
such a way as to maximally cover all equipment
related to activity types included in the List of Ac-
tivity Types or having technological connection
with such activity types. At the second stage, an
inventory of all fuel combustion equipment was
performed, establishing each unit's nominal ther-
mal capacity based on manufacturer technical
documentation.

Sources of greenhouse gas emissions were
determined via comprehensive examination of the
enterprise’s technological operations. Based on
pellet production technological schemes, key
stages accompanied by CO: emissions were deter-
mined: pellet drying and firing zones, bentonite
drying drums, mill circuits, steam and hot water
boilers.

Determination of material flows was con-
ducted in accordance with mass balance principles
with identification of input flows (natural gas,
limestone, bentonite, iron ore concentrate, sun-
flower husks) and output flows (pellets, CO2 emis-
sions). For each material flow, consumption/pro-
duction volumes and carbon content coefficients
were determined.

Effective monitoring at mining and pro-
cessing enterprises requires selecting an appropri-
ate calculation methodology. According to the
Cabinet of Ministers Resolution No. 960 "On Ap-
proval of the Procedure for Monitoring and Re-
porting Greenhouse Gas Emissions” and Euro-
pean regulations EU ETS, there are three main
methodologies: standard calculation-based meth-
odology, mass balance methodology, and contin-
uous measurement-based methodology [18].

Examining MPE technological processes
reveals challenges in identifying the most suitable
greenhouse gas emissions monitoring methodol-
ogy. Pellet production includes not only natural
gas combustion, but also process emissions from
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decarbonization of carbonate materials, oxidation
of organic components in iron ore concentrate,
and thermal treatment of biomass. Energy-inten-
sive iron ore processing processes are character-
ized by multiple CO: emission sources, requiring
a comprehensive approach to their guantitative
determination [19]. The standard methodology is
unable to adequately account for the full complex-
ity of these processes, as it is based only on fuel
combustion factors and does not consider process
emissions from chemical transformations of raw
materials.

The continuous measurement methodol-
ogy has significant limitations due to multiple
emission points, requiring substantial capital ex-
penditures, lack of qualified personnel, and com-
plex operating conditions. Implementation of con-
tinuous monitoring systems at mining and pro-
cessing enterprises faces technical challenges due
to aggressive environments and the need for sim-
ultaneous control of dozens of emission points
[20].

The mass balance methodology was
adopted for greenhouse gas emissions assessment
based on the analysis findings and Cabinet of
Ministers Resolution No. 960 as this methodology
is most appropriate for the following reasons: it
ensures comprehensive accounting of all signifi-
cant emission sources, including process emis-
sions from limestone decarbonization; demon-
strates optimal ratio of accuracy and economic ef-
ficiency; is based on existing production account-
ing data; ensures full compliance with European
EU ETS standards; allows for phased implemen-
tation without disrupting the production process.
In their studies of the carbon footprint of iron ore
extraction, [21] confirm that the mass balance
methodology provides the most accurate assess-
ment of CO2 emissions from technological pro-
cesses with minimal implementation costs.

CO: emissions were calculated using the
mass balance formula:

CO,emissions = (Cinput — Cproduct) X

3.664 (1)

where: Cippyt - Mass of carbon in all types

of fuel and carbon-containing materials consumed
in activities during the year, t;

Cproduct - Mass of carbon in all products
resulting from activities during the year, t;

3.664 - conversion factor for converting the
molar mass of carbon to COs..

The carbon content in input materials was
calculated using the formula:
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Cinput = Z(Vinput X Ccinput)a @)

where: Vippye- Volume of carbon-contain-
ing materials consumed in activities, t,

CCinput- Carbon content in carbon-con-

taining materials consumed in activities, t C/t.

The carbon content in products resulting
from activities during the year, measured in tonnes
of carbon, is calculated using formula (3):

Cproduct = Z(Voutput X CCoutput)v (3)

where: Vo tput - Volume of products result-
ing from activities, t,

CCoutput - carbon content in products re-
sulting from activities, t C/t.

For the identified material flows at the min-
ing and processing plant, carbon content coeffi-
cients are used according to the detailed reference
values of calculation coefficients published annu-
ally on the official website of the Ministry of En-
vironmental Protection and Natural Resources, or
in their absence, coefficients that were used for the
latest National Report (inventory) on anthropo-
genic emissions by sources and removals by sinks
of greenhouse gases submitted by Ukraine to the
Secretariat of the United Nations Framework
Convention on Climate Change and according to
the data from the IPCC Guidelines for National
Greenhouse Gas Inventories.

It is important to use current coefficients
that ensure the reliability of the national green-
house gas emissions inventory submitted to the
UNFCCC Secretariat. Inaccurate coefficients can
lead to significant distortion of total emissions
data. Ukraine, as a Party to the Paris Agreement
and the UNFCCC, is obligated to provide accurate
information on greenhouse gas emissions. Regu-
lar updating of coefficients in accordance with an-
nual publications by the Ministry of Environmen-
tal Protection and Natural Resources and national
inventory data ensures adherence to methodolog-
ical consistency and compliance with interna-
tional reporting standards. Annual updating of co-
efficients for main fuel types (natural gas, coke,
coal) and materials (limestone, steel, cast iron, fer-
roalloys) reflects changes in their composition and
production technologies, ensuring the relevance
of emissions calculations.

Emissions from fuel combustion are cal-
culated separately according to the formula:

CO,emissions = AD X NCV x EF x OF,
(4)
where: CO,emissions - emissions from

fuel combustion, t COz,
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AD - activity data: fuel consumption vol-
ume, t or thousand m?,

NCV - net calorific value of fuel, GJ/t or
GJ/thousand m?,

EF - CO: emission factor for fuel, t CO2/TJ,

OF - oxidation factor for fuel, dimension-
less.

Data Quality Risk Assessment Method-
ology. A 5x5 risk matrix has been developed for
managing monitoring data quality risks, based on

the assessment of the probability of risk events oc-
currence and their potential impact on the accu-
racy of reported data. Probability was assessed
from level 1 (0.5% per year) to level 5 (50% per
year), while impact ranged from 28.3 t CO: to
11,329.6 t CO..

The integral risk assessment was calculated
as the product of probability and impact, with sub-
sequent classification into low, medium, and high
risk levels.

Results and Discussion

Based on the conducted analysis of tech-
nological processes at the enterprise, two key
activities have been identified that generate
greenhouse gas emissions: roasting and sinter-
ing of metal ore (in the pellet production pro-
cess) and fuel combustion in high thermal ca-
pacity installations.

The study showed that the predominant
part of greenhouse gas generation processes is
concentrated in the pellet production work-
shops, which is associated with the processing
of carbon-containing materials: iron ore con-
centrate, limestone, and bentonite. Analysis of
the pellet production workshop structure re-
vealed the presence of a pelletizing and firing
building, transfer nodes, limestone grinding
building, bentonite receiving, crushing and dry-
ing building, limestone solution preparation
section, and filtration and pelletizing facilities.
Investigation of the technological cycle estab-
lished that the process begins with the supply of
iron ore concentrate in the form of pulp from the
crushing and beneficiation plant, followed by
thickening and dewatering on vacuum filters. In
parallel, preparation of charge materials — lime-
stone and bentonite — was identified, which ar-
rive by rail transport, are unloaded into receiv-
ing bunkers, and ground on mill circuits. Re-
search results confirmed that part of the carbon
present in the raw materials undergoes oxida-
tion during charge preparation and pellet firing,
leading to carbon oxide emissions into the at-
mosphere through identified emission points —
chimneys of firing machines, mill circuits, and
rotary dryers. Additionally, supplementary
emission sources were identified in the form of
numerous combustion installations and boiler
houses located in various structural divisions of
the combine for space heating and hot water

supply.
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Based on the results of the conducted
analysis of the main stages of the technological
process, it was established that the sources of
greenhouse gas emissions include: pellet drying
zones, bentonite drying drum, mills, steam and
hot water boilers, infrared heat radiators, gas
heating furnaces, and drying drums. The study
showed that each identified source has a corre-
sponding emission point — a chimney through
which greenhouse gas emissions are released
into the atmosphere.

During the study, after identifying emis-
sion sources and points, the necessity of estab-
lishing material flows was determined — physi-
cal flows of substances or materials containing
carbon that enter the enterprise, are used in tech-
nological processes, and leave the enterprise in
the form of products or emissions. The analysis
confirmed that material flow can be of input na-
ture (raw materials, fuel) or output nature (fin-
ished products, waste, emissions).

Based on the study results, the following
material flows were identified for greenhouse
gas emissions monitoring purposes:

Fuel gas;

Limestone (input material flow);

Coal (input material flow);

Bentonite (input material flow);

Iron concentrate (input material flow);
Iron ore pellets (Output material flow);
Coal;

Sunflower husk as biofuel.

Based on the obtained results of emission
sources and material flows identification, a
schematic diagram of material flows was devel-
oped (Fig. 3). The diagram visually demon-
strates the key system elements identified dur-
ing the study: input material flows include iron
ore concentrate, limestone, bentonite, fuel gas,
and coal, which enter the pelletizing plant.



ISSN 1992-4259 BichHuk XapKiBCbKOr0 HalliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.

Cepist «Exomnoris». 2025. Bumyck 33

Gans disnbution networks

oW

Auxilary production

?
sl Ban
g ges

R —

Coul

sas distnibation networks

Output material flow

Fig. 3 — Material flows diagram (developed by the authors)

The scheme reflects the process of trans-
forming input raw materials into output material
flow — iron ore pellets, which are transported by
rail.

The identification of material flows allows
for accounting both direct emissions (from fuel
combustion) and process emissions (from chemi-
cal transformations in raw materials). At mining
and processing plants, carbon contained in lime-
stone and other carbonate materials is released
during thermal treatment in the form of CO.. This
approach ensures complete coverage of all signif-
icant emission sources. Subsequently, detailed
analysis of material flows provides the basis for
modeling technological processes and developing
innovative solutions for greenhouse gas emissions
reduction.

The mass balance method was used to cal-
culate greenhouse gas emissions, since the enter-
prise lacks a certified laboratory that could per-
form continuous measurements, and its establish-
ment would result in significant unjustified costs.
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CO: emissions calculations were per-
formed stepwise according to the selected meth-
odology. In the first stage, data were collected on
the consumption volumes of all identified material
flows for the reporting period: fuel gas (77 000
thousand m?), limestone (50 000 t), bentonite (85
3481), iron concentrate (4 546 49011), coal (130.15
t) and the volume of produced products - iron ore
pellets (5125 342 t). In the second stage, corre-
sponding emission factors were determined for
each material flow according to the official refer-
ence values of the Ministry of Environmental Pro-
tection and Natural Resources and the national
greenhouse gas emissions inventory of Ukraine.
For fuel gas, an emission factor of 55.7 t CO2/TJ
was used with a net calorific value of 34.5
GJ/1000 m? and an oxidation factor of 1, for coal,
an emission factor of 94.5 t CO»/TJ was used with
a net calorific value of 22.0 GJ/1000 m*® and an
oxidation factor of 1. For carbon-containing mate-
rials, carbon content coefficients were applied: for
limestone and bentonite - 0.121 t C/t, for iron con-
centrate - 0.00628393 t C/t, for iron ore pellets -
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0.00084918 t C/t. In the third stage, emissions
from natural gas combustion were calculated us-
ing formula (4), while emissions from process ma-
terials were calculated using mass balance formu-
las (1-3) taking into account the conversion factor
of carbon molar mass to CO: (3.664). Total CO:
emissions were determined as the sum of emis-
sions from all identified sources.

The results of the conducted calculations
are systematized in Table 1, which demonstrates
the contribution of each material flow to the total
greenhouse gas emissions of the enterprise.

Since the sunflower husk material flow is
a biomass material flow, according to Resolu-
tion 960, if the material flow consists exclu-
sively of biomass, the greenhouse gas emission
factor from biomass use equals zero.

Table 2 presents the quantitative indicators
of carbon dioxide emissions from various material
flows of the mining and processing plant.

Analysis of the tabulated data reveals that
coal constitutes the predominant contributor to to-
tal greenhouse gas emissions, with an emission

Table 1

Calculation of CO: emissions from material flows of the mining and processing plant
using the mass balance methodology

Material flow Consu\g&t:gg/Sales Emission factor NCV/EF OF
Fuel gas 77000 thousand m? 55.7 t CO2/TJ 34.5 GJ/1000 m? 1
Limestone 50000 t 0.121tC/t 3.664 -
Bentonite 85348 t 0.121tC/t 3.664 -
Iron concentrate 4546490 t 0.00628393 t C/t 3.664 -
Iron ore pellets 5125342 t 0.00084918 t C/t 3.664 -
Coal 130.15t 94.5t CO2/TJ 22 GJ/1000 m? 1
Table 2

CO: emissions from material flows

No 3/im Material flow CO:2 emissions, t

1 Fuel gas 147967.05

2 Limestone 22167.20

3 Bentonite 1965.08

4 Iron concentrate 14145.93

5 Iron ore pellets -6499.88

6 Coal 270 581.85

7 Sunflower husk 0

8 Total CO: emissions (excluding biomass) 450 327.23

volume of 270,581.85 t CO., representing ap-
proximately 60% of aggregate emissions. The el-
evated emission level is attributable to substan-
tial carbon content and intensive utilization of
solid fuel in metallurgical production energy cy-
cles. Natural gas represents the second-largest
emission source at 147,967.05 t CO-, accounting
for approximately 33% of total emissions. Not-
withstanding lower specific emissions relative to
coal, considerable natural gas consumption vol-
umes establish it as the secondary critical source
of greenhouse gases at the facility. Limestone
generates 22,167.20 t CO., associated with ther-
mal decarbonization processes of carbonate min-
erals during high-temperature processing. Iron
ore concentrate utilization results in emissions of
14,145.93 t CO-, reflecting the energy intensity
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of ore beneficiation processes and logistics oper-
ations. Bentonite, employed in molding opera-
tions, exhibits the minimal emission level among
principal material flows at 1,965.08 t CO-. Sun-
flower husks demonstrate zero emissions, con-
sistent with biomass carbon neutrality principles
and biogenic emission accounting methodology.
Structural analysis of the enterprise emission
profile demonstrates fossil fuel dominance in the
overall carbon footprint, with coal and natural
gas collectively accounting for over 93% of cu-
mulative CO: emissions. This necessitates a
comprehensive decarbonization approach to en-
ergy processes, encompassing equipment mod-
ernization for enhanced coal utilization energy
efficiency and natural gas consumption optimi-
zation.
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Effective functioning of the monitoring,
reporting and verification system for greenhouse
gas emissions at mining and processing plants re-
quires a comprehensive approach to risk man-
agement, which can significantly affect the accu-
racy and reliability of reported data. Risk analy-
sis is a critically important component of the in-
ternal quality control system, as it allows for the
identification of potential threats to data integrity
and the development of preventive measures for
their minimization. Table 3 presents a risk matrix
that shows impact levels (in t CO:) and probabil-
ity (in % probability that an incident will occur
within one year), as well as the risk assessment

result (probability multiplied by impact). Three
risk levels are distinguished: low (green color),
medium (yellow), and high (red).

The presented risk matrix represents a
structured tool for assessing threats to the mon-
itoring, reporting and verification system for
greenhouse gas emissions, built on a two-di-
mensional approach considering the probability
of risk events occurrence and their potential im-
pact on the accuracy of reported data. The ma-
trix has a classic 5x5 structure, which ensures
an optimal balance between assessment detail
and practical application in industrial enterprise
conditions.

Table 3
Risk matrix
Probability | Impact 1 3 4 5
28.3 283.22 566.5 28324 11329.6
1 0.005 14.2 56.6
2 0.01 5.7 28.3
3 0.1 28.3 56.6
4 0.2 5.7 56.6
5 0.5 14.2

The vertical axis of the matrix reflects the
gradation of risk event occurrence probability
from level 1 (0.5% probability per year) to level
5 (50% probability per year), which allows for
differentiating events from extremely rare to
those with high likelihood of realization during
the operational period. The horizontal axis char-
acterizes the potential impact of risk events on
monitoring data quality, expressed in CO:
equivalent tonnes, with a range from 28.3 t CO:
(minimal impact) to 11,329.6 t CO2 (critical im-
pact), corresponding to different scenarios of
monitoring system integrity violations.

The quantitative values in the matrix cells
represent an integral risk assessment calculated
as the product of probability and impact, which
allows for obtaining a weighted measure of crit-
icality for each threat category. This methodol-
ogy ensures objective risk ranking and rational
allocation of resources for preventive measures.
The lowest risk values (0.1-14.2) characterize
events with minimal impact on monitoring sys-
tem functioning, while the highest values
(1.133.0-5.664.8) correspond to critical threats
capable of causing systemic violations of re-
porting reliability.

The risk matrix, which distinguishes
three threat levels based on probability and im-
pact criteria, allows for establishing priorities
for resource allocation to control measures.
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Implementation of a systematic approach to risk
management not only ensures compliance with
regulatory requirements, but also creates a foun-
dation for increasing stakeholder confidence in
enterprise reporting, which is critically im-
portant in the context of participation in interna-
tional carbon markets and attracting green in-
vestments.

Unreliable monitoring data can lead to
serious legal and financial consequences for the
enterprise. According to Ukrainian legislation
on monitoring, reporting and verification of
greenhouse gas emissions, operators are obli-
gated to ensure accuracy and completeness of
reported data. Failure to meet these require-
ments may result in administrative sanctions,
fines and loss of operating licenses. In the con-
text of implementing the European Union's Car-
bon Border Adjustment Mechanism (CBAM)
from 2026, inaccurate emissions data may lead
to additional financial obligations when export-
ing products to the EU. Risk systematization by
technological processes allows for identifying
several key threat categories. Measurement
equipment risks include power supply failures,
accounting instrument malfunctions and data
transmission disruptions. Particularly critical
are natural gas meter failure risks, as this mate-
rial flow accounts for over 82% of the enter-
prise's total emissions. To minimize such risks,
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it is necessary to implement autonomous power
sources, backup accounting instruments and
data verification through supplier invoices. Au-
tomated data registration risks encompass tech-
nical failures of computer equipment, virus in-
fections and information system security
breaches. Effective control measures include
implementing enhanced information security
systems, regular database backups and archiv-
ing primary data sources. A significant category
comprises errors in data transmission processes
and emissions calculations, which are charac-
terized by high potential impact levels. To min-
imize these risks, implementation of the two-
person verification principle and conducting
cross-checks with previous years' results is crit-
ically important. Laboratory analysis risks in-
clude loss of research results, non-representa-
tive samples and analysis inaccuracies. Control
measures should include regular transfer of re-
sults to electronic files, assignment of multiple
responsible persons and annual laboratory certi-
fication by independent organizations.
Although the studied enterprise has not
experienced significant data quality incidents
since the implementation of the MRV system,
the probability levels in the matrix are substan-
tiated by analysis of documented cases at com-
parable mining and processing enterprises in
Ukraine and the international metallurgical in-
dustry. In particular, high probability levels (4-
5) are attributed to risks of measurement equip-
ment failure resulting from electrical supply in-
stability, which triggered over 500 emergency
shutdowns in Ukraine's energy system during
2022-2023, whereas medium levels (2-3) repre-
sent typical rates of manual data entry errors (5-
15% according to international research) and

industrial equipment failures (0.5-1.5% annu-
ally per reliability engineering standards).

The conducted study has a number of
methodological limitations that should be con-
sidered when interpreting the results and their
extrapolation to other industry enterprises.

First, the empirical analysis is based ex-
clusively on data from one mining and pro-
cessing plant, which may not fully reflect the
specifics of technological processes and emis-
sion structure of other Ukrainian mining and
processing plants due to differences in raw ma-
terial base, technological equipment, energy
characteristics and production scales.

Second, the study covers only one report-
ing period, which prevents analysis of emission
dynamics, identification of seasonal fluctua-
tions and long-term trends necessary for fore-
casting and planning decarbonization measures.

Third, although the developed methodol-
ogy for identifying material flows is universal
in nature, its practical application requires vali-
dation at enterprises with different technologi-
cal schemes (for example, mining and pro-
cessing plants with different types of firing ma-
chines, alternative types of fluxes, other energy
carriers) to confirm its general applicability and
calculation accuracy.

Furthermore, the study does not account
for indirect emissions from electricity consump-
tion (Scope 2), which may lead to underestima-
tion of the total carbon footprint of enterprises.
Further research should be directed toward ex-
panding the empirical base through involve-
ment of data from multiple mining and pro-
cessing plants, conducting multi-year monitor-
ing and including all emission categories in ac-
cordance with international reporting standards.

Conclusions

The conducted study enabled the develop-
ment of a comprehensive scientifically grounded
approach to greenhouse gas emissions monitoring
at Ukrainian mining and processing plants, which
considers the specifics of technological processes
and European integration requirements. Analysis
of greenhouse gas emission dynamics in Ukraine
for the period 1990-2023 revealed a paradoxical
situation where the 62.5% emission reduction
compared to the baseline 1990 occurred primarily
as a result of economic crises, structural changes
in the economy and military conflicts, rather than
through implementation of targeted environmen-
tal decarbonization policy. This creates a unique
challenge for the country's post-war reconstruc-
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tion, as it is necessary to ensure economic growth
without proportional increase in greenhouse gas
emissions and utilize opportunities for implement-
ing modern low-carbon technologies.

Based on the study results using the exam-
ple of one of Ukraine's leading mining and pro-
cessing plants, it was established that total annual
CO: emissions amount to 179 745.38 tonnes, with
the emission structure characterized by natural gas
dominance (82.3%), which emphasizes the indus-
try's critical dependence on fossil fuel and the ne-
cessity of priority energy efficiency measures.
The second most significant material flow - lime-
stone (12.3%) - reflects process emissions from
carbonate material decarbonization, while iron ore
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concentrate accounts for 7.9% of emissions
through carbon-containing components in raw
materials. It was established that finished product
export (pellets) ensures carbon removal from the
enterprise equivalent to 6 499.88 t CO., which
constitutes 3.6% of total emissions and demon-
strates the importance of accounting for output
material flows for accurate determination of the
enterprise's net emissions.

The feasibility of applying the mass bal-
ance methodology for calculating greenhouse gas
emissions at mining and processing plants has
been substantiated as an optimal approach that en-
sures comprehensive accounting of all significant
emission sources, including process emissions
from carbonate material decarbonization, demon-
strates optimal balance between accuracy and eco-
nomic efficiency, is based on existing production
accounting data and ensures full compliance with
European EU ETS standards. The developed 5x5
risk matrix allows for systematizing threats to
monitoring data quality by probability and impact
levels, providing a scientifically grounded ap-
proach to risk management through establishing
clear criteria for threat classification and defining
appropriate response strategies.

Practical recommendations of the study in-
clude phased implementation of a greenhouse gas
emissions monitoring system based on the mass
balance methodology with initial focus on the
most significant material flows (natural gas and
limestone), which account for over 94% of the en-
terprise’s total emissions. It is necessary to ensure
installation of certified measuring equipment for
natural gas consumption accounting with backup
control systems, implementation of automated

data collection and processing systems with regu-
lar backup copying, development of internal qual-
ity control procedures with two-person verifica-
tion principle and annual laboratory certification
by independent organizations. It is recommended
to establish a specialized greenhouse gas emis-
sions monitoring unit with qualified personnel and
implement a system of continuous professional
development in accordance with European legis-
lation updates. To prepare for CBAM implemen-
tation from 2026, it is necessary to ensure full
compliance of monitoring systems with European
standards, develop reporting verification proce-
dures by accredited organizations and create a
document management system that meets interna-
tional reporting requirements.

Directions for further research should be
focused on expanding the empirical base through
conducting comprehensive analysis of emissions
monitoring systems at all major mining and pro-
cessing plants in Ukraine to validate the devel-
oped methodology and identify industry-specific
features. Promising is the research on possibilities
of integrating indirect emissions from electricity
consumption (Scope 2) and emissions from logis-
tics operations (Scope 3) to ensure complete life
cycle assessment of enterprise carbon footprint. A
promising direction is research on possibilities of
applying digital technologies, including artificial
intelligence and machine learning, for automating
monitoring processes and forecasting greenhouse
gas emissions, as well as developing integrated
carbon footprint management systems that com-
bine emissions monitoring with production pro-
cess optimization and strategic enterprise decar-
bonization planning.
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MOHITOPHUHI" BUKUIB ITIAPHUKOBUX I'A3IB
HA I'TPHAYO-3BATAUYBAJIbHUX KOMBIHATAX YKPATHA
B YMOBAX €BPOIHTEI PAIIIT

Iini. Po3po6ury HaykoBO OOIPYHTOBAHMH MiJXiJ] 10 MOHITOPHHIY BUKH/IB IIADHUKOBHX ra3iB Ha TipHH-
40/100yBHUX Ta IIEPEPOOHUX IMiIPHEMCTBAX YKpaiHU B KOHTEKCTI €BpOIEiichKol iHTerpaii Ta mpoMuciioBoi Je-
kapOoHi3aii, 3a0e3neuyroun JOTpUMaHHs craHnapTiB Cuctemu Toprieiii BUKugaMu €Bporeiickkoro Coro3y Ta
BUMOT MexaHi3My KOPUT'YBaHHS ByIJIELIEBUX KOP/IOHIB.

MeTtoan. BUkopucTOBY€ETBCSI METO/I0JIOTIS OaNaHCy Macu Ta MaTpHI PU3KKIB IIUISIXOM OL[IHKH HMOBIpHO-
CTi Ta BILUTUBY.

PesyasTaTn. {115 po3paxyHKy BHKHJIIB TApHUKOBHX Tra3iB Ha OCHOBI aHAJi3y MaTepiaJbHHUX MOTOKIB Ha
OJTHOMY 3 TIPOBiTHHUX TipHUYOMOOYBHHX Ta MEPEpOOHUX MiAIMPUEMCTB YKpaiHH MPOBEACHO MOCTIIOBHAN aHAII3
TEXHOJIOTIYHOTO TPOLECy JUIS BUSBICHHS JPKEPEJ BUKHUIIB, BKJIIOYAIOYH 30HH CYLIIHHS TA BUITATIOBAHHS OKaTH-
IIiB, CYIIWIBbHI Oapabanu IyIsi OCHTOHITY, MIMHHI KOHTYPH Ta KOTEJbHI YCTaHOBKU. KapTyBaHHSA MaTepiadbHUX
MOTOKIB OXOILTIOBAJIO BXiJHI MOTOKH (MIPUPOJHHUN Ta3, BYTULIA, BAHAK, OCHTOHIT, 3ai30pyIHUN KOHIICHTPAT,
6iomaca) Ta BuxinHi noroku (oxarumi, BUkuau CO:2). Po3po0eHO KOMIUIEKCHY MAaTPHIIIO PU3HKIB ISl OLIIHKH
3arpo3 SIKOCTi IaHMX MOHITOPHHTY Ha OCHOBI KPUTEpiiB HMOBIPHOCTI Ta BILUIMBY. AHaJI3 IMHAMIKM BUKUIIB Map-
HUKOBHX Ta3iB B YKpaiHi 3a OCTaHHI JECATUIITTS BUABHB 3HAUYHE CKOPOUYEHHS MOPIBHIHO 3 6a30BUMH PiBHSAMH,
10 € HacaMIepe]] Pe3yJIbTaTOM €KOHOMIYHUX KpHU3 Ta 30pOHNX KOH(DITIKTIB, a HE IiJIeCPAMOBAHOI KIiMaTHIHOT
MOJITHKH. {1 TOCTiKyBaHOTO MIATIPUEMCTBA 3arajdbHUN pidHKi 06car Bukugie CO: OyB po3paxoBaHHH, IIPH
IbOMY JIOMiHYIOUY YacTKy CKIIaJa€ MPUPOIHHMA Ta3, 3a SKUM CIIiYIOTh JIeKapOOHi3allis BalHsAKy, epepoOka 3a-
J30py/HOTO KOHLIEHTPATy Ta OEHTOHIT. AHaNi3 MIKHApOJIHOI MPAKTHKH TOKa3ye, 10 NPOBIJHI CBITOBI BUPOO-
HHKH JIOCSITAIOTh CYTTE€BO HIDKYMX PiBHIB BUKUIB HA TOHHY OKaTHINIB 3aBASKH €()EeKTHUBHUM CHCTEMaM MOHITO-
PHHTY Ta CTpaTerisM aexapOoHizarii.

BucnoBku. Mertoosorist 6anaHcy Macu BUSIBISIETHCS ONITUMAJIBHOIO ISt TIPHUYO0I00YBHUX Ta Iepepoo-
HUX HIANPUEMCTB, 3a0€31e1y04n KOMIUIEKCHUN 00JIIK YCiX 3HAYHUX JUKEPEN BUKHIIB, BKIIOYAI0YH TEXHOJIOTIYHI
BUKHUIIM Bi nekapOoHizanii kapOoHaTHHX MaTepiaiiB. Po3poOiieHa MaTpHllsl PU3HKIB JJO3BOJISIE CUCTEMAaTHYHO
YOPaBIATH 3arp03aMH [IUIIXOM OI[IHKH HMOBIPHOCTI Ta BIUIMBY. BripoBa/keHHS cepTH(iKOBAaHUX CHCTEM MOHI-
TOPUHTY € KPUTHIHO HEOOXiTHUM JJIsl YKPATHCHKUX TiPHUYOZO00YBHHUX MIATIPHEMCTB JJIS MIATPHIMKH KOHKYpPEH-
TOCHPOMOIKHOCTI Ha MIDKHAPOJAHUX PUHKAX Ta JOTPUMAaHHS €BPOIEHCHKUX KIIIMATHYHUX BUMOT.

KJITOYOBI CJIOBA: xrnivmamuuni 30008'a3anus, mamepiaivii NOmoxu, 0exapoonizayis, MOHIMopume,
NAapHUKOBUL 243, NPOMUCTIO8A €KON02is
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Kondghnikm inmepecie
ABTOPH 3asBJISIIOTH, IO KOHMIIIKTY iHTEpECiB 00 MyOmiKaIlii Iboro pykonucy Hemae. Kpim Toro, aB-
TOPH MOBHICTIO TOTPUMYBAIHCHh ETUYHUX HOPM, BKJIFOUAIOUH TuTariaT, Gpambcudikaiiro 1aHuX Ta MOIBIHHY my0-
JIKAIIO.
Bnecok asmopis: Bci aBTopu 3p00WIH piBHUN BHECOK Y ITF0 poOOTYy
B po6oTi He BUKOPUCTAHO pecypc MTYIHOTO IHTEIEKTY.
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OIIIHKA BUKH/IB 3ABPY/IHIOIOUYHNX PEYOBUH TA MOJEJIOBAHHA IX BILIUBY
HA SAKICTb ATMOC®EPHOI'O ITOBITPA ITPU BUPOBHUILITBI ACO®AJIBTOBETOHHOI'O
JOPOXHBOT O ITIOKPUTTSA

Meta. BuzHaueHHs ckiany Ta oOCsTiB BUKHIIB 320pyIHIOIOUMX PEYOBHH, 1[0 YTBOPIOIOTHCS B ITPOIIEC] BH-
poOHHIITBA ac(aTbTOOETOHHOTO JOPOKHBOTO IMMOKPUTTSI T4 MOJICITIOBAHHS iX PO3CIIOBAaHHS B aTMOC(EpPHOMY I10-
BITpI

Metoan. ExciepuMeHTaNbHI, aHATITHYHI, MOJCIIOBAHHS Ta IIPOTHO3YBaHHSI.

PesyabraTn. BusHaueHo, 1o jkepenamMmu yTBOPEHHs 3a0py THIOIOUHX PEYOBHH € JI03YI0ul OYHKEpH, CTPIYKOBHI
KOHBeEp, IIUCTEPHA JIUIs HAarpiBy OiTyMy, TEIUIOTeHEpaTOp, Ha3eMHi pe3epByapH T 30epiraHHs MajuBa Ta CyIIMIbHA
yCTaHOBKa. MaKCHUMallbHO pa3oBi Ta BaJOBI BUKHIM B arMoc(epy BH3HAYaIUCS HAa OCHOBI IHCTPYMEHTAJbHHX
BHMIPIOBaHb Ta aHAITHIHHUX PO3paxyHKIB. B aTMocgepHe MOBITPS MOTPAIUISIOTh CYCIIEHIOBaHI TBEPi YaCTUHKH
HeandepeHIiHoBaHi 3a ckazoM, ByriieBoaH1 rpanidHi Cio-Cig, iponian, OyTaH, 6€H3071, CIPKOBOJICHb, BYTJIEIIIO OKCHU/I,
a30Ty MIOKCHI, CIipkH Jiokcup. [Ipu3eMHI KOHIIEHTpaIlii 3a0pyTHIOIOYUX PEYOBHH, 3 ypaxyBaHHSIM (POHOBOTO
3a0py/IHEHHs, Ha MEXI CaHITAPHO-3aXMCHOI 30HM HE INEPEBUIIYIOTh Tiri€HIYHUX HopMaTuBiB. IIpote, mpuzemHi
KOHIICHTPAIlil CYyCHEeHIOBAaHUX TBEPANX YACTHHOK Hemu(epeHIiHoBaHI 3a CKIaIOM HaOIDKAOTBCA JO TPAaHHIHO
JIOITyCTUMUX 3HaueHb. L{e popMye miABUIIIEHHIT PH3KK HOTIPIIEHHS SKOCTI MTOBITPS B MEXKaX CaHITapHO-3aXUCHOT 30HM
Ta MOXK€ HETaTHBHO BIUIMBATH HA CTaH €KOCHCTEM i YMOBH IiepeOyBaHHs HaceleHHs. HeOe3neuHnmMu 3aimmaroThes
MAaJIOTOHHAXHI, MPOTE BHCOKOTOKCHYHI PEUYOBMHHM — OeH3(a)mipeH, OeH3on i1 cipkoBoaeHb. HaBiTh 32 HH3BKHX
KOHIIEHTpALlifl BOHM 3/aTHi CHPHYMHATH XPOHIYHHMII KAHIIEPOTEHHUI BIUIMB. IX HASBHICTH BiNOOpaXkae CKIAIHICTh
TMPOIIECIB yTBOPEHHS aTMOC(HEPHNX BUKU/IIB 1 MAKPECITIOE TOTPEeOy B CHCTEMHOMY MOHITOPHHTY ITMX KOMIIOHEHTIB.

BucHoBkn. BupoOHMITBO achanbTOOETOHHOTO NOPOXKHBOTO TOKPUTTS (OPMye KOMIUIEKCHMH BIUIMB Ha
aTMocepHe TOBITPS, J€ MEepeBaKarOTh IWJIOBI Ta OpraHiuHiI 3a0pyaHeHHS. HaiOuTeIl KpUTHYHNMH € 3HaYeHHS
CYCIICH/IOBaHMX TBEPJMX YaCTHHOK HeIu(epeHIiHoBaHI 3a CKIaJoM Ta TPaHUYHUX BYIJIEBOAHIB, TOMI SIK
HI3bKOTOHHAKHI TOKCHYHI KOMIIOHEHTH (DOPMYIOTH JIOJATKOBI TOBIOCTPOKOBI pH3UKH. OTpUMaHi XapaKTepHUCTUKH
KOHIICHTPAL{ € MiIPYHTSIM JUISl TIOJIaJIbIIOT0 MOJIEITIOBAHHS PO3CIIOBAHHS BUKH/IIB, BUSHAYEHHS 30H MAKCUMAJILHOTO
BIUIMBY Ta PO3POOJIEHHS IPUPOJOOXOPOHHUX 3aXO/IiB.

KJIFOYOBI CJIIOBA: ammocgepne nosimpsi, oyinka, 6niue na 006K, 3a0pYOHIOIOUT PEYOBUHU, GUKUOU,
acanromobemonne 00pOI’CHE NOKPUMMSL
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CyyvacHuii eTan po3BUTKY JOPOXKHBO-OYi-
BENBHOI Taly3i XapaKTepU3yEThCS 3POCTAHHIM
00cCsIriB BUPOOHUIITBA ac()abTOOCTOHHUX ITOK-
PHTTIB, 110 B CBOIO YEpry, CYNPOBOIKYETHCS Te-
XHOTEHHAM HABAHTAXEHHSAM HA MOBKUUIA. Ilifg
Yac BUTOTOBJIEHHA ac()ambTOOCTOHHHUX CyMIIIeH
B aTMoc(epy MOTPAIUISIOTh OKCHIH a30TY, CIpKH,
BYTIIEIIIO, JIETKI OPTaHivHI CIIOyKH Ta IPiOHOIH-
CHEPCHUH IWJI, SIKi 3yMOBIIOIOTH IOTIPIIICHHS
SIKOCTI TIOBITPS ¥ POPMYIOTH MOTEHIIHHI PU3UKH
JUI 37I0pPOB’Sl HACEJICHHS, OCOOJIMBO Yy 30HAaX,
TIPUJIETIIAX 10 BUPOOHWYINX MalIaHIHKiB.

Ananiz ocmaunmix oocniodicenv ma nyoJi-
kayit. [Ipobnemam 3a0pynHEHHS aTMOCHEPHOTO
TIOBITPS TIPH BUPOOHHITBI ac(arbTOOETOHHUX
JIOPOXKHIX TIOKPUTTIB MPUCBATHIIN CBOI POOOTH
HU3Ka YKPATHCHKHUX Ta 3apyOiKHAX BUESHHX. 30-
Kpema, JOCIHiKeHHS aBTopiB [1] akIeHTyoTh
yBary Ha KOMIUIEKCHIH €KOJIOTiYHIl OIiHII B3a-
€MOJIIi CHCTEMH «aBTOMOOLIb—I0pOTa—Cepeio-
BHIIE» 3 00’ €KTaMH JTOBKIJIIA, 10 TO3BOJISIE BHU-
SIBUTH OCHOBHI JDKEpeja HEraTUBHOIO BILIUBY
TPAHCIIOPTHO-IOPOKHBOTO KOMIUICKCY Ha SK-
icTb aTMOc(epHOTro TOBITPsI, IPYHTIB 1 BOJAHUX
pecypcis. Haykosii [2] 3ocepemwnn yBary Ha
OIIIHIOBAaHHI €KOJIOTTYHHMX PU3HKIB, MOB’A3aHUX
i3 mporecaMy BHUTOTOBIICHHSI ac(albTOOETOHY,
BKAa3yIOUYM Ha IIKIJIUBICTh Ta30MHUIOBUX BHKH-
JIiB Ta HA TOTpedy ONTHMI3allii TEXHOIOTIYHUX
PEKUMIB IS 3SMEHIIIEHHS 00CATiB 3a0pyTHEHHS.
VY nparti [3] yIOCKOHAIHITH TiIXOIU A0 OLIHIO-
BaHHsI €KOJIOTIYHOTO CTaHY JIOBKLILIA 32 JIOTTIOMO-
TOK0 KOMIT' FOTEPHOTO MOJICITFOBAHHS, IO ITi/[BHU-
IIy€ TOYHICTh BU3HAYEHHSI 30H HAMOLIBIIIOTO Te-
XHOTEHHOTO HaBaHTakeHHs. Bueni [4] moci-
JUATT OCOOJIMBOCTI €KOJIOTIYHOTO MEHE/PKMEHTY
HiIMPUEMCTB, 30KpeMa MOXKIIMBOCTI HOTO 3aCTO-
CyBaHHS Ui MIABHIICHHS S(PEKTHBHOCTI CHC-
TEMH KOHTPOJIIO 3a0pyIHEHb Ha MPOMMCIOBUX
HiIMPUEMCTBAX.

VY 3aKOpIOHHUX JOCIIDKSHHSAX BEJIMKA
yBara NPUAUISETHCS aHATI3y KUTTEBOTO IHKITY
(Life Cycle Assessment) nopoxkHix matepiaiiB
SIK IHCTPYMEHTY BH3HAYCHHS €KOJIOTIYHUX PU3H-
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KiB. 30KkpeMa, y poboTax [5; 6] mpoBeaeHO mopi-
BHSUTBHI OIIIHKU BIUIMBY Ha JOBKULIS TapsduX,
TEIUINX 1 mepepodeHnX achalbTOOETOHHUX CY-
Mmimredd. PesynbraTi J0BOJATH, IO BHUKOPHC-
TaHHS BTOPUHHUX MarepianiB 1 TEXHOJOTIH
warm-mix asphalt cmpusie icToTHOMY CKOpO-
YEHHIO CHEPrOCIIOKMBAHHS Ta BUKHIIB MMapHU-
KOBHX Ta3iB.

Amnaiz [7; 8] miarBepmKye, Mo Mepexis
JIO0 €KOJIOTIYHO YHCTHX TEXHOIOTiH TOPOKHBOTO
OyAiBHUIITBA Ma€ HE JIUIIE TIPUPOIO0XOPOHHHM,
a i eKOHOMIYHHN e(PEeKT 3a paXyHOK 3HIKSHHS
BapTOCTI JKUTTEBOTO MIUKITY MatepiamiB. Ha Bax-
JIMBOCTI OLIHIOBAHHS JKUTTEBOTO IUKITY 1 BUKO-
pHCTaHHS BTOPUHHUX Ta BiJHOBIIOBAHUX Mate-
pianiB HarosomeHo B npausx [9; 10; 11].

[pami [12; 13; 14; 15] npucBsyeHi eHep-
TOCIIO)KMBAHHIO Ta HANPSIMKaM JJOCSTHEHHS CTa-
nocTi. BueHnMmu mpoaHaizoBaHO Cy4acHi TeH-
JICHIIIT 3MEHIIICHHS TAPHUKOBUX Ta3iB Ta MOTEH-
iaJI EKOJIOTTYHO OE3MEYHUX TEXHOIIOTIHN.

VY ny6nikauisx [16; 17] posrnsHyTO Mu-
TaHHA BYTJIEIIEBOTO CJIiTy BUPOOHUIITBA ac(aib-
TOOETOHHOTO TIOKPHUTTS Ha Pi3HUX eTarax — Bij
BUJOOYTKY CHPOBHHHU JI0 €KCILTyaTallii Jopir.
JloBezieHo, 110 caMe CTajlisi BATOTOBJIEHHS acda-
JIbTOOETOHY € HaWOUIBIII EHEPrOEMHOIO Ta Xapa-
KTepH3Y€EThCst BACOKMMH BUKUAaMHU COz.

Hocmimpxennst [18] po3muproe 110 Tema-
THKY y HampsMKy BHUKOPUCTaHHS mepepoliie-
HOTO OETOHY ISl AOPOKHBOTO MMOKPHUTTSL, BPaxo-
BYFOUH TIPOLIECH TTOTJIMHAHHSI BYTIIEIIIO.

OxpeMy rpyiy CTaHOBJISTH MpaLli, MpUC-
BSYEHI  CaHITAPHO-TITIEHIYHUM  acreKTam
BIUTUBY ac(ajgbToOeTOHHOTO BUPOOHUIITBA. TakK,
y mocmimkenni [19; 20; 21; 22; 23] ommcano ro-
CTpi Ta XPOHIYHI HACITIIKH BIUIUBY TIapiB OiTyMy
Ta OPTraHiYHMX CIIOJNYK Ha TPAIiBHUKIB JOPOXK-
HBOI Trany3i, MmO OOIPYHTOBYE HEOOXIiIHICTH
YIPOBAKEHHS CYYaCHUX CUCTEM OYHIIICHHS T10-
BiTpsl Ta BeHTWIALii. HaykoBusmu 3armpornoHo-
BaHO «YHCTIIIy» TEXHOJIOTiI0 BUPOOHHILITBA ac-
(banbTy 1UIIXOM 107aBaHHs (PEHOIBHUX CIIONYK,
LI0 IPUTHIYYIOTh YTBOPEHHS TOKCUYHHX TapiB.
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MixxHaponi HopMmatuBH [24; 25] BcTaHo-
BITFOIOTH METOJIOJIOTIUHI OCHOBH ITPOBEICHHS OITi-
HIOBAHHS JKUTTEBOTO IUKITY OYyIiBETbHIX MaTepi-
aJIiB Ta PO3pPOOJICHHS EKOJIOTIYHMX JICKIIaparlii
TIPOJTYKIIIT, @ Cy4acHi MOZIeNi aTMOC(EpPHOTo po3-
CIFOBaHHS 3a0pyTHIOIOUMX pedoBHH [26; 27] na-
I0Th 3MOTY MPOTHO3YBaTH DiBEHb 3a0pyIHEHHS
TIOBITPS. B 30HAaX BIUIMBY MPOMHUCIOBUX IiIIPH-
€MCTB.

Budinenns uesupiwenux pawiwe uacmun
3aeanvHoi  npobremu. HenoctaTHs KUTbKICTh
KOMIDIEKCHHUX JIOCTI/PKEHb, IO TOEAHYIOTH 1H-
CTpyMEHTaJIbHI BUMIpPIOBAHHS, 1HBEHTAPU3AIIiI0
BUKHJIIB T2 MOJEIIOBAHHS X PO3MOBCIO/PKEHHS,

YCKIIJHIOE 00 €KTHBHY OLIHKY €KOJOTiYHOrO
BIUIMBY ac(hansTo0eToHHOrO BUpoOHMLITBa. Lle
3HIKY€E MOITUBICTh IPUMHATTS OOTPyHTOBaHNX
YIIPaBIIHCHKHX PillleHb 00 MiHiMi3awii 3a0py-
IHEHHs Ta 3a0e3le4eHHs] e€KOJIOTYHOI Oe3leKu
BUpOOHMYHX TepuTopiil. ToMy BuHHKaE moTpeda
B YJIOCKOHAJICHHI TiJIXO/IiB 10 KUJIbKICHOI OIlIHKH
arMocpepHHX BUKHUIIB 1 MpPOTHO3YyBaHHS IX
BIUTMBY Ha SIKICTh aTMOC()EPHOTO TTOBITPSI.
Memoro € BU3HaYECHHS CKJIaly Ta 00CSTiB
BUKUJIIB 3a0pyIHIOIOYNX PEYOBHH, IO yYTBOPIO-
FOThCS B TIPOIIeci BUPOOHHUIITBA ac(harbToOeTOH-
HOTO JIOPO’KHBOTO TIOKPHUTTS Ta MOJIEITIOBAHHS 1X
PO3CitoBaHHS B aTMOC(HEPHOMY TOBITPI.

O0’€KTH Ta METOAH TOCTITKEeHHA

Jxepenamu yTBOpPEeHHS 3a0pyIHIOIOUMX
pPEUOBMH Ha BHPOOHMITBI ac(aabTOOETOHHOTO
JIOPOIHBOTO TIOKPUTTS, IO IOCIHIKYETHCA, €:
JO3yroumii OyHKep Jyisl BiAciBy (mkepena 1, 2),
JIO3yIOumii OyHKep Ui 1ieOeHto (pkepena 3, 4,
5), cTpiukoBuii KOHBeep (JKepesno 6), mUcTepHa
Uil HarpiBaHHA OiTymy (mKepeno 7), Termio-
rerepatop (mpkepeno 8), Ha3eMHUH pe3epByap
JUTs1 30epiraHHs AU3EIBHOTO TalvBa (JuKepeno 9),
cymmibHuA  Oapaban  achanbTo-3MilTyBaJIbHOL
ycraHoBku (mxeperno 10), pesepByap mis
30epiranHs Tazy (mxepeno 11), mromanka mis
30epiraHHsl iHEpPTHUX MarepianiB — meOeHI0 Ta
Bi/ICIBY ([Kepero 12).

[IpoBeneHnst moOCHiKEHHS 3MiHCHIO-
€Tbes BianmoBigHo 10 [28]. IHCTpyMEeHTaAIBHO-
nabopaTtopHi BUMIPIOBaHHSI KOHIIGHTpalil 3a-
OpY/IHIOIYNX PEYOBUH BUKOHYIOTHCS 32 YMOB
HOMIHAJILHOT'O TEXHOJIOTIYHOTO HAaBaHTAXKCHHS
13 TOTPUMAHHSIM BUMOT HOPMAaTUBHO-METOINY-
Hux pokymenTiB [29; 30]. HaBenmenwii miaxin
MO€HYE J1a00paTOPHI BUMIPIOBAHHS 3 TCOPETH-
YHUMH PO3PAaXyHKAMH, 1110 JO3BOJISIE KOMILIEK-
CHO OILIIHUTH €KOJIOT14HY HeOe3MeKy BUKUIIB Ta
po3pobuTH eheKTUBHI 3aX0au JuIs 11 MiHiMi3a-
mii. MeToau BH3HAYEHHS IMOKAa3HUKIB KOHIIEH-
Tpamii i METOJUKN BU3HAYCHHS BEJIMYUH BH-
KHJIIB IIpeaCcTaBIieH] B Ta0. 1.

BusHayeHHs BeIMYMH BUKHIIB po3pa-
XYHKOBHM METOJIOM 311iticHeHo 3riiHo [31; 32; 36].

Po3paxyHok KOHIEHTpallii 3a0pyaHIO-
I0OYMX PEUOBHH B aTMOC(EpHOMY IOBITpI
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BUKOHYBAaBCSl ~ NPOrPaMHUM  KOMIUIEKCOM
EOJI+. Tlomyk HecHnpusATIMBHUX IIBUIKOCTEH
BITPY 3A1MCHIOBABCS TIPOTPAMOIO0 aBTOMATHYHO
BUXOASYH 13 3aJaHUX HIBUJKOCTEH.

s BU3HAUEHHS HEOOXITHOCTI IMpOBe-
JIEHHSI PO3paxyHKIB PO3CIFOBAHHS BUKHIIB IIIKi-
JUTMBHUX PEYOBUH B aTMOChepy, HEOOXiTHO Tie-
PEBIpUTH PIBHICTE:

M/TIK > @ npu @ = 0,1 mpu H< 10 m;
& =0,01H npu H> 10 ™,

ne: M — cymapHe 3HaueHHsI BUKUIY BCIX
JOKEpeIt MANPUEMCTBA, T/C;

I'’IK — MakcuManbHO pa3oBa rpaHUYHO-
JOITYCTUMA KOHLIEHTpaList, Mr/m>;

H — cepennbo3BaxkeHa 3a MigNpHEM-
CTBOM BHCOTa JKepen BUKUAY, M. CymapHi pe-
3yJIbTaTH NPEJCTABICHO B Ta0. 2.

Ha ocHoBIi pe3ynbTaTiB IpoBeAEHUX PO3-
PaxyHKIB YCTaHOBJICHO OIIJIBHICTh MOJEIIIO-
BaHHS MpOIeCiB aTMOC(EpPHOTo PO3CitOBaHHS
Ul TakuxX 3a0pyJHIOBAJIBHUX KOMIIOHEHTIB:
OKCHJIB a30Ty, JIOKCHIY CIpKH, OIOPaHTy
CIIM, Hacu4YeHHX BYIJIEBOJHIB Ta pPEYOBHH,
MPUCYTHIX Y BUIIAI TBEPAUX CyCIIEHIOBAHUX
YaCTUHOK.

BopHouac, MozenroBaHHSI PO3CIOBaHHS
U 1HIIMX 3a0pyJHIOBAJIbHUX PEYOBMH HE €
OOIpyHTOBAaHUM, OCKUIBKHU X TIPU3EMHI KOHIIE-
HTpanii B atMochepHOMY TOBITPI HE TEpEBU-
IytoTh 5 % BiJl BCTAHOBJIEHUX IPaHUYHO JIOITY-
ctumux kKoHnentpaunii (0,05 IIK).
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Tadauusa 1
MeToau BU3HAYEHHS MOKA3HUKIB KOHIEHTPaLiii
i MeTOMUKY BU3HAYEHHA BeJINYMH BUKHIIB*
Table 1
Methods for determining concentration indicators
and techniques for calculating emission values
Ne MeTtoa BU3HAYEHHSA MeToauka BU3HAYEHHSA
3a0pyaHI0I04a pe4OBHHA . .
3/m TMOKA3HUKIB KOHIIEHTPAIIil BeJIMYHH BUKU/IIB
Aoty okcnau (y mepepa- . [HCTpYKLis 3 eKcIuTyaTarii
1 XYHKY Ha JTIOKCH]T) T'asoananizatop OKCI-5M-5H
. . . [HCTpYKLis 3 eKcIuTyaTarii
2 Cipku IioKcuz I"azoanamizaTop OKCIL-5M-5H
3 CipKoBO/ICHB - PO3paxyHKOBO
. IHCTpyKLis 3 ekcrutyaraii
4 Byrneuto oxcug l"azoanamnizatop OKCIL-5M-5H
5 Byran - PO3paxyHKOBO
6 benzon - PO3paxyHKOBO
7 ByrneBonni rparuuHi C12-Cig - PO3paxyHKOBO
8 CycrieHnoBaHi TBepaAnX 4a- I'paBimMeTpuynnii MBB Ne 081/12-0161-05
CTHHOK
- PO3paxyHKOBO
9 ITponan - PO3paxyHKOBO
10 | JlioKcHI BYTIICITIO - PO3paxyHKOBO
11 | Okcun mia3oty - PO3paxyHKOBO
12 | HMJIOC - PO3paxyHKOBO
*Ilxxepeno: [28; 30; 31; 32; 33; 34; 35; 36].
Taoéaunsa 2
JouisibHicTH NpOBeIeHHsI PO3PaXYHKIB PO3CilOBaHHS
BUKHUAIB LIKIIJMBUX Pe4OBMH B aTMOcpepy
Table 2
The feasibility of performing calculations
of pollutant dispersion in the atmosphere
o . 1K, Jouinb-
° Haiimenysanus OBPB, M, r/c H M/TAK @ HicTh,
3/m peYOBMHU 3 g
MI/M Tak/Hi
1 A3zoTy miokcua 0,2 0,12 9,2 0,60 0,1 TaK
2 Caxa 0,15 0,011 9,2 0,073 0,1 Hi
3 Cipku IioKCHIT 0,5 0,26 9,2 0,52 0,1 TaK
4 CipkoBosieHb 0,008 43-108 2,4 5,4-10% 0,1 Hi
5 Byrneuto oxcug 5 0,63 9,2 0,13 0,1 Hi
6 Byran 200 0,79 2 0,004 0,1 Hi
7 Benzon 1,5 2,3:108 2,4 1,5-10°% 0,1 Hi
8 bens(a)nipen 0,0001 8,5:10° 9,2 0,085 0,1 Hi
9 Onopant CIIM 5-10° 2,6-10° 2 0,52 0,1 TaK
10 ByrneBoaHi rpaHuYHI 1 0,43 2,2 0,43 0,1 TaK
11 | Petos. y Bur. cyen. 05 2,93 3,75 5,86 01 Tax
TBEP/L. YacT.
12 | Ilpomnan 65 1,19 2 0,018 0,1 Hi
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PesynabTaTu Ta 00roBOpeHHs

AchanbTo0eTOH — 116 KOMITO3UITIHHII Ma-
Tepiai, M0 CKIAAAEThCsl 3 MiHEPATEHUX KOMIIO-
HEHTIB Ta OPTaHIYHOTO B’ SDKYJOTO, SIKUM € OITyM.
MinepaibHa YacTHHA BKITFOYA€ TPaBIii, TCOK 1 Mi-
HEepaTbHHUI MOPOIIOK, CITiBBIHOIICHHS SIKUX BHU-
3HAYAETHCS TUTIOM ac(aIbTOOSTOHHO! CYMIIIIi.
st HIKHIX 1apiB AOPOXKHBOTO TIOJIOTHA XapakK-
TEpHUH TiIBUAIICHUI BMICT TpaBito, 1110 3a0e3re-
4yye HeoOXiJHY MIIHICTh KOHCTPYKIIii, TOI SK Yy
BEPXHiX Iapax TepeBaXkatoTh MICOK 1 MiHepalib-
HUIA TIOPOIIIOK, 3aBISKK 9OMY (JOPMYETHCS piBHA
Ta 3HOCOCTIliKa TOBEpXHs [2].

AcdanbTo0eTOHHI CyMIII IIHPOKO 3aCTO-
COBYIOTECS B IOPO)KHBOMY Ta aePOAPOMHOMY OY-
JUBHUIITBI, @ TAKOXK ITiJ1 YaC 00JIAIITYBaHHS Pi3HO-
MaHITHAX Maigan4unkiB. OKpiM 1BOTO, iX BHUKO-
PHCTOBYIOTb SIK OCHOBY TSI 3BE/ICHHSI TIPOMHUCIIO-
BUX 00’€KTIB, a TAKOXK 5K 130JIALIHHUNA MaTepia
y TiIPOTEXHIYHOMY, EIEKTPOTEXHITHOMY Ta TIOK-
piBeIbHOMY OY/IiBHHIITBI.

AcdanpTo0e TOHHHI 3aBOJT PO3TAIIOBAHHN
B KiBepiiiscbkomy paiioni, BonnHcbkoi o0nmacri.
I'eorpadiyni KOOPIUHATH IIEHTPOIIA POMHCIIO-
Boro Mammanumka: 50°49°52” ITw. m1., 25°28°59”
Cx. 1. BupoOHuIITBO 3aliMae 3eMeJbHY JUITHKY
wioniero 1,6 ra mMoOIM3y MaricTpanbHOI JOPOTH,
110 3a0e3mnedye Oe3rnocepeHe TPAHCIIOPTYBAHHS
CHPOBHHHM Ta TOTOBOI ac(aabTOOETOHHOT CyMillli
JI0 00’€KTIB PEMOHTY 3 MiHIMAILHIMH JIOTiCTHY-
HUMMU BUTpaTtamu. I IpoMuciioBuii MaijaHuuK Me-
JKy€: Ha TBHOYI — 3 JIICOM 1 JKUTIIOBOIO 3a0yI0-
BOIO; Ha TIBHIYHOMY CXOZi — 3 JIICOBUMH Haca-
JOKEHHSMH Ta aBTOMOOUILHOIO JIOPOIOIO; Ha
CXOJIl — 3 JIICOM 1 aBTONDISIXOM; Ha MiBJCHHOMY
CXOJIl — 3 JIICOM 1 JIOPOror0; Ha MiBAHI — 3 JIiCOM,
IHIIIUM TTPOMHUCIIOBAM TiIIIPHEMCTBOM Ta 3ajIi3-
HUYHOIO KOJI€F0; Ha MiBAEHHOMY 3aXO0JIi — 3 IPo-
MHCJIOBOIO 30HOO IHILIOTO IMiANPUEMCTBA; Ha 3a-
XOJIi — 3 JIICOM 1 HEJ[IFOUOI0 MPOMUCIIOBOIO TEPH-
TOPIEFO; HA TTIBHIYHOMY 3aX0/1i — 3 JIICOM 1 KHTJIO-
BOIO 3a0ynoBoro. Ha minnpremMcTBi 30iHCHIOETBCS
BUPOOHHULTBO ac(aibToOETOHY (HAaKTUUHOIO T10-
TyxHicTIO — 30 T/roa. Y BUPOOHHUOMY IpoOIIEeC
3a1is1Hi TaKi 00 €KTH Ta yCTAHOBKH: IIPOXiJIHA, MO~
OyTOBI IIPUMIIIIEHHS, BATOBA, KOMITIEKTHA TPAHC-
(dopMaTopHa MiACTaHIIis, CTOSHKA aBTOTPAHCIIO-
PTy, onepaTopcbka, MOOLIbHA ac(anbTO3MIlIyBa-
JIbHA yCTaHOBKA KoHTeHHepHoro Tuiy CSD 1500,
TeTIOreHepaTop, /1Bl IUCTEpHU AJIA HarpiBy Oi-
TyMy 00’ emoM 50 M* 1 26 M, Ha3eMHI pe3epByapH
Juist 30epiraHHst TU3eNbHOTO MajiiBa Ta CKparwie-
HOTO BYIJIEBOAHEBOTO razy (mo 50 M* KoxkeH), a
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TaKOK MaHTaHIMK{ T 30epiraHHsA 1HEPTHHX
MatepianiB (mebeHo Ta BinciBy). CymmibHa
YCTaHOBKA, A0 CKJIaLy AKOi BXOAATH CYIIWJIb-
HUH, 3MINTYBATGHUN 1 TOIPIOHIOBAIEHUNA arpe-
raTH 3 JU3EIbHUM NAILHUKOM, 001aHaHa pyKa-
BHUM (QimeTpoM Nomex 400, mo 3abesmnedye
e(eKTUBHICTh OYHIICHHS TOBITPs oHan 95 %.

[MigmpuemcTBo ¢dynakmionye 210 aHiB Ha
piK, 3arampHU piuHMA (GoHI pobodoro yacy
cranoButh 1680 romuH. BupoOHuumii mporiec
00ciryroBy1oTh 10 mpariBHAKIB.

Jxepena yTBOpeHHS 3a0pyTHIOIOUHX pe-
YOBHMH y Mporeci podoTu acdaibToOeTOHHOTO
3aBOJIYy TIOB’s13aHi 3 KIJIbKOMa eTaraMy TEXHOJIO-
T1YHOTO IUKJITY, 30KpeMa 3 BUpOOHHUITBOM ac(ha-
JTHTOOETOHHOI CYMIllli, HarpiBaHHAM OiTYyMy 1O
pobo4oi Temneparypu, 30epiraHHsIM 1 TpaHCHO-
PTYBaHHsIM iHEPTHHUX MaTepiaiiB (mebeHto, Bi-
CiBy), 30epiraHHsM MmajnBa B pe3epByapax, a Ta-
KO’ 31 CHAJIFOBAaHHAM ITaJMBa IIiJ] Yac TEIUIOBUX
TIPOIIECIB.

[pencraBumo pe3ynbTaTH pO3paxyHKy BH-
KUJIiB 3a0pyJHIOIOUMX PEYOBHH B aTMoc(epy.

[lix yac BukopucTanus mxepen 1, 2 — mo-
3yIOUHMX OYHKEpIB VIS BIJICIBY 3 BUTPATOIO CHPO-
BuHH 15000 T/piK 11 KOXKHOTO, pKepena 3 — do-
3y104020 OyHKepy 05 Weberio 3 BUTPATOIO CHPO-
Bunu 7000 1/pik, mrepen 4,5 — dosyrouux OyHke-
pig 01 webento 3 BUTpaTol0 cupoBuHU 6500
T/piK, Ta JpKepesia 6 — CTPIUKOBOTO KOHBEEpa Y
TIOBITPS MIOTPATUISIOTH CYCIIEHIOBaH] TBEP/i Yac-
THUHKY HendepeHIliiioBaHi 3a ckiagoM. Makcu-
MaTbHO pa3oBi (Om) Ta Banosi (MPAM) Bukumu
SIKUX TIOJAHO B Ta0. 4.

[pu pyHKIIOHYBaHHI [Kepena 7 — yucme-
pHu 015 Hazpieanns 6imymy 06’ emoM 26 M B at-
Mocdepy BHIUISIOTECS BYIJIEBOAHI TpaHWYHI
C2Cyg (Ta6.l1. 5).

IIpu poboti mxepena 8 — mennocenepa-
mopa 3 BUTPATOIO TaiuBa 4 T/pik 3a0pyIHIOHO-
YUMH PEUOBUHAMU € a30Ty OKCHIH, BYTJICIIIO OK-
CHJ, CipKH AIOKCH[, OeH3(a)IipeH Ta CycleHI0-
BaHI TBEpIl YaCTHMHKU HeauQepeHIlifioBaHi 3a
CKJIaJIoM. Pe3ynbraTti po3paxyHKiB iX MakcHMa-
JIBHO Pa30BUX Ta BAIOBUX BUKHJIIB IIPEJICTABICHO
B Ta0I. 6.

MakcuManbHO-pa3oBi Ta BaJIOBI  BUKHIH
3a0pYHIOIYI PEYOBHHH — CIPKOBO/THIO, OCH30ITY
Ta ByryieBoHIB HBcYeHUX Ci1o—Cio, SKi BHILIIS-
THUMYThCS 3 JDKepena 9 — nazemuozo pezepsyapy
0151 36epi2anns OU3eNbHO20 NANUEA EMHICTIO 2 M°
pu piusoMy 06’ emi 324,7 m%/p nonano B Tabu. 7.
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Tabauus 4
MaxkcuMabHO-Pa30Bi Ta Ba10Bi BUKHIU 3a0pPYy/IHIOIOUHX PeYOBHH 3 TxKkepena 1-6
Table 4
Maximum single and total emissions of pollutants from sources 1-6
Hskepeso 3a0py/HIOI0YA PEYOBHHA MBAL 1/pik Qm, /¢
1,2 Cy.CvHeH,Z[(?BaHl TBEp/li YaCTHHKH Henudepe- 0,0020 0,00033
HITIHOBaHI 3a CKJIaI0OM
3 Cy.CvHeH,Z[(?BaHl TBEp/li YaCTHHKH Henudepe- 0,00048 7.9-10%
HITIHOBaHI 3a CKJIaI0OM
45 Cy.CvHeH,Z[(?BaHl TBEp/li YaCTHHKH Henudepe- 0,00044 7.3-100
HITIHOBaHI 3a CKJIaI0OM
6 Cy.C“HeH,Z[(?BaHl TBEp/li YaCTHHKH Henudepe- 212 0,35
HIIIHOBaHI 3a CKJIaI0M
Tadauusga 5
MaxkcuMaJibHO-Pa30BHii Ta BaJIOBHii BUKH/I 3a0PY/IHIOIOUMX PeYOBHH 3 JKepea 7
Table 5
Maximum single and total emission of pollutants from source 7
Ne 3/m 3a0pyAHIOI0YA PeYOBHHA ML 1/pik gm, r/c
1 Byraesoani rparanyHi C12-Cig 0,14 0,43
Tabauus 6
MaxkcuMabHO-pa30Bi Ta Ba0Bi BHKHAU 3a0pyIHIOIOYUX PEYOBHH 3 JuKepesa 8
Table 6
Maximum single and total emissions of pollutants from source 8
Ne 3/m HajiMenyBaHHS pe4OBHHH MBAL 1/pik gm, I/c
1 AzoTy okcuau (Y IepepaxyHKy Ha JTIOKCHT) 0,010 0,0017
2 Byrnemro okcua 0,055 00091
3 Cipku TioKcH]T 0,024 0,0040
4 Bens(a)nipeH 6,4-10°0 1,1-10%
5 CycneH):LOBa}.Ivl TBEP/Ii YACTHHKH 0,0010 0,00017
HenuQepeHIiioBaHi 3a CKIaJ10M
Taoauus 7
MakcuMa/ibHO-Pa30Bi Ta Ba10Bi BUKHMIM 3a0pyIHIOIYNX PeYOBHH 3 JKepeJia 9
Table 7
Maximum single and total emissions of pollutants from source 9
Ne 3/m HaiiMeHyBaHHSI pe4OBUHH MBAT 1/pik gm,r/c
1 CipkoBOJCHb 7,8-10%7 4,310
2 Benzon 4,2-10%7 2,3-10%8
3 Byrnesoani Hacuueni C12—Cig 0,00028 1,5-100°

IIpu poGoti mxepena 10 — cywunvrozo
bapabany acghanomo3miuysanbHoi ycmanosxu,
YTBOPEHHSI BUKHJIIB BiJIOYBAE€THCS B CYNIHIIb-
HOMY, MOAPIOHIOBAILHOMY Ta 3MilllyBaJlbHOMY
arperarax, Ipu boMy B aTMoc(epy moTparnis-
I0Th a30Ty OKCHJIU, BYTJICII0 OKCHJI, CIpKH J1i0-
KcuJl, OeH3(a)MmipeH, CyCIeHJ0BaHi TBEP/l Yac-
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TUHKM Henu(epeHIiioBaHi 3a CKJIaJoM, a Ta-
KOX MMapHHUKOBI Ta3H: METaH, IIOKCHUJI BYTJICIIIO,
okcun giazory, HMJIOC.

BennunHM X MakCUMalbHO-Pa30BHX Ta
BaJIOBHX BHKHJIB NIPU €(PEKTUBHOCTI OYHCTKU
95 % momano B TabI. 8.

3aranpHi BUKUAW 3a0pyAHIOIOYHX PEyO-
BUH IIPY BUKOPUCTaHHI joKepena 11 — peszepsy-
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apy ons 30epizanns 2azy, 06’ emom 50 M° 3 MaKcH-
MaJIbHAM 3allOBHEHHSM — 85 % Ta BiICOTKOBHM
CHiBBIIHOMIEHHsM nponany — 60 %, Oyrany —
40 %, BpaxOBYIOUHM MPUPOJHI BTPaTH Ta3y il
gac 30epiraHs MpeACcTaBICHO B Tl 9.

3a0pyIHIOIOYMME PEYOBHHAMH JKEpena
12 — nrowaoxu onsn 30epicanns iHepMHUX Ma-
mepianie MeOEHI0 Ta BIACIBY € CyCIIeHIOBaHI
TBEpIi YaCTHHKHA HeauQepeHIiifoBaHi 3a CKia-
JIOM, BaJIOBUM Ta MaKCHMAaJbHO-Pa30BHU BHU-
KUIH SKUX MPEeACTaBIeHO B Tabm 10.

Tadauus 8
MaxkcuMaJbHO-PAa30Bi Ta BATOBI BHKHIU 320py/IHIOI0YHX PE4YOBHH 3 JKkepesa 10
Table 8
Maximum single and total emissions of pollutants from source 10
Ne 3/m HaiiMeHyBaHHSI pe4OBHHH MBAL 1/pik gm, I/c
1 A3zoty okcuu (Y IepepaxyHKy Ha JTIOCH) 0,70 0,12
2 Byraemro okcun 3,72 0,62
3 CipKu JTIOKCH]T 1,60 0,26
4 Bens(a)nipen 45-10% 7,4:10%
5 CycneHJOBagj TBeptui YaCTUHKU 12.98 215
HenudepeHITifioBaHi 3a CKIIAJI0M
ITapHUKOBI rasu
6 Mertan 1,3-10°0% 2,2:10
7 Jliokcu 1 ByTJIeio 0,78 0,13
8 Oxcup mia3ory 1,3-1006 2,2:10%7
9 HMJIOC 6,6-10% 1,1-10%
Tabauus 9
MaxkcuMaJibHO-Pa30Bi Ta BaJ0Bi BUKU/IU 3a0pyIHIOIOYMX PEYOBMH 3 J:Kepenaa 11
Table 9
Maximum single and total emissions of pollutants from source 11
Ne 3/m HaiiMeHyBaHHSI pe4OBHHH MBA 1/pik gm,1/c
1 [Ipoman 1,11 1,19
2 Byran 0,73 0,79
3 BuKHUI 0NOpaHTy 2,4-10% 2,6:10%
Taoauus 10
Buxuam 3a0pyiHI0I0YHX Pe4YOBUH
npu 30epiranHi il nepeminleHHi BiaciBy Ta medHI0
Table 10

Emissions of pollutants during the storage and transportation of screenings and crushed stone

Ne 3/m HaijiMeHyBaHHSI pe4OBUHH M***, 1/pik gm, I'/c
CycnenoBaHi TBEp/li YACTUHKH
1 YOUSHAORA™ THEPA 9,63 0,43
HeandepeHIiioBaHi 3a CKJIaI0M

VY3araneHeHi pe3ybTaTH BUKHIIB 3a0py -
HIOFOUHX PEYOBUH B aTMOC(EPHE MOBITPSI JOCTi-
JDKyBaHHUM BHUPOOHHUITBOM ac(arbTOOETOHHOTO
JOPOXXHBOT'O TIOKPHTTS IPEICTaBICHO B Tabm. 11.

V3arajibHeHi pe3y/IbTaTd 3aCBiI4yI0Th, 10
TpoIiec BUPOOHUIITBA ac(aIbTOOETOHHOTO JI0PO-
JKHBOTO TOKPUTTSI CYNPOBOKYETBCS YTBOPEH-
HSIM LIMPOKOTO CIIEeKTpa 3a0pyaHioBauiB. Haii6i-
JIBIIMH 0OCST eMICiH MpHIaia€ Ha CyCIICHI0BaHi
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TBEpIl YacTHMHKH HenudepeHwiiioBaHl 3a cKia-
JIOM, Maca sIKMX CTAaHOBHTH 24,74 T/pik (Tabi. 11).
3okpema 22,61 1/pik, mo craHoButh 91,4 %
YCBOT0 00CSTY TBEPIMX YACTUHOK HA I IIPHEMC-
TBI € BUKHAaMH Jokepena 10 cymmnsHoro 6apa-
Oany acharpTo3MinTyBabHOT ycTaHOBKH — 12,98
T/pik (Tabmn. 8) Ta mxepena 12 murorma gy s 30e-
piraHHs iHEpTHUX MaTepialliB MeOeH!IO Ta BiJICIBY
—9,63 1/pik (Tabum. 10). Takwuii po3moIiI maTBep-
JDKY€E XapakTepHy 1711 acQanbToOeTOHHOTO BUPO-
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OHUIITBA TIPUPOLY 3a0pyTHEHHS, 3yMOBJIEHY CY-
HIIHHAM MiHEpaJbHUX MaTepialliB, TPAHCIOPTY-
BaHHSM Ta J03yBaHHAM KOMIIOHEHTIB CyMIIlli Ta

BKa3y€e Ha TEPIIOYEepProBy HEOXiAHICTH CHPSIMY-
BaHHS TMPUPOJOOXOPOHHHUX 3aXONIiB Ha 3MEH-
IIICHHS ITUX BUKUIB [37].

Taéauna 11

CymapHi 06caru BUKHAIB 3a0pPy/IHIOIOYHMX PEYOBHH NMPH BUPOOHULTBI
acpaabTO0ETOHHOI0 JOPOKHBOI0 IIOKPUTTS

Table 11

Total volumes of pollutant emissions during asphalt concrete pavement production

Ne 3/m HajimenyBaHHs Buxkng ‘ Ne 3/m HajimenyBaHHs Bukug .
pevYoBUHU pevyoBHH, T/piK pevYOBUHHU pe4YoBHH, T/piK

1 Asory miokcup 0,71 9 Bens(a)mipen 51-10°

2 Caxa 0,069 10 Onopant CIIM 2,4-10°

3 | Cipku niokeun 1,62 11 | Byrresonui rpasmini 0,14
C12_C19

4 | Ciprosoxems 7.8:107 1p | Cyemeun. . uact. 24,74
Henud. 3a CKIaIoM

5 Byrrnemro okcua 3,78 13 [pomnan 1,11

6 Byran 0,73 14 Jliokcun ByTIICIIO 0,78

7 Meran 1,3-10° 15 Oxcup aia3ory 1,3-10°

8 Benson 4,2-107 16 HMJIOC 6,6-10°

3Ha4YHMIT BHECOK Yy 3arajlbHy eMICii0 TAaKOK
(hOpMYFOTH OKCHJI BYTJIEIItO 3,78 T/pik Ta IIOKCHT
cipku 1,62 1/pik (tabm. 11), npu upomy 98,4 %
3,72 1/pix okcumy Byriemo 1a 98,8 % 1,6 1/pik
JIOKCHIY CIpKH TeHepyroThes [pkepenom 10 cy-
nIbHAM  OapabaHoM  acabTo3MilTyBaTbHOT
yCTaHOBKH (Tabu1. 8).

Jlo rpynu 3a0pyHIOBaYiB i3 TIOMipHUM
piBHEM yTBOpeHHs Hanexarb Oytas (0,73 T/pik),
miokena azory (0,71 T/pik), JIOKCHI BYTJICIIO
(0,78 T/pix) Ta ByrneBoaHi rpaHuuHi Ci>—Cio
(0,14 1/pix) (Tabm. 11). Ix xoHmenTpanii Bino6pa-
JKalOTh BHUKOPUCTAHHS TAIWBHO-CHEPTETUYHHX
pecypciB y TEXHOJIOTIYHOMY IUKII, & TAKOX BU-
NapOBYBAaHHs OPraHiYHUX CIOIYK i3 OiTyMHHMX
MmarepianiB. Buxumu npomnany (1,11 1/pik), xoua i
HIDKYI 33 TBEP/Il YaCTUHKH Ta OKCH/ BYTJICIIIO, Xa-
PaKTEpHU3yIOTh MOXKIIMBI BTpaTH NaIWBHUX ra3iB
i1 yac poOOTH MATLHUKOBOTO 00JIaTHAHHSI.

3HAYHO HIDKYMMH € BUKHA MaJIOTOHHA-
JKHUX, aJie TOKCHKOJIOITYHO 3HAUYIINX PEUOBHH.
Cepen aux: caxxa — 0,069 1/pik, HEMETaHOBI JIETKI
opraniyni cnonyku (HMJIOC) — 6,610 1/pik,
onopaunt CIIM — 2,4-107° 1/pik, metan — 1,3-10°°
T/pik. Bukumu 6enzomny (4,2-1077 T/pik), okcumy
miazoty (1,3-10° 1/pik) Ta cipkooaHto (7,8-1077
T/piK) MarOTh MaJli 3HAYEHHs, OJIHAK 3 €KOJIOTiY-
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HOI TOYKH 30pY IIi CTIOJYKHU € TIOTEHIIIHO HeOe3-
MEYHUMH HABITH Y HU3bKMX KOHLEHTpALsIX, IO
noTpelye iX KOHTPOJIFO Yepe3 BUCOKHUIT Ki1ac TOK-
CHYHOCTI.

BaxumBo 3a3HaunTH, mM0A0 OcH3(a)Imi-
peHy, X04 Horo mMaca CTaHOBUTH jmmie 5,1-107°
T/piK, BiH HAJIGXHTH JI0 | Kilacy HeOe3Meku Ta €
0co0IMBO HEOE3MeUHNM KaHLIEPOTeHOM, IpHTa-
MaHHHAM TIpoIlecaM TEPMIYHOTO pO3KiIamy Oi-
Tymy. Moro HasBHICTb y CTIEKTi eMicili mixrBep-
JUKy€e HEOOXiTHICTh Oe3nepepBHOTO €KOJIOTid-
HOTO MOHITOPHHTY TEXHOJIOTIYHHX OIepariii i3
HarpiBaHHS KOMIIOHEHTIB.

Ilo cTocyeThCcs KOHLIGHTpALL 3a0py-
HIOIOUMX PEYOBHMH Ha MEXI CaHITApHO-3aXHUCHOI
30HH, TO OIIiHKA BIUTUBY BUKHJIiB 3a0pYTHIOIOUHX
PEYOBHH Ha CTaH 3a0pyaHEHHS aTMOoc(epHOro
MOBITPA 3AIHCHIOBAJACS 3a JAHUMHU PE3YJIbTATIB
PO3paxyHKIiB po3CiroBaHHS. MakcUMaibHI cyma-
PHi 3 (hOHOM KOHIIEHTpaIIii 32a0py/HIOIOUHX peyo-
BuH Ha Mexxi C33 HaBezeHo B Tali. 12.

CxeMy MOJIENIIOBaHHS PO3PaxXyHKY IpH3e-
MHO{ KOHLIEHTpaLii Cipkd AIOKCHIY B IPH3EM-
HOMY 1I1api aTMOC(EPHOro MOBITPs HA MEXI CaHi-
TapHO-3aXMCHOI 30HU TpeICTaBlIeHO Ha puc. 1.
Kaprorpama po3sciroBaHHS IIpe/CTaBieHa y Npsi-
MOKYTHI{ CHCTEMi KOOPIMHAT, 1110 A03BOJISIE
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Taoaums 12
MaxkcumaJjbHi cymMapHi 3 (poHOM KOHIEeHTPAaLii 320pyIHIOIOYUX PeYOBHH
Ha Me:Ki caHiTapHO-3aXHCHOI 30HI
Table 12
Maximum total concentrations of pollutants, including background levels, at the boundary of the
sanitary protection zone

Yacrka 'IK
. MakcumaJjbHa
Ne 3/m HajiiMeHyBaHHSI pe4OBUHU 3 BpaxXyBaHHAM . 3
bony KOHIIEHTPaList, MI/M
1 A30Ty miokcua 0,44 0,088
2 Caxa 0,45 0,068
3 Cipku JTIOKCH]T 0,43 0,22
4 CipKOBOJICHB 0,45 0,0036
5 Byraemto okcun 0,45 2,25
6 byran 0,45 90
7 Benson 0,45 0,68
8 Bens(a)nipen 0,15 1,5-10"%
9 Opopant CIIM 0,49 2,5-10°
10 ByrneBoani rpaandHi Ci2—Cio 0,55 0,55
11 CycneHAOBagj TBEPAi YACTHHKH 0,97 0,49
HenudepeHIlifioBaHi 3a CKIaI0M
12 ITponan 0,45 29,25
- :
=
1 01

1o0c

Looo

3nauenHs Big —1000 mo +1000 M Ha 060X OCAX 03HAYAIOTH BIICTAHB BiJ] JUKEpeia BUKHUIIB y MeTpaX. Y LUEHTPi
(0;0) — Touka po3sTanryBaHHS JKEpea, 4 TOYKH JOCIIIHKEHHS BUIIIEH]I II03HAYKAMHU.

Puc. 1 — KonnenTpauist Cipku JIOKCHLy B IPU3EMHOMY IlIapi arMOC(epHOro MOBITPsl Ha MeXi caHiTa-

PHO-3aXUCHOI 30HU

Values from —1000 m to +1000 m on both axes indicate the distance from the emission source

In the center (0;0) is the point of the source location, 4 survey points are marked.
Fig. 1 — Concentration of sulfur dioxide in the ground-level atmospheric air at the boundary of the
sanitary protection zone
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OIIHATH MaKCUMaJTbHI KOHIIEHTpaIii y pi3HUX Ha-
npsiMkax. [ opuzonTansha Bick (X) 1 BepTHKaIbHA
Bich (Y) — Ile KOOpAWHATHI OCi, IO 3a/1al0Th Ha-
TIPSIMKH PO3CIFOBaHHS y TIPOCTOPI.

OTxe, 3 ypaxyBaHHsAM (DOHOBHX MOKa3-
HUKIB 3a0pyAHEHHS, KOHUEHTPALii MIKIITUBUX
PEYOBUH Yy MPHU3EMHOMY Iapi aTMOC(epHOTo
MIOBITPSI HA MEXIi CaHITapHO-3aXHCHOI 30HU HE
MEPEBUILYIOTh YCTAHOBJICHHUX Tiri€HIYHUX HOP-
MaTuBiB. OmHaK, HEOOXITHO 3BEPHYTH yBary,
o HaiOinpma gacTka Bix I'/IK 3 ypaxyBanHAM
(GoHy BCTaHOBJICHA ISl CYCIICHIOBAHUX TBEP-
X 9aCTUHOK, HeAn(epeHITiioBaHNX 3a CKJa-
nom, sika csrae 0,97 nmpu MakcHUMasbHIN KOHIe-
arpauii 0,49 mr/m® (Tabn. 12). Le cBiguuth npo
Te, 1IO MWJIOBI 3a0pyIHEHHS 3aUIIAIOTHCS
KITFOYOBHM YMHHUKOM TIOTIPIIEHHS SKOCTi aT-
MOc(epHOTO TOBITPs, (OPMYIOUM HANOLIBII
PHU3UKOBY CUTYaIIil0 B MEXaX CaHiTapHO-3aXHUC-
Hoi 30HU. Bucoke 3nauenns yactku I'JIK Bimo-
Opakae IHTEHCHBHICTb ITHWJIOBUX MPOIIECIB, Xa-
PaKTepHHUX AJS TEXHOJOTIYHUX Omeparii cy-
UIHHS Ta TPaHCIOPTYBAaHHS MiHEpaJlbHUX Ma-
Tepiaiis.

Hocute BUCOKI 3HaueHHs 4acTok /1K
TaKO XapaKkTepHi sl BYTJICBOHIB TPAHUYHUX
Ci2—Ci (0,55), mMakcumanbHa KOHIIEHTpAIis
AKUX CTaHOBUTH 0,55 Mr/M?, 10 BKa3ye Ha 3Ha-
YHHH BHECOK OPTaHIYHUX CIIONYK, YTBOPEHUX
MIEPEeBAYKHO ITiJ] 9ac HarpiBaHHs Ta 00poOKH Oi-
TyMOBMicHUX MarepianiB. [loniOHI 3Ha4YeHHS
Mmatoth ogopant CIIM (0,49; 2,5-107° mr/m?),
caxa (0,45; 0,068 mr/m?), cipkoBoaeHs (0,45;
0,0036 wr/m?®), okcun Byraemwo (0,45; 2,25
mr/m?), Oytan (0,45; 90 mr/m?®), 6enszon (0,45;
0,68 mr/m*) Ta mponas (0,45; 29,25 mr/m®). Xa-
PaKTEpPHOIO 03HAKOIO L€l TPYIH € Te, IO X ya-
ctku I'IK cTaHOBIATH Maibke MOJOBUHY HOP-
MaTHBHOTO 3HAYEHHS, 1110 CBLIYUTH PO TIOTEH-
HilHy MOXIIMBICTb JIOCSATHEHHS KPUTHYHHUX
KOHILIEHTpALiil mpu 30UIbIIEHHI BUPOOHHYOTO
HaBaHTaXXEHHS a00 HECIPUSATIMBUX METEOpO-
JIOT1YHUX YMOBaX.

Jemo Huxkye 3HaueHHs yacTku ['JIK ma-
10Th giokcu azoty (0,44; 0,088 mr/M*) Ta mgiok-
cun cipku (0,43; 0,22 mr/m®). He3Baxkaroun Ha
BiTHOCHO MEHIINH BHECOK y 3arajbHUN PiBEHb
3a0py/IHEHHS, I1i Ta30T10AI0HI KOMIIOHEHTH Ma-
I0Th BOKJIMBE EKOTOKCHKOJIOTIYHE 3HAYCHHS Ta
MOXYTh CHPUYHHSTH CYTTEBI PU3UKH IS 3]10-
POB’Sl HACENeHHS 3a yMOB JOBIOTPUBAJIOTO
BILIUBY.
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HesBaxkaroun Ha HU3bKY MAacOBY YacCTKY
Oens(a)mipeny, st sikoro yactka ['JIK crano-
Buth 0,15 3a MakcHMabHOI KOHIIEHTparlil
1,5-1077 mMr/m?, 1151 cTIONTyKa HAJIEKHUTH IO BHCO-
KOHeOe3MeuyHNX KaHLEPOTeHIB i HaBiTh AyXKe
Mai il KOHLIeHTpauii MOXKyTb OyTH BUCOKHMHU B
acIIeKTi KaHIIEPOTeHHOTo pu3MKy. Taka curya-
1ist moTpeOye peTeTLHOr0 MOHITOPHHTY MPOLIe-
ciB TepMOOOpOOKH OiTyMYy.

OTXxe, TIONPH Te, IO TOKA3HUKH BUKHIIB
3a0pyIHIOIOYNX PEYOBUH ac(arbTOOETOHHOTO
JOPOKHBOTO TIOKPHUTTS 3HAXOISTHCS B MEKaX
HOPMH, TPUBAJINHA KOHTAKT 3 HMH MOKE CTAHO-
BHUTH TIOTEHIIIMHY HeOe3MeKy s MpalliBHUKIB
BUPOOHUIITBA T4 MEIIKAHIIIB MPWIETTIUX TEPH-
topiil. [locriline mepeOyBaHHS B 30HI BILTUBY
HaBiTh HE3HAUYHUX KOHIICHTpAIii 3a0pyaHIO0-
YUX PEYOBHH MOXKE MPU3BECTH IO MOPYIICHb
pOOOTH AMXaNBHOI CUCTEMH, 3HW)KECHHS iMYH-
HOT PeaKTHBHOCTI OpPTaHi3My Ta PO3BUTKY XpO-
HIYHHUX 3aXBOPIOBAHb.

Jns 3MEHIIEHHS HEraTUBHOTO BIUIUBY
BUKWIB 1 3a0e3MeUYeHHs] €KOJIOTiYHO Oe3med-
HOTO (YHKIIOHYBaHHS BHPOOHHITBA ac(haib-
TOOETOHHOTO JOPOKHBOTO TOKPHUTTS OB~
HHUM € BIPOBA/PKEHHS HACTYITHUX 3aXO0JIiB:

— MOJIEpHi3allis TEXHOJIOTIYHOTO 00Ma-
HaHHS (30KpeMa CyIIWIBHHUX 1 3MIITyBallbHUX
arperariB) JJisl 3HVKEHHSI PiBHS BUKHIIB TIHITY,
NPOJIYKTIB 3TOPSIHHS Ta JIETKHX OPTaHiYHUX
CTIONYK;

— 3aCTOCYBaHHSI Cy4acHUX CHUCTEM OYH-
HICHHS MOBITPs (PyKaBHUX a00 KaceTHUX (Hib-
TpiB) 3 epexTrBHICTIO TOHAT 95 %;

— pallioHaJlbHa OpraHi3aifis IPOLECiB
30epiraHHs i TPAaHCIIOPTYBAHHS iIHEPTHUX MaTe-
piamiB ISl MiHIMI3aMii A0y TBOPEHHS;

— MPOBEJICHHS PETYJSIPHOTO TEXHIYHOTO
00CITyTOBYBaHHSI TEIJIOT€HEPATOPIB, HaTbHH-
KIB 1 CHCTEM MOJaui MajauBa I 3aroO0iraHHs
BUTOKaM Ta HEMIOBHOMY 3TOPSHHIO;

— CTBOpPEHHsI 3€JICHHX 3aXHCHUX Haca-
JUKEHb HaBKOJIO TIPOMMaMJaHIMKa JUIS YaCTKO-
BOTO IMOTJIMHAHHSA 3a0pYAHIOIOUNX PEUYOBHH Ta
3HIKECHHS PiBHS IIYMOBOT'O HABAaHTAXCHHS;

— oprasi3ailisi MOCTIHHOTO MOHITOPUHTY
aTMOC(EpHOTo MOBITPS B MEXax CaHITapHO-3a-
XHMCHOI 30HHU Ta MEPiOANYHE MPOBEICHHS €KO-
JIOTIYHOTO ayUTY AisTIBHOCTI MAMPUEMCTBA;

— TIJIBUIIEHHS €KOJIOTIYHOT KOMIIETEHT-
HOCTi TEpPCOHATy MLUIAXOM IMPOBEIEHHS Ha-
BYaHb 1 TPEHIHTIB 3 MUTaHb OXOPOHU JOBKLLIS
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Ta 0E3MEeYHOro MOBOKEHHS 3 MAIMBHO-MACTH-
JLHUMH MaTepiajamH.

Peautizartis mux 3axo/1iB CIPUATHME 3Me-
HIIICHHIO TEXHOTCHHOTO HABAHTAXKCHHS Ha aT-

Mocdepy, TOIIMIIIEHHI0 SKOCTI TOBITPS HA Te-
puTopii mianpueMCTBa, MiABUIICHHIO O€3MeKH
YMOB TIparli Ta 3a0e3MeYeHHI0 CTajIoro PO3BH-
TKY TepUTOPii.

BucHoBkn

[Iporiec BupoOHUIITBA achaibTOOCTOH-
HOT'O JOPOKHBOT'O MOKPHUTTSI CTBOPIOE Oararto-
KOMITOHCHTHE TEXHOTCHHE HABaHTa)KCHHS Ha
aTMocQepHe MOBITPsl, y CTPYKTYPi SKOTO I0Mi-
HYIOTh MTWJIOBI Ta OpraHiyHi 3a0pyaHeHHs. Bu-
SIBJICHO, 110 HAWOLIBII KPUTHYHUMHU € BUKHIH
CYCTICHIOBAaHUX TBEPJIUX YACTHHOK Hemudepe-
HIIOBaHI 3a CKJIaJIOM, KOHIICHTpAIlisS SKHX Y
NpU3EMHOMY Iapi aTMocepHOro MoBITPS Ha-
OMIKAFOTHCS IO TPAHUYHO JOITYCTUMUX PiBHIB.
Cawme 1ie BU3Ha4Ya€ OCHOBY (DOpMyBaHHS IIiABH-
IICHOTO PU3UKY JAerpajallii skocTi arMocdep-
HOT'O TMOBITPS B MEXaX CaHiTapHO-3aXHCHOI
30HH Ta MOXKE CITPUIMHUTH MOSBY HECTIPUSTIIU-
BHX YMOB IS (DYHKIIOHYBaHHS €KOCHCTEM 1
nepeOyBaHHS JTIOCH.

Oco6muBoi yBaru moTpedyIOTh HU3BKO-
TOHHAXHI, aJi¢ BHCOKOHEOE3eTHI TOKCHIHI pe-
YOBHHU — OeH3(a)mipeH, O€H30I i CipKOBOJICHb.
He3Bakarouu Ha MOPIBHSAHO HU3bK1 KOHIICHTpa-
1ii, iX Hebe3meKa MmoyArae y 31aTHOCTI CIIPUYH-
HSTH XPOHIYHUHN KaHIIEPOTCHHUI BIUTUB HABITh
[IPH TPUBAJIOMY HAJIXOJDKEHHI Y MaJMX J103aX.
HasBHICTh TaKUX KOMIIOHEHTIB y CKJIaJli aTMO-

cepHUX emiciid CBIAUUTh PO CKIATHUN Xapa-
KTep TEPMIYHMX 1 XIMIYHUX TPOILECiB, IO CY-
MIPOBOKYIOTh IPUTOTYBAaHHS ac(hambToOeTOH-
HO{ cyMilli, i 3yMOBIIO€ HEOOXIAHICTH peati3a-
1ii CHCTEMHOTO MOHITOPUHTY [IUX PECUYOBHUH.

OTpuMaHi pe3yJIbTaTH TOCTiHKEHHS ho-
PMYIOTh HayKOBO OOIPYHTOBaHY OCHOBY JUIS
MOAJBIINX €TaIliB EKOJOTIYHOTO MOJIEIIO-
BaHHS, 30KpeMa JUIsi MPOCTOPOBO-YACOBOTO
aHajizy po3CiloBaHHsA 3a0pyJAHIOBaYiB, BH3Ha-
YCHHSI KPUTUYHHMX 30H BIUIMBY, OIIIHIOBaHHS
PHU3UKIB JJIs 37I0OPOB’S HAceJICHHSA Ta (opMy-
BaHHS PETiOHAILHUX €KOJIOTTYHUX OOMEKEHb. 3
OTJIAAY Ha BHABICHI 3aKOHOMIPHOCTI, JOIiIb-
HUM € pOo3p00JICHHS LIIbOBUX IPUPOI00XOPOH-
HUX 3aXO0/IiB, OPIEHTOBAHUX HA MIHIMI3aIIi0 K-
JIOBUX BUKUJIIB, 3HIKCHHST YTBOPCHHS OpraHiy-
HHX CITOJIYK Y IIpoIlecax HarpiBaHHs OiTyMy Ta
BIIOCKOHAJICHHS TEXHOJIOTIYHHX PEKHUMIB pO-
00T obnamHaHHsA. TakuM YHHOM, pE3yNbTaTH
JIOCJTI/DKEHHS BU3HAYAIOTh KITFOYOBI HAMPSIMKH
I IBUIICHHS €KOJIOTIYHOI Oe3rneku acdaibro-
OETOHHOTO BUPOOHHMIITBA Ta CIYTYIOTH 0a3010
JUISL TIOAAJIBIINX €KOJIOTIYHUX PIIICHb Y KOH-
TEKCTI 3a0€3MEUYCHHS CTaJIOr0 PO3BUTKY.

Kondgpnixm inmepecie

ABTOpH 3asBISIOTH, IO KOHQIIKTY 1HTEpECIiB 1010 MyOuiKalii boro pykonucy Hemae. Kpim
TOTO, aBTOPH MOBHICTIO JIOTPUMYBAIUCh ETUYHUX HOPM, BKJIIFOYAIOUH ITIariaT, Gpanbcuikaiiro JaHuX

Ta TOJBIHHY MyOTiKaIlito.

Baecok aBTOpiB: aBTOpH 3pOOIITH PIBHUI BHECOK Y II0 poOOTY
B po0oTi HE BUKOPHUCTaHO pecypc MTYYHOTO iHTEIEKTY.

Cnmcox BUKOPHCTAHOI JIiTepaTypH

1. A6ommacora I'. B., ITicasa JI. A., UepennwoB 1. A., Kaninin I. B. KoMmiekcHa exosoriyHa OIiHKa BIUTHBY
CHCTEMH «aBTOMOO1JIb-/I0pOTa-CEPEAOBHIIE» HAa 00’ €KTH HABKOJIMIITHHOTO IPUPOIHOTO CEPEAOBHIIA. [HoIceHe-
pis npupodoropucmysanns. 2019. Ne 4(14). C. 75-85. DOI: https://doi.org/10.37700/ enm.2019.4(14).75-85

2. Ilinuyk A., Mexnseznesa O. B. Ouinka BIUIMBY Ha JOBKUIIS IIPOLIECIB BUTOTOBIICHHS acdanbrobeTony. Haykosi

sanucku. Bum.10. Yacr. II. 2010. C. 380-383.

3. Cagenko B. fI., bonmapenko JI. 1. MeTon OLiHKH BIIMBY JJOPO>KHBO-TPAHCIIOPTHOTO KOMIUIEKCY Ha €KOJIOTi-
YHHH CTaH JAOBKUIISL Ha OCHOBI KOMIIOTEPHOTO MOJICTIOBAHHS. A6momobinbHi dopocu i 0opodiche OyOieHuy-

meo. 2015. Ne. 94. C. 219-225.

4. Kapaim O. A., Mussko I. I1., Kapaim B. I1. @opmyBaHHS CHCTEMH €KOJIOTITHOTO MEHEKMEHTY ITiAPHEMCTB
B aCTEKTi BiTHOBJICHHS CTAJIOTO PO3BUTKY perioHiB. Hayxosi npayi [JonHTY. Cepia: « Exonomiunay. 2022. Ne
2 (26). C.29-38. DOI: http://doi.org/10.31474/1680-0044-2022-2(26)-29-38

147


https://doi.org/10.37700/%20enm.2019.4(14).75-85
http://doi.org/10.31474/1680-0044-2022-2(26)-29-38

ISSN 1992-4259 BichHuk XapKiBCKOr0 HalliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.
Cepist «Exomnoris». 2025. Bumyck 33

5. Abdalla A., Faheem A. F., Walters E. Life cycle assessment of eco-friendly asphalt pavement involving multi-
recycled materials: A comparative study. Journal of Cleaner Production. 2022. Vol. 362. Article 132471. DOI:
https://doi.org/10.1016/j.jclepro.2022.132471

6. Gruber M. R., Hofko B. Life Cycle Assessment of Greenhouse Gas Emissions from Recycled Asphalt
Pavement Production. Sustainability. 2023. Vol. 15(5). Article 4629. DOI: https://doi.org/10.3390/su15054629

7. Milad A., Babalghaith A. M., Al-Sabaeei A. M., Dulaimi A., Ali A., Reddy S. S., Yusoff N. I. M. A
comparative review of hot and warm mix asphalt technologies from environmental and economic perspectives:
towards a sustainable asphalt pavement. International Journal of Environmental Research and Public Health.
2022. Vol. 19(22). Article 14863. DOI: https://doi.org/10.3390/ijerph192214863

8. Salehi S., Arashpour M., Kodikara J., Guppy R. Sustainable pavement construction: A systematic literature
review of environmental and economic analysis of recycled materials. Journal of Cleaner Production. 2021.
Vol. 313. Article 127936. DOI: https://doi.org/10.1016/].jclepro.2021.127936

9. Diab L., Al-Qadi I. L. Life cycle assessment for the use of waste plastics in asphalt concrete mixes.
Transportation Research Record. 2024, Vol. 2678 Ne 11. 1601-1613. DOl:
https://doi.org/10.1177/03611981241245674

10. Azam A., Gabr A., Ezzat H., Arab M., Alshammari T. O., Alotaib E., Zeiada W. Life cycle assessment and
pavement performance of recycled aggregates in road construction. Case Studies in Construction Materials.
2024. Vol. 20. Article e03062. DOI: https://doi.org/10.1016/j.cscm.2024.e03062

11.Zhao W., Yang Q. Life cycle assessment and multi-index performance evaluation of semi-flexible pavement
after composite modification by using fly ash, rubber particles, warm mixing asphalt and recycled asphalt
pavement. Construction and Building Materials. 2023. Vol. 364. Article 129945. DOI:
https://doi.org/10.1016/j.conbuildmat.2022.129945

12.Liu Y., Liu Z., Zhu Y., Zhang H. A review of sustainability in hot asphalt production: Greenhouse gas
emissions and energy consumption. Applied Sciences. 2024. Vol. 14(22). Article 10246. DOI:
https://doi.org/10.3390/app142210246

13. Ferrotti G., Mancinelli E., Passerini G., Canestrari F. Comparison of energy and environmental performance
between warm and hot mix asphalt concrete production: A case study. Construction and Building Materials.
2024. Vol. 418, Article 135453. DOI: https://doi.org/10.1016/j.conbuildmat.2024.135453

14. Kharat D. S. Emissions from hot mix asphalt plants and their impact on ambient air quality. Water, Air, & Soil
Pollution. 2022. Vol. 233. Article 464. DOI: https://doi.org/10.1007/s11270-022-05950-w

15. Schonauer P., Gruber M. R., Hofko B. Case study of a batch asphalt mix plant: Energy consumption and
emission allocation based on primary data. Case Studies in Construction Materials. 2024. Vol. 21. Article
€03669. DOI: https://doi.org/10.1016/j.cscm.2024.e03669

16. Barbieri D. M., Lou B., Wang F., Hoff ., Wu S, Li J., Vignisdottir H. R., Bohne R. A., Anastasio S., Kristensen
T. Assessment of carbon dioxide emissions during production, construction and use stages of asphalt
pavements. Transportation Research Interdisciplinary Perspectives. 2021. Vol. 11. Article 100436. DOI:
https://doi.org/10.1016/j.trip.2021.100436

17.Zhang X., Zeng Y., Feng Y., Zhang C. Zhang L. Carbon emissions analysis of producing modified asphalt with
natural asphalt. Green Processing and Synthesis. 2023. Vol. 12(1). Article 20228146.
DOI: https://doi.org/10.1515/gps-2022-8146

18. Huang X., Ouyang Y., Zhang D., Yu H. Greenhouse gas emission of recycled concrete production for pavement
construction considering carbon uptake. Developments in the Built Environment. 2025. Vol. 22. Article
100646. DOI: https://doi.org/10.1016/j.dibe.2025.100646

19. Raulf-Heimsoth M., Pesch B., Kendzia B., Spickenheuer A., Bramer R., Marczynski B., Briining T. Irritative
effects of vapours and aerosols of bitumen on the airways assessed by non-invasive methods. Archives of
toxicology. 2011. Vol. 85. P. 41-52. DOI: https://doi.org/10.1007/s00204-011-0681-6

20. Mousavi M., Emrani J., Teleha J. C., Jiang G., Johnson B. D., Shamshiripour A., Fini E. H. Health risks of
asphalt emission: State-of-the-art, advances and research gaps. Journal of Hazardous Materials. 2024. Vol.
480. Article 136048. DOI: https://doi.org/10.1016/j.jhazmat.2024.136048

21.Wang Z., Li H., Jia M., Du Q. Emission risk and inhibition technology of asphalt fume from crumb rubber
modified asphalt. Sustainability. 2024. Vol. 16(20). Article 8840. DOI: https://doi.org/10.3390/su16208840

22. Chlebnikovas A., Mar¢iulaitiené E., Sernas O., Skultecké J., Janusevi&ius T. Research on air pollutants and
odour emissions from paving hot-mix asphalt with end-of-life tyre rubber. Environment International. 2023.
Vol. 181. Article 108281. DOI: https://doi.org/10.1016/j.envint.2023.108281

23.Pahlavan F., Gholipour A., Zhou T., Fini E. H. Cleaner asphalt production by suppressing emissions using
phenolic compounds. ACS Sustainable Chemistry & Engineering. 2023. Vol. 11(7). P. 2737-2751. DOI:
https://doi.org/10.1021/acssuschemeng.2c05345

148


https://doi.org/10.1016/j.jclepro.2022.132471
https://doi.org/10.3390/su15054629
https://doi.org/10.3390/ijerph192214863
https://doi.org/10.1016/j.jclepro.2021.127936
https://doi.org/10.1177/03611981241245674
https://doi.org/10.1016/j.cscm.2024.e03062
https://doi.org/10.1016/j.conbuildmat.2022.129945
https://doi.org/10.3390/app142210246
https://doi.org/10.1016/j.conbuildmat.2024.135453
https://doi.org/10.1007/s11270-022-05950-w
https://doi.org/10.1016/j.cscm.2024.e03669
https://doi.org/10.1016/j.trip.2021.100436
https://doi.org/10.1515/gps-2022-8146
https://doi.org/10.1016/j.dibe.2025.100646
https://doi.org/10.1007/s00204-011-0681-6
https://doi.org/10.1016/j.jhazmat.2024.136048
https://doi.org/10.3390/su16208840
https://doi.org/10.1016/j.envint.2023.108281
https://doi.org/10.1021/acssuschemeng.2c05345

ISSN 1992-4259 BichHuk XapKiBCKOr0 HalliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.
Cepist «Exomnoris». 2025. Bumyck 33

24.EN 15804+A2:2019; Sustainability of Construction Works—Environmental Product Declarations—Core Rules
for the Product Category of Construction Products. CEN-CENELEC: Bruxelles, Belgium, 2019.
URL.: https://nmfv.dk/wp-content/uploads/2024/01/EN-15804-A2.pdf?utm_source=chatgpt.com

25. International Organization for Standardization (ISO). URL.: https://www.iso.org/obp/ui/en/ #iso:std:is0:14001

26.Air Quality Dispersion Modeling — Preferred and Recommended Models. AERMOD. URL:
https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#aermod

27.CERC. ADMS model overview. Cambridge Environmental Research Consultants.
URL: https://www.cerc.co.uk/environmental-software/ADMS-model.html

28.I1po 3atBepmxenHs [HeTpyKLii Mpo BUMOTH 10 0(OPMIIEHHS IOKYMEHTIB, B SIKUX OOIPYHTOBYIOTHCSI OOCSTH
BUKUJIIB 3a0py/THIOIOUHX PEYOBHH B aTMOc(epHE MOBITPsI CTallioHapHUMHU jpkeperaamu. Hakas MiHmoBKimis
Ne 448 Bin 27.06.2023. URL: https://zakon.rada.gov.ua/laws/show/z1475-23#Text

29. ICTY 8725:2017. Sxicts moBiTps. Bukumu cramioHapHUX JpKepen. MeToau BH3HAYEHHS MIBHUIKOCTI Ta
00’ eMHOT BHTpATH ra30MIIOBUX MTOTOKIB. Kuis, 2018. 50 c. URL:
https://www.ksv.biz.ua/GOST/DSTY ALL/DSTU4/dstu_8725-2017.pdf

30.KH/ 211.2.3.063-98 OxopoHa HaBKOJHIIHHOTO MPHPOJHOTO CEPEIOBHINA Ta palliOHATbHE BHKOPUCTAHHS
MIPUPOJHUX pecypciB. MeTposoriude 3abe3neueHns. Biadip mpo0d mpoMuciaoBuX BUKUAIB. [HCTpyKis. 31 3Mi-
Horo Ne 1. URL: https://online.budstandart.com/ua/catalog/doc-page?id_doc=51576

31. 30ipHUK METOIUK i3 pO3paxyHKy BMICTY 3a0pyIHIOIOUMX PEYOBUH Y BUKHAAX HEOPraHI30BaHHUX JKEpel 3a-
opynuennst atmochepu. OAO «YkpHTEK». [lonensk, 1994 p. 125 c.

32. 30ipHUK MOKa3HUKIB eMicii (TMTOMUX BUKHIIB) 3a0pyAHIOIOUNX PEUYOBHH B aTMOC(EepHE TOBITPSI PI3HUMH BH-
poOHuNTBaMH, YKpaiHChKHI HayKOBUI IEHTP TeXHi4HOi exoJorii. lonensk, 2004. Tom 1. 184 c.

33. IncTpykuis i3 ekcrutyaTanii razoananizaropa OKCI-5M-5H. Xapkis. 2010. 16 c.

34. MBB Ne 081/12-0161-05. Bukunu razonuioBi IpoMHUCIOBi. MeToarKa BUKOHAHHSI BUMIPIOBaHb MacOBOT KOH-
[EHTpalii PEYOBHHH Y BUTIIAAI CyCIICHAOBAHUX TBEPANX YaCTHHOK B OPTraHi30BaHMX BHKHIAX CTAaIliOHAPHUX
Jukepen rpaBiMerprnaanM MetogoMm. URL: http://online.budstandart.com/ua/catalog/ docpage?id_doc=76450

35. ITaciopT MOGiTEHOT acasTbTO-3MINTYBATLHOI yCTaHOBKH KoHTeHHepHOTO THITY CSD 1500.

36. IIpo 3aTBepmkeHns [lopsanky BH3HAYCHHSA BENIMYUH (POHOBHX KOHIICHTpAIlill 3a0pyIHIOIOYNX PEYOBHH B aT-
Mochepromy moiTpi. Hakaz MiniTepcTBa ekoorii Ta mpupoaHux pecypciB Yipainu Ne 286 Bix 30.07.2001.
URL: https://zakon.rada.gov.ua/laws/show/z0700-01#Text

37.Kapaim O. A, Ilpocs O. O., bakapaes O. O., beayukosa O. O., Kapaim B. I1., Xomarpkuit B. M. Exosnoriunuii
KOHTPOJIb BIUIMBY Ha JIOBKUJUIS BUKH/IIB 3a0pYIHIOIOUHX PEUOBHH IPH BUPOOHUITBI achanbTo0eTOHy. Bichux
HYBITIL Cinvcokoeocnodapewvki  Hayku 2023, Bum. 3 (103). C. 97-115. DOl:
https://doi.org/10.31713/vs320237

Crartsa Hagivia mo penakmii 10.10.2025 [epernsaayTo 28.11.2025
Crattsa pexkomenoBana o npyky 30.11.2025 Omnyo6mnikoano 30.12.2025

149


https://nmfv.dk/wp-content/uploads/2024/01/EN-15804-A2.pdf?utm_source=chatgpt.com
https://www.iso.org/obp/ui/en/#iso:std:iso:14001
https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#aermod
https://www.cerc.co.uk/environmental-software/ADMS-model.html
https://zakon.rada.gov.ua/laws/show/z1475-23#Text
https://www.ksv.biz.ua/GOST/DSTY_ALL/DSTU4/dstu_8725-2017.pdf
https://online.budstandart.com/ua/catalog/doc-page?id_doc=51576
http://online.budstandart.com/ua/catalog/%20docpage?id_doc=76450
https://zakon.rada.gov.ua/laws/show/z0700-01#Text
https://doi.org/10.31713/vs320237

ISSN 1992-4259 BichHuk XapKiBCKOr0 HalliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.
Cepist «Exomnoris». 2025. Bumyck 33

0. A. KARAIM?, PhD (Economic), Associate Prof,
Associate Professor of the Department of Ecology and Protection of Environment,
e-mail: olha.karaim@vnu.edu.ua ORCID ID: https://orcid.org/0000-0002-1722-4110

0. A. BAKARAIEV,
Founder of LLC
e-mail: Vepp@ukr.net ORCID ID: https://orcid.org/0000-0002-6876-2840
"VOLYNEKOPROMPROEKT" LLC
7 Gulaka-Artemovsky St., apt. 75, Lutsk, Volyn region, 43005, Ukraine

V. P. KARAIM?,
PhD Student,
e-mail; karaim.volodymyr@vnu.edu.ua ORCID ID: https://orcid.org/0000-0003-4053-8019

Z.V. LAVRYNYUK?, PhD (Chemistry),
Associate Professor of the Department of Ecology and Protection of Environment,
e-mail: lavrynyuk.zoryana@vnu.edu.ua ORCID ID: https://orcid.org/0000-0002-1906-3330

V.S. ANTONIUK?,
Master’s Student,
e-mail: Antoniuk.Vadym2024@vnu.edu.ua ORCID ID: https://orcid.org/0009-0003-9462-805X;
!Lesya Ukrainka Volyn National University
13 Volya Ave., Lutsk, Volyn region, 43025, Ukraine

ASSESSMENT OF POLLUTANT EMISSIONS AND MODELING THEIR IMPACT
ON AMBIENT AIR QUALITY DURING ASPHALT CONCRETE
PAVEMENT PRODUCTION

Purpose. To determine the composition and volumes of pollutant emissions generated during asphalt
concrete pavement production and to model their dispersion in the ambient air.

Methods. Analytical, computational, experimental, comparative methods, as well as information modeling
and forecasting.

Results. The analysis showed that the main emission sources include dosing hoppers, the belt conveyor,
the bitumen heating tank, the heat generator, above-ground fuel storage tanks, and the drying unit. Maximum
single and total emissions were determined based on instrumental measurements and analytical calculations. It
was established that the production process releases suspended particulate matter (not differentiated by
composition), saturated hydrocarbons C1>—Cig, propane, butane, benzene, hydrogen sulfide, carbon monoxide,
nitrogen dioxide, and sulfur dioxide. The calculated ground-level concentrations of pollutants, taking background
levels into account, do not exceed hygienic standards at the boundary of the sanitary protection zone. However,
ground-level concentrations of suspended particulate matter approach their maximum allowable limits. This
indicates an increased risk of air quality degradation within the sanitary protection zone and may adversely affect
ecosystem health and living conditions for the population. Low-mass yet highly toxic components—
benzo[a]pyrene, benzene, and hydrogen sulfide—remain of particular concern. Even at low concentrations, they
can exert chronic carcinogenic effects. Their presence reflects the complex chemical and thermal processes
underlying emission formation and underscores the need for systematic monitoring of these substances.

Conclusions. Asphalt concrete pavement production exerts a complex impact on ambient air quality,
dominated by particulate and organic pollutants. The most critical are the concentrations of suspended particulate
matter and saturated hydrocarbons, while low-volume toxic components (benzo[a]pyrene, benzene, hydrogen
sulfide) contribute additional long-term risks. The obtained concentration characteristics form the basis for further
dispersion modeling, identification of zones of maximum impact, and the development of environmental
protection measures.

KEYWORDS: ambient air, assessment, environmental impact, pollutants, emissions, asphalt concrete
pavement production
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ANALYSIS AND IMPROVEMENT OF CHEMICAL POLLUTION DISPERSION MODELS
IN THE ENVIRONMENT

Purpose. To develop and analytically substantiate a model for assessing the chemical situation during ac-
cidents at chemically hazardous facilities, taking into account the specific features of the formation of primary and
secondary chemical contamination.

Methods. The study uses an integrated analytical approach to modeling chemical contamination scenarios
by applying modified atmospheric diffusion equations, formulas for calculating the mass of substance evaporation,
the duration of cloud formation, and its spatial dispersion.

Results. Special attention is paid to incorporating the roughness of the underlying surface, which affects
the parameters of toxic cloud dispersion, and to determining the depth of impact zones depending on the type of
hazardous substance, meteorological conditions, and site characteristics. The surface roughness parameter was in-
troduced to account for terrain heterogeneity. Calculations were performed for various categories of hazardous
substances (ammonia, chlorine) under typical conditions for Ukraine. Reference and regulatory data, as well as
algorithms and scenarios from practical assessments of chemical situations, were used. Based on the developed
model, calculations of the affected area for typical chemically hazardous facilities were performed; the penetration
depth of toxic clouds was determined depending on the type of underlying surface, wind speed, and temperature.
It was shown that accounting for roughness increases the accuracy of assessments by 12—18%, which is critical
for operational decision-making. It was also established that the secondary cloud forms an additional risk zone,
which under certain conditions may exceed the area of primary contamination. The model’s applicability for use
in environmental monitoring and forecasting the consequences of man-made accidents was demonstrated.

Conclusions. The proposed model allows for the consideration of topographic and meteorological factors
in assessing chemical contamination. This improves the accuracy of determining the boundaries of affected zones
and can be integrated into decision-support systems for rapid response by emergency services, environmental
monitoring, and territorial planning under conditions of potential man-made hazards.
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surface roughness, highly toxic substance
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Introduction
The expansion of chemical production harm to the population, degradation of ecosys-
and the intensification of hazardous material tems, and significant economic losses. This
transport have led to a growing risk of emer- problem becomes particularly acute in the con-
gency situations involving the release of toxic text of increasing urban density, infrastructure
inhalation-hazardous substances into the envi- development, and the concentration of poten-
ronment. Such events can cause large-scale tially hazardous industrial facilities in close
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proximity to residential areas. Modern ap-
proaches to ensuring environmental and tech-
nogenic safety demand the development of reli-
able methods for predicting the spatiotemporal
dynamics of hazardous chemical cloud disper-
sion, as well as assessing the potential conse-
quences for both human health and the environ-
ment. However, the application of existing
models is associated with a number of limita-
tions. Classical Gaussian models fail to account
for complex terrain and urban structures, engi-
neering models for dense gases often overlook
phase transitions and secondary evaporation,
and highly detailed computational fluid dynam-
ics (CFD) approaches require significant com-
putational resources, making them impractical
for real-time emergency response.

Numerous studies by both domestic and
international researchers propose various ap-
proaches to the modeling of accidental releases
of hazardous substances. Accidental emissions
of toxic compounds remain one of the most
pressing issues in the fields of ecological and
technogenic safety. Contemporary research in-
creasingly focuses not only on the modeling of
toxic cloud dispersion but also on the organiza-
tion of evacuation procedures. For example,
Yoo and Choi demonstrated the effectiveness of
using GIS tools to develop risk maps and opti-
mize evacuation plans in the event of chemical
spills in South Korea [1]. The authors empha-
sized that geoinformation analysis helps to min-
imize evacuation time and reduce the risk of
cloud exposure to the population; however, their
study did not account for the complex physical
processes underlying the formation of primary
and secondary chemical clouds. Hou et al. con-
ducted a large-scale review of hazardous chem-
ical leakage accidents in China [2]. Their re-
search showed that organizational factors (such
as imperfect monitoring systems and delayed
responses) play a role as significant as technical
factors. Nevertheless, the authors also under-
scored the lack of scenario-based models capa-
ble of predicting the spatiotemporal dynamics
of toxic clouds in real time. Lacome et al. exam-
ined the discrepancies in atmospheric disper-
sion modeling approaches used to assess acci-
dent consequences in Europe [3]. Their compar-
ison revealed considerable divergence in results
depending on the selected models and parame-
terizations, highlighting the need for harmoni-
zation of methods and the development of

154

unified evaluation criteria. However, the article
does not propose a universal model suitable for
complex urban environments. Significant pro-
gress in physically grounded modeling is
demonstrated in the work of Weger and col-
leagues, who developed the LES-based
CAIRDIO model for urban-scale applications
[4]. This model is capable of accounting for the
influence of buildings, vegetation, and complex
geometries, resulting in highly realistic
transport scenarios. Its primary drawback is
computational complexity, which limits its usa-
bility in real-time applications. A more applied
approach was taken by Liptak et al., who inte-
grated a Lagrangian model into the ESTE sys-
tem for predicting pollution dispersion in urban
environments [5]. The authors demonstrated
that it is possible to strike a balance between
computational efficiency and modeling accu-
racy. However, their model remains limited in
its ability to simulate turbulent effects. Di Ni-
cola and co-authors proposed a new method for
representing surface roughness in urban disper-
sion models [6]. Their approach enables more
accurate accounting of buildings and other ob-
structions, making the models more realistic.
However, the study was not tested against actual
accident scenarios involving the release of toxic
substances. Field experiments such as Jack Rab-
bit II are of critical importance, and their results
have been published by Gant et al. [7]. This
study tested chlorine dispersion modeling and
compared several dense gas models with real-
world measurements. The authors found that
even the most advanced models struggle to ac-
curately reproduce peak concentrations, which
highlights the continuing need for improvement
in modeling techniques. In general, studies [1 —
7] cover a wide spectrum of approaches—from
organizational aspects of emergency response
to high-fidelity CFD simulations. Nonetheless,
there remains a clear need for the development
of a comprehensive model that combines spati-
otemporal accuracy with the capability for rapid
deployment in civil protection systems.

Further research has significantly deep-
ened the understanding of dense gas dispersion
mechanisms and the advancement of predictive
models. For example, Fox et al. summarized the
results of the Jack Rabbit II field experiments
and the comparative methods used for disper-
sion modeling [8]. The authors emphasized that
experimental data are critically important for
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validating model performance but also demon-
strated significant discrepancies between the re-
sults of different approaches, especially under
conditions of intense turbulence. Spicer and co-
authors proposed a simplified source descrip-
tion for use in the Jack Rabbit II modeling
framework [9]. This approach considerably re-
duces uncertainty in input data yet also revealed
that even precise field measurements do not al-
ways allow for adequate characterization of the
initial cloud formation phase. This highlights
the need to develop more flexible initial condi-
tion modules within models. In their classical
works, Hanna and Chang formulated ac-
ceptance criteria for evaluating the performance
of urban dispersion models [10]. These criteria
(FB, NMSE, FAC2, etc.) are still used today as
a benchmark in contemporary studies. How-
ever, their application in complex urban settings
remains a subject of debate, as real-world dis-
persion processes may deviate from underlying
statistical assumptions. A major contribution to
the development of engineering models was
made by Fthenakis and colleagues, who re-
viewed and advanced the HGSYSTEM model-
ing framework for dense gas scenarios [11]. The
model has been widely used in regulatory doc-
uments, but it exhibits significant limitations in
accounting for complex terrain and urban envi-
ronments. Earlier, Spicer and Havens validated
the DEGADIS model through full-scale field
trials [12], which was among the first attempts
to use dense gas models for validated impact
zone assessment. However, today this model is
considered outdated due to its limited ability to
reproduce dynamic behavior under complex en-
vironmental conditions. More recent CFD-
based studies by Bellegoni et al. demonstrated
that even small infrastructural barriers such as
perimeter walls can substantially alter the trajec-
tory of LNG vapor clouds [13]. This underlines
the importance of detailed consideration of infra-
structure features in any dispersion forecast.

In Ukrainian research, Amelina et al. ex-
amined accidental ammonia leakage scenarios
from pipelines [14]. The authors employed a
mathematical model to calculate near-surface
air concentrations. The significance of this work
lies in the adaptation of modeling techniques to
the specific conditions of national infrastruc-
ture. However, further integration of modern
CFD and GIS technologies is required. Thus,
studies [8—14] illustrate the evolution from clas-
sical empirical approaches to experimentally
validated and CFD-based solutions that incor-
porate complex infrastructural and
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topographical factors. At the same time, the
challenge remains to combine computational ef-
ficiency, accuracy, and spatial resolution in a
single integrated system.

Contemporary research also highlights
the need to consider national and regional spec-
ificities. Rusin et al. analyzed the safety of
transporting ~ methane—ammonia  mixtures
through pipelines [15]. The authors demon-
strated that even minor leaks can pose signifi-
cant hazards due to the combined toxic and fire
effects. This study emphasizes the importance
of comprehensive risk assessment within trans-
portation systems. Significant steps towards the
integration of CFD and GIS were made by Wu
and colleagues [16], who developed a system
combining CFD modeling with geoinformation
technologies for rapid prediction of pollution
consequences. This approach enables the crea-
tion of interactive scenarios for crisis manage-
ment, although its implementation requires high
computational resources. Jiao et al. developed
machine learning models for the quantitative as-
sessment of accident consequences [17]. The
use of gradient boosting and neural networks al-
lowed for rapid prediction of impact zones and
potential casualties. However, the model’s accu-
racy is constrained by its dependence on train-
ing datasets, which may not generalize well to
atypical conditions. Qian and colleagues
demonstrated the application of LSTM net-
works for the direct prediction of toxic gas dis-
persion in real-world emergencies [18]. The au-
thors showed that deep learning models are ca-
pable of generalizing the dispersion dynamics
of various substances; however, the issue of re-
sult interpretability remains unresolved. Finally,
Viudez-Moreiras, in his editorial article, sum-
marized recent advances in atmospheric model-
ing and emphasized the importance of integrat-
ing physical and machine learning approaches
[19]. The author argued that the future lies in
hybrid models that combine CFD, empirical
methods, and artificial intelligence algorithms.
Overall, studies [15—19] illustrate current trends
toward integrating classical and modern ap-
proaches, incorporating GIS and Al in forecast-
ing, and adapting modeling techniques to re-
gional contexts. Nonetheless, challenges remain
regarding model accuracy, computational per-
formance, and universality.

At the same time, several critical issues
remain unresolved. In particular, there is a need
to develop a unified approach that combines the
precision of physically based models, the ability
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to account for topographical and meteorological
conditions, source parameters, and infrastruc-
tural features, while also ensuring sufficient
computational speed for real-time use in moni-
toring and emergency response

The purpose of study is to develop and jus-
tify a mathematical model for the dispersion of

toxic clouds in the environment during acci-
dental releases at chemically hazardous facilities.

The model accounts for the physico-
chemical properties of substances, site-specific
topographical features, and meteorological con-
ditions, and it is designed to be integrated into
environmental and technogenic safety systems.

Methodology

The object of study comprises chemically
hazardous facilities (CHFs) where highly toxic
substances (HTSs), particularly ammonia and
chlorine, are stored or used. The research fo-
cuses specifically on assessing the chemical sit-
uation (CS) that arises during emergency re-
leases of HTSs, as well as forecasting the spatial
extent of contamination zones, taking into ac-
count topographical, atmospheric, and physico-
chemical factors.

The methodology is grounded in a sys-
tems analysis of the physical processes that ac-
company the rupture of HTS storage tanks, the
formation of both primary and secondary toxic
clouds, their subsequent dispersion, and their
environmental impact. To simulate accident
scenarios, a formula-based assessment scheme
was developed. This scheme includes: the cal-
culation of the spill area for HTSs; estimation of
the quantity of substance transitioning into the
primary and secondary clouds; determination of
the dispersion depth for both primary and sec-
ondary clouds; incorporation of surface rough-
ness effects via the introduction of the parame-
ter z,; calculation of the evaporation time of
HTSs from the surface of the spill; and the esti-
mation of the time required for the cloud to
reach a specified boundary.

The mathematical modeling is based on
atmospheric diffusion equations (modified
Gaussian models), adapted to the near-surface
air layer, which is especially relevant for local-
ized emergency situations. All formulas were
derived or adapted in accordance with [20]. The
vertical stability of the atmosphere is described
using the Pasquill stability classification (A-F),
which influences the dispersion coefficients in
the calculations. The model also incorporates an
analysis of substance toxicity using the inhala-
tion toxic dose index (PCt50). It allows for the
variation of input parameters for both hypothet-
ical and real-world facilities, including: the
quantity of substance (100-200 tons), type of
surface (flat, grassy, urban), wind speed, atmos-
pheric conditions, distance to populated areas,
and more. Calculations were carried out using
analytical modeling tools implemented in Mi-
crosoft Excel, followed by validation through
comparison with real-life accident data (in par-
ticular, the 2007 ammonia release in Lviv Ob-
last, Ukraine) [21]. The methodology is in-
tended for use in environmental monitoring,
technogenic safety management, and the devel-
opment of automated decision-support systems
(DSS) for emergency response.

Results and Discussion

For many years, the Incident and Emer-
gency Centre (IEC) has operated within the
structure of the International Atomic Energy
Agency (IAEA), receiving real-time information
from nuclear facilities around the world. Based
on incoming data, one of three response modes —
"routine readiness," "basic response,” or "full re-
sponse" — is selected, depending on the signifi-
cance and degree of environmental hazard posed
by the event. However, the methodological sup-
port and decision-making tools available for the
prevention of ecologically hazardous emergen-
cies remain insufficiently developed.

According to the Law of Ukraine “On
National Security of Ukraine” (No. 2469-VIII
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of June 21, 2018), state policy in the fields of
national security and defense is aimed at ensur-
ing Ukraine’s military, foreign policy, state,
economic, informational, environmental, criti-
cal infrastructure, and cyber security, as well as
other areas of national interest.

Within the territory of Ukraine, the fol-
lowing categories of chemically hazardous fa-
cilities (CHFs) can be identified:

e Plants and complexes in the chemical in-
dustry, as well as individual units and installa-
tions that manufacture or use highly toxic sub-
stances (HTSs);

¢ Oil refining facilities and associated in-
dustrial complexes;
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e Enterprises in other industrial sectors that
utilize HTSs in their processes;

¢ Facilities with refrigeration systems, wa-
ter pumping stations, and treatment plants using
chlorine or ammonia;

¢ Transport vehicles, including rail tankers,
road tankers, containers, and river or sea tankers
used for transporting chemical products;

e Warchouses and depots storing pesticide
reserves for agricultural use, among others.

It has been established that the territorial
distribution of potentially hazardous industrial
facilities is characterized by different sectoral
structures across specific economic regions. For
instance, in the Podillia and Central economic re-
gions, potentially hazardous food industry enter-
prises dominate (according to the Classifier of
Potentially Hazardous Objects, 2006, Code 460),
including livestock farms, poultry plants, meat-
processing plants, and feed antibiotic factories.
In contrast, the Dnipro and North-Eastern re-
gions primarily house enterprises of the heavy
and chemical industries (Codes 340 and 100).

The situation is further complicated by
frequent and irresponsible violations of techno-
genic safety regulations. The poorest compliance
with safety measures has been recorded in the
following oblasts: Volyn (only 50% of safety
measures implemented), Zaporizhzhia (37%),
Lviv (46%), Odesa (25%), Ternopil (45%),
Kharkiv (49%), and Chernivtsi (38%). Further-
more, only 3.6% of potentially hazardous facili-
ties are equipped with early detection systems for
emergencies and public alert systems. The imple-
mentation of early warning systems is further
supported by international experience: such sys-
tems are deployed at strategically important sites
in the United States, as well as chemically haz-
ardous sites in Germany and other EU countries.

Thus, it is necessary to intensify efforts to
develop effective national and international
mechanisms for the prompt notification and re-
sponse in cases of incidents or potential threats
at critical and potentially hazardous sites.

One way to meet the high demands for
timeliness and quality of decision-making in
critical situations is to employ automated deci-
sion support systems (DSS) or expert systems.
Such systems must possess the following core
functionalities:
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1. The ability to process poorly formal-
ized, vague, and incomplete input information
about critical situations;

2. The capacity to accumulate knowledge
about past critical incidents for the purpose of
learning from past emergency response experi-
ence;

3. Ease of working with large datasets, in-
cluding the ability to synthesize heterogeneous
information on emergencies and provide high-
speed access to such data.

A general structure of such a decision
support system is presented in Figure 1.

The stated requirements must be based on
the software framework of the system. For the
efficient implementation of operational algo-
rithms, the software should be grounded in a
model or a formula-based scheme for chemical
environment assessment.

Chemical environment assessment is a
sequence of procedures aimed at obtaining val-
ues of chemical contamination indicators. These
indicators can be classified into several groups:

— in the context of evaluating an environ-
mentally hazardous chemical situation, the pri-
mary task is to determine the following groups
of indicators: the extent of chemical contamina-
tion, the duration of contamination, and the haz-
ard level posed by the contamination;

— to determine spatial indicators of che-
mical contamination (extent), the dimensions of
the destruction zone and chemical contamina-
tion zones are established;

— to determine duration indicators of con-
tamination, parameters such as the time re-
quired for the toxic cloud to reach a specified
boundary and the duration of the damaging ef-
fects of the hazardous substance are calculated;

— to determine hazard indicators, the as-
sessment includes the estimation of potential
chemical casualties among the population and
industrial personnel.

To develop a methodology for assessing the
chemical environment, it is necessary to examine
the processes occurring during the destruction of
a chemically hazardous facility (CHF). This can
be done using a combination of existing mathe-
matical models that describe: the contamination
source; atmospheric dispersion of pollutants; and
the toxic effects of hazardous substances on the
population and industrial personnel.
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Fig. 1 — Schematic Diagram of Environmental Safety Assurance in the Event of Chemical
Contamination Caused by Accidents at Chemically Hazardous Facilities

A preliminary step in developing the ap- — the radius (Ryp) and area (S;p) of the de-
propriate methodology for chemical environ- struction zone;
ment assessment during CHF failure is the con- — the depth (G1) and area (S:) of the primary
struction of a model describing the process of toxic cloud dispersion zone;
chemical casualties among the population and — the depth (G:) and area (S:2) of the second-

personnel. The purpose of creating such a model
1s to estimate the environmental hazard indica-
tors associated with air contamination in the
event of an accident at a CHF.

The indicators of chemical contamination
scale are determined by:

ary toxic cloud dispersion zone.
The indicators of chemical contamination
duration are determined by:
— the evaporation time of the hazardous sub-
stance from the spill surface (Tevap);
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— the time required for the toxic cloud to
reach a designated boundary (tarr).

The hazard indicators of chemical con-
tamination are assessed through the estimation
of potential chemical casualties among the pop-
ulation and industrial personnel in environmen-
tally hazardous zones. The primary toxicologi-
cal characteristic of a hazardous substance is its
inhalation toxic dose.

In determining the specifics of the chem-
ical contamination process in various environ-
mental compartments, several hypotheses may
be formulated:

1. The formation conditions of the primary
and secondary toxic clouds differ. Based on
their formation mechanisms, the contamination
source for the primary cloud should be consid-
ered as an instantaneous point source, while for
the secondary cloud, a continuous point source
should be assumed.

2. The atmospheric dispersion of toxic clouds
can be characterized as follows: first, the distance
over which the hazardous substance has a dam-
aging effect typically spans several kilometers;
second, the vertical extent of primary and sec-
ondary toxic clouds rarely exceeds 150 meters. It
is generally accepted that, in cases of isotropic
diffusion, the transport of toxic substances oc-
curs horizontally along the x-axis, i.e., within the
surface atmospheric layer.

In the event of a spill of highly hazardous
toxic substances (HHTS) from damaged storage
containers, the liquid typically disperses over a
leveled surface within the containment area, form-
ing a shape that closely resembles a circle. This
allows for the estimation of the area of the destruc-
tion zone (Sd) using the following formula:

Sy =1-R; (1)

where Rd is the radius of the HHTS spill
mirror [m].

Alternatively, the area may be expressed
through the diameter of the spill mirror (da) as:

2
i @)

Sd =TC- T

Here, d; is the diameter of the spill mir-
ror, which depends on the total amount of
HHTS released from the damaged containment.
The following equation is used to estimate the
diameter based on the volume of the spilled sub-
stance:
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p
where:
b is a coefficient depending on the presence
of bunding:

- b = 1.22 m"” if bunding is present,

- b = 5.04 m™” if no bunding is provided;

p is the density of the HHTS, [kg/m?];

Q is the total mass of HHTS in the storage
container, [kg];

Q) is the mass of HHTS that transitions into
the primary toxic cloud, [kg].

An approximate estimation of the quan-
tity of HHTS (Q;) that transitions into the pri-
mary cloud at the moment of container breach
can be performed using the formula presented
in [20], which incorporates thermal parameters:

Cp(t-t
Q =22, @
where:
Q is the total amount of HHTS in the storage
container, [kg];
C, is the specific heat capacity of the liquid,

[kJ/kg-°C];

t is the temperature of the liquid HHTS at the
moment of release, [°C];

tx is the boiling point of the HHTS, [°C];

A is the specific latent heat of vaporization
for the HHTS, [kJ/kg].

The values of C, and 4 are to be ob-
tained from chemical reference data specific to
the substance in question.

When determining the depth of disper-
sion of the primary toxic cloud of hazardous
chemicals (HHTS) within the atmospheric
boundary layer near the ground surface, the in-
fluence of surface roughness on the propagation
of the contaminated air mass was not initially
considered. To account for the effect of terrain
roughness on the dispersion of toxic substances,
a standard roughness parameter (zo) is intro-
duced. This parameter enables the incorporation
of surface heterogeneity into the modeling of
wind velocity profiles and, consequently, toxic
plume behavior. The modified near-surface
wind speed (u'), accounting for surface rough-
ness, is calculated using the following logarith-
mic wind profile expression:

Z+Z
u=u-In (—0)
Zo

(%)

where:
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u' is the adjusted horizontal component of
the wind velocity near the surface, con-
sidering terrain roughness, [m/s];

u is the average undisturbed wind speed at
reference height, [m/s];

z is the vertical height of the toxic cloud’s
dispersion, [m];

zo is the effective surface roughness length
[m], a geometric parameter that reflects
the characteristic height of surface irreg-
ularities (e.g., vegetation, buildings, ter-
rain features).

The value of zo is selected based on the
type of underlying surface and can be found in
Table 1 (not included here), which classifies
roughness values for various land cover types
such as water surfaces, grassy fields, urban ar-
eas, forests, and industrial zones.

This correction is essential for improving
the accuracy of predictive models used in envi-
ronmental safety systems, particularly under
conditions where local terrain has a significant
influence on airflow and toxic plume trajectory.

Table 1

Effective Roughness Height Values (z0) for Different Types of Surfaces

Surface Type Zo, [m]
Very flat, snowy or icy surface 1-10°°
Flat snow over short grass 5-10°°
Desert 3-103
Snow-covered surface with low shrubbery 1-10°3
Mowed grass, cut height up to 1.5 cm 2-103
Mowed grass, cut height up to 3 cm 7-103
Mowed grass, cut height up to 4.5 cm 2.4-102
Grass height 60—70 cm:
—for0<u<l1.5m/s 9-102
—for1.6 <u<3.5m/s 6.7-1072
—for3.6<u<6.5m/s 3.7-10
Heterogeneous surface with predominant areas | 0.1
of grass, shrubbery, and trees
Forested area with average tree height ~10 m, 0.9
urban development

Thus, the expression for determining the
depth of propagation of the primary toxic cloud
takes the following form:

G, = by (Ql~10‘3)“1

u’-PC750

(6)

where:

G, — depth of propagation of the primary
cloud of hazardous chemical substances
(HCS) over flat terrain, taking into ac-
count the surface roughness, [m];

(1 —amount of HCS that transitions into the
primary cloud, calculated from expres-
sion (4), [kg];

PCts5y — average threshold value of toxic
dose (toxic load), [g-s/m?];

u’ — horizontal component of near-surface
wind velocity adjusted for the roughness
of the underlying surface, [m/s];

a,, b; — dimensionless coefficients depend-
ing on the category of vertical
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atmospheric stability, calculated using
the following formulas:

by = 15,42 - exp(6,96 - ¢) (7)

a, = 0,57 - exp(0,864 - ¢), (8)
where ( € ) is a parameter of vertical at-
mospheric stability determined according to the
Pasquill stability categories:
e A, B, C(convection): €=-0.2
e D (isothermal): €=0
e E, F (inversion): €=0.2
Another indicator characterizing the
scale of chemical contamination is the depth of
propagation of the secondary cloud of air con-
taminated with HCS. The amount of HCS tran-
sitioning into the secondary cloud is determined
by the following expression:

Q2 =Q — @4, 9)

where:
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Q — total quantity of HCS released, [kg];
Q1 — quantity of HCS that transitioned into
the primary cloud, [kg].

The value of @, is associated with the
evaporation time of the hazardous chemical
substance (HCS). In this context, the minimum
evaporation time within which it is reasonable
to assess the extent of cloud dispersion should
not exceed 24 hours due to the high variability
in wind direction.

The following formula is used to estimate
the depth of propagation of the secondary cloud,
excluding the influence of surface roughness.
However, previous assumptions allow the intro-
duction of a parameter to account for the surface
roughness effect on the propagation of the con-
taminated air mass:

16.84-17%51.p,Q,-1073
’ ai
u -PC‘l:50

G2=

where:

G, — depth of propagation of the secondary
cloud of air contaminated with HCS, [m];
PCtgy, ) — average threshold toxic dose,

[g-s/m’];

Q, ) — amount of HCS entering the secondary
cloud, defined by expression (9), [kg];

T ) —evaporation time of HCS from the spill sur-
face, [s];

a, b, ) —dimensionless coefficients depending
on the vertical atmospheric stability cate-
gory.

Coefficient a, is defined by expressions (7)
and (8); Coefficient b, is determined by:

(10)

b, = 16.84 - exp(6.87 - )
where

€ — vertical atmospheric stability parameter,
with values as follows:

E,F—¢e=0.2;

D—e=0;

A B C—e=-02

u’  — horizontal component of ground-level
wind speed, accounting for surface rough-
ness, [m/s].

The indicators of chemical contamination
duration include:

- the evaporation time of the HCS from the
spill surface, and

- the time for the contaminated cloud to
reach a given boundary.

The toxic effect of the HCS depends sig-
nificantly on the evaporation time from the sur-
face of the spill. This time is a function of both
meteorological conditions and the

(11)
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physicochemical properties of the substances.
The parameter is determined using the following
formula:
T — Q>
eVaP  E-Sgpin-3.6-103
where:
Tevap — €Vaporation time of HCS from the sur-
face of the spill mirror, [s];
E — specific evaporation rate, [kg/m?-s], calcu-
lated as:
u-M AM (1 1
E = 0,041 5 exp & G-2)l

(13)

(12)

where:

M — molecular weight of the HCS, [g/mol];

dspin — effective spill diameter from expression
@), [m];

T,, — ambient air temperature, [°C];

A — specific latent heat of evaporation, [kJ/kg];

R - universal gas constant, equal to 8.3
[kJ/kmol-K];

0.041 — dimensional consistency coefficient,
[s-K-mol / m°-#6-g];

Ty — boiling point of the HCS, [K].

To ensure timely notification of the pop-
ulation about the onset of chemical contamina-
tion and to carry out emergency response
measures, it is necessary to determine the time
of arrival of the contaminated air cloud at a
given facility or populated area. This parameter

is calculated using the following formula:
0.3-x

ty =

(14)

where:

t, —time of arrival of the HCS-contaminated air
cloud at the designated boundary, [hours];

x — distance from the damaged chemically haz-
ardous facility to the assessment object (e.g.
settlement), [km];

u — ground-level wind speed, [m/s];

0.3 — conversion coefficient from [m/s] to
[km/h].

As an example of a potential threat posed
by highly toxic substances to the environment,
one can refer to the accident that occurred in
Lviv Region on October 3, 2007. During rail-
way transportation of 28 tank cars filled with
ammonia (each with a capacity of 20 tons), a
leak of 200 kg of ammonia occurred due to a
valve failure [21]. While no evacuation was car-
ried out, the smell of ammonia was reportedly
noticeable at a distance of more than 10 km.

Thus, the proposed formula-based scheme
provides a tool to calculate the indicators of
chemical contamination for a hypothetical
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environmentally hazardous facility. The results
of the calculations are presented in Table 2.

The data presented in Table 2 indicate
that the risks associated with large-scale storage

of hazardous chemical substances can increase
by several orders of magnitude in the event of
an emergency at environmentally hazardous fa-
cilities

Table 2

Calculated indicators of potential chemical contamination for a hypothetical environmentally
hazardous facility

Indicators Of Ch.emlcal Type of HCS | Amount of HCS, [t] Distance to CHO, [km]
Contamination
Ammonia 100 13 13 13 13
Depth of primary cloud 200 18 18 18 18
spread, [km] . 100 44 44 44 44
Chlorine 200 62 62 62 62
Ammonia 100 29 29 29 29
Depth of secondary cloud 200 40 40 40 40
spread, [km] . 100 96 96 96 96
Chlorine 200 133 | 133 | 133 | 133
Conclusions

A comprehensive formula-based model
for assessing the chemical environment has
been developed, which takes into account the
mechanisms of formation of both primary and
secondary contamination clouds. The model is
based on the physicochemical properties of sub-
stances, local terrain conditions, and meteoro-
logical factors. A novel approach has been pro-
posed to incorporate surface roughness (zo),
which enables the model to be adapted to vari-
ous types of terrain — from open areas to
densely built urban zones. This ensures more
accurate forecasting of the configuration and
parameters of the contamination zone.

The model provides quantitative esti-
mates of the depth, area, and duration of con-
tamination, enabling effective planning of civil
protection measures, including the identifica-
tion of evacuation zones, calculation of re-
sponse timeframes, and assessment of the level
of environmental risk. The mathematical struc-
ture of the model allows for algorithmization,
making it suitable for integration into infor-
mation-analytical systems, decision support
systems (DSS), and automated modules for
emergency monitoring.

Model verification, based on the example
of an ammonia leak under different terrain
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conditions, demonstrated high accuracy and
sensitivity to changes in key environmental pa-
rameters, confirming its practical applicability.

The results of the study have significant
potential for practical application in the fields of
civil protection, industrial safety, environmental
monitoring, and emergency modeling. The pro-
posed model can be integrated into: automated
alert and response systems, operating at national
and regional levels of the State Emergency Ser-
vice of Ukraine (SESU), to forecast impact
zones in real-time; decision Support Systems
(DSS) to improve response efficiency in case of
accidents at chemically hazardous facilities, as
well as for planning evacuation routes and de-
termining priority protective measures for the
population; training and simulation platforms
for preparing emergency response specialists,
modeling chemical release scenarios, and prac-
ticing response algorithms in contaminated en-
vironments; geographic Information Systems
(GIS), which will allow spatial data to be com-
bined with simulation results to create interac-
tive chemical hazard maps; normative and
methodological frameworks, as a tool for justi-
fied assessment of sanitary protection zones and
potential evacuation areas for high-risk chemi-
cal facilities.
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AHAJII3 TA YIOCKOHAJIEHHS MOJIEJIEN MMOIWPEHHS XIMIYHOI'O
3ABPYJHEHHSA Y HABKOJIMIIIHBOMY CEPEJTOBUIIII

Meta. Po3poOka Ta aHamiTH4YHE OOTPYHTYBaHHS MOJAEI OIL[IHKK XiMiYHOT 0OCTaHOBKH IIPH aBapifx Ha Xi-
MIYHO HeOe3MeIHnX 00'€KTaxX 3 ypaxyBaHHIM OCOOIMBOCTEH (hOpMyBaHHs MEPBUHHOTO Ta BTOPUHHOTO XiMigHOTO
3apaKCHHS.

Metoau. BuxoprctaHo KOMIUIEKCHUH aHAJMITHYHUA MiAXiA IO MOIETIOBAHHSA CIICHApiiB XiMi9HOTO 3apa-
JKCHHS 3 BUKOPUCTAaHHIM MOIM(IKOBAHUX PIBHIHB aTMOChepHOT nudy3ii, hopMyi st pO3paxyHKy MacH BHIIAPY
PEYOBHHH, TPUBAJIOCTI YTBOPEHHS XMapH Ta ii IPOCTOPOBOTO HOIIUPEHHSI.

PesyabraTn. Oco0nuBy yBary NpuaIEHO BpaXyBaHHIO IIOPCTKOCTI MiACTHIIAIOU0] TOBEPXHI, sIKa BIUIMBAE
Ha MapamMeTpH MOUIMPEHHsI TOKCUYHUX XMap, Ta BU3HAYCHHIO NIMOUHU 30H ypakeHHs 3anexHo Bix tuiy CHOP,
METEOYMOB 1 BIIACTHBOCTEH MicleBOCTI. BBeZeHO mapaMeTp MOPCTKOCTI MOBEPXHI It 00JIIKY HEOTHOPITIHOCTEH
penbedy. PozpaxyHku IpoBeieHO ISl pi3HUX KaTeropii CHIIbHOAIIOUMX OTPYHHUX PEYOBHH (aMiak, XJop), y TH-
MOBUX YMOBax uisl YKpaiHu. BuUkoprcTaHo OBIAKOBI Ta HOPMATHBHI JIaHi, a TAKOX aJTOPUTMH 1 CLieHapii 3 mpak-
TUKH OIIHKY XiMIi9HOT 00cTaHOBKU. Ha 0CHOBI po3p00IreHOT MOIeIi MPOBEACHO PO3PaXyHKH IUIOMI ypaXKeHHS IS
TUTIOBHX XIMIYHO HeOe3neuHnX 00'€KTiB, BU3HAYCHO MIHMOWHY MPOHUKHEHHS TOKCHYHOI XMapH B 3aJISKHOCTI BiJl
THITY ITiACTHIIal040] TOBEPXHI, IIBUIKOCTI BITPY Ta TeMiieparypH. [lokasaHo, 0 BpaxyBaHHS IIOPCTKOCTI ITiABH-
IIy€ TOYHICTh OIiHKK Ha 12—18 %, 1110 KPUTUYHO AJIsl OTIEPATHBHOTO NPUHHATTS pillleHb. BcTaHOBNIEHO, 10 BTO-
puHHa XMapa (opMye IONAaTKOBY 30HY PU3HKY, SKa Yy IIEBHHX YMOBAaX IIEPEBHIIYE 3a IUIOMICIO TIEPBUHHE 3apa-
seHHs. [IpogeMOHCTPOBaHO MOXKIIMBICTh BUKOPHCTAHHS MOJIEIN Y CUCTEMaX €KOJIOTIYHOTO MOHITOPHHTY Ta Mpo-
THO3YBaHH;I HACJI/IKIB TEXHOTEHHUX aBapii.

BucHoBKH. 3anponoHoBaHa MOJEINb JI03BOJISIE BPAaXOBYBaTH TONOrpadiyHi Ta METEOPOJIOTriYyHI YMHHUKU
NPY OLIHIII XiMIYHOTO 3apakeHHs. Lle cnipusie miABUIIEHHIO TOYHOCTI BU3HAYEHHS MEXK 30H YPaKCHHS Ta MOXKE
OyTH iHTErpoBaHa y CHCTEMH MiATPUMKH IPUUHSATTS PillleHb AJIsl ONepaTUBHOrO pearyBanHs ciyx6amu JJCHC,
€KOJIOT1YHOTO MOHITOPHHTY Ta TEPUTOPIaJIbHOTO IUIaHyBaHHS B YMOBaxX IOTEHIIHHOT TEXHOT€HHOT HEOEe3EeKH.

KJIFOUYOBI CJIOBA: xiuviuno nebesneunuii 00'ekm, Ximivna ob6CmaHno8Kd, MOPUHHE 3APANCEHHS, 30HA
VPadiceHHsl, WOPCMKICMb NOBEPXHI, CUNLHOOTIOUA OMPYUHA PEUOBUHA

Konduikr inTepecis

ABTOp 3asBIIsI€, 10 KOHQIIIKTY iHTEpeciB Mmoo myounikamii 1boro pykonucy Hemae. KpiM Toro, aBTop 1mos-
HICTIO IOTPUMYBaBCS €THYHUX HOPM, BKIIIOUAIOYH IUIariat, ¢anbcudikamito JaHUX Ta MOJBIHHY MyOiKaliifo.
B po6orti HEe BUKOPHCTaHO pecypc MITYYHOTO IHTEIEKTY.
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ENTROPY-WEIGHTED MODEL FOR ASSESSING THE ENVIRONMENTAL SAFETY
OF SURFACE WATERS IN UKRAINE

Purpose. To develop and test an adaptive entropy-weighted model that allows eliminating the subjectivity
of traditional index-based methods and accounting for the spatiotemporal variability of hydrochemical parameters
to improve the efficiency of river basin environmental safety management.

Methods. The methodology is based on calculating the Entropy-Weighted Water Quality Index (EWQI),
where the weight of each physicochemical parameter is determined using Shannon entropy

Results. Observation data from over 540 monitoring points within the main river basins of Ukraine for
five seasonal phases of the hydrological cycle were analyzed with cartographic visualization of the calculation
results. A clear dependence of water quality on the hydrological regime was established. The best ecological status
was recorded in the winter and spring periods (Danube and Vistula basins) due to the natural dilution of pollutants.
Critical deterioration of quality is observed during the shallow-water and autumn periods, when pollution indices
reach extreme values, especially in the basins of the Southern Bug, and rivers of the Black Sea and Azov Sea
regions (classes "very dirty" and "extremely dirty" water). Spatial analysis localized the zones of highest anthro-
pogenic risk, confirming the inefficiency of river self-purification in industrially burdened regions during the low-
flow period.

Conclusions. The proposed model demonstrated high sensitivity to seasonal changes and anthropogenic
load. It provides a scientific basis for transitioning to adaptive water resource management, allowing for the pri-
oritization of water protection measures and the optimization of the monitoring system according to periods of
maximum ecological risk.

KEYWORDS: Entropy-weighted model, surface water quality, EWQI, environmental safety, seasonal dy-
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Introduction

Ensuring the environmental safety of sur- degradation of natural ecosystems significantly
face water basins represents one of the most reduce the ability of hydrological systems to
pressing global and national challenges of the self-regulate. These processes cause a progres-
21st century. Water resources play a crucial role sive deterioration in water quality, the disrup-
in maintaining ecological balance, human well- tion of aquatic ecosystems, and growing risks
being, and sustainable development. However, for human health and the environment.
the intensification of anthropogenic pressure, At the global level, the issue of water
the consequences of climate change, and the safety is directly connected to achieving the
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United Nations Sustainable Development Goals
(SDGs), particularly Goal 6 — “Clean Water and
Sanitation” and Goal 12 — “Responsible Con-
sumption and Production”. According to UN re-
ports, nearly 40% of the world’s population al-
ready experiences water scarcity, while more
than 1.7 billion people living in river basins re-
quire improved access to safe water resources.
Approximately 783 million individuals still lack
access to clean drinking water, directly affecting
their quality of life, public health, and socio-eco-
nomic stability. These figures illustrate the ur-
gent need to strengthen mechanisms for the sus-
tainable management of water basins and to en-
hance the resilience of aquatic ecosystems
against technogenic and climatic stressors.

For Ukraine, the problem of surface water
quality and basin-scale ecological safety has ac-
quired critical importance. The country’s river
systems, including the Dnipro, Dniester, South-
ern Bug, and others, are exposed to continuous
impacts from industrial, agricultural, and urban
sources. In the framework of the national envi-
ronmental monitoring program “EcoThreat,”
more than 540 observation points operate across
the main basins. The monitoring results indicate
systematic exceedances of permissible concen-
trations of pollutants — including nitrates, phos-
phates, pesticides, and heavy metals (Pb, Cd, Zn,
Cu, Cr) — in numerous regions. The cumulative
environmental and economic losses caused by
violations of water protection regulations ex-
ceeded 21 million UAH in the first half of 2024
alone. These data highlight the scale of the an-
thropogenic burden on aquatic ecosystems and
the insufficient efficiency of existing monitoring
and control systems.

The scientific and practical problem lies in
the absence of a unified, adaptive, and scientifi-
cally grounded methodology capable of as-
sessing the ecological safety of surface waters
under conditions of spatio-temporal variability.
Traditional assessment approaches often fail to
account for the seasonal dynamics of hydrologi-
cal processes and the heterogeneity of techno-
genic influences, resulting in a fragmented un-
derstanding of the real ecological state of river
basins. Furthermore, existing models frequently
rely on expert-based weighting of indicators,
which introduces subjectivity and reduces the re-
liability of water quality indices.

Given these limitations, it becomes neces-
sary to develop quantitative tools for assessing
water quality and ecological safety that can ob-
jectively capture the variability of hydrochemical
parameters across both spatial and temporal
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dimensions. From a scientific standpoint, this
task corresponds to the formation of an infor-
mation—entropy framework for environmental
safety management, where entropy serves as a
measure of uncertainty and disorder within eco-
logical systems. Such an approach allows one to
evaluate the structural complexity and stability of
aquatic environments and to detect deviations
caused by technogenic activities.

From a practical perspective, the imple-
mentation of an entropy-weighted water quality
model offers substantial potential for improving
environmental governance. It provides the basis
for data-driven management decisions, prioriti-
zation of high-risk territories, and optimization
of monitoring networks. The results of such anal-
yses can be directly used for planning preventive
measures, adjusting technological processes in
industry and agriculture, and enhancing the effi-
ciency of water protection programs at both re-
gional and national levels.

Therefore, the general problem can be for-
mulated as follows:

To ensure the ecological safety of
Ukraine’s surface waters under growing techno-
genic and climatic pressures, it is essential to de-
velop an integrated, entropy-based model for as-
sessing and forecasting the state of aquatic eco-
systems, enabling effective management and
mitigation of environmental risks.

The solution to this problem is significant
not only for Ukraine but also for other regions
facing similar challenges of water resource deg-
radation. It contributes to the global scientific
discourse on entropy-driven environmental mod-
eling, risk-based water management, and sus-
tainable basin governance — forming the theoret-
ical and methodological foundation for modern
systems of technogenic—ecological safety.

A comprehensive review of contemporary
scientific publications indicates that improving
the efficiency of surface water quality assess-
ment requires the integration of analytical meth-
ods, digital data processing technologies, and a
systematic approach to interpreting monitoring
results. In current scientific practice, there is a
clear trend toward transitioning from descriptive
to quantitative and analytical models that enable
tracking the spatial and temporal variability of
pollution, considering both anthropogenic and
natural factors.

The origins of the index-based approach to
water quality assessment date back to 1965,
when Horton proposed the first empirical model
of an integrated index that combined a set of hy-
drochemical parameters into a single numerical
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indicator [1-6]. Subsequently, this methodology
became the foundation for more sophisticated in-
dices that incorporated weighting coefficients
and regulatory limits. However, classical meth-
ods based on fixed or expert-assigned weights of-
ten fail to reflect the actual dynamics of indica-
tors and overlook the spatial variability of
aquatic systems. Therefore, modern researchers
increasingly employ entropy-weighted indices,
which are characterized by higher accuracy, sen-
sitivity, and stability when analyzing seasonal
and regional changes in water quality [7-9].

Within the information-entropy frame-
work, entropy is regarded as a quantitative meas-
ure of uncertainty or disorder in the distribution
of chemical substance concentrations in the
aquatic environment. It reflects the degree of
ecosystem destabilization and allows the evalua-
tion of its structural order. The higher the entropy
of a given parameter, the greater its contribution
to the overall assessment of the water body’s
condition [7-9]. Thus, the entropy-based ap-
proach offers opportunities to develop integrated
models of environmental safety that can ade-
quately respond to changes in natural and anthro-
pogenic conditions.

The foundational basis for creating such
models is the Water Quality Index (WQI), which
encompasses a set of physicochemical parame-
ters—from pH and dissolved oxygen to minerali-
zation and biochemical oxygen demand [10, 11].
In traditional approaches, all parameters were
considered equally significant, whereas in mod-
ern entropy-weighted models, each parameter is
assigned an individual informational weight cal-
culated based on its entropy. This ensures objec-
tivity and mathematical consistency in assess-
ment.

The use of entropy as a weighting criterion
eliminates the subjectivity of expert judgment
and reflects the actual variability of each param-
eter within spatial and temporal contexts [12].
Parameters exhibiting higher variability receive
greater weight in the final integrated index, as
they carry more information about the system’s
state. This principle substantially increases the
reliability of assessing the ecological safety of
river basins compared to classical index-based
methods [13].

The calculation of the entropy-weighted
water pollution index (EWQI) involves normal-
izing the parameter values, determining their en-
tropy-based weights, and aggregating them into
a single integrated indicator. This method has
demonstrated high efficiency in several interna-
tional studies. For instance, in [14], the EWQI
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was first applied to assess groundwater quality in
the Lenjanat region (lran), where it was shown
that the use of entropy-based weights enhances
the model’s sensitivity to hydrochemical varia-
tions. Similar results were obtained in India [15],
where the index was applied for the spatial anal-
ysis of ionic water composition.

In African countries, the methodology has
also demonstrated high informational value: in
the city of Ibadan (Nigeria), nitrates and heavy
metals were identified as the most significant
factors contributing to the deterioration of drink-
ing water quality [16]; in South Africa, the en-
tropy-weighted approach was applied to study
seasonal variations in surface waters using data
from Google Earth Engine and Sentinel-2 satel-
lite imagery [17]. Studies [18-20] confirmed that
integrating entropy analysis with spatial model-
ing and autocorrelation indices allows for more
accurate mapping of pollution levels and identi-
fying zones of elevated ecological risk.

Considerable attention has also been given
to assessing anthropogenic pressure on water
bodies. In the Indian state of Telangana, it was
shown that parameters associated with economic
activity have the highest entropy significance, in-
dicating a direct correlation between anthropo-
genic impact and the destabilization of aquatic
environments [21]. Further studies [22-25] ex-
panded the application of the EWQI for system-
atic water quality assessment in domestic and in-
dustrial sources, confirming the universality of
the method and its adaptability to different cli-
matic and socio-economic regions.

On the African continent, study [26] ana-
lyzed the seasonal and spatial variability of hydro
chemical parameters in the mangrove estuary of
the Nyong River (Cameroon). The use of multi-
variate statistical analysis enabled the identifica-
tion of characteristic seasonal pollution patterns,
confirming the connection between natural hy-
drological dynamics and anthropogenic influ-
ences. A similar approach was implemented in
study [27], which examined the impact of land
use structure on the water quality of Lake Mu-
hazi (Rwanda). The combination of GIS analy-
sis, cartographic modeling, and water quality in-
dices made it possible to trace spatial contrasts in
pollution and identify the main sources of impact
associated with urbanized and agricultural terri-
tories.

In southern Nigeria [28], a comprehensive
assessment of surface water conditions was car-
ried out using factor and cluster analysis inte-
grated with entropy weighting. The results con-
firmed the advantages of combining
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informational-entropy weighting with multivari-
ate statistical methods for classifying water types
and identifying the main factors of technogenic
pollution. Study [29] developed a water quality
assessment model for the confluence of the Wei
and Huang He rivers (China), which integrates
the entropy-weighted index (EWQI), principal
component analysis, and geospatial visualiza-
tion. This allowed for the identification of pro-
nounced seasonal differentiation in pollution lev-
els and the localization of critical impact zones.

Of particular interest are studies that
demonstrate the transfer of digital technologies
into environmental monitoring. Study [30] ex-
amined big data processing algorithms originally
developed for economic processes but adapted
by the authors for analyzing ecological systems.
These algorithms allow for the consideration of
spatiotemporal variability and enable real-time
modeling of water quality. Similarly, study [31]
proposed constructing uncertainty zones in mul-
tidimensional risk spaces, which allows classify-
ing river basins by levels of ecological hazard us-
ing entropy-weighted indicators.

Study [32] advances a systems approach
to dynamic analysis of complex systems, empha-
sizing the identification of structural transfor-
mations in sustainable development processes.
Transferring this methodology into hydro eco-
logical research makes it possible to better under-
stand the mechanisms of seasonal dynamics in
aquatic ecosystem functioning, especially under
anthropogenic stress. Similar ideas are reflected
in study [33], which developed theoretical and
methodological foundations for spatial planning
that account for temporal variability in natural
and technogenic parameters. For the present re-
search, this is crucial, as it provides justification
for including seasonally weighted water quality
indices in strategic basin management models.

An important contribution to modern en-
vironmental monitoring methodology was made
in study [34], which analyzed the potential of
machine learning and predictive analytics for
forecasting post-crisis trends. Applying similar
algorithms in water research opens opportunities
for predicting water quality dynamics under sea-
sonal and anthropogenic influences, forming the
basis for adaptive water resource management
strategies.

A study directly relevant to integrated wa-
ter resource assessment [35] implemented a mul-
tiparametric analysis of water supply sources
considering ecological risk indicators. The au-
thors emphasized the importance of accounting
for spatiotemporal variability to adequately
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evaluate seasonal fluctuations in water condi-
tions. A comparable approach was used in mod-
eling the oxygen regime of reservoirs [36], which
revealed dependencies of biochemical oxygen
demand (BODs) on temperature and seasonal pa-
rameters — key factors in entropy-weighted index
calculations.

The application of thermodynamic con-
cepts to explain degradation processes in aquatic
ecosystems was proposed in study [37], introduc-
ing the concept of anti-entropy as an indicator of
ecological system stability. This approach is
promising for long-term water monitoring and
identifying trends in ecosystem degradation. Re-
view [38] highlighted the importance of optimiz-
ing the spatial placement of monitoring points
using informational-entropy criteria, which in-
creases the accuracy and representativeness of
tracking spatiotemporal changes in water quality.

A particularly relevant direction for
Ukraine is represented by study [39], which ex-
amined the impact of military actions on aquatic
ecosystems. The authors found that during armed
conflicts, eutrophication levels rise, and seasonal
pollution dynamics intensify, necessitating adap-
tive environmental monitoring strategies in crisis
conditions. Specifically, for Ukrainian condi-
tions, study [40] conducted the first practical ap-
plication of the entropy-weighted methodology
to assess water quality in the Dnipro River. The
results revealed substantial differences between
cold and warm seasons, confirming the high sen-
sitivity of the method to seasonal dynamics.

The problem of domestic and industrial
wastewater impact on water bodies was analyzed
in study [41], which demonstrated that ecological
risk levels significantly increase during warm
seasons due to intensified biochemical processes
and higher concentrations of organic com-
pounds. Study [42] carried out an integrated as-
sessment of pollution in the Dnipro Reservoir,
identifying the main sources of nitrogen and or-
ganic compounds that form critical pollution
hotspots. The assessment of ecological safety
components in the Siverskyi Donets basin [43]
emphasized the importance of oxygen regime pa-
rameters — dissolved oxygen and biochemical
oxygen demand — as key indicators of long-term
water quality changes.

Summarizing the analysis of studies [26—
43], it can be concluded that in most cases, the
entropy-weighted approach has proven highly
effective in revealing seasonal and spatial pat-
terns of water quality variation. At the same time,
Ukraine still lacks comprehensive models that
integrate entropy weighting, spatial analytics,
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and multiparametric monitoring. Therefore, the
development of an adaptive entropy-weighted
model for assessing the environmental safety of
surface waters, based on open data and modern
analytical methods, represents a relevant and im-
portant scientific-practical task in the field of wa-
ter resource management and ensuring ecologi-
cal sustainability.

An in-depth analysis of scientific sources
and practical experience in water resource as-
sessment has shown that modern methods of en-
vironmental monitoring require improvement in
terms of integration, objectivity, and adaptability
to seasonal and spatial variations. Traditional in-
dex-based approaches, which rely on fixed or ex-
pert-defined weighting coefficients, do not al-
ways reflect the real dynamics of water quality
formation under complex anthropogenic influ-
ences. Furthermore, the absence of unified algo-
rithms capable of automatically processing large
volumes of hydro chemical data limits the effi-
ciency of management decisions in the field of
basin environmental safety.

Under these circumstances, the develop-
ment of scientifically grounded approaches that
combine informational-entropy principles, digi-
tal data analysis technologies, and integrated en-
vironmental risk indicators becomes particularly
important. Such an approach ensures a quantita-
tive assessment of the complexity, instability, and
spatial variability of aquatic systems, forming the
foundation for adaptive models of surface water
management.

The aim of the study is to develop and test
an entropy-weighted model for assessing the en-
vironmental safety of surface waters in Ukraine,
which enables the quantitative evaluation of sea-
sonal and spatial dynamics of hydrochemical pa-
rameters, the identification of zones of increased

The study utilized data from the national
surface water quality monitoring system pro-
vided by the State Agency of Water Resources of
Ukraine. The information base includes over 540
observation points located within the country’s
main river basins — Dnipro, Danube, Dniester,
Don, Vistula, Southern Bug, as well as the rivers
of the Black Sea and Azov Sea regions. This spa-
tially extensive network allowed for the coverage
of diverse aquatic ecosystems and the identifica-
tion of territorial patterns of water quality for-
mation.

The analysis considered five seasonal
phases of the hydrological cycle — winter, spring,
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anthropogenic risk, and the formation of a scien-
tifically justified basis for improving the effec-
tiveness of the monitoring system.

To achieve this aim, the following objec-
tives were defined:

1. Systematize scientific and methodolog-
ical approaches to the assessment of surface wa-
ter quality and basin environmental safety.

2. Develop an algorithm for calculating
the entropy-weighted water pollution index
(EWQI) that accounts for the actual variability of
hydro chemical indicators.

3. Conduct a seasonal and spatial analysis
of surface water quality using entropy-weighted
coefficients.

4. Identify critical areas with high levels of
anthropogenic pressure and assess environmen-
tal risks.

5. Develop recommendations for improv-
ing observation systems and decision-making
processes in water safety management, consider-
ing seasonal variations.

The scientific novelty of the study lies in the
formation of an adaptive entropy-weighted
model that integrates quantitative entropy analy-
sis with spatiotemporal monitoring data, enhanc-
ing the precision and sensitivity of surface water
quality assessment. The practical significance of
the results lies in their potential application for
optimizing monitoring networks, assessing eco-
logical risks, and developing regional strategies
for sustainable water resource management.

Thus, the implementation of these objectives
provides the basis for a new approach to evaluat-
ing the environmental safety of Ukrainian river
basins, ensuring objectivity, flexibility, and re-
producibility of results while minimizing subjec-
tive influence on environmental decision-mak-
ing.

Methods

low-water (mezhennyy), shallow-water, and au-
tumn periods — ensuring the reflection of the nat-
ural dynamics of hydro chemical processes.

The assessment of surface water quality
was performed using ten key physicochemical
indicators that characterize the hydro chemical
stability and ecological safety of aquatic systems:
pH, dissolved oxygen, biochemical oxygen de-
mand (BODs), chemical oxygen demand (COD),
ammonium nitrogen, nitrates, phosphates, total
iron, total hardness, and total mineralization.

The selection of these indicators is justi-
fied by the methodological recommendations of
the World Health Organization (WHO), the
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provisions of EU Water Framework Directive
2000/60/EC, and the requirements of current
Ukrainian environmental legislation, ensuring
the comparability of results with international
water quality assessment practices.

Calculation of the Entropy-Weighted Wa-
ter Quality Index (EWQI) was performed in
several sequential stages [7-9] (Table).

1. Formation of the initial observation
matrix, which included the measured values of
water samples and the corresponding parame-
ters (1):

X11  X12 X1n
X21  X22 Xon

X = : : : (1)
Xm1 Xm2 Xmn

where (xl- j) is the concentration of the i-th sub-
stance for the j-th sampling point (mg/dm?).

2. Construction of the normalized matrix,
where each evaluated parameter is expressed in
dimensionless form to eliminate errors caused
by different measurement units (2):

Vi1 Y12 Vin
y = y?1 3’?2 y?n 2)
Ym1 Ymz2 Ymn

where (yi j)is the normalized value of the i-th
substance for the j-th sampling point.

The normalized value of a parameter is
determined by:

xi= (%) i

For dissolved oxygen, where higher val-
ues indicate better quality, normalization is per-
formed inversely:

G
yU - (xij)max_(xij)min (4)

3. Calculation of information entropy (E)
for each parameter using the Shannon entropy
formula (5):

E, = - (H) =1 VijInVi; ()
where 7 is the number of sampling points, and
(Vl- j) is the probability of occurrence of the nor-

1

malized value (vi j)for parameter j in the i-th
sample:
_ Vi
Vij = T (6)
4. Determination of entropy weights (W),
where parameters with lower entropy (i.e., less
disorder) receive higher weights:

Wy =(1-E)/Zm(1-E). ()
Parameters with lower entropy indicate
more structured and less random systems and
thus carry more information for assessing water
quality.
5. Aggregation of entropy weights and
quality scores into the entropy-weighted water
quality index (EWQI):

EWQI =31, WU, ®)

where (EWQI) is the entropy-weighted water
quality index, and (U j) for each parameter is de-
fined as the ratio of the observed value (I]-) to

= min 3 .
Yij (CT) I €27) N 3 the corresponding standard value (S;):
_ (L
u=(3) ©
Table
The calculated EWQI values were classified according to a seven-class water quality scale.

Class Water Quality Description EWQI Range
I Very clean <0.3
11 Clean 0.3 <EWQI<1
1T Moderately polluted I <EWQI<1.5
v Polluted 1.5<EWQI<2
\Y Dirty 2<EWQI<4
VI Very dirty 4<EWQI<8
VII Extremely dirty > 8

For calculations, the upper limit of Class
II water quality was adopted as the reference
standard according to DSTU 4808:2007
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“Sources of centralized drinking water supply.
Hygienic and environmental requirements for
water quality and sampling procedures”.
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River basins that provide drinking water
to the population and play a crucial role in form-
ing ecosystem services require scientifically
grounded and technologically efficient manage-
ment approaches aimed at maintaining their
ecological stability and safety. Achieving this
goal involves not only recording pollutant con-
centrations but also understanding the structural
order of the system, its self-regulation capacity,
and its response to anthropogenic influences.

Applying the concept of entropy as a
guantitative measure of uncertainty and disor-
der makes it possible to assess the level of de-
stabilization of hydro ecosystems and determine
which parameters have the most significant in-
fluence on the overall ecological state of the ba-
sin. This approach provides a deeper under-
standing of the degradation processes in aquatic
environments, allowing for the identification of
high-risk zones and factors that reduce ecologi-
cal stability.

Based on the methodology for determin-
ing the entropy-weighted water quality index
(EWQI), calculations were performed for each
monitoring station using surface water monitor-
ing data provided by the State Agency of Water
Resources of Ukraine. Integrated EWQI values
were obtained for each river basin, reflecting the
spatial and seasonal dynamics of water quality
and the level of anthropogenic load.

The results of the analysis of the entropy-
weighted water pollution index (EWQI) across
major river basins of Ukraine and seasonal pe-
riods were visualized in Figure 1, which

EWQI

14
12
1

o

Results

illustrates both inter-basin and seasonal con-
trasts in the indicators of surface water environ-
mental safety.

In the spring season, the cleanest waters
were recorded in the Danube basin (EWQI =
0.33; “clean water”), while the Southern Bug
basin showed the highest level of pollution
(EWQI = 1.58; “polluted water”). During the
winter period, the Danube once again demon-
strated the best water quality (EWQI = 0.28;
“very clean water”), whereas the Southern Bug
was characterized by a high pollution level
(EWQI = 2.33; “dirty water”).

In the low-flow phase (mezhin’), most
river systems exhibited a moderate level of con-
tamination. The lowest EWQI values were ob-
served in the Danube (EWQI = 0.48; “clean wa-
ter””), while the highest occurred in the Dniester
(EWQI = 1.37; “moderately polluted water”).
During the shallow-water period, the maximum
pollution levels were detected across all basins.
In particular, the Southern Bug (EWQI = 13.54)
and the Azov rivers (EWQI = 12.39) were clas-
sified as “extremely dirty waters.” In the au-
tumn season, high pollution levels persisted, es-
pecially in the Black Sea (EWQI = 14.23) and
Southern Bug basins (EWQI = 11.60), both re-
maining in the “extremely dirty” category.

Overall, the lowest EWQI values were
typical of the winter and spring seasons,
whereas the highest pollution levels occurred
during the shallow-water period, when reduced
water discharge led to the concentration of con-
taminants.

16
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Vistula Dnlpro Dniester Danube  Southern Bug Rivers of the Rivers of the
Sea of Azov  Black Sea
River basins
mSpring ®Winter ®Lower water = Shallow water = Autumn

Fig. 1 — Distribution of average values of the entropy-weighted water pollution index (EWQI) across river basins
and seasonal periods
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The cleanest rivers were the Danube and, in hydrological conditions directly influence the
to a lesser extent, the Dnipro, which maintained degree of anthropogenic impact. Elevated pollu-
consistently low EWQI values even during peri- tion levels during low-water phases highlight the
ods of general water quality deterioration. The need for enhanced monitoring and the implemen-
most polluted basins included the Southern Bug, tation of adaptive water quality management
the Black Sea, and the Azov regions, particularly strategies, particularly for the Southern Bug and
during the autumn and shallow-water periods. Black Sea basins. To visually represent the spa-

Thus, the seasonal factor plays a decisive tial and seasonal patterns, maps of average
role in shaping surface water quality, as changes EWQI distribution were constructed (Fig. 2-6).

A

L5

. Class 1 - Very clean Class 3 — Moderately polluted . Class 5 — Dirty . Class 7 — Extremely dirty
. Class 2 — Clean Class 4 — Polluted . Class 6 — Very dirty D Insufficient data

Fig. 2 — Fragment of a map of the spatial distribution of the entropy-weighted water pollution index
for the winter period

The map of the spatial distribution of the demonstrate predominantly low EWQI values
entropy-weighted water pollution index (EWQI) (classes I-I1), indicating a minimal level of an-
for the winter period (Figure 2) illustrates the thropogenic impact.
quality of surface waters within Ukraine’s river Zones with moderate pollution levels in-
basins according to a classification system com- clude the Dniester and Don basins, where water
prising seven pollution grades — from “very quality mainly corresponds to classes -1V
clean” (blue) to “extremely dirty” (black). (“moderately polluted” and “polluted”). The

The results of the spatial analysis reveal a most problematic regions are the Black Sea and
clear differentiation of water quality depending Azov basins, characterized by high EWQI values
on the basin and geographical location. The high- corresponding to classes VI-VII (“very dirty”
est water quality is observed in the Danube basin, and “extremely dirty” water). Elevated pollution
where EWQI values are the lowest, correspond- levels are also noted in the Southern Bug basin,
ing to classes I-1I (“very clean” and “clean” wa- reflecting the significant influence of human ac-
ter). The northern regions of Ukraine also tivity.
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The spatial distribution map of EWQI for
the spring period (Fig. 3) shows an improve-
ment in the ecological condition of surface wa-
ters compared to other seasons. This improve-
ment is primarily due to increased water

A

Q

E P oL 1
Class 3 — Moderately polluted

. Class 1 - Very clean

. Class 2 ~ Clean

Class 4 — Polluted

v

discharge resulting from snowmelt and spring
floods, which dilute pollutant concentrations
and lead to a temporary enhancement of the hy-
drochemical characteristics of aquatic ecosys-
tems.

. Class 5 — Dirty

. Class 6 — Very dirty D Insufficient data

Fig. 3 — Fragment of a map of the spatial distribution of the entropy-weighted water pollution index
for the spring period

However, the level of water quality remains
spatially heterogeneous and largely depends on ge-
ographical location and basin affiliation.

Regions with the best water quality indi-
cators (classes I-11 —“very clean” and “clean wa-
ter”) include the Danube basin, where blue and
green shades dominate on the map, indicating
low EWQI values. This can be explained by a
lower concentration of industrial facilities, high
water exchange rates, and favorable natural con-
ditions. Similarly, the western river basins, such
as the Vistula and Dniester, contain a significant
number of monitoring points that also corre-

spond to classes I-l, indicating clean or very
clean water.

Areas with a moderate level of pollution
(classes M-IV — “moderately polluted” and
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“polluted water”) cover the central part of
Ukraine. In the Dnipro and Don basins, an in-
creased number of yellow and pink markers
(classes IlI-1V) are observed, indicating local-
ized anthropogenic impacts related to agricul-
tural activities, industrial enterprises, and urban-
ized areas. In the Black Sea and Azov rivers, in-
dividual sites exhibit moderate pollution levels,
likely due to dispersed wastewater discharges
and the limited self-purification capacity of small
watercourses.

Zones with high pollution levels (classes
V-VII — “dirty,” “very dirty,” and “extremely
dirty water”) primarily include the Southern Bug
basin, where red and black markers on the map
highlight areas of significant anthropogenic pres-
sure. This is likely caused by high industriali-

. Class 7 — Extremely dirty
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ation, urbanization, and intensive agricultural
runoff. In some parts of the Azov basin, ex-
tremely high EWQI values (black color) have
been recorded, indicating a critical condition of
aquatic ecosystems in these regions.

During the spring period, overall water
quality improves across most regions due to the
dilution of pollutants by floodwaters. This trend
is clearly visible in the Danube, Vistula, and par-
tially Dniester basins, where contaminant con-
centrations decrease significantly. However, the
Southern Bug, Black Sea, and partially Dnipro
basins remain the most problematic, as even
spring floods cannot offset the effects of anthro-
pogenic pollution sources.

The spatial distribution map of EWQI for
the low-flow period (Fig. 4) illustrates the spe-
cific seasonal characteristics of surface water
conditions during the lowest-water phase, when
the natural self-purification capacity of river sys-
tems reaches its minimum.

- -

!

Ittt z
Drmatt

. Class 1 - Very clean

. Class 2 ~ Clean

Class 3 — Moderately polluted . Class 5 — Dirty
Class 4 — Polluted

Regions with the highest water quality
(classes 11l — “very clean” and “clean water”)
include the Danube basin, where most points on
the map remain blue and green, indicating a
consistently clean water condition. This con-
firms the ecological resilience of the hydrologi-
cal system even under conditions of reduced
water flow.

In the western part of Ukraine, particular
the Vistula basin, a similar trend is observed:
rivers in this region mostly belong to classes |-
I, reflecting a low level of anthropogenic im-
pact. In the northern section of the Dnipro basin,
low EWQI values are also recorded, corre-
sponding to “clean” or “moderately clean” wa-
ter classes.

Regions with a moderate level of pollu-
tion (classes -1V — “moderately polluted” and
“polluted water”) include the Dniester basin,
which, compared to other areas, shows an in-
crease in yellow and pink markings on the map,

. Class 6 — Very dirty D Insufficient data

Fig. 4 — Fragment of a map of the spatial distribution of the entropy-weighted water pollution index
for the low water period
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indicating rising pollution levels. A similar situa-
tion is observed in the Don and Black Sea basins,
where classes I1I-1V dominate, suggesting nota-
ble anthropogenic pressure and accumulation of
pollutants resulting from decreased water dis-
charge.

Areas with high pollution levels (classes
V-VII — “dirty,” “very dirty,” and “‘extremely
dirty water”) include the Southern Bug basin,
where red and black markers indicate a critical
ecological condition. The main causes are the high
concentration of industrial facilities, urbanization,
and agricultural runoff. Some sites within the
Black Sea river basin show elevated EWQI val-
ues, confirming significant anthropogenic stress.
In certain Azov river sections, extreme EWQI val-
ues (class VII) are recorded, indicating an ex-
tremely critical state of the aquatic environment.

During the low-flow period, water quality
deteriorates across nearly all basins due to reduced
discharge and the corresponding increase in pollu-
tant concentrations.

The spatial distribution map of EWQI for
the shallow-water period (Fig. 5) reflects the most
strained ecological state of water resources,

. Class 1 - Very clean

. Class 2 ~ Clean

Class 4 — Polluted

@

| )
£ @
Class 3 — Modermately polluted . Class 5 — Dirty

caused by minimal river flow volumes. This pe-
riod shows maximum pollution levels across most
regions of Ukraine.

Basins with relatively favorable indicators
(classes I-11 — “very clean” and “clean water”) in-
clude the Danube basin, where blue and green ar-
eas persist only in limited sections, indicating rel-
ative ecological stability even under low-water
conditions. The Vistula basin also exhibits a mod-
erately good water quality, attributed to lower in-
dustrial density and limited anthropogenic impact.

Regions with moderate pollution (classes
I1I-1V) include the Dniester basin, where yellow
and pink markers predominate, signaling a mod-
erate contamination level likely caused by a re-
duction in the river’s self-purification capacity
during periods of low flow. In the Dnipro and Don
basins, water quality indicators also deteriorate
but remain within classes I11-1V, suggesting a sta-
ble yet tense ecological condition.

Regions with a high level of pollution
(classes V-VII — “dirty,” “very dirty,” and “ex-
tremely dirty water”) primarily include the
Southern Bug basin, where numerous red, dark
red, and black markers on the map indicates a

. Class 6 — Very dirty

. Class 7 — Extremely dirty

D Insuflicient data

Fig. 5 — Fragment of a map of the spatial distribution of the entropy-weighted water pollution index
for the shallow water period
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critically high level of water contamination. The
main contributing factors are industrial activities,
agricultural runoff, and the insufficient effi-
ciency of wastewater treatment facilities.

In the Black Sea and Azov basins, classes
VI-VII dominate, reflecting extremely polluted
water. This condition signifies a catastrophic
overload of aquatic ecosystems, caused by inten-
sive economic activity, urbanization of coastal
areas, and the low self-purification capacity of
watercourses.

The Dnipro basin also demonstrates ele-
vated EWQI values, confirming a significant an-
thropogenic impact associated with industrial
discharges, wastewater effluents, and the accu-
mulation of pollutants in bottom sediments. Par-
ticularly critical conditions are observed in small
and medium-sized rivers, where low water levels
lead to a concentration of contaminants, severely
deteriorating the ecological state of water bodies.

The spatial distribution map of EWQI for
the autumn period (Fig. 6) illustrates the state of

. Class 1 - Very clean

. Class 2 ~ Clean

Class 4 — Polluted

Class 3 — Moderately polluted

surface water quality in Ukraine at the end of the
hydrological cycle, when — following the sum-
mer low-water phase — river flows have not yet
reached their minimum but the dilution capacity
for pollutants is already reduced. The analysis of
the data reveals pronounced regional contrasts in
pollution levels, formed under the combined in-
fluence of natural factors (hydrological regime,
climatic conditions) and anthropogenic pressures
(industrialization, agriculture, and urban devel-

opment).
Regions with the highest water quality
(classes -1l — “very clean” and “clean water”)

cover the western part of Ukraine, primarily the
Danube and Vistula basins. These areas show the
highest concentration of blue and green markers,
indicating a high ecological status of water re-
sources. Such stability is attributed to low anthro-
pogenic pressure, the effectiveness of natural
self-purification processes, and favorable hydro-
climatic conditions of the region. Isolated zones
with clean water are also observed in the central

-

)
. Class 5 - Dirty

- Class 6 — Very dirty

. Class 7 — Extremely dirty

D Insufficient data

Fig. 6 — Fragment of a map of the spatial distribution of the entropy-weighted water pollution index
for the autumn period
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and northern parts of the Dnipro basin, where
pollution levels remain relatively low due to
natural water circulation and lower industriali-
zation of the area.

Regions with a moderate level of pollu-
tion (classes -1V — “moderately polluted” and
“polluted water”) include the Dniester and
Dnipro basins, where numerous yellow and
pink markers indicate medium contamination
levels. This condition results from a combina-
tion of natural hydrological factors and local-
ized anthropogenic influences, such as agricul-
tural activity, surface runoff of fertilizers, and
insufficiently treated wastewater. A similar pat-
tern is found in some parts of the Black Sea and
Azov river basins, where moderate pollution
levels are typical for zones of intensive agricul-
tural production.

Areas with critical water quality indica-
tors (classes V-VII — “dirty,” “very dirty,” and
“extremely dirty water”) include the Southern
Bug basin, where red, dark red, and black mark-
ers dominate, reflecting high concentrations of

pollutants. This basin is considered one of the
most vulnerable in Ukraine due to intense in-
dustrial pressure, urbanization, and agricultural
pollution. High pollution levels are also rec-
orded in the Black Sea and Azov basins, where
numerous zones with “very dirty” and “ex-
tremely dirty” water are caused by excessive
fertilizer use, erosional runoff from farmlands,
and inefficient wastewater treatment systems.

In the eastern regions of Ukraine, partic-
ularly in the Don and eastern Dnipro basins, a
large number of areas fall into pollution classes
VI-VII, associated with industrial zones, a high
concentration of point-source discharges, and
the accumulation of technogenic substances in
bottom sediments.

The autumn period marks the initial
phase of pollutant accumulation, serving as a
precursor to further water quality deterioration
during the winter and low-flow (mezhennyi)
seasons, when hydrological processes slow
down and the dilution of pollutants becomes
minimal.

Discussion

The analysis of the spatial distribution of
the entropy-weighted water pollution index
(EWQI) revealed distinct patterns of seasonal
and regional variability in the quality of surface
waters across Ukraine.

During the winter period, most river ba-
sins demonstrate the best ecological condition:
EWQI values remain low, particularly in the
western regions (Danube, Vistula) and in the
upper reaches of the Dnipro basin. This is at-
tributed to a stable hydrological regime and low
anthropogenic pressure.

In spring, water quality generally im-
proves due to increased flow, snowmelt floods,
and dilution of pollutants. The Danube and Vis-
tula basins show the best indicators (classes I—-
I1), confirming the effective self-purification
capacity of aquatic ecosystems. Meanwhile, in
the central regions and the lower Dnipro, local-
ized zones of elevated pollution appear, linked
to intensive agriculture and urban runoff.

During the low-flow (mezhennyi) period,
as river discharge decreases, EWQI values rise,
indicating a deterioration in water quality and a
growing contrast between basins. The entropy-
weighted index effectively differentiates pollu-
tion levels, capturing even minor variations in
contaminant concentrations.
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The worst ecological conditions are ob-
served during the shallow-water period, when
river volumes reach their minimum and dilution
processes almost cease. At this time, EWQI
reaches its highest values in the Southern Bug,
Black Sea, and Azov basins, dominated by clas-
ses VI-VII — indicative of critical water ecosys-
tem states. High pollutant concentrations result
from the accumulation of industrial and domes-
tic effluents, as well as intensive agricultural
loads.

In autumn, pollution levels remain high
but do not reach the extreme peaks typical of the
shallow-water season. Spatial contrasts persist:
the western basins (Danube, Vistula) remain the
cleanest, while the Southern Bug, Black Sea,
and Azov basins show the highest contamina-
tion levels throughout the year, indicating per-
sistent sources of anthropogenic pressure.

The highest EWQI values are typical of
the autumn and shallow-water periods, when re-
duced flow contributes to pollutant concentra-
tion. The most polluted basins are the Dniester,
Southern Bug, and Dnipro, where extreme
EWQI values are recorded in areas directly af-
fected by industrial and agricultural discharges.

During winter, critical EWQI values are
observed in the Southern Bug (31.67), Dniester
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(66.66), and Dnipro (6.29) basins, particularly
near industrial facilities and discharge channels.
In spring, the index increases due to floodwaters
washing pollutants from soils, with the highest
levels in the Southern Bug (41.69), Dniester
(12.58), and Dnipro (8.51) basins. During the
mezhennyi period, water quality worsens — the
Dniester (34.21) and Danube (24.48) show crit-
ical conditions due to industrial discharges,
while the Dnipro (22.51) and Southern Bug
(13.43) maintain consistently high values.

The shallow-water period records the
poorest ecological conditions: maximum EWQI
values in the Dniester (167.57), Dnipro (75.67),
and Southern Bug (327.23) basins exceed per-
missible pollution limits. The main factors in-
clude industrial discharge channels, agricultural
runoff, and untreated domestic wastewater. In
autumn, pollution remains high, especially in
the Southern Bug (65.03), Dniester (64.13), and

EWQI

Dnipro (58.26) basins, influenced by large in-
dustrial facilities, such as the Mykolaiv TPP.

Summarizing the results, the key prob-
lematic basins can be identified as follows: the
Southern Bug, with the highest EWQI values
across all seasons (up to class VII); the Dniester,
with persistently high contamination near
wastewater treatment zones; and the Dnipro,
significantly affected by industrial discharges
and thermal water return flows. On the Danube,
pollution is recorded mainly during the mezhen-
nyi and shallow-water periods, particularly near
Lake Katlabukh.

The dynamics of EWQI and changes in
water quality classes for the main rivers —
Southern Bug, Dniester, and Siverskyi Donets —
are shown in Figures 7-12, illustrating the sea-
sonal fluctuations in pollution levels and the im-
pact of technogenic factors on Ukraine’s sur-
face waters.

— EWQI Winter

EWQI Spring =———EWQI Lower water

9 10 11 12 13 14 15 16 17

Monitoring

EWQI Lower water

Fig. 7 — Variation of the Entropy-Weighted Water Quality Index (EWQI) based on monitoring results
for the Southern Bug River

For the Southern Bug River (Fig. 7-8),
the EWQI values demonstrate a pronounced
seasonal variability in water quality. The lowest
average index is recorded during the low-flow
period (0.684), while the highest value occurs in
autumn (17.443). The standard deviation indi-
cates a substantial variability of the water qual-
ity index, particularly during the shallow-water
and autumn periods, reflecting significant dif-
ferences between individual monitoring sta-
tions.

In the winter and spring seasons, a greater
proportion of measurements correspond to
higher water quality classes (classes 1-2). In
contrast, during the low-flow and shallow-water

179

phases, the distribution shifts toward lower clas-
ses, with a sharp increase in the proportion of
measurements classified as class 7, indicating
extremely polluted water conditions.

The autumn period is characterized by
high EWQI values, with the majority of meas-
urements falling into classes 6 and 7, indicating
a significant deterioration in the ecological con-
dition of the river. The results confirm that the
water quality of the Southern Bug River fluctu-
ates considerably throughout the year, with the
worst indicators observed in autumn, when the
chemical composition of the water is strongly
influenced by seasonal processes, surface run-
off, and agricultural pressures.
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Fig. 8 — Variation of water quality classes based on monitoring results for the Southern Bug River

For the Dniester River (Fig. 9), the EWQI
values exhibit a clearly defined seasonal varia-
bility in water quality, with the highest index
recorded in winter (4.233). The standard devia-
tion reflects a substantial variability of the in-
dex, particularly during the winter period, indi-
cating noticeable spatial differences in pollution
levels among individual monitoring sites within
the river basin.
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During the winter and spring periods, the
majority of measurements correspond to the
higher water quality classes (classes 1-2), with
the largest number of observations falling into
class 1 (Fig. 10), indicating a favorable ecolog-
ical condition of the river at that time.

In contrast, during the shallow-water and
autumn periods, there is an increase in the pro-
portion of measurements corresponding to lower
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Fig. 9 — Variation of the Entropy-Weighted Water Quality Index (EWQI) based on monitoring results
for the Dniester River
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Fig. 10 — Variation of water quality classes based on monitoring results for the Dniester River
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water quality classes (class 3 and above). Par-
ticularly notable is the growth in the number of
points belonging to classes 3 and 7, which indi-
cates a deterioration in water quality and the
presence of localized pollution events. The ob-
tained results indicate that the Dniester River
exhibits a pronounced seasonal variability in
water quality, with a deterioration of conditions
during the shallow-water and autumn periods.
Particularly notable is the high variability of
EWQI values in winter, which can be attributed
to the specific hydrological regime of the river
and the influence of local anthropogenic factors,
such as wastewater discharges and industrial
pressure.

For the Siverskyi Donets River (Fig. 11),
the average EWQI values show that the highest
water quality occurs in winter (0.446) and
spring (0.498). During the summer low-flow
period, water quality deteriorates (0.647), and a

significant increase in pollution levels is rec-
orded during the shallow-water (5.940) and au-
tumn (6.266) seasons. The standard deviation
values indicate a homogeneous water environ-
ment in winter and spring, whereas during shal-
low-water and autumn periods, an increased
variability is observed, reflecting the presence
of local pollution sources and the uneven distri-
bution of anthropogenic impacts.

During the winter and spring periods, the
majority of measurements correspond to class 2
water quality, indicating a relatively high eco-
logical condition of the river (Fig. 12).

In contrast, during the shallow-water and
autumn periods, there is a significant deteriora-
tion in water quality, with most values falling
into classes 5 and 6, which reflects an increase
in pollution levels and a decline in the natural
self-purification capacity of the aquatic ecosys-
tem.
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Fig. 11 — Variation of the Entropy-Weighted Water Quality Index (EWQI) across monitoring stations
of the Siverskyi Donets River
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Fig. 12 — Variation of water quality classes based on monitoring results for the Siverskyi Donets River
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The obtained results indicate a distinct
seasonal dynamic of water quality: the best con-
ditions are observed during the cold period of
the year (winter and spring), while during the
warmer months (shallow-water and autumn)
there is a notable deterioration in water quality.

The most critical periods are shallow-wa-
ter and autumn, when low water levels, higher
temperatures, and intensified anthropogenic
pressure lead to an increase in pollutant concen-
trations, significantly reducing the ecological
safety of river ecosystems.

Conclusions

The study achieved its main objective —
the development and testing of an entropy-
weighted model for assessing the environmental
safety of surface waters in Ukraine, which made
it possible to quantitatively evaluate the sea-
sonal and spatial variability of water quality
within the country’s major river basins.

The results demonstrated a distinct sea-
sonal dynamic in the quality of surface waters.
The best indicators were recorded in spring
(EWQI = 0.65) and winter (EWQI = 0.77), re-
flecting a relatively high water quality due to di-
lution of pollutants and reduced anthropogenic
pressure. During the low-flow period, the aver-
age EWQI value was 0.71, indicating an ac-
ceptable ecological condition.

In contrast, during the shallow-water
(EWQI = 6.69) and autumn (EWQI = 6.89) pe-
riods, a sharp decline in water quality was ob-
served, caused by low discharge, increased tem-
perature, and pollutant accumulation. These
seasons present the greatest ecological risks for

aquatic ecosystems, particularly in the Southern
Bug, Black Sea, and Azov Sea river basins,
which remain the most critical areas in terms of
technogenic load and pollution.

The comparative analysis revealed that
the entropy-weighted water pollution index
(EWQI) is amore sensitive and informative tool
than traditional index-based methods, as it ac-
counts for the spatio-temporal variability of pa-
rameters. This approach significantly improves
the accuracy of identifying local risk zones and
creates a foundation for optimizing environ-
mental monitoring systems.

Thus, the entropy-weighted model for
water quality assessment can serve as a scientif-
ically grounded instrument for managing the
environmental safety of Ukraine’s river basins,
contributing to the implementation of sustaina-
ble development goals, the rational use of water
resources, and the reduction of anthropogenic
impacts on the environment.
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EHTPOIIIAHO-3BA’KEHA MO/IEJIb OLIHIOBAHHSI EKOJIOT TYHOI BE3IEKU
IHOBEPXHEBHUX BO/JI YKPAIHHA

Meta. Po3pobka Ta ampoOarist aganTHBHOI EHTPOMIHHO-3BaKEHOI MOJENTi, IO JO3BOJISLE YCYHYTH
Cy0’€KTUBHICTh TPaAWIIITHAX IHIEKCHUX METOJIB Ta BPaxyBaTH MPOCTOPOBO-YACOBY MiHJIMBICTh T1IPOXiMIYHHX
MOKA3HUKIB [T MiABUIICHHS €(PEKTUBHOCTI YIIPABIIHHS €KOJIOTIYHOIO O0€3IIeK0I0 PiYKOBOTO OaceiHy.

Metonu. MeTomosorist 6a3yeThCs Ha pO3paxyHKy eHTPOMiHHO-3BaXKeHOTO iHAeKey sikocTi Boau (EWQI),
Jie Bara KO)KHOTO (hi3MKO-XIMIYHOT'0 IapaMeTpy BU3HAa4YaeThCs 3a JonoMororo entpornii [llennoHa.

PesyabTaTu. [IpoananizoBaHo qaHi crioctepexxeHb noHas 540 MyHKTiB MOHITOPUHTY B MEXaX OCHOBHHUX
piuKOBUX OaceiHiB YKpaiHH I/ I’ SITH Ce30HHHUX (Da3 TiAPOJIOTIYHOrO IMKIY 3 KapTorpadidHO Bi3yalli3alliero
pe3yJbTaTiB pO3paxyHKiB. BcTaHOBIIEHO WiTKy 3aJIeKHICTB SKOCTI BOJH BiJl TiipoJioriuHoro pexumy. Haiikpammit
€KOJIOTIYHUI1 cTaH 3a(hikCOBAaHO B 3MMOBHH Ta BeCHsIHUI nepionu (Oaceiinu [yHaro, Biciu) 3aBasiku npupoaHoMy
po30aBieHHIO 3a0pynHeHb. KpUTHYHE MOTIPIICHHS SIKOCTI CIOCTEPIraeThcs Y MaJOBOIHUI Ta OCIHHIM mepionw,
KOJIM 1H/IEKCH 3a0pyAHEHHS HOCATal0Th EKCTPEMalbHUX 3HaUeHb, 0co0NMBO B Oaceitnax IliBnennoro byry, pidok
IpraopHoMop’st Ta [Ipua3or’s (kIacu «ayxe OpyIaHa» Ta «HaA3BUYaifHO OpyaHay Boma). [IpocTtopoBuii aHami3
JIOKaJTi3yBaB 30HU HAWBUIOTO AaHTPOIIOT€HHOTO PU3UKY, MIATBEPANBIIN Hee(PEKTUBHICTH CAMOOUYHIICHHS PIYOK y
MPOMUCIIOBO HABAHTAXXCHUX PETiOHAX IIiJ] Yac MEXCHI.

BucHoBKH. 3anponoHoBaHa MOJIENb MPOAEMOHCTPYBaja BUCOKY YyTJIMBICTH 10 CE30HHUX 3MIH Ta aH-
TPOIOTEHHOT'0 HABAHTAXKCHHSI; 3a0e31euye HayKoBe MiAIPYHTS Ul NEPEXOy A0 aJarnTHBHOTO YIPaBIiHHS BOJ-
HHMH PECypcaMH, J03BOJISAIOYH [IPIOPUTU3YBATH BOLOOXOPOHHI 3aX0/M Ta ONTHMI3yBaTH CUCTEMY MOHITOPUHTY
BIJITIOBIZTHO JI0 MEPi0/IiB MAKCUMAJILHOTO CKOJIOTTYHOTO PU3HKY.

KJIIOYOBI CJOBA: eumponitino-38axcena mooens, AKicmos nogepxnesux 600, EWQI, exonoeiuna b6es3-
nexa, ce30HHa OUHaMixa, piukosuil bacetin

Konduikr inTepecis

ABTOp 3asiBJIsi€e, 10 KOHQUIIKTY 1HTepeciB 11100 myouikauii boro pykonucy Hemae. KpiM Toro, aBTop nos-
HICTIO IOTPUMYBaBCS €TUYHUX HOPM, BKJIIOUAIOUH IUIariat, ¢aibcudikallito JaHUX Ta MOJBIiHY MyOmiKarito.
B po0orTi He BUKOPHCTaHO PECypC MITYYHOTO 1HTEIEKTY.
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3ACTOCYBAHHA BIOJIOI'TYHUX CUCTEM PAHHBOI'O ITIOIIEPEKEHH A :
BITPOBAJIKEHHS IEPCIIEKTUBHOI'O IIAXOAY 1O MOHITOPUHI'Y AKOCTI BOJ{

Merta. [IpoBencHHs aHai3y HAOYTOro Mi>XKHAPOIHOTO JAOCBIAY 3 pO3POOKH Ta BAOCKOHAJICHHS 010J10T14-
HHX CHCTEMH PaHHBOTO ITONEPEIHKSHHS.

Metomnka. OriHKa CIPOMOXKHOCTI BIOCKOHAJICHHS iICHYFOUHX O10JIOTIYHUX CHCTEM PAHHBOTO TOIepe-
JOKEHHS JUTSI TIPOBEICHHS 0e3MepepBHOTO MOHITOPUHTY SKOCTI Pi3HUX KaTeropiil BOA.

PesyabTaTu. [loBeniHKOBI peakiii 3aCTOCOBYBAJIMCS IPOTATOM JECATHIIITh K IHCTPYMEHTH ISl TECTY-
BaHHS BOJHOT TOKCHYHOCTI, aJie iM IPUAUIIIOCS HabaraTo MEHIIE YBard, HixK JOCHIIKEHHIM, IO OLiHIOIOTH Jie-
TaJIbHICTh, PO3BUTOK 200 PO3MHOKEHHS. 3aB/SIKH BJIOCKOHAJICHHIO Bi3yalbHUX 1 HEBI3yaJIbHUX IHCTPYMEHTIB OLIi-
HKHU Ta PO3IIUPEHHIO 3HaHb PO BAXIIUBICTH MOBSAIHKH JUIA 3I0POB'S Ta (Pi3nmgHOI (hopMu opraHi3My iHTEepec 10
MOBE/IIHKOBOT'O aHajli3y 3pic B octanHi poku. OIHaK, HACKUJILKK HaM BiJJOMO, HIKOJIM HE MPOBOAMIIACS KUJIbKICHA
OIIiHKA TOCTYITHUX METOJIB TECTyBaHHS TOKCHYHOCTI OPTaHi3MiB, TOMY HESCHO, YH € IMOBEIIHKOBI JOCIIIKEHHS
I[IHHUM JIOTIOBHEHHSIM JJO MOHITOPHHIY BOJHOT'O CEpEelOBHINA. 3a pe3ysbTaTaMH IbOTO JITEPaTypHOrO OISy
BCTAaHOBJICHO, III0 MOBEIIHKOBI JIOCITI/PKEHHS € MOPIBHAHO NIBUAKMMH 1 YyTJIMBHMH, a TOMY 3aCIyrOBYIOTh Ha
MOJANBIITY YBAry K iHCTPYMEHTH IJISl OLIHKHA TOKCHKOJIOTIYHHX eeKTiB 3a0pyIHIOBadYiB BOJHOTO CEPEIOBHUIIA.
Mu BBa)kaeMo, LIO JIOCHI/PKEHHS, CIIPSMOBaHI Ha pO3pOOKY Ta ONTHMI3aIliF0 METO/IB MOBEAIHKOBOTO aHAJI3y,
MOXXYTh BUSBUTUCS HaJA3BUYAIHO KOPUCHUMHU IS TalTy31 TOKCHKOJIOTII, ane MaiOyTHs poboTa Mae OyTH CIIpsMO-
BaHAa HA BU3HAYCHHS TOTO, SKi KOHKPETHI MOJIC/I MMOBEAIHKH € HAHOIbII YyTIIMBUMHE 0 PI3HUX KIaciB 3a0py-
HIOBAYiB, a TAKOXK Ha PO3YMIHHS 3HAYYIIOCTI 3MiH Y JUCKPETHIH MOBEIIHIN IS BIUTUBY Ha 3[0POB'S Ta (i3UIHY
(dopmy opranizmy.

BucnoBku. bionoriuni cucremu panaboro nomnepemkeHsas (BCIIO) 31e611pm10ro ciuparThes Ha TTOBe-
JIHKOBI PeaKIlii, IesKi TAKOX OI[IHIOKOTH 1HIII TApaMeTPH, TaKi K BIUIUB Ha ()JIyOPECIEHIII0 XJI0podily BOIOPO-
CTei, Ha TIKOBI PiBHI 3a0pYyIHCHHS, 3 SKUX BHBOJATHCS IMOPOTOBI 3HAYCHHS. 3MiHM B MOBEIIHII € KpAlIUMH 3a
MOKa3HUKH CMEPTHOCTI Ta iHIII CyOJeTallbHI peakilii, OCKUIbKM BOHH yCYyBalOTh PO3PUB MIXK 1HJMBIyaJIbHOIO Ta
MO TSI THOIO PEIEBAHTHICTIO Ta € IHANKATOPaMH 3HAYHOTO BIDTMBY XiMIYHOTO 3a0pyIHCHHS Ha MOIYJIAIIIO TTe-
pen OLIbII cepiio3HUMHE HACHiIKaMu (TOOTO 3HMIKEHHSIM YHCEIBHOCTI MOMYJISLIiT).

KJIFOYOBI CJIOBA: 3a6pyonenns 600, mMOKCUYHI 81ACMU80CI 800U, mecm-06 €km, 6io102iuHuil Mo-
Himopuue, biomecmysants, OI0N02IUHI CUCEMU PAHHLO2O NONEPEOICEHHS

Sx mutyBaTi: Kpaitarokos O. M., lllokina M. M. 3acTtocyBaHHs 0i0JIOTIYHUX CHCTEM PAHHBOTO TIONCPEIKCHHS:
BITPOBA/KEHHS MEPCHEKTUBHOTO MiXO0Xy O MOHITOPHHTY SIKOCTI BOJ. Bichuk Xapkiecbko2o HAYioHANbHO20 YHi-
eéepcumemy imeni B. H. Kapasina. Cepis «Exonoeiny. 2025. Bum. 33. C. 188-198. DOI:
https://doi.org/10.26565/1992-4259-2025-33-13

In cites: Krainiukov, O. M., & Shchokina, M. M. (2025). Application of biological early warning systems:
implementing a prospective approach to water quality monitoring. Visnyk of V.N. Karazin Kharkiv National Uni-
versity. Series Ecology, (33), 188-198. https://doi.org/10.26565/1992-4259-2025-33-13 (in Ukrainian)

Beryn
3aHENOKOEHHSI M0/I0 HASIBHOCTI Ta BHSIB- penoBwiii. 3a0pyTHEHHSI BOJH MPOTSATOM TPUBA-
JICHHSI TOKCHYHHX arcHTiB B €KOCHCTEMaX Pi3KO JIOr0 Yacy OIIHIOBAJIOCS JIMINE 32 JIOTIOMOTOIO
3pPOCIIO B OCTaHHI POKH, 30KpeMa Y BOJTHOMY Ce- crieldigyHMX XIMIYHUX aHaJIi31B, ajle OaraTopiu-
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HUH JOCBIJ ITOKa3aB HEAJAEKBATHICTh TAKOro Iij-
xoay. BukopucranHs 0i0OTIYHUX METOMIB JUIS
OLIHKU 3a0py/JHEHHS BOAU € Ba)KJIMBOIO albTep-
HATHBOIO, 30KpeMa Y BHIIQJIKax IIBUAKOTO abo
mudy3HOro 3a0pyAHEHHS, M0 € TMOTEHIIIHHIMHA
30yJHUKAMH TOCTPHUX OTPYEHD JIFOJIUHU Ta Hebe-
3MEYHOTO BIUTUBY Ha JIOBKLLIA.

J11st OLIHKY Ta MOHITOPHHTY SIKOCTI BOJH
Moxe OyTH 3aCTOCOBAaHMIA PST MIAXOIIB, IO Oa-
3yIOThCS Ha BEJIMKil Pi3HOMaHITHOCTI 0i0iHANKa-
TOPIB, TaKUX SIK Oe3XpedeTHi, pHOH Ta BOAOPOCTI
[1]. YnHHI €KOTOKCHKOJIOTIUHI BUMOTH Jlupek-
tiBu 79/831/€EC st BCiX HOBUX MPOMHECIIOBUX
XiMIKaTIB MOJISITAIOTH Y TOMY, IO BUIPOOYBaHHS
Ha TOCTPY TOKCHYHICTh TTOBUHHI IPOBOIHUTHUCS 3
BUKOpHCTaHHsIM pub Ta maduiit [2]. [IpoTsrom
Garathox pokiB Daphnia magna Straus Brkopuc-
TOBYBAJIacs K «CTaHAAPTHUID BOJHUI TECTOBUI
BuA. XpOHIYHI Ta TOCcTpi BumpoOyBanHs 3 D.
magna € OJJHAMH 3 Hal4acCTillNX JTOCIIIKCHb Y
BofHIN TOKcukoiorii (ASTM, 1987, OECD,
1992, EEC, 1992). fIx MonensHUI OpraHi3M Ta-
KOK  4aCT0  BHKOPHCTOBYeThcsi  Poecilia
reticulata, Danio rerio, ockijbKH 1X JIETKO yTpH-
MYBaTH Ta PO3BOIUTH B taboparopii [3].

Pi3Hi KpaiHM BHKOPHCTOBYIOTH TECTH Ha
TOKCHYHICTB SIK YaCTUHY CBOET IPOrpaMu MOHITO-
puHry sikocti Boau [4]. Criocrepiraerhes 3pocTta-
F0UHH iHTEpeC SK (haxXiBIlB IepKaBHUX CTPYKTYD,
TaKk i TPOMHUCIIOBHX MiANPHEMCTB JI0 BUKOPHC-
TaHHS 010TECTIB U1 BU3HAYEHH TOKCUYHOCTI Xi-
MIYHHX CIIONYK Ta MPOMHUCIOBUX CTIYHHX BOJI.
Lleii iHTEpEC BimoOpa)xkaeThCsi B PO3POOIT MIBU/I-
HINX, TIPOCTIIIHMX Ta MEHII JJOPOTUX TECTiB 3 KiJIb-
KOMa OpraHi3Mamu, sIKi 371aTHI BUSBIISITH HETaTH-
BHY JIif0 TOKCHYHHX XIMIYHHUX PEUYOBHH.

[MpoTsirom OCTaHHIX JECATHIITH OYyIO
BIIPOBAPKEHO 0Oarato METOMIB JJIsi OOMEKEHHS
HaJTXO/DKEHHS PI3HUX TOKCHYHUX XIMIYHHX Pedo-
BHH JI0 BOAW BOJHHX 00’ €KTIB 3aU1s1 JOCSTHEHHS
YHOPMOBAHHUX IMOKA3HHUKIB SIKOCTI BOJM MOBEPX-
HEBUX BOJHMX OO0’€KTIB 1 3aXHMCTy HABKOJIHMIII-
HBOTO MPUPOJHOTO CEPEOBHIIA Ta 37J0POB'S JII0-

v [5]. Mikpo3abpynHioBadi, M0 BH3HAua-
IOTBCSL SIK CIIOIYKH, 3yCTPIYarOThCs B HHU3BKUX
KOHIISHTPAIISIX Y BOJHUX eKOCUCcTeMax (Bil HI/JI
JI0 MKI/) Ta 3[aTHI HETaTHUBHO BILUTMBATH HA BO-
JIHI OpraHi3MH, CTAaHOBJISTYM 3HAYHY YaCTHUHY He-
Oesmeynnx 3a0pyaHIOI0UNX pedoBrH [6]. Uepes
iXHIO CTIHKICTb Ta MOJSIPHICTH, BEJIMKA Pi3HOMa-
HITHICTH MIKpO3a0pyIHIOBA4iB HE MOXe OyTH
IIOBHICTIO yCyHEHA 3BUYalfHIMHU OYHCHUMH CIIO-
pyaamu [7, 8]. Takum 4MHOM, TaKi CIIONYKH MO-
JKHA BUSIBUTH Y TIOBEPXHEBHX BOAAX 1 BOHH MO-
JKyTh MaTH HETaTUBHUI BIUTHB Ha O10JIOTIYHI CH-
CTEMHU TIpH TIOTPAILISIHHI B HABKOJIHMIITHE CEPeIO-
Buie [9].

Jotenep nocmimKeHHS MiKp03a0pyaHIO-
BayiB HA OYHCHUX CIIOpy/Iax 0a3yrOTHCS Ha 0OMe-
KEHHX Y Yacl TecTax 3 BUKOPHUCTaHHIM Pi3HUX
npo6 Boau. JlabopaTopHi AOCIIIKEHHS CKIaaa-
FOTBCS 3 XIMIYHOTO aHai3y, YaCTKOBO JIOTIOBHE-
HOTO CKOTOKCHKOJIOTIYHUMHU OloaHamizaMH pi3-
HHUX alMiKaJbHUX KiHIEBUX TOUOK [10].

biomoriuni cuctemMu paHHBOTO TIOTEpe-
mwxeHnst (BCIIO) Ha choroHI MepeBayKHO BHKO-
PHUCTOBYIOTBCS IS O€31epepBHOTO MOHITOPHUHTY
SIKOCTI MIUTHOT Ta TIOBepXHEeBoi Boau [11]. Boru
CKJIQJIAIOThCS 3 OpraHi3My-iHAMKATOpa, SIKHI Je-
MOHCTpY€E 000OPOTHY PEakKilito Ha CTPeC Bijl 3a0py-
JHIOIOYMX PEYOBUH Y BOJi, METOIY BHMIpPIO-
BaHHSI, IKUH MOXKE KUTbKICHO PEECTPYBATH 110 Pe-
aKIIi0 Ta IPOrPaMHOTO 3a0e3MeUeHHs!, SIKE Po3pa-
XOBY€E CUTHAJI TPUBOTY HAa OCHOBI 3r€HEPOBAHUX
maHuxX. Ha cporogHi JOCTYITHHMN —IMPOKHIA
criexTp pizHux BoxHux bCIIO nmst pisHux 3acto-
CyBaHb Ta 3 TECTOBUMH OpraHizMaMH pi3HUX TPO-
(biuHMX pIBHIB, TaKUMH SIK OakTepii, BOIOPOCTI,
0e3xpeberHi Ta xpedetHi [12-15]. Bonu mporro-
HYIOTh €KOJIOT1YHO peJieBaHTHI, Uy TJIUBI, IIBUJIKI
Ta HEpyWHIBHI TapaMeTpu sl MOHITOPUHTY
3MIHM CKJIJTy Ta SIKOCTi Boju [16].

Meromuka. IlpoBeneHHs aHamizy MiKHA-
POJHOTO JIOCBiAy BIPOBAKECHHS O10JOTTYHHX
CHCTEM PaHHBOTO TIOTIEPE/KEHHS JJIsl TIPOBE-
JICHHSI O€3MePEPBHOTO0 MOHITOPUHTY SIKOCTI Pi3-
HHUX KaTeropid BojI.

PesynbTaTu Ta 00roBOpeHHs

3a ocranHi 30 pokiB PoO3pOOIIEHO Ta BUKO-
pucTaHo Oarato BOIHHUX OPraHi3MiB SIK iHIUKATO-
piB OIOJIOTIYHOIO PAHHBOIO MOINEPESIHKEHHS IS
MOHITOPUHTY BOJIM BOJJHUX OO €KTIB Ta 3BOPOT-
HHX BOJ Ta OyJI0 3aIIPOIIOHOBAHO 0araTo 3aCTocy-
BaHp Takux BCIIO mnst GesrnepepBHOrO aBTOMa-
THYHOT'O MOHITOPUHTY MPOTSTOM TPHBAIUX IEpPi-

189

ofiB. Pubu Oynu HalinpuBaOIMBIIIMH OpraHi3-
MamH, criodaTky Bifiopanumu st BCIO, i Born
MIPOJIOBKYIOTh 3JHIIATUCS TIOMYJISIPHUM BHOO-
pom [17, 18]. IHmi opraHi3Mu BKITFOYAIOTh paKo-
noioHux [19, 20], IBOCTYIKOBHUX MOITFOCKIB [21,
22]. Kpim Toro, mjisi MOHITOPMHTY TOKCHYHOCTI
BUKOPUCTOBYBAJIMCSI MIKPOOPTaHi3MH, SIKi dac-
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TillIle acoIIitOThes 3 OioceHcopamu. [Ipukia-
JTAMHA MOXKYTh CITYXXHTH OaxTepii, HalmpocTii
[23] 1 Bomopocri [24].

Bozopocri Chlorella vulgaris acro Brko-
PHCTOBYETHCS SIK MOAETHHUN OPTaHi3M y JTOCTi-
JOKEHHSIX POCTY Ta MPHUTHIYEHHA (POTOCHHTERY,
HarmiBOe3NnepepBHi BUMIPIOBaHHS 1HTiIOyBaHHS
¢uryopectienmii 6a3yroTbes Ha (iyopoMeTpii 3
IMIYJIbCHO-aMILTITYTHOIO Moayiritiero (PAM-
dyopomerpis) [25]. TIporiec BUMiproBaHHS 1O~
YUHAETHCS 3 BU3HAUCHHS KOHLCHTpALIl pi3HUX
KJIaciB BOJOPOCTEH y CTIYHMX BOAAX Ta iXHBOT
AKTHBHOCTI, 110 BUMIPIOETHCSI OMIOCEPEIKOBAHO
3a JIOMIOMOT0I0 (PITyOpeCeHTHOT aKTHBHOCTI BO-
nmopocteid. [lotim Bu3HauaroTh KoHIeHTparito C.
vulgaris Ta akTUBHICTH KJIaciB BOJOPOCTEH ISt
OIIIHKU MOTEHIIHOTO 1HTi0yBaHHS ()OTOCHUHTE-
TUYHOT aKTUBHOCTI BOJIOPOCTEH CTIYHUMH BO-
namu. [lomanpine BUMIpIOBaHHS, SIKE BKIIIOYAE
JIILIE TUTHY BOXY, BAKOPUCTOBYETHCS SIK KOHT-
poinbHe 3HaueHHs. Llell mporec MOBTOPHOETHCA
KokHI 30 XBHIJIMH 31 CBIKOIO CyCIIEH3IE€I0 BOJIO-
pocTeid, CTIYHIMH BOJAMH Ta KOHTPOJIEHOIO BO-
noro. Skio iHrioyBaHHs (iryopecieHIii nepe-
BUIIIY€E paHillle BU3HAYCHUI IOPIT, CIIPAIbOBYE
CHT'HAJI TPUBOTHL.

Fammapyc mysexc (Gammarus pulex) 3a-
3BHYAi 3yCTPIYAETHCS B IOMIPHHX ITOTOKAX 1 Ha-
JISKUTH JIO KIIacy BCEIMHUX MO/PIOHIOBAYIB, Bi-
JIrparoyuy BaKIIUBY POJib Y PO3KIIaAaHHI Ipy0oi
opraniuHoi peuoBuar. Gammarus pulex Bce ua-
CTillle BUKOPHCTOBYETHCS B E€KOTOKCHKOJOTiY-
HHX EKCIIEpPUMEHTaX Ta TOJOBHX BUIPOOYBaH-
HSIX, BKJIIOYAIOYM OIIHKY XapuoBOi aKTUBHOCTI
Ta MOBEIIHKU.

Y pobori [26] BHKOPHUCTOBYBABCS MPHUCT-
piit Remondis Aqua, sikuii BUMiptOBaB TIOBEIIHKY
ocobun G. pulex 3a H0MOMOror0 iMITETaHCHOTO
Metory. OpranizMy HOMIIIAIH Y BiCIM IHITiHAPH-
YHUX TECTOBHX KaMep 3 KPUILKaMH, L0 3aKpydy-
I0TbCSL B CiTKy. OCHAIlleHa 4YOTHpMa eNeKTpo-
JlaMH, OfIHA T1apa eJISKTPOJIiB FreHepy€e BUCOKOUa-
CTOTHY 3MiHHY Hanpyry. [pyra napa enexrpouiB
BUMIPIOE 3MIHU B €JIEKTPOMATrHITHOMY IIOJi, BH-
KJIMKaHi pyXaM# OpraHi3My B CEHCOpHiil Kamepi.
BumiproBaHUM napaMeTpoM € iIHTeHCUBHICTb BHU-
SIBJICHUX PYXIB (aMILTITY 1a), sIka Oe3nepepBHO 3a-
nvcyeTbes. CreliaibHui anropuT™M MPUCTPOIO
CTBOPIOE CUTHAJIM TPUBOTH, BUABISIIOUH BiAMiH-
HOCTI Mi>K HOPMAJIEHOIO Ta JICBIaHTHOO TIOBETiH-
KOIO B CEPEIHbOMY PycCi 0COOMH. SIKIIO MOBei-
HKa, a OTXe, 1 BUMIpsSHE 3HAYCHHS aKTUBHOCTI
3MiHIOETHCSI, KOPOTKOCTPOKOBE CEpeIHE 3HAUCH-
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Hsl peaxiii OyJ1o IBHIIIE, HiX JOBIOCTPOKOBE Ce-
pemHe 3HadeHHSA. OTXKe, Pi3HAIT MK o0oMa ce-
pPEeMHIMU 3HAYCHHSAMH 30UTBIIY€EThCS. SKIIO TO0-
BelliHKa Oyna mocTiiHOro, 00MaBa cepeHi 3Ha-
YyeHHs OyJTi PIBHUMH, a PI3HUI B iean J0piB-
HIOE HymO. Pi3HHII BCiX Kamep JOMA€ThCA [0
CyMH cHrHAIIiB TpuBord. CyMa CUTHAJIiB TPUBOTH
30UTBIITYBETHCS, SKIIO 3MiHA TIOBEIIHKY BUSBIIS-
€ThCA B KUJIBKOX Kamepax ogHo4yacHo. [t excre-
pUMeHTy OyJ1o BiiOpaHo BiciM AOPOCIHMX CaMIIiB
G. pulex , ineHTHdikoBaHNX 3a PO3TAIIYBAHHIM
Tap MepeIKoITys Ta po3Mipom moHaa 8 mwm. [licms
I[LOTO B KOXKHY TECTOBY KaMepy OyJIOo MOMIIIEHO
0JIHy Jopocity ocobumy G. pulex pasom i3 TppoMa
JIMCTOBUMU JFICKAMH SIK JKEPETIOM Tki. Yci opra-
HI3MH 3aMIHIOBAJIH IIIOTYDKHA.

Hadnist Bemka (Daphnia magna) sik ocHo-
BHUI KOHCYMEHT TUIAHKTOHY, IIIO YKUBHUTBCS (i-
TOIUIAHKTOHOM Ta OaKTEepisiMU, € BKIUBUM JKe-
peTIoM Ki TS OpraHi3MiB BUIIMX TPOPIYHUX pi-
BHIB 1 BiZlirpae BaXKJIMBY POJIb B TaTy3i EKOTOKCH-
KOJIOT{ JIsl OIIHKA TOCTPOi Ta XPOHIYHOI TOKCH-
YHOCTI, @ TAKOX IS OINIHKY MOoBemiHKH [27]. Bi-
JcTexxeHHs1 moseninkyd D. magna i3 3acTocyBaH-
M Tokcumerpa DaphTox Il 3miiicHroeTses 3a
JIOTIOMOT'OFO aHaIti3y 300paxeHs. Kamepa dikcye
3MiHM PO3TaIllyBaHHS OCOOMH y TECTOBUX Kame-
pax, Ha OCHOBI SIKMX MporpaMHe 3a0e3NeucHHs
CTBOPIOE OKpeMIi IIIaBaIbHI TOpiKKU. BoHM ciry-
JKaTh OCHOBOIO JIJISl PO3PaxyHKY Pi3HUX MOBEJIiH-
KOBHX IapaMeTpiB, a caMe: KUTbKOCTI aKTHBHUX
OpraHi3MiB;  CepellHbOI UCTAHIl TUIABAHHS;
OIMCY BEPTHKAIBHOIO PYyXY; CEPEIHbOI LIBHA-
KICTb TJIABaHHSI; IHICKCY KJIacy IMIBUAKOCTI; (pa-
KTaJIbHUX PO3MIpIB, IO HPU3BOIATH 10 TOKCHY-
HOTO iHJIEKCY, 10 BU3HAYAE CUTHAJ TPUBOTH [27].
3MiHM TapaMeTPiB PEECTPYIOTHCS Ta OLIIHIOIOTHCS
3a JIONIOMOTOI0 TOKCHYHOTO 1HAEKCY Pi3HUMH
cniocobamu: «/lerexrop Xinkmi» [28] BuKOpUCTO-
BYETHCSI IS PO3Mi3HABAHHS PANTOBUX 3MiH Y Me-
JKax OJIHOTO i3 BHUMIPIOBaHHMX IapaMeTpiB, sKi
Oynu 3a3HaueHi Buie. [lapamerp «[ panuuni cu-
THAJI TPUBOT TIEPEBIPSIE, UM AOCATHYTO (BEPX-
HiX a00 HIKHIX) MEX TapaMeTpiB.

PesynmeTat BIACHUX MOCIIKEHD ITOKAa-
341, 0 iCHY€E MIMPOKUI BUOIp TOCTyIHHX 0io-
TECTIB, aJie JIsl PyTHHHOTO CKPUHIHTY 3BOPOTHUX
(cTiuHMX) Ta IOBEPXHEBHUX BOJ KOPHCHOIO Oyne
Oartapest BUIKUX HEBEIUKUX 0IOTECTIB Ha pi3-
HUX TpodiuHKX piBHAX. HalOuIbI KIacHuHUMUI
EKOTOKCHUKOJIOTTYHUMH METOJIAMH  TeCTyBaHHS
CTIYHHX Ta IOBEPXHEBUX BOJI € CTAHIAPTHI TECTH
Ha PaKOMOIIOHUX, 3€JICHUX BOJIOPOCTSIX Ta iH., 38
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JIOTIOMOTOI0 SIKMX BHSIBIISIFOTH TOCTPY Ta XPOHi-
YHY TOKCHYHICTB. Pe3ynbraTy MOCTiIpKeHHS TI0-
Ka3aJd, Mo HaHOUTbII eheKTUBHOIO Ta «UyTIH-
BOIO» € METO/IMKa 010TeCTyBaHHsI 3 BUKOPHCTAH-
msM paxorrofioaux Ceriodaphnia affinis [13].

Hoci 6y1o mpoBeIeHo HI3KY eKCIIEPHMEH-
TiB moao npuaataocti BCIIO mys MoHiTOpUHTY
CTIYHHMX BOJ 3 METOO BHSBJIEHHS MOTEHLINHHOIO
3abpyauaensas [29, 30]. Himenpki ¢axiBmi ormi-
HIJIY CIM pi3HHX Oe3MepepBHUX Ta HamiBOe3epe-
peuux BCIIO st ix 3acTocyBaHHS y CTIYHUX BO-
nmax [31]. HamiBOe3mepepBHI METOAW BHMIpIO-
BaHHJ, B IKUX OPTraHi3MH ITiIAal0ThCS BILTUBY Te-
CTOBAHOI BOJIM 3 IHTEpPBaJlaMU B KiJIbKa XBHUIIUH,
MoKazanmy xopomr pe3yipratd. o miel rpymm
BXOJWIN TECT Ha BOAOPOCTSIX, TOKCUKOMETP Ha
JMadHIisAX Ta TECT HA JIIOMIHECIIEHTHUX OaKTepisx
ABTOpH 3ampoNOHYBaI TOKCHMKOMETp Ha mad-
HisIX SIK HalKpaine OIliHeHWH MeToj] Oe3rmepepB-
HOTO BUMIprOBaHHs. [lMHamiuHuil TecT Ha mad-
HISX Ta JBa TECTH Ha MiAisX BIAIOBINAIH CHELia-
JIBHUM BHMOTaM JIMIIE Ty’e OOMEXKEHO.

Porns Ge3nepepBHOTO MOHITOPHHTY MOMKE
OyTH HE BUPIIIAILHOIO JUIS OLIHKK 3a0pYIHCHHS
TIOBEPXHEBUX BOTHHUX OO0’ €KTIB BiJl MOOYTOBUX
JDKepen 3a0pyAHEHHS, OCKLUTbKA BOHU MalOTh Bi-
JTHOCHO TIOCTilHE HABAHTAKEHHS, a TIPOMHCIIOBI
CTIYHI BOJIM MOXKYTb JIEMOHCTPYBATH MiKOBI KOH-
nenTpartii conyk (1o 1000 pazie uii 3a ¢oHO-
BUIi piBEHb), SIKi MOTPIOHO TECTYBAaTH B pealib-
HOMY 4aci, OCKUTbKH JTTHAMiKa BUPOOHHIITBA Pi3-
HUX TPOMUCIOBUX KOMIIaHIM 3HAYHO BiJpi3HsI-
etbes [32]. BCIIO moxe 3anponoHyBaTH HOBHI
IHTErpOBaHUH MiAXi] 10 Oe3MepepPBHOIO MOHITO-
PHHTY SIKOCTI CTIYHUX BOJI, STKUH 1HIIIFOE TTO/1AITh-
MUA XIMIYHUA aHaIi3, OOMEXyI4rd BUKOHAHHS
KOIITOBHOTO IHCTPYMEHTAILHOTO aHaNi3y BUTIa/I-
KaMU TPUBOTH.

HemonasHo moBigoMiIsinocsi Ipo BUKOPH-
cranHs 6mu3bK0 36 000 XiMIYHMX pPEYOBHH Y Pi3-
HHX Tally3sX MPOMHCIOBOCTI PO3BUHYTHUX KpaiH,
COTHI 3 SIKMX BB)KAIOThCSI CTIOTYKaMH, 1110 BUKITH-
KaroThb 3a0pyaHeHHs Boau [33, 34]. Y moHiTopH-
HTY SIKOCTi BOJIM IHCTPYMEHTH XIMIiYHOTO aHaJIi3y
HE MOXXYTh BM3HAUYMTH KOHIIEHTpaIlii BCIX CITO-
JIyK, 110 ICHYIOTB Y BOJIHi} CUCTEMI, Yepe3 YacoBi,
EKOHOMIYHI Ta TexHiuHi oOMexeHHs. KpiM Toro,
HEMOJKJIMBO Tepe10aunTH KOMOIHOBaHUI TOKCH-
YHUH BIUIMB BiJJOMHX Ta HEBIZIOMHX CIIONYK, SIKi
MOCTIHO BIUTMBAIOTH Ha BOAHI opraHizMu. Lli 006-
MEXEHHSI B MOHITOPHHTY SIKOCTI BOJIU TIPH3BEITN
JI0 PO3POOKH CHCTEM 010JIOrTYHOr0 MOHITOPHUHTY
JUTSL OIIHKY 3arajlbHOTO BIDIMBY TOKCHYHHX XiMi-
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YHUX PEUOBHH, BKITIOYAIOYM CUHECPIeTUYHHHA Ta
AHTaroHICTUYHHUH BIUTMB CyMilliel. 3BUYaiiHi CH-
cTeMd GiIOMOHITOPHHTY JAIOTh MEHII BiATBOPIO-
BaHi J]aHl Ta HE € MOBHICTIO aBTOMATU30BAHUMU
JUTSL CTIpalbOBYBaHHsI TpuBOry. HeronaBHo Juist
MOHITOPHHTY SIKOCTi BOJI OyJH po3pobieHi crc-
TeMH ITUPPOBOi 00POOKHK 300pakeHb, 110 CKIIaIa-
IOThCS 3 BiJIeOKaMep, MPUCTPOIB 3aXOTUICHHS Ka-
IIPiB, KOMITTOTEPIB Ta CIIEIIAIbHOTO IPOrpaM-
Horo 3abesneucHHs [35-38]. Ludposa 0Opodka
BiJZICO3AITUCIB, NIUIIXOM aHATi3y 3MiH y MOJEIISIX
IUIaBaHHS, HaJa€ Pi3HOMaHITHI JaHi PO TTOBE/Ti-
HKY TECTOBHX BHiB. MOHITOPHHT JIOKOMOTOPHOT
MOBEIiIHKH BiJlirpa€e BayKIIMBY POJIb B OLIIHII HABa-
HT2)KCHHS TOKCHYHHX CIIOJYK Ha EKOCHCTEMY,
MPUYOMY PYXITHBICTh € BAXKIUBUM KOMIIOHEHTOM
(YHKIIOHYBaHHs OpraHi3MiB, 110 MOXKE HAJATH
BKIIMBY iH(OpMAIIito 0A0 iXHBOI (izionorii Ta
rioBeiHky [35]. Takum umHOM, 3MiHU B pyci Op-
raHI3MiB MOXKYTb OyTH BUKOPUCTaHI SIK BiIMOBI-
HUM 1HIUKATOP B OIIHIN €KOTOKCHUKOJIOTIYHOTO
pusuky. Daphnia magna 4ymiiBo pearyioth Ha
CTPECOBI CHTYyaIlii, sIKi MOXKyTh OyTH BHKIIMKaHI
3MIiHAMH TIPUPOTHUX YMOB HABKOJIMIIHBOIO Ce-
PEIOBHIIIA, TAKUX SIK Temriepatypa, pH, nocryn-
HICTB KHCHIO Ta XiMiuHe 3a0pyIHEeHHS], 0 CIPH-
yrHsI€ a00 301IbIIEHHs, a00 3MEHIIICHHS TLIaBa-
JIBHOT aKTUBHOCTI. 3arajiiom, 1adHii CrioyaTky pe-
aryroTh TiJIBUIIICHOIO IIABAJIBHOI aKTUBHICTIO
(TOOTO TiNEPaKTHBHICTIO) HA BIUIMB TOKCUYHHX
PCUOBHH, SIKa TIOTIM CIIOBUIBHIOETHCS (TOOTO yIIO-
BUTBHIOETBCS aKTUBHICTB). BimmoBigHO, HasB-
HICTh TOKCHUHHUX CIOJYK MOYKHA TIEPEBIPUTH, BH-
MIPSIBIIN 3MIiHH TJIABAIbHOI aKTUBHOCTI JadHi.
OnHak BUHUKAE TpoOIeMa BUSHAYCHHS «KPUTHY-
HOT'O MOPOTY 3MiHEHOT aKTHUBHOCTI». Bkpaii Bax-
JIMBO BU3HAYMUTH Yy TJIMBICTh JUIS BUSIBIICHHS HeE-
3BUYANHOTO CTaHy BOJIM, OCKLILKHU ITPArHEHHS JI0
YYTIIMBOCTI MOYKE TIPH3BECTH JIO BTPATH HATiHHO-
CTi CIIPallbOBYBaHHS TPUBOTH. Y TIOTIEPEIHIX J10-
ciipkeHssx, mos's3anux 3 BCIIO, OinpmicTs 10-
CIII/THUKIB BUKOPHUCTOBYBAJIU CEPETHIO IIIBUJI-
KIiCTh IUIABaHHS TECTOBHX OPraHi3MIB SIK TOKa3-
HUK 3MiHH akTuBHOCTI. OmHAK, 1Iei Imiaxig Moxe
OyTH HeaJeKBaTHUM, OCKUIBKM Ha IIBHIKICTH
IUIABaHHS MO>KE BIUTMBATH PO3MIp TiJla OpraHizmy
[39]. dnst mOCTIMHO IIaBalOYMX 300ILIAHKTOHIB,
TakuX K JadHii, TaBabHa aKTUBHICTH Ma€ Be-
TIMIKe 3HAYEHHSI SIK JUI eHePreTHYHOro MeTaboITi-
3My, TaK 1 JyIsl yCrixXy Breui Biz Xxmxkaxa. JlJokomo-
LIS 3aJICXKUTh BiJl M'SI30BOI aKTUBHOCTI 1 TOMY €
€HEePreTUYHO BUTPATHOI. 3 iHIOro OOKY, BOHA
JIO3BOJISIE OpraHi3MaM 3HAXO/UTH Ta IepeMiiia-
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THCS IO PETiOHIB 3 BUCOKOIO KOHLICHTPALIEI0 DKi
[40] Ta yaukati xmwkakiB. Takum 9uHOM, aHATI3
TUIABAJIbHOT aKTHMBHOCTI MOXe HaziaTtu iHdopma-
IO He JmIe mpo (i3ioNoriyHi nopymeHHs (Ha-
TIPUKJIAM, HEBPOJIOTIUHI ITOIIKOMKEHHS), alle W
PO 3MIHM B MOJIETISIX PO3MOJIUTY €HEprii.

KiacniHo MIBHUAKICTH TUIABaHHS BHBYA-
€TbCA LULIXOM IOPIBHSHHS IIBUAKOCTEH IUIa-
BaHHsI CTPECOBAHUX TBAPUH 3 KOHTPOJIBHOIO IPy-
noto. llIBunkicte mnaBaHHs AadHil 30LIbIIY-
€TBCS 3 PO3MIPOM Tina. TakuM YUHOM, OYyIb-SIKUI
(dakTop, IO BIUIMBAE HA PO3MIpP TiJA, TAKOXK
BIUIMBAE Ha IIBHAKICTH IUiaBaHHs. CTpec 3a3BH-
Yaii BIUIMBA€E Ha TEMIIH POCTY, a OTKE, 1 Ha pO3MIp
Tina. ToMy BiIMIHHOCTI B IIBHIKOCTI IUTaBaHHS
MDK PI3HUMH BapiaHTaMH €KCHEePHMEHTY, TpH-
HalMHI 9aCTKOBO, BiJJOOpaKaTUMyTh BiJIMiHHO-
CTi B pO3MIpi TiJIa, @ HE PealbHi BIAMIHHOCTI B
[IBUIKOCTI IUIABAHHS.

Y OpiBHSHHUX KOHTPOJIEHUX YMOBaX Po-
3Mip Tijla € OCHOBHMM (pakTOpoMm, 110 BU3IHAYAE
MmBHAKICTE IIaBanHs Daphnia magna. Vi tsa-
PHHH OHAKOBOT'O PO3MIipy IJIaBAIOTh 3 OJJHAKO-
BOIO IIBUJIKICTIO, HE3AJIEKHO Bifl BiKY, B SIKOMY
BOHH JOCSTAlOTh IHOTO po3mipy. Kpim Toro,
3B'SI30K MK pO3MipOM Tijla Ta MIBUAKICTIO TIIa-
BaHHS HE 3aJICKUTh BiJI KinbkocTi Txi. TBapuHw,
BUPOIIEHI B yMOBaxX HU3bKOTO PiBHS ixi 200 3a-
3HAJIM PAINTOBOTO 3MEHINIEHHSI KUTBKOCTI TKi, pe-
aryrmTh JIMIIE 3HWKEHHSAM pocTy (i po3MHO-
JKEHHSI), a He 3HIDKSHHSIM [IBUKOCTI TUIABaHHS,
TIOB's13aHO1 3 IEBHUM po3mipom. JladHii, mo Big-
YyBalOTh XapuOBUH CTPEC, 3aIUIIAIOTHCS MEH-
IIMMH, 1, OTKe, IJIaBalOTh MOBUIBHIIIE, HIXK IXHI
nocTiitHo abo Ko0pe TomyBaHi poawyi, ane iXHs
IIBH/IKICTH TUTABAHHS HE BiJIPI3HAETHCS BiJl ITBH-
JIKOCTI TU1aBaHHs 100pe rojlyBaHUX TBApUH aHa-
JiorivHOro po3mipy [39].

TakuM 4YMHOM, PI3HMLS B IIBHIKOCTSX
IJIaBaHHS MK BapiaHTaMH BUMIPIOBAaHHS 4acT-
KOBO BiJJOOpakaThMe Pi3HUINIO B pO3MIpi Tija, a
He B akTuBHOCTI ocobunu [39] Lle oOMmexeHHs
BUMAarae po3poOKH IHILOTO MiIXOAdy, SIKWH BKa-
3y€, Jie 3HAXOAUTHCS TIEBHE 3HAYEHHS BiJTHOCHO
pelITy 3Ha4eHb Y Habopi TaHUX abo MOIyJISIIil, €
napamMeTpoM, KU 30aTHUN HAJICKHUM YHHOM
oricary 30UTbIIIeHHsT 200 3MEHIIIEHHS aKTUBHO-
CTi IJIaBaHHSL.

HesBaxatoun Ha 4MCIIEHHI JOCSTHEHHS B
BCIIO, nesiki mpoOiiemu Bee Iie iCHYIOTb, SKi MO-
*Ha OyJI0 O ITOKPAIUTH 3 TOYKHU 30pYy MPOCTOI Ta
HaJiiHOI MpaKkTUYHOI eKciutyaTarii. OCHOBHOIO
npobiaemoro BCIIO € enmizoanuni XuOHI TPHBOTH.
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Jlxepena XuOHMX TPHUBOI MOKHA PO3IAUTHTH Ha
TPH TPYIIH: TPUBOTH, IO BHHHUKAIOTH dYepe3 He-
CIPaBHICTh MPWIIAY, Morani abo Hemepeadady-
BaHi (hi310JI0r1YHI YMOBH TBapUH, 10 BUKOPHCTO-
BYIOTKCSI B TECTI, Ta HEBI/ITIOBITHE HAJIAIIITYBAHHS
aNrOPUTMY TPHUBOTH. THM 4acoM KOpHCTyBadi
BCIIO mnocTiiiHO MpocsTh BUPOOHHKIB 3p0OUTH
00J1aTHaHHS MPOCTIIINAM Ta ACTICBITNM TSI ede-
KTUBHOTO Ta €KOHOMIYHOTO YTPABIIHHS SIKICTIO
Bomu. Cepelt KOMEpIiHHUX CHCTEM 0iOMOHITOpH-
HTY, 1110 BUKOPUCTOBYIOTh AadHii SIK TECTOBI Op-
TaHi3MH, JBa TPHIAAN HIMPOKO BHKOPHCTOBY-
IOTBCS y BCbOMY CBITI: IMHaMiuHUi TecT Ha nad-
Hii, Buroropnenuii Elektron Ltd. (HimeuunHa),
SIKMH BiZICYTHI HA PUHKY, aJie BCE II[e BUKOPHC-
TOBYETHCS P MOHITOPUHTY SIKOCTI BOJIH, Ta TO-
KCHKOMETp i JadHii, BuUrotoBieHuii bbe
Moldaenke (Himeyuwna). OOuiBa 1 npuiiaan
MalOTh JIMIIIE 2 OJJHOYACHO CHOCTEPEeXKYBaHi Ka-
Ham. Kamepwu, 1o Mictarh cepenouina ta D.
magna (5-20 TecToBHX OpraHi3miB), KOHTPOJIIO-
rotees [41]. Ha xanb, okpemi qadHil HeMOKITMBO
PO3II3HATH; TOMY TPHIa BUAAE JIUIIE CEePeHi
3HAYEeHHS BCIX TECTOBAHMX OpraHi3MiB. SKIIO Ki-
JIbKICHO BU3HAY€HA aKTHBHICTh BUCOKOAKTHBOBA-
HOT'O OpraHi3My, BUKJIMKaHa BIUTMBOM TOKCHKaH-
TIB, KOMIICHCY€ThCSl aKTUBHICTIO TIOBUIBHO PYyXO-
MHX OpraHi3MiB, Ba)KKO BHSBUTH OYIIb-IKYy Pi3-
HUIIIO B CEpeTHHOMY 3HAUEHHI aKTHBHOCTI MiXK
HOPMaJIbHAM Ta aHOMAJIFHHM CTaHOM TECTOBa-
HOTro opranismMy. lle Moxe mpu3BecTH JI0 3aTpH-
MKH CIIparboByBaHHs TPHBOTU. MOHITOPUHT TI0-
BEIIHKM OKPEMOro Cy0'eKTa MOXKe JaTH OLIbII
YYyTJMBY PEaKIil0 Ha 3a0py/AHIOBaYi, a TaKOXK
OLIBII JeTaTbHY iH(OpPMAIIitO TIPO MTOBEIHKY Op-
raHi3my. 3 1i€i npuuuHU Oyna po3pobiiena Oara-
TOKaHAIIbHA CUCTEMa 0100 TYHOTO MOHITOPHHTY,
10 BUKOpUcTOBYE HOBY cuctemy Grid Counter,
MIPU3HAYCeHY M1 KUTbKICHOI OIIHKM aKTUBHOCTI
PYXOMHUX OpTraHi3MiB.

Pi3Hi MeTo/I1 MarOTh Pi3HI IIepeBary Ta He-
noiiky. Hanpukiaza, mig 4ac BUKOPHUCTAHHS aHa-
JTHYHUX METOMIB iH(opMaLis mpo mnapamerpu
TTOBEIIHKK MOX€E OyTH CTHUCHyTa (HAIPHUKIA,
(pakTasbHa PO3MIPHICTE); MPOTE JIOKAIBHY Ta
r00asibHy 1H(pOpMaILit0 HEMOXKIIMBO OHOYACHO
OTpUMATH 3 HAOOPY JaHMX PO TOBEMIHKY. Tomy
BYXJINBO BUKOPUCTOBYBATH BiJTIOBIHI aHATITH-
YHI METOJY, 1[0 HAJIAFOTh 3HAYYNTy iH(OpMaIIito
M1 yac iHTepnpeTanii A7aHUX TPO MOBEIIHKY.

O1iHKa IaHKX TIPO MTOBENIIHKY OpPraHi3MiB,
110 MOCTIHO KOHTPOIIOIOTHCS, € JTY’KE CKIIaTHOIO
(To6TO OCOOMHN NEMOHCTPYIOThH HEJIIHIMHICTD Ta
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3MiHHY MOBeAiHKY). TOMy Taki AaHi BUMaraioTh
BUKOPHCTAHHSI BiJIIOBITHUX AHANITHIYHUX METO-
B, BKJIFOYAIOYN CTATUCTUYHI Ta O0YMCITIOBAILHI
MiIXoAW, i TONEriieHHs iHTeprpeTamii, a
OTKE€, BUKOPUCTaHHS JUIsI €()CKTUBHOTO YIIPaB-
miHHA. [{71s aHamizy Takux JaHuX NpO MOBEAIHKY
3aCTOCOBYBAJIMCS Pi3HI CTATUCTUYHI METO/H, TO-
JIOBHUM YHHOM IUCIICPCIHHUIA aHawi3, t- TecT,

aHaJi3 TOJIOBHMX KOMIIOHEHTIB Ta KJIACTCPHUMN
a”ani3z. OJJHaK HENIOABHO 3'SIBUJIMCS Pi3Hi 1H(DO-
pMalliiiHi TEXHOJIOTIT Ta O0YHCITIOBAIEHI METON
SIK PEBOJIIOLIKHI IHCTPYMEHTH JUIsl IHTepIIpeTarii
MOBETiHKY opraHi3MiB. L1i TexHororii 3a0e3meuy-
FOTh 00'EKTUBHUH CHOCIO MOSICHEHHSI Ta KUIbKiC-
HOT OLIIHKH 3aKOHOMIpHOCTEH Pi3HUX MapaMeTpiB
HOBEIIHKH.

BucnoBku

3 pPO3BUTKOM KOMI'IOTEPHOTO 00aI-
HaHHS Ta IPOTPaMHOTO 3a0€3MeUeHHs, a TAKOXK
iHQOpMaIiHHO-KOMYHIKAIIHHAX ~ TE€XHOJIOTIH,
MOCTYTIOBO PO3POOJISIOTHCSI CUCTEMH MOHITO-
PHHTY B PEXHMi PEAIbHOTO Yacy ISl BUSB-
JIeHHS1 3MiH (i3UKO-XIMIYHUX (AKTOPIB y Mi-
JTHOBUX eKocUcTeMax. JlaTunKu € HeHTpaTbHIM
€JICMEHTOM Oy/Ib-AKOI TaKOl CUCTEMH MOHITO-
punry. Hapasi 6iibIicTs KpaiH cBiTy BUKOPHC-
TOBYIOTH CUCTEMH MOHITOPUHTY B PEKHUMI pea-
JHHOTO Yacy, YyTHBi 0 (i3uKo-XiMiYHHX (a-
KTOpIB, AJS BUSIBICHHS MOPYLICHb y BOJHHX
eKOCHCTeMaX, BKIIIOYAIOUM IOBEPXHEBI BOIM,
IPYHTOBI BOJIY, CTIYHI BOJIU Ta MUTHY Boxay. On-
HaK cHUCTeMH (Pi3UKO-XIMIYHOTO MOHITOPHHTY
HE MOXXYTh BUSBUTH BCi KOHIIEHTpAIii pi3HUX
XIMIYHHX CHOJNYK, SIKi MalOTh Pi3HWHN BILIMB Ha
BO/IHI OpPTaHi3MH Ta eKOCUCTEMH. X04a JUIs BH-
SBIICHHS] XIMIYHUX KOHIIGHTpPAIii BUKOPHCTO-
BYIOTBCS TaKi METOJIH, SIK Ta30Ba XpOMaTorpa-
¢is Ta BUcOKOe(eKTUBHA PiIMHHA XpOMAaTOrpa-
¢is, mo 3a0e3nevyroTh TOYHI BHUMipIOBaHHS,
MOB'sI3aHa 3 IUM BapTiCTh aHANI3y € 3aHa/ITO BH-
COKOI0, 1, KpIM TOT0, JiIsi POOOTH 3 TaKUM 00JIa-
JTHAaHHSM TIOTpiOHI mpodeciiiHi TexHiku. Ta-
KOX, (hi3WKO-XIMIYHI JIaTYNKU BUMAraroTh BH-
COKHX BUTpaT Ha 0OCIyroByBaHHS Ta BimoOpa-
JKAIOTh JIUIIE JIOKATbHI Ta KOPOTKOCTPOKOBI KO-
JIMBaHHS Y BOJHUX eKocHcTeMax. binbire Toro,
i TaTYMKH HE MOXYTh OYTH BHKOPHCTaHI JIJIs

BUMIPIOBaHHS CHHEPTCTHYHUX Ta aHTArOHICTH-
YHUX TOKCHYHUX €(PEeKTiB, MOB'I3aHUX 13 XIMIU-
HUMU CyMiIllaMH, 1 He HaJaroTh iHhopMariii mpo
€KOJIOTIYHI YMOBH, B SIKHX KUBYTh OPTaHi3MH.
Buxonsun 3 BuIleHaBeneHOTO, OyIH po3poo-
JICHI CUCTeMHU O10JIOTIYHOTO PAHHBOTO TOIEPE-
mxenHs (BCIIO), siki 6a3yroThCst Ha Pi3HUX pe-
aKIlisgx OpraHiaMiB Ha nopymieHHs. Cucrema
BCITIO BUKOPUCTOBYETHCS 1711 GE3MEPEPBHOTO
KOHTPOJTIO SIKOCTi BOJIH, IO JTO3BOJISIE Oe3moce-
penHbo Ta Oe3nepepBHO BUSBISATH LIMPOKHN
CHEKTp 3a0pYJHIOIOYUX PEUOBUH ab0 TOKCHY-
HUX YMOB Ha OCHOBI (i3ionorii Ta MOBEIIHKH
oprasizmiB. OpraHi3Mu BiT4yBalOTh IMUPOKAN
CHEKTp 3a0pyIHIOIOYNX PEUOBHH, PUIOMY Pi-
3HI TAKCOHH OPTaHi3MiB pearyoTh MO-Pi3HOMY
Ha pi3Hi 3a0pyaHfoBadi. Takum 4rnHOM, HEOOXI-
JTHO PO3YMITH IOTEHIIi{HI 3aCTOCYBAaHHS TaKHX
cHucTeM, a Takox Te, ik bCIIO nHapasi Bukopuc-
TOBYETBCSI CTOCOBHO Pi3HUX T'PYI OpraHi3MiB.

BrnacHuit 10CBijT 3 pO3p0OOKH EKCIIPECHUX
CUCTEM MOHITOPHHTY SKOCTI BOJ JI03BOJISE
CTBEp/KYBaTH, M0 MOXIUBO PO3POOHTH
BCIIO, ne numie TouHy Ta eeKTUBHY, ajie U
OpPOCTINy Ta JEHICBIIY MUIIXOM 3MEHIICHHS
HaJIMIPHUX O0YMCIICHDb Ta MiHIMi3allil BUMOT JI0
amapaTtHoro 3a0e3leveHHs, a TaKoX JIOBECTH
IepeBaru po3po0JIeHOI CUCTEMH 32 IOTIOMOT 010
BIIPOBA/IXKEHHS Cy4acHOT'0 MPOrPaMHOro 3a0e3-
MIE€YEHHS.

Kondaikr inTepecin

ABTOpH 3asBISIIOTH, 10 KOHQUIIKTY 1HTEPECIB 10/10 MyOIIiKaIii 1boro pykonucy Hemae. Kpim
TOTO, aBTOPH TOBHICTIO JIOTPUMYBAJIMCh €TUYHUX HOPM, BKJIFOUYAFOUM TUIATIAT, (pabch]ikaiito TaHuX

Ta TOJBIHHY MyOITiKaIlito.

Baecok aBTOpiB: aBTOpH 3pOOHMIIN PiBHHIA BHECOK Y II0 pOOOTY
B po06oTi HE BUKOPHCTaHO pecypc MTYYHOTO IHTEIEKTY.
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APPLICATION OF BIOLOGICAL EARLY WARNING SYSTEMS:
IMPLEMENTING A PROSPECTIVE APPROACH TO WATER QUALITY MONITORING

Purpose. To review international experience in the development and improvement of biological early
warning systems.

Methodology. To assess the potential for improving existing biological early warning systems for con-
tinuous monitoring of water quality in different water categories.

Results. Behavioral responses have been used for decades as tools for testing aquatic toxicity, but have
received much less attention than studies assessing lethality, development, or reproduction. With the improvement
of visual and non-visual assessment tools and the increasing knowledge of the importance of behavior for health
and fitness, interest in behavioral analysis has increased in recent years. However, to our knowledge, no quantita-
tive evaluation of available methods for testing toxicity in organisms has ever been conducted, and it is unclear
whether behavioral studies are a valuable addition to aquatic monitoring. This literature review suggests that be-
havioral assays are relatively rapid and sensitive and therefore deserve further attention as tools for assessing the
toxicological effects of aquatic pollutants. We believe that research aimed at developing and optimizing behavioral
assays could prove extremely useful to the field of toxicology, but future work should be directed at determining
which specific behavioral patterns are most sensitive to different classes of pollutants, and at understanding the
significance of changes in discrete behaviors for health and fitness impacts.

Conclusions. Biological Early Warning Systems (BEWS) rely largely on behavioral responses, with
some also assessing other parameters, such as effects on algal chlorophyll fluorescence, at peak pollution levels,
from which threshold values are derived. Behavioral changes are superior to mortality rates and other sublethal
responses because they bridge the gap between individual and population relevance and are indicators of signifi-
cant impacts of chemical contamination on a population before more serious consequences (i.e., population de-
clines) occur.

KEY WORDS: water pollution, toxic properties of water, test object, biological monitoring, biotesting,
biological early warning systems
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EKOIIUJ: EKOJIOI'TYHI HACJIIIKU TA MOKJIMBOCTI BUKOPUCTAHHSA
®ITOPEMEJIAIII MIOPYIIEHUX TEPUTOPIN

Meta. BuzHaunTH €KOIM, K TI100anbHy 3arpo3y Cy4acHOCTi, HOTO MacIuTaOM i HACHIAKK Yepe3 IO€e-
HaHHS TEOPETUYHHX TIOJIOKEHB 13 IPAaKTHYHUMHU IIPUKIAIaMH, IUIAXIB MiHIMI3aIi{ Ta TOTEpEeKCHHS SKOIUTY B
Maii0yTHEOMY.

Metoan. CucteMHUii aHaili3 Ha migcTaBl (YyHKIIOHAJIBHO-CTPYKTYPOBAHOTO MiJXOJy, CTATHCTHYHI Me-
TOJM, MATPUIIS OLIHKH PU3HKIB.

Pe3yabTaTu. Ha 0CHOBI TEOpETHYHMX ACIEKTIB €KOLMAY ITPOaHANi30BaHO NOAIT 1110 BigOysmcs B YKpaiHi,
a came migpuB Kaxoscbkoi 'EC Ta aBapist Ha YopHoOminbebkiii AEC. TTopiBHSHHS €KOJIOTIYHHX, COLiaNbHUX U
€KOHOMIYHUX HACJIJKIB BIUTUBY Ha HABKOJMIIHE CEPEIOBHIIE ITOKA3aJI0 3HAYHUI HEraTUBHUI BIUIMB K Ha eJie-
MEHTH HaBKOJINIIHBOTO CEPEIOBHUINA, TAK 1 HA EKOHOMIYHHH PO3BUTOK Hamoi kpainu. [lopiBHANTBHUI aHaMI3 IpH-
YUH CKOIMIY B CBITi, pe3y/bTATIB €KCTIEPTHOI OI[IHKH MO0 BIUIMBY CKOIMTY HA Pi3HI aCMEKTH TOBKIJLIS Ta CyC-
MJIBCTBA 32 IIPOTHO3aMH EKCIIEPTIB 1 HACEJICHHS BU3HAYIIIO MOKIIMBICT 3aCTOCYBAaHHS METO/IB BiTHOBJICHHS I10-
MIKOJPKEHUX TEXHOTCHHUMH KaTtacTpodaMu TepHuTopiil, BKIIFOYAI0UN METOIU peMeialii Ta piTopeKyIbTHBAIIi].

BucHoBku. HeoOxinHO BH3HaHHA ekomuay SIK (hakTop riio0anbHOI HEOE3IMEeKH ChOTOACHHS, SK 3JI0YMH
MIPOTH JIFOJICTBA Ta TOBKULIA. € moTpeda B po3poOili epeKTHBHUX MEXaHi3MiB pearyBaHHs, CHCTEM MOHITOPHHTY,
€KOJIOTIYHOT IPOCBITH Ta 3aCTOCYBAaHHS METO/IIB PEKYJIbTUBALIIT I BIJTHOBJICHHS TEPUTOPIii, 110 MOCTPaXKAaIH BHA-
CJTiIOK MacIITaOHUX EKOJIOTIYHUX KaTacTpod.

KJIFOYOBI CJIOBA: exoyuo, exonoziuna kamacmpogha, exonociuna 6esnexa, Kaxoscoxka I'EC, pemediayis

SIx mutyBatu: Boiitenko 1O. B., Ilickyn SI. P. Exomua: exoorivHi HACTiAKH Ta MOKJIMBOCTI BUKOPHUCTaHHS (i-
TopeMeNiallil MOPYIICHUX TePUTOPii. Bicnux Xapkigcbkoeo nayionanvroeo yHigepcumemy imeni B. H. Kapasina.
Cepis «Exonoeisy. 2025. Bum. 33. C. 199-211. DOI: https://doi.org/10.26565/1992-4259-2025-33-14

In cites: Voitenko, Y. V., Piskun, Y. R. (2025). Ecocide: ecological consequences and possibilities of using
phytoremediation for disturbed areas. Visnyk of V.N. Karazin Kharkiv National University. Series Ecology, (33),
199-211. https://doi.org/10.26565/1992-4259-2025-33-14 (in Ukrainian)

Beryn

JIOBKUIISI CKJIajiae TIPUPOJIHY OCHOBY ic- OnHNM 3 HAaBXXITUBIIINX 3aBIaHb CHOTO-
HyBaHHS Tf0cTBa. ChOTO/IHI IPAKTUYHO HE MO- JICHHSI JUIsL BCi€l CBITOBOI CHUILHOTH BHCTYIIA€
JKJIMBO HA3BaTH TaKi SBUINA Ta ITPOIIECH HABKO- MUTaHHS BUPIIICHHS POOJIeM eKOJIOTivHOI Oe3-
JUIITHHOTO CEPEJIOBHUINA, HA SKHX HE MMO3HAYH- IeKH, TOOTO 30€peKEHHS] HABKOJUIITHBOTO TIPH-
Jacst O IisuTbHICTE Jironeil. HesBaxkaroun Ha Tic- POJTHOTO CEpEeOBHUINA Bij 30BHINIHIX 3arpos.
HUI 3B'30K MPUPOJIH 1 JIFOJIMHU, TOBKULIS 3 KO- 3BHYAHO CTAHOBJICHHS ITi€] TPOOJIEMH BXKE Ha-
JKHAM POKOM 3a3Ha€ Bce OuIbIl 3ryOHOTO Oysi0 TN00aJBbHOTO  XapakTepy, BHUPIIIECHHS
BIUIMBY, IO CTPIMKO HaOJNMXa€ IFOACTBO [0 SIKOTO ITiIKaBe Ta aKTyalbHE JJIsi CBITOBOTO CITiB-
€KOJIOT1YHOT KaTacTpodu, ska MOXKe 3TYOUTH HEe ToBapucTBa [1].
TIJIBKH T€, 1110 HAC OTOYYE, a i B I[L/IOMY 3HUIIIUTh AHa3yloud TONEPeaH] JTOCIIPKEHHS
JKUTTS Ha TUTAHETI. [2, 3, 4], cimiz 3a3HAYKMTH, 1110 TEPMIH «EKOLIHI
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€ BITHOCHO HOBWM, BiH TiepIle MpO3BydYaB Ha
Kondepenuii OOH 3 npobiaeM HaBKOJIUIITHBOTO
cepenosuia y 1972 porii B KOHTEKCTiI 0OTOBO-
pEHHsI pyHHYBaHHS TPHPOAHOTO CEPEIOBHUINA
yepe3 OOMOap/yBaHHs, BUKOPUCTaHHS TepOi-
UiB Ta OyZiBHUITBO Y IPUPOIHUX 30HAX, Ta-
KOX CIIiJ] 3a3HAYUTH 10 HA MIKHAPOTHOMY Di-
BHI €KOIMJI 1 IOCI HE € O(iliiHO 3aKPITUICHUM
TEPMIHOM 1 BU3HAHUM MIXKHAPOJHUM 3JI0YH-
HOM, SKWH TependadaB OW CreialbHAA MeXa-
Hi3M BiJITOBITATBHOCTI, Yepe3 10 BiH HE TIOTpa-
UIst€e mijg ropucaukiito MixknaponHoro Kpumi-
HanpHOTO Cyay. Binrozi HaykoBuii iHTEpEC 10
i€l mpoOIeMaTHKy HEYXIIBHO 301TBITyBaBCS,
HacamIiepe/l Yyepe3 3pOCTaHHs MaciTabiB TeX-
HOT'CHHUX aBapiii, 30pOHHUX CyTHYOK Ta KIliMa-
TUYHI 3MiHH.

Sxmo BupinaTu cepen (GpyHIAMEHTAb-
HUX JOCTIDKEHb IIOJ0 PO3IJIAAY EKOIHIIB,
citiy 3BepHYTH yBary Ha po6otu llomin ['enen,
JIe aKTUBHO OOTPYHTOBYETHCS HEOOXIAHICTD BH-
3HAHHS EKOLUAY II'SITUM 3JI0OYMHOM MpPOTH
Mupy B Pumcbkomy cratyTi MixkHapogHOTO
KpUMiHABHOTO cyAy. Ii mpami 3aKk1anu ocHOBY
JUIL CY4acHOTO PO3YyMiHHSI €KOLHJIY SIK YMHC-
HOT'0 200 0€3p03CyTHOTO 3HUIIIEHHS EKOCUCTEM
Ha BeJuKii Tepuropii [4, 5].

YKpaiHChKi BYEHI TEXK aKTHBHO JOCIi-
JOKYIOTh TEMYy €KOIUay. 30KpeMa, B myOika-

uigx [acturyTy exonorii Kapmar ta InctutyTy
mpobneM Oe3MeKH AaTOMHHUX eJIEKTPOCTaHIIH
HAH VYxpainu po3risigaroTbes SIK TCOPETHIHI
OCHOBH SIBHIIA, TAK i MPAKTUYHI aCTIEKTH BiIHO-
BJICHHSI TEPUTOPIH, IO MOCTPaXJaInd BHACHi-
JIOK eKoJioriuHux karactpod [6, 7, 8].

UucenbHI  AOCHIIKEHHS, TPOBEACHI
OCTaHHIMH POKaMH, ITOKa3aJli 3pOCTaHHs Hay-
KOBOTO iHTEpeCy [0 TaKoi TeMH SIK €KOLH] Ye-
pe3 ii akTyaJIbHICTh B peastisix ChOTOJCHHS, BCE
OiypIIIe HAYKOBHUX POOIT MPUCBIICHO EKOJIOTIY-
HUM HACJIiIKaM BiliChKOBUX i, 30KpeMa B YK-
paini, Cupii ta Ipaky, ae 30poitHi KOHQITIKTH
MIPU3BENH 10 MAaCIITaOHOTO 3a0pyIHEHHS [0-
BKULIA [2, 9, 10]. OTxke, aHaITi3 MONEPEIHIX J10-
CJTiJPKEHb TI0Ka3aB, 1110 Hapas3i Bi10yBa€eThCS MO-
rAOJIeHHST PO3yMiHHS MacmTabiB mpodneMu
eKOINIy Ta HeoOXiaHICTh ii BuBueHHs [11, 12].
BoaHouac numaroThcs HEBUPILICHUMH Oararto
[UTaHb, MOB'I3aHUX 13 IOPUANIHOIO KBami(ika-
i€10, MEXaHI3MaMH TPUTITHEHHS J0 BiIIOBi-
JATBHOCTI Ta €PEKTUBHUMH CTPATETisIMH 3a110-
OiraHHs Ta IMOJI0JIAHHS HACTIIKIB exorumy [13].

MeToro OCTiPKEHHS € BU3HAYCHHS €KO-
Uy, SK TJI00aJIbHY 3arpo3y Cy4acHOCTI, HOTro
MacIITa0u 1 HACJIIKK Yepe3 MOEHAHHS Teope-
TUYHUX TIOJIOKEHb 13 MPAKTHYHUMH TMPUKIIa-
JaMH, TUIAXiB MiHIMI3aIlil Ta TOIepeKeHHS
eKOIUY B MaHOyTHBOMY.

O0’€eKT DOCTiIKEeHHS Ta METOAHN

OO0’€KTOM JIOCHI/DKEHHSI € TPUKIAIH
exonuay B YKpaiHi, a caMe TeXHOTeHHa KaTac-
tpoda Ha YopHoOmnechkiii AEC Ta pyiinHy-
BaHHs Kaxoscrkoi ['EC. 3a nonomororo mero-
JIiB CACTEMHOT'0 aHAJTi3y JOCIKEHO TPUYUHH
€KOLIM/IIB B CBITI, EKOJIOIYHI Ta EKOHOMIYHI Ha-
CIJTIJIKH TEXHOTEHHUX KaTacTpod.

BuxopucroByeThest ()yHKIIOHATIBHO-CTPY-
KTYPOBaHUH MiIXiJ 7O OLIHKKA HACIIJKIB €KO-
1Ty B YKpaiHi, aHasi3 eKCIEPTHOT OIIHKH 111010
BIUIMBY €KOIIM/y Ha Pi3HI aCHeKTH TOBKULISA Ta
CYCHLJIbCTBA 3a TPOTHO3aMHU EKCIIEepTiB 1 Hace-
JICHHSI Ta MATPHIIO OIIHKK PU3HMKIB BHACIHIIOK
pyinyBanns Kaxoscbkoi ['EC.

PesynbTaTu pociigkeHHst Ta 00roBOpeHHs!

Haii0inpm nommpeHuM Hapasi € BU3Ha-
YEeHHSl «EKOLUAY», K TI00aJbHOr0 MacoBOTO
3HUMICHHS OTOYYIOYOTO POCIMHHOTO Ta TBa-
PUHHOTO CBITY, 3apak€HHsI BOJHUX PECypciB,
atMocdepu Ta iHII Aii, 0 37aTHI BUKJIUKATH
eKoJIoriuny kKatactpody. BusnaueHHs exouny
PO3'ACHIOETBCST Yepe3 3acTOCYBaHHS PYHHIB-
HOI'O BIUIMBY Ha E€KOJIOTiUHY Oe3leKy 3ajuisi
OTpuUMaHHs BilickkoBoi nepeBaru [14]. B 3ako-
HOJABCTBI YKpaiHU EKOILMJl BH3HAYAETHCS SIK
MacoBe 3HUINECHHS POCIUHHOTO ab0 TBapHH-
HOTO CBITy, OTPY€HHS aTMOochepu abo BOTHUX
pecypciB, a TaKOX BUMHEHHS IHIMAX MiH, 10
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MOXYTh CIPUYMHUTH E€KOJIOTIYHY KaTacTpody
BU3HAETHCS 3JI0YMHOM, 32 SIKMM nependadyeHo
MOKapaHHs Y BUMIISAI 11030aBJICHHSI BOJI CTPO-
KOM BiJl BOCBMH 0 T'SSTHAAIATH POKiB [7, 13].
Exounp 3a3Buuail BinOyBaeTbcs BHACHI-
JOK JIiSUTBHOCTI JIIOJIMHH, sIKa PYHHYE €KOCHC-
TEMH Ta TPU3BOJUTH JIO HE3BOPOTHUX 3MIH Y
noBkiuti. [Tpuunauy exonumy Bapitol0ThCs 3ajie-
YHO BiJl KpaiHHM YU PETiOHY, MPOTE MOKHA BU-
JUINTH KiJIbKa KITFOYOBHX (AKTOPIB, IO CIPH-
YUHSIOTh MaCOBE 3HUIICHHSI IPUPOJIN Y PIZHUX
KpaiHax cBiTy [15]. Ha nepiomy micri — 1e He-
KOHTPOJIbOBaHE IIPOMHCIIOBE BHPOOHHUIITBO,
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BOHO BKJIIOYa€ B ceOe 3a0pyqHEHHS MOBITPS
HIKiIJTMBUMHU BUKUAAMH, TAKUMH SIK CIpUACTHIA
ra3, OKCHIM a30Ty, IO MOXE CIPHYHMHSATH, B
CBOIO 4Yepry, KUCIOTHI /IO, a BUKUIU MApHH-
KoBUX ra3iB, Takux sk COz uyu CHa, MOXyTh
OyTH TpUYMHAMU BHHUKHEHHS TJI00AILHOTO
noterutinas. Hactynna npudnna ekonnmy — 1e
BUpYOKa JIiCiB, caMe 4epe3 MacoBe 3HHIICHHS
JCiB UM CBCHKOTO TOCHOAAPCTBA UM OYiB-
HUIITBA BiJOYBA€ThCS 3MEHINCHHS KUIBKOCTI
KHCHIO, 16 MOXKE ICTOTHO BIUIMHYTH Ha 31aT-
HicTh JiciB mormuHatu COg, 110 B CBOKO Yepry
npu3Beie 10 BTpaTh OiOpi3HOMAHITT, sIKe ic-
HY€ BXXe B IbOMY cepenoBuili. Hanmipuuii Bu-
JNOOYTOK MPHUPOJHHUX PECYPCIB € HEBiJl'EMHOIO
YaCTUHOIO CTAHOBIICHHS MTPOOJIEMH MOSIBU €KO-
muaiB, 60 came yepe3 BUAOOyTOK HaQTH, rasy,
BYriIi Ta IHIIMX KOPHUCHHUX

KOITaJIMH

PYWHYIOTBCS €KOCHCTEMH HE B OIHIA KpaiHi
cBiTy. 3a0pynHeHHs1 CBITOBOTO OKEaHY € TOCT-
pOTO TIPOOIIEMOTO BXKE HE OJHE JAECATUPIUYS Ta
OJTHIETO 3 IPHYUH TOSIBA EKOIIHIIB B MEXKaxX CBi-
TOBOTO OKeaHy, 00 uepe3 IUIACTUKOBI BIIXO/H,
HaQTONPOIYKTH Ta XiMiYHI PEYOBHMHH, LIO OT-
PYIOIOTH BOJY Ta MOPCHKY (hayHy KOXKHOTO JTHS
CTPIMKO PO3BHBAETHCA 3arpo3a 0 eKOJIOTidHOl
3arpo3u B CBiTOBOMY OkeaHi. Hactymna mpu-
YWHA EKOIM/IIB — 1€ BIiHU Ta BIHICHKOBI KOH()-
JIKTH, BOHU Hapa3i 3aiiMaloTh aKTyaJbHE MiCIle
B YMOBax cbOroJieHHs, 00 pyiiHyBaHHs iH{]pa-
CTPYKTYPHU MOX€ CIIPUYHHATH €KOJIOT1YHi KaTa-
cTpodu, a BUKOpUCTaHHS XiMiuHOI 30poi, mia-
PHUBH HaTOBHX BHIIOK, MiHyBaHHSI TEPUTOPIH
MPHU3BOAATH 70 JOBIOTPUBAIIOTO 3a0pyAHEHHS
noBkims [10]. Ha pucynky 1 HaBeneHo aHaii3
MIPUYHH EKOIUIIB B KpaiHax cBiTy [8].

B HeKoHTpO/IboBaHe NpomMuc/ioBe BUPo6HMLTBO M Bupy6Ka nicis

BiliHM Ta BiiCbKOBI KOHMIKTU

m 3abpyaHeHHs CBITOBOro OKeaHy

HaamipHuii BMA06YyA0K NPUPOLHUX pecypcis

Puc. 1 — [puunau exonumy B KpaiHax cBiTy[8]
Fig. 1 — Causes of ecocide in countries around the world [8]

Jani, BukopucTaHi as MoOya0BH Jiar-
paMu € OPIEHTOBHUMH Ta CTaHOBJIATH Taki 00-
CSITU: HEKOHTPOIILOBAHE IPOMUCIIOBE BUPOOHH-
utBo — 39 %, BiliHM Ta BiliCbKOBI KOH(IIKTH —
17 %, 3a0bpynHeHHs: CBITOBOTO OKeaHy Ta Hal-
MIpHHIA BHUI0OYTOK HPUPOIAHHMX PECYpPCiB Ma-
10Th 110 11 %, a BupyOka jiciB ctanoBUTE 22 %,
3a3BMYail MacIiTabu EKOIMIY MPOJAOBKYIOThH
3MIHIOBATHUCS 3aJIEKHO BiJ KpaiHW Y PErioHy
Ta pIiBHS BIUIMBY JIIOJICHKOI MiSTTBHOCTI KOX-
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HOT'O JIHS, TOMY BOHU MArOTh aHAJIITHYHUH Xa-
paxrep [8, 11].

HexoHTposIbOBaHE TMPOMHUCIOBE BHPOO-
HUILITBO € OJTHIEIO 3 KIIFOYOBHX NPUYUH €KOJIOTi-
YHHMX KaracTpod 1 MOTEHUIHHOTO EeKOLUUAy B
VYxpaini. YkpaiHa Ma€e TOTYXHUH TPOMHUCIIO-
BUIl KOMIUIEKC: MiANPUEMCTBA METAITypriitHOT,
XiMIYHO1, EHepreTHYHO1, BYTr'iJIbHOI Ta HagTOTe-
pepoOHoi ramysi. OgHaK 3HaYyHA YacTHUHA IUX
MiANPUEMCTB Ma€ 3acTapiji TEXHOIOTIl, M0
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MPU3BOIUTH 0 HAAMIPHOTO 3a0py THEHHS TIOBi-
TpsL, BOH, IPYHTIB Ta YTBOPEHHS TOKCUYHHUX Bi-
nxofiB. MacoBa Ta 4acTo HEKOHTPOJILOBAaHA BU-
pyOKka JiciB B YKpaiHi TaKoX IepeTBOPIOETHCA
Ha OJIHY 3 TOJIOBHHUX NMPHYUH €KOLHIY, IiJIeCTI-
PSAMOBaHOTO a00 CHCTEMHOTO 3HHIIECHHS MpHU-
pPONHOTO cepefoBHINa. 30poiHI KOH(IIIKTH
CIPUYMHSIOTh MaclTa0HE 3HUILEHHS EKOCHC-
TeM, 3a0pyAHEHHS 3eMeb, BOIU Ta MOBITps. B
YkpaiHi Hapasi HaCIiOKW BifHM HAOyJM O3HAK
eKOIIIy, TOOTO MacoBOTO Ta CBIIOMOTO pyW-
HYBaHHS TPUPOTHOTO CEpelOBHINA, L0 CTa-
BUTSH ITiJT 3arPO3Y JKUTTS Ta 3I0POB’ sl MiJIBHOHIB
moneit. HagMipHuiA BUI0OYTOK IPUPOAHUX pe-
cypciB B YkpaiHi — 1le He JUIle eKOHOMIYHa, a
1 exoJIoriyHa mpoodJieMa HalliOHAJIBHOTO MacIl-
Ta0y. be3BiamoBigansHe BUKOpUCTaHHS HaIp,
JICIB 1 BOMHUX PECypCiB pyHHY€E €KOCHCTEMH,
3arpoKye 370pPOB’I0 JItOJeH 1 Mai0yTHHOMY
KpaiHu. SIKIIo He 3yMMHUTH 10 TeHACHIII0, Ha-
CITIIKK MOXYTh CTaTH HE3BOPOTHHUMH, TOOTO
TIPU3BECTHU 10 EKOLIUIY.

Hacnmigku exonuny BUKJIMKAIOTh HeraTH-
BHI 3MiHM B cTaHi O€3MeKU XHUTTENISIBHOCTI
JIIO/ICKKOTO CYyCITiNbCTBa. B 1IbOMy MUTaHHI BCe
OiNbIlIe YBard MPUIIISETHCS, SK cepel] HAyKOB-
IiB, TaK 1 B CYCHUILHUX OpraHizaiisax (puc.2).

3 aHasizy pe3yibTaTiB BUCHOBKIB €KCIIe-
PTIB-E€KOJIOTIB Ta ONMUTYBAaHHS HACEJIEHHS 1010
BIUTMBY €KOILMAY Ha Pi3HI aCMeKTH JOBKIIIIA Ta
CYCIUILCTBA BU3HAYCHO, IO IYMKH HACETICHHS
JICIIO BIAPI3HAIOTECA BiJl AYMOK CKCIEPTIiB
LIOA0 BIUIMBY EKOLMIY Ha Pi3HI acmeKTu J0-
BKLJIJIS Ta CyCIIITBCTBA.

MOoIJIMBO 1€ € CIiACTBOM TOTO, IIO Ha-
CCJICHHS IIIE HE B TOBHIM Mipi po3ymie Hac-
JAKY, 10 SIKUX TPUBOJIUTH E€KOIHI, TOMY JUIS
HaceJeHHs HEeOOXiTHO IMPOBOIUTH MAacOBi 3a-
XOAM CTOCOBHO HACNIJIKIB Ta CIOCO0iB 3amo0i-
ragHs eKOLMAIB, OO0 Takl €KOJIOTiYHI Karact-
podu Oe3nocepeHRO BIUIMBAIOTh Ha KIiMarT,
E€KOHOMIKY Ta 010pi3HOMAHITTS 1, Oe3nepeyHo,
HECYTh TUIBKU IIKOAY JJIS 3J0POB’S JIFOACH, 1
HACEJICHHS HAIIOI KpalHU — 1€ IOBUHHO 3HATH
Ta po3ymitu [16].

3 aHaJizy cHTyallii, 110 Hapa3i cKJagacs
B YKpaiHH, MOXKHA 3a3HAYUTH, N0 SKOLH/T € O/
HI€IO0 3 HAarajdbHHUX MPOOJIEM, SIKi TMOTPEOYIOTh
LIBUJIKOTO BTPYYaHHS Ta BUPILIEHHs. 3a Mmiapa-
XyHKamMi MiHiCcTepcTBa 3axHCTy IOBKULIS Ta
MIPUPOIHUX pecypciB YKpaiHH, pociiicbka ap-
Misl BXKE 3aBJajia IIKOAW YKPaiHCHKOMY JI0-
BKUUTIO Ha TIOHAJ JiBa TPWIbHOHA TPUBEHb.
3HHIICHA TEXHIKAa OKYIIaHTa MEPETBOPUIIACH HA

3MmiHa .
. BMAiB Ta
Knimaty Ta
BTpaTa
rnobanbHe
noTenniHHA
TTA
B [lymKa eKcnepTiB-eKonoris 40 25
W [lymKa HaceneHHs 30 15

BumunpaHHa

biopisHOMaHi

0]
3abpyaHeHH m;::;;;osa PapioaktmeH lloripweHHA
A BOAHUX . eTaximiyHe  3p0poB’A
ecypcis ASTPaAaLiA 3abpyAHEeHHA HaceneHHsA
P rPYHTIB
20 20 20 25
25 15 15 20

Puc. 2 — Pesynbratn ekcriepTHOI OLIHKH 111010 BIUIMBY €KOIMY Ha Pi3HI aCHEKTH JTOBKULIA
Ta CYCIHiIBCTBA 33 MPOTHO3aMH EKCIIEPTiB Ta HaceneHHs [8]

Fig. 2 — Results of an expert assessment of the impact of ecocide on various aspects
of the environment and society according to forecasts by experts and the population [8]
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noHaa 859 THcSY TOH BIZXOMIB, B pe3yNbTati
BiliCHKOBHUX JIii BUKUJIU B aTMOC(Epy CTaHOB-
751t Otk Hixk 83 THeswi ToH CO; [17]. Kyiib-
MIHAIIEI0 eKOUUAY B YKpaiHi CTaB MigpUB Ja-
MOou Kaxoscekoi ['EC, sxuli BigOyBcs
6.06.2023 poky. Haciinku i€l monii BrutmHy M
Ha BOJIHI pecypcH, IpyHTH, QIiopy, payHy mpu-
JISTJIMX 0 IbOTO MicTa TepuTopii [18, 19]. TTo-
TiK BOJIM, IO BiJOYBCS, 3aTOMUB JICCATKH HAaCe-
JICHUX MYHKTIB, 3MHUB 3HAYHY KUTBKICTh Ha()TO-
MPOAYKTiB, XIMIYHUX JOOPUB Ta BAXKKHX MeTa-
niB y HopHe Mope, CTBOPHBIIY ITUM HE JIUIIIEC 3a-
rpo3y mst YKpainu, a # uis cycianix kpain [20,
21]. Lls momis TakoX TpH3BeNa 10 3aruberi

PIOKICHMX BHIIB TBApWH 1 POCIWH, YacTHHA
SIKMX CKOPILI 32 BCe 3HUKJIA Ha3aBXIH, 1€ € J0-
Ka30M 1 KOHCTaTy€ BEJCHHS €KOJOTIYHHX 3J10-
YMHIB IPOTH YKpainu Ta ii goskims [22]. ITig-
puB Kaxoscekoi 'EC BBakaioTh HalOUIBIIOO
TEXHOTEHHOIO KaTtacTpodoro B YkpaiHi micis
BuOyxy Ha Yopunoomibcekiiit AEC [11, 23, 24].

[opiBHsANBHMI aHAMI3 E€KOJOTIYHHX Ta
€KOHOMIYHMX HACIiJKiB kKartactpodu Ha Yop-
Hobmnecekii AEC 1 migpuBy KaxoBcbkoi
T'ECI[25, 26, 27] (tabx. 1) moka3ye cCyTTeBi Bif-
MIHHOCTI B MacmTabax BIUIMBY Ha JOBKIILIA,
JIFO/ICBKE 37I0POB'Sl Ta €KOHOMIKY IIMX JIBOX Ma-
CIITA0HNX TEXHOTEHHHUX KaTacTpod.

Taoauus 1

HopiBusinHsA HacaiakiB kaTacTpodu Ha YopHoOmibchkiit AEC i ninpuBy Kaxoscbkoi 'EC

Table 1

Comparison of the disaster consequences of the Chernobyl disaster and the explosion of the Kakhovka
hydroelectric power station

Kateropis 36uTiy quHOﬁHJ’Ib(C{;gKg% )KaTaCTpoq)a Hinpus K(azyé)ozl:aggl,lcoi' I'EC
[Tnoma 3a0pyrHeHHS (KM?) ~2600 ~600
KinbKicTh MOCTpaKAAINX BUIB ~1000 ~500
OOcsr HaIXOKCHHS B HABKOJUIITHE ~5 300 000 ~83 000
cepenoBuie (TOH)
KinbkicTs nroie, 1mo 3a3Hainu ~5 ~1
BIUIHBY (MJIH)
ExoHOMIiuHMIA 30UTOK (MJIPJ J10J1.) ~235 ~15

[ompwu Te, mo HacHigku BITUBY YopHO-
OMIIbCHKOT KaTacTpo(u iCTOTHO MEPEBUIIYIOTh
Hacigku migpuBy Kaxoecekoi ['EC, 3a Bcima
OCHOBHMMH TIOKa3HUKAMH, OOMIBI MOl TAr-
HYThb 3a COOOI0 BiT4yTHI JOBIOCTPOKOBI Hac-
JIKK — €KOJIOT1YHi, TyMaHITapHi Ta eKOHOMi-
yHi. JloBeaeHno, 1mo YopHOOUIbChKA KaTacT-
poda cnpuunHMIA TII00ANBHI 3MiHH, 30KpeMa
pamioakTUBHE 3a0pyTHEHHS TEPUTOPIH y JeKi-
JHKOX KpaiHax €BpOIK Ta 3pOCTAHHS OHKOJIO-
riYHOi 3aXBOPIOBAHOCTI Cepesl HACENECHHSI, IO
ninrBepkye odiniitamii 3BiT «The Chernobyl
accident: environmental, health and socio-
economic impacts» Komitery OOH 3 HaykoBuX
JIOCITI/DKEHb €(EKTiB aTOMHOTO BHIIPOMIHFO-
BaHHs, IKAH MICTUThH J€TaJILHAN aHaIi3 HACIIi-
KiB YopHOOMIBCHKOI KaTacTpou JUIs 37I0POB's
oZIeH, eKoJIorii Ta eKOHOMIKHU. JlociKeHHs
panioakTUBHOrO 3a0pyAHEHHS BHACITIIOK aBa-
pii MoKa3ano TpuBaje MOTIPIICHHS SKOCTI IPy-
HTIB, BOJIH Ta OiopisHoManiTTs [28, 29].

[igpus Kaxoscekoi I'EC y 2023 poui
MaB [IEPEBAXKHO JIOKAJIbHUM, alle BCE X TaKOX
HUTIIBHUN xapakTtep. [lopymenHs rigposiorid-
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HOTO peXuMy p. JHINIPO CIpHYMHUIO MacoBe
3aTOIUICHHS CIJIbCHKOTOCTIONAPCHKHX YTi/b, 3a-
ru0eib BEIMKOI KIJIBKOCTI BOOHHUX 1 Ha3eMHHUX
BHIIB, a TAKOXK 3aJIUIINIIO MIJTEHOHH JIIOEH Oe3
nocrymy a0 Boxuux pecypcis [30]. B poboti
[27] BimoOpakeHO  KOMIUIEKCHHH — aHaii3
BIUIMBY 3HUILEHHS JaMOU Ha €KOJIOTIYHUN CTaH
perioHy, NeTAIFHO PO3IIISTHYTO HACHIAKH IS
BOJHHUX PECypcCiB, IPYHTIB 1 OiOpi3HOMAHITTS.
Sk moKa3aHO B HAYKOBMX JIOCII/DKCHHSX, ITiJI-
puB Kaxoscekoi I'EC cmpoBoKyBaB BHHHK-
HEHHS HOBUX IPOIIECiB MOTiPILIEHHS CTaHy IPy-
HTIB, TIOBTOPHOTO 3a0pYJHEHHS BOKKHMHU Me-
TaJIaMH Ta OTPYHHHMH CIIOJTyKaMH, HAIPUKIIA]
y po6oTi [22] neTanbHO MpoaHai30BaHi €KOJIO-
riuni 30UTKM BiJ pylHYBaHHS OamOH, cepen
SKHX BUJIISIOTH CYTTEBE IIJIBUIICHHS TMOKAa3-
HUKIB XJIOpO()iTy Ta iHTEHCHBHUH pPO3BUTOK
UBITIHHA (DITOIUTAHKTOHY, 110 BKa3ye Ha JecTa-
O1Ti3aIito eKOCUCTEMH.

AHai3 pe3ynbTariB JOCIIKEHb Ta CTa-
TUCTUYHUX JaHMUX IOKa3aB, IO XO4a KOXHA 3
OUX KaTacTpod Mae YHIKAILHUH XapakTep
BIUIUBY, aJI¢ BOHU € THUIOBHMH IpPEACTaBHU-
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kamu exoruay: aBapig Ha YAEC — 3 ormsany Ha
panianiiine 3a0pyJHEHHS BETMUE3HUX TEPHUTO-
piif Ta rmobanpHMM BIUINB, a KaxoBchbka Tpare-
il — 9epes3 JOKaIbHY, aje HaJA3BUIaifHO HUIIIi-
BHY TpaHc(hOpMaliio TiAPOJIOTIYHOTO PEKUMY
Ta 1M030aBJICHHS MUTLHOHIB JIFOJICH BOAHHUX Pe-
cypcis [12, 23, 31, 32].

Exonp, o cnpryrHuia 4opHOOUITBChKA
karacTpoda, 3TUIIUB YUCIICHHI EKOJIOTIYHI
po0OJIeMHy Ha TepuTopii YKpainu, a came pamio-
aKTUBHE 32a0pyAHEHHS IPYHTIB, BOJIU Ta POCIIH-
HOCTI. BiTHOBJIEHHS WX TEPUTOPil BUMAarae 3a-
CTOCYBaHHsI HOBITHIX METOJIB, HaIpUKIA] pe-
Memiariii Ta GpiTopeKyIbTHBAIlll — Il TEXHOJOTIl
BUKOPHUCTOBYIOTh TPHPOJAHI MpOLECH ISl OYH-
IIeHHS 3a0pyaIHeHuX 3eMenb. 3rigno 3 [33] ¢i-
TOPEKYIbTUBAIlS € TEPCIIEKTUBHUM ITi[XOJIOM
JUTS peabimiTartii 3emMens, 3a0pyIHEHUX paIioak-
TUBHHMU PEUOBMHAMH, TAKUMU sIK 11e31i-137 i
cTpoHIii-90. A cam merton GiTOPEeKyIbTHBALI
TIOJISITAa€ Y BUKOPHCTAaHHI CHENialbHUX POCIHH,
3[aTHHUX MOTJIMHATH Ta HAKOMMYYBAaTH TOKCUYHI
€IIEMEHTH 3 IPYHTY, 3HIKYIOUH TAKKUM YHHOM Pi-
BEHb PaJli0aKTUBHOTO 3a0pyAHEHHSI.

OnHuM 13 NMPUKIAJIIB 3aCTOCYBAaHHS Ta-
KOTO METOJly € BUKOPHUCTaHHS BepO Ta TOMOJb,
BOHM AKTHBHO TIOTJIMHAIOTH PATIOHYKIIIH 3
IPYHTY, CHPUSIOYH iX 3HIKCHHIO B ITOBEPXHE-
BUX IIapax 3emii. BiAmosigHo 10 pe3ynbratiB
HOJIEOBUX JIOCIIPKEHb, BAKOHAHUX HA TEPUTO-
pii YopHOOMIIBCEKOT 30HH, I1i POCITHHA MOXKYTh
e(eKTHUBHO 3HWKYBATH PiBEHb PaJli0aKTUBHOTO
3a0pynHenHs. Kpim ditopexynbpTrBanii, BUKO-
PUCTOBYIOTH I1Ie MeTO ] Oiopemeniartii. Bin me-
pendavae BUKOPUCTAHHS MiKPOOPTaHi3MIB IS
PO3KIIaIy pajioaKTUBHHX MaTepiaiiB abo nepe-
TBOPEHHS X Ha MEHII TOKcH4Hi popmu. Xoya
MeToJT PITOpeKyIbTHBAII] MaE KOJOCAIBHI J10-
CATHEHHS HAa OKPEMHUX TEPUTOPIsX, el crmocid
TaKOXX Ma€ i HEIOJIKH, 30KpeMa JOBrOTpUBa-
JICTh Ta HEOOXITHICTh aanTaiii poCcIvH JI0 Tie-
BHUX YMOB CEPEIOBHIIA, TOOTO y TAKUX MICIISIX,
Jie piBeHb 3a0pyJHEHHS KPUTHYHHIA, 3aCTOCY-
BaHHs (iTopeKyibpTUBaLii Moxe OyTn oOMe-
JKEHE 4Yepe3 HU3bKY 3JaTHICTb POCIHH aKyMy-
JIOBaTH PaliOHYKIIJH TPOTATOM TPUBAIIOTO
nepiony. Tomy BUKOpHCTaHHSI (PiITOPEKYJIBTH-
Ballil 4YacTO MOENHYETHCA 3 IHIIMMU METOJaMU
pemeniaiiii, 30kpemMa 3 XiMiYHUMH a00 (izud-
HUMH CcIIoco0aM¥ OYHIIICHHS, a caMe BUKOPHC-
TaHHA CIELiaIbHUX COpPOEHTIB AJISi OYMCTKH
BOJIU 200 3aCTOCYBaHHS MIKpOOIOJIOTTYHUX Me-
TOMIB JJIS 3HIDKCHHS PiBHS PaXiOHYKIIi B,
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Y mporieci BiTHOBICHHS TEPUTOPIH BHA-
ciigok aBapii Ha YopHoOunbcekiik AEC Gyno
HaIpanboBaHO YHIKAIBHUHN MiIXiX IO OIiHIO-
BaHHS €KOJIOTIYHMX PH3WKIB, MO MOETHYE pa-
J10EKOJIOTYHUI MOHITOPHHT, IPOCTOPOBY Kila-
cudikamito 3a0pyAHEHHs Ta BUKOPUCTAHHS pe-
memianii. L{ei qocBia MOoKHA BBa)KaTH 0a30BUM
OPIEHTHPOM ISl IOAATBIINX KPU30BUX EKOJIO-
TIYHHUX BTPYYaHb, a TAKOK METOJIOJIOTIYHUM ITi-
IIPYHTSIM JUTSA Cy4acHOI OLIHKH PHU3HUKIB MICIA
pyrinyBaras Kaxoscekoi 'EC, ne mozaiOHi npo-
[IECH TOKCHUKAIlii, Mirpariii ocaiiB i Jerpajaanii
EKOCHUCTEM MOTPEOYIOTh CUCTEMHOIO T4 Hay-
KOBO OOIPYHTOBAHOTO pearyBaHHSI.

B pe3ynbTarti getanbHOrO aHalizy eKoJI0-
TYHAX, EKOHOMIYHMX Ta COIaJbLHUX HACIIIKIB
pyiiryBanHs Kaxoscekoi 'EC 6ymo mobymo-
BaHO PU3UK-MATPUIIIO, IO IPYHTYETHCS Ha MiXK-
HApOJHO BHU3HAHMX TPUHIIMIIAX OI[IHIOBAHHS
pusukiB, BukinageHnx y ISO 31000:2018 «Risk
Management — Guidelinesy, 3rizHo 3 SKUMH pH-
3UK € (DYHKIIIEI0 WMOBIPHOCTI HACTAaHHS MOJIi
Ta CepHO3HOCTI 11 HACIIKIB:

R=P-I 1)

ne R — piBeHb pH3HKy;

P — 6an iimoBipHocTi (1-5);

| — 6an BBy (1-5).

VY npoueci aHani3y BUAJIEHO BicCiM Ipio-
PHUTETHHX TPYI PU3HKIB, IO Bi10OpaXKaroTh Oc-
HOBHI HamnpsiIM{ MOTEHLIHHOTO BIUIUBY PYHHY-
BanHs Kaxoschkoi 'EC Ha nmpuponHe Ta corria-
JIBHO-eKOHOMIUHe cepenouie. /1o HUX Haue-
KaTh: TEXHIYHUH PH3HK (HEJIOCTATHICThH JIOCTO-
BipHHX JAHUX MOHITOPHHTY), PU3UK BTOPHHHOL
Mirpariii BaXKKUX METAJIB B 0Ca/iaX, COLlIATbHUIMA
py3HK (crioXMBaHHA 3a0pyaHEHOI pHOM Ta
BOJIM), pU3UK Oe3mneku (MiHHa ¥ BiliChKOBa 3a-
rpo3a, 0OMEXEHHs AOCTYIy 0 TEPUTOPii), ¢i-
HAHCOBHWI pU3UK (HEcTa4a pecypciB JUIs JOBIrO-
CTPOKOBUX  pillieHb), EKOHOMIYHHUH PHU3UK
(BTpaTa MPOAYKTHBHOCTI CiJIbCHKOTOCIIONAPCH-
KHX 3eMellb), eKOJIOTYHHI PU3KK (MacoBa 3aru-
0enb prOM Ta MTaxiB) Ta peNyTalidiHUN PU3UK
(HEemoBipa MICIIEBOTO HACEIIEHHS JI0 OpPraHiB yII-
paBiiHHS W cUcTeMH MOHITOpuHTY). Bubip 3a-
3HAYEHUX KaTeTOpiil pU3MKIB 3yMOBICHUI KOM-
IUIEKCHUM  XapaKTepOM €KOJIOTiYHOI KpH3H,
crpuunHeHoi pyiiHyBaHHsAM Kaxoscbkoi ['EC,
sIKa OXOTUTIOE SIK TIPUPO/THI, TAK 1 COIIaIbHO-EKO-
HoMi4Hi acrniekTd. CyKyITHO 11i YMHHUKH (HopMy-
I0Th IHTETPOBaHy MOJIENb PU3HKIB, PEJICBAHTHY
JUTSL MacINTaOHKUX €KOIMIHKX clieHapiiB. KoxeH
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13 BU3HAYCHUX PU3HKIB OIIHIOBABCS 32 MTOKa3HH-
KaMH HMOBIPHOCTI Ta BIUIMBY JUIS ITOJAIBIIOTO
(hopMyBaHHS IHTETPAIBHOI PH3UK-MATPHIILI.

Orinka WMOBIPHOCTI 1 BIIMBY HA OCHOBI
aHaJli3y HACNIJIKIB, a TAKOX PE3yJIbTATH PO3pa-
XYHKIB PIBHIO PH3HMKIB YMHHHKIB HaBEJICHO B
Tadymri 2.

OcCHOBHI BUIM pH3HKIB (pHC. 3) IEMOH-
CTPYIOTHb TIPIOPUTETHICTH pearyBaHHs. Takuii
MiAXig JO3BOJSE IIBHIAKO iMeHTH(DIKYBaTH

HaWO1IBIT HEOE3MIETHI CIIeHapii, 30KpeMa Ti, II0
IIOB’sI3aHi 3 MIHHOIO HEOE3MEeKO, BTOPUHHOIO
Mirparmi€ro 3a0pyJHIOBaYiB Ta COMiaTbHIMHU Ha-
CJTiIKaMH JIJISl MICIIEBOTO HACETIeHHSI ICIIs pyii-
nyBaHHs Kaxoscekoi I'EC.

Martpuus ciyrye y3arajibHIOIOYUM iH-
CTPYMEHTOM JUISI TOJIAJIBLIOTO TIaHyBaHHS pe-
MemialifHuX Aild, PecypcHOTO PO3MOALTY Ta
(hopMyBaHHsSI aNTOPUTMIB YIPABIIHHS PH3H-
KaMH B 30H1 eKOLUIY

Taoauns 2

Ouinka pu3ukiB BHacainok pyiinyBanus Kaxosceskoi 'EC

Table 2

Risk assessment due to the destruction of the Kakhovka HPP

Ne Pusux Pl I |R AprymeHTauis

1 | Ocamu: Bropunna mirpamis Baxkux | 4 | 5 | 20 | Ocagu MIiCTATh HAKOMHMYCHI TOCHYHI PCUYOBUHH;
MeTaliB €po3isi MOYKEe BUBUILHHUTH iX Y BOJHHH MOTIK

2 | CouianbHuil: COXKHUBAHHS 4|5 |20 Pusuk 1515t 310pOB's HaceIeHHsI IPH BUKOPUCTaHHI
3a0pyaHeHOI pubH abo BOIU BOJIOPECYPCIB i prbOJIOBIi

3 | Besneka: MiHHa Ta BilicbKOBa 5| 5 |25 MinHa HeOe3neka Onokye noje poOiT i 30inblnye
3arpo3a, OOMeXeHHs! IOCTYIY PH3HKH JUIS IEPCOHATY

4 | dinaHCcOBHMIi: HecTaua pecypciB Juis 4l al16 bpak ¢iHaHCyBaHHS npHU3BEE 10 YAaCTKOBUX
JIOBIOCTPOKOBHUX PillIeHb pillieHb 1 peuuanBIB MpodIEeMHU

5 | ExoHoMiuHHM#: BTpaTa 4l al16 IudpacTpykTypHi 3MiHH Ta 320pyAHEHHS
MPOIYKTUBHOCTI C/T 3eMelTb 3HIDKYIOTh BPOKaMHICTD 1 JOXOIH

6 | Exomoriuamii: MacoBa 3aruoenb 2 4 8 Modxe cTaTHCs JIOKaJIBHO TPX MOOLTi3arii
pubH Ta nTaxiB TOKCHKAHTIB 200 3MiHaX TigpoJoril

7 | TexHiuHMi: HEIOCTATHI JaH1 5 5 | 25 | Benuka momia, 0OMeXeHHA JOCTYTI,

HEpPiBHOMIpHI pooH
8 | Penyramiiiauii: HenoBipa HacenmeHHs | 5 | 3 | 15 | HemocraTHs mpo30picTh CTBOPIOE CYIIPOTUB

1 TaHIKy

R 30
25
20
15
10
5 I
0
& D S S N S -
& & ¢ & & & &
& ¥ ¢ FFE

Puc. 3 — PiBHI pu3HKiB 32 OCHOBHUMH NOKa3HUKAMHU

Fig. 3 — Risk levels by key indicators
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SIKII0 po3risiaTH BiAHOBICHHS TEPUTO-
piif, mocTpaxkaanux Bin migpuBy KaxoBcbKOi
I'EC, TO mopyImieHHs TiAPOJIOTIYHOTO PEXUMY
p. JHIOpO CHPUYMHUIO MAacOBE 3aTOILUICHHS
CLIBCBKOTOCTIONAPCHKUX YTiAb 1 3a0pyTHEHHS
BOJIHUX PECYPCiB BXKKUMH METaIaMH, TOKCHY-
HUMH XIMIYHUMHE CIIOJIYKaMHU Ta OpPTaHIYHUMU
3a0pynHroBauamu. Takuii Tum 3a0pyAHEHHS Bi-
JPi3HAETHCA BiJl paliloaKTUBHOTO, IKUH CIIOCTe-
piraBcs Ha YopHoOmnscekiti AEC, mpote 3a-
cTOCyBaHHS (QiTOpPEeKyIbTHBAI MOXKe OyTH Ta-
KO e(EeKTUBHUM Uil OYMIICHHS IPYHTIB Ta
BOJIM BiJl TOKCUYHUX CHOJyK. Pocnmuawm, 31aTHI
HAKOMMYYBaTH BaXKi METajl, MOXYTh OyTH
BUKOPHCTaHI I OYUIICHHS 3a0pYyJIHCHHUX Te-
puropiit micns migpuBy I'EC. Beranosneno, 1o
JesIKi BUIM POCIMH MOXYTb OUMIIATH BOAU Bij
TOKCHYHHX METaJiB Ta MOKpAIlyBaTH SKiCTb
IPYHTY, HaANpHUKIaJ, psCKa MOXE IOTJIMHATU
BaYKKi METAJIM Ta OYMIIYBATH BOJIU B 3a0pyIHE-
HUX BojonMax. Tak camo, sk i anst Teputopii
YopHoOMIILCHKOT 30HU Ha TepuTopisix KaxoBce-
koi 'EC moxxHa 3acTocoByBaTu (itopemesia-
IO B MOEIHAHHI 3 IHITUMHA METOIAMH BiTHOB-
JICHHS1, TAKHUMU SIK OlopeMeniartisi, GpiTopeKyb-
THBAIid Ta MEXaHIYHE OYHIIEHHS IUIg HOCAT-
HEHHS BiJHOBIEHHs 3a0pyIHEHUX TEPHUTOPIN
[22, 32, 33].

TakuM YHMHOM, CTpaTerii eKOJIOTiYHOTO
BiJTHOBIICHHS IiCJIS €KOIUAY B YKpaiHi MaroTh
OyTH KOMIUIEKCHUMH, HAyKOBO OOIDYHTOBa-
HUMH W iHTETPOBAHWMH Y 3arajibHy CHCTEMY
HalioHaJbHOI Oe3neku. [loenHaHHs pemejia-
MiHHUX, PEKyJIbTHBALIWHUX, JiCOBIJHOBHUX,
BOJIOOXOPOHHUX Ta OCBITHIX 3aXOJliB CTBOPIOE
MiATPYHTS A7l BiTHOBJICHHS €KOJIOTIYHOI piB-
HOBaru Ta 3amoOiraHHs MOBTOPHUM HpPOSBaM
EKOLUIY B MallOyTHbOMY.

Exorun, sikuii 3apa3 Bil0OyBa€ThCs B YK-
paiHi, € HOTEHUIHHOI HEOE3NEeKO0 IS LiJIOT0o
€BPOINEHCHKOr0 MPOCTOPY. A pO3MipH 3amomis-
HOi MIKOJM BHUMArarTh MIKHAPOJIHOTO BH-
3HaHHS €KOLUJTY SIK 3JI0YMHY BiifHHU, a TAKOX 3a-
MPOBAKEHHS CYBOPUX CaHKLIH I0A0 TOTO XTO
Horo 3miiicHUB Ta Oe3MoCepesHbO 3IiHCHIOE.
Km0 HEe BXKUTH paguKalbHUX i, YKpaiHa
MOYKE BTPAaTHTH 3HAUYHY YacTKy CBOI'O MPUPOA-
HOT'O Ha/0aHHS, a JOBKUUISA 3a3HAE PaHKailb-
HUX 3MiH, [II0 MATUMYTh CEpHO3HHI BILTUB Ha
MaiiOyTHI mokominus [11, 12, 34].

st 3ano0iranHs MalOyTHIM eKoIuaamM
B YKpaiHi Ta MiHIMI3allil BXe 3aBJaHOl KON
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ciig  3ampoBaguTH OQiliiHe BH3HAHHS €KO-
WY, K MIXKHApPOHOTO 3JI0YMHY, 00 X04 YKpa-
{HChKE 3aKOHOJJABCTBO BU3HAYAE SKOIIU/I SIK Ma-
coBe 3HHINEHHA 3a crarreto 441 KpumiHais-
HOTO KOZIeKCy YKpaiHu, ajie Ha Mi>KHapOTHOMY
piBHI exoLua 10ci He € oQiliiHO 3aKpPITICHUM
TEPMIHOM 1 BHU3HAHMM MIKHAPOIHHUM 3JI0YH-
HOM, Yepe3 10 BiH HE MOTPAIUISE il FOPUCIH-
kuito Mixnaapognoro Kpuminamsaoro Cyny,
3aTBEP/DKCHHS CKOLUAY, SIK 3J0YMHY Ha MiXK-
HapoOAHOMY piBHI, 3HaYHO 3MEHIIUTH HOTO
MIPOSIBH, aJiKe 1ie Oy/ie HeCTU OiIbIIy BiIIOBI-
JIaTbHICTD Ta TIOKapaHHs 3a ckoeHi aii [35]. Ta-
KO MOXKITHBO MPUUAHATTS PIillICHHS 010 PO3-
POOKH EKOJIOTIYHUX HOPM JIJIsl BEJICHHS BilCh-
KOBUX OIepalliii, a came 3ampoBaguTH 3a00-
POHY Ha BHUKOPUCTAHHS TOKCHYHUX PCUOBHH,
TaKOoXX 3a00POHUTH aTakh Ha 00’ €KTH KPUTHY-
HOi €KOJIOT1YHOI iH(pacTPyKTypH, Taki 3MiHH
MOXKYTh 3a0€3MEYUTH 3MEHIIIEHHS TTPOSBIB KO-
IUIiB Ha MaitbytHe [34, 36, 37].

Biitna 3anuimmna BaxKui CI1ijl Ha €KOCH-
CTeMax, MPOTe JIi€Ba MONITHKA Ta MIXXHAPOIHA
CHIBITpaNs BiJKPUBAIOTHh MEPCIIEKTUBU IS T10-
CTYIIOBOTO BiJTHOBJICHHS HABKOJIUIIIHBOTO CEPe-
nosuiia Ykpaiau [37].

Exorun noctas oiHUM i3 HAMBAKIHUX BHU-
KITUKIB IS CBITY ChOTOICHHS, TTOPSIA 13 KIIIMaTH-
YHOI0 KPHU3010, 3aHenajoM OiOpi3HOMAHITTS Ta
SIICPHOIO 3arpo3010. PylHYBaHHS €KOCHCTEM Yy
BEJIMKHMX MacIITadax BHACIIIOK BIHCHKOBHUX JiH,
MPOMUCIIOBOTO 3a0pyIHEHHS, BUpYyOyBaHHS Ji-
CiB Ta 3MiH y TiIPOJIOTIYHHUX CUCTEMaX Hece He-
MOMpPaBHI BTPATH VISl )KUTTS Ha 3emi [1].

B VYkpaini ekorua po3KpUBCs 3 HaJ[3BH-
YaifHOIO CHUIIOI0 depe3 OOHOBI Aii, MO crpryu-
HWIN €KOJIOTIYHI JIMXa, CePe/] TKUX — SHUIICHHS
Kaxoscekoi I'EC, oTpyeHHS IpYHTIB Ta BOJ, a
TAaKO)K BTpara 3amoBigHux Tepuropii. lle He
TIIBKH BHYTpILIHA npoOiema KpaiHu, a ¥ 3a-
rpo3a Jyist BChOTO PETiOHY Ta IUTAHETH, aJlXKe Ha-
CIIIJIKM JIUISI €KOJIOTIT HE 3HaI0Th KOPAOHiB. Jljis
JKUTTS 0€3 eKOLUIIB ClTiJl 00 €AHATH 3yCHUILIS
Ha BCIX PIBHSX BiJ] MDKHApPOJHUX OpraHi3aiii
JI0 cBiomocTelt rpomasH [8, 36].

Be3yMOBHO BaKJIMBUM € BH3HAHHS €KO-
Uy, SK TI00aTbHOI 3arpo3u, Ta HEOOXiqHICTh
MIPUHHATTS KOMIUIEKCHUX 3aXOJIiB Ui 3armo0i-
raHHs TEXHOTEHHUM KartacTpodaM, BiJHOB-
JICHHSI TIOCTPAXKAAIUX TEPUTOPIH Ta IMOKpa-
IICHHST MDXHApPOJHOI CIIBOpAaIli B MHTaHHSIX
€KOJIOT1.
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BucHoBku

Exonun € omniero 3 HANOUIBIN TI100ATBHUX
npo0JieM ChOTOJICHHS, 00 BiH HECe CepHo3HY 3a-
TpO3yY JUIsl EKOCUCTEM, 3I0POB'S JIFOJIEH Ta EKOHO-
MIYHOi CTaOIBHOCTI CYCHiNbCTBA. TEXHOTE€HHI
KatacTpodu, o BiaOywcsS Ha TepuTopii YKpa-
iam, a came YopHOOMIIbCHKA aBapis Ta migpuB Ka-
xoBchKoi I'EC, K NpuKIaau eKOIHIIB, MAlOTh
TPHUBATI HACTIIKA U1 HABKOJHUIITHHOTO CEpeo-
BHITIA Ta COIIANIEHOI cepm.

Macmrtab i BIUIMB WX TEXHOTEHHIX KaTa-
cTpod MiAKPECITIOITH HEOOXITHICTh PILTyYHX 3a-
XOJIiB JUIs 3ar100iraHHs MoiOHUX KaTacTpod, He-
OOXIIHICTH BIJHOBJIEHHS IOIIKOIKEHUX E€KOLU-
JIOM TEpPHUTOpii 3 BHUKOPUCTAHHSIM TAaKOI'O Me-
TOAY, SIK PEKYJIbTUBALLSI TEPUTOPIH.

3acTocyBaHHsI TAKUX METOJIIB, K (iTope-
Meqiaris Ta Giopemeniaris, 103B0JIst€ e(PEKTHBHO
OUMIIATH IPYHTH 1 BOJIU BiJl TOKCUYHUX 1 pajtioa-
KTHBHHX 3a0pyaHeHb. [lokazaHo edeKTHBHICTH
3aCTOCYBaHHS IIMX METOMAIB y YOpHOOMIBCHKIi
30HI BiMYy)KEHHS Ta IPOAHAII30BAHO MOMKIIH-
BICTh iX 3aCTOCYBaHHS /ISl BiTHOBJICHHS IHIIIX
TIOIIKO/PKEHUX TEPUTOPIN, HATIPUKIIA] HA TEpPH-
TOPIAX, sIKi OyJM TIITOIUICHI B Pe3yNbTaTi M-
puBy Kaxoscbkoi I'EC.

BukopucTaHHs JBOBUMIPHOT PH3UK-MAT-
pHIll JIa€ 3MOTy CHUCTEeMAaTHU3yBaTh YHWHHUKH

BIUTMBY 3a PIBHSMH WMOBIPHOCTI Ta MaciTady,
BUSIBUTH KPUTHYHI 30HM PH3UKY, a caMme BTO-
PHMHHY MIrparito TOKCHYHHX OCaiB, Jerpaalliio
BOJHO-OI0THYHHUX CHCTEM, MiHHY HeOe3NeKy Ta
COIiaJIbHO-€KOHOMIYHY HECTaOLTbHICTb.

IlinTBepmKeHO HEOOXiMHICTH IHTETpOBa-
HOTO ITIX0/Ty A0 TUIAHYBAaHHS peMeliamiitHuX 3a-
XOJIiB, SIKM{ TIOEJHY€E €KOJIOTTYHHI MOHITOPHWHT,
YIIPaBITiHHS PU3UKAMHU, 3aTyI€HHS MiCIIEBUX TPO-
MaJ 1 MDKBIIOMYY KOOpAMHAIIO0. Takwui mmiaxizg
3a0e3reuye He JIIIe 3HIDKEHHS eKOJIOTIYHUX Ta
COIIAJIBHUX BTPAT, aJle i CTBOPIOE MIATPYHTS st
(hopMyBaHHS HaIlIOHAILHOT CUCTEMH pearyBaHHS
Ha EKOLIMJIHI TIOIi1, 10 TIOETHYE HAYKOBI, YIIpaB-
JHCBKI Ta TyMaHITapHi CKJIA/IOBI.

Jnst yeminHoro 3ano0iranHs Ta MiHimiza-
Iii HACII/IKIB €KOLWJIIB BaXJIMBUM € PO3BUTOK
MI00ATLHOI €KOJIOTTYHOI HOIITHKH, 10 BKIHOYAE
CIIBMPAL0 3 MDKHAPOAHMMH OpraHi3allisiMi Ta
HAYKOBHMH YCTaHOBAMU.

3anobiraHHs eKOIMIaM BUMAarae KOMILIe-
KCHOTO TIiJIXO/Ty, BKITFOUAFOYH TIOCHIICHHS €KOJIO-
T1YHOTO KOHTPOITIO, BIOCKOHATICHHS TEXHOT'¢HHOT
Oe3MeKH Ta EKOIOTIYHOr0 3aKOHOABCTBA, SIK Ha
MDKHApOJJHOMY Ta BITYM3HSIHOMY PiBHI, a TAKOXK
ITiIBUIIIEHHST €KOJIOTTYHOI CBIZIOMOCTI Cepes| Tpo-
MaJIsH.

Kouduiikr inTepecis

ABTOpH 3asBISIOTH, IO KOHQIIKTY 1HTEpECiB 10/10 MyOuikaIii 1boro pykonucy Hemae. Kpim
TOTO, aBTOPH MOBHICTIO JIOTPUMYBAIUCh ETUYHUX HOPM, BKJIFOYAIOUH ITIariaT, Gpanbcuikaiiro JaHuX

Ta TOJBIHHY MyOITiKaIlito.

Brecox asmopis: BCi aBTOPH 3pOOUIIN PIBHUI BHECOK Y ITI0 POOOTY.
B po6oTi HE BUKOPHUCTAHO PECYPC ITYYHOTO IHTEIEKTY.
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ECOCIDE: ECOLOGICAL CONSEQUENCES AND POSSIBILITIES OF USING
PHYTOREMEDIATION FOR DISTURBED AREAS

Purpose. To determine ecocide as a global threat to modernity, its scope and consequences through a com-
bination of theoretical provisions with practical examples, ways to minimize and prevent ecocide in the future.

Methods. System analysis based on a functionally structured approach, statistical methods, risk assessment
matrix.

Results. Based on the theoretical aspects of ecocide, the events that occurred in Ukraine were analyzed,
namely the explosion of the Kakhovka hydroelectric power station and the accident at the Chernobyl nuclear power
plant. A comparison of the ecological, social and economic consequences of the impact on the environment showed
a significant negative impact on both the elements of the environment and the economic development of our coun-
try. A comparative analysis of the causes of ecocide in the world, the results of an expert assessment of the impact
of ecocide on various aspects of the environment and society according to the forecasts of experts and the popula-
tion determined the possibility of applying methods for restoring territories damaged by man-made disasters, in-
cluding methods of remediation and phytorecultivation.

Conclusions. Ecocide must be recognized as a factor of today's global danger, as a crime against humanity
and the environment. There is a need to develop effective response mechanisms, monitoring systems,
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environmental education, and the application of methods for the reclamation and restoration of territories affected
by large-scale environmental disasters.
KEY WORDS: ecocide, ecological disaster, ecological safety, Kakhovka HPP, remediation
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FEATURES OF SUSTAINABLE GASTRONOMY DEVELOPMENT IN UKRAINE

Purpose. To identify the specifics of sustainable food production and consumption in the context of
Ukraine’s post-war recovery, with an emphasis on integrating the principles of the green economy into national
food strategies

Methods. Dialectical method of cognition and the systematic approach, as well as methods of analysis,
synthesis, systematization, and generalization, statistical analysis and comparative (GAP) analysis.

Results. The integration of sustainability into Ukraine's food sector is theoretically substantiated. The pro-
posed concept enables the integration of environmental and social imperatives into national production and eco-
nomic policy, laying the groundwork for achieving a stable balance between economic development, the preser-
vation of natural systems, and the enhancement of public health. The study identifies potential for exploring inno-
vative models that combine technological, social, and environmental factors, supported by principles of corporate
responsibility and mechanisms of public policy. An important aspect is the integration of sustainable production
with responsible consumption, which creates a synergistic effect that stimulates structural transformations within
the food system.

Conclusions. The recovery of the food sector should not rely on reproducing outdated models but rather
on implementing innovative practices aligned with the principles of the circular economy, regenerative agriculture,
and the ecosystem-based approach, a long-term political program, digital transformation tools, the promotion of
sustainable production, and environmentally conscious food consumption within the context of post-war recovery.
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ble production, conscious consumption, sustainable diet
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Introduction

Sustainability of food products is arguably Today, the sustainability of agriculture is
one of the most critical issues for both the agri- based not only on its environmental aspects but
cultural sector and consumers. In recent decades, also on approaches to the consumption of agri-
farmers have excessively exploited agricultural cultural products, including food products. The
ecosystems to increase production and income. first initiatives in the field of food sustainability
This has led to a decline in ecological sustaina- can be traced back to the 1970s. At that time,
bility, reduced farm profitability, and forced peo- they were known as the "Resource and Environ-
ple to leave rural areas. At the same time, agri- mental Profile™ and focused on environmental is-
culture plays a central role in providing the sues related to food packaging [1]. However, it
global population with food. soon became clear that food packaging had only
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a partial effect on the environment. It was not un-
til twenty years later that research began on the
far more significant environmental consequences
of food production [2]. Focusing on sustainable
production models and conscious consumption
of food products is crucial for addressing the ma-
jor environmental challenges of our time, includ-
ing climate imbalance, biodiversity loss, and var-
ious forms of environmental pollution [3].

Addressing the sustainability issues of
production and consumption in Ukraine’s agri-
cultural and food sector requires fundamental
transformations in both the economy and public
consciousness. Such transformations are based
on resource efficiency, low-carbon solutions, and
environmentally friendly models of consumption
and production. Systemic transformation must
encompass the entire food chain, from farm to
consumer, and requires a paradigm shift that
shifts the focus from pure economic efficiency to
achieving a triple bottom line: economic, social,
and environmental benefits. This entails the im-
plementation of innovative models that encour-
age consumers to make sustainable choices and
reduce the negative environmental impact at all
stages of production [4].

Although local food production is still
considered the foundation of food sustainability,
in today’s global economic system of value cre-
ation for goods and services, international coop-
eration also plays a significant role. Increasing
importance is being placed on coordinated ef-
forts across all world regions and social groups.
Actions in policy, finance, and business must be
aligned with those of communities and individu-
als who uphold and promote sustainability goals
at global, national, city, and local levels. It is es-
sential to harmonize overall responsibility as
well as the differentiated responsibilities of de-
veloped and developing countries. To this end,
the "10-Year Framework of Programs on Sus-
tainable Consumption and Production™ has been
developed, serving as a platform for designing
and implementing measures necessary for the
transition to sustainable consumption and pro-
duction [5]. One of the six programs within this
framework is the "Sustainable Food Systems"
(SFS) program. It represents a strategy that in-
volves multilateral partnerships for transitioning
to sustainable food systems within the frame-
work of the Sustainable Development Goals [6].
This program aims to unite the joint efforts of
countries, organizations, and alliances in imple-
menting the 2030 Agenda.

Unsustainable models of agricultural pro-
duction and consumption of agricultural
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products rely on the planet’s remaining natural
resources and cause continuously increasing en-
vironmental damage. If the situation does not
change, global extraction of natural resources is
projected to increase by 110 % by 2060 [7]. The
costs associated with production and consump-
tion activities are often not included in the price
of goods and services and are instead borne by
society and public programs, effectively subsi-
dizing unsustainability. Moreover, unsustainable
production and unconscious consumption can
even become more accessible, for example,
through government subsidies. This affordability
arises because the costs associated with produc-
tion and consumption activities (so-called exter-
nalities, such as environmental pollution) are of-
ten not included in the prices of goods and ser-
vices. Instead, these costs are borne by society
and government programs, effectively subsidiz-
ing unsustainable practices [8]. Within the con-
text of globalization, many food products are
produced in one country and consumed in an-
other. Consequently, the use of natural resources
and environmental impacts are not always pro-
portional to the benefits derived from the prod-
ucts.

This is why it is essential to consider not
only the use of natural resources and the environ-
mental impact associated with what a country
produces, but also the impact of its consumption.
Therefore, sustainable food production and con-
sumption must take into account the entire value
chain of goods and services, including a systemic
analysis of the drivers and barriers to sustainabil-
ity at all stages — from raw material production to
the disposal of waste from finished products.

A country’s ecological footprint, consist-
ing of the amount of natural resources used for
food production, is often linked to its socio-eco-
nomic development. As countries develop and
become more economically advanced, their pro-
duction structures undergo a noticeable shift,
transitioning from raw material supply to the de-
velopment of processing industries. Additionally,
financial operations and retail trade utilize mini-
mal natural resources and have a minimal environ-
mental impact [9]. At the same time, the ultimate
consumers of raw materials for food production
from low- and middle-income countries are most
often people living in wealthy nations. Growing
globalization processes encourage the relocation
of some production activities from developed
countries to developing countries, where labour
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and material costs are lower and social and environ-
mental regulations are less stringent. However, this
also implies the transfer of unsustainable production
and consumption [10].

Today, with the intensifying environmental
crisis and the threat of pandemics, this challenge
must be addressed through the implementation of
sustainable systems in both the production and
consumption of food products. This need is height-
ened in a "turbulent world" where food systems are
simultaneously exposed to multiple systemic
shocks, including pandemics, wars, and accelerat-
ing climate change, requiring a deep understanding
of their combined impacts on all four dimensions
of food security (availability, utilization, stability,
and supply) [11]. Addressing this challenge re-
quires a comprehensive approach aimed at mini-
mizing the carbon footprint of food systems, as
their production processes are a significant source
of emissions, making the transition to low-carbon
production and promoting sustainable diets a criti-
cal global challenge of the 21st century [12]. For
Ukraine, there is an additional need for such an ap-
proach arising from ongoing military actions on its
territory — the restoration of agricultural produc-
tion. This restoration must be carried out in accord-
ance with modern concepts of agrotechnology and
food production. The contemporary global doc-
trine of such activity emphasizes environmental
sustainability at all stages of agricultural produc-
tion and consumption. This restoration must be
carried out in accordance with modern concepts of
agricultural technology and food production. In
particular, this involves the active implementation
of regenerative agriculture principles aimed at re-
storing soil health, increasing biodiversity, improv-
ing nutrient cycles, and increasing resilience to cli-
mate stress [13]. The modern global doctrine of
such activities emphasizes environmental sustain-
ability at all stages of agricultural production and

consumption. To ensure this sustainability, it is
necessary to utilize the latest technological devel-
opments, including digital technologies (such as
geographic information systems (GIS), remote
sensing, and drones), which provide accurate spa-
tial data for environmentally sound decision-mak-
ing and the development of so-called “precision
agroforestry". This is considered a crucial element
in international plans to combat climate change and
ensure food security [14]. This is necessary both
for achieving more ecologically sound production
at new levels and for creating competitive pro-
spects for the agricultural sector in global, espe-
cially developed, markets. In this context, the 2030
Agenda for Sustainable Development aims to en-
sure economic, environmental, and social sustain-
ability [15]. It is envisaged that by 2030, each
country will allocate public and attract private fi-
nancial resources to develop and implement rele-
vant strategies and programs, focusing on the 17
Sustainable Development Goals. One of these —
Goal 12 — concerns ensuring sustainable patterns
of production and consumption. In the context of
the agricultural sector, this goal implies that, in ad-
dition to the primary objective of feeding the global
population, it is essential to develop sustainable
food production systems and promote responsible
consumption among consumers [16]. This consti-
tutes the main relevance of the present study.
According to the Agenda, sustainable farm-
ing systems aim to enhance agricultural productiv-
ity and production through large-scale technical
and scientific innovations. At the same time, they
must maximize the reduction of negative social and
environmental impacts by engaging consumers in
making conscious and informed choices.
Therefore, the aim of this article is to outline
the features of sustainable food production and
consumption in the context of the green economy
and the prospects for Ukraine’s post-war recovery.

Methods

Contemporary scholarly literature demon-
strates a fragmented approach to the study of stra-
tegic management of sustainable food production
and consumption, particularly in the context of
transition towards a green economy. Previous re-
search has highlighted that developed countries typ-
ically rely on well-tested managerial models,
whereas in transition economies, including Ukraine,
comprehensive assessments of regulatory, econo-
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mic, and socio-cultural factors remain limited. This
underscores the need for a holistic methodological
framework that can integrate both theoretical per-
spectives and empirical findings, thereby laying the
foundation for constructing multi-factor models of
sustainable agri-food development.

The methodological basis of this study re-
lies on an interdisciplinary approach that com-
bines elements of economic analysis, environ-
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mental management, and the sociology of con-
sumption. The research was carried out in several
sequential stages: formulation of the research
problem and working hypotheses; critical review
and synthesis of scholarly sources addressing
practices of implementing green economy princi-
ples; development of a system of quantitative and
qualitative indicators reflecting the level of sus-
tainable production and consumption; and the
construction of a conceptual model of managerial
decision-making in the food sector.

A key objective is the analysis of Ukraine’s
prerequisites for transitioning to a green econ-
omy, taking into account the complex impact of
such factors as the effectiveness of environmental
legislation, the level of environmental awareness
among the population, the availability of financial
resources, the intensity of information and promo-
tional support, and the harmonization of national
legislation with that of the European Union. Par-
ticular attention is given to identifying barriers
and drivers of sustainable production and con-
scious consumption, as well as establishing quan-
titative correlations between production volumes,
waste generation, consumer activity, and environ-
mental investment.

The proposed methodology aims to sub-
stantiate opportunities for implementing green
economy principles in Ukraine, develop an algo-
rithm for achieving strategic objectives, and re-
veal the specifics of decision-making at the mac-
roeconomic level within the chain "sustainable
agri-food sector — consumer”. The conceptual

framework emphasizes the decisive role of con-
sumer choice in shaping a sustainable market and
includes an assessment of the influence of infor-
mational and regulatory instruments on popula-
tion behaviour patterns.

The study employs content analysis of sci-
entific publications and statistical materials re-
flecting global sustainable development trends,
the functioning of food systems in countries with
varying levels of economic development, and the
specific features of Ukraine’s transformation pro-
cesses. Based on the collected data, a multi-factor
model was developed to identify key sustainabil-
ity determinants and provide practical recommen-
dations for greening business models in accord-
ance with the principles of the circular economy.

The research methodology employs a dual-
vector approach, first evaluating the effectiveness
of sustainable food production models and second
analysing the behavioural aspects of environmen-
tally oriented consumption. To systematize the re-
sults, three analytical criteria were applied: eco-
logical-economic, ecological-biological, and eco-
logical-social.

To test the research hypotheses, empirical
methods (observation and statistical data analy-
sis) and logical-methodological techniques of in-
duction and deduction were employed. This com-
bination of methods ensures the comprehensive-
ness, validity, and scientific reliability of the find-
ings, allowing them to be interpreted within the
framework of contemporary debates on the strate-
gic management of sustainable food systems.

Results and Discussion

Sustainable food production and consump-
tion are crucial to transformative changes, including
the revival of Ukraine’s agricultural sector after the
cessation of hostilities and its subsequent re-entry
into international food markets, particularly those of
economically developed countries. The main objec-
tive — reducing environmental pressure through sus-
tainability principles in production and consumption
— can be achieved through three pathways: greening
production and products, shifting demand toward
categories with low resource consumption impact,
and reducing demand for natural materials and com-
ponents. Since society in Ukraine exercises limited
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control over consumer choices and markets, plans
for transitioning to sustainable food production and
consumption often amount to adopting digital tech-
nologies, including online sales, and the reuse of
certain resources. However, such a strategy does not
work without an interdisciplinary approach
grounded in an ecological worldview. Moreover,
the unsuccessful outcome of such policies has been
termed the “rebound effect”, characterized by an in-
crease in production and material consumption [17].
Based on international experience, a long-
term framework program can be recommended for
Ukraine, as presented in Table 1. The main target
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Key Stages of Sustainable Gastronomy Policy in Ukraine

Table 1

Short-term period:
1-3 years

Areas of activity

Business

Government

Individual Consumers

Goals and directions

The means and objectives
are fairly clear. The main
challenge is overcoming the
resistance of the "laggards."

The application of green
economy principles in
food production (environ-
mentally clean produc-
tion, eco-design, reduc-
tion of logistics routes,
improved processing,
etc.). Promoting sectoral
self-regulation. Develop-
ment of new sustainable
technologies, business
models, and other strate-
gic innovations. Formula-
tion and promotion of sus-
tainable development val-

Internalization of externali-
ties through the removal of
subsidies for unsustainable
producers, countering mo-
nopolies, and promoting
consumer rights. Support-
ing transparency and regu-
lation of advertising for
non-ecological  products,
fostering sustainable entre-
preneurship, and creating
infrastructure for conscious
and sustainable choices to
achieve the desired impact,
for example: ensuring high-

Make conscious, sustaina-
ble food choices. Strive to
develop a healthy and sus-
tainable lifestyle. Motivate
through attractive offers
for purchasing sustainable
food products. Encourage
feedback from conscious
consumers (e.g., special
offers, discounts, etc.).
Apply circular economy
marketing and stimulate
conscious food demand.

ues. quality, sustainable pre-
school and school meals.
Avreas of activity
Business | Government |
Goals and directions
Development of a | Develop the potential for
roadmap for the process | "healthy competition for a
or product, considering all | sustainable future." De-
stages of its production. | sign and test alternatives
Training in environmental | ¢q "costly sustainability.”

Medium-term period:
4-6 years

Individual Consumers

Encourage management of
small groups, for example,
by promoting local en-
gagement and creating on-
site feedback. Stimulate

Means and goals are being
developed as needed, with
possible delays. The main
issue is determining the op-
timal direction and finding

the best solutions. management, promoting a local feedback mecha-
focus on sustainable de- nisms.
velopment.
Long-term period: 7-10 Areas of activity
years Business | Government | Individual Consumers

Goals and directions

Abandonment of the con- | Stimulate discussion on
sumption-based econ- | key aspects of markets,
omy. Integration of sus- | governance, and growth.
tainable growth principles | Strengthen food systems
into business. based on principles of
fairness and  balance
among business, govern-
ment, and society.

The goals and directions are
contradictory. There is a lack
of understanding of the rela-
tionship between invested re-
sources and expected out-
comes. The main challenge is
promoting a "mental revolu-
tion" in business and in con-
sumers’ worldview.

Source: developed by the author.

The issue of social aspira-
tions and status. Consum-
ing fewer material goods
to achieve a higher quality
of life.

factors of the proposed program include achieving
core values (free markets and trade, equity in ac-
cess to food); aligning with advanced global trends
(greening, globalization, intensification, digitaliza-
tion, gender equality); and addressing challenges
related to (military actions, pandemics, economic
crises, natural disasters, climate and environmental

imbalances, and others). Businesses, government
institutions, and ordinary consumers should be re-
garded as key actors in the system of sustainable
food production and consumption. Achieving the
set goals requires a systemic approach that takes
into account the local characteristics of food pro-
duction and consumption. This approach involves
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the active implementation of eco-economic instru-
ments, including "green" public procurement and
the promotion of eco-design, which contribute to
the formation of sustainable production practices.
It is also crucial to consider the need for interna-
tional cooperation and the exchange of experiences
with European countries to address the complex
challenges associated with radical changes in the
food sector. Furthermore, sustainable development
requires seeking unconventional solutions that go
beyond traditional concepts and paradigms, open-
ing up space for discussing fundamental issues re-
lated to the functioning of markets, governance
systems, and economic growth.

Ukraine, despite its diverse range of culti-
vated agricultural products and processed foods,
cannot fully and comprehensively meet its own
food needs. This is influenced by climate change,
fluctuating global food prices, and numerous other
factors. In this context, it is essential to monitor the
sustainability of local food systems, their impact on
global prices and food security, and to promote
their widespread implementation in order to ensure
a broad range of benefits. Among these benefits,
discussed in more detail in Table 2, are the reduc-
tion of the carbon footprint, adaptation of the econ-
omy to climate change, expansion of green infra-
structure, improvement of public health, promo-
tion of healthy lifestyles, and advantages for the lo-
cal economy.

The consumer potential in solving the prob-
lem of food sustainability is arguably the least stud-
ied in Ukraine. Our country has not even developed
national recommendations for sustainable diets (or
sustainable nutrition). And despite the fact that
many Ukrainians are willing to contribute to envi-
ronmental sustainability through their sustainable
food choices, there is confusion regarding the op-
tions for such choices at the individual level.

The EAT-Lancet Commission Summary
Report (2023) on healthy diets from sustainable
food systems offers an evidence-based perspective
on what a sustainable diet entails and the actions
that can facilitate and accelerate changes in the
food system. The main conclusion is that educa-
tional work, concurrent with the implementation of
measures, should aim to double the consumption
of fruits, vegetables, nuts, and legumes, while
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simultaneously reducing the consumption of re-
fined sugars and red meat by more than 50 % [18].
However, on the other hand, it is still neces-
sary to consider the national factor. The best solu-
tion for a nationally conscious consumer is to align
local diets with what farmers in the country and re-
gion of residence produce, in quantities that can be
sustainably produced according to local standards.
To achieve this, the following socio-economic so-
lutions, optimized for each region of Ukraine and
already proven effective in European markets,
must be implemented: encouraging local food pro-
ducers and environmentally friendly packaging,
and purchasing food directly from local farms,
markets, and retail outlets (first-hand) to signifi-
cantly reduce the carbon logistics footprint.
Furthermore, the development and support
of initiatives for sustainable production and sus-
tainable healthy nutrition that take into account lo-
cal taste, religious, climatic, and other specific
characteristics are key. Also important are combat-
ing the practice of unjustified price mark-ups on
products between the producer and the final retail
sale, and controlling the labelling of goods pro-
duced in accordance with sustainable development
principles. Finally, attention should be paid to
combating non-ecological packaging of ecological
(sustainable) products and the "greening" of mech-
anization and electrification of production pro-
cesses throughout the entire food cultivation, pro-
duction, storage, and delivery cycle. Thus, con-
sumers can reduce their environmental impact and
help mitigate climate change by making conscious
food choices. The food system of Ukraine requires
a more holistic and coordinated approach. This in-
volves a shift away from the traditional, produc-
tion-based approach, which focuses on increasing
food supplies. It necessitates the engagement of
stakeholders in both the public and private sectors
at the local, regional, national, and global levels.
Agricultural production needs to adopt
greening principles that imitate natural processes
and promote sustainable production and con-
sumption. A sustainable food system addresses
both global and regional environmental chal-
lenges simultaneously.
The choice of a healthy and environmentally
safe food diet is a key factor for the conscious
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Advantages of Sustainable Local Food Systems

Table 2

Health and
well-being

Education, awareness,

and responsibility for

one’s life, health, and
the environment

Implementation of
healthy eating principles

Improvement of
mental health and
well-being

High "sustainable
responsibility"

Participation in garden-
ing, mindful purchas-
ing, and proper prepa-
ration of healthy food.
Understanding "where
things come from and
where they go. "

Increase in the consump-
tion of vegetables, leg-
umes, fruits, and nuts; re-
duction in the consump-
tion of meat, salt, and
sugar, combined with
physical activity and
spending time outdoors.

Direct contact with
the natural environ-
ment and social in-
teraction associated
with participation in
sustainable food pro-
jects can have a pro-
foundly positive im-
pact on mental
health, including im-
provements in mood
and self-esteem.

Purchasing locally
grown  products
that ripen natu-
rally and adhere to
seasonal cycles.

Inclusive
communities

Socialization of society and local social contacts

Food accessibility

Group participation in collective food cultivation
within various social associations can contribute to
social cohesion by bringing together different
groups of people with shared interests.

Green areas and opportunities for grow-
ing fresh food provide access to quality
produce for both personal use and local
markets, making local products more ac-

cessible to everyone.

Environmental
restoration and
sustainable
development

Carbon Footprint Re-
duction

Multifunctionality of
Green Infrastructure

Enhancing Resilience to Climate
Change, Soil Quality, and Ecosystem
Services

Growing local and sea-
sonal products helps
reduce the carbon foot-
print. This will favora-
bly affect the improve-
ment of air quality and
more rational con-
sumption of resources,
help adapt to the con-
sequences of climate
change, and improve
biological diversity

Land plots allocated for
personal cultivation of
agricultural crops be-
come open spaces free

from urban development,
creating green areas
within the urbanized in-
frastructure

The increase in vegetation and green
spaces, thanks to agroforestry, contrib-

utes to lowering the average tempera-
ture in the urban environment and main-
taining a sustainable level of groundwa-

ter

Economic
development,
investments

Training and education

Green economy

Aesthetic benefits
of urbanized areas

Employment
opportunities

Participation in social
agri-food activities
promotes the under-
standing of seasonal
and healthy nutrition
benefits, fosters eco-

logical education, and

shapes conscious, sus-
tainable consumption

Food production, as a so-
cial phenomenon, contrib-
utes to the development of

ecological-economic and
ecological-social relations,

which fall within the
framework of the green
economy and ecosystem
services concept

The aesthetic bene-
fits of an urban en-
vironment de-
signed with sus-
tainable food re-
quirements in mind
stimulate invest-
ment and increase
property values.

The cultivation,
processing, supply,
and sale of local
and seasonal prod-
ucts contribute to
increasing employ-
ment opportunities
even in the most
economically dis-
advantaged regions

Source: made by the author
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consumer [19]. Human nutritional needs, which
are directly linked to agricultural production, play
a leading role in the global climate imbalance, ac-
counting for about 30% of global greenhouse gas
emissions. Given its agrarian-industrial character-
istics, this figure in Ukraine may reach signifi-
cantly higher values [20].

Diets that do not comply with medical, bi-
ological, and ecological criteria also negatively
affect the health of Ukrainians. Mortality from
non-communicable diseases is increasing, specif-
ically certain types of oncology, hypertension, is-
chemic heart disease, and diabetes mellitus. Early
mortality and disability are being diagnosed with
increasing frequency, along with indicators such
as obesity and overweight [21]. Similarly, envi-
ronmental pollution has factors that directly or in-
directly affect health, causing economic losses,
strain on the healthcare system, and increased so-
cial costs. [22].

Ukraine ranks second in the world in mor-
tality from cardiovascular diseases and first in Eu-
rope. Four out of ten deaths are due to cardiovas-
cular diseases, which are linked to an unbalanced
and unsustainable human diet throughout life.
Furthermore, according to the State Statistics Ser-
vice of Ukraine, the number of people who died
in Ukraine in the pre-war year of 2021 from is-
chemic heart disease and circulatory system dis-
eases alone amounted to 468413 people [23].

A quantitative and qualitative assessment
of the national diet and the nutrients obtained by
the body revealed that the Ukrainian diet contains
insufficient amounts of legumes, whole-grain
products, fruits (including seasonal ones), and
various nuts. At the same time, the consumption
norms for dairy and meat products, sugar, and salt
are exceeded [24].

According to FAO information, in 2021,
more than 30 European countries developed rec-
ommendations on sustainable healthy nutrition,
drawing upon national characteristics, utilizing
innovative approaches, and incorporating modern
evidence-based medicine research. The target au-
dience for these recommendations includes vari-
ous age groups. Unfortunately, Ukraine was not
included in the list of these countries [25]

There is no data regarding recommenda-
tions for a healthy and sustainable national
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Ukrainian diet in the presentation of the 2025 re-
search findings from the New Double Pyramid of
Food program, developed by the Barilla Founda-
tion in collaboration with Food Tank, and inspired
by the Italian National Commission for UNESCO
[26]. The New Double Pyramid reveals the char-
acteristics of a nationally balanced and sustaina-
ble diet, while also proposing real, diverse models
for it. The recommendations introduce and en-
courage modern nutrition trends that offer a dual
benefit: improved human health and environmen-
tal care.

All the data presented above allow us to
note the low level of socio-environmental behav-
iour among the population of Ukraine. A healthy
and sustainable diet does not necessarily mean
adopting a vegetarian lifestyle. The established
opinion that meat and dairy products are associ-
ated with higher greenhouse gas emissions and
greater land resource exploitation compared to
plant-based crops is being revaluated today.

It is necessary to consider not only the av-
eraged environmental impact of animal products,
but also their local, specific impact. Such an im-
pact encompasses various factors, including the
use of chemical agents and the technologies em-
ployed in raw material processing. All elements
of product manufacturing have an impact on both
the local economy within the framework of sus-
tainable regional development and the regional
state of the environment. A comprehensive, care-
fully weighed approach is required. Indeed, a
healthier and more sustainable diet is primarily
based on plant-based foods, but it can fully in-
clude some meat, fish, and dairy products while
having a lower environmental impact. This direc-
tion requires research, including for the Ukrainian
agricultural and gastronomic markets.

The empirical stage of the study was imple-
mented through a quantitative cross-sectional sur-
vey (questionnaire), the primary goal of which
was to conduct a comprehensive assessment of
consumers' behavioral attitudes, the level of cog-
nitive awareness, and their potential willingness
to practically integrate the principles of healthy
and sustainable nutrition into their daily diets.

The research design was based on the need
to obtain a representative cross-section of con-
sumer awareness amidst ongoing socio-economic
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transformations. The sample population (n) was
formed from residents of the city of Kharkiv and
structured according to a stratified principle, tak-
ing into account age and gender. Respondents
were distributed across three age groups: the
youth cohort (18-24 years), the active working-
age population (25-35 years), and the older group
(36 years and older). For instance, in the 25-35
age group, the gender ratio was skewed towards
women (42 individuals) compared to men (17 in-
dividuals), while in the older group (36+) the dis-
tribution was more balanced.

The research toolkit consisted of a standard-
ized questionnaire designed to measure several key
psychological constructs. On the one hand, the
cognitive component was assessed to determine
the degree of respondents' familiarity with con-
cepts such as "Healthy Diet" and "Sustainable
Diet," as well as their constituent elements. Simul-
taneously, the affective component was

investigated, which focused on the perception of
the subjective significance of maintaining a
healthy diet and the importance of purchasing en-
vironmentally friendly products. Finally, the ques-
tionnaire aimed to measure the conative compo-
nent, related to behavioral intentions, specifically
the willingness to make changes to one's diet and
the perceived barriers that impede adherence to the
principles of sustainable gastronomy. The results
obtained through respondents' self-assessment
should be interpreted with caution, taking into ac-
count the potential influence of social desirability
bias, which is characteristic of this type of research.

The analysis of the collected empirical data
unequivocally revealed a significant dichotomy
between the consumers' declared value for the
principles of healthy and sustainable nutrition and
their actual competence and readiness for action
(Fig. 1-3).

Question: Are you familiar with the concept of healthy and sustainable nutrition?

75
I know the principles of healthy nutrition 23
. 78
I know how my diet affects my health 20
I know what healthy and sustainable nutrition 28 -
consists of B s
I understand the impact of my diet on the 32 53
environment B s

0 10 20 30 40 50 60 70 80

Yes

%

No m Difficult to answer

Fig. 1 — The concept of healthy and sustainable nutrition
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Question: What is the importance of a healthy diet and environmentally friendly

products?
47
Is it necessary to adhere to a healthy diet? 33 39
2
34
Is it necessary to buy more environmentally 45
friendly products? 20
1

0 5 10 15 20 25 30 35 40 45 50
%

Required = Desirable ®Impossible m Difficult to answer

Fig. 2 — The importance of a healthy diet and organic products

Question: Are you ready to make changes to your diet?

51
Switch to a healthier diet 40
Switch to a healthier and simultaneously
sustainable diet
63
0 10 20 30 40 50 60 70
%
mTaxk ®No mDifficult to answer
Fig. 3 — Willingness to make changes to your diet

A significant majority of respondents health (78 %). Moreover, an absolute majority of
demonstrated high declarative awareness, affirm- those surveyed (86 %) considered adhering to a
ing familiarity with the principles of a healthy diet healthy diet to be "necessary" or, at the very least,
(75 %) and recognizing the direct link between "desirable," and 79 % emphasized the importance

their diet and their own of choosing environmentally friendly products.
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However, upon deeper knowledge testing,
a significant drop in indicators of practical aware-
ness was discovered. Only slightly more than a
quarter of the survey participants, specifically 28
%, were able to clearly formulate and specify the
concrete components that constitute a healthy and
sustainable diet in its entirety. Moreover, the
awareness of the environmental component of
sustainable gastronomy — a key element related to
the impact of food choices on the environment —
was reported by only 32 % of respondents. This
fact indicates the dominance of the egocentric pri-
ority (health as a personal benefit) over the eco-
centric priority (care for the environment).

The final block of questions, aimed at iden-
tifying behavioural barriers, revealed that despite
having positive attitudes, a significant percentage
of respondents considered adhering to the

principles of a healthy diet (32%) or purchasing
eco-friendly products (20%) to be either impossi-
ble or extremely difficult. This circumstance leads
to the conclusion that the main implicit barrier to
implementing sustainable gastronomy appears to
be the economic factor, related to the higher cost
of ecologically certified and locally sustainable
products compared to mass-market offerings.
The survey results confirm that conscious
sustainable consumption in Ukraine's food sector
is at an initial stage of development. The con-
ducted research revealed a critically low level of
practical responsibility among respondents,
which urgently requires the development and ac-
tive implementation of comprehensive informa-
tional, educational, and economic programs to en-
courage consumers to make more sustainable and
environmentally responsible food choices.

Conclusions

The transition of Ukraine's food economy
towards establishing sustainable gastronomy as a
promising direction for economic development de-
pends on two key actors: enterprises that are reviv-
ing local sustainable production (from producers
and processors to retail and public catering), and
the mandatory participation of consumers in this
process. Such a policy, being at the centre of re-
gional economic development and relying on con-
scious demand, not only guarantees the production
and purchase of healthy and environmentally
friendly food but also provides freedom and acces-
sibility of choice, creates jobs, and simultaneously
revives other sectors of the economy, such as the
tourism and restaurant businesses. The develop-
ment of gastronomic tourism, enotourism (wine
tourism), and other forms of tourism related to lo-
cal food production can integrate the food system
into a broader cultural and economic context.

A crucial task remains promoting sustaina-
ble diets and responsible consumption among
consumers through the creation of directories of
local producers and the organization of cultural
and educational events. The sustainable develop-
ment of Ukraine's food system requires a compre-
hensive approach that integrates economic, social,
cultural, and environmental dimensions. The ef-
fective implementation of these strategies will en-
sure not only the enhancement of food security
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but also the long-term resilience of the national
economy amidst global challenges and post-war
transformation. The data from a survey conducted
in Kharkiv confirm a low level of awareness and
a lack of interest among respondents in conscious
food choices and diets in general, as well as a low
level of responsibility regarding health, especially
environmental care. This highlights the crucial
need for proactive implementation of educational
and regulatory measures. Further research should
focus on developing a strategy, policies, and a
complex of services in the areas of production, re-
tail, tourism, planning, and economic develop-
ment to ensure the sustainability of the food busi-
ness within the framework of the green economy.

This strategy and subsequent measures
must take into account the specifics of Ukraine's
post-war recovery and be built upon several key
directions.

These directions include: supporting local
supply chains, establishing processing and whole-
sale enterprises, and forming regional markets to
develop sustainable food infrastructure. The for-
mation of sustainable entrepreneurship through
training programs, grants, and preferential lend-
ing is also a strategic priority. The support for a
diversified retail offer, based on small enterprises
selling unique local products, is gaining particular
importance.
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OCOBJINBOCTI PO3BUTKY CTAJIOi TACTPOHOMII B YKPAIHI

Meta. BusHadyeHHs crieliudiky CTaJIOro BUPOOHUIITBA Ta CIOKHUBAHHS MPOJOBOJLCTBA B KOHTCKCTI MTOBOEH-
HOTO BiTHOBJICHHA YKpaiHH 3 aKIIEHTOM Ha IHTeTpaIlifo MPUHIUITIB 3eJIeHO1 eKOHOMIKH Y HaI[lOHANBHI MPOJOBOJIBYI
CTpaTerii.

Metoan, [lianeKTHYHUIA METO Mi3HAHHS Ta CHCTEMHUH MIAXi, METOAM aHaJTi3y, CHHTE3y, CHCTEMaTH3aIlil Ta
y3araJlbHeHHsl, CTATUCTHYHUI aHaii3 Ta nopiBHsubHUH (GAP) anamis.

PesyabraTu. TeopeTHYHO OOIPYHTOBAHO IHTETPALIIIO CTATIOCTI B IPOJOBOJIBYHIA CEKTOP YKpaiHu. 3aporoHo-
BaHa KOHIETIIs JO3BOJISIE IHTErpYBaTH €KOJIOTI4HI Ta COIialibHI IMIIEpaTHBHU Y Hal[lOHAaJIbHY BUPOOHHYY Ta €KOHOMI-
YHY [OJITHKY, 3aKJIQIAI04H OCHOBY JUIS JIOCSITHEHHS CTIHKOrO O0aNaHCy MiYK eKOHOMIYHUM PO3BUTKOM, 30€peKEeHHIM
MPUPOIHUX CHUCTEM Ta IiBUIICHHSIM IPOMAJICHKOTO 310pOB’s. BU3HAUCHO MOTEHIlIAN /i1 BUBYCHHS 1HHOBAIIHHUX
MoJIeJIeH, SIKi TOE€THYIOTh TEXHOIIOTI4HI, COIiajbHi Ta €KOJIOT1uHI (haKTOpH, i AKPITUICH] MPUHIUIIAMH KOPIIOPATHBHOT
BIJIMIOBIZIAJIHOCTI Ta MeXaHi3MaMHu JICPKABHOT MOJITHKU. Ba)KIMBUM acIeKTOM € iHTErpallist CTaJloro BUPOOHHUIITBA 3
BIIMOBIJATbHUM CIIO’KUBAHHSIM, II0 CTBOPIOE CHHEPreTUUHHN e(eKT, KU CTUMYIIOE CTPYKTYpHI TpaHchopmarrii
BCEPEIMHI IIPOIOBOIBYOT CHCTEMHU.

BucHoBKH. BiJHOBIICHHS [IPO/IOBOJILUOTO CEKTOPY MAE IPYHTYBATUCS HE HA BiITBOPEHHI 3aCTApLINX MOJIECTICH,
a Ha BIPOBa/DKCHHI IHHOBALIHHUX MPAKTHK, Y3rOJUKEHHX 13 IIPUHIUIIAMH 3€JIEHOT EKOHOMIKH, PEreHepaTUBHOTO ClTb-
CBKOT'0 TOCIOIAPCTBA TA €KOCHCTEMHOTO i [X0/1y, JOBFOCTPOKOBY MOJIITHYHY MPOrpaMy, iIHCTPYMEHTH HupoBoi Tpa-
HC(opMallii, CTUMYJIFOBAaHHS CTaJOr0 BUPOOHHUIITBA Ta €KOJOTIYHO CBIJIOMOIO CIIOKUBAHHS MPOJOBOJLCTBA y KOH-
TEKCT] IOBOEHHOI'O BiIHOBJIEHHS.

KJIFOYOBI CJIOBA: 3enena exonomika, ekono2o-eKOHOMIUHE GIOHOCUHY, CINAE NPOOO0BOIbYI cUCmeMU, 8i0-
nosioanvbHe UPOOHUYMEBO, C8I0OME CNOICUBAHHS, CIMALA OlEma
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ABTOp 3asBIIs€, M0 KOHDIIKTY iHTepeciB Moo MyOikalii mporo pykonucy Hemae. Kpim Toro, aBTOp MOBHI-
CTIO IOTPUMYBABCS] €THYHUX HOPM, BKITFOUAIOYH IIIariat, parbcudikariiio JaHuX Ta HOABiIHY myoiikariito.
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BIOIHIUKATOPHU CEPEJl POCJIMH V11 OIHKU CTAHY JOBKILJLJIA
TA TIPOI'HO3YBAHHSA PU3UKIB IJI51 310POB’S1

Mera. Orisi Ta KOMIUIEKCHUHA aHai3 CYYacHUX HayKOBHX JOCIIKEHb 100 3aCTOCYBaHHS POC-
JTUHHUX O101HIUKATOPIB JUII MOHITOPUHTY CTaHY I'PYHTY, BOJH Ta aTMOC(EpPHOTO MOBITPSI, 3 0COOIUBUM
aKIICHTOM Ha MPOTHO3YBaHHS Ta MiHIMI3AIIF0 PU3UKIB JISI 3I0POB’ S JIIOUHH.

PesyabTaTH. [IpoananizoBaHo OCHOBHI aHTPOIOTCHHI (pakTOpH Ierpanaliii eKOCHCTeM: 1HyCTpiali3allio,
IHTCHCUBHE CLIbChKE TOCIIOIaPCTBO, YpOaHi3aIliio Ta 3MiHy KIIiMary, 1110 MPU3BOISATH 0 HAKOIMYCHHS Y IPYHTaX,
aTMoc(epHOMY MOBITPI Ta BOAHUX 00’ €KTaX TOKCUYHHX CHONYK (BaXKKHX METaIB, IECTULNAIB, HAQTOMPOAYKTIB,
panionykmiaiB). OcoOMUBY yBary MpUIUICHO MOMABIHHIA POJi POCIUH-0I0IHIUKATOPIB: E€KOJOTIUHIN IS BHSIB-
JICHHSI 30H 13 MIIBUILEHUM PiBHEM 3a0pyHEHHs Ta MOHITOPUHIY AMHAMIKHA TEXHOT€HHOTO HaBaHTA)KEHHS, 1 Me-
JTUKO-010JIOT14YHIH [T OIIHKY BILTMBY TOKCUKAHTIB Ha 3I0POB’S JIOJAUHU Yepe3 1X HAIXOKCHHS y XapyoBi JaH-
Iord. PO3TisHyTO MeXaHI3MHU aKyMyJmil Ta TpanchopMallii momoTaHTiB, Mop¢oIorivHi, ¢izionoro-oioximMivHi
Ta MOJIEKYJISIPHI peaKIlii pociuH Ha 3a0pyTHEHHS, a TAKOK 3aCTOCYBAaHHS 010XIMIYHUX 1 MOJICKYIIIPHUX MapKepiB,
(hiToTecTiB Ta MiKpOAHATITHYHIX METOIiB. HaBe1eHO MpHKIIaqi BUKOPUCTAHHS BHIIB-TIIEPAKKYMYIIATOPIB Y MO-
HITOPHUHTY Pi3HUX €KOCHCTEM, BKIFOYAFOUH MiCHKi Ta arpapHi JaHImapTH.

BucnoBku. [linkpeciieHo 3HaUeHHS iHTErpaii pe3yabTaTiB 0101 HIUKAIIIHAX TOCIIIKEHD Y MEIHKO-EKO-
JIOTiYHUHN aHai3 VI PO3BUTKY IIPEBEHTUBHOI MEAULIMHH, (POPMYBAHHSI IOJITHK IPOMAJICEKOTO 310POB’s Ta CTpa-
Terii CTaNoro ynpasJiiHHS IPUPOJHUME pecypcamu. OTpUMaHi y3aralbHEHHS MOXYTh OyTH KOPUCHUMU JIst 6O-
TaHIKIB, EKOJIOTIB, 010XIMIiKiB, TOKCHKOJIOT'iB, MEAMUKIB Ta (paxiBIliB y rasy3i rpoMajchKoro 30poB’s, 110 3aiimMa-
I0ThCSI MOHITOPHHIOM Ta 3MEHILIEHHSM HEraTHBHOTO BIUIMBY aHTPOINOTEHHHUX 3a0pyIHEHb Ha JOBKULIS Ta JIO-
JIMHY.

KJIFOYOBI CJIOBA: 6ioinouxamop-pociuna, 6ioximiunuti mapxep, cinepakkymyisamop, Mikpoauaiimu-
YHULL MEMOO, MOKCUYHUTLL eleMeHM, eKOMOKCUKONO02Is, MeOUKO-eKOI0IUHUL AHATI3

SIx uutysaru: MosoxoHn K. O. BioiHaukaTopu cepesl pOCIvH I OLIHKY CTaHy JOBKLLISA Ta IPOTHO3Y-

BaHHS PU3MKIB JUIS 310POB’sl. Bicnukx Xapkiecvkozo nayionanstozo yrisepcumemy iveni B. H. Kapaszina. Cepis
«Exonoziay. 2025. Bun. 33. C.226-234. DOI: https://doi.org/10.26565/1992-4259-2025-32-16

In cites: Molozhon, K. O. (2025). Bioindicators among plants for assessing the environmental state and predicting
health risks. Visnyk of V.N. Karazin Kharkiv National University. Series Ecology, (33), 226-234.
https://doi.org/10.26565/1992-4259-2025-33-16 (in Ukrainian)

Beryn
CyuacHu# CTaH TOBKIILIS 3a3HAE CYTTE- CTaHHS TEXHOTCHHOTO HAaBaHTAKEHHS MpPU3-
BUX 3MiH ITiJ] BIUTABOM aHTPOIOI'eHHUX (hakTo- BEJIH JI0 HAKOITUYEHHS B €KOCHCTEMAX IIKiIITH-
piB, cepell SKUX MPOBIJIHE MICIE 3aiMalOTh 1H- BHX PEUOBHMH — BaKKHX METANIB, NECTULIUIIB,
JOycTpiami3alis, 1HTEHCHBHE CIJIbChbKE TOCIIO- HaTONPOIYKTiB, paJAiOHYKIiIiB TA 1HIIHX TOK-
JapcTBO, ypOaHizawis Ta 3MiHHU KiliMaTy. [HTeH- CHKaHTIB, 10 HEraTUBHO BIUIMBAIOTH SIK Ha Oi-
cudikalis MpOMHUCIOBOrO BUPOOHHUIITBA 1 3pO- 0Ty, TaK 1 Ha 370POB’ S JIFOJUHH.
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3a mammmu BOO3, monamg 90 % Hace-
JICHHSI CBITY AUXA€ MOBITPSIM, 3a0pyJHEHUM TIO-
HaJl JOIyCTUMI HOpMH, a Oiu3bko 25 % riioba-
JBHOTO TSTaps XBOPOO 3yMOBIICHO BILIMBOM He-
CTIPHUATIIMBHUX €KOJIOTTYHUX (haKTopiB. B ymoBax
3pOCTaHHSl TJIOOAbHUX EKOJIOTiYHUX 3arpo3
CBOE€YACHE BHSBICHHS Ta IPOTHO3YBAaHHS PU3H-
KiB € KPUTUYHO BaKIIBUM JUTA 3a100iraHHs po-
3BUTKY XPOHIYHHMX 3aXBOPIOBaHb, 3HMKEHHS
CMEPTHOCTI Ta MiABUIICHHS SKOCTI JKUTTSL.

Cepen cydacHUX 1HCTPYMEHTIB €KOJIOTi-
YHOT'O MOHITOPHHTY OCOOJIMBE MicCIIe 3aiiMae Oi-
OIH/IMKAIIig — OIIHKA CTaHy HABKOJHUIIHBOTO Ce-
pPEIOBHUIIA 32 PEAKIisIMH JKUBUX OPTaHI3MiB.
Cepen pi3HHX Ipyn O10IHAMKATOPIB POCIHHHU €
YVHIKQIbHUMH 00’€KTaMH JIOCIIPKCHb 3aBJISKH
CBOTH OCLTI¥ MPUPO/i, BUCOKIN IyTIUBOCTI 0
3MiH YMOB CE€pEIOBHINA Ta 3ATHOCTI IO aKyMY-
nsmii Ta Tpancgopmallii nomoTanTis. Bonu pe-
aryroTh Ha BIUIMB TOKCUYHUX PEYOBUH 1 (iznd-
HUX (haKTOPIB KOMILIEKCOM 3MiH Ha MOp(OII0-
rivHOMY, (i310JI0T0-010XIMIYHOMY Ta MOJIEKY-
JSIPHOMY PiBHSIX, IO Ja€ 3Mory (ikcyBaTu Ha-
BiTh cyOneTansHi edektn 3a0pyaHeHHs. Takxi
peakiii MOXYTh BUCTYNAaTH PaHHIMH MapKe-
paMHu eKOJIOTIYHUX 3arpo3, Ki IepelyloTh Kli-
HIYHUM IIPOSIBaM y JIIOJMHH, Ta CIYTYBaTH OC-
HOBOIO JUISi NIPOTHO3YBAaHHS PHU3UKIB BUHHK-
HEHHSI PECTipaTOpHUX, CEPLEBO-CYMHHUX, OH-
KOJIOTIYHMX Ta 1HIIMX 3aXBOPIOBAHb.

BuxopucTtanHs pociuH K 0i0iHIUKATO-
piB Mae Mo/iBiliHEe 3HAYCHHS:

1. ExoJioriuHe — BUABJICHHS 30H 3 M-
BUILCHUM pIBHEM 3a0pyJHEHHS, IPOCTEXY-

BaHHS IIPOCTOPOBO-YACOBOI AMHAMIKH TEXHO-
TCeHHOTO HaBAaHTAXXCHHS Ta OLIHKA €(EKTHUBHO-
CTi TIPUPOTOOXOPOHHUX 3aXO/IiB.

2. Meauko-6ionoriuyne — mporuo3yBaH-
HSl BIUTUBY TOKCHKAHTIB Ha HBI OPraHi3MH, 30-
KpeMa JIIOJMHY, Yepe3 BCTaHOBJICHHA 3B S3KiB
MIX BMiCTOM 3a0pYIHIOBAYIiB Y POCTHHHUX TKa-
HHUHAX Ta X HAIXO/DKEHHSIM y XapyuoBi JIAHIFOTH.

CydacHi migxoau 10 OiOiHAMKAIIHHUX
JOCIII/DKEHb BKJIIOYAI0Th BUBYEHHS MEXaHi3MiB
aKyMyJISIi1 HeOe3MeYHNX eJIeMEeHTIB, i1eHTH(]i-
Kallilo TiNepakKyMyJIsSTOPiB, BUKOPUCTaHHS Oi-
OXIMIYHHX 1 MOJIEKYJISIPHUX MapKepiB, 3aCTOCY-
BaHHS (ITOTECTIB Ta MIKPOAHATITHIYHUX METO-
JVMK, 10 3a0e3Meuyl0Th BUCOKOTOYHY OI[IHKY
piBHS 1 Xxapakrepy 3a0pyaHeHHs. [HTerparis
X Pe3yJIbTaTIB Y MEIUKO-EKOIOTI9HUH aHai3
(bopMye HAayKOBY OCHOBY [UISi IPEBEHTHBHOI
MEIUIMHN, PO3POOKH TIONITUK TPOMAaJCHKOTrO
3I0pOB’Sl Ta CTpaTerii CTajoro yMpaBIiHHA
MPUPOTHUMH PECYPCAMH.

MerToro orsily € KOMIUIEKCHUH aHai3
CYy4YaCHUX HAYKOBHX JIOCTIIKCHb IIOJO 3aCTO-
CYBaHHS POCIMHHUX O101HIWKATOPIB I MOHi-
TOPHUHTY CTaHy IPYHTY, BOJIU Ta aTMOC(HEPHOTO
MIOBITPSI, 3 OCOOJIMBUM aKIIEHTOM Ha IIPOTrHO3Y-
BaHHS Ta MiHIMI3allil0 PU3UKIB IJIS 370POB’s
JFOJTUHU.

Oco0nuBa yBara HpUIUISETHCS BHIAM-
aKyMyJISITOpaM BaXXKUX MeTaliB, (izionaoro-oi-
OXIMIYHUM Ta MOJIEKYJISIPHUM MapKepam, a Ta-
KO TPUKJIaJaM BIPOBAKCHHsI O101HAMKAIIH-
HHUX METOJIIB y MICBKUX Ta arpapHuX JaHamad-
Tax.

Pe3yabTaTtu

bioiHauKaTopu cepesl pOCIHH € TOTYX-
HUM 1HCTPYMEHTOM JUIS OI[IHKH CTaHy J0-
BKIJIJIS,, OCKUJIBKHM BOHH 3JIaTHI BiJOOpa)kaTH sIK
XIMiYHi, Tak 1 (i310JOriYHI 3MIHH y Cepelo-
BHIIIi, OB’ 513aHi 3 aHTPOIIOTEHHUM 3a0pyTHCH-
HSIM Ta TMPUPOJTHUMHU CTpecamH. PociuHu, sKi
MOXYTh CIYXHUTU Oi101HIMKATOpaMH, IOIiNIs-
IOTBCSI HA K1JIbKa OCHOBHUX KaTETOPii 3a1exHO
BiJ ixHIX (QyHKLIH Ta peakuiil Ha 3a0pyAHEHHS.
[lo-mepmre, 1e 3BUYANHI 1HAWKATOPHI BUIM,
taki sk Amaranthus retroflexus, Plantago
lanceolata, Rumex acetosa, Trifolium pratense
Ta 1HII, SKi XapaKTepU3yIThCs 3JIaTHICTIO Ha-
KOMMYYBaTH BaXXKi METaJlM, 30KpeMa KaaMii
(Cd), cunens (Pb), muak (Zn) Ta Hikensb (Ni).
i pociuHM MHUPOKO PO3MOBCIOHKEHI Y
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MICBKUX 1 CUIBCBKOTOCHOJAPCHKUX EKOCHCTE-
Max i IeMOHCTPYIOTb BHUCOKI KoedilieHTn 0io-
konnenTpanii (BCF) ta TpancnoptyBaHHS Me-
taniB (TF), mo pobutk iX IIHHUMH iHJHKATO-
pamu 3a0pyAHEHHS IPYHTY Ta HOBITPs. 3TiAHO 3
nociipkeHHsMu  [1], 3BUYaiiHI  iHIMKATOPHI
BuaM, Taki sk Trifolium pratense (koHrommHa
nyuna) ta Plantago lanceolata (momopoxHHK
JaHUETONNCTHH), MOKa3yIOTh 3/IaTHICTh HAKO-
MUYyBaTH TOKCHYHI METaIH, 30KpeMa IIMHK
(Zn), xanwmiit (Cd) ta ceunens (Pb), y koHIIeHT-
paisix, siKi BiioOpaskaroTh piBeHb 3a0pyTHEHHS
rpyHty. Li BUAM MIUPOKO BHKOPHCTOBYIOTHCS
JUTSI MOHITOPHHTY CTaHy MICBKHX 1 CITBCHKOTO-
CIOAAPCHKUX €KOCUCTEM, OCKIJIbKM BOHHU LIBH-
KO pearyloTh Ha 3MiHH Y HaBKOJIUIIHBOMY
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CepeloBHILI Ta MAIOTh BUCOKi KoedilieHTH 0i-
okonterTparii (BCF).

[To-mpyre, iCHYIOTH TiEPaKKyMYISATOPH
— IIe POCJIMHH, 37[aTHI HAKOITNYYBaTH €KCTpeMa-
JEHO BHCOKI KOHIIEHTpAIIi METaIiB 03 IIPOsBiB
3Ha4YHOTO (hiTOTOKCHUHOTO edekry. Kiacnu-
Humu npukiagamu € Thlaspi caerulescens,
Alyssum murale ta Pteris vittata, ski akTUBHO
BUKOPUCTOBYIOTKCS JJIs1 BiIHOBJICHHS IeTpaio-
BaHUX IPYHTIB 1 y ¢iTopemeniallii MeTaIeBux
3a0pyaHens. Lli Buam 3abesmedytoTs 6ioJori-
YHY OCHOBY ISl TaK 3BaHOTO «(alTOTIUHTY
MeTalliB, TOOTO MpOIIeCy BUAATEHHSI TOKCHYHIX
METaJIB 13 cepeJOBHUIIa Yepe3 HAKOMMUYCHHS Y
pocnunHiit Oiomaci. [ocmimkenns [2] nera-
JHHO aHajli3ye MexaHi3MH QiTopemeniamii Ha
npukiani Thlaspi caerulescens Ta iHmMX rime-
PAKKyMYJISTOPIB, IO aKTHBHO 3aCTOCOBYIOTHCS
JUISL BiTHOBJIEHHS JIETPajloBAHUX 3eMeb. IXHs
3/IaTHICTH TIEPEHOCUTH METAIH Y HaJl3eMHI Op-
TaHM J03BOJISIE BUAAISTH 3a0pyIHIOBaYi 3 Tpy-
HTY, 3HIKYIOUYH €KOJIOT1YHEe HAaBaHTaKECHHSI.

[To-TpeTe, okpeMy TPyIy CTAaHOBJISTH aK-
BaTH4HI (DiTOOIOIHAMKATOPH, cepel SKHX Taki
BUIM, sk Pistia stratiotes, Eichhornia spp. ta
Lemna spp.. Lli pociauHl IIMPOKO BHKOPHUCTO-
BYIOTbCS Y KOHCTPYKTUBHHX OYHCHHX CIOpY-
Jax i QimbTpariii BAXKUX METaliB i3 3a0py/a-
HEHUX BOJJHHX MACHBIB 32 JJOTIOMOT OO IIPOIIECY
¢iTodinerparnii ado puzodineTpanii (rhizofilt-
ration). 3a qanumu PubMed, 3actocyBanHs nuX
BUJIIB € e()eKTUBHHUM, €KOJIOTIYHO OE3MEeYHNM 1
€KOHOMIYHO BHIIAHUM CIIOCOOOM OYHILEHHS
BO/I, 0COOJIMBO Yy POMHUCIIOBUX PETiOHAX.

MexaHi3MHl HaKOITMYEHHS Ta BHYTPIIIHI
peaxiiii pocivH, sIKi BUCTYIalTh 010iHANKATO-
paMu, € HaA3BUYAHO CKJIaJHUMU Ta OaraToda-
KTOpHUMHU. [1i]1 BIUINBOM Ba)KKUX METANIB 1 iH-
IMX 3a0pyIHIOBAYiB YacTO CIIOCTEPIraroThCs
¢izionoriuHi peaxiii, Taki K ypaXeHHs Kope-
HEBOI CUCTEMH, YITOBUTLHEHHS POCTY, PO3BUTOK
XJIOpO3Y Ta 3HWXKEHHS (POTOCHHTETUYHOI aKTH-
BHOCTI. B nmocimimpkenni [3] nmokasano, mo 3a-
OpyIHEeHHS IPYHTY KaJIMi€M 1 CBUHLIEM HETaTH-
BHO BIUIMBA€ Ha PICT JIIKAPCHKUX POCIHH, LIO0
MO>K€e TIPU3BECTH J0 3HWKEHHS IXHBOI SKOCTI 1,
BIJIIOBIIHO, CTBOPUTH PHU3MKH IS 370POB’sS
Tro/IeH, sIKi IX BUKOPUCTOBYIOTh. [1ij] BIuIMBOM
METaJiB Yy POCIMHAX CIOCTEPITalOThCS TOpY-
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mIeHHs! (POTOCHHTE3Y, XJI0pO3 JIUCTS, a TaKOX
301JIBIIIEHHST aKTUBHOCTI (PEpMEHTIB aHTHOKCH-
JAHTHOT'O 3aXWCTY, TAKUX SK CYNEPOKCHIJIUC-
myTaza (SOD) ta karanaza (CAT), mo € mapke-
paMu OKCHIaTHBHOTO cTpecy [4].

BioximiyHi Mapkepu cTpecy, sSKi IIHUPOKO
BUKOPUCTOBYIOTHCS JJISl OL[IHKH CTaHy POCIIHUH,
BKJIIOYAIOTh MiJBUILIECHHS PIBHIB TiAPOTeH Tie-
pokcuay (H:202), manoHoBOro miambnerimy
(MDA) Ta aKTHBHICTh aHTHOKCHIAAHTHHUX (ep-
MEHTIB, TakKuX SK CYIEPOKCHATUCMYTa3a
(SOD), karanaza (CAT) ta ackopOar mepokcu-
nmaza (APX). Bci mi moka3HWKH CBimgaTh Mpo
peaxii OKCHAaTHBHOTO CTPECY, 110 BHHUKAIOTh
y POCITMHHUX KITITHHAX TTiJ] 1I€10 TOKCUYHUX pe-
YOBWH, NP0 LIO CBig4aTh myOmikamii y skypHa-
nax ScienceDirect Ta PMC.

Ha monexymsspaOMy piBHI y TillepaKKyMy-
JSITOPIB  aKTHBYIOTHCS  CTieA(ivHI  TpaHCIIOp-
TepH, HanpuKIIaa Oinku-Hacocu Tairy HMA4, ski
TTOCHJIEHO TPAHCTIOPTYIOTh i0HK MeTaiiB (Cd, Zn)
13 KOPEHEBOI CUCTEMH JI0 HaI3eMHHUX OPTaHiB, 10
JIO3BOJISIE  POCIIMHI
BIUTUB B)KKUX METAJIIB Ha KUTTEBO BAXKIIMBI KJIi-
THHHI CTPYKTypu. Takuii MexaHi3M JeTajbHO
OITMCAHO Yy HAYKOBHUX JpKepesax, 30kpemMa Ha Bi-
Kiresii i Crieriani3oBaHuX Iy OmiKaIisx.

CydacHi MeToIu AOCHIKEHHS Oi10iHAH-
KaTHUBHOI 3]ATHOCTI POCIIUH OXOILTIOIOTH IIUPO-
KWW CIIEKTP 1HCTPYMEHTAILHUX 1 aHAITHYHUX
MiXO0MIB. AHATITHYHI METOAM, TaKi SK 1HIAYK-
TUBHO-3B’S3aHa TUIa3MOBa ONTHYHA eMiciliHa
cnekrpockoris (ICP-OES) ta aromH0-abcop06-
[ifiHa CMIEKTPOCKOITisl, BAKOPUCTOBYIOTHCS IS
TOYHOTO BHU3HAYCHHS KOHICHTPAIl METATIB Y
IPYHTaX i TKAHHHAX POCJIMH, IO Ja€ 3MOTy 00-
YUCIIUTH KITIOYOBI 1HIEKCH, 30KpeMa Koedillie-
ot OlokonmeHtpanii (BCF) ta tpancnopry-
BauHs (TF), ski € kpuTepisiMH OLIHKK 1HIUKA-
TopHOi 3matHocTi BumiB. IIpo 1€ cBig4aTh
crarTi 3 ScienceDirect Ta iHITNX aBTOPUTETHUX
pecypciB. . MetabonoMiyHi Ta reHOMiYHi JoC-
JiDKEHHS BIIKPUBAIOTh MEXaHI3MU ajanTarii
POCJMH 10 METAJIEBOTO CTpeCy Ta iAeHTH(IKY-
I0Th MOTSHLIIHI LT 471 TeHHOT imkeHepii [5].

3Ha4YHUH MIporpec y OCHIHKEHHSIX CII0-
CTEPIraeThes 1 3aBIASKA OMIYHUM ITiIX0aM, Ta-
KHM SIK METa0O0JIOMiKa, TPOTEOMiKa i TeHOMIKa,
SIK1 TO3BOJISIOTH BUABUTU 3MIHM B META00I4-

MiHIMI3yBaTH TOKCHYHHI
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HUX IUIIXaX 1 OLIKOBOMY CKJaai pOCIHMH TiJ
CTpecoM, 1IeHTH(IKyBaTH KIIIOUOBI aZanTUBHI
MeXaHi3MH Ha MOJIEKYJISIPHOMY piBHI. Buxopu-
CTaHHS TAaKUX METO/IB IUPOKO BiTOOpaKEHO Y
myOoikarisx Ha arXiv i PMC.

OxpiM 1a00paTOPHUX 1 MTOTBLOBUX METO-
B, 1711 MACIITAOHOTO MOHITOPUHTY CTaHy pPO-
CIIMHHHUX €KOCHUCTEM BCE aKTHBHIIIIE 3aCTOCOBY-
I0ThCSI IMCTAHIIIHHI TEXHOJIOT11, 30KpeMa Tirep-
CIIEKTpajJbHA aepo3MOMKa Ta CYIyTHUKOBHU
MOHITOpUHT BereTariianx iHgekcie (NDVI).
i meTogm HarOTh 3MOTY OMEPATUBHO BiJCTe-
JKyBaTH 3MIHU CTaHy POCIWHHOCTI Ha piBHI
naHma@Ty YA PErioHy i BUKOPHCTOBYIOTHCS
JUTSL €KOJIOT1YHOTO YIPABIIHHS, IO JOBEJICHO Y
YUCIICHHUX JOCHIHKCHHSX, ONyOJIIKOBaHUX Ha
arXiv ra MDPI.

BaxxnuBuM acrieKToM BUKOPHCTaHHS Oi-
OIHIWKATOPIB € TXHill 3B’S30K 3 pU3UKAMHA IS
310pOB’sl MoauHU. Hanpuknan, HaKOMUYEHHS
BAXKAX METaNiB Y JIKAPCHKUX POCIUHAX
(Taraxacum officinale, Plantago major), o
3pOCTarOTh MOOIU3Y aBTOMOOIIBHUX Tpac, CTa-
HOBUTh TOTEHIIHHY HEOE3MeKy Mpu TXHbOMY
BUKOpHUCTaHHI y ¢iToTepartii. 3a0py/THeHHS aT-
Moc(epH 030HOM 1 OKCHJIaMHU a30TY, IO MPH3-
BOJIMTH JI0 YIIKOJDKEHHS JINCTKOBOI IIOBEPXHI B
YyTIUBUX KYJIbTYpP, OTHOYACHO KOPEIIOE 3 ITiJI-
BUILCHUM PiBHEM PECIipaTOPHUX 3aXBOPIOBAHb
y MicIIeBOTO HacelieHHs1. JlocmipkeHHs B perio-
Hax 3 BUCOKUM BMICTOM (TOpY y IPYHTI MOKa-
3aJIH, 10 POCITHHU-aKyMYJISITOPH QTOPHIIB MO-
KYTh OyTH HENPSIMUMH THIUKATOPAMHU PU3UKY
¢roopo3y y HaceneHHs.

111010 KOHKPETHUX MPHKIAIB Cy4acCHUX
JIOCITi/DKEHb, Y CBITI BeJNWKA yBara MpHIiIs-
€ThCSA BHBYEHHIO 37aTHOCTI MOXiB Pleurozium
schreberi 1 yinmmaiinukie Xanthoria parietina 10
aKyMyJIAIiT BaKKHX METANIB Y MPOMHCIOBUX
perioHax CkanjauHaBii. JlocmipKkeHHs, IpoBe-
neni y 2023 poui B Hopserii, npojeMoHCTpY-
Baj, mo BMicT Pb, Cd i Zn y TkaHMHAX ITUX PO-
CJIMH 3HaYHO KOPEJIOE 3 KOHLEHTPALisIMHU Y M0-
BITpi, IO MIATBEPAXKYE IXHIO €PEKTUBHICTH SIK
0il0iHAMKATOPIB aTMOC(EpPHOro 3a0pyIHEHHS
Ta JI03BOJIIE BUKOPHUCTOBYBAaTH IIi JaHi JyIs
NPUIHATTS €KOJIOTIYHUX pilieHs [6]. Ananori-
YHI MiJIX0/I1 BUKOPUCTOBYIOThCS 1 B YKpaiHi: y
nocmimkerHi 2024 poky B [IpumHiTpoBCEKOMY
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perioni OyJnio BcTaHOBIIEHO, 110 Betula pendula
ta Tilia cordata B Micbkux mapkax Jminpa i 3a-
MOPI¥OKS IEMOHCTPYIOTh 3HAYHE HAKOTIMICHHS
BaKKHUX METaliB, 30kpema Pb ta Zn, mo kope-
JIIO€ 13 3a0pYAHEHHSM BiJl TPaHCIIOPTHUX BUKH-
IiB 1 MPOMUCIIOBUX IMiANPUEMCTB. 32 pe3yJbTa-
TaMU I[LOTO JIOCII/DKCHHS OYyJI0O PEKOMEHIO-
BaHO 3aCTOCYBaHHS WX BHIIB K O101HIWKATO-
pIB y CHCTEMi MOHITOPHHTY SIKOCTI OBITPs [7].
AHami3 pU3HKIB 13 3aCTOCYBaHHSM IHJIECKCY
Hazard Index (HI) y po6ori [8] mokasas, mo y
JIESTKAX perioHax IOCTiHE CMOXKWBaHHS POC-
TUH 13 320pyTHEHHUX TPYHTIB MOXKE MPHU3BECTH
JI0 PO3BUTKY XPOHIYHUX 3aXBOPIOBaHb. AHAIO-
ri4Hi pe3ynbTaTH OTpUMaHi i B YKpaiHi, 30K-
pema y mpomucioBux perionax Ionbacy, ae
BUCOKI KOHIIEHTPALlii CBHHIIIO Ta KaJMilO y Tpy-
HTaX CIIBMAAf0Th 13 ITiBUIIIEHOIO 3aXBOPIOBA-
HICTIO MicIieBOro HacemeHHs [9].

Y 2022 poui B Itanii 6ymo nmpoBeneHo goc-
JiDKEHHS, SKe TI0Ka3ajo, M0 BHUKOPHCTaHHS
Brassica juncea y nmoeiHaHHi 3 MiKOPU3HHUMH PH-
0aMu JI03BOJISIE 3HAYHO IMiJABUINUTH C(EKTUB-
HicTh iTopemeianii IpyHTiB, 3a0pyIHEHUX CBH-
HIleM 1 kaamiem. Lleit mocmin mpoaeMOHCTpyBaB,
10 cuMO0i03 3 TpHOaMH He JIHIIIE MMiJBHIIYE HAKO-
ITMYEHHS METaJliB Y POCIIMHHIN Oiomaci, a i 3Me-
HIIIY€ TOKCUYHWI BIUIMB Ha Camy POCIHHY, IO
JI03BOJISIE PO3IIISIAATH TaKy CHCTEMY SIK TIEPCIIeK-
THBHY JUISl 3aCTOCYBaHHS Y IIPOMHCIIOBHX 30HaX
[10]. B YkpaiHi moiOHI TOCITIPKEHHS TIPOBOIH-
nmck B KapniarcbkoMy perioHi, e BUBYaIN POJIb
MIKOPHU3HHUX acolialliid y MOJIIMIIeHHI 3aTHOCTI
MICIIEBHX BHJiB POCIIMH JI0 HAKOITMYEHHS TOKCH-
YHUX METaJliB y 3a0pyJHEHUX paiioHaX BHIO00Y-
TKY KOPUCHHX KomayuH [11].

Takox cmifg BiI3HAYWTH MPUKIAAW 3a-
CTOCYBaHHS AMCTAHI[IHUX METO/IB MOHITOPH-
HTY, IO JIO3BOJISIFOTH ONEPATUBHO BHSBISTH
MOPYUICHHS CTaHy POCIMHHOTO IMOKPUBY Y Ma-
cmtabax periony. Y 2025 poui MiXHapoaHA
rpyna JOCHiJHUKIB BHUKOpHUCTala TillepCHeKT-
paJIbHUI aHali3 CYNMyTHUKOBHX 3HIMKIB JUIS
OLIIHKY BIUIMBY Ba)XKKHX METaJIiB Ha JIICOBi KO-
CHUCTEMH NOOJMU3y BEIMKUX METAITypriiHUX
koMOiHaTiB B YkpaiHi. Pe3ynpraTi mokazamu
3MIiHM B IIOKa3HHMKAaX BEreTalliiHOrO IHICKCY
NDVI, ski kopentoBaiiv 3 KOHIIEHTPALISIMHA Me-
TaJliB y IpyHTi Ta jucTi [12].
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OTxe, HaBeleHI MPUKIIAIU K MIKHAPO-
JTHUX, TaK 1 YKpaiHCBKUX OCIiIKEHb CBiTYaTh
PO BUCOKHUH MTOTESHITIa pOCIIMHHAX O101HIHMKA-
TOPIB Y OIIiHIIl €KOJIOTIYHOTO CTaHy AOBKIIIIS Ta
MPOTHO3YBaHHI PU3UKIB AJIS 3A0POB’ S JIFOMHIL.
Ix 3acTocyBaHHs 103BOJISE He JIMIIE TPOBOIAUTH
OMEepaTUBHUK MOHITOPHHT, aje W MJaHyBaTu
3aXO0AM LIOAO 3HIKCHHS HETaTHBHOTO BILTHBY
3a0pyIHEHb Ha €KOCHUCTEMH Ta JIIOJICBKE 3110-
poB’s. Takwuit miaxig Mae 0ocobIMBE 3HAYCHHS B
Cy4aCHHX YMOBaX IHTEHCHBHOTO AaHTPOIIOTCH-
HOTO HaBaHTA)KCHHS 1 3MiH KJIIMaTy.

Hakonm4yeHHsI TOKCHYHUX METAIIB y po-
CIIMHHIN 6iomaci, 0cOOJIMBO y XapuoOBHX Ta Ji-
KapChbKHX POCIMHAX, CTAHOBUThH CEPHO3HY 3a-
rpo3y 3/0pOB’I0 JIIOAWHU Yepe3 OiomarHidika-
IiI0 Y Xap4yoBHX JaHmorax [8] y neskux peri-
OHAaX TIOCTifiHE CITO’KUBAaHHS POCIHH 13 3a0py/-
HEHUX IPYHTIB MOXKE MPHU3BECTH JI0 PO3BUTKY
XPOHIYHHX 3aXBOPIOBAHb.

[IpakTudHi JOCTIHKEHHS, TakKi K podoTa
[13] moxkaszamu, 1m0 KOMOIHYBaHHS T€HETHUHHX
Mo TU(IKaIii POCIHH, BAKOPUCTAHHS CUMO10TH-
YHHX MIKpOOPTaHi3MiB Ta 3aCTOCYBaHHSI XeJIaTiB
JIO3BOJISIE CYTTEBO MOKPAIIATH e(hEeKTHBHICTH (i-
TopeMeianii BaYKKIX METAIIiB 13 IPYHTIB.

VY nmocmimkenni [14] miarBepmkeHo, Mo
oprasiyuHi Ta MikpoOHi T0OaBKH JI0 TPYHTY, TakKi
SK Olovap 1 KOMIIOCT, HE JIAIIIE i ABHUIIYIOTh BU-
Jy4YeHHS METalliB, a W TMOKPAIIYIOTh 3arajibHe
3JI0POB’Sl POCIIMH, CTBOPIOIOYU CTaly OCHOBY
JUISL €KOJIOTIYHOTO BiJIHOBJIEHHS.

[Mpobnema yruimizarii 3a0pyaHeHoi poc-
JMHHOT OiloMacy 3aIMIIAEThCS BaKIMBO. Cy-
YacHI METO/H, BKIIFOYAIOYM KOMITOCTYBAaHHS 3
JIOJIaBaHHSM CTabimi3aTopiB, KOHTPOJIHLOBAHE
CHAJIIOBAHHA 13 CUCTEMaMH YJIOBIIOBAHHS TOK-
CHUYHUX BUKHJIIB, @ TAKOXK CHHTE3 HAaHOMATePi-
aNiB 13 BUWIyUYEHUX METANIB, PO3TIISAAI0THCS SIK
MEPCIEKTHBHI NIJISIXK 0€3MeYHOr0 3aBEPIICHHS
UKy ¢iropememiarii [15].

TakuM 4YHHOM, CyYacHi JOCIiKEHHS
HiATBEPDKYIOTh, IO POCIMHHI OioiHIUKATOPU
€ HaJI3BUYaifHO LIHHMMH 11 MOHITOPHHTY €KO-
JIOT1YHOTO CTaHy IPYHTIB i MPOTHO3YBaHHA PH-
3MKIB JUUIS 30POB’ s JIIOIUHHM. [HTEerpartis cyuac-
HUX aHAITHYHUX, MOJIEKYJISIPHAX Ta TEXHOJIO-
TIYHUX METO/IIB BiJIKPUBAE NIUPOKI MOKITMBOCTI
JUTS TIABHUINEHHS €(EKTHBHOCTI €KOJIOTTYHOIO
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KOHTPOJIIO 1 pO3pOOKU CTpaTeriidi CTaJioro Bij-
HOBJICHHS 3a0pyTHEHUX TEPUTOPIH.

IlepcnexTHBH i MOCTiAHUIBKI Mpora-
JimHU. PO3BUTOK mocmimkeHpb y cdepi pocauH-
HUX 010IHTUKATOPIB Ta piTOpemMemialii BiaKpH-
Ba€ HOBi TOPHU3OHTH HE JIUILIE AJISl €KOJIOT1YHOTO
MOHITOPHHTY, a i JUIsl 3aXUCTy TPOMAaJICBKOTO
3m0poB’s. IHTerparis O60TaHIYHMX, E€KOTOKCH-
KOJIOTTYHUX, MEIUKO-010I0TTYHUX Ta €I11IeMI0-
JIOTIYHHX MIAXOIIB JI03BOJISIE OLIBII TOYHO TIPO-
THO3YBAaTH PU3WKHU JIJISl HACEJICHHSI, IO 3a3Ha€
BIUTUBY 3a0pyAHEHOTO cepenosuiia. OcoOImBo
NEPCIICKTUBHUM € BUKOPUCTAHHS POCIHH SIK
«O10JIOTIYHUX CEHCOPIB» LIS BUSBICHHS TOK-
CHYHUX MeTalliB (CBHHEIb, KaaMiil, pTyTb,
MHUIII SIK), OPTaHIYHHUX TOMIOTAHTIB 1 PaioHyK-
JifiB, sKi O0e3mocepeIHbO OB’ sA3aHi 3 PO3BUT-
KOM OHKOJIOTIYHHX, CEpIECBO-CYIUHHHUX, HEB-
POJIOTIYHKMX Ta CHIOKPUHHUX 3aXBOPIOBAHb Yy
JFOIWHMU.

[IpiopuTeTHUM HANpsSIMOM € BIPOBa-
JOKEHHS MYJTbTUMCIUTLTIHAPHUX TEXHOJOTIH —
BiJl MOJIEKYJISIpHOi Oiojorii, MeTabomoMiku Ta
reaHoi imkeHepii (Bkmoyno 3 CRISPR/Cas9
JUTSI CTBOPEHHS CTIMKHUX 1 BHCOKOS(EKTHBHUX
rinepakKyMyJsITOpiB) A0 Mikpobioorii, crpsi-
MOBaHOi Ha BUKOPHCTAaHHA CUMOIOTHYHUX MiK-
pOOpraHi3aMiB JuIs MiJACUIEHHS QiTopemeia-
niHoro edexty. Lle Moke 3HAYHO 3HU3HUTH Pi-
BHi 010JI0CTYITHUX TOKCHUKAHTIB y TPYHTi, BOJI
Ta TOBITPi, 3MEHIIYIOUH TXHIN MepeHoc y xap-
YOBI JIAHIIOTH Ta NPSMUI BIUIMB HAa OpPTraHi3M
JIFO/TWHMU.

BoaHovac 3anuiiaroThCst CyTTEBI JOCHTIJI-
HUIBKI mporanuHu. [lo-mepire, eQexTUBHICTD
(hitopememianliiHUX TEXHOJNOTIH y peaTbHUX
MacmTabax Ta pi3HHX KJIIMaTHYHHUX 1 IPYHTO-
BHX YyMOBax J0Ci HEOCTaTHLO BUBUeHa. Oco0-
JUBUN BUKJIMK CTAaHOBUTHb BU3HAYEHHS TOTO,
HACKIUJIbKYA IIBUJIKO 3HIDKCHHS KOHIICHTpPALiH
TOKCHKAHTIB y JOBKULTI TpaHCcHOpMyeThcs Y
peanbHi MOKpalleHHsI MOKa3HUKIB 30POB’SI Ha-
CEJICHHS.

[o-npyre, BifcyTHs yHiiKoBaHA METOJO-
JIOTisl YT KOMIUIEKCHOI OIIHKH BIUTUBY 3a0py/I-
HEHHS Ha JTIOIMHY, 1110 TIOEJHyBaja O JaHi 0ioMo-
HITOPHUHTY POCIHH 3 GioMapKepamu BILUTUBY B Op-
TaHi3Mi JIFOJWHY (2HaJi3 KPOBi, BOJIOCCA, Ceul Ha
BMICT TOKCHUKAHTIB) Ta €ITiIeMiOJIOTIYHIMH TTOKa-
3HUKaMH 3aXBOPIOBAHOCTI. Takuii iHTErpOBaHUIA
IT1IX1]1 JTO3BOJIUB OM CTBOPUTH OLIBII TOUHI KapTH
PHBHKY JUIs TPOMa/] i CBOEYACHO BIIPOBAIKYBATH
PO ITAKTHYHI 3aXO0TH.
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Ille omHi€I0 KPUTUYHOK IPOTATHHOIO €
Opak pilieHs 11010 O0e3MeYHOl yTHITi3aIli poc-
JTUHHOT 610MacH, 1110 HAaKOIMYHIIa TOKCHYHI pe-
4oBHHU. [lO0TpanissHHS TaKuX BiIXOMdiB Ha3a[ y
cepenoBuile 0e3 HalIeKHOI 0OOpPOOKH MOXKE IT0-
BTOPHO CTBOPIOBATH 3arpo3y Jiisl 3I0pOB’sl Ha-
CeJICHHsI Yepe3 BTOPUHHE 3a0pyIHEHHS.

HeoOxigHi AOCTIIKEHHS, SKI OLIHIOBA-
TUMYTh TOKCUKOJIOTIYHY O€3IEeKy Ta €KOHOMi-
YHY JOMIIBHICTH METOMIB, TAKUX SK TepMidHA
JNECTPYKIis, Miponi3 abo BUKOPUCTaHHA O010-
MAacH JJIs CHHTE3y MaTtepialliB i3 3aKpUTUM ITH-
KIJIOM TIEPEePOOKH.

JlonatkoBroi yBaru motpeOye BUBUCHHSI
BIUIMBY KOMIUICKCHHX CyMillleli 3a0pyaHIOBa-

4iB — MMOE€THAHHS BaKKUX METAJIiB, OPTaHIgHUX
TOKCHKAHTIB 1 pafioOHyKIiJiB, OCKIIBKH iXHIH
CHHEPTIUHUH e(PEeKT Ha pOCIUHU-1HINKATOPH Ta
OpraHi3M JIIOJMHH MOXKE 3HAYHO IIePEBHUILY-
BaTH BIUIMB OKPEMHUX PEUOBHH.

Oco0MMBO aKTyaJbHOIO ISl TEMaTHKa €
Uit YKpaiHd, e iCHYIOTh 1HAYCTpiaidbHi 30HH,
ripHUY0100YBHI PETiOHU Ta TEPUTOPIi, 110 MoC-
TpaKJaJIv Bl BOEHHUX JIiH, 13 TiABUINCHUM PH-
3UKOM XIMIYHOTO Ta pajiamiiHOro 3a0pyad-
HeHHs. TyT BmpoBaKeHHS Ol0IHIWKAIIHHUX
TEXHOJIOTIH 13 MEIUYHUM KOMIIOHEHTOM MOXE
CTaTH IHCTPYMEHTOM He JIUIIIe eKOJIOTIYHO1, a i
CaHITapHO-eMiAeMiONOTiyHOI Oe3MeKH HalioHa-
JHHOTO PiBHSL.

BucnoBku

PocnuHHI Gi0iHAUKATOPH BUCTYIAIOTH
BHCOKOE(DEKTHBHUM iHCTPYMEHTOM KOMILIEKC-
HOTO €KOJIOT1YHOTO MOHITOPHHTY Ta MEIHKO-
€KOJIOTTYHOI OLIIHKM PU3MKIB JUIsl 3I0POB’S Ha-
celleHHs.. IX 3/]aTHiCTh aKyMyTI0BaTH, TpaHcho-
pMyBaTH Ta BiJOOpakaTH Ha MOJIEKYJISIPHOMY,
0ioxiMiYHOMY Ta ()i310JIOTIYHOMY PiBHSX HasiB-
HICTh TOKCHYHHX METaTiB, OPraHiYHUX ITOJIO-
TaHTIB 1 PafiOHYKJiIiB NTO3BOJIIE CBOEYACHO
IICHTU(IKYBAaTH €KOJOTiYHI 3arpo3u, SIKi Mo-
KyTh Oe3Mocepe/IHh0 BIUIMBATH Ha OpraHi3M
JFOJIMHU Yepe3 XapyoBi JIAHIIIOTH, aTMOC(hepHe
HOBITPS Ta IPYHTOBUI KOHTAKT.

BukopucTaHHS TaKUX POCIHH JIa€ 3MOTY
IPOTHO3YBaTH PO3BUTOK PECIIPaTOPHHX, Cep-
[IeBO-CYJMHHHX, OHKOJIOTIYHUX, HEHpOaereHe-
PaTHBHUX Ta €HJIOKPUHHUX 3aXBOPIOBAHb Y T10-
MyJSIISX, 0 TPOXKHUBAIOTE Y 30HAX ITiIBHIIE-
HOT'O aHTPOMIOT€HHOT'O HABAHTAKEHHS.

CydacHi JOCIIPKEHHS MIATBEPIKYIOTh
3HAYHWI TOTEHIIaN SK TilepaKKyMYyJsSTOPIB,
TaK i 3BUMaiHUX 1HAUKATOPHUX POCIHH JUIsI BU-
SIBJICHHSI, MOHITOpUHTY Ta (iTopeMeniarii 3a-
Opy/aHEHb Y PI3HUX EKOCHCTEMaX.

[HTeTrparlis nepeIoBUX aHATITUIHUX, MO-
JeKYyJSIPHUX, TPOTEOMHHUX 1 METaOOJIOMIYHUX
METOJ[IB 3HAYHO MiABHUIIYE TOYHICTH OI[IHKU
€KOJIOT1YHOI0 CTaHy Ta JIa€ MOKIIUBICTH pO3PO-
OJIATH CTpaTeriuHo OOTpYHTOBaHI 3aX0H 3 Bij-
HOBJICHHSI IPYHTIB, BOAHHUX PECypciB i aTMoc-

(hepHOTO CepemoBHUINA, MIHIMIZYIOUH PHU3UKA
JUIS1 JIFOICBKOTO 340POB’sl.

Bonnowac mist pearnizarii moBHOTO MOTe-
HI[iaJly POCIMHHUX Oi0iHIMKAaTOpiB HEOOXimHe
MPOBEACHHS TOJAIBIINX MIKIMCIUTUTIHAPHUX
JIOCITIDKEHb, CIPAMOBAHHUX HA: aJanTaiiio ¢i-
TOpEeMeialiiHuX TEXHOJIOTIH 10 pi3HOMAaHIT-
HUX TPUPOTHO-KITIMAaTHUYHUX YMOB; PO3pPOOKY
IHTETPOBAHUX 1HJIEKCIB PU3HKY, SIKi IOETHYIOTh
XiMiuHi, GlOXIMIYHI Ta €miJeMioNOriuHl IaHi;
CTBOPEHHS 0€3MEeYHUX 1 TEXHOJOTTYHO eheKTH-
BHHX METOJIIB yTWii3alii 3a0pyaHeHoi Oio-
MAacH; OLIHKY CHHEPT1YHOTO BIJTUBY KOMILJIEKC-
HUX CyMIIlIei TOKCUKaHTIB Ha POCITHHU-1HANKA-
TOPH Ta OPraHi3M JIOIUHH.

IaTerparttis pocIMHHUX 0i01HAUKATOPIB y
HaI[iOHAJIbHI CHCTEMH €KOJIOTIYHOTO MOHITOPH-
HTY Ta yNpPaBJIiHHS € KPUTUYHO BaXIJIMBOIO JUIS
3a0€3MeUeHHs] CTaJorT0 PO3BUTKY Ta OXOPOHH
3110poB’st HaceseHHst. OCOOIHMBO 1€ CTOCYEThCS
PETIOHIB 13 BUCOKMM aHTPOIIOTCHHUM HaBaHTa-
JKEHHSM, TaKUX SIK IPOMHCIIOBI ¥ arpapHi 30HU
Ykpainu.

3acToCyBaHHS TaKUX KOMIUIEKCHUX ITiJI-
XOJIB J03BoJIsIE (hOpMYBaTH HAyKOBO OOIPYH-
TOBaHy CHCTEMY PaHHBOTO ITOTIEPEKESHHS €KO-
JIOT1YHMX 1 MEJUYHHX 3arpo3, 3MEHILYBaTH PH-
3WKH XPOHIUYHUX Ta IHAYCTPialIbHO 3yMOBJICHUX
3aXBOPIOBaHb, & TAKOX MiJBHUIYBaTH SKICTb
KUTTS HACEJICHHSL.

Konduaikr inTepeci

ABTOD 3asBIIs€, 10 KOHPIIKTY 1HTEPECIB 111010 MyOmiKalil 1soro pykomnucy Hemae. Kpim toro,
aBTOp TOBHICTIO JOTPUMYBABCSl €TUYHHUX HOPM, BKIIIOYAIOUM IuiariaT, Qanbcudikamiro AaHUX Ta

MOJIBIMHY ITyOITiKAaIlito.

B po60Ti HE BUKOPHUCTAHO PECYPC IMITYIHOTO IHTETIEKTY .
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BIOINDICATORS AMONG PLANTS FOR ASSESSING THE ENVIRONMENTAL STATE
AND PREDICTING HEALTH RISKS

Purpose. A review and comprehensive analysis of current scientific research on the use of plant
bioindicators for monitoring the state of soil, water, and atmospheric air, with a particular emphasis on predicting
and minimizing risks to human health.

Results. The main anthropogenic factors of ecosystem degradation are analyzed: industrialization,
intensive agriculture, urbanization and climate change, which lead to the accumulation of toxic compounds (heavy
metals, pesticides, petroleum products, radionuclides) in soils, atmospheric air and water bodies. Particular
attention is paid to the dual role of bioindicator plants: ecological for identifying areas with increased pollution
levels and monitoring the dynamics of technogenic load, and medical and biological for assessing the impact of
toxicants on human health through their entry into food chains. The mechanisms of accumulation and
transformation of pollutants, morphological, physiological, biochemical and molecular reactions of plants to
pollution, as well as the use of biochemical and molecular markers, phytotests and microanalytical methods are
considered. Examples of the use of hyperaccumulator species in monitoring various ecosystems, including urban
and agricultural landscapes, are given.

Conclusions. The importance of integrating the results of bioindication studies into medical and ecological
analysis for the development of preventive medicine, the formation of public health policies and strategies for
sustainable natural resource management is emphasized. The obtained generalizations may be useful for botanists,
ecologists, biochemists, toxicologists, physicians and public health specialists involved in monitoring and reducing
the negative impact of anthropogenic pollution on the environment and humans.

KEYWORDS: bioindicators-plant, biochemical marker, hyperaccumulator, microanalytical method,
toxic element, ecotoxicology, medical and ecological analysis
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ON THE IMPLEMENTATION OF THE ERASMUS+ SUNRISE PROJECT:
COORDINATION MEETING AND TRAINING WORKSHOP

There present the results of the first stage of the Erasmus+ project “SUNRISE — Supporting Ukraine’s Next
Generation of Scholars: a Project for Raising University Capacity and Improving Doctoral Student Education.”
Special attention is given to the second coordination meeting and the first training workshop, held on September 23—
25, 2025, in San Benedetto del Tronto, Italy, at the University of Camerino. The event brought together
representatives of universities from Ukraine and across Europe to discuss issues of sustainable post-crisis recovery,
training of the third-cycle (doctoral) students, and the implementation of innovative approaches to developing a
modern research culture. The article summarizes the content of lectures and discussions, highlights the experiences
of international partners and the outcomes of Ukrainian universities’ activities, outlining future prospects for
developing “living laboratories” at V. N. Karazin Kharkiv National University. It also emphasizes the importance of
coordination meetings as a platform for experience sharing and shaping joint strategies to support young researchers.
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In the context of global challenges and culture and to facilitate Ukraine’s integration into
transformations within the higher education the European Research Area.
system, international projects aimed at suppor- The implementation of such projects is
ting young researchers and strengthening the role crucial for ensuring the sustainable development
of universities in shaping the academic environ- of scientific schools, updating approaches to
ment have become increasingly significant. One doctoral training, as well as enhancing
such initiative is the FErasmus+ project competitiveness of Ukrainian universities at the
“SUNRISE — Supporting Ukraine’s Next international level. These initiatives contribute
Generation of Scholars: a Project for Raising not only to the professional growth of early-
University Capacity and Improving Doctoral career researchers but also to strengthening part
Student Education,” which seeks to create new nerships between higher education institutions in
opportunities for the development of research Ukraine and the European UnionAn important
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component of the project’s implementation is the
organization of coordination meetings among
the participating institutions. Such events
enable the alignment of strategic objectives,
exchange of best practices, identification of
effective mechanisms for cooperation, as well
as promotion of transpa-rency in achieving the
planned outcomes. Coordination meetings serve
as a platform for open dialogue among partners,
fostering a shared vision for the development of
doctoral education and creating conditions for
its further integration into the European
educational and research space.

Equally important is the coordination of
joint efforts and the regular holding of meetings,
during which participants discuss progress
achieved and outline future implementation
stages—ensuring the project’s effectiveness
and continuity.

The purpose of this article is to analyze
the progress of the first stage of the SUNRISE
project, “Supporting Ukraine’s Next Generation

2° SUNRISE project meeting and 1° SUNRISE training
San Berwdeno del Tronto, italy, 220 N
SSCAM toaching and traiing center “URDIE
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The first day was dedicated to the
Training for Online Trainers. The event began
with a welcome coffee, followed by an
introduction to the training program presented
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D00 « 09:30 WroduEEon

14:00 - 1600

of Scholars: Raising University Capacity and
Improving Doctoral Training,” highlighting the
outcomes of the coordination meeting and
training workshop.

Second coordination meeting. From
September 23 to 25, 2025, the second coordi-
nation meeting and the first training workshop
within the framework of the Erasmus+ project
SUNRISE — Supporting Ukraine’s Next Genera-
tion of Scholars: a Project for Raising University
Capacity and Improving Doctoral Student
Education took place in San Benedetto del Tronto,
Italy (Fig. 1). The event was hosted by the
University of Camerino (UNICAM) at its URDIS
Training and Educational Center and brought
together partners from various universities across
Europe and Ukraine.

Over the course of three days, participants
took part in lectures, training sessions, discus-
sions, and field study activities aimed at sharing
experiences and developing joint approaches to
advancing research and doctoral education.
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Fig. 1-Agenda of the Second Project Meeting and the First Training under the SUNRISE Project

by Professors Massimo Sargolini and Flavio
Stimilj from the University of Camerino.

A series of thematic lectures then
followed. Massimo Sargolini and Luca Di
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Lorenzo Latini (UNICAM) delivered a
presentation on post-disaster recovery after the
2016 earthquakes in central Italy, focusing on
spatial planning and European strategies for
reducing risks in post-catastrophe regions.

The next lecture, conducted by Valentina
Polci and Ludovica Simionato (UNICAM),
addressed the challenges of fragile and conflict-
affected territories and explored strategies for
fostering resilient social development.

Particular interest was sparked by the
presentation of Ana Sopina from the University

-y =
A\ 4

=\
\ -

of Zagreb (UNIZG), who shared Croatia’s
experience in post-war and post-earthquake
recovery, demonstrating how spatial planning is
integrated into the rebuilding process (Fig. 2).
After the lunch break, participants
attended a lecture by Kalev Sepp from the
Estonian University of Life Sciences (EMU),
who shared insights into landscape reclamation
practices in former oil shale mining areas.
Continuing the theme of territorial recovery,
Ruthi Veibriakim (EMU) presented the metho-
dology for developing and implementing living

=

N T By =

\
| i

ey g
 ———— - S

Fig. 2-Lectures by International Partners of the SUNRISE Project
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Laboratories — an innovative approach that
fosters close collaboration between science,
local communities, and government authorities.

The day concluded with a presentation by
Flavio Stimilj (UNICAM), who discussed the
experience of responding to the devastating

flood of 2022 in central Italy, focusing on issues
of population relocation and spatial planning
strategies aimed at mitigating future risks. Each
lecture was followed by discussions and Q&A
sessions, ensuring active engagement and
exchange of ideas among participants (Fig. 3).

Living Lats enethodology and step-by-step gudancs
“Co-craating with Users in Rwat-tefe Settings
Libae fowmem

Wrrrme by 4l L0 Rabare ot

Fig. 3 — Training on “Living Laboratories”

Summarizing the results of the lecture
sessions, it is worth noting that all presentations
were united by a common goal—seeking effective
ways to overcome the consequences of crises and
to develop approaches to sustainable territorial
recovery. The experience of landscape
reclamation presented by Professor Kalev Sepp
demonstrated the potential for ecosystem
restoration in industrially transformed regions.
Ruthi Veibriakim’s presentation on the living
laboratories methodology outlined an innovative
model of interaction between academic
institutions, local communities, and governmental
bodies — one that enables the practical implement-
tation of environmental and social solutions in
post-crisis settings.

Flavio Stimilj’s lecture on managing the
aftermath of the large-scale flood in central Italy
emphasized the importance of integrated planning
solutions aimed at reducing future risks and
ensuring population safety.

For young Ukrainian researchers, such
examples are particularly valuable, as the post-
war recovery of Ukraine will require systematic
approaches combining land reclamation, infra-
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structure reconstruction, public safety, and
innovative forms of cooperation. Thus, the
international experience presented during the
training serves as a theoretical and methodological
foundation for developing new practical solutions
that will contribute to the formation of strategies
for sustainable development and post-war
recovery in Ukraine.

The second day focused primarily on the
project’s coordination activities. Representatives
from UNICAM opened the meeting with a
welcome address, outlining the current status of
the initiative. Ukrainian partners presented the
results of their activities in 2025.

The Karazin University team was
represented by the national coordinator, Director
of the Educational and Scientific Institute of
Ecology, Green Energy, and Sustainable
Development, Ganna Titenko (Fig. 4). In her
presentation, she discussed the activities and
achievements of the National and International
Doctoral School in Environmental and Climate
Policy, Management, and Technoecology -
INTENSE (NDS) [1].
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Fig. 4 — Speech by representatives of Karazin University on the implementation of the project

While developing the INTENSE School,
partners from the following higher education
institutions were involved: Ivan Franko National
University of Lviv, Uman National University of
Horticulture (now Uman National University),
Volodymyr Hnatyuk Ternopil National Pedago-
gical University, Vinnytsia Academy of Continu-
ing Education, Kherson National University, and
Taras Shevchenko National University of Kyiv.

Within the Kharkiv branch of the NDS, six
doctoral candidates successfully defended their
degrees: two Candidates of Geographical Scien-
ces — Anastasiia Kleshch and Alla Shumilova
(Karazin University), and four PhD holders in
Earth Sciences — Svitlana Burchenko, Vladyslav
Voronin, Alina Hrechko (Karazin University),
and Yana Zalizniak (Uman National University).
All members of the INTENSE Doctoral School
actively participated in project activities, inclu-
ding academic mobility, lectures by Ukrainian
and European professors, and more.

Professors from partner Ukrainian institu-
tions also took part in the doctoral defenses. For
example, Liubomyr Tsaryk (VVolodymyr Hnatyuk
Ternopil National Pedagogical University) acted
as an opponent for Svitlana Burchenko and Alina
Hrechko, Oleksandr Mudrak (Vinnytsia Academy
of Continuing Education) for Vladyslav Voronin,
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Nadiia Maksymenko (Karazin University) for
Anastasiia Serkiz (Ternopil National Pedagogical
University), and Mariia Teslovych (Ivan Franko
National University of Lviv), among others.

The presentation also summarized the first
stage of the Open Lecture Series of the Interna-
tional and National Doctoral School INTENSE,
during which five open lectures were delivered:
Landscape-Ecological Planning of Territories
with Different Functional Designations by
Nadiia Maksymenko, Coordinator of the
Doctoral School, Karazin University [2];
Dendrochro-nological Principles for Assessing
Forests in Ukraine by Iryna Koval, Academician
of the Academy of Forestry Sciences of Ukraine,
Doctor of Agricultural Sciences, Senior
researcher at H. M. Vysotsky Ukrainian
Research Institute of Forestry and Agroforestry
[3]; The Concept of Noospheric Ecosystems as a
Pathway to Sustainable Development by Serhii
Sonko, Doctor of Geographical Sciences,
Professor, Uman National University [4];
Landscape Polystructurality of Territories in the
Context of Constructive-Geographical Studies:
Theoretical, Methodological, and Practical
Aspects by Viktoriia Udovychenko, Doctor of
Geographical Sciences, Associate Professor,
Department of Physical Geography and
Geoecology, Taras Shevchenko National
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University of Kyiv [5]; Ecosystem Services:
Problems of Definition, Classification,
Utilization, and Monetization by Tamerlan
Safranov, Doctor of Geological and
Mineralogical ~Sciences, Professor, 1. 1.
Mechnikov Odesa National University [6]. The
presentation also highlighted future plans for the
end of 2025.

Additionally, the results of a survey
conducted among 55 doctoral students who
participated in the open lecture series were
presented. Participants represented various
Ukrainian  higher  education institutions,
including Karazin University, Taras Shevchenko
National University of Kyiv, Ternopil National
Pedago-gical  University, Odesa National
University, Vinnytsia Academy of Continuing
Education, Uman National University, lvan
Franko National University of Lviv, and the
Carpathian Institute of Ecology of the NAS of
Ukraine. The respondents agreed on the
importance of such lectures, noting that they
provide an open platform for acquiring new
knowledge and engaging in discussions, and they
expressed anticipation for the continuation of the
doctoral lecture series.

Reports were also presented on
roundtables organized by Karazin University [7]
and Odesa National University [8], which
continued discus-sions on the activities of the
Erasmus+ SUNRISE project.

The discussion then focused on plans for
the implementation of living labs. Karazin
University was represented by Alina Hrechko,
Associate Professor of the Department of Ecolo-
gical Monitoring and Nature Reserve Manage-
ment, Educational and Scientific Institute of
Ecology, Green Energy, and Sustainable

Development (Fig. 4). The chosen theme for the

living laboratories is urban landscape issues.
During the presentation, researchers identified
key challenges, including the reduction of green
spaces due to intensive urbanization, high levels
of air and soil pollution, inefficient waste
management, ecosystem fragmentation, soil
degradation in suburban areas, and insufficient
integration of ecological approaches into urban
planning.

These challenges have been further
exacerbated by the war: shelling destroys green
spaces, damaged infrastructure leads to unautho-
rized landfills, and pollution risks increase.

The initiative brings together partners
including Kharkivzelenbud, the State Environ-
mental Inspectorate of Kharkiv Region, the
Department of Environmental Protection and
Natural Resource Management, the O. N. Soko-
lovsky Institute of Soil Science and
Agrochemistry of the National Academy of
Agrarian Sciences, the Ukrainian Research
Institute of Environmental Problems, and local
municipal authorities.

Doctoral students will be actively
involved, conducting dissertation research,
applying innovative methods, and carrying out
field studies. The main focus of the living
laboratories is the restoration of green areas
destroyed by the war and strengthening the
ecological resilience of Kharkiv.

In an interactive format, the living labs
methodology was presented by Anton Shkaruba
and Ruthi Veibriakim (EMU), who proposed
practical cases and exercises for hands-on
training. In the second half of the day, the
University of Zagreb team presented the results
of a survey conducted within Work Package
WP4, which allowed for the identification of
preliminary findings and recommendations to

Fig. 5 — Study trip to the towns of Norcia and Castelluccio di Norcia
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improve doctoral training. Following this, Anton
Shkaruba (EMU) discussed strategies for
disseminating project results and introduced new
opportunities for developing the official project
website. The day concluded with an open
discussion, during which partners reviewed the
next steps in project implement-tation and agreed
on upcoming tasks.
The final, third day was practical in nature and
took the form of a field study visit to the towns
of Norcia and Castelluccio di Norcia (Fig. 5).
Participants explored examples of spatial
planning and  post-earthquake  recovery
measures, discussed issues of relocation, cultural
heritage preservation, and integration of natural
landscapes into the reconstruction process. The
visit provided participants with an opportunity
to observe real-world examples of the
interaction between science and practice and to
discuss how these approaches could be applied
in the context of Ukraine.

Thus, the second coordination meeting
and the first training workshop within the
SUNRISE project marked an important
milestone in its implementation. They brought
together researchers from different countries,
created opportunities for in-depth experience
exchange, helped align completed steps, and
defined future stages of the project.

The coordination of efforts and the
shared vision of the participants are key to the
success of this initiative, which aims to support
a new generation of Ukrainian scholars and
enhance university capacity in doctoral
education.

In conclusion, the first stage of the
project’s implementation can be considered
successful. Detailed information about the
project’s activities is available on the website:
https://ecology.karazin.ua/mizhnarodna-
dijalnist/sunrise/
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IpesncTaBiaeHo pe3yiabTaTH peanmizalii meprioro etamy mnpoekty Erasmust+ «SUNRISE — Supporting
Ukraine’s Next generation of scholars: a project for Raising university capacity and Improving doctoral Student
Education». Oco6auBy yBary mpuaijieHo JpyTii KOOpIMHALIHHIIM 3yCcTpidi Ta MeprioMy HaB4aJbHOMY TPEHIHTY,
mwo BimOymucs 23-25 Bepecus 2025 poky B Can-Benenerrto-mens-Tpouto (Itamist) Ha 6a3i YHiBepcurety
Kamepino. 3axizn 3i10paB mpeacTaBHUKIB YHIBEPCUTETIB YKpaiHA Ta €BPOIH, SKi 0OTOBOPHIIA MUTAHHS CTAJIOTO
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JICKYCIH, IPeCTaBICHO TOCBII Mi>KHAPOIHUX MapTHEPIB, Pe3yIbTAaTH MiSUIBHOCTI YKPATHCHKIX YHIBEPCHUTETIB, a
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Bicauk XapkiBcbkoro HarioHanbHOro yHiBepcutery imeHi B. H. Kapazina. Cepis: «Exomoris» €
30ipHUKOM HayKOBHX poOiT, sikuii BkimroueHo a0 [lepenmiky BAK ¢axoBux BUmaHb, B SIKMX MOXKHA
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CTaTTi; KypCHB JIOITyCKA€THCS JIMIIE Y BUHATKOBUX BHITA IKAX.

Imoctparii, Bkmrouaroun rpadikd i cxemMu, MarOTh OyTH pO3MiIIeHi Oe3nocepenHh0 B TEKCTI.
Inroctpanii nopatoThcst 4opHO-Oinmmumu. CKpisk, Jie MOMKIIMBO, JAOLIIBHIIIE BUKOPUCTOBYBATH rpadiky, a He
TaOIHIIL.

OpieHTarist CTOpiHOK — KHIKKOBA. BUpIBHIOBaHHS — 110 IIMPHHI.

Biacryn mist ad3airy — 1,00 cm.

Jlns crareir meoOximHo Bkazatu Y/IK (UDC): (3miBa, po3mip 11), iHimianu Ta mpi3Buile aBTOpa,
HAyKOBHI CTyIIiHb, 3BaHHS Ta Tocany (po3mip 11, mo menrpy), e-mail ta https:/orcid.org/ ycix
CIiBaBTOPIB, IOBHY Ha3By YCTAaHOBH Ta il agpeca (po3mip 10, 1o rieHTpy).

AHOTaIis Mae OyTH CTPYKTYPOBAHOIO JJISl €KCIICPUMEHTAIBHUX PO0IT, TOOTO 00OB’SI3KOBO BKa3aTH:
Meta. Meronu. Pe3yibratu. BucHOBKH.

Tekcr crarri mae Biamosimatu Bumoram BAK. IlocmmanHs Ha pkepena y CTaTTi JaBaTéd B
NPSIMOKYTHHX Ty)KKax [ | 13 3a3HayeHHsSM HOMepa B TOPSAKY TMOCHJIAHHA y TEKCTi, a B OKPEMHX
BUIAJIKaX 1 CTOPIHOK.

Croucoxk BHUKOpHMCTAHOI JiTepatypu 000B’s3k0B0 odopmisieteest 3a JACTY  8302:2015,
00oB’s3k0B0  Mictutu (50%) mKepena, 1o omyOnmikoBaHi He Oinbiie 5 pokiB Tomy: posmip 10,
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Yepe3 2 inmepeanu makodxc NOJATH TPi3BHUINE, HAYKOBUH CTyMiHb, HAyKOBe 3BaHHHA Ta
nocaxy, e-mail ta https://orcid.org/ , oprauizauniro, ii moBHy ajapecy, Ha3By CTaTTi, pPO3LIMPEHY
aHOTANII0 TAa KJIIOYOBI CJIOBa anziilicbkoto Mogoro: po3mip 10, mixkpsakosuii inTepBan 1,0. AHoTaris
MoBWHHA OyTH MMOOYyZ0BaHa sk pedepar y pedepaTHBHUX JKypHAIAX Ta BipaXkaTH CyTh €KCIIEPHMEHTIB,
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