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BUKOPUCTAHHA TA OITUMIBALA TPHPOJHO-PECYPCHOI'O IIOTEHIIAJLY
JAHJIIA®TIB PIBHEHCHKOI'O PAMOHY PIBHEHCBHKOI OBJIACTI

Meta. AHai3 Cy4acHOrO CTaHy MPHPOTHO-PECYPCHOro MOTEHIiary PiBHEHChKOro paiioHy PiBHEHCHKOT
obuacTi 11 BU3HAYCHHS MOKJIMBOCTEW HOr0 BUKOPHUCTAHHS.

Metoan. Cratuctuunuii, kaprorpadidnuii, cucreMuuii ananiz, SWOT-ananizy.

PesyabTaTu. ¥ PiBHEeHCEKOMY paiioHi CpopMOBaHO PO3MAITTs IPUPOAHUX YMOB Ta PECYPCIB, SIKi MOXKYTb
BHUKOPHCTOBYBAaTUCS/BUKOPUCTOBYIOTECS IS PO3BUTKY OyMiBENBbHOI, CHEPreTHYHOI IPOMHCIIOBOCTEH Ta CLIBCh-
KOTO rocronapcTsa. [1Iporeosoridai yMOBH TepHUTOPii 3a0€3MeUyI0Th HEBEIHKI 00CITH BHIOOYTKY SIK JIiKyBa-
JBHO-CTOJIOBOI TaK 1 MiHepaibHOT Boau. BoJHI pecypcH y NoeHaHHI i3 ONTUMaIbHAMH KIIIMATHYHHMH YMOBaMH
JTAIOTh 3MOTY CTBOPIOBATH MEPEXKY peKpeariiHuX KOMIDICKCIiB. BibImicTs rpoMan, siKi po3MilleHi Ha miBIHI paii-
OHY, MalOTh HECTAOUIbHUMI CTaH TaHAMA(TY Yepes MepeBakaHHs HECTIHKUX eJIEMEHTIB IPUPOJHOTO CEPEIOBHILA,
IHTEHCHBHE TOCIIOJJAPChKE OCBOEHHS Ta PO3BUTOK arpapHOro BUpoOHHITBa. Taka cuTyalis 3yMOBJIEHa HEBUCO-
KAMH NIOKa3HUKaMU 3aJiICHEHOCTI Ta 3amoBiqHoCTi 1UX Tepuropiit. [Iposenenuit SWOT-anaini3 okpecius cinadxi,
CHJIbHI CTOPOHH, MOXKJIMBOCTI Ta 3arp0o3H PO3BUTKY IPHUPOAHO-PECYPCHOTO MOTeHIiay PiIBHEHCHKOTO paiioHy.

BucHoBku. PiBHeHChKHIT paiioH PiBHEHCHKOT 00JIACTI MA€ TIOTYKHHUN Ta PI3HOMAHITHHIA PUPOIHUI pecy-
PCHHUIA MOTeHIIial, SIKUH 32 YMOBH PalliOHaJIbHOTO BUKOPUCTAHHS MOJXKE CTaTH OCHOBOIO CTAJIOTO PO3BUTKY TEpPH-
Topiit. MOXIIMBOCTI paifoHy MOB’s3aHi 3 PO3BUTKOM BiJJTHOBJIIOBAHOT €HEPTETHKH, BIIPOBAPKEHHSIM MIKHAPOTHUX
Ta JIepKaBHUX NPUPOTOOXOPOHHHX NPOrpaM. 3arpo3u — 3MiHH KJIIMAaTy, OPYLICHHs €KOJIOTT4HOro GajaHcy, He-
panioHanbHe NPUPOIOKOPHCTYBAHHSI.

KJIIFOYOBI CJIOBA: npupooro-pecypcHuii nomenyia, ekoio2iyna cmabiibHicms nanowagdhmis, npupo-
OHo-3an06i0nuil pond, SWOT-ananis, PignencbKkuil paiion

Ax uuryBatu: Mimenko O. B., Aneitauk O. O. BukopucTtanHs Ta onTuMi3alisi IpUpOJHO-pe-
cypcHoro noteHmiany nasamadTiB PiBHeHChKOTO paiiony PiBHEHCEKOI 00macTi. JIroouna ma 008KiisL.
Ipobremu neoexonoeii. 2025. Bum. 43. C. 6-21. DOI: https://doi.org/10.26565/1992-4224-2025-43-01

In cites: Mishchenko O. V., & Aleinyk O. O. (2025). Sustainable use and optimization of the
natural resource potential of the landscapes in Rivne district, Rivne region. Man and Environment.
Issues of Neoecology, (43), 6-21. https://doi.org/10.26565/1992-4224-2025-43-01 (in Ukrainian)

Bcmyn

B ymoBax rio6anbHUX 3MiH, SIKi OB’ si-
3aHi 31 3MIHOIO KIIiMary, TOTipIIEHHSIM CTaHy
HaBKOJIMIIHBOTO CEPEAOBHUILNA Ta 3POCTAHHAM
AHTPOIIOTEHHOTO BIUIMBY Ha MPHUPOJIHI €KOCHC-
TEMH MOCTAE MUTAHHS PaIlioOHATLHOTO BUKOPH-
CTaHHS IPUPOJHUX pecypciB. Tomy ciin neta-
JILHO JIOCTIINTH CyYacHUH CTaH Ta CTPYKTYPY

TIPHPOJTHO-PECYPCHOTO MOTEHITiany PiBHEHCHKOTO
paiiony PiBHEHCBHKOT 00J1acTi, BHOKPEMUTH 0CO0-
JIMBOCTI MPOCTOPOBOTO TOLIMPEHHS NPUPOAHHX
PpecypciB, BU3HAYUTH E€KOJIOTTYHY CTIHKICTh B pO3-
pi3i TEpHUTOpIATBHUX TPOMaJ Ta CPOPMYITHOBATH
peKoMeH ALl 00 HOJATBIION0 BUKOPHCTAHHS
HPUPOTHO-PECYPCHOTO TTOTEHITIATY.

© Mimenko O. B., Aneiinuk O. O., 2025
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[IpupoaHO-pecypcHHii TOTEHIIIAN € BaX-
JMBOI0 HAyKOBOK Karteropierw. HaykoBusmu
NPOBE/ICHO BapTiCHY OLIIHKY CyMapHOTO PUPO-
nmHO-pecypcHoro motenmiany (ITPIT) mpupon-
HUX perioHiB Ykpainu cranoM Ha 01.01.2022 p.
[1], 3milicHEHO OIIHIOBAHHS BEIWYHHH MIPHUPO-
JTHO-PECYPCHOTO TIOTEHIiany 0ioMiB, MpOBIH-
MIHHUX €KOCUCTEM, €KOCHCTEM O00JacHOro pi-
BHS YKpainu [2], mociimKeHo 0coOIHUBOCTI mo-
3UITIOHYBAaHHS TPHUPOJTHUX PECYpCiB y cydac-
HOMY MOCTIHAyCTpiagbHOMY cepeaosuiii [3],
MPOaHaNi30BaHO CTaH MPUPOAHO-PECYPC-HOTO
MOTCHIliay perioHiB YKpaiHu, MMOB’s3a-HUH 3
pociiicekor0 arpecieto npotd Ykpainu [4].
[Mpupoxno-pecypcauii moTteHnian PiBHEHCH-
KOTO0 paiioHy PiBHEHCBKOT 00J1acTi OKpECICHO B
HaykoBux npaipsix Kopotyna I. M., Kopotyn JI.
K. [5], Kopotyna C. I., Kymmnipyka FO. C. [6].
AnMiHiCTpaTHBHA TOKyMeHTarlisi PiBHEHCHKOI
00macTi MiCTUTh KIJIbKICHI TTOKa3HUKA HasBHUX
MIPUPOTHUX PECypCiB, OCOOIMBOCTI iX BHKOPH-
CTaHHs, CTPYKTYpY TOCIOJAapCTBa, MepeBard i
PU3HKH PO3BUTKY perioHy [7], Matepianu oo
EKOJIOTIYHUX TPOOJIeM, OB’ sI3aHi 13 3a0pyaHEH-
HSIM TIPUPOTHOTO CepeIoBHIIa PIBHEHCHKOT TepH-
TopianbHOi rpomau [8].

PiBHEHCHKMI palioH € MPHUKIIAAOM TepH-
Topil 3 HaA3BUYaHO CTPOKATHUM HPUPOIHUM
pecypcHUM moTeHIianoM. Ha #ioro teputopii
MOEIHYIOTbCS PUCH 30H XBOHHO-IIMPOKO-JIKC-
TSHHUX Ta MIHPOKOJIMCTSIHHX JiCiB, HAsSBHI 3Ha-
YHI pOJOBHUIIA MiHEpATBHHUX PECYPCiB, TyCTa T'i-
nIporpadidaa Mepeka, pi3HOMaHITTS JIaHaImad-
TiB. Tepuropis palioHy Mae 3HAYHUI TOTEHIiaT
JUTSL PO3BUTKY TTPOMHUCIIOBOCTI, CLIIBCHKOTO TOC-
[oJapcTBa, Typu3My Ta pekpeauii. BoxHouac
CIIOCTEPITraloThbcsl CEepHO3HI EKOJNOTiYHI Mpo-
Onemu, 10 MOB’s3aHI 3 Jerpajalielo IPyHTIB,
BUPYOKOIO JTiCiB, 3MiHOIO KUTBKICHOTO 1 sIKic-
HOTO CKJIaAy MIPUPOAHUX CHCTEM 1 HEAOCTATHIM
KOHTPOJIEM 32 IPUPOJOKOPUCTYBAHHSIM.

B nHam yac B yMOBax JereHTpasizaiii ta
(hopMyBaHHSI CTpaTeriii pO3BUTKY I'poMaj, aHa-
JIi3 IPUPOTHO-PECYPCHOTO OTEHITia)Ty HaOyBa€e
MIPUKJIATHOTO 3HAYEHHA. BiH HEoOXimHuil s
IUTAHYBaHHS BUKOPHCTaHHSA TEPUTOPii Ipo-
Maju, 30epekeHHs 11 eKOIOoriaHO1 piBHOBATH.

Oco061BO BaXKIIMBUM € ITO€THAHHS KiJTbKi-
CHOI OIIIHKY MIPUPOTHAX PECYPCIB 13 AKICHOIO Xa-
PaKTEPUCTHUKOIO €KOJIOTIYHOI CTIMKOCTI JIaH/IIIa-
(hTiB, O € BAXIMBUM U1t JOpMYBaHHS HATIPSIM-
KiB MOAAJIBIIOT0 IPHUPOJIOKOPHCTYBAHHSI.

006°ckm ma memoou 00CAi0HCeHHA

OO0’ €KTOM IOCTIIKEHHS € IPUPOJHO-pE-
cypcHUit moTermnian PiBHeHCcEKOTO paiioHy Pis-
HEHCHKOT 00JIacTi, a MpeJMETOM — CTPYKTYpa,
IPOCTOPOBE IMOIIUPEHHS, BUKOPUCTAHHS, €KO-
JIOTiYHA CTIHKICTh Ta PiBEHb PalliOHAILHOTO BH-
KOPUCTaHHS KOMITOHEHTIB IIPUPOTHOTO CEPeJIO-
BUIIIa B HUHIIIHIX YMOBaX.

3a[ui BU3HAUEHHS [MO3UTUBHOTO YU He-
TaTUBHOTO BIUIMBY Pi3HHMX €JIEMEHTIB JIaH/IIa-
(G Ty Ha HABKOJIUIIIHE CEPEIOBHIIIE JOLIIHHO BH-
3HAYUTH KOE(]IIiEHT €KOIOTIYHOI CTa01IbHOCTI
mauamadTie (Kecrm), MUIIXOM BHKOPHUCTAHHS
MmeToauku KinemenroBoi €. ta I'eitaure B. Len
KOCQIIIEHT BU3HAYAETHCS CITIBBIAHOIICHHAM
CTaOlIbHUX eNEMEHTIB JaH madTy 10 HecTabi-
JIBHUX.

KoedimieHT eKxogoriyHoi cTabiibHOCTI
nanqmadTis (Kecm) obuncnroerscs 3a popmy-
JI010:

Kecm =Y Fer. /Y. Fucer, 1)

ne Fer. — mmony craOlibHUX €JIE€EMEHTIB
JaHaAmadTy, AKi MO3UTUBHO BILIMBAIOTH Ha Ha-
BKOJIMIIIHE cepeopuiie. Lle mepemycim icw,
3elleHi HACaPKEHHS, MPUPOJHI JTyKH, MOBEPX-
HEB1 BOJIM, 00’ €KTH Ta TEPUTOPIi MPUPOIHO-3a-
MOBiIHOTO  (OHIY,  CUIBCHKOTOCIOAAPCHKI

3eMJTi, IO BiJIBE/ICHI i/l BUPONIyBaHHs Oararo-
pIYHEX TpaB.

Ficer. — mutomy HecTaOLILHUX E€JIEMEHTIB
naHamadTy, sIKi HEraTMBHO BIUTMBAIOTH HA Ha-
BKOJTUIIHE cepenosuine. Ile — cimbebkorocmo-
JIAPChKI OPHI 3eMJT1, a TAKOXK 111 320y 10BOFO, JIsI
MIPOMMCIIOBOCTI, TPAHCIIOPTY Ta 3B’ SI3KY.

Otpumani yncnosi 3HaueHHs Kecm paH-
KYIOTh 3a TaKUMH Kateropismu: < 0,51 — Hecra-
OlTBHMIA, 3 SICKPaBO BUPaKEHOIO HecTalilbHi-
ctio manmmadt; 0,51 — 1,00 — wecrabinpHUN
nauamadt; 1,01 — 3,00 — yMmoBHO cTabinmbHUIA
nauamadr; 3,01 — 4,05 — crabinbHUA J1aHd-
madt; > 4,51 — crabinbHUH, 3 ICKPaBO BHpa-
JKEHOI0 CTaOUTBHICTIO TaHAIIA(T.

3a/U1d BU3HAYEHHS AKICHOI OL[IHKH JIaH/I-
madTiB BapTO BUpaxyBaTH KOE]Ili€HT €KOJIO-
riygoi cradum3amii Ol0TEXHIYHUX EJIEMEHTIB 1
Bcboro naHmmadry (Kecn,). Lei mokazHuk Bi-
Jno0paXkae BIUIMB OKPEMHUX OIOTEXHIYHHUX eJie-
MEHTIB Ha CTilKicTh nanamadry. Jlo ocHOBHUX
010TEeXHIYHMX €JIEMEHTIB JNaHAmadTy Haie-
*KaTb 3a0yZ0BaHi 3eMIi, pijuls, BOJOHMH 1 BO-
JIOTOKH, TIPUPOTHI JIICH Ta 1H.

KoeimienT exkosoriunoi cradimizarii 0i-
orexHiuHmX enemeHTiB (Keci,) obuncmoerscs
3a GopMYIIOIO;

_ X XKesXKp)

Kecn, = S e \

(2)
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ne T — mrora 610TEXHOMOTIYHOTO eIeMEHTY

Kes — koeQillieHT eKOoJIOTIYHOTO 3HAYCHHS
OioTexHi4YHOrO eneMeHTy [9].

Kr — xoedirmieHT reomoro-MopdhoIoriaHoi
cririkocti Janamadty (1,0 — crabuneHul naH-
madt ta 0,7 ans HecTablnpHOTO TaHAadTy)

Fr — moma Beiel Teputopii.

OTpuMaHi po3paxyHKH BETUYHH €KOJIO-
rigaoi crabimizamii nanmmadrie Kecm: marots
3MOTY PaHXKYBaTH 1X 32 TAKUMH KaTETOPIsIMU: <
0,33 — Hecrabinpauit nangmadT; 0,34 — 0,50 —
Manoctabinpamii manmmadt; 0,51 — 0,66 — ce-
penHbocTabinpaui Nanamadt; > 0,66 — cradi-
THHUN TaHAmadT.

Jiis ehekTUBHOT OLIIHKH MEpeKi Mpupo-
JIOOXOPOHHUX TEPUTOPili Ta 00’ €KTiB OYJII0 Mpo-
BEJICHO JICTAJbHUHN aHaji3 3 BUKOPUCTAHHIM Ba-
JKJIIMBUX KPHUTEPIiB Ta MOKA3HUKIB: 3arajibHa Ki-
JBKiCTh 00°ekTiB 1 Tepuropiit 113D, 3aramsHa
romia o0’ektiB i Teputopiit 113D, mrinpHiCTH
MIPUPOTIOOXOPOHHUX TEPUTOPIiH, Koe]iieHT 3a-
MOB1THOCTI.

SIkicTh TIPUPOAOOXOPOHHOT MEpexi MO-
JKHA OIIHWUTH 3a JIOTIOMOTOI0 CTYIIEHS 1HCYIIS-
pu30BaHOCTI (po3wiieHoBaHOCTI) 00’ ekTiB [13D.
JIst IbOTO CJTiJT BUBHAYMTU YaCTKY HECTIMKHX
MPUPOOOXOPOHHUX TepuTOopiH (1o 50 ra) y 3a-
rajbHii KiipkocTi Ta mwiomi 06’ exris [13®D. Ko-
e(iLieHT IHCYJIIPU30BAHOCTI € 3BEJCHUM ITOKa-
3HUKOM, SIKHH CTAHOBUTH CEpelHE apudme-
TUYHE 3HAYCHHS JIBOX  CKIAQJHUKIB —

incynsipu3oBanocti mwiomti [13® (Im) Ta incyms-
pu30BaHOCTI KibKoCTi 00 €kTiB [13D (In).

Im = Suect/Smzd

@),

Jie SHEeCT — TToMNA HECTIHKUX TPUPOJI00-
XOPOHHHUX TepuTopii (10 50 ra), Sm3d — miomra
[13® paiiony.

In = Nuect/Nm3o, (4),

ne NHecT — KITBbKICTh HECTIHKHUX MPUPO-
MIOOXOPOHHUX TepuTopi, Nm3¢ — KITBKICTH
00’exriB [13® paiiony.

KoedimienT iHCYIsIpM30BaHOCTI BH3HA-
Ya€eThCs 33 TAKOIO (POPMYIIOIO:

I =(In+lm)/2 (5).

Jlyis 3miiCHEHHsI KOMITIEKCHOTO aHallizy
MIPUPOTHO-PECYPCHOTO  MOTEHIIIANy, OI[IHKA
€KOJIOTI4HOI cTiliKoCTi MaHmmadTiB Ta BU3HA-
YEeHHS SIKICHUX Ta KUTbKICHUX MOKa3HUKIB TPH-
poaHo-3amnoBigHOr0 QoHAy PiBHEHCEKOTO paii-
OHY OTpaIlbOBAHO CTATHCTUYHI Ta KapTorpadi-
4yHi Marepianu JlemapraMeHTy eKoJIorii Ta MpH-
ponHux pecypciB PiBHeHCHKOT 00nacHOI aep-
JKaBHOI aJMiHICTpallii Ta mMpoQiTbHUX TPUPOA-
HUYAX YCTaHOB PiBHEHCHKOI o00macTi 3a
OCTaHHE JECSTUIITTS.

Ilig yac mocnimKeHHsA 3aCTOCOBAHO TaKi
METO/IU SIK TIOPiBHSIbHO-TeorpadiuHmii, craTh-
CTHYHHH, KaprorpadiyHui, y3arajJbHEHHS Ta
cucTeMaTu3aiii.

Pezynomamu ma 0062060penns

PiBHeHCHKHI palioH € HAHOUTBIIM aMi-
HICTpaTUBHUM paiioHOM PiBHEHCBHKOI oOJacTi.
Bin yrBOpenuii nuisixoM 06’ ejHanHs bepesHiBch-
koro, ["omancekoro, 3100yHiBebkoro, Kopelib-
koro, Kocromninbcekoro, Octpo3bkoro Ta PiBHeH-
CBKOT'O PalOHIB B XO/Ii IPOBEIeHHS pedopMH Jie-
nenTpatizamii B umHi 2020 p. [Inoma paiiony cs-
rae 7216,6 kM2, 0 CTAHOBUTHL 36 % Bij IUIOLI
obmacri. [lo ckiagy palioHy BXOASTH 26 TEpUTO-
plabHUX TPOMaJI, 3 HUX 6 MICBKHX, 4 CENUIIHNUX
Ta 16 cinbepkux [10].

[puponHo-pecypcHuit otexitian PiBHeH-
CbKOTO paiiony PiBHeHCHKOT 00JacTi npejicTane-
HHUH CYKYITHICTIO Pi3HOMAHITHHX BWJIIB MPUPOJI-
HHX PecypciB, 1110 MOIIUPEHi Ha TepUTOpii pai-
OHY Ta IIUPOKO BHKOPHCTOBYIOTHCS JIFOJIMHOIO Y
BUPOOHMYIN mistibHOCTI. HaiOinpir mommpe-
HUMH BHJIAMU TIPHPOJTHAX PECYPCiB palioHy € Mi-
HepaJibHI, KJIIMaTH4Hi, BOZHI, 3eMeJIbHI, JICOBI,
OioJioriuHi Ta peKpeartiiHi.

Minepanvni pecypcu pailioHy INpencTas-
JIeHI TIO€AHAHHSIM Pi3HUX BHIIB KOPHCHUX KO-
NaJIMH, OJHAK HaWOiNbIIEe MPOCTOPOBE MOLIM-
PEHHA Ta TPOMHCIOBE 3HAYCHHA MAlOTh

ponoBuina 6a3aibTy, TPaHiTy, Kpehau, IicKy,
riuHU Ta Topdy (puc. 1).

Cranom Ha 01.01.2025 p. Ha TepuTOpii
PiBHeHCBKOTO paiioHy po3BigaHo 64 pogoBuIla
KOPUCHUX KOMAaJHWH, 3 HUX Jumie 27 3Haxo-
IThCS B eKcIuTyaTanii. Ha miBHOYI paiioHy Be-
neTbesl BUIOOYTOK OCHOBHOI MAJIMBHOI KOpPHUC-
HOI KomanwHu PiBHeHmmMHU — TOpdy, AKHUN
YTBOPIOETHCSA B PE3YNbTaTi PO3KIIAAy OpraHid-
HUX POCIMHHHX PELITOK Ha HaJAMipHO-3BOJIO-
XKEeHUX JinsHKax. TakuM 4yuHOM TOp¢oBHIIA
(dhopmyroThCs Ha O0NI0TaX, 3aIIaBax Ta pyciax
PIYOK, HECTIYHMX BOAOHMAX.

3aranom 3amacu Topdy B paloHi OIli-
HIOIOTHCA B MMOHA] 65 MiH T. HuHi loro Bumo-
OyTOK BeleThCs Ha 3 pOJOBHINAX — 3aKPUHHULIS
(Kocromineceka TT), uke I'amo (bepe3niBcbka
TT") ta Kyrauka-Bimis (Octposska TT7). Topd
[IMPOKO BUKOPUCTOBYEThCS SK TAIUBO Ta JI00-
PYBO IS arpapHOTO CEKTOPY JOCIIPKYBaHOI Te-
putopii [12].

Haiibinpime npomucioBe 3HAUCHHS B
paiioHI MarOTh PONOBHILA HEPYAHHX KOPHCHHX
KOTIAJIMH, SIKi CITYTYIOTh CHPOBHHHOIO 0a3010 17151
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Puc. 1 - IIpocTopoBe MommMpeHHs] OCHOBHUX BHIIB MiHEPAJIBbHHUX pecypciB PiBHEHCHKOTO paioHy
PiBHeHCBKOT 0OmacTi [11]
Fig. 1 — Spatial distribution of the main types of mineral resources in Rivne district of Rivne region [11]

MPOMUCIIOBOCTI OyIiBETIbHUX MaTepiaiiB. 3arajom
Ha TEpHUTOpIi paifoHy BEIEThCS aKTHBHUH BHIO-
OyTOK IiCKY, TJIMHH, KPEH/TH, CYTIIMHKY Ta ASSIKAX
BUJIIB OOJIMIFOBAJIBHOTO 1 OY/IBEJIBHOTO KaMiHHSI.

IpoBigHe wicie 3a BUAOOYTKOM Cepel
yCiX HassBHUX BHJIB Oy/iBeNbHOI CHPOBHHH 3ali-
Mae micok. CtaHom Ha 2024 p. B paiioHi po3po0-
JsI0Cs. 7 POJIOBUII] MICKY 3 24 HasBHHX, SIKI PO3-
MIIIICHI TIOBCIOJIHO Ta TpHypoueHi 10 Bosuno-
[Moninscpkoi muTH. B Mexax paiioHy mommpeHi
Pi3HI BHIM TiCKYy Pi3HOMaHITHOI 3epHHCTOCTI Ta
TJIMHUACTOCTI — KBapIIEBi, MOPEHHI, (PITFOBIOTIISAIII-
aJIbHI, €0JIOBI, aMOBiaNBHI TTicku [13].

Haii6inbmmmu 13 ponoui micky € Maro-
mobamrancbke—1 1 Muprencbke (Manoso0artia-
Hebka TID), JlroGommperke (OnexkcaHapiicbka
TT') Ta bopkosenpke (I'onoBuHceka TI).

PiBHeHCHKMIA palioH — €IMHUIA aAMiHICTpa-
TUBHUH paiioH YKpaidu, e BEACThCS BHI00YTOK
0azaIbTy, KU € BUIMBHOO BYJIKQHIYHOO ITOPO-
JIOIO0, 1[0 BUHMKJIA BHACIIJIOK KpUCTaTi3alli Ma-
MU MiTbiOHM pokiB Tomy. Lleii BHI KameHro
TIPEJICTABIEHO B OHOMY POJIOBMII, 30KpEMa
IBano-/lommucekomy (I'omoBunacbka TI). Moro
PO3BijIaHi 3aracy OLIHIOKTHCA B TIOHA T 128 MiH
T. bazaneT € HiHHOIO CHPOBMHOIO ISl BUTOTOB-
JICHHS MiHEpaJIbHOI BaTH Ta BOJIOKOH, IIEOCHIO,
KOMIIO3UTHOI apMaTypH.

CxiHi OKONHLI paiioHy, sIKi NIpUYpOUeHi
1o XKuromupcerekoro 010Ky YKpaiHCBKOTO KpHC-
TaJIIYHOTO IIUTA € 30HOI0 MPOCTATAHHS TaK 3Ba-
HOTO «TpaHiTHOro mosicy Ykpainm». B mexax
T0SICY 3HaXOSTHCS POJAOBHILA MArMATHYHUX 1H-
TPY3UBHUX TPCHKHUX MOPiJ] — TPAHITIB, IErMaTH-
TIiB, NIOpHUTIB Ta jaiaba3iB. Huui po3polOiseTbes
mme 4 pogosuina — Kopenpske (Kopenpbka TI),
BinpuakiBebke (CocHiBebka TIM), BpoHiciaBcbke
ta banamiBceke (bepesniBeska TT). Li ripebki
MOPO/N IIMPOKO BUKOPUCTOBYIOTH SIK OOJHLIEO-
BaJbHUI KaMiHb Ta SIK OyJiBeNbHAa CHPOBHHA
IIPYU BUTOTOBJICHHI (DYHIAMEHTIB 1 pi3HOMAaHIT-
HUX KOHCTPYKIIH.

LenTpasnbHa Ta miBZeHHA YacTHHU PiBHEH-
CBHKOTO paiioHy € TEPUTOPIEI0 3aIATaHHs 0CaI0-
BUX ripcbkux mopia. Cepen HUX HaiOuIbIIe MO-
LIMPEHHS] MalOTh TJIMHA, Kpeia, BarHsIK, CyTi-
HOK, (hocoputu Ta kaoniH. Born yropumucs
MPOTSTOM MUJIBHOHIB POKIB B pe3yJIbTaTi HAKOIIH-
YeHHsI OpPraHIYHUX PEITOK, MiHEpaJIbHUX pevo-
BUH Ta MPOJIYKTIB BUBITPIOBAHHS T1PCHKHX TTOPIJI.

HaiirommpeHimamMu  BUIaMH  OCaJI0BUX
IO/ € TJIMHU Ta CYTIIMHKW. BOHU yTBOpHIHCS
BHACJIIJIOK TPOILICCIB BUBITPIOBAHHS Ta €pO3il pi3-
HOMaHITHHX T1PCHKHX ITOpiA. [ IMHYU Ta CYTITHHKH
romMpeHi 1Mo Beidt Tepuropii BommHo-Ilomine-
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CBbKOI IUIUTH Ta € LIHHOIO CUPOBHHOIO JJIS LieTe-
JIBHOT POMHCIIOBOCTI.

Huni po3pobiisieTbest TiNBKK OfHE POJO-
Butie rimHA — XoTtuHebke ([1Imanisceka TID) Ta 5
pomoBum] cyriuHKY — ['omanceke, 3mon0OyHiB-
ceke, Octposbke, baciBkytcrke (PiBHeHCEKa T1)
ta bormanisceke (Koperpka TI'). Takox mormim-
PCHi KaoJIiHOBI TIMHU — PI3HOBH TTMHU O170T0
KOJIbOPY, SIKUI IIUPOKO 3aCTOCOBYETHCSI SIK CHPO-
BHHA ISl BUPOOHUIITBA KEPAMIYHOI TMPOYKIII.
Moro Bumo6yTOK BeleThCs Tuie B JlepMaHKiBCh-
KOMY POIOBHILI, 1110 3HAXOJUThCsl y bepesHiBch-
kit TT" [14].

KapOoHaTtHi moponau mpeacTaBieHi y BU-
TJIS/I1 BAITHAKIB Ta KPEHIIU, POIOBHIIA SKUX I10-
HIMpeH] B LEHTpanbHIM 4YacTuHi PiBHEHCHKOTO
pationy [15]. 3apa3 aKkTHBHO pO3POOSIOTHCS
3m10n0yHIBCbKE pOJOBHIIE Kpehau Ta baTtbkie-
cpke pomoBuile BamHsAKy (Mizombka TI'). Kap-
OOHAaTH IIMPOKO BHUKOPHCTOBYIOTHCS K CHPO-
BUHA JJIs1 BUTOTOBJICHHS BallHA Ta KPEHIOBOIO
OoporrHa, SIKi 3aCTOCOBYIOTBCSA y OyaiBelbHIN
IHAyCTPIi.

PazoM 3 TiM B paiioHi 30cepepkeHi 3HaYHI
3amacy arpoxXiMiuyHOI CHPOBHUHH, SIKi TIPENICTaB-
JieHi MUJISITHHCHKUM POJIOBHUINIEM 36PHUCTHX (O-
cdopuriB B Octposekiit TI'. Munstunceki ¢goc-
(bopUTH XapaKTEepU3YIOTHCI KOMILIEKCOM LIIHHUX
MIKpPOENIEMEHTIB, SIKi CIIPUSIOTH i IBUILICHHIO PO-
JIFOUOCTI IPYHTY. BOHM € cCHpOBHHOO /17151 BUPOO-
HHITBA MiHEpPATbHUX JOOPUB Ta arpoXiMiKaTiB
JUTSL CLITBCBKOTO TOCTIOIAPCTBA.

PiBHEHCBKMIT palioH Mae 3Ha4Hi 3aracu
TiI3eMHNX TIPICHUX Boj. Boau 3amsratoTs y Tip-
CbKHX IIOpO/axX Majeo3010, ME303010 Ta KalHO-
3010. B reoctpykTypHOMY BimHOIIEHHI PiBHEHCH-
KUH paiioH 3HAXOAUTHCS B MEXKax ABOX T1ApOreo-
JIOTTYHUX CTPYKTYp: BommHo-IToninschkuii apte-
3iaHCBKUH OacelH Ta rijporeojoriyHa o0JIacTh
YKpaiHChKOTO LIUTA.

BommHo-Tlopinbcekuii apTesiancbkuii Oa-
CeliH OXOIUTIOE LIEHTPaIbHY YaCTUHHU paiioHy, Jie
OCHOBHMI BUJIOOYTOK MATHUX BOJ 3IHCHIOETHCS
3 BEpXHBOKPEHIOBOTO, HEOT€HOBOT'O Ta IMPOTEPO-
30MCHKOTO BOJIOHOCHHX TOPU30HTIB. CXiTHI OKO-
THI paiioHy 3aiiMae 00J1acTh TPIMIMHYBATHX BOJI
TiporeosnoriyHoi 0bacti YKpaiHCHKOro KpHCTa-
JIYHOTO TINTA, SKI BUPI3HAIOTHCS XJIOPUI0-Mar-
HI€BO-HATPIEBUM CKJIAJIOM Ta 3HAYHOIO MiHEpaTi-
3aLji€ro.

[Tix3eMHi MiHEpaNbHI BOJM 3aiiMalOTh Ba-
TOME MICIIe cepe/l IHIIHX TiI3eMHUX BOJI, TOMY iX
BUJIOOYTOK € JJOBOJIi MIEPCIIEKTUBHUM B PaiioHi.
Cepen Takux pecypciB JOIUIBHO BiJI3BHAYUTH
BOJIM MHUPropoJICEKOTO THITY, 30KpeMa MiHepa-
JIBHI XJIOpHJI0-HaTpieBi. BoHu npuypoyeHi g0 By-
JIKAHOTCHHHUX TIOPIJ, 3aJIAral0Th HA TJIMOMHI Bij
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70 mo 800 M Ta HaMOLIBII 3HAYHI HA TEPUTOPIi
paiioHy. 3amacu TaKkoro TUITy BOJI IIOIIMPEHi B Ha-
ceneHux myHkTax Kocrominbepkoi, KneBaHchkoi
ta Onekcanapiiicekoi T, a Takox mictax bepe-
3ue Ta Octpor. [lo6m3y c¢. Mapuaua B CocHiB-
cekiit TI' (hikCyIOThCS 3HAUHI 3armacy pajoHOBUX
MiHEpaJIbHUX BOJ, OHAK X IPOMHUCIOBUNA BHIO-
OyTOK He BezeThes [16].

Buno0OyTok Ta mpOMECIOBHIA PO3IHB Mi-
HEpaIbHUX BOI 3MIMCHIOETHCS JIMIIC Ha 3 Pojo-
Bumax: JKobpuHcbke, Manomuaceke ta OcTpo-
3pke. Ha Kobpuncbkomy ponosumii y KneBaHcs-
kit TI" 3nilicHIOETHCSI BUIOOYTOK Ta PO3ITHB JIKY-
BaJIbHO-CTOJIOBO1 T4 TIUTHOI BOAM il TOPrOBOIO
Mapkoro «YepBoHa KalrHa» 31 CBEPIOBHHH TITH-
ounoro 146 M. Y Kocroninberkiit TI™ po3mimene
Manomusicbke poIoBHILE, 1 MiHEpallbHy BOIY
BUJIOOYBAIOTh 3 TIIMOMHU 773 M 1 3IHCHIOIOTH il
PO3JIUB ]l TOPTOBOKO MApKOI0 «MallOMHUICHKa.
OcTpo3bKe POIOBHIIIE MiHEPATEHHX BOI, 10 (y-
HKITIOHY€ Ha TiBAeHHIN okommil Micta OcTpor €
MICIIEM TIOIIMPEHHS YHIKaJbHUX B paiioHi XJIO-
PHIIO-MarHi€EBUX JIKYBAILHO-CTOJIOBHX BO/I. Ix
BUIOOYTOK 3IHCHIOETHCS 31 CBEpIJIOBHHH TITH-
ouHOIO 344 M, a po3THB BifIOYBAETHCSI TIiJT TOPTO-
BOIO MapKoro «OcTpo3bka MiHepatbHay [17].

[eomoriyno pO3BiAAHO TMOTYXKHI 3amacu
MITHUX pyA, WO mpuypodeHi Ao Padanicbkoro
MIiJTHOPY/IHOr0 By3Ja BonumHCBKOTO MimHOpYA-
HOTO paiioHy. MiJtHi KVJIH ITPOCTATAIOTHCS MEPH-
JIOHAJIBHO MIBHIYHO-3aX1JHOKO YacTHHONO PiBHe-
HCBKOTO paiiony. HaitOlib1ii 3amacu 3aisraioTth B
MeKaxX HacelleHWX IyHKTIB Benmukwii Ta Manmit
Muncek Kocrominecekoi TIT Ta ¢. bepecrosernp
l'omoBuHckkoi TI'. OmHak BHIOOYTOK Yepe3 He-
noctaTHe (hiHAHCYBaHHS Ta BHCOKI 3aTpaTtd Ha
OCBOEHHS HE BE/IETHCS.

Knimamuuni pecypcu PiBHEHCBKOTO paii-
OHY € JIOBOJIi CIIPUSITIIMBUMH JUTS1 BEZICHHSI TOCTIO-
napcra. KiiimaT PiBHeHCEKOTO paiioHy moMipHO-
KOHTHHEHTAIIbHUH, XapaKTePU3YEThCsl M SIKOIO
BOJIOT'O0 3UMOIO Ta KapKuM JiitoM. Temmieparyp-
HUH PEKUM PalioOHy BU3HAYAETHCS SICKPABO BUPa-
JKEHVMH CE30HHUMHM KOJMBaHHsMHU. JIiTO BU3HA-
YaeThCs TEIUIOO Ta BOJIOTOFO Moro/or0. CepernHst
TeMIiepaTypa HaTeTLTIIIOro MiCsIIsl — JIMITHS CTa-
HOBUTH moHaa +18 °C. MakcumalbHi TemIiiepa-
TYpH MOXYTh pocarati nozHauku +30 °C. 3uma
M’5IKa, 3 YaCTUMH BiJUTUTaMH Ta HE3HAYHNMH OI1a-
namu. CepenHsi Temreparypa HalXOJIOIHILIOro
Micsis — civns csrae —5 °C [17].

CepenHsi pidHa KiUIBKICTH OMaaiB CTAaHO-
BuTh 600—700 MM. 3HauHa YyacTHHA OIa/IiB BUIIA-
Jla€ y BECHSHO-JIITHIN TepioJl, ienalli MEeHIIe ixX
BOCEHHM Ta B3UMKY. HaliOlnbliie omnajiiB BUMaaae B
YEPBHI—JIMITHI, KOJIM HAJIXOIATh BOJIOTI MOBITPSIHI
Macu 3 Amiantukd. Haiimenime omami ikcy-



ISSN 1992-4224 Jlroauua Ta poBKiuis. ITpobaemu Heoekosorii. 2025. Bunyck 43

€THCA B CIYHI—JTIOTOMY, KOJIM JJOMiHYIOTb XOJIO-
JH1 Ta CyXi IOBITPsIHI MacH.

ATpOKITIMAaTHYHI pecypcH, siKi BU3Ha4a-
IOTBCSI TIEPEAyCIM KIIMAaTUIYHUMH YMOBaMHU,
TaKUMH SIK TeMmIleparypa MOBITps, KUIBKICTh
OTa/IiB, TPHUBAIICTH BETETAlIMHOTO TEPioay
TOIIO € BAKIUBUMH YHHHUKAMH DPO3BUTKY
CUTBCHKOTO TOCTIONAPCTBA B palioHi. PiBHEHCH-
KU paiioH XapaKkTepU3y€eThbCsl TOMIPHO KOHTH-
HEGHTAJIBHUM KIIIMAaTOM 3 JOCTAaTHIM piBHEM
3BOJIOXKEHHS Ta TPUBAJINM BereTalliiHIM Tepi-
0JI0M, 1110 CTBOPIOE CIIPHUATIMBI YMOBH JIJI5 BU-
POLIYBaHHSI PI3HOMAHITHUX CiJIbCHKOT'OCIIO-
JapChKHUX KYJIBTYP.

PiBHeHCHKHI paiioH BUPI3HAETHCS JTOC-
TaTHBHOIO KIIBKICTIO COHSTYHOTO CsiiBa MpOTS-
rOM pOKy. 3a3BHYail, HOTO TPUBAIICTh CTAHO-
BuTh On3bko 1600-1800 roaun nHa pik. Haii-
OibIIa KITBKICTh COHSYHUX JHIB MIPUTIAZAE HA
JTHI MiCSIITi, B3SUMKY COHAYHA aKTHBHICTh 3M€-
HIyeTbes. OnHAK, KIBKICTh COHSYHUX JIHIB
B3MMKY € JOCTAaTHBOIO /JIs 3a0e31eueHHs HOp-
MaJlbHOTO PO3BHUTKY POCIHH, MEPENyCiM O3U-
mux. CymMa akTHBHHX TEMIIEpPAaTyp CTAaHOBUTh
nepeciuao 2400-3100°C. 3aBnaku goctaTHil
CyMi aKkTUBHHX Temreparyp Buiie +10 °C, B
paiioHi aKTUBHO BUPOLIYIOTHCS KYJIBTYpH, TaKi
SK KYKYpYZ32, COHSIIHUK TOLIO.

Bereramiiinuii nepios, To0TO nepioj ak-
TUBHOTO pOCTy pociuH, TpuBae 180-200 aHiB.
3aBASKM 1IbOMY, B pailOHI MOJIMBO OTPUMY-
BaTH JIBa BPOXKai JIESTKUX OBOYEBUX Ta TEXHIU-
HUX KyJIbTyp Ha pik. TpuBamicts 6e3M0po3-
HOTO Tepiony csarae moHaxa 150—160 nuis. e
MepioJl € CIPHUSTINBUM JIJIS BUPOIyBaHHS Oi-
JBIIOCTI  CUTBCBKOTOCIIOAAPCHKUX  KYJIBTYD,
OCKIJIBKH BiJICYTHICTh BiJl’€MHHX TMOKAa3HHKIB
TeMIepaTypu MNOBITps 3a0e3nedyye aKTUBHUHN
PICT CITBCHKOTOCTIOAAPCHKUX POCIIHH.

OCHOBHUMH  CLIBCHKOTOCTIOJAPCHKUMH
KYJIbTYpaMH, sIKi BUPOILIYIOTHCSI Ha TEPUTOPIi
paiioHy € 3epHOBi (IIIICHUI, XKHUTO, SYMIHb,
oBec), TeXHIYHi (pinak, cosi, COHSIIHKIK) Ta OBO-
4yeBl KynbTypH (KapToruis, KamycTa, MOpPKBa,
nOysist). 3aBASKH CIHPHUSTINBAM arpoKIiMaTH-
YHHM YMOBaM, B PaiiOHI TaKOXX PO3BUBAETHCS
CaJiBHUITBO Ta SITiAHULTBO, OAHAK iX YacTKa y
CTPYKTYpi arpapHoro BUpOOHMITBa HE3HAYHA.

OcTaHHIMH pOKaMH aKTHBHO BHUKOPHC-
TOBYIOTHCS COHSIYHA Ta BiTpoBa eHeprii. PiBHe-
HCBKUH palloH OTpUMY€ 3HAYHY KUJIBKICTH CO-
HSYHOT €Heprii MpOTAroM pOKy. 3arajom 3e-
MHa MOBEPXHs oTpuMmye Onm3bko 3500-3800
MJIx/m? constanoi pagiaunii 3a pik, 0 CrpHsie
PO3BUTKY BiJHOBIIOBaHOI eHepreTuku [17].
3acTOCyBaHHS BiJHOBJIFOBAHOI €HEPIeTHKH €
BKpa# IOIIJIEHUM, TIEPII 32 BCE Uepe3 PyHHy-
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BaHHSI HU3KU TPAAULIHHUX €JIEKTPOCTAaHIIN B
VYkpaini. OCOONMBO MOMYJISPHICTIO CTaJIO
BCTAHOBJICHHS COHSYHUX TaHeJel Ha Jaxax
OyIVHKIB Ta y TpHOYAMHKOBUX 30HAX.

KoHceTpykii, sIKi BUKOPHCTOBYIOThH CO-
HAYHY €HEPrito, 37aTHI MOBHICTIO 3a0e3neunTr
OyJIMHOK eJIEKTPOEHePri€lo, a HaJIHUIIOK TI0-
JIaTH B eHeprocuctemy kpainu. Huni B paifoni
¢dyukmionye 6mm3pko 500 moMorocmonapcTs,
Jle BCTaHOBJIEHI COHSAYHI ITaHeI1, 10 3J4aTHI re-
HepyBaTu moHan 19,3 MBT enekrpoeneprii.
BitpoBa enepretuka B pailoHI HPaKTUYHO HE
po3BuBaeThca. OmHak po3poOJCHO MPOEKTH
1010 MOOYA0BH MOTYKHOTO TApKY 3 TeHeparii
eHeprii BiTpy Ha IiBHOYI paiioHy.

Kiimar € omHMM 13 KIIHOYOBHMX peKpea-
HidHMX pecypciB  PiBHEHCBKOro paiioHy.
CrpusTnuBi KIIMaTH4HI YMOBH CTBOPIOIOTH
KOM(OPTHI YMOBH TSI BiIMTOYUHKY Ta 0370PO-
BIIeHHA. 30KpeMa (YHKI[IOHY€E TOBOJI PO3BH-
HEHa MepeXxa BIAMOYMHKOBUX KOMILJIEKCIB Ta
037I0POBYHX 3aKJAAIB MOOIN3Y MPUPOTHUX Ta
IITYYHUX BOJOWM, JTICOBUX MAacCHBIB Ta POJO-
BHIIl MiHEpPAIbHHUX BOJI.

3a HasgBHUMU JAHUMH YIPABIiHHS CTa-
TUCTHKH B B PiBHEHCHKOMY paiioHi PiBHEHCH-
KOi 00J1aCTi HalliyyeThes 3 caHaTopii Ta 2 mpo-
¢inakTopii, 11 MUCITMBCHKO-CIOPTUBHUX KOM-
IUIEKCIB, 4 IUTSYNX KYPOPTHO-03/I0POBYHX 3a-
kinagu, 19 rorenis Tta 60amM3eko 70 HEBETUKHX
0a3 BIAIMOYMHKY, IO TPOTIOHYIOTH Pi3HI BHIU
pekpeartiitnoi misutbHOCTI [18].

Booni  pecypcu. lloBepxHeBi BOIHM
PiBHEHCBKOTO paiioHy IpeAcTaBieHi TIyCTOO
PIYKOBOIO MEpexero, o3epamH, 00JoTaMH Ta
LITYYHUMH BOJIOWMaMH — CTaBKaMH, BOJOCXO-
BUIIAMH Ta MEIIOPAaTUBHUMH KaHaJIaMH. Yci
BOZHI O0’€KTH paiioHy HajexaTh J0 cy00a-
ceiiny piukn Ilpurr’ste — mpaBoi HpHUTOKH
Huinpa.

HaiioiipimuMy  CrioKMBayaMy  BOJHHX
pecypciB € IPOMHUCIIOBICTh, JKUTIIOBO-KOMYHa-
JbHE Ta ciibcbke rocrojapcerea. lllopiuno B
paiioHi BUKOPUCTOBYIOTh TiepeciuHo 24—27 MITH
M® BOJH, 3 SIKUX OpieHTOBHO 10—12 MuH M® —
JUIs1 TOOYTOBOTO CITOKMBaHHS Ta 14—16 mutH M?
3aCTOCOBYETHCS Ha BUpOOHHYI oTpedu [19].

BopnozaGesneuenns memkanuis PiBHeH-
CBKOTO PaiiOHy MUTHOIO BOZAOIO 3A1MCHIOETHCS
4yepe3 CUCTeMY B0J03a00py i3 MiA3eMHHX BO-
JOHOCHMX FOPU30HTIB. PiBHEHIIMHA € OTHUM 3
HebaraTbOX perioHiB YKpaiHu, 110 BUKOPHUCTO-
BY€ MiJ3eMHI BOAM Ui MOOYTOBOTO CIIOXKH-
BaHHs. [IpakTHYHO BCi MiCBbKi IOCENIEHHS paii-
OHY M’ €THAHI O ICHTPAII30BAHOI MEpexi,
AKa CKIanaeTscs 3 moHan 150 cBepaynoBuH Ta
KUJIBKAJECSIT HACOCHUX CTaHIlIH, SK1 IOASHHO
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JOCTaBIIAOTE 013bK0 300 THC M3 MUTHOT BOAU
B OyJIMHKH JI0 CTIOXKUBAYiB.

BonmonocrauanHss B palioHi OpraHizo-
BaHO Yepe3 IEHTPai30BaHy CHCTEMY, SIKa 3a-
Oesreuye BOJOIO MMPOMHCIOBUX Ta TOOYTOBHX
criokuBadiB. OCHOBHHM HaJaBayeM MOCTYT €
PiBHeHCBKE OOlacHe BUPOOHWYE KOMYHAJIbHE
MiAMPUEMCTBO  BOJOIIPOBITHO-KaHATI3aIliH-
HOTO TocmogapcTBa «PiBHEOONMBOMOKAHAY,
SKe 3IIACHIOE KOHTPOJIb 3a SIKICTIO BOAW Ha
Bcix eramax ii oOpoOku. BopomocradyanHs B
paiioHi 3a0e3MneuyeTbes MEPEKer0 BOJAOMPOBO-
JIiB Ta HACOCHMX CTAHIIIH, 1[0 3M1HCHIOIOTH 3a-
0ip BOIM i3 OBEPXHEBUX Ta Mi3EMHUX JIKE-
pen [19].

Paszom 3 THM BOJIHI pecypcH paiioHy BUKO-
PHCTOBYIOTBCS TSI OTPUMAHHS €JIEKTPOSHETii.
B paiioni pyHKIIOHY€ AeKilbKa MiHi-T1ApOETIEKT-
pocraHmii, siki 3matHi BupoOmsitTa 10 500 kBt
enextpoeHeprii Ha pik. Lle 30kpema Koperpka

I'EC, mo ¢ynkmionye 3 2020 p. Ha p. Kopuuk Ta
Kocromineceka 'EC, mo Oyna moOynomana y
2021 p. Ha p. 3aMUHCBKO.

3emenvri pecypcu. Cranom Ha 01.01.2025
p- 3eMensHAH (hoHa PiBHEHCHKOTO palioHy CTaHO-
BUTE 721,66 THC Ta, 3 sikuX 389,8 THC T2 (47,8 %)
3aliMalOTh CUTLCHKOTOCTIONAPCHKI yTims. Boru €
HalYMCIICHHIITAM THIIOM KaTeTOpii 3eMeIbHHUX
yTi/ib, MO CBIMYNTH PO BHCOKHN PiBEHb PO3BH-
TKy arpapHOro BUPOOHHMIITBA B PaioHi. Y CTPyK-
TYpi CUTBCBKOTOCIOIAPCHKUX YTib BHOKPEMITIO-
10T pius (32, 4 %), ciHoxkari Ta macosuia (13,2
%), Oararopiuni Hacamkenns (0,8 %) Ta mepe-
noru (0,4 %). 3amicHeHICTh JOCTIHKYBaHOI TEpH-
Topii csirae 24,7%, yacTka 3eMeJb 1] 3a0y10BOI0
— 13,8%, Boguuii Gpoux oxorutoe 9,3%, iHiii 3e-
miti — 4,4% (puc. 2).

PiBHEHCBHKMIT paliOH XapaKTepPU3yeThCs
3HAYHOIO PO30PaHICTIO, IO TEPEIyCiM CBITINTH
PO CTPIMKE BUKOPHUCTAHHSI 3eMeEITb Y CLITbCHKOMY

9,3%

13,8%

287%_—

\4,4%

47,8%

3emenbuuit Gonz / Land

B CibCHKOTOCTIONAPCHKi yrimms /
Agricultural land
Iami 3emui / Other lands

Bxpuri sicamu / Covered by
forests
[ix 3a6ymosoro /Under
construction

B Boxuuii gpoun / Water fund

Puc.2 — Crpykrypa 3emesnbpHOro pouay PiBHeHChKOTO paiioHy PiBHEHCHKOT 00acTi
Fig.2 — Structure of the land fund of Rivne district of Rivne region

rocrionapcti. HaiOinbIi mociBHi miomi 3aiiMa-
I0Th 3EPHOBI Ta 3epHOO00OBI KYJILTYpH, IEPEy-
ciM 03¥Ma Ta sipa MIIEeHUII], )KUTO, STIMiHb, KyKY-
pyA3a Ta oBec, sIKi BUKOPUCTOBYIOTBCS SIK CUPO-
BUHA JIS OOPOITHOMENEHO-KPYII STHOT TIPOMIIC-
JIOBOCTI Ta SIK KOPM JJISI CLTECHKOTOCTIONAPCHKHX
TBapWH. 3A€OUIBIIOr0 3€PHOBI KYJIBTYPU BHPO-
IIyIOTh y MIBHIYHIM Ta HEHTPaJbHIM YacTHHAX
paiiony.

OcTaHHIMH ACCATUIITTAMH CYTTEBO 30111b-
HIMTKCS TUIOLII TEXHIYHMX KYJIBTYp, MepeayciM
Yepe3 MOMUT Ha BHYTPIIIHHOMY Ta 30BHIITHHOMY
puHKax. Haii0ispIne BUpOIIyIOTh COIO, pillak, Ly-
KpOoBUH OypsIK Ta COHSIIHMK, SIKi 374€01IbLIOrO
TIOIIUPEHi B JlicocTernosi 30Hi. LI KyabTypu Ma-
I0Th IIMPOKE 3aCTOCYBAHHS Y XapyoBiH Ta XiMid-
Hili rajTy3sx MPOMHUCIOBOCTI, BUKOPHCTOBYIOTBCS
SIK KOpM JJIsl TBAPHH.
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3HauYHO PO3BMHEHE OBOYiBHULTBO, SIKE TS-
JKI€E JI0 TPUMICHKMX 30H PiBHEHCBHKOrO paiioHy.
TpamuiiiiHo HAHOUTBIII TUTOII BiIBEAEHO ITijT Ka-
promumo, sika 3aiiMae moHag 90 % y cTpykTypi
OBOYIBHHIITBA paiioHy. OKpiM TOro, 3HaYHI
TUTONII BiZIBEJIEHI ITiJT MOPKBY, KaITyCTy, CTOJIOBHIA
OypsiK, HOYIIIO, OTipKH Ta nomigopu. Hesenuky
YacTKy 3aiiMar0Th OBOYi 3aKPUTOTO TUITY, SIKi BU-
POIIYIOTh HIIMH PIK B TEIUTUIISIX Ta HAPHUKAX.

Hesnauny yacTKy y CTpyKTYypi 3eMETIBHOTO
(oHmy 3aiiMarOTh 0araTOpiuHi HAaCa/KCHHS,
TIEPIII 32 BCE 1€ CaJI{, BUHOTPA/THUKH Ta SIT1THUKH.
Ha Teputopii paitony BoHu 3aiiMaroTs juie 6,5
THC Ta, mo cTaHoBUTHL 0,8% Bix 3arajabHOI IUIOLLI
3eMenb paiioHy. [lepemyciM miBHIYHI Ta IIEHTpa-
JBHI TPOMa/I palioHy 3aiiMarOThCS BUPOITYBaH-
HSM SITITHMX Ta IUIOJOBHX KYJBTYp, SIK OT Ma-
JIVHH, TIONYHHULI, SIOTYK, TPYIL, CJMB Ta BUILCHB.



ISSN 1992-4224 Jlroauua Ta poBKiuis. ITpobaemu Heoekosorii. 2025. Bunyck 43

Ha miBaHi palloHy KyTbTHUBYIOTBHCSI TOPIXOILIi-
JIHI KyJIpTypH Ta BuHOTpasn [20].

Jo clTbCBKOTOCTIOIAPCHKIX YT1Ab TAaKOXK
HaJle)kaTh CIHOXKATi Ta nacoBuina. Lle mpupoxaHi
Ta MITYy4YHi YTiAgs, sIKi BKPUTI TpaB’ THUCTUMH
POCIMHAMH Ta BUKOPHCTOBYIOTBCS AT 3arOTi-
B ciHA Ta BUIMacaHHs Xynoou. HaiiBuma ix 4a-
CTKa B IIGHTPaNIbHill YacTHHI pailoHy, 0cOOIMBO
BOHHU IIOIIMPEHI B JOJIMHAX Ta Hal3aIUIaBHUX
Tepacax pidok. Pa3om 3 THM 70 CITECHKOTOCIIO-
JApCHKUX 3eMeJb HaJeKaTh epesIoTH abo «I1o-
KUHYTI 3emiti». [lepemyciM e pisus, sika J0B-
ruil yac Oyna y BUKOPUCTaHHI, a HUHI 3apocia
PI3HOTPABHO-3JIAKOBOIO POCIMHHICTIO IS Bij-
HOBJICHHS POJIFOYOCTI.

bionoeiuni pecypcu. bionoridni pecypcu
PiBHEHCHKOTO pailoHy OXOILTIOIOTh CYKYITHICTh
JKUBHX OPTaHI3MiB — POCIIMHHOTO i TBAPUHHOTO
CBITY, SIKi BIlIrpalOTh BAXKIIUBY POJIb V MIATPH-
MaHH| €KOJIOTIYHOi piBHOBAaru Ta 3a0e3MevyeHH1
HaCEeJICHHS] CHPOBHHOIO JUTS Pi3HUX Tay3ei ro-
criojiapctBa. JIo OCHOBHUX THITIB 0i10JIOTTYHUX
pecypciB PiBHEHCHKOTO pailoHy HaJeKaTh POC-
JUHHI Ta TBAPUHHI peCypCH.

31e0inbIIoro y rocnogapcbKoMy BHKO-
PUCTaHHI POCIMHHI PEeCypCH € I[IHHUM JDKepe-
JIOM JIJIsl OTPUMAaHHS JIePEBUHM, ST, TpHUOiB, Ji-
KapChbKUX POCIIMH, IUIOMIB, JEPEBHHUX COKIB
To10. HaliOinp1 IiIHHUMHU Ta YUCIIEHHUMMH € JTi-
COB1 pecypcH, SIKi CIYyTylIOTh CHPOBHUHOIO ISt
PO3BHUTKY TMOTY>KHOTO JIEPEBOOOPOOHOTO KOM-
TUIEKCY B PalioHi.

Pa3zoM 3 TUM pOCIMHHI pecypcu IIMPOKO
BUKOPHUCTOBYIOTHCS /7SI BITIOYMHKY Ta peKpea-
1ii. bararo pocnMHHKUX yrpynoBaHb € YaCTHHOIO
00’€KTIB Ta TEPHUTOPIM MPHUPOIHO-3aIIOBITHOTO
¢onny paiioHy. JlydHa pOCIMHHICTH € KOPMO-
BOIO 0a3010 /IS CBIMICHKUX Ta TUKUX TBAPHH.

TBapuHHI pecypcH BiIIrpalOTh BaXIIUBY
POJIb y KUTTI MroaAnHU. OOMalIHeH1 BUIU TBa-
PVH € [IHHUM JDKEPEJIOM JUIsl OTPUMAaHHS Mpo-
IyKIil Xap4yyBaHHS Ta CHUPOBUHH IJIS JIETKOL
NPOMHCIOBOCTI. Takok MPOIOBKY€ETHCSI BUKO-
pPHUCTaHHA PECYpCiB OUKOi MPHUPOIH, 30KpeMa
3MIMCHIOETBCS MHCIUBCHKUN MPOMHCEN, IO
NOB’SI3aHUI 3 MOJIIOBAaHHAM Ha JUKHUX TBAPHH,
30KpeMa JuKoro kabana B nicax [lomices, Buno-
BOM pUO Ta pakoIoJiOHMUX y BOJOWMAaxX Ta BO-
JIOTOKAX.

[HTeHCHBHUI PO3BUTOK FOCIOAAPCTBA Ta
NPUPOIHI MPOILIECH, 10 BUHUKAIOTh MUMOBIJIb-
HO, TIPU3BO/IATH JIO MOTIPIIEHHS CTaHy MPHPO/I-
HUX JaHama@TiB, 30KpeMa 3ryOHO BIIMBAIOTh
Ha KIJTBKICHUH Ta SKiCHUH cTaH jaHamadris. B
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KOHTEKCTI MOJAHOI0 IOCIIHKEHHS 3I1HCHEHO
OIIIHKY €KOJIOTIYHOI CTilikocTi lanamadTiB Pi-
BHEHCHKOTO paiioHy PiBHEHCHKOT 067acTi y po-
3pi3i TepUTOpiATBHUX TpoMa Tad. 1.

OTxe, WIS OLIHKH €KOJIOTT4HOI cTadil-
JTBHOCTI OyJI0 BUKOPHCTAHO JBa KOEQIIiEHTH:
Kecm — cniBBigHOIIEHHS CTa01IbHUX 1 HECTa0i-
JBHUX eJIEeMeHTIB Janmmadry, Ta Kecm: — cra-
Oimizamii O10TeXHIYHHX eneMeHTiB. Po3paxyHkun
[OKa3ay, o Juule 4 rpoMagy paiioHy MaroTh
cTablIbHI 200 cepeHbO CTa01NbHI JTaH AP TH.
OntumaneHi OKa3HUKU 3a()iKCOBAHO y TEpH-
TOPIAIbHUX TPOMaIax, PO3MIIIEHNX Ha MIBHOYI
PiBHeHCBKOTO paiioHy B obnacti BoiauHChKOTO
Ilomiccs; HecTaOlIbHI 3HAYEHHS E€KOJIOTIYHOI
cTiiikocTi manamadTiB 6aunMo y rpomManax, sKi
pO3TaIIoBaHi Ha MiBIHI paifoHy ¥ XapaKTepu3y-
IOTHCSI BUCOKAM PiBHEM PO3BHUTKY CIJIbCBKOTO
rOCHOAapCTBa.

Koedinient exomnoriunoi crabimizarii 0i-
orexHiyanx enemeHTiB (Kecn:) PiBHeHCBKOTO
paiiony PiBHeHCBKOT 00nacTi y po3pisi TepuTo-
plabHHUX TPOMaJI IHTEPIIPETOBAHO HA PHUC. 3.

Jlo HaWOILIBII EKOJOriYHO CTaOlIBHUX
rpomay PiBHeHCBKOTO palioHy Hanexarb Coc-
HiBcbka TI', Mizonpka Ta Manunceka TT'. Li
rpoMajgy € MpPUKIagoM Tepuropiil, ae molpe
30epernucs npuponHi nanmmapTH ¥ (dikcy-
IOTHCSI TIOPIBHSIHO BHCOKI MOKa3HUKH 3aJIiCHE-
HOCTI, & TaKOX IUIONI 00’ €KTIB 1 TEPUTOPIH, SKi
MaloTh MPUPOJIOOXOPOHHHUI CTATYC Ta HU3BKE
AHTPOIIOTCHHE HABaHTAYKCHHSI.

YMoBHO cTabinpHuMHU € KocTomiibchKa,
l'onoBunckka, bepesniBcbka, Kiepancbka Te-
pUTOpiaNbHI TPOMaJH, SKi XapaKTepU3YIOThCs
ITIOMIPHUM piBHEM CTaOLIBHOCTI 32 000Ma MmoKa-
3HMKaMH. Y WX TpoMajaax 30eperimcs JicoBi
JaHmmapTH 3 O3HAKAMH MPUPOJHOI CTIHKOCTI,
X04Ya CIIOCTEPIracThCsl BUCOKE HAaBaHTKCHHS
BiJI CLIIBCBKOTO TOCTIOAAPCTRA.

HecrabinbHUMY € TIBACHHI TPOMAJIH, 11e-
penycim PiBaencrka, Kopaunceka, Bemnkome-
x)upinbka, babunceka, lllnaniBckka, 310BOU-
1bKa Ta iHmi (monay 15 rpoman), siKi MarOTh J10-
BOJII HU3bKI TTOKA3HUKU €KOJIOT1YHOI CTIHKOCTI.
Taxi 3aKOHOMIPHOCTI 3yMOBJIEHI 3HAYHOIO PO-
30PaHiCTIO, IITBHOIO KHUTIOBOIO Ta POMHUCIIO-
BOIO 3a0Y/I0BOIO, HEBEJIMKOIO YaCTKOI CTa01Ii-
3YIOYHMX KOMIIOHEHTIB JaHmadTy — JiciB, BOJ-
HUX 00’€KTiB, IPUPOJOOXOPOHHHUX TEPUTOPIH

BaxxiuBuM eneMEHTOM XapaKTePUCTUKH
MIPUPOTHKO-PECYPCHOTO  MOTEHIliary PiBHEHCH
Koro paiioHy PiBHeHCEKOi 0071acTi € cTaH Ta nep-
CIIEKTUBH pO3BUTKY Mepexki [13®. PiBHeHCHKHi
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Taoauns 1

Ouinka exoJioriuHoi ctilikocTi Janamadris PiBHeHcbKoro paiiony PiBHeHcbKOT 00/1acTi

y po3pi3i TepuTopiajJbHUX rpoMaj

Table 1

Assessment of the ecological sustainability of landscapes of the Rivne district of the Rivne region

by territorial communities

Hasga rpomanu/ Iloxka3Huk Omninka Iloxa3Huk Oninka
Community name Kecoi/ Kecom Keca: Keca:
Indicator Score Indicator Score

Babuncbka/ 0,10 HecTaOlIbHUH, 3 ACKPaBO BUPAKEHOIO 0,13 HecTabipHui/

Babinska HecTabinbHicTIO / unstable
unstable, with pronounced instability

Bepesnischkal 1,24 YMOBHO cTaGinbHuMi/ 0,50 MaJtocTa0inpHui/

Bereznivska conditionally stable lowly unstable

Byrpunceka/ 0,13 HECTaOUTBHUM, 3 ICKPaBO BHPAKEHOIO 0,16 HecTalinbpHu#/

Bugrynska HecTabiIpHicTIO/ unstable
unstable, with pronounced instability

binokpunuibska/ 0,18 HECTaOUTbHUA, 3 ICKPABO BHPAXKECHOIO 0,18 HecTabibHHiA/

Belokrynytska HecTabiIpHicTIO/ unstable
unstable, with pronounced instability

Benmukomexupirpka/ 0,07 HecTaOlIbHUH, 3 ACKPaBO BUPAKEHOIO 0,13 HecTabipHui/

Velikomezhirytska HecTabinbHiCTIO/ unstable
unstable, with pronounced instability

BenmukoomensHcbka/ 0,08 HecTaOlIbHUIH, 3 ACKPaBO BUPAKEHOIO 0,14 HecTabipHui/

Velyko Omelyanska HecTabinpHicTIO unstable
unstable, with pronounced instability

TonoBuHchka/ 1,12 YMOBHO cTabiibHuiA/ 0,58 CepeIHbOCTA0TEHII/

Golovynska conditionally stable medium stable

Topoorbkal 0,13 HEeCTaOUTBHUM, 3 ICKPaBO BHPAKEHOIO 0,15 HecTaOlIbHUI/

Horodotskaya HecTabinpHicTIO/ unstable
unstable, with pronounced instability

Tomancekal/ 0,12 HECTaOUTBHUM, 3 ICKPaBO BHPAKECHOIO 0,15 HecTaOlIbHUI/

Goschanska HecrabinbHicTIOf unstable
unstable, with pronounced instability

HepaxueHcbka/ 0,94 HecTadinpHUN/ 0,39 MaJIOCTa0IbHMIL/

Derazhnenskaya unstable lowly unstable

JsanbKkoBulbKa/ 0,14 HEeCTaOUIbHUA, 3 ICKPABO BUPAXKEHOIO 0,17 HecTa0ipHui/

Dyadkovytska HecTabipHicTIO/ unstable
unstable, with pronounced instability

3noB6umbKal 0,12 HecTaOlIbHUM, 3 ICKPaBO BUPAKEHOIO 0,16 HecTabipHui/

Zdovbytska HecTabipHicTIO/ unstable
unstable, with pronounced instability

3n0n6yHiBcbKa/ 0,24 HecTaOlIbHUH, 3 ICKPaBO BUPAXKEHOIO 0,20 HecTaOinbHUH/

Zdolbunivska HecTabinbHiCTIOf unstable
unstable, with pronounced instability

3opsiHChKa/ 0,39 HecTaOUIbHUM, 3 ICKPaBO BUPAKEHOIO 0,25 HecTaOinbHU/

Zoryanska HecTabiIbHiCcTIO/ unstable
unstable, with pronounced instability

Knesancbka/ 1,40 YMOBHO cTabinbHuUiA/ 0,63 cepeHbOCTaA0IIBHUI/

Klevanska conditionally stable medium stable

Koperpka/ 0,21 HecTaOlIbHUIA, 3 ICKPaBO BUPAKEHOIO 0,19 HecTabipHuii/

Koretskaya HecTabinpHicTIO/ unstable
unstable, with pronounced instability

Kopuunceka/ 0,05 HECTaOUIbHUMA, 3 ICKPAaBO BUPAKEHOIO 0,18 HecTabibHMi/

Kornynska HecTabinpHicTIO/ unstable
unstable, with pronounced instability

Kocrominsceka/ 1,06 YMOBHO cTabiibHMii/ 0,56 cepenHbOCTa0IBHII/

Kostopilska conditionally stable medium stable

~14 ~
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Ipomoskenns tabauui 1/ Continuation of table 1

ManuHcbka/ 2,34 YMOBHO cTaGinbHui/ 0,74 crabinpHuii / stable

Malynska conditionally stable

Manonro6amancekal 0,85 HecTadimpHUN/ 0,25 HecTaOUTEHUN/

Malolyubashanskaya unstable unstable

Misonskal/ 1,42 YMOBHO cTaGinbHui/ 0,93 cTabinpHuii /

Mizotska conditionally stable stable

Oumnekcannpiiicekal 0,95 HecTa0impHUH/ 0,39 MaJIOCTa01IbHUI/

Alexandria unstable lowly unstable

Ocrpo3bka/ 0,17 HecTaOlIbHUH, 3 ACKPaBO BUPAKEHOIO 0,32 HecTabinbHU/

Ostrohska HecTabinbHicTIOf unstable
unstable, with pronounced instability

PiHencbkal/ 0,05 HECTaOITBHUA, 3 ICKPABO BUPAKEHOIO 0,04 HecTabibHu#/

Rivne HecTabinbHicTIOf unstable
unstable, with pronounced instability

CocHuiBcbka/ 4,61 CTa0lIbHMUH, 3 SICKPABO BUPAXKEHOIO 1,25 crabinpHuit /

Sosnivska crabinsHicTiO/ stable

stable, with pronounced stability

IlInaniBceka/ 0,12 HeCTabiIbHUH, 3 ICKPaBO BUPAKEHOIO 0,14 HecTaOUTEHUM/

Shpanivska HecTabibHiCTIO/ unstable
unstable, with pronounced instability

CapHeHCBKHH paHoH/ Sarny district

BoaHHCBKA 061aCTh/
Volyn region

uorsar 1Kwojkyz
/4108100 eXIOdHINOIHY

XMeTbHHIIbKA 0071acTh/
Khmelnytskyi region

HecTabinsHuit/ unstable

- mManoctabineuuit/ lowly unstable
- CepenHbOCTa0LIEHUI/
medium stable

- cTabinsHuit/ stable

Puc. 3 — Koeoiienr exonoriynoi crabisnizanii 610TeXHIYHUX €JIEMEHTIB 1 BChOro JaHJmadTy
B pO3pi3i TepuTopianbHuX rpoMa] PiBHEHCHKOTO palioHy PiBHEHCHKOI oOnacTi

Fig. 3 — Coefficient of ecological stabilization of biotechnical elements and the entire landscape
in the context of territorial communities of the Rivne district of the Rivne region
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JyGeHChKHI paHOH/

Dubno district TepHOMiTbChKA 00.1aCTh/

Ternopil region
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paifioH BUPI3HAETHCS BiJTHOCHO HU3BKHUM BiJICOT-
KOM 3aIlOBiIHOCTI, 1110 CTaHOBUTH 6,8 %. B mopi-
BHSIHHI 3 1HIIMMH aJMiHICTPaTUBHUMH paiioHaMU
PiBHeHCBKOI 00MacTi BiH JIEMOHCTPYE OIWH 3
HAWHIMKYMX TTOKA3HHKIB 3armoBimHOCTI. Hampu-
KJIaJ, TIBHIYHI paioHM PiBHEHIMHM, 30KpeMa
Bapacekwii Ta CapHEHCHKHIH, SIKi PO3TaIIOBaHI B
30HI MIIIAHKX JICIB, XapaKTepU3yIOThCS BiTHO-
CHO BHCOKHM MOKA3HUKOM 3arOBIIHOCTI, 1[0 CTa-
HOBUTH 16,5 % Ta 14,4 % BignosigHo. Haiinmxk-
YWl IOKa3HUK criocTepiraeTbes B JlyOeHchKoMy
patioHi, e 4acTka MPHPOTOOXOPOHHUX TEPHUTO-
piit cranoButh Jmme 1,4 % Bix miomi paiioHy.
Taki BiAMIHHOCTiI 3yMOBJIEHI Pi3HOMAaHITHICTIO
NPUPOIHHUX YMOB, OCOOJMBOCTSMH PO3BHUTKY TO-
CIOJIApPCTBA Ta MPUPOJAOKOPHCTYBAHHSI.

B KOHTEKCTI IOAaHUX JIOCIIDKEHD MTPOBE-
JICHO OIIIHIOBAHHS CTaHy IMPHPOIHO-3aIIOBITHOTO
thormy nocmimxyBanoi Tepurtopii. Ha Tepuropii
PiBHeHCBKOTO paiioHy 3adikcoBaHo 154 00’exTn

i Teputopii [13®, 3aransHoro miometo 49272,2 ra
[18]. INoka3HHMK HIIBHOCTI TPUPOIOOXOPOHHHX
Tepuropiii csrae 2,1 06’ extr/100 xkm?. Koedirri-
€HT 1HCYJISIPH30BAHOCTI (PO3WIEHOBAHOCTI) TIPH-
POIOOXOPOHHUX TEPHUTOPii PiBHEHCHKOTO paii-
oHy ctaHoBUTH 0,62. Takuii BUCOKHI TTOKAa3HUK
CBIiTUHTB, ITI0 TIPUPOAOOXOPOHHA MEPEIKa aMiHi-
CTPaTHUBHOTO PaifoHy € Hee(heKTUBHOIO, OCKLITBKA
OuTbIIiCTE 00’ €KTIB [13D € HECTIHKUME Ta X POJIH
B €KOMepexi pailoHy He3HAUHa.

Pa3om 3 TUM A7 OLIIHKU PHUPOTOOXOPOH-
HOI Mepexi CIiJ OXapaKTepu3yBaTh SIKICHUH
CKJIa]T IPHUPOIOOXOPOHHUX TEPUTOPIH, KU PO-
BOJUTHLCSA 3a KUIBKICTIO 1 3araJIbHOIO IUIOLIEIO KO-
*HOI 13 Kateropiii [13®. Ha tepuropii paiiony Ha-
siBHi 8 kareropiii [13® (Puc.4), o npeacrasneHi
NPUPOAHMMH Ta IITYYHUMH  3aIlOBiTHUMH
00’extamu. B ctpykrypi 113 paiiony BiacyTHi
IpUpoIHI Ta GiocepHi 3amoBiAHUKH, OOTaHIYHI
caJIy.

Kimpkicuuit cknan [13® PiBHeHChKOTO paiioHy/
Quantitative composition of the Nature Reserve Fund of the Rivne

) 12_ 1 2
1
46_\ ‘ r54

37/

District

* HanioHaypHUI IPUPOAHUIA
napk/ National Natural Park

= PerionansHuit
nasmmadTHAR mapk/

Regional Landscape Park
3akaszHux/ Reserve

IMam'sitka npupoau/ Natural
monument

= 3anoBigHe ypouutie/
Protected area

= JleHipoJIOTuYHMI ITapK/
Dendrological Park

Puc. 4 — Ctpyxrypa [13® PiBHEHCHKOTO paiioHy
Fig. 4 — Structure of protected areas in Rivne district

Otxe, OCHOBHUMH TpoOieMaMu (QyHKITI-
OHYBaHHS IPHPOAHO-3AIOBiAHOTO (GOHIY paii-
OHY € HeJIOCTaTHIH PiBeHb 3aIOBIIHOCTI (MEHIIIE
10 %), BHCOKa IHCYJISIPH30BaHICTh 00 €KTIB
[13®, BincyTHICTH 00'€KTIB BUIIUX KaTETOPii —
npupoHUX Ta OlochepHHuxX 3amoBimHUKIB. [le
notpedye npocTopoBoi onrtumizarii [13D, po3-
HIMPEHHS IUIOIII NPUPOJOOXOPOHHHUX TEPUTO-
piif, CTBOpEHHSI €KOJIOTIYHHX KOPHIOPIB 1 30H,
30KpeMa B TEPUTOPiaJIbHUX IPOMaJIaX 3 BACOKUM
PiBHEM PO3BUTKY CLIbCBKOTO FOCIIOAPCTBA.
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[IpoBenene nociiKeHHS! TPUPOIHO-Pe-
CYPCHOT0 MOTEHILIaly JAOCHiKyBaHOI TEPHUTO-
pii nano 3mory nposectn SWOT-anani3 ii npu-
POIHOTO PECYPCHOI0 MOTEHIIIany TadJ. 2.

SWOT-anani3 PiBHeHCBKOTO paiioHy BU-
OKPEMITIOE CHITbHI Ta CJTa0Ki CTOPOHHU MIPUPOIHO-
PECYPCHOIO MOTEHIlialy, a TaKOK IOTCHIIHHI
MOXIIMBOCTI Ta 3arpo3d MIONO BUKOPUCTAHHS
HWOro CKJIaIHHUKIB.

CWIbHUMH CTOPOHAMH paiiOHy MOKHA
BBa)KaTH Pi3HOMAaHITHICTh BUJIIB PUPOIHUX Pe-



ISSN 1992-4224 Jlroauua Ta poBKiuis. ITpobaemu Heoekosorii. 2025. Bunyck 43

Taéauus 2

SWOT-anaui3 npupoaHoro pecypcHoro notenuiaay PiBHeHCbKOro paiioHy
PiBHeHcbKOY 00sacTi

Table 2

SWOT analysis of the natural resource potential of the Rivne district of the Rivne region

CUJIBHI CTOPOHMU/
STRENGTHS

MOKJINBOCTI/
OPPORTUNITIES

® Po3MaiTTs BUIIB IPUPOIHHX pecypcin/
Diversity of natural resources
e Hassricts: / Availability:

00’ €KTiB IPUPOTHO-3aIIOBIHOTO (POHAY; 3aTICHEHNX
IUITHOK; POIIOYXX IPYHTIB y MIBACHHIN YacTHHI paii-
ony/
objects of the nature reserve fund; forested areas; fer-
tile soils in the southern part of the district
o CripusITJIMBI KIIIMAaTHYHI YMOBHU JUIsl BEJCHHS CiJlb-
CBKOT'0 TOCIOAAPCTBA Ta pekpeartii/

Favorable climatic conditions for agriculture and rec-
reation
e ['ycta Mepeka BOXHUX OO’€KTIB NPHPOTHOTO Ta
IOTYy4YHOTO HOXO,I[)K@HHH/

A dense network of water bodies of natural and artifi-
cial origin

o [ToTyxHa MiHEepaJIbHO-CUPOBUHHA 0a3a Iy PO3BU-
TKY TIPOMHCIIOBOCTi Oy IiBeNbHUX MaTepianis/

A powerful mineral and raw material base for the
development of the building materials industry

e PO3BHUTOK BiJIHOBJIIOBAHOI €HEPreTHKH Ha 0a3i eHeprii COHII,
BiTpy Ta Giomanusa/

Development of renewable energy based on solar, wind and bio-
fuels

o PO3BHUTOK €KOJIOTIYHOTO TYPU3MY B TEPUTOPIAIbHUX TpoMagax/
Development of ecological tourism in territorial communities

o Po31mmMpeHHs eKoJI0TiYHOT Mepexki Ta CTBOPEHHS HOBUX MPUPO-
JIOOXOPOHHHUX TEPUTOPIii/

Expansion of the ecological network and creation of new pro-
tected areas

o Peaizariist MDKHapOIHHX MPOEKTIB B rajly3i MPUPOIOKOPUCTY-
BaHHS Ta OXOPOHU npupoan/

Implementation of international projects in the field of nature
management and conservation

o JlepxaBHE peryJIIOBaHHS Ta MOHITOPHHI 32 BUKOPHUCTaHHSIM
MIPUPOTHUX pecypcin/

State regulation and monitoring of the use of natural resources

e Po3poOKka crpareriif moA0 MOKIHBOCTEH PaIliOHATBHOTO BH-
KOPHCTaHHS HAsSBHOTO MPHPOIAHO-PECYPCHOrO MOTeHIiany/
Development of strategies for the rational use of existing natural
resource potential

o B,IlOCKOHaJ'IeHHfI TEXHOJIOTIH COpPTYBAHHA CMITTS Ta ITOYaTOK
nepepoOKH TBEPUX MOOYTOBUX Biaxomis/

Improving waste sorting technologies and starting solid waste re-
cycling

CJABKI CTOPOHM/
WEAKNESSES

3ATPO3H/
THREATS

o BuicHa)XeHHSI IPUPOTHUX PECYpCiB depe3 Hepario-
HaJIbHC BPIKOpI/ICTaHHﬂ/

Depletion of natural resources due to irrational use

o AHTpOHOFeHHG Sa6py,I[H€HH$I HaBKOJIMIIIHLBOI'O CC-
penouina/

Anthropogenic environmental pollution

o Heneranpuuii BumoOyTOK MiHepaibHOI cupoBuHuM/
[llegal mining of mineral raw materials

¢ HekotponboBana BUpyOKa JlicoBux pecypcis/
Uncontrolled deforestation

e Masnopoarodi IpyHTH, sKi 3aiiMatoTh 0su3bKo 80 %
ioni paony/

Low-fertility soils, which occupy about 80% of the
area of the district

e HecripusimiiuBi  ¢izuko-reorpadiuni mnpouecu Ta
sasuia/

Adverse physical and geographical processes and
phenomena

e HemocTtaTHRO pPO3BHHEHA Mepeka peKpeariiitHux
30H Ta iHQPACTPYKTYPHUX 00 €KTIB IS BiIMOYHHKY
Ta pekpearii/

Insufficiently developed network of recreational areas
and infrastructure facilities for rest and recreation

o [100anbHi 3MiHH KIIiMaTy, 30KpeMa IpOsiB TII00ABHOTO TTOTe-
wiinas/

Global climate change, including the manifestation of global
warming

o Buicokuil pu3uK Aerpanamii IpUPOJTHAX €KOCHUCTEM Ta BTpaTta
GiopizHOMaHITTS/

High risk of degradation of natural ecosystems and loss of biodi-
versity

o HectaOipHICTh €EKOHOMIYHOI CUTYAITiT Ha ISPKaBHOMY Ta Perio-
HAITLHOMY DIBHSX, IO MOXKE TPU3BECTH A0 3MEHIICHHS (iHAHCY-
BaHHSI EKOJIOTTYHHX MPOEKTIB 1 IPUPOIOOXOPOHHUX iHII[IATHB/
Instability of the economic situation at the state and regional
levels, which may lead to a decrease in funding for environmental
projects and environmental initiatives

o 3HIDKEHHS SIKOCTI BOJHHUX PECypCiB depe3 aHTPOIIOTEHHE 3a-
OpynHeHHs/

Deterioration of water quality due to anthropogenic pollution

° 3arp03a UL CTAJIOT0 PO3BUTKY CUIBCBKOTO rocroaapcTBa 4e-
pe3 HepalioHaTbHEe BUKOPUCTAHHS POAIOYHUX 3€MeJb, 3MiHU KJTi-
Mary Ta epo3ito IpyHTiB/

Threat to sustainable agricultural development due to irrational
use of fertile lands, climate change and soil erosion

e Brpara iHTepecy 0 €KOJIOTIYHOTO TYpU3MY 4epe3 MOTipIIeHHS
NPUPOJHUX YMOB Ta HU3BbKHUI piBEHb PO3BUTKY iH(pacTpyKTypH/
Loss of interest in ecological tourism due to deterioration of nat-
ural conditions and low level of infrastructure development
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CYPCIB, sIKi € JJOBOJIi YHCJICHHUMH Ta CTAHOBJIATh
LIHHICT y X MOJaNbIIOMy BUKOpHCTaHHI. Ta-
KOXK BOKJIMBHUM YMHHHUKOM € HasBHICTH MEPExi
00’exTiB Ta Tepuropiit [13D, sxa nmpeacrasiacHa
YUCIICHHUMH TIPUPOJTHUMHE Ta MITyYHHMH 3aI10-
BIIHUMH 00’ €KTaMH.

Crnabki cTOpOHH TIOB’s13aHI TIEPEBaKHO
13 BUCHO)XEHHSIM HasIBHUX MPUPOIHUX PECYpPCIB
yepe3 HepalliOHANbHE BHKOPHCTAHHS, Mepemy-
ciM JTiciB 1 MiHEpaBbHHUX pecypciB. Mamopoarodi
IPYHTH OOMEXKYIOTh CLIBCHKOTOCIIONAPCHKU
MOTEHINIaN, a HEJAOCTaTHhO pPO3BHHEHA iH(Dpa-
CTPYKTYpa JUIsl PeKpealliftHuX 30H 3HUKYE TPH-
BaOJUBICTh JUIsI PO3BUTKY Typusmy. Cepiios-
HUMH TIpOOJIEMaMH TaKOX € HECTIPHATIUBI ¢i-
3UKO-TeorpadiuHi MpoIecy Ta BUIIA.

OCHOBHI MOXIJIMBOCTI i1 PiBHEHCBEKOIO
paiioHy BKIIIOYAIOTh PO3BHTOK BiJHOBIIIOBAHOL
€HepreTHKy (CoHIe, BiTep, OiomaimBo), o 3Me-
HIIATh 3QEXKHICTh BiJl TPAAUIIHHUX DKEper
eHeprii.

[lepcriekTHBHUM € PO3BHTOK €KOJIOTid-
HOTO TYypHU3MYy, IIO CHPHUATHME E€KOHOMIYHOMY
3poCTaHHIO paiiony [21].

PosmmpenHst Mepexi NIpHUpOI0OXOpOH-
HUX TEPUTOPIH ToTIoMOKe 30eperT 6iopizHOMa-
HITTS, @ MDKHAPOJTHI TIPOEKTH B Tairy3i parioHa-
JBHOTO TMPUPOTOKOPUCTYBAHHS JJOTIOMOXYTb
30eperTH mpupoaHe cepenopuiie. Takox Mokpa-
[IUTH €KOJIOTIYHY CHTYAIlil0 3aCTOCYBaHHS Cy-
YaCHUX TEXHOJIOTIH y epepoOIIi CMITTSI.

3arpo3u nepemyciM MmoB’si3aHi 3 rI00ab-
HUMHU 3MiHAMH KJIIMaTy, 30KpeMa MOTEILTiHHS,
MOXYTb MPHU3BECTH IO TMOHWKEHHS BpOKalHHO-
CTi Ta YaCTUX MPHUPOAHUX KaTacTpod.

Herpananis nanamadris i BTpara 6iopis-
HOMaHITTS, 8 TAKOX 3a0pYAHEHHS BOIHUX pecy-
PCIB CTAQHOBIISTH 3arPO3U AJIS TIOAANBIIOTO PO3-
BUTKY T'OCTIONApCTBa. BakIMBOIO 3arpo3oro Ta-
KOXX € eKOHOMiYHa HECTaOUTBHICTh KpaiHu, SKa
3MeHIIye (hiHAHCYBaHHS MPUPOTOOXOPOHHUX
TpOrpam.

Bucnoexu

PiBHeHCHKHI palioH PiBHeHCHKOI 00ma-
CTI Ma€ MOTYXHUH Ta Pi3HOMAaHITHUN MPHUPO-
HUH peCypCHUH MOTEHIlia, SIKUA 32 YMOBH pa-
[IOHAIBHOTO BUKOPHCTAHHS MOXKE CTaTH OCHO-
BOIO CTaJOr0 PO3BUTKY TEPHUTOPIH. YHIKaIbHE
TIOEHAHHSI IPUPOJHAX JTaHAa]TiB, 3HAYHI 3a-
Nack HEPYIHOI MiHEpaJIbHOI CHPOBHMHH, pO3ra-
JIy’KeHa Mepexa BOJHUX 00’€KTIB, Ol0JIOTiuHE
PI3HOMAHITT, JIICOBI i 3eMEJIbHI PECYpCH CTBO-
PIOIOTH MEPEYMOBH TSI €KOJIOTIYHO 30a1aHco-
BAHOT'O [IPOCTOPOBOTO TJIAHYBAHHS.

3acTocyBaHHSl TOPIBHsUIBHO-Teorpadiy-
HOT'0, CTAaTUCTUYHOT0, KapTOTrpadivHOrO METO-
niB Ta SWOT-anainizy 103BoauiI0 chopMyBaTH
ySBY TpPO TNPHPOJHO-PECYPCHHUM TMOTEHIIIAT
paiioHy Ta MOXXJIMBOCTI HOTO BHKOPHUCTaHHS.
Oco06nuBy yBary NpHIUIEHO OLIHII €KOJIOTid-
HOI cTilikocTi JaHamadTiB B po3pi3i TepUTOPI-
NBHUX TpOMaJi. BcTaHOBIEHO, MO JIKIIE He-
3HayHa yacTuHa rpoman (CocHiBcbka, Mizo-
1pKa, MaalHChKa) XapaKTepU3yeThesl cTalib-
HUMH ab0 CepeiHbO CTAOUIbHUMH JaHad-
Tamu. BinpiicTs rpomMan MaroTh HeCTaOUIbHUIH
CTaH 4epe3 NepeBakaHHsI HECTIHKUX EIIEMEHTIB
MIPUPOIHOTO CepeloBHIIa, THTEHCUBHE

TOCHOJAapChbKE OCBOEHHSI Ta PO3BUTOK arpap-
HOT'O BUPOOHMIITBA.

PozBurox 113D pationy, monpu HasiBHICTh
154 06’exTiB I13D, € HENOCTATHRO €(HEKTUBHIM.
KoedilieHT 3an0oBiJHOCTI CTAaHOBHUTH Jiuiie 6,8
%, a xoedimieHT iHCYNMsApU30BaHOCTI — 0,62, 10
BKa3y€ Ha pO3WICHOBAHICTH Ta 130JIAIIiI0 IPUPO-
JIOOXOPOHHUX TepHUTopii. BincyTHicTb Oiochep-
HUX a00 MPHUPOJHUX 3aTOBIIHUKIB, OOTAHIYHUX
caliB Ta HamioHampHMX mapkiB (okpim HIIII
«JlepmaHcbk0-OCTpO3b-KUil») MOCHIIOE Bpas-
JIMBICTh TIPUPOJIHUX JAHAMAQTIB.

3a pesynbratamu SWOT-anamnisy BcTaHo-
BJICHO CHJIbHI CTOPOHH, LI€ IIEPEeayCiM PO3MaiTTS
NPUPOJIHUX PecypciB, HasBHICTH 00’ ekTiB [13D,
TIOTEHIaJ JUIsl PO3BUTKY TYPU3MY Ta peKpeartii.
Jlo cmaOkux CTOpiH HajeXaTh HU3bKA SKICTh
€KOJIOTiYHOI 1H(PACTPYKTYpH, €KOJOTiYHA He-
CTIHKICTP NaHmadTiB, Aerpajaiis 3emens. Mo-
KIJIMBOCTI paliOHy MOB’53aHi 3 PO3BUTKOM BiJHO-
BJIFOBAHOI €HEPTeTHKH, BIPOBAPKEHHSIM MiXKHa-
POJAHMX Ta JIep)KaBHUX TMPHPOIOOXOPOHHHX
mporpam. 3arpo3u — 3MiHH KJIiMaTy, MOPYIICHHS
€KOJIOTIYHOrO OanaHcy, HepaliOHAJIBHE MPUpPO-
JIOKOPHCTYBAHHSI.

Kondghnixm inmepecie

ABTOpH 3asBISIOTH, IO KOHQUIIKTY 1HTEPECIB 10/10 MyOIIiKaIii boro pykonucy Hemae. Kpim
TOTO, aBTOPH TMOBHICTIO JIOTPUMYBAJIMCh €TUYHUX HOPM, BKJIFOUYAFOUH TUIATIAT, (pabch]iKaiito TaHuX

Ta TOJBIHHY MyOITiKaIlito.

Bnecox aeémopie: BCi aBTOpH 3p0OWIN PiBHHI BHECOK Y ITI0 POOOTY
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SUSTAINABLE USE AND OPTIMIZATION OF THE NATURAL RESOURCE POTENTIAL
OF THE LANDSCAPES IN RIVNE DISTRICT, RIVNE REGION

Purpose. Analysis of the current state of the natural resource potential of the Rivne district of the Rivne
region to determine the possibilities of its use.

Methods. Statistical, cartographic, system analysis, SWOT analysis.

Results. In the Rivne district, a variety of natural conditions and resources have been formed that can be
used/are used for the development of the construction, energy industries and agriculture. The hydrogeological
conditions of the territory provide small volumes of production of both medicinal and table water and mineral
water. Water resources in combination with optimal climatic conditions make it possible to create a network of
recreational complexes. Most communities located in the south of the district have an unstable landscape due to
the predominance of unstable elements of the natural environment, intensive economic development and the de-
velopment of agricultural production. This situation is due to the low indicators of forestation and conservation of
these territories. The conducted SWOT analysis outlined the weaknesses, strengths, opportunities and threats to
the development of the natural resource potential of the Rivne district.

Conclusions. Rivne district of Rivne region has a powerful and diverse natural resource potential, which,
if used rationally, can become the basis for sustainable development of territories. The opportunities of the district
are related to the development of renewable energy, the implementation of international and state environmental
protection programs. Threats - climate change, disruption of the ecological balance, irrational use of nature.

KEYWORDS: natural resource potential, ecological stability of landscapes, nature reserve fund, SWOT
analysis, Rivne district
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SIKICTDb IIJIBEMHUX BO/1 3 PI3HUX JI’KEPEJI BOJJOIIOCTAYAHHS
XOPOCTKIBCBKOI TEPUTOPIAJIBHOI TPOMA TN
TEPHOIILJIBCHKOI OBJIACTI

Merta. [IpoaHamizyBaTH SKiCTh MiI3eMHHUX BOJ Pi3HHUX IPKEpe BOJOMOCTa4aHHSI XOPOCTKIBCHKOI MiCHKOT
TEPUTOPIATLHOT TPOMaJIH.

MeTtoaun. CHCTEMHHI Ta CTATUCTHYHHMI aHaIi3, METOJ IeOXIMIYHOI OLIHKH SKOCTI IIiI3EMHHUX BOJ Ta Me-
TOJ TUTPYBaHHSL.

Pe3yabTaTu. BCTaHOBICHO, IO Y CTPYKTYpi BOJOKOPUCTYBaHHS XOPOCTKIBCHKOI TPOMaIH IEepeBaXae
BUKOPHCTAHHS BOJIY Ha MUTHI, CAHITAPHO-TIri€HIYHI MOTpeOu Ta BUpOoOHMYI moTpedn. OCHOBHUMU JDKEpEIaMu
BOJIONIOCTaYaHHsI € MOBEPXHEBI 1 Mia3eMHI Bonu. JoCiipkeHO sKiCHI mapaMeTpu mpod BOAONPOBIAHOI BOIH
micta XOpOCTKIB, TPhOX MPHBATHUX CBEP/UIOBHMH 1 TPhOX I'POMAJICHKHX KPWUHHMIL B MEXaX IpPOMaJU Ta IISITH
KOJIOJISI31B MPUBATHUX JIOMOTOCIoAapcTB ¢. BepxiBui XopocTkiBCchbKoi TepuTOpiaibpHOi rpomMany. BeraHoBieHo,
0 y JpKepenax LEHTPaTi30BaHOTO BOJONOCTa4aHHS Micta XOpOCTKIB (DIKCYEThCs HEBIANOBIIHICTH BUMOTaM
JCanlliH 2.2.4-171-10 3a nokasHuKamu a30Ty aMOHIMHOrO Ta KOJBOPOBOCTI. IlepeBHINEHHS MapameTpiB
a30Ty HITPATHOTO Ta 3arallbHOi TBEPJIOCTI CIIOCTEPIraeThCs y BiMiOpaHUX mpobax BOIH i3 TPOMaJChKOI KPHHUII
Micta XopocTkiB 1o Bys. Mys3eiina, 4. Bu3HaueHO MepeBHIICHHS MOKa3HUKA 3aralibHOT TBEPAOCTI BOIM Y KpH-
HUISIX PUBATHAX JOMOTOCIIONAPCTB cela BepXiBIi y JBOX i3 IT’ATH BigiOpaHHUX mpoo.

BucHoBKH. SIKicThb BOJM OCHOBHHX JDKEPEJ BOJIONOCTAYaHHS TPOMaJH 3arajioM BIINOBIJIAa€ CaHiTapHO-
TirieHIYHUM Ta eKOJOTIYHUM HOpMaM, MPOTe iCHYIOTh PU3HMKHU IS SIKOCTI Ta O€3MeYHOCTI OBEPXHEBHX 1 Mija3e-
MHHX BOJ. 3 METOIO HEJIOMYILICHHs 3a0pyTHEHHs BOJ ITiI3eMHHUX FOPU30HTIB, IIPONOHYETHCS BITHOBUTH POOOTY
OYKMCHHX CIOpYJ y MicTi XOpOCTKIB, 3a0€3NeYNTH CIIbChKI HAceNeHi MyHKTH CHCTEMOIO LIEHTPaIi30BaHOTO
BOJIONIOCTa4YaHHsI, KOHTPOJIIOBATH BUBI3 CTOKIB IPUBATHUX JJOMOTOCIIO/IAPCTB.
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B ymoBax moBHOMacmTabHO1 arpecii pg
mpoTH YKpainw, mpodiemMa sSKiCHOTO BOZIOIIO-
CTa4aHHA Ta 3a0e3MeUeHHS HACEJICHHS MTUTHOIO
BOJIOI0 € aKTyaJbHOIO Ta MPAKTUYHO BAXKIIH-
Bo0. [lomKOmKEHHS BOIOTOCIOAAPCHKOI 1H-
(hpacTpyKTypH i JpKEepes BoAONoCcTavaHHs 0e3-
MOCEPEAHbO BIUIMBAIOTH HAa JKUTTEMISUIBHICTH
HACEJICHUX ITYHKTIB, SIK THX IO 3HAXOMAATHCS Y
30HI OOHOBHX [Iili, TaK 1 TUX IIO MOCTPAXKIAIH
BiJl pakeTHHX OOCTpimiB. 3 00’€KTUBHUX IpH-
YMH JOCHIKyBaTh MpoOneMu Bojo3abesre-
YeHHS TNPUQPPOHTOBUX HACEICHHUX IyHKTIB
HOKHU 1[0 HE Ma€ MOJIMBOCTI, IIPOTE MOXKEMO
MpOaHaNTi3yBaTH ONHY i3 THUJIIOBHUX TEpUTOpia-
JBHUX TPOMaJ Ha MPEIMET SKICHOTO BOIOIIO-
cTadaHHS. AHami3 XiMIYHOTO CKJamy DKepel
BOJIONIOCTAYaHHS Ta SKOCTI IMUTHOI BOIU Y
MJIOTHINA TEpUTOpiaNbHIA TPOMai JO3BOIHTH
B TEPCIIEKTHUBI EKCTPAIONOBATH OTPHMaHi
pe3yJbTaTH JAOCIiIKEHHSI HA TPOMaJH SIKi 0e3-
MOCEPEIHBO MOCTPAXKIAIH BiJl BINCHKOBUX JiM.

XOopocTKip

M-19

HOMANIVYNU

Bcmyn

-

E =

XOpOCTKIBChKAa TEPHUTOpPiaIbHA TpoMazaa
(TT') posramoByeTbest Ha Teputopii YopTki-
cpKoro paiiony TepHominbcbkoi oOmacti, ae
npoxkuBae 14155 ocib, mioma rpoMamu —
183,6 km? [1]. Jlo cknmamy rpoMaid BXOAUTH M.
XOpOCTKIB 1 NIEeB’SITh CUIBCHKUX HACEIICHUX
myHKTIiB: YBucna, Kapammami, Copoka, Ilepe-
muniB, XuoniBka, Benukuii I'osuiis, KiroBu-
Hii, BepxiBui, Manwuii ['oBuiis (puc. 1). Boau
MEPEeBaYXKHO BHUKOPHUCTOBYIOTBCA Ha MUTHI 1
caHiTapHO-TirieHi4HI moTpedu (84%) Ta BHpO-
Onuui norpedu (16%). OcHOBHUME mXxepena-
MU BOJIONOCTAYaHHS € MOBEPXHEBI 1 IMiJI3eMHI
BomH, y cmiBBigHomeHHi 54:46% [2]. Takum
YUHOM, MOKEMO CTBEPKYBATH, IO Y TPOMaIi
oim3bpko 50% BOM03a00OPy 3IMIMCHIOETHCS 13
Mi3eMHUX BOAHUX 00’€kTiB. ToMy BUBYEHHS
XIMIYHOTO CKJIaqy Ta SKOCTI MiA3€MHUX BOJ
XopoctkiBeskoi TT' € akTyaiabHUM Ta Ba)Iu-
BUM HayKOBO-NIPAaKTUYHUM 3aBJaHHSIM.

di

= Klyuvyntsi

- Peremyliv | 1

M s0r0ka |

Khorostkivska urban community

r-“
' Khlopivka
— —
- Uvysla

u

Puc. 1 — XopocTkiBchKa Micbka TepHUTOpiaibHa rpoMana [1]
Fig. 1 — Khorostkivska urban territorial community [1]
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[Tpo6neMu BUKOPUCTAaHHS BOJHHUX pecy-
pciB XOpOCTKIBCHKOI TEPUTOPialibHOT IpOMaIH
Ta iX EeKOJIOTIYHMI CTaH BHCBITIIEHO Yy MyOIi-
Karfii [3], me 3BepHEHO yBary Ha OCOOJHBOCTI
BUKOPHUCTAHHS TOBEPXHEBUX Ta IiJ3EMHHUX
BOJIHAX PECYpCiB TpOMajy, TUHAMIKY BOJIOKO-
PHUCTYBaHHS, BKIIOYAIOYH OOCATH CKHUITAHHS
3a0pyqHEHNX CTIYHHX BOJ; IIPOAHaIi30BaHO
CaHITapHO-EIIIEMIOJIOTIUHI TTapaMeTPH SKOCTI
MOBEPXHEBUX BOJ, BOJONIPOBIAHOI BOIM Ta
NpUBaTHUX cBepAjoBUH XopocTkiBecbkoi TI.
lapoekonoriyai mpoOnemu  XOpOCTKIBCHKOI
TpOMaIH JOCHIDKEHO y poboTi [4], moao ria-
poekororiuHoi 6e3nekn 30J104iBCBKOT TpoMan
Hagano y [5], ITizBomounchkoi rpomanu [6].
[TpobGneMu BOJOKOPUCTYBaHHSI TEpUTOpiaib-
HUX Tpomax Oaceiiny piukm HiumaBa BHUCBIT-
neHo y myodmikarii [7]. OxpeMi acrieKTH J10CTi-
JOKeHHS SKOCTI II3eMHUX BOJ, AK JDKepen
BoJIONIOCTa4aHHA Micta TepHOmiiap mpeacTas-
aeHo y crarti [8].

OmiHKy SKICHOTO CKJIaqy MUTHHX ITiJ3€-
MHHX BOJI CEHOMaH-HIKHBOKPEHUISTHOTO BOJIO-
HOCHOTO KOMIUIEKCY Ha TepUTOpii XapKiBChKOT
ob6nacti mposomwita [Ipubuaosa B.M. [9]. Pu

3WKH CIIOKUBAHHS MUTHOI BOAM 3 IMiABUIIECHUM
BMICTOM HITpaTiB Ha 310pOB’sl HaceneHHs JKu-
TOMHUPCHKOI 00’€MHAHOI TEPHUTOPIABHOI TPO-
Manmu gociimkeHo Banepko P.A. 3i cmiBaBTo-
pamu [10]. Skicte muTHOI BoaM y 3axigHOMY
perioni Ykpainu [11], y ToMy 4YucHi pHU3UKH
CIIOKMBAHHS [UTHOI BOAM 3 MIIBUIIECHUM BMi-
CTOM HITpaTIB I 3A0POB's HaceneHHS Tep-
HOMUIBCHKOT 00nacTi HamaHo y podoti [12].
JlocmimKeHo TakoK OCOOIHMBOCTI BOA03a0e3-
MIEYCHHS Ta SIKICTh MUTHOI BOIM JJISI HACEJIEH-
Ha llomickkmx paiioHiB PiBHEHCHKOI oOmacTi
[13], pe3ynbraT MOAIOHUX JOCIIIKCHD 1010
€KOJIOTIYHOI OIIHKH CTaHy NMHUTHOI BOAHW Y Me-
XKax 00’ €qHaHUX TepuTopianbHuX rpoMan JKu-
TOMHPCBKOTO paiioHy Ha HamaHo y [14, 15].
PesyabTatv JOCHIIKEHHS SIKOCTI IMi3EMHUX
BOJI, 30KpeMa BIUTUB HITPAaTHOTO 3a0pyAHEHHS
BoJ Ha 310poB’st HaceneHHs CIIIA wagano y
pob6orax [16 — 18].

Mera nocmipKkeHHS — TpoaHali3yBaTH
SIKICTB TIII36MHHUX BOJI PI3HUX JIKEPEN BOJOIIO-
cTadaHHs XOpPOCTKIBCHKOI MiCBKOi TepuUTOpia-
JIBHOI TPOMaH.

00°ckm ma memoou 00Ci0IHCEHHA

O0’eKTOM JOCHIDKEHHS € JDKepena Bo-
JorocTadyaHdsi XOpPOCTKIBCBKOI TepUTOpialib-
HOI rpoMajy, MPeIMETOM — BHCTYINAE XiMid-
HUIl CKJIaJ Ta SAKICHI ITOKA3HUKH I1A3EMHHUX
BOJI, IKIi BUKOPHCTOBYIOTBCS [UI BOAOIOCTA-
YaHHS B MeXax JIOCIIKyBaHO1 TpoMay.

[ BU3HAYEHHsI 3arajibHOi TBEPIOCTI
BOJM 3 MPHUBATHHX KOJIOAA3IB cena Bepxibiii,
BUKOPUCTAHO METOJ TUTpyBaHHA. Iyl LbOrO
METOAY 3aCTOCOBYBAHO TII€BHE OOJaJHAHHS,
amiayna Oydepna cymim 3 pH ~ 10,
NaoH.Y2H,0 (0,05 H. po3unH), KOMIUIEKCOH
III, epioxpom dopHmii. Sk BimoMo, 3aranbHa
TBEPAICTH BOAUM Mae OyTtu He Oinpme 7
mrxeks/nm° [19]. BusnaueHHs 3araibHoi TBep-
JIOCTI BOJH, TOOTO BMICTY KaJIbIIiF0 Ta MarHito,
0a3yeTbcss Ha TUTpyBaHHI ioHiB Ca?" 1 Mg?
pozunHoM Komruiekcony . Jlnst  dikcarrii
TOYKH EKBIBAJICHTHOCTI 3aCTOCOBYETHCS 1HIU-
KaTop epioxpom yopHuit. ¥ miamazoni pH 7-11
BiH yTBOPIOE 3 IIUMH KaTiOHAMHU KOMIDIEKCHI
CTIIOJIYKH YEpPBOHOTO Ta CHHBOTO KOJIBOPIB.
Ockinbku koMmrutekcoH 11 ¢popmye 3i 3ramanu-
MM 10HAMH OINIBII CTIMKI KOMIUIEKCH, HIX 1H-
JIUKaTop, IiJ Yyac TUTPYBAHHS OCTaHHI PyiHHY-

IOThCsI. 3aBEPIICHHS PeakIlii MmiATBepIKyEThCS
MOSIBOIO YKCTOTO BUIBHOTO 1HIUKATOPa CHHBO-
ro 3abapsiienns [20].

Marepianamyd JUisi  TIPOBEJICHHS  JOCHi-
JOKEHHS TTOCITY)KWIH JaHi: PerioHansHoro odicy
BOIHUX pecypciB y TepHOMIbChKiH o0macTi,
HepxaBHoi ycraHoBu «TepHOMiNbCEKUIT 06mac-
Hui nabopatopauii nentp MO3 VYkpainu», a
TaKOXK Yy3arajbHeHHI JHaHi posainy OxopoHa
HaBKOJIMIIHBOTO cepefoBumia [21]. Oxpemo
OTpaIbOBAHO 3BITH 3 BOJOKOpUCTYBaHHS ((op-
Ma 2-TII) y po3pisi Tepuropianbhux rpomar [2] i
JlaHI MOHITOPUHTY BOJHMX pecypciB [epikaBHo-
T'O areHTCTBA BOJHHUX pecypciB YKpaiHu.

JlaGopaTopHi JOCHIKEHHS MPOO BOIU
npoBoguiu y [epxaBuili ycraHoBi «TepHo-
MITBCHKUH  OONacHU 1a00paTOpHUM LIEHTP
MO3 VYxkpainu» Ta naboparopii XiMii HaBKO-
JHUIIHBOTO  CepeloBUINAa  TepHOMIBCHKOTO
HAI[IOHAJILHOTO TearoriyHoro YHiBEPCUTETY
imeHi Bomomumupa I'Hatioka. Takox 3 BHKO-
PUCTaHHSIM METOJY T€OXIMIYHOT OI[IHKHU SKOCTI
MiA3€MHUX BOJ 3 PI3HHUX JKEpeN BOAOINOCTa-
yanHs1 XopocTkiBcbkol TT.

Pesynomamu ma 062060penns

BopokopuctyBaHHs XOpOCTKIBCHKOL
TI, gk 1 Oyab-IK0i aAMIHICTPATUBHOI OIMHUIITI,

OXOILTIOC BOJOIIOCTAaYaHHSA Ta BOJOBIABENCH-
Ha. BomompoBigHa Mepexa rpoManyd IPOTSK-
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HicTio 30 KM 3a0e3meuye IEHTpaTi30BaHe BO-
momoctayanus juine 155% wacemenns. Y
rpoMajii IEHTPaNTi30BaHOI0 CHCTEMOIO BOJOIIO-
cTayaHHs OXOIuieHO 37% >KUTIOBOro (HOHIY
Ta BCi 00’€KTH COILIANBHOI 1H(PPACTPYKTYpPH.
€IVHIM HaceleHWM ITYHKTOM i3 IEHTpati3o-
BaHUM BOJOIIOCTAYaHHSIM € MICTO XOPOCTKIB.
VY cenax BOAy OTPUMYIOTH MEPEBAXKHO 3 IIAXT-
HUX KOJIOAS3IB Ta TPHBAaTHUX CBEPAJIOBHH,

pO3TallIOBaHUX Ha TPHCAAUOHUX UISTHKAX.
BonomnpoBinHa Mepexka Micta 3HOIICHA Ha
80%, 1m0 CTBOpIOE 3HAYHY EKOJOTiYHY IIpO-
OneMy 11 HaceseHHs rpomann [21].

Awnaniz nmanux [2] BOIOKOpPHCTYBaHHS
XopoctkiBeskoi TI' 3a 2023 pik BU3HAYMB, 110
BUKOpHCTaHO 84% Ha mUTHI 1 caHiTapHO-
ririeniuni notpebu (46 tne.m®) Ta  16% Ha
BupoOHUYi motpedu (9 tuc.m) [2] (puc. 2).

# BUKOpPICTAHO BOMIM HA MIHTHI | CAHITapHO-TIrlEHI4HI noTpedn / Water used for

drinking and sanitation needs

® BukopHcTaHo BOAN Ha BipoOHyl motpebn / Water used for production needs

Puc. 2 — Bogonocrauanus XopocTKiBChbKOi rpomazu, 3a 2023 pik
Fig. 2 — Water supply of the Khorostkivska community, in 2023

3 oryisy Ha HEOOXIHICTh 3a0€3MeUeHHS
BCIX MEIIKAHIIIB XOPOCTKIBCHKOI TIpoMaau
[EHTPATI30BaHUM BOJOINOCTAYaHHSAM, pPO3pa-
XOBaHO ITPOTHO30BaHUI JOOOBUIH OOCAT ITHT-
HOI BOAM Uit TOTpeO HaceJIeHHA, SIKUH CTaHO-
BUTH npuOM3HO 3,2 Tuc.M® (Tabn. 1). Hopma-
THUBU BOJIOTIOCTaYaHHS BU3HAYEHO BiITIOBiTHO
1o JlepxaBHuX OyJiBETBHUX HOPM: JJIST MicTa
XopocTkiB — 250 niTpiB Ha 0c00Y, AJIsI CUIBCh-
KHMX HaceJieHuX MyHKTIB — 200 JiTpiB Ha 0CO0Y
(JIBH B.2.5.-74:2013) [21].

Cucrema BoJoBiBeIcHHS Y XOPOCTKIB-
ChbKilf rpoMaii GyHKIIIOHYE B M. XOpOCTKIB, 1
oxorutroe nuie 11% nacenenns. Kanamizariii-
Ha Mepeka 3arajibHOi MPOTSDKHOCTI 18 kM Mae
He3aJI0BUILHUI cTaH, 1 Maibke 80% moTpedye
saminu [3].

OOcAT 3araJlJbHOTO BOJIOBIABEACHHS Y
2023 poui cknagas 38 TMc. M BOIH, IIPUYOMY
36 trc. M® cTiYHMX BOJ G€3 OUMCTKH CKHUHYTO
y moBepxHeBi BojaHi 00’ekth [2]. Oumcrka
CTIYHUX BOJ HA OYHCHHUX CIIOPYJaxX Ta IHIIUX
ol0'ektax y 2023 poui B rpomanmi He
3[11ICHIOBAJIACH.

PekomeHy€eThCS IPUIITUTH yBary yTu-
mizarii CTiYHUX BOJ B IHJAWBIAyaJIbHUX CaJlu-

~ 25~

0ax, 110 € aKTyaJIbHUM Yepe3 Tepexij mpuBaT-
HUX JIOMOTOCHOJAPCTB Ha BOJOIOCTAYaHHS 3
MicIIeBUX KoJo/s3iB. 111 300py CTIYHHUX BOJ Y
IBOpax OyIyIOThCSl «CENTUKW» (BUTPiOHI SMU),
ajie JTUIIle HEeBEIMKa YacTKa BiJ[IIOBi1ae€ HOpMa-
TUBHMM BUMOTaM 1 TOMYy 3Ha4yHa KUIBKICTb
CTIYHHMX BOJ NMPOCOYYETHCS B IPYHT. Komomssi
MUTHOI BOAM PO3TAILIOBYIOTHCA 4acTO Ha BiJC-
tanl 10-20 M BiJ «CENTHKIBY, 1 0 HUX 3 4aCOM
notparisie 3a0pynHeHa iHQITBTpaToM BOJA,
110 3HAYHO TMOTIPIIYE SKICTh KOJIOASI3HOT BOJIH.
[MutaHHs yThmizamii CTIYHUX BOJ € aKTyalb-
HUM. MeIKaHni BUBO3ATH CTiYHI BOJIY Ta II0-
OyTOBI BIIXOJH, NEPEIYCIM, Y JTICONOCAIKH Ta
OaJIKu, 10 MPHU3BOAWUTH 10 MACIITa0HOTO He-
KOHTPOJIbOBAHOTO  3a0pYJAHEHHS  ITi3eMHUX
BOJI 1 IPYHTIB, SIK y MEXKax HaceJIEHUX ITyHKTIB,
TaK i mo3a HUMH [22].

3 rizporeosoriyHoi TOUYKH 30py TEPUTO-
pist XOpOCTKIBCHKOI TEPUTOPiaIbHOI IpOMaIH
Hanexuts 10 Bommuo-Iloginecekoro apresia-
HCBKOTO OaceiiHy, SIKM pO3TAllOBaHUN Ha
MiBICHHO-3aXiqHiM okpaini CxigHo-E€Bporneii-
cekoi mmatdopmu. IlimzemMHi BomM MIMPOKO
MOIIMPEHI Ta 30CEPEDKEHI Y BEPXHIN TPIIIu-
HYBaTii 30HI TOPTOHY-CEHOH-TYPYHY, a TAKOXK
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Taoauns 1

rHO30BaHi MM rocioAapchbKO-MUTHOT0 BOJOCIOKHBAHHS Ta BOJOBiIBEeHHSI ISl IOT
ITporHo3oBani 06’¢ 0CIOIapPChKO 0ro BOJ0CHOKHBA a BO/IOBiBeE oTped
HacesieHHs1 X0poCTKiBchKoi rpomamn [21]

Table 1

Projected volumes of domestic water consumption and wastewater disposal for the needs of the population
of the Khorostkivska community [21]

O6csir BOOCTIO:KMBAHHS, Oo6csr BoOBiIBe-
N KinbkicTs Hacesien- THC. M/100Y / JeHHs, THC. M°/100y /
Hacenenuii mynkr / . :
Hsl, 0Ci0 / Volume of water Wastewater disposal
Settlement ; .
Population, persons consumption, volume, thousand
thousand m®/day m®/day
M. XOpOCTKiB
Khorostkiv city 6740 1,68 151
¢. VBHcia 1280 0,26 0,25
Uvysla village
¢, Kmropunut 1100 0,22 0,21
Kluvintsy village
c¢. XiomiBka
Khlopivka village 1060 0,21 0,20
¢. Hepemia 1060 0,21 0,20
Peremyliv village
c¢. Benukwuii I'oBuiis
Velykyi Hovyliv village 945 0,19 0,18
c. Copoxa 735 0,15 0,14
Soroka village
¢. Kapaummui 485 0,10 0,09
Karashyntsi village
c. BepxiBii
Verkhivtsi village 400 0,08 0,07
¢. Mauii ['oBnis 350 0,07 0,06
Malyi Hovyliv village
Pazom no epomaoi
Together in the 3,17 2,91
community

y DIHMOIMIMX MMaJie030MChKUX BiJKIaaax. 3a
YMOBH 30€pPEKEHHS Cy4aCHOI'O PiBHS BHKOPH-
CTaHHsI, 3aMacy MPICHUX Mi3eMHUX BOJ € JI0C-
TATHIMH SIK 33 KIJTbKICHHMH, TakK i 3a AKICHUMH
MOKa3HUKAMH, CGKCIUTyaTyIThCS YA € OCHOB-
aumu [24].

[lin3eMHi BOJOHOCHI TOPWU30HTH, SIKi
eKCILTyaTyIOThCSI 4Yepe3 apTe3iaHChKi CBepJJIo-
BUHH, € OCHOBHUMH JDKEPEJIAMH BOJOTIOCTAYaH-
Hs crioxuBaviB XopoctkiBepkoi TT. ['igporeo-
JIOTIYHI YMOBHU TPOMaJIM CHPHSIIOTH 3a0e3IeUYeH-
HIO BOJIOITOCTAYaHHS 33 paXyHOK ITiI3EMHUX BOJI.
O0csr 106oBOro BoJ03a00py IS LIEHTPaIi30Ba-
HOTO IMOCTAYaHHS HACEJICHUX ITyHKTIB IPOMaIN
cranoButh 0,1 THC. M*/ 100y [21].

3a qaHuMu XOpOCTKIBCHKOT MiCHKOT pajid,
SIKiCTh BOJTM 3 apTE3iaHCHKUX CBEPIJIOBHUH Y BO-
JIOTIPOBIIHINA MEPEXI MICTa BiJINOBIIAE BUMOTaM
JCanlliH 2.2.4-171-10 [25], 32 BUHATKOM TIOKa-
3HHUKIB KOJIBOPOBOCTI, BMICTYy aMOHIHHOTO a30Ty
Ta 3arajibHOI TBepIOCTi (Tadm. 2).

~ 26~

OxpiM JpKepes LEeHTPali30BaHOTO BOJIO-
[TOCTa4aHHs, TPOBEJCHO aHANi3 T1IPOXiMIYHAX
MOKA3HUKIB NPO0 IMiJI3eMHHUX BOJ 13 MPUBATHUX
CBEpUIOBHH M. XOpOCTKiB (Tabm. 3).Ta cenwin
IMepemwii i XomiBka (tadm. 4). BusHaueHo,
[0 TIEPEBUIIEHb TPAHUYHO JIOMMyCTUMHX KOH-
neHTpamii - isuko-XiMiYHUX 1  CaHiTapHO-
TOKCHKOJIOTIYHUX TOKa3HHWKIB HE BUSBICHO Ta
SKiCTh BoaM BiamoBimae Bumoram JCanlliH
2.2.4-171-10 [25]. Tloka3Huku TPOO MUTHOI
BOJM 3 TPHOX KPHHHUIL Y M. XOPOCTKIB Ta Ce-
muii Kapamuani HagaHo y tabmuni 4.

MikpoOioyoriuHui aHaji3 mpod BOAW HE
BUSIBUB 3arajlbHUX KOJipopM Ta MaTOreHHHX
eHTepoOakTepili. BusHaueHO miepeBHIICHHS BMi-
CTy HITPaTHOTO a30Ty Ta MOKa3HWKA 3arajibHOi
TBEPIOCTi y MpoO BOIM 3 KPUHMLI 3a aJ[Pecoro
ByJ1. My3eiina, 4 y M. XOpOCTKIB Ta NEpPEBHUILCH-
HS1 TIOKa3HWKA 3arajibHOi TBEPJOCTI BU3HAYCHO Y
3pa3Kax BOIM 3 KpWHHMII Ha ByJ. HeszanexHocri,
74 y M. XOpOCTKiB.



ISSN 1992-4224 Jlioauua Ta noBkiuis. ITpobaemu Heoekosorii. 2025. Bunyck 43

XimiuHuii ckJaa BogonpoBinHoi MUTHOI Bogu M. X0poOCTKiB

Chemical composition of tap drinking water of the Khorostkiv city

Tadauus 2

Table 2

M. XOPOCT,KiB’ M. XOpOCTKiB, M. XOpOCTKiB,
BOJOIIPOBIAHA . .
HopMa/ Mepema/ apTe3laHCbK31 / apTeBlaHCLKaz /
Hoxasuuk / standard | Khorostkiv city, CBEPIOBHMHA Ng CBEPATOBHHA N"
Indicator [25] water supply Khorostkiv city, Khorostkiv city,
network artesian well Nel artesian well Ne2
2021 2022 2021 2022 2021 2022
pH 6,5-8,5 7,2 6,9 7,1 7,5 7,4 7,3
OKHCHICTb, M2/OM®
Oxidity, mg/dm? <5 1,09 2,2 1,21 1,13 0,86 1,55
A30T aMOHilHUH, Me/OM®
Ammonium nitrogen, mg/dm?® 0.5 2.8 3.9 2.9 2.9 4.4 2.9
A30T HiTpUTHMI, M2/OM®
Nitrite nitrogen, mg/dm? 0,5 0,016 0,28 0,013 0,019 0,04 0,025
A30T HiTpaThuii, M2/om®
Nitrate nitrogen, mg/dm? 50 3,72 3,86 35 3,58 2,75 2,77
3arajibHa TBEPIICTh,
Me-exe/om® <7 8,1 10,3 8,6 8,2 10,5 8,6
Overall hardness, mg-eg/dm?3
3aranpHe 3aJ1i30, MKke/OM°
Overall iron, mcg/dm3 <2 0,78 0,13 0,83 0,85 1,05 0,13
Komnboposgicts, °
Chromaticity, ° <20 24 31 30 30 30,1 25,4
Taoéaunsa 3
CaniTapHo-XiMiuHi MOKa3HUKH NMPOO MiI3eMHHX BOJ 3 NPUBATHUX CBePAI0OBHUH [3]
Table 3
Sanitary-chemical indicators of private wells groundwater [3]
Ha3ga napametpis / Hopwma / Ipo6a Nel / Ipoda Ne2 / | TIpoda Ne3 /
Parameter name standard [25] Sample Nel Sample Ne2 | Sample Ne3
pH 6,5-8,5 7,13 7,13 6,9
Cyxui sanHuok, re/ox’ <1500 390,0 420,0 375,0
Dry residue, mg/dm? - ’ ’ ’
3arabHa KOpPCTKICTh, MMOLL/OM®
Overall hardness, mg-eg/dm?® <100 6.4 '8 7.2
3araibHa JIYXHiCTb, MMOTL/OM®
Overall alkalinity, mmol/dm3 <65 6,0 6.4 6,5
3aranbHe 3a1i30, Me/Om°
Total iron, mcg/dm?® =1,0 0.0 0.0 0.0
™ 3
Rampuid, m2/om” <130 114,0 128,0 120,0
Calcium, mg/dm
Marwiit, me/om® <30 85 170 146
Magnesium, mg/dm? - ’ ' ‘
Cynwdaru, me/om®
Sulphates, ma/dm? <500 17,3 15,6 11,0
Xoopumu, m2/om’
Chlorides, mg/dm? <350 17,7 39,5 21,3
AMoHiit, me/om®
Ammonium, mg/dm?® <2,6 0,0 03 0.0
Harpiit, me/om3
Sodium, mo/dm? <200 10,8 6,0 9,0
Hirtpatu NOs, mz/om®/
Nitrates (NO3), mg/dm?® =50 4.2 16,5 6.6
Sample Nel — Khorostkiv city, Sample Ne2 — Peremyliv village, Sample Nel — Khlopivka village

~27 ~




ISSN 1992-4224 Jlioauua Ta noBkiuis. ITpobaemu Heoekosorii. 2025. Bunyck 43

Taoauus 4
XimiuHuii cKJIax MUTHOT BOAM IPOMAaACHKUX KPUHHIb XOPOCTKIBCHbKOI TepuTOpPiaibHOI rpoMaau
Table 4
Chemical composition of drinking water in public wells Khorostkivska territorial community
M. XOpocCTKiB, BY.JI. M. X0OpoCTKiB, ¢ K apauud,
Hopma / : . (6ist mukon) /
Moka3uuk / He3anexnocri, 74 / ByJ1. My3eiina, 4 / :
. standard A L Karashyntsi
Indicator Khorostkiv city, Khorostkiv city, .
[25] 74N X - village,
ezalezhnosti str. 4 Muzejna str.
(near the school)
pH 6,5-8,5 7,0 7,03 7,13
OKHCHICTb, M2/OMm3]
A30T aMOHIHHHI, Me/Om3]
Ammonium nitrogen, 0,5 0,19 0,3 0,25
mg/dm?®
A30T HiTpUTHHMIA, M2/OM/
Nitrite nitrogen, mg/dm?® 0.5 0,04 0,04 0,03
A30T HiTpatHuii, me/om/
Nitrate nitrogen, mg/dm?® 50 42,8 82,7 359
3aranpHa TBEPIICTh,
se-exs/Or’] <7 11,4 16,0 4,6
Overall hardness, - ' ’ '
mg-eg/dm®

B cinbchbkuX HaceneHHX IMYyHKTaX XOPOCTKIB-
cekoi TT' muTHe Ta rocmozapchke BOIO3a0€3-
TICYCHHS 3IHCHIOETHCS Yepe3 IIaXTHI KOJI0s131
Ta 1HAMBIAYyadbHI CBEpAJOBHHHU. JloCIimKeHo
3pa3kd THTHOI BOJU 3 MPHUBATHUX KPHHUIIb,
BU3HAYANIN 3arajbHy TBEPIICTb BOJU 3 MPHBA-
THHUX KpuHHIb cena Bepxisi (puc. 3). Bindip
npo0 3miMCHIOBABCS y KPUHHIAX 32 aJ[pecOM:
By I'pymeBcekoro, 11 (mpo6a Nel), Byi.

~

mmol-eq/dm3
o w - w (o))

—

Sample Ne1  Sample No2

Sample No3

lkineHa, 22 (mpoba Ne2), Byn. 3apiuna, 13
(mpoba Ne3), Byn. Jleci Ykpaiuku, 1 (mpoba
Ned), Byn. Lentpansna, 15a (mpoba Ne5) [3].
OTxe, 3a pe3yJbTaTaMH aHaJi3y BOJU 3
KpUHHUILb TPUBATHUX JOMOIOCIIOAApCTB CElia
BepxiBIli BU3HAYEHO, IO MMOKA3HUK 3arajibHOL
TBEPJAOCTI OIIBIIOCTI MPOO BiAIOBIAaE HOPMa-
tuBaM. He3naune MEPEBUIICHHA BU3HAYCHO Y
mpobax Nel Ta Ned, ne moka3zHUK CTAaHOBUTh

Sample Ne4  Sample No5

Puc. 3 — [Toka3HUK 3araJibHOT TBEPJOCTI BOIY Yy KPUHHUIIAX NPUBATHUX qoMorocnonapcts (c. Bepxisui) [3]
Fig. 3 — The total water hardness of wells in private households (in the village of Verkhivtsi) [3]
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7,3 MonbxekB/mm®. HaltHwkdunii piBeHb TBEp Byn. LlenTpanpHa, 15a, mo BiAmoBigae omTH-
nocTi 3adikcoBaHo y npoOi NeS 3 kpuHUI Ha MaJIbHUM 3HaueHHsM (puc. 2) [3].
Bucnoexu

Ha ocHOBI onmepikaHUX pe3yNBTaTiB SKOCTI MTOBEPXHEBUX 1 MiJ3eMHHUX BOJ B MEXax TEPUTOPii
MiI3eMHUX BOJX XOPOCTKIBCHKOI TEPUTOPiaTbHOL IOCITIHKEHHS.
TPOMa, MOXEMO 3pOOMTH BHCHOBKH, IO SKICTh 3 METOI HEIOMyIICHHS 3a0pyAHEHHS BOJI
BOJI OCHOBHUX JIXKEPEJ BOJIOMOCTaYaHHs TPOMaH MiI3EMHUX TOPH30HTIB, MPOIMOHYEMO: BIJIHOBUTH
BIJINIOBiJ[a€ CaHITAPHO-TITI€HIYHUM Ta €KOJIOTTYHIM poboTy OYMCHUX cropyn y MicTi XOpOCTKIB; Mpo-
HOpMaM. BECTU PEKOHCTPYKINI0 CHCTEMH BOJIOBIIBEACHHS Y

IIpote, BpaxoByHOUM BEIHKI OOCSITH CKU- rpomaji Ta 3a0e3MeUnTH CiTbChKI HACENICHI MyHKTH
JIaHHS 3a0pyJHEHUX CTIYHHX BOJ Ta BiJICYTHICTh CHUCTEMOI0  IICHTPAII30BAHOTO  BOJOIOCTAYaHHS;
OYKCHHX CIIOPYI Y TPOMa/li, MOXKHA CTBEP/KYBATH, 00JIiKyBaTH Ta KOHTPOJIIOBATU BHBI3 CTOKIB MpUBa-
IO ICHYIOTh PH3HMKH JJIsl SKOCTI Ta O€3NeYHOCTi THHUX JIOMOTOCIOIAPCTB.

Kongnixm inmepecie

ABTOpH 3asBISIOTH, IO KOHQIIKTY 1HTEpECiB o0 myOuikamii 1boro pykonucy Hemae. Kpim
TOTO, aBTOPH MOBHICTIO TOTPUMYBAIUCh ETUYHAX HOPM, BKITIOYAIOUH IUIariaT, ¢anbcudikariiro JaHux
Ta TOJBIHHY MyOTiKaIlifo.

Bnecok agmopis: Bci aBTOpHU 3p00WIH PiBHUN BHECOK Y IFO poOOTY
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GROUNDWATER QUALITY FROM DIFFERENT WATER SUPPLY SOURCES
OF THE KHOROSTKIVSKA TERRITORIAL COMMUNITY OF TERNOPIL REGION

Purpose. Analyse the quality of groundwater from different water sources in the Khorostkivska urban
territorial community.

Methods. System and statistical analysis, geochemical groundwater quality assessment method and
titration method.

Results. It has been established that the structure of water use in the Khorostkivska community is
dominated by the use of water for drinking, sanitation and production needs. The main sources of water supply
are surface and groundwater. The qualitative parameters of samples of tap water from of the Khorostkiv city,
three private wells and three public wells within the community and five wells of private households in the
village of Verkhivtsi of the Khorostkivska territorial community were investigated. It has been established that
the sources of centralised water supply of the Khorostkiv city do not meet the requirements of Sanitary-
Epidemiological Norms 2.2.4-171-10 in terms of ammonium nitrogen and chromaticity. Exceedances of nitrate
nitrogen and overall hardness parameters were observed in water samples taken from the public well in the
Khorostkiv city at 4 Muzejna Street. The results of determining the overall water hardness in the wells of private
households in Verkhivtsi village showed that two out of five samples exceeded the standard values.

Conclusions. The water quality of the main sources of water supply in the community generally meets
sanitary and hygienic and environmental standards, however, there are risks to the quality and safety of surface
and groundwater. In order to prevent contamination of groundwater, it is proposed to restore the operation of
treatment facilities in the city of Khorostkiv, provide rural settlements with a centralized water supply system,
and control the removal of wastewater from private households.

KEY WORDS: groundwater, territorial community, chemical composition, pollution, drinking water.
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YJIOCKOHAJIEHHS OIIIHKH I TIPOTHO3Y SIKOCTI IPUT ALIIMHUX BOJ]

Meta. Y 1ockoHaI€HHS METOAWYHUX MiAXOMIB 10 OLIHIOBAHHA 1 IIPOTHO3YBaHHS SKOCTI MOJMBHUX BOJ 3
BpaxyBaHH;IM 1X 4aCOBOI MIHJIMBOCTI Ha OCHOBI aHaJi3y ipUTaIliiHUX BIACTHBOCTEH piukoBUX BOoa OjechKoi 00-
JacTi.

Metoan. CraTucTUuHI, MaTeMaTHYHE MOZAECIIOBAHHSI i IPOrHO3YBaHHSI.

Pe3yasTaT. BcTaHOBIICHO, IO OWIHKY 1 MPOTHO3 SKOCTI ipUTamifHUX BOJ HEOOXITHO BUKOHYBATH 3 ypa-
XyBaHHSIM MIHJIMBOCTI iX CKJajy 1 BiacTuBocTed y 4aci. [loka3aHo, 1110 BUKOPUCTAHHS CEpeIHIX 3HAYCHb MOKa3-
HUKIB 3a MOTIEPEIHIH mepioa yacy MoKe TPU3BECTH JI0 TIOMIJIOK IIPH OLIHII SKOCTI ipuramiiHux Boja. Pekomen-
JIOBAaHO PH3HK TOTIPLICHHS SIKOCTI BOJ 32 OKPEMHM IOKa3HUKOM pO3IJISaTH, K 3a0e3MeUeHiCTh HOPMaTUBY
IIbOTO TOKa3HHKa. [IpornonyeThes, cimparounch Ha JocBia kpaiH €C, 00OMEXNTH PU3HK IOTIpPIIEHHS SIKOCTI BOA
Ha piBHi 10%. Bka3yeThcsl, 110 CYTTEBUM HEIOJIKOM METOMKH OLIHKKA HEeOe3MeKH 3acoiieHHs IpyHty B JJCTY
2730:2015 € HeoOXiHICTh aHANI3Y TIMOTETUYHMX TOKCHYHHX COJIEH y IMOJIMBHUX BOJAX MPU KOXKHOMY pO3paxy-
HKY Kiacu(ikamiiHOTO MOKa3HUKA, IO € JyXKe HE3pYIHUM IIPH aHalli31 JaHUX CIIOCTePEKEHb 3a TPUBAI TIePioIu
yacy. [IpomoHy€eThCsT YCYHYTHU 1€l HEMOJIIK 33 PaXyHOK BUKOPHCTAHHS JETAbHOT THITI3allii ipuraiiiHux BOJ i3
cnenuiTHIM HaOOPOM TIIMOTETHYHUX COJNeH y KOXKHOMY IX TiJITHITI, IO TO3BOJISIE HaaTH (POPMYITH PO3PaXyHKY
nokasuuka e(rCl) mis nux migrunis Boa. BkasyeThbes, 110 CHPOIIEHHsST MACOBUX PO3PaxyHKIB J03BOJISIE BH3HA-
YUTH [apaMeTPpH 3aKOHY po3no iy nmoka3uuka e(rClY) i olliHUTH PU3KK HOTIPIICHHS SKOCTI BOJ /IS PI3HUX THUIIIB
IpyHTiB. BcTanoBneHo, mo B ymoBax OziecbKoi 00J1acTi OI[IHKY PU3UKY HATPIEBOTO OCOJIOHIIIOBAHHS IPYHTY MPH
MOJIMBAX MOXJIMBO BUKOHYBATH 3a MOKA3HUKOM CITIBBIIHONICHHSI KOHICHTPAIi HATPIIO 1 KanbIito (Kna1). 3HauHA
YaCTHHA JIOCIIJDKEHHS MTPUCBsiUeHa anpoOarii i yTOUHEHHIO 3alpOIIOHOBAHUX METOJMK OLIHIOBAHHS 1 IIPOTHO3Y
IpUTamifHIX XapaKTepUCTHK Box. OCHOBHI pe3ynbTaTH poOOTH BIIEpIIe OTPHMaH| y BITYU3HSAHIN MPAKTHUIN €KO-
JIOTTYHUX JOCTIJKEHb.

BucHoBkH. BiTUM3HAHI METOIMYHI IJIXOIU OLIHKY 1 MPOTHO3Y SKOCTI IpUTAIlIHHUX BOJA MOTPEOYIOTH I10-
JTAJTBIIIOTO PO3BUTKY OCOOJIMBO B YaCTHHI BpaxXyBaHHS MiHJIMBOCTI y Yaci uX BoJ. [loanbii TOCTiKEHHS TaKOX
HeoOXi[He CIpsIMyBaTH Ha OOTPYHTYBaHHS 0OMEKEHHS PH3HKIB MOTIPIICHHS SIKOCTI BOJI, OCKUIBKH MPUHHATHH Y
CTaTTi €eBpoIeHCchKuii piBeHb 10% € Opi€eHTOBHHM.

KJIFOUYOBI CJOBA: doicepeno 3poutysanvHoi 600u, yOOCKOHANEHHS OYIHKU AKOCHI, PUSUK NOIPUICHHS,
nopmu €C, npoeHo3ysans pusuKie

Sk muryBaTu: FOpacos C. M., Kapaynos B. /1., Tep3zeman B. B. Y nockoHaneHHs OIiHKY 1 Ipo-
THO3Y SIKOCTI ipuramiiHux Boj. Jlrooura ma ooskinns. Ilpobaemu neoexonoeii. 2025. Bun. 43. C. 34 -
47. DOI: https://doi.org/10.26565/1992-4224-2025-43-03

In cites: Yurasov, S. M., Karaulov, V. D., & Terzeman, V. V. (2025). Improved assessment and
forecasting of irrigation water quality. Man and Environment. Issues of Neoecology, (43), 34-47.
https://doi.org/10.26565/1992-4224-2025-43-03 (in Ukrainian)
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LenTpanpHy 1 miBaerny dactuau Ope-
CbKOi 00MnacTi 3aiiMae cTen 3 AyXe MOCYILIH-
BUM KJIIMAaTOM OCOOJMBO B Ti HiBJAEHHIN 4Yac-
TuHi. JledinouT BOMOTH I CITBrOCH-KYJBTYP
TYT JOPIBHIOE MPUOJIM3HO CEPEAHBOT KiTBKOCTI
OMaJiB MPOTATOM BETETAIIIHOTO MEPioAy, IO
notpedye pO3BUTKY MOJIMBHOTO 3eMJIEPOOCTBA.

[Tpobnema ipurauii cimbrocmyrias One-
CHKOT 00JIACTi 3aJTUIIAETHCS AYXKE aKTyaIbHUM
3aBgaHHsIM. OCHOBHA NPHYMHA OO TIOJISTAE
B HEPIBHOMIPHOCTI PO3TOJIiTy BOIHUX PECypCiB
o Teputopii odmacri. Jynaii i [aicrep — € oc-
HOBHHMH J[KEpEeaMy ipUTAIlifHUX BOJ Ha 3a-
3Ha4YeHI TepuUTOPii, POTE BOHU CYTTEBO Bia-
JIeH1 BiJl MacHBIB CLTBCHKOTOCIIOIAPCHKUX IT0-
7B, sKi TMOTPeOyroTh 3pomeHHs. [HII BomHI
00'extn miBaHsA Onechkoi 00JacTi HE MpUIaTHI
JUTS IpUTaIlifiHUX IiIed. YTBOPEHHS BOJOCXO-
Buma CacuK HUISXOM OIpPiCHEHHS yHaHCh-
KAMHU BOJaMH KOJIMIIHBOTO JIMMaHy 3 OJHOM-
MEHHOIO Ha3BOIO HE MPUBENIO JI0 OYiKYBaHOTO
pe3yJbTaTy: BOAa B HbOMY YMOBHO TpHAaTHA
JUTSL 3pOILEHHS OTOYYIOYHX IpyHTIB. TyT crix
JOJIaTH, IO HasBHA ipurariitaa cuctema Ope-
ChKOI 00macTi, moOy/IoBaHa e B MHHYIJIOMY
cTONiTTi, 3HOmeHa Ha 80% 1 He mpuAaTHa IS
noganpioi excruryaranii. Kpim toro, meronu-
yHe 3a0e3Me4eHHs ipUTaliiHOl OIIHKH SKOCTI
BO/I ITOTPEOY€E YAOCKOHATICHHS.

[To-nepiue. Y BITUYM3HSHIN NPAKTULI NIPH
OI[HIN SIKOCTI IpHUTraIiiiHux BOJ, SIK MPaBHIIO,
BUKOPHUCTOBYIOTh YCEPEHEH] 3a KU MepioJt
yacy 3HAYCHHs NMOKa3HWKIB. Takuii miaxin He
MOJKHA BB@KATH BIPHUM, OCKIJIbKU CKJIAJ BOJ
MIPOTSTOM 3POIITYBaJILHOTO Tiepioay poky (3I1P)
MOJKe JyXK€e CHIIBHO 3MiHIOBaTHCS. BincyTHiCTh
ypaxyBaHHsS MIHJIMBOCTI SIKOCTI 1pUTamiiHuX
BOJI MOXX€ IPUBECTH JO TOTO, HIO HPOTIrOM
3IIP y nesixi npoMixku acy (cymapHo 110 50%)
IpU MONKBI OyAyTh BHKOPUCTOBYBATHCS He-
NpUAaTHI A7 3poleHHs Boau. binb Toro, 10

Bcemyn

CYTTEBUX MOMHJIOK MOXKE TIPUBECTH HAsBHICThH
MO3UTUBHOTO YacOBOTO TPEHAY Yy MOKa3HHKIB
SIKOCTI.

ITo-npyre. JledxkuMu 3 METOAUK BaXXKO
KOpHCTYBaTHCS Ha pakTuli. Hanpukmnaz, y me-
TOJIUIII OIIHIOBaHHS HEOE3IEKHU 3aCOICHHS IPY-
uty npu noiusax (JICTY 2730:2015) nepexnba-
YaeThCs aHalli3 TINOTETHYHUX COJieH 1 BU3HA-
YeHHs TOKCHYHHUX i10HIB. BHKOHYBaTH Takwii
aHaJTi3 3a KOXKHAW CTPOK Iy>Ke CKJIaIHa 3a7ada
0COOIIMBO TIPH JTOBTUX PSAAAX CIIOCTEPEKEHb.

Y 3B’SA3Ky 3 BUINCHABEACHHWM, OITiHKA
IpUramiiHuX XapakTePUCTUK PIYKOBHX BOI
Opnecpkoi 007acTi, aHaNi3 MIHIUBOCTI iX ipura-
IHHUX BIIACTUBOCTEH, a TAKOXK yIOCKOHAJICHHS
METOJIMK OIIIHKHU SKOCTI IpUTaiifHAX BOJ € aK-
MY anbHUM 3A80AHHSAM.

OO0’exT gociimkeHHS — (OPMYBaHHS
SIKOCTI PIYKOBUX BOJ, SIK JKepesa 3pOIICHHS
CLIBrOCIIYTi/Ib.

IIpeameT gocmimkKeHHS — ipUTalliiHi Xa-
PaKTEepPHCTHKH piukoBuX Box Omechkoi 001acTi
Ta METOIMKH OLIHIOBAHHSA SKOCTI IOJIMBHUX BOJ.

Merta: yA0CKOHAICHHS METOINYHMX ITiJI-
XOJIiB IO OIIHIOBAHHS SIKOCTI IOJUBHUX BOI 3
BpaxyBaHHAM 1X 4aCOBOI MiHJIMIBOCTI Ha OCHOBI
aHai3y IpUranifHuX BIACTHBOCTEH PIYKOBHX
Box Onecpkol 00J1acTI.

Bupimysanucs 3anadi:

- aHAJI3 ICHYIOUHX METOJIUK OIIHKH SIKO-
CTi ipWramiiHuX BOJ i BUOIp MOKAa3HUKIB IS
BUPIIICHHS TIOCTABJICHOTO 3aBIaHHS;

- OLIIHKA CYYaCHOTO CTaHy PiYKOBUX BOJI
B OechbKiit obmacri;

- aHaJi3 MIHJIMBOCTI ipUTallifHUX MOKa3-
HUKIB SKOCTI BOJI, BU3HAYCHHS MTapaMeTpiB 3a-
KOHIB 1X PO3IOJIUTY Ta OI[IHKA PU3UKY BUKOPH-
CTaHHS HEMPHUIATHUX JJISI 3POIICHHS BOJ| TPH
TIOJINBI CLTBTOCITYTi/Ib;

- BUOip HaMOIMbII BIATMX MPUKIAIIB 3a-
CTOCYBaHHSI METOJIMYHHUX YIOCKOHAJIEHb.

Mamepianu ma memoou 00cnidicenns

Bumozu 00 axkocmi ipuzayiithux 600.
ONiHKA SKOCTI ipHUTaIliifHUX BOJI MPHUCBSIYEHO
poboTH OaraTboX BITUM3HSIHMX Ta 3apyOiKHMX
aBtopiB. Tyt moxna Bimmitutu: C.B. Ckoka
[1], JI. I'panoBcekoi [2], M.M. KoBansoBa [3],
O.B. MopozoBa [4], JL.I. Boporunuesa [5],
C.I. Cuixko [6], A.I1. Biaxxko [7]. OcHOBHI 110-
JIOXKEHHS OI[IHKH SIKOCTI IpUTalliitHUX BOJI BiJ10-
OpakeHi y HOpMaTHBHUX JOoKymeHTax [8-10].
Cepen 3apyOi>KHIX aBTOPiB MOKHA 3raJaTH po-
o6oru: T. Abbasi [11], B.M. Amin [12], S.G.
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Chornyy [13], G. Hussain [14], P.S. Minhas
[15], J.C. Nnaji [16], G. Nikolaou [17], P.R.
Shaikh [18], H. Hailu [19], G.W. Anyango
[20], M. Zaman [21].

Y po3poOiIii BITYM3HSIHUX CUCTEM ipUra-
LUiHHUX KpUTEPiiB eKoJoriuHux [8] 1 arpoHOMI-
gyuux [9, 10] npuitmanu yuacts: C.A. Baiok,
B.A. Jlagaux, ILI1. Kyko6a, JI.O. Yacora, M.A.
3axaposa, ['.51. Yerpunenp, P.I'. Hikyna, Il
Kopuak, JI.B. I'purop'esa, 1.B. Mynpuii, M.1. Po-
marenko, T.0. I'pingenko, C.A. be3anina; JLIL
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Bopotunriesa; O.A. Hegorrok, O.A. HocoHeHko.

[Tpu anaimi3i 3rajaHux JHKEpPENl BCTAHOB-
JICHO, IO Y IIJIOMY ITOKa3HUKH SIKOCTI IpUrarfii-
HUX BOJI MOXKHA MOJIIJTUTH Ha YOTUPU YaCTUHH 1
pO3TallyBaTH B TaKil MOCIIOBHOCTI (32 iX 3Ha-
YeHHSAM): KOHIICHTpAIiS COJIeH; CIIiBBiIHO-
IIIEHHS TOJIOBHUX 10HIB; KOHIICHTPAITisS TOKCHY-
HUX €JIEMEHTIB, SIKi MOXXYTh HETATHBHO BILIH-
BaTH Ha CUTLCHKOTOCTIONAPCHKI POCTUHU Ta Ha-
BKOJIMIITHE CEPEOBHIIE; KOHIICHTpAITis OioreH-
HUX €JIEMEHTIB. YCi IMOKa3HUKH SKOCTI ipHTra-
[IHHUX BOJ MAalOTh BEJIHMKE 3HAYCHHS, aJie IOC-
JIJOBHICTh OLIHKH BHUIUISAAE TaKOIO: SIKILIO 3a
MiHEpaJTi3allier0 Boja HE MPUAATHA ISl 3pO-
HICHHS — HE Ma€ CEHCY PO3MIISAAATH 1HII MOKa3-
HUKH; SIKIIIO MiHepaii3allisi BOJM BiJANOBIaE
notpebamM 3pOIIeHHS, TOAI HEOOXiTHO aHaJIi3y-
BaTH  CIHIBBIOHOLIEHHS  TOJIOBHHX  10HIB
(MCKB/[IM3); SKIIO 34 CIIIBBIIHOIIEHHSAM 10HIB
BOJIa TIPHUJIATHA JUIS 3POLICHHS, TOJI HEOOXIiTHO
aHaNi3yBaTH KOHIIEHTPAIiI0 TOKCHYHUX 1 Oio-
TEeHHUX €JIEMEHTIB.

VY mopanmbIioMy mpu JOCTIKEHHSIX 00-
paHo MOKa3HUKH 3 TEPIIMX JBOX YACTHH: KOH-
LEHTpAaIlis CoJel, KnacudikaliiiHui MOKa3HUK
sacostenns rpyHty e(rClY) (ICTVY 2730:2015),
pH 1 CTIiBBiTHOIIIEHHS TOJIOBHUX 10HIB.

Ominka puU3UKy 3aCOJICHHS TPYHTIB B 3a-
JIOXKHOCTI BiJl 3arajbpHOi MiHepamizariii (M3) no-
symBHOI Bogu 3a O.M. KocTakoBuM:

- kiac 1 «mpupgatHa juist 3poieHHs» — M3
<0,4 r/am®;

- KJ1ac 2 «0OMEXEHO IpHIaTHA IS 3po-
mennsy — 0,4<M; <1,0 t/om®;

- KJac 3 «miJBUIIEHO HeOe3NeyHa Npu
3pomenHi» — 1,0< M3 <3,0 r/mm3;

- KJac 4 «He MpUIaTHA JIsl 3POIICHHS —
M3>3 t/mm.

B JACTY 2730:2015 HebGe3neka 3aco-
JIeHHS TPYHTY TIpH TonuBax (tabm. 1) ominro-
eTbes 3a mokasaukoM e(rCl). ¥V tabm. 1 ms pi-
3HUX THIIIB IPYHTIB MICTATHCS HOPMATHUBH IO
kasuuka e(rClY) [10] mms Box Tphox ipurartiii-
HUX KJIAciB: MpUAaTHA, OOMEXEHO NpUIaTHA i
He npuaaTHa ais 3poreHHs. [Tokasuuk e(rClY)
06uuncoTh 3a hopmyioro (1) [10]

e(rCl") =rCl 4+ 0,2(rSO0Z ) +
0,4(rHCO3)r + 5rCO%, (1)

ne: rCl- — KoHUeHTpallisl XJIOpUI-10HiB,
meks/am®; (rSOs*)r — KOHIEHTpaIlis TOKCHY-
Hux cynbdar-ionis, mexs/nm>; (rHCOgz)r —
KOHIICHTpAIlisl TOKCHYHHUX TigpoKapOoHaT-io-
HiB, MekB/IM>; rCO3%" — KOHLIEHTpALlisl TOKCHY-
HHX KapOOHAT-i0HiB, MEKB/IM’.,

CytreBuM HenonikoMm Metoauku [ 10] € He-
OOXIIHICTh aHAJI3y TINOTETHYHHMX COJICH BiJIIO-
BiJIHO ITOCITiTOBHOCTI BKa3aHoi B Tab. 2. Lle myxe
HE3PYYHO 1 YCKIIaJIHIOE MACOBI PO3PAXyHKH.

Taoéauns 1
Ouinka sikocTi 3pomyBaabHOi Boau 3a nokasaukom e(rClY) (ICTY 2730:2015) [10]
Table 1
Evaluation of irrigation water quality by indicator e(rCI") (ICTY 2730:2015) [10]
3uauyennst nokasnuka ¢(rCl”) 3a rpynamu rpyHris K
(3a rpaHyJIOMeTPHYHUM CKJIaA0M Y mapi 0-100 cm, mexn/am°)/ aac
Values of ¢(rCI-) by soil groups ’::QOCHT/'
(by granulometric composition in the layer 0-100 cm, meg/dm? V\;)eleter
Mimanwnii/ | Cynimanmii/ JIerlco-cyf- Cepe)lm,o-cvyr- Ba)mco-cyvr .| Tommmcrnii/ | quality
Sandy sandy loamy n.nmconlm/ .nu.lmonnn/ JIMHKOBHA/ Clay class
Light loamy | Medium loamy | Heavy loamy
<30 <26 <22 <18 <14 <10 I
30+40 26 + 36 22 +32 18 +28 14+24 10 +20 11
>40 >36 >32 >28 >24 >20 111
Taoauns 2
Cxema anauisy coJeii (JICTY 2730:2015) [10]
Table 2
Scheme of salt analysis (DSTU 2730:2015) [10]
Ton/ lon rCOs* rHCOs™ rSOs* rcl-
rCa - 2 5 8
rMg# - 3 6 9
rNa*+rK* 1 4 7 10

~36 ~
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YCyHeHHS 3raJlaHoro HEIONIKy MOX-
JIUBO 3pOOMTHU NUISIXOM BU3HAYCHHS THUIIIB ipH-
TaIifHAX BOJI, IO MAIOTh CBOI, CTICTH(ITHI s
KOYKHOTO 3 HUX HA0OPH TIOTETUIHUX COJIeh. Y
ILOMY pas3i JUIsi KOKHOTO TUITy BOJ MOXKHA BH-
3HAYUTH HAOIp TOKCUYHUX 10HIB 1 HAJATH PO3-
paxyHkoBy (¢opmyiy nokasuuka e(rCl). V po-
6oTax [22-25] 3anmponoHOBaHO JETATbHY THITi-
3aIlif0 IpUTAliiHUX BOJ Ha OCHOBI THITi3aIlii
npupoauux Box O.A. Amsokina (puc. 1). Ko-
skeH migTun ipuraniiaux Box (I, Ila, 116, Illa,

1116 1 I1l8) mae cBiit cienmudiaanii Habip rimoTe-
TUYHUX coliell (Tabu. 3). Y kimithHLi Tabm. 3, Ha
TIepETHHI BiATIOBITHOTO CTOBIIIIS Ta psIKa, BKa-
3aHO KOHIEHTpALiIO 10HiB (MEKB./mM°), SIKi BXO-
JISITh J10 CKJIaAy rinoteTuyHoi coui. Ii ionu B3a-
€MHO BPiBHOB)KYIOTh OJTUH OHOTO Ta YTBOPIO-
IOTH BIAIMOBIAHY TIMIOTETHYHY CLTb Y BOJAHOMY
PO3UMHI.

st koxxkHOTO MiATHITY BoA y Tabid. 3 mpu-
BeZieHi (popMyInH po3paxyHKY KOHIIEHTparlii Ti-
MMOTETHYHUX TOKCHYHUX COJIEH y BaroBiit hopmi.

CniBBIHOMICHHS 10HIB

/\

rNa>rCl

/\

@ @

@

rNa“<rCh

rNa>rCHrS0&- | | tNa™<rClH+rS0% rNa™+rMg*>rCl rNa™+rMg*<rCl
Tt P Semaiss
rCa"<THCOy | [rCa™>rHCOy|  (rCa™"<THCOy | |rCa™>rHCOy
I l [ l
I i 116 I 6 i)

Hudpamu 1, 11 i I1I mo3rayeHi criBBiAHOIIEHHS 10HIB y THIIAX MPUPOIHUX BoA 32 O.A. AJTBOKIHIM
Puc. 1 — Cxema aeranbHol THMI3ALIT ipuraniiaux Boj [22-25]

The numbers |, 11, and I11 denote the ratio of ions in the types of natural waters according to O.A. Alyokin.
Fig. 1 — Scheme of detailed typification of irrigation water [22-25]

Tpuxnao ompumanns ¢popmyn. Bacminok
B3a€MHOTO BPIBHOB)KEHHsS 4acTHH ioHiB Na' i
HCOz y Boni ymMoBHO nipucyTHs iutHA cozia Na-
HCO;3 (tabm. 3(1)). YV ekBiBaJieHTHOMY BHUpa3i
KOHIIGHTpaIliss 1nux 4actuH ckiaagae (rHCOz;—
rCa*-rMg?).

BaroBa koHIIGHTpAIlisi YaCTHHY 10HIB Ha-
Tpito jopisHIoE 22,99*(rHCOs—rCa?*-rMg?"),

I
llg la -e(rCl”)=rCl"+0 2(7’50‘&
e 116 - e(rCl™) =rCl” 4+ 0,2(rSO;
010;; -e(rCl”) =rCl” + 5rC0O5".

Komenrap dhopmynu pozpaxysky e(rClY)
qutst oigruny 1: iorm rCl- i rNa* 3aBxan Tokcu-
uni; iorn rSO4?" y 1aHOMY BUIIQIKy YCi TOKCH-
YHI OCKIJIbKHM TOBHICTIO BPiBHOBaKE€HI TOKCHY-
HuMH ioHamu Na*™ (tabm. 3(1)) i rimoTeTndHO
YTBOPIOIOTH TOKcH4HY cilb NapSOs; yactuna
ioniB rHCO3", sixa nopienroe (rHCOs—rCa®—
rMg?"), BpiBHOBaxkeHa ionamu rNa* i yrsoproe
nmutHy coay NaHCO3z (3a TOKCHYHICTIO 1151 CllTb
exBiBasientHa NaCl, Tomy 3ramana uactuna
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y CBOIO 4epry YacTHHA TipOKapOOHAT-10HIB 5K

CKJIa[i0Ba HUTHOI conu JIOPiBHIOE
61,02*(rHCOs;—rCa?*-rMg?*), Toai Barosa KoH-
nenrpamis  NaHCOs; Oyne  nmopiBHIOBaTH

84,01*(rHCO5; —rCa*-rMg?).
Bpaxoytouu tabi. 3 hopmyay (1) s pi-
3HUX I ITHITIB BOJ MOKHA 3aImucaTh Tak [22-25]:

-erCl) = (rCl” + rHCO3-1Ca?*-rMg?*) + 0,2(rS0Z7) + 04(ng2+) + 5rC0%~
)+0 4(rHC03 rCa?*) + 51C 0
+THC03

rCa?*) + 5rC035~

ioHiB 06’exnana 3 rCl™); me onHa yacTrHa 10HIB
rHCO;  BpiBHOBaxkeHa ycima iomamm rMg?
JOpIBHIOE  iX  KOHLEHTpamii 1  yTBOpIOE
Mg(HCO:s)2, usa cine y ACTY 2730:2015 BBa-
KAETBCSI TOKCHYHOK. Y TOMY JIOKYMEHTI
(rHCO3—rCa?") — Tokcu4Ha JIy’KHiCTb.

IIpu nassHOCTI y Boai anioHiB CO5*", BU
3HaueHHs popmyu po3paxyHky e(rClY) 3miiic-
HIOETBCS 32 3MEHLICHOIO KUIBKICTIO KaTiOHIB
Harpiro — (rNa*—COs%).
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Tadoaunsa 3

CxJuiaj] rinoTeTHYHUX coJield Y pisHUX miaTumax Boja (MOCHJIAaHHS Y HKepeaax [22-25])
(mpomno3uilist aBTOPiB)

Table 3
Composition of hypothetical salts in different subtypes of water (references [22-25]) (authors' proposal)

1) BaroBpa KOHIEHTpaLisi TOKCHYIHHX coeii (iomis), mr/mv® / Weight concentration of toxic salts (ions), mg/dm3:
NaCl =58,4-rCl-; Na,S0s=71,0-rS04>; NaHCO3=84,0-( rHCO3—rCa%-rMg?*);

Ton/ lon rNa* rMg?* rCa% Mizrun I/ Subtype 1
rCl- rCl- 0 0
rSO4> rSO4% 0 0 rCl+rS04><rNa*
rHCO3" rHCOz; —rCa?*-rMg?* rMg?* rCa%
2) —“—: NaCl =58,4-rCl-; Na;S04=71,0-(rNa*~rCl-); MgS04=60,2-(rCI+rSO4>—rNa*).
Ion/ lon rNa* rMg? rCa* [Migrun 1la/ Subtype Ila
rcl rcl- 0 0 rCl-<rNa*
rSO4> rNa*—rCl- rCl+rSOs—rNa* 0 rCl+rSOs>>rNa*
rHCOs 0 rHCO; —rCa?* rCa?* rHCOy 2rCa*
3) —“—: NaCl =58,4-rCl; Na,S04=71,0-(rNa*—rCI-); MgS04=60,2-rMg?".
Ion/ lon rNa* rMg? rCa* [Mixrun 116/ Subtype 116
rCl- rCl- 0 0 rCl<rNa*
rSO4> rNa*-rClI- rMg? rCa?*-rHCO;~ rCl+rSO4*>rNa*
rHCOs 0 0 rHCOs rHCO; <rCa’*
4) —“—: NaCl =58,4-rNa*; MgCl,=47,6-(rCl—rNa*); MgS04=60,2-rSO4*".
Ton/ lon rNa* rMg®* rCa% Mizrun 111/ Subtype 1lla
rCl rNa* rCl—rNa* 0 rCl>rNa*
rsOs* 0 rsSOs%* 0 rCl-<rNa*+rMg?*
rHCO;™ 0 rHCOs —rCa?* rCa2" rHCOs>rCa*
5) —“—: NaCl =58,4-rNa*; MgCl,=47,6:(rCl—rNa*); MgS04=60,2-(rNa*+rMg?*—rCI-).
Ion/ lon rNa* rMg? rCa* [Mixrun 1116/ Subtype 1116
rCl- rNa* rCl—rNa* 0 rCl>rNa*
rSO4* 0 rNa*+rMg?*—rCl- rCa?-rHCO; rCl<rNa*+rMg?*
rHCO; 0 0 rHCO;™ rHCO5 <rCa*
6) —“—: NaCl =58,4-rNa*; MgCl,=47,6:-rMg?*; CaCl,=55,5-(rCl—rNa*-rMg?*).
Ton/ lon rNa* rMg®* rCa% Mixrun 1116/ Subtype Il1g
rcl- rNa* rMg®* rCl—rNa*-rMg?*
rSOs* 0 0 rSO4+ rCl>rNa*+rMg?*
rHCO3~ 0 0 rHCO;3~

Ipumitka: INa* — po3risaaeTses K cyma i0HIB HATPIFO 1 KaJIifo.
Note: rNa+ is considered as the sum of sodium and potassium ions.

Opnecpkoi o0acTi 0OpaHi Taki CIiBBiJHOIICHHS
TOJIOBHUX KATIOHIB:

Cniggionowenns ionis. Jlns aHamnisy ipu-

raiifiHuxX  BJIACTUBOCTEH  PIYKOBUX  BOJ
kygi = rNa't /rCa?t < 1,0; (2)
kyaz = rNat/(rCa?* + rMg?*) < 0,70; 3
kyaz = Nat/(Ca** + Mg?** + Na*) < 0,65; (4)
kyg = rMg?*/(rCa** + rMg?*) < 0,50, (5)

ne rNa‘*, rCa?" i rMg?" — KoHLeHTpallisl KaTiOHiB, MEKB/ M,
Na*, Ca?" i Mg?* — KoHIeHTpaLis KaTiOHiB, MMOJIB/IM".
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Pusux nozipuienus axocmi 6oou. Mox-
JUBICTh TIOJMHUBIB CUIBTOCHYTiNE y MaiOyT-
HBOMY 3TIIHO [OCBiNy BITYM3HSHUX HOCIHi-
JOKEHb BUKOHYETbHCS 3 CEPEAHIMU 3HAYCHHIMU
MOKA3HUKIB SIKOCTI BOJ y JESKWH TMOTepeaHin
nepion 4acy. Lle He m03BoJsie BpaxyBaTH 4Ya-
COBY MIHJIUBICTh PO3TIISHYTHX MOKA3HUKIB.
[Tpu TakoMy cnoco0i OLIHKH SIKOCTI BOA Maii-
OyTHI IIOJIMBU MOXYTb IOCUTH YaCTO BUKOHYBa-
TUCSI BOJOIO 3 TOpPYIIEHHSM BHMOT HOPM [IO
CHIBBiIHOIIICHH TOJIOBHUX 10HIB. CyMapHa TpH-
BaJiCTh TaKUX 1HTEpBaliB yacy mpotsirom 3[1P
Moxe gocsratd 10 50%, SIKIIO cepeaHe 3Ha-
YEeHHS MOKa3HUKa HAOIMKATHMEThCS 10 HOp-
matuBy. KpiM TOro, mo cyTT€BOi HOMMIKH
MO>K€ IPUBECTH O3UTUBHUIN YaCOBUH TpeH . Y
TOMY ¥ 1HIIIOMY BHITaJKy MOTPiOHA OIliHKA pH-
3uKy (200 WMOBIPHOCTI) MOTIpIICHHS SKOCTI
BoA (PIISIB) Ta fioro oOMexxeHHS.

Y BITYM3HSHHX HOpPMax OOMeXeHb
PIIAB memae. [pore, B kpainax €C mpu oriHIIi
SIKOCTI BOJI 32 CaHiTapHUMH a00 prborocmoaap-
CbKMMU HOpPMaMH BiJNOBIIHO 10 JUpeKTHB
[26-28] oOMeskeHHS KiTBKOCTI IepEBHUILEHD HO-
pMaTUBY 3a MOKa3HUKOM SIKOCTi 33Ja€ThCs. 3a
CaHITapHUMH HOpPMaMH JJisl OiJIBIIOCTI MOKa3-
HUKIB SIKOCTI 1Ie 0OMEXKEHHS CKIIaIa€ He OiIbI
10% Bij 3arajbHOI KUTBKOCTI CIIOCTEPEIKEHD. Y
TaKOMYy BUIAJIKy MOXKHA Ka3aTH, 1o PITSB Bij-
noBiHO 10 JupextuB €C moBuHeH OyTH He
oimpm 10%.

OCKiIbKM HOPMAaTHB SIKOCTi BOJIM 3a Jie-
SIKUM TIOKa3HUKOM € MEXeF0 1i MPUIATHOCTI 4H
He MPUIATHOCTI JJIsI 3pOIIEHHS, TO HMOBIPHICTh
NEPEBUILEHHS LOIO HOPMAaTHUBY MOXHA PO3T-
nanatu sk PIISIB 3a posrmisHyTHM TTOKa3HHKOM.
®dopmyna Oyae MaTH BUTIIS

Ry = 1- Pi(Hy), (6)
ne Ry — PIISIB 3a i-UM HOKa3HHKOM;
Pi{(H;) — AMOBipHiCTh HOPMATHUBY SKOCTI;
H; — HOpMaTuB i-ro NOKa3HHUKA.

J1a XapaKTepUCTHKH PO3MOIUTY MTOKa3-
HUKIB SIKOCTI BOJ[ 3pDy4HHUM € JIOTHOPMAIbHUN
3aKkoH. Moro mapameTpamMu SIBISTIOTBECS CEPEIHE
1 cepeTHbOKBAIpaTUIHE BiIXWIJICHHS JOTapud-
MOBAHOTO PSITy CIIOCTEPEIKEHb.

SIKI0 TMOKa3HWK Ma€ TPEeHJ y daci, TO
PIISIB 3a HEM MAOIIBHO PO3pPaxOBYBaTH IS
JISSIKOTO TIOTPIOHOTO MOMEHTY Yacy j [29]

Ryij = 1- Pii(H;) (7)

[Ipu HOpMYBaHHI XpOHOJOTIYHOTO PSAY
ITOKa3HUKA 10 JIiHIT TpeH1y, po3paxyHKoBa (o-
pMyna Oyzae matu Burisig [29]

Ryij = 1- Pij(Hi/krpij),  (8)

ne krey = a*exp(j*bi) — snauenns pyHk-
1i1 TpeH1a B MOMEHT 4acy J; ai i bj — mapamerpu
JiHii TpeHaa i-ro moKa3HUKa.

IMpu pospaxynkax Pij(Hi/krpij) 3 Bukopu-
cranusaM peaaktopa Excel ¢opmyna pospaxy-
uky PI1SB Oyzne matu Burmsig [29]:

Ryij =1- LOGNORM(H;/(a; * exp (j *

bi)); 0; Gyry), )

ne JIOTHOPMPACII() — oneparop pena-

kropa Excel; 0 i Guri — mapamerpu po3noiy i-

ro MOKa3HHWKa MpU HOro HOPMYBaHHI 1O JiHIi
eKkcroneHmiansHoro tpeuay [30, 31].

Sxmio TpeHa BiACyTHIH, popmMyna po3pa-

xyHky PIISIB mae Burmisiz [29]

Ry; = 1- LOGNORM(H;; C;; Gy), (10)

ne Ci i G; — mapaMeTpH po3MOJiNy i-ro
MIOKa3HKMKA 32 JJIOTHOPMAJIbHUM 3aKOHOM.

3a hopmysaamu (9) abo (10) moxua po-
THO3YBAaTH PH3HMK TIOTIipIIEHHS SIKOCTI BOJ 32
OKpPEMHUM MOKa3HHUKOM.

Taoauns 4

Pusnk noripmenns sikocTi ipuraniiHuxX BoA A/ Pi3HUX TUIB IPYHTIB (IPONO3HLisi aBTOPIB)

Table 4

Risk of deterioration of irrigation water quality class for different soil types (authors' proposal)

Boanuii 06’ekT (mapamerpu 3aKkony posmnogiay e(rCh): € ;VG)!
Water object (parameters of the distribution law e(rCI): C; G)

Pusuk (%) noripieHHst KJ1acy sIKOCTi BOJ IJIsl Pi3HMX THIIB IPyHTIB/ Knac
Risk (%) of water quality class deterioration for different soil types SIKOCTi
Jlerxo- Cepeano- Baxkko- Bo/u/
Himannii/ | Cynimanunii/ ., | cyrJMHKOBHMIi/ . T'muuucTuii/ Water
CYTJIMHKOBUA/ . CYTJTUHKOBH A/ .
Sandy Sandy loamy Liaht loam Medium Heawvv loam Clay quality
g y loamy y loamy class
R (30) R (26) R (22) R (18) R (14) R (10) I
R (40) R (36) R (32) R (28) R (24) R (20) II
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OpieHTyIOYNCh HAa HOPMATHBH ITOKa3-
Huka e(rCl") s pi3HUX THIIB IPYHTIB y TaOI.
1, 3a opmymamu (9) ab6o (10) MmoxkHa po3paxy-
BaTH PU3WKH TIOTIPIICHHS SKOCTI ipUTamiitHOL
BOJIM JIUIS IUX THUITIB IPYHTIB (Tad. 4).

Y BITUM3HSHHUX HOpMax HeEMae oOMe-
JKEHHSI PU3HKY NTEPEBUILNECHHS HOPMATUBY (Kijb-
kocti nepeButieHs 1'J1K), ame crimparoduch Ha
mocBin kpain €C, Horo MoJkKHa BCTAHOBUTH Ha
piBHi 10%.

Pezynomamu docnidricennsn

Y mochimKeHHI BHKOPUCTAHO pe3yiib-
TaTH crocTepekeHb baceiiHOBOro ympaBniHHS
BOJIHIMH pecypcaMu Ha piukax Onmecpkoi 001a-
CTi, MPOBEJEHUX Yy 25 MyHKTaX MPOTITOM 3pO-
uryBasibHUX Mepiofi 3 2009 mo 2019 pokwu. s
KOXKHOTO TIEPIOAY CIIOCTEPE)KEHb BU3HAYAINCS
MOKA3HUKW IpUTAIlifHAX BIACTHBOCTEH BOJIM.
JloB)xrMHA YacOBUX PsJiB, 3arajbHa KUIBKICTH
SIKMX CTaHOBHJIA 0113bK0 250, BapiroBaiacs Bij
30 mo 78 3nauenp. Ha ocHOBI 1ux maHux Oyio
PO3paxoBaHO HMOBIpHICHI XapaKTEPUCTUKH I10-
Ka3HMKIB SKOCTI BOJIU. Y CTaTTi HAaBEICHO pe-
3yJNbTaTH LIMX PO3PAaXyHKIB AJISI OKPEMHUX ITyHK-
TiB CIIOCTEpEKeHb (TabII. 5).

3rigHo 3 Tabi. 5, mIs BOOHUX 00’ €KTIB
Opnecpkoi 001acTi OLIHKY PU3UKY HATPIEBOTO
OCOJIOHITIOBaHHSI TPYHTY MOXKHA 3/iHCHIOBATH
3a MOKa3HUKOM Knai (hopmyna (2)) 6e3 ypaxy-
BaHHSA Knaz 1 KNas. 11 TOSICHIOETECS THM, 1110 BH-
MajgKd TCPEBUIINCHHS HOPMATHBY 32 Knai
(knaz>1,0) He 3aByKIM 301ratOTHCS 3 TIEPEBUILICH-
HIM HOpMaTHBiB 3a Knaz (Kna2>0,7) a00 Knas
(Knas>0,65) (mampuxmazn y Tabim. 5 piuku Srop-
nuk, M.Kysehuk i Kapacynak). BogHodac yci
BUnanku Knaz>0,7 a60 Knaz>0,65 criBnagaroTs 3
kna1>1,0 (piuku Kamnans, Capara i €Hika). L
3aKOHOMIpHICTH Oyia 3adikcoBaHa Ha BCiX 25
ITyHKTaX crocTepexedb B OechKiit o0macTi.

Taoauns 5

Ipurauniiini xapakrepuctuku pivok Ogecbkoi o0.1acTi (aBTOPChKa po3podka)

Table 5

Irrigation characteristics of the rivers of Odessa region (author's development)

Micue cnocTepe:keHHs 3a sikicTio Boau/ | M3, - Cnissignowenns ionis/ lon ratio
Water quality observation site mr/om® p knat <1,0 | Kna2 <0,7 | Kna3 <0,65 | Kmg<0,5
Baceiin piuku Juictep/ Dniester river basin
p. Huicrep, c.Masiku 450 75 0,45 0,27 0,38 0,37
r. Dniester, Mayaki village 0% 50% 0% 0% 0% 23%
p. binou, c. Ulepmeni/ 822 7,6 0,40 0,21 0,31 0,48
r. Biloch, Shershentsi village 9% 0% 0% 0% 0% 32%
p. Sropiuk, c. AptupiBka / 935 7,6 111 0,42 0,47 062
r. Yahorlyk, Artyrivka village 17% 0% ' 8% 0% '
Baceiin piuok ITpuuopuomop’s/ Black Sea river basin

p. M. Kysiibnuk, c. bapanose / 1999 79 154 0,47 0,50 0.69
r. M. Kuyalnyk, Baranove village 6% 0% ’ 0% 0% ’
p. Kamnans, ¢. Kpyrosipiska / 2266 8,1

r. Kaplan, Krutoyarivka village 4% 0% 2,60 1,07 0,68 0,59
p. Capara, c. MinsiiniBka / 7,9

r. Sarata, Minyaylivka village 3362 0% 3,01 1.25 0,72 0,58

Baceiin piuku dynaii/ Danube river basi

p.lyHaii, M. Peni / 335 8,1 0,29 0,21 0,29 0,33
Danube river, c. Reni 0% 0% 0% 0% 0% 0%
p. Kapacymnak, c. Kpuanane / 7,9

r. Karasulak, Krynychne village 3895 0% 182 0,67 0,57 0,63
p. €Hixka,c. [lepmorpaBuese / 8,1

r. Yenika, Pershotravneve village 5665 0% 4,91 131 0,72 0,74

[pumitka: Y Tabi. 5 HamiBXUPHUM MIPUPTOM BUIIEH] 3HAYEHHS, 110 IIEPEBUILYIOTH HOPMATHB.
Note: In Table 5, values exceeding the standard are highlighted in bold.
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Ipueayitina xapaxmepucmuka p. [Hic-
mep (c. Masxu). CepenHe OaraTtopiyHe 3Ha-
YeHHs 3araJibHOi MiHepaizamii (M3) poTarom
3pormryBanbHOrO Tiepiony poky (3IIP) ckmamae
450 mr/am® (Tabn. 5). 3a O.M. Koctakosum
BOJIa BiAHOCHUTBCS 10 kiacy 2. Pusuk morip-
IIeHHA KJIACy AKOCTI Bomu 3a M3 (IMOBipHICTH
TnepeBUIIEHHs Mexi kimacy 2 — 1000 mr/amd)
craHoBuTh 0%. Bona y cepennpomy Mae HEWT-
panbHy peakiito (pH = 7,5, xiac ), ane npoTs-
rom 3I1P 3 imoBipHicTio 50% BoHa crabo TyxHa
(xnac II). 3arpo3a HaTpieBOrO OCOJOHITIOBAHHS
BificyTHS: Knai=0,45; pU3HK MOTIpIICHHS SKOCTI
BOJIM 3a IIMM TOKa3HWKOM He mepesutrye 0%.

cknanae 0,37, aine Rivg 3a IIIM TTOKa3HUKOM J10-
piBHIOE 23%, TOOTO y CEPEAHBOMY MPOTITOM
23% 3I1P mokaszuuk Kwg>0,5.

IMokasuuk Kmg y Bomax J[Hictpa mae mo-
3UTUBHHHU TpeH[ y vaci (puc. 2). Lle# Tpenn mo-
Ope ONMHUCYEThCS EKCIIOHCHINATBLHOK 3alIeKHI-
cTio 3 mapamerpamu a=0,3055 i b=0,00008583.
[MapameTpu po3noniny psiay, HOPMOBAHOTO Bi-
JHOCHO JiHii TpeHay (puc. 3), MalOTh 3HAYEHHSL:
Cur=0 i G17=0,2936.

[IporHo3ne 3Ha4YCHHS PHU3HUKY TOTIp-
meHHs skocti Bomu p. Juicrep Ha 01.07.2022
p. (o Bignosimae cepennii mati 311P) 3rimmo 3
bopmyiioro (9) craHOBUTH

[Toka3HMK MarHi€BOro OCOJIOHIFOBaHHS Kvg

Ry = 1 — JIOTHOPMPACII(0,5/(0,3055*exp(([01.07.2022]-[01.01.2009])*
*0,00008583)); 0; 0,2936) = 0,41 = 41%,

ne [01.01.2009] i [01.07.2022] — komipku B Tabnuii Excel 3 naramu mouatky BimmiKy 4dacy Ta
MIPOTHO3HOIO BIATIOBITHO.
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Hi€lo ekcroHeHIianpHoro Tpenaa (Kmg/krp)
Fig. 3 — Chronological sequence of values of magnesium salinity index normalised by the exponential trend line
(kKmg/kTr)

SIKI0 4YacoBHMM TpEHI MOKa3HUKA Kwg
30epexernes, To y 3P 2022 poxy pu3uK mori-
puIeHHs sikocTi Boau Rumg 3pocte 1o 41% mpu

cepeIHLOMY 3Ha4eHHi mokasuuka Krp = 0,47. A
B 2023 poui ouikyeTbcs NOAablue 30ib-
mieHHs: Rivg=45%, k7»=0,48.



ISSN 1992-4224 Jlropuna Ta noskimns. IIpobaemu Heoekomnorii. 2025. Bunyck 43

Ha »ais iepeBipKy mporao3y 3poOuTH He
BAAJIOCS, OCKUIBKH PE3yJbTaTH CIIOCTEPEKEHb
micist 2019 poxy BiACyTHI.

3a mokazuukoM e(rCl7) Boxu Iuictpa Bia-
HOCSITHCS 10 Knacy | aj1st ycix THITiB IpyHTIB, 1UIs
HHX PU3HK MOTIPIIEHHS SIKOCTi BOJH TOPiBHIOE 0.

3acTocyBaHHS yIOCKOHAIECHOT METO KK
OIIIHKM MOJIMBOCTI IpHUTaIlifHOro 3acOJICHHS
IPYHTIB 3 ypaxyBaHHsM HopM €C 1 aHani3 po3-
paxyHKiB aHaIi3yeMO Ha TpUKIaAi p. Mamwmii
Kysnpauk (Tabdmn. 6).

Ipueayiuni enacmueocmi 600 p. M.Kys-
avnuk (c. Bapanose) za nokasnuxom e(rCI):

JUTS TIIAHUX 1 CYIIIIaHUX TPYHTIB BOAW Haje-
xatb o | kiacy (mpuaaTHi Ans 3pOLICHHS),
OCKUTBKM PHU3HMK TOTIPIIEHHS IXHBOI SIKOCTI
(Re(rc)) cranoBuTth 4% i 8% BiAmoBigHo (Ta0I.
6), 10 HEe TepeBHIye NpUiHATHI piBeHb 10%.
Jns iHIIKMX THIIB IPYHTIB PU3HK MOTIpPILCHHS
sixocTi Boau 3 1 no Il knacy nepesumtye 10%.
s nerkocyTriIMHKOBUX 1 CepelHbOCYT-
JMHKOBUX IPYHTIB BOJA PiuKK HaJekKHUTh 10 11
Kiacy (oOMeXeHO TpumaTHa I 3POIICHHS),
Rerciy He mepeBumye 10%. Bigmosizno no
JACTY 2730:2015, Taki Boay BUMararmTh 102~
TKOBHIX 3aXOJiB JIJIT BHKOPUCTAHHS B ipHTaIlii.

Taoauns 6

Pusuk noripmenns sikocti Boa p. M. KysinibHuk — c. BapaHoBe npu noJiuBi pi3HUX TMIIB IPYHTIB
(aBTOpPCBHKa PO3pOOKa)

Table 6

The risk of water quality deterioration in the M.Kuyalnyk River — Baranove village under irriga-
tion of different soil types (author's development)

p- M. KysuibHuk, c. Bapanose (mapamerpu 3axony posnoainy e(rCl-): é=2,}93, G=O,§140)/
r. M. Kuyalnyk Baranove village (parameters of the distribution law e(rCl): €=2,193, ¢=0,6140)

Pusuk (%) noripueHHs: AKOCTi BOJ VISl PI3HUX THIIIB IPYHTIB/ Kaac
Risk (%) of water quality deterioration for different soil types AKOCTi
BOaM/
Himannii/ | Cynimaxuii/ Jlerko- . Cepe;u-lbo-u Bakckco- .., | Tnuamcruid/ Water
CYIVIMHKOBHUH/ | CYIJIMHKOBMIi/ | CYIJIMHKOBHMIi/ li
Sandy Sandy loamy ; . Clay quality
Light loamy | Medium loamy | Heavy loamy class
4 16 31 55 84 I
1 3 5 11 22 I

i BaKKOCYIJIMHKOBHX 1 TJIMHUCTHX
IpyHTiB Boqu p. M.KysnbHuk Hanexats go 111
KJacy (HEempUIaTHI JJisl 3pollieHHs Oe3 monepe-
JHBOTO MOJINIIEHHS iIXHBOTO CKIALY).

Xapaxmepucmuxa 600 p. M. Kysnvhuk 3a
IHwuMuy noxaznuxamu. MiHepai3zaliisi BoJ J10-
pisaroe 1999 mr/mm® (knmac 3, BepxHs Mexa
kinacy 3000 mr/am®), pu3MK MOTIpIIEHHS [0
kiacy 4 mopisaroe 6% (Tabi. 5).

Bona piuku: Mae cnaOoiIy)xHY peakifiro
pH=T79 (xnac II, Bepxusa mexa xinacy 8,8), pu-
3uK noripmenHs ao knacy Il 3a pH nopisHioe
0; cnipusic HATPIEBOMY 1 MarHi€BOMY OCOJIOH-

LIOBAHHIO MTPOTAroM yceoro 3I1P.

Ipucayiiina xapaxmepucmuxa p. [ynai
(m. Bunkose, Tabmn. 5). Minepaizaliisi BOJ Bij-
HOCHUTBCS 10 Kiacy 1 3 pusnkom noriprienHs 0.
Bopna piuku: mae myxHy peakuito (kinac II) 3 pu-
3uKoM moripmenHs 0; 32 yciMa iHIMUMH TOKa3-
HUKaMH TpUAaTHA JUIsl 3POLICHHS 3 PU3HKOM
rioripmreHHs 0.

Jns ycix THIiB TPYHTIB 3arposa ipura-
iHHOTO 3acoieHHs BiCyTHs. Boau piuku Jly-
Hail 3a CBOIMM ipuTaliiHUMH XapaKTepHCTH-
KaMU SIBJIIIOTHCSl HAaWKpallMMK Ha TEPUTOPii
Onecbkoi 00macri.

Bucnoeku

O1iHKY SIKOCTi BOJ 3 METOO 1X BUKOPHC-
TaHHS JUIS TOJIMBIB y MalOyTHhOMY (2 TaKoX
BOJI 1HIIOT'O MTPU3HAYEHHS) HEOOXiJHO BUKOHY-
BaTH 3 YypaxyBaHHSM MIHJIHMBOCTI CKJIaay Ta
BJIACTUBOCTEH IIMX BOJ y Yaci 0COOJIMBO TpHU
HasIBHOCTI TO3UTHBHOTO TPEHAY IOKa3HUKIB
AKOCTi. BUKOpHCTaHHS cepeiHiX 3HaUeHb ITOKa-
3HUKIB 32 MHUHYJHH Iepiol dacy IpH OIiHII
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SIKOCT1 IpHUTAIlifHUX BOJ MOXXE TPUBECTH [0
TOTO, IO TOJMBH Y HACTYITHI POKH 4acTo Oy-
IyTh 3IIMCHIOBATHCS BOJOK 3 TOPYIICHHSM
ipUraiiiHuX BUMOT B 3aJISKHOCTI BiJ| CITiBBiJI-
HOILIGHHSI CEPEJIHIX 3HAYCHb IMOKA3HUKIB 1 X
ipuraniiHuX HOpMaruBiB. YacTora Takux mo-
JuBIB MOXe gocarata 50%.

VIMOBIpHICTb TTEPEBHILICHHS HOPMATHBHO-
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TO 3HAYCHHS OKPEMOTO IOKA3HMKA SKOCTI BOIH
CIIiI PO3IJLIIATH K PU3UK TIOTIPIICHHS SIKOCTI
BOJI 32 IIM MOKAa3HUKOM. Y BITYM3HSHUX HOpMax
BIZICYTHI OOMEKEHHS III0/I0 PU3UKY IOTIpPIICHHS
SKOCTi BOJH, TOMY, 3 YPaxyBaHHsIM JIOCBiy KpaiH
€C, NOMIIBHO OPIEHTOBHO BCTAHOBUTH 1€ OOMe-
>keHHs Ha piBHI 10%.

CyTT€BHM HENONIKOM METOJMKU OILHKH
HeOe3MeKN ipUramiiHOro 3acofieHHs IPYHTY B
JACTY 2730:2015 € HeoOXimHICT aHANIRY TiMOTE-
THYHHUX TOKCUYHUX COJIEH Y TIOJMBHUX BOJAX IPH
KOYKHOMY PO3paxyHKy Kiacu(iKaliifHOro nokas-
auka e(rClY), 1o € ayxe HE3pyYIHUM TPH aHATI31
JTAHUX CTIOCTEPEeKEHb 3a TPUBAJI MEpiony dacy.
Lle MO)xHA YCYHYTH, BUKOPHUCTOBYIOUH JCTANbHY
TUITI3AIIO0 IpUraliiHuX BOJ i3 crieru(iYHIM Ha-
0OpOM TIMOTETHYHNX COJIeH Y KOXKHOMY TTiITHITI
BOJI, IO JI03BOJISIE HAJATH (POPMYITH PO3PAXyHKY
nokazuuka e(rCl7) st ux migrumis Boa. Y ¢Boio

4epry, CIpOIIEHHS. MaCOBUX PO3PAXyHKIB J03BO-
JIs€ BU3HAYKMTH TApaMETPH 3aKOHY PO3IOILTY TTO-
kasanka e(rClY) Ta OIHWTH PU3KK IMOTipIIEHHS
SIKOCTI BOJT JIJTSI PI3HUX THITIB TPYHTIB.

B ymoBax Ozeckkoi 00s1acTi OLIHKY pH-
3WKY HATPi€EBOTO OCOJIOHIFOBAHHS IPYHTY MPH
MOJTMBAX MOKJIMBO BUKOHYBATH 32 TIOKA3HUKOM
CHIBBITHOIIICHHSI KOHIIEHTPAIil HATPIIO 1 KaJb-
ito (Kna1), HE BHKOPUCTOBYIOYM CITiBBiJHO-
[IeHHS HATPII0 3 CYMOKO KaNbI0 1 MarHito
(kna2) Ta HATPIFO 3 CYMOIO YCiX TOJIOBHUX KaTio-
HiB (Knaz). Ockinbku BUMAAKH Kna1>1,0 He 3aB-
KU CHIBIAAAOTh 3 Knaz>0,70 a60 Knaz>0,65. 1
HaBMakd yci BUMaaAku Knaz>0,70 a6o Knaz>0,65
criBnagaroTh 3 Knar>1,0.

[Nomanbii JOCITIIKEHHS CITiJ| CIPSAMYBaTH
Ha OOTpYyHTYBaHHS OOMEXEHHS PH3UKIB TOTip-
IIEHHSI TIKOCTi BOJ, OCKUTBKH MPUHHATHH y CTATTI
€BpOIICHCHKMIA piBeHb 10% € OpieHTOBHUM.

Kondgpnixm inmepecie

ABTOpY 3asBISIOTH, M0 KOHQIIKTY iHTEpeciB MOA0 MyOuiKamii mboro pykonucy Hemae. Kpim
TOT0, aBTOPH MOBHICTIO JOTPUMYBAIUCH €THYHUX HOPM, BKIIIOYAIOUH IUIariat, Gpaibcudikallito JaHux
Ta MO/BIMHY MyOITiKaIIito.
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IMPROVED ASSESSMENT AND FORECASTING OF IRRIGATION WATER QUALITY

Purpose. Improvement of methodological approaches to assessing and forecasting the quality of irrigation
water, taking into account its temporal variability, based on the analysis of irrigation properties of river waters in
Odesa region.

Methods. Statistical, mathematical modelling and forecasting.

Results.. It has been established that the assessment and forecast of irrigation water quality must be carried
out taking into account the variability of their composition and properties over time. It has been shown that the use
of average values of indicators for the previous period of time can lead to errors in assessing the quality of irrigation
water. It is recommended to consider the risk of water quality deterioration for a separate indicator as the provision
of the norm for this indicator. It is proposed, based on the experience of EU countries, to limit the risk of water
quality deterioration to 10%. It is indicated that a significant drawback of the methodology for assessing the risk
of soil salinization in DSTU 2730:2015 is the need to analyze hypothetical toxic salts in irrigation waters for each
calculation of the classification indicator, which is very inconvenient when analyzing observation data for long
periods of time. It is proposed to eliminate this drawback by using detailed typification of irrigation waters with a
specific set of hypothetical salts in each of their subtypes, which allows providing formulas for calculating the
e(rCI) indicator for these subtypes of water. It is indicated that the simplification of mass calculations allows
determining the parameters of the distribution law of the e(rCI") indicator and assessing the risk of deterioration
of water quality for different types of soils. It was established that in the conditions of the Odessa region, the risk
of sodium salinization of the soil during irrigation can be assessed using the ratio of sodium and calcium concen-
trations (kna1). A significant part of the study is devoted to the testing and refinement of the proposed methods for
assessing and forecasting irrigation water characteristics. The main results of the work were obtained for the first
time in the domestic practice of environmental research.

Conclusions. Domestic methodological approaches to assessing and forecasting the quality of irrigation
water require further development, especially in terms of taking into account the variability of these waters over
time. Further research should also be directed at substantiating the limitation of the risks of water quality deterio-
ration, since the European level of 10% adopted in the article is indicative.

KEYWORDS: irrigation water source, improved quality assessment, risk of deterioration, EU regula-
tions, risk forecasting
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ECOLOGICAL ASSESSMENT AND FORECASTING OF SURFACE WATER CONDITIONS
IN THE DNIPRO RIVER IN ZAPORIZHZHIA

Purpose. To provide a comprehensive environmental assessment and forecast of the condition of surface
waters of the Dnipro River within the Zaporizhzhia region, with a focus on the dynamics of key water quality
indicators during the period 2013-2024. Special attention is given to anthropogenic factors, particularly the con-
sequences of military actions and the destruction of the Kakhovka Hydroelectric Power Plant, which significantly
altered the hydrological regime and impacted the ecological balance of the river.

Methods. Systems analysis, statistical data processing methods, distribution analysis, and regression mod-
eling were employed to assess retrospective dynamics and predict future trends.

Results. Long-term monitoring data obtained from the Water Monitoring Laboratory of the Basin Water
Resources Department of the Azov Sea Rivers were used. The primary focus was on evaluating six key water
quality indicators: phosphates, ammonium, sulfate and chloride ions, biochemical oxygen demand over five days
(BOD:), and dissolved oxygen concentration, to assess the ecological state of the Dnipro River's surface waters in
the Zaporizhzhia region, particularly in the drinking water intake area (DVS No. 1) in the upper reservoir of the
Dnipro HPP. Phosphate and ammonium concentrations show periodic fluctuations driven by seasonal factors and
fertilizer usage. Sulfate levels exhibit high variability of both natural and anthropogenic origin, while chloride
concentrations remain relatively stable. Data on dissolved oxygen and BODs indicate seasonal dynamics, which
have been disrupted since 2023 due to the destruction of the Kakhovka Dam. The analysis confirmed the river's
capacity for partial self-recovery, particularly under reduced anthropogenic pressure during wartime. Regression
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models were developed for predictive assessment of pollution levels and environmental risks.

Conclusions. The study identified key ecological problems in the Dnipro River, including organic and
mineral pollution, disrupted hydrological regimes, and decreased oxygenation. The war-related destruction of hy-
drotechnical infrastructure exacerbated these issues. Despite this, the river demonstrated resilience through natural
self-purification processes, especially as phosphate and ammonium loads declined. Restoration of ecological bal-
ance will require systemic monitoring, rehabilitation of water infrastructure, and regulation of pollutant sources.
The developed models provide a basis for forecasting and managing surface water quality under both peacetime
and post-war recovery scenarios.

KEY WORDS: Dnipro River, war consequences, surface water, ecological monitoring, phosphate, am-
monium, sulfate, chloride, dissolved oxygen, BODs, anthropogenic impact, forecasting.
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Introduction

The issue of preserving water resources immediate solutions. As is known, the surface
in river basins, particularly their rational utiliza- waters of the Dnipro River are of key im-
tion, is extremely relevant under current condi- portance for water supply in Ukraine. At the
tions. Since the beginning of the war, Ukraine's same time, the Dnipro's aguatic ecosystem is
water resources have experienced additional an- under constant anthropogenic pressure, causing
thropogenic impact, thus necessitating continu- gradual and persistent deterioration of its eco-
ous monitoring of surface water conditions. logical state. To improve the quality of surface
Among the rivers affected by this additional im- waters in the Dnipro basin, it is necessary to im-
pact is the Dnipro. Therefore, there is a need to plement a reliable and effective model for fore-
conduct a comprehensive analysis of the eco- casting the state of the ecosystem, including ac-
logical state of the Dnipro River basin to iden- counting for the impact of war.

tify the most pressing problems requiring

Objects and Research Methods

To assess the impact of anthropogenic for Water Resources of Azov Rivers. Compara-
load, including war impact on the surface water tive analysis was carried out for the monitoring
conditions in the Dnipro River in Zaporizhzhia, station: Dnipro River, 328 km, Zaporizhzhia,
a study was conducted on the water quality of upper tailrace of the Dnipro HPP, drinking wa-
the Dnipro River using data from the Water ter intake of Zaporizhzhia (DWS No. 1)
Monitoring Laboratory of the Basin Department (47°81'80" N, 35°10'00" E) during 2015-2024.

Results and Discussion

The ecological state of the Dnipro River general. Under optimal concentration condi-
has long attracted attention, as it is the country's tions, they contribute to increased ecosystem
main waterway, but remains under constant an- productivity and influence the species composi-
thropogenic pressure [1-4]. Considering the tion of aquatic organisms. However, exceeding
changing situation, there is a need for continu- the maximum permissible limits of phosphates
ous monitoring of its surface water quality in the changes the trophic status of water bodies, stim-
context of main pollutants, which include phos- ulating the development of organisms that re-
phate and ammonium ions, sulfates and chlo- lease harmful metabolites, negatively affecting
rides, and others, as well as assessing the ratio other inhabitants of the water body and deterio-
of BOD:s to dissolved oxygen concentration. rating water quality. Phosphate levels in aquatic

Phosphates play a key role in the func- environments vary seasonally, related both to
tioning of biota and hydroecosystems in their sources (weathering and dissolution of
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rocks, application of phosphorus fertilizers and
detergents) and biological processes (life activ-
ities and death of organisms). The main sources
of anthropogenic phosphate pollution are con-
sidered to be agricultural runoff, wastewater
from treatment facilities, and industrial enter-
prises [5-7].

Ammonium ions are one form of nitrogen
naturally present in the environment. They are
primarily concentrated in the upper layers of the
hydrosphere, where intensive decomposition of
protein substances from aquatic organisms and
accumulation of their metabolic products occur.
In this context, ammonium acts as a natural ele-
ment of the aquatic environment, involved in
the nitrogen cycle in the biosphere. At the same
time, its concentration must remain within per-
missible levels, as excessive content can cause
serious ecological consequences. Specifically,
elevated NH4* levels in surface waters promote
the development of eutrophication [4, 9], which
harms biodiversity: this phenomenon stimulates
excessive growth of certain algae species,
which reduce dissolved oxygen content in the
water. As a result, the water bodies' ability to
self-purify is significantly impaired.

Sulfates are the most common anions
present in aquatic ecosystems. The main factors
for increasing their concentration in water bod-
ies are the processes of organism death, oxida-
tion of substances, and influx from groundwater
[10, 11]. Sulfate ions (SO4>") enter natural wa-
ters primarily through dissolution of sulfur-con-
taining minerals such as gypsum, as well as
through oxidation of sulfur and sulfides. Addi-
tionally, a significant portion consists of sulfur
released during the decomposition of plant and
animal remains, as well as from wastewater.

Chlorides enter surface waters from min-
eral fertilizers containing chlorine-containing
potassium compounds, as well as from domestic
and industrial effluents. Due to high solubility,
chlorides are poorly adsorbed by suspended
matter and are hardly assimilated by aquatic or-
ganisms. Their concentration plays an im-
portant role in forming non-carbonate water
hardness. Chloride ion (CI") also enters water
bodies through dissolution of chlorine-contain-
ing minerals. An additional source is atmos-
pheric transport from marine and oceanic areas
to continental water bodies. The significant in-
crease in chloride concentrations in recent years
is associated with increased impact of industrial
and municipal wastewater [11].

~50~

The biochemical oxygen demand (BOD)
indicator shows how much oxygen is required
for complete oxidation of organic substances in
a water body. During the oxidation and decom-
position of organic matter, BOD values de-
crease. Simultaneously with consumption, oxy-
gen enters surface waters from the atmosphere
and water saturation with dissolved oxygen oc-
curs. This diffusion compensates for oxygen
losses during decomposition of organic matter
in water. This relationship is described by the
well-known Streeter-Phelps model, which al-
lows evaluation of the balance between oxygen
consumption in water due to organic matter de-
composition and its recovery through atmos-
pheric diffusion. This, in turn, allows assess-
ment of water quality and its capacity for natu-
ral self-purification [12, 13].

When monitoring surface waters, it is im-
portant not only to determine the content of sub-
stances in them, but also to compare the ob-
tained data with maximum permissible concen-
trations, which are indicators of the safe level of
harmful substances per unit volume or mass in
the aquatic environment that has minimal im-
pact on human health [14, 15].

The research object was the surface water
condition of the Dnipro River within the moni-
toring station: Dnipro River, 328 km, Za-
porizhzhia, upper tailrace of the Dnipro HPP,
drinking water intake of Zaporizhzhia (DWS
No. 1) (47°81'80" N, 35°10'00" E). The study
covered the period 2013-2024 and was con-
ducted for the following parameters: phosphate
ions, ammonium ions, sulfate ions, chloride
ions, BODs, and dissolved oxygen.

Figure 1 presents the results of analysis
of phosphate and ammonium ion dynamics in
the surface waters of the Dnipro River in Za-
porizhzhia during 2017-2024.

Analysis of phosphate and ammonium
ion dynamics in the surface waters of the Dnipro
River in Zaporizhzhia during 2017-2024 re-
vealed clear changes that are both seasonal and
anthropogenically induced. During 2017-2020,
indicators for both ions demonstrated relative
stability with typical fluctuations caused by sur-
face runoff from agricultural lands and domes-
tic discharges.

Since 2021, there has been a trend toward
decreased phosphate concentration, reaching a
minimum in mid-2022. Simultaneously, in July
2022, an abnormally high spike in ammonium
ion concentration was observed, exceeding 0.8
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Fig. 1 — Dynamics of phosphate and ammonium ion content in Dnipro River surface waters
in Zaporizhzhia during 2017-2024

mg/dm?. This may be a result of local discharges
or increased mineralization of organic matter
under conditions of reduced flow, high temper-
ature, and dissolved oxygen deficit.

In 2023-2024, ammonium content gradu-
ally decreases, indicating activation of nitrifica-
tion processes. In the presence of oxygen, ammo-
nium is oxidized to nitrites (by bacteria of the ge-
nus Nitrosomonas) and further to nitrates (Nitro-
bacter), indicating improved water body aeration
and stabilization of ecosystem processes. Phos-
phates during this period demonstrate gradual
growth with individual sharp peaks (September-
October 2024), likely related to mobilization of

phosphates from bottom sediments under anaer-
obic conditions or through the influence of or-
ganic matter decomposition (SPAR).

Overall, a complex interaction of chemi-
cal and biogeochemical processes is observed -
reduced anthropogenic load decreased phos-
phate and ammonium influx, while changes in
hydrodynamics, particularly through HPP dam-
age, affected flow, oxygen regime, and remobi-
lization of compounds from bottom sediments.

Figure 2 presents the results of analysis
of sulfate and chloride ion dynamics in the sur-
face waters of the Dnipro River in Zaporizhzhia
during 2017-2024.
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Fig. 2 — Dynamics of sulfate and chloride ion content in Dnipro River surface waters
in Zaporizhzhia during 2017-2024
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The graph demonstrates fluctuations in
sulfate and chloride ion concentrations in river
water, which are indicators of mineralization,
degree of anthropogenic load, and hydrochemi-
cal stability of the aquatic environment.

Throughout the entire period, sulfate con-
centrations (blue line) fluctuate within 30-90
mg/dm?, with notable peaks in certain months
(e.g., 05.2021, 10.2021, 09.2022, 11.2023,
11.2024). Such anomalous increases may be re-
lated to local wastewater discharges or active
oxidation of organic matter during changes in
hydrochemical regime. Increased sulfates may
also result from microbiological decomposition
of biota, particularly during periods of algae
death, or active sulfate reduction with subse-
guent release of sulfur-containing compound
oxidation products.

Characteristically, sulfate ions demon-
strate higher variability, which is typical for
ions that can actively come from anthropogenic
sources - industrial enterprises, storm and do-
mestic runoff. Particularly sensitive fluctuations
are observed in 2022-2023, which may reflect
the impact of military actions and disruption of
wastewater treatment facilities.

Unlike sulfates, chloride ions (green line)
have more stable concentration, maintained in
the range of 25-40 mg/dm?. This corresponds to
the nature of chlorides as conservative ions that
are not actively involved in biogeochemical
processes and have high solubility. However,
short-term decreases (e.g., in 07.2021 and
04.2022) may result from technical errors or

local water dilution, for example, after severe
floods or increased water exchange.

Overall, comparison of dynamics for
both ions indicates increased reactivity of sul-
fates in the river water system, while chlorides
remain a stable indicator of overall mineraliza-
tion level. Increased sulfates with unchanged
chloride levels may indicate activation of bio-
chemical processes - particularly, oxidation of
SPAR or hydrogen sulfide formation with sub-
sequent oxidation to SO+>~ under variable oxy-
gen regime conditions.

Figure 3 presents the results of analysis
of dissolved oxygen concentration dynamics
and biochemical oxygen demand over 5 days in
the surface waters of the Dnipro River in Za-
porizhzhia during 2017-2024.

The graph depicts the dynamics of two key
indicators of aquatic environment condition: dis-
solved oxygen concentration and biochemical ox-
ygen demand over 5 days (BODs). Both parame-
ters are closely related to the intensity of biochem-
ical processes and are primary markers of water
body self-purification and its ecological state.

During the period from 2017 to 2022,
typical seasonal dynamics are observed; in sum-
mer, dissolved oxygen levels decrease, which is
due to reduced solubility at elevated water tem-
peratures and activation of microbiological de-
composition of organic matter. During this
time, BODs values increase, as elevated temper-
ature and organic load stimulate metabolic ac-
tivity of aerobic bacteria, increasing oxygen
consumption. In autumn and winter, conversely,

Fig. 3 — Dynamics of dissolved oxygen concentration and biochemical oxygen demand over 5 days
in Dnipro River surface waters in Zaporizhzhia during 2017-2024
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there is an increase in dissolved oxygen concen-
tration and decrease in BODs - the result of
slowed biochemical processes and improved
oxygen solubility.

However, beginning in 2023, this clear
seasonal rhythm is disrupted. The graph shows
a significant decrease in dissolved oxygen dur-
ing the summer and autumn period of 2023,
while BODs values remain relatively stable,
without corresponding growth. This may indi-
cate oxygen deficit caused by hydrological re-
gime disruption due to destruction of the
Kakhovka HPP (06.2023) and reduced flow ve-
locity, limiting water mixing and oxygen satu-
ration from the atmosphere.

Continued organic matter decomposition
under conditions of limited oxygen access in
2023-early 2024 explains the low DO level with
relatively unchanged BOD:s - available organic
substances decompose with slowing, and oxygen
access is limited. During the summer period of
2024, increased DO indicates partial restoration
of aeration, possibly through improved weather
conditions or reduced anthropogenic load (par-
ticularly organic matter), which is also evidenced
by stability or even slight decrease in BOD:s.

Overall, the graph confirms the effect of
"biochemical paradox": when high dissolved
oxygen levels correspond to low BODs (ecosys-
tem capable of self-purification), and its de-
crease without accompanying BODs growth

40
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w o “ o

s
o

indicates disruption of natural organic matter
oxidation due to reduced flow and decreased at-
mospheric diffusion. Such changes demonstrate
reduced adaptive potential of the aquatic eco-
system under the influence of hydrotechnical
and climatic factors.

For overall assessment of anthropogenic
load levels from pollutants and their impact on
BOD:s levels and dissolved oxygen concentra-
tion, distribution histograms were constructed
for the period 2015-2024.

Figure 4 presents a histogram of phos-
phate ion concentration distribution in the sur-
face waters of the Dnipro River in Zaporizhzhia
during 2017-2024.

The distribution histogram of phosphate
ion concentrations in Dnipro River water
demonstrates an asymmetric (right-skewed)
character with a modal interval of 0.36-0.44
mg/dm?, indicating predominance of moderate
phosphate loading levels. Approximately 80%
of values are concentrated within 0.22-0.50
mg/dm? - typical for water bodies with regular
impact from wastewater and agricultural runoff.
Such concentrations can support increased
aquatic ecosystem productivity but promote
phytoplankton biomass accumulation, espe-
cially during summer periods, increasing the
risk of eutrophication development. Individual
high values (>0.65 mg/dm?) are likely related to
local unauthorized discharges or episodic ferti-
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Fig. 4 — Distribution histogram of phosphate ion concentrations in Dnipro River surface waters
in Zaporizhzhia during 2017-2024
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lizer washout, and indicate disruption of the wa-
ter body's buffer capacity. This distribution pro-
file indicates the need for systematic monitoring
and ecological control of phosphate loading
sources.

Figure 5 presents a histogram of ammo-

surface waters of the Dnipro River in Za-
porizhzhia during 2017-2024.

The histogram demonstrates frequency
distribution of ammonium ion concentrations,
which has a pronounced right-skewed distribu-
tion with a maximum in the 0.31-0.39 mg/dm?

nium ion concentration distribution in the range. The main portion of values (over 80%) is
35 120,00%
30 -8 —a—=8 | 100,00%
25 )
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Fig. 5 — Distribution histogram of ammonium ion concentrations in Dnipro River surface waters
in Zaporizhzhia during 2017-2024

concentrated within 0.24-0.53 mg/dm?, indicat-
ing the presence of a persistent ammonium pol-
lution source, likely of domestic or agricultural
origin. The cumulative curve (integral %) con-
firms predominance of average values, character-
istic of aquatic systems with regular anthropo-
genic load but still capable of self-purification.
Ammonium is an intermediate product of organic
matter mineralization and an important indicator
of oxygen regime. With sufficient dissolved oxy-
gen levels, NH4+" undergoes nitrification to nitrites
and further to nitrates, so this distribution form in-
dicates relatively aerobic conditions.

At the same time, individual emissions
with concentrations above 0.60 mg/dm? (outli-
ers on the right) indicate episodic overloads or
reduced aeration - likely due to local discharges
or flow reduction due to hydrotechnical changes
(e.g., dam destruction or seasonal low water).
This distribution profile is typical for waterways
affected by anthropogenic factors but still main-
taining buffer capacity for self-purification. At
the same time, the presence of even occasional
high concentrations requires enhanced control,
as NH." is toxic to aquatic biota under high pH
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and temperature conditions characteristic of
summer periods.

Figure 6 presents a histogram of sulfate
ion concentration distribution in the surface wa-
ters of the Dnipro River in Zaporizhzhia during
2017-2024.

The distribution of sulfate concentrations
has a normal distribution character with a max-
imum within 56-66 mg/dm?, corresponding to
the natural mineralization level for large river
systems with moderate technogenic load. The
main mass of values (over 80%) is concentrated
in the 46-75 mg/dm? range, confirmed by the
smooth cumulative curve. This indicates a sta-
ble source of sulfate influx - particularly from
natural minerals (gypsum, sulfides), as well as
from domestic and industrial wastewater.

Sulfates are indicators of the water body's
oxidative regime, and high values may indicate
active organic matter decomposition processes
or influx of sulfur-containing compounds. Indi-
vidual cases of concentrations above 84 mg/dm?
may result from local pollution, desorption pro-
cesses from bottom sediments, or atmospheric
runoff impact.
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Fig. 6 — Distribution histogram of sulfate ion concentrations in Dnipro River surface waters
in Zaporizhzhia during 2017-2024

This distribution profile is typical for river
systems experiencing seasonal changes and hav-
ing both natural and anthropogenic sources of
SO+ influx. High concentrations at low oxygen
levels can also serve as a substrate for sulfate re-
duction with hydrogen sulfide (H2S) formation,
which is potentially toxic to aquatic biota.

Figure 7 presents a histogram of chloride
ion concentration distribution in the surface wa-
ters of the Dnipro River in Zaporizhzhia during
2017-2024. The chloride ion distribution histo-
gram is characterized by left-skewed asym-
metry with a modal class in the 36.2-40.3

mg/dm® range, indicating predominance of
moderate mineralization levels. Over 80% of
observations are concentrated within 28-44
mg/dm?®, typical for freshwater river systems
with background hydrogeochemical regime and
minimal anthropogenic load.

Chlorides, as inert conservative ions, do
not participate in the biogeochemical cycle and
are not adsorbed by bottom sediments, so their
distribution serves as a marker of hydrochemi-
cal background stability. The absence of pro-
nounced extreme values in the right tail of the
distribution indicates minimal influence of point
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Fig. 7 — Distribution histogram of chloride ion concentrations in Dnipro River surface waters
in Zaporizhzhia during 2017-2024
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pollution sources - particularly domestic or in-
dustrial effluents characteristic of urbanized ter-
ritories.

The presence of individual low values in
the left part of the histogram (below 12 mg/dm?)
may result from water dilution by flood or atmos-
pheric precipitation or seasonal reduction in min-
eralization.

Thus, CI- distribution reflects hydrochemi-
cal stability and can be used as an indicator of

background conditions when assessing changes in
more reactive aquatic environment components.
Figure 8 presents a histogram of BOD:s
value distribution in the surface waters of the
Dnipro River in Zaporizhzhia during 2017-2024.
The distribution of BODs values has an
asymmetric form with a maximum in the 2.7-3.1
mg0O-/dm?® range, indicating predominance of
moderate organic pollution. Most values (=80%)
are within 2.3-3.8 mgO./dm?®, corresponding to
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Fig. 8 — Distribution histogram of BODs values in Dnipro River surface waters in Zaporizhzhia
during 2017-2024

the level of weak to moderate anthropogenic load
according to water quality ecological assessment
classification. This profile is typical for water
bodies with biodegradable organic matter of do-
mestic and agricultural origin. The BOD:s indica-
tor is an integral biochemical indicator character-
izing the oxygen requirement of aerobic micro-
organisms for oxidation of dissolved organic
matter. Stable peak position in the medium range
indicates conditions for natural self-purification
and relatively aerobic environment. The pres-
ence of individual high values (>3.8 mg/dm?) in-
dicates periodic local organic matter influx,
likely from effluents without proper treatment.
The cumulative percentage distribution curve
(integral %) confirms uniform transition from
background to elevated values, indicating ab-
sence of sharp anthropogenic emissions.

Figure 9 presents a histogram of dissolved
oxygen concentration distribution in the surface
waters of the Dnipro River in Zaporizhzhia dur-
ing 2017-2024. The distribution of dissolved

~b56 ~

oxygen concentrations has a clearly defined
modal interval of 9.7-10.4 mgO./dm3, where the
largest number of observations are concentrated.
Over 80% of all values are within 8.2-11.2
mgQ./dm?, indicating the aerobic nature of the
environment, favorable for aquatic biota func-
tioning. This level of oxygen saturation corre-
sponds to good ecological conditions, character-
istic of water bodies with moderate organic load-
ing and active oxygen diffusion from the atmos-
phere. It also indicates effective self-purification
through aerobic oxidation of organic matter. The
presence of a small number of values above 12
mgO-/dm?® may be related to intensive photosyn-
thetic activity of algae during daytime, especially
in summer. At the same time, the absence of a
significant number of low values (<7 mg/dm?)
indicates stable oxygen regime and absence of
critical phenomena related to oxygen deficit (hy-
poxia), usually observed in reservoirs with re-
duced flow or excessive eutrophication.
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Fig. 9 — Distribution histogram of dissolved oxygen concentrations in Dnipro River surface waters
in Zaporizhzhia during 2017-2024

The obtained distribution is an indicator of emissions were used in their construction (i.e.,
stable hydrobiological state, allowing mainte- seasonality of pollution was leveled).
nance of natural self-purification mechanisms Figure 10 presents the dynamics of phos-
and providing conditions for aerobic transfor- phate and ammonium ion concentration changes
mation of organic and inorganic pollutants. in water during 2013-2024 and corresponding
To determine dynamics of anthropogenic approximating curves.
load level changes on Dnipro River surface wa- Regression equation of the identified de-
ters (DWS-1 station) and subsequent forecasting pendence for phosphate ions:
in the context of individual pollutants, corre- y=5%107%x°—6 x 107*x> + 2.7458x* — 6.8999x
sponding regression equations were constructed. x 103%x* + 1 x 107x* -7 x 10°x + 2 x 102,
Annual average values of harmful substance approximation reliability — R? = 0.8047.
0,5000
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Fig. 10 — Dynamics of phosphate and ammonium ion concentration changes in water during 2013-2024
and corresponding approximating curves
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The identified dependencies indicate that
phosphate ion content reduction in water occurs
periodically, namely being minimal in 2014 and
in 2022.

Regression equation of the identified de-
pendence for ammonium ions:

y=-2x10°x°+1.96 x 102x>—98.819x* +
2.66114%x x 10°x3 -4 x 108%x>+ 3 x 10'x — 1 %
1014’

approximation reliability — R? = 0.9002.

The identified dependencies indicate that
ammonium ion content reduction in water also
occurs periodically, being at low levels during
2013-2015, and then in 2019, 2021, and in 2023.

This provides grounds to confirm the as-
sumption regarding the main impact factor -

fertilizer application, as reduction in application of
some fertilizers is compensated by others. Addi-
tionally, from 2016 to 2021, general situation de-
terioration was observed, as average content of
phosphate and ammonium ions in water in-
creased. After situation improvement during
2022-2023 (due to reduced fertilizer application),
in 2024 there was a return to previous trends.

Figure 11 presents the dynamics of sulfate
and chloride ion concentration changes in water
during 2013-2024 and corresponding approximat-
ing curves.

Regression equation of the identified de-
pendence for sulfate ions:
y =3 x 10%x°—3.0774x° + 1.5511 x 10*x* -4
x 107x3+ 6 x 10%%x2 — 5 x 103x + 2 x 10'¢,

approximation reliability — R? = 0.7549.

roximating curve (suliate) Ap

Fig. 11 — Dynamics of sulfate and chloride ion concentration changes in water during 2013-2024
and corresponding approximating curves
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Fig. 12 — Dynamics of BOD:s and dissolved oxygen concentration changes in water during 2013-2024
and corresponding approximating curves
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Regression equation of the identified de-
pendence for chloride ions:

y =5 % 107k — 6.2407x°> + 3.1467x* — 8 X
107x3+ + 1 x 10"x2— 1 x 10x + 3 x 10,

approximation reliability — R> = 0.794
The identified dependencies indicate that chlo-
ride ion content changes in water are also insig-
nificant. As can be seen, sulfate and chloride ion
content during 2013-2016 increased, while in
subsequent years it fluctuates around a certain
average level.

Figure 12 presents the dynamics of BODs
and dissolved oxygen concentration changes
during 2013-2024 and corresponding approxi-
mating curves.

Regression equation of the identified de-
pendence for BODs:

y =6 x 107°x% — 0.3616x% + 7.3424 x 10?x —
4.969 x 10%,

approximation reliability — R? = 0.6458.

The identified dependencies indicate that
maximum indicator levels were in 2017-2018
and in 2023 (significant increase) with practi-
cally unchanged level in other years.

Regression equation of the identified de-
pendence for dissolved oxygen:
y=2x10"-1.1741x*+2.3417 x 10®>x —2 x 108,

approximation reliability — R = 0.6095.

The identified dependencies indicate that
minimum indicator levels were in 2016-2019
and in 2024, with maxima observed in 2014 and
during 2021-2022.

Therefore, opposite trends exist for BODs
and dissolved oxygen, as should be expected.
The obtained results provide grounds to confirm
the assumption about the existence of self-puri-
fication capacity despite existing anthropogenic
influences.

Conclusions

The study covered the period 2013-2024
and was conducted in the context of the follow-
ing indicators: phosphate ions, ammonium ions,
sulfate ions, chloride ions, BODs, and dissolved
oxygen.

It was established that the main anthropo-
genic load is created by industry, agriculture,
and municipal enterprises. The consequences of
war were also assessed, namely the destruction
of the Kakhovka HPP dam (destruction of the
Kakhovka Reservoir) and cessation of Dnipro
HPP operations. Considering that indicators of
surface water ecological state are BODs and dis-
solved oxygen level, special attention was given
to these indicators.

It was established that during 2017-2022,
typical seasonal dynamics of indicators were
observed. Since 2023, the clear seasonal rhythm
changed due to disruption of hydrological

regime through destruction of the Kakhovka
HPP (06.2023) and reduced flow velocity, lim-
iting water mixing and oxygen saturation from
the atmosphere. Nevertheless, reduced pollu-
tion levels by phosphate and ammonium ions
since the beginning of war has provided the pos-
sibility for self-purification of Dnipro River sur-
face waters.

For overall assessment of anthropogenic
load levels from pollutants and their impact on
BOD:s levels and dissolved oxygen concentra-
tion in Dnipro River surface waters, distribution
histograms were constructed for the period
2015-2024.

Forecasting of anthropogenic load levels
for main pollutants was carried out using regres-
sion equations, and predicted levels of BOD:s
and dissolved oxygen concentration in Dnipro
River surface waters were determined.
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EKOJIOI'TYHA OIIHKA TA ITPOI'HO3YBAHHSA CTAHY ITIOBEPXHEBUX BO/{
PIYKHU JHIITPO Y 3AIOPI/KIKI

Meta. Hagati KOMIUIEKCHY €KOJIOTIYHY OI[IHKY Ta IPOrHO3yBaHHS CTaHy IIOBEPXHEBHUX BOJ piukH J{HINpo
B Me)kax 3amopi3pKkoi 00JacTi 3 aKIeHTOM Ha JWHAMiKy OCHOBHUX IMOKa3HHKIB sikocTi Boan y 2013-2024 pokax.
Oco0s1Ba yBara NpUIUISETHCSI aHTPONIOIEHHUM (akTopaM, 30KpeMa HaclliikaM BiHCBKOBHX Jiiil 1 pyHHyBaHHS
KaxoBcEKOI riipoeeKTpocTaHIlii, 0 CYTTEBO 3MIHIIIH TiIPOJIOTIYHAN PEXXUM 1 BIUIMHYIH HA €KOJIOTIYHY PiBHO-
Bary piuxm.

Metomn. CHCTeMHHUH aHATi3, METOIU CTATUCTUIHOT 00OpOOKH, aHaTI3 PO3MOILTY Ta perpeciiiHe MoIeIo-
BaHHs JUIA OLIHKHM AMHAMIKH Y PETPOCHEKTHUBI Ta MPOTHO3yBaHH MaifOyTHIX TEHCHIIIH.

Pe3yasTaTH. Bukopucrano 6aratopivyHi JaHi MOHITOPUHTY, OTpuMaHuX 3 JJabopaTopii MOHITOPHHTY BOJ
BaceitHoBOTO ynpaBiiHHA BOZHUX pecypciB pidok Ilpna3os’s. OCHOBHa yBara IpUAUISAIACS OIIHII IIECTH KITIO-
YOBUX ITIOKa3HMKIB SIKOCTI Boju: (hocatTiB, aMOHINHMX, CyJIb(GAaTHUX 1 XJOPUAHUX 10HIB, 61I0XIMIYHOTO CHOXKH-
BaHHs KucHIO poTsirom 11’ situ 116 (BCKs) Ta koHIEHTpatii po3dYMHEHOT0 KUCHIO JJIS OI[IHKHU €KOJIOTI9HOTO CTaHy
MIOBEPXHEBHX BOJ piuky J{HINpo B Mexax 3anopi3pkoi odiacti, 30kpema y paiioHi Bojgozabopy nmutaoi Boau (ABC
Nel) y Bepxubomy 6'edpi JJuinposcokoi 'EC. KonnenTpaii ¢ocdariB i aMOHII0 1eMOHCTPYIOTH NEPioIHYHI KO-
JIMBAHHSA, 3yMOBJICHI CE30HHHMH YNHHUKAaMH Ta BUKOPHCTaHHSIM T0OpHB. PiBeHb cynb(aTiB BiI3HAYA€THCS BUCO-
KO0 MIHJIMBICTIO SIK NIPUPOIHOTO, TaK 1 TEXHOTEHHOTO IOXO/PKEHHS, TOJI SIK KOHLIEHTpALil XJIOPUIiB 3aJIUIIa-
IOTBCS MTOPIBHIHO cTabinmpHUMU. JlaHi ipo po3unHeHuit kuceHsb i BCKs cBimuaTh Mpo CE30HHY AMHAMIKY, SIKa I10-
pymyerbes 3 2023 poky BHaciIOK pyiHyBaHHsI KaxoBchKoi 1aMOu. AHaui3 HMiATBEpAMB 34aTHICTh PIYKH JI0 Yac-
TKOBOT'O CaMOBIJTHOBJIEHHSI, OCOOJIMBO 32 YMOB 3HI)KEHOT'O aHTPOIIOTEHHOTO HaBaHTAXKEHHS B Nepion BiltHu. [l
MPOTHO3HOI OLIIHKY PiBHIB 3a0pyJHEHHS Ta EKOJOTIYHNX PU3UKIB OyJI0 po3po0IIeHO perpeciiiHi Mojedi.

BucHoBku. Bi3HaueHO OCHOBHI €KOJIOTiUHI mpobiemu piuku JHINpo, 30KpeMa opraHiuyHe i MiHepalbHe
3a0pyAHEHHs, TOPYLIEHHS T'JIPOJIOTIYHOTO PEXUMY Ta 3HW)KEHHS PiBHS KUCHIO. PyiiHyBaHHS TiJpOTEXHIYHOI iH-
(dbpacTpykTypH, TIOB'sI3aHe 3 BiifHOIO, 3arocTpuiio 11i mpodiemu. [Tonpu 1e, piuka 1eMOHCTPYE 3AaTHICTD 10 MPH-
POZHOTO CaMOBIJHOBJIEHHS, 0COOIMBO 3aBISIKM 3MEHIICHHIO HaBaHTaKeHHs (ocdaramu Ta aMoOHieM. BinHOB-
JICHHS €KOJIOTIYHOTO OalaHCy MOTpeOyBaTHME CHCTEMHOT0 MOHITOPHHTY, PEKOHCTPYKIIiT BOIOTOCTIONAPCHKOT 1H-
(pacTpyKTypH Ta KOHTPOJIO 3a JUKepeiamH 3a0pyaHeHHs. Po3pobieHi Moaeni MOXyTh OyTH BUKOPHCTaHI JUIs
MIPOTHO3YBAHHS Ta YIIPABIIHHSA SIKICTIO IIOBEPXHEBHUX BOJ SIK Y MUPHHUM Yac, Tak i B MepioJi MIOBOEHHOTO BiTHOB-
JICHHSL.
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KJIFOUYOBI CJIOBA: piuka /[ninpo, Hacrioxku 6itiHu, n08epxHesi 600U, eKONOSIMHUN MOHIMOPUHE, Goc-
Gamu, amoniu, cyrvpamu, xaopuou, posuunenui kucensb, bCKs, anmponozennuii 6naus, npocHo3y8anHsi.

Kondghnixm inmepecie

JocnimkenHs mpoBommiocs B paMkax npoekry 0124U004208 «Exomoro-ekoHOMIYHA ONITUMI3AIlis JIOTiC-
TUYHOI iHQPACTPYKTYPH MiJ 4ac BilfHH Ta MOBOEHHOI BiIOyAOBH YKpaiHI», IO PEeali3ye€ThCs B paMKax IPOrpaMu
HayKOBHUX pOOIT, HAYKOBO-TEXHIYHUX Ta iIHPPACTPYKTypHUX IPOECKTIB, 0 (hiHAHCYIOTHCS 32 PaXyHOK KOIITIB CIIe-
mianbHOTO (POHAY, OTPUMAHUX BiJl iIHCTPYMEHTY 30BHIIIHBOI IormoMoru €Bponeirickkoro Coro3y Ui BUKOHAHHS
3000B's13aHb YKpainu B PamkoBii mporpami €Bporeficbkoro Coro3y 3 TociikeHb Ta iHHoBanii « opu3oHT 2020%.

ABTOpH 3asBISIIOTH NP0 BiZICYTHICTH KOHQIIIKTY iHTEpeciB miono myoiikanii nporo pykonucy. Kpim toro,
ABTOPH ITOBHICTIO IOTPUMYBAJIHCS ETHYHUX HOPM, BKIIFOYAl0UN YHUKHEHHS Iu1ariaty, paiabpcudikanii JaHux ta ay-
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MMPOMMCJIOBE BYAIBHUIITBO, IK YMHHUK JECTPYKIIII IPUPOTHUX
JJAHAINA®PTIB I BTPATHU NIOTEHIIAJTY EKOCUCTEMHUX TOCJIYT

Merta. BusiBiieHHS1 T€0IpOCTOPOBUX 3aKOHOMIPHOCTEH JeCTPyKLii JaHAIAa(TIB MiJl BIVIMBOM Oy IiBHHULIT-
Ba IIBHKO-MOHTOBAHUX METATI0-KapKaCHUX 00’€KTIiB, KUIbKICHA OIliIHKA BTPAT CKOCHCTEMHHUX MOCIYT Ta (op-
MYJTIOBAaHHS PEKOMCHIAIl i3 3aCTOCYBaHHS IHTETPOBAHOI'O EKOCHCTEMHOTO MiIXOoAy # TeoiHdopmariitHoro
MOHITOPHHTY IJISl MiHIMi3amii eKOJOTIYHNX PU3HKIB IIPH MOANBIIOMY PO3BHTKY iHOPACTPYKTYpH.

Metoau. CHCTEMHUI aHaNi3, PEeTPOCHECKTHBHO-OLIIHOYHUN aHali3, JabOpaTOpHUA METOH, iHKEHEpPHO-
KapTorpadivyHuii MeToH, CTATUCTHYHUNA METO

Pe3yasTaTH. PO3risiHyTO MecTpyKiito TaHAMAQTIB i BIUIMBOM MPOMHECIOBOTO OYIIBHHUIITBA Ta JIOTiC-
THYHUX KOMIUICKCIB B YMOBax IOBHIKOI BinOyZOBH B Pi3HUX JIaHAMAQTHUX 30HaX YKkpainu. OCHOBHa yBara
30cepe/pkeHa Ha JIOCHI/PKEHHI MOPYLIeHHs 3B’S3KIB MK JKMBHMH Ta IHEPTHUMHM KOMIIOHEHTaMH JaHALIADTY.
AxTHBHE OYAIBHHUITBO Y3J0BX TPAHCIIOPTHUX KopuaopiB M-06 Ta M-05 y 50-km 30Hi Kuesa npu3sseno g0 no-
pYLIEHHs 3B’SI3KiB MK IHEPTHUMHM Ta )KUBUMH KOMIIOHEHTaMH JIaHAA(TY, M0 MPOSIBISIETHCS B TpaHchopmati-
X TepUTopiii, a came — arposianamadis (—1,5 %) i nicoBux nanmmadTis (—0,5 %) Ta BiAMOBIJHOMY 30iIbLICHHI
3a0yznoBanux teputopiit (+30 %). AKLEHTOBaHO yBary Ha MOPYIIEHHI CTPYKTYpHO-(QYHKIIIOHAIBHOI HIJIICHOCTI
naHAmadTHUX KOMIUIEKCIB BHACHIAOK ypOaHi3aliifHOro THCKy Ta BTpaTH JaHAmadTHOI cTabinbHOCTI. BusHaue-
HO TpaHc(hopMariifHi BekTopHu IaHAMA(THOI AECTPyKIii, 30KkpeMa (parMeHTallio, PeayKIifo OIOTHIHHX
3B’SI3KIB 1 MOPYIICHHS €KOCUCTEMHOT PEeTyIISIII.

BucnoBku. [Ipomucnose OyIiBHUITBO CIPUYMHIIIO OJHOYACHY BTPATy €KOCHCTEMHHUX HOCITYT (3HIKCHHS
00CsITiB MPOJOBONLCTBA it TPICHOT BOM), peryJisitidiHnx (GyHKIiN (ocinabiaeHHsT KIIIMaTHYHOTO i TiIpOJIOri4HOTO
CaMOpETyIIFOBaHHSI, 3pOCTaHHS €po3ii), KyJIbTYPHUX BUTOJ (CKOPOUCHHS peKpealiitHOro, OCBiITHHOTO Ta €CTETHYHO-
o MOTeHIialy) i MATPUMYBaIbHHUX IPOLECIB (MOPYIIEHHS IPYHTOYTBOPEHHS i 010re0XiMIuYHHX IIMKIIIB).

KJIFOUYOBI CJIOBA: nanowagpm, acporanowaghm, nicogi, cenumebri, npomMuciosi, 6oI0mHui, KOMNo-
HeHmu, IPYHM, eKOCUCEMHA NOCIyad, WEUOKO-MOHMOBAHUL Memanegutl Kapkac, 6y0ieebHO-MOHMANCHA PO-

6oma, GIS.

Ak uuryBatu: Conbko C. I1., 3enenuyk 1. JI., Hosikosa T. I1. [IpomucnoBe OymiBHUIITBO, SIK
YUHHUK JIECTPYKIIii MPUPOJIHUX JaHAMA(TIB 1 BTpaTH MOTEHIIATY €KOCHCTEMHUX NOCIYT. JIroduna ma
ooskinna. Ilpobnemu neoexonozii. 2025. Bum. 43. C. 63-77. DOI: https://doi.org/10.26565/1992-4224-
2025-43-05

In cites: Sonko S. P., Zelenchuk I. D., & Novikova T. P. (2025). Industrial construction as a
factor in the destruction of natural landscapes and the loss of the ecosystem services potential Man
and Environment. Issues of Neoecology, (43), 63-77. https://doi.org/10.26565/1992-4224-2025-43-05
(in Ukrainian)
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Bynp-sika cBiomMa aHTpOIIOT€HHA TpaH-
chopmarrist manamradTiB Mae Ha METi OITHMi-
3aIif0 YMOB XHUTTEMISUTBHOCTI Joaeit. OmHak
13 pPOCTOM HaceleHHS Ta IHTEHCH(IKAITIEID
TOCTIONAPCHKOT  MISUTBHOCTI 70 TPHUPOTHUX
cucteM Oyll0 BBEACHO YHCICHHI CHHTETHYHI
PEUOBMHHU i TEXHOJOTIYHI MpOLecH, sIKi BH-
HITH 32 MEeXi MPUPOAHOI caMoperyJsii 6io-
cdepu i1 mpu3Benu A0 Aerpagauii MoTEHHIaTy
eKOCHCTeMHUX Mociyr. HakomuyaeHi HeraTuBHi
HacIiAKK ypOaHizalii Ta IPOMHUCIOBOTO OCBO-
€HHA TEPUTOpid MOTPEeOYIOTh CHUCTEMHOTO
aHaJlizy Ta MPOTHO3YBaHHS 3 BUKOPHUCTaHHSIM
reorpadivHuX i eKOJOTIYHKUX miaxomiB [1, 2].

Y reorpadiuHUX JOCTIHKEHHIX IS
kiacudikarii mporueciB JaHamadTHOI ASCTPY-
KLl 3aCTOCOBYIOTh ITOKOMITOHEHTHHH IPHH-
IIUTI, SIKAH OIHIOE BILUTUB Ha atMocdepy, Tix-
pocdepy, miTochepy, pOCTUHHMIA 1 TBAPUHHUN
CBIT, 1 (pyHKIIOHATBFHUI MPUHIIHAII, IO TPYIYE
JECTPYKTHBHI 3MiHHM 32 XapaKTepoM IOpy-
IICHHS €KOCUCTEMHUX (DYHKITIH.

IHTeHCHBHE 3BEJCHHS LIBHIIKO-MOHTO-
BaHux Oynisens (ILIMB) npomucnoBux i jori-
CTUYHUX 00’€KTiB y 50-KM 30HI IpaBOOEpeK-
k51 KueBa B3IOBX TpPaHCHOPTHUX KOPHIOPIB
M-05 i M-06 mpu3sBesno a0 ¢parMeHrarii ar-
ponmanamadTiB 1 icoBUX JaHAMA]TIB, MOPY-
IIEHHS TIPOCTOPOBOI  CTPYKTYPH TPHPOA-
HO-TEPUTOpIaTbHAX KOMIUIEKCIB Ta JE3IHTeT-
parii eHepreTH4Hux i1 0iOreoXiMIiYHMX TOTO-
kiB. Ili Tpancdopmamii 3HIKYIOTh TPOBI3iK-
HUH, peryJsaiiHnN, TiATPUMYBaIbHUHA 1 KyIlb-
TypHUH TOTeHIan JaHqmadTiB, M0 BUMarae
PO3pOOKH IHCTPYMEHTIB €KOJIOTIYHO 30ajiaH-
COBaHOTO MIPOCTOPOBOTO TIIAHYBAHHS.

[MopyureHHs: mpocTopoBUX 1 QyHKITIOHA-
JIbHUX 3B’SI3KIB MK KOMITOHCHTaMU JlaHad-
THOTO KOMIUIEKCY YHACHiIoK OyJiBeNbHOI
JUSIBHOCTI € OJIHIEI0 3 KIIOYOBHX IPOOJIeM
Cy4acHOro Janama@To3HaBCcTBa Ta TE€OEKOJO-
rii. [HKeHepHO-OyiBeNbHI BTPYYaHHS TPU3-
BOJSITH A0 CTPYKTYpHOi mepeOyqoBU TI'eOCHC-
TeM, 3MiHIOI0YH Mopdoorito penbedy, riapo-
JIOTIYHUH PEXUM, IPYHTOBO-O10THYHI Xapak-
TEPUCTHKH Ta HPUPOAHI MirpamiifiHi MOTOKH
peuoBuHH i eHeprii. Hacninkom nux npouecis
€ TpaHcopMmallis NPUPOTHOTO CEPEIOBHUILA,
Jerpajauis JangmadTiB 1 BTpaTa HUMH IOTe-
HITiaNy 31CHEHHS €KOCUCTEMHMX (DYHKIIIH.

TocTpy motpeOy y BupimieHHi IIi€i mpo-
OJleMH 3yMOBHJIO 3pOCTAaHHS yBaru JI0 HayKO-
BUX MIJIXOIB, CIIPSIMOBAHUX Ha JIOCIIDKEHHS
MEXaHI3MIB  aHTPOMOreHHOol  Moxaudikarii
naHmmagTiB T2 Po3poOKy METOJIB iXHBOI pe-
KyJIbTHBAIIi, peabimiTarlii # amanTHBHOTO YII-

Bcmyn
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PaBIIHHA TPUPOJTOKOPUCTYBAHHAM. AKTYyalb-
HICTh JIAHAMA(GTHOTO aHAI3y JaHAMAPTHOTO
KOMIUIEKCY € He3alepedHa 3 OISy Ha cydac-
Hi TEHJACHLIi IHTEHCUBHOTO Ta €KCTEHCUBHOIO
TOCIIOIApCHKOTO  BUKOPUCTAHHS TPHPOIHUX
pecypciB. Ilpuckopennii po3BHTOK OyIiBeNb-
HOI JisZIHOCTI, TOB’SI3aHUI 13 HEOOXITHICTIO
PO3MIIIEHHSI PETOKOBAaHUX MPOMHUCIOBUX Mif-
MPUEMCTB Ta CTBOPEHHS JIOTICTHYHHX XaOiB
IUIs iXHBOTO (D)YHKIIOHYBaHHS y Oe3MeUHIlINX
perionax Ykpainu 3abe3nedye He JHUIIE eKO-
HOMIYHY CTaOlBHICTh y CKIaIHUH yac, ane i
CIPUYMHIOE CYTTEBI TpaHchopmaii manamad-
THUX cucteM. /st Takoro OyIiBHHUIITBA BigBO-
IITHCS TIEPEBAKHO TEPHUTOPIi 3 BHCOKUM PiB-
HEM CUTBCHKOTOCTIOAAPCHKOI OCBOEHOCTI, IO
Hajalli COPUYMHITAME IXHIO ITOCTYIOBY ypOa-
Hizamiro. lle 3ymMOBItO€ HE3BOPOTHI aHTPOIIO-
TeHHI 3MiHH, SKi MOPYIIYKTh CTPYKTYPY
naHamadTiB, 3MIHIOIOTE 0alaHC IXHIX T€OKO-
MIIOHEHTIB 1 CIIPUYHMHAIOTH ACCTPYKIIHHI 3Mi-
HU KOMITOHEHTIB Janamadry [3].

BaxxnyuBuM YMHHHMKOM AakTHUBI3auii ae-
CTPYKTHBHUX TIPOLECIB € HE CTIIBKH came
OYIIBHUIITBO, CKUIbKA HEJOTPUMAHHS TEXHO-
JIOTIYHMX HOPM BelleHHsI OyJiBeJbHUX POOIT,
BUKOPUCTaHHS EKOJIOTIYHO HeOe3MeYyHHXx Ma-
TepialiB, a TAKOXX ITHOPYBaHHS 00OB’SI3KOBHX
MPUPOJOOXOPOHHUX 3aXO[iB, 30KpeMa o3ele-
HEeHHS, peKyipTHBalii Ta Omaroycrporo. He-
MpoJyMaHa Oy/iBeNbHA JiSUTBHICTH CIIPHSE
MOCHJICHHIO  JIECTPYKTHBHHX  IPOIECIB Y
naHamadTax CTYIIHB i TUN SKAX BHU3HAYAIOThH
piBEHb €KOJIOTIYHOI IIKOAW Ta MACIITa0H IT0-
PYUICHHSI B3a€MO3B’SI3KiB MK 1HEPTHHMHU Ta
JKUBUMH KOMIIOHeHTaMu janamadry. Hacmin-
KA JIECTPYKTHBHHUX TIPOIIECIB MOXYTh Bapilo-
BaTHCS 32 XapaKTepoM Ta Maciutabamu, pu3-
BOJISIYM SIK JI0 (pparMeHTallii Janamadris, Tax i
JIO TIOBHOI Jierpajaliii MpUpoIHUX KOMILICKCIB
Ta CYMDKHHX HPUPOJHO-TOCIIONAPCHKHX CHC-
TEM, aX JIO CTBOPEHHS 3arpO3M JUJIsl )KUTTS Ta
310poB’s moauHn. OLiHKa BTpaTH MOTEHLIaTy
HaJlaHHS E€KOCHCTEMHHUX IOCIyr JaHgmadra-
MH, CIPUYMHEHHX OyJiBEIbHOI0 IisUIBHICTIO,
3IIIHCHIOETHCS] HA OCHOBI aHaji3y piBHSA Jierpa-
Jarfii Ta 3a0pyJAHEHHS CKJIQJOBUX JOBKIUIA, a
TaKOX BU3HAYEHHS BIUIMBY IIMX 3MiH Ha 3J10-
POB’sl HACEJIEHHSI T4 YMOBHU HOTO MPO’KUBAHHS.

JlanmmagTHi  €KOCHMCTEMHI  MOCIYTH
(JIEIT) — e HemarepiaibHi BUTOJIM Ta KOPHCHI
pecypcu, 10 OTPUMYE IIOAWHA BiJ TOCITYT
€KOCHUCTEMH, JTaHAMAPTHOrO Oi0pi3HOMAHITTS,
KIIMAaTHYHUX a00 1HMHUX JNaHTmaTHUX YUH-
Hukax [4]. JIETI 6e3nocepeiHbO BIUIMBAOTH Ha
SIKICTB JKUATTS HACEJICHHS Yepe3 Pi3Hi Kareropii
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BUT0]], 30KpeMa: MOCIyTH IToCTadyaHHs (1Ipo1o-
BOJILCTBO, CHPOBHHA, BOJA); JKepeia BUPOO-
HUILITBA E€HEprii; KyJbTYpHI Ta COLianbHi MOc-
JYTH; HAYKOBI MO>KJIMBOCTI; MOCIYTH MiATpH-
MKH eKocucTeM [5].

CyuacHi OyaiBenbHI Kopmnopamii mocTty-
TOBO YCBIJIOMJIIOIOTh, IO peatizallisi cTpareri-
YHUX IIUJICH 1 TUIaHiB OyIiBHUIITBA HEMOKJIMBA
0e3 JOTpUMaHHS NPUHIMIIB 30aJIaHCOBAHOTO
IPHPOIOKOPHCTYBAHHS Ta BIPOBA/DKEHHS €KO-
CHCTEMHOI'0 MiAXOAy Ha BCIX €Tanax BeICHHS
BMP. bynisenbHa misyIbHICTH HEPIKO TPU3BO-
JIMTH IO BTPATH HU3KH €KOCHCTEMHHX IOCIYT,
BIHOBJICHHS a00 KOMIICHCAIli SKHX MOXKE
BapTyBaTH 3HAYHUX EKOHOMIYHHX Ta COIiaib-
HuX BUTpar. CrorogHi YKpaiHa repeOyBae Ha
eTari CTpaTeriyHoro IJIaHyBaHHsS MaiHOyTHBOT
MICJIIBOEHHOI BiIOYJIOBH, IO OXOIUTIOBATHME
BiZIHOBJICHHsI 3pYHHOBaHUX NPOMUCIOBHX -
NPUEMCTB, JIOTICTUYHHUX BY3TiB W CYMDKHOI
iHppacTpykTypu. OIHUM 13 KIFOUOBUX BUKJIH-
KiB [ILOTO TIPOLIECY € YMOBA JAOTPHMAHHS €KO-
CHCTEeMHHX TPHUHIMIIIB 1 BUKOPUCTAHHS €KOJIO-
TIYHO NIPY’KHIX TEXHOJOTiH. ExocrcTemHi moc-
JYTH JIS)KaTh B OCHOBI 30a1aHCOBAHOTO PO3BUT-
Ky, TOMYy iXHs HIiHHICTb HAaJ3BHYaWHO BEJIHKA.
Ha cyuacHOMy etami 00OB’S3KOBOIO YMOBOIO
HIOCTITIOBHOTO PO3BUTKY YKpaiHU € Ta KOHIIET-
IS PO3BHUTKY, IO 3a0e3nedye 3aJ0BOJICHHS
noTped HUHIIIHBOTO MOKOJIHHS 0e3 3HMKEHHS
CIPOMOKHOCTI MalOyTHIX TIOKOJiHb 3a0e3re-
YyBaTH BJIACHI MOTPEOH.

Orinka TJIMOMHA AHTPOTIOICHHUX 3MIiH
JaHAMAPTHUX CUCTEM 3 METOIO OIIHKU IXHBO-
ro0 TEO0eKOJOTiyHOro, reo()i3MYHOTO, TOCIHO-
JAPCBKOTO Ta €KOHOMIYHOTO CTaHy TepUTOPIl
€ TIPIOPUTETHUM HANPSMOM CY4acHHX (i3HUKO-
reorpadivHUX mociimkeHb. [cHyrowi goci-
JOKSHHS [OJI0 MiHJIMBOCTI JTaHAmaTiB, OIiH-
KU aHTPOIIOT€HHOTO BIUIMBY Ha HHX, TpaHcho-
pMarlii Ta aerpanaiii, TONpH iXHIN MUPOKUN
PO3BUTOK, TOTPEOYIOTH IMOCTIHHOTO BIOCKOHA-
JICHHSI Ta CUCTEMHOTO miaxoxay [6].

AKTyaJbHICTh TOCTIIKEHHSI 3yMOBJICHA

HEOOXIHICTIO 3a0e3le4eHHs IIBHIKOTO Bia-
HOBJICHHS 3pyHHOBaHMX OOHOBUMH AisIMU
BUPOOHWYMX OyHiBeNb, JOTICTUYHUX Ta CKIIAJ-
CHKMX KOMIUICKCIB 3 ypaxyBaHHSIM MPHHIUITIB
€KOJIOTIYHOI OE3IEKH Ta CTAJIOr0 MPOCTOPOBO-
ro po3ButKy. Peamizailis Takux OyIiBEeIbHHX
MPOILIECIB MOXKJIMBA 3aBISKA BHKOPUCTAHHIO
Cy4acHUX iH)KEHEpHO-Oy/iBeNb-HUX pilICHB,
30kpema TexHojoriid LLIMbB mpomwucioBux Ta
BHPOOHMYHUX 00’ €KTIB Ha OCHOBI METAJICBUX
ab0 3aTi300€TOHHUX KapKaciB BHCOKOTO CTY-
IIEHs] 3aBOJACHKOI I'OTOBHOCTI. TakuM YHHOM,
IHAyCTpiadbHE BIJHOBJICHHS TEPUTOpIA Ha
OCHOBI 1HHOBaliWHUX OYIIBENHHHUX TEXHOJIO-
rifl Mae rpyHTyBaTHCS Ha CUCTEMHOMY Bpaxy-
BaHHI €KOJOTIYHWX pHU3HKIB, Nependadatru
BCeOIUHY OIIHKY AaHTPOIIOTEHHOI'0 HaBaHTa-
JKCHHSI Ha KOMIIOHEHTH JaHAmAadTy Ta CrpHs-
TH TOETHAHHIO BHUPOOHMYOI MOIIBHOCTI 3
OXOPOHOIO PUPOJHOTO CEPEIOBUIIIA.
HocnimpkeHHst cripsiMOBaHe Ha BUSBIICH-
HSl TEOMPOCTOPOBHX 3aKOHOMIpPHOCTEH JecT-
pyKIii maHamagTHOrO KOMIUIEKCY IIij] BILIH-
BOM OYJIBHUIITBA IIIBUIKOMOHTOBAHHX METJIO-
KapKacHUX 00’€KTiB, KUJIbKICHA OI[iHKa BTpaT
€KOCHCTEMHHUX IMOCIyr Ta (OPMYITIOBAHHS
peKOMeHIaIi# i3 3aCTOCYBaHHS 1HTETPOBAHOTO
€KOCHCTEMHOTO MiAX0My ¥ reoindopmamniiHo-
0 MOHITOPHHTY JUISl MiHIMi3aIlil €KOIOTIYHIX
PHU3UKIB TIpH TOAAIBIIOMY PO3BHUTKY iH(pa-
CTpYKTypHu. [l IbOTO BHKOHAHO aHami3 AH-
HaMIiKH 3eMIIEKOPUCTYBAaHHS 3a JTAHUMH JIHC-
TaHIiitHOrO 30HAYBaHHA, GIS-momemoBaHHs
Ta 0araTOKpUTEPiabHOI OI[IHKA aHTPOIOICH-
HOT'O HABaHTKEHHS Ha JaHAMAPTHI CUCTEMH.
Merta poOoTH — TpoaHaizyBaTH BIUIHB
OyIiBHUIITBA MTPOMHUCIIOBUX OYIiBENb 3 BHUKO-
PUCTaHHSIM  IIBUJKO-MOHTOBaHHUX  METaJO-
kapkaciB (ILIIMK) Ha nectpykiito nanamadris,
OLIIHUTH PiBEHb BTPATH €KOCUCTEMHHUX MOCITYT
IUISIXOM  BU3HAYEHHS CTYINEHS TMOPYIICHHS
3B’S3KIB MK IHEPTHUMH KOMITOHEHTaMH
naHaAmadTy BHACIIOK TaKOTO Oy IiBHUIITBA.

Memooonozisa, 06’ckmu ma memoou 00CAiOIHCEHHA

CyuacHai nanmmadTO3HABYI JOCITIHKEHHS
OXOIUTIOIOTh HE JIMIIE aHali3 MOpQOJIOTivyHOT
Oy/I0BH Ta Pi3HOMAHITTS JaHIMAQTIB, a U Tpo-
THO3YBaHHS iXHBOI JMHAMIKM I BIUIMBOM
NPUPOIHHUX 1 AHTPONIOrEHHUX YWHHHKIB [7].
OnHUM 13 HAWOUTBI TIOIIUPEHUX TPOSBIB aH-
TpomoreHizaii NpuUpoAHMX JaHAmWadTiB € iX
Mo TUdiKaIlisi BHACTIIOK OyMiBEIbHOI MisITbHOC-
Ti. TexHosoriuHi eranu OymiBHUITBA 00’€KTIB
BHPOOHMYOI Ta CKJIAJCHKOI 1HOPACTPYKTYpH €
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CTHMYJITIOIOYNMHU (PAaKTOpaMH PO3BUTKY JECTPY-
KIii TEpUTOpIAIbHUX KOMIUIEKCIB, Ha SKUX
3MIACHIOEThCS Take OymiBHUITBO. HaBiTh Ha
paHHIX eramax OyJiBHHUIITBA, TAaKUX SK 3HATTS
poadroyoro mapy IpyHTy abo 3akinagaHHs QyH-
JITAMEHTY, IHIIIIOEThCS KacKaj JeCTPYKTUBHHUX
IIPOIIECiB, MO CIPHYHHSIOTH TPaHCHOPMAIIIO
abo pyHHYBaHHsS T'€OKOMITOHEHTiB. BHacmimok
IH)KEHEPHOTO BTPYYaHHS aKTHBI3YIOTBCS €pO-
3i¥HI MPOIIEeCH, 30KpeMa MOCHITIOETHCS BOTHA Ta
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BITPOBa €po3isl IPYHTIB, IO B CBOIO Yepry IpH-
3BOAMTH 10 nmedurmii Ta JeHyAamii MeBHUX
KOMITOHEeHTIiB nanmmadry. [loganbia B3aemo-
Jisl eHOOTeHHHX 1 eK30r€HHUX penbe(OTBIpHUX
YMHHMKIB TEXHOT'€HHOTO Ta MPHUPOIHOIO I'€He-
3UCY CTBOPIOE MEPEILyMOBU ISl IPOTPECYI0UOl
nerpanainii gasgmadTie [8], M0 CympoBOIKY-
€TbCSA TIOPYIIEHHAM (YHKIIIOHANbHUX B3a€-
MO3B’sI3KiB MK KOMIIOHEHTaMH JTaHAmadry Ta,
BiAITIOBIZTHO, BTPATOIO0 MOTEHIIAy X €KOCHCTe-
MHHX HOCIIYT.

TeopernuHi epeyMOBH KOHIIEIIII1 TOC-
JIIOBHOTO PO3BUTKY JIIOJICTBA OyJIO 3aKiIageHO
uie B. 1. BepnancekuM y BueHHI ipo Hoocdepy,
3TiIHO SIKOTO TMONAJBIIMM PO3BUTOK JIIOJCTBA
OB’ SI3YETHCSI 3 BUPILIATbHUM BIUIMBOM KOJIEK-
TUBHOTO PO3yMy Ha BUPOOHHMYY Ta iHII BUAN
JISUTBHOCTI, 110 3M1MCHIOIOTH 3MIHM B HAaBKOJIH-
[THBOMY CEPEJIOBHIIII Ta YMOBaX iCHYBaHHSI.

[IuTtanHsa AOCIIIKEHHS Ta OLIHIOBAHHS
EKOCHUCTEMHHUX TOCIYyT B YKpaiHi CTaHOBJIATH
BITHOCHO HOBW HAayKOBWH HaIpsM, IO Tepe-
OyBae Ha TIOYATKOBOMY €Tarli pO3BUTKY. Y Me-
JKax IbOTO HAmpsMy MOCTYMOBO (OPMYETHCS
KOJIO YKPaiHChKMX HAYKOBIIB, 3aIliKaBICHUX Y
HOro nojanblIOMy TEOPETUYHOMY OOIPYHTY-
BaHHI Ta MPaKTHYHOMY 3acTocyBaHHi. Okpemi
ACTIeKTH, 30KpeMa BHBYEHHS 1 BIPOBAIKEHHS
BiJTHOBJIFOBAaHUX JDKepel eHeprii, HaOyBarTh
0COOJIMBOT aKTyaJlbHOCTI B YMOBaxX 3HAYHHX
BTpaT TPaJUIIAHAX TEHEPYIOUNX TOTYKHOCTEH
€HEpreTUYHOl 1HPPACTPYKTYpH, CHPUYMHEHHX
TPUBAJTUMH BOEHHUMH JTiSIMU.

JocmipkeHHsT JeCTpYKTUBHUX 3MIiH Y
nmagmmadTax mOTpedye UITKOTO PO3yMiHHS
TEPMIHIB, TOMY JOWIJIFHO PO3MOYATH 3 aHANIZY
HAYKOBUX ITiIXOMIB 1 BH3HAUEHb, IIO PO3KPH-
BalOTh CYTHICTh JECTPYKTUBHHX TIPOIECIB i
SIBUIL Y aHTPOIIOI'€HHO 3MiHEHUX JIaHqmadTax.

Hectpykitis (Bix snar. destructio — pyrHy-
BaHHs) — IIe Tpoliec TOPYIICHHS Y pyHHYBaH-
HSl CTPYKTYpH 4oro-ueOyne. Sk mpaBuio ne-
CTPYKIist BinOyBaeThcs Mix fi€r0 (i3UYHUX,
MEXaHIYHUX, XIMIYHHX a00 OiojoriyHmux (ak-
topiB [9]. [Ipu mecTpykuii MOXYTh OZHOYACHO
IisiTH Kinbka  (akTopiB, 30KpeMa HaiOimbIn
MOUIMPEHOI0 € OJHOYacHa [isi (Qi3MYHUX Ta
XIMIYHUX (aKTOPIB.

JecTpykiiiss € OIHUM i3 UEHTPaIbHUX
NOHATh (pyHIAMEHTAILHOT OHTOJOTIT MapTtina
Taiimerrepa Ta BUKOPUCTOBYEThCA y MPOTHUBAry
Merony (EHOMEHONOriuHOi peaykKmii — (Jiat.
reductio — mOBepHEHHSI, BIJHOBICHHS), SKa
TIOJISTA€E y CITPOITICHHI SBUIIT aXK IO BTPATH iXHIX
03HAaK, BIacTUBOCTEl abo 00’ ekTiB. [ecTpykuis
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y laiimerrepa oXoIDIIOE TP B3a€MOTIOB’sI3aH1
oreparii: pexyKimio, KOHCTPYKII OyTTa Ta
JECTPYKIIIO Tpaaulii, BUCTYNAO4Yd HEOOXia-
HHUM KOPEJISITOM PelyKTHBHOI KoHCTpyKIii [10].
VY nanamadTo3HaBCTBI NECTPYKIIiS TPAKTYETHCS
SIK TIOPYILICHHSI CTPYKTYpU W CTIMKOCTI JaHz-
madTHAX CUCTEM Tifl BIUIMBOM MPUPOJHUX 200
AHTPOIIOreHHUX 4YMHHMKIB [6]. Tepmin «ze-
CTpyKIiiiHe 3a0pyAHEHHS», SIKUHA 1HKOJHM Tparl-
JsleThesl y (PaxoBiit JiTepaTypi, € HEKOPEKTHUM;
HAaTOMICTb JOLITbHO BUKOPUCTOBYBATH ITOHATTS
«IIECTPYKTHUBHA TpaHC(OPMAITisH», IO OXOILTIOE
Kap’epHEe PO3POOJICHHS KOPUCHUX KOTAJIUH,
ypOanizaiito, OyJIBHUITBO JOPIr, MOPYIICHHS
BOJIOCTOKY, €pO3il0 IPYHTIB Ta iHII IpoIriecH
aatponorenHoi 3miau [1TK.

VY Mexax JaHOTO JOCITIIKEHHS 3alporo-
HOBAaHO BHW3HAYEHHS TEPMIHY <«JIECTPYKIIis
naaamadriey. Ilim nectpykuiero manmmadTis
abo naHAmMa@THUX CHUCTEM PO3YMIIOTh CYKYII-
HICTh TPOIIECIB, IO MPU3BOAATH 0 TOPYIICHHS
abo0 pyHHyBaHHS iXHBOI IPOCTOPOBOI CTPYKTYpH
Ta (YHKIIOHAJBHUX B3a€EMO3B’SI3KIB MIXK OKpe-
MHMH KOMITIOHCHTAaMH, & TaKOX i3 CYMiKHUMH
reocucreMamu. OnHAK, Y pe3yibTaTi JecTPyKIIii
MoXke 30epiraThcsi 4YacTWHAa HETOPYIICHUX
3B’s3KIB MiXk OKpeMiMH eiemeHTamu [10].

Takox ciij gaTty BU3HAUYEHHS JaHAmad-
THIM cHCTeMi — Iie CKJIaJIHA IHTerpaibHa CYKYII-
HICTh B32€MOTIOB’I3aHUX MPUPOIHUX KOMILICK-
CiB, III0 YTBOPIOKOTh €IMHY TEPUTOPIabHY CHC-
TeMy, sIKa € OJHOPIAHOIO 32 MPUPOJHUMH yMO-
BaMH 3i CrIeIU(pIYHOI0 CTPYKTYPOIO 1 BIACTUBO-
cramu [11].

s KOpPEeKTHOro aHamizy pe3ysbTaTiB
JTAHOTO JIOCITPKEHHS HEOOXiTHUM € YTOYHEHHS
HACTYIIHUX BHU3HAYEHb: Oecpecyioud 0ecmpyK-
yis aanowiagmy — 1€ TOKa3HUK 3MEHIICHHS,
MOTIPILEHHS, PeIYKLil Y NePEeTBOPEHHS OHUX
JaHIAaQTHUX CHCTEM B IHIN CHPUYMHEHHN
30BHINIHIME 200 BHYTPIIIHIMA YHHHUKAMH.
Pezpecyroua oecmpyxyis — 1ie NOKa3HUK HEMU-
HY4YHMX €BOJIIOLIMHHUX TpaHchoOpMaliid 3a SKUX
BiZIOYBa€TLCS 30UIBIIEHHS] OJJHOTO BHUILYy TEpH-
TOpid 32 paxyHOK HEMHHYYOIO CKOPOYEHHS
OKpeMHUX BHIIB TEpUTOpiii ab0 KOMIIOHEHTIiB
nanamadTy, 30KpeMa IPYHTOBOTO TIOKPHUBY,
apealiB MPOKUBAHHS, TOMYJSIIA BWJIB, eje-
MEHTIB 010IIEHO3Y, TOIIIO.

TeopeTnuHOIO 033010 IHOTO JIOCHIKEH-
HSl CIIYTYBaJId HAYKOBI Ipalli MPOBIHUX YKpa-
{HCBKHMX Teorpadis Ta manamadTo3HaBUiB. 30-
KpeMa, BapTO BHOKPEMHUTH JOpOOOK y cdepi
JOCTI/PKEHHSI  aHTPOIIOTEHHUX  JIaHmmadTiB
BiZIOMOT0 BUeHOro-ianamadTo3HaBLs Jenncu-
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ka I'. 1., uni mpami mpuCBsAYEeHI 3HAYMMOCTI aH-
TPONOT€HHUX OCEpENKiB, SIK IHAWKATOPIB Cy-
YacHOTO EKOJIOTIYHOTO AeCTabili30BaHOrO ce-
penopumia [12], a Takox BUBUCHHS MPOOJIEM-
HUX aCIIEKTIB MPOTHO3YBaHHS PO3BUTKY aHTPO-
MOreHHUX JaHMaQTiB B YKpaiHi Ta 3HAYCHHIO
AHTPOIIOTEHHOTO JIaHAMA(TO3HABCTBA Y IIPOE-
KTyBaHHI TaHAmadTiB Maitdytasoro [13].
bazor Uil BUKOHAHHS PO3PaxXyHKOBUX
OOIpYHTYBaHb  AQHTPONOTEHHOI  JECTPYKLIil
nmaaamadTiB cIyryBaB (yHAaMEHTAIbHUN Me-
ToAMYHUH T0poboK [6].
Oco011BO Ba)XJIMBUMH y KOHTEKCTi Ja-
HOTO JIOCHi/DKCHHS € Tpali, 0 CTaHOBJIATH
TEOPETHYHY OCHOBY JaHOi CTaTTi, a came —
JOCITIDKEHHS. 3 aHalli3y Ta CTPYKTYpyBaHHS
naHamadTHUX KOMITOHEHTIB [14], a Takox aoc-
J/DKEHHS] BIUIMBY OYIBHHIITBA TPOMHUCIIOBHX
00’exTiB Ha manamadrHi cucremu [3]. YV naniid
POOOTI PO3IIIAAAETHCS BILTUB OYAiBEIBHOT Jisl-
JBHOCTI Ha JECTPYKLiiHI MPOIECH KOMIIOHEH-
TiB maHmmAadTy, 3 BHKOPHUCTAHHSIM CYYaCHHX
METOJMK OLIHKK BPa3JIMBOCTI JaHmIIadTiB Ta
BUBUCHHS 3MiH IHEPTHHX KOMIIOHEHTIB y pe-
3ynbrari BukoHaHas bMP [15, 16]. Cmmparo-
YHCh HAa PE3YJIbTATH BUINCHABEICHUX JIOCHTi-
JUKEHb, B Iill poOOTi 3aMpoNOHOBAHO TEPMiH
«OriHKa BeTUYUHA AECTPYKIIT TaHmadTy.
Takox B IbOMY JTOCHIKEHI BUKOPHCTaHI
nporpamui 3acamu European Landscape Con-
vention (ELC) i pe3ynbraté TEOPETHYHUX JI0C-
JDKEHP 1 myOtikariil 3apy0i>KHUX aBTOPIB, IO
CICIIATI3YIOThCS Ha JIOCIKCHHSAX BIUIMBY Ha
nganmmadTi Ta IxXHi KommonenTn [17 — 19].
MeTo10I0TIYHO0 OCHOBOKO JOCIIIKEH-
HS € TIOETHAHHSI CTATUCTHYHOTO Ta MOPIBHSIb-

HO-Teorpa)iyHOTO aHamily, aHajily i CHHTE3Y
pe3yiIbTaTiB MaTeMAaTHYHUX PO3PAXyHKIB, Me-
TOJy CIIBCTaBJICHHS Ta MOPIBHSHHS, PETPOCIIe-
KTUBHO-OLIHOYHUN aHaJIi3, JIaOOpaTOpHUN Me-
TOJ, TOPIBHATLHO-TeOrpadigHIil METOM, 1HXKe-
HEpHO-KapTorpagiuHuil METOJ, CTaTUCTHYHUI
Meton. JxepenpHy 0a3y Al AOCTITHUX po3pa-
XYHKIB CTAHOBWJIM CTaTHICTHUYHI 3BITH 3eMelb-
HOTO (POHIY MICHEBHX TPOMAJ, pPE3yJIbTaTd
JIOCITIJKCHb 1HXKCHEPHO-TCOAC3MYHUX, THKCHE-
PHO-TEOJIOTIYHHX Ta TiAPOJIOTIYHNX YMOB Oymi-
BEITLHUX MalIaHYMKIB, a TaKOX JIaDOpaTOpHi
aHaNi3M NpoO IPYHTIB, BigiOpaHUX IO Ta Micis
BUKOHAHHS Oy/1iBEIbHO-MOHTaKHHUX POOIT.

TeopeTHIHOI OCHOBOIO TS TOCTIKEH-
HSl €KOCUCTEMHUX MOCTYT CIYTYBaJIH METOIANY-
Hi peKOMEH/IaIlii 100 OLIHKU BapTOCTI MOCIYT
exocructem [20], ormsim mocmyr [21] Ta mani
aHaJi3y MXKHAPOAHUX 1 BITYU3HSIHAX KOHIIETIIT
3 OI[IHKY €KOCHCTEMHUX MOCIyT [22].

3arajibHa  MIXKHApOAHA  Kiacu(iKarlis
exocructemuux nociyr (CICES), nani sikoi mm-
POKO BHKOPHCTOBYETHCS [UIsl KapTorpadyBaH-
Hsl, OLIIHKU Ta OOJIKY €KOCHCTEM i MPUPOTHOTO
Karitaiy [23].

Hapasi icHye KkimbKa TEOPETHYHUX TiJI-
XOJIB JI0 BU3HAYCHHS CYTHOCTI €KOCHCTEMHMX
MOCIYT, KOXKEH 3 AKUX OPIEHTOBAHHH HAa KOHK-
peTHi minboBi rpynu. 3a pe3yabTaTaMi JaHOTO
JIOCIIJDKEHHST OyJI0O YTOYHEHO BHW3HAYCHHS
«EKOCUCTEMHI TOCIyTm». Exocucmemui nociy-
2u — 11e BUTOJIH, SIK1 JIFOJIH OTPUMYIOTh BiJT €KO-
CHUCTEM uepe3 IXHI npupojaHi (YyHKIi, mo 3a-
0e3MeuyloTh YMOBH JIJISI JKUTTS, PETYIIOIOTh
HABKOJIMIIIHE CEPEIOBHINEC Ta MiATPHUMYIOTh
BUPOOHUYY JTiSUTHHICTB.

Pe3ynomamu 0ocnioricenHns ma 062060peHHs

@OyHKIIOHYBaHHS AHTPOIIOTEHHO 3Mi-
HEHMX JaHJUAapTHUX KOMIUIEKCIB abo OKpe-
MUX JIJISTHOK OyAiBHHIITBA HEMUHYYE CYIIPO-
BOJUKYETBCS ICCTPYKIIIHHUMHE TTPOIecaMH, M0
CIPUYMHIOIOTh TOPYIIEHHS MPOCTOPOBHX 1
(GYHKIIOHANBHUX 3B’SI3KIB MK  IHEPTHHMH,
MOOUIBHUMH Ta AaKTUBHHMH KOMITOHEHTaMHU
nanmmadTy. HaBiTh BHKOpPHCTaHHS Cy4YacHUX
OyAiBeNTbHUX TEXHOJIOTiH, 30KpeMa OyIiBHUII-
TBO MBUJIKOMOHTOBaHHX Oy/iBellb, 32 YMOBHU
JOTPUMaHHA BHUCOKHX E€KOJIOT1YHUX CTaHAap-
TiB OyIiBHUIITBA CYNPOBOKYETHCS XO0Y 1 He-
3HaYHUMH aje, BCe-TaKd 3MiHAMHU HaTypajib-
HUX KOMIIOHEHTIB JaHImadTy — JITOreHHOl
OCHOBH, TIOBITPSHUX Mac, BOAHHUX Mac, IPyH-
TiB, 0ioTH. Byab-sika OyjiBelbHA MisUTHHICTD,
TaKk 4YM 1HAKIIe, CYMPOBOIKYETHCS MOPYLICH-
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HSIM penbedy Ta IPyHTOBOTO NOKPHBY, BUKH-
JnamMu B atMocepy BHACIIZ0K poOoTH OyiBe-
JBHOT TEXHIKM W MeXaHi3MiB, BIUIMBOM Ha BO-
JTHE CEPEIOBMILIC Y TiAPOJIOTIYHHUHA pekum. Y
CYKYIHOCTI I1i ()aKTOpH 3YMOBIIIOIOTH CTIHKE
MOPYIICHHST B3aEMO3B’SI3KIB MK KOMITOHEHTa-
MU Jlapamadry, 1o, y CBOK 4Yepry, MpPU3BO-
JUTH JI0O BTPAaTH €KOCUCTEMHHX IMOCTYT JIaH-
madTiB pi3HOro paHry.

JlangmadT cknamaeTbes 3 KOMIIOHEH-
TiB, SIKi HOAUISIOTbCA HA MPHUPOIHI (OCHOBHI,
abo reorpadiuni) Ta cneuudiuni. Jo npupoa-
HUX TeorpadiyHuX KOMIIOHEHTIB JaHgmagTy
HaJIe)XaTh BOJA, MOBITPA, TipCbKi MOPOAIH,
IpyHTH Ta >XuBI opradizmMu. CnenudiyHUMU
KOMIIOHEHTaMH JIaHAA(Ty € KIiMaT i penbed,
(puc. 1). 3 ypaxyBaHH;IM (QyHKIIOHAJIBLHOT poIi
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B reocucremi JaHmmadro3HaBui A. B.
IT’siTkOBa pO3MOLNIAE KOMIIOHEHTH JiaHAmad-
Ty Ha Tpu Tpynu [14]:

iHepmHi — MiHEpaJlbHA YaCTHHA Ta pe-
nbed, AKi CTAaHOBIATH (PIKCOBAHY OCHO-
BY F€OCHCTEMH;

MOOinbHI — TIOBITPSAHI W BOAHI Macw,
10 BHKOHYIOTh TPAH3UTHI Ta OOMIiHHI
GyHKIIT;

e axmueni — 0i0Ta, sKa 3a0e3medye ca-

MOPETYJISINI0, BiJIHOBICHHSA Ta CTa0iJi-

3allil0 TEOCUCTEMHU.

CrpykTypa nanmmadTy MEeBHOI TEpHTO-
pii siBNIsiE COOOK0 CKIIAAHY CHCTEMY, IO OXOI-
JIIO€ PI3HOPAHTOBI JAHAMA(PTHI KOMIUICKCH.
Bigomocti npo nangmadty Ta iX mpocTOpoBy
JudepeHialio € BU3HAYaIbHUMK 11 pO3p00-
JICHHS TaHAMAa()THOTO pailoHyBaHHS.

Landscape components

Natural ingredients

Water

Air

Rocks

Soils

Living organisms

Specific components

Climate Relief

v

Division by function in the geosystem

.

. .

Inert components

Mobile components

Active ingredients

Mineral part

Air masses

Biota

Relief

Water

masses

Puc. 1 — CtpyxrypHO-(pyHKIIIOHAIEHA KIIACH]iKaIlisi KOMIOHEHTIB JaHIMAPTY 3a TEHE3UCOM
1 GYHKI[IOHATIBHOIO POJUTIO B T€OCHCTEMI

Fig. 1 — Structural and functional classification of landscape components by genesis
and functional role in the geosystem

PesynpTatu Takoro paloOHyBaHHS CIYTYIOTh
HAyYKOBHM TMIATPYHTSAM [UIS  BIOPOBAKEHHS
MaHAmaPTHO-TUIAHYBAIbHUX 3aX0JiB. Mero-
JIOJIOTIYHA OCHOBa JaHAIIA(PTHOTO paioHy-
BaHHS Iepeadayae KOMIUIEKCHE BpaxyBaHHS
MOPQOJIOTiYHOT CTPYKTYpH JaHAmadTiB, ix
TFEHE3UCY, MPOCTOPOBUX B3aEMO3B’SI3KIB MIiXK
KOMIIOHEHTaMH, a TaKOK YNHHMKIB MPUPOIHOT
mudepenuianii. B ganmmadTHAX A0CHTIIKESH-
HAX reorpadu Ta JaHAmAagpTO3HABII IS aHa-
T3y TOPYIICHh BUKOPUCTOBYIOTH Pi3HI MiaX0-
JId, 30KpeMa MOKOMIIOHEHTHUN MPUHIINI, STKUI
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BpaxoBY€ BIUIMB IisUTBHOCTI Ha OKpeMi KOM-
[MOHEHTU NaHAmAadTy, Taki SK IPYHTH, BOJH,
atMoc(epy, POCIAMHHICTH 1 TBAPUHHHUH CBIT.
Ha mpaxTuili TOKOMITOHEHTHUH MPUHIIAI Yac-
TO MOEAHYIOTH 13 PYHKIIOHAJBHUM ITiIX0I0M,
KM CHCTEMAaTHU3y€ MOPYIICHHS 332 OHOPIIHI-
CTIO 3MiH, CIIPUYMHEHUX TOCIOAAPCHKOIO [Iisi-
JILHICTIO JTFOJIUHH.

s aHamizy mecTpykuii jgaHmmagTHUX
CUCTEM, B JIaHOMY JOCIIDKECHHI 00paHi JaH/I-
madTH Ha SKUX BUKOHYBAIACh HAWOIIBIN aK-
THBHA IPOMUCIIOBA Ta JIOTICTUYHA 3a0y/I0Ba B
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nepiog 3 2000 - 2025 p. p., a came B 50-tn
KUJIOMETPOBili 30HI MPaBOOEPEKHOT YACTUHH M.
KueBa B370BXK MiXHApOAHUX TPAHCHOPTHUX
kopuzaopie, M-06 Kuis-Honm ta M-05 Kuis-
Opeca.

JocnipkeHHs: TPOBOAMINCH 32 TPbOMa
OCHOBHHMMH BHJIaMH TOCIOJAPCHKOTO BHKOPH-
CTaHHSl TEPUTOPIH, MO XapaKTepHi IS JaH/-
maTHUX palOHIB MIIIaHOJICOBOI 30HU KuiB-
cekoro [lomices, 30kpema: cibcbKOTOCTIOnap-
CBKi; JIICOBKPUTI 1 3a0y0BaHi TepuTopii. Jns
JOCHIDKEHHS AISCTPYKILii MPHUIIETINX JIaHAIIA-
(GTiB B3AOBXK JOPIr Mi>KHAPOJHOTO 3HAYCHHS,
M-06 Kwuis-Hon ta M-05 Kwuis-Opneca, ompa-
[ILOBYBAJIMCh HACTYITHI MaTepian:

1. InTepakTuBHa naHmmadTHAa KapTa
Kuiscekoi o0acTi;

2. Tomorpadivna xapra (puc. 2.) Macii-
taby 1:100 000 (2000 p.);

3. Tonorpadiuna kapra macmrady 1:
100 000 (2022p.);

4. TInan cy4acHOTO BHUKOPUCTaHHS Te-
putopii Kuisckkoi oouacti 2022 pik (puc. 3).

Jns po3paxyHKy MOKa3HHKa IECTPYKIii
BUXIJIHUIMHU JTAaHUMH CIIyTyBaJId — 3BITHI BiJ[0-
MOCTI TIpO CTPYKTYpYy 3eMenbHOro (HoHIy
HdepxxaBHOi cioyXOM CTAaTHCTHUKH Y KpaiHH,
30KpeMa 3BiTH 3a ¢opmaMu 6-3eM. Ta 60-3eM.
3 METOI0 MOBHOTH PO3PaxyHKIB y Mekax Aa-

1:100 000

Puc. 2 — ®parment Tonorpadidnoi kapTu
JOPIr MIXKHApOIHOTO 3HAYECHHS
M-06 Kuis-Hon Ta M-05 Kuis-Oneca
B KuiBcrkiit o6macti 2000p.

Fig. 2 — Fragment of the topographic map

of the international roads M-06 Kyiv-Chop

and M-05 Kyiv-Odesa
in the Kyiv region in 2000

HOTO JTOCTiKEHHS OyJI0 MpoaHalli30BaHO PO3-
noin 3emenbHOro Gouay KuiBcbkoi obmacti
3a [UIBOBUM NPU3HAYEHHSIM Ta CIiBBiJHECEHO
foro 3 Tunamu JaHamadriB (tadn. 1) B mepion
32000 mo 2025 pik.

Jo novatky oOuYHcIeHb MOKAa3HUKIB Jie-
CTpyKUii OyJ70 BUKOHAHO aHajii3 Kaprorpadiu-
HUX MaTepialiB 32 BKa3aHHU MEpioJl Ta TPOBe-
JeHO KapTorpad)yBaHHS CYYacHOTO CTaHy
nmaHamadTiB 1 TEPUTOPIN 3a3HAYEHNX B TaOIHIIl
1, a TakoX pUTaMaHHUX iM Oi1OIIEHO3IB 3a J0-
romororo iHcTpyMeHTiB GIS. Takox Oymo 06-
paxoBaHO TUIONLY BHSBJICHUX 3MiH a00 TpaHC-
(hopmariii KOXKHOTO THITYy TepuTopiii. CTBOpeHa
KapTa Oyae HEOOXiAHOI y MOJAIBIIMX JOCIHi-
JDKCHHSX JUIS BH3HAYEHHS IIPOCTOPOBUX MEXK
30H BiJTHOBJICHHS YM BTPATH 3B’S3KiB MK KOM-
MOHEHTaMH JIaHTIA(PTy, a TaKOXK JJIsI OLIHKA
I KOYKHOT 3 €KOCHUCTEMHHX TIOCIYT 1 KiJIBbKOCTI
JIO/IeH, SIKMM HaJalo0ThCsl TaKi MOCTYTH.

OOuncnenHs: KoeQillieHTY aecTpyKUil
JOUITbHIIIE BUKOHYBaTH B MeEXax OKpPEMO
B3sTOi (hauii, ypouniia abo micueBocti. Ane y
3B’SI3KY 3 BIJICYTHICTIO CTaTUCTUYHUX BiJJOMO-
CTell 3a OKpEeMHMH NPUPOIHO-TEPUTOPIalb-
Humu koMmiutekcamu (I1TK), Gyno npoanamnizo-
BaHO OibIII 32 MJIOIIC0 TEPUTOPIi 1 OTpUMaHi
pe3yAbTATH 1HTEPIIOIHLOBAHO HA OKPEMi JaH/-
magTHI MiCIIEBOCTI.

L
-8
4

—_ .
OyHKUiOHaNbHE 30HYBaHHA
Functional zoning

' Xwrnosi repuropii
Residential areas

Agricultural areas

Nicoei Tepuropii
Forest areas

Boporocnopapcuki Tepuropii
Water management areas

1:100 000

Fig. 3

Puc. 3 — ®parmeHT 1iaHy cy4acHOTO BUKOPUCTAaHHS TEPUTOPIT

Kuiscbkoi obmacti [24]

— A fragment of the plan for the modern use

of the territory of the Kyiv region [24].
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CinbcekorocnopapceKi repuropil
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Taoauns 1
CTpykTypa po3noginy 3emeabHoro ¢pouay KuiBebkoi odaacti*
Table 1
Structure of the land fund distribution in Kyiv region*
Ne Bunm Tepuropiii no Ilioma 3emMesb 1Mo pokax/
SIKHX BUKOHYETHCSI Land area by year
Po3paxyHKOBHii 2000 2010 2020 2021
aHais/ . THC.Ta |% miaomi | THc.Ta | % miomi | Tic. ra | % miaomi | The. ra | % miaomi
Types of territories | thousand| o6macti |thousand| o6aacti |thousand| o6aacti |thousand| oéaacri
forwhichthe  |pectares | % area |hectares | % area |hectares | % area |hectares | % area
calculation analysis of the of the of the of the
is performed region region region region
1. | Arponanmmadtu/ 1676,0 59,6 1663,4 58.3 1658,5 58,9 1658,9 58,9
Agricultural areas
2. | Jicosi nanmmadgtu/ 651,0 24,8 650,1 24,4 648,7 23,03 648,7 23,03
Forested areas
3. | CemniTeOHi Ta IpOMH- 113,6 4.0 128,5 4.4 137,4 4.9 137,4 4.9
croBi mananrapTu/
Built-up areas
4. | bonotHi nanamadtu/ 49,4 1,8 49,5 1,8 49,8 1,83 49,8 1,83
Open wetlands

*Po3paxoBaHo 3a ganumu [25].
*Calculated based on data [25].

B pospaxyHkoBOoMy aHami3i, 3araibHy
IUIONIy OKPEeMO JOCHTiKYBaHOI TepUTOpii,
po3aisieHo 3a GYHKIIOHATBPHIMHU O3HAKAMH:

Z3m = ZCT + ZHT + ZBT

He: Yo — arponanamadTu (ra);

> — JicoBi manamadTu (ra);

> — CeNUTEOHI Ta MPOMMCIIOBI JIaH[I-
mradtu (ra);

Y s — 3arajbHa IUIONIA JOCHiIKyBaHOI
TEPUTOPIi.

PozpaxyHkoBwmii aHami3 3rifHO HOPMYITH
1 mae MOXIHMBICTH 3a(iKCyBaTH CTPYKTYpPY
JaHAmadTy OKPEeMO B3STOi TEpUTOpIl HA MEB-
HUI Tiepion dacy. JleTanubpHe OCHIIPKeHHS Ta
BUBUCHHS JICCTPYKTHBHUX MNPOLECIB JIaHIIIA-
¢TiB HE MOXJIHMBE 0€3 YacOBO-TIPOCTOPOBOTO
aHalizy, po3paxyHKiB X CIIBCTaBIEHHS 1 IO-
piBHsHHS. Came TOMy, pe3yJbTaTH JIaHUX aHa-
JMITHYHUX PO3PAaxXyHKIB cTaHy JaHamagTiB
MOPIBHIOETHCS 13 WOT0 MUHYJIMMH CTaHaMHU
3aBJISIKM apXiBHUM JJAHUM Ta BIJIOMOCTSIM.

1)

Si= Y er2000 —Y e12025 (2)
Jle: Yeoo00 — arposiangmadTd CTaHOM

Ha 2005 pik B ra;
Y er202s — CHOTOJHIIIHINA CTaH arpoi

aHAmagTiB B Ta;

Sy — pe3ynbTyroue 3HaYeHHS MMOKa3HUKA
JEeCTPYKLII.

SKmo pe3ynbTylodue 3HaueHHSI MiHYCOBE
abo TUTFOCOBE, TO HA TEPUTOPIi MOCIIHKEHHS
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BimOyBalmuCh Jerpecyrodi abo perpecyrodi
JIECTPYKIIiiTHI MPOIIECH, BiAMIOBITHO.

Came TOMy 3alpONOHOBAHMNA MaTeMa-
THYHUH PO3paxyHOK JI03BOJISIE BHPAaXOBYBATH
IUTOIIUHHY JECTPYKIIO JJISI OKPEMO B3SITOTO
KOMITOHEHTY JaHamadry. AHaIOTiYHO BHKO-
HAHO OOYMCIICHHS JECTPYKIIHHUX MMOKa3HHUKIB
i 32 IHIIMMH TPUPOJHUMH KOMITOHEHTAMH

[12]:

Sit = D 2000 —. 12025 — O€ZPECYIOUA OECMPYKYist
@)

Si= D lar000 Y 512025 — Pecpecyroua OecmpyKkyis
(4)

[TokaszHuk 3arampHOi fgecTpykiii D Bu-
3HAYAETHCS 32 GOPMYJIOHO 5:

D=(Su)*Sue) — 3aeanvna oecmpyryis  (5)

Omxke, Ha MiACTaBl BIAIOBIIHUX PO3pa-
XYHKIB MO’KHA BU3HAYHMTHU 3arajbHy BEJIUYUHY
necTpykiii manmmadTy abo oxpemoro (par-
MEHTa TEPUTOpIi. 3HAYEHHS IECTPYKII Sy
Bi0Opakae TUIOLLY NMEPETBOPIOBAHOCTI MEBHO-
ro nanamadry abo OKpeMuX HOT0 KOMIIOHEH-
TiB 3a BH3HAUEHUI mepiona 4dacy. Jlerpecyroua
—JIECTPYKIIisl — BIAMOBIZAa€ MOKa3HUKAM, III0
XapaKTepU3yITh 3MEHIICHHS, PEIyKI[I0 YH
[IEPETBOPEHHS OJTHUX JIAHTIIA(QTHUX CUCTEM B
iHmr. 30kpeMa, WAEThCS MPO HEBIIMHHE 3MEH-
OICHHS TIUIomI arposiaHamadriB 1 JicoBUX
naHamadTIiB Ta IEPETBOPSHHS 1X B 3a0yA0BaH1
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TEPUTOPIi IO 1 € BiTOOpaKEHHSIM JeTPecyrdoi
JECTPYKIT ﬂaHﬂma(bTy (puc. 4). o perpecy-
10401 I[eCprKIIH BiTHOCSTHCS 3a0ynoBaHi Te-
puTopii, SKi MOCTIHHO 30iMBIIYIOTBCS HaWOi-
JIbIIIE 32 PaXYHOK BUPYOYBaHHS JAEPEB.

3 ypaxyBaHHAM IWHAMIKH PO3MOALICH-
Hsl TUTOII HAMOIIBIIUX KaTeropiii 3eMIIeKOpHC-
TyBaHHs1 KHiBCbKOi 00nacTi 3a octanHii 21 pik
(tadmn. 1) mpoaHaii30BaHO TUHAMIKY AECTPYK-
mii xommoHeHTiB naHamadpTy. [lopiBHIBHI
pe3ynbTaTH PO3paxyHKIB AECTPyKIii BimoOpa-
’KeHi B 3BeZICHIH B miarpami puc. 4.

Sk OaumMo 3 OTpPUMaHUX pE3yNbTaTiB
JECTPYKIliSl TpUTaMaHHA YCIM THITaM JIaHZIIa
(TiB, MO PO3MNIANAIAC, B JaHOMY JOCIHi-

JoKeHHI. Jlerpecyroua mecTpykiisi criocTepira-
€THCS JJIs arpoyianAmadTiB Ta JICOBUX JIaHJI-
madriB. Perpecyroua nectpykuis BinOyBaeTb-
sl Ha 3a0yZJ0BaHUX TEPUTOPISX Ta B HE3HAUHIN
Mipi Ha OOJIOTHHX JTaHTIadTaX, MO MOB’sI3aHO
3 HEBNUHHUM BiJIBEICHHAM Tifl OYJiBHHUIITBO
CIIBCBKOTOCIIONAPChKUX  YTifb. Perpecyroua
JECTPYKIlisl € HaWOULIBII BHPAXKCHOK B3I0BK
MDKHAPOJHUX TPAHCIOPTHUX KOPUIOPiB, M-
06 KuiB-Yon ta M-05 KuiB-Ogeca B 50-Tn
KiJIOMeTpOBit 30Hi BiJ rpaHuIls M. Kuesa.

AHami3 OTpUMaHUX pe3yNbTaTiB CBill-
YUTH PO Te, IO MPOIECH ACCTPYKIIIT € Xapak-
TEPHUMH IIJIs1 BCiX THUIIB JIAHIMA(TIB, pO3TII-
HYTUX y MEXaX JaHOTO JOCIIPKCHHSL.

Land area in certain years

open wetlands

built-up areas

forested areas

agricultural areas

200.0

B %destruction m

100.0

hectares

&s00.0 800.0 1000.0 1200

2021 thousand

-1.02%

.0 14000 1600.0

2000 thousand
" hectares

Puc. 4 — 3BeneHi BiICOTKOBI OKa3HUKH necTpyKiii B iepion 3 2000 - 2021 poku
Fig. 4 — Summary percentage of destruction in the period from 2000 - 2021

Herpecytoua JAecTpyklIiisi —crocTepira-
€TbCS TIEPEBAXKHO Yy MeXax arpoiaHamadTiB
Ta JIICOBUX JaHMmadTiB, 110 3yYMOBJICHO IX
TpaHc(opMaIIier0 BHACTIIOK aHTPOTIOrEeHHOTO
BILIMBY. Perpecyroua ;[eCprKuvI TPOSIBIIAETH-
csi Ha 3a6y,Z[OBaHI/IX TEpUTOPIsIX (cenuTeOHi i
NPOMHCIIOBI JaHgAapTH), a TAKOX y HE3HAU-
HOMY CTyIeHi Ha OOJOTHHX JaHAmadTax, Mo
NOB’S13aHO 3 MOCTIHHMM BHJIYYEHHSIM 3€Mellb
nig OyniBHMUOTBO 3 (OHAY CIIBCHKOTOCTIONAp-
CBKHUX YTiJIb.

Kepyrourich MiKHapOJHOI Kiacudika-
IIEI0 MOCIYT eKOCUCcTeM [24] B paMKax JaHOTO
JIOCHIJDKEHHSI  3alporoHOBaHO  yHiikoBaHy
(dyHKIioOHaNBHY Kiacuikaiito abioTHYHHUX Ta
6iotrunux EIl, Tabmums 2.

s BU3HAYCHHS! PIBHS BTPATH €KOCHC-
TEMHHX TMOCIYT B PaMKax IbOTO JOCIiIKEHHS
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BUKOHYBAJIOCH KapTorpadyBaHHA CYy4acHOTO
crany naHamadriB i OiolEHO3IB TepUTOpii
3a3HaueHuX B TaOnwii 1, B3MOBXK MiDKHApPOJ-
HUX TPAHCIOPTHHX KopuaopiB, M-06 Kuis-
Yom Ta M-05 KuiB-Ogeca B 50-tu KiomeTpo-
Biif 30Hi Bix rpanuilb M. Kuesa 3a J01moMororo
incrpymenTiB GIS. Takoxx 00paxoBaHO Moy
BHSIBJICHUX 3MiH a00 TpaHchopMalliii KOXXHOTO
tuny tepurtopiil. Kaprorpadiunmii anani3 Bu-
KOHYBABCSl MakCHMaJbHO HAaOJMKEHO 10 Me-
tonuku €C s IOOYJI0BH KapTH €KOCHCTEM
Corine Land Cover (CLC). 3a pe3ynbraTtamu
KaprorpadiyHoro aHajizy Ta 3 BHKOPHUCTaH-
HSIM METOJIy CITIBCTaBJICHHS B JaHiil poOoTi
CTPYKTYPOBAHO MEPEJIiK €KOCUCTEM JOCIIHKY-
BaHUX TEPUTOPIl BapTICTh SAKUX MOXKHA OL[IHU-
TH MOHETapHO, Ta0IUIA 3.
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Taoauns 2
YHidikoBaHa pyHknioHaabHa K1acudikania aéioruunux Ta 6ioTuunux EII
Table 2
Unified functional classification of abiotic and biotic ES
Kareropis EI/ Kunac/ I'pyna/
Category of ES Class Group
3abe3neuyBanbHi/ Biomaca /Biomass Jluki a0o KyJIbTHBOBaHI POCJIMHH 1 TBAPUHHU JUIS
Provisioning Xap4yBaHHsI, MaTepiajiB Ta eHeprii /

Wild or cultivated plants and animals for food,

materials, and energy

Ipicua Boga / [ToBepxHeBi 1 mii3eMHI BOJIY ISl TUTTS, OOy TO-
Fresh water BHX i TOCHOAAPCHKUX MOTPed /

Surface and groundwater for drinking, domestic

and economic needs

Ilenernuni pecypcu / | Haciuns, rameru, JIHK, 1110 BUKOPUCTOBYIOTHCS B
Genetic resources CLIBCHKOMY TOCHOAAPCTBI Ta GioTexHOomoTisIX /

Seeds, gametes, DNA used in agriculture and

biotechnology

PerymoBainbHi Ta PerymoBanns kinimarty | IlocepeIHHITBO ra30BUX NMOTOKIB, BIUTMB Ha MiK-
obcnyroByrodi/ / Climate regulation | pokmimar i rio0anbHe nOTerTiHHS /
Regulation & Maintenance Mediation of gas flows, impact on microclimate
and global warming
PerynroBanHs rinpo- | 3axucT BiJ moBeHei, epo3ii, crabimizaris rpyHTy,
JIOTIYHUX TporieciB / | yTpuMaHHs BoiorH /
Regulation of Flood and erosion protection, soil stabilization,

hydrological processes | moisture retention

Bionoriuna perymsiist / | KOHTpOIb MKiTHUKIB, OCENHIIL, 3aUIECHHS, KOHT-
Biological regulation | posaps xBopo6 /

Pest, habitat, pollination, disease control

Ounctka cepenoprmia | DuIbTpallis TOBITPS, OYNICHHS BOIU, YTHIIi3a-

/ Cleaning the serum 1(is1/TIepeTBOPEHHS BiAXOiB /

Air filtration, water purification, waste

disposal/recycling

KynsrypHni/Cultural ®i3nyHa Ta iHTEeNeKTy- | Pekpearis, TypusM, eCTETHYHE CIIPHUHATTS, €KO-
aJlbHA B3aEMOIIA 3 JIOTiYHA OCBiTa, HayKa /
npuposoto / Physical | Recreation, tourism, aesthetic perception,
and intellectual environmental education, science

interaction with nature
JyxoBHi Ta cuMBOJIiY- | Peniriiini micus, KynbTypHi JanqmadTu, Tpaanuii,
Hi ninrocrti / Spiritual | imenTuunicTs /

and symbolic values | Religious places, cultural landscapes, traditions,
identity
[MixrpumyBansHi*/Supporting - dorocuHTe3, 610re0XiMidHI IIUKIH, IPYHTOYTBO-
PEHHS, MITPUMKa CepeIOBHIIA iICHyBaHHS (Bpaxo-
BYIOTBCS OMOCEPEIKOBAHO Yepes iHIIi KaTeropii) /
Photosynthesis, biogeochemical cycles, soil
formation, habitat maintenance (accounted for
indirectly through other categories)

*CICES V5.1 He Buaissie miaTpUMyBajbHi IIOCIYTH SIK OKPEMY KaTeropilo, BBXalun

iX GpyHIaMEHTaTBPHUMH IPOLIECAMH, III0 JISKATh B OCHOBI peryoBalbHUX 1 3a0e3nedyBanpaux EIN.

*CICES V5.1 does not distinguish support services as a separate category, considering them to be fundamental
processes underlying regulatory and provisioning ES.

~72 ~
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Taoaunsa 3

ExocucreMHi nocjayru 10cjiKyBaHuX TepUTOPiil BApTicTh AKHX MOKHA OLIHUTH MOHETAPHO

Table 3
Ecosystem services of the studied territories, the value of which can be estimated monetarily
Kareropiss EII/ Kunac/ Tun mociyru/ OuiHwBajibHi oxuHULI/
Category of ES Class Type of service Evaluation units
Arposannmadru / Agricultural landscapes
3abe3neuyBaibHi/ KynptypHi pocnunu qisi  |O6csaru 3i0panux Bposkais /| OOcsiri BAPOOHHIITBA 36PHOBHX,
Provisioning xap4yBaHHs, Marepianis abo | Volumes of harvested 6000BHX Ta iHIKX KYJIBTYD 3
eneprii / crops obpaxynky Ha 1 ra/
Cultivated plants for food, Production volumes of grains,
materials or energy legumes and other crops per 1 ha
BuporieHi TBapuHH 1715 YKceapHICTh MOroJIB'S OO0csru M’sica, MOJIOKA,
Xap4yBaHHA, MaTepiaiB Ta | BENHKOI Ta APiOHOI pora- | MIKyp, IHIINX TBAPHHHHUX TPOTYK-
eHeprii / TOi Xyn06u 3a pix / TIiB, SIKi 3aTOTOBITFOIOTHCS Ha 1 ra /
Raised animals for food, Number of cattle and Volumes of meat and milk,
materials and energy small cattle per year skins, other animal products
harvested per 1 ha
PerymroBanbHi PerymroBanHs ¢i3uko- KoHTposb mIBHAKOCTI O0csAry BU3HAYAI0THCS
Ta 00cIyroByo4i/ XIMIYHUX Ta 010JTOTIgHIX yCiX THIIIB epo3ii Ta gepe3 po3paxyHOK BTPAT B T. U.
Regulation &

Maintenance

KynbrypHi/

ymoB /
Regulation of physical,
chemical and biological
conditions

nerpajaiii rpyury /
Controlling the rate of all
types of soil erosion and

degradation

BUMUBAHHS rpyHTOBOFO IMOKpO-

By Ha l ra/
The volumes are determined by
calculating losses, including soil
leaching per 1 ha

Cultural

BI/IKOpI/ICTaHHﬂ cepcaoBuIa
JUISL CTIOPTY Ta BiJTIOYMHKY.
CrocTepexeHHs 3a pOoCiu-
HaMu, TBapI/IHaMI/I/
Use of the environment for
sports and recreation.
Observation of plants and
animals

[Mimuit Ta Beno typusm /
Hiking and cycling

PiuHa KiJTBKICTH TYpHUCTIB y
CIiBBiJHOILICHHS 10 KOHKPET-
HOTO 00’€KTy /
Annual number of tourists in
relation to a specific object

3abe3neuyBanbHi/

Jlicomi manmmadu / Forest landscapes

Provisioning

XapuyBaHHsI, MaTepiaiiB abo

JIuKi pocnuHU Ui

eneprii /
Wild plants for food,
materials or energy

OO0csT 3aroTiBIIi IepPEeBUHH,)
360py srix ta rpubis /
Volume of timber
harvesting, berry and
mushroom picking

O0cAry MPOMHUCIIOBOT 3arOTiBII
arin Ta rpudiB, 3 po3paxyHKy Ha
1 ra. 3BigHi naHi no Jicrocnax /

mushrooms, per 1 ha. Summary

Volumes of commercial
harvesting of berries and

data by forestry enterprises

PerymoBanbHi Ta

JIuKi TBapuHU IS
xXap4yBaHHsI, MaTepiasiB
Ta eHeprii /

Wild animals for food,
materials and energy

3BiTHI JaHi JICTOCIIIB,
MICIIEBHX TPOMa/I, 010
YHCEILHOCTI JUKHUX
TBapuH /

Reporting data from
forestry enterprises and
local communities on the
number of wild animals

BapTICTh JIilIeH3ii, 3 po3paxyH-

Kinbkicts mileHsii Ta

ky Ha 1 ra/
Number of licenses and
cost of licenses per 1 ha

obcyroByroui/
Regulation &
Maintenance

Kynbryphi/

XIMIYHHUX Ta O10JIOTTUYHUX

PeryntoBanns ¢izuko-

ymoB /
Regulation of physical,
chemical and biological
conditions

epo3ii rpyHTy. 3JaTHICTh
[POCIIMH yTPUMYBAaTH BOAY/
Control of all types of soil

KoHTpons ycix TumiB

erosion. The ability of
plants to retain water

OOcsrn BU3HAYAIOTHCS Yepe3
PO3paxyHOK BTpAT B T. 4. BUMU-
BaHHS [PYHTOBOT'O NMOKPOBY Ha

The volumes are determined by
calculating losses, including soil

l1ral/

leaching per 1 ha

Cultural

Bukopucranus cepefoBuiia
JUTSL CTIOPTY Ta BiAMMOYUHKY

Use of the environment for
sports and recreation and

Ta 03I0POBJIEHHIO /

[Timmit Ta Beo TypusMm.
CrnocrepexeHHs 3a poc-
JIWHAME | TBapuHamu /

Pi

Hiking and cycling.
Observation of plants

health improvement

BiJlyBauiB y CITiBBiIHOLIEHHS 10

Annual number of tourists,
visitors in relation to a specific

YHA KiJIbKICTh TYpPHUCTIB, Bij-

KOHKpPETHOTO 06’ €KTY /

and animals

~73 ~

object
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Bucnoexu

3a mpOMIKOK Hacy, o Jociimpkero (21
pik), JIaHmmapTH Ta TEPUTOpii 3a3HAIN K
JIETPECYI0U0i, TaK 1 PErpecyrodoi MeCTPYKIl;
30KpeMa, 3HauyHa YacTHHA TEPUTOPiaIbHUX
KOMIUICKCIB TiJ[aBaiach paJuKaIbHAM 3Mi-
HaM 1 IepeTBOPEHHSIM B pe3yJbTaTi aKTUBHOTO
3BEJICHHS B OCHOBHOMY IMPOMHUCIIOBHX Ta JIOTi-
CTHYHHX KOMIUIEKCIB.

AxTHBHE OYMIBHHMIITBO Yy3J0BXK TpaHC-
noptHux kopugopie M-06 ta M-05 y 50-xm
30H1 KueBa npusBeno 1o mopyuieHHs 3B’ A3KiB
MK IHEPTHHMH Ta >XUBUMH KOMIOHCHTaMHU
naHmaTy, MO MPOSBISETHCS B TpaHCchoOp-
MaIlisix TepUTOpii, a came — arpomaHamadTiB
(-1,5%) i micoBux manmmadtie (—0,5 %) Ta
BiJIOBITHOMY 301iJbIIIEHH] CEMUTEOHHX 1 MPO-
mucioBux nanamadrie (+30 %). Le cnpuan-

HIJIO OJHOYACHY BTPATy €KOCHCTEMHHX ITOC-
TyT (3HWKEHHS 00CATIB MPOJOBOIBCTBA i Tpi-
CHOI BOAM), PeryJIiMHNX (QyHKHiNA (TIociad-
JICHHSI KJIIMAaTHYHOTO U T1IPOJIOTiYHOTO CaMo-
pETyIIOBaHHS, 3pOCTaHHs epo3ii), KyIbTYPHUX
BUTOA (CKOpPOYEHHSI peKpeaniiHoro, OCBITHBO-
ro Ta €CTETUYHOTO MOTEHIATY) 1 MiATPUMyBa-
JHHUX TIpoLeciB (MOPYWIEHHS TIPYHTOYTBO-
pEeHHS i O10reOXiMIYHUX IUKJIIB).

IrHOpYBaHHA POOIT 3 peKynbTUBALii Ta
EKOJIOTIYHUX HOpPM TIJCHIIOE Jerpajaaiiio
KOMIIOHEHTIB €KOCHCTeMH | BUMarae HeEBia-
KJIaTHOTO BIPOBAPKEHHsI €KOCHCTEMHOTO MijI-
XOJly, BUKOPHUCTAHHSAM 3€JIEHUX TEXHOJIOTIH 1
niocwneHoro GIS-moHiTOpuHTY B Tporieci Tmic-
JISIBOEHHOI BiIOYIOBY IS 3a0€3MeYeHHs CTa-
JIOTO PO3BUTKY Ta BiTHOBJICHHS €KOCHCTEMH.

Kongnixm inmepecie

ABTOpH 3asBJIAIOTH, IO KOHMIIIKTY IHTEpECiB Moa0 ImyOikamii mporo pykonucy Hemae. Kpim
TOr'0, aBTOPH MOBHICTIO JOTPUMYBABCS €THYHUX HOPM, BKIIIOUAIOYM IUIAriaT, (anbCH(pIKaIio JaHUX
Ta MO/BIMHY MyOITiKaIIito.
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INDUSTRIAL CONSTRUCTION AS A FACTOR IN THE DESTRUCTION OF NATURAL
LANDSCAPES AND THE LOSS OF THE ECOSYSTEM SERVICES POTENTIAL

Purpose. To identify geospatial patterns of landscape destruction under the influence of the construction
of prefabricated metal frame facilities, quantify the loss of ecosystem services and formulate recommendations
for the use of an integrated ecosystem approach and geoinformation monitoring to minimize environmental risks
in the further development of infrastructure.

Methods. Comparison and comparison, retrospective evaluation analysis, laboratory method,
comparative geographical method, engineering cartographic method, statistical method

Results. The destruction of landscapes under the influence of the construction of industrial buildings and
logistics complexes in conditions of rapid reconstruction in various landscape zones of Ukraine is considered.
The main attention is focused on the study of the violation of ties between living and inert components of the
landscape. Active construction along the transport corridors M 06 and M 05 in the 50-km zone of Kyiv led to the
disruption of connections between inert and living components of the landscape, which is manifested in the
transformations of territories, namely - agricultural territories (—1.5%) and forest areas (-0.5%) and the
corresponding increase in built-up areas (+30%). Attention was focused on the violation of the structural and
functional integrity of landscape complexes (LC) due to urbanization pressure and loss of landscape stability.
Transformational vectors of landscape destruction were identified, in particular fragmentation, reduction of
biotic connections and violation of ecosystem regulation.

Conclusions. The construction of industrial buildings has led to the simultaneous loss of ecosystem
services (reduction in food and fresh water), regulatory functions (weakening of climatic and hydrological self-
regulation, increased erosion), cultural benefits (reduction in recreational, educational and aesthetic potential)
and supporting processes (disruption of soil formation and biogeochemical cycles).

KEYWORDS: landscape, agro-landscape, forest, settlement, industrial, marsh, component, soil,
ecosystem service, prefabricated metal frame, construction and installation work, GIS
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RADIAL GROWTH OF COMMON HORSE CHESTNUT IN GREEN PLANTINGS
OF LVIV AND KHARKIV

Purpose. to identify the consequences of climate change and the invasion of the horse chestnut leaf miner
on the radial growth of horse chestnut in green plantings of the cities of Lviv and Kharkiv.

Methods. System analysis, dendrochronological and statistical methods were used.

Results. The radial growth of trees in middle-aged plantings was compared for the period before the
outbreak of the horse chestnut leaf miner (1982-2001) and after it (2002-2021) for Lviv and for 1990-2006 and
2007-2023 for Kharkiv. The temperatures for the hydrological year for these periods were also compared according
to data from the Lviv and Kharkiv weather stations. It was found that in the second period Kharkiv was a decrease
in growth by 57%. For the first period (before the outbreak), deviations from the norm of radial growth of common
horse chestnut in the green plantation of Lviv were 12-23%, the corresponding values for the second period — 17-
72%. It was found that in the second period in the Lviv plantation, the influence of temperatures on the radial
growth of horse chestnut, in general, became more positive for different periods of the hydrological year. The
number of positive correlation coefficients between radial growth and climatic factors also increased, which
indicates an increase in the sensitivity of trees. In the green plantation of Kharkiv, when comparing the influence
of climate on the radial growth of horse chestnut in 1986-2004, and 2005-2022 it was found that precipitation had
a positive effect on growth, unlike temperature, which had a negative effect on radial growth. This is characteristic
of both periods.

Conclusions. When comparing the radial growth of horse chestnut for the periods before the beginning
of the chestnut miner invasion (1982-2001) and after it (2002-2021) in Lviv and, respectively, for Kharkiv for
1986-2004 and 2005-2023, the decrease in growth was half as much in the second period compared to the first,
despite the fact that the chestnut leaf miner arrived in Kharkiv 5 years later than in Lviv. Despite the significant
decrease in radial growth due to climate change and the impact of the chestnut miner invasion, the radial growth
of horse chestnut in the Lviv plantation stabilized during 20172021 and in the Kharkiv plantation — during 2016—
2023. This indicates the adaptation of the horse chestnut to environmental changes at this stage.

KEYWORDS: Aesculus hippocastanum L., radial growth of tree, precipitation, temperatures, invasion,
Cameraria ohridella Deschka & Dimic 1986
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Introduction

Horse chestnut (Aesculus hippocastanum
L.) is an important part of urban green plantings.
In order to establish the ability of horse chestnut
to adapt to climate change and the impact of the
chestnut leaf borer (Cameraria ohridella Deschka
& Dimic (Lepidoptera: Gracillariidae) invasion,
it is necessary to conduct studies of the radial
growth of trees, which is a measure of cambial
activity and indicates the state of the tree and
depends on the influence of environmental
conditions. These relationships can change with
the age of the tree, as well as with changes in
climatic conditions. In dendroclimatic studies,
two main climatic elements are most often
considered — air temperature and precipitation [1-
6]. Using measurements of the width of annual
rings, it is possible to assess the response of
individual tree species in urban green plantings to
climatic factors at the present time, as well as in
the past [7].

The chestnut leaf miner crossed the border
of Ukraine in 1998, appeared in Lviv in 2002, and
reached Kharkiv in 2007 [8-11]. The global
temperature of the Earth has already increased by
0.8 °C compared to the pre-industrial period,
which has led to numerous problems - mass
outbreaks of pests, increased weather variability,
increased frequency of heat waves, floods, fires in
ecosystems, water shortages, changes in
precipitation patterns, etc. [1, 12-15].

The first invasion of the chestnut leaf
miner was recorded in Europe in 1984 in the
area of Lake Ohrid in Macedonia. This pest
species has spread to most European countries,
migrating at a speed of approximately 60
km/year. In Poland, this species was first
recorded in 1998 near Wroctaw. In 1998, the
chestnut leaf miner crossed the border from the
Hungarian side, so its first foci were recorded in
Transcarpathia, and in 2002 in Lviv [12, 16,
17,]. The caterpillar, which feeds on leaf
parenchyma, causes browning and dehydration
of the leaves, which can be shed in summer. As
a result of the chestnut leaf miner feeding on
horse chestnut leaves, which lasts from May to
September, up to 98% of the photosynthetic
area can be lost, as the moth reduces the green,
photosynthetic area of the leaves and causes
them to dry out and fall off early [18, 19].

It has been established that due to warming,
in the green plantings of Kharkiv, the chestnut leaf
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miner develops in three generations per year. At
the same time, given the changes in the dates of
the beginning and end of the seasonal development
of the chestnut miner, it can be expected that a
certain proportion of the population will develop in
an additional generation [14, 20].

Pests cause the suppression of radial growth
of trees, the formation of pale late wood, etc.
Dendrochronological methods allow for highly
accurate reconstruction of the timing of extreme
events. This is especially important in cases

where there are no direct long-term
observations of individual trees or forest stands
[5, 21].

The increased vulnerability of trees to
stress factors can be expressed in the increase in
the significant effects of temperature and
precipitation on the radial growth of trees [17].
The study of the dynamics of radial growth of
horse chestnut growing under climate change is
of great importance for assessing the condition
and productivity of stands. Changes in
temperature and precipitation and the rate of
these changes are among the most important
factors of climate change [22].

Studies of horse chestnut in the urban
plantation of Poltava and in the arboretum
before the invasion of the horse chestnut leaf
miner (1992-2007) and after its beginning
(2008-2023) have shown that in the second
period the radial growth of horse chestnut near
the road decreased by 40%, and in the
arboretum — by 25%. Under the additional
influence of transport emissions, a trend of a
steady decrease in the growth of horse chestnut
was detected in the plantations near the road,
and in the arboretum, fluctuations in growth
over the years occurred in accordance with
weather conditions, which is confirmed by
significant correlation coefficients. In the
plantations near the road (against the influence
of transport emissions and damage by the horse
chestnut miner) for the period 2008-2022
significant positive correlation coefficients of
average strength were obtained between the
radial growth indices of horse chestnut near the
road and climatic factors: the amount of pre-
cipitation per hydrological year, average winter
temperatures, forest aridity index (FAI), and a
negative correlation coefficient with minimum
temperatures per hydrological year [17].
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Currently, there are not enough scientific Purpose: to identify the consequences of
works that would reveal the mechanism of the impact of climate change and the horse
adaptation of common bitter chestnut to climate chestnut leaf miner invasion on the radial growth
change and the impact of the chestnut borer of horse chestnut in green plantings of the cities of
invasion, so this study is timely and relevant. Lviv and Kharkiv.

Methods of the research

Object of the study: radial growth of bitter chestnut trees under the influence of climatic
horse chestnut in green plantings of Lviv and factors and chestnut borer invasion; statistical
Kharkiv (Fig. 1, 2). The following methods were methods — for data analysis and correlation — to
used: comparative analysis, dendrochronological — establish the dependence of radial growth of trees on

to assess the dynamics of radial growth of common climatic factors [2, 7, 8, 23, 24].

art AD
BELARL

¢ Prypvee 3 ‘ i
=0 <L .('Mllllhiv
PRI £ Chornobyl* ;
Jlutsk (Wtendoned) 1) Sumy,
Zhyromyr, R s ’{.,,
harkdy
Sy 22
e Joltava
T, o .
aLOV "% . Vinnytsia, Cherkasy’ D 2,0 4 .
sUzhhorod ¥, © | Yoo , -
© _Chernivst "',fUKRAlN[ ~_. Luhansk
UN e 2 < » Dnipio®, S 28
o » & <
Harves = B e JZaporizhzhia =
A 2 MOLDONA .
; 5 Marlupoly
- k- 'Mytul.uv
» b Yuzhpe
R 4 - *Kherson 3 aUSSIA
ROMANIA \ TOdesh o Sed of Azos !
Crimes
¢ : I occugied)
”m‘{‘u"" L 9 Simpferopol
/> a8 S = : =40
SER : \\ ,« Sevastopol | 1 Lo
» S Black Sea Yalta

Fig. 1 — Sates of core sampling from horse chestnut trees in green plantings of the cities
of Lviv (1) and Kharkiv (2)

Fig. 2 — Core sampling location in the alley planting of Kharkiv
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Sampling. Cores were taken with a Pressler
borer from tree trunks at a level of 1.3 m from the
ground surface [2, 7]. 11 cores were taken from
each stand. Then the cores were placed in paper
containers on which the sample number, their
location and the date of collection were recorded.

Office processing of the material and its
analysis. Meteorological databases on tempera-
ture, precipitation and relative humidity were
created for the Lviv and Kharkiv weather
stations [24, 25].

The cross-dating method was used to
establish the date of formation for each annual
tree ring. First, the cores were air-dried, and then
the size of the annual rings was measured with
an accuracy of 0.01 mm using a device for
measuring annual tree rings "HENSON" and a
binocular microscope MBC -9. Before
measuring the cores, for greater clarity of the
boundaries of the annual rings, a thin (1-2 mm)
upper layer of wood was removed with a blade
across the fibers and, if necessary, treated with
chalk in order to identify clearer boundaries
between the annual layers of wood [25].

During cross-dating of tree rings by the
method of "skeletal graphs" (graphic method),
the exact dates of formation of each ring were
determined and based on this, tree-ring
chronologies were obtained.

The magnitude of the current radial
increment has a significant variation. In order to
exclude the individual characteristics of
individual trees, the average of individual series
of radial increment of pine was carried out. The
main statistical characteristics of tree-ring
chronologies were calculated [23].

The hydrological year is the period from
October 1 of the previous year to September 30
of the current year. The first half of the
hydrological year is the period of autumn-winter
moisture accumulation, from October 1 of the
previous year to April 1 of the current year. The
period of intensive tree growth is May, June, July
of the current year [25].

The next step is to carry out standar-
dization, i.e. indexing of tree-ring chronologies
in order to extract the age (biological trend),
which is a low-frequency component of the
studied time series. Indexing was carried out by
3-year smoothing of the time series of radial
growth of trees [7, 25]. Next, a correlation
analysis was carried out, the essence of which is
to identify positive or negative relationships
between radial growth indices and climatic
factors before the onset of damage to the
common bitter chestnut by the chestnut miner
and after it in green spaces of Lviv and Kharkiv.

Results and discussion

Dynamics of radial growth of horse
chestnut in green spaces of Lviv. A local tree-ring
chronology of horse chestnut was constructed,
which was developed on the basis of 11 cores. The
years of minimum tree growth were identified
(1985, 1989, 1994, 1999, 2009, 2012, 2016 and
2019). The radial growth rate was calculated as
the average value of the annual ring width for the
period 1982-2020. Compared with the norm,
deviations from the norm ranged from 12 to 71%).
At the same time, for the first period (before the
outbreak), these deviations were 12-23%, the
corresponding values for the second period were
17-72%. Years of maximum tree growth: 1984,
1988, 1991, 2002. An increase in the size of
annual rings from 14 to 52% was noted compared
to the norm in these years (Fig. 3). Radial growth
of horse chestnut in Lviv stabilized during
2016-2021 despite the increase in temperatures
and the invasion of the chestnut miner.

The radial growth of trees in middle-aged
stands was compared for the period before the
outbreak of the horse chestnut miner (1982-2001)
and after it (2002-2021). The temperatures for the
hydrological year for these periods were also
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compared according to Lviv data. It was found
that in the first period For Lviv, in the first period,
the radial growth was 2.57+0.16 mm, and in the
second - 1.30£0.14. That is, the growth decreased
in 2007-2023 compared to 1990-2006 by 49%
(Table 1). The weakening of trees during 2002—
2021 is evidenced by cores, half of which have rot
and a coefficient of variation that is significantly
higher in the second period.

Thus, after the outbreak of the horse
chestnut leaf miner, the radial growth of the horse
chestnut decreased almost by half. During this
period, the resistance of trees also decreased, as
evidenced by an increase in the coefficient of
variation for the tree-ring chronology.

Average temperatures and precipitation for
the hydrological year were calculated. As noted
above, the hydrological year is the period from
October 1 of the previous year to September 30 of
the current year. The first half of the hydrological
year is the period of autumn-winter moisture
accumulation, from October 1 of the previous year
to April 1 of the current year. The period of
intensive growth is May, June, July of the current
year [25]. Years of minimum growth are mainly
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characterized by a deficit of precipitation and growth are characterized by acceptable
maximum temperature, and years of maximum temperatures and precipitation (Fig. 3, 4).
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Fig. 3 — Dynamics of radial growth of horse chestnut in green planting of Lviv and temperature
of the hydrological year according to data from the Lviv meteorological station (49°50'33"” mH. mr. 24°01'56" ¢x. 1. )

Table 1
Descriptive statistics of radial growth of common horse chestnut in green planting of Lviv
Indicators Periods
1982-2001 2002-2021
Mean, mm/error 1,57+0,10 1,34+0,12
Standard deviation 0,35 0,44
Variance 0,52 0,41
Minimum value, mm 1,49 0,55
Maximum value, mm 4,01 2,31
Coefficient of variation 28,14 49,08
12 -+ 1400
5 10 T 1200 =
;' ] - 1000 :
5 i+ 800 3
® 6 =
5] - 600 =
£ 4 =
£ - 400 3
b [+
B - 200
0 - 0
g3geayeraagerodTong
FREEL2283=EE=28=8s5ca=58
————————— Aaaacadacacaeaa
Years

B Precipitation  =—Temperature for hydrological year

Fig. 4 — Dynamics of temperature and precipitation indicators for the hydrological year according
to data from the Lviv Meteorological Station
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Based on 11 individual tree-ring
chronologies, a local chronology was constructed,
from which low-frequency fluctuations, i.e., the
age trend, were removed. The radial increment
rate was calculated as the average value of the
annual ring width for the period 1982-2020.
Compared to the norm, the deviations from the
norm ranged from 12 to 71%. At the same time,

(S (%] -
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b s i

—

Radial growth, mm

S

—
=
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-

for the first period (before the outbreak), these
deviations were 12-23, the corresponding values
for the second period were 17-72%. An increase
in the sizes of annual rings compared to the norm
in these years was noted from 14 to 52%. As
already noted, in the second period, the radial
increment decreased compared to the first by
almost half (Fig. 5).

Radial growth indices

——Radial growth

—Radial growth indices

Fig. 5 — Dynamics of radial growth and indices for common horse chestnut in green spaces of Lviv [3]

A correlation analysis was conducted
between radial growth indices and climatic
factors for different periods of the hydrological
year. It was found that the negative impact of
temperatures was mitigated in the second period
compared to the first. In the temperate zone, it is
difficult to detect significant relationships bet-
ween tree-ring chronologies and climatic factors
because in these climatic conditions, the factors
limiting tree growth change throughout the year.

A correlation analysis was conducted
between radial growth indices and temperature
factors for different periods of the hydrological
year for 1983-2001 and for 2002-2020. It was
found that the negative impact of temperatures on
radial growth, which was observed in the first
period during the growing season, was somewhat
weakened in the second period, which can be
explained by the fact that the common bitter
chestnut is a thermophilic plant native to the
Balkan Peninsula and at this stage the temperature
could have a positive effect on growth. But March
temperatures began to have a more negative
impact on growth in the second period (Fig. 6).
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Correlation analysis between radial growth
indices and precipitation showed that in the
second period precipitation began to limit the
formation of tree rings more. The effect of
precipitation per hydrological year on growth was
significantly positive (r=0.57 at the 0.05 level).
That is, the sensitivity of growth to precipitation
increased after the onset of the chestnut leafminer
outbreak. In addition, recreation and pollution
from transport could also have a negative effect on
radial growth of trees (Fig. 7).

Dynamics of radial growth of horse
chestnut in green plantations of Kharkiv. The
radial growth of trees in middle-aged plantations
was compared for the period before the outbreak
of the chestnut borer (1982-2001) and after it for
1990-2006 and 2007-2023 for Kharkiv. The
temperatures for the hydrological year for these
periods at the Kharkiv weather station were also
compared. It was established that in the first
period for Kharkiv the radial growth was
2.57+£0.19 mm, and in the second period —
1.10+0.06, that is, there was a decrease in growth
by 57%. The temperatures for the hydrological
year for the period before the invasion of the
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chestnut borer were 7.73+0.21 and 8.70+0.17 for
Lviv. The radial growth trend of horse chestnut
decreased until 2023. During 2005-2006, this
decline was rapid, and after this period, the decline
in growth slowed down (Fig. 8).

Statistical analysis of the radial growth of
horse chestnut for 1986-2004 and 2005-2023
showed that the radial growth in the second
period decreased by more than half (by 56%),
which is probably caused not only by age
reasons, but also by climate warming and
related biotic factors, such as outbreaks of the
wood-mining moth (Cameraria ohridella),
which is an invasive species, so it is difficult to
combat it. The variability of tree ring sizes
decreased by almost half in the second period,

as evidenced by the standard deviation and
variance (Table 2).

Average temperatures and precipitation
for the hydrological year were calculated accor-
ding to data from the Kharkiv Meteorological
Station. The years with the maximum tempe-
ratures for the hydrological year were establi-
shed: 1990, 2008, 2009, 2016, 2017, 2018,
when temperatures ranged from 8.9 to 10.5 °C.
The years with the minimum amount of precipi-
tation for the hydrological year, when the
amount of precipitation ranged from 417 to 521
mm. The years with the maximum amount of
precipitation for the hydrological year: 1988,
1991, 1996, 2000, 2006, 2010, 2016. In these
years, the amount of precipitation ranged from
653 to 782 mm (Fig. 9).
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Fig. 8 — Dynamics of radial growth of horse chestnut in green plantings of Kharkiv and temperatures
of the hydrological year according to data from the Kharkiv meteorological station
Table 2

Descriptive statistics of radial growth of horse chestnut in green planting of Kharkiv

Indicator 19862004 2005-2023
Mean/ error 2.65+0,15 1.15+0,08
Standard deviation 0.68 0.33
Sample variance 0.47 0.11
Minimum 1.80 0.65
Maximum 4.13 2.04
Coefficient of variation 26 29
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Periods of increased growth are
highlighted: 1977-1985, 2002-2003 and its
decrease: 1986-1991, 1994-2001. Since 2004,
a sharp decrease in radial growth of trees has
begun, which continues to this day. The years of
minimum (1978, 1981, 1983, 1986, 1990, 1994,
1998, 2006, 2008, 2010, 2012, 2015, 2017,
2019) and maximum growth (1979, 1982, 1985,
1987, 1991, 2002, 2009, 2014, 2016, 2018)
were established. Based on 11 individual tree-
ring chronologies, a local chronology was
constructed (Fig. 10).

In recent decades, there has been a steady
increase in temperature. So, in 2005-2023,
compared to 19862004, the temperature for the
hydrological year increased by 1.49 °C, for April—
August — by 1.52 °C. That is, in the first period,
the average temperatures for the hydrological year
and April-August in the first period were 8.1 and
17.0 °C, respectively, and in the second — 9.6 and
18.5 °C. That is, the temperature increases in the
second period compared to the first was 16% for
the hydrological year and 9% for the growing
season.
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The influence of climatic factors on the
radial growth of trees in 19862004 and 2005—
2023 was compared. It was found that the
average temperature for the hydrological year in
the second period increased by 1.49 ° C
compared to the first, and the corresponding
value for the growing season was 1.52 ° C. The
amount of precipitation for both the hydrological
year and the growing season decreased by 83
mm and 36 mm in the second period. By
conducting a correlation analysis between the
radial growth indices of trees and the average
temperatures and precipitation amounts for
different parts of the hydrological year for 1986—
2004 and 2005-2023, it was found that the
relationships between precipitation, temperatu-
res and hydrothermal coefficients are weak and
medium. A significant positive effect of winter
temperatures on the radial growth of common
horse chestnut in 1986-2004 was established.
(R=0.52, tpuct. = 2.55, tincor. = 2.11 at the 0.05 level
of significance). In the second period, this effect
became negative. In general, in the second period,
the effect of temperatures had a more positive
effect on growth than in the first (Fig. 11).

Correlation analysis between radial growth
indices of horse chestnut and precipitation for the
period before the beginning of the horse chestnut
leaf miner invasion (1986-2004) and after it
(2005-2022) showed that March precipitation in
the second period had a positive effect on growth
in the second period, unlike the first period,
where this effect was negative. However, in the

second period, winter precipitation limited radial
growth of trees to a lesser extent. During April-
August, precipitation had a positive effect on
growth during both periods (Fig. 12).

Studies of radial growth of horse chestnut
conducted by scientists in northwestern Poland,
which were conducted in 2 periods: before the
specified date of invasion of the chestnut miner
(until 1999) and after the invasion (2000-2016),
found that in 2000, despite favorable weather
conditions, 91% of the analyzed trees showed a
decrease in growth rates. The period of strong
reduction lasted until 2010. Before the invasion,
the radial growth rate depended on the
temperature and precipitation in May and June
of the current year, while after the invasion, the
growth and climate response depended on the
temperature and precipitation of the previous
year, and the correlation was stronger.
Surprisingly, in recent years (2011-2016),
despite the annual infection of horse chestnut by
the the horse chestnut leaf miner, the health of
the analyzed trees improved and the width of
the annual rings increased [19]. Our studies
have obtained similar results: a significant
decrease in the radial growth of horse chestnut
in urban plantings was established after the
onset of the horse chestnut leaf miner impact,
which lasted in Lviv and Kharkiv for 12-14
years. Then there was some stabilization of tree
growth.

Conclusions

When comparing the radial growth of
horse chestnut for the periods before the
beginning of the chestnut miner invasion (1982-
2001) and after it (2002-2021) in Lviv and,
respectively, for Kharkiv for 1986-2004 and
2005-2023, the decrease in growth was half as
much in the second period compared to the first,
despite the fact that the chestnut leaf miner
arrived in Kharkiv 5 years later than in Lviv.

Despite the significant decrease in radial
growth due to climate change and the impact of
the chestnut miner invasion, the radial growth
of horse chestnut in the Lviv plantation
stabilized during 2017-2021 and in the Kharkiv
plantation — during 2016-2023. This indicates
the adaptation of the horse chestnut to
environmental changes at this stage.
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PAITAJTBHUIM ITPUPICT KAIIITAHA 3BUYAVHOI'O B 3EJIEHUX HACAIJKEHHSIX
JIbBOBA TA XAPKOBA

Mera. BusBieHHs HaciiJKiB BIUIMBY 3MiHM KJIIMary Ta iHBa3il KalITaHOBOTO MiHepa Ha pajiajbHUH
MPUPICT TipKOKAIITaHa 3BUYAHHOTO B 3€JICHUX Haca/UKeHHAX MicT JIbBoBa Ta Xapkosa.

Metonu. CucTeMHMA aHaTI3, ISHAPOXPOHOJIOTIYHI Ta CTATUCTHYHI METO/IH.

Pe3yabraTu. [TopiBHAHO pagiaibHUIA IPUPICT JepeB B CEPEIHBOBIKOBUX HACAHKEHHSX ISl IEPioay mepest
MOYaTKOM cTiajiaxy kamraHoBoro minepa (1982-2001 pp.) ta micns Hporo (2002-2021) 1t JIsBoBa Ta mist 1990-
2006 ta 2007-2023 pp. s XapkoBa. Takox MOPIBHSAHO TeMIepaTypH 3a TiAPOJIOTIYHUE piK 3a IIi mepiofu 3a
nanuMu JIbBIBCBbKOT Ta XapKiBChKOI MEeTEOCTaHIIii. BcTaHOBIIEHO, IO Y ApyroMy mepiofi st XapkoBa BigOyiocs
3MEHIIIeHHs nmpupocTy Ha 57%. g neprmoro nepioxy (0 cnanaxy) BiIXHICHHS Bill HOPMH PaaiajIbHOTO MIPHPO-
CTy TipKOKalllTaHa 3BUYAHHOTO y 3eJIeHOMY Haca/pkeHHi JIbBoBa cknamu 12-23%, BinNOBiAHI 3HaYEeHHS IS APY-
roro nepiony — 17-72%. BcraHoBneHo, o y apyromy nepioni y JIbBiBcbkoMy HacaJDKEHHI BILIMB TEMIEpaTyp Ha
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panianbHAN TPUPICT TipKOKAIITaHa 3BUIafHOTO, B OCHOBHOMY, CTaB OB TIO3UTHBHUM 32 Pi3Hi MEPioau Tiapo-
JorigHOTO poKy. Takok 301TBIIMIACS KUTBKICTh MTO3UTHBHUX KOS(DIIliEHTIB KOPEIALii Mi>K paiaJbHAM IIPHPOCTOM
Ta KIMaTHYHAMH YHHHUKAMH, IO CBIIYHUTH IPO 301IBIICHHS YyTIUBOCTI JAepeB. B 3emeHOMy HacamKeHHI M.
XapkoBa IpH MOPIiBHAHHI BIDTHBY KIIIMaTy Ha palialbHUI MPHUPICT TipKoKamTaHa 38udaifHoro y 1986-2004 pp. ta
2005-2022 pp. BCTaHOBJIEHO, 110 OIa/(¥ TO3UTHBHO BIUIMBAJIM Ha MIPUPICT Ha BiAMIHY BiJl TEMIIEpaTypH, sSIKa BILIU-
BaJla Ha paJiallbHUH MpHUpicT HeraTuBHO. Lle € XxapakTepHUM 11 000X NepioziB.

BucnoBkn. [Ipu nopiBHAHHI pajiajbHOTO MPUPOCTY TipKOKaIlITaHa 3BUYAHOTO /I MePioAiB A0 MOYATKY
iHBa3ii kamraHoBoro Minepa (1982-2001 pp.) Ta micis Hporo (2002—2021 pp.) y JIbBOBI Ta BiAmoBixHO 1t Xap-
koBa utst 1986-2004 ta 2005-2023 pp., 3HUKEHHS IPUPOCTY OYII0 YABIYI MEHIINM Y IpYroMY IepioAi B TOPIBHAHHI
3 MEepIINM, HE3BaKAIOUM Ha Te, II0 KAIITAaHOBMH MiHep mpuilmoB y XapkiB Ha 5 pokiB mi3Hinle, Hix y JIbBIB.
He3paxxaroun Ha 3HaYHE 3MCHIICHHS PaialbHOTO IMPUPOCTY BHACIIIOK 3MiHH KJIiMaTy Ta BIUIMBY iHBa3ii Kamra-
HOBOTO MiHepa, BinOyiacs crabimizamis pagialbHOTO IPUPOCTY TipKOKAITaHA 3BUYaifHOTO Y HacapkeHHi JIbBoBa
ynpoznosxk 2017-2021 pp. Ta y HacamkeHHI XapkoBa yrnpomosx 2016—2023 pp. Lle cBigunuts 1po agamnramiro rip-
KOKaIlITaHa 3BUYAafHOTO IO €KOJIOTIYHHX 3MiH Ha TaHOMY ETalli.

KJIFOUYOBI CJIOBA: Aesculus hippocastanum L., padiansnuii npupicm oepesa, onaou, memnepamypu,
insaszis, Cameraria ohridella Deschka & Dimic 1986

Kondghnixm inmepecie

ABTOpH 3asIBIISIIOTH, 1110 KOH(IIIKTY iHTEpeCiB o010 MyOumiKamii [poro pykonucy Hemae. Kpim Toro, aB-
TOPH TIOBHICTIO JOTPUMYBAJIKCh €TUYHUX HOPM, BKIIIOUAFOUH IUIariart, (aibcudikaiiio TaHuX Ta NoABIHHY
myOiKario.

Brecok aemopie: BCi aBTOpHU 3pOOWIH PIBHUI BHECOK Y II0 pOOOTY
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ANALYSIS OF ALTERNATIVES FOR SORTING HOUSEHOLD WASTE IN RURAL
AREAS: AT HOME OR AT THE LANDFILL

Purpose. To assess the economic and environmental feasibility of different scenarios for sorting solid waste
(pre-sorting in the home and sorting at landfills) and to determine the optimal solution for a rural community,
taking into account the specifics of local conditions.

Methods. The calculation of the economic effect of implementing each waste collection scenario, as well
as analysis of the regulatory framework for waste management.

Results. The study assesses the waste composition and determination of the economic potential of
recyclable materials in Lypkuvativka village of Novovodolazka community in Kharkiv region. The paper describes
a comparative analysis of the economic and environmental aspects of two approaches to waste sorting in rural
Ukraine: advance sorting in households and sorting of mixed waste directly at landfills. Pre-sorting provides higher
quality of recyclable materials and increases community income through the sale of sorted resources, consequently
reducing the amount of landfilled waste. Sorting mixed waste at a landfill is less efficient due to high contamination
with organic fractions, which reduces the recyclability of the recyclables.

Conclusions. The introduction of advance waste sorting in rural areas of Ukraine is economically and
environmentally quite feasible, although it requires initial investment in separate collection containers. In addition,
it is necessary to conduct awareness-raising activities with the population.
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Introduction

With the rapid growth of both large and
small urban areas, as well as their populations,
the volume of municipal solid waste (MSW)
continues to increase steadily. This trend poses
significant challenges for local governments
and public utility services.

In addressing this issue, modern society in-
creasingly confronts with the task of MSW dis-

posal—a task made more difficult by the grow-
ing variety of modern packaging, synthetic ma-
terials, and plastics that decompose slowly in
nature. Once introduced into soil and water
systems, these wastes decompose under the in-
fluence of physical and chemical environmen-
tal factors, becoming hazardous to the natural
environment and, directly, to human health.
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To meet the annual needs of a single per-
son, approximately 40 tons of mineral resources
are extracted from the Earth. In the best-case sce-
nario, people use only 3-5% of these resources
effectively, while the rest contributes to environ-
mental pollution. However, we can transform
even this type of pollution into an opportunity.
Examples include the processing of mining
waste, the extraction of useful substances from
slagheaps, and—more widely—the recycling of
various polymers.

Many countries that are now leaders in
waste recycling and disposal once faced the same
problems Ukraine faces today. For instance, in
the 1980s, Germany did not practice waste sort-
ing; they either incinerated or buried the waste.
The situation began to change only in 1991,
when the German government adopted legisla-
tion requiring manufacturers to use packaging
that is recyclable or biodegradable [1].

In Japan, waste is efficiently recycled into
numerous useful products: sportswear, school
uniforms, stationery, furniture, and more [1].

Sweden recycles 99% of its waste, with
the majority used as fuel for power plants. Swe-
den even imports waste from other countries,
such as Ireland, Norway, and Italy, because it
does not generate enough waste domestically [1].

Austria has adopted biotechnology solu-
tions, such as fungal enzymes capable of break-
ing down plastic and polyester. This allows for a
circular plastic economy, where waste from one
product is used to create another [1].

In Brazil, the government engaged low-in-
come populations in waste collection: in ex-
change for six bags of sorted waste, people re-
ceive one bag of food. As a result, they collect
around 400 tons of waste monthly for recycling,
and the city of Curitiba became a world leader in
household waste collection [1].

India, which faces acute pollution chal-
lenges, has found innovative uses for waste: for
example, they use plastic bags and candy wrap-
pers in road construction [1].

In Finland, you can return hazardous
waste such as light bulbs and batteries to any
store that sells them. Supermarkets are equipped
with machines that accept bottles and glass con-
tainers, issuing a receipt that customers can re-
deem at checkout. Every pharmacy accepts ex-
pired medicines. Additionally, clothing collec-
tion points are located throughout the country,
with donations often sent to countries in need
through the Red Cross [1].
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Europeans are learning to embrace reusa-
ble items: bringing fabric bags to stores, using
personal cups for takeaway coffee, and replacing
plastic straws with reusable alternatives. While
these changes may seem minor, their impact is
significant—one plastic straw can take 500 years
to decompose, despite being used for only a few
minutes [2].

The European Parliament approved legis-
lation banning certain single-use plastic products
in the EU starting in 2021, including disposable
cutlery and cotton swabs. It is projected that by
2029, 90% of plastic bottles will be recycled and
reused [2].

In Germany and the Netherlands, new
stores sell products like pasta, spices, and juices
in paper packaging.

In Belgium, there is a ban on plastic bags,
so citizens rely on bags made from recycled ma-
terials [2].

Municipal solid waste (MSW) manage-
ment remains one of the most pressing chal-
lenges of sustainable development, both in ur-
ban and rural communities across Ukraine [3].
However, rural areas often face exacerbated is-
sues due to the lack of proper infrastructure for
waste collection and disposal. This leads to the
proliferation of unauthorized landfills, which
harm the environment by contaminating soil
and groundwater, while also wasting potentially
valuable recyclable materials [4].

Problem Statement. In Ukraine, more
than 27 billion tons of solid waste have already
accumulated, occupying over 1.6 million square
kilometers of land — an area equivalent to one-
tenth of Ivano-Frankivsk region's territory —
land otherwise suitable for economic use. The
issue of municipal solid waste (MSW) disposal
is one of national importance. According to the
Resolution of the Cabinet of Ministers of
Ukraine No. 554 dated June 27, 1995, titled "On
the list of types and objects of activities that
pose increased environmental danger,” the
problem of destruction, processing, storage,
burial, and utilization of all types of industrial
and domestic waste ranks third in priority, after
nuclear energy and nuclear industry concerns.

Currently, Ukraine is home to tens of
thousands of landfills, many of which are unau-
thorized. In the absence of designated waste
collection infrastructure, residents often dump
their waste into forest belts, ravines, and gullies
[5]. Even registered MSW landfills pose envi-
ronmental risks if they lack sorting and recy-
cling facilities. However, unauthorized dump-
sites are far more dangerous due to the complete
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absence of oversight, environmental protection
measures, and tax contributions [6]. While
Ukraine has nearly 6,000 official landfills, the
number of illegal (uncontrolled) dumps is esti-
mated to be as high as 30,000, covering approx-
imately 7% of the country’s territory. The total
volume of waste stored at all landfills—includ-
ing industrial sites—exceeds 450 million tons
annually, a significant portion of which is clas-
sified as hazardous [6].

Unauthorized dumpsites often contain
waste of extremely high hazard levels. These
sites are usually located in close proximity to
residential areas—in forest belts, along high-
ways, riverbanks, or within steppe zones—
without consideration for sanitary regulations.
Toxic substances contaminate large areas,
threatening rare species of flora and fauna.
Moreover, nearby settlements suffer from pol-
luted drinking water and pungent odors from
toxic emissions. In response, Ukraine’s Minis-
try of Ecology and Natural Resources has
launched an interactive online map of illegal
landfills, where users can report coordinates of
discovered dumpsites [6].

A review of scientific literature on unau-
thorized landfills can shed light on the scale of
environmental contamination and its implica-
tions for human health and ecosystems.

Studies on illegal landfills are diverse
and include scholarly journal articles, books,
field reports, and research findings. For exam-
ple, Mahajan Rinnie [7] notes that in recent
years, the global issue of MSW management
has gained significant attention. The problem is
more acute in developing countries, where a
lack of capital and resources has rendered exist-
ing waste generation, sorting, storage, collec-
tion, and disposal methods unsustainable. Un-
regulated dumping and open burning of waste
are common practices in such regions, posing
serious environmental and health risks. These
practices lead to severe air, water, and soil pol-
lution, increasing mortality and disease rates.
Mabhajan’s study [7] examines the environmen-
tal consequences and public health risks of im-
proper waste management, with a specific focus
on environmental sustainability rather than eco-
nomic or social factors. The author emphasizes
the urgent need to shift toward ecologically re-
sponsible and sustainable waste management in
order to preserve ecosystems, support green
economies, and uphold social equity for both
current and future generations.

Further research [8] aims to understand
better the impact of leachate infiltration on
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groundwater quality at an uncontrolled munici-
pal landfill in Zhoukou, Henan Province, China.
The study examined inorganic pollution in sur-
face and groundwater samples collected from
the site, analyzing isotopic composition and
concentrations of various physical and chemical
parameters. Irrigation return flows during sum-
mer months influenced the groundwater quality
in shallow aquifers. The author has developed a
two-dimensional advective-dispersive transport
model, using MODFLOW and MT3DMS to as-
sess contamination transport mechanisms [8].
Simulation of chloride migration using steady
state and transient flow models showed that,
even after 13 years of landfill operation, the
contamination plume remained mostly confined
to the upper aquifer. The limited migration dis-
tance, despite high chloride concentrations,
pointed to additional local sources of salinity in
the aquifer system.

Another study [9] emphasizes how sea-
sonal water table fluctuations and vertical hy-
draulic gradients significantly influence plume
migration beneath landfills. These dynamic
conditions control contaminant transport and
redox conditions in groundwater systems.

A distinct group of studies explored hu-
mic substances in groundwater near landfills. In
[9], experiments were conducted to isolate and
analyze dissolved organic carbon (DOC) frac-
tions—humic acids, fulvic acids, and hydro-
philic substances—from landfill-contaminated
groundwater. Around 82-83% of total DOC
was recovered from samples, with fulvic acids
accounting for 60%, hydrophilic fractions 30%,
and humic acids 10%. Each fraction made a sig-
nificant contribution to overall DOC content
and differed in molecular weight distribution.

Study [10] investigates the attenuation
characteristics of landfill leachate observed at
two uncontrolled landfill sites in South Korea.
Both sites contain municipal solid waste but lack
a proper bottom liner and leachate treatment sys-
tem. The two landfills differ in age, waste vol-
ume, and—most importantly—in their hydroge-
ological conditions. One site, the Cheonan land-
fill, is located on an open plain, while the other,
the Wonju landfill, is in a valley.

The article [10] provides detailed insights
into the attenuation processes and redox condi-
tions of leachate at both uncontrolled landfills.

Variations in different parameters were
studied along the groundwater flow path and were
monitored monthly over the course of a year. Typ-
ical anaerobic conditions were within the landfills.
Generally, higher concentrations of pollutants
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were during the dry season, while these levels de-
creased significantly during the wet season. Nota-
bly, the considerable reduction in chloride (CI)
concentrations during the rainy season suggests
that dilution or mixing is one of the dominant
mechanisms of leachate attenuation.

However, the detailed behavior of varia-
tions differed between two landfill sites and
largely depended on the permeability of surface
and subsurface layers. Some rainfall infiltrates
the site at landfills with moderate surface per-
meability, but most rainwater is lost due to rapid
surface runoff. In the case of the Cheonan land-
fill, a nearly impermeable clay silt surface (a
rice field) adjacent to the landfill boundary pre-
vents direct infiltration of rainwater. As a result,
the redox conditions in the groundwater were
strongly influenced by the state of the upper
landfill layer, while the less permeable materi-
als beneath the rice fields caused leachate dis-
persion within the lower downgradient zone.

At the Wonju landfill, there are three dis-
tinct zones with different levels of permeability:
the landfill area itself, an open sandy field, and
a rice field. The roles of the landfill and rice
field at this site were very similar to those at
Cheonan. The highly permeable sandy field,
which absorbed significant quantities of rain-
water, played a key role in controlling the redox
conditions in the downgradient zone and in gov-
erning contaminant migration [10].

Despite the adoption of the National
Waste Management Strategy of Ukraine until
2030 [11], many issues in this area remain un-
resolved.

Ukrainian researchers pay significant at-
tention to the problem of unauthorized landfills.
For example, a group of scientists from the
Odesa State Environmental University [12]
conducted a study on the accumulation of plas-
tic waste in the waters of the northwestern
Black Sea. During the study, they surveyed the
territories of Odesa and Mykolaiv regions and
created a cartographic scheme of MSW landfill
locations—both authorized and unauthorized.
Their research found that “a significant portion
of plastic waste—primarily from unauthorized
municipal solid waste dumpsites—is carried by
air currents into river systems and, in the case
of proximity to the coastline, directly into the
waters of the Black Sea” [12].

These are just a few examples of scien-
tific publications that may be useful for study-
ing the issue of unauthorized landfills. It is cru-
cial to rely on research and publications from
responsible and credible sources to obtain the
most accurate and reliable information.
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Landfills are areas of land where house-
hold, construction, and other types of waste are
stored illegally. In some cases, such dumpsites
are deliberately set on fire to reduce the volume
of waste. This practice is highly inappropriate,
as burning waste severely harms the ecosys-
tem—damaging soil, biota, and polluting the at-
mosphere.

Unauthorized  dumpsites are  not
equipped with systems for groundwater protec-
tion, biogas and leachate capture and treatment,
as is the case with engineered landfills. As a re-
sult, they fail to prevent the negative environ-
mental impacts of waste accumulation.

Responsibility for the creation of such
dumpsites lies with the waste owner, who is le-
gally obliged to comply with waste handling reg-
ulations and prevent environmental pollution.

If violations of legal requirements re-
garding the transportation, storage, disposal, or
burial of waste are identified, offenders are sub-
ject to administrative liability under Article 82
of the Code of Administrative Offenses of
Ukraine. Improper waste management is pun-
ishable by a fine ranging from twenty to eighty
non-taxable minimum incomes (UAH 340 to
1360) for individuals, and from fifty to one hun-
dred minimum incomes (UAH 850 to 1700) for
officials and individual entrepreneurs [5].

In cases where unauthorized dumpsites
lead to soil contamination, violators are subject
to Article 52 of the Code of Administrative Of-
fenses. This article states that the degradation of
agricultural or other land and its pollution by in-
dustrial or other waste is punishable by the same
range of fines: UAH 340 to 1360 for individuals
and UAH 850 to 1700 for officials and business
representatives.

Under Article 73 of the Code of Admin-
istrative Offenses, littering of forests is subject
to a fine ranging from UAH 425 to 850 for in-
dividuals, and UAH 850 to 1700 for officials.

Criminal liability is provided for in cases
of land pollution or degradation, particularly
when it results in danger to the environment or
to human life and health. According to Article
239 of the Criminal Code of Ukraine, such ac-
tions may be punished by a fine of up to 200
non-taxable minimum incomes (up to UAH
3400), or by disqualification from holding spe-
cific positions or engaging in certain activities
for up to three years.

Civil liability, regardless of whether ad-
ministrative or criminal charges are applied, re-
quires compensation for damage caused by vio-
lations of waste management legislation. This
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damage may affect both human health and the
environment [5].

Disciplinary liability applies to individu-
als who violate waste management legislation in
the course of performing their official job duties.

Waste located at unauthorized dumpsites
is considered ownerless, as its generator is un-
known. In such cases, responsibility for the
proper handling and elimination of the waste
lies with local self-government authorities.

If an unauthorized landfill is located out-
side a residential area, the responsibility for its
removal falls under the jurisdiction of local
state administrations.

Landowners on whose property owner-
less waste is discovered are required to notify
local authorities within five calendar days. Such
waste must be formally registered and placed on
record.

The grounds for classifying waste as
ownerless and recording it include:

1. Notifications from landowners or land users

regarding the presence of such waste;
Reports from citizens, businesses, organiza-
tions, or media outlets;
Results of inspections conducted by the
State  Environmental Inspectorate  of
Ukraine and the State Service of Ukraine on
Food Safety and Consumer Protection [5].

Upon receiving such notifications, local
authorities and regional administrations are re-
quired to determine the quantity, composition,
properties, and estimated value of the waste, as
well as its level of environmental and health
risk, and to take measures to identify the waste
owners. Where necessary, law enforcement
agencies and relevant specialists may be in-
volved.

In the event of discovering an unauthor-
ized dumpsite, it is necessary to report it to the
local government or state administration in
whose territory it is located.

Additionally, a formal complaint should
be submitted to the State Environmental Inspec-
torate with a request to conduct an inspection for
compliance with waste management regulations

2.

3.

and to calculate the damages incurred by the state
caused by violations of environmental law [5].

Waste management is a system of
measures involving the collection, transporta-
tion, processing, and secondary use or disposal
of waste, as well as oversight of the entire pro-
cess. Waste is the end result of human activity.
Such measures are essential for reducing the
harmful impact of waste on human health and
the environment.

Thanks to organized waste management
systems, it is now possible to extract secondary
raw materials from waste. These systems en-
compass solid, liquid, gaseous, and radioactive
substances, with various treatment methods and
potential for future reuse [13, 14].

The use of secondary raw materials helps
address the following key challenges:

« Conservation of non-renewable natural re-
sources such as water, plant, and animal re-
sources;

e Creation of low-waste production pro-
Cesses;

» Reduction of energy consumption;

o Improvement of the overall environmental
situation [13, 14].

This gives rise to the urgent need for the de-
velopment of a comprehensive waste manage-
ment system that ensures:

e Implementation of measures to protect
public health and the environment from the neg-
ative effects of waste processing;

e Systems that eliminate the risk of environ-
mental harm and health hazards for residents
living near waste treatment facilities;

» Conditions that prevent harm to workers,
damage to equipment, or loss of property during
waste disposal operations [13].

The purpose of this study is to evaluate
the economic and ecological feasibility of dif-
ferent scenarios for sorting municipal solid
waste (MSW) and to determine the most opti-
mal solution for a rural community, considering
local environmental and socio-economic condi-
tions.

Study Area and Methodology

The focus of this research is the MSW
management system in the village of
Lypkuvatyvka, located within Novovodolazka
community of Kharkiv region.

Subject of Study: This research exam-
ines the economic and environmental charac-
teristics of waste sorting at two levels:
Household-level source separation; and
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On-site sorting directly at an unauthor-
ized landfill.

Methods of Research
Waste Composition Assessment:
We conducted on-site analysis of mixed
waste composition at the investigated
landfill by selectively weighing and clas-
sifying waste into categories (organic
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matter, plastics, glass, metals, paper,

electronics, etc.).

Economic Calculation:

The total annual volume of waste at the

dumpsite was estimated, and potential

revenue from the sale of recyclable ma-

terials was calculated. We compared two

scenarios:

Early (source-level) sorting

Late (landfill-level) sorting
Evaluation considered potential financial

returns and the degree of contamination affect-

ing recyclability [15].

Legal and Regulatory Analysis:

Review of National legislation, including the
Law of Ukraine "On Waste Management"
[3], and local regulations governing MSW
collection and transportation. Addition-
ally, considering of best practices and
guidelines for organizing waste separation
in rural areas and small towns [16].

The obtained data through fieldwork at
the unauthorized landfill and via a survey of lo-
cal residents regarded their willingness and
ability to separate waste. Economic estimates
used average market prices for recyclable mate-
rials (plastic, paper, metals, and glass) at the
time of the study.

Research Results

The research was conducted at an unreg-
ulated landfill located within Novovodolazka
rural community (Fig.). Specifically, the study
site is in the village of Lypkuvatyvka. This lo-
cation is notable not only for its permanent res-
idents but also for a significant number of sea-
sonal visitors (summer residents). These two
population groups—Ilocal villagers and sea-
sonal dacha owners—are roughly equal in num-
ber and are geographically separated by a sys-
tem of three natural ponds fed by springs.

There is a working hypothesis that dacha
owners are more environmentally conscious
and responsible in their approach to waste dis-
posal, as they tend to maintain cleanliness to en-
joy the natural surroundings they visit.

During the fieldwork stage, measurements
of the contaminated area were carried out using
Geographic Information Systems (GIS) tools.
The estimated dimensions of the landfill are 200
meters by 80 meters. The total surface area of the
site is approximately 1.6 hectares [17].

BartyTiHe CenexiiaHe
Virkhuvatka 15
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Fig. — Location of an unauthorized landfill

The village of Lypkuvatyvka, located
within Novovodolazka community in the
Kharkiv region, illustrates a typical situation:
mixed waste (including organic matter, plastics,
glass, metals, wood, and paper) accumulates
without proper sorting, rendering part of the
materials unsuitable for recycling.
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As increasing the collection and recycling rates
is critical to achieving circularity, it is essential
to identify the categories of waste that are most
relevant for processing and recovery [18]:
Textiles, due to the complexity of textile
value chains, the influence of fast fashion,
the currently limited reuse of textile prod
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ucts, and their significant contribution to
waste accumulation and greenhouse gas
emissions from industrial wastewater.
There is also a need to stimulate demand
for environmentally sustainable clothing.

e Electronics, which, when handled through
safe and appropriate procedures, represent
a valuable opportunity for reuse and re-
manufacturing, leading to a broader supply
of OPSY S-pattern affordable products and
enabling the recovery of valuable materials
from electronic waste.

o Construction and demolition waste, which
will gain particular importance in the con-
text of Ukraine’s post-war reconstruction
process.

e Plastics, whose unsustainable consump-
tion continues to grow and which consti-
tute a major component of Ukraine’s
chemical product imports. Strategies to in-
crease the use of recycled plastics, reduce
plastic waste, and limit microplastic pollu-
tion are essential.

o Batteries, where the expansion of electro-
mobility is giving rise to new value chains.
The new Draft Law on Batteries and Accu-
mulators addresses issues related to recy-
cled content, the recovery of valuable ma-
terials, and the safe disposal of battery
waste. WE need further measures to com-
bat the use of single-use batteries and align
national regulations with the emerging EU
legislative framework.

Agriculture remains a vital sector of
Ukraine’s economy. This sector holds consider-
able potential for improving food processing,
storage, and distribution to prevent losses. It
may also serve as a source of by-products for
use in industrial and energy processes [18].

Minerals and metals are critical raw mate-
rials for society, used across nearly every sector
of the global economy. Their extraction and sub-
sequent processing will play a key role in ena-
bling clean technologies, sustainable mobility,
and digital solutions—all of which are necessary
for the transition of all industrial sectors toward
climate neutrality and a circular economy.

Despite both European and national leg-
islative requirements [3, 19] mandating separate
collection and recycling of household waste, the
implementation of such practices in small com-
munities is often hindered by limited financial
and technical resources. Consequently, this
study examines two alternative waste-sorting
scenarios:
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o Scenario A: Early-stage (source-level)
sorting within households;

o Scenario B: Sorting of mixed waste di-
rectly at the dumpsite.

To assess the recoverability of materials
disposed of at the unauthorized landfill, we con-
ducted a series of seasonal field inspections.
The results enabled the estimation of the aver-
age waste composition and the potential value
of recyclable materials.

According to the findings, the average compo-
sition of 100 kg of mixed waste is as follows:

o Biodegradable waste: 50%

o Plastics: 10%

e Cardboard: 10%

e Glass: 5%

o Metals: 3%

e Wood: 5%

o Electronics: 2%

o Other mixed residuals: 15%

The substantial share of organic waste
and cardboard, along with recyclable fractions
such as plastics, glass, and metals, indicates a
high potential for resource recovery. How-
ever,in the absence of source separation, a sig-
nificant proportion of these materials becomes
contaminated and loses value.

Comparison of Two Waste Sorting Ap-
proaches
Scenario A: Early Sorting in Households
Advantages:

o Minimal contamination of recyclable frac-
tions by organic matter, enabling higher
resale value;

e Reduced volume of waste requiring land-
fill disposal;

o Positive impact on public awareness and
consumer behavior [20].

Disadvantages:

e Initial investment required for purchasing
collection containers;

e Need for broad-based public education
and engagement campaigns.

Scenario B: Sorting Mixed Waste at the
Dumpsite
Advantages:

o Possibility of recovering a portion of re-
cyclable materials from already accumu-
lated waste;

o Potential for job creation for individuals
involved in manual sorting (if conducted
at a formal sorting facility).

Disadvantages:
« Significant contamination of recyclables

(e.g., plastics and paper) with organic

matter;



ISSN 1992-4224 Jlropuna Ta goskimis. ITpobaemu Heoekosorii. 2025. Bunyck 43

o Higher operational costs for manual
sorting and transportation;

o Lower revenues from recyclables due to
reduced material quality.

Economic Assessment of the Scenarios.
According to preliminary estimates, the annual
volume of waste generated in the village of
Lypkuvatyvka (2,000 residents x 250 kg per
person per year) amounts to approximately 500
metric tons (500 000 kg).

Under Scenario A (early sorting at the
household level), approximately 90% of recy-
clable fractions (plastics, cardboard, glass, met-
als) can be recovered and sold at relatively high
market prices, due to the high material purity. If
the system is properly implemented, the total
annual revenue from the sale of these recycla-
bles could exceed 650 UAH [15].

Under Scenario B (sorting mixed waste
at the dumpsite), the recoverability of recycla-
ble materials drops to around 60%, resulting in
reduced annual revenue of approximately 435
UAH [15]. In addition, this scenario requires
further investment in sorting infrastructure,
wages for sorting staff, and costs associated
with mitigating environmental risks.

Environmental Aspects. Early sorting
significantly reduces the volume of mixed
waste, thereby lowering the load on the landfill.
In contrast, sorting at the dumpsite increases the
risk of contamination, as valuable components
are degraded and organic matter contributes to
the generation of leachate and greenhouse
gases. Thus, source-level separation plays a
critical role in preventing unauthorized waste
disposal and minimizing environmental harm.

Conclusions

This study identified key factors contrib-
uting to the emergence of unauthorized land-
fills, including insufficient waste management
infrastructure, lack of alternative disposal meth-
ods, and limited public understanding of the en-
vironmental consequences of illegal dump-
ing—such as soil, water, and air pollution, as
well as loss of biodiversity and ecosystem deg-
radation.

Source-level  sorting  demonstrated
greater economic efficiency, with potential an-
nual revenues exceeding 650,000 UAH, com-
pared to 435,000 UAH from dumpsite-level
sorting.

From an environmental standpoint, early
sorting reduces the volume of mixed waste and

prevents contamination of recyclable materials
with organic matter.

The success of early sorting initiatives
depends on investment in physical infrastruc-
ture (containers, logistics systems) and public
education campaigns.

While dumpsite sorting may serve as a
short-term transitional measure, a shift toward
source separation is essential for long-term sus-
tainability.

The findings support the development of
separate waste collection systems in rural com-
munities, offering not only ecological benefits
but also opportunities for additional local reve-
nue generation through the sale of secondary
raw materials.
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AHAJII3 AJIbTEPHATHB COPTYBAHHS ITIOBYTOBUX BIIXOAIB
Y CIZIbCBKHUX PAUOHAX: BIOMA Y1 HA CMITTE3BAJINLII

Meta. OniHka eKOHOMIYHOI Ta €KOJIOTIYHOI TOIUTFHOCTI Pi3HUX CIIEHAPiiB COPTYBaHHS TBEPAHUX MOOYTO-
BUX BiIXOiB (3aBYacHe COPTYBAaHHS B OCEJI Ta COPTYBaHHS Ha CMITTE3BAJIMILNAX) Ta BU3HAYCHHS ONITUMAIBEHOTO
pILLIEHHS JUIsl CIIbCHKOT IPOMaJIU 3 ypaxyBaHHAM Crielu(iKU MiCIIEBUX YMOB.

Metoan. Po3paxyHok ekoHOMIUHOTO epeKTy Bij peanizalii KOXHOro CIeHapito 300py BiIXOJIB, a TAKOX
aHaJi3 HOPMATHBHO-IIPABOBOI 0a3W yIpaBIIiHHS BiIXOAaMH.

PesyabTaTn. JlocimkeHHs 0a3yeThCs Ha OI[IHFOBAHHI CKJIATY BIIXOIB 1 BU3HAYCHHI CKOHOMIYHOTO ITOTE-
HIlialy BTOPUHHOT CMpoBUHH Y c. JIunkyBaTiBka HoBOBO101a36K01 rpoMain XapKiBChKoi 00acTi. BukonaHo mo-
PIBHSUTbHUI aHaNi3 eKOHOMIYHUX 1 €KOJIOTIYHHX ACICKTIB JBOX MIJXOIB 10 COPTYBAHHS BIIAXOIB Yy CUIBCHKIN
MiceBocTi YKpalHu: 3aB4aCHOTO COPTYBaHHS B JOMOTOCIIOAPCTBAX TA COPTYBAaHHS 3MillIaHUX BigXOmiB 6e3mo-
CEepeIIHbO Ha CMITTE3BANMUIIAX. BUsABICHO, 1110 3aBYacHE COPTYBaHHA 3a0e3ledye BHILY SKiCTh BTOPUHHOI CHPO-
BUHH { MiJBHILYE JOXiZ TPOMAIHX 33 PaXyHOK NPOAaXy BiICOPTOBAHUX PECYPCIB, a TAKOXK 3MEHIIY€E 00CHT 3aX0-
poHtoBaHOTO cMiTTA. COpTyBaHHS 3MIIIaHUX BiIXOJIB HAa CMITTE3BANIMIII € MEHII ¢(EKTHUBHUM Yepe3 BHCOKY 3a-
OpyIHEHICTh OpPraHivHOK (ppaKIi€ro, M0 3HIKYE MPUAATHICTE BTOPCUPOBHUHH JI0 TIEPEPOOKH.

BucnHoBkH. 3arpoBaKeHHS 3aBYACHOTO COPTYBAHHS BiXO/IB Y CUTBCHKill MiclieBOCTI YKpaiHU € eKOHO-
MIYHO i €KOJIOTIYHO JIOUIBHIIINM, X04 1 OTpeOye NepBUHHUX IHBECTHLIH Y KOHTEHHEpH AJIsl pO3JIILHOTO 300Dy .
Kpim Toro, HeoOXiqHO BecTH iH(GOpMaLiHO-ITPOCBITHHUIIBKY POOOTY 3 HACEICHHSIM.

KJITOYOBI CJOBA: ynpagninus 6ioxooamu, copmyeanisi, BMOPUHHa CUPOBUHA, CiIbCbKA 2POMA0d, eKo-
HOMIYHA 6U2004, eKOJIO2IYHUL BNIUG

Konghnikm inmepecis

ABTOpU 3asIBISIIOTH, 0 KOHQJIIKTY iHTEpeCiB 111010 My0ikauii 1iboro pykomnucy Hemae. KpiMm Toro, aB-
TOPH MOBHICTIO JOTPUMYBAJNCh ETHYHUX HOPM, BKJIFOUAIOYH IDIAriatT, parbCudikalliio JaHuX Ta TOABIIHHY
My OJTiKaIIito.

Bnecok asmopis: Bci aBTOpU 3p00WIH PiBHUIA BHECOK Y ITI0 POOOTY
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POLICIES, STRATEGIES AND REGULATIONS ON MICROCREDENTIALS
AND LIFELONG LEARNING: EUROPEAN AND ESTONIAN FRAMEWORK

Purpose. Analysis of key policies at both the EU and Estonian levels, including regulatory frameworks
governing recognition, accreditation, and quality assurance of microcredentials.

Methods. The analysis references EU-wide strategies and Estonia’s national policies, ensuring a compre-
hensive understanding of how microcredentials are integrated and governed.

Results. Micro-credentials— short, competency-based learning units—have emerged as a promising solu-
tion for upskilling and reskilling individuals across sectors, have become a pivotal tool in modern education, es-
pecially within the European Union (EU) and Estonia, providing flexible, modular learning opportunities that
address the evolving needs of individuals and industries. They serve as a bridge between formal education and
workforce skill demands, offering a means for continuous professional development and lifelong learning. As
policies and regulations evolve, a structured framework for microcredential recognition, accreditation, and quality
assurance ensures their portability, reliability, and alignment with existing qualification systems.

Conclusions. Micro-credentials in EU higher education institutions serve as a crucial tool for skill devel-
opment, career progression, and academic advancement. Their design prioritizes flexibility, industry relevance,
and rigorous quality assurance. Future developments will focus on enhancing stackability, improving employer
engagement, and expanding digital credentialing systems to facilitate learner mobility and recognition across dif-
ferent sectors.
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Introduction

European countries have considerable which is focused on learning outcomes, and the
experience in implementing a system of principles of learning organisation approved by
continuing education for adults. Estonia the lifelong learning institution. The learning
successfully  implements lifelong learning outcome is the knowledge and skills acquired as a
programmes that have a legal basis [1, 2] and are result of learning, the achievement of which can
implemented in accordance with the curriculum, be confirmed and evaluated.
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The purpose of this article — analysis of key
policies at both the EU and Estonian levels, in-
cluding regulatory frameworks governing recog-
nition, accreditation, and quality assurance of mi-
crocredentials.

The analysis references EU-wide strate-
gies and Estonia’s national policies, ensuring a
comprehensive understanding of how micro-
credentials are integrated and governed.

Results and discussion

Policy Documents, and
Regulations

1. European Union (EU) Policies, Reg-
ulations, and Recommendations on Micro-
credentials and Lifelong Learning Education

The European Union recognizes micro-
credentials as essential tools for upskilling, re-
skilling, and ensuring lifelong learning opportu-
nities. Key EU-level policies emphasize their
role in bridging education and employment, en-
suring their recognition, stackability, and inte-
gration into existing qualifications.

Council Recommendation on a Euro-
pean Approach to Microcredentials [3]:
Defines microcredentials as records of learn-
ing outcomes acquired through small-scale
learning experiences.
Recommends integrating them into national
qualification frameworks (NQFs).
Calls for quality assurance mechanisms to
align with the European Standards and
Guidelines (ESG).
Advocates for stackability, enabling learners
to combine multiple microcredentials into
broader qualifications.
Emphasizes their role in upskilling and re-
skilling workers in response to labor market
needs.
Supports recognition and portability across
EU Member States.
Recommends a common EU framework to
ensure quality and transparency.

MICROBOL Project on Common

Framework for Micro-Credentials in the Eu-
ropean Higher Education Area [4]:
- Connects microcredentials to the Bologna
Process, emphasizing their role in higher ed-
ucation, ensuring alignment with European
Higher Education Area (EHEA) tools.
Provides guidance on recognition proce-
dures, quality assurance, and European
Credit Transfer and Accumulation System
(ECTS) applicability.
Encourages microcredentials to be issued by
higher education institutions (HEIs), voca-
tional education and training (VET) provid-
ers, and non-formal education institutions.
Promotes interoperability of microcreden-
tials among higher education institutions.

Strategies,

~105 ~

ENQA Report on Quality Assurance of
Microcredentials [5]:

- Emphasizes the need for alignment with Eu-
ropean Standards and Guidelines (ESG).
Highlights challenges in accreditation and
quality assurance, emphasizing the need for
transparency and alignment with existing ed-
ucational structures.

Suggests stackability, portability, and recog-
nition as critical aspects.

OECD Report on Quality Assurance in
Adult Education and Training [6]:

Discusses mechanisms to ensure the credi-
bility and quality of non-formal education,
including microcredentials.

Identifies best practices in quality assurance,
governance, and funding models for lifelong
learning.

These policies collectively aim to harmo-
nize microcredential frameworks across the EU,
ensuring their recognition, portability, and qual-
ity assurance.

2. Microcredential
Recognition in the EU

Microcredentials in the European Higher
Education Area (EHEA) are regulated through
a combination of Bologna Process tools, quality
assurance frameworks, and recognition agree-
ments. The goal is to ensure that microcreden-
tials are comparable, transparent, and aligned
with established qualifications.

The policy documents outlined above pro-
vide the following recommendations regarding
micro-credentials through the EQF, Bologna
Tools, and the Lisbon Recognition Convention.

European Qualifications Framework
(EQF):

Microcredentials should be classified under
EQF levels to facilitate cross-border recog-
nition.

National authorities are encouraged to inte-
grate microcredentials into their National
Qualifications Frameworks (NQFs).

Bologna Process Tools:
Microcredentials should be ECTS (Euro-
pean Credit Transfer and Accumulation Sys-
tem) compatible, allowing learners to trans-
fer credits between institutions.

Accredittion and
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- The use of digital certificates is encouraged,
ensuring easy verification and alignment
with Europass and the Digital Education Ac-
tion Plan.

Lisbon
(LRC):
Ensures that learning acquired through mi-
crocredentials is recognized by universities,
employers, and professional bodies.
Promotes flexible assessment standards for
microcredential recognition.

Digital Education and Recognition:
The Europass Digital Credentials for Learn-
ing initiative enables the secure sharing and
authentication of microcredentials across the
EU.

Encourages the adoption of blockchain-
based credentialing to enhance trust and
transparency.

These frameworks aiming at creating a
harmonized system where microcredentials are
interoperable, quality-assured, and internation-
ally recognized, enabling seamless mobility for
learners and workers.

3. Existing Regulations Governing
Microcredential Quality Assurance within
EHEA and EU

Microcredentials have emerged as an es-
sential tool for flexible learning pathways, up-
skilling, and lifelong education. To ensure their
credibility and recognition, the European
Higher Education Area (EHEA) and the Euro-
pean Union (EU) have established recommen-
dations for the quality assurance mechanisms
that align with existing higher education frame-
works. These regulations aim to harmonize mi-
crocredential standards, ensure transparency,
and support cross-border recognition.

Quality Assurance Principles and Reg-
ulatory Standards

The quality assurance (QA) of micro-
credentials is built on three core principles:

e Transparency — Clear and standardized
information on learning outcomes, credit value,
and assessment criteria.

Portability — Recognition across differ-

ent education systems and labor markets.

Stackability — The ability to combine

multiple microcredentials into larger qualifica-

tions or degrees.

To implement these principles, several
quality assurance frameworks have been recom-
mended to be developed.

Alignment with European Higher Ed-
ucation Standards

Recognition ~ Convention
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o The quality assurance of microcredentials
is based on and must adhere to the principles of
the Standards and Guidelines for Quality As-
surance in the EHEA (ESG) [7].

e The ESG ensures that microcredentials are
delivered with the same level of academic rigor
as formal degree programs.

o Higher education institutions (HEIs) and
training providers issuing microcredentials are
subject to internal and external quality reviews.

Recognition through Qualification
Frameworks

« Formal recognition of micro-credentials is
ensured by their integration into National Qual-
ifications Frameworks (NQFs).

e The European Qualifications Frame-
work (EQF) provides a common reference sys-
tem, allowing microcredentials to be compared
across countries.

o Many microcredentials are designed to be
ECTS (European Credit Transfer and Accu-
mulation System) compatible, making them
transferable within higher education.

Accreditation Mechanisms

o Universities, vocational institutions, and
recognized training providers are required to
undergo quality assessment process before of-
fering microcredentials.

e Quality agencies assess whether micro-
credentials meet learning outcome require-
ments, industry relevance, and assessment
standards.

e Euroepan Quality Assurance Register for
Higher Education (EQAR [5] registers trust-
worthy quality assurance agencies in the Euro-
pean Higher Education Area, that comply with
the ESG requirements. Often, these quality
agencies also oversee the quality of micro-
credential providers.

Recognition and Cross-Border Porta-
bility

For microcredentials to be widely ac-
cepted, they must be recognized across borders.
The European approach to microcredential
recognition is structured around three key
frameworks:

Lisbon Recognition Convention (LRC)
- Establishes legal principles for the recogni-
tion of microcredentials across EHEA coun-
tries.
Ensures that microcredentials can be evalu-
ated fairly by universities and employers.
- Encourages the use of validation processes

for non-formal and informal learning.
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Automatic Recognition and Digital Certifi-
cation
The EU is promoting automatic recogni-
tion of microcredentials within higher edu-
cation institutions.

Digital credentialing solutions (e.g., Eu-
ropass Digital Credentials) provide secure
and verifiable microcredential records.
Blockchain technology is increasingly be-
ing explored to enhance the trustworthiness
and portability of microcredentials.
Employer and Industry Recognition

While microcredentials are increasingly ac-
cepted in education, employer recognition
varies.

Efforts are being made to strengthen em-
ployer engagement in microcredential qual-
ity assurance, ensuring they align with job
market needs.

Microcredentials are being integrated into
corporate training and professional devel-
opment programs.

4. Estonian Policies and Regulations
on Microcredentials and Lifelong Learning
Education

Estonia aligns with EU frameworks
while developing national policies that integrate
microcredentials into formal education and
workforce development. The country has taken
steps to institutionalize microcredentials within
its education system, recognizing their role in
lifelong learning and professional training.

Estonian Education Strategy 2021-
35 [8]:

Emphasizes modular learning, digitaliza-
tion, and microcredentials as tools for work-
force adaptability.

Encourages universities, VET institutions,
and private training providers to integrate
microcredentials into their offerings.
Highlights employer recognition as a critical
factor for success.

Recognizes microcredentials as part of a
flexible education system.

Emphasizes upskilling and reskilling
through modular learning and short-term
training programs.

Supports integration of microcredentials into
formal education pathways.

Adult Education Act (Tiiskasvanute
Koolituse Seadus) — Effective from 2025:

- Defines microcredentials as small, certified
units of learning that meet labor market and
societal needs.

Establishes regulations for minimum (5
ECTS) and maximum (30 ECTS) credits for
microcredential programs.

20
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Requires microcredential providers to be
registered and subject to quality assurance
evaluations.

Defines microcredentials as certified learn-
ing outcomes acquired through supplemen-
tary education.

Regulates quality assurance for micro-
credential providers — private providers, uni-
versities and vocational institutions.
Establishes a framework for the formal
recognition of microcredentials in lifelong
learning.

Estonia’s approach ensures that micro-
credentials are not only recognized but actively
contribute to professional development, career
mobility, and higher education pathways.

Microcredential Accreditation and
Quality Assurance in Estonia [9, 10]

Estonia has implemented multiple mech-
anisms to ensure the quality and credibility of
microcredentials. It’s different for private pro-
viders (non-formal) and formal institutions.

Quality Assurance Framework for for-
mal Education provider

Microcredentials are aligned with Esto-
nian Qualifications Framework (EKR) levels,
ensuring their recognition across industries and
educational institutions. If higher education in-
stitutions and vocational schools already has the
right to offer programs within a specific curric-
ulum group and wishes to introduce a micro-
credential in that, it only needs to submit an ap-
plication to Estonian Education Information
System (EHIS).

However, if the micro-credential is to be
introduced in a new curriculum group, in addi-
tion to submitting the application, the institution
must undergo a study field quality assessment
conducted by Estonian Quality Agency for Ed-
ucation (HAKA).

Quality Assurance Framework for
non-formal Continuing Education

All training providers must register in the
Estonian Education Information System (EHIS)
and comply with established quality standards.
Private provider must undergo a study field
quality assessment conducted by Estonian
Quality Agency for Education (HAKA). A pos-
itive evaluation in the curricula group quality
assessment is granted if the continuing educa-
tion institution has demonstrated compliance
with the following requirements:

- The resources available for conducting edu-
cation in the study field are sufficient;
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Adult educators meet the requirements set
forth in this law and its implementing regu-
lations;

The curricula for micro-credential education
comply with the standard (separate docu-
ment)

The curricula and teaching process adhere to
the requirements stipulated in this law and its
implementing regulations;

The learning process is supported and feed-
back is provided to learners.

Integration of MC with Formal Educa-
tion in Estonia promotes stackability, allowing
learners to combine multiple microcredentials
into larger qualifications. The system enables
seamless progression between vocational,
higher education, and continuing education
pathways.

5. Challenges and Future Directions
in EU and Estonia

Despite clear regulatory frameworks,
there are challenges in implementing a fully
harmonized quality assurance system for micro-
credentials:
Varied National Implementation — While the
EU provides guidelines, member states in-
terpret and apply them differently, leading to
inconsistencies in MC quality assurance and
recognition.
Employer Trust and Awareness — Many in-
dustries lack understanding of MSs, requir-
ing stronger employer engagement in curric-
ulum development and recognition pro-
Cesses.
Stackability and Pathways to Degrees — Not
all MCs are designed to be stackable, limit-
ing their integration into formal degree pro-
grams.
Digital Credentialing Adoption — While dig-
ital solutions enhance transparency and ver-
ification, not all institutions have adopted
standardized digital credentialing methods.

MC Future Strategies for EU

To address these challenges, the EU and
EHEA are focusing on:

Strengthening Qulity Assurance (QA)
agencies' oversight of MC providers.
Expanding employer involvement in mi-
crocredential design and accreditation.
Developing standardized digital creden-
tialing systems to improve portability and trust.
Encouraging automatic recognition agree-
ments between universities and employers.

MC Future Directions for Estonia.

Estonia is committed to fully integrating
MC into its national education and training sys-
tem.
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Strengthening employer recognition:

o Collaboration with industry stakeholders
to ensure MC meet labor market needs.

o Expansion of work-based MC programs
for industry-specific skills.

Enhancing digital credentialing:
Estonia is working towards implementing
blockchain-based credentialing for secure
and verifiable digital certificates.

Expansion of Europass Digital Credentials
in Estonian higher education institutions.

Improving accessibility and participa-
tion:

o Microcredentials will be increasingly used
in targeted reskilling programs for unemployed
or low-skilled individuals.

o Greater emphasis on digital and green
skills, aligned with EU’s twin transition strat-
egy.

Estonia’s approach ensures that micro-
credentials are formally recognized, quality-as-
sured, and aligned with national and European
qualification standards, fostering greater educa-
tional flexibility and employability.

Both the EU and Estonia have policies
ensuring that microcredentials are recognizable,
accredited, and quality-assured. While EU reg-
ulations emphasize cross-border mobility and
transparency, Estonia has adopted a strong na-
tional framework that integrates microcreden-
tials into lifelong learning, vocational training,
and higher education.

6. UK example of Micro Credential
Courses Design and Development

The UK has created excellent national-
level guidance materials for higher education
institutions to explain the nature of micro-qual-
ifications in the country and the principles for
their development.

Micro-credentials (MCs) in the UK are
designed to provide flexible, short-term learn-
ing opportunities tailored to industry and em-
ployer needs. They enable lifelong learning, up-
skilling, and reskilling, often catering to profes-
sionals seeking to enhance their skills or pivot
careers. UK higher education institutions
(HEISs) offer MCs as standalone, credit-bearing
courses that can contribute towards formal qual-
ifications.

e Employment Relevance: MCs are devel-
oped in collaboration with industry partners and
professional bodies to ensure alignment with
workforce demands.

e Lifelong Learning: They provide alterna-
tive entry pathways into higher education and
allow learners to accumulate and transfer cred-
its towards larger qualifications.
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e Flexible Learning Modes: MCs are deliv-
ered through various formats, including online,
blended, and in-person instruction, supporting
diverse learner needs.

Admission and Access, Recognition of
Prior Learning

UK HEIs ensure that MCs are accessible
to a wide range of learners, including those
without traditional academic qualifications.
Recognition of Prior Learning (RPL) plays a
key role in admission policies.

e Flexible Entry Requirements: While
some MCs may require prior knowledge or ex-
perience, many are open to learners with rele-
vant professional experience.
¢ Recognition of Prior Learning (RPL):
Allows learners to use prior knowledge and
skills to gain entry into MC courses.
Supports credit transfer between institutions
and towards larger qualifications.

Enables learners to stack credentials for ca-
reer progression or academic advancement.

Course Design, Learning and Teach-
ing, Assessment

MC course design in the UK is centered
on flexibility, industry collaboration, and aca-
demic rigor.

e Learning Outcomes: Clearly defined and
aligned with national qualification frameworks.

e Industry Collaboration: Courses are of-
ten co-designed with employers and Profes-
sional, Statutory, and Regulatory Bodies
(PSRBs) to ensure relevance.

e Teaching Approaches:

Online, blended, and face-to-face instruc-
tion.

Modular formats that allow learners to en-
gage at their own pace.

o Assessment Methods:

Varied approaches, including portfolios,
projects, case studies, and exams.
Focus on competency-based assessment to
validate real-world skills.
Digital solutions used to support secure and
verifiable assessments.

Certification

MCs in the UK follow standardized cer-
tification practices to enhance recognition and
portability.
« Standardized Certification Elements:
Learner details and awarding institution.
Learning outcomes and assessment results.
Credit value (CATS/ECTS) and qualifica-
tion level.
Industry or PSRB recognition, where appli-
cable.
o Digital Certification:
Institutions are increasingly adopting digital
credentialing platforms for secure verifica-
tion.
Blockchain technology is explored to im-
prove credential portability.

Quality Management of Micro-Cre-
dentials

Ensuring quality and credibility is essen-

tial for MCs in UK higher education.
e Quality Assurance Frameworks:
MCs adhere to the UK Quality Code for
Higher Education.
Institutional autonomy allows adaptation to
specific needs while maintaining academic
standards.
o Monitoring and Review:
Continuous evaluation through student feed-
back and industry engagement.
Regular accreditation and validation by reg-
ulatory bodies.
Emphasis on transparency in assessment and
certification processes.

Conclusion

Micro-credentials— short, competency-
based learning units—have emerged as a prom-
ising solution for upskilling and reskilling indi-
viduals across sectors. Micro-credentials in EU
higher education institutions serve as a crucial
tool for skill development, career progression,
and academic advancement [11].

Their design prioritizes flexibility, indus-
try relevance, and rigorous quality assurance.
Future developments will focus on enhancing
stackability, improving employer engagement,
and expanding digital credentialing systems to
facilitate learner mobility and recognition
across different sectors.
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PesynbTaT. MIiKpOKPEIUTIBKH - KOPOTKI HABYAJIbHI ONUHMIN, IO 0a3YIOThCS HA KOMICTCHTHOCTSX -
CTaJIi MIEPCIEKTHBHUM PIIIEHHSIM JUIS IiJBUIIEHHS KBajidikarii Ta mepekpaiidikariii mpamniBHAKIB pi3HAX CEK-
TOpiB. MIKpOKpEIUTH CTal KIIOUYOBHM IHCTPYMEHTOM CY4acHOI OCBITH, 0co0amMBO B €Bponelicbkomy Coro3si
(€C) ta Ecronii, Hamato9 THYYKi, MOAYJIbHI MOXKIIMBOCTI HABUAHHS, SKi BIIMOBITAIOTh MMOTPedaM OKpEMHEX OCi0
Ta raimy3ei, 10 MOCTiHO 3MIHIOIOThCSA. BOHM CIIyryloTh MOCTOM MiK ()OPMaJIHOIO OCBITOIO Ta BUMOTI'aMH JI0
HaBUYOK pOOOYOi CHIIH, IPOIIOHYIOYH 3aCO0H I Oe3repepBHOro npodeciiiHoro po3BUTKY Ta HABYaHHS BIIPO-
JIOBX XHTTS. Y MIpy TOTO, IK PO3BUBA€EThCS MONITHKA 1 PETYJIIOBaHHS, CTPYKTypOBaHa CUCTEMa BU3HAHHSI, aKpe-
JUTAIlii Ta 3a0€3MeUCHHS IKOCTI MIKPOKPEIUTIB 3a0e31nedye iXHI0 MOOUTBHICTh, HATIHHICTG 1 y3rOIKeHICT 3 iCHY-
I0YMMH KBami(iKkaliifHUMH CHCTEMaMH.

BucnoBku. MIKpOKPEIUTIBKH y BHIMX HAaBYANBHHUX 3aKkiagax €C CIyryroTh BaXKIHMBHM IHCTPYMEHTOM
JUISL PO3BUTKY HaBHYOK, Kap'€pHOT0 3pOCTaHHS Ta aKaJleMiqyHOTO IpocyBaHHsL.. [Ipu iX po3po0ui npiopureramMmu €
THYYKICTb, Tally3eBa PEJICBaHTHICTD Ta CyBope 3a0e3nedeHHs skocTi. MaitOyTHi po3poOku OyayTs 30cepemKeHi
Ha MiJBUIIEHHI CyMiCHOCTI, IMOKpAIIeHH] 3ajy4eHHs poOOTONABIIB Ta PO3LIMPEHHI cHCTeM IM(POBOI cepTH-
(hikarii a7 cripusaHHS MOOITFHOCTI Ta BU3HAHHIO KBaJIi(iKaIliil y pi3HUX Taly3sx.

KJFOUYOBI CJIOBA: ocsima, Mikpokpeoumui npocpamu, cmpamezis, ROJMUKA, YAPAGIIHHS, He@op-
ManbHa oceima, MoOITbHICMYb, PAMKU, HAGYAHHS RPOOOBIHC HCUNMSL

Kongpnixm inmepecis

ABTOpU 3asIBISIIOTH, IO KOHQJIIIKTY iHTEpeCiB 1010 myOikaii 1iporo pykomnucy Hemae. Kpim Toro, aB-
TOPH HOBHICTIO TOTPUMYBAJIUCh ETUYHUX HOPM, BKJIIOYAIOYH IUIariaT, (anbcu(ikaliio JaHUX Ta MOABIHHY
myOJTiKarito.

Bnecok asmopis: Bci aBTopHU 3p00WIH PiBHUN BHECOK Y ITFO poOOTY
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NEPCHEKTUBHI PETTOHAJIBHI IAHAITA®THI TAPKH — PE3EPBH ONTUMIBALIL
3ANTIOBITHOI TA EKOJIOT'TYHOI MEPEK TEPHOIIVIBIINMHU

Merta. Po3poOka nuisixiB (pyHKI[IOHAIEHO-IPOCTOPOBOI'O yJOCKOHAJICHHS! 3aII0BITHOI 1 €KOJIOTIYHOT MEpex 3a
PaxyHOK 3aJTy4eHHs IEpCIIEKTHBHUX JI0 3aIIOBiIaHHs PEeriOHaIbHUX JaHIadTHUX napkiB TepHomiibehKol 001acTi.

MeToan. MeTo10JI0TIYHOI0 OCHOBOO JTOCIIIPKCHHS € KOHICITYaIbHI MOJIOKEHHsI (PYHKI[IOHAIBHO- TPOC-
TOPOBHX OCOOJMBOCTEH (PYHKIIIOHYBaHHS PEriOHAIBHIX 3aMI0BIIHOT Ta CKOJIOTTUYHOT MEPEIK, 3 BU3HAUCHHSIM 3a110-
BIJTHOTO Ta PEKPEaliifHOro MOTEHIaTy MPUPOIHAX KOMIUICKCIB Ta JIFOJCHKUX IOTCHIIANIB MICbKUX HACEICHUX
MYHKTIB, 3 ypaxyBaHHSM OCOOJHMBOCTI IX CIIOPIHEHOCTI 3 MICBKMMH IOCEJICHHSMH, TPAHCIOPTHOIO MEPEKEIo,
peKpeartiitHo iHppacTpyKTyporo, PyHKI[IOHAILHOK HAITOBHEHICTIO, 3aBEPIICHICTIO, CTYIICHIO 3B’ SI3aHOCTI 3 BU-
KOPHUCTaHHSM METOy rpadis.

PesyabraTu. CTBOpEHHs 3alpOIIOHOBAHOT MEpEeXi perioHaIbHUX JaHAIA(THUX MapKiB iICTOTHO MOKpa-
IINTH 3aMOBIAHICTD 21 TepuTopianbHOi TpoMay, 1o ckianae 38% TepuropiaabHUX Tpomaj obnacti. I3 21 Tepu-
TOpiabHUX TpoMaja 16 MarOTh HU3BKHU IMOKA3HUK 3amOBiTHOCTI. [licis BpaXyBaHHS MOTCHIIHHOI 3aTI0OBiTHOCTI
IIeH TOKa3HUK 3POCTAaE Y ICB’SATh, a MOJACKYIH B JecATh 1 Oinbiie pa3i (BumniBerpka, Cxana-Iloginscpka, bimo-
OoxHHIBKA, MuKyIHHEIBKA, HapaiBchka, 300piBchKa TepuTopianbHi rpoMann). Tpu TepuTopiaibHi TpOMaIn Ma-
TUMYTb TTOKa3HMK 3aIl0BiTHOCTI €Bponelchkoro piBHs (3ano3enpka, bepexxanceka, YopTkiscbka). BpaxoByroun
HAsBHICTh y HUX 3HAYHMX NPHUPOIHUX Ta iICTOPUKO-KYJIBTYPHHUX PEKpEALiTHUX pecypciB, € yCi mepeyMOBH po3-
BUBATHU pi3HI BUAM pekpeauii i Typuzmy. HaBeneHi kapTocxeMu 3alOBIIHOCTI TEPUTOPIAILHUX IPOMaJ] JIEMOH-
CTPYIOTh, II0 CTBOPEHHS MepCcrleKTUBHUX 20 perioHaNbHUX JaHAMAGTHUX MapKiB ICTOTHO Mu(epeHmitoe ixX 3a
MOKA3HUKOM 3anoBigHocTi. [Ipy iboMy 3amoBigHa mioma B 00JacTi 301MbIIUTHCS 1 3pOCTE 3aMOBIAHICTh 00JIACTI
3 8,95% no 14,21%.
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TepHomibIMHA € OaTHKIBIIUHOK (op-
MYBaHHSl INEPHIOTO B YKpaiHi perioHabHOTO
nanmmadrHoro mapky (PJIII) «/lxicTpoBCchKuit
KaHbiioH» y 1990 poui 3 iHIIIaTHBH BiIOMOTO
npuponoxociinanka M.IL. YaiikoBcekoro. 3a
fioro yuacri ctBopero e asa PJIII B oOmacTi y
1993 pori. I 3 Tux mip 3a 32 poku MPOILYKYEMO
Timeku mieperrektBHI PJIIT 3arampHOIO KibKi-
ctio 20 oawHMIe. HUMM HamoBHEHI HporpaMu
NEePCHEKTHBHUX ISl CTBOPEHHS 3aIlOBITHIX Me-
PEK, TTOYMHAIOYH 3 HOBOTO THUCIYOINITTS. [lepri
o0rpyHaTyBaHHS Mepexi i3 cemu PJIIT omy6miko-
Baro [1] y 2005 porii, 0OTpyHTYBaHHS IIIe CEMU
PJIIT 3nificHeHO HayKOBISIMUA KadeapH reoeKo-
Jorii Ta MeTOAMKH il BHMKJIAJaHHA CIJIBHO 3
NpeICTaBHUKaMU PO00YOT TPyNH, MO Mparto-
BaJIa HaJl pO3POOKOIO PETiOHATIBHOI CXEMH EKO-
mepeski y 2006 pori. Y 2009 poui npu po3po0ii
1 3aTBEp/KEHI YeproBoi MporpaMu MepcreKTUB-
HOI Mepexi TepuTopiii Ta 00’ €KTiB TepHOMITBCH-
Koi obmacTi 1o Hei BKmoveHo 13 PJIIL ¥V 2012
pori [2] HaykoBisiMH Kadeapu TeoeKosorii ta
METOIMKH HAaBYaHHS EKOJOTIYHMX HUCIUIUIIH
o0rpyHTOBaHO Bifomi Ha Toi wac 8 PJIII. 3ara-
nom 20 perioHanpHUX JaHAMA(PTHAX MAPKIB
OyJ0 3alpOeKTOBAaHO 1O CTBOPEHHS B OOJIACTI.
Binoma Hu3ka 00’ €KTUBHUX TPHYHH, IO CIPH-
ST TIOCTIMHOMY BiJJKJIIaHHIO 38 1yManoro. Ox-
HaK T'OJIOBHOIO cepejl HUX OyJia BiJICYyTHICTh Ha-
JIeKHOT KOMYHIKallil, (akTH4HO OJOKyBaHHS
MPOIIO3UIIH MpeJCTABHUKAMU OyBIIOTO YIpaB-
JIHHSM JIiICOBOT0 rocnoaapctsa. OKpiM Toro, 110
BUPIILICHHS 1OTO MHUTAaHHS HE OyJia JoaydeHa
TPOMAJICHKICTh 1 3pEIITO0 O0MACHUM ITiPO3/IiT
3 eKOJIOTii Ta MPUPOIHUX PECYpCiB HE HACTOIO-
BaB Ha BUPIIIIEHi JaHoi poOiIeMu.

ATpapHO OCBOEHHI TEPUTODIi, 10 SIKKX Ha-
NexXuTh TepHOMIbChKa 0071acTh, PaKTHYHO BU-
Yeprand MOXKJIMBICTh CTBOPIOBATH BEJIUKO ILIO-
HIMHHI 3anmoBigHi 00’ektr. HaitOinpmn peasb-
HUMHU JI0 CTBOPEHHS 3a1I0BiTHUMH TEPUTOPISAMH,
SIKi MOXYTh iICTOTHO BIUIMHYTH Ha 3017IbIICHHS
3aIlOBiTHOCTI aJMiHICTPATHBHUX paioOHIB i 00-
JacTi 3arajioM, € perioHaibHI JaHamadTHI ma-
pxu (PJIIT). ®akTu4HO HA CHOTO/HI HASIBHUMU €
MiATOTOBJICHHI MOAAHHA HA iX CTBOPEHHS, a iX
MPOCTOPOBa OpraHi3allis Yy3roJpKeHa 3 ICHYIO-
YOI0 pPerioHaJIbHOI ekoMepexkero. Ha piBHi Ma-
JIOAOCTIDKEHUX Ha MPEMET 3aII0BiTHOCTI TepH-
TOpiaJIbHUX TpOMaja 3 PIBHEM 3aIlOBiJaHHS
MeHme 1% MOoXXHA BHITYKYBaTH INEPCIIEKTHBHI
JI0 3arOBiJaHHS 3aKa3HUKH, TIaM’ ATKH [IPUPO.IH,
3aroBiaHi ypouuiia. Ha qocsrHeHHs onTuMaib-
Hoi 3anoBigHocTi Yy 10-12% y TepHominbchKii
obiacTi y HalOMKYMIA Yac € yci IepeayMOBH,

Bcemyn
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KEpYIOUUCh IMPOTPaMOI0 OXOPOHHM HABKOJIMIII-
HBOT'O IPHUPOAHOTO CEpeOBHIIA B TepHOMIIbCH-
Kiit 06macti Ha 2021-2027 poku [3]

[lepma iadopmariist mpo NMepcreKTUBHY
MEpeXKy pEeriOHATBHUX JIaHAMA(QTHUX TapKiB
3’sBunack y MoHorpadii [1], y akiif npu aHamizi
MEPCIIEKTUBHUX 3allOBiTHUX 00’ €KTIB 0cOOIMBA
yBara IpHIiJieHa BUCBITJICHHIO TMEPCIEKTUBHUX
PJIII y ximpkocTi 12 oguaunte. Y 2012 porii Bu-
runta npans Yepnsika B.M., Cunui I'. b. Iat-
kiBcekoro [.O. mpucBsiueHa yHiKajbHI MEPIUHHI
npupoau TepHOMUIBIIMHN YacTHHA 3 SIKMX 3Ha-
XOIUTBhCS y Mexax mnpjnoHoBanux PJIIT [4]. ¥V
2023-24 poxax ory0iKOBaHO PSJI TIpatlb, PHUC-
BSYEHHUX ONTHUMi3aLil 3aroBigHOI 1 €KOJIOTi4HOT
Mepexx Kpemenenpkoro paiiony [5, 6], 3anoBij-
HO{ 1 eKOJIOTIYHOI MepeX TepHOIMIBCHKOTO afl-
MiHICTpaTUBHOTO paiiony [7, 8], onTumizarii 3a-
NOBiIHOT 1 exomnoriyaoi Mepexxk YopTKiBCHKOTO
ajMiHicTpaTuBHOTO pariony [9]. Kpim Toro y mo-
HorpadiyHOMY JAOCTiHKEHHI 3 MUTaHb TpaHcho-
pMairii Te0eKOIOTIYHIX TIPOIIeciB y OaceiiHi pi-
uyku JIKypuH TIOZjaHa KOHIIETIIisl Ta OOTPyHTY-
BaHHIO CXEMY 3arloBIHOI MEpeki piuKoBO-Oa-
CEMHOBOI CUCTEMHU. 3T0IOM TIPH TOCTIHKEHHI Pi-
4yKOBO-OaceliHoBOI cuctemu ['HizHM y 2024 pori
0OIPYHTOBAHO IT1IXOIX 1010 ONITHMI3allii 3armo-
BIJTHOT Meperki Ta EKOMEepexKi y ii Mekax.

CyuacHe OaveHHs JIIEBUX 3aXO[IB CTOCO-
BHO PETiOHANILHOI 3aIT0B1THOT MEpeXi oIy OITiKo-
BaHo y 2023 pomi [10] Ta Mi>kHapoIHOMY BH-
nanHi JlroomiHcekoro yHiBepcurety [11]. Ok-
peMi acreKTH T'e€OSKOJIOTIYHHUX BHUMIPIB PO3BHU-
TKY €KOTYPU3MY B MEpEkKax HalliOHAILHUX TPH-
POJHUX Ta periOHABHUX JaHAMA(QTHUX MapKiB
YkpaiHu pO3MIAHYTI aBTOpaMH Y ITyOmikarrii
2020 poky [12].

HaykoBi 3acagy po3BUTKY perioHabHUX
nanamadTHUX mapkiB «Kuspkuit nicy, «30apa-
3pki  ToBTpm», «bapucbkuit» Ha CydacHOMY
etani po3risiHyTo y 2022 poui [13, 14, 15]. Ipo-
OnemaMm (YHKIIOHYBaHHS PETiOHAJIbHUX JIaHA-
madTHAX TApKiB MiCBKUX E€KOCHCTEM IIPHCBSI-
yeHa npang [16]. HaykoBusmu reorpadivynoro
(hakynbTeTy JIbBIBCHKOT0 HAIlIOHAIIBHOTO YHIBE-
pCHUTETY OIyOJIIKOBAHO CEPIit0 CTAaTeH NpUCBsIYe-
HUX npobnemam ¢yHkionyBanss PJIIT [17, 18],
PO HEXUBHX 11aM’siTOK Tipupoyu B PJIIT «Pas-
cbke Po3rouus» [19], Ta muTaHHSAM ONTHMI3AIii
mepesxi PJIIT Ykpainu [20].

[MutaHHsT OXOPOHM IIHHOCTEW perioHab-
Hux JanamwadTaux napkis [lonsmi [21] po3ris-
HyTi Takox y myomikarii Jermaczek D. [22].
AmHariz Mepesxi mapkiB €Bpomnu siKk Mojiesiel cTa-
JIOTO PO3BUTKY CIJIbCBKUX TEPUTOPIN MOAAHO Y
npaiti [23].
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Mertoro € po3poOKa IIIIXiB (HYHKITIOHA-
JIHHO-TIPOCTOPOBOTO YIOCKOHAICHHS 3aMOB1THOT
1 EKOJIOTIYHOI MEPEXkK 3a PaXyHOK 3aTyICHHS TIe-
PCHEKTHUBHUX O 3allOBITaHHS pPEriOHATBHUX
nmauamadTHUX TapKiB TepHOMIBCHKIH 001acTi.

O0’€eKT TOCTITKEHHST — MeperKa TiepcIre-
ktuBHUX 10 3anoBiganas PJIIL. Ilpeamet — ¢y-
HKITIOHATBHO-TIPOCTOPOBI HACIIAKA IS 3aImo-
BiTHOT ¥ €KOJIOTIYHOI Mepek 001acTi Ha PI3HUX
PIBHSX iX opraHi3artii.

Memoou

MeTOMONIOTIYHOK OCHOBOIO  ITPOBEJIC-
HOTO JOCHTIDKEHHS € KOHIICTITyallbHI IT0JIO-
JKEHHS (DYHKITIOHATHHO-TIPOCTOPOBUX OCOOIH-
BOCTEW (PyHKIIIOHYBaHHS PETiIOHAJIBHHUX 3aIlo-
BiZHOI Ta exostoriunoi Mepex [12]. IIpouec Bu-
saBieHHs Ta hopmyBarHs Mepexi PJIIT mos's3a-
HUI 3 BU3HAUYEHHSIM 3aII0BiIHOTO Ta peKpeariii-
HOT'O TOTEHIIaNiB MPUPOAHUX KOMILUIEKCIB Ta
JIFOJICHKUX MOTCHI B MICbKHX HACEIICHUX ITy-
HKTiB. [Ipn dhopmyBaHHI Mepexi MepcrneKTHB-

uaux PJIIT BpaxoByBaiwch 0COOIUBOCTI X cCITO-
PITHEHOCTI 3 MICBKUMH TIOCEJICHHSIMH, TPaHC-
TIOPTHOIO MeEpeXxero, pekpeartiiinom iHdpa-
CTPYKTYypor. Mepeka MNepCreKTHBHAX IS
ctBoperrs PJIII cmiBcraBmsiacs 3 po3po0iie-
HOIO CXEMOIO PeTiOHAIBHOI 3alOBIAHOI Ta KO-
Mepexi [11], ix 6a30BUMHU CTPYKTYpPHHMHU elie-
MeHTamHu. [Ipu 1boMy BpaxoBYBaJIUCh TaKi 0CO-
OMMBOCTI MOEAHAHUX CXeM: iX (YHKIIOHAIbHA
HAIIOBHEHICTh, 3aBEPIICHICTh, CTYIIHb 3B’s3a-
HOCTI 3 BUKOPUCTAHHSIM MeToay rpadis.

Pezynvmamu docnidicennn

B ymoBax cormiamizaiii mpupo0-3amoBsi-
JaHHS [TOCUJIEHHS POJIi €KOJIOTIYHUX YMHHUKIB
y CTPYKTypi pErioHaJbHUX TOCIOAaPChKUX
KOMIIJIEKCIB, Mepe TOCTITHUKaMU MOCTaBICHO
3aB/IaHHS ONTHMI3YBaTH pETiOHAIBHY 3aIlo-
BiJTHY Ta €KOJIOTIYHY Mepexi, po30y/IoBa SIKIX
€ rapaHToM 30epeeHHs OI0TUYHOTO 1 JlaH/IIa-
¢THOTO pizHOMaHITE Kpato. /g edexTuBHOTO
30epexeHHsT OIOpI3HOMAHITTS Ba)KJIMBE 3Ha-
YeHHs1 MaloTh (QYHKIIOHAIbHA 1 MPOCTOpPOBA
CTPYKTYPH 3alOBIIHUX 1 ekoMepex. OCKIIbKU
perioHaNbHI TaHAmAapTHI TapKH € 3aIoBiIHO-
pEKpealiifHOI KaTeropi€l0 MICHEBOro 3Ha-
YeHHs, a [Ie O3HaYae, 0 HACHYECHHs 3arloBiJl-
HUX MEPEX LUMH KaTeropisiMH CHIpHs€ MOCH-
JICHHIO POJIi B HUX €JIEMEHTIB PerioHaIbHOTO
3HAYEHHSI, PO3IIMNPEHHIO MiCIIb OPTraHi30BaHOTO
BiJITIOYMHKY Ha MICIIEBOMY DPiBHi, 3aJIy4aroun
JI0 HaJaHHS peKpeauiiHuX MOCIYyr HacCeJICHHS
TEePUTOPIaTILHUX TPOMAJI.

[Mepmri BiToMOCTi PO NMEPCIEKTUBHI JTaH/-
madTHI napku TepHOMinbCbKoi 00acTi 3’siBU-
nuch me y 90-X pokax MUHYJIOTO CTOJITTA Y Ha-
BYAJIbHOMY ITOCIOHUKY 13 3aI0BiIHOT cripaBu. Y
MOHOTpadiYHOMY JOCIIHKEHHI 3 PeriOHaTbHIX
ekosoro-reorpadiuHux npodnemM odacTi, omy-
omikoBaniil y 2005 porii Brepiie or1cano mnep-
criekTHBHY Mepexy i3 12 PJIIT 3 kxaprorpadiu-
HHUM 300pa)KEHHSIM MiCIlb X IPHypO4YeHOCTi [1]
(puc.1). TTopanpIni HAYKOBI HAaIpaIFOBaHHS Ha-
YKOBIIIB Kad)eApu TIeoeKoyorii Ta Tiaposorii
(Bim 2024 poky)., iHmux xadenp reorpadiu-
Horo ¢axynbpreTy Ta (axiBLiB 3aroBiTHOI
CIIPaBH MPUPOAHOro 3anoBigHuKa i qeox HIIII
Jalli MOXKJIMBICTH OOIPYHTYBaTH NEPCIEKTH-
BHY Mepexy PJIIL, npeacrasneny y Tabmumi 1.
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Sk BUILTMBAE 3 HAaBEJCHOI TAOJIUIN Y BO-
ChMU JaHMIMAPTHUX paiioHaxX MOTIH O 3’SIBH-
THUCS KJIFOUOBI TEpUTOPIi, HEOOXiAHI JIst 30epe-
KEHHs JIaHAMA(QTHOTO PI3HOMAHITTA y MaJo-
MIOJIICBKOMY, BOPOHSIIKOMY 1 OMIJIECEKOMY
nauamadTax. CTBOPEHHs KIIFOYOBOI TEPHUTOPIi
PJIIT «Po3roupski ToBTpu» Aano 6 MOKIUBICT
30epe’keHHS  MUJIBHIBCBKOTO  TOBTPOBOTO
nangmagTy. CTBOPEHHS KIIOYOBOI TEPUTOPIi
PJIIT «36apa3bki ToBTpu» copusiio 6 30epe-
JKeHHIO 30apa3bKOro TOBTPOBOTO JIAHIIMIADTY.
®opmysanns Beprenkiscekoro PJIIT mamo ©
MO>KITUBICTh IIOBHOIIIHHOTO 30€peKeHHs Pi3HO-
MaHITTS J1aHoBelpbkoro maHmamadry. Crso-
penHs kimrouoBoi Teputopii PJIIT «bepexan-
cbke Omiyuish» rapanTyBaiio 6 30epesxeHHs 6io-
TUYHOTO 1 JAHAMA(THOTO Pi3HOMAHITTS 3axi-
nHo-Tlominbebkoro ropooripHoro paiiony. ba-
YUMO BIJICYTHICTh Y YOTHPHOX JaHMA(THUX
paiioHax i IBOX TOBTPOBHUX OKpyrax 0a3oBHX
KITFOUOBHX TEPUTOPIH, 110 HE CIIPHUSIE TTOBHOIIH-
HOMY 30€peXEeHHIO0 OiOTHYHOTO 1 JaHAmadT-
HOTO pi3HOMaHITh. Le € Baski1BOO po6IIeMOI0
3a0e3MeYeHHs PEriOHaIbHOI €KOMEPEKi HEeoO-
XiIHUMH KITIOYOBUMH TEPUTOPISAMHU AJs edek-
TUBHOTO 11 QyHKIIIOHYBaHHS.

3MoIeII0eEMO  CUTYyaIlifo, Mmo0 TMpocTe-
JKUTH SIK 3MIHUTBCSI CUTYallisl 3 3aMOBIIHICTIO B
o0nacTi, agMiHICTpaTUBHUX palioHax, a HaiiBa-
JKIIMBINIE B TEPUTOPIATBHUX T'POMaJax, SKIIO
crBoputH 3anporonoBani PJIII. 3Benena ingo-
pMartist HaBeseHa y Ta0m.2.

CTBOpeHHsI  3allPOIIOHOBAHOI  MeEpexi
PJIIT icTOoTHO MOKpAaIuTh 3armoBigHicTh 21 Te-
puTopianbHOi rpoMaiy, o ckianae 38% Tepu-
TOpianbHUX rpoMan obmacTi. I3 21 Tepuropiansb-
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Taoauns 1
IMepcnexTuBHi perionanbHi JangmadgTHi mapku ctanom Ha 2018 pik
Table 1
Promising regional landscape parks as of 2018
N HazBa JlanamadgTHAa NPpUypPoOYEHicTh, Poan
/N | mepcrnekTHBHHX NPUPOIHA POCTHHHICTD / B eKoMepe:Ki /
PJIIT*/ Landscape setting, natural vegetation Role
Name of promis- in the eco-net-
ing RLP* work

1 | Manononicsiuit / [Manonosmicekuii. TeprTOpist TICOBUX MAcHBIB 3 IiIHHUMHU XBOiHO- | Kimouosa tepuropist /
Malopoliskyi MIAPOKONUCTSHIMH, JTyIHO-OOJIOTHIMH Ta JIy9HHMH YTPYIIOBaH- Key territory

HSIMH, BKJTFOUaI0UH JIIBOOCPEKHY YaCTHHY JOJTUHH p. kBa /
Malopolis. The area of forests with valuable coniferous-
broadleaf, meadow-bog and meadow communities, including
the left-bank part of the Ikva River valley

2 | binokpuHHIBKAN Mautontonmicekuii. TepuTOpis TiCOBHX MAacHUBIB 3 IIIHHUMHU Kirouosa tepuropist /
/ Bilokrynytskyi XBOIHO-IIMPOKOJIUCTSHUMU, JTy4HO-OO0JIOTHUMH Ta JTyYHUMHU Key territory

yrpyIOBaHHIMHU /
Malopolis. The area of forests with valuable coniferous-
broadleaved, meadow-boggy and meadow communities

3 | Mouaicekuii /| Kpemeneupkuii ropboripauii. Teputopis gicoBux Macupis 3 | Kimodosa tepuropist /
Pochaivskyi [Ty 9HO-CTETIOBUMH Ta HACKEIHHO-CTEIIOBUMH YTPYIIOBAHHIMH / Key territory

Kremenets hilly region. Area of forests with meadow-steppe
and rock-steppe communities
4 3anisuiscekuii [ |[TepHOminbChKuit nanamadt. JonuHa Bepxuboi Teuii piuku Ce-| Kirogosa Tepuropis /
Zaliztsivskyi DEeT, 110 MPE/ICTABIICHA JTICOBUMH Ta BOJHO-00JIOTHUMH €KOCHCH Key territory
TEMH 3 BOIHUMH IIECAMH BOIOCXOBHIIL 1 CTABKIB /
Ternopil landscape. The valley of the upper reaches of the Seret
River, which is represented by forest and wetland ecosystems
with water plains of reservoirs and ponds.

5 | Bopomspkuit |/ Popomsubkuii nanmmadr. ['paboso-Oykosi Ta siceno-ay6osi ii-| Kimouosa tepuropis /

Voronyatskyi COBi MacuBH i3 3a601109eHO0 oHHOKO TpuToKH p.Ceper / Key territory
Voronyatsky landscape. Hornbeam, beech and ash-oak forests
with a swampy valley of the Seret River tributary
6 | BeprenkiBcokuit / [TanoBenpkuii nanamadt. JJonuna BepxHpoi Tedii p. Ceper, mio| Kirouosa tepuropist /
Vertelkivskyi MpeJICTaBJICHA JIICOBUMH Ta BOJHO-00JIOTHUMHU €KOCUCTEMH 3 Key territory
BOJIHUMU I1JIECAMU BOJIOCXOBMII] 1 CTABKIB /
The landscape of Lanovets. The valley of the upper Seret River,
which is represented by forest and wetland ecosystems with
water areas of reservoirs and ponds

7 | Posrouski ToTpH | ToBTpOBHI MpupoAHUii OKpyT. JlicoBi MacuBu 3 mepeBakan- | Kimodosa Tepuropist /

/ Roztotski Tovtry |wsM ny6a, JTy4HO-CTENOBI AUISTHKH CXUIIIB TOBTPOBUX ropOiB / Key territory
Tovtry Nature District. Oak-dominated forests, meadow-steppe
areas on the slopes of toltra hills.

8 | Cepennsoropun- |JlanoBeuskuii manmamadt. [pupiukosuit nanamad 3 minaumu | Kimogosa tepuropist /
chkuit / JCOBMMHU Ta JIy4HO-CTEOBUMH €KOCHCTEMaMH, BOJAHO-00JIOT- Key territory
Srednogorinskyi HUMH YTiJIsMH J0oJuHA p. [opuHku /

The landscape of Lanovets. Riverside landscape with valuable
forest and meadow-steppe ecosystems, wetlands of the
Gorynka River valley.

9 | 36apasski ToBTpH | TOBTPOBHII MPUPOAHUIA OKPYT 3 icTOpHKO-apxiTekTypHuMu i | Kimodosa tepuropist /

[ Zbarazh Tovtry | KyJabTYpHHMH IaM’ITKAMH CTapOBUHHOTO Micta 36apaxka Ta Key territory

Horo OKOJIMIB 3 NEPCHCKTUBHUM ITPUPOJHUM SJAPOM Yy MEKaAX
00TaHIYHOTO 3aKa3HUKa «3aTyaHCHKUH JIiC» 1 CYMDKHHUX Te-
puropiit ToBTpoBoi rpsinu /

Tovtrovyi natural district with historical, architectural and
cultural monuments of the ancient city of Zbarazh and its
surroundings with a promising natural core within the
Zaluzhanskyi Forest botanical reserve and adjacent territories
of the Tovtrovyi Ridge.
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Iponos:xenns Tabuuii 1/ Continuation of table 1

10 | Ypmanchkwmii \ Oninbchkuit anamadT 3 IHHUMHE JIiIcCOBUMHE (1y00Bo-0yKoBi | Kimodosa Tepuropist /
Urmanskyi JIEpEBOCTaHM) Ta JIyYHO-CTEIIOBUMH €KOCHCTEMaMH, a TaKOX Key territory
BOJHUMH 00’ €KTaMH, III0 MAIOTh BaXXJINBE peKpearliitHe Ta ce-
penoBwue-cTadini3ariiine 3Ha4eHH /
The Opillya landscape with valuable forest (oak and beech) and
meadow-steppe ecosystems, as well as water bodies of
important recreational and environmental stabilization value
11 | Bepexancbke Ominbebkuit TaummadT 3 iHHKAME JTicoBUMH (OykoBi Haca- | Kirouosa Tepuropist /
Omimst / JUKEHHST) Ta JIy4HO-CTEOBUMH EKOCHCTEMaMH / Key territory
Berezhanske Opillya landscape with valuable forest (beech plantations) and
Opillya meadow-steppe ecosystems
12 | Iligracupkuii / Omninbcpknit manamadr. JinsHKa MiHHAX JTICOBUX KirodoBa tepuro-
Pidgaetskyi LIMPOKOJIHUCTIHUX MACHBIB / pist /
Opillya landscape. An area of valuable forest broadleaf forests Key territory
13 | Kuspxwuid ic / TepHomninechkuil TanmmadT. Iinui 1y60Bo-0yKoBi qepeBocrani. | Kimodosa tepuropist /
Knyazhyi forest LIst TepuTOpist € TpaAUIIHHIM MICIIEM BiIIOYUHKY Ta 0370POB- Key territory
JICHHSI HACEIIeHHSI, 300py rPHOIB, STij, TKApChKUX pociiH /
Ternopil landscape. Valuable oak and beech forests. This area
is a traditional place for recreation and health improvement,
gathering mushrooms, berries, and medicinal plants
14 | Bapucbkuii / Teproninbehkuit manmuadgt. Tepuropis Ha Mexupiudi pidok ba- | Kimouosa tepuropist /
Baryskyi pui i Kopornenp 3 1icOBUMH NIMPOKOINCTSIHAMY YTPYIIOBaHHSIMH / Key territory
Ternopil landscape. The area between the rivers Barysh and
Koropets with forest broadleaf communities
15 | BynaniBchkwii / Teprormiibchkuit manmuadt. Cepenns nommna p. Ceper otodyena | Kimodosa tepuropist /
Budanivskyi JTiCOBMMH, TIEPEBAYKHO TPaGOBO-1yOOBHMHU YrpyToBaHHAMHU | Key territory
Ternopil landscape. The middle valley of the Seret River is
surrounded by forests, mostly hornbeam and oak
communities
16 | Cepennboceper- Tepuomninecekuii manamadt. Tepuropis cepennpoi Tewii p. | Kirouosa tepuropist /
chKHii / Cepert 3 BOIHO-O00JIOTHUMHU, JTYIHAMH, JTiICOBUMH (OYKOBO- Key territory
Middle Seretskyi HIMPOKOJIUCTSIHUMH, TyOOBO-IIUPOKOIUCTIHIUMH) Ta CKe-
JIbHO-CTETIOBUMH yTPYTIOBAHHIMH /
Ternopil landscape. The territory of the middle reaches of
the Seret River with wetland, meadow, forest (beech-
broadleaf, oak-broadleaf) and rock-steppe communities.
17 | S3niBenpkuii / [oanicrepcbkuit nanamadt. ManboBHu4a gonuHa p. Binb- | Kirouoa Tepuropis /
Yazlivetskyi XOBEI[b BKpUTA rPabOBUMHU JIiCAMH 3 ICTOPUKO-apXITEKTYp- Key territory
HUM KOMILIEKCOM (oprewi Ta MoHacTupst /
The Podnister landscape. The picturesque valley of the
Vilkhovets River is covered with hornbeam forests with the
historical and architectural complex of the fortress and monastery
18 | Spropiscekuii / [Moxnictepcskuii manmmadT. Tepuropis micopux ypouwnnr 3 | Kiouosa tepuropist /
Yargorivskyi IHHAMH YTPYTIOBaHHAMH JTyOOBO-OYKOBHX JIICIiB / Key territory
Podnistersky landscape. The territory of forest tracts with
valuable communities of oak and beech forests
19 | Iopinbceke I'ycsaTrHChKMiA TaHAmadT 3 MHHAMHA JTiCOBUMHU Ta y4Ho- | Kimodosa tepuropist /
Hans6pyyus / CTENOBUMH YIPYTIOBaHHIMH / Key territory
Podilske Husiatyn landscape with valuable forest and meadow-steppe
Nadzbruchchia communities
20 | BopuiBcekuii / [onnictepcbkuii manmuadt. Tepuropis icoBrx rpaboBrUx Kitrouosa teputopist /
Borshchivskyi YTPYIOBaHb 3 TIAPOIOTIYHUMH 00’ ekTamu gonvHu p.Hivmasu / Key territory
Podnistersky landscape. The territory of forest hornbeam
communities with hydrological objects of the Nichlava
River valley

* 3ampononosani PJIIT moTpeOyroTh JOAaTKOBHUX JOCTIKEHD, YTOYHEHHS OCTATOYHUX MEX Ta (DyHKIIOHAIEHOTO
30HYyBaHHSI
* The proposed RLPs require additional research, clarification of final boundaries and functional zoning
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Taoaung 2

IlepcnexTnBHA 3an0BigHicTH TepuTopiadasHux rpoman (TT) 3a ymMoBH cTBOpeHHsI
NMPONMOHOBAHUX perioHaNbHUX JanamadgTHux napkis (PJIII)

Table 2

A promising reserve of territorial communities (TC) subject to the creation of the proposed
regional landscape parks (RLP)

HasBa Opienro- IIpuypouenicTsb 10 Te- 3anosin- 3anoBigHicTh
NePCNeKTHBHUX BHa putopiaasaux rpoman | Hicts TT, TT, micas
PJIIL/ mioma, ra | (HoMep Ha KapToCXeMi) icHyr0ua, CTBOPEHHS
N | Name of promising |/ Indicative | /Appointment to terri- % / PJII, % /
RLPs area, ha torial communities TC re- TC reserve, af-
(number on the map) serve, ex- | ter the creation
isting, % of RLPs, %
1 Manonomnicekuii / 2500.0 KpCMeHGI_IBKa T (10) 16,25 21,03
Malopoliskyi Kremenets TC
2 | binoxpunuupkuii / 3500,0 Hlymceka TT (8) 17,49 24,4
Bilokrynytskyi Shumska TC
3 | IMouaiscbKuii / 3000,0 ITouaisceka TI" (30) 2,46 16,27
Pochaivskyi Pochaiv TC
4 | 3anizuiscekuii / 3000,0 3anozernpka T (11) 15,03 45,44
Zaliztsivskyi Zalozetska TC
5 BOpOH?[I.[LKI/IfI/ 2000,0 360piBCLKa T (41) 0,45 4,73
Voronyatskyi Zborivska TC
6 | Beprenkiechbkuii / 2500,0 3anozenpka T (11) 15,03 45,44
Vertelkivskyi Zalozetska TC
1000,0 binenpka TI" (23) 4,31 12,6
Biletska TC
7 | Banisuiscermuii / 2000,0 3anozernpka TI' (11) 15,03 45,44
Zaliztsivskyi Zalozetska TC
8 | 36apasbki TosTpu / 1500,0 36apa3bka TI'(19) 7,59 24,6
Zbarazh Tovtry Zbarazhka TC
9 | Ypmancekuii / 4000,0 bepexxanceka TI' (15) 11,38 62,2
Urmanskyi Berezhanska TC
10 | Bepexancoke Omimns / 8361,4 Bepexanceka TI' (15) 11,38 62,2
Berezhanske Opillya Berezhanska TC
8300,0 Hapaiecbka TI (25) 4,43 42,5
Narayivska TC
11 | Higraeupkuii / 4500,0 [ligraemeska TI' (29) 2,41 12,2
Pidgaetskyi Pidhaetska TC
12 | Kuasokwuit nic / 2800,0 Tepebosnsiacbka TT(18) 7,86 14,2
Terebovlyanska TC
Knyazhyi forest 1200,0 Mukynunerpka TT (47) 0,26 5,26
Mykulynetska TC
13 | Bapuckkwii / 2000,0 Byuanpka TT (21) 5,99 15,52
Baryskyi Buchatska TC
14 | BynaniBchkuii / 3000,0 bino6oxxuunpka TIT" (40) 0,05 11,42
Budanivskyi Bilobozhnytska TC
15 | Cepennboceperchbknii / 4000,0 Yoprkieeska TT (27) 3,99 30,35
Middle Seretskyi Chortkivska TC
16 | SsnmiBeubknii / 3000,0 Bywanpka TI'(21) 5,99 15,52
Yazlivetskyi Buchatska TC
17 | SpropiBceknii / 4000,0 Mownactupucbka TI' (17) 9,08 17,57
Yargorivskyi Monastyrska TC
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[poaossxenns Tabauwi 2/ Continuation of table 2

18 | IMoxinsceke 4000,0 Cxana-Iloginsceka TT 0,44 22,06
Ham36pywus / (42)
Podilske Nadzbruchchia Skala-Podilska TC
19 | BopuiiBchkwmii / 2000,0 Bopmiiseeka TT (14) 12,78 17,65
Borshchivskyi Borshchivska TC
20 | CepenHporopiHChbKHii / 700,0 bopcykiseska TI (36) 0,95 5,55
Serednogorynskyi Borsukivska TC
800,0 Bumniserpka TT (46) 0,31 2,79
Vyshnivetska TC
PA3OM / TOTAL 721614 | - 6,18 20,42
HUX TpoMaz 16 MaroTh HU3BKHH ITOKAa3HUK 3a- BpaxoBytoun HasBHICTb Y HUX 3HAYHUX ITPHUPO-
noBigHocTi Big 0.26% no 9,08%. Ilicns Bpaxy- JHHUX Ta ICTOPUKO-KYJIBTYPHHUX peKpealiiftHux
BaHHsI MOTEHIIHOT 3alOBIAHOCTI mEd mMoKas- pecypciB, Oynu 6 yci mepeayMOBH PO3BHUBATH
HUK BHPIC Y JIeB’sITh, a HOACKYAH B ACCSTH i Oi- pi3Hi Buam pekpearii i Typusmy. Ha kaprocxemi
npiie pa3 (BumniBenbka, Ckana-Ilogineceka, (puc.2) BinoOpakeHO HasiBHY (A) Ta mepcrek-
Bino6oxuuipka, MukynnHenpka, HapaiBcbka, tuBHY (B) 3amoBifHICTh TepUTOpiaNbHUX TPO-
36opisceka TI). Maj 32 YMOBH CTBOpeHHsI 20 MepCHeKTHBHUX
Tpu TepuropianbHi TpoMaan Maiu 6 mo- PJITI. HaBeneni kapTocxemH 3amoOBiTHOCTI Te-
Ka3HMK 3alOBIJHOCTI €BPOIEHCHKOIO piBHA pHUTOpiaNbHUX TpoMal IEMOHCTPYIOTh, ILO
(3anozenpka, bepexxancbka, YOpTKiBCHKA). ctBopenHs nepcnextuBHux 20 PJIIT icrotHO

YmoaHi noaHaueHHa/Legend YmosHi nozHauetna/Legend

-—es  MEXI OBRacTen / hd's"
regian boundaries; :

—ee  MeXi Ofinacred / LT
regian boundaries 3 o

e MeXI palionia / c--'l\\.
district 510

boundaries

anues MEXITI /
TC boundayie

w—e nei padionia / T
district
boundaries

esess MEXI TF /

JanosigHicTe, %
Reserve, %

0> S
« 4150 Homep rposagm
« 3140 signosigae

~2130 womepy 8 rabanyl
"

Reserve, %

- 50>

<4150 Homep rpomagm

3140 mignosigae
-21-30 . womepy e vabangl

- 11-0

« 110 TC number corresponds

| -+0  TC number corrasponds
- 1< to the number in the tahle

- 1< to the number in the table

A b

* [ pomaou npoHymeposani 32i0H0 3an08ioHocmi mepumopii 610 Haueuwjoi.
* Communities are numbered according to the protected area from the highest

Puc. 2 — Icuytoua (A) ta iiMmoBipHa (b) 3amoBiAHICTh TEPUTOPIATBHUX TPOMAJ
Fig. 2 — Existing (A) and potential (B) territorial community reserve
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IrdepeHITitoe ixX 3a MOKa3HUKOM 3aIl0B1THOCTI.

VY rpyni y 22 TT 3 3anoBigHICTIO MEHIIIE
1.0% micnsa motenuiitnoro creopenHs PJIIT uu-
CEJIBHICTH 3MEHIIUTRLCS HA 5 ONMHMIIb.

Y rpymi TT 3 3amoBianictio Big 1,0 mo
10,0% Takox KinbkicTh TI' 3MEHIIUTLCS Ha 5
OIuHUIL. HaTtoMicTh 301IBIIUTHCI YHCENb-
Hicte TI' 3 piBHeM 3anoBigHocTi BHIe 10% 10
26 ogunuIb. [Tpu 11bOMY 3a110B1IHI IO B 00-
macTi 3poctyTh Ha 73,0 THC. Ta i mocsrHymu O

196866,8 ra, abo 3amoBigHICTE 007ACTI 3pociia
03 8,95% 10 14,21%. Y po3pisi agmiHicTpaTH-
BHUX pailoHIB BinOynHch O Tako>X MO3UTHBHI
3minu. Tak, 3amoBiAHICTH miBHIYHOTO Kpemene-
LUBKOTO aaMIHICTPaTUBHOTO padoHy 30171bIIH-
nack 6u 3 9,94% no 12,2%. TepHOMiNBCHKOTO
aaMmi"icTpaTuBHOTO paiiony — 3 4,06% 1o
7,66%, a 3anOBiIHICTH MIBACHHOTO YOPTKIBCh-
KOT'0 aiMiHICTpaTUBHOTO paiiony — 3 15,02% no
19,65%.

Bucnoerxu

BpaxoBytoun cknanHy cuTyanito 3i 30i-
TIBIICHHSM 3aIOBiIHOCTI 001aCTi Ha 3arajbHO-
o0racHOMY, aJIMiHICTPATHBHO PaiOHHOMY 1 HU-
30BOMY TEPHUTOPIiaIbHUX PIiBHSX, 3MO/ICIHOBaHA
cutyaliss 31 cTBopeHHs 20 3amporOHOBaHUX
BITPOJIOBXK NIBAIIISTH OCTaHHIX POKIB perioHa-
THHUX JaHMma(THUX TApKiB, HAZAE€ peaTbHUMA
[IaHC BUPIMIEHHS i€l CKIaIHOI MPOOIEeMH.

Boanouac Ha TepeHax 00nacTi MOSIBIIA-
€THCSI MOXKITUBICTh PEaHIMyBaTH TYpPHUCTCHKO-

peKpealiiiHiii TOCHOAapChKHUiA CEKTOp, OJTY-
YHBILH JI0 1i€i cepr MOoTeHIIaIl TEPUTOPialib-
HUX TPOMaJl.

3anponoHOBaHUH Mepedir moaild crpusi-
TUME TIOKPAILEHHIO TEPUTOPiaIbHOI OpraHi3a-
1ii 3aITOBITHOT Ta €KOJIOTIYHOT MEPEX Bifl JIOKa-
JHHOTO [0 PETiOHANBHOTO PiBHIB, aKTUBi3aIlii
TYPUCTCBKO-PEKpeaniiHoi JisNLHOCTI TOCIO-
JapChKOTO CEKTOpa.

Kongnixm inmepecie

ABTOpY 3asBISIOTH, M0 KOHQIIKTY iHTEpeciB MOA0 MyOuiKamii mboro pykonucy Hemae. Kpim
TOT0, aBTOPH TMOBHICTIO IOTPUMYBAIUCH €THYHIX HOPM, BKIIIOUYAIOUH IUIariat, Ganbcudikallito Janux

Ta TOJBIHHY MyOTiKaIlito.

Brecok asmopis: BCi aBTOpHU 3p00WIHM PIBHUN BHECOK Y IFO pOOOTY
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PROSPECTIVE REGIONAL LANDSCAPE PARKS - RESERVES FOR OPTIMIZATION
OF THE RESERVE AND ECOLOGICAL NETWORK OF TERNOPIL REGION

Purpose. Development of ways of functional-spatial improvement of reserve and ecological networks by
involving promising regional landscape parks of Ternopil region for preservation.

Methods. The methodological basis of the study is the conceptual provisions of the functional-spatial fea-
tures of the functioning of regional reserve and ecological networks, with the definition of the reserve and recrea-
tional potential of natural complexes and human potential of urban settlements, taking into account the peculiarities
of their relationship with urban settlements, transport network, recreational infrastructure, functional fullness, com-
pleteness, degree of connectivity using the graph method.

Results. The creation of the proposed network of regional landscape parks will significantly improve the
preservation of 21 territorial communities, which is 38% of the territorial communities of the region. Of the 21 terri-
torial communities, 16 have a low preservation index. After taking into account the potential reserve, this indicator
increases by nine, and in some places by ten or more times (Vyshnivetska, Skala-Podilska, Bilobozhnytska,
Mykulynetska, Narayivska, Zborivska territorial communities). Three territorial communities will have a reserve in-
dicator of the European level (Zalozetska, Berezhanska, Chortkivska). Given the presence of significant natural and
historical and cultural recreational resources in them, there are all prerequisites for developing various types of rec-
reation and tourism. The presented maps of the reserve of territorial communities demonstrate that the creation of
promising 20 regional landscape parks significantly differentiates them in terms of reserve indicator. At the same
time, the reserve area in the region will increase, the reserve of the region will increase from 8.95% to 14.21%.

Conclusions. The proposed course of events contributes to the improvement of the territorial organization
of the reserve and ecological networks from the local to the regional levels, the activation of the tourist and recre-
ational activities of the economic sector, involving the potential of territorial communities in this sphere.

KEYWORDS: regional landscape park, reserve network, eco-network, degree of reserve, functional. op-
timization, territorial organization
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RESEARCH ON THE IMPACT OF WAR ON PROTECTED AREAS
OF SOUTHERN UKRAINE

Purpose. To conduct an integrated analysis of the dynamics and ecological consequences of wildfires on
Biriuchyi Island (Azovo-Syvash National Nature Park) between 2014 and 2024 using satellite monitoring tools. The
study aims to identify spatial and temporal patterns of fire occurrence, assess their impact on vegetation and fauna,
and highlight the environmental threats exacerbated by the ongoing occupation and lack of fire management.

Methods. The study utilized NASA FIRMS (MODIS and VIIRS sensors), Sentinel-2 data, Google Earth
Engine, and weather archives (RP5) to detect and map fire anomalies. Temporal-spatial analysis was performed
based on fire radiative power (FRP), thermal brightness, fire coordinates, and weather parameters. Multisource
data were integrated to validate fire events, and Sentinel-based NDVI changes were analyzed to assess vegetation
damage.
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Results. Two primary fire peaks were identified: June and August 2024. The highest FRP (35.15 MW) and
temperature (367 K) were recorded on June 10. Fires exhibited clear diurnal patterns— higher intensity during the
day and more detections at night. Vegetation loss and fire scars were confirmed via Sentinel imagery. Occupation-
related factors (lack of suppression, military activities) were linked to increased fire spread. Post-fire satellite data
showed significant degradation of native vegetation and fragmentation of habitats for deer, amphibians, and
migratory birds.

Conclusions. The fires on Biriuchyi Island have caused severe disruption to ecosystems through soil ero-
sion, vegetation loss, and trophic imbalance. Restoration requires urgent actions: wildlife population monitoring,
reforestation with native species, erosion control, and regulation of ungulate density. The use of satellite tools
proved essential for detecting small-scale fires and monitoring ecological dynamics in inaccessible territories.
Without active intervention, cascading degradation is likely, including microclimatic shifts and invasion of alien
species. A long-term management plan is needed to restore and protect this unique ecological area.

KEY WORDS: Biriuchyi Island, wildfire monitoring, satellite remote sensing, FRP, NDVI, ecosystem
degradation, ungulates, vegetation loss, fire dynamics, occupation, Google Earth Engine

Sk nmryBatu: Horoshkova L.A., Menshov O. L., Korniichuk Y. D., Horoshkov S. V., Golub O. A., Skryn-
chenko K. A. Research on the impact of war on protected areas of Southern Ukraine. Jlroouna ma oos-
kinns. [Ipobnemu neoexonoeii. 2025. Bur. 43. C. 124 — 146. DOI: https://doi.org/10.26565/1992-4224-
2025-43-10

In cites: Horoshkova, L.A., Menshov, O. I., Korniichuk, Y. D., Horoshkov, S. V., Golub, O. A., & Skryn-
chenko, K. A. (2025). Research on the impact of war on protected areas of Southern Ukraine. Man and
Environment. Issues of Neoecology, (43), 124 — 146. https://doi.org/10.26565/1992-4224-2025-43-10

Introduction

The consequences of the full-scale direct impacts such as combat damage,
invasion of Ukraine have significantly impacted landmines, pollution, disruption of the
various aspects of the environment, particularly hydrological regime, and uncontrolled human
the condition of protected natural areas. Nature intervention.
reserves, national parks, and other ecosystems Researching the consequences of war on
under special protection have come under threat this protected area is extremely relevant for
of destruction, degradation, or severe disruption assessing the current state of natural complexes,
of natural balance. Military actions have caused identifying the most vulnerable zones, and
soil, water, and air pollution, habitat destruct- developing scientifically based rehabilitation
tion, changes in the range of animal species, and measures. Furthermore, the results of such
the extinction of rare flora and fauna species. studies can serve as a foundation for updating

In wartime conditions, there is an nature protection policies in the context of post-
increasing need for comprehensive studies on war recovery, increasing environmental
the consequences of anthropogenic impact on awareness, and integrating ecological safety
natural resources and the preservation of into national security overall.
biodiversity. Such research is vital for develo- Biryuchyi Peninsula, which is part of the
ping strategies for environmental restoration, Azov-Syvash National Nature Park, is located
adapting conservation activities to crisis in the southern part of Kherson Oblast. This
conditions, and ensuring ecological security in area holds exceptional conservation value due
the post-war period. to its unique ecosystems, rich flora and fauna,

The Azov-Syvash National Nature Park and its importance for bird migration routes. As
is a unique natural site that plays a key role in a result of the Russian occupation, monitoring
preserving the biodiversity of Ukraine's the ecological condition of the Biryuchyi
southern region. Its territory includes important Peninsula and responding promptly to
ecosystems— lagoons, lakes, steppes, and salt environmental threats has become nearly
marshes— which serve as habitats for rare and impossible. This creates conditions for
endangered plant and animal species, as well as potentially irreversible losses to the natural
a globally significant bird migration zone. Due environment.

to military operations, the park has suffered
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Objects and Research Methods

The object of the study is the Biryuchyi
Peninsula, part of the Azov-Syvash National
Nature Park, specifically its coastal-steppe
ecosystems that have been affected by wildfires
since the beginning of the full-scale invasion.
Due to the temporary occupation of the NNP's
territory, the study of wildfires was conducted
using Sentinel-2 satellite imagery via NASA’s
observation tools through the Google Earth
Engine platform. This enabled the identification
of areas with increased thermal impact [1-2].

The main tool for data processing
is Google Earth Engine (GEE)- a cloud-based
platform that allows users to work with large
volumes of satellite images and conduct real-
time analysis. The study utilized fire data from
NASA’s FIRMS (Fire Information for Resource
Management System), which provides up-to-
date information on thermal anomalies detected
by MODIS and VIIRS satellites.

The methodology for wildfire detection
using satellite data is a complex, multi-stage
process that includes the collection, processing,
and analysis of data from various sensors, such
as MODIS, VIIRS S-NPP, VIIRS NOAA-20,
and VIIRS NOAA-21. Each of these satellite
instruments has unique characteristics that
influence the accuracy, completeness, and
timeliness of fire detection.

For example, the VIIRS satellite has a
higher spatial resolution compared to MODIS,
enabling it to detect even smaller fire sources.
Additionally, VIIRS observes both during the
day and at night, unlike MODIS, which mainly
focuses on daytime imaging. This gives VIIRS
the ability to record fires across a wider time
range. Furthermore, VIIRS sensors have
increased sensitivity to thermal radiation,
enhancing their capability to detect even
relatively low-intensity fires.

The MODIS satellite, in turn, has a
somewhat lower spatial resolution but
compensates for this with a wider field of view,
which allows it to conduct global wildfire
monitoring. One of MODIS’s advantages is its
long history of observations, as the satellite has
been operating since 2000, enabling the analysis
of multi-year data. Additionally, MODIS has

better radiometric accuracy and calibration
characteristics, which enhance the reliability of
the measurements obtained. Despite its
advantages, MODIS still falls short of VIIRS in
certain aspects, such as resolution and
observation frequency.

The analysis of satellite data on fires is
based on evaluating several key parameters. One
of the main ones is surface temperature, recorded
in Kelvins, which serves as an indicator of fire
intensity. The higher the temperature, the more
powerful the fire. Another important indicator is
FRP (Fire Radiative Power), measured in
megawatts. It reflects the thermal radiation
power of a fire. FRP values are considered
directly proportional to fire intensity. High FRP
values indicate large-scale fires, while low
values point to less intense fire outbreaks. FRP
can also be used to estimate the rate of vegetation
burning and carbon emissions into the
atmosphere during fires. This information is
important for modeling the impact of fires on
ecosystems and the global climate. It should also
be noted that FRP values may vary depending on
many factors, such as weather conditions,
vegetation types, and others. Therefore, it is
necessary to consider the specific context when
interpreting this parameter.

The analysis was carried out by processing
satellite data and subsequently visualizing them
in Google Earth Engine. The geometry of the
study area was created, and key fire activity
zones were identified. To assess the dynamics of
fires, data were filtered by year, which made it
possible to track changes in fire intensity in the
area under study. The results were visualized
using color coding: red indicated high fire
intensity, orange — medium, and yellow — low.

Additionally, spatial analysis methods
were used to identify patterns in the distribution
of fires. This made it possible to determine
potential factors influencing fire occurrences and
to assess the scale of their spread. Thanks to the
integration of satellite data and Google Earth
Engine tools, an objective picture of fire activity
in the region was obtained, which is important
for making management decisions in the field of
environmental protection.

Results and Discussion

The Azov-Syvash National Nature Park
was established by the Decree of the President
of Ukraine dated February 25, 1993, No. 62/93,

on the basis and within the existing boundaries
of the Azov-Syvash nature and hunting reserve
and its protected zone with the water areas of
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the Central Syvash and the Sea of Azov. Ad-
ministratively, the Azov-Syvash National Na-
ture Park is subordinated to the State Admin-
istration of Affairs of the President.

The idea of reserving these territories
arose at the end of the 19th century due to their
unique natural significance. In 1927, a separate
reserve “Seaside Spits” was created under the
Askania-Nova reserve, which later turned into
the Azov-Syvash Reserve. In 1933, the reserve
was divided into the Black Sea and Azov-
Syvash. In 1957, the latter was reorganized into
a nature and hunting reserve, and in 1975 its ter-
ritory received international status as an im-
portant nesting site for waterfowl. In 1993,
based on the nature and hunting reserve, the
modern national park was created.

The territory of the park is located in the
southeast of the administrative Kherson region
within the Henichesk and Novotroitsk adminis-
trative districts and has an elongated east-west
configuration, which is also defined by the con-
figuration of the coastline of the Syvash Bay
and the Sea of Azov. Geographically, the terri-
tory of the park consists of two parts separated
from each other — the Syvash and the Azov. The
Syvash part occupies the northern part of the
Central Syvash and borders in the south with the
Crimean Peninsula, and in the north along the
shoreline of the Syvash Bay. An exception is the
Serhiivsky and Novodmytrivsky estuaries and a
number of ponds that are separated from the
main water area by dams. The lands adjacent to
the park along the shoreline, as well as parts of
the Churyuk and Kuyuk-Tuk islands, are used
by village and farming households. The Azov
part is located in the water area of the Sea of
Azov and is represented by the Biryuchyi Pen-
insula and a one-kilometer strip around it. In
2018, during the development of the “Territory
Organization Project...” the area of the Azov-
Syvash National Nature Park was clarified,
which now amounts to 52581.6774 ha. The en-
tire territory of the park, according to the latest
“Territory Organization Project,” is divided into
the following functional zones: 1) reserve —
39196.07 ha. Any economic and recreational
activity is prohibited here, with rare exceptions.
It includes: a) Churyuk Island — 898.7 ha, b)
Kuyuk-Tuk Island — 255.3 ha, ¢) Martynyachyi
Island — 7 ha, d) part of the Syvash Bay — 37785
ha, e) Biryuchyi Spit — 250 ha; 2) regulated rec-
reation — 618 ha. It includes the territory: a) Bi-
ryuchyi Spit — 318 ha, b) water area of the Sea
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of Azov around Biryuchyi Spit — 300 ha; 3) sta-
tionary recreation — 49 ha of the Biryuchyi Spit.
The last two zones are intended for recreation.
Here it is allowed to establish tourist routes,
ecological trails; 4) economic zone — 12718.6 ha
(mostly located on the territory of the Biryuchyi
Spit).

Here shooting and trapping of wild ani-
mals, sports, hunting and nature tourism, fish-
ing, limited subsidiary farming, construction,
grazing of livestock are allowed — in other
words, economic activity within reason. It also
includes the water areas of the estuaries adja-
cent to Biryuchyi: Muzhychyi, Yamkivskyi,
Olen, Ozerskyi, Vershynskyi, Bukhta with a to-
tal area of 632 ha, part of the water area of the
Syvash Bay and a one-kilometer strip of the wa-
ter area of the Utliuk estuary and the Sea of
Azov. According to the landscape zoning
scheme, the territory of the Azov-Syvash Na-
tional Nature Park belongs to the Prysyvash-
Pryazov dry steppe lowland landscape area. The
landscape structure of this area has formed un-
der the influence of climatic conditions, vegeta-
tion characteristics, air mass action, relief, com-
position of underlying rocks, soil-forming pro-
cesses, and geological-geomorphological activ-
ity of the sea. This area is distinguished by the
following features: minimal atmospheric pre-
cipitation, high evaporation rates, low relative
air humidity, and almost complete absence of
surface runoff.

The Azov-Syvash National Nature Park
is one of the most valuable natural areas of the
Azov region. Its landscape combines steppe ar-
eas, salt flats, and significant water areas of the
Sea of Azov, Syvash Lake, and the Utliuk estu-
ary. Only one-sixth of the territory is land, and
the rest is occupied by aquatic ecosystems that
are of great importance for the region’s biodi-
versity. The climatic conditions of the park are
characterized by a long hot summer with tem-
peratures up to +40°C and a short winter with
minimal precipitation. The average temperature
in January is -3°C, although it can drop to
--34°C. The territory of the park is one of the
driest in Ukraine, with an average annual pre-
cipitation of about 260 mm. This creates spe-
cific conditions for the formation of steppe and
salt-marsh vegetation adapted to the arid cli-
mate. The reserve zone of Central Syvash is rep-
resented by lagoon ecosystems that are periodi-
cally flooded by sea waters, forming a complex
hydrological regime.
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Accordingly, the vegetation of this part of
the park includes saltmarsh grass, spreading
glasswort, half-shrub sea lavender and other
halophilic species. This territory is also an im-
portant site for bird concentrations, especially
during seasonal migrations. Biryuchyi Island,
which is actually a spit with an area of 7232 ha
and stretches for 20 km, was formed by the ac-
cumulation of sand and shells. Its coastline is
indented by numerous bays and lagoons, creat-
ing favorable conditions for the development of
aquatic flora and fauna. Small lakes are located
along the coast, and the island's climate is mod-
erately continental with a long hot summer. The
soils of the island are mainly meadow, sod and
saline, and the vegetation cover is represented
by littoral, sandy-steppe, salt-meadow, coastal-
aquatic communities, as well as artificial forest
plantations. It should be noted that Biryuchyi is
more appropriately considered a peninsula, as it
has a permanent land connection with the main-
land via the Fedotov Spit. This connection is
only occasionally interrupted for a short time
due to storm events.

The plant world of Biryuchyi is mainly
represented by meadow and sandy-steppe spe-
cies, among which vascular plants dominate —
reed, rush, couch grass. In the 1970s-80s, artifi-
cial forest plantations were created here with a
total area of 232 ha, which included narrow-
leaved oleaster, elm, robinia, and ash. The fauna
of the island includes various species of even-
toed ungulates, in particular red deer, fallow
deer, kulans, mouflons, and even domestic
horses. In addition, foxes and raccoon dogs live
here, and among birds — pheasants. It is im-
portant to note that most of the species were ac-
climatized, since by the beginning of the 20th
century the fauna of Biryuchyi was relatively
poor. On Biryuchyi Island, some animal species
were successfully acclimatized, in particular
fallow deer and pheasants, as well as reacclima-
tized Askanian steppe deer, mouflon, and saiga.
Thanks to favorable natural conditions, these
species have adapted well to local ecosystems,
enriching the biodiversity of the park. Given the
limited economic activity, which is constrained
both by natural factors (isolation of the territory,
saline soils, lack of permanent population) and
by environmental restrictions (protected zone
status), the natural landscapes of the Azov-
Syvash National Nature Park remain almost un-
touched. An exception is part of the Biryuchyi
Peninsula — the territory around the lighthouse,
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the village of Sadky, and the border areas,
where park employees carry out limited man-
agement: haymaking, livestock grazing, culti-
vation of household plots. In addition, the area
of artificial forest plantations on Biryuchyi
should be considered transformed, as forest eco-
systems are not typical for local landscape con-
ditions. At the same time, these plantations en-
rich the natural structure of the territory, creat-
ing new ecological niches for the habitation and
concentration of living organisms. Afforesta-
tion on the Biryuchyi Peninsula has a long his-
tory. The first plantings, including pyramid
poplar and Bolle poplar, white mulberry, black
locust, and narrow-leaved oleaster, were
planted as early as 1914. Although the initial re-
sults were promising, further greening efforts
were resumed only in 1957. Then, in addition to
the already mentioned species, many new trees
were planted — common quince, small-leaved
elm, box elder, western plane, balsam poplar,
green ash, as well as several species of willows
(brittle, Babylonian, and white).

Among the shrubs were planted privet,
felt cherry, Tatar honeysuckle, cornelian cherry,
white dogwood, smoke tree, and golden currant.
However, due to the unsuccessful choice of
plots and the use of standard technologies in dif-
ficult natural conditions, the desired result was
not achieved. In 1958, under the leadership of
Professor O.L. Belgard, O.A. Fedorko began
work on creating protective coverts for pheas-
ants in the form of ribbon-rectangular forest
plantations 20-50 meters wide. Within this pro-
ject, 116 species of woody-shrub plants were
tested, including 53 tree species and 63 shrub
species.

The planting method involved forming
clumps of trees, with strips of shrubs placed
along the edges. At that time, valuable forest ar-
eas were formed on an area of 650 hectares.
Over the past 40 years, about half of such cov-
erts have disappeared. Of the 51 tree and shrub
species that have survived, most are in de-
pressed or only satisfactory condition. The best
preserved are plantings of silver and narrow-
leaved oleaster, common black locust, various
species of poplar (white, Bolle, Canadian,
black), common oak, eastern plane tree, Vir-
ginia juniper, common ash, black mulberry, and
smooth elm. In addition to the coverts, separate
forest areas and park zones were established on
the territory of the Sadky village estate. The
largest areas — over 200 hectares — are occupied
by monocultures of narrow-leaved and silver
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oleaster. In general, the condition of plantations
created in the period 1965-1980 (common oak,
green ash, narrow-leaved oleaster, smooth elm,
four-stamen tamarisk) is assessed as satisfactory.

The occupation of the territory and mili-
tary actions since 2022 have caused irreparable
damage to the natural ecosystems of the na-
tional park in general and to the Biryuchyi Pen-
insula in particular. The loss of protected status,
destruction of fauna and flora, as well as inter-
ference in natural processes may have long-
term consequences that will require significant
efforts for restoration in the future. Some con-
sequences of the war's impact have been studied
by us in the works. In order to determine the im-
pact of fires on the ecosystem of the Biryuchyi
Peninsula since the beginning of the full-scale
invasion, we conducted studies of thermal
anomalies using satellite data.

Within the framework of the study, satel-
lite data on thermal anomalies recorded in the
period from 2014 to 2024 in the area of the
northern coast of the Sea of Azov, in particular
in the vicinity of Biryuchyi Island, were system-
atized. The data were obtained from the open
NASA FIRMS (Fire Information for Resource
Management System) platform and cover key
parameters of each hotspot: date and time of de-
tection, geographic coordinates, brightness and
temperature of radiation, FRP (Fire Radiative
Power), as well as the part of the day. The anal-
ysis of the obtained indicators makes it possible
to assess the dynamics of fire occurrences, their
intensity and potential connection with weather
conditions, economic activity, or other anthro-
pogenic factors. Tables 1 and 2 presented form
the basis for further spatiotemporal analysis of
fire activity in the study area during 2014-2021.

The analysis of Tables 1 and 2 showed
that during the period from 2014 to 2021,
wildfires occurred at certain locations (with
observable recurrence) but were of short
duration. They took place both in the steppe
zone of the island and within its territory.

Particular attention should be paid to the
period from 2022 to 2024, since the territory, as
noted, was occupied, and it was appropriate to
analyze the situation specifically during this
time. From 2022 to 2024, a number of wildfires
of varying intensity, spread patterns, and
temporal dynamics were recorded in the area
near Biryuchyi Island.

Figure 1 shows the spatial intensity of
thermal anomalies recorded in 2022 within the
northern coast of the Sea of Azov, with a focus
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on Biryuchyi Island and adjacent areas of
Henichesk District. The data are visualized
based on satellite observations from the NASA
FIRMS platform, which detects thermal
radiation sources (wildfires) through spectral
analysis.

The color gradation of pixels (from
yellow to red-orange) indicates the density and
frequency of thermal events. A high concent-
ration of anomalies is observed in the north-
western part of the image — this indicates a
significant number of fires or thermal processes
of technogenic or natural origin. Biryuchyi
Island, marked with a green square, is relatively
less affected; however, several hotspots have
also been recorded in its northeastern part,
suggesting a potential spread of wildfire activity
into the nature reserve area.

Google Earth Engine (GEE) is a cloud-
based platform that allows working with large
volumes of satellite imagery and performing
real-time analysis. Within the framework of the
study, a dataset was used MODIS and VIIRS.

The use of fire data from NASA’s
FIRMS (Fire Information for Resource
Management System) did not provide informa-
tion on wildfire characteristics during 2022.
This may be due to the absence of data on
thermal anomalies recorded by the VIIRS
satellite.

At the same time, the application of the
data processing tool Google Earth Engine
(GEE), which provides information on burned
areas detected by MODIS and VIIRS satellites,
made it possible to identify the following results
throughout 2022 (Fig. 2).

In 2022, it was not possible to obtain data
for the winter months— January and February—
due to the lack of suitable satellite images with
low cloud cover. The first signs of burning were
recorded in March, with an estimated burned
area of approximately 0.14 km?. In April, fire
activity increased, and the burned area reached
0.66 km?, making it the second most intense
month of the year. In May and June, activity
decreased, with burned areas of 0.006 km? and
0.014 km?, respectively. The highest level of
fire activity was observed in July, when the
burned area exceeded 1.19 km?- this was the
peak month by all indicators. In August, the
burned area significantly decreased to 0.012
km?, and from September to December, only
isolated or minor fire outbreaks were recorded,
with monthly burned areas of less than 0.01
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Table 1

Thermal anomalies (wildfires) based on NASA FIRMS satellite monitoring in the northern
Pryazovia region (Biryuchyi Island) during 2014-2018 (Suomi NPP satellite, VIIRS instrument)

Date Time Coordinates Brightness, | Temperature, | FRP, MW Time
°K °K of Day
2014 year ‘
25.02.2014 09:36 35.19423°, 46.08587° 332.82 299 4.7 day
16.05.2014 09:38 35.09446°, 46.07539° 339.2 311.24 11.14 day
2015 year ‘
30.04.2015 10:33 35.12894°, 46.1455° 339.14 314.05 6.21 day
08.05.2015 23:45 35.19014°, 46.07806° 304.62 284.49 2.16 night
22.05.2015 22:42 35.05461°, 46.07613° 309.18 291.54 1.1 night
11.06.2015 23:07 35.15404°, 46.15062° 317.6 290.53 1.18 night
13.09.2015 09:42 35.20778°, 46.09476° 348.46 321.08 17.22 day
2016 year
29.05.2016 10:24 35.1572°,46.18586° 346.56 318.99 8.78 day
10.06.2016 22:20 35.14247°, 46.15843° 301.18 289.29 0.7 night
07.06.2016 22:50 35.15163°,46.20123° 312.53 293.86 1.36 night
23.11.2016 22:07 35.07772°, 46.07906° 332.95 275.25 4.45 night
25.11.2016 09:08 35.13446°,46.19335° 326.63 289.93 2.56 day
2017 year
13.06.2017 22:18 35.16241°, 46.15647° 313.29 310.29 0.93 night
17.06.2017 22:44 35.13104°, 46.15343° 302.91 303.91 0.71 night
20.06.2017 09:26 35.16985°, 46.17682° 355.30 356.30 17.54 day
01.07.2017 09:19 35.15219°,46.14613° 342.98 343.98 7.49 day
03.12.2017 23:16 35.03753°,46.17597° 304.54 305.54 1.00 night
2018 year
20.06.2018 10:22 35.16138°,46.1436° 344.08 317.47 8.44 day
03.07.2018 23:40 35.20909°, 46.09457° 320.98 298.63 3.72 night
07.07.2018 22:25 35.15823°,46.14952° 304.76 292.12 1.25 night
03.08.2018 22:19 35.15622°, 46.10986° 305.0 294.92 0.99 night
03.09.2018 10:16 35.12032°, 46.08723° 350.08 321.3 16.53 day
13.09.2018 22:51 35.2088°, 46.18575° 314.69 293.33 1.38 night
Compiled by the authors based on source [1].
km?. Thus, the main fire activity occurred in the Biryuchyi Island — a nature reserve site.

spring-summer period, with a peak in July.
Similar studies were continued for 2023.
Figure 3 presents satellite mapping of
thermal anomalies in the southern part of
Zaporizhzhia and the eastern part of Kherson
regions for the period from January to
December 2023. The image was created using
NASA FIRMS data, which reflect active fire
hotspots (thermal anomalies) with spatial
distribution of intensity. As in the previous
image, the green square marks the area of
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Regarding the protected zone— Biryuchyi
Island— thermal anomalies were also recorded
within or near it, posing a threat to natural
ecosystems. This expansion of fire activity may
be linked to changes in climatic conditions (an
increase in average daily temperature, a
decrease in precipitation), as well as
complications in environmental monitoring
during wartime. Therefore, the year 2023 is
characterized by increased intensity and
territorial coverage of wildfires, which creates
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Table 2

Thermal anomalies (wildfires) based on NASA FIRMS satellite monitoring in the northern
Pryazovia region (Biryuchyi Island) during 2019-2021 (Suomi NPP satellite, VIIRS instrument)

Date Time Coordinates Brightness, | Temperature, | FRP, MW Time
°K °K of Day
2019 year
02.06.2019 22:38 35.16323°,46.15553° 307.07 307.07 0.92 night
14.06.2019 09:51 35.11017°, 46.11028° 367.00 367.00 15.15 day
14.06.2019 22:13 35.08490°, 46.12121° 341.50 341.50 7.48 night
15.06.2019 09:32 35.09468°, 46.11148° 347.75 347.75 24.35 day
16.06.2019 10:54 35.09716°, 46.08716° 341.01 341.01 11.94 day
04.08.2019 10:35 35.16127°,46.17272° 348.12 348.12 6.90 day
14.08.2019 10:48 35.19474°,46.16037° 367.00 367.00 26.60 day
13.09.2019 22:06 35.21069°, 46.11153° 330.11 330.11 4.33 night
2020 year
26.06.2020 22:25 35.08144°, 46.09064° 318.21 297.2 4.23 night
28.06.2020 09:25 35.0776°, 46.11045° 344.38 316.5 18.68 day
28.06.2020 21:47 35.06363°, 46.12894° 312.27 294.85 3.36 night
30.06.2020 08:48 35.08916°, 46.15711° 334.11 334.11 21.39 day
30.06.2020 22:50 35.06333°, 46.15044° 310.4 348.17 1.38 night
30.06.2020 23:53 35.0659°, 46.07281° 307.77 346.34 4.73 night
01.07.2020 09:57 35.12608°, 46.19098° 367.00 336.21 8.69 day
2021 year
09.04.2021 22:43 35.16703°, 46.10798° 311.59 282.03 1.24 night
24.04.2021 10:41 35.16858°, 46.14602° 367.00 316.51 3.35 day
25.04.2021 10:22 34.98259°, 46.17447° 333.37 308.06 4.36 day
25.04.2021 22:43 34.9863°, 46.08393° 304.83 288.38 0.57 night
04.06.2021 21:53 35.14074°, 46.16631° 315.01 291.81 1.94 night
05.06.2021 09:13 35.13234°,46.16674° 341.16 315.91 2.34 day
24.06.2021 09:57 35.13001°, 46.19447° 367.00 327.22 8.69 day
25.06.2021 09:38 35.17773°,46.21025° 321.02 351.61 13.9 day
21.07.2021 22:13 35.06557°, 46.09747° 312.12 299.18 3.01 night
22.07.2021 09:32 35.06585°,46.1017° 351.87 320.45 10.16 day

Compiled by the authors based on source [1].

additional environmental risks for coastal and
protected areas of the Azov-Black Sea region.
Satellite data recorded a wildfire on the
southeastern coast of the Biryuchyi Peninsula
from July 4 to July 10, 2023. The affected zones
are clearly visible in the imagery using NDVI,
indicating vegetation cover degradation. The
results of the conducted analysis indicate a
significant deterioration in the ecological
condition of the study area due to military
occupation. Since the occupation began, the

effectiveness of fire suppression has noticeably
decreased, and systematic care of protected
areas, particularly in the Biryuchyi Island
region, has almost completely ceased. This has
created preconditions for large-scale seasonal
wildfires affecting both natural and agricultural
landscapes.

During the analysis of satellite data from
NASA's FIRMS system, two main periods of
fire activity were recorded in the study area — in
June and September (Table 3).
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Fig. 1 — Condition of the selected area from January 2022 to December 2022.
Compiled by the authors based on source [2].

Burned Area per Month (km?) in 2022:
~List (12 elements)

*08: Object (2 properties)
burned_area_km2: null
month: 1

=1: Object (2 properties)
burned_area_km2: null
month: 2

=2: Object (2 properties)
burned_area_km2: 0.13863764069608803
month: 3

~3: Dbject (2 properties)
burned_area_km2: 0.6597645292834713
month: 4

~4: Object (2 properties)
burned_area_km2: 0.0086233703918457031
month: 5

~5: Object (2 properties)
burned_area_km2: 0.01432473016357422
month: 6

~6: Object (2 properties)
burned_area_km2: 1.1897405258789062
month: 7

~7: Object (2 properties)
burned_area_km2: 0.012470583984375
month: 8

*8: Object (2 properties)
burned_area_km2: 0.0006238674926757812
month: 9

*9: Object (2 properties)
burned_area_km2: 0.0006240060424804688
month: 10

*10: Object (2 properties)
burned_area_km2: 0.08934088555908203
month: 11

*11: Object (2 properties)
burned_area_km2: 0.0006233760986328125
month: 12

Fig. 2 — Burned Area in 2022
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Fig. 3 — Condition of the selected area from January 2023 to December 2023
Compiled by the authors based on source [2].

Table 3
Thermal anomalies (wildfires) based on NASA FIRMS satellite monitoring in the northern Pryazovia
region (Biryuchyi Island) during 2023 (Suomi NPP satellite, VIIRS instrument)

Date Time Coordinates Brightness, | Temperature, | FRP, MW | Time
°K °K of Day
2023 year
06.06.2023 23:11 35.07536°,46.1778° 302.36 288.91 0.39 night
06.06.2023 23:11 35.07462°, 46.1813° 300.33 28791 0.39 night
08.06.2023 22:33 35.06746°, 46.19642° 290.72 310.44 1.52 night
10.09.2023 23:10 35.11687°, 46.16344° 320.04 295.22 1.91 night
11.09.2023 08:50 35.11636°, 46.17956° 340.52 312.29 12.88 day
11.09.2023 10:30 35.12804°, 46.15277° 354.85 320.19 16.43 day
11.09.2023 22:51 35.13182°, 46.14058° 294.86 305.66 1.6 night

In 2023, the first fire outbreaks were
recorded from June 6 to 8, mostly at night, with
low Fire Radiative Power (FRP) values ranging
from 0.39 to 1.52 MW, indicating small,
localized fires.

Significantly higher activity was recorded
in September 2023, particularly on September
11, when a fire during the daytime reached a
temperature of up to 320.19 K, brightness of
354.85 K, and an FRP of 16.43 MW, indicating
intense burning. On the same morning, another
powerful fire with an FRP of 12.88 MW was also
detected. These events indicate a high fire hazard
at the end of summer and the beginning of
autumn.

Unlike June, the fires in September
(September 10-11) were of a completely
different nature — 17 detections were recorded,
covering a broader area between 35.10-35.13°N
and 46.14-46.18°E, with an estimated area of
about 3 km?. These fires alternated between night

and day phases and showed sharp fluctuations in
intensity. The daytime burning temperature
reached 354.85 K, the highest value during the
observed period, and the FRP peaked at 16.43
MW — a record value recorded twice on
September 11.

June fires showed consistently low
intensity and were detected with nominal
confidence. In contrast, September fires
exhibited high variability in intensity even within
a single day, with a peak in activity in the
morning and daytime hours of September 11. On
this day, a sharp increase in fire intensity was
recorded, followed by a rapid decline in the
evening. Some daytime detections had mixed
confidence levels due to high aerosol
concentrations and possible interferences
affecting the accuracy of satellite data.

Spatially, the June and September fire
outbreaks did not overlap — they were located in
different areas approximately 4-5 km apart. All
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fires had a clustered pattern, forming compact
groups, which indicates local conditions for fire
ignition, likely caused by human activity or
uncontrolled processes on abandoned land plots.

In conclusion, NASA FIRMS data clearly
captures changes in the intensity and spatial
characteristics of wildfires in the second half of
2023 and demonstrates the increased risks
associated with declining land management
effectiveness. This further underscores the

importance of satellite monitoring for detecting
and assessing the dynamics of both natural and
human- induced fires.

The use of the Google Earth Engine
(GEE) tool made it possible to obtain
information on burned areas in 2023, as recorded
by MODIS and VIIRS satellites. As in the
previous case, combining information from both
sources allowed for an expanded understanding
of the fire events (Fig. 4).

Burned Area per Month (km?) in 2023:
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Fig. 4 — Burned Area in 2023

In 2023, wildfire activity on Biryuchyi
Island showed a clear seasonal dynamic with a
sharp peak in spring. No data were available for
January and February, likely due to unfavorable
weather conditions and high cloud cover that
prevented the acquisition of suitable satellite
imagery. In March, an exceptionally large
burned area was recorded — over 14.4 km?, which
represents the absolute maximum for the year. In
April, the figure dropped sharply to 0.043 km?,
and in May it slightly increased to 0.10 km?. June
saw another significant increase in burned area to
over 1.18 km?, after which no burning events
were recorded in July. In August, September, and
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October, only minor traces of fire activity were
detected, with monthly burned areas less than
0.003 km?. In November, the burned areca was
approximately 0.045 km?, and in December —
around 0.028 km?2 Overall, 2023 was
characterized by abnormally high fire activity in
March, less intense episodes in June, and isolated
fires during other months.

An analysis of NASA FIRMS thermal
anomaly (wildfire) data based on satellite
monitoring of Biryuchyi Island using the Suomi
NPP satellite and VIIRS instrument is presented
in Table 4.



ISSN 1992-4224 Jlropuna Ta nokimns. [Ipobaemu neoekonorii. 2025. Bumyck 43

Table 4

Thermal anomalies (wildfires) based on NASA FIRMS satellite monitoring in the northern Pryazovia
region (Biryuchyi Island) during 2024 (Suomi NPP satellite, VIIRS instrument)

Date Time Coordinates Brightness, | Temperature, | FRP, MW | Time
°K °K of Day
2024 year
04.06.2024 22:44 35.10315°,46.20099° 316.8 207.12 2.38 night
06.06.2024 22:06 35.09619°, 46.18369° 316.88 293.57 4.65 night
06.06.2024 23:46 35.09515°,46.18308° 307.97 202 .86 3.04 night
07.06.2024 09:26 35.08377°,46.20878° 340.79 300.93 5.07 day
08.06.2024 09:07 35.07297°,46.19811° 367.00 307.11 7.42 day
08.06.2024 10:48 35.07441°, 46.21264° 310.09 367.00 9.33 day
08.06.2024 23:09 35.06923°,46.21117° 204.73 327.04 2.68 night
09.06.2024 08:48 35.0585°, 46.20996° 345.48 300.91 7.33 day
09.06.2024 10:29 35.057°, 46.20673° 317.82 355.77 20.17 day
09.06.2024 22:50 35.06757°, 46.11308° 268.60 312.63 1.63 night
10.06.2024 10:10 35.04699°, 46.09775° 339.59 309.68 4.09 day
10.06.2024 22:31 35.03495°, 46.08949° 201.48 317.44 1.87 night
11.06.2024 22:12 35.02854°, 46.09764° 291.70 306.25 1.79 night
12.06.2024 21:53 35.032°,46.10518° 291.25 301.53 1.17 night
12.06.2024 09:32 35.02376°, 46.10268° 308.69 341.22 16.16 day
13.06.2024 09:13 35.0119°,46.11203° 305.93 347.58 4.48 day
14.06.2024 10:35 35.04836°, 46.20476° 311.14 367.00 15.42 day
02.07.2024 09:57 35.19245°,46.17499° 317.45 346.86 7.40 day
10.08.2024 09:26 35.15236°,46.14219° 317.62 346.2 7.35 day
19.08.2024 09:58 35.19637°,46.15812° 323.25 348.35 18.52 day
17.10.2024 22:12 35.02831°, 46.13974° 293.67 321.06 2.75 night
24.10.2024 23:22 35.21137°, 46.09368° 277.76 296.84 0.98 night

In 2024, activity began in early June.
From June 4 to 7, mostly nighttime fires with
moderate intensity were recorded, with FRP
reaching up to 4.65 MW, concentrated
geographically near 46.18-46.21°E. From June
8 to 9, the situation escalated — a series of
powerful daytime fires were recorded with FRP
up to 20.17 MW and temperatures above 350 K,
indicating large— scale burning. The highest
recorded FRP value occurred on June 9,
possibly signaling the ignition of a significant
area of dry vegetation. Activity continued
through June 14, with a daytime fire on the 14th
reaching a temperature of 367 K and FRP of
15.42 MW — one of the most intense events in
the entire observation period.

In July and August 2024, intense fires
with FRP exceeding 7 MW were also recorded,
with a peak of 18.52 MW on August 19. Later

in autumn, in October 2024, nighttime fires with
moderate intensity (up to 2.75 MW) were
observed, which may have been caused by both
natural factors and human activity.

In summary, wildfire activity during this
period demonstrates a rising trend in the spring—
summer season, with peaks in June and August.
This underlines the importance of continuous
monitoring to prevent environmental threats,
especially under conditions of arid climate and
possible anthropogenic influence.

Between June 4 and June 14, 2024, the
study area experienced prolonged wildfire
activity characterized by a distinct phased
development and spatiotemporal dynamics. The
initial ignition was recorded on June 4 at 22:44
at coordinates 35.09-35.10°N and 46.19-
46.20°E. In the following days, active burning
zones gradually shifted toward the southwestern
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sector  (35.00-35.08°N,  46.08-46.21°E),
accompanied by increased thermal radiation
intensity (FRP) and burning temperatures.

The main development phase occurred
from June 8 to 10, peaking on June 10 at 10:10
at coordinates 35.04699°N, 46.09775°E, where
the maximum FRP reached 35.15 MW, the
burning area temperature was 309.68 K, and
brightness was 339.59 K. This represents the
highest energy output recorded during the entire
observation period.

The daily dynamics of the fire displayed
a typical natural pattern: higher FRP values
were recorded during daylight hours (average
~8-12 MW), while nighttime activity decreased
to around 2-3 MW. However, more detections

occurred at night due to improved visibility for
satellite sensors. Temperature readings ranged
from 300.9 K to 367 K, with typical daytime
values of 340-355 K and nighttime values of
305-320 K.

Following the peak intensity on June 10,
the fire’s energy gradually declined, marking
the decay phase (June 11-14). During this time,
the active burning zone shifted eastward (to
coordinates 35.04-35.05°N, 46.20°E). A new
isolated flare— up was recorded on July 2 at
coordinates 35.19°N, 46.17°E, indicating a
possible re— ignition or residual smoldering of
organic matter.

The spatial concentration of fire activity
is shown in Fig. 5.

Fig. 5 — Largest Wildfires Recorded During the Occupation on Biryuchyi Island
Compiled by the authors based on source [17].

Thus, the wildfires of June 2024 exhibited

a complex development structure, with a
sequential ~escalation of intensity, spatial
expansion, a clear daily rhythm, and the
conclusion of the main active phase within ten
days. The highest temperatures and FRP values
were recorded during daylight hours, while the
nighttime phase provided detailed satellite data
necessary for reconstructing the full dynamics of
the wildfire.

Based on Sentinel- 2 (Copernicus) satellite
imagery from August 2024, a large— scale wildfire
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was detected on Biryuchyi Island, covering a
significant portion of its territory. The first signs
of fire activity were observed on August 3, the
intensity peaked on August 8, and active fire spots
persisted through August 18-19. The images
clearly show areas affected by thermal damage
corresponding to hotspots of high temperature and
burning (Fig. 6-8).

The wildfires were accompanied by
thermal anomalies, with a maximum temperature
reaching 348.35 K (on August 19) and fire
radiative power (FRP) up to 18.52 MW. This is
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Fig. 6 — Wildfires on Biryuchyi Island, August 3, 2024
Compiled by the authors based on source [1].
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Fig. 7 — Wildfires on Biryuchyi Island, August 8, 2024
Compiled by the authors based on source [1].

confirmed by NASA FIRMS data, where these
events were recorded as distinct, high—
temperature daytime hotspots. In particular, the
wildfire on August 10 (09:26) at coordinates
35.15236°N, 46.14219°E was accompanied by a
temperature of 346.2 K and an FRP of 7.35 MW.
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Throughout 2024, the overall pattern of fire
load was as follows:

No fires were detected from January
through May.

June accounted for the primary wave of
detections, with 181 cases.
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Fig. 8 — Wildfires on Biryuchyi Island, August 18, 2024
Compiled by the authors based on source [1].

July saw only 3 minor episodes.

The August outbreak was the second
most intense.

October recorded 3 fire hotspots.

In autumn and early winter, fire activity
gradually declined.

The temporal dynamics of the fires showed
a typical diurnal pattern: intensity was higher
during the day, but the total number of nighttime
detections was greater due to higher contrast in the
infrared spectrum. Spatially, the hotspots shifted
from the eastern part of the island toward the
center and then closer to the southwestern section,
forming a clustered burn pattern.

The temperature range was consistent
with natural burning of dry vegetation: from
3009 K to 367 K. Daytime temperatures
typically reached 340-355 K, while nighttime
temperatures did not exceed 320 K. Average
daytime FRP ranged from 8 to 12 MW, while
nighttime values were around 2-3 MW.

Taken together, this data indicates
significant wildfire activity on Biryuchyi Island in
August 2024, confirmed by both remote sensing
data from Sentinel- 2 and NASA FIRMS
observations. The scale and duration of the fires
suggest a serious ecological impact on the island's
ecosystem, especially under conditions of limited
fire  management and restricted access for
suppression efforts due to occupation.
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The use of the Google Earth Engine
(GEE) tool enabled the acquisition of
information about burned areas in 2024, as
recorded by MODIS and VIIRS satellites. As in
the previous case, combining data from both
sources allowed for a more comprehensive
understanding of the wildfire events (Fig. 9).

In 2024, Biryuchyi Island experienced
relatively moderate but traceable wildfire
activity, marked by several periods of increased
intensity. As early as January, a small burned
area of approximately 0.004 km? was recorded.
In February and March, no data were available,
likely due to cloud cover or the lack of high—
quality satellite images. In April and May,
burned areas remained minimal— 0.013 km? and
0.0087 km?, respectively. In contrast, June saw
a sharp rise in activity, with over 1.63 km?
burned, making it one of the two peak months
of the year.

In July, the burned area dropped again to
0.0012 km?, but in August it increased to over
0.2 km?. September showed a more moderate
figure of 0.061 km?. October marked the second
and most intense peak of the year, with a burned
area exceeding 1.85 km?- the highest recorded
monthly value. In November, wildfire activity
nearly ceased (0.0006 km?), but in December, it
rose again to 0.179 km?.
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Burned Area per Month (km?) in 2024:
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Fig. 9 — Burned Area in 2024

Thus, the combined use of the Google
Earth Engine platform and NASA FIRMS
allowed for a detailed description of the wildfire
situation on Biryuchyi Island since the onset of
war.

To confirm conclusions regarding the
causes of fires (see Table 2), multiple sources
were used— satellite data, meteorological
information, and local— scale observations—which
allowed for a more complete and comprehensive
picture of the changes that occurred during the
2015-2024 period.

To study the influence of weather
conditions on the likelihood of wildfires in the
Biryuchyi Island area, a table was constructed
containing data on fire detection dates and
corresponding weather conditions. Fire data were
obtained from the official source— NASA FIRMS
(Fire Information for Resource Management
System), which provides satellite monitoring of
thermal anomalies.

For each recorded fire date, the average
daily air temperature was calculated as the
arithmetic mean between daytime and nighttime
temperatures. These weather data were gathered
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from hydrometeorological websites that provide
actual weather information in the region. The
primary meteorological station used for data
collection was located in the urban— type
settlement of Kyrylivka, the closest to the study
area [18].

In addition to temperature, the table also
includes recorded weather phenomena (sunny,
rain, cloudy, thunderstorm) observed on the day
of the fire, as they can significantly influence
ignition conditions or fire spread. This enabled a
comprehensive assessment of the possible
relationship between temperature conditions,
atmospheric phenomena, and the risk of natural
wildfires, as illustrated in Table 5.

Wildfire on 11.06.2015

The average daily temperature was 20°C,
reaching 25°C during the day and dropping to
15°C at night. The weather was sunny. These
temperature values do not reach critical thresholds
for spontaneous ignition of vegetation. While the
sunny weather could have contributed to drying
the grass, the anthropogenic factor remains the
most likely cause of the fire.

Wildfire on 10.06.2016
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Table 5
Analysis of Meteorological Conditions on Wildfire Days Near Biryuchyi Island, 2015-2024
Average Dayti | Nightti Average Dayti | Nightti
Daily me me | Weather Daily me me Weather
Date of Fire Tempe | Tempe | Conditio | Date of Fire Tempe | Tempe o
Tempera Temperat Conditions
ture (°C) rature | rature ns ure (°C) rature | rature
cO | CO O | €O
11.06.2015 20 25 15 Sunny | 28.06.2020 22,5 26 19 Sunny
10.06.2016 15,5 18 13 Sunny | 4.06.2021 15,5 18 13 Rain
13.06.2016 19,5 22 17 Sunny | 5.06.2021 16 19 13 Rain
17.06.2016 22,5 25 20 Sunny | 24.06.2021 23 26 20 Cloudy
18.06.2016 22,5 25 20 Sunny | 25.06.2021 24,5 28 21 Cloudy
20.06.2016 26,5 32 21 Sunny | 26.06.2021 24 27 21 Cloudy
23.06.2016 27 30 24 Sunny | 21.07.2021 27 31 23 Sunny
Thunders
1.07.2017 27,5 32 23 Sunny | 22.07.2021 21,5 22 21 torm
Thun-
der-
9.07.2017 21,5 24 19 storm | 18.07.2022 21 26 16 Sunny
10.07.2017 19,5 24 15 Sunny | 19.07.2022 20,5 25 16 Cloudy
11.07.2017 23 26 20 Sunny | 20.07.2022 22 26 18 Cloudy
12.07.2017 23 25 21 Sunny | 21.07.2022 21,5 26 17 Cloudy
13.07.2017 24 26 22 Sunny | 22.07.2022 23,5 27 20 Cloudy
30.08.2017 16 18 14 Sunny | 23.07.2022 21,5 27 16 Cloudy
20.06.2018 22,5 25 20 Sunny | 24.07.2022 23 28 18 Cloudy
3.07.2018 20,5 23 18 Sunny | 6.06.2023 16 20 12 Sunny
7.07.2018 25 30 20 Sunny | 8.06.2023 17 20 14 Sunny
12.07.2018 27,5 34 21 Sunny | 4.06.2024 22 26 18 Cloudy
3.08.2018 24 27 21 Sunny | 6.06.2024 22,5 26 19 Cloudy
8.08.2018 24 31 17 Sunny | 7.06.2024 23 27 19 Cloudy
2.06.2019 21,5 25 18 Rain | 8.06.2024 23 27 19 Cloudy
14.06.2019 22,5 25 20 Sunny | 9.06.2024 23 27 19 Cloudy
15.06.2019 22 26 18 Sunny | 10.06.2024 24,5 28 21 Cloudy
16.06.2019 23 27 19 Sunny | 11.06.2024 24,5 27 22 Cloudy
19.06.2019 23,5 27 20 Sunny | 12.06.2024 25 28 22 Rain
17.07.2019 21,5 25 18 Sunny | 13.06.2024 22 27 17 Cloudy
Thun-
der-
4.08.2019 22 24 20 storm | 14.06.2024 22,5 26 19 Cloudy
14.08.2019 24,5 27 22 Sunny | 2.07.2024 25,5 29 22 Sunny
26.06.2020 21 24 18 Sunny | 10.08.2024 25 28 22 Cloudy
27.06.2020 22 25 19 Sunny | 19.08.2024 24 28 20 Cloudy

Compiled by the authors based on sources [1, 2, 18].
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The average temperature was 15.5°C, with
a daytime high of 18°C and a nighttime low of
13°C. Although the weather was sunny, the
temperature was too low for natural ignition. The
fire was most likely caused by human activity.

Wildfire on 13.06.2016

Average temperature: 19.5°C (22°C day,
17°C night). Sunny weather, but moderate
temperatures make spontaneous ignition unlikely.
Again, the anthropogenic factor is the main
hypothesis.

Wildfire on 17.06.2016

Average daily temperature: 22.5°C (25°C
day, 20°C night). Sunny conditions could dry out
vegetation, but temperatures are still below levels
typical for spontaneous ignition. Most likely
human- caused.

Wildfire on 18.06.2016

Average temperature: 22.5°C (25°C day,
20°C night). Conditions similar to 17.06 —
conducive to burning, but not spontaneous
ignition. Anthropogenic cause remains most
probable.

Wildfire on 20.06.2016

Higher average temperature: 26.5°C (32°C
day, 21°C night). Sunny weather and high
daytime temperature may have created conditions
for natural ignition, but definitive conclusions
require more data.

Wildfire on 23.06.2016

Average temperature: 27°C (30°C day,
24°C night). Temperatures were high and sunny
weather promoted drying. Natural ignition is
possible, though human involvement cannot be
ruled out.

Wildfire on 1.07.2017

Average temperature: 27.5°C (32°C day,
23°C night). High temperatures and sunny
weather provided favorable conditions for
ignition, though human factors remain possible.

Wildfire on 9.07.2017

Average temperature: 21.5°C (24°C day,
19°C night). Thunderstorms were reported,
suggesting possible lightning ignition.

Wildfire on 10.07.2017

Average temperature: 19.5°C (24°C day,
15°C night). Sunny with moderate temperatures.
Most likely anthropogenic.

Wildfire on 11.07.2017

Average temperature: 23°C (26°C day,
20°C night). Sunny weather and moderate
temperatures do not exclude human influence.

Wildfire on 12.07.2017
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Average temperature: 23°C (25°C day,
21°C night). Anthropogenic factor remains the
leading cause, as temperatures are not critical.

Wildfire on 13.07.2017

Average temperature: 24°C (26°C day,
22°C night). Conditions similar to previous days.
Most likely human-— caused.

Wildfire on 30.08.2017

Average temperature: 16°C (18°C day,
14°C night). Low temperatures rule out natural
ignition. Human activity is the main suspected
cause.

Wildfire on 20.06.2018

Average temperature: 22.5°C (25°C day,
20°C night). Sunny weather supports burning, but
not natural ignition. Human activity is the likely
cause.

Wildfire on 3.07.2018

Average temperature: 20.5°C (23°C day,
18°C night). Moderate temperatures again point to
anthropogenic origin.

Wildfire on 7.07.2018

Average temperature: 25°C (30°C day,
20°C night). High but not extreme temperatures.
Both natural and human causes are possible.

Wildfire on 12.07.2018

Average temperature: 27.5°C (34°C day,
21°C night). High daytime temperature increases
likelihood of natural ignition.

Wildfire on 3.08.2018

Average temperature: 24°C (27°C day,
21°C night). Conditions support burning, but
spontaneous ignition is unlikely.

Wildfire on 8.08.2018

Average temperature: 24°C (31°C day,
17°C night). Sunny weather and high daytime
temperature could facilitate ignition, though a
human cause is still possible.

Fires on 30.08.2017, 20.06.2018, and
others up to August 2019. These dates reflect
similar average temperatures (16°C-27.5°C) with
sunny weather. Temperatures do not exceed
thresholds for natural ignition, suggesting human
activity as the probable cause.

Fires during 06-07 months of 2020-2022

Temperatures ranged between 15.5°C and
27°C under varied weather conditions (sunny,
cloudy, rainy). The lack of extreme heat suggests
low probability of spontaneous ignition. Fires
during cloudy days further support the
anthropogenic origin theory.

Fires in 2023-2024

Data shows a temperature increase up to
25.5°C (with daytime highs of 29°C). At such
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temperatures, natural ignition is unlikely,
especially since vegetation might be more humid
during this period. Cloudy weather conditions in
2024 once again highlight the role of human
activity.

The results of this comprehensive analysis
confirm the main conclusion about the predominant
causes of wildfires — anthropogenic pressure re-
sulting from the occupation of the territory, rather
than climatic anomalies, throughout the studied
period.

Conclusions

During the study of the chronological
dynamics of thermal anomalies on the territory
of the Biryuchyi Peninsula for the period 2014—
2024, a full- scale spatiotemporal analysis of
fire activity was carried out based on satellite
data from NASA FIRMS and Google Earth
Engine. Two stable periods of increased
intensity were identified — the spring— summer
season (especially June—July) and, in some
years, September. Fires during these periods
were characterized by significant thermal loads,
confirmed by high fire radiative power (FRP)
values exceeding 20 MW, indicating extremely
intense burning. The spatial distribution of
thermal anomalies showed a clustered pattern:
ignition zones concentrated in compact areas of
3-5 km? with a tendency for repeated ignition in
the same locations. The movement of fire
hotspots from the northeastern to the
southwestern part of the peninsula indicates the
formation of localized fire— prone zones, likely
linked to landscape morphology, vegetation
type, and the presence of abandoned
infrastructure.

The daily distribution of fire activity
revealed a clear pattern: the highest FRP values
were recorded during the daytime (from 08:00
to 12:00), associated with peak air
temperatures, while the number of detections
increased at night (22:00-02:00) due to optimal
conditions for infrared signal reading. June and
August 2024 were particularly active in terms
of thermal dynamics due to a combination of
high air temperatures, low precipitation levels,
and increased dryness of soil and vegetation. A
retrospective  analysis of burned areas
conducted via GEE revealed significant annual
variability: over 2.1 km? in 2022, over 16.5 km?
in 2023 (with a peak in March — 14.4 km?), and
about 3.9 km? in 2024, with pronounced peaks
in June and October.

The ecological situation in the region has
significantly deteriorated since 2022 due to
military occupation. There has been a decline in
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environmental monitoring, loss of operational
control over protected areas, and reduced
effectiveness of fire suppression. As a result,
uncontrolled wildfires have spread on a large
scale, leading to the degradation of biotopes,
loss of floristic and faunal diversity, and the
activation of secondary destructive natural
processes such as erosion and changes in
microclimatic conditions.

Meteorological context accompanying
the thermal anomalies, determined by
comparing weather conditions (based on data
from the Kyrylivka meteorological station) with
fire detection dates, showed that most fires
occurred under average daily temperatures of
18-26°C — values not critical for spontaneous
vegetation ignition. Moreover, some thermal
anomalies occurred under cloudy skies or
following rainfall, which significantly reduces
the probability of natural causes and points to
an anthropogenic origin.

The integration of multi— source satellite
analysis — particularly NASA FIRMS (VIIRS),
Google Earth Engine (MODIS/VIIRS), and
Sentinel- 2 (Copernicus) imagery — enabled
high— precision reconstruction of the real fire
dynamics. The use of NDVI for assessing post—
fire vegetation condition helped to detect the
degree of vegetation degradation and
objectively assess the scale of environmental
damage.

The overall assessment of fire hazard in
the study area indicates a high level of
ecosystem vulnerability on the Biryuchyi
Peninsula and adjacent areas of the Henichesk
coastline. This hazard is caused by a
combination of natural factors (arid climate,
open landscapes, rapid biomass drying) and
anthropogenic impact (military presence,
neglect, abandoned land plots). Therefore, there
is an urgent need to create an adaptive fire risk
management system based on satellite
monitoring, meteorological modeling, and the
development of fire danger forecast maps.
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a TaKOX BUSBIICHHS €KOJIOTTYHHX 3arpo3, IO IMOCHIIIOIOTHCS OKYMAI€0 Ta BiJCYTHICTIO IPOTHIIOKEKHOTO Me-
HEJDKMEHTY.

Metoau. 1151 BUSABICHHS Ta KapTorpadyBaHHS MOXKESKHUX aHOMAaITiH OyJIi BUKOPHCTAaHI 1aHI CyIyTHHUKIB
NASA FIRMS (marunku MODIS Ta VIIRS), Sentinel-2, Google Earth Engine ta moromui apxisu (RP5). IIpocro-
POBO-4YaCOBHIA aHAITI3 IPOBOMBCS HA OCHOBI pamiamniiiHoi moTyxHocTi okexi (FRP), Termoroi sickpasocTi, Ko-
OpAMHAT TOXKeXI Ta MOTOTHMUX TapaMeTpiB. JlaHi 3 pi3HUX JKepen Oy iHTerpoBaHi AJS MiITBEPIKEHHS II0-
KeXHUX Toi, a sMian NDVI 1a ocrosi Sentinel 6y npoananizoBasi ist OMIHKY MOMIKOIKEHHS POCITHHHOCTI.

PesyabsTaT: BeTanosneHo, mo moxexi Ha biprouoMy miBOCTpOBI Many KIIaCTepHHUN XapakTep i JeMOH-
CTpyBaJIM YiTKy JOOOBY Ta CC30HHY MUHaMiKy. BUSBICHO NBa OCHOBHI Miku moxexk: YepBeHs i ceprens 2024
poky. HaiiBumii 3nauenns [1PIT (35,15 MBT) i Temneparypu (367 K) 6ynu 3adikcoani 10 uepHs. [Toxexi manu
4iTKi J0OOBI 3aKOHOMIPHOCTI - BHIIIAa IHTEHCHBHICTh BAEHB 1 OiIbIIa KUIBKICTh 3aropsiHb BHOYI. Brpara pocnun-
HOCTI Ta TOXKEXKHi mpaMu OyIH MiATBepXKEeHi 3a gomoMororo 3HiMKiB Sentinel. T'eorpadiunuit anami3 mokasas
3MIIEHHS OCEPEKIB TOPIHHS 3 MIBHIYHOTO CXOJy Ha MIiBACHB MIBOCTPOBA. MeTeoaHasi3 miATBEPIUB, IO Oib-
IIiCTH MOKEXX BUHUKAJH B yMOBaX IIOMipHOi a00 BHCOKOi TeMIIepaTypH IPH BiACYTHOCTI ONaiB, IO CBITYUTH PO
BIpOTiZIHY y4acTh aHTPOIIOTCHHOTO YNHHUKA y BUHUKHEHHI 3aropsHb. PaxkTopy, MOB'sI3aHi 3 OKynaniero (Heno-
CTaTHE TaCiHHA, BIHCHKOBI [il), OyiH MOB'sI3aHi 31 30UTBIICHHAM MOIMIUPEHHS mMoXkexk. CyMyTHHKOBI JaHi Micis
MOXKEK1 TIOKA3aIH 3HAYHy AeTpajalito IPUPOIHOI POCIMHHOCTI Ta (hparMeHTAaIliI0 cepeIOBHII iCHYBaHHS OJICHIB,
3eMHOBOJHHX 1 IIEPETITHUX NTaXiB, [0 BUABIISETHCS 3a 3HIDKCHUME 3HaueHHAME ND VI micist moxkex

Bucnosku. [Toxexi Ha BiproguoMy miBOCTpOBi B yMOBaX OKYTIAIlil CTAIH YaCTIIIUMU, MacIITaOHIIINMH Ta
MEHII KOHTPOJILOBaHUMH. BTpaTa mpupoI00XOpOHHOTO PEXUMY, MPUITHMHEHHS MOKEKOTACIHHS Ta 3MEHIICHHS
AQHTPOIIOTEHHOTO JOTJISIY 32 TEPUTOPIEI0 CTAIM KPUTHYHMMHM YMHHUKAMHU 3arOCTPEHHS €KOJIOT1YHOI CHTYyaIlil.
Hacuixu BKIIIOYaI0Th Cepi03HI NOPYILIEHHS €eKOCUCTEM Yepe3 epo3ito IPYHTY, BTpaTy POCIMHHOCTI Ta TpO(IHHUHA
JucOananc. BinHOBIGHHS BUMarae HEBiIKJIaJHUX 3aXO0/1iB: MOHITOPUHTY TIOIYJISIH IUKUX TBaPUH, BIAHOBICHHS
JiciB MICIIEBUMH BHIAaMH, OOPOTHOH 3 €pO3i€I0 Ta PEryJIIOBaHHS YHCENbHOCTI KOMMTHUX. BUKOpUCTaHHS CyITyT-
HHUKOBHX IHCTPYMEHTIB BUSBUJIOCS Jy’KE BaXKJIMBUM ISl BUSIBIICHHS HEBEJIMKUX [TOXKEK Ta MOHITOPUHTY €KOJIOT1Y-
HOI IMHaMIK{ Ha BaKKOJOCTYITHUX TEPUTOPisX. be3 akTMBHOTO BTpyYaHHS MOXKJIMBA KaCKa(Ha JeTPaaallis, BKIIO-
Yar04d MIKpOKJTIMAaTHYHI 3MiHH Ta BTOPTHEHHS Uy KOPiMHUX BUAIB. J[J1s1 BiTHOBICHHS Ta 3aXHCTY i€l yHIKaIBHOT
€KOJIOTIYHOI TepuTOpii HeOOX1THUI JOBrOCTPOKOBHH TUIAH YIPABIiHHS.

KJIFOYOBI CJIOBA: biprouuil nigocmpis, MOHIMOPUHE NiCOBUX NOXHCENHC, CYNYMHUKOBE OUCTNAHYIIHEe
sonodysanns, FRP, NDVI, oeepadayis exocucmem, konummni, gmpama pociuHHOCMI, OUHAMIKA NONCENC, 3ali-
namicmo, Google Earth Engine
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IMPACT OF PROJECTIVE SOIL COVER WITH POST-HARVEST RESIDUES ON SOIL
MICROBIOLOGICAL INDICATORS IN THE CONDITIONS
OF THE LEFT-BANK FOREST-STEPPE OF UKRAINE

The transformation of crop residues is an important factor in shaping the spatial and functional structure of
the soil microbial biome, crucial for enhancing soil fertility and ecological sustainability. Their application as a
component of agrotechnology contributes to developing a stable, active, and diverse microbial community.

Purpose. To determine the effect of crop residue ground cover on the abundance of actinomycetes in soil.

Methods. Field experiments, laboratory-analytical procedures, and statistical methods.

Results. The data on the impact of various crop residues on the abundance of actinomycetes in soil presents.
It was proven that residues of sunflower, corn, and soybean significantly enhanced microbiological activity, par-
ticularly increasing actinomycete numbers compared to the control without residues. The highest abundance of
actinomycetes was recorded in soil with sunflower residues, indicating the high potential of this residue type to
improve soil biological quality. An inverse relationship was found between actinomycete abundance and both soil
moisture and temperature: optimal conditions were observed at 18.3% moisture and 26.0°C. The developed re-
gression model demonstrated a moderate correlation between soil moisture and actinomycete abundance. The
study emphasizes the importance of the chemical composition of crop residues, particularly the carbon-to-nitrogen
(C:N) ratio, in creating favourable conditions for soil microbial development.

Conclusions. The use of crop residues in resource-saving farming systems is an effective measure to stim-
ulate microbiological processes and improve soil fertility. Establishing the dependence of microbial activity on
soil moisture and temperature makes it possible to optimize the water regime, reduce energy inputs for soil man-
agement, and ensure the sustainable development of the microbiota under climate change conditions.

KEYWORDS. actinomycetes, crop residues, soil microbiota, soil temperature, soil moisture, stress con-
ditions, tillage, corn
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Introductions

Microorganisms play a crucial role in the and reproduction, as they provide a nutrient-rich
soil ecosystem and in the cycling of key ele- environment by increasing the organic matter
ments such as nitrogen and carbon. Plant resi- content in the soil [1]. The microbiological
dues are of great importance for their growth properties of soil depend on the type and quan
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tity of crop residues post-harvest, as well as the
soil conditions. For example, Y. Su et al. [2] re-
ported that the soil microbiome responds more
positively to the accumulation of corn residues
compared to winter wheat residues. Changes in
microbial biomass content in the soil are also in-
fluenced by soil temperature and moisture. Ele-
vated temperatures negatively affect microbial
productivity both in the soil and in agroecosys-
tems as a whole. Under conditions of insuffi-
cient precipitation and increased temperatures
(Hydrothermal Coefficient = 0.5-0.7), the pop-
ulation of soil microorganisms decreases by ap-
proximately 1.5 to 2.8 times. The application of
organic and organo-mineral fertilizers mitigates
the adverse effects of high temperatures on mi-
crobial productivity. Optimal soil moisture con-
ditions positively affect microbial development
(r= 0.66-0.79) and alleviate the negative im-
pact of elevated temperatures [3].

Crop residues (such as stubble, leaves,
and stems) serve as a source of organic matter
that stimulates the activity of soil microbiota,
including actinomycetes. Their abundance is in-
fluenced by the carbon-to-nitrogen (C:N) ratio,
the presence of specific phenolic compounds or
lignin, and the rate of residue decomposition.
Changes in the quantitative and qualitative
composition of root exudates within crop rota-
tion systems lead to the reorganization of ac-
tively metabolizing microbial communities and
affect the intensity of biochemical processes in
the soil [4, 5, 6]. The study of the structure,

abundance, and dynamics of ecological-trophic
groups of microorganisms, as well as the func-
tional activity of microbial communities in
soils, provides valuable insights into changes in
the trophic conditions of the soil biocenosis.
Crop residues from soybean, corn, and sun-
flower significantly affect the development of
actinomycetes in the soil, primarily due to
changes in the composition of organic matter,
microbial activity, and soil physicochemical
properties. Actinomycetes are key soil microor-
ganisms involved in the decomposition of com-
plex organic compounds, the synthesis of anti-
biotics, and the formation of humus.

Actinomycetes play a key role in the de-
composition of complex organic compounds
such as lignin and cellulose found in plant resi-
dues. These aerobic soil microorganisms are es-
sential for the humification of organic matter
and the biosynthesis of antibiotics. The negative
correlation between actinomycete populations
and soil moisture can be attributed to several
factors: limited oxygen availability under high-
moisture conditions, which is critical for their
survival; increased competition with other mi-
croorganisms, such as bacteria and fungi that
thrive in moist environments; and the possible
accumulation of metabolites toxic to actinomy-
cetes under excessive moisture levels.

Purpose. To determine the impact of pro-
jective soil cover on microbiological indicators
of soil under abiotic stress conditions.

Methods

The study was conducted in 2023-2024
at the Educational-Scientific-Production Center
(ESPC) “Dokuchaievske Experimental Field”
of the State Biotechnological University, lo-
cated in the Left-Bank Forest-Steppe zone of
Ukraine. The soil cover of the experimental
field is represented by typical heavy loam Cher-
nozem developed from loess-like loam. This
soil is characterized by high reserves of plant-
available nutrients, a significant humus content,
and high biological activity. The arable soil
layer (0-30 cm) is characterized by a humus
content (according to Tyurin's method) of 4.9-
5.1%, easily hydrolyzable nitrogen content (ac-
cording to Kornfield's method) of 81 mg/kg of
soil and mobile forms of phosphorus and potas-
sium (according to Chirikov's method) amount-
ing to 100 and 200 mg/kg of soil, respectively.
The content of exchangeable cations is as fol-
lows: calcium — 37.8%, magnesium — 6.6%, so-
dium — 0.49%, potassium — 0.5%; the hydrogen
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content is 21 mg-eq./kg of soil. The soil reaction
is characterized by a pH of 7.0 in aqueous ex-
tract and 5.2-5.6 in salt extract. Groundwater
occurs at a depth of approximately 18 m [7].
The experiment was conducted with
three replications. The plots were arranged se-
quentially. The area of the sowing plot was 750
m2, and the accounting plot area was 100 m?,
The experimental design included the
following treatments:
No plant residues (control)
Projective soil cover with post-harvest
soybean residues
Projective soil cover with post-harvest
corn residues
Projective soil cover with post-harvest
sunflower residues
The amount of plant residues on the win-
ter wheat field was determined using the line-
transect method. A measuring tape with mark-
ings at 10 cm intervals was used for this
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purpose. The sampling area was selected using
a random sampling method. The measuring tape
was placed at a 45° angle to the crop rows. A
visual inspection of the presence of plant resi-
dues at the intersection points of the marked di-
visions was carried out along the tape. Each in-
tersection of a marked point with plant residues
was recorded as 1, and the absence of residues
as 0. To improve the accuracy of the measure-
ment method, repetitions were conducted on
several lines placed at varying distances from
one another across the field. The number of
points where plant residues intersected the line
was summed for each tape separately. The for-
mula for determining the coverage fraction is as
follows:
P =2 %100 % (1)
Where N is the number of points where
the intersection with plant residues was rec-
orded; T —the total number of points (the length
of the ruler divided by the interval between
markers).
The average coverage fraction is calcu-
lated for all measured lines:
n

()

where n is the number of measured lines;
P; — the coverage fraction for each individual
line.

Variants of soil tillage treatments:

1. Plowing with PLN-4-35 to a depth of
20-22 cm (control).

2. Local loosening with PCh-2.5 to a
depth of 33-35 cm.

3. Chisel plowing with PCh-2.5 to a depth
of 33-35cm.

4. Disking with DMT-4 to a depth of 10-
12 cm.

5. Chisel plowing with PCh-2.5 to a depth
of 20-22 cm.

Microbiological investigations were car-
ried out at the Soil Microbiology Department of
the NSC “O.N. Sokolovsky Institute of Soil Sci-
ence and Agrochemistry Research.” In soil sam-
ples collected from the 0-25 cm layer, the abun-
dance of actinomycetes was determined using
the soil suspension plating method on starch-
ammonia agar (SAA). Statistical analysis of the
data was performed using analysis of variance
(ANOVA), as well as correlation and regression
analysis. All data were processed in the Cola-
boratory software environment.

Results and Discussion

According to the obtained results, the
population density of actinomycetes was found
to depend on both the presence and type of crop
residues (Table 1). The highest abundance of
actinomycetes was recorded in the variant with
sunflower residues — 59.8% — indicating a high
potential of these residues to stimulate microbi-
ological processes in the soil. The incorporation
of corn residues resulted in a 10% increase in
actinomycete populations compared to the con-
trol (no residues), highlighting the effectiveness

of corn as a source of organic matter. It is note-
worthy that the distribution of corn residues was
influenced by soil tillage methods.

In particular, the highest concentration of
residues was observed following chisel plowing
with the PCh-2.5 implement to a depth of 33—
35 cm. In contrast, disking with the BD-2.5 im-
plement to a depth of 10-12 cm finely frag-
mented the corn residues, leading to the near-
complete absence of a protective mulch layer on
the soil surface.

Table 1

Actinomycete Abundance in Relation to Soil Cover by Crop Residues

Crop residues Soil moisture, Soil temperature, Actinorr_lycet(_e abundance
% °C in Soil, %
No plant 19.0 30.7 45.0
Sunflower 18.3 26.0 59.8
Corn 18.0 26.7 55.0
Soybeans 18.1 23.3 51.1

Soybean residues contributed to a 6.1%
increase in actinomycete abundance compared
to the control, indicating a positive, though less
pronounced, effect relative to sunflower and
corn residues. This can be attributed to

differences in the chemical composition of the
residues, particularly the carbon-to-nitrogen
(C:N) ratio, which affects decomposition rates
and microbial activity in the soil. The lowest ac-
tinomycete counts were observed in the variant
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without crop residues, emphasizing the im-
portance of organic inputs in sustaining soil mi-
crobial activity. The absence of organic matter
suppresses the development of actinomycetes,
which negatively impacts the overall condition
of the soil environment.

The incorporation of plant residues into
the soil is a key component of energy-saving ag-
ricultural technologies, as it not only improves
the physicochemical properties of the soil but
also enhances microbiological activity. The
highest actinomycete density in the variant with
sunflower residues demonstrates their effective-
ness in restoring biological activity in the soil.
Corn and soybean residues also support the sta-
ble development of microbial communities by
providing a favorable habitat for soil microor-
ganisms.

Elevated temperatures create adverse
conditions for actinomycetes. At the same time,
soybean residues had a moderate effect on acti-
nomycete development, which is explained by
their high nitrogen content and rapid decompo

sition. However, compared to sunflower and
corn residues, this effect is less significant due
to the quick depletion of available substrates.

The highest actinomycete population —
59.8% — was observed at a soil moisture content
of 18.3%, whereas the lowest — 45.0% — oc-
curred at 19.0%. This suggests that excess soil
moisture deteriorates conditions for actinomy-
cete proliferation, as they tend to thrive under
moderately moist, aerobic conditions. Figure 1
illustrates the relationship between actinomy-
cete abundance (%) and soil moisture content
(%). The key elements of the graph include ex-
perimental data points (blue markers) and a re-
gression line (red dashed line), which depicts
the trend between the variables. The coefficient
of determination (R? = 0.47) indicates a moder-
ate relationship between these variables. In
other words, while there is a clear association,
actinomycete populations are also influenced by
other environmental factors such as tempera-
ture, soil chemical composition, or the presence
of organic residues.
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Fig. 1 — Relationship between microorganism abundance and soil moisture under various crop residues

The regression line reveals a negative
trend: as soil moisture increases from 18% to
19%, actinomycete density gradually declines.
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This indicates that moisture levels exceeding
optimal thresholds create unfavourable condi-
tions for microbial development. The data
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points exhibit moderate variability around the
regression line, suggesting that although the re-
lationship is statistically significant, certain de-
viations exist. The highest actinomycete counts
were recorded under the lowest moisture levels,
supporting the hypothesis that their activity is
strongly linked to aerobic conditions. This obser-
vation aligns with the findings of K. Kasman and
D. Mance [8], who demonstrated that nitrogen
mineralization by soil microorganisms is propor-
tional to soil moisture content: when water con-
tent was increased in air-dry soil without reach-
ing full equilibrium, nitrogen mineralization de-
creased linearly with rising water content.

Soil temperature is one of the key factors
influencing biological activity in the soil. It has

a decisive impact on the abundance of soil or-
ganisms, which play a crucial role in maintain-
ing soil fertility and health. The abundance of
actinomycetes exhibited an inverse relationship
with temperature. The lowest population was
recorded at the highest temperature of 30.7°C
(Fig. 2). Temperatures of 26.0°C and 26.7°C in
treatments with sunflower and corn residues, re-
spectively, were found to be optimal for micro-
bial development. In contrast, a lower tempera-
ture of 23.3°C in the soybean residue treatment
slightly reduced the actinomycete population.

At a soil temperature of 23.3°C, the pop-
ulation of soil organisms reached 51.1%, indi-
cating that this temperature was favourable for
a significant portion of the soil biota.
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Fig. 2 — Relationship between microorganism abundance and soil temperature
under different crop residues

As the temperature increased to 26.0°C,
microbial abundance rose to 59.8%, suggesting
that this is the optimal temperature range for ac-
tive growth and reproduction. A further increase
in temperature to 26.7°C led to a decrease in
abundance to 55.0%, likely due to thermal stress
experienced by the microorganisms, which neg-
atively affected their activity. At the highest rec-
orded temperature of 30.7°C, microbial abun-
dance dropped to 45.0%, confirming that ele-
vated temperatures are unfavourable for most
soil biota, reducing both their activity and pop-
ulation levels. These results highlight the signif-
icant impact of plant residues on soil microbio-
logical activity, a finding supported by both
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domestic and international studies. It is well es-
tablished that organic residues from agricultural
crops serve as a major source of carbon and en-
ergy for soil microorganisms. Their presence in
the soil creates favourable conditions for the
growth and biochemical activity of microbial
communities.

A study by Ellanska et al. focused on
changes in the microbial community of soil un-
der the influence of silicon-containing mineral
mixtures during the cultivation of various crops,
including sugar beet, soybean, and corn. The re-
sults indicated that the abundance of specific
ecological-trophic groups of microorganisms
varied depending on the crop and the applied
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mineral mixture. The most significant shifts in
microbial communities were observed under
soybean and corn, particularly with the applica-
tion of mineralized sapropels. A positive effect
on the rhizosphere microbiota of sugar beet was
observed when mixtures of raised bog peat with
silicon-containing minerals and potassium sili-
cate with silicon minerals and sapropel were ap-
plied. The mineralization processes of soil or-
ganic matter remained balanced, indicating the
stability of the microbial community under the
influence of the applied amendments.

Research by V. Rozhko et al. on the ef-
fect of agricultural crops on soil microbiologi-
cal activity showed that a crop rotation includ-
ing pea—winter wheat-buckwheat—corn led to a
balanced microbial community, activation of
enzymatic processes, and mitigation of soil fa-
tigue. Similar findings were reported by L.V.
Tsentilo, where, in typical chernozem soils, the
application of organo-mineral fertilizers com-
bined with plant residues led to an increase in
the population of ammonifying bacteria to 4.7
million CFU/g, significantly exceeding the con-
trol (2.9 million CFU/g). Under the same condi-
tions, enzymatic activity (urease, catalase) in-
creased by 18-24%, further indicating the posi-
tive impact of plant biomass on microbial pro-
cesses in soil.

In a study by L. Tokmakova and A. Tre-
pach, it was found that the application of shred-
ded plant residues stimulated the development
of actinomycetes up to 1.2 million CFU/g,
nearly twice that of the control. Microbial activ-
ity peaked within 3—4 weeks after residue incor-
poration, corresponding to the phase of active
organic matter decomposition.

Our results align with international re-
search. In a five-year field experiment, D. Yin
et al. reported that corn residues increased mi-
crobial biomass carbon by 21-34% and

enhanced the abundance of Trichoderma fungi
and nitrogen-fixing bacteria. Additionally, mi-
crobial diversity (Shannon index) increased
from 2.8 to 3.4, indicating the stabilization of
the soil ecosystem. S. Lee et al. demonstrated
that the diversity of cover crop residues posi-
tively influenced the structure of soil microbial
communities. A mixture of three crops (pea,
rye, and rapeseed) increased total microbial bi-
omass by 42% compared to monocultural resi-
dues. This effect is attributed to the diverse car-
bon sources provided by the mixture, which
supports a broader range of trophic groups.

However, as noted by L. Kerdraon et al.,
plant residues can act not only as a source of en-
ergy but also as a reservoir for pathogenic mi-
croorganisms. The authors describe the concept
of «residue microbial ecology», suggesting that
plant residues represent a transitional ecosystem
where saprotrophs and potential pathogens co-
exist, which may have epidemiological implica-
tions in field conditions.

In the study by M.V. Patyka et al., the ef-
fect of plant residue transformation on the spa-
tial-functional structure of the soil microbiome
was analysed. Using metagenomic analysis, the
authors found that straw incorporation altered
the prokaryotic community composition, partic-
ularly increasing the abundance of cellulose-de-
grading microorganisms. These changes were
accompanied by enhanced enzymatic activity,
including catalase and dehydrogenase, indicat-
ing intensified microbiological processes in the
soil. The findings align with previous studies
showing the positive impact of plant residues on
soil microbial activity. For instance, the incor-
poration of rye straw or organo-mineral fertili-
zation combined with plant residues stimulated
an increase in ammonifying bacteria and enzy-
matic activity.

Conclusions

Crop residues, particularly those from
sunflower, corn and soybean, are effective in
maintaining actinomycete populations, which in
turn help to sustain and improve soil fertility.
Sunflower and maize residues contributed to a
high abundance of actinomycetes under the con-
ditions tested. This can be attributed to the pro-
longed decomposition of cellulose and lignin,
which provides a continuous substrate for these
microorganisms.

The analysis of the relationship between
soil microorganism abundance and soil tempera-
ture indicated that the optimal temperature range
for their activity lies between 23.3 and 26.0°C. A
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gradual decline in microorganism abundance
was observed as temperature increased, suggest-
ing that higher temperatures create stressful con-
ditions for these microorganisms.

A negative correlation between soil mois-
ture and actinomycete abundance was observed,
which can be explained by the biological charac-
teristics of these microorganisms. Although the
coefficient of determination (R = 0.47) suggests
a moderate strength of this relationship, the find-
ings underscore the importance of maintaining
optimal soil moisture levels to support the activ-
ity of actinomycetes, which play a crucial role in
promoting soil fertility.
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BIIVIMUB TPOEKTUBHOI'O NOKPUTTSA NICJISI2DKHUBHUMU PEIITKAMUA
HA MIKPOBIOJIOTTYHI IOKA3HUKU IPYHTY B YMOBAX
JIBOBEPEKHOI'O JICOCTEIY YKPATHH

Tpanchopmaliisi pOCIMHHHUX PEIITOK € BAXIUBUM (DaKTOpOM (GOpPMYBaHHS MPOCTOPOBO-(PYHKIIIOHATBHOT
CTPYKTYPH MIKpOOHOT0O 0i0MY IPYHTY, IO Ma€ 3HAYCHHS JJIs MiABUIICHHS HOrO POJFOYOCTI Ta CKOJOTIYHOT CTa-
6inpHOCTI. [X BUKOpHCTAHHS K eeMeHTa arpoTeXHOJIOTIH crpuse GopMyBaHHIO CTaGiNbHOT, AKTHBHOT i pi3HO-
MaHITHOI MiKpOOHOI CIIUTFHOTH.

MeTta. Bu3HaunTH BIUIMB ITPOEKTUBHOTO TIOKPUTTSI POCIIMHHUMH PEIITKaMH CUITbCEKOTOCIIOAAPCHKUX KY-
JIBTYp Ha YHCETbHICTH AKTHHOMIIIETIB Y TPYHTI.

MeTtoan. [1omp0Bi, TAOOpPaTOPHO-aHATITHYHI, CTATUCTHYHIA.

PesyabraTu. [IpencraBneHo pe3ynbTaTi JOCHIIKEHHS BIUIMBY PI3HUX BHIIB POCIMHHUX PEIITOK HA YH-
CEJIbHICTh aKTHHOMILIETIB y IPYHTI. JlOBeIeHO, 1110 POCIMHHI 3aJIMIIKH COHSIIHUKA, KYKypY/3H Ta cOi 3HAYHO TIi-
JIBUIIYIOTh MiKpOO10JIOTUHY aKTHBHICTb, 30KpeMa KUJIbKICTh aKTHHOMIIIETIB, OPIBHSHO 3 BApiaHTOM 0€3 PELITOK.
HaiiBuiuii piBeHb aKTHHOMILIETIB 3a(hiKCOBAHO y IPYHTI 3 PEIITKAMHU COHSIIHUKA, IO CBIAYMTH PO BUCOKHIA
MOTEHIIaJl [IUX PEIITOK Y NOKPAalIeHHI 010J0TiYHOro CTaHy IPYHTY. Pe3ynbTaTi noka3ajii HasBHICTh 3BOPOTHOT
3aJIKHOCTI MK YMCEJIbHICTIO aKTHHOMIIIETIB 1 BOJIOTICTIO Ta TEMIIEPATYPOIO IPYHTY: ONTHMANbHI YMOBH CIIOC-
Tepirajuch mpu cepeaniit Boorocti (18,3 %) ta Temmeparypi 26,0 °C. IToOyaoBaHa perpeciiina MOJelb BKa3ye
Ha TIOMIpHY CHITY 3B’SI3Ky MK BOJIOTICTIO IPYHTY Ta YHCEJBHICTIO aKTHHOMIIETIB. Y MOCITIDKEeHHI ITiIKPECICHO
Ba)XXITUBY POJb XIMIYHOTO CKJIaIy POCIMHHUX PEIITOK, 30KpeMa criBBigHomeHHs C:N, y ¢popMyBaHHI YMOB IS
PO3BHUTKY IPYHTOBOT MiKpOQIIOpH.

BucHoBkH. BukopucTaHHS pOCIMHHHX PELITOK Y CHCTEMax €HEeproomaHoro 3eMiuepodcTBa € eexTh-
BHUM 3aXO0JIOM JIJIsl aKTHBI3allii MIKpOOIOJIOTIYHIX MPOIECIB i MiABUIICHHS POIIOYOCTi IPyHTY. BcraHOBICHHS
3aJIE)KHOCTI MiKpOOi0JIOTIYHOT aKTHBHOCTI Bijl BOJIOTOCTI i TEMIIEpaTypH IPYHTY Ja€ 3MOTY ONTHUMI3yBaTH PEKUM
3BOJIOKEHHS, 3MCHIIINTH €Hepro3aTrparu Ha 0OpoOiTOK i 3a0e3rmeunT cTanuii pO3BUTOK MIKpO(hIOpH B yMOBax
3MiHH KJTIMaTy.

KJIFOYOBI CJIOBA: akmunomiyemu, poCIuHKi peumxu, Mikpooioma IpyHmy, memnepamypa tpyHmy,
80J102iCb, CMpecosi yMosu, 00pobIimox IpyHmy, KyKypyosa

Kongpnixm inmepecie

JociipkeHHs] BUKOHAHO 32 MATPUMKN MiHicTepCTBa OCBITH 1 HAyKH YKpaiHH B paMKax npoekty Ne 2-24-
26 I'pomancekoi opranizamii «Po3podka 3axoIiB o0 3a0e3neueHHsI CTal0i MPOJYKTUBHOCTI arpOSKOCUCTEM ITiJ
BIUIMBOM a010THYHMX Ta OI0THYHUX CTPECOBUX (aKkTOpPiB», AepkaBHa peectparis Ne 0124U000457.

ABTOpH 3a5BIISIFOTH, 0 KOHQIIIKTY iHTEpEeCiB 010 MyOJIiKarlii Iiboro pykomucy Hemae. Kpim Toro, aBTopu
MOBHICTIO IOTPUMYBAJINCh €ETHYHAX HOPM, BKIIIOYAIOUH IUIariat, hanbcugikallito JaHuX Ta MOABIHHY MyOTiKartito.

Buecok agmopis: Bci aBTOpH 3p00WIN PIBHUI BHECOK Y IO pOOOTY
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BIVIMB MECTULUIB HA MIKPO®JIOPY IPYHTY
B ACIIEKTI 3BAJTIAHCOBAHOI'O IPUPOAOKOPUCTYBAHHA

Mera. Jocnimkenns BBy nectunuis Pesticol ra KarateGold na mikpodiopy rpyHTy, 30KkpeMa Ha 0ak-
TepiajbHI yrpymnoBanHs poxais Sphingomonas, Streptomyces, Bacillus Ta Micrococcus B acrekTi 30a1aHCOBaHOTO
MPUPOIOKOPUCTYBAHHS.

Metoau. Meton cepiiiHux po3BeneHs, puranscbkoro, Meron I'pama ta Mikpockormii, Meroqu audysii B
arap, METOZM CTATUCTHYHOTO OIPAIFOBAHHS JaHUX..

PesyasTaTn. Binibparo mpobu rpyHTY B pi3HUX JIoKalisx micta JIynpk: 1 — OoTtaHiuHHMI 3aKa3HUK «Bopot-
HIBY, JlicOBa 30Ha; 2 — niisiHKa aBTonLIIXy E8S Ha Bynuii OkpysxHiii, 37; 3 — KBiTHHK 0111 rypTO)KUTKY Ne 2 BHY
imeHi Jleci Ykpainku Ha Bynmuii Buaandenka, 22. J{ns gociimpkeHHs 00paHo [Ba BUIU HAHOUTBINI B)KHBaHUX TIeC-
tunuais Pesticol (konnentpartis airouoi peuosunu 6,0 %) ta KarateGold (konuentpartist girouoi peuosunru 0,075
%). AwHani3 BIUIMBY TNECTHIMAIB HAa MIKpOOpraHi3MH MOKa3aB, 10 oOpani mpemapartu, Taki sk Pesticol i
KarateGold, maroTs pizHuii eheKT Ha pi3Hi BUAM IPYHTOBUX GAKTepiil, IO IMiIKPECIII0E BAXKIIHBICTh BUBYCHHS 1X
Iii Ha MikpoOioTy. OTprMaHi pe3yIbTaTH JOCHTIHKEHb YITKO MOKa3yIOTh, IO TPEMapar i3 MEHIIOK KOHIICHTpa-
II€I0 Ai0Y0T PEUOBHHH € MEHII arpECUBHUM Ta €KOJOTIYHIIINM MMOPIBHSHO 3 iHIKMM. BusHaveHo, 1o 1is 6akre-
piii Streptomyces minimanbHa inridyoua kourentparis (MIK) necrunmmy Pesticol cranoButs 16 MKr/mi, Tofi siK
KarateGold — 2 Mkr/mi, mo CBiI4UTh MPO BHCOKY YYTIHBICTH JO MEPINOTO MECTHIMAY. Y BHUMAAKY OakTepiit
Micrococcus, MIK st Pesticol cranoButs 2 Mkr/mi, Toi sik 1o KarateGold 6akrepii BUSBUIM BUCOKY CTIHKICTb,
IO IMiATBEPIKYETHCS iX MPUCYTHICTIO B yCiX MpoOipKax, OKPiM MepIoi.

BucHoBkH. HeraTuBHUi BIUIMB BUKOPHCTAHHS NMECTHLUIIB Ha 3a3Ha4CHI MIKPOOPraHi3MH MOXE CIIPUYH-
HHUTH HOPYLIEHHS IPYHTOBOI €KOCHCTEMH. BpaxyBaHHS BIUIMBY IIECTHIM/IIB Ha MiKpO(IIOpY Ma€ BeJIMKE 3HAUCHHS
TIPH PO3POOII CTpaTeTii 3aXUCTy POCITHH I 3a0e3MedeHHs 30aJaHCOBAHOTO BHKOPHCTAHHS XIMIYHHX 3aC00iB
3axucTy. JlocmiHKeHHS MOXKYTh CIIPHSTH KPaloMy PO3YMIHHIO [Iii HECTUIM/IIB HAa MIKPOOPTaHi3MH B IPYHTI, 110
B)XJIMBO 7151 30aJ1aHCOBAHOTO NPUPOJIOKOPHCTYBAHHS Ta 3a0e3MeueHH s CTAIOr0 PO3BUTKY arpocqepH.

KJIFOYOBI CJOBA: exonociunuii ananiz, necmuyuou, MleoopeaH13Mu ipynm, MiKkpoghriopa, baxmepii,
30HA NPUSHIYEHHS POCMY, 30AIAHCO8AHE NPUPOOOKOPUCTIY8AHHS, CIALUL 3eMETIbHULL MEHEOICMEHM, acpochepa

Ax uuryBatu: Jlaspuniok 3. B., Kapaim O. A., Paban O. 0., Kapaim B. II. BrumB nectuuuzais na
MiKpogIIOpy IPYHTY B aCTIEKTi 30aJIaHCOBAHOTO MPUPOJOKOPUCTYBaHHSL. Jlroourna ma dosxina. Ilpoonemu
neoekonoeii. 2025. Bur. 43. C. 156-165. DOI: https://doi.org/10.26565/1992-4224-2025-43-12

In cites: Lavrynyuk, Z. V., Karaim, O. A,, Raban, O. Yu., & Karaim, V. P. (2025). The pesticides impact
on soil microflora in the context of sustainable natural resource use. Man and Environment. Issues of
Neoecology, (43), 156-165. https://doi.org/10.26565/1992-4224-2025-43-12 (in Ukrainian)
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BuxopuctaHHA TMeCTHUIHIIB y CLIbCH-
KOMY TOCIIOJIAPCTBI € HEBIJl'EMHOIO CKJIaJJOBOIO
Cy4acHHUX arpoTEXHOJIOTriH, CHpPSMOBAaHUX Ha
3aXHCT POCIHMH BiJ INKITHUKIB, XBOpPoO i
Oyp’staiB. OTHAK, MACOBE 3aCTOCYBAHHS IIHX Xi-
MIYHUX PEUYOBHH IPU3BOAMTH 10 3HAYHUX HEra-
TUBHHX HACTIJIKiB I HABKOJIHUIIHBOTO CEPeIo-
BUINIA, 30KpeMa Ijisi TPYHTOBOi Mikpodiopu,
sKa BiJirpae KIIOUOBY pojib y MiATPUMaHHI po-
JI0YOCTI IPYHTIB, KPYroo0iry Mmo>KMuBHHX pedo-
BUH 1 CaMOOYMILEHHI exocucteM. [lecTruman
MOXYTh MOPYIIYBaTH OaaHc MIKpOOHUX yIpy-
MOBaHb, 3HIKYBATH iX PI3HOMaHITHICTb i aKTH-
BHICTB, IO B KiHIIEBOMY MiICYMKY BIUIHBa€ Ha
MPOAYKTHBHICTH CITLCHKOTOCTIONAPCHKUX YT1/1b
Ta 310pPOB’s IIOJIEH Yepe3 JIAHLIOTY KUBJICHHS.
Tomy mociKeHHS BIUTUBY NECTULIUAIB Ha IPY-
HTOB1 MIKPOOpPTaHi3MH € Ha/J3BUYalHO aKTya-
JBHUM I PO3POOKH EKOJIOTIYHO Oe3nmeuHuX
METO/IIB 3aXUCTY POCIHH 1 3a0e3medeHHs CTa-
JIOTO PO3BUTKY arpocdepH.

OcTaHHI JOCIIKEHHS YKpPalHChKUX Ta
3apyODKHMX BYCHHX CBiAYaTh MpO Te, MIO Tec-
TUIMIN CYTTEBO BIUTUBAIOTH HA CTPYKTYpY Ta
(GYHKLIOHYBaHHS IPYHTOBUX MIKPOOHUX YIpy-
noBanb. Hanpukian, aBropamu [1 — 3] moBe-
JEHO, IO MECTUIHIN MOXYTh IMOPYUIyBaTH
CTPYKTYpY MIKpOOHMX YIpylOBaHb Yepe3
MpsIMY TOKCUYHY JIiF0 Ha OKpeMi BUH OaKTepii,
10 MPU3BOIUTH JI0 3MiHU MiKPOOHOTO pi3HOMa-
HITTS Ta (YHKI[IOHATBHOI aKTUBHOCTI IPYHTO-
Boi Oiotn. [ochimkenns aBtopis [4, 5] mono
BIUIMBY MECTHIHIB HA TPYHTOBY MiKpOQiIopy
IPYHTYIOTbCS Ha TIOJIOXKEHHSX IPO KIOYOBY
POJIb MIKPOOPTaHi3MiB y MiATPUMAaHHI IPYHTO-
BOI poILIOqOCTi ta OioreoximMiunux 1ukme. Cy-
YacHi KOHIIENIIii eKoJIoTii TPYHTIB anpecn}o-
I0Th, 110 TPUBAJMH BIUIMB IMECTHIUIIB MOXE
BUKJIMKATH (OPMYBAHHS CTIHKHX MIKpOOHUX
YIPYNOBaHb 13 3HWKEHOIO 010J0T1YHOI0 aKTHB-
HICTIO, 110 B TOJANBIIOMY MOXE HEraTUBHO
BIUIMHYTH Ha arpoekocucreMu. Ha qymKy aBto-
piB [6, 7], pi3Hi rpynH NECTHLMIIB (CHHTETHYHI
Ta NPUPOAHI) MOXKYTh MaTH BiMiHHI MeXaHi-
3MH BIUIMBY Ha MiKpOOpraHi3MH, 110 00yMOB-
JIeHO X XIMIYHOIO CTPYKTYPOIO Ta cneumbixoro
Oiosoriunoi mii. Y mpani [8] mpoananizoBaHO
BIUIMB NECTULM/IIB Ha IPYHTOBI MleO6H1 opra-
Hi3MH, TPYHTOBI 010XiMiuHi peakuii Ta IpyHTOBI
depmenTr. 3MiHN Oi0JOTIYHOTO CKIIy IPYHTY
i BIUIMBOM TECTHIHAIB Aociimkero B [9].
Bre Ha Gi10pi3HOMAHITTS Ta CTPYKTYPY IPYH-
TOBHX OakTepiii Ta rpudiB, a TAKOXK TOB’SI3aHi 3
HUMH QYHKIIT IPYHTY (AMXaHHS, PO3KIIAIaHHS)
y HIBEWIAPCHKUX BUHOTPATHUKAX BHACIHIZOK
TPUBAJIOTO 3aCTOCYBAHHS XIMIYHUX MpENapaTiB

Bcmyn
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npencrasieno B [10]. Hocmimkenns [11] moka-
3aJI0, IO BWINA Pi3HOMAHITHICTH TIECTHIIHIIB
MOXe€ CYTTEBO Ta HETATUBHO BIUIMBATH HA (ByH-
KIIii TPyHTOBHX MiKpoOiB. BUBUYEHHS BIIHBY
0oHOTO 200 KUTBKOX BHJIIB MECTHUIINIIB HA TPY-
HTOBI MIKpOOpTaHi3MH BHCBiTIEHO B [12 — 14].
Oco06auBOCTI yIIpaBIiHHA BUKOPUCTAHHSM TIeC-
TUIMIIB Y IPyHTaX y po3pi3i KPUTHYHOTO
OTJISITy, 30CEPEIKEHOr0 Ha CTaJIOCTI CLIbCh-
KOT'0 rocroaapcTa po3kputo B [15]. V poboti
[16] HaykoBIi MiAKPECTIOIOTH 3HAYHUI BILUTUB
MECTHULMAIB Ha TOBKULIS Ta HEOOXIAHICTH €KO-
JIOT1YHOI MOJITUKU AJISl BUPILIEHHS 3arpo3 sKi
BUHMKAIOTh YHACIIZOK iX 3acTOCyBaHHA. AB-
topu [17] po3rnsgaroTh BIUIMB arpoXiMigHUX
pevYOBHH Ha MiKpOOHE Pi3HOMAHITTS IPYHTIB Ta
HaBKOJIMIITHE CEPEIOBUIIEC, MMiAKPECIIOI0YH Ba-
KIIUBY POITH nIpiOHUX QepMmepiB y BIIPOBA-
JDKSHHI pIiIleHb /TS CTAJIOro 3aXUCTY Ta IiJIBU-
IIEHHS MPOIYKTUBHOCTI CIHLCBKOFOCHOHapCB—
KHX KyJBTYD, @ TaKOXK aHaJi3yIOTh yIpaBIliH-
CBbKi CTpaTern IO MOXKYTh OyTH KOPHCHUMH
JUIS. HAYKOBIIIB, TTOJIITHKIB 1 3eMJICBIACHUKIB Yy
KOHTEKCTI 1HTEerpalii NpaKTHK BiJHOBJICHHS
IPYHTIB i MPHHIUIIB CTAJIOTO PO3BHUTKY B Ma-
mux (pepMepchkux rocrnoaapcTBax. [loTounmii
OTJISA]] CIIPUSIE TITUONIOMY PO3YMIHHIO €PEKTHB-
HOT'O YIPaBJIiHHS CIIbCHKOTOCTIONAPCHKIMH 3€-
MIISIMH 30151 3MIIIHEHHS ITPOJIOBOJIBYOI Ta Xap-
Y4OBO1 O€3MeKH.

Budinenns neeupiwienux pauiuie vacmun
3aeanvroi npobremu. AHai3 poOIT BHIIE3Ta-
JTAHWUX aBTOPIB CBIAYUTH MPO HASIBHICTH 3HAYHOT
TEOPETUYHOI Ta eMITipUIHOI 0a3u Mmoo 3a0py-
JTHEHHS BiJI IIECTUIUIIB Ta HOTO BILUTUBY, OJTHAK
Opakye cydacHUX JIOCTIJI)KEHb caMe 3 BUBYCHHS
Iii Ha MiKpoQUIOpy TPYHTY YacTO BXKUBAHUX Y
HamoMmy perioni mecrurmais Pesticol Ta
KarateGold.

Memorwo pobomu € NOCIIIKEHHS BIUTUBY
mectuiuaiB Pesticol ra KarateGold ma mikpod-
JIOpY IPYHTY, 30KpeMa Ha OakTepialibHi yrpyro-
BaHHs poaiB Sphingomonas,  Streptomyces,
Bacillus ta Micrococcus B acriexTi 30aaHcoBa-
HOTO TPUPOJIOKOPUCTYBaHHS. Y poOOTi mepe-
0ayaeThCsl OIIHUTH CTYIiHb YYTIMBOCTI IMX
MIKpOOpPTaHi3MiB JI0 Jii TECTHIHUIIB, BH3Ha-
YUTH MiHIMaIbHI 1HTIOyI04Wl KOHLEHTpamii
(MIK) Ta npoanamizyBaTH 3MiHH Y CTPYKTYpi
MIKpOOHHX CHUIBHOT miA ix BrimuBoM. OTpH-
MaHi pe3yJbTaTH 103BOJISITH 3pOOUTH BUCHOBKH
LI0A0 eKOJOTTYHHUX PU3UKIB 3aCTOCYBAaHHS Jia-
HUX TECTULIMIIB Ta OOIPYHTYBaTH HEOOXia-
HICTh PO3pOOKH OLTBII OE3MEYHNX METOJIIB 3a-
XHUCTY POCIJIUH.
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00’ ckmu ma memoou 00cioIHcenns

MeTtomonoris J0CTiKEeHHsT 0a3y€eThCst Ha
KOMIUICKCHOMY IiJIXOJli, IO BKJIFOYA€E BimOip
npo0d TIPYyHTY 3 TpbOX IUIHOK 13 pi3HUM
AHTPONIOTCHHUM HaBaHTAXKEHHAM (JIiCOBa 30Ha,
NPUIOPOKHSL TEPUTOPIS Ta MICHKUU KBITHHK),
NoAasblIe BUMIIEHHS MIKpOOPTaHi3MiB MeToa-
MH CEpiMHHX pO3BEJCHb, J[pHUTaibChKOTO Ta
BU3HAUCHHS KOJIOHIEYTBOPIOIOUMX OIMHHMIb, iX
IIeHTU]IKAITFO 32 JonoMororo MeToy ['pama ta
Mikpockomii. JI7sl OIiHKKA BIUIMBY TECTHIIUJIIB
Pesticol ta KarateGold na wMikpodopy

BUKOPHCTOBYBaJIM MeTomu 1udysii B arap 3
BUMIPDIOBaHHSM 30H MpPUTHIYEHHS pOCTy Ta
BHU3HAYEHHS MiHIMaIbHOT 1HT10yI0490i
koutentpaii (MIK). Otpumani gaHi miggaBaiu
CTaTHCTHYHOMY OIPALIOBAHHIO 3 PO3PaxXyHKOM
CepelHiX 3Ha4YeHb, MOOyHOBOIO TrpadikiB Ta
KOPeJLSIMIHHAM ~ aHaji30M, M0 JIO3BOJIHIIO
OLIIHUTH TOKCUYHUH BILIMB IMECTHLIMIIB Ha Pi3HI
BU/IU IPYHTOBHX OaKTepiil Ta 3p0OUTH BUCHOBKH
10710 iXHBOI €KOJIOTTYHOT HeOe3MeKH.

Pe3ynabTaTu Ta 00roBOpeHHs

JI1st IpOBE/ICHHST €KOJIOTIYHOTO aHalli3y
BIUIUBY MECTULHIIB HAa MIKpOQIIOpY IPYHTY
HamHu OyJ1o BiniGpaHo podu IpyHTY y TPbOX pi-
3HHUX Jokamisx micta Jlynek: 1 — GoTaHiuyHMIA
3aKa3HUK «BOpoTHIBY, JTicoBa 30Ha; 2 — MiISTHKA
aronursixy E8S5 na Bymuui OxpyxHiil, 37 M.
Jlynpk; 3 — kBiTHHK 617151 TypTORUTKY Ne 2 BHY
imeni Jleci Ykpainku Ha Bynuui BunHuuenka,
22. TpyHT i3 JIiCy BiAPI3HABCSA CBOEK BOJIOT-
CTIO, TOJIi SIK TPYHT 3 KITlyMOH Ta 01115t MaricTpati
OyB CyXHM i IEMOHCTpPYBaB A0OPY BOJIOTIPOHH-
KHiCTh. Ha OCHOBI OTpMMaHuX 3pa3KiB IPOBO-
JIUITY TTOCIBH METOJIOM JIpHraibchbKoro Ha Jar-
kax Ilerpi 3a BiamoBigHOW MeTomukow [18].
BubOpani 6akTepii nepecisiiu B ipodipky. Uepes
3 1H1 10 KyJILTHBOBAHUX MIKPOOPTaHi3MiB BJIH-
BaiX (pi310I0TIYHMI PO3UMH 1 IEPEMILITYBaIH 32
JOIIOMOTOI0 BOpPTEKCa. 3 OTPUMAHOI CyMilii
BinOupanu 0,1 mu cyGeranii i npoBoAWIHN MO-
ciB MeTojioM JlpuraabChbKOro Ha 3a3/alieriib

IIrOTOBJICHI arapoBi cepezoBuIla B 48 dari-
kax Ilerpi mo 8 yamn Ha KOXkeH IWTaMM OakTepiil.
Bcei migrorosneni wami Oynu po3aiseHi Ha 4
IUIsL KO’KHOTO IITaMMy OakTepiil Ha oguH oOpa-
Huii iectui (puc. 1).

VY koxHY 3 HUX OyJjo po3mimeHo mo 1
KpYKeuKy 3 (QinbTpyBajJbHOIO mHamepy. 3a ao-
MIOMOT'OI0 eJIEKTPOHHOT MIMeTKN Ha HbOT'O HAaHO-
cuii 10 MKIT 00paHOTO MECTHLIUAY 1 3aTTUIIATN
JUTs iHKyOarii Ha 4 JIHi.

Iecturun Pesticol mae Buiy KOHIICHT-
parito nitouoi pedoBunu — 6,0 %. Bin MicTUTB
arneIbCHHOBY OJIiI0 (CHOJYyKa 3 TPyIH eQipHUX
o) — 60 r/n. pyruii oOpaHuii MECTUIUT —
KarateGold, sikuii BAKOPUCTOBY€ETBCS /ISl 3HHU-
IIEHHS KOMaX 1, 0T)KE, € IHCEKTUIMA0M. Bin Mi-
CTHUTH JIIMOJa-UUTATOTPUH (CIIONIyKa 3 Tpynu
miperpoinis) — 0,75 v/n (0,075 %). BupobHu-
KOM Tipemnapartis € kommnais SyngentaPolskaSp
(Bapmasa).

Puc. 1 — ITociB MeTotoM J[pHranschbKoro i NeCTUIMAN Ha KPYKEUKy 3 (QUIbTPYBAILHOTO Harepy
Fig. 1 — Inoculation using the Drigalski spatula method and pesticides applied on a disc of filter paper
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[IpoBeneHe mocCHiKEHHST TTOKA3aJ0, 110
pi3HI BUAM BCTAaHOBJIEGHUX OakTepiil, a came
Sphingomonas, Streptomyces, Micrococcus,
Bacillus, maroTh pi3Hy 4yTJIMBICTH A0 TOKCHY-
woi gii mectununis Pesticol ta KarateGold.
BcranoBieHo, mo depe3 BUILY KOHLEHTPALiO
JIF0Y0i PEYOBHHHU B IIEPLIOMY Mperiapati Maike
Ha BCIX IUIUTKaX CIOCTEPIrayiocs MPUrHIYCHHS
3pOCTaHHsI MikpoopraHi3miB. Lle nposBisutocs
y BHIUISAJI KUTBISI HABKOJIO KPArUIi MECTHITUY,
Jie BificyTHI Oynu Oynb-siki 0aktepii (puc. 2—4.

a). [Ipore, B ApyroMy mpemnapari TeX CIocTepi-
rajoch MPUTHIYCHHS POCTY 3 IYKE MAJIUM KiJlb-
[IeM Ta Ha MaJliii KiTbKocTi yamok Iletpi (puc.
2-4. 0). Lle Bra3ye Ha Te, 0 APYrUil npenapat
€ MEHIII arpeCUBHUM Ta OB €KOJIOT1YHO 0e3-
MICYHHUM Y TOPIBHSAHHI 3 TEPIIMM, IO IEMOHCT-
PY€ BUCOKHIT piBeHb 3HHUIIICHHS.

[licna KynbTHBYBaHHS MiKpOOpPTaHi3MiB
BHMIpPIOBaJIM PO3MipH 30HU MIPUTHIYEHHS POCTY
3a JIOTIOMOTOIO JIiHIHKU. Pe3ynpTati momaHo y
Tab61n. 1 Ta Ha puc. 5.

a — nectunuy Pesticol; 6 — nectuua KarateGold
Puc. 2 — 3oHa IpUrHiYeHHs POCTy, Ha NpUKJIaL OakTepii Buay Streptomyces, 1072
a — pesticide Pesticol; b — pesticide KarateGold
Fig. 2 — Growth inhibition zone on the example of Streptomyces bacteria, 10~ dilution:

0

a — necruuun Pesticol; 6 — necruun KarateGold
Puc. 3 — 3oHa NpuUrHiueHHs pocTy, Ha Ipukiai 6akrepii Buay Bacillus, 104
a — pesticide Pesticol; b — pesticide KarateGold.
Fig. 3 — Growth inhibition zone on the example of Bacillus bacteria, 10~ dilution:
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a — mectuimy Pesticol; 6 — mectunua KarateGold
Puc. 4 — 30Ha NpUrHiveHHs poCTy, Ha IpHKIai 6akTepii Bumy Micrococcus, 104
a — pesticide Pesticol; b — pesticide KarateGold.
Fig. 4 — Growth inhibition zone on the example of Micrococcus bacteria, 10~ dilution:

Taoauusa 1
BesmunHa 30H NPUTHiYeHHs POCTY i/l BINIMBOM NeCTHLMAIB
IS A0CTiIKYBAHMX MiKpoOpraHizmiB
Table 1
The size of growth inhibition zones under the influence of pesticides
for the studied microorganisms

. Po3mip 30Hu npurHiyenns pocry, Mm/
Ne 3pz]:31<1_1|z rpyHTy/ Size of growth inhibition zone, mm
No. of soif samples Pesticol Karate Gold
40 11
[epruuii 103%(a) 35 10
3pa3oK IPYHTY, Sphingomonas 35 12
sic/ 36 -
First soil 35 3
sample, forest 10%(b) 48 20
Streptomyces 45 12
43 -
Hpyruii 3pa3ok 10 10 N
_TpyHty, Micrococcus 15 -
Ginst moporu/ - -
Second soil
sample, near 10 g; 1(1)
the road Bacillus
u 26 20
21 -
103 17 -
Tperiii 3pa3ok Bacillus 12 10
IPYHTY, 6 14 -
KBIiTHUK/ 10 -
Third soil 4 43 -
sample, flower 1(.) 32 -
garden Bac;llus 20 .
15 -

~ 160 ~
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Puc. 5 — Bruu nectuiuais Pesticol i KarateGold ua rpynToBi 6akrepii
Fig. 5 — The effects of Pesticol and KarateGold pesticides on soil bacteria

AmHaui3 pe3yJbTaTiB Ta JiarpaMu po3mipy
30HU mpurHideHHs pocty (3IIP) pisHuX BHIIB
OakTepiii Ha cepeIOBHILI 3 PI3HUMH KOHIIEHTPa-
mismu nectununis Pesticol i KarateGold mo-
3BOJISIE 3pOOUTH KiJIbKAa BRKJIMBUX BHCHOBKIB.
[To-mepire, pi3Hi Buau GakTepiit MarOTh Pi3HY
YyTIUBICTh 0 MECTUIMAIB, mpruuomy Bacillus
(6) 3 3 mimsakm Tta MIiCrococcus € HaUOiLIBbII
cTilikumMu 70 000X pedyoBuH. Kpim ToOrO,
Sphingomonas i Streptomyces mokasamu 06i-
JIBIILY YyTJIMBICTh 10 000X MECTUIUIIB, TOJI K
Bacillus (B) 3 TpeThOi JiISHKY BUSBHIKCS Haii-
oinbm uyTimBuME 110 Pesticol, a 8 KarateGold
NPUTHIYEHHST He BiI0YIOCh. 301IbIICHHS! KOH-
HEHTpaIlii MeCTUIHIIB MPU3BOAUTE 10 30i1b-
mieHHs: po3mipy 3IIP Gaktepiil, mo 3ymoBitoe
MPOTOTOKCUYHY [0 IMX PEYOBUH Ha MIKPOOP-
ragizmu. 3aranom, Pesticol BusBuBcs Ginbi To-
KCUYHHM JUTs OaKTepiil, B pPEKOMEH/I0OBAHUX BH-
POOHHKOM KOHIICHTPAILIISX, X0U € OIJIbII €KO-
JIOT1YHHUM 32 CKJIQJIOM.

Taxox OyB IpoBeIEHMI TecT Ha MiHiMa-
JIbHY 1HTiIOyIOYY KOHIIGHTpAIlil0 s 2 BHIIB
IpyHTOBUX OakTepiil, a came Streptomyces 3
HepIIoro 3paska rpyHry ta Micrococcus 3 npy-
roro 3paska rpyHry. Meron MiHIMaiIbHOI iHTi-
oytouoi konuentpaiiii (MIK) e naGoparopaum
METOJIOM, TIPU3HAUCHHUM JIJIsl BU3HAUCHHSI Haii-
MEHIIOi KOHIIEHTpaLii aHTHOi0THKa 200 1HIIOT0
MPOTUMIKPOOHOTO 3ac00y, SIKa MPUTHIYYE picT
mikpoopranismis [19, 20].

Y xoai pocimkeHHs 0yJI0 BCTAHOBIIEHO,
mo Juia O6akrepii Streptomyces miHimanbHa iH-
rioyroua kounenrtpanis (MIK) necrummmny
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Pesticol ctanoButs 16 MKI/Mi, TOAI SK 1A T1e-
cruiuay KarateGold MIK ckiagae 2 MKr/Mmit.
Ile cBimuuTh mpo Buiy edexTuBHicTh Pesticol
y TPUTHIYEHHI POCTY LMX MiKpOOPraHi3MiB.
Busiiennst HasBHOCTI OakTtepiil 37ilicHIOBa-
JIOCS UTSIXOM CTPYIITYBaHHS MPOOIPOK, IO JI0-
3BOJISJIO Bi3yaJIbHO OI[IHUTH 1X MIOMYTHIHHSI.

[lomo Gakrepii Micrococcus, MIK mec-
tunuay Pesticol cranoBuTs 2 MKI/MJI, 1110 OyI10
MiATBEPHKEHO BiICYTHICTIO OaKTepill y mepurii
po0ipi, ska 3MiHWIA KOJIp OyJIBHOHY Yepe3
3eJIeHUH BIATIHOK MECTUIHIY, ITPH [bOMY Oak-
Tepil manu poxeBe 3abapeienns. KarateGold
BUSIBUBCSI ~ MEHII  ©(EeKTHBHUM  IPOTH
Micrococcus, ockiibku Gaktepii Oyiu mpucy-
THi y BCiX TIpo0ipkax, a Koxip OyJIbiHoHy 3MIHH-
BCS 31 CBITJIO-KOPUYHEBOI'O Ha POXKEBUH, IO
CBITYUTH TPO BUCOKY CTIHKICTH Oaktepiil 10
IILOTO MECTHIUTY.

3arayom, 3a pe3yJibTaTaMH JOCIIIDKESHHS
MOKEMO CTBEP/XKYBATH, IO MECTUIUIN CTBO-
PIOIOTH 3HAYHY HEOE3MeKy il IPYHTOBOIO ce-
penoBuma. ToMy Haj3BHYAHO BaXKIMBHUM €
BMiJIe Ta 3Ba)KCHE BUKOPUCTAHHS MECTHIIUIIB,
OCKUIBKHY HHM3KA IIKIJUTMBUX HACIIAKIB CIIPUYH-
HEHi J03aMH 3aCTOCYBaHHS, 110 MEPEBUILYIOTH
PEKOMEH I0OBaHI HOPMH. Y 1IbOMY acCIeKTi BaxK-
JUBUMH € JOTPUMAHHS 3acajl 30alaHCOBAHOTO
MPUPOAOKOPUCTYBAHHS Ha OCHOBI CTajJoro 3e-
MEJBHOTO MEHEKMEHTY, 10 Y CBOIO Yepry Tie-
pendadae HaBYaHHS MEPCOHATY ClTLCHKOTOCTIO-
JapChKUX MIANPUEMCTB, 30KpeMa B HAIPSIMKY
YIPABJIiHHS MECTUINAAMH Ta 3eMEJIbHUMHU pe-
cypcamu arpocdepu.
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Bucnoexu

HocnmipkeHHsT  BIUIMBY — MECTHLUAIB [lepcrieKTHBHUMH HampsiMaMu MOJalIb-
Pesticol Ta KarateGold na rpyHToBy Mikpod- LIMX JOCHIPKEHb MOXYTh OyTH: BUBUCHHS TPH-
JIOpY BU3HAUYMIIO: Pi3HI BUAM OakTepiii MaroTh BaJIOTO BIUIMBY MECTHLUAIB HA CTPYKTYPY MiK-
IudepeHiioBany YyTIUBICTb A0 Aii MEeCTHLH- pPOOHHX yrpymnoBaHb Ta iX (YHKIIOHAIBHY aK-
niB. Hail0inpIn Bpa3IMBUMH BUSBUIINCS TPE- TUBHICTh; CTBOPEHHSI MEHIII TOKCHYHHUX 3ac00iB
CTaBHUKHU poxis Streptomyces Ta 3aXHMCTy POCIHMH Ha OCHOBI IPUPOJHUX CIOTYK
Sphingomonas, Toxi sik Micrococcus npoaemo- ab0 MIKpOOHMX TpemnapariB; BIPOBAKCHHS
HCTPYBaB HAWBHINY CTIHKICTh, OCOOIMBO 0 IHHOBAIIfHAX €KOJIOTO-OPi€EHTOBAHUX Ta MiXK-
npenapaty Pesticol, o mictuts 6 % anenbcu- TUCIUIUTIHAPHUX METO/IB YIIPABIiHHS 3€Meb-
HOBOI OJIii Ta MMOKa3aB BHIy TOKCHYHICTh TTOPi- HUM pecypcamu. Pearizarisi mux HampsMiB J10-
sustHO 3 KarateGold (0,075 % nsam6pa-nurao- CIIIJDKEHb JIO3BOJIUTH PO3POOUTH e(EeKTHUBHI
TpHuHY). lle miaTBEepMKEeHO SK po3MipaMy 30H cTparterii 30epexeHHs TPYHTOBOI MiKpoQIopn
MPUTHIYEHHS POCTY, TaK 1 3HAUEHHSAMH MiHIMa- Ta MiHIMIi3allii eKOJIOTIYHUX PHU3HKiB, TIOB’A3a-
TpHOI iHT10YI0901 KoHIeHTpamii. Oco0nmBo Ba- HUX 13 3aCTOCYBAaHHSIM TIECTHIHIIB Y CIIbCh-
PTO BiI3HAYMTH, IO HA 3a0pyTHEHUX TUITHKAX KOMY TOCIIOJIapCTBi, CHOpUsTHME 30ajaHcoBa-
(30kpema, Ol aBTOLUISAXY) CIIOCTEPIrasocs HOMY BHUKOPHCTAaHHIO 3€MEJbHUX PECypCiB Ta
MEHIIIC YyTIUBUX MIKPOOPraHi3MiB, II0 MOXE 3a0€3MeYEeHHIO CTAJIOr0 PO3BUTKY arpocdepHu.
CBIJTYMTH PO X aJanTarito 10 XiMiYHOTO HaBa-

HTaXCHHA.
Kondgpnikm inmepecie

ABTOpH 3asBJIAIOTH, IO KOHMIIIKTY IHTEpECiB om0 ImyOikamii Mboro pykonucy Hemae. Kpim
TOTO, aBTOPH ITOBHICTIO JOTPUMYBAINCHh ETHYHUX HOPM, BKIIFOUAIOYH TUIAriaT, (hambchudikallio JaHux
Ta TOJBIHHY MyOTiKaIlifo.
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THE PESTICIDES IMPACT ON SOIL MICROFLORA IN THE CONTEXT OF SUSTAINABLE
NATURAL RESOURCE USE

Purpose. Study of the impact of the pesticides Pesticol and KarateGold on soil microflora, specifically on
bacterial communities of the genera Sphingomonas, Streptomyces, Bacillus, and Micrococcus, in the context of
balanced nature management.

Methods. Serial dilutions, Drygalsky, the Gram method and microscopy, agar diffusion methods, statistical
processing.
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Results. Soil samples were selected in different locations of the city of Lutsk: 1 — botanical reserve “Vorot-
niv”, forest zone; 2 — section of the E85 highway on Okruzhnaya Street, 37; 3 — flower garden near the dormitory
No. 2 of the VNU on Vynnychenko Street, 22. Two types of the most commonly used pesticides were selected for
the study: Pesticol (active substance concentration 6.0 %) and KarateGold (active substance concentration
0.075 %). Analysis of the effect of pesticides on microorganisms showed that the selected drugs, such as Pesticol
and KarateGold, have different effects on different types of soil bacteria, which emphasizes the importance of
studying their effect on the microbiota. The obtained research results clearly show that the drug with a lower
concentration of the active substance is less aggressive and more environmentally friendly compared to the other.
The results showed that for Streptomyces bacteria, the minimum inhibitory concentration (MIC) of the pesticide
Pesticol is 16 ug/ml, while for KarateGold it is 2 pg/ml, which indicates high sensitivity to the first pesticide. In
the case of Micrococcus bacteria, the MIC for Pesticol is also 2 pg/ml, while the bacteria showed high resistance
to KarateGold, which is confirmed by their presence in all tubes except the first.

Conclusions. The negative impact of pesticide use on these microorganisms, which may cause disruption of
the soil ecosystem. Taking into account the impact of pesticides on microflora is of great importance when
developing a plant protection strategy to ensure a balanced use of chemical protection agents. Research can
contribute to a better understanding of the effect of pesticides on microorganisms in the soil, which is important
for balanced environmental management.

KEY WORDS: pesticides, microorganisms, soil, microflora, bacteria, growth inhibition zone, balanced
nature management, sustainable land management, agrosphere
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OUIHIOBAHHS ®ITOTOKCUYHOCTI IPYHTIB 3 PI3HUMU BUJIAMU
AHTPOIIOTEHHOTI'O 3ABPY/IHEHHAA

Merta. BuzHadeHHsI (GiTOTOKCHIHOCTI IPYHTIB, BiliOpaHHUX Ha Pi3HUX IUISTHKAX IIITXOM OioTecTyBaHHS
3 BUKOPHCTaHHIM HaciHHS KamycTH Oiaorosnosoi (Brassica oleracea L.), mepirro cooakoro (Capsicum annuum
L.) ta peaucy mociBuoro (Raphanus sativus L.).

MeToan. AHATITUYHUI, TOJBOBUX JOCIIKCHB, 010TECTYBaHHS, CTATUCTHYHHA.

PesyabTaTn. BuszHaueHo, 10 npoOHa AisiHKa MO0ONIM3y CMITTE3BANNINA 3HAUYHO 3a0pynHeHa: (iTOTOK-
cnunuii epext (DE) csrae 69,6%, 1o cBiguuTh Mpo iCTOTHE MPUTHIYEHHS pocTy, PH rpyHTOBOTO po3unHy — 4,9.
[pyHT Ha y36i44i aBTOMOGLILHOT TOPOTH 3a6pyJHEHHH BUIIE CEPEIHBOTO PiBHSI, CIIOCTEPITAETHCA MAKCUMATIBLHHIA
®F — 53,4 % ny1st mpopOoCTaHHs HACIHHS MepIIto cojioakoro, PH — 4,9. 3pa3ok rpyHTY 3 CiJIbCHKOTOCIIOAaPCHKOTO
TIOJIs1 BUSIBUB cepeHIo pitoTokcmuny mito, pH — 5,4. KoHTpoapHa mijsHKaA IMOKa3aja BUCOKUH BIJICOTOK MPOPOC-
TaHHS HaciHHA 0e3 o3Hak diTorokcnuaHocTi, PH — 4,9. Ha Bcix 3abpynHennx airsakax y mapi 0—20 cm chopmy-
Bajiocs Kucie rpyHtoBe cepenosumie pH 4,5-5,4. TIpu Takux moka3HUKax OUTBIIICTD IMOKMBHUX €JICMEHTIB CTa-
IOTh BYKKOJOCTYITHUMHU I pociuH. CIocTepiraloThCs XapakTepHi MOP(OJIOTIYHI 03HAKH TOKCHYHOTO CTPECY:
CKpYYyBaHHS JUCTS, TOOUTIHHS KpaiB, AedopMarltis kopeHs. HalOuUIbITy 9y TIMBICTh 10 3a0pyTHEHHS MTPOSBIIIO
HaciHHs nepiro conoakoro (Capsicum annuum L.).

BucHoBku: Bu3HaueHo, 0 TEXHOTCHHO HAaBaHTa)XEHI IPYHTH YHMHATH HETaTUBHUM BIUIMB Ha MPOPOC-
TaHHS HACIHHS Ta HOTO MOJANbIINIT pO3BUTOK. bioTecTyBaHHs BUSBHIOCS €(heKTHBHIM METOJIOM IIEpBUHHOTO Oi-
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Bcmyn

CraH TpyHTIB y Cy4acHHX €KOJIOT1YHUX BaXKUMH METaJIaMu, HaQTONPOLyKTaMH, 3aJIH-
yMOBax YKpaiHd BUKJIMKAE 3HAYHE 3aHEIOKO- [IKaMH{ arpoxiMiKaTiB Ta iIHIIMMH TOKCHYHHUMHU
€HHS Yepe3 3pOCTaHHS aHTPOIIOTEHHOTO HaBaH- pedoBrHamu. [IpoBeneHHs JOCTIKEHb 0C00-
Ta)KeHH:, 30KpeMa BHACIIIOK IHTEHCUBHOI [is- JMBO aKTyaJlbHO Ha TEPUTOPISX, [l HAsABHI IO-
JBHOCTI MPOMHCIIOBUX MHiINPUEMCTB, aBTOMO- TEHUIHHI Kepena 3a0pyJHEHHS: CMITTE3Ba-
OUTLHOTO TPAHCIIOPTY Ta HAKOMHMYEHHS TBEp- JWIA, TPAHCIIOPTHI MaricTpaii, CUTbChbKOTOC-
JIUX MoOyTOBHX BiaxoxiB. BiHHMIBKA 001aCTh, MOJIAPCHKi MiAMPUEMCTBA 3 IHTEHCHUBHOIO arpo-
SK OAMH 3 MPOMHCIOBO PO3BUHEHHX PETiOHIB, ximi€ero Ta mpomMuciIoBi 00’ ekTu. biorecTyBaHHS
TaKOXX CTHKA€EThCS 3 TPOOJIEMOIO Jierpajaiii 3a JIOTIOMOTOIO MTPOPOIIYBaHHsI HACIHHS Yy TIIU-
IPYHTOBOI'O TIOKPHBY BHACIiZIOK 3a0py HEHHS BUX POCJIMH JIO3BOJISIE ONIEPATHBHO Ta HAOYHO
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OI[IHUTH pPiBEHb TOKCUYHOCTI TPYHTYy, BH-
SABUTH NPUXOBAaHI 3arpo3d ISl arpoeKOCHC-
TEM 1 310pOB’sl HACEJICHHS.

IcTopist BUKOpHCTAHHS POCIUH ISl BU-
3HAaYeHHSl SKOCTI MOBKULISA po3mnovanacs y
1866 potii, Ko BUAATHUHN JOCTITHUK — BiJb-
rensm Hionanaep, GiHcbKuit nixeHomor, SKui
npamroBaB y @panuii, Brepiie 3acTocyBaB Ju-
mIalfHUKY K O10IHIMKATOPH CTaHy aTMmocde-
pHOTO MOBIiTPs. BiH mpuMiTHB, 110 ekl BUIN
JTUIIAHHUKIB 3HUKAIOTh Y MICBKHX paiflOHax 3
BHCOKHUM piBHEM 3a0pyIHEHHS, 0COOIUBO Ci-
PUNCTUMH croxykamu. lle mokmano movaTox
PO3BUTKY JIEXiHOIHIMKAIIil, IKa ¥ CHOTOJHI €
HaJiHHAM METOJIOM OI[IHKH SKOCTi TOBITpS.
Hacinns, Kk iHIUKATOp MIKiATUBUX PEYOBUH
y JOBKiJUIi, MOYald BHUKOPUCTOBYBATH IIi3-
nime. [lepri 3a10KyMEHTOBaHI JTOCIIIIXKCHHSI
3 BUKOPUCTAHHSM HACiHHS POCIHH g 6i0iH-
JIuKalii 3a0pyAHEHHsI TPYHTY Ta BOJIU MPOBe-
neni B CHIA y 1960-x pokax. [lociigHUKH
AreHiii 3 oxoponu noBkimist CIIIA (EPA) 3a-
crocyBanu Hacinus mronepan (Medicago sa-
tiva L.), penucku (Raphanus sativus L.), ori-
pka (Cucumis sativus L.) 1ist BUSIBIIEHHS TOK-
cuunoi mii Baxkux metaniB (Cd, Zn, Pb) y
rpyHTi Ta Boxi [1].

Y pe3ynpTaTi TpUBAIOTO MEPioTy BHKO-
pUCTaHHsS HACiHHSA DPOCIWH, SK IHIUKATOPiB
3a0pyAHEHHS JOBKUIIS, BA3HAYEHO, 1[0 BaXK-
JUBE 3HAYCHHS Ma€ MpaBUIbLHUI BHOIp TecT-
00’€eKTa, TOMY 110 Pi3HI BUAYM POCIUH BUSIBIIS-
I0Th crienn(pivyHy YyTIUBICTh 10 TIEBHUX IIO-
MoTaHTiB (Tadu. 1).

YpoIoBK OCTAaHHBOTO ACCATHIITTS 010i-
H/IMKAIlisl TPYHTIB aKTUBHO PO3BUBAJIacs SK Ha-
OpsiM TIPUKIIATHOT eKoJorii. YKpaiHCBbKi BYEHi
PO3pOOMIIM HU3KY METOJAWK, CIIPSIMOBAHUX Ha
OLIIHKY CTaHy IPYHTOBOT'O CEPEIOBHINA 32 J0TI0-
MOTOI0 POCJIMH, MIKPOOPTaHi3MiB Ta 1HIHX 0i0-
norigaux 00’exTiB. [lapanensHo 3 UM, Mi>KHA-
POJIHI JOCIPKEHHSI aKIIEHTYIOTh yBary Ha iHTe-
TpOBaHMX cHCTeMaX OlOMOHITOPUHTY Ta IHAWKA-
TOpAax CTAJIOCTi IPYHTIB.

Hocmimkeno y 2016 pori [2] moTeHttian
GbiTolHAMKAIIT JJIS OI[IHKK POIIOYOCTI IPYHTIB
HenrpansHoro Jlicocrermy Ykpainu 3 BUKOPHC-
TaHHSIM POCITUHHUX I1HJWKATOPIB JUIsS BH3HA-
YeHHsI 3MIH Y CKJIaJli Ta CTPYKTYpi IPYHTIB TBa-
PUHHHIIBKUX KOMIUIEKCIB, HATOJIOCHBIIIN HA 3HU-
JKEHHI 1X SIKOCTI.

Y 2017 pori y3araibHEHO CydacHi Me-
TOIM OlOIHAWKALUI Ta 6iOTeCTyBaHH$[ TIPUIIIIS-
1041 0COOJIUBY yBary M1KpoopraH13MaM [3] Ho-
CJIIZPKEHHS BUCBITIIIOE KOMIUIEKCHUH MiAXia 10
OLIIHIOBAaHHSI IerpaAalii IPYHTIB, 110 € 0COOINBO
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BOKJIMBHM JUIl MOHITOPHHTY ekocucteM Kap-
MATCHKOT'O PETiOHY.

Toro  poky B poOoTi [4] 30cepemKeHo
yBary Ha OOIPYyHTYBaHHI BHOOpPY POCIHHHHX
TECT-CUCTEM ISl IPYHTIB, 3a0pYAHCHUX YHACITI-
JIOK JIsUTBHOCTI TPaHITHHX Kap’ epiB. 3acTocy-
BaHHSI METOAY aHaJi3y i€papXiid TO3BOJMIO BUE-
HUM BCTAQHOBHUTH HaiiH(POPMATHUBHINI TecT-
00’€KTH JUIsl JIarHOCTUKU (PITOTOKCUYHOCTI.

[Ipuryna H.M. [5] y3araipHUB TeopeTH-
YHI Ta MPAKTHYHI 3acaay BUKOPUCTAHHS POCITHH
1 MIKpOOprasi3miB y OioiHAMKAI] IPYHTIB TI00-
T3y HECaHKIIOHOBaHWX cMiTTe3Banmm] y Kap-
narax. Jocmimkenns [6] y 2020 pori 3actocy-
BayM (piToiHAMKAMi{HI 1 MiKpoOiomoriuHi Me-
TOMW Ta TIATBEPIVIIN 3HIDKEHHS EKOJIOTiYHOI
SIKOCTI IPYHTIB Ha JTaHi{ TepUTOPii.

VY 2023 poui B po6ori [7] BuB4au ¢iTo-
TOKCHUYHICTh MPUMAricTpaILHUX TPYHTIB, BHKO-
PHUCTOBYIOUHM POCIMHHI TecT-cucteMu. Jloci-
JOKCHHS TIITBEPAWIN BIUIUB aBTOMOOLIBHOTO
TpaHCIOPTY Ha 3a0pyaHeHHs IpyHTiB y [lpuka-
pHAaTChKOMY PETiOHi.

[MuTtarasam ditoinaukarii Ta hiToMOHITO-
pUHTY, e HaBe/IeHI TONBOBI 1 TabopaTopHi Me-
TOJIUKH, M0 0a3ylOTHCS Ha CIIOCTEPEXKEHHI 3a
3MiHaM# (i310JIOTIYHOTO CTaHy POCIWH, 30K-
pema xiopodin-giryopectieHtii, MopdoMeTpii Ta
1HJIEKCIB )KHUTTE3IATHOCTI HalaHO B poboTi [8].

Ha mi>kHapogHOMY piBHI JOCIi/KEHHS B
rajty3i O101HUKaIlii € MyJIbTHIUCIUILTI HAPHUMHU
Ta OXOIUTIOIOTH IPYHTO3HABCTBO, MiKpoOioio-
rito, 6iopemMemialiiro. ATeHTCTBO 3 OXOPOHH Ha-
BroymmHboro cepenosuina CIIA (EPA) pery-
JSIPHO yOITiKy€e pe3ysbTaTH JOCIHiIKEHb 3 BU-
KOPHUCTaHHSIM O101HIUKATOPIB ISl OLIHKH SKO-
CTi IPYHTIB B KOHTEKCTI 3a0pyIHCHHS BaKKUMU
MeTajlaMH, IECTHIHIaMH Ta HaQTOIPOTyKTaMu.
Marepiamu EPA ciyryrots 6a30BuM JKeperioMm
qutst exkooriyaoi momituku CHIA Ta mixkHapos-
HOTO €KOJIOTYHOT0 MOHITOpUHTY [1].

Y po3xini MoHorpadii [9] 3anponoHoBaHO
kiacudikaniro 010IHIUKATOPIB 3a THIIAMU Opra-
Hi3MiB (OakTepii, rpudu, pocauHu, 6e3XxpedeTHi)
Ta piBHAMHU OpraHizauii xuBoi Matepii (KIiTHH-
HUHM, TONyJISHIAHUA, €KOCHCTEMHHMH). 3a3Ha-
YEHO PO BAKIIMBICTh MOHITOPUHTY IPYHTOBOTO
cepeJIoBHINA B YMOBaxX 3MiH KIIiMaTy Ta 3pocTa-
FOYOTO TEXHOTEHHOTO HaBAaHTAXKEHHSI.

Hocmimxennst [10] mpucssueHe rpyHTO-
BHM MIKPOOPIaHi3MaM sIK «€KOCceHcopam» 3a0py-
JHEHHS. ABTOPH PO3MIISIAI0TE O101HANKATOPH K
IHTErpaTHBHI IHCTPYMEHTH JIJIs BUSIBJICHHS TIOPY-
[IeHb y MIKpOoOiOMI IPYHTIB, 10 € PAHHIMH Map-
KepaMu 3MiH y CTpYKTypi ekocucteM. [locmia-
YKEHHSI Ma€ BUCOKY NMPUKIIAAHY LiHHICTh y Taly3i



ISSN 1992-4224 Jlropuna Ta noskimns. IIpobaemu Heoekomnorii. 2025. Bunyck 43

Taoauns 1

3acTocyBaHHSI HACIHHA POCJINH JUIA OioiHauKANii pi3HMX THIIB 3a0pyAHeHHS

Table 1

Application of plant seeds for bioindication of different types of pollution

Ne |Bun pociaun/ Tunu 3a6pyaneHHsn/ PexomeHnaaii 10 3acTocyBanHs/
Growing species Types of pollution Recommendations for use
1. |ConsmHuk . . .| AKyMyJIIO€ BaXXKi METAJIA Ta Pa{iOHYKIIiTU; PCKOMECH-
N Pamionykimiam, Bakki . o
3BHUAHHMIT veram | JIOBAHO TS 30H TICJIS aBapiiHOTO ;sa6py/:.(HeHH;1/
(Heliantus annus Radionuclides Accumulates heavy metals and radionuclides;
L) heavy metal s' recommended for areas after accidental
contamination.
2. |Tipunus Basxki metanu (Hg, [igxomute ms piTopeMeniarii Ta BUSBICHHS pajia-
caprieTcbka Cr, Pb), pagionykmigu / | witiHoro 3abpyanents/
(Brassica juncea Heavy metals (Hg, Cr, | Suitable for phytoremediation and detection of
L.) Pb), radionuclides radiation contamination.
3. |Kamycra 6iJ'I.01“0— Baskki Metanu / Bucoxka HakomigyBaibHA 3aTHICT, PEKOMEHIOBAHO
noBa (Brassica Heavy metals JUIst CKIAJIHOTO BAXKOTO 33_,6py}1HeHH$[/
oleracea L.) (W, Pb, Cd) High accumulation capacity, recommended for
o complex heavy contamination.
4. |Ksacons 3Buuaiina Baxxki metanu 3acTOCOBYETHCS B TaOOPATOPHUX TECTaX AJISI BUSB-
(Phasoleus vul- (Cu, Zn, Pb), henonu/ | ieHHSA TOKCHIHOCTI (BeHOIB Ta Mimi/
garis L.) Heavy metals(Cu, Zn, | Used in laboratory tests for detecting phenol and
Pb, phenols copper toxicity.
5. |Pina KOpMOBa TepGimmms, coi Ba- YyTnusuii 10 repOilUaHOTO HABAHTAKCHHS; WBHJIKE
(BrassicarapaL.) . 3pOCTaHHS JO3BOJISIE TIPOBECTH OTIEPATHBHE OIiHIO-
KHX MeTaliB / anns/
Hermgigfzéngavy Sensitive to herbicide load; rapid growth allows for
prompt assessment.
6. |[apOy3 3BuuaitHuii | Opranivyni 3a0pyaHio- | UyTIMBHIA 10 OpraHiYHUX MECTUIMIIB; 3aCTOCOBY-
(Cucurbita pepo Badi, mecTuruau / €TbCs y (piTOTECTax 3 TOBIMM IMKIIOM MPOPOCTaHHs/
L.) Organic pollutants, Sensitive to organic pesticides; used in phytotests
pesticides with long germination cycle.
7. | Xpiuung ciiina, . IneanbHui it BUSBJICHHS JISTKOTO XIMIYHOTO 3a0py-
Kpec-cayaT Bascxd metaimi / JTHEHHSI; Ty’Ke [IBHUJKE MPOPOCTaHHsI/
(Lepidium sativum Heavy metals Ideal for detecting light chemical pollution; very rapid
L) (Cd, Co, Cr, Cu, Fe, Hg, | 4ermination.
Mn, Mo, Ni, Pb, Zn, As)
8. |Penuc nociuuii Hadronpoaykru, rep6i- | I[linxoauTs st omiHKK HadTOXIMIYHOTO 3a0py I
(Raphanus sativus LU/IM, BXKKI MeTanmu / | HEeHHsI; MIBUKA peakiis/
L) Petroleum products, Suitable for assessing petrochemical pollution; quick
herbicides, heavy response.
metals
9. |Ilepemp CoOMOAKUIT IMecTrimay, BaxKKi UyTIuBHUi 10 JIETKUX TOKCUKAHTIB; IiIXOIUTh JJIs 3a-
(Capsicum annuum METAJIH, IPOMUCIIOBI | OpyAHEHHS OpraHiYHUMU CrioayKamu/
L.) Bigxomu / Sensitive to light toxicants; suitable for organic
Pesticides, heavy compound contamination.
metals, industrial waste
10. |JIrouepna nociBHa Cd, Cu, xmopoprani- | [Toka3HHK 3arajibHOTO CTaHy IPYHTOBOTO GiOIEHO3Y;
(Medicago sativa YHi CIIONyKH / BHCOKa TOJIEPAHTHICTS /
L.) Cd, Cu, Indicator of general soil biocenosis condition; high
organochlorine tolerance.
compounds
11. |Osec nociBHMIA Bakki meranu, PexoMeH0BaHM JJ1s1 MPOMHUCIIOBUX 30H; 100pe BU-
(Avena sativa L.) OeH30J1, pO3UMHHUKHY / | SBJISE TOKCUYHICTh PO3UYMHHHKIB/
Heavy metals, Recommended for industrial zones; effective in
benzene, solvents detecting solvent toxicity.
12. |llupuus 3Buyaiina Hirparu, dpocdarn, biomacy BUKOPHCTOBYIOTB JUIsl aHaJIi3y HAKOIMYEHHS

(Amaranthus retro-
flexus L.)

POMHUCITOBI Bigxom /
Nitrates, phosphates,
industrial waste

IIKiJUTMBUX PEYOBHH; NIEPCTIIEKTUBHUH U1 MOHITOPH-
HIY arpapHOro HaBaHTAKEHHSL./

Biomass used for analyzing harmful substance accumu-
lation; promising for agricultural load monitoring.
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Iponosxenns tabumi 1/ Continuation of table 1

As, Sb, Cr, cipuucri
cronyku / As, Sh, Cr
sulfur compounds

(Lathyrus vernus
L.)

13. |Mapmanuis Baxki metanu (Pb, Al, | Hag3euuaitHo 4y T/IHBHIl 10 CBHHIIO; BAKOPHCTOBY-
MIHJIIBA Zn), pamiartist / €THCS Y OIOMOHITOPHUHTY MiCHKHX JaHAMIATiB./
(Marchantia poli- Heavy metals (Pb, Al, | Extremely sensitive to lead; used in biomonitoring of
morpha L.) Zn), radiation urban landscapes.

14. |Ywmna BecHsIHA PinkicHuii 1HAUKATOP JUIS €IEMEHTIB-METANIOINIB; pe-

Rare

KOMEHIOBaHWH TS TIPHAYOIIPOMHCIIOBUX paioHiB./

for mining areas.

indicator for metalloid elements; recommended

OioMoHiTOpHHTY ypOaHi30BaHHMX Ta JerpajioBa-
HUX TEPUTOPIH.

Sk ykpaiHChKi, Tak i 3apyOiKHI pKepena
JEMOHCTPYIOTh BUCOKUH PiBEHb PO3BUTKY Mi[-
XoiB 10 OioiHamKalli Ta 6iorectyBanus [11].
BiTursHsHI BYE€HI TIepeBaKHO 30CEPEKEHI Ha
¢iToiHaMKalii, aHai31 IPYHTIB arponanamadriB
Ta POMUCIIOBO-3a0py THEHUX 30H, TOI SIK 3apy-
O>KHI JTOCHITHUKH TOTIOBHIOIOTh METOJUKY Mi-
KpOOIOJOTIYHIMH Ta MOJIEKYJISIPHUMH ITiJTXO-
JaMu. BayxmBuM TpeHJIOM € KOMIUIEKCHA iHTe-
rpariisi METO/IiB AJIS TiIBUIIEHHS IOCTOBIPHOCTI
pe3yIbTaTiB €KOJOTIYHOTO MOHITOPHHTY. Yci
JTOCITIJKCHHS ITiATBEP/DKYIOTh €(DEKTUBHICTD Ta-
KOTO TIIX0/y SK HEIOPOToro, MBHIKOTO i eKO-
JIOTIYHO OPIEHTOBAHOTO IHCTPYMEHTY OIHIO-
BaHHS CTaHy IPYHTIB.

3 HOrJIsITy HOPMATUBHOTO PETyIIIOBAHHS,
y TpakTuIli Oi0iHIUKAII] 3aCTOCOBY€EThCS HHU3KA
MikHapogaux — mimxoxmiB.  Crammapr  I1SO
18512:2007 [12] MicTUTH KEPiBHHUIITBO 3 BU3HA-
YeHHs Oi0JIOTiYHOi aKTUBHOCTI B IpPyHTaX, a
ASTM E1963-09 (onoBnenuii y 2014) 3abe3rme-
Yy€ YiTKUI aITOPUTM OIIHKK. MeToJIuKH, peKo-
menmoBani OSED, mnepenbadaroTh BHUKOPHC-
TaHHS TECTIB Ha MIPOPOCTAHHS HACIHHS Ta 1HIINX
POCIIMHHHX PEaKIiil sIK CTAaHJApTHHUX y BU3HA-
yenni Tokcuunocti: "OECD Guidelines for the
Testing of Chemicals. Section 2: Effects on Bio-
tic Systems Test 208 Terrestrial Plant Test: Seed-
ling Emergence and Seedling Growth Test.
OECED Publishing" (2006).

VYKpaiHChKI METOAWYHI IMIIXOMU aJarTo-
BaHO JI0 BUMOT €BPOIEHCHKUX €KOCTaHAAPTIB, IO
JIO3BOJISIE IHTErPyBaTH BITYM3HSHI JOCIIIKEHHS
y T100aJTbHE CePEIOBHIIIE HAYKOBHX JaHHX.

JocnimkenHs Ha TepuTopii 3 pi3HUMHU THU-
naMu 3a0pyAHIOBauYiB Ma€ BaXKIIMBE 3HAUYCHHS
JUIsl MOHITOPUHTY CTaHy HABKOJHIIIHBOTO cepe-
JIOBUIIQ; PO3POOKU 3aXOJ(iB MO0 PEKYJIbTHBA-
11i1 Ta OXOPOHU TPYHTIB; 3a0€3IIEYECHHS €KOJIOT-
YHOT OE3MEeKH PETiOHY; MTiABUIIICHHS 0013HAHOCTI
TPOMAaJIH TIPO peATbHUIN CTaH JOBKULISA. Bukopu-
CTaHHS HACiHHS KalycTH ropoanboi (Brassica
oleracea L.), mepiro comoakoro (Capsicum
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annuum L.) ta peaucy nocisHoro (Raphanus sa-
tivus L.) six TecT-00’€KTiB € OOTpyHTOBAHHM BH-
00pOM, OCKUTBKH IIi KYJNbTYpH MalOTh BHCOKY
0104y TNIMBICTE 1O PI3HUX BHUIIB 3a0pyIHEHHS 1
HIBU/IKO PEaryroTh Ha HECTIPUATIIMBI 3MiHU Y Ha-
BKOJIMIITHBOMY cepeioBuIti. JlocimimkeHas Mop-
(hoJOTIYHMX MapaMeTpiB MPOPOCTKIB (TOBKUHN
KOpEHs1, TaroHy, MacH, BiJICOTKa MPOPOCTAHHS)
JIO3BOJINTh HE JIAIIE SIKICHO BHUSBUTH 3a0pyl-
HEHHS, a W KUIBKICHO OIIIHWUTH CTYIiHb HOTO
BILTUBY.

Mertoto mocipKeHHs € BU3HaYeHHS (DiTo-
KCHYHOTO e(eKTy IPYHTY Ha 3eMeIbHUX IUISH-
Kax 3 pi3HUMHU BUJIAMH aHTPOIIOT€HHOTO 3a0py-
JHEHHS (CMITTE3BANMINE, Y3014usi JOPOTH, MoJje
CLITBCHKOTOCTIONAPCHKOTO MiMMPUEMCTBA 3 iHTe-
HCHBHOIO arpoXimi€lo) METOZ0M MPOPOIIYyBaHHS
HACIHHS KaITyCTH, MIEPIIO Ta PEAUCY 3 IOPiBHSH-
HSIM Pe3yJIbTaTIB 13 3pa3kaMy KOHTPOJIBHOI MpH-
canuOHOT IUISTHKH.

3aBaaHHs JOCIIHKEHH:

- BiIOMpaHHS I'PYHTOBHUX 3pa3KiB YOPHO3EMY
[IIMOOKOTO MAJIOTyMYCHOTO 3 TEPHTOPIi HOOIU3Y
CMITT€3BANNINA, y30i94si JOPOTH, CLTBCHKOTOC-
MOAapPCHKOr0 TIIIPUEMCTBA Ta KOHTPOJIBHOI
IPUCAAUOHOT IUTSTHKH;

- BU3Ha4eHHs1 PH rpyHTOBOro po3uuHy;

- MIFOTOBKA HACIHHS KaITyCTH, TIEPIIIO Ta Pe-
IHcy 1 3a0e3MeueHHs] OJHAKOBUX YMOBH IPOPO-
LIyBaHHS,;

- BU3HAYCHHS KUJIbKICHUX TOKAa3HUKIB: Killb-
KOCTI IIPOPOCJIOrO HACIHHS, JOBXHHU KOPESHS Ta
MaroHiB; MacH MPOPOCTKiB;

- BUSIBJICHHSI MOP(HOJIOTIYHUX 3MiHH TIPOPOC-
TKiB, XapaKTEePHHUX JJIs1 KOXKHOI JIISTHKY,

- aHaJTi3 OTPUMAHUX PE3yJIbTATIB 3 METOIO BU-
SIBJICHHSI CTYIIEHS] TOKCHYHOCTI IPYHTIB;

- HaJIaHHS PEKOMEHJAIiil M0J0 BHKOpPHC-
TaHHA METOJIB 0i0TeCTyBaHHS WIOAO OIHIO-
BaHHS €KOJIOTTYHOTrO CTaHy IpyHTiB cena Cran-
Hullst BiHHUIBKOT MiCbKOT TEpUTOPiaibHOT IPo-
MaJIu.

[lepenbavaeTbesi 3HMKEHHS MOKA3HHKIB:
pH TpyHTOBOTO pO34MHY; PIBHS MPOPOCTAHHS
HACiHHS; JOBXUHU KOpEHs, NaroHy Ta MacH
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MIPOPOCTKIB KaITyCTH, TIEPIIO 1 peAncy Ha IpyH-
Tax, BimiOpaHUX MOONM3Y CMITTE3BAIMINA, Y3-
0iyust TOpPOTU Ta CUTLCHKOTOCTIOAAPCHKOTO Mif-
MIPU-€MCTBA 3 IHTEHCUBHOIO arpoxiMielo, y Hopi-
BHSHHI 3 KOHTPOJBHHM IPYHTOM HpHCaIUOHOT
JIJISTHKHY.

TakoX OYiKy€eTHCS, IO POCIHMHH IIPOJIE-
MOHCTPYIOTb XapaKTepHi MOP(OIOTIYHI O3HAKH
TOKCHYHOTO CTpecy (CKpydyBaHHS JUCTS, m00i-
JIiHHS KpaiB, AedopMartis KopeHs) Ha 3a0pyaHe-
HUX JUISHKAX.

00°’ckmu ma memoou 00CiOIHceHHs

OO0'€KTOM JOCTIDKEHHS € YOPHO3EM T'JIH-
Ooxmii Manorymycuuii cena Cramuuns Binnu-
LbKOT MICBKOI TepuTOpianbHOi Tpomanu. s
BUKOHAHHS MOCTABJIEHOI 3a7a4i 3aKJIaICHO JO-
THPH TIPOOHI MUISAHKH, SKi 3HAXOISTHCS IMOO-
JM3Y JDKEPEIN Pi3HOTO aHTPOIIOTCHHOTO BILIHBY
(puc. 1) Ta Bu3Ha4YeHO PH BOJHOIO PO3YMHY 3
BHUKOPHUCTAHHSIM BUMipHHKa KHCIOTHOCTI Bene-
tech GM765.

1. CTagHUIBKUI TOJIIFOH TBEPAKUX MO0Y-
toBux Binxoais (I1/[1) — mxepeno opraniyHoro
Ta 3MIIIAHOIO  XIMIYHOTO  3a0pyIHEHH:,

posramoBannii Ha TepuTopii CTamHUIBKOT
cimeebkoi paam (7-i ximomerp TypOiBcbkoro
moce y BiHHUIIBKOMY paiioHi) 32 MeKaMH Ha-
CEJICHOTO IyHKTYy. 3HaueHHsA pH rpyHTOBOTO
pozunny — 4,9.

2. CinbpcbKOrocmnoapcyke mose 3 iHTeH-
cuBHOr arpoximiero (I1/[2) posramoBane Ha
cxoni CTafHUIBKOI CLTBCHKOI pajii; BUKOPHC-
TOBY€ETBCS JUISI BUPOIIYBAaHHS C/T KYJIBTYD i3 3a-
CTOCYBAaHHSIM MiHEpaJbHUX JOOPHB Ta MECTH-
uuais. 3HaueHHA pH rpyHTOBOro po3unmHy —
5,4.

A\ 3emni ¢/r npusH J
- Y36iyua goporn [\
(\ nas3 >

Puc. 1 — Micus Bigbopy npob rpyHTy (pactp my6aiunoi kamactpoBoi kaptu; QGIS)

K — agricultural land plot; ITJ] 1 — Stadnytsyi solid waste landfill;
I1J] 2 — agricultural field with intensive agrochemicals; T1/1 3 — agricultural land. Roadside of the road
Fig. 1 — Soil sampling locations (raster of the public cadastral map; QGIS)

3. ¥36iuust aBTromM00in6HO1 toporu (I1113)
— NistHKA B370BXK Tpacu Craguuis — BinHMI,
30Ha BIUIMBY TPaHCIOPTHOI MaricTpali (CBH-
Hellb, O€H30J, Caxka, 3aJHMIIKH ITaJuBHO-

MacTWIbHUX MarepianiB). 3HaueHHs pH rpyH-
TOBOTO po3uuHy — 4,5.

4. Konrponena ninsaka (K1) — ymoBHO
4ycTa TpUCATUOHA TEPUTOPIs, BiJJlaleHa Bij
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OCHOBHHX JKepesl TEXHOTCHHOTO HAaBAHTAKEHHSI.
3nauenns pH rpyHToBoro po3uuny — 6,8.

st Bu3HaueHHS QiToTOKCHYHOTO ede-
KTy YOPHO3EMY IITHOOKOTO MAIOTyMYCHOTO 3a-
CTOCOBAaHO METOA Ol0TeCTyBaHHS 3 BHKOPHC-
TaHHSIM MPOPOIIEHOT0 HaciHHs 20 MITYK Ha KO-
JKCH 3pa30K y II'SITH TOBTOPECHHSX B J1a00paTo-
puux ymoBax [13-14]. O6pani pociuHu Xapax-
TEPU3YIOTHCS YyTIHUBICTIO IO NIMPOKOTO CIEK-
Tpa 3a0pyaHIoBauiB (Tabm. 1):

1. Kanycra O6imoromoBa (Brassica
oleracea L.) edexruBno pearye uHa Pb, Cd Ta
1HIIN BaKKi METaJH;

2. Tepens comoaxuit (Capsicum annuum
L.) — uyTmBHii 10 MECTUIMIIB, BAXKKHX MeTa-
JiB, OPTaHIYHHX CIIONYK;

3. Penuc nocieuwmii (Raphanus sativus L.)
HIBUJKO pearye Ha repOinunu, HadToximiuHi
3a0pyIHIOBadi, BaKKi MeTanu 3pa3Ku IPYHTIB
BiIOMpaHCs 3 BEPXHBOTO Topu30oHTY (0—20 cm)
[13] y nepion 3 TpaBHs 1o BepeceHb 2024 poky.
Bucyimeni 3pa3ku BAKOPHCTOBYBAIMCS IS TTO-

MIOTIEPEHBO 3BOJIOXKEHUH 1Iap IPYHTY BUCIBa-
70ck 20 HaCIHUH KOXKHOTO BHLY POCIIHH Yy 1T SITH
MOBTOPEHHSAX Ha KOXXHOMY 3pasky [14, 15]. T1a-
paJieNbHO BUCIBAIOCS HACIHHS HA KOHTPOJIbHUM
IPYHT 3 ipucaanOHoi AinsHKU. Yepes 7 aib omi-
HIOBAJIM HACTYTIHI MTOKA3HUKH:

- KUTBKICTh IPOPOCINX HACIHHH;

- IIOBXXHMHA KOPEHs Ta MiI36MHOI YaCTHHU;

- Bi3yasbHi 3MiHHU y (hOpMi TPOPOCTKIB (aHO-
MaJii, 3aTpUMKa POCTY);

- ¢iToTokcHuHMit edekr [14,].

O1iHKy TOKCHYHOCTi CyOCTpaTiB MpoBe-
JIEHO 3a 11’ ITHOATHLHOO KO0 (TalI. 2)

st migBUILEHHS 00’ €KTUBHOCTI PE3yJib-
TaTiB MPOBEJIEHO CTATUCTHYHY O0POOKY IaHUX
3 BUKOpucTaHHsIM t-kputepiro CterogeHTa (P <
0,05) ra koediuienTis Bapiamii [17-19].

JlaHi pe3ynbTaTiB 3iCTaBIISIIUCS MIXK KO-
HTPOJBHHUM 1 JOCTITHAMU 3pa3KaMHu JIJISl BHSIB-
JIEHHSI TOKCUYHOCTI IpyHTY [20]. [HTEerpansHmii
¢iToTokcnyHUi edekT po3paxoBaHO SIK cepe-
TTHE apru(METHIHE TTOKA3HUKIB 711 HACIHHS PO-

CTaHOBKHM  JTA0OpPAaTOpPHOTO  JOCHiTy:  Ha CJIMH BCiX BHIIB Ha KOXKHIM TisHIT [21].
Taoauns 2
Ilkaja piBHiB TOKCHYHOCTI IPYHTIB [14]
Table 2
Soil toxicity level scale [14]
PiBHi npurHiveHHs pocToBHX NMpouecis
(pitoToxcnunmii edpexr),% / PiBenn TokCcHYHOCTI /
Levels of growth inhibition Toxicity level
(phytotoxic effect),%.
0-20 BincyrHicts a6o cnabkuii pisens (I) / Absence or low level (1)
20,1-40 Cepenniii pisens (1) / Medium level (11)
40,1-60 Buie cepennnoro pisas (I11) /Above medium level (111)
60,1-80 Bucokuii pisens (IV) / High level (1V)
80,1-100 Maxkcumanbhwuii piers (V) / Maximum level (V)

Pezynvmamu docniddicens

YopHo3zeM TIMOOKHNA MaJIOTyMYCHUH —
e MiATAN YOPHO3EMiB, 110 (OPMYETHCS mepe-
B2)XHO B YMOBaX HEJOCTATHHOTO 3BOJIOKEHHS,
BMicT rymycy (3— 4%), pH 3a3Buuaii meiirpa-
TpHUA abo criabomyxHu: 6,8—7,2. 3HWKEHHS
MOKa3HMKIB pH IpyHTOBOro po34rHY CBIAYHUTH
npo moripuieHHs (i3UKo — XiMIYHUX BIIACTHBO-
creit [16, 17, 22].

J1st BUKOHAaHHS TOCTABJICHOI 3a/1a4i Bi-
JiOpaHO HACIHHS KalyCTH OLIOr0JI0BOT, MEpIio
COJIOJIKOT'O 1 peINCy MOCIBHOTO Ta BU3HAYCHUI
¢iToTOKCHYHUE eeKT IPyHTIB, 310paHuX mMoo-
JIM3Y CMITTE3BAJIMIIA, CITBCHKOTOCIIOAPCHKOTO
TOJISI 3 IHTEHCHUBHOIO arpoxiMiero, y30i4ds aB-
TOMOO1TBHOT Hoporu (Tadi. 3-5).

IpyHT Gifist CMITTE3BANMINA BUSBUB BU-
cokuil piToToKCHYHMI epeKT I BCiX KYIbTYp
(tabmn. 3): ®E mna xanycru: 61,5-65,5 %, nus
nepmio: 61,7-69,6 % (0cobauBO CHIIBHE TPHT-
HiYeHHS pocTy KopeHst), i peaucy OF nonaxn
61,4—63,3 % 3a JOBKWHOI KOpPEHS Ta Mapoc-
TKa, 1l CBIIYUTH NPO 3a0pYyJTHEHHSI BAKKUMH
MeTajlaMH, OPTaHiKol0, MiKpOIIJIaCTUKOM. [HTe-
rpanbuuii ®F rpynris [1/11 — Buine cepeanboro
pisas (1II).

[pyHT i3  CLJIBCHKOrOCIOAaPCHKOIrO
o (Tabi. 4) mokasas, B OCHOBHOMY, CEpEIHIN
piBeHb ¢itoTokcuunocti: 29,9-35,9%. Haiibi-
JBITY YyTJIMBICTH BHUSIBICHO Y KOpIHHS Ta Ta-
POCTKIB MEPITO COJIOAKOTO, (HiTOTOKCHIHHI
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Taoauus 3

Pe3yabTaTu 6ioTecTtyBaHHs IpyHTIiB CTaAHUIILKOIO MOJIroHy TBEPAUX MOOYTOBUX BiIX0aiB

Table 3

Results of biotesting of soils of the Stadnytskyi solid household waste landfill

diroroxcuunnii edpext (PE) / Phytotoxic effect (PE), %; A +£1,76%

Ipopocranus/ JoB:xunna JoB:xuna Maca InTerpajabuuii
I;;Z;Z:gg%gggsli)/ Germination KopeHst / napocrka / napocrka / OE /
Root length | Sprout length | Shoot mass Integral PE
Pisenb Tokcuunocri/ Level of toxicity
Karmycra Ginoromnosa 47,4 61,5 65,5 53,1 56,9
(Brassica oleracea L.) Il v v i i
[eperms comonkuit 44 4 69,6 61,7 60,7 59,1
(Capsicum annuum L.) i v v v 11l
Pennc mociBaM 43,9 61,4 63,3 51,4 55,0
(Raphanus sativus L.) T v v M M
Taoaunsa 4

Pe3yabTaTu 6ioTecTyBaHHSI IPYHTIB ClJIBCHKOTOCIOIAPCHKOIO MOJIS 3 iIHTEHCHBHOIO arpoxiMiero

Table 4

Results of biotesting of soils of an agricultural field with intensive agrochemistry

®itorokcuunuii edpexr (PE) / Phytotoxic effect (PE), %; A +£1,76%

Hasga suxy (I111) / HpopoICTagml/ JoB:xnHa JoB:xuHa Maca InTerpanbuuii
Species name (TS2) Germination KopeHs / napocrka/ napocrka/ DE /
Root length | Sprout length Shoot mass Integral PE
Pisenn Toxcuynocti/ Level of toxicity
Kamycra Gisorosiosa 21,0 38,4 39,6 31,3 32,6
(Brassica oleracea L.) T T T T T
[epens cononkuit 22,2 42,3 46,8 32,2 35,9
(Capsicum annuum L.) T I I T T
Pennc mociBauit 18,4 35,7 36,7 28,6 29,9
(Raphanus sativus L.) T T T T T
Ta6anus 5
Pe3yabTaTtu 0ioTecTyBaHHS IPYHTIB y30iuusi aBTOMOOUIBLHOI JOpOrU
Table 5

Results of biotesting of soils of a roadside of a highway

®ditoroxcuunnii epexr (PE) / Phytotoxic effect (PE), %; A +1,76%

Hazpa suay (IT11) / Ipopocranus/ JoB:xuna JoB:xxuna Maca InTerpanbuuii
Species name (TS3) Germination KopeHs / napocrka/ napocrka/ OE /
Root length | Sprout length Shoot mass Integral PE
Pisenb Toxcuunocti/ Level of toxicity
Kamycra 6isorosiosa 36,8 50,8 53,4 48,8 475
(Brassica oleracea L.) Il 1] 1] 11 11
Iepers cooakuii 55,6 51,9 53,2 50,0 52,7
(Capsicum annuum L.) Il 1] 1] 11 11
Penuc nociBuui 33,7 50,0 51,7 42,9 44.6

(Raphanus sativus L.)
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edexT Bume cepenHboro. Haiimenmr mpuri-
YEeHO MPOPOCTaHHsI peaucy mociBaoro — 81,6%,
ajie MoJaJblle 3pOCTaHHs MapoCTKa W KOPEHs
CIOBLJIBHEHO, 110 BKa3ye€ Ha 3aJIMIIKH MECTUIIH-
IiB, TepOinuaiB, HaaMipHEe YIOoOpeHHs abo Mi-
HepalbHe BHCHAXKEHHs IPyHTY. [HTerpambHui
@E T2 — cepenniii (11).

IpyHr 6ins y36iuus moporu (Tadm. 5)
Ma€e (ITOTOKCHYHHHA e(DEeKT BHUIINE CEPEIHBOTO
(11). ImoBipHa prYMHA — HAKOTIMYCHHS COJICH
BOKKMX METATIB Ta MAJMBHO-MACTHIBHUX pe-
YOBHWH BiJ| aBTOTpaHcmopty. Haibimemr criii-
KAM BUSIBHBCS PEIHC 3 JMHAMIKOI MPOpPOC-
taHHa 66,3%. Iurerpansumii ®F rpynTtis 13
— putite cepeannoro (I11).

KonTponbHa mpoba migTBepauia Bin-
CYTHICTH (ITOTOKCHUYHOI Aii: MPOpPOCTaHHS Ha
piBHi 90,0-98,0%, MOppoMeTpHYHI TOKA3HUKH
BiJINIOBIIAlOTh BHUIIOBUM OCOOJIUBOCTSAM pOC-

nuH. Takuid TpyHT MOYKHA BBAKATH OE3MEYHUM
IUIsL BUPOLIYBaHHS C/T KyJIBTYD.

Bizyanbni 3MiHH y OpMi TAPOCTKIB HAsI-
BHI Ha BCiX 3a0pyAHEHUX IisiHKax (Tabm. 6).
Haii6inpiry 9yTnuBicTh 10 3a0pyIHEHHS IIPO-
SIBUJT KOPIHHSI Ta TIAPOCTKH MPOPOLIEHOr0 Ha-
CIHHSI TIEPLIIO COJIOAKOTO, TOMY MOYKHA PEKOMEH-
ZyBaTH U1 BU3HAYEHHS CTaHy IPYHTY TEPUTOPIi.

PospaxoBani cepenni 3Ha4eHHS (iTO-
TOKCHYHOTO e(peKTy mokasain 3a0pyTHEHICTh,
B OCHOBHOMY, BHUILE CEPEIHBOIO PIiBHS, TOMY
3eMJTi TOONIH3Y CMITTE3BANUINA HE TIOTPIOHO BH
KOPHUCTOBYBAaTH ISl BUPOILYBAHHS Xap4yOBUX
NPOJYKTIB A0 MPOBEACHHS MOBHOI PEKYJIbTHBA-
mii Ta XiMigHOTO aHamizy. B3moBx mopir Buca-
JOKYBaTH JIMIIE HEXapydoBi KyIbTypH (IeKopa-
TUBHI, TEXHIYHI), 3aCTOCOBYBaTH 3€JICHI Haca-
IDKEHHSI MK JJOPOTOI0 Ta 3eMEJIbHUMH AiJISH-
KaMH 111 TOPOAHHUIITBOM, KOHTPOIIOBATH BMICT

Tabanus 6
BisyaabHi 3Minn y popmi npopocTkiB
Table 6
Visual changes in the shape of seedlings
Hazsa KonTpoabsna
Buxy/ P | Cwmirre3Banuune/ C/T noxe/ V36ivus goporu/
Type of C’l‘“"“"a Landfill Agricultural field Roadside
ontrol plot
plant
Kanycra Bucokuit 3aTpuMka IIpopocranus 3aTpuMKa pocTy, JIUCTA
OijorosioBa | BiJJICOTOK MPOPOCTAHHS, YIOBUIbHEHE, CKpyueHe, 10siBa TEMHHX
(Brassica MPOPOCTaHHS, KOpiHb YKOpOUe- aucTst 6mio-3enene, | mwism /
oleracea L.) | piBHe 3enene HU, MOOLTIHHS KOpiHb Growth delay, curled
JIMCTSL, IOBTHH KOpiHb/ | KpaiB JUCTKIB / nedopmosanuii / leaves, appearance of
High germination Delayed Slowed germination, | dark spots
rate, uniformly green | germination, pale green leaves,
leaves, long root shortened root, leaf | deformed root
edge whitening
[epems JocraTtHBO Husbkuii Bincotok | [TomipHa 3aTpuMka | 3HauHE NPUTHIYCHHS
COJIOIKHH BHCOKHII BIZICOTOK NPOPOCTAHHS, pocTy, CKpyuy- pocTy, Maibke IOBHa Biji-
(Capsicum HPOPOCTaHH, HOTOHIICHHS BaHHS JIMCTKiB/ CYTHICTh BTOPUHHUX KO-
annuum L.) | mimni mapoctku/ Kopewsi, skoBTyBate | Moderate growth pewis /
Fairly high aucts / delay, leaf curling Significant growth
germination rate, Low germination suppression, almost
strong seedlings rate, root thinning, complete absence of
yellowish leaves secondary roots
Penuc [IIBuaxe Husbkuii Bincotok | HepiBHOMipHHMI 3aTpUMKa poCTy, JTUCTS
MTOCIBHUH IIPOPOCTaHHS, IIPOPOCTaHHS, picT, 3MeHIIeHHS 3akpyucHe /
(Raphanus 3eJICHUI KOJIp JUCTiB/ | KapJIMKOBi TOBILIMHH CTEOa, Growth delay, twisted
sativus L.) Rapid germination, MPOPOCTKH, JIMCTS 3 OLTMMH leaves
green leaf color nedopmaris kopers/ | mismamu /
Low germination Uneven growth,
rate, dwarf reduced stem
seedlings, root thickness, leaves
deformation with white spots

Baxxkkux Mmeranis Cd, Pb, Zn. CigscbKoroco-
JAPCHKi TOJIS IOTPEOYIOTh aHAI3Y 3aJTUIITKOBOT
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3aCTOCYBaHHS OIOJIOTIYHUX 3acO0iB 3aXHCTY rpoMaad, y IIKOJaxX B SIKOCTI EKOJIOTidHOi
pocnuH. OTprMaHi pe3yIbTaTH MOKHA BUKOPH- OCBITH SIK CTIOCIO 3aJTydeHHS yYHIB O €KOJIOTi-
CTOBYBATH JUII MOHITOPUHTY IPYHTIB Yy MeKax YHUX JOCIHI[)KECHb.
Bucnoexu

3miificHeHO OLIHKY (PITOTOKCHYIHOCTI HaKOIMYEHHS Ba)KKUX METAJiB, SKi TOTpaInis-
IPYHTIB, BiiOpaHuX 3 YOTUPHOX AITISHOK 3 Pi3- I0Th 3 BUXJIONHUMH ra3aMu.
HUMH BHJAMH aHTPOIIOI€HHOTO 3a0pyIHEHHS: KonrtponbHuii 3pa3ok, BimiOpaHuii Ha
KOHTPOJIbHO] (Tiprcaan0OHo ), TOOIU3y CMITTE3- MIpUCaauOHIA MiNISTHIN, IPOJAEMOHCTPYBaB CTa-
BaJININA, CUTHCHKOTOCIIOAAPCHKOTO IIONS, Y3- OipHI 010JIOTIUHI TTOKA3HUKH, BICOKE IPOPOC-
0iuust aBTOMOOUIBHOI Hoporu. BumpoOyBanHs tanaa Haciaa (90,0-98,0%) Ta po3BUHEHY
MIPOBOJIMIINCS 3 BUKOPUCTAHHSIM HACIHHS KaITy- MOpP(GOIIOTiII0 TMAPOCTKiB, IO CBIMYUTH PO
ctu 6inoronosoi (Brassica oleracea L.), mepiro CIPUATINBI YMOBH UISI POCTY Ta BiJCYTHICTBH
conozakoro (Capsicum annuum L.), peaucy mo- TOKCUYHUX PEYOBHH.
cisuoro (Raphanus sativus L.), o mgano 3mory 3a moka3HWKOM iHTerpagbHoro OE
MPOCTEXKUTH 3MIHU OIOMETPHYHUX TOKA3HUKIB IPYHTH TPOOHHX MUISHOK IIOAO 3a0pyIaHEHHS
POCIMH y BIANOBiNb Ha Pi3HI BuAm 3a0pyn- CKIIaIatoTh HU3XimHUN pan: CTaaHUIBKANA TT0-
HEHHSI. JITOH TBEpAMUX MOOYTOBHUX BiXOMiB — y30i4us

Yci gochimHi 3pa3Kd TPOAEMOHCTPY- aBTOMOOIUTEHOI JOPOTH — CIIBCHKOTOCIIONAP-
BaJIM MIEBHY CTYIIiHb MPUTHIYEHHS POCTY, BUpa- CBKE TI0JI€ 3 IHTEHCUBHOIO arpOXiMI€lo.
JKEHOTO Y 3MCHIIICHHI JIOBKHHHM KOpPEHIB 1 ma- [MoTpiOHO 3a3HAUWTH, IO HAa BCiX 3a-
POCTKIB, X MacH Ta 3HIKEHHI BiZICOTKA IIPOPO- OpynHenux minsHKax y mapi 0-20 cm chopmy-
ctaHHs HaciHH:A. HaiiBumy ditoTokcnuHicTh 3a BaJloca KWCle TpyHTOBe cepemoBumie pH 4,5—
BCiMa MOKa3HUKaMHU 3a(iKCOBaHO ISl IPYHTY 5,4. Ilpu TakuX MOKa3HUKAX OLTBLIICTH OXKHB-
BifiOpanoro moOmm3y cmitre3Banuma (DPE — HUX €JIEMEHTIB CTalOTh BaXKKOJIOCTYITHUMH JJIS
69,6%), 110 CBiAYMTH PO CUIIbHE NPUTHIYECHHS pocnuH. HaiiOinpury dyTmuBicTe 10 3a0pyn-
PO3BUTKY pociuH. Taki pe3ynbTaTH MOXYTb HEHHS TMPOSIBIJIO HACIHHS TEPI0 COJOAKOTO
OyTH 3yMOBJICHI HAsBHICTIO Ba)KKHX METAIIB, (Capsicum annuum L.).
OpraHiYHUX 3a0pyAHIOBAYIB Ta TOKCHYHUX CIIO- Takum 4YHMHOM, pe3ynbTaTH JOCHi-
JyK, 0 XapaKTEPHO ISl CMITTEBUX MOJITOHIB. JOKCHHS MITBEPIWIA, [0 OiOTECTyBaHHA €

[TomipHe TpUTHIYEHHS POCTY POCIIMH e()EKTHUBHUM METOJIOM IEPBUHHOIO C€KOJIOTIY-
CIIOCTEPIra€ThCsl y 3pa3kax 3 CiIbCHKOIOCIIO- HOro MOHITOpHHTY. [pyHTH MOGIM3y CMIiTTE3-
JapcbKoro mois. He3paskaroun Ha BiTHOCHO BU- BaJIMINA TAa aBTOMOOUJIBHUX JIOPIr MOTPEeOYIOTh
COKY KilbKicTh Tpopocioro Hacinas (79,0- peKyIbTHBAI], 0OMEXEHHsI Y CUTBCHKOTOCIIO-
81,6%), monmanpline 3pocTaHHs MPOPOCTKIB Ta JApCHKOMY BHUKOPUCTaHHI ab0 BIPOBAKEHHS
iXHs Maca OCTyNaINCs KOHTPOJIBHUM 3pa3KaMm, Oy(epHUX 3aXMCHUX 30H. [PYHTH CiIbCHKOTOC-
10 MOK€ CBIAYUTH NIPO 3a0pyAHEHHS ITECTUIIH- ITOIaPCHKOTO TOJISI — €KOJIOTIYHO HECTaOlIbHI
Jamu, repOinmgamu abo Mpo HajMipHE BHe- Ta NOTPeOYIOTh MEeperiisiay arpoxXiMivyHOI Mpak-
CECHHS MiHEpaJIbHUX JTOOPUB. THKH. MeTos Moxe OyTH peKOMEHI0BaHUH JUTs

IpyHT Gins y36i44s aBTOMOOLIBEHOT 110- CHUCTEeMAaTUYHOTO 3aCTOCYBaHHS K Y HAyKOBHX
poru 3 GITOTOKCHYHUM e(PEeKTOM BHIIE Cepejl- LIIAX TaK 1 Uit HOoTped rpoMaay Ta 3aKiiajiiB
HBOTO. VIMOBIPHOIO NMPUUMHOO NPUTHIYCHHS € OCBITH.

Kondghnixm inmepecie

HocnimkenHs BukonaHo 3a 3apnanasm [HJ[P Ne0124U005186.

ABTOp 3asBIIsI€, 10 KOHQIIIKTY iHTEpeciB moao myOiikamii nporo pykonucy Hemae. Kpim toro,
aBTOp TOBHICTIO JIOTPUMYBABCSl €THYHHX HOPM, BKIJIIOYAIOYM IuIariaT, Qanbcudikaiiio JaHux Ta
NOJBiiHY Iy O TiKaIlito.
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SOIL PHYTOTOXICITY ASSESSMENT WITH DIFFERENT TYPES
OF ANTHROPOGENIC POLLUTION

Purpose. Determination of soil phytotoxicity in various sites through bioassay using seeds of garden cabbage
(Brassica oleracea L.), common bell pepper (Capsicum annuum L.), and garden radish (Raphanus sativus L..).

Methods. Analytical, field research, biotesting, statistical.

Results. It was found that the test site near the landfill is heavily polluted: the phytotoxic effect (PE) reaches
69,6%, indicating significant growth suppression, with soil solution pH of 4,9. The soil along the roadside is polluted
above the average level, showing a maximum PE of 53,4% for sweet pepper seed germination, with a pH of 4,9. The
sample from the agricultural field showed a moderate phytotoxic effect, with a pH of 5,4. The control site showed a
high germination rate without signs of phytotoxicity, with a pH of 4,9. In all contaminated areas, an acidic soil
environment with pH 4,5-5,4 was formed in the 0-20 cm layer. At such values, most nutrients become poorly
available to plants. Characteristic morphological signs of toxic stress are observed: leaf curling, edge whitening, and
root deformation. The greatest sensitivity to contamination was shown by sweet pepper seeds (Capsicum annuum L.).

Conclusions: It were indicated that technogenically loaded soils have a negative impact on seed germination
and further development. Biotesting proved to be an effective method of preliminary bioindicative monitoring of soil
conditions and can be recommended for use in communities and educational institutions to identify hidden
environmental threats.

KEYWORDS: biotesting, cabbage, capsicum, radish, morphological parameters of sprouts, pH of soil
solution, phytotoxic effect
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ROUNDTABLES AS AN INITIAL STAGE IN THE IMPLEMENTATION
OF THE INTERNATIONAL PROJECTS ERASMUS+ SUNRISE AND DOMANI

In modern academic environment, international cooperation plays a key role in the development of
education, science and innovation. Participation in international programmes, such as Erasmus+, opens up great
opportunities for establishing inter-university links, sharing experiences, developing scientific competencies and
improving educational programmes. These initiatives include the SUNRISE project - Supporting the Next
Generation of Ukrainian Researchers: a project to increase university capacity and improve doctoral training, and
the project - DOMANI - Developing Microcredit Ecosystems in Ukraine and Mongolia for a Competitive and
Sustainable Green Economy. which are being implemented under the Erasmus+ programme with the participation
of leading European and Ukrainian universities.

KEYWORDS: Erasmus+, SUNRISE project, DOMANI project, Round table, microcredit courses, young
scientists

Sx uutyBatu: Hrechko A. A., Burchenko S. V., Cherkashyna N. I. Roundtables as an initial
stage in the implementation of the international projects Erasmus+ SUNRISE and DOMANI. Jlioouna
ma oogxkinus. [Ipobnemu neoexonoeii. 2025. Bun. 43. C. 178 - 188. DOI: https://doi.org/10.26565/1992-
4224-2025-43-14
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stage in the implementation of the international projects Erasmus+ SUNRISE and DOMANI. Man and
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Introduction

International educational and scientific methods, improvement of the quality of educa-

projects play an important role in modernization
of the higher education system, t development
of research infrastructure, strengthening of
academic mobility and the integration of
national universities into the European and
global educational space. Participation in such
projects creates conditions for the exchange of
best practices, adaptation of innovative teaching

tional programs and implementation of an inter-
disciplinary approach in teaching and research.
One of the key functions of international
projects is to increase the institutional potential of
higher education institutions by developing new
courses, updating curricula, improving assess-
ment methods, and creating conditions for
sustainable professional development of scientific
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and pedagogical staff. Through the implemen-
tation of joint projects, universities gain access to
the latest experience, modern digital tools, and
resources for research activities, which is
especially important in the context of post-crisis
recovery and the challenges caused by military
actions in Ukraine.

In addition, international projects act as a
catalyst for changes in the culture of academic
cooperation, contributing to the construction of
inter-university and transnational networks,
which increases the competitiveness of
scientists in the international labor market and
contributes to the formation of an academic
environment open to innovation, partnership,
and sustainable development.

Involvement  of  third-level  higher
education students (postgraduate students),
young scientists who have recently defended
their thesis, as well as professors and teaching
staff in such projects is of particular relevance.
For postgraduate students, participation in
international projects is not only a source of
new knowledge, but also a powerful tool for
forming a scientific culture, expanding
professional horizons and active inclusion in the
global research community. Young doctors of
philosophy, who are at the beginning of their
academic careers, have the opportunity to
strengthen scientific ties, present the results of
their own research at the international level and
get involved in interdisciplinary initiatives.

For professors, participation in such
projects is no less important - it contributes to
the international integration of Ukrainian
universities, updating educational programs,
developing  scientific  diplomacy and
implementing joint research projects. At the
same time, international partnership creates
conditions for mentoring, within which

experienced scientists can support the younger
generation of researchers.

In 2025, employees and applicants for the
third educational and scientific level of the
Karazin Institude of Environmental Sciences
began the implementation of two Erasmus+
projects:

SUNRISE - Supporting the next
generation of Ukrainian scientists: a project to
increase the potential of universities and
improve the training of doctoral students.

DOMANI - Development of micro-
credit ecosystems in Ukraine and Mongolia for
a competitive and sustainable green economy.

To discuss the prospects for the
implementation of projects within the
framework of the Karazin Institude of
Environmental Sciencesconferences, we held
the Round tables:

- “Erasmus + SUNRISE Project - as a
support for the next generation of Ukrainian
scientists”;

- Erasmus + DOMANI “Informal
education in the field of environmental
monitoring and conservation”.

Moreover, the teaching staff and
participants of the INTENSE project joined the
round table “Development of the INTENSE
Doctoral School: Experience, Challenges, and
Perspectives in Ukraine within the SUNRISE
Project”, implemented by I. I. Mechnikov
Odessa National University.

Such initiatives demonstrate an effective
model of international scientific partnership
aimed at forming a sustainable system of
training highly qualified personnel in the field
of ecology and sustainable development.

The purpose is to analyze the role of the
Round Tables at the start of the implementation
of international projects at Karazin Institude of
Environmental Sciences.

Results and Discussion

1. Round table ""Erasmus + SUNRISE
projects — as a support for the next
generation of Ukrainian scientists™. On
March 14, 2025, Karazin Institute of
Environmental Sciences hosted a roundtable
discussion “Erasmus + SUNRISE Projects — as
Support for the Next Generation of Ukrainian
Scientists”. The Erasmus + SUNRISE project is
a continuation of the development of the
INTENSE international doctoral school.

Representatives of the International
Doctoral School provided their presentations of
the topics and technical support for their
implementation, which may be of interest to
postgraduate students in their own scientific
research:
< V. N. Karazin Kharkiv National University

Doctoral School:
- DrS (Geography), professor Nadiya
MAKSYMENKO
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- Vilina

DrS (Geography),
PERESADKO
DrS (Geography), professor Alla NEKOS

professor

- DrS (Agriculture), professor Andriy
ACHASOV
- DrS (Geography), professor Oleksii
KRAINUKOV

- DrS (Agriculture), professor Iryna KOVAL

% Odesa I. I. Mechnikov National University
Doctoral School:

- DrS (Technical Sc.), professor Angelina
CHUGAI
DrS (Geography),
OVCHARUK
DrS (Geography),
SHAKIRZANOVA

- PhD (Geography), associate professor Inna
KHOMENKO

Institute of Ecology of The Carpathians

NAS of Ukraine Doctoral School
- PhD (Biology), associate professor, senior
scientist Iryna SHPAKIVSKA

- PhD (Biology), associate professor, senior
scientist Oksana MARYSKEVYCH

- PhD (Biology), leading researcher Andriy-
Taras BASHTA

The partners of the doctoral school also

professor Valeriya

professor Zhannetta

R
%

spoke:

e DrS (Geography), professor, Olga
SHEVCHENKO  (Taras  Shevchenko
National University of Kyiv)

e DrS (Geography), professor, Sergiy

SONKO (Uman National University of
Horticulture)

Postgraduate students of V. N. Karazin
Kharkiv National University, Institute of
Ecology of The Carpathians NAS of Ukraine,
and Odesa I. . Mechnikov National University
presented the areas of their research and
scientific interests:

e Oleg Dmytrykov, Alina Hrechko, Yuliia
Serzhantova, Denys Barabash, Andriy
Borovenskiy, Anna Kot, levgen Tertytskyi,
Vadym Gololobov, Sviatoslav Dmitriiev,
Oleksandr Bubyr, Maryna Shchokina from V.
N. Karazin Kharkiv National University;

e Denys Sivaiev, Anastasiia Blaha, Mykyta
Rozvod, Maksym Nedostrelov, Mykhailo
Kovalenko from I. I. Mechnikov Odessa
National University;

e Dmytro Leleka, Andrii Pavliuk, Andrii
Marusyk from Institute of Ecology of The
Carpathians NAS of Ukraine.
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International partners presented
opportunities for postgraduate research:

- ANA SOPINA — PhD, Senior Assistant,
Faculty of Architecture, University of Zagreb,
Croatia

- TAMARA ZANINOVIC — PhD, Assistant
Professor, Faculty of Architecture, University
of Zagreb, Croatia.

The event was held as part of the All-
Ukrainian student and PhD student English-
speaking conference (with international
participation) “Ecology is a priority” with
international participation. The moderators
were: Anton SHKARUBA, PhD in Geography,
Senior Researcher, Estonian University of Life
Sciences (Tartu, Estonia), Ganna TITENKO
PhD in Geography, director of the Institute of
Environmental Sciences, V. N. Karazin
Kharkiv National University, Kharkiv, Ukraine
(Fig.1a) and Nadiia CHERKASHYNA Senior
Lecturer of English, Department of Foreign
Languages for Professional Purposes, School of
Foreign Languages, V. N. Karazin Kharkiv
National University, Kharkiv, Ukraine [1]. All
participants of the round table received
certificates of participation (Fig. 1b).

Round table on “Development of the
INTENSE Doctoral School: Experience,
Challenges and Prospects in Ukraine within
the SUNRISE Project”. On 17 April 2025,
within  the framework of the Second
International Conference ‘Climate Services:
Science and Education’, a round table on
’Development of the INTENSE Doctoral
School: Experience, Challenges and Prospects
in Ukraine within the SUNRISE Project’.

The event was moderated by Valeriia
Ovcharuk, SUNRISE Project Coordinator at Odesa
National University.

The discussion focused on sharing
experiences and identifying key areas for the
development of doctoral education in the field of
environmental and climate policy, management
and environmental technologies.

Professor Nadiya Maksymenko (V. N.
Karazin Kharkiv National University), Coordinator
of the INTENSE National Doctoral School,
presented the main achievements of the school,
shared her own experience of working with doctoral
students and outlined future prospects within the
framework of the new SUNRISE project.

The participants shared their personal
experiences of participating in the INTENSE
project - summer schools, trainings, lectures by
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Fig. 1 — Roundtable Programme of the SUNRISE () and Certificate of participation (b)

European professors, and preparation of
dissertation research as part of the project:

- Svitlana Burchenko and Alina Hrechko
(V. N. Karazin Kharkiv National University),

- Anna llyina (I.I. Mechnikov Odesa
National University),

- Vladyslav Mykhailenko (Institute of
Market  Problems and Economic  and
Environmental Studies of the National Academy
of Sciences of Ukraine),

- Maksym Martyniuk (Institute of Marine
Biology of the National Academy of Sciences of
Ukraine).

During her speech, Svitlana Burchenko
shared her own experience of participating in the
INTENSE project, within which she took part in
two summer schools: “Water Innovations: Policy,
Management and Research’ at the Estonian
University of Life Sciences, Tartu, Estonia, in
2019, and “Green and Blue Infrastructure in the
Cities of the Former Soviet Union - Learning from
the Heritage and Experience of the Visegrad
Countries” at the Carpathian National Nature
Park, Yaremche, Ukraine, and had an individual
internship at the Institute of Carpathian Ecology
of the National Academy of Sciences of Ukraine
in 2021, Lviv, Ukraine.

Alina Hrechko spoke about her experience
in the INTENSE project. Together with Svitlana
Burchenko, she studied at the summer school
‘Green and Blue Infrastructure in the Cities of the
Former Soviet Union - Learning from the
Heritage and Experience of the Visegrad
Countries’ at the Carpathian National Nature
Park, Yaremche, Ukraine, and began research
under the guidance of one of the project partners,
Professor Anton Shkaruba (Estonia). In her
speech, she noted that it was during her studies at
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the summer school that she decided on the topic
of her dissertation research. And the dual
supervision allowed her to use the best
international practices of the concept of green and
blue infrastructure, to use modern research
methods, which ultimately contributed to the
timely completion of her dissertation research and
defence for the qualification of Doctor of
Philosophy.

Valeriia Ovcharuk also shared her experience
of implementing the INTENSE Doctoral School at
the Odesa State Environmental University, where
the international INTENSE project was initiated and
successfully implemented.

Andrii Achasov and Alla Nekos (V. N.
Karazin Kharkiv National University) discussed
how the INTENSE project materials - in
particular, the developed courses - are used in the
current doctoral programme and suggested that
the ONU partners consider integrating them as
elective courses.

At the end of the roundtable, the participants
agreed on the importance of informing doctoral
students of partner institutions about the
possibilities of internal academic mobility and
supporting its implementation [2]. Participants of
the round table received certificates of participation
(Fig. 2).

After the round table, the participants
continued active work within the framework of the
Living Lab Approach for Real-Word Impact in
Urban areas training under the ERASMUS +
SUNRISE project "Supporting Ukraine's next
generation of scholars: a Project for Raising
University capacity and Improving doctoral
Student Education",conducted by partners from the
Estonian University of Life Sciences Anton
Shkaruba and Ruthi Veibiakkim (Fig. 3).
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Karazin University team, presented by Prof.
Maksymenko N.V., Prof. Achasov A.B., Prof.
Nekos A.N., Prof. Peresadko V.A., Assoc. Prof.
Burchenko S.V., Assoc. Prof. Gololobova O.0.,
Assoc. Prof. Kleshch A.A., Senior Lecturer
Cherkashyna N.I. and Lecturer Grechko AA.
took an active part in the training as well. In the
training program, the Estonian partners
delivered a lecture after the introduction of all
the participants. Later, there was a group work,
in which the participants had to choose a goal
and a problem, identify stakeholders who would
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be responsible for solving this problem, choose
methods to solve it, and discuss a common
vision.

The work in groups was supported by the
Estonian colleagues who coordinated each
group, which allowed for quick and clear
orientation and reaching a common solution.
After the group work, all group participants
presented the work of their teams. The
discussion of the results sparked a lively
discussion.  All  participants  received
Certificates of participation (Fig. 4).
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Round table «Non-formal education in the
field of Environmental Monitoring and
Protected Areas Management» according to
the project DOMANI.

On April 18, 2025, on the basis of the IV
International Internet Conference “Current
Issues of Formal and Informal Education in
Environmental Monitoring and Protected Areas
Management”, a round table “Non-formal
education in the field of Environmental
Monitoring and Protected Areas Management”
was held under the DOMANI project. Interna-
tional project partners Anton Shkaruba, Senior
Research Fellow at the Estonian University of
Life Sciences and Kiristina Marran, Head of
Estonian University of Life Sciences Open
University, and project participants from V. N.
Karazin Kharkiv National University, Taras
Shevchenko National University of Kyiv,
Odessa Polytechnic National University and
Ukrainian Joint Meteorological and Hydrolo-
gical Society attended the event. Ganna
TITENKO, Acting Director of the Karazin
Institute of Environmental Science, opened the
event with a welcoming speech. The first speaker
was Kristina MARRAN, Head of Estonian
University of Life Sciences Open University,
project coordinator (Fig. 5). During her speech,
Kristina outlined the specifics of the project
implementation and explained how microcredit
courses were organized in Estonia. Kristina
Marran's presentation covers:
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ethe project structure and its stages:
preparation (survey, policies, strategies),
programme development, pilot implementation,
evaluation, finalisation;

e definition of micro-diplomas as short-
term study programmes (from 5 to 30 ECTS)
focused on  professional  development,
retraining or acquisition of new skills within the
concept of lifelong learning;

ean example of successful imple-
mentation of micro-diplomas in Estonia, in
particular the experience of the Estonian
University of Natural Sciences, which coordi-
nates the project;

e organisational and legal aspects related
to the regulation of micro-diplomas in Estonia
and the possibilit of adapting these approaches to
Ukraine and Mongolia;

e potential benefits for Ukraine, inclu-
ding: support for the ‘green transformation’,
promoting economic recovery, increasing access
to higher education, ensuring compli-ance with
EU standards, in particular in the field of waste
management.

The presentation also introduces the
DOMANI project consortium, which includes
universities, education quality agencies, NGOs,
and ministries from Estonia, Italy, Hungary,
Ukraine, and Mongolia. An important emphasis
is on ensuring the sustainability of the results: the
developed micro-diplomas will remain available
after the project is completed, and
recommendations on the regulatory framework
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for micro-qualifications will be provided to the
authorities of Ukraine and Mongolia.

During the implementation of the
DOMANI project on creation of the microcredit
programs, project participants are divided into
six sections:

e Biodiversity conservation and
management of biological resources;

e Pollution prevention, control and
remediation;

e Green planning, management tools and
instruments;

e Financial and economic instruments for
green development;

e Observation, information
communication for green development;

e Improving the use and protection of
water resources.

As part of the discussion in the sections,
the project participants spoke about the topics
they had chosen to create microcredit programs
within the sections.

The first section “Biodiversity conser-
vation and management of biological resources”
was presented by V. N. Karazin Kharkiv
National University and Taras Shevchenko
National University of Kyiv. Prof. Nadiya
Maksymenko began her speech by presenting the

and
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course “Management and planning of protected
areas and their networks in post-war
reconstruction”, dedicated to modern approaches
to the management and strategic planning of
protected areas in the context of post-war
reconstruction. It is extremely relevant for
Ukraine in connection with armed aggression
and large-scale environmental damage caused to
natural ecosystems. A significant part of the
objects of the nature reserve fund has suffered
direct or indirect destruction, changes in the
landscape structure, loss of biodiversity and
violation of protection regimes. The restoration
of these territories requires scientifically based,
systematic and integrated solutions. Associate
Professor Liudmyla BILOUS presented the
course  “Transboundary  cooperation on
biodiversity protection and restoration”, which is
dedicated to the study of mechanisms of
international interaction in the field of
biodiversity protection and restoration of
degraded natural ecosystems that go beyond the
borders of individual states. In the current
context of global environmental challenges —
climate change, species loss, habitat
fragmentation — transboundary cooperation is
key to the effective preservation of our common
natural heritage. The presentation of the section
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was completed by a postgraduate student Alina
Grechko with a course developed jointly with
Prof. Nadiya Maksymenko “Biodiversity of
urban landscapes”.The chosen topic of the
course is related to the processes of urbanization
and sustainable urban planning of the territory.
Urbanization is one of the main factors of
biodiversity loss. The study of changes in the
structure of the biota of urban areas allows us to
develop  nature-oriented  solutions  for
preservation of ecosystems and improving the
quality of life of residents.

The section “Pollution prevention, control
and remediation” was opened by participants
from V. N. Karazin Kharkiv National University.
Prof. Iryna Koval and Assoc. Prof. Olena
Hololobova presented the course “State policy on
the use and conservation of soil and forest
resources in the wartime and postwar periods”,
noting that it focuses on a critical analysis of state
policy and practices of soil and forest resource
management in the context of military conflict
and in the period of post-war recovery. It covers
issues of legal regulation, sustainable land use
strategy, institutional forest management,
environmental monitoring, as well as mechanisms
for restoring degraded areas. Prof. Oleksiy
Krayniukov and Assoc. Prof. Ivetta Kryvytska
continued their speech with the course “Biological
methods for assessing the quality of
environmental components”, which studies
bioindication and biotesting methods to assess the
state of the natural environment — water, soils, air
and biota — from the perspective of their reaction
to anthropogenic and technogenic loads. This
approach allows us not only to detect the
pollution, but also to assess its impact on living
organisms and ecosystems as a whole. The
presentation of the section was completed by
representatives of Taras Shevchenko National
University of Kyiv Prof. Serhiy Snizhko, Prof.
Olha Shevchenko and Assoc. Prof. Serhiy
Lelyushok with the course “Monitoring of air
quality”. As part of their speech, they outlined the
importance of atmospheric air monitoring,
focusing on the fact that air pollution is one of the
main environmental and medical and social
problems, especially in industrial, urbanized and
war-affected regions.

Direction 3 “Green planning, management
tools and instruments” was opened by the profes-
sors Serhiy Snizhko, Olha Shevchenko, Serhiy
Zapototsky from  T.H.Shevchenko National
University of Kyiv with the course “Adaptation to
climate change in territorial communities”, which
is related to the study of the impact of climate
change on local communities and the
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development of strategies to mitigate their
consequences. The course aims at familiarizing
with methods for assessing climate risks, as well
as the development and implementation of
adaptation measures, which may include
infrastructure improvements, land use changes,
environmental initiatives and increasing the
preparedness of communities to extreme weather
conditions. The speech of representatives of
Karazin University by section began with the
speech of Assoc. Prof. Svitlana Burchenko and
Prof. Nadiya Maksymenko ‘“Management of
environmental activities and environmental
documentation of enterprises”which covers the
basics of environmental activity management at
enterprises, in particular, the development and
implementation of environmental strategies and
documentation. The course is the study of the
regulatory framework and methods for ensuring
the sustainable development of enterprises.
Associate Professor Hanna Titenko presented the
course “EIA for customers, contractors and the
public” and outlined its specifics: a focus on
environmental  impact assessment  (EIA)
processes and their significance for various
stakeholders, such as customers, contractors and
the public. The course proposes to study EIA
methods, environmental risk analysis and
communication strategies to ensure transparency
and participation of all parties in environmental
management processes. The presentations of the
section by Odessa Polytechnic National
University and Ukrainian Joint Meteorological
and Hydrological Society were completed by
Kateryna Husieva, Mykhailo Lobachev and Oleh
Shablii. The course "Engineering Tools for
Adaptive and Inclusive Green Infrastructure”
covers engineering methods and tools for the
design and implementation of adaptive and
inclusive green infrastructure. The course aims to
study approaches to integrating natural elements
into the urban environment, developing solutions
that promote resilience to climate change, and
ensuring equal access to natural resources for
different social groups.

Direction 4 “Financial and economic
instruments for green development” was
presented by a postgraduate student Anna Kot
with the course “Financial instruments of "green"
banking”. The course focuses on financial
instruments that contribute to supporting
sustainable development and environmentally
friendly initiatives in the banking sector, as well
as study of green financing mechanisms, such as
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green bonds, loans for environmental projects and
other instruments that help finance projects with
minimal environmental impact.

Direction 5 “Observation, information and
communication for green development” was
presented by Taras Shevchenko National
University of Kyiv, Odesa Polytechnic National
University, Ukrainian Joint Meteorological and
Hydrological Society V. N. Karazin Kharkiv
National University. The first was the presentation
of Taras Shevchenko National University of Kyiv,
presented by Assoc. Prof. Natalila Korohoda,
Assoc. Prof. Tetiana Kupach and Assistant

Yevhen Tsyhanok. The course "GIS for
Environmental  Protection" is aimed at
familiarizing students with the theoretical

foundations and practical skills of applying
geographic information systems (GIS) in the field
of environmental protection. The course covers
methods of spatial analysis, visualization of
environmental data, modeling of risks and
changes in the environment, as well as digital
mapping of territories affected by anthropogenic
and natural factors. Associate Professor of
Karazin University Anastasia Kleshch presented
two courses at once: “Remote environmental
monitoring” and “Web technologies and
information support in the field of conservation”.
The first course offers to study remote sensing
methods of the Earth (RES) and their application
to assess the state of the environment. Students get
acquainted with modern satellite observation
systems, types of remote sensing data, image
processingmethods, as well as the analysis of
ecosystem  dynamics, landscape changes,
pollution, soil degradation, deforestation, etc.

=
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Web Technologies and Information Support in the
Field of Conservation - focuses on the use of
digital web technologies for collecting, analyzing,
visualizing and disseminating information in the
environmental sphere. Special attention is paid to
the creation of online maps, environmental
portals, databases, web-GIS services and
platforms for public monitoring. Odesa
Polytechnic National University and Ukrainian
Joint Meteorological and Hydrological Society
Kateryna Husieva, Mykhailo Lobachev, and Oleh
Shablii presented the course “Environmental
Journalism, Narrative Strategies, and Gamified
Media in Post-War Reconstruction”, which
explores the role of media and communications in
covering environmental issues arising in the
process of post-war reconstruction. Students
explore how journalism, storytelling, digital
platforms, and gamified media approaches can
influence the public opinion, mobilize
communities and promote sustainable recovery of
affected areas.

Direction 6 "Improving the use and
protection of water resources" was dedicated to
the courses “Integrated Assessment and
management of water resources: Strategy,
Methods and Tools” and “Water resources of
Ukraine under conditions of climate change and
anthropogenic transformations”. The first course
was presented by Assoc. Prof. Vitaly Bezsonny
and Prof. Alla Nekos (Karazin University), it is
dedicated to strategic planning and methods of
water resources management taking into account
modern environmental challenges. Students study
the tools of integrated water management, water
balance models
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and methods of water security assessment. Prof.
Valentyn Khilchevskyi, Prof. Vasyl Grebin and
Assoc. Prof. Serhii Leliushok (Taras Shevchenko
National University of Kyiv) presented the course
“Water resources of Ukraine under conditions of
climate change and anthropogenic transforma-
tions”, which analyzes the impact of climate
change and human activities on the quantity and
quality of water resources of Ukraine. Special
attention is paid to regional trends in hydrological
changes, adaptation approaches, and sustainable
water use policies [3-4]. All participants of the

round table received certificates of participation
(Fig. 6).

Summing up, it is worth noting the
successful start of the implementation of the
projects. Detailed information about the Round
Tables can be found on the website of the National
Institute of Ecology
https://ecology.karazin.ua/mizhnarodna-dijalnist/
and the Department of Environmental
Monitoring and Conservation
http://ecomonitoring.karazin.ua/
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YXapriscoruii nayionanvnuii ynicepcumem imeni B. H. Kapasina
maiinan Ceobonn, 4, M. XapkiB, 61022, Ykpaina

MPOBEJIEHHS KPYTJINX CTOJIB SIK IOYATKOBHM ETAII PEAJII3AIII
MIXKHAPOJHHUX ITPOEKTIB EPACMYC+ SUNRISE TA DOMANI

VY cydyacHOMy akajeMiyHOMY CepelOBHINI MDKHApPOJHA CHIBIpALsl BiAirpac KIIOYOBY POJIb y PO3BHUTKY
OCBITH, HAYKHU Ta IHHOBAIlii. Y4YacTh y MDKHapOJHHX Iporpamax, Takux sik Erasmus+, BigkpuBae HIMPOKi MOX-
JIMBOCTI JIJIsl HAJIATOJUKEHHS MIXKYHIBEPCUTETCHKHX 3B’s13KiB, 0OMiHY JIOCBIIOM, PO3BUTKY HayKOBHX KOMIIETEHT-
HOCTEH Ta BJIOCKOHAJICHHsI OCBiTHIX mporpam. Oxnumu 3 Takux iHimiatuB € npoektu SUNRISE - ITintpumka
HACTYITHOTO TOKOJIHHSA YKPaiHCPKAX HAayKOBIIB: IPOEKT 3 MiIBHINCHHS MOTCHIIATY YHIBEPCHTETIB Ta IMOKpa-
MICHHS MATOTOBKH AOKTOpaHTiB Ta DOMANI - Po3BHTOK MIKpO-KpEIUTHUX €KOCUCTEM B YKpaiHi Ta MOHTOI1
JUTI KOHKYPEHTOCTIPOMOJKHOI Ta CTIHKO1 3eTIeHOI eKOHOMIKH, IO Peai3yroThCs B MeKax mporpamu Erasmus+ 3a
y9acTi MPOBITHUX €BPONEUCHKUX Ta YKPATHCHKHUX YHIBEPCUTETIB.

KJIFOYOBI CJIOBA; Epacmyc+, npoekm SUNRISE, npoexm DOMANI, Kpyenuii cmin, mikpokpeoumi
Kypcu, MOJIOOI HAYKOBYT

Kongnixm inmepecie

ABTOPH 3asBIISIOTH, 0 KOH(IIIKTY iHTEPECIB 11010 MyOIiKallii bOro pykonucy Hemae. Kpim Toro, aBTopu
MOBHICTIO JJIOTPUMYBAJIUCh ETUYHAX HOPM, BKITFOYAFOUH IUIariat, hanbcru@ikaliro qJaHuX Ta TOABIHHY MyOITiKaIlito.

Brecok agmopis: BCi aBTOpY 3p00MIHM PIBHUN BHECOK Y IFO pOOOTY

Cnucok eukopucmanoi nimepamypu

1. Kpyrmuii crin 3a mpoektom SUNRISE momo po3Butky J10oKTOpCHKOi mKONK - HaB9aapHO-HayKOBHH IHCTUTYT
ekoorii XapKiBChKOT'O HalliOHATBHOTO yHiBepcuteTy iMeHi B.H.Kapaszina. Hasuanvno-naykoguii incmumym
eKonoeii Xapkiecvkozo HaYiOHALHO20 yHigepcumemy imeni B.H Kapas3ina.
URL: https://ecology.karazin.ua/news/kruglij-stil-za-proiektom-sunrise-shhodo-rozvitku-doktorskoi-
shkoli/ (mara 3Bepuenns: 25.04.2025).

2. A SUNRISE Round-table discussion. C2025. URL: https://cs2025.0onu.edu.ua/a-sunrise-round-table-
discussion/ (date of access: 25.04.2025).

3. Kpyrauii crin no npoexry ERASMUS + DOMANI B KapasincbkoMmy yHiBepcuTeTi - HaBuanbHO-HayKOBUi
IHCTHTYT €K0JI0T1i XapKiBChKOTO HalliOHAIBHOTO yHiBepcuteTy iMeni B.H.Kapasina. Hasuansno-nayxosuil in-
cmumym eKon02ii Xaprxiscbko2o HAYIOHALHO2O YHigepcumemy imeni B.H. Kapas3iua.
URL: https://ecology.karazin.ua/news/kruglij-stil-po-proiektu-erasmus-domani-v-karazinskomu-
universiteti/ (mara 3BepHenus: 25.04.2025).

4. DOMANI - Po3BUTOK MIKpO-KPEIUTHHX €KOCHCTEM B YKpaiHi Ta MOHTOIIT /U1l KOHKYPEHTOCIIPOMOJXKHOI Ta
criiikoi 3enmenoi exoHomiku. DOMANI. URL: https://venerable-capybara-Oela09.netlify.app/ (nata 3Bep-
HeHHs: 25.04.2025).
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HaykoBe BHIaHHS HaBUYaJIbHO-HAYKOBOTO I1HCTHUTYTY €KOJOTilI XapKiBChbKOTO HAIIOHAIBHOTO YHIBEPCUTETY
«JIromuna Ta noBkims. [Ipobiemu Heoekomorii» € HAyKOBHM JKypHAJoOM, sIKWil BKItoueHO a0 [lepeniky daxoBux
sugans BAK ( B), me myOGmiKyrOThCSI OCHOBHI pe3yNbTaTH AUCEPTALiHAX poOiT Ha 3100YTTS HAYKOBOTO CTYIICHS
JIOKTOpa 1 KaHAKuAaTa reorpadiqyHuX HayK.

Jo myOmikamii mpHiAMarOTBCS CTaTTi, SIKI HammcaHi YKpaiHCBKOIO a0o0 aHTIIHCHKOI MOBaMH 3TiTHO 3a
MPaBUJIAMU JIJIsI aBTOPIB 1 OTPUMAITH MTO3UTHBHI PEKOMEH/IAIIT PEI[CH3CHTIB.

ITPABUJIA U151 ABTOPIB

Enextponna Bepcis opopmisersess y ¢opmari Microsoft Word, mpudt Times New Roman, posmip 11,
MikpsakoBuit iHTepBan 1,0, Bei momst mo 2,5 cM. JKupanMm mpudToM BUAUISIOTECS MiA3ar0JIOBKH y CTATTi; KYPCHB
JIOIYCKA€ThCS JINIIE Y BUHATKOBUX BHUIAIKAX.

Imroctparnii, BrIrogaroun rpadikd i cxemu, MalOTh OyTH pO3MilIeHi Oe3mocepeHrO0 B TEKCTi. [mroctpamii
MOAAIOThCS YOpHO-OuMMH. CKpi3b, J€ MOMIHMBO, JOLUIBHIIIE BHKOPUCTOBYBaTu rpadiku, a He Tadbmuui. Yci
pucyHkH migmucysatu sk Puc. 1 — Ha3Ba pucynky (po3wmip 10). Tabmumi takox opopmiratu 10 posmipom. CioBo
Tadanus 1 (xupHUM, PaBOPYY), HA HACTYITHOMY PSJIKY Ha3Ba TaOJMILI — >KUPHUM, 10 IeHTpy, po3mip 10. HazBu
PHCYHKIB Ta TaGJUUb T2 BHYTPillIHE HATIOBHEHHN Ma€ 6yTH ABOMa MOBaMH( B YKPAaiHOMOBHMX CTATTSAX).

OpieHTallisi CTOPiHOK — KHIDKKOBA. BupiBHIOBaHHS — 1o mmpuHi. A63am — 1,0 cm.

s crareit Heobxinno Bkasatu YK (UDC) (miBopyu, posmip 11), ininiaau Ta mpisBuime aBropa (po3mip
11, >KHpHUM, TIPOIIMCHUMH, TIO LIEHTPY), HAYKOBHIl CTYIiHb Ta 3BaHH: (po3mip 11), Ha HACTYMHOMY PSAOKY BKa3aTH
nocajay, Ha HacTymHOMY - Bkazatu e-mail Ta ORCID ID. Ha HacTymHOMY pSIIKY BKa3aTH MOBHY Ha3By yCTaHOBH
(po3mip 11, kypcuB) Ta ii MoBHa aapeca

Ha3sBa cratTi (CKUpHUMU IPOIMCHUMHU, TI0 LIEHTPY, 11 po3mip)

Hani nogartu anortaniro (He menire 1800 3HakiB) Ta ki04oBi cioBa (5-6) MoBoro crarti: po3mip 10, inTepBain
1,0. Iy ekcriepuMEeHTAIbHUX CTAaTeH MOJaTH CTPYKTYpOBaHE pe3toMe, Jie Mae OyTH BKa3aHi cioBa: Merta. MeToau.
Pe3yabraT. BucHoBKH.

CratTi JpyKYIOThCSl YKPaiHCHKOIO Ta aHTJICHKOI0 MOBaMH.

TekeT eKcIepUMEHTAIbHOI CTAaTTi MOBMHEH CKIAJATHCA 3 HACTYNHHUX po3aumiB: «Berymy», «Merogukay
(«O6’exktit  Ta MeTomM MOCHIMKEHH»), «PesympraTmy, «OOroBOpeHHS» (MOXIMBHH 00 €IHAHHN PO3IiN
«Pe3ynbraT Ta 00TOBOpEHHN»), « BUCHOBKMY, «CITMCOK BUKOPHUCTAHO] JIITEPATYPW.

Po3nin «BeTym» NOBUHEH MICTUTH HOCTaHOBKY ITPOOJIEMH Y 3arallbHOMY BUIIISAL Ta 11 3B’S130K 3 BaXKJIMBUMHU
HAyYKOBUMH a00 TPaKTHYHAMHU 3aBIAHHSAME, KOPOTKHH aHaJi3 OCTaHHIX MOCHiKeHb 1 IyOJNiKamid, y SKuX
po3IoYaTo pilleHHs AaHOi MPOoOJeMHU, BUAIICHHS KOHKPETHUX HEBUPIIICHHX MUTaHb, SKUM IPHUCBSYEHA CTaTTS,
(hopMyITIOBaHHS METH POOOTH.

Po3nin  «MeTtoankay TIOBHHEH MICTHTH BiIOMOCTI 1po 00’ekT (00’€KTH) JOCIHIJKECHHS, YMOBH
€KCIIEPUMEHTIB, aHAJTITUYHI METOAH, IPUIAAN Ta PEaKTUBH.

VY posnpinmi «Pe3ynbTaTé JOCITIIKEHB» HAJAIOTHCS OTPUMaHi pe3ysbTaTh Ta IMOBHHHO BiIOOpaXkyBaTh
3aKOHOMIPHOCTI, 5IKi BUTIKAalOTh 3 OTpHUMaHUX JaHWX. OTpuMaHy iHQOpMAIi0 HEOOXiTHO MOPIBHATH 3 HASBHUMH
JITEepaTypHUMH JaHUMHU Ta MOKA3aTH ii HOBU3HY.

Y po3mimi «BuUCHOBKM» HaJgaeThCs y3arajJbHEHHS Ta IHTEpIpETalis pe3yNbTaTiB, aHalli3 HPUIHHHO-
HACIIZIKOBUX 3B’SI3KIB MK BUSBJICHUMH e(eKTaMu, i MOBHHHO 3aBEPIIyBATHUCh BIAMOBIAII0 HA MHUTAHHSI, SKE
MOCTaBJIEHO Y BCTYTII.

[MocunanHs Ha JpKepena y TeKCTi MOJA0ThCs Y MPSIMOKYTHHUX Jy)KKax 3 BKa3yBaHHSM HOMepa 3a MOPSIKOM

TMOCHJIAHHS.
CnHcoK BUKOPHCTAHOI JIiTepaTypu o608 s3k0B0 odopmisierses 3a JICTY 8302:2015, no 60% marote Oytr
JoKepera, 110 OnmyOJiKoBaHi 3a ocTaHHI 5 pokiB, 10 50% marote Oyt mocunanus Ha ctarti WOS un SCOPUS,
camorutyBanHs g0 10-15%. O6oB’s3koBumu DOl a6o URL — nme € (posmip 10, mixpsiikoBuii intepsan 1,0).
KimpkicTs mocunanp Mae OyTH He MeHIe 15.

UYepes 2 iHTepBaIM TaKoX IOJATH MpI3BHUINE, HAYKOBHIl CTYNiHb Ta HAyKOBE 3BaHHs, mocany, e-mail Ta
ORCID ID, opranuizariito, ii moBHY axpecy, Ha3By CTATTi, PO3IIUPEHY AHOTAIII0 Ta KIIFOYOBI CJIOBa aHMIICHKOIO (He
menie 1800 3HakiB, po3mip 10, Mixpsinkosuii inTepBan 1,0). AHoTanis noBuHHA OyTH MOOyAOBaHa Ik pedepaT y
pedepaTuBHUX JKypHajaxX Ta BiJipakaTH CyTh €KCIIEPUMEHTIB, OCHOBHI pe3ylbTaTH Ta iX iHTepmperarito. Jlis
SKCIIepUMEHTAJIbHIX CTaTeil MmogaTé CTPYKTYpoBaHi pestome Je Mae OyTu BKasali ciosa: Purpose. Methods.
Result. Conclusion.; ta kmrouosi cmoBa (5-6). SIkmo crarTst aHTIIWCHKOK, TO TOAATH IF0 iH(pOPMAIIi0
YKPBIHCBKOIO.

Ionaru takox References, 3a crangaprom APA (nipi3Buine, iHiliaiu, Ha3Ba - aHIJICHKOK, HAIPUKIHII Y
ayxkax (In Ukrainian) ta Retrieved from ago DOI).

Anpeca penakuii: HaBYaJIbHO-HAyKOBHM IHCTHUTYT ekosorii, 4 moBepx, kK. 473a, XapkiBcbkuil HalliOHAJIBHHUN
yHiBepcureT imMeHi B. H. Kapasina, Maiinan Csobonu, 6, Xapkis, Ykpaina, 61022

ten. 057 / 707-56-36, 057 /707-53-86 mo06. 068-612-40-69  e-mail: ecology.journal@karazin.ua

Caiit xypHaiy: http://periodicals.karazin.ua/humanenviron/about
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JIIOJJUHA TA JJOBKULJIA. ITIPOBJIEMU HEOEKOJIOTI'I

Bumyck 43

YKpaiHCHKOIO Ta aHTJIIHCHKOI0 MOBAMH

MaxeTyBaHHSI Ta KOMIT FOTEPHE BEPCTAHHS
backakona JI. B.

[Migmucano no npyky 30.06.25
®dopmar 60x84/8
VM. npyk. apk. 15,39, O6n.-Buz. apk. 19,24,
Haxoman 50 nip. 3am. Ne 3/25

61022, m. XapkiB, maitnan CBo6ou, 6.
XapKiBCbKUI HAI[lOHATBHUN YHIBEPCUTET
imeni B. H. Kapazina
BunaBHUIITBO

HanpykoBano XHY imeni B. H. Kapazina

61022, XapkiB, maiiman CBoOoau, 4. Ten. 705-24-32
CaimontBo cy6’exkta BugaBHuyoi crpasu JIK Ne 3367 Bix 13.01.09
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