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PAMKOBA KOHBEHIIISI ITPO OXOPOHY TA CTAJIMIA PO3BUTOK KAPIIAT:
EKOJIOT O-TIPABOBUI AHAJII3 BUKOHAHHA YKPATHOIO 3050B'SI3AHb
Y KOHTEKCTI HIVIEU CTAJIOI'O PO3BUTKY

Meta. 37iificHEHHsS €KOJOTO-TPaBOBOTO aHANI3y IMIUIEMEHTalii MOJO0XEeHb PaMKOBOi KOHBEHIIi IIpo
OXOpOHY Ta cTanuii po3BuToK Kaprar YkpaiHoto, a TAKOK B OIIHII HOTOYHOTO €KOJOTIYHOrO CTaHy E€KOCHCTEM
Kapnartcekoro periony YkpaiHu BiAITOBIIHO 1O KPUTEPIiB Ta e(pEeKTHBHOCTI BUKOHAHHS BUMOT, BU3HAUCHUX IIIM
MDKHApOJIHUM JJOTOBOPOM.

Metoan. Cuctemunit ananiz, SWOT-aHani3, BUBU3HAYCHHS 1HICKCY IHCYIIPU30BAHOCTI.

PesyabraTu. [leranpbHuii aHani3 BukoHaHHs Pimens 7-1 Kondepenuii CTopiH 3acBiIuUB NPUAHATTS
Kapnarcpkoi paMkoBoi mporpamu 3 0i0pi3HOMaHITTS, aKTHBI3aIlil0 TPAHCKOPIOHHOI CIIBIIPAMi MO0 BEIHKHX
XIDKaKIB, IHTErpaIil0 KIIMaTUYHOI OI[IHKKA PU3MKIB Yy JICOBE TOCIOAAPCTBO Ta IMPOCYBAaHHS TPAIUIIITHOTO
ckorapctBa nmo cmucky FOHECKO HKC. Ilnsxom cucremarmsanii 3000B's3aHp INITBEpIPKEHA MpsMa
BIJIMIOBIZIHICTh TOJIOXEHb NpoTokoiB Kapmarcekoi kouBeHmii Ilimsim cramoro po3sutky OOH. 3rigHo 3
pesynpratamu SWOT-aHani3y npiopuTeTHi 3ycriuis HeoOXiTHO KOHIIEHTPYBATH Ha MIXKCEKTOPAIBHIH CITIiBITpaIli,
BIPOBA/KEHHI HAayKOBO OOIPYHTOBAaHOTO IPOCTOPOBOrO IUIAHYBaHHS Ta MAaKCHMaJbHOMY BHKOPHCTaHHI
MO3UTHUBHOTO JOCBIAYy TPAaHCKOPJOHHUX MPOEKTIB. PO3paxyHKOBI MOKA3HHUKH iHACKCY iHCymsipu3oBaHOoCTi [13D
HIATBEP/KYIOTh (hparMeHTAIli0 JIICOBUX MACHBIB 1 IOPYLIEHHS €KOJIOTIYHUX 3B’ A3KiB, 0c00IMBO Y UepHiBelbKiii
o0acTi. AHai3 eKOJIOTIYHMX KEHCiB MiATBEPANB BILTHB JIOKAIFHUX 3arpo3 Ha BUKOHAHHS KOHBEHIII1 Ta 3acBiT4nB
MOTEHI[iaJl CIIBIpalli Iep»KaBu, IPOMaJI Ta MI>KHAPOJAHUX MapTHEPIB.

BucnoBku. PaMkoBa KOHBEHIIiS PO OXOPOHY Ta CTaJIMA po3BUTOK KapraT € BU3HAYaTbHIM MIXKHAPOJHUM
MeXaHi3MOM Jyis iHTerpaitii riodansHux 30008’ s13aub (LICP OOH) y HalioHaIbHY IPUPOIO0O0XOPOHHY MOJITHKY.
VYkpaiHa IeMOHCTpPY€e TOCHITOBHI KpOKH y BrpoBampkeHHI [IpoTokomiB KaprmaTchkoi KOHBEHINT, Ma€ 3HAYHHI
MOTEHIiaJ JJ1st TOBHOT Ta eeKTHBHOT iMIuieMeHTalil KOHBEHIIT HIISIXOM MOCHIICHHS MI>KCEKTOPaIIbHOT CITiBIparlii
Ta BIPOBAHKEHHSI HAYKOBO OOTPYHTOBAHOTO MIPOCTOPOBOTO TIAaHYBAHHS.

KJIIIOYOBI CJIOBA: Kapnamcvka xongenyis, Ilpomoxonu, exonoeo-npagosuti auanis, Ccmanuil
PO3BUMOK, THCYIAPU08AHICIb, NPUPOOHO-3aN0GIOHULL (POHO, IHEAZIIHI 6UOU
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HeoOxinHICTE KOHCOJIZOBAHOI  MIXKHA-
POIHOI criBMpali 33715t 30epexeHHs yHi-KalbHOT
npuponHoi cramuuHu  Kaprnarcbkoro perioHy
CTajla TOJIOBHOIO TIEPEIyMOBOIO CTBO-PEHHS
PamkoBOi KOHBEHIiT MPO OXOpPOHY Ta CTAIWH
possurok Kapmar (KK). Kapmarcekwii TipchKuit
MAacHuB € OHUM i3 HAHOUTBIINX y €BPOIIi, BUPIi3-
HSIOYMCh BUHATKOBUM DPiBHEM Oi10pi3HOMAHITTS
Ta BHCOKOIO TIPHUPOIOOXO-POHHOIO ITIHHICTIO
JICOBUX 1 TIPCHKUX €KOCHUCTEM.

Ictopis Konsewtii 6epe mouarok y 2001
poIl, KONM 3a AaKTWBHOI IHII[IaTHBU YpSIy
VYxpainu Ta migrpumku [Iporpamu OOH 3 HaBko-
mHboro cepeposuia (FOHEIT) po3-novanucs
MEPErOBOpH  MIOAO YKJIAICHHS PErioOHaJIbHOI
yroau [1, 2, 3]. Ilporec neperoBopiB yCHilIHO
3aBEPLIMBCS MiIUCAHHSM JOKYMEHTa 22 TpaBHs
2003 poky B KueBi npeacraBHUKaMu ceMy KpaiH
Kapnatcekoro periony: Ykpainu, Yexii, [Tombi,
Pymymii, CrioBauurHy, YTOPIIMHA Ta TOIIITHBOL
Cep0ii i YopHoropii [4].

VYxpaiHa Bimirpaiza BH3HAYAIBGHY POJb Y
MPOCYBaHHI M€l iHIIIaTHBY, CTaBIIN OIHIEIO 3
TOJIOBHUX KpaiH-iHimiatopiB. ITicis 3aBeprineHHs
nporiecy parudikanii Kousenmis — odiriitHO
HaOya ynaHOCTI 4 ciuasg 2006 poky [1].

OcHOBHOIO MeTO0 PamMKoBOI KOHBEHINT
PO OXOPOHY Ta cTanmii po3BUTOK Kapmar € 3a-
Oe3nedyeHHsT OXOPOHHM HAaBKOJIWIITHBOTO CEpeso-
BUIIA, OJTHOYACHE CIIPUSHHS CTAIIOMY COL[iaTbHO-
€KOHOMIYHOMY PO3BHTKY Ta MiJJBUILICHHS SKOCTI
JKUTTST MenikaHiie Kapnarcekoro periony. leit
JIOKYMEHT € PaMKOBOIO MIXKJIEP’KaBHOIO YTOJIOH0,
MOKJIMKAHOK KOOPAMHYBATU 3YyCWUIS KpaiH-
YYaCHHIp y TaKMX KIIOYOBHX HANpsSMKax, SK
OXOpOHa JIiciB, 30epekeHHs OiOpi3HOMAHITTS,
PO3BUTOK €KOJIOTTYHO BiJIIOBIAIBHOTO (CTIHKO-
TO) TYpU3MY, BIIPOBA/DKEHHS €KOJIOTYHO Oe3ried-
HHX NPAKTUK y CUTBCBKOMY Ta JiCOBOMY T'OCIIO-
JapcTBi, a TakoX 3abe3rneueHHs e(eKTUBHOI
TpaHCKOpAoHHOI criBnpai [1, 2]. KommiekcHuit
miaxin KoHBeHiii 0a3yeTbCsl Ha  YITKOMY
PO3YMIiHHI HEPO3PMBHOIO B3aEMO3B’SI3KY MK
€KOJIOTIYHHUMH, €KOHOMIYHUMH Ta COLAIEHAMH
CKJIQJIOBUMH PO3BUTKY TipCHKHX TepuTopiii. Ha
MiKHapoqHOMy piBHI Kaprnarcbka KOHBEHIISI €
3HAYYIIIO0, OCKLUILKU BOHA CTaJa JIPYrol0 Y CBITi
Ta mepmor B €Bpomi (micns AbmidChKO
KOHBEHIIIi) PEeTiOHAJbHOK YTOJIO0, CIIEI[ialbHO
CIIPSMOBAHOIO Ha OXOPOHY TiPCHKMX €KOCHCTEM
[1-4].

[IpaBoBi 3acagu Kapnarchkoi KoHBeHIIT
IPYHTYIOTbCS HAa (PyHAAMEHTAIBHUX MPHUHIUIIAX

Beryn

MIKHAPOJJHOTO CKOJIOTIYHOTO IpaBa, OXOILIHO-
FOUM TIPUHITUITN CTAJIOTO PO3BHUTKY, HEOOX1THOCTI

MDKYpSZOBOI  CHiBOpali,  NPEeBEeHTUBHOCTI,
3000B'sI3aHHS IIOAO 30epekeHHs Oiopi3HOMa-
HITTSI Ta 3a0e3NeyeHHs aKTHBHOI  y4acTi

rpoManiceKocTi [2, 5, 6]. 3i CTPyKTypHOI TOYKH
30py, KomBeHmiss mae wiacmudy OyIoBy, IO
CKJIJIA€THCSI 3 IPeaMOyJIN Ta HU3KHU IOCTIJOBHUX
TEMAaTHYHHUX CTaTel, KOXKHA 3 SIKHX BH3HAYA€
KOHKpEeTHI  3000B’s3aHHSA  J€p KaB-y4aCHHIIb.
Cepen 1mx 3000B’s13aHb BUAUISIOTBCS OXOPOHA
010pI3HOMAHITTS Ta paIlioHaJbHE BHKOPUCTAHHS
MIPUPOJHUX PECYPCIB, MIATPUMKA CTIHKUX TpaK-
THK Yy JIICOBOMY Ta CLIbCBKOMY TOCHOIApCTBI,
3aXUCT JaHMIA(GTHOTO PI3HOMAHITTS, PO3BUTOK
EKOJIOTTYHO APYKHBOTO TYpHU3MY, MiHiMizallis
HETaTHBHOTO BIUIMBY TPAHCIIOPTHOI iH(pacTpyk-
TYpH, OXOpOHa BOJHUX PECYpCiB, KOOpAWHALLS

OpPOCTOPOBOTO  IUIAHYBAaHHS Ta  MIATPUMKA
MicreBux rpoman [1].
Peamizamiss ~ Kapmarcbkoi ~ koHBeHIii

3OIACHIOETBCA 33 JOINOMOIOI0 HHM3KHA TeMa-
THUYHHX TIPOTOKOJMIB, SIKi IETATI3YIOTH il 3araibHi
MOJNIOKECHHA Ta KOHKPETH3YIOTh PpETYIATOPHI
MEXaHI3MU y TaKHX CTPATEriuHUX CEKTOopax, K
OXOpOHa Oi1OpI3HOMAHITTSI, JIICOBE Ta CLIbCHKE
rOCIIOAAPCTBO, TYPU3M Ta TPAHCIOPT. 3aBISKH
i cTpyktypi KonBeHmist iHCTUTYyHiOHANIZy€e
KOMIIJIEKCHY CHUCTEMY YIIPABIIHHS MPUPOJHUMUA
pecypcamu KapraTchKoro perioHy, BUCTYTAIOUH
BarOMUM  IHCTPYMEHTOM JUIsS  TapMOHi3arlii
€KOJIOTIYHOI TIOJITHKA MDK JiepyKaBaMU-y4ac-
uuismy. 3araiiom, KonseHitist hopMye IiTicHy Ta
y3rO/KEHY HOpPMAaTHBHO-TIPABOBY apXiTEKTypy,
ska 3a0e3neuye e(eKTUBHY OXOpPOHY HPHpPOI-
Horo moteHuiany Kapnat, ctBoproe ¢pynmamen-
TalbHi YMOBH JUIs iXHBOTO CTAJIOTO PO3BMTKY. Ii
KepiBHi MPUHIINTIH Ta ITOJIOKEHHS CTIPSIMOBaHI Ha
JIOCSITHEHHSI HEOOXiHOro OallaHcy MK COIli-
ATbHO-EKOHOMIYHMMH TT0TpeOaMu CyCIiIbCTBa
Ta iMrepaTuBaMu 30€pEKEHHS JOBKULIS, Hamiid-
HUM IHCTUTYIIHHUA MEXaHi3M y TO€IHaHHI 3
JIeTaTi30BaHUMH TEMATUYHUMH CTaTTSIMU rapaH-
TYE Y3TO/PKCHICTh 1 BHUCOKY pe3yJIbTaTHBHICTH
TpaHCKOPAOHHOI criBmpar y Kapmarax.

MeTa moCHiKEeHHS TOJIsTae y 3MiHCHEHH]
€KOJIOTO-TIPABOBOTO ~ QHAIN3y  IMIDIEMEHTAIii
0JI0’keHh PaMKOBOI KOHBEHII{ TIPO OXOPOHY Ta
cranuii po3Butok Kapnar YkpaiHoro, a Takox B
OLIIHIII MTOTOYHOTO EKOJIOTTYHOTO CTaHy €KOCHC-
tem KapnaTtcekoro periony YkpaiHu BiOmoBiZHO
110 KpUTepiiB Ta eheKTUBHOCTI BUKOHAHHS BUMOT,
BU3HAYEHUX UM MDKHAPOIHUM JIOTOBOPOM.
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MeToau TOCTiIKeHH

3a/1iTHO KOMIUIEKC B3a€MOIOIOBHIOIOUYHX
HayKOBHX METOJIB, IO 3a0e3Meuye MOMKIHMBICTh
BCEOIYHOTO EKOJIOr0-TIPaBOBOIO aHAJli3y BHKO-
HaHHS MDKHAPOHUX 3000B's13aHb Ta JIOCTOBIPHOT
OLIHKU €KOJIOTIYHOTO CTaHy MPHUPOJHUX EKOCHC-
tem KapriatchKoro periony.

30Kpema, JUIsl TEOPETUIHOTO OIPAIFOBAH-
HS TI0JI0KeHb PamkoBoi koHBeHTIII Ta ii IIpoTo-
KOJTiB, 8 TaKOX /ISl aHaJIi3y BiATIOBIAHOI HAIIio-
HaJIbHOI TPaBOBOI 0a3W 3aCTOCOBYBABCS METOI
CHCTEMHOTO aHawmizy. LleHTpanbHuM eleMeHTOM
IIbOTO CHCTEMHOTO MiJXOJy CTajla CHCTEMaTH3a-
is 3000B's13aHb, BU3HaueHUX y [IpoTokonax,
OUIIXOM  iXHBOT KOpelsilii 3 TIo0aTbHUMA
Himsimu  cranoro possutky (LICP) OOH. Sk
THCTPYMEHT CTpaTeriyHOro IIaHyBaHHS, BUKOPH-

crano SWOT-anani3 mns 3a0e3nedeHHs] KOMII-
JICKCHOI OIlIHKY €(EKTUBHOCTI IMIUICMEHTAILiT
nonoxenb [IporokoniB Kapnatchkoi KOHBEHIIi
Ha TepuTopii YKpaiHu.

KpuTH4HO BaXXKITMBUM €JIEMEHTOM OLIHKH
MUTICHOCTI TIPHPOTHO-3AIMOBIAHOT MEPEXi CTaJio
BU3HAYCHHS CTYIICHS IHCYJIIPU30BAHOCTI IPUPO-
JIOOXOPOHHUX TepuTopiit Kapmarcekoro periony,
SIKMA PO3paxoBYBaBCS 3a KOe(DIIliEHTOM 1HCYIIS-
pm3oBaHOCTI. Po3paxyHOK mpOro KoedirieHTa
0azyeThcss HA METONOMNOTIUHINA po3podmi M. JI.
I'pomsurcekoro  [7] 1 COyrye  BaXJIMBUM
THIMKATOPOM EKOJIOTTYHOI CTIHKOCTI Mepexi,
BiIoOpaxarouu il CXMIBHICTH 10 (parMeHTartii,
[I0 Ma€ BHUpIlIAIbHE 3HAYCHHS VIS JOBTOCTPO-
KOBOT'O 30epeKeHHS1 010pI3HOMAaHITTSI.

Pe3yabTaTu T2 00TrOBOPEHHS

3 Mertoro 3abe3MeueHHs IMIUIEMEHTAalii
MOJIOKEeHb PaMKoBOi KOHBEHIIIT PO OXOPOHY Ta
craymii po3BuTok Kapmar po3pobieHo HU3KY
CHEIiaTi30BaHUX TPOTOKOJIB, KOXKEH 13 SKUX
JeTali3ye OKPEMHUH TPIOPUTETHUN  HampsiM
MPHPOIO-OXOPOHHOI Ta COLiaIbHO-EKOHOMIYHOT
nomitikd. L{i [IpoTOKOIM KOHKPETHU3YOTh MeXa-
Hi3MH BHKOHaHHSA KoOHBeHIT Ta BCTAHOBIIIOIOTH
CTaH/IapTH IIOI0 OXOPOHH HABKOJMIIHBOTO Ce-
PE/IOBHIIA, PAlliOHAIFHOTO BUKOPHCTaHHS TPH-
POJHUX PECYPCIB i CIIPUSIHHS CTAJIOMY PO3BUTKY
Ha TepuTopii Kapratcekoro periony [8].

VYkpaiHa partudikyBasa BCi CynpoBiaHi
nporokonu 10 KoHBeHIi Ta Hapasi 3miCHIOE
MOCTYTIOBY ~ TapMOHI3aIlil0  HaI[lOHAJIBHOTO
3aKOHOJABCTBA BIAMNOBIIHO IO IXHIX BHMOT.
OnHak, mpoliec i€l IMITIEMEHTAIlli 3IIITOBXY-
€TbCS 3 HH3KOI CHCTEMHHMX BHUKJIMKIB, SIKi
BKIIIOYAIOTh OOMekeHe (DiHaHCYBaHHS, CKIaJHY
0e3MeKoBy CHTYAIIi0 B KpaiHi, a TAKOXK HarajJbHY
noTpedy B KOMIDIEKCHOMY OHOBJICHHI iCHYIOYOT
npupoio-oxoporHoi momituku [9]. Tlompu i
TpyOHOIli, Yy4acTb Ykpainn B KouBeHwii
3aIMILIAETHCS BU3HAYAIBHOIO ISl 3a0e3MeUeHHS
crasioro 30epexkeHHs ekocucreM Kapmar ta mig-
TPUMKH €(EeKTHBHOI MI>XHAPOAHOI EKOJIOT1YHOI
criBrpari y oMy periosi [10].

BaxsmBoro cxiamoBoro Kowsenuii € 11
IHCTUTYHIHHANA MeXaHi3M, SKHid 3a0e3redye
oreparliiHy AisUIbHICTh Ta KOOPAWHALIIIO 3YCHIb,
Jo mworo Mexanizmy Hanexarb KondepeHniis
CropiH (six HaliBHIIMI KepiBHUI opraH), Komiter
3 BHUKOHaHHs KonBeHmii, TemaTw4Hi pobodi
rpynu 1a Cekperapiar KonseHii, sikuit (yHK-
1mionye mix eriforo [Iporpamu OOH 3 HaBKoHIII-
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uporo cepenonumia (FOHEII) [2]. Cekperapiar
BINOBiae 3a oOpraHizaliiHy poOOTy Mix
KpaiHaMH, TMIIrOTOBKY HEOOXIJHOI TEXHIYHOI
JIOKyMEHTAIlii, 3a0e3leueHHs KOMYHIKaIli Ta
HATPUMKY  MDKHApOAHHMX — 3yCTpiued, YuM
rapaHTye CTalicTh CHiBOpali Ta e(eKTUBHY
peanizamnito yxBajeHHX pimreHb. Lli cTpykTypH
CUTLHO  3a0€3MeuyloTh  KOOpJAWHAII il
JieprKaB, MArOTOBKY M yXBaJEHHS CTpaTeriyHuX
JIOKyMEHTIB, PO3pOO0KY MPOTOKOJIIB, MOHITOPHHT
BUKOHAaHHA IOJNOKeHb KOHBEHIIi, a Takox
CTPUAIOTH OOMIHY iH(OPMAIIEI0 Ha perioHalb-
Homy piBai [11]. Okpemy ponb BiAirparoTh
TEMaTH4YHI MDKHApoAHI pobodi TpymH, cdepa
KOMIIETEHII{i KX OXOIUTIOE NMHUTAHHS OXOPOHH
0i10pI3HOMAHITTS, CTAJIOTO JICOBOTO TOCIIONAp-
CTBa, TMPOCTOPOBOTO IUIaHYBAHHS, TPAHCIIOPTY,
CTAJIOr0 TypPH3MY, aJIallTallil 10 3MiHH KJIiMaTy Ta
KOHTpONto  iHBaziiHMx BumiB. Lli rpymn
Ppo3po0IsiIoTh  (haxOBi TEXHIUHI pEeKOMEHAIII,
THIMKAaTOPH MOHITOPHHTY, METOJMKH OIlIHKH
CTaHy JIOBKULISL ¥ NPaKTH4YHI 1HCTPYMEHTH, SIKi
MOXyTb OYyTH afanToBaHi KpaiHaMH y CBOIO
HaIliOHATBHY TIONITHKY [12]. JlonaTkoBe 3Ha4eH-
Hs Ut peattizanii KoHBeHIIiT MaroTh Mi>KHApOTHI
MIPOEKTH Ta mporpaMu €sporneiicekoro Coro3y,
oI0 COpsIMOBaHI Ha 30EpeXeHHS NPHPOTHHX
pecypciB,  pO3BUTOK  CTaIOrO  TYpU3MY,
MPOCTOPOBE IUIaHYBaHHS Ta BIOCKOHAJICHHS
€KOJIOTIYHOI TIOJITUKH, 3aBISKH 4YOMY KpaiHu
OTPUMYIOTh HEOOXiJIHYy TEXHIUHY MiJATPUMKY,
(hiHaHCYBaHHSI Ta JIOCTYII JI0 CyYaCHUX HAYKOBUX
pileHs.

Oco0nrBe 3HA4YE€HHS B IHCTUTYLIHHOMY
MexaHi3Mi pearizarii Korsenrrii mae Kapnarceka
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Mepeka oxopoHtoBaHux Teputopiii (CNPA). s
Meperka (YHKIIIOHYE K IHTeTpOBaHa CTPYKTypa,
mo oO0'€qHye HaIliOHaTbHI TIPUPOIHI TApKH,
3aITOBITHUKY Ta 1HII TPHUPOTOOXOPOHHI 00'€KTH
pisanx kpain Kapmarcekoro periony. OCHOBHOO
MeToro CNPA € 3a0e3meueHHst CiJIbHOTO YIIpaB-
JHHA DOPUPONHMMHM PECYPCaMM, CIPHUSIHHSI
(OopMyBaHHIO TPAaHCKOPAOHHUX EKOJOTIYHUX
KOPHJIOPIB Ta OOMiHY €KCIIEPTHUM JIOCBIZIOM MiX
¢daxiBusmu.  3aBasku  gisbHOCTI CNPA
JIOCSITA€ThCSI TAPMOHI30BaHUH Ta IIUTICHUH i X111
JIO OXOPOHH JIICOBHX 1 TiPCBKHUX EKOCHCTEM Y
Mmexax yciei Kapnatcbkoi ripcbkoi cuctemu [13].

B mexax Pamcapcbkoi Ta Kapnarcbkoi
KOHBeHIIH QyHKuioHye Kaprnatceka iHimiaTuea
mo10 BogHo-00moTHHX yrins Kapmar (CWI), axa
3amovaTkoBaHa 3 iHimiatueu CioBanbkoi Pecmy-
6niku y motomy 2004 poky. Ii xmouoBa mera
MOJIATAE Y HAIAro/DKEHHI CIIBIIpaIli MDK IUMH
KOHBEHIIsIMH Ta ixHiMI CTOpOHAMHU 32,115 320e3-
NeYeHHs 30epeKEHHS Ta CTAJION0 BUKOPHCTAHHS
BOAHO-00MOTHUX exocucteM y Kapnarcekomy
periowi [14].

OnHUM 13 HAWOIBII 3HAYYIIUX PE3yJIbTa-
TiB BUKOHaHHs1 KoHBeHii cTano npuitastTs Ka-
praTcbkoi paMKoBoi mporpamu 3 Oiopi3HOMa-
uitts (Carpathian Biodiversity Framework,
CBF) na cromiii Kondepenrtii Cropin (COP7) y
2023 poui. Lle#t qoKyMeHT € IEpIINM peTioHaTb-
HUM IHCTPYMEHTOM JJIsl IMIUIeMeHTallii rioba-
mpHUX 1tel KyapmiH-MoHpeanbehkoi paMKo-
BOI TIporpamu 3 Giopi3HOMaHiTTS Ha piBHI Kap-
nat. CBF 3akpirmtroe «Kapmarceky Bizito 2050»,
SIKE€ BU3HAYA€ PETiOH SIK 3pa30K CTAJIIOrO PO3BH-
TKy Ta TapMOHIi 3 NMpHpoxor0. BrpoBamkeHHs
niei PaMkoBOi mporpamMu Mae Ha MeTi CIIPUSTHHS
CHJIBHUM TPaHCHALIOHAJILHUM 3aX0/aM, CTBO-
PIOIOYM CHHEPTII0 MK PErioHaJbHUMU 3aBJIaH-
HSMH Ta TJI00AJIbHUMH HUJIIMH 100 KIIiMary i
Himzstmu cranoro po3sutky (LICP) OOH. Ycmi-
niHa peaizaiiist CBF nemonctpye pons Kapnat-
CbKOT KOHBEHIIIT SIK MOJICIIBHOTO MEXaHI3My IS
IHIIKX TipChKHX perioHiB [15].

Kaprnarcbka pamkoBa mporpama 3 0iopiz-
HoMmaHiTTs (CBF) € onHi€r0 3 HalBaXKIMBIIINX
crpateriunux nporpam 7-i Kondepenuii Cropin
(COP7) Kapnatchkoi konBeHmii [16]. TTouwuii
nepenik npuiHATHX Pimens COP7, mo oxoruro-
I0Th yci cepH CHiBIpalli, a TAKOXK aHai3 IXHBOTO
BUKOHAHHS Ta BiANOBITHUX IMyHKTIB IIporpamm
pobotu Ha 2024-2026 poku JeTaIbHO MPEACTaB-
sieno y Taommr 1.

ImrtemenTarisi PaMxoBOi KOHBEHILT Tpo
OXOpOHY Ta cTanuii po3BuToK Kapmar B Ykpaini
3MIACHIOETRCS IIUIIXOM CHHTE3Y MIKXHAPOIHHUX
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3000B’s13aHb, YMHHUX HAlllOHAJGHUX HPaBOBUX
IHCTPYMEHTIB Ta CTPATeTiYHUX Mporpam, choKy-
COBaHHX Ha JIOBFOCTPOKOBOMY 30€peXeHHI TpH-
pomHoro morteHmiany Kapmarcekoro perioHy.
3aransHOAECp)KaBHUHN Tiaxinm Ykpainm mepemnda-
Yae TIOeTarHe BIIPOBAPKEHHS KITIOYOBHX MOJIO-
»keHb KOHBEHIIIT Ta CYITPOBiTHUX MMPOTOKOJIB 110
Hel B TaTy3€eBi MOJITHKH, 30KpeMa B €KOJIOT1YHY,
JCOBY, arpapHy, TYPUCTHYHY W TPaHCHOPTHY
chepu, a TakoX OOOB'SI3KOBE IHTErpyBaHHS
EKOJIOTTYHUX BHUMOT Y TIPOILIECH MPOCTOPOBOIO
iaHyBaHHs TepuTopii Kapmar.

KirouoBuMm  eneMeHTOM — yKpaiHCHKOTO
miixomy o peanizaniii KoHBeHIii € rapMoHi3aris
Hal[IOHAILHOTO 3aKOHOJABCTBA 3 MI>KHAPOJHUMU
eKOJIOTIYHUMH CTaH/IapTaMH, BUSHAYEHUMH LM
PaMKOBHM JTOKYMEHTOM. YKpaiHa paTudikyBaia
yci M'SITh YMHHHUX TMPOTOKOMIB, SKi KOHKPETH-
3YIOTh HamlpsIMH JISUTHHOCTI Y cepax OXOPOHH
010pI3HOMAHITTS, CTAJIOTO JICOBOTO TOCIIOJAp-
CTBa, EKOTYypHU3My, TpPAHCIIOPTY Ta PO3BHTKY
cimecpkux Teputopiid. [1]. Lleit akt 3abesmedye
(hopManbHy iHTErpalio nonoxeHs KoHBeHIii 10
Hal[IOHAILHOT CUCTEMH YTIPaBIiHHS PUPOJTHUMU
pecypcamMu 1 HakJiaJlae Ha JepKaBy MpsiMe 3000-
B'I3aHHS 1IOI0 PO3POOJICHHS Ta IMIIEMEHTAIIT
BI/INOBIZIHAX TaTy3€BUX MONITHK. Y I[bOMY KOH-
TEKCTI, IPIOPUTETHUM 3aBJIAHHSAM € TTOCHUJICHHS
ekosioriyHoi  Mepexi Kapmar, 3a0e3nedeHHs
HETIePEepPBHOCTI  MPUPOJHUX JIaHAWATiB Ta
MiHIMI3aIlis TiporieciB (hparMeHTarlii IpUPOIHIX
cepenoBu [17].

Oco06nuBe MicIie y KOHTEKCTI peaizamii
KouBeHwii 1mocimae HamioOHaJIbHA CHCTEMA
MIPUPOAOOXOPOHHUX TEPUTOPIH YKpaiHu, sKka
OXOIUTIOE  HAI[IOHAJbHI TPUPOAHI  TapKH,
3alOBIIHUKM Ta 3aKka3HUKM Kapmarcbkoro
periony. Came 4depe3 e)EKTUBHUI PO3BHUTOK i
(yHKIIOHYBaHHS [HMX TepUTOpiH YkpaiHa
IMIUIEMEHTY€E ~ TIOJIOXKEHHSI ~ TPOTOKOJIB, IO
CTOCYIOTBCSI OXOPOHM Oi10pi3HOMAHITTS, 3aro0i-
raHHs Jerpajaiii JiciB, CTHMYJIIOBaHHS EKOTY-
pU3My Ta TATPUMKH MiclieBUX Tpomaz. Kpim
TOr0, Y4acTb YKpaiHM Yy TPAHCKOPIOHHUX
MPUPOJOOXOPOHHHUX iHILIIATHBAX MAE BUPIlIAJIbHE
3HA4YEHHS IS y3rO/DKEHHS MiIXOAIB A0 OXOPOHH
TPCBKUX EKOCHUCTEM 13 CYCIOHIMHU JIepiKaBaMu.
Ilepmmm i3 1IMX KIIOYOBMX JOKYMEHTIB €
[IpoTokon mpo 30epekeHHs! 1 cTaie BUKOPUCTAHHS
0i0JMOrTYHOrO Ta JNAHAWA(PTHOTO PiI3HOMAHITT,
sikuid Oyno ipuiiasiTo y 2008 poui Ha Kondepenii
Cropin y byxapecri Ta patudikoBaHo YKpaiHOIO y
2013 pomi [8, 18]. Lleii mokymeHT cTpareriyHo
CHPSIMOBAHMI Ha 30epeKESHHS BUIIOBOI Ta TEHETH-
YHOI PI3HOMaHITHOCTi, OXOPOHY TIPUPOJHUX CEpe-
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Taéauua 1

Ananiz BukoHanHs Pimens 7-1 Koudgepenuii Cropin Kapnarcbkoi kousenuii (COP7)

Ta Ilporpamu po6otu Ha 2023-2026 poxu

Table 1.

Analysis of the implementation of the Decisions of the 7th Conference of the Parties to the Carpathian
Convention (COP7) and the Work Program for 2023-2026

Pimmenns COP7
(Decision COP7)

JlocArHeHHA
Achievements

BexTop na 2024-2026 pp.
Vector for 2024-2026

COP7/1. BupoBamxeHHSI
Kaprarcbkoi KOHBEHIIIi
(Implementation of the
Carpathian Convention)

[pwitasro KapmaTceky paMkoBy yromy mpo 6iopi-
3HoMmaHniTTs (CBF) Ta «Kapmatceky Biziro 2050.
CBF Bu3HaHO MepImM perioHaIbHIM IHCTPYMEH-
ToM 11iteit KyHpMiH-MoHpeanbchKol paMKoBOi
nporpamu 3 010pi3HOMaHITTs Ha piBHI Kapnar

AxrmBHa immuremenTartiss CBF.
Po3po0xa rmpoekTHOT MpoTo3HiLi]
st GBF st mocwteHns 30epe-
’KEHHs O10pI3ZHOMAHITTS B YKpa-
iHcpkux Kapnarax

COP7/2. CniBmiparis 3 pe-
TOHAJIBEHUMH Ta MICIIE-
BUMMU OpraHaMu BJIaJu.
(Cooperation with the re-
gional and local authori-
ties)

Hanana ninrpumka npoekty «LleHTpanbai ropuy
(Interreg Central Europe), chokycoBaHoro Ha yri-
PpaBIIiHHI TIPCHKUMH TEPUTOPIIMU

®dinamizarlist Ta BAKOPUCTAHHS
CribHOT cTpaTerii MPOEKTY s
3MiLHEHHS TPAHCKOPIOHHOTO
YIpaBIIiHAS TIPCEKAMH paiio-
HaMH

COP7/3. CniBmiparis 3 €B-
poreiicbkum Coro3oM
(Cooperation with the Eu-
ropean Union)

Hanana minrpuvka Husmi npoexTiB €C. Benerses
po3pobka npomo3utii st LIFE Strategic Nature
Project (SNaP)

[Monanbiie KOHCYJIBTYBaHHS
mono LIFE SNaP nt 3abe3me-
YEeHHS IOBTOCTPOKOBOTO (piHAH-
CYBaHHs

COP7/4 CuiBnpard 3
FOHEII (Cooperation with
the United Nations Envi-
ronment Programme)

Y4acTh y 3aciTaHHAX KOOPIMHALIIHIX IEHTPIiB
FOHEII. OpranizoBaHo «SpMapky ripcbKux iHHO-
BaIiin» (>koBTeHb 2023)

[Toganeie nporpamMHe 3Mill-
HeHHs criBnpar 3 FOHETT

COP7/5. CniBmiparis 3 iH-
LIMMH KOHBEHI[ISIMA Ta
Mi)KHapOI[HI/IMI/I opraHamMu
(Cooperation with other
conventions and interna-
tional bodies)

[TinTprMKa MOCTIITHOTO KOHTAKTY 3 AJIBITIHCEKOIO
koHBeH1i€ero (AK) Ta 00MiH I0CBiIOM 3 AHJICEKOIO
TIPCHKOIO 1HIIIaTHBOIO

Iocwnenns cribmpari 3 AK
(0Cco0MMBO i1 Yac iTaTiiCHKOro
ronoByBaHHs 2025-2026). Io-
nmpenHs nocsigy KK Ha rmo6a-
JTHHOMY piBHI

COP7/6. Kynpmin-Mon-
PpeaJIbChKO1 PaMKOBOI ITPO-
rpamu 3 OiOpiI3HOMAHITTS
Ha pini Kaprar (Impleme-
ntation of the Kunming-
Montreal Global Biodiver-
sity Framework (KMGBF)

CBF 3a6e3rmeuye npsiMy JIOKaTI3a1liio r100aibHIX
iJIe

BrpoBamxeHHst 1isieit paMkoBoi
nporpamu uepe3 CBF ta LIFE
Strategic Nature Project

COP7/7 & COP7/19.
OcgiTa [yIs CTAJIOTO PO3-
BUTKY Ta TiJJBUIICHHS 00i-
snanocri (Education for
Sustainable Development
(ESD) & Raising awareness)

VYcrminxe 3aBepiieHHs IPOEKTY «3MIITHEHHS Me-
pexi ESD». (OcBitu i1 ctanoro po3BuTky). Odi-
1iliHe BU3HaHHA KapraTchKol eKcrepTHOT Mepexi
3 ESD. AkTuBHE CITiBpOOITHHIITBO 3 MEpEKAMHU
UNESCO ESD-Net ta €EK OOH 3 ESD

Opranizartis OcBITHROTO (ecTu-
Baio «Kpoku Briepeny y Ko-
nmre (mucromnan 2024 p.) 3 ak-
neHToM Ha pamii GreenComp.
3-iit Kapnatcpkuii cemiHap 3
ESD y Cep0ii (2025 p.)

COP7/9. 36epexenns Ta
cTaJie BUKOpUCTaHHs 0i0-
PI3HOMAHITTS
(Conservation and Sustain-
able Use of Biological and
Landscape Diversity)

Bemuxi xmwkaku (BX): BimHoBneno Excieptay
rpyny 3 BX. Criinbha koHpepennis 3 AK 3 ynpas-
niaast BX. Exo3B's3aHiCTh: AKTHBHA y4acTb y
npoexti NaturaConnect ta miarpumka BioLine.
Kapmnatchbka iHiliaTuBa 3 BOJHO-00JIOTHUX YTifb
(CWN): inTerpauist y CBF

Po3pobka ta cxBanenns Crpate-|
Tii o0 KapnaTcekoi puci. di-
HaJTi3aIlis TeMaTHIHIX peKOMe-
HyIaIi# 3 MoHiTOpUHTY BX.
CWI: criiBriparis 1moio mpusHa-
YeHHs] HOBUX PaMcapChKiX yrip

COP7/12. Crane citscbke
TOCTIOAapCTBO Ta pO3BU-
TOK CUTBCHKHX TEPUTOPIH
(Sustainable Agriculture
and Rural Development)

AxruHa criBrpart 3 I'YRP 2026 (MixxnapoaHuit
pik macosu i ckotapis 2026). [IposeneHo 3y-
CTpIY LI0JI0 BKJIFOUEHHSI KAPIIATChKOTO CKOTAPCTBA
Jio Cnucky HematepiaabHOI KyJIbTYypHOI criaji-
e FOHECKO (HKC)

ITigroroBka Ta MOAaHHS CIIiJIb-

Horo (aiiiry «30epekeHHs Kap-
MaTChKOTO CKoTapcTBa» J10 Pe-

€CTPY HAJIEKHUX IPAKTHK 30e-

pexenas FOHECKO HKC
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IIponosykeHHs Tabmi 1

COP7/13 & COP7/18.
Craste micoBe rocmojapc-
TBO Ta 3MiHa KJIIMaTy
(Sustainable Forest Manage-

ment & Climate Change) JICOBA 3B'A3aHICTD)

3aBepmenHs poboTr Hax popmaroM «OIHKA pH-
3WKIB 3MIHM KITIMaTy Ta BAPiaHTIB aanTariiy Uit
KapraTchbKuX JiciB. IliqTprmKka 3aTBepmKeHHS
npoekTy ForestConnect (kimiMaTH4YHO-OpiIEHTOBaHA

IIpoBeneHHs HACTYIHOTO 3aCi-
nannst PI «Jlicu» (2025). Brpo-
Ba/DKEHHS PEKOMEHIALIi OITi-
HKY KITIMATHYHUX PU3HKIB VIS
MABUIIEHHS KIIIMaTHIHOI CTiN-
KOCTI JIICOBUX EKOCHCTEM

COP7/14. Cranmii TpaHc-
mopT Ta iHdpacTpykrypa,
HpOMI/ICJ'IOBiCTL Ta CHEpre-
THKa (Sustainable
Transport and Infrastruc-
ture, Industry and Energy)

VYuacts Cekperapiaty y MixkHapoHiii KoH(pepeH-
wii Infrastructure & Ecology Network Europe
(IENE) (Bepecenn 2024), mpucBsiueHiii 6i0pi3HO-
MAHITTIO Ta TPAHCTIOPTHIH iHPPaCTPyKTypi

[Nomryx HOBHX IIIAXiB ITIOCH-
JICHHS MDKTaJTy3€BO1 Ta MiXKHa-
POMHOT CITBIIpAIli IS 3MCH-
IIICHHS BIUTUBY iHPPACTPYKTYpH
Ta 3a0€3MeYEHHSs €KOJIOTTUHOL
3B'S13aHOCTI

COP7/15. Cranmii Typu3m
(Sustainable Tourism)

[Migrpumka npoekty «LleHTpanbHi ropu» y yac-
THHI, II0 CTOCYETBCS TYPU3IMY

Po3pobka ta npuitasaTTs Kom-
TUIEKCHOI po00901 TiporpamMu
quist Kapnarcbkoi riardopmu
cranoro typusmy (CSTP) Bripo-
Ba/pKkeHHs1 Habopy iHnvKkaTopis
JUISI MOHITOPHHTY BIUIUBY TYpH-
3My

COP7/16. KynprypHa cria-
JIIFHA Ta TPAIUIHHI
suanns (Cultural Heritage
and Traditional
Knowledge)

CrpsiMyBaHHS 3yCHJIb Ha TOMYJIAPU3ALIiiOo Ta 3a-
XUCT TPAJMLIHHUX NACTYIIUX NPAKTHK SIK eeMe-
HTY KyJbTYPHOI CHaIIMHH

Pobora Ha/t mpocyBaHHIM Kap-
MaTChKOro CKOTapcTBa y (hop-
Mmati FOHECKO HKC (muB.
COP7/12)

COP7/17. MoHiTOpHHT Ta
PpaHHE TOTIEPEKEHHS

OnoBINCHHSI poOoUoTro TIaHy criBnpari Cekpera-
piaTy 3 €BpONEiiCbKMM areHTCTBOM 3 HABKOJIUIII-

[ponorxeHHs TiCHOI CHiBIpari
3 EEA nn4 inTerpauii criyibHIX

(Monitoring and Early Hporo cepenonuiia (EEA) iH(OpMaIIfHUX CHCTEM Ta ITiIT-
Warning) PHMMKH MOHITOPHHTY
JOBUIIl  ICHYBaHHS, TMIJTPUMKY  EKOJIOTiYHOL BaHHS PO3BUTKY iH(PACTPYKTypH 3 MiHIMATBHUM

MEPEXKi, BITHOBJICHHS JETPAJOBAHMX EKOCHUCTEM
Ta KOHTPOJIb 1HBA3IWHMX BWJIB. 3HaYHA yBara B
IpoTokosi IpHUIISETHCS HEOOXITHOCTI CTBOPEH-
HS CHCTEMH MOHITOPHHTY Ta  PO3BUTKY
TPAHCKOPJOHHOI CIIBIpaIll Uil  3a0e3MeUeHHsI
OXOPOHH PIJIKICHHX 1 BPa3JIUBUX BUJIIB.
BaximBHM peryIsITopHAM IHCTPYMEHTOM €
[IpoTokon mpo crajie yNpaBIiHHS JICaMU, KUK
oy yxBaieHuit y 2011 pomi B Bparmcnasi Ta
patudikoBanuii  Ykpainoto y 2012 powi. Llei
JOKYMEHT BCTaHOBIIIOE OCHOBOIIOJIOXKHI TPUHIIH-
A €KOJIOTIYHO BiIIOBINAJIGHOTO JIiCOYTPaBITiHHS,
pernaMeHTye TpOLECH BiJHOBJIECHHS JCOBHX
MacHBiB, 3a0e3lieuye TapMOHI3AII0 JICOBOTO
MOHITOPHHTY MDK KpaiHaMH, a TakoK BH3HAYa€
3aX0/IM, CHPsIMOBaHI Ha TPOTUJIIFO HE3aKOHHUM
pyOKaM Ta MiHIMI3aI[iF0 AaHTPOIIOT€HHOIO HABAHTA-
YKEHHsI Ha 9y TJIMBI TiPChKI JTiCOBI ekocucTemu [8].
BpaxoByrouu crpareriyne 3Ha4YeHHS TypHC-
TUYHOTO CEKTOpPY VISl COIIaTbHO-EKOHOMITHOTO
posBurky Kapmnarcekoro periony, y 2011 pomi
Oyio 3aTBepKeHO [ IpoTokon mpo cranmii Typusm,
parudikoBannii Ykpainoro y 2013 powi [8, 19].
OCHOBHI TIOJIO’KEHHS IIbOTO JOKYMEHTa CIPSMO-
BaHI Ha 1HCTUTYLIOHAMI3AL[I0 E€KOJIOTiYHO BiAIO-
BITAJIBHOTO TYPUCTHYHOTO CEKTOPY, CTHMYIIIO-
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AHTPOIIOreHHUM BIUTMBOM Ha JIOBKLULIS, 3a0e3rie-
YeHHSI 30epeKeHHS KyJIbTYpHOI CHAIIMHA Ta
HaJ[aHHA KOMIUICKCHOI MATPUMKH MICIICBUM
rpomaziam. [TpoToko 4iTKO aKIIeHTY€E Ha HEO0OXi -
HOCTI JIOCATHEHHSI 30aJIaHCOBAHOTO CITiBBiTHO-
IICHHS MK IHTCHCUBHICTIO TYPUCTHYHOI JIisUTh-
HOCTI Ta BAMOTaMH IPUPOAOOXOPOHHOT O THKH.

VY 2014 poui Oyno npuitasato [Iporokon
TIPO CTAIHH TPAHCIIOPT, SIKUK TaKoX OyB patndi-
KOBaHMH YKpaiHOIO, M0 MiATBEPDKYETHCS
o¢iiiianM cratycom, omyOnikoBanuMm Cekpera-
piatom Kapnarcekoi xonBenii. Lleli noxymeHT
BU3HAYa€ MPUHLMUIN EKOJIOTIYHO JAPYXKHIX Iepe-
BE€3CHb, CTABUThH 32 METY MiHIMI3aIllF0 HEraTuB-
HOTO BIUTHBY TPAHCIIOPTHOI iHPPACTPYKTypH Ha
JIOBKLILJISI, CIIPHUSE MOKPAIICHHIO MOOLIBHOCTI y
TIpCBKUX paliOHaX Ta CTHMYJIOE PO3POOKY W
BIPOBA/DKEHHS] HHU3BKOBYTIICIIEBUX TPAHCIIOPT-
HUX pimess [1, 8].

HaiiHOBIIIM perysisTopHIM JOKYMEHTOM
€ IlpoTokon mpo crammii PO3BUTOK CLIBCBKOTO
rOCHONAapCTBa TA CUILCHKUX TEPUTOPIH, KU OyB
yxBaniennid 'y 2017 poui B Jlinmmerammepi
(Hopseris) 1, 3rinHo 3 gannmu Cekperapiary, Ta-
kox OyB parudikoBannii VYxpainoto. Lleit
[poTokon crpareriyHo COpsIMOBaHHWI Ha BIPO-
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Ba/DKCHHSI CKOJIONTYHO Oe3MeYHHMX —arpapHHX
NPAKTHK, CTUMYJIFOBAaHHSI PO3BUTKY OPraHIYHOIO
3eMIIEKOPUCTYBaHHS, 3a0e3MmedeHHsT 30epe/KeHHs
arpo0iOpI3HOMAHITTS, CIPHUSHHS PaIliOHATIHBHOMY
BUKOPHCTAaHHIO 3€MENb Ta HAJaHHA KOMIUIEKCHOI
TITPAMKH CTaJIOMY PO3BUTKY CLIBCBKHX TPOMAJT
Kapmarcekoro periony [1, 8].

3Bakaroun Ha Te, o Kapmarcbka KoH-
BeHIisl Ta il CympoBigHI MPOTOKONH (DAKTHYHO
CTaHOBIISITH MPaBOBUH (PyHAAMEHT A 3abe3re-
YeHHSI PeriOHaIFHOTO CTAJIOrO PO3BUTKY, BUHUKAE
iMrepaTiBHa TOTpeOa y HITKIM igeHTHdiKaIii
KOPEJIALi MK TIOJIOKSHHSAMH X JJOKYMEHTIB Ta
riobaneaumu Linsvu cramoro possutky (LICP)
OOH [20]. Koxen i3 Tematmynux [Iporokosis
MpsSIMO  OPIEHTYE  3yCHLIS jepkaB-CTopiH Ha
JIOCSATHEHHSI KOHKPETHHX MiAMIeH, apTHUKYIBO-
Banux y Ilopsanxy nennomy 2030. Cucrema-
TH3AITiS X 3000B’513aHb, 10 HAOYHO JEMOHCTPYE
¢yuxmionyBaras [IpoTokomiB sk edexTrBHOTO
npaBoBoro MexaHisMy i imruiemenTamnii L[CP,
npencrapieHa y Taomui 2.

Y cykymHOCTi, I IUSTh TEMaTHYHHUX
IPOTOKOJIIB CTBOPIOIOTh KOMILJIEKCHY HOpMa-
TUBHO-TIPABOBY OCHOBY JUIsI IPaKTUYHOI pealri-
3arii nonoxenb Kaprarchkoi koHBeHIii. Bouun
TpaHchopMyIOTh 11 3arajibHi PaMKOBI IOJIO-
JKEHHS Y TIPaKTHYHI iIHCTPYMEHTH €()eKTHUBHOTO
yIpaBlIiHHS Oiopecypcamu, JlicaMH, TPaHCIIO-
PTHOIO CHCTEMOIO, TYPUCTUYHOIO IisUIBHICTIO
Ta  CUIBCBKUM  TOCHOJAPCTBOM  PETIOHY.
IMmeMeHTaniss IMX TMPOTOKOJIB  CTBOPIOE
rapMOHI3AII0 €KOJIOTTYHOI MOITHKY JIePIKaB-
y4acHUIb 1 3abe3meuye MillHE MiAIPyHTS I
cTajoro po3BUTKy Kapnarcekoro periony,
0a3yrounch Ha €IMHUX CTaHAapTax Ta
Y3rO/KEHNUX TPAHCKOPIOHHUX MiIX0AaX.

HopmaruBHo-paBoBe  3a0e3neueHHS
iMIieMeHTaiii  PamMxoBOoi  KOHBEHIi  Mpo
OXOpOHY Ta cTajuid po3BuTok Kapnar B Ykpaini
XapaKTepU3y€eThCS TMOETAHUM (HOPMYBaHHIM
Ta OXOIUTIOE sIK 0a30Bi mpaBoBi akTH 1990-x
POKIB, TaK i cydacHy JIOKyMEHTAIlil0, CIIPSIMO-
BaHy Ha rapMOHi3allil0 HALIOHAIBHOI MOJITHKN
3 MDKHApOJHUMH 3000B’S3aHHSAMHU JCPIKABH.
30kpeMa, TEpBUHHUI MpaBoOBUI (yHIaMEHT
JIEepKaBHOI TIONITUKM PO3BUTKY TiPCBKUX
TepuTopii Oyno 3akmageHo y 1995 pomi
yxBaIeHHsIM 3akoHy VYkpainm «lIpo crartyc
ripChbKHUX HACceJIeHUX MYHKTIB B Ykpaiui» [21]
Ta BIIMOBIIHOI TmocTraHoBoto  Kabinery
Minictpie Ykpainu Big 11 ceprus 1995 poky
No 647 «IIpo mepenik HaceIeHUX MMYHKTIB, SKIM
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HaJIaeThes craTyc Tipcbkux» [22]. Li HopMa-
TUBHI aKTH BU3HAYMJIM CTICLiaIbHUN TPaBOBHUMA
CTaTyC TaKUX TEPUTOPI Ta MiTKPECITUIN
HEOOXIHICT, 3acTOCyBaHHS JU(EpeHIiio-
BaHUX MIIXOMAIB A0 PETYJIIOBAaHHA HPUPOIO-
KOPHUCTYBaHHsSI, COLIANbHOTO PO3BHTKY Ta
3a0e31eUeHHs eKOJIOT14HOI Oe3IeKy.

VYxBanenns: mocranoBu Kabinery MiHni-
ctpiB Ykpainu Ne 391 «llpo 3arBepmkeHHs
[lopsinky 3mificHeHHS Aep>KaBHOTO MOHITO-
punry moBKUDID» [23] iHCTHTYIIOHATI3YBAIO
0a30Bi MpaBOBI MeEXaHI3MU JJIS  BEACHHS
€KOJIOTiYHOTO MOHITOpHHTY. lleil mexaHizm
nepenOadae 30ip, aHami3 Ta MOJANBIIY Iepe-
Jady iHQopmMamii moAo0 CTaHy MNPUPOAHUX
pecypciB, IMHAMIKM €KOCHCTEM Ta IPOSBY
HeOe3nmeyHnx reoJorigHux mpomeciB. CTBo-
PEHHS TaKOi CHCTEMH CIIOCTEPEKEHD € MPSIMOIO
BUMOror KapraTchkoi KOHBEHIIi, sSika Haro-
JIOITye Ha HEOOXiMHOCTI HAayKOBO OOTPYHTO-
BaHOTO MOHITOPHHTY SIK HEPEIyMOBH UL
OpUUHATTS ~ €PEeKTHMBHUX  YIPaBIiHCHKUX
pIllIEHb CTOCOBHO TPUPOAHHUX PECypciB i
30epeKeHHST EeKOCHCTEM TipChbKUX PETiOHIB.
[Nopanpima eBomIONis HAIIOHANBHOI HOpMa-
TUBHOT 0431 CBITYUTH MPO MIPATHEHHS JIEPKABH
MOJIEpHI3yBaTl Ta JeTajli3yBaTH BUMOIH,
3aKJIa/IeH] B MOTEPE/HIX MPaBOBUX aKTax.
OyH1aMeHTATEHUM HOpPMAaTHBHO-Me-
TOIWYHMM aKTOM y cepi OXOpOHHU JIiCOBUX
eKocHcTeM € MeTorKa BU3HAYEeHHS HaJIe)KHO-
CT1 JIICOBUX TEPUTOPIH O MpaiiciB, KBasimpa-
JICiB 1 MPUPOTHHUX JIiCiB, 3aTBepakeHa Hakazom
MiHicTepcTBa €KOJIOTi] Ta IPUPOHUX PECYpPCiB
Vkpainu Nel61 Big 18.05.2018 poky [24]. Ti
po3po0Ka cTana BayKJIMBUM KPOKOM y (opMy-
BaHHI IIPaBOBUX MEXaHi3MiB 30epeKeHHs Haii-
OlTBII WIHHUX NPHPOIHMX JICIB, Ki € SAPOM
OiopizHOMaHITTS Ykpaincekux Kapmar Ta
iHIIMX perioHiB. Llefi JOKyMEHT BUKOHYE POJb
KOMIIJIEKCHOTO 1HCTPYMEHTY, SIKUH e()eKTUBHO
IHTErpy€e HayKOBI KpHUTEpil ieHTudikamii mpa-
JIICOBMX MACHBIB 13 BIJTIOBITHUMH [IPABOBHUMHU
mpoleaypaMd  HaJaHHS iM ~ OXOPOHHOTO
cTaTycy.

3a3HayeHa MeTtouka Ma€e CyTTEBE FOpPH-
JUYHE 3HAYEHHS, OCKUIBKM BOHA BCTAaHOBIIIOE
€IMHUA OQIUIHO BU3HAHUN AITOPUTM IS
izeHTudikamii mpaiciB, KBa3iMpaliciB i MpH-
ponuux diciB. lle € 000B's13k0BOIO TIEpE-
YMOBOIO ISl TIOAANBLIOTO MEPEBEACHHS TaKuX
TEPUTOPIN A0 KaTeropii 0COOIUBO OXOPOHHUX.
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Taéauus 2

[poroxoau PaMmkoBoi KOHBeHILii PO 0XOPOHY Ta cTaauii po3BuTOK Kapnar sik npaBoBuii MexaHizm
nocsirHeHHs 3aBaaHb Llised cramoro po3sutky (CP) OOH

Table 2

Protocols of the Framework Convention on the Protection and Sustainable Development of the
Carpathians as a legal mechanism for achieving the UN Sustainable Development Goals (SDGs)

IIporoko.a xo
KapnaTtcbkoi koHBeHUii
(Protocol to the Carpa-
thian Convention)

IIpeameT peryaroBaHHs
(Subject of regulation)

PeanizoBani Ilini Crasnoro Po3Butky
(LICP) OOH
(UN Sustainable Development Goals
(SDGs) achieved)

IpoTtokom mpo 30epeKeHHs
1 cTaJie BUKOPUCTAaHHS
0i0JIOTIYHOTO Ta
TaHAadTHOTO
pizroMasiTTs (2008 p.)
Protocol on the
Conservation and
Sustainable Use of
Biological and Landscape
Diversity (2008)

30epexkeHHST CKOCUCTEM, BUJIIB Ta
TEHETUYHOTO PI3HOMAHITTS; OXOPOHA
nmasAmagTiB; CTBOPSHHS Ta
yrnpaBiiHHA KaprnaTchKoro Mepexero
TIPUPOIOOXOPOHHHX TEPHUTOPIit
(CNPA).

LICP 15: 36eperxeHHs eKOCUCTEM CYILI
(3okpema 15.1. 3a0e3neunTy 30epesKeHHs,
BiTHOBJICHH Ta CTaJIe BUKOPUCTAHHS
Ha3eMHHX 1 BHYTPIITHIX TPiCHOBOIHIX
EKOCHCTEM).

IIporokon npo crane
YIIPaBIiHHS JlicAaMU
(2011p.)

Protocol on Sustainable
Forest Management (2011)

3abe3redyeHHs CTIHKOro,
0araToyHKIIIOHATEHOTO Ta
€KOJIOTIYHO BiJIOBITATLHOTO
YIIpaBJIiHHS JTICOBUMHU PECYpPCaMH,
OXOpOHa TIPAJICIB, TIOCUIICHHS POJIi
JICIB SIK TIOTJIMHAYIB BYTJICIIO.

LICP 15: 36eperxeHHs eKOCUCTEM CYILI
(30xpema, 3aBaaHHs 15.2 — crane ynpas-
ninss gicamu); LICP 13: [Tom'sikieHHst
HACJTIJIKIB 3MIHM KJTIMAaTy (3B'SI30K 3 MOTJIH-
HauasaM COy; IICP 12: Bignosi-najibHe
CIIO>KUBaHHS Ta BUPOOHUIITBO (CTaje
BHKOPUCTAHHS IPUPOIHHX PECYPCIB).

[Ipotokon npo cranuit
TypmM (2011 p.)
Protocol on Sustainable
Tourism (2011)

CrpusiHHSI PO3BUTKY €KOJIOTYHOTO Ta
crasnoro Typusmy B Kapmarax, 1o
MPUHOCHUTH €KOHOMIYHY KOPUCTh
MICIIEBIM I'pOMajiaM Ta 30epirae

HPHUPOAHY Ta KyJIbTYPHY CIa/IIIHHY.

HCP 8: I'igaa mpars Ta eKOHOMIYHe
3pocTaHHs (30KpeMa, 3aBIaHHs 8.3 —

T IBUIIATH PiBEHBb 3aHHATOCTI HACCIICHHS);
ICP 11: Crani micta Ta CIUTbHOTH
(30kpema, 3aBnanns 11.6 — 3abe3neuntu
PO3pOOKY 1 peatizallito cTpaTerii
MICIIEBOTO PO3BHUTKY, CIPSIMOBAHHX Ha
€KOHOMIYHE 3pOCTaHHS, CTBOPEHHS
PO0OUMX MiCIb, PO3BUTOK TYPU3MY,
pekpealtii, MiCIIeBOT KyJIBTYpH 1
BHUPOOHUIITBO MiCIIEBOT POAYKIIii).

[IpoTokon npo cranuit
Tpancnopt (2014 p.)
Protocol on Sustainable
Transport (2014)

CTBOpEHH: 30aJ1aHCOBAHOY,
€KOJIOTIYHO YHUCTOI Ta
GaraToMo/IaIbHOT TPaHCIIOPTHOT
Mepexi, 3SMEHIIICHHSI HeraTHBHOTO
BILUTUBY TPaHCIOPTHOI
iH}pacTpyKTypH Ha EKOCHCTEMH Ta
TMa"mmagTH.

L CP 9: [TpomucnoBicTh, iHHOBAITIT Ta
iH}pacTpykTypa (3aBraHHA 9.1 — po3BUTOK
SKICHOT, HaJlIHOT Ta cTasnoi iHppacTpykK-
typu); LICP 11: Crani micTa Ta cHijbHOTH
(6e3neunuii Ta TOCTYHUIA TPaHCTIOPT);

I CP 13: TToM'SIKIIIEHHST HACITIAKIB 3MiHH
KJTiMaTy (3MEHIIIEHHSI BUKH]IIB BiJT

TPAHCTIOPTY).

IIpoToko: mpo cranuii
PO3BHUTOK CUTHCHKOTO
TOCTIO/IAPCTBA Ta CIITbCHKUX
Tepuropiii (2017 p.) Proto-
col on Sustainable Agricul-
ture and Rural Develop-
ment (2017)

[TixTprvka TpamumiitHOTO Ta
€KOJIOTTYHO YHCTOTO CLITLCHKOTO
rOCIIOAPCTBA; CIPHSHHS PO3BUTKY
CUTBCBKHX TEPHUTOPIiHi, 30eperKeHHS
arpo0iopI3HOMAHITTS, TOKPAIICHHS
YMOB JKUTTS Ta 3MEHIIICHHS O1THOCTI
cepel CLIBCHKOTO HACEIICHHSI.

LCP 2: Tlogonanss royoxay. 2.1 (3abesrme-
YHUTHU JOCTYTHICTH 30a71aHCOBAHOTO Xapuy-
BaHHS Ha PiBHI HAYKOBO OOTPYHTOBaHMX
HOpM JUIs1 BCiX BepcTB HaceneHHs); LICP
15 (36eperxeHHs €KOCHCTEM CyIITi, 30KpeMa
15.3. BinHOBHTH AerpazoBaHi 3eMJIi Ta
IPYHTH 3 BAKOPHCTaHHSM IHHOBAI[IHHIX
TexHoorii; 15.4. 3abe3nevyeHns 30epe-
JKEHHS TIPCHKUX €KOCHCTEM Ta IXHBOTO
0i0pi3HOMAHITTSI, arposanagTiB).
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Came 3aBASKM LbOMY HOPMAaTHBHO-METO-
JUYHOMY JOKYMEHTY 3a0e3Meuy€eThCs HaleKHa
peamizamis TonoxkeHb JIicOBOTO  KOZEKCY
Ykpaiam, 30kpemMa ctarti 39-1, sika mepeadadae
BCTaHOBJICHHSI OCOOJIMBOTO PEXUMY OXOpPOHHU
Jutst iiux JticiB. Kpim toro, Haka3 Nel61 mpsimo
CIIpHsi€ BHKOHAHHIO MIDKHAPOIHUX 3000B’ 13aHb
VYkpainu, BKJIOUYAOYM TOJ0xeHHS KOHBEHII
npo Oionoriune pizHOMaHITTS Ta KapmaTcbkoi
KOHBEHIIil, SIKi HaroiomIyloTh Ha IMITEpPaTHBI
30epexeHHs MPUPOAHUX JICOBUX €KOCHUCTEM y
iXHbOMY aBTEHTUYHOMY CTaHi [24].

VY 1upoMy JOKYMEHTI 3aKJIa/IeHO TPHUPIiB-
HEBUH MMiIX11 70 BU3HAYSHHS KaTeropii J1icoBoi
JUJISTHKY, 1110 3a0e31euye 00’ €KTUBHICTh Ta BCe-
OiuHicTh ouiHIOBaHHA. Ha mepmiomy erami Bu-
KOHY€ETBCSI KaMepaTbHUI aHaTi3, il 9ac SKOTro
Ha OCHOBI MaTepialliB JIiCOBIOPSIAKYBaHHS, Ja-
HUX TPO iCTOPil0 TOCHOAAPCHKOTO BUKOPHC-
TaHHS Ta BIKOBY CTPYKTYPY JI€PEBOCTAHIB i/IeH-
TU(DIKYIOTBCS NITISHKA 3 MOTEHI[IHHUME O3Ha-
kamu npupoaHocti. el monepeaHiit eran mo-
3BOJISIE BCTAHOBUTH XapaKTEPUCTUKH, SIKI MO-
JKYTh CBIJYWTH TIPO BiJCYTHICTh 3HAYHUX aH-
TPONOT€HHUX BTPYy4YaHb, HIO € MPHHIUIIOBOIO
BHUMOTOIO JUIsl BiIHECEHHS JIICIB JI0 KaTeropii
TpalticiB 1 kBazimpairicis [24].

Hpyruii eran mependadae TpPOBEICHHS
TIOJILOBUX OOCTEIKEHB, SIKi € IEHTPAIBHOIO Ta BU-
3HAYaJbHOIO YACTHHOKO MNPOLENYPH, OCKUIBKH
came BOHHU (piHAIIi3yIOTh, UM BiATIOBIAAE MiISTHKA
KpHUTEPisiM OJTHi€T 3 TphoX Kareropiid. [1ix yac mmx
HATYPHUX JOCIIKEHb 3IIHCHIOETHCS OLliHKA I10-
Ka3HUKIB MIPUPOAHOTO MOXODKEHHS AepeBOCTa-
HIB, IXHBOI CTPYKTYpH, HassBHOCTI MEPTBOI Jiepe-
BUHU PI3HHX CTaJil PO3KIaLy, QPiKCYIOTHCS CIiIH
JICOTOCIONAPCHKOT MISUTHHOCTI, a TAKOX OIIHFO-
IOTBCSL  OCOOJNMBOCTI TPOCTOPOBOI  OpraHizarii
micy. Came Iieii eTan CTBOPIOE MPABOBY OCHOBY
JI7Is1 BIIHECEHHS JIICOBOI QUISHKHU IO BIAIMOBIIHOI
€KOJIOTTYHOI KaTeropii, aJpke 3adikcoBaHi y crie-
[iaTbHOMY OJIaHKY 1HIMKATOPH CIYTYIOTH JIOKY-
MEHTAILHAM JI0Ka30M ii IPUPOHOCTI YH ii opy-
1IeHHs [24].

Ha 3aBepmanpHOMY eTari MpoIeaypH
pe3yJbTaTH MPOBEJCHOTO aHANII3Y y3arallbHIo-
IOTBCSI, HA MiACTaBi 40ro GopmMyeThest odimiii-
HUI BUCHOBOK. Lleii BUCHOBOK HaOyBae 10puIu-
YHOTO 3HAYCHHs, OCKUIBKH € 0e3mocepeHbOI0
iICTaBOIO JUISL 3MiHHM IPABOBOT'O PEKHUMY JIiCO-
BOI JUISHKH. Y pa3i MiATBEPKEHHS CTaTyCy
mpairicy abo KBasimpaicy, BiIIOBIHA TEPUTO-
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pisi aBTOMaTH4YHO NEPEXOIUTD MiJ MOCHUICHUH
MPUPOAOOXOPOHHUN PEXHUM, IO KaTETOPHUIHO
3a00poHse Oyap-sKi pyOKH, OyMiBHUIITBO ILIS-
XiB, IHTEHCHBHE NPUPOAOKOPHUCTYBAHHA Ta
IHIIN BUIU JISJIBHOCTI, 3JaTHI 3aBOATH IIKOH
exocucteMi [24].

JIOKyMEHT TakoXX BpETryJIbOBYE IIpOLE-
Iypy BUPILICHHS CIIOPiB LIOA0 BU3HAUCHHS CTa-
TyCy JIICOBHX MAacHBIB: y BUIAJKy HE3TOIH Ji-
COKOPHCTYBaua 3 BUCHOBKaMH IepeadadaeTbes
MIPOBEICHHs MOBTOPHOI EKCIEPTHU3H 13 3aly-
YEeHHSM M1DKBiJOMYO1 KOMicii, IPU IbOMY Oy /Ib-
SIKI TOCTIOAApPChKi POOOTH HAa CHIpHIN MiNSHII
MIPUMAHSAIOTECA HA Tiepion meperssimy. Takwmid
MIAX1J TOBHICTIO BIAIOBIZA€ OCHOBOIIOJIOXK-
HOMY MPUHIMITY €KOJIOTIYHOTO MpaBa — MPUH-
[UITY 3aTI001KHOCTI, IKUI BUMarae 30epekeHHs
OPUPOAHOTO 00’€KTa 10 MOMEHTY BCTaHOB-
JICHHSI OCTaTOYHOTO pimieHHs. @akTHYHO 1Ie ra-
paHTy€e OXOPOHHHU CTaTyC TEPUTOPIi HABITH 3a
YMOBH TUMYACOBOi HEBH3HAYEHOCTi, MIHIMI3y-
I0YM PU3WKU 3HHUIICHHS YHIKAIBHHUX JICOBHX
€KOCHCTEM.

Meroauka Mae BUHITKOBO Ba)KJIMBE 3Ha-
YeHHsI Y TIPaBO3acTOCYBaHHI: BKJIIOYEHHS JiIsi-
HKH JI0 KaTeropii MpaiiciB 4u KBa3iMpaiciB CyT-
TEBO TiIBUIIYE FOPUINYHY BiITOBITAIBHICTD 32
OyIlb-sIKi TIOPYIIEHHSI MPUPOIOOXOPOHHOTO pe-
UMY, OCKUIBKH TaKi TEPUTOPIi PO3TIISIAFOTHCS
SIK OCOOMNMBO I[iHHI TPUPOAHI 00’ E€KTH. Ii moso-
KEHHSI aKTHBHO BHKOPHCTOBYIOTHCS Y CYHOBHX
Cropax IOA0 MPaBOMIPHOCTI PyOOK, BCTAHOB-
JIGHHST MEX JICOBHX JAUITHOK TPHPOI0O0XOPOH-
HOT'O NMPHU3HAYEHHS Ta B IPOLECax PO3CIIiTyBaHb
(haKTUYHOTO CTaHy MPUPOJHUX JIiciB [24].

TakuMm unHOM, MeToIMKa, 3aTBEpIKEHA
Hakazom Nel61, naOyBae cucTtemMo-yTBOPIOIO-
4Oro 3HaYeHHs A7 popMyBaHHs HALlOHAJIBEHOT
MOJITHKH Y cepi OXOPOHU MPUPOJIHUX JICIB.
Bona 3a0e3neuye HaykoBO OOIPYHTOBaHHH,
IOPUIMYHO TPO30PHIA Ta €KOJOTiYHO BHBAaXKe-
HUH miAXia g0 ineHTudikarii npaticis, CTBOPIO-
I0YM HaJiifHy MPaBoBY 0a3y sl IXHBOI'O MOJa-
JBIIOTO 3aXHUCTY. 3aBASKH LLOMY JOKYMEHTY
€KOJIOT14HI KpUTepii MPUPOIHOCTI OTPUMYIOTh
YiTKe TPaBOBE 3aKPIIUICHHS, a JiepxaBa 3a0e3-
MevyeThesl €PEKTHBHUM MEXaHi3MOM 30epe-
KEHHS HalOUIbII LIHHMX JIICOBUX €KOCHCTEM
Ykpainu.

Posnopsimkennss  KabGinety MinicTpis
VYxpainu Bixg 21 nmucromaga 2018 p. Ne 892-p
«Jleski mmTaHHS 30epeKEHHS YKPaiHCHKOI
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YaCTHUHU MPUPOJHOTO 00’ €KTa BCECBITHHOI CMa-
muuan FOHECKO «bykoBi mpanmicu i aaBHi
micn Kaprat Ta iHMHMX peTioHIB €BPOII»
CTpaTeTiyHO CHpsIMOBaHe Ha 3a0e3TleUeHHS
OXOPOHH YHIKAJIBHUX MPaTiCOBUX E€KOCHCTEM,
SK1 CTAaHOBJIATD AP0 NPUPOIHOI criagmuHu Ka-
pnar. PosmopsmpkeHHsT AeTamizye MeXaHI3MH
OXOPOHH TEPUTOPii CBITOBOI CIAIIINHU Ta 3a-
Oe3mnedye OHOBJICHHS MiJXOJIB, 3aKJIAJICHUX Y
MOTIEPETHIX HOPMATHBHO-TIPABOBUX aKTax [25].

Hactynmaum etamom y ¢opmyBaHHI Cy-
YaCcHOT JIepKaBHOI MOJIITUKU LIOJI0 IMILIEMEH-
Tarii PaMKoBOi KOHBEHIII PO OXOPOHY Ta CTa-
nui po3BuTok Kapmart crtano BugaHHs YKazy
[Mpesunenta Ykpainu Bin 22 naumas 2019 p. Ne
543/2019 «IIpo po3BUTOK pETioOHy YKpaiHCHKHX
Kapnar» [26]. Lleii mpaBoBuii akT 3000B's13aB
Ypsa po3poOUTH Ta MoJAaTH Ha 3aTBEPKEHHS
KOMITJIEKCHY JIep)KaBHY MPOTrpaMy perioHajb-
HOTO PO3BUTKY, SIKa Maya OyTH IMOBHICTIO y3T0-
JUKeHa 3 BHMoramu KapraTchkoi KOHBEHIII,
¢dokycyrourch Ha 3a0€3MeUeHHI EKOJOTIYHOT
30aJJaHCOBAHOCTI, TIOCHJICHHI TPaHCKOPAOHHOL
CIIBITpaIli Ta MiJBUIICHHI SKOCTI )KUTTS Hace-
JIeHHsl TipCbKHX TepuTopid. Ha BUKOHaHHS
BOTO CTpaTeriyHoro Ykaszy Oyna MiAroToB-
neHa ta yxBanena [locranoBa KaGinety MiHnic-
TpiB Ykpainu Big 20.10.2019 Ne 880, sikoro 3a-
TBeppKkeHO JlepikaBHY MporpaMy po3BHTKY pe-
riony ykpaincekux Kapmar na 2020-2022
poku. Lleld HOpMATUBHO-NPABOBUN AKT BH3HA-
Yae CTpaTeriuHi HanpsMH Ta MEXaHi3MH 30asa-
HCOBAHOT'O COIiaJIbHO-€KOHOMIYHOTO PO3BUTKY
perioHy, IHTErpylo4H HeOoOXiTHICTh 30epe-
JKEHHSI TIPUPOJIHUX EKOCUCTEM, JIICOBUX 1 BOJ-
HUX pecypciB, TaHAMAadTiB Ta KyJIbTYpHOI cria-
mmyay. [ToniOHa iHTETparis eKOHOMIYHUX TPio-
PHTETIB 1 PUPOJOOXOPOHHHX IMIIEPATHBIB OB~
HICTIO KOPEJIOE 3 OCHOBOITOJIOKHUMY TIPHHITH-
MIaMHU CTAJIOTO PO3BHUTKY, 1110 3aKpiIIeH] y cTaT-
Ts1x 2—4 Kapnarcekoi koHBeHwii [27].

V¥ ninomy, nocraHoBa Kabinetry Minict-
piB Ykpainu mpo 3arBepikeHHs JlepkaBHOI
NpOrpaMu PO3BUTKY perioHy ykpaiHcbkux Kap-
nat Ha 2020-2022 poku HabyBae CYTTEBOIO
€KOJIOTO-TIPaBOBOTO 3HAYEHHSI, OCKIJIbKM BOHA
(dbopMye HOpPMATUBHY OCHOBY JUII BUKOHAHHS
MDKHapOAHUX 3000B’si3aHb YKpaiHH, L0 BH-
wMBarTh 13 Kapnarcekoi konBenrii. Le# mo-
KyMEHT BH3HAYa€ IHCTPYMEHTH €KOJIOTi4yHO
OpIEHTOBAHOTO PO3BHUTKY PEriOHY Ta CTBOPIOE
IUTICHY ACpKaBHY TOJITHKY IIOJO OXOPOHH
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npupoanux kommiekciB Kapmar. IIporpama
e(eKTHBHO TOEAHY€E 3aBJAaHHS EKOJOTiYHOl
Oe3nexy, eKOHOMIYHOTO PO3BHUTKY Ta 30epe-
YKEHHS TIPUPOTHO]T CITA IITINHM, III0 pOOHTS 1i 011~
HUM 13 BH3HAYaJbHUX JIOKYMEHTIB HalliOHAaJb-
HOT MPUPOAOOXOPOHHOT MO THKH.

3HauHy poJb y BIOCKOHAJICHHI €KOJIOTO-
MpaBOBOi TOJIITHKU Bifirpae Haka3 MiHicTepc-
TBAa 3aXHCTY JOBKULIA Ta MPUPOAHUX PECYPCIB
VYxpaian «IIpo 3atBepmkenns [lepeniky iHBa-
31MHUX BHJIB JICPEB i3 3HAYHOIO 3JIATHICTIO JIO
HEKOHTPOJILOBAHOT'O TOIUPEHHS, 3200POHEHUX
JI0 BUKOPHUCTAHHS Y TIPOIIECi BIATBOPEHHS JTiCiB»
[28]. Lleit MOKYMEHT CTpaTEeriyHO CHPSIMOBAHUIT
Ha 3aro0iraHHs MPOHUKHEHHIO Ta TOMIMPEHHIO
IHBa31{HUX BUIIB, 110 CTAHOBUTH NPSAMY €KOJIO-
Ti9Hy 3arpo3y Ui I[HHHAX TipCBKHUX JIICOBHX
eKocrcTeM. BiH KOHKpeTH3ye 3arajibHi BUMOTH
mono Giobesneku, nepeabaueni Kapnarchkoro
KOHBEHIII€T0, 1 3HAYHO MiJCHIIOE e(DEeKTHBHICTh
1l BUKOHAaHHS Ha MPAKTUIHOMY PiBHi.

Takum 4MHOM, HasiBHA HOPMATHBHA 0a3a
YkpaiHu — BiJl paHHIX 3aKOHOJAaBYMX AaKTiB
1990-x pokiB 10 Cy4acHUX JOKYMEHTIB, 11O pe-
TYJIOIOTh NMUTAaHHS OXOPOHH MPAJICIB, KOHT-
pOJTtO iHBa31MHUX BHJIIB Ta €KOJOTIYHOTO MOHi-
TOPUHTY, — opMye OaraTOpiBHEBY Ta MUTICHY
CHCTEMY NPABOBOTO 3a0e3MeYeHHs] BUKOHAHHS
nosnoxxenb Kapnarcekoi konBeHrii. Came Ha
el MpaBoOBHH (PYHIAMEHT CIIUPAETHCS TTO1AITh-
IIAA eKOJIOTO-TIPABOBHI aHAI3 BAXIMBHX aK-
TiB, SIKI MArOTh BU3HAYAILHE 3HAYEHHS UIT OXO-
ponu Kapriarcekoro periony.

CucteMaTu30BaHU OIS, TEMaTUYHHX
NpiOpHUTETIB, BU3HaUCHNX HarlioHansHIME KOOp-
JIMHAIIIMHAMHU ICHTpAMUA CEeMU KpaiH-ydacHHUIb
JUTs IMITIEMEHTALT ToJIoxeHb KapnaTtchkol KOH-
BeHIii, (ikcye koHkpeTHi CtarTi, Ha sKi Jep-
#aBU-CTOPOHH 3BEPHYJIU IIEPIIOYEPrOBY YBary y
CBOIX HalliOHAJIBHUX CTPATETiAX Ta Mporpamax.
3okpema, Ykpaina cokycyBajia CBOi 3yCHIIISI Ha
KUUIBKOX ~ KJIIOYOBHMX TEMAaTHYHUX HAampsMax:
Cratts 4 (Oxopona npuponu), Crarrs 7 (Crane
CUIbCBKE Ta JicoBe rocnonapctBo) Ta Crarrs 11
(KynprypHa cnapmuina Ta TpaaMuiiiHI 3HAHHSA).
Le cBiguuTh mpo Te, o NpiopuTeTH YKpaiHu Ha
paHHIX eTanax iMIJIeMeHTallil OyH 30cepe/KeHi
Ha (pyHIaMEHTAIBHUX EKOJIOTTYHUX 1 KYJbTYp-
mux acrekrax Konseniii [18].

Meronosnoriss SWOT-aHaizy BUKOPHUCTO-
BYETHCS JUIsl TIPOBEACHHST KOMIUIEKCHOI OIIHKH
BHYTPIIIHIX CHJIFHHX 1 CTAOKUX CTOPIH, 8 TAKOXK
30BHINIHIX MOYIJIMBOCTEH 1 3arpo3, TIOB’I3aHMX 13
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pearizawiero MonoxkeHb KoxHoro 3 [IpoTokosmis
Kapmatcpkoi korBeHIIii. 3acToCyBaHHS ITHOTO Me-
TOJy IO3BOJISIE YITKO iAeHTH(IKyBaTH OCHOBHI
HAaIpsIMA BJOCKOHAJICHHS AEPXKABHOI IOJIITUKH,
BU3HAYNTH TIPIOPUTETHI 3aXOIU Ta OIIHUTH PH-
3WKH, IO BIUTMBAIOTH Ha SKICTh BUKOHAHHS MiXK-
HApOAHWX 3000B’s13aHb. [l y3arampHEHHS pe-
3yJIBTATIB OMIHKH IMITIEMEHTaIlii mpoTokoiB Pa-
MKOBOT KOHBEHIIii PO OXOPOHY Ta CTaIHI PO3BHU-
Tok Kapmar, a Takox a1 BUSABICHHS! OCHOBHUX
npobiieM, TepeBar, MOTCHIIHHUX MOMKIMBOCTEH
Ta PU3HKIB IXHBOI peaizamii B YKpaiHi, HIKYE
MO/IaHO Bizyamizamito 3aificneHoro SWOT-ana-
T3y JJIsl KOXKHOTO 3 mpoTokoniB. Ha pucynky 1
npezcTaBieHo pe3ynbratd SWOT-anamizy [po-
TOKOITy TIpO 30epeKeHHS 1 CTaie BUKOPHCTAHHSI
OiomoriyHOr0 Ta JMAHMIA(PTHOTO PI3HOMAHITTS,
i€ y3araibHeHO HOro KIII04OBi epeBary Ta HeJo-
JIKWY, a TAKOXK MTOTEHIIiIHI MOJKIIMBOCTI HOTO pea-
Ji3arii Ta 30BHIIIHI 3arPO3H.

CUNbHI CTOPOHM

MOXITUBOCTI

& BHUNDIM MM MINMHADOONM DaMTin -

SWOT-anaimi3, 3acTOCyBaHHsS  SKOTO
JI03BOJISIE CHCTEMATH30BaHO BUOKPEMUTH KITIO-
YOBI XapakTepucTuku [IpoTokomy mpo craie
ynpaBiiHHs Jicamu (puc. 2), TAKOXK HAOYHO JIe-
MOHCTpPY€ KIFOYOBI BHYTPIIIHI Ta 30BHIMIHI
(hakTopH, MO0 BIUIMBAIOTh Ha peaizalliio
[IpoTokomy mpo crammii Typusm (puc. 3), cucre-
MaTH3yIOYM HOTO OCHOBHI CHIBHI Ta cradki
CTOPOHH, & TaKOX IOTEHIIIMHI MOXIIUBOCTI Ta
3oBHIIHI 3arpozu. SWOT-anani3 peamizamii
[Ipotokomy mpo cramuii TpaHncmopT (puc. 4),
Pesynbratu ananizy peanizaiii [Ipotokosy mpo
CTalMi PpO3BUTOK CIITBCHKOTO T'OCIIONAPCTBA
(puc. 5).

SWOT-ananmiz ans  BCiX MPOTOKOJIIB
KaprnaTcpkoi kOoHBeHINi KOHCTAaTye HAsBHICTBH
3HAYHOTO TOTEHIANY JUIi BJIOCKOHAIICHHS
MexaHi3MiB 11 iMruiemeHTarii B Ykpaisi. [lonpu
ICHYFOUi BHYTpIIIHI CIa0Ki CTOPOHH — 30Kpema,
HeZocTaTHE (iHAHCYBaHHS, (parMeHTAPHICTh

Cnabki cToOpoHu

e Heao TN plaow :‘yn.n VOO HMHE

IDMPOACOXOROMNME SaxXonin
e BlACYTHICTS CAMMOT HOLOMBNIRMO) nucTaMmmn

AQBrOCTROKOROID MONITOPMMTY

e MEDIBHOMIDHE DHKOHAMHA MiX OONHCTAMM

« Gpak nigs BAOHMX Kaapin ¥ chopl oulMkM

SlopiaMoMmamirra

3arposm

¢« Macoae MM

(NepROHAM Ave

10N DS HMA M pUAL

COPULBMMN QNOTARHMK)

. IMIMWA » I,',\)i‘, ] BNNAvBano Tt HA TP
WMOLMOCTEMM

o ANTRONOTOMHUM THECH
R0YAOBS

« Hipacyruicn penor KOMTDONK a

TYPWAIM, BMPYDOKRH

IORVILOHMAMA Y Nicax | N3d
e Binceron Al ™ OKOMOMINYD

MECTRDINBMICTE

Puc. 1 — Pesynsrarn SWOT-oninku peanizarii nojgoxens [IpoTokoiy momo 30epexeHHs i cTaaoro
BUKOPHCTAHH 010JIOTIYHOTO Ta JIaHIaQTHOTO Pi3HOMAHITTS
Fig. 1 — Results of the SWOT assessment of the implementation of the Protocol on the Conservation and
Sustainable Use of Biological and Landscape Diversity
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CunbHi CTOPOHM

o JANponaNye NPANUMOW CTaAnOro
NiCOKOPRCTYBRHHN
« FMoepegbavae LROPONY npanicin |

NpMpoAlax Nidin

« Croomoe NArpyws ane Bopotetu 2
HOARKOMHMMEA DY SHAMM

« Npcumoe  pone IMBeMTapMaIawl e
NELBOTD MOMITORMNIY

o Banarae  plavonnamwmn  S0rDaonsHmx

CnabkKi cTopoHuM

Hepocrarila KOWTPONR an
NEOKOPAETY BNV OMK
Blacym™icte  £AMNOl  4MdpoBdl  cHETRMMW

AdHNX

HoomKauanki NEARUNWNIE atimxenoro Jo
NPWPOAM NiciavnuyTea

Cnatika woopammallr sk rpoMagsme |
JOPRNICAraHTCTROM

NCOBnux TRRHTODIN

MoXKnuBocCTi 3arpo3mu

« POanwToK nporpams iHeenTapmwaaull npanicio * Maconl cywinunl  pyokk B OKpaMUX
T NPUPOAHMX NICIE padomax Kapnar,

« Enpomrerpaun =+ AocTyn A0 IHCTRYMeNTIN  Naripwensn  crany  rpyurin,  epodin,
FSC, PEFC, nannaxw,

« Hrposapwennn NPEMPOAOOPIEHTOBANOID * Wdprwih 18 xpopotu  nicls  (xopolam,

FPMOKORI 28XBOMORAHMHN)

o IMiMD MAIMATY TH AMEHILEHMA  CTIRKOCTI
nicin

« KopynuinMi PUaInKKH y
NICOKOPHCTYBAMHNA,

niclammuran,
« Poinwrok HaYKOBMX
OKOCHCTOMMI NOCNYIW,
« Poawmpenn mepex Niconux peseppatie

AL ME npo

chepl

Puc. 2 — SWOT-anani3 peamizariii [IpoTokoiy mpo cTalie yIpaBIiHHS JicaMu
Fig. 2 — SWOT-analysis of the Implementation of the Protocol on Sustainable Forest Management

Cnabki ctropoHu

Bpax INpPacTpYXTYRK QU @KOTYRWAMY

CUNbHI CTOPOHMU

o« Chpisg  oxonofivne  planoasiganssomy

TYPRIMY. * HexonTponbosane HABANTONOHMA MO
« Cnpamosanii "o ABEPEROHHH MNPMPOANI TapUTORI|
NPUPOANAX | KYNBTYPHUX pecypeio o COA0MHICTE TYPHETUNHOTD NOTOKY
o THATPUMYE TRAMEKORAOHM]  TYPHCTHIMI o BiACYTHICTH OXOMEPKYBBWHS TYPHCTHMHNX
MADILPY T noxkawi

o CTHMYMIOE POIDMTOR MICLIBIMX [pOMag,

MoXNnuMBoOCTI

o POIUMTOK JENEHOIO TYPMIMY, SKO-CTEKOK,
RAPABTCRKMX MOPWRY TR

o JANYHEHNA [HBeCTMWA ¥ ripenkl rposmasm

o MMonynapuaayin  vaglosanskumx  napkin - |
KYNbTYRHO! COaauHm,

o [apruepctao 3 kpaivamy EC aAna poasnTy
TYPHIMY.

3arposum

« [NopesanTaxenun NONYNREPHKX
rYPUCTHUNHX J0H (Hpemye, Bykosens)

o Jadpyawebns,  oruxianl  aabygosnm  Ta
PYAHYBaRHA NanasadTio

o JMnlenHR  pladcHnx  pugle
HEKONTPONBOBAHMA TYPIAM,

o EROHOMIMHA Kphad T nldMa > nagiMum
TYRUCTHUHOND NOTOKRY

Jqopes

Puc. 3 — SWOT-anani3 peanizauii IIporokosny npo cranuit Typusm

Fig. 3— SWOT assessment of the realization of the provisions of the Protocol on Sustainable Tourism
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CuUNbHIi CTOPOHM Cnabki cTopoHu

o CHpysonnsMi s IMEUSHNS  BOAKRY
TREHCNOPTY Ha Joexinng

. '-‘t.‘lyllnu Py x Y NYTIMamx pPCokue
IOMNDX

« 8 Yipaiw NPOTORON we cnatko
IMANEMaHTOBaMMA
Hpactpyrxrypa Kapnar sacraping
« Nigrpumye POIEMTON Sasneusol Bucoxa IMNEKHICTD nig anToTpancnopty
IMBpacT YRy pY Hepoc m'miu_ KOMTHONL 28 BUMKKRAAMK TR
« lapmoniayeTscr a E8DONSRCERNMNA WYMOBAM SA0PYAMEHHAM
CYRNONP YA

MoXxnueocrTi 3arposm

o Po3BHTOK eNEXTROTPAHCNGPTY Ya *» JPOCTAMMA NOTOKY NPUBSTHUX 4810 b

BEnOHPPacTRYKTYPM ropax
* MogepHisauis 3arkiasnuHorD CnonyYesHn » PO3wMpenHs Aopic y NpspoaRMs 3oHax
* SMEHLWOHHH IPEHCNOPTHOMD  THCKY  Ma  3arpoia cysin, nvpytok | pparmMenTaull

npyYpoasl TepuTopii MQCMCIuM
* TpAMCKOPADHMI Nporpamm 2 €EC * BiRcexoal pYARYRBHHA IHBPRCTRYRTYRN,

Puc. 4 — SWOT-anani3 peamizarii [IpoTokoiy mpo cranuii TpaHCIOPT
Fig. 4 — SWOT assessment of the realization of the provisions of the Protocol on Sustainable Transport

CunbHi CTOPOHMU Cnabki cTopoHu

o NaYpumye roaanuiAne o Hocrava QiHanconux nporpam  niATRUMIG
NPUNCADKORWCTY NN Gepmepin
¢ JOOXOMYE OOTAHINKG JaMNPOOCTHO o Hosnaune ONPOBALNKONHA  DPraMivKoro
o CHPMRE POIRMTIY MANKHY DORMERC R BHPOOHUUTRA
MOCNOAAPCTA o [Ipotnemu 3 AOCTYNOM A0 TEXMONOCIR Y
o DXOPONRE arpodiopianomaniTm ripChrMK rpoMagsx

o TTOCHMOE POIBMTON FIDCKRAX FROMAL « BPON ArPApHMY AOPARYMX CAYME

MoXxnueocTi 3arpo3u

o POAOWTOK oxodopMepcTan Th  TPRAZAWAIRIKX o BIATIR HACONOWMA 3 MIPCHKAX CIn
pamecon o e xnimary . AMMMEHHR
o Bnxit MO EnpOnoncHK  PRHKN  OPCaHiNKHO! NPOAYKTMEHOGT! YL
npoayxul » YpOanizauin yamenan NOKANBHNX
o Craopossn noxanssmx Opomain Xapnat TPaavUIn
o TIATONMKS CINBCLKMX FROMOAL Y PaMXax o Hopisphomipruit  poasmTox  rpomag |
LapolHTarpauif KOMPNINTI 28 pacypem

Puc. 5 — SWOT-anani3 peanizaii [IpoTokoiy npo cTaiuii pO3BUTOK ClIIbCHKOTO T'OCIIOIAPCTBA
Fig. 5 - SWOT assessment of the realization of the provisions of the Protocol on Sustainable Agriculture
and Rural Development
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MOHITOPHHTY, 1HCTUTYUiiHI Oap’epum Ta
HETaTUBHUI BIUIMB BIHCHKOBMX JI1H, — 30BHIIIHI
MOJKJIMBOCTI, IO IIOB’S3aHI 3 AaKTHBI3aL€Io
TPAHCKOPIOHHOI CITIBIIpaIli, €BpOIHTETparliii-
HUMH TIPOIIECAMH, DPO3BHTKOM EKOJOTIYHUX
MEpEeX Ta BIIPOBA/DKCHHSIM CYYaCHUX MIIXOIIB
JI0 TIPHPOIOKOPUCTYBAHHSI, CTBOPIOIOTH CIIPHUSI-
TIWBI YMOBH JUISI TABHUIIEHHS €()eKTHBHOCTI
peaizanii Konsentrii.

OTpumaHi pe3yabTaTH KOMIUIEKCHOTO
OLIIHIOBaHHS MOXYTb OyTH Oe3-mocepenHbo
BUKOPHUCTaHI IS CTPATETivyHOTO IJIaHyBaHHS
NPIOPUTETHUX 3aXOJiB JAEp>KaBHOI MPUPOIO-
OXOPOHHOI NOMITHKHY Y Kapnarcekomy perioHi.

Y PamKoBilf KOHBEHIIiI PO OXOPOHY Ta
crammii po3BuTok Kapmar Tipchkuii MacuB
Vkpaincekux Kapnatr posrisgaercs sk He3a-
MIHHUH CTPYKTYpHHIA KoMmmoHeHT Ilan’eBpo-
MEHCHKOI EKOJIOTIYHOI MepexKi, 0 JIETepMiHy€
HEOOX1THICTh BITPOBAKEHHS y3T0PKEHOT ITOTi-
THKH 30€peKeHHS TPUPOIU Ta TPAHCKOPIOHHOT
koomeparii. [lomoxxennss KonBenmii okpec-
JIOIOTH  CTpaTeriuHuil BekTOop y cdepax
30epexkeHHs  OiOJIOTIYHOTO  Pi3HOMAHITTS,
CTQJIOTO YIPABIIiHHSA JIICOBUMH W BOJIHHUMU
pecypcaMu, PO3BHTKY €KOJIOTIYHO BiJIIOBI-
JTAIBHOT TYPUCTUYHOI JisUILHOCTI Ta ajamnTarlii
JI0 KIIIMaTHYHUX 3MiH, 110 Mae Oe3rnocepeHin
BIUIMB Ha ILUIICHICTH €KOCHCTEM perioHy [29,
30]. 3oxpema, IlpupomHo-3amnoBigHuii (oHx
(I13d) Kapnarcbkoro perioHy BUCTYyHae Iep-
IIOYEPTOBUM 1HCTPYMEHTOM sl 30epeKeHHs
GiopizHOMaHITTS iN Situ, 3abe3reYeHHst 0X0po-
HM DIJKICHUX Ta Bpa3lMBHUX EKOCHCTEM, a
Takok Oe3mocepeHpOi peanizamii Mi>KHAPOJI-
HHUX 3000B’513aHp YKpaiHH, 10 BUILIMBAIOTH 13
Kapnarcekoi konBenuii. Came 1 cucrema
B3a€MOIIOB'SI3aHUX TEPHUTOPiN  (3aNOBiTHHUKH,
HalllOHAJIbHI TIApKH, perioHanbHi JaHamadTHi

250
200
150
100
50 .
0
J1bBiBCbKaA 3akapnaTcbKa
W 1998

MapKH Ta 3aKa3HUKH) TapaHTy€e AOBrOTPUBATY
OXOPOHY HAWOUTBII  IIHHUX  TPUPOTHHUX
KOMIIJIEKCIB — BKJTFOYAIOYM TIPaliCOBI MAacHBH,
aNBIMICEKI Ta CyOaNbMWChKi JYKHA, BHCOKO-
TipHi 60J10Ta, TIPCHKI PIYKOBI CHCTEMH Ta JIICOBI
€KOCHCTEMH 3 BUCOKHM 1HIEKCOM MPHUPOTHOCTI
[31, 32].

Huaamika po3Butky llpupomro-3amo-
BigHoro ¢oungy (I13®) Kapmar mnpotsarom
OCTaHHIX JECATHIIITh € BAXJIMBUM 1HAMKATO-
poM  edeKTUBHOCTI JAep)KaBHOI MPHUPOIO-
OXOPOHHOI MOJITHKH Ta BUKOHAHHS €KOJIO-
TYHUX IMIIEpaTHBiB Mi>KHApOgHUX yroj. Taki
NOKAa3HUKH, SIK eKcraHcis Teputopid [130,
TpaHcopMallisi IXHBOI CTPYKTYpH, ILUIONIA
MPaJIiCOBMX 1 CTapoOBIKOBUX IICIB, a TaKOX
CTYIiHb (parMeHTanlii MPUPOAHUX MAaCHUBIB,
JIETEPMIHYIOTh pEaTbHUA CTaH EKOJIOTigHOi
Oesnexkn periony [32]. JluHamika TuTOII
MIPUPOTHO-3aMOBITHOTO (POoHAY B 00NACTIX
Kapmarcekoro periony (puc.6), IeMOHCTPYE IIi
3MIHH — CTIHKY TEHIEHIUI0 a0 301bIICHHS
npotaroMm mepiony 1998-2020 pp. B ycix
obnactax. [Ipu npomMy HaiOIIBIIUN aOCONIOT-
HUi ipupict OyB 3adikcoBanuii B [Bano-Dpan-
KiBCBKil Ta 3aKapmaTchKiii 00MacTsIX, TOAL SIK
UepHniBenbka 00JacTh XapakTepU3yeThCs Hali-
HIDKYMMU MTOKa3HUKaMHu excrancii [13.

i1t KOMIUIEKCHOT OIIHKK e(heKTUBHOCTI
peanmizamii HiIBOBUX MOJIOKEHb Kapratchkol
KOHBEHII] IOLJIBHUM € IOrJINOJICHUI aHai3
CTPYKTYpH Ta PIBHS 3alOBITHOCTI  IHX
aJMIHICTpaTHBHHUX OAWHMI. Takuii mudepeH-
[iffOBaHWH TMAXiN JTO3BOJISE TIPOAHAII3yBaTH
notoudy crpykrypy [13®, ouminutu TeHneHmii
HOro  pO3BUTKY, pIBEHb  TEPUTOpiaIbHOL
LUTICHOCTI, €KOJIOTIYHY penpe-3eHTaTHBHICTh Ta
(byHKIiOHATBHY €(DeKTHBHICTh MPUPOJOOXOPOH-
HUX TEPUTOPIH 3a MoKa3HUKaMH (Tabi1. 3), siki

YepHiBeLbKa IBaHO-®paHKiBCbKa

2020

Puc. 6 — [lunamika 3MiHH IUIOILI IPUPOAHO-3anoBigHOTO oy Kapnarcekoro periony no oonactsim
Fig. 6 — Dynamics of changes in the area of the Nature Reserve Fund of the Carpathian region by regions
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Tadauna 3

Po3noain Teputopiii Ta 06’€kTiB MpUPOaHO-3an0BiIHOr0 oHAY B aAMiHICTPATHBHUX MesKaxX
objacreii Kapnarcbkoro periony

Table 3

Distribution of territories and objects of the Nature Reserve Fund within the administrative

boundaries of the Carpathian region's oblasts (regions)

Kibkicts 06’ exrin M3® Baramfﬂa mjionia Hoxa:mmc. 3amoBigHOCTI
OoJactb Number of Nature 00’exTiB II13®, ra periony, %
Region Reserve Fund Obiects Total Area of Nature Regional Protected Area
) Reserve Fund Objects, ha Index, %

JIbBischKa 408 180236,6 8,3
Iviv region
3akapnarceka . 504 206383,7 16,2
Transcarpathian region
epuisenpra 349 104326,4 12,8
Chernivtsi region
IBaﬂo-tl)pam_ﬂBcuca_ 526 223852.1 16.1
lvano-Frankivsk region

JIO3BOJISIFOTH  3MIHCHUTH TIOPIBHSUTBHY — OIHKY
piBHSI 3aMOBIAHOCTI Ta CTymeHs (parMeHTarii
MPHPOIOOXOPOHHUX 00’ €KTIB Y MEKax PErioHy.

AmHari3 BU3Ha4YMB CyTTEBY AU()EPEHITIAIIio
y PIBHSX 3alOBiTHOCTI MK TPOaHaTi30BAHUMH
obmactsimu (puc. 7, puc. 8). HaliBumii moka3HuK
3aMOBIJIHOCTI CIIOCTEPIracThesl y 3aKaprnaTchKii
o0acTi, 1110, IMOBIPHO, KOpENoe 3 11 3HAYHUM
pO3TaIllyBaHHSIM Y BHCOKOTIpHIA MiCIIEBOCTI.
Bonnouac, HalfHIKYHI BiJICOTOK TEPUTOPIN MPH-
poaHO-3aroBigHOTO (poHTY 3adikcoBaHo y JIbBiB-
ChKiit obnacti. He3paxkatoun Ha Te, mo YepHise-
bKa 00JaCTh XapaKTepPH3Y€ETHCS HAWMEHIIIO
a0COJIFOTHOIO KIJIBKICTIO 3aIlOBIIHUX 00’ €KTIB, 1i
YacTKa 3aloBiJHUX TEPUTOpil 30epiraeTbcsi Ha
CepeZIHbOMY pIiBHI y TOpPIBHSHHI 3 IHIIUMHA
perioHamMu.

18

o N B O ®

J1bBiBCbKa

3aKapnaTtcbKa

OtpuMaHi pe3yJabTaTH OIIHKH CTaHy
[Ipuponno-3amoBigHoro ¢ouny (I13P) Kapna-
TCBKOTO PErioHy YKpaiHu Bepu(iKyIOTh HasB-
HICTP BaroMoro INPAaKTUYHOTO BIUIMBY IOJIO-
keHb KapraTchkoi KOHBEHINIT Ha HaliOHATBEHY
exosoriyHy nonituky. OcHoBHa Micis KoHnBeHii
MOJISITAE y JIOBTOCTPOKOBOMY 30€peKeHHI YHi-
KaJIbHUX TPHPOAHUX KoMIUiekciB Kapmar Ta
3a0e3MeveHHi TapMOHIHHOTO TIO€IHAHHS TIPHPO-
JIOOXOPOHHUX IMIIEPATUBIB 13 COIIaIbHO-CKOHO-
MIYHMMH iHTEpecaMu perioHy. Y IbOMY KOHTEK-
CTi, TTOKa3HUKH 3aTOBITHOCTI, SIKi BapIFOIOTHCS B
niana3oHi 8—16%, cBiTYaTh MPO 3HAYHUH TTOTEH-
mMan Uil TOAIBINO] eKCNaHCii TPHUPOI00XO0-
POHHHX TepuTOpild, ocoOmmBo Yy JIbBiBCHKil
obnacTi, Jie piBeHb 3alOBiJJHOCTI Hapasl 3alu-
LI1A€ThCS HANHKYUM

16
14
12

YepHiBeLbKa IBaHO-®paHKiBCbKa

[MoKa3HMK 3anoBigHOCTI perioHy, %

Puc. 7 — Iloka3uuk 3amoBigHOCTI TI0 001acTsax KapnaTchbkoro periony
Fig. 7 — Protected area index by regions of the Carpathian region
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JlbBiBCbKa W 3aKapnaTcbKa

IBaHO-®PpaHKiBCbKa

526
| ———

YepHiBeLbKa
349

= YepHiBeLbKa

m |BaHO-®paHKiBCbKa

JlbBiBCbKa

408 |
"

3aKapnaTcbKka

{ 504

Puc. 8 — Kinpkicts [13® Kapnarcekoro periony
Fig. 8 — Number of nature reserve fund objects in the Carpathian Region

AHAJITHYHAM THCTPYMEHTOM, IO CHPHSE
TMHOMHHOMY PO3YMIHHIO iMITEpaTHBY BIIPOBA-
YKEHHS BHILE3rafaHnX [IpOTOKOIIB, € BU3HA-YESHHS
THIEKCY THCYTISIP30BaHOCTI [pupomaro-
zaroBiHOrO onay Kaprnarcekoro periony (Tadim
4). 1eii KiJIbKICHHIA TIOKA3HKK BiZJOOpaKa€ CTYITIHb
130JIbOBAaHOCTI Ta MPOCTOPOBOI  (hparmMeHTarri
TPUPOJIOOXOPOHHUX JIJISHOK, IO € KIIOYOBUM
(akTopoM, SIKU MOXKE JIIMITyBaTH 30epeKeHHS
OiOpI3HOMAHITTA Ta 3HWKYBATH (PyHKIIOHAIBHY
e(EeKTHBHICT ~ CKOJIOTTYHHUX  3B’S3KIB MK
OKPEMHMH 3aIOBiTHIMU 30HAMH.

3rifHO 3 3aCTOCOBAaHOIO  METOAMKOIO,
3HauYCHHs iH/eKCYy iHCymspu3oBaHocTi (I) Bapito-
erbcsl B mianaso”i Bix 0 mo 1. Yum Ommxue e
3HAUeHHS JI0 OJMHUII, TUM BHIIOI0 € YacTKa
130JTbOBaHMX 1 HECTIHKUX OO0€KTIB Yy TEpHUTO-
plabHId  CTPYKTYpl  MPHUPOJHO-3AIIOBIIHOTO
¢donmy perioHy. BianoBigHo, iHIEKC, IO
JIOpIBHIOE 1, CBiTUMTH TIPO TIOBHY Hee(heKTHB-
HICTh ICHYFOUOI CTPYKTYpH Ta i HECTIPOMOXKHICTh
3a0e3MeYnTH HAJICKHUN piBeHb 30epekeHHs
TPUPOTHUX  KOMIUIEKCIB. Pesynmpratmn  pospa-
XyHKiB (Ta0i. 4) IEeMOHCTpPYIOTh, MO B YCIX
00nacTsIX TMOKa3HUKU 1HCYJSIPU30BAHOCTI MAIOTh
HEBEJIMKY aMILTITYly KOJUBaHb, Iepe0yBatoun y
miarnasodi Bif 0,32 no 0,41. HaiiBuimmii pe3ynbTat
(0,41) 3adikcoBaHo y YepHiBenpkiii obnacTi, Toai
sk HaiiMeHmre 3HayeHHs (0,32) — y JIbBiBChKiit
obnacti. 1li mMOKa3HUKM 3arajoM 3HAXOAATHCS B
Mexxax Hopmu. Crif 0AaTKOBO aKIEHTYBaTH
yBary Ha TOMY, 110 Maike BCsI ITIBJIGHHA YacTHHA

23

3akapnaTchKoi 00NIacTi pO3TAllloBaHA B MeEXax
Kapnar, mo BuMmarae migBUILEHOI yBaru o
OXOpOHHM 3alOBITHOI 30HM Ha Il TepUTOpii mpu
BUKOHaHHI yMOB Kapmarcekoi konBeHtii. Omxe,
KUTBbKICHUI PO3paxyHOK 1HCYIISIPH30BAHOCTI JI0-
3BOJISIE OOTPYHTYBATH TPIOPUTETH I EKCIAHCIT
€KOJIOTIUHOI Mepesxi Ta MiHiMizalli (hparmeHTari
TPUPOJTHUX CEPEIOBHIIL ICHYBaHHSI.

BuxonaHHs 11010eHs PaMKOBOT KOHBEHIIIT
PO OXOpOHy Ta cTaymid po3BUTOK Kapmar
IMIIEPaTUBHO BUMArae BpaxyBaHHsI CIIeIM(ITHIX
eKOJIOTIYHUX  CHUTyalli, $SKi  TepMaHEHTHO
BHHHUKAIOTh Ha Tepuropii periony. Kapmatu e
CKJIaHOI0 TIPCBKOIO EKOCHUCTEMOI, Y  SIKii
TIPUPOHI TIPOIIECH HEPO3PHBHO IHTErpOBaHI 3
MOTYXHUM aHTPOIIOTE€HHUM BILUIMBOM.

AHamiz OKpeMHX eKOIIOTiYHUX KeHcCiB
JIO3BOJISIE  OIHUTH  (DaKTUUHY ePEKTHBHICTH
peami3ariii nosioykeHb KoHBeHIIIT Ta 11 MpOTOKOIIB,
a TaKoX 17IeHTH(IKYBaTH OCHOBHI MPOOJIEMH, 10
JIMITYIOTh CTaJIMH PO3BUTOK perioHy. [Ipukianu
(Tabn. 5), Bi3yastizyroTh SIK JIOCSTHYTHH MPOrpec y
BIOPOBADKEHHI, TaK 1 CYyTTEBI BHKIWKH, IO
MOCTarOTh repe]] perioHom [33-43].

AHami3  KeHCIB  HiATBEPIKYyeE, IO
eKxooriuni cutyanii B KapnaTcbkomy perioHi €
0araTOBUMIipHUMH Ta OXOIUIIOIOTH LIMPOKHUIN
CIEKTp BHKJIHKIB, BiJl iHBa3il 4yXOpiIXHUX
BHJIIB J10 KOHQUIKTIB MiX TOCHOJAPCHKOI0
JISUTBHICTIO Ta TPUPOJOOXOPOHHUMHM iHTEpe-
camu. 30KpeMa, KeWCH, TOB's3aHi 3 MaJUMHU
I'EC B YkpaiHni, Brparoto niciB y Tarpax ta
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Tabauus 4
Innexcu incyasipuzoBaHocTi npupoaHo-3anoBianoro ¢ponay Kapnarcskoro periony mo odaacrsim
Table 4
Indices of insularization of the nature reserve fund of the Carpathian region by regions
Obaactp S S1 Im N N1 In I
Region 3arajbHa ITnoma Im 3arajnbHa In Innpexc
TJI01IA BigHocHo | =Si/ S | kinbkicte | Kigbkic | = Ni/ N iHcyaspu-
3amoBiIHUX | HeCTIKHX 3amoBiTHUX Th 30BaHOCTI
00’€eKTiB B 30 00’exTiB B | BiiHOCH Insularity
o0sacTi (THc. ra) oduacri 0 index
(Tuc. ra), Area of Total HecTiiik I=(m+1n)/2
Total area of | relatively number of HX
protected unstable protected | o0’exriB
areas in the protected areas in the 3o
region areas region
(thousand (thousand
hectares) hectares)
fIF’B“‘c‘.’"a 180,3 1,66 0,009 408 258 0,63 0,32
viv region
3akapnaTcbKa
Transcarpathian 206,4 1,19 0,006 504 377 0,74 0,37
region
YepuiBenbka
Chernivtsi region 104,3 2,13 0,02 349 277 0,79 0,41
IBano-
Ppankiscnra 2239 3,54 0,02 526 352 0,67 0,35
Ivano-Frankivsk
region
Taoauus 5

AHaJii3 ekosoriynux keiicip y Kapnarcbkomy perioHi B KOHTeKCTi BUKOHAHHSA M0J10:keHb PamkoBoi

KOHBEHIIi Ta ii NpoTOKO0JIiB
Table 5

Analysis of environmental case studies in the Carpathian region in the context of the implementation of
the provisions of the framework convention and its protocols

e Keiic OcHoBHHUIi acneKT Ta 3B'5130K 3 Kapnarcbkoiwo KonBenuieio
- | Case Study Core Aspect and Link to the Carpathian Convention
1 Konmikt mixk 600pamu i | Curyallisi 11010 peryioBaHHsS NOMyJsLii 000piB LIOCTPYE KOHQUIIKT
MaBOJIKAMHU MIDX 3aXHCTOM iH(QPaACTPYKTypH Ta MIATPHIMKOI0 €KOCHCTEM BOIHO-00-
(Tlonp1ua, 2024) JOTHUX YTib, IO OE3M0CepesIHbO0 CTOCYEThCSl BUKOHAHHS [IpoTokomy
po 0iOpi3HOMAHITTS
2 Tpeninr KIBBY [TpoBeneHHst MIXXHAPOIHOTO HABYAIBLHOTO KYpCy 3 BiJIHOBJIEHHS PidOK
(Yexis, 2024) Ta BOJJHO-OOJIOTHHX YT1JIb AEMOHCTPYE NPAKTUUHY peaizaito minei Ka-
pHaTchKOl BOJHO-OOJIOTHOI iHIIIATUBU MIOAO MOKPAIICHHS CTaHy BOJ-
HHUX €KOCHCTEM BiioBigHO 10 [IpoTokosy npo Oiopi3HOMaHITTs
3 3abopoHa JUKUIIHTY 3a00opoHa BUKOPHCTaHHS MO3aNIIIXOBUKIB y 3alIOBIHUX 30HaX € IpeBe-
(Yxpaina, 2025) HTHBHHM 3aX0JI0M U MiHiMi3amii peKpeariifHoro HaBaHTaKeHHs, 3aI10-
OiraHHs epo3ii IpyHTIB Ta BiAMOBigae BuMoram [IpoToKomiB mpo cTanmi
TYpHU3M Ta JIiCOBE TOCHOAPCTBO
4 Brpara miciB y TaTtpax MacmtabHi pyHHYBaHHS JIICiB BiJ OypeBiro MiIKPECIIOI0Th BPa3IHBiCTh
(CnoBauunna, 2004) TIPCBKUX €KOCUCTEM JI0 EKCTPEMATBHUX KIIIMATHYHUX SIBUII Ta aKTyaTi-
3yIOTh HEOOXiTHICTh MIKHApOJHOTO HArJIsAAy y KoHTeKcTi [IpoTokoimry
IO CTaje YIpaBJIiHHA JicaMH
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[IpooBkeHHS TaOIHUIT 5

5 CrBopenHs 3anoBinHuKa y | CTBOpeHHs HaiOLIbIIOro B €BpoIIi 3a0BiTHUKA AUKOT TPUPOIH JEMOH-
Oereparmri (PymyHis, CTpy€e MacIITaOHUI MiaXiJ 10 OXOPOHH (QayHH Ta EKOCHUCTEM, IO € eTa-
2023) JIOHHUM TIPUKJIJIOM peaisarii IIpoTokoay mpo 6iopi3HOMaHITTSI

6 BynmiBHUIITBO €KOTYKTiB ITporpama 3i CTBOpEHHS CIIEIliaNbHUX MEPEXOiB (€KOAYKTIB) € PAKTH-
(Yexis, 2024) YHUM iHCTPYMEHTOM IOJI0NIaHHA (parMeHTamii JanamadTiB Ta 3abe3re-

YeHHS €KOJIOTIYHOI 3B’ S3aHOCTI IS Mirpamii BeTMKUX CCaBIIiB, IO Bif-
noBigae 1M [IpoTokony po 6iopi3HOMaHITTS

7 Konduiktu momo Manmux Keific imrocTpye KpUTHYHI €KOJIOTO-COMiaidbHI KOH(IIKTH, MOB'A3aHI 31
I'EC (Yxpaina) 3MIHOIO T1POJIOTIYHOTO PEKUMY PIiYOK, 3arpo3010 JUISl PIKICHUX BHIIIB

pHO Ta HEAOCTATHHOIO YYaCTIO IPOMAJICEKOCTI, 1110 IIOPYLIYE ITOJIOKEHHS
KoHBeHIi 1110/10 0XOPOHU BOJIHMX €KOCHCTEM

8 IuBazis [ly6a yepBoHOTO Odiritine BuzHanus QUErcus rubra inBasiiiHuM BumOM Ta ioro 3a6o-

(Ykpaina) poHa juis sticoBinHoBieHHs (2023 p.) € HEOOXI1AHMM 3aX0/I0M pearyBaHHs;
Ha 3arpo3y abOpUreHHOMY O10pi3HOMAHITTIO, SIK TOro BuMarae IIpoto-
KOJI 1po 0i0pi3HOMAHITTS

9 [Mpoext «lleHTpanbHi JleMoHCTpalisi TPaHCKOPAOHHOTO YIPABIiHHS TIPCBKUMH TEPUTOPISIMHU,
ropu» (Interreg Central IO € MIPAKTUIHOIO peadizariero [IpoTokoiy mpo TpaHCKOPIOHHE CITiBPO-
Europe, 2024) OITHHIITBO Ta perioHaJbHE MJIAHYBAHHS

10 [poexT «3MilHEHHS Me- VYemimHe 3aBeplIeHHs IPOEKTY, CHPSIMOBAHOTO HA B3AaEMOMII0 HAYKH,
pexi OYP» (AAP Himeu- | MONITHKK Ta IPaKTHKU B OCBITI TS CTAIOT0 pO3BUTKY. Peamizauis [1po-
ynHa, 2024) TOKOJY TIPO MiABHIICHHS 00i3HAHOCTI, OCBITY Ta y4acTb TPOMaICHKOCTI

(CratTs 13)

11 IIpocyBaHHS KapmaTchb- Peaizamis mineit o0 30epekeHHsI KyJIbTYpPHOI CTIAIIIAHI, i ATPUMKA
KOT'0 CKOTapCTBa JI0 TPaAMUIHHUX 3HAaHb Ta CTAJOro ciinbehkoro rocnoaapcTa (IIpoTokon
Peectpy FOHECKO HKC | mpo craie ciibChKe TOCIOAapCcTBO Ta IIpOTOKO MPO KyJbTYPHY CHai-
(2024-2025) HIMHY)

12 Bignosnenns ExcniepTHoi N . . . .
IPYIIH 3 BEIUKHX XIDKAKiB HocgneHHﬂ TPaHCKOP/IOHHOT CTBIpaLli Ta O6M1H?’ JIOCBLIOM Y ccbepl yI-
Ta CMIiTbHA KOHAEpeHILis 3 PaBJIiHHS Oy SIIAMH BETHKHX XIKAKIB (BeaMib, PUCh, BOBK) BiJIlIO-
AK (2024) BizHO 110 [IpoToKosy npo Giopi3HOMaHITTS

13 OcBitHiii (pecTuBaib . N .
«KpoKu Briepe/n CrpusiHHS .0u61.v11Hy 3HAHHAMH T2 BIPOBA/UKCHHIO €BPOMEHCHKOT PaMKH

KOMITETeHIIi# i3 muTanb cranocti (GreenComp) y cdepi ocBitu st cra-
(Kommne, CioBay4mHa,
mucronan 2024) JIOTO POSBUTKY

14 [IBeitiapcpko-ykpainck- | Peamizamis Mozeni cranoro Ta 6araToyHKIIIOHAIEHOTO YIIPABIIHHS Ji-
KU TIPOEKT PO3BUTKY camu y Kapnarax, HOCHJICHHS IHCTUTYLIHOT CIIPOMOXKHOCTI Ta TpaHC-
JCOBOTO TOCHOJApCTBA B KOPJOHHOTO 00MiHY JocBimoM. Biamosigae ninsim [Iporokomy mpo craie
3axapnarti «<KFORZA» yIpaBJIiHHS JlicaMu

iHBazier0 Jlyba 4epBOHOTO, LTFOCTPYIOTH Bpas-
JIMBICTh TIPCHKUX E€KOCHUCTEM Ta HEOOXIIHICTh
HEBIJIKJIQIHOTO pearyBaHHsI. Bonnouac
MMO3WTUBHI TpUKianu, Taki sk llIBefiiapcpko-

MPOCYBAaHHS KapnaTrchbKOro CKOTapcTBa [0
IOHECKO HKC, cTBOpeHHS NpHPOI00XO-
POHHUX THQPACTPYKTYyp (EKOIYKH) Ta CTBOPEH-
Hs 3anoBiHNKa y erepami (PymyHis), 1eMoH-

YKpPalHCBKHI  MPOEKT PO3BUTKY  JIICOBOTO CTPYIOTh MOTEHIia)l MiXXHAPOAHOT Ta MiXkKCEK-
rocriomapctBa B 3akapmarti «FORZAy, TOPaILHOI CITiBIIPAII.
BucHosku

KommiekcHuil €Kkos0ro-npaBoBUil aHa-
73 3acBigumB, mo PamMKkoBa KOHBEHINS IPO
OXOpOHY Ta cranuii po3BuTrok Kapmar e
BU3HAYAIBHUM MIXHAPOAHUM MEXaHI3MOM JUIS
ycmimHoi iHTerpauii rno0anbHUX MPUPOAO-
OXOpPOHHHMX 3000B’s3aHb Yy  HaI[lOHAJIBHY
noiTuky. CTpaTeriyHuM pe3ysbTaToM OCTaH-
HBOTO Tepiogy € mnpuiHATTa KapnaTcbkoi

25

pamkoBoi niporpamu 3 GiopizHomanitTs (CBF),
10 yHi(piKye perioHanbHi €KOJIOTIYHI MO TUKA
Ta CTBOPIOE OCHOBY JUIsl NOAAJIBILOTO (hiHAHCY-
BaHHs. Po3paxyHKOBi iHZEKCH 1HCYISIpU30-
BaHocti s [I3® obGmacreit perioHy He €
KPUTUYHMM, aJleé BKa3ylOThb Ha HEOOXiIHICTbH
MOCWJIEHHSI yBaru J0 IPOCTOPOBOIO IJIaHy-
BaHH Ta BIAHOBJIEHHS €KOJIOTYHOI 3B’ I3aHOCTI
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JUis 3ano0iranHs noraubiaeHHIo ¢parMeHTanii
EKOCHCTEM.

Jis mononaHHS BHSBICHUX I1HCTUTY-
miHHUX Ta ¢inancoBux Oap'epie (3a SWOT-
aHai30M) Ta TOBHOI peami3arii MOTeHIiaTy
KouBeHnriii, He0OXiTHO KOHIIEHTPYBATH 3yCHII-
T Ha MDKCEKTOpalIbHIN CITIBIpalli, BIpPOBa-
JKEHHI HAyKOBO OOTPYHTOBAHOTO IIPOCTOPOBOTO
TUTaHYBaHHS Ta BHKOPHUCTaHHI JOCBiAy TpaHC-
KOPJIOHHUX TIPOEKTIB. AHaII3 EKOJIOTIYHUX
KEHCIB MpPOJEMOHCTPYBaB, IO JIOKANbHI
3arpo3u 0e3rnocepeHbO BILUTUBAIOTH Ha BUKO-

3ax0fiB pearyBaHHs, MiATBEPKYIOUH IMOTEH-
miajg CIBMpami JIep)kaBh, TpoMam i1 MikHa-
POJHHX TIAaPTHEPIB.

VYkpaiHa 3miHCHIOE TIOCTIAOBHI KPOKH
MO0 BHWKOHAHHA PaMKOBOi KOHBEHINi TIpo
OXOpOHY Ta craymil po3Butok Kapnar, mae
3HAYHU IOTEHIIIAN Y PO3BUTKY.

Jl1st mocsiTHEHHS TTOBHOI BiIITOBIIHOCTI 11
BAMOTaM Ta peallizallii BUCOKOTO MPHUPOIHOTO
MOTEHIIIATy perioHy HeoOXiIHa MoCTiiiHa Mozep-
Hi3alisl MpaBOBHX 1 EKOJOTIYHHX MEXaHi3MiB,
MOCHJICHHSI MDKCEKTOPAIBHOI KOOpAMHALIT Ta

HaHHS KoHBEHII Ta BUMararmTh CHUCTEMHHX HAYKOBO OOI'PYHTOBaHE MPOCTOPOBE IUIaHYBaHHSI.

Konduaikr inTepeci

ABTOpH 3asBISIOTH, IO KOHQIIKTY 1HTEpECiB 100 MyOikamii 1boro pykonucy Hemae. Kpim
TOTO, aBTOPH MOBHICTIO TOTPUMYBAIUCh ETUIHUX HOPM, BKIIFOYAIOUH IIIariaT, Gpanbcuikaiiro JaHIX
Ta TOJBIHHY MyOTiKaIliro.

Bnecok aBTOpiB: BCi aBTOpH 3p00MIIN PiBHUN BHECOK Y IIFO pOOOTY.

Jexnapanis npo Bukopuctanus HII
ABTOpH HE BUKOPHUCTOBYBAJIHM TEXHOJIOTI] IITYYHOTO IHTENEKTY.
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CARPATHIAN CONVENTION: ECOLOGICAL AND LEGAL ANALYSIS OF UKRAINE'S
IMPLEMENTATION OF ITS OBLIGATIONS IN THE CONTEXT OF SUSTAINABLE
DEVELOPMENT GOALS

Purpose. The objective of the study is to conduct an environmental and legal analysis of Ukraine's implementa-
tion of the provisions of the Framework Convention on the Protection and Sustainable Development of the Carpathians,
as well as to assess the current environmental status of ecosystems in the Carpathian region of Ukraine in accordance
with the criteria and effectiveness of compliance with the requirements set forth in this international treaty.

Methods. System analysis, SWOT analysis, calculation method.

Results. A detailed analysis of the implementation of the Decisions of the 7th Conference of the Parties
confirmed the adoption of the Carpathian Framework Programme on Biodiversity, the intensification of cross-
border cooperation on large carnivores, the integration of climate risk assessment into forestry, and the promotion
of traditional cattle breeding to the UNESCO NCS list. By systematizing commitments, the direct correspondence
of the provisions of the Carpathian Convention protocols to the UN Sustainable Development Goals has been
confirmed. According to the results of the SWOT analysis, priority efforts should focus on cross-sectoral cooper-
ation, the implementation of scientifically sound spatial planning, and the maximum use of positive experiences
from cross-border projects. The calculated indicators of the PZF insularity index range from 0.32 to 0.41, confirm-
ing the fragmentation of forest areas and the disruption of ecological links, especially in the Chernivtsi region. The
analysis of ecological cases confirmed the impact of local threats on the implementation of the Convention and
demonstrated the potential for cooperation between the state, communities, and international partners.
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Conclusions. A comprehensive ecological and legal analysis has shown that the Framework Convention
on the Protection and Sustainable Development of the Carpathians is a key international mechanism for integrating
global commitments (UN SDGs) into national environmental policy. Ukraine is taking consistent steps to imple-
ment the Protocols of the Carpathian Convention and has significant potential for full and effective implementation
of the Convention by strengthening cross-sectoral cooperation.

KEYWORDS: Carpathian Convention, Protocols, ecological and legal analysis, sustainable
development, insularity, nature reserve fund, invasive species
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Yapriecoruii nayionanvnuii ynisepcumem imeni B. H. Kapaszina
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BATATOPIYHA JTUHAMIKA ITATOTEHHOCTI ITIOTI'OAU TA BIOKJIIMATHYHOI'O
KOM®OPTY Y MICTI XAPKIB

MeTta. BusHaueHHSI OCHOBHUX TCHICHIIIN OaraTopidHOi 3MiHH MOKAa3HUKIB MMaTOTEHHOCTI OTON Y M. Xa-
PKiB Ha OCHOBI aJaNTOBaHOI aBTOPAMH METOJMKH BH3HAUCHHS 1HEKCIB ITATOT€HHOCTI ITOTOIH.

MeTtoau. OniHloBaHHS IPOBEICHO Ha OCHOBI iHAEKCY MAaTOTEHHOCTI OTou (J), KU BpaX0oBye KOMILIEKC-
HUH BIUTMB OCHOBHUX METCOPOJIOTIYHNX NapaMeTpiB Ha OPTaHi3M JIFOWHH.

Pesyabraru. J{ocnimkeHo GararopiuHy AMHaMiKy NaTOreHHOCTI NOTOAM Ta O10KITIMaTHYHOTO KOMBOPTY Yy
micti XapkiB. [IpoanasizoBaHO Ce30HHY Ta MIXKPiYHY MIHJIMBICTH MTOKa3HUKIB ynponosxk 2017-2025 pp. Busna-
YEeHO 0COONUBOCTI (HOPMYBaHHS CHPUSTIMBUX 1 HECHPUATIMBUX OIOKJIIMAaTHYHUX YMOB y pi3Hi mopu poky. Ha
OCHOBI aHaJIi3y OCHOBHHMX METECOPOJIOTIYHMX IMOKa3HHKIB (TeMIeparypa i BOJOTICTh TOBITPS, MIBUIKICT BITpY,
arMocepHuii THCK Ta TX MiX1000BI KOJIMBaHHsI) BCTAHOBJICHO, 110 HAWBUII 3HAUYEHHS TATOI€HHOCTI MOTOH Xa-
pakTepHi AJIsl XOJIOIHOIO Mepioxy poKy. Y I1eH 4ac CHOoCTepiraroThes MiiBUILEeHI 3HaueHHs iHaekcy J (>20), mo
3yMOBJICHO TO€JHAHHAM HU3BKUX TEMIIEPaTyp, 3HAYHOI IIBUAKOCTI BITPY Ta Pi3KHX MIKZOOOBHX KOJIMBaHb Me-
TEOPOJIOTIYHUX MOKA3HUKIB. Y JITHINA CE30H 3arajoM IepeBaKaroTh HAHOUTBIT KOM(OPTHI OI0KITIMATHIHI YMOBH
(J <9). Cepenni 3Ha49eHHs iHOCKCY J y [eit Tiepio]] € HAWHIMKIUMH 32 PiK, 10 TOB’S3aHO 3 BITHOCHOIO CTa01Ib-
HICTIO aTMOC(epHHX TPOIECiB i MEHIIOK KOHTPACTHICTIO METEOPOJIOTIYHUX MapaMeTpiB. BecHsIHMIA i OCiHHIN
MePiON XapaKTePU3YEThCS 3HAYHOIO HECTIMKICTIO MTOTOMHUX YMOB 1 MiABHUIICHOIO BapiaOeNbHICTIO 1HIEKCY MMaTo-
TeHHOCTi. MIKpIUHUH aHami3 MPOIeMOHCTPYBaB TSHICHIIIO IO ITiIBUIICHHSI MIHIMBOCTI 3HAYCHb iHICKCY TaTo-
TEHHOCTI YITPOIOBXK TOCIIIPKYBAHOTO TIEPIOY.

BucnoBkn. [linTBep/KeHO JOLIIBHICTD BUKOPUCTAHHS 1HAEKCY NMATOT€HHOCTI MOTOJM SIK IHTErpaJIbHOTO
MOKa3HHMKa OI[IHKK O10KJIIMaTHYHOTO CTaHy ypOaHi3oBaHKUX TepuTopii. [IpakTHyHe 3HaUSHHS 1OCIIDKEHHS TTOJIs-
rae y MOXJIMBOCTI 3aCTOCYBaHHS PE3YJbTaTIiB JJIsi MEIMKO-METEOPOJIOTIYHOTO MPOrHO3YBaHHsI, OIIHKH PeKpea-
IITHOTO MOTEHIIiaTy TePUTOPIi, a TAKOXK PO3POOICHHS 3aX0/IiB aanTallil HACEJICHHS 10 HECTIPHSTIIMBUX TOTOHIX
YMOB B YMOBaX KJIIMaTHYHUX 3MiH.

KJIFOUOBI CJOBA: krimamuuni 3MiHU, NAMO2EHHICMb N0200U, DIOKIIMAMUYHUT KOMGOpm, IHOeKC na-
MO2eHHOCMI, MEOUYHA MEMeopPONO2is, MICbKUL KIIMam
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Beryn
OnHi€r 13 TI00ATBHUX IIiJIEH CTaIoro po- JKEHHS JUHAMIKM KIIIMATUYHUAX IIOKa3HUKIB Ta
3BuTKy € 13. Boporh0a 3i 3MiHOIO KiIiMaTy, 10 YMHHMKIB, IO 1i COPHUUYUHSE. B 1MX H0CHTiHKeH-
CIIOHYKa€ BUCHHX IPOBOIUTH TIHOOKI JOCIII- HAX 3HAYHE MICIIE ITOCIZal0Th POOOTH, 1110 BUBYA-
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I0Th 3B'I30K 3MiH KJIIMary i 3aXBOpPIOBAHICTIO
HaceNeHH. MeTeouyTMBICTh, METE03aJIeKHICTh
1 MeTeomnpodiTakTHKa CTAIA HEBIIEMHOIO CKJla-
JIOBOIO MEJIMKO-EKOJIOTIUHMX JociimkeHb. Ha-
NPHUKIIaJ, KJIacCH4YHE AOCTIKEHHS 3B’SI3KY MK
HOTOJIHUMH YMOBaMH Ta OOJNBOBHMH CHMIITO-
MaMH y TIAIIE€HTIB 3 XPOHIYHIM O0JIeM IpeICTaB-
JIeHe B po0oTi [ 1], sika BUCBITIIIOE (heHOMEH MeTe-
ougyTmBocCTi (weather sensitivity), SIKHii € BayKITH-
BAM TIPOSIBOM TIaTOTeHHOI mii moromu. Perio-
HaJTBHI TOCTI[DKESHHS, IPUCBSYCH] OIIHIN KoM(DO-
PTHOCTI MOTOJHUX YMOB MICTATBCS B pOOOTaX [2,
3, 4, 5], ane 3 pi3HHX pakypciB. Sxmmo podora [2]
NPOCTEXYy€e OlOKIIMAaTUYHI XapakTepucTuku Ku-
KJTIMaTHYHOTO MOTEIUTIHHS Ta OLIHIOE KOMITIEKC-
HUA BIUIMB METEOPOJIOTTYHUX YMHHUKIB Ha JIFO-
JIMHY, TO po00TH [3-5] OIiHIOITH KOM(OPTHICTH
[IOTO/H 34 3araJIbHUM 1HAEKCOM IIaTOr€HHOCTI I10-
romu (ITIIT).

CucTeMaTnIHUH OIS TETIJIOBOTO CIIPUHi-
HATTS Ta CTPATeriil ajjanTaiiii JIAUHN B PI3HUX
KIIIMaTHYHIX 30HAaX CBITY [6] po3risaaae cy0’ek-
THBHI aCNeKTH BIUIMBY TOTOIH, IIO JOIOBHIOE
KOHIICTILIIFO0 TIATOTeHHOCTI MOroHu, aje (Gokycy-
€TBCS TIEPEBAKHO HA TEPMIYHOMY CIIPHHHSATTI, a
HE Ha IHTETPAIILHOMY KUIbKICHOMY 1HJIEKCI THITY
ITIIT. Y Toi »xe yac, Aj1s1 00’ EKTUBHOI OL[IHKU POJTI
TOTO YM 1HIIOTO KJIIMAaTHYHOTO YMHHHKA B CTBO-
peHHI KoM(OPTHOTO TS JTIFOIIMHU CEPEOBHIIA iC-
HYBaHHSI BCE YaCTillle HAyKOBIIi BUKOPUCTOBYIOTh
[IEBHI 1HIEKCH.

Krnacuuna po6orta [ 7], mpucsiaena Physio-
logically Equivalent Temperature (PET) — yHiBep-
CaJIbHOMY TEPMIYHOMY iHJIEKCY, SIKWH IHTErpye
BIUTUB TEMIIEPATYPH, BOJIOTOCTI, BITpY Ta pajiamii
Ha TeMJIOBHH OajaHC OpraHi3My JIFOAWHH.

Crarrs [8] npencrasnse Meteorological
Contrast Index — iHIEKC METEOPONIOTTYHIX KOHT-
pacTiB (pi3KuX 3MiH HoroqHux ymoB). Lleii innexe
aKIEHTY€ yBary Ha JUHAMIYHUX 3MiHaX MeETeo-
(hakTopiB, SIKi € OIHIEIO 3 KIIFOUOBUX CKJIAJTOBHX
MaTOTeHHOCT] MOTO/IN.

JeranbHuii oIy icTOpiil, METOIOJIOTI Ta
obmesxens inyekcy Wet-Bulb Globe Temperature
(WBGT) npencraeneno y podorti [9]. WBGT e
NPaKTUYHUM IHTErPAIBHAM 1HAEKCOM TETIIOBOTO
HABaHTKEHHS, 10 30CEPE/PKYEThCS OCOOIMBO

Ha OLIHII BIUIMBY Ha Ipale3laTHICTh 1 Oe3meKy
JIFONIMHY, X04a 1 3 MEHIINM aKIIEHTOM Ha aTMOC-
(hepHMiT TUCK Ta ETICKTPUIHUI CTaH aTMOCQEpH.

AHaniz TemIoBUX pH3UKiB Ha OnimMmiid-
cbkux irpax y [apmxi-2024 Ta momiTuk MikHa-
pomanx Qeneparniii HaseaeHno y [10]. Hxepeno
JEMOHCTPYE Cy4acHE NPAKTHYIHE 3aCTOCYBaHHS
OiokmiMatyHUX iHAEKCiB (30kpema WBGT) st
OINIHKY PU3HKIB IS 37I0POB’ A1,

Oxpema Tpyma podiT BHKOPHCTOBYE YHi-
BepCaJbHUN KITIMAaTUYHUK TEpMallbHUM 1HIEKC
(UTCI), mo BpaxoBye TeILIonepeiaqy BCepeIrHi
TiJIa Ta MK HOTO OKPEMIMH YaCTHHAMH, & TAKOXK
MK MOBEPXHEIO Tijla Ta HABKOJMIIHIM Cepeio-
BuIleM. Taka MojIeNb TEIIO00MIHY CKIIaIaeThCs
3 IBOX ITiICHCTEM: TTaCHBHOI Ta akThBHO1 [11, 12].
[lacuBHa micucTema BKITtO9ae (pi3udHi eeMEeHTH
MEXaHi3My TEIJIONEePeHOCy BCeperHi Tila Ta Ha
HOro TOBEpXHI, TOMI SK aKTWBHA IIiJICUCTEMA
BKJTFO4A€ (hi310IOTIIHIIA MEXaHI3M TepMOPETYJIs-
mii. UTCI — ue iHCTpYMEHT, SIKHii TOJIETIIy€ TaKi
TIOPIBHSHHSA Ta OI[IHKH HE3aJIG)KHO BiJ| KJIIMAaTH4-
HOI 30HU Ta TIOPH POKY, 1 € HE3aJIXKHAM BiJT TAKIX
0COOMCTUX O3HAK, SIK CTaThb, BiK, (hi3MUHA aKTHB-
HicTh 1 omsar [13]. CucremHuii oIy 3acTocy-
BaHHs Universal Thermal Climate Index (UTCI)
SIK MEIMYHOTO MPOTHOCTUYHOTO 1HCTPYMEHTY B
yMoBax 3MiHH Kitimary [14] nokazas, mo UTCI €
OIHMM 3 HAMOMIKYMX CyYaCHHX MIKHAPOITHHX
anayoriB II1I1, ockinbku € iHTErpalbHUM 1HACK-
COM, IO OIIiHIOE KOMIUIEKCHHUH BIUIMB METEOPO-
JoriuHuX (hakTopiB Ha (i310NOriYHUNA CTaH JI0-
quHu. UTCI BUKOPHCTOBYETBCS, HANpPUKIAL, Y
JOCHIKEHHAX 13 OLIHKU OlOKJIIMATHYHOTO IO-
TEeHIiany Uil TypuU3My Ta BianmouwHky [15],
OIIiHIII MickKoTO OioKITiMaTy [16] Ta GaraThox iH-
X cepax.

TakuM 9rHOM, TIIO0ATBHI 3MIHU KITIMATy €
BaKJTUBOIO MPOOJIEMOIO CTAJIOTO PO3BUTKY. Came
3aJISKHICTD Bil KJIIMary 3/10POB' 1 CAMOIIOUYTTS
JIFOIMHU, I0TO YMOB TIPO’KHBAHHS, & TIOJICKY/IH 1
0e3lekn JIFOIMHN CHOHYKAIOTh HAYKOBY CITUIb-
HOTY A0 TOIIYKY O0'€KTMBHHUX MapamMeTpiB Ui
MPOTHO3Y 3MiH. Memoio docniodcenns: €: BU3HA-
YEHHSI OCHOBHHUX TCHJCHI[IM OararopidyHoi 3MiHK
[TOKA3HKKIB IATOreHHOCTI MOTOAM Y M. XapKiB Ha
OCHOBI aJ]aNTOBaHOi aBTOPaMH METOAWKH BH3HA-
YeHHS 1HJEKCIB IATOr€HHOCT] MOTOM.

Marepianu i MeTonn

Harenep, sk mokazano Buie, B CBiTi
c(hopMyBaJIOCh IeKibKa O10KIIIMaTHIHUX 1He-
KCiB, SIKi MOXYTHb CIYTyBaTH TUM MaTeMaTH4-

HUM 1HCTPYMEHTOM, 1110 MOKE IaTH KiIbKiCHY, a
SIK HACMIJIOK — 1 SIKICHY OLiHKY KOM(OPTHOCTI
JOBKLILIS JJISL JTIOAVHH.
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B nocnmipkeHHSIX YKpaiHChKHX BYCHUX
3yCTpIiYarOThCs Taki KKIIIOUOBI MOKa3HUKH [17]:

— Inpexc cyBopocrti noroau boamana (S)

— BirpoBo-xononoswii ingexc Caiima i [Tac-
cema (K,) — BHUKOpHCTOBYIOTBHCS Tiepe-
B)KHO JJIS1 OLIHKU XOJIOJIOBOTO CTpecy B
3UMOBUH mepioz.

— Inpmexc marorennocti B. Boxmn (Zum) —

KOMIUTEKCHUI TOKa3HHK, 110 BPAXOBYE JTU-
HaMiKy TeMIleparypy, BOJOTOCTi, IIBHI-
KOCTi BiTpY, XMapHOCTi Ta Mi»1000BYy MiH-
TUBICTH THCKY [18].

Ha nymky [17] ocranHili HaHMOBHiIIe
BiJIMIOBi/1a€ MOTpeOaM HAYKOBIIIB y OIiHIII TaTO-
TeHHOCTI MOTO/IH, IO JI0BEACHO B IIPOCTOPOBO-
4acOBOMY aHaJi3i po3noAuLTy OlOKIIMAaTHYHOTO
ingekcy B. Bokmii Ha Tepuropii Vkpainu (26
Mict, 2018-2023 pp.) Ta po3poOIIi aBTOMATH30-
BAHOTO 3aCTOCYHKY JUIsi MOro po3paxyHky. Lle
JDKEpeJIo € IPSMUM TPUKIaJ0M BUKOPUCTAHHS
ingexcy narorenHocti orogu (II1I1) B yxpain-
CBKIl HayIl, IO iJlealIbHO BIATIOBiZa€ BU3HA-
yenHto [T sk iHTerpanbHOi XapaKTepUCTHKU
HECTIPUSTIIMBOTO BIUIMBY KOMILIEKCY METeo-
¢akropis.

ABTOpaMu I OIIHKK 0i0MeTeopoIIo-
TiYHOTO BIUIMBY IOTOJHUX YMOB Ha OpraHi3M
JFOZIMHH 3aCTOCOBAHO 1HJIEKC TTATOTeHHOCTI M0~
romu (J), po3paxoBaHMI 32 METOAHMKOIO IO
MictuThes y npansx B. Bokmi Ta aganroBaHOO
aBTOPaMH JI0 TTOTPEO LBOTO JTOCIIHKEHHS.

[H/IeKC TaToreHHOCTI MOToN BU3HAYABCS
SK HTErpaJIbHUI TOKa3HUK, 1[0 BPaXOBYE Cy-
MapHHH BIUIMB OCHOBHHX METEOPOJIOTIYHHX
(hakTopiB 1 IX Mi>k1000BUX 3MiH:

]=a|T—Topt | +b|f_fopt|
+cv+d I p—pope | +e I AT | +k | Ap | (1)
He: T— cepennbon000Ba TeMIeparypa mo-

BiTp, °C;

f— BigHOCHA BOJIOTICTH MOBITPS, %0;

V— IIBUJKICTH BITPY, M/C;

p— armocdepHuit Tuck, rlla;

AT— mixxno00Ba 3MiHa TeMIEpaTypH Mo-
BiTp, °C;

Ap— mix1000Ba 3MiHa aTMOc(epHOTO
TUCKY, T'lla.

Sk onTUMalibHI 3HAYEHHS METEOPOJIO-
TiYHUX TMapaMeTpiB NPHUHHATO: TeMIlepaTrypa
noBiTps  Type = 18°C, BIAHOCHA BOJOTICTH
fopt = 60%, armocdepnnit  THCK
1013rTla.

Temnepamypna cxknaooea

Popt =

33

Je=a 1T —=Top | 2
He: T— cepennpon000Ba TEMIIeparypa;
Topt— onTumanbha (3assuyaii +18°C);
a = 0.2-0.3.
Bonozicms nogimps
]f:b'lf_foptl (3)
He: f — BigHOCHa BonoricTb (%);
fopt = 60%; b = 0.05-0.06
1llsuokicmo gimpy
Jy=c-v “4)
He: v — mBuaKicTs BiTpy (M/C);
c = 0.5-0.7
Ammocghepruii muck
]p:d'lp_poptl (5
He: p — tuck (rlla abo MM pT. cT.);
Pope = 1013 rlla(abo 760 mm);

d =~ 0.02-0.03
Mixcoobosa 3mina memnepamypu
Jac =e-1AT | (6)

He: AT = Teporomui — Toaopas € = 0.5-1.0
Mixcoobosa 3mina mucky
Jap =k -14p | (7)
,]162 Ap = pCLOFOL[Hi - quopa; k =~ 0.03-0.05
KoedinienTn BaromMocTti mMpUAHATO Bif-
MTOBIHO JI0 aJJallTOBAHUX BapiaHTIB METOIUKH:
a =0,2-0,3, b = 0,05-0,06, c = 0,5-0,7,
d =0,02-0,03, e = 0,5-1,0, k = 0,03-0,05.
OTtpuMaHi 3Ha4YCHHS 1HACKCY J IHTepIIpe-
TYBAJIUCS 32 HACTYITHOKO IIKAJIO0:
e 0 <] <9 — onTUMaIbHi MOTO/IHI YMOBH;
¢ 9 <J <25 — nogpa3HiOBaJIbHI IOTOIHI
YMOBHU;
e ] >25 —rocTpi NOrofiHi yMOBH.
J101aTKOBO 17151 OI[IHKH O10KTIMaTHYHOTO
HABAHTKEHHS BHKOPHCTOBYBABCS IMOKa3HUK
oIpa3HIOBaNBHOI Ail moroau (R), sxuit anami-
3yBaBCs 3@ aHAJIOTIYHOIO IIKAJIOK rpajallii.
Craructnyna oO0pobOka pes3yabTaTiB BH-
KOHyBajacs 3 BUKOPHCTAaHHSIM CTaHAapTHHX
METO[IB OITMCOBOI CTaTUCTHKHU. Bizyamizaitis
JAHUX 3IIHCHIOBANACS HUIIXOM IMOOYIOBU 3a-
JexxHocTel y mporpami Microsoft Excel Ta Temn-
JIOBOT KapTH i3 3aCTOCYBaHHSM KOJIBOPOBOI KO-
nudikaii piBHIB 610METEOPOIOTIYHOTO BILTUBY
3 BUKOpHCTaHHsIM anroputMiB NoteBookLM
Y  poboTi BHKOPHCTAHO pe3yJbTaTu
IIOZCHHUX METEOPOJIOTIYHUX CIIOCTEPEKEHD 3a
OCHOBHUMH KJIIMATHIHUMH TTOKa3HUKAMH (TEM-
neparypa MoBiTps, BiTHOCHA BOJIOTICTh, IIBUA-
KicTh BiTpY, arMocepHuii THCK) 3a mepiofn 3
2017 mo 2025 pix [19, 20, 21].
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Pe3yabraTtu T2 06roBOpeHHs

Y KOHTEKCTi Cy4acHUX TMOOAIbHUX KJIi-
MaTHYHUX TpaHcopMalliii OcOOIMBOI aKTy-
aNbHOCTI Ha0yBa€ KiJIbKiCHA OIiHKA BIJIUBY Me-
TEOPOJIOTIYHUX YMHHHKIB Ha (PyHKIiIOHATBHHUN
CTaH JIIOICHKOTO OpraHisMy. Buxopucranusa
KOMILIEKCHHMX O10KIIMaTUYHUX ITOKa3HHUKIB, 30-
Kpema iHAeKCy naroreHHocTi noroau (J-index),
JTO3BOJISIE IHTETPAJILHO OIIHUTH PiBEHB TOIPa3-
HIOBaJIbHOI [Iii atMocdepu Ta imeHTHdIKyBaTH
nepiogu HaiOLIBIIOro OIOTPOMHOTO PHU3UKY
Jutst HacenieHHs. [Ipencranenuit aHami3 6a3y-
€THCSI HA PE3YyNBTaTaX MOHITOPHHTY METEO-po-
JIOTIYHUX YMOB y M. XapkiB 3a mepiog 2017—

304.J

cepeonin J

2025 pp., 10 J1a€ 3MOTy 00’ €KTUBHO OI[IHUTH SIK
CE30HHY IHUKJIYHICTB, TaK 1 XapakKTep MiKpid-
HO{ MiHJIMBOCTI KTIMaTHYHOTO KOM(OPTY TepH-
TOpii.

AHaJti3 Ce30HHOI Ta MDKPIYHOT THHAMIKH
iHAeKcy maroreHHOCTI moronu (puc.l) mo3Bo-
JIB BCTAHOBHUTH YiTKY CE30HHY 3aJIC)KHICTh Ma-
TOTCHHOTO BIUIMBY TOTOMU HA OPraHi3M JIIO-
muan. [padix quHamiku J-iHIekcy mae Bupa-
xeny U-noniony dopmy (popmy «uamri»), mo
XapaKTepPU3yEThCSl EKCTPEMalbHUM HaBaHTa-
JKEHHSIM y 3MMOBHM TIEpion Ta MiHiMi3alli€lo
3HauEHb y JITHI MICSIIi.

-———

1 i1 i v Vv Vi

Vil Vi IX X N

NI seicxun

Puc. 1 — BararopiyHa quHaMiKa NOACHHUX 1HAEKCIB MATOTC€HHOCTI MOTOIU M. XapKiB
3a mepion 2017-2025 poxu

Fig. 1 — Long-term dynamics of daily weather pathogenicity indices in Kharkiv
for the period 2017-2025

31UMa iCTOPUYHO € HaNCKJIaAHIIINM TIepi-
07IoM Ut O10KIIMaTHYHOTO KOoM(OpTY, IpoTe
MAaTOTeHHICTh PO3BHBAETHCS MOCTYMOBO. Kia-
CHYHUN 3UMOBHH cTpec y XapKOBi € KyMYIISITH-
BHUM. Opratizm Mae 4yac Ha aJanTamilo 0 Mo-
CTYIIOBOTO 3HW)KEHHS TEMIIeparyp i 3MiHU TH-
CKy. 3IMOBHIA MEPioJl XapaKTEPU3y€EThCSI EKCT-
PEMaJIbHICTIO Ta HECTAOUIBHICTIO.

VY mepion 3 rpyzaHs MO JIOTUH crocTepi-
Tar0ThCS 3MMOBI MAaKCHMYMH MAaTOT€HHOCTI, JIe
3HAUEHHS 1HAEKCY NEepPiOANYHO AOCITAIOTH Bij-
MITKH 25 OOUHHUIB, 110 KIACU(IKY€ETHCS SIK «TO-
CTpa» abo «IyKe BUCOKa» MaroreHHicTh. OcHo-
BHUMH (akTopaMu (GopMyBaHHS TaKUX MIKiB €:

— TepMIUHUI1 CTpeC, 3yMOBJICHUH TOETHAHHAM
HU3BKUX TEMIIEpaTyp Ta BITPOBOTO HaBaHTa-
KEHHS,;
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—BHCOKa BOJIOTICTh Ta YacTi OMaad y BUTIISAI
MOKPOTO CHIT'Y;

— aKTHBHA IIUKJIOHIYHA JiSUTBHICTh, IO CYIPO-
BOIIKY€ETHCSl PI3KUMH KOJIMBAHHSIMH aTMO-
c(epHOrO TUCKY Ta 3MiHOIO BMICTY KHCHIO B
MOBITPI.

3a3Buuaii BUCOKI iHAekcH (>15) Tpuma-
IOTBCS CepisMd 1o 3-5 JHIB, IO BiATIOBiAa€E
MMPOXO/DKEHHIO  MacCIITa0HUX  arMoc(hepHHX
({poHTIB a00 CTaOLIBHUM aHTHIIMKJIOHAM.

AmHai3 MiKpiYHOT MiHJIMBOCTI CBiAYHUTb,
110 3UMa € HaO1IbII HecTa0lIbHUM CE30HOM: Y
Pi3HI pOKH MTOKa3HUK BapilOBaB BiJl TOMIpHUX 9
OIMHUIIb JI0 eKcTpeManbHuX 30, mo MoXe
OyTH HacmigkoM jectalimizarii kiaiMary Ta
Yyepry-BaHHS aHOMAJIBHO TEIUTUX 3UM 13 apKTH-
YHHMU BTOPTHEHHSMHU.
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JliTHa crabimizaliss Mae y CBOiM cyTi
03I0pOBYMH TMOTEHIiall, OCKUIBKM Ha TMPOTH-
Bary 3UMOBOMY I€piofy, 3 TpaBHS 10 BEPECHS
(bikcyeTbes MTHS CTaicTh KiimMary. [lokasHuku
MaTOTeHHOCTI OMYCKAIOTHCSI HUKYE 9 OMHUILIB,
IO CBIIYHTH MPO TEPEBaKAHHS ONTHMAIBHUX
YMOB, K1 Maike He TOTPeOyIOTh aAanTaIliitHIX
3ycwib Bi opraHizmy. BaxkmuBoro ocobmmuBic-
TIO JIiTa € WOTO BHCOKAa CTAa0IIbHICTH 3 POKY B
PiK: CBITJIi KpHBI MIOPIYHHUX CIIOCTEPEKECHD 37T~
BAlOTbCA Y BY3bKY CMYTY, MiITBEpIXKYIOUH
HaAIHHICTh IIBOTO TIEpioAy ISl KiIiMaroTeparnii
Ta IUTAHOBOTO O3/I0POBIICHHSL.

[epeximHi ce30HH MICTATh y cOOI MpoO-
LECH LIO 3/1aTHI CIIPUYUHSITH MEIHKO-METEOPO-
JOTiYHI PHU3WKA. BCTaHOBIEHO CYTTEBY BiA-
MIHHICTb Y IMHAMIII TIEPEXiTHIX CE30HIB:

—  BECHA XapaKTepU3YETHCSI BHCOKHM PO3-
KHJIOM 3Ha4eHb (0coONMMBO y OepesHi), IO
BiIoOparkae pi3HUI XapaKTep «IPUXOIY» BECHU Y
JIOCIIIKYBaHUH TIEPIiO.

{ s

3uma (Mpyaens - Motwil): MakcumanbHa naToreHHicTs

—  OCiHBb IEMOHCTpPYE OLIBIII CHHXPOHHE Ta
pi3ke 3pocTanHs martoreHHocTi. CTHCH Tep-MiHH
nepexony (’KOBTEHb—JIMCTOMNAJ) 3MYLIYIOTh Op-
TaHi3M [IBUJIKO A/IalTyBaTHCS 3pOCTAHHS HaBaH-
Ta)KeHHs1. [HIeKC maToreHHoCTI 3pocTae y 2 pasu
i BCS TOTOJa XapaKTepH3YEThCS SIK IOApa3-
HIOBAJIbHA, 10 TMiABUIITY€E PU3UK BUHUKHEHHS Ce-
30HHUX JIETIPECiii Ta 3HKEHHS IMyHITETY.

Busieneni nepionu 3 J-iHnekcom monan 25
ONVHUITH € KPUTUIHUMH ISl TIAIlIEHTIB 13 cep-
LIEBO-CYTMHHIUMH 3aXBOPIOBaHHSMH (TiEPTOHIs,
ilmeMiyHa XBopoba ceplisf) Ta MaToyorissMH IuXa-
JbHUX 1UIIXiB. OTpUMaHi IaHi J03BOJISIOTH IIPO-
THO3YBAaTH CIUIECKU 3BEPHEHB 110 MEIMIHY JI0TIO-
MOTy Ta e(eKTHBHO IUIaHyBaTH JiKyBaJbHO-
npoiTaKTHYHI 3aX0IU B PETioH1

[lepexinHi ce30HN XapaKTepHU3yIOThCS Me-
IaHHOIO TIATOTEHHICTIO, PI3KUMH MIKI000-
BumH niepenagamu (Bix 10 go 20 3a 48 roaun).
Takuit nepios] € KPUTUYHUM JUIS KapAioioriy-
HUX IAI[I€HTIB.

Jliro (Hepsexsb - Cepnenb): Bionoriyka pexpeauis

Puc.2 — 30H1 MakcHMaIbHOT TypOYIEHTHOCTI TIOTO

Fig. 2 — Zones of maximum weather turbulence

[IpsiMe TOPIBHAHHS IBOX KIIFOYOBHX CE-
30HIB JIOBOIUTH TiMOTE3y MpPO MOJSPHY Maro-
TeHHICTh KJIIMaTMYHUX TepiofiB B YKpaiHi.
3uma (puc. 2) Mae MaKCUMaJlbHY TIaTOTCHHICTb,
10 TPOSBISIETHCSI B PO3PAXOBAHUX HAMBHUIIIMX
CepeHiX MoKa3HUKax iHaekcy J Ta Bcix abco-
JIOTHUX MaKCHUMyMaX, 30CEpeDKCHUX came B
ueit nepioa. Kpim Toro, came B3UMKy crioctepi-
raeThCsl HAWIIMpILIA aMILUIITyAa KOJMBaHb iHIe-
KCY, 10 CBIIYUTH MPO BUCOKY Herependauypa-
HICTB IIOTOJIH.

VY Toif e yac, JNiTO MOXXHa YMOBHO Ha-
3BaTU IepiogoM Oi0JI0riYHOT pekpealrlii, e 30-
ceperKeHl HAHIKY1 1 HalCTaOUTBHIII TTOKa3-
HUKHN 1HACKCY J. o CTBOpPIOE
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HalicipuATIMBIIKK (QOH 11 BIAHOBICHHS Op-
raHi3My, OBHICTIO BUKJIIOUAIOUN €KCTPEMAaITbHI
MMaTOTeHHI CTPECH.

AHaJi3 MpeACTaBIEHOTO PUCYHKa (Ter-
JIOBOT KapTH) y MOETHAHHI 3 TAHUMH PO3paxyH-
KOBOI TaOIUII 1HIEKCIB HATONEHHOCTI Ta CTATH-
CTUKH METCOPOJIOITUYHUX €JIEMEHTIB JI03BOJISE
BHUSIBUTH YITKY 3aJIS)KHICTh Mi’K CTAaHOM aTMOC-
¢epu Ta 6ioKITIMaTHIHUM KOM(OPTOM.

3rimHO 3 TeIIoBOIO KapTtoto (puc. 3),
HaOLIbII IHTEHCHBHI «raps4i» 30HU (J > 30—
50) mpumagarTh Ha 3UMOBI MICAIll Ta OKpeMi
natu 2025 poxy. AHaii3 BiIOBIIHIX METEOPO-
JIOTIYHHUX JaHWX TOSICHIOE IIi CTIJIECKU HACTYTI-
HUMU YNHHUKAMHU:
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—  HU3BKI TeMIlepaTypH y TIO€IHAHHI 3
BiTpoM: HaiiBuilli moka3HUKH J-iHAEKCY CIO-
CTEpiraroThcsl MPH BiJ €MHHUX TeMIleparypax.
Hampuknan, 17.01.2021 (J=18,48) xapakrepu-
3yBajiocsi Temneparyporo -7,5 °C Ta 3HaYHOIO
BOJIOTICTIO. Excrpemanbhuii MOKAa3HUK
01.12.2025 (J=68,25) cynmpoBOoIKyBaBCs MOPO-
30M -5,2 °C Ta BHCOKOIO BOJIOTiCTIO 89,4%.

—  BHCOKA BIJHOCHA BOJIOTICTh: Y 3MMOBI
MICSIIi BOJIOTICTh YacTo mepesuinye 85-90%,
0 TIOCHJIIOE OXOJIOMKYBaJbHY IO TMOBITPAL.
Hampuximag, 26.12.2025 (J=30,03) npu Temme-
parypi -2,6 °C BoJjoricts ctaHoBuia 87,4%.

—  aHoMaJbHI noroaHi seuma: Crjieck na-
torenHocti 01.04.2025 (J=62,15) € HeTunoBum
IUId BECHH. Xo4a cepelHs Temieparypa Oyma
14,8 °C, BUCOKA IATOTEHHICTh y TaKi JIHI 3a3BH-
Yyaii 3yMOBJIEHAa PI3KUMHU KOJIMBAHHSMH aTMO-
cthepHoro THCKY (B 1€ JeHb BiH CTaHOBHUB
763,0 MM pT. cT.) 200 IHITUMH JUHAMIYHUMH
YMHHUKAaMH, [0 BigoOpaxeHi y ¢dopmyni po-
3paxyHKYy.

«XomnoaHI» CUHBO-3ENIeHI 30HH Ha PUCYHKY
(J < 10) BiamoBigawTh HepiogaM MaKCHMallb-
HOTO KOMQOpPTY, IO 3a0e3MeUyEThCsl HACTYII-
HUMH [IapaMeTpaMHu:

—  ONTHMAaJbHHUHA TEPMIYHHN PEXKHUM: IIO0-
Ka3HUKH J-iHIeKCY MiHIMaJIbHI IIPH TeMIIepary-
pax +18...+25 °C. Hanpuknan, y aunai 2020
POKY, SIKWH Ha KapTi BUIIAAAE HAHOUTBII KOM-
(bopTHUM, TeMIiepaTypu CTabiIbHO TPUMAITUCS
B Mexax 17-24 °C (nanpuknaz, 03.07.2020 —
J=7,07 npu T=23,0 °C).

—  TOMipHA BOJIOTICTh Ta HU3bKA IIBHU/IKICTH
BITpY: Y JiTHI JIHI 3 HU3BKOIO NIATOT€HHICTIO BO-
Joricte 3a3Buuail He nepesuurye 50-65%, a
HIBUJIKICTH BITpY € MiHiManbHOW0. Hanpukiaz,
16.07.2017 (J=3,42) xapakTepu3yBaJIOCs] TEMIIE-
parypoto 17,2 °C ta BonoricTio 74,8%.

—  craOinbHICTE arMocdepu: JITHI Micsi
("uepBeHb—CEPIIeHb) JIEMOHCTPYIOTh HaWMEHIITY
MDKpIYHY MIHJIMBICTh Ha TEIUIOBIM  KapTi,
OCKLIBKM METEOpOJIOTIYHI €JIEMEHTH B Led 4ac
HaOLIbII 30aJIaHCOBaHI J1JIsl OPraHi3My JIFOIUHU.

TakuM YUHOM, MO’KHA KOHCTATyBaTH, 0
TOJIOBHUM MaTOT€HHUM YHHHHUKOM Tl XapKOBa
€ 3UMOBHUI TUCKOM(OPT, BUKIUKAHUNA CHHEp-
Ti€r0 MOPO3yY, BUCOKOT BoJorocTi (dacto > 80%)
Ta BITPOBOTO HAaBaHTA)XEHHA. 30Ha KOMQOPTY
(TpaBeHb—BepeceHb) copMoBaHa  CTaliIb-
HAMH Temreparypamu Bume +15 °C Ta
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MOMIpPHOIO BOJIOTICTIO, IO MiHIMi3y€e HaBaHTa-
JKEHHS Ha aJanTaniiHl CHCTEMH.

Anomanii 2025 poky Ha TeruioBiil KapTi
BKa3yIOTh Ha 3POCTAaHHS YaCTOTU EKCTPEMalb-
HUX TOTOJHHX SBHIL, KOJH HaBiTh MPH JONAT-
HUX TeMIepaTrypax (K y KBiTHi) aTOT€HHICTh
MOXE CSIraTH KPUTHUYHHUX 3HAYEHb uyepe3 He-
CTaOlIBbHICTh TUCKY YU BOJIOTOCTI.

AHaJi3 MKPIYHOTO PO3MOIUTY TTaTOT€HHO-
cTi moromm B Xapkosi 3a mepion 3 2017 mo 2025
POKY, TIpOBEJICHHI Ha OCHOBI MaTpHLli iHAeKcYy J
JIO3BOJISIE BUSBUTH YITKI 3aKOHOMIPHOCTI, 1110 Ma-
FOTh KPUTHYHE 3HAYeHHs IS KiIiMaroTeparnii Ta
pekpeartii (prc.3). BusipieHa 3arajibHa Ce30HHA 3a-
KOHOMIPHICTB, 1110 BIJICTIZIKOBYEThCS Ha TPadiKy.

MakcumyMmu (4epBOHO-YOpHA TaMa) TIPH-
Majaf0Th Ha 3WUMOBI MicsIi (TpyIdeHb, CIYEHB,
aroTuid). Y 1ed mepiof 3Ha4YeHHS 1HIACKCY
cTabutbHO mepeBuilyoTh 30—40 oAvHMIB, a B
OKpeMi POKH CArar0Th EKCTPEMaIbHUX 3HAYCHb
nonay 50 oaunuik. lle CBIAYUTH PO BHCOKE
NO/Ipa3HIOBAJIbHE HABAaHTAKECHHS Ha OpraHi3M
JIOMWHU 4Yepe3 HU3bKiI TeMIleparypH, BiTep Ta
BOJIOTICTb.

MiniMmymu (CHHBO-3€JIeHa rama) CIIo-
CTepIiraroThCsl y JIITHIN Tepiof (4epBeHb—CEp-
NeHb). 3HAYEeHHs 1HAEKCY TYT KOJIMBAIOTHCA B
Mexax 0—10 oguHuIb, 1110 BiAIOBIA€ 30H1 MaK-
CUMAJILHOTO OIOKJIIMAaTHYHOTO KOM(OPTY.

AHaii3 OKpeMHX POKiB JI03BOJISIE BUSIBUTH
TEHJICHII 10 Jecrabimizamii KiiMmary, a came:
2020 pik BUALTAETBCS K HAWMOLIBII «M'SIKHID 32
BECh TIepion crocTepekeHb. BecHsHI Ta JiTHI
Mics11i 32a0apBieHi epeBakHO Y CHHIN KOJip, 10
BKa3ye Ha TPUBAIINIA 11epio KoM(OPTHUX HOTO/I-
HHUX yMOB. ¥ Toif ke gac, 2025 pik € KpUTUYHO
anomanbHUM. Ha TeroBiii kapTi BiH mo3Hadve-
HUN HaHOLIbII IHTEHCHBHUMH KOJIbOPAMHU.
OcoOnmmBy yBary MpHBEpPTAIOTh CIYHEBUH Ta
IPYIHEBHUI MIKH, KOJIM 3HaY€HHS CTabiIbHO TPH-
MAarOThCSl y TeMHO-(ioneToBiii 30HI (oHax 50
OJIMHUIb). Tako)k BUSBJICHA KBITHEBA aHOMATIs,
KOJIM Ha BiIMiHY BiJ] IHIIMX POKiB, 3a(iKCOBaHO
PI3KHMI{ CIUIECK MAaTOTeHHOCTI (TeMHa IUIsiMa Ha
(oH1 KOBTO-3ENICHUX KONBOPIB I1HIIHUX POKIB),
oo Moxe OyTH IMOB'S3aHO 3 €KCTpeMAaTbHIMH
MOTOJJHUMH SIBUILIAMHU.

CTOCOBHO TepexigHuX Ce30HIB (Oepe3eHb
Ta JINCTOIIA)T) MOYKHA 3a3HAYUTH, III0 BOHH BHCTY-
MaloTh 30HaMH TMOMIpHOi maroreHHocTi -10-25
OZIMHUIIB, IO KIACH(DIKYETHCS SK HOAPa3HIOBAIIb-
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Puc. 3 — Marpuisg natoreHsocti noroau y M. Xapkis (2017-2025 p.p.)
Fig. 3 — Weather pathogenicity matrix in Kharkiv (2017-2025)

Ha niorozia. B 1ieit nepiof y fesiki poku criocrepi-
TaeTbCs TEHJCHINST JI0 «CTHUCHEHHS» TOoapa3-
HIOBAJBHOTO Tepiony (Hanpukian, 2022 Ta
2025), Koy miepexiJi BiJi 3MMOBOTO TUCKOM(pOPTY
JIO JIITHHOTO CIIOKOIO BiIOYBA€ThCS OUIBII Pi3KO,
10 CTBOPIOE JOIAaTKOBE HABAHTAKCHHS HA ajiar-
TariHl CHCTEMU JIFONUHU.

OkpeMO Ha TEIUIOBY KapTy pPO3MILICHO
CTOBIMUHK «CepeHs», 0 PO3PAXOBAHH SIK yce-
PeITHEH] 3HaYCHHS 3a TIePiofl CIIOCTePEKEeHb. BiH
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ITBEP/KYE, 10 HAUOLIBIT CTa0LIEHIM Ta 0e3-
MIEYHNM JUTS 37I0POB'S € EPiozl 3 TPABHS 10 Bepe-
CCHb, TO/II K 3MMOBHI IEPIOJ BUMAra€e mocuie-
HOI yBar" 10 METEO3aJICKHUX BEPCTB HACENICHHS
Yepe3 BUCOKY IMOBIPHICTh FTOCTPOI MATOre€HHOI il
armocdepu. Ll Teroa kapra Ge33anepedHo Jo-
BOJIUTB, III0 TaK 3BaHa IOraHa Morojia — e He BU-
TIAJIKOBI JTHI, & CUCTEMHI Ce30HHI OJIOKH.
[poBenene nOCiKEHHS € MATPYHTSIM IS
OILIHKK MOXJIMBOCTI PO3BUTKY KJIIMaTHIHOTO
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Typu3My Ta OaJIbHEOJIOTil, OCKUIbKU € Kareropii
METEO03AICKHHUX JIFOIEH, IS IKUX TaKl KIIMaTHYIHI
YMOBH € KOM(OPTHUMH 3 MEIMIHOI TOYKH 30pY,
aJie He POTSTOM BCHOTO POKY.

Po3smsiHeMO 0COONMBOCTI peTioHy ISt po-
3BUTKY OaJTbHEONIOTTYHUX KYPOPTIB. 3 TOUKH 30Dy
KOM(OPTHOCTI TTOTOIH, MOYKHA BUILTATH "'30J10TE
BIKHO" - TpaBeHb, YCPBCHb, JUICHh Ta CEPIICHD.
Ile#t mepion € imeabHUMHK IS aepoTeparii Ta
remotepartii. Husbka BosoricTs (B Mexkax 50-60%)
Ta MiHIMaJIbHA MATOTCHHICTH JI03BOJISIOTH IPOBO-
JATH TPUBAJT €KCKYpCil Ta aKTUBHHUI BIATIOUMHOK.
CeprieHb BUIUTIETHCS SIK MICSIIb 13 HAMHIDKYOO
cepenHboro BosoricTio (1o 43.3% y 2018 pori),

10 POOUTH HOTO HAHKpAIIMM YacoM JIIs JIFOIEH i3
3aXBOPIOBAHHIMH TUXAIBHUX HIISIXIB.

[Ipm KOM(OPTHHX JTHIX MOTOAaX KypOpPTH
MaTHMYTh CE30HHY CIeIliaNi3allito, OCKUIbKH B 31~
MOBHH T1epiof] (JIMCTOMa-IIOTHIA) IOTOHI YMOBU
€ "TocTpo maroreHHUMHA''. B 11e# TIepio po3BUTOK
OanpHeosIoTii B XapKOBi Ma€ Opi€HTYBATHCS Ha 3a-
KpUTi IpuMitieHHs (kputi 6aceitnu, SPA-1ieHTpH).
Bigkpuri mpouietypy B 1€ 4ac mpoTUIIOKa3aHi de-
pe3 BUCOKHI PU3HK METCOITATUIHIX PEaKITii.

VY ol e Jac, po3BUTOK iH(PACTPYKTYpH,
OPI€HTOBAaHOI BHUKJIIOYHO HA BIIKpUTE MOBITPA,
B3UMKY € EKOHOMIYHO HEZOIUTHHIM Yepe3 BKpai
HEeCHPHUATINBUIA KiliMatnaHuit (ol (J > 25).

BucHoBku

BcranosiieHo, o maroreHHUi BIUIMB MO-
TOITM Ha CTaH 3/I0POB'A HACETICHHS M. XapKiB He
€ Xa0TUYHHUM — BiH YOPCTKO MiIOPSAKOBAHUH
CE30HHOMY puTMy. Arperaitis 17 528 mogeHHNX
BHUMIpIOBaHb Y CEPEIHBOMICSIYHI TIOKA3HUKH BH-
KpHCTaJli3yBajia TaKy TeH/ICHIIIIO:

- 3uMa € OO'€KTMBHO HaiHEOE3MeUHIIINM
HIePIOZIOM TSl METEO3ANICKHHX JIFONIEH, 10 3yMOB-
JIEHO BHCOKOIO BapiaTUBHICTIO iHIEKCy J Ta pery-
JISIPHOIO TIOSIBOIO EKCTpeMalbHUX 3Ha4eHb (>20);

- JITHI MiCSIi TATBEPPKEH] JTOCTiIKEeH-
HSIM SIK HAWCTIPUSTIIMBILIIHMI Yac , OCKLIBKH CITO-
CTepiraeThes MOBHA BiZICYTHICTH JIHIB 3 TOCTPOIO

MaTOT€HHICTIO, a AHIB 3 TMOIPa3HIOBAIBHOIO
niero (>9) kpurnyHo Mano. To6To HU3BKI cepe-
JIH1 3Ha4YeHHs J POOJIATH 1Iei Ce30H ONTHMAIIb-
HUM JJIS BIJIHOBJICHHS 3[I0POB’S Ta KJIIMaTHY-
HOTO TYpHU3MY.

Uitka U-mofiOHa KprBa CE30HHOCTI A0-
3BOJISIE IHTETPYBaTH iHJEKC J Y CUCTEMH MEInY-
HOTO TUTaHyBaHHA Ta YpOaHICTUYHOTO YIIpaB-
JIHHSA, TOTYIOUU iHQPACTPYKTYPy OXOPOHH 3J10-
POB’Sl 10 HEMUHYYHX 3UMOBHUX IIKIB. Y TO# ke
gac, M. XapKiB Ma€ BHUCOKHMH IMOTEHINAI JUIs
JITO-Opi€HTOBaHUX OAaJHHEONOTIYHMX KYpPOPTIiB
Ta KJIIMaTUYHOTO TypU3MY.

Konduikr inTepecis

ABTOpH 3aCBIAUYIOTb, 1110, HE3BAKAIOUN Ha T€, 1110 OJIUH 13 aBTOPIB CTATTI € YICHOM peJa-
KII1MHO1 KOJIET1i IIbOT0 KypHAITY, IPOLEC PELEH3yBaHHS, IPUHHSATTA PIIIEHHS 00 MyOsiKarii
Ta pelaryBaHHs MIPOBOJUIINCS He3aJekHO, 0e3 Horo ydacti uu BIUTUBY. By/b-sKi MOTEeHLIHHI
KOH(JIIKTH 1HTEepeciB OyJiM MOBHICTIO YCYHEHI] IIJIIXOM 30BHIIIHBOTO KOHTPOJIIO Ipoliecy. Kpim
TOTO, aBTOPH MOBHICTIO AOTPUMYBAINCH €ETUYHUX HOPM, BKITIOUAIOYH TUIATiaT, (hambcudikalliro JaHuX Ta
MOJIBIMHY MyOJiKAIIifo.

BHecok aBTOPiB: BCi aBTOpH 3pO0OMIIN PiBHUI BHECOK Y IIFO pOOOTY

Jexaapanisi npo Bukopuctanus 111

ABtopu BuKOpHCcTOBYBain NotebookLM 1yt CTBOPEHHS Bi3yallbHOTO KOHTEHTY. Bech HayKoBHiA
KOHTEHT Ta BUCHOBKH OyJM CTBOpEHi aBropamMu. OCTaTouHui TeKCT OyB MEpenIIHYTHH Ta epeBipeHuit
aBTOPAMH.
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LONG-TERM DYNAMICS OF WEATHER PATHOGENICITY
AND BIOCLIMATIC COMFORT IN THE CITY OF KHARKIV

Purpose. To determine the main trends of long-term changes in weather pathogenicity indicators in
Kharkiv based on the methodology for determining weather pathogenicity indices adapted by the authors.

Methods. The assessment was carried out on the basis of the weather pathogenicity index (J), which takes
into account the complex impact of the main meteorological parameters on the human body.

Results. The investigates the long-term dynamics of weather pathogenicity and bioclimatic comfort in the
city of Kharkiv. The assessment was carried out using the weather pathogenicity index (J), which considers the
combined influence of major meteorological parameters on the human body. Seasonal and interannual variability
of the indicators during 2017-2025 was analyzed. Based on the analysis of the main meteorological indicators (air
temperature and humidity, wind speed, atmospheric pressure and their daily fluctuations), it was established that
the highest values of weather pathogenicity are characteristic of the cold period of the year. The highest patho-
genicity values were found during the cold period of the year, whereas relatively comfortable weather conditions
prevailed in summer. At this time, increased values of the J index are observed (>20), which is due to a combination
of low temperatures, significant wind speed and sharp inter-daily fluctuations in meteorological indicators. In the
summer season, the most comfortable bioclimatic conditions generally prevail. The average values of the J index
during this period are the lowest for the year (J <9), which is associated with the relative stability of atmospheric
processes and lower contrast of meteorological parameters. The spring and autumn periods are characterized by
significant instability of weather conditions and increased variability of the pathogenicity index. Interannual anal-
ysis demonstrated a tendency to increase the variability of the pathogenicity index values during the studied period.

Conclusions. The obtained results confirm the feasibility of using the weather pathogenicity index as an
integral indicator for assessing the bioclimatic state of urbanized areas. The practical significance of the study lies
in the possibility of applying the results for medical and meteorological forecasting, assessing the recreational
potential of the territory, as well as developing measures for the adaptation of the population to adverse weather
conditions in the context of climate change.

KEYWORDS: climate change, weather pathogenicity, bioclimatic comfort, pathogenicity index, medical
meteorology, urban climate
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ONIHKA AKOCTI ATMOC®EPHOI'O ITIOBITPA 3 YPAXYBAHHAM
BUITAJKOBOI'O XAPAKTEPY KOHIHEHTPALIN
3ABPYJHIOIOYUX PEHOBHUH

Merta. AHaui3 craHy aTMOC(EpHOro MOBITPsI, BU3HAYEHHsI OCHOBHUX (pakTOpiB (hOpMyBaHHs 3a0pyAHEHHS
Ta OOIPYHTYBaHHS METOJIUKH OLIHFOBAHHS TapaHTOBAHOT SIKOCTI OBITPS 3 YpaxyBaHHIM BHIIQIKOBOTO XapaKTepy
KOHIICHTpAIIiil 3a0pyAHIOBAJIbHUX PCUOBHH

MeTtomu. CTaTUCTHYHI Ta PO3paXyHOK KOMIDICKCHOTO iHIEKCY 3a0pyaHenHs atmochepu (KI3A).

PesynbraTn. JIoCITiKEHHS TPOBEICHO HA OCHOBI IAHKMX CTaHIIii rpoMaschkoro Moritopurry ECO-City cran-
11ii Nel162 B paiioni XiMi9HOTO (aKyIbTETy Y KIOpOACHKOro HAIlIOHATBHOTO YHIBEPCHTETY 3 yPaxyBaHHSIM KIIIMATHIHHIX
i oporpadiunux ocodmBocTeit TepuTopii. BcraHoBNEHO, 1110 OCHOBHUM JpKepesioM 3a0pyIHEHHS aTMOC(epHOTo HOBITpS
€ aBTOTPAHCIOPT. BusiBIeHO BUpakeHy CE30HHICTh 3MiH KOHIIGHTpALliil 3a0py/HIOBAJIbHUX peuoBruH. DopManbaeris BU-
3HAYEHO IOJIOBHUM YMHHUKOM TMEPEBHUIIEHHS 1HIIEKCIB 3a0pyiHeHHs aTMochepH, pu oMy 3HaueHHs1 KI3A vacto Bin-
TIOBI/IAJIM PIBHIO «/Iy’K€ BUCOKOIO» 3a0pyaHeHHs. HalOuibin KpuTHyHi MoKa3HUKK 3ahikcoBaHO: st hopMalibaeriny —
MPOTSITOM YCHOTO POKY 3 MAKCHMAaJILHIMH 3HaUSHHSIMH Y CIUHI Ta JIUITHI; sl ipiOHOMcIiepeHoro ity PM2.5 1 PM10 —
y 3MMOBHI1 ITepio]] Yepe3 BILIMB ONATIOBAIEHOTO CE30HY Ta HECTIPHATIMBUX YMOB PO3CIFOBAHHS, ISl AIOKCHILY a30Ty — Y
KBITHI, IO TIOB’53aHO 3 TPAHCIIOPTHIM HaBaHTaKeHHsM. OIliHKA SIKOCTi aTMOC(EPHOT0 TOBITPS 3aCBiUIIIA CHCTEMAaTH-
YHE MePEBHILCHHS HOPMATHUBIB [ (JOPMAIIBIICTiTy POTITOM POKY.

BucHoBKH. Pe3yibTaTn HOCHIDKEHHS CBIYaTh PO HANpPY)KSHUH SKOJIOTIYHHIT CTaH aTMOC(EPHOro TOBITPS B
paiioHi ToCiHKEHHS Ta HeOOXIHICTh TIOCHJICHHS KOHTPOJIO 338 BUKHAAMH 3a0pyIHIOIOUHX pedoBuH. [IpiopureTHIMEI
3aX0JIaMH € ONITHUMI3aLlisl TPRHCTIOPTHUX TIOTOKIB, 3MEHIIIEHHSI BUKUIIB Y MEPIO/l ONAIFOBAIEHOTO CE30HY Ta BIOCKOHA-
JICHHS JIOKJTbHUX CHCTEM MOHITOPHHTY aTMOC(EPHOTO MOBITPsI, 0COOIMBO I1107I0 KOHTPOJTIO [HKepest (hopMabieriay.

KJIFOUOBI CJIOBA: ammocpepre nosimps, inoexc 3a0pyoHeHHss ammocgepu, 3a0pyOHIoOYl peuo8uHiL,
KOHYeHmpayii enemenmie, 2apanmoeana AKicmo

Sk mutyBaT: Anamenko C. f., Apxunosa JI. M. OrmiHka SKocTi aTMOC(HEPHOTO TOBITPS 3 ypaXyBaHHAM BHUIIA]I-
KOBOT'O XapaKTepy KOHLEHTpalill 3a0pyAHIOI0UNX PEUOBUH. Bichuk XapKiCbK020 HAYIOHANLHO20 YHiGepcumenmy
imeni B. H. Kapasina. Cepis «Exonoziay. 2026. Bum. 34. C. 42-53. https://doi.org/10.26565/1992-4259-2026-34-03

In cites: Adamenko, S. Y., & Arkhypova, L M. (2026). Assessment of atmospheric air quality considering the
stochastic nature of pollutant concentrations. Visnyk of V.N. Karazin Kharkiv National University. Series Ecology,
(34), 42-53. https://doi.org/10.26565/1992-4259-2026-34-03 (in Ukrainian)

Beryn
SIkicTb aTMOC(EPHOTO MOBITPS € OJHUM 13 PEUOBHH Y MOBITpi HaOyBae 0cOOIMBOT aKTyallb-
KJIFOYOBHX YMHHHUKIB, 1110 BU3HAYAIOTH €KOJIOTIY- HOCTI. 3a JaHUMM MDKHAPOJHHUX EKOJOTIYHUX
HUI cTaH TepHUTOpiil Ta piBeHb Oe3MeKH Hace- opraHizaiiii, 3HauHa YaCTWHA HACEJICHHS CBITY
JieHHs. Y Cy4acHHMX yMOBax ypOaHi3aliii Ta iHTe- MOCTIHHO nepeOyBae Iij BILIMBOM KOHIICHTpAIii
HCHBHOTO PO3BHTKY TPaHCHOPTHOI iH(pacTpyK- JIOMIIIOK, IO MEPEBUIIYIOTh PEKOMEHI0BaHi HO-
TypH MpoOiieMa HAKOIWYEHHs 3a0pyIHIOI0YHX pMatuBHi 3HaYeHHs [ 1, 2].
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B Ykpaini npo0iaemu moripieHHs sSKoCTi
TIOBITPSI 0COOIMBO aKTyallbHI Y BEJTHKUX MiCTax
Ta MPOMUCIIOBHUX PETiOHAX, JIe CTIOCTEPIraeThCsl
TepeBUITIeHH TirieHiganx Hopmatusis (I'J1K)
3a KJIF0U0BHMHU 3a0pyaHioBauamu (PM2.5,
PM10, SOz, NO>, CO, o30n) [3]. [Tlonpu HOpMa-
THBHO-TIPABOBI aKTH Ta MUKHAPOIHI TUPEKTHUBH,
e(eKTUBHUI KOHTPOJb Ta OL[iHKa CTaHy aTMOC-
(hepHOTO TOBITPS 3aTUIIAETHCS HETOCTATHHO Pe-
aJTI30BaHOIO, 1110 00YMOBITIOE IOTPEOY Y HAYKO-
BUX JOCJIPKEHHSX I0JI0 MOHITOPUHTY, MaTe-
MaTHYHOTO MOJICTIFOBAHHS Ta POTHO3YBAaHHS
3a0pyaHeHHs [4].

Y HayKOBiH JliTepaTypi 3HAYHA yBara IpH-
TISETECS BIUIMBY aTMOC(EpPHOTO 3a0pyHaHEHHS
Ha 37I0pOB’ s HaceJIeHHA Ta QYHKIIIOHYBaHHS €KO-
cucteM. Jlocmimkernns Di et al. miaTBepmKyrOTH
HasBHICTh CTATUCTUYHO 3HAYYILIOTO 3B’S3KY MIX
TPUBAIUM BIUIMBOM 3a0pYIHEHOTO IOBITPS Ta
3pOCTaHHSIM PIBHS CMEpPTHOCTI HaceneHHs [5].
Pesynbpratn MDKHApOAHHMX OCIIIKEHb TaKOX
CBi4aTh, MO APIOHOAMCIIEPCHI YaCTUHKH, OK-
CHJIM 230Ty Ta BTOPHUHHI OpraHi4Hi CHOJIYKH € O
HUMH 3 HalO11b111 HeOe3MeYHNX KOMIIOHEHTIB Mi-
CBHKOT'O MOBITPSHOTO CEpPeIOBHIIA.

BigmoBimHO 140 JAHUX  JOCHIIKEHHS
«Global Burden of Disease» lucturyty Mmerpuku
ta ouinku 3710poB’st (IHME), y 2024 poi Hacmia-
KOM BIUIMBY 3a0pyJHEHOr0 TMOBITpS cTajia
cMepTh Maiixe 4,9 mitH ocib [6]. YV cTpykTypi cBi-
TOBOI CMEPTHOCTI 1€ CTAHOBUTH OJIU3bKO 9 % Bij
3arajJbHOI KITBKOCTI JICTATLHUX BUIAAKIB [7].

Oco0MBY yBary JA0CHIIHUKH TPUALIAIOTH
(dhopMabIeriy ik OJJHOMY 3 HaltHEOS3MEeUHIIITUX
BTOPHHHUX 3a0pyAHIOBayiB. ¥ poboTtax Wu et al.
BCTaHOBJIEHO, O (opManbaeriay Oepe akTUBHY
y4acTh y mporecax (pOTOXiMIYHOTO CMOTOYTBO-
peHHs Ta GOpMYyBaHHI BTOPUHHHX aepo30dIiB [8].
Liu et al. joBenu Baromy poiib TpaHCIIOPTHHUX BH-
KAZiB y (OpMYBaHHI MiJBUILIEHUX KOHIIEHTpALil
dbopMmaiperiay B ypOaHi30BaHUX paiioHax 13 BU-
COKOIO 1HTEHCHBHICTIO PYXY TpaHciopTy [9].

OxpeMy yBary cydacHi JOCIiJIHUKH TpH-
JUISIOTH TIHTaHHSM 3MEHIICHHS aHTPOIIOTeH-
HOT'O HaBaHT)XEHHS Ha aTMocepHe MOBITPs Y
MmicTax. 30kpema, Manzueta et al. migKpecIrOTh
e(heKTUBHICTh KOMIUIEKCHHUX 3aXOJ[iB MIOJI0 CKO-
POYCHHSI BUKHIIB Y >KUTJIOBOMY CEKTOpi Ta B
OTTATFOBAIILHHUIN TIEPIOJ JJIsl MIOKPAIIeHHS SKOCTi
atmocdepHoro noitps [10]. Lle cBimuuts mpo
HEOOXIIHICTh BIPOBA/HKEHHS CYYaCHUX CHUCTEM
MOHITOPHHTY Ta PO3pOOJICHHS HOBHX MiJXOIiB
JI0 OLIIHIOBAaHHSI SIKOCT1 aTMOC(EpHOTO MOBITPA 3
ypaxyBaHHSM BHIIQJIKOBOTO XapakTepy KOH-
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LEHTpallill 3a0pyTHIOBATLHIX PEYOBHH.

[lin wac omiHIOBaHHSA cTaHy aTrMmocdep-
HOTO MOBITPS Y HACENICHUX ITyHKTaxX Ta B MeKax
BHPOOHHYUX TEPUTOPIH OCHOBHHM OPIEHTHPOM
BUCTYNAIOTh TiTri€HIYHI HOPMAaTUBH — TPaHUYHO
JIOIYCTUMI KOHIICHTpAIlii XiMi4YHUX 1 Oilojoriu-
HUX JOMIIIOK. JJoTprMaHHS BCTAaHOBJIEHUX HOP-
MaTHBHUX 3Ha4eHb CIPSMOBAaHE HA OOMEKEHHS
HETaTHUBHOTO BIUIMBY 3a0pyAHIOBAIbHUX PEUO-
BUH Ha 37I0pOB’sl JIIOJMHU Ta 3a0e3neyeHHs 0e3-
MEeYHUX YMOB NPOKMBaHHSA HaceneHHd [11, 12].

V nparsix, NpucBIYEHUX MOHITOPHUHTY atT-
MOC(EpHOTO MOBITPS, MiAKPECITIOETHC HEOOXiI-
HICTh 3aCTOCYBaHHSI KOMIDIEKCHUX IIXOIIB IO
OIIHFOBAHHS EKOJIOTIYHOTO CTaHy TepUTOpiil
[13]. 3nayHOro MOmMpeHHsT HaOyTH METOJUKH
pO3paxyHKy iHmekcy 3abpymHeHHs aTtMocdepu
(I3A), siKi O3BOJISIIOTH OLIIHIOBATH PiBEHb aHTPO-
MOTEeHHOT'0 HABAaHTAXXEHHS Ta IMOPIBHIOBATH E€KO-
JIOTIYHHUNA CTaH Pi3HUX MICT 1 PETiOHiB.

Cy4acHi TOCIIPKEHHS TaK0XK aKIEHTYIOTh
yBary Ha JOUITBHOCTI BUKOPUCTaHHs iMOBipHic-
HHUX Ta CTATUCTUYHUX METOIB OLIHIOBAHHS SIKO-
cti atMmocdepHoro nositps. Lle moBs’s3aH0 3 THM,
IO KOHIIEHTpalii 3a0pyAHIOBaIbHUX PEUYOBHH
MAalOTh BHUIIQJIKOBHUI XapakTep i 3MiHIOIOThCS il
BIUIMBOM METEOPOJIOTYHUX YMOB, CE30HHUX (a-
KTOPIiB Ta IHTEHCUBHOCTI BUKHIIB [14].

[Torpu 3Ha4YHY KiJbKICTh HAYKOBHX IpAllb,
MUTaHHS OIIHIOBAHHS TapaHTOBAHOI SKOCTi aT-
MOC(hEpHOTO TIOBITPS 3 YpaxyBaHHSIM CTOXaCTH-
YHOTO XapaKTepy KOHIIEHTpAIild 3a0pyAHIOBaYiB
3aIIMIIAETHCS HEIOCTATHBO JOCIiKeHHM [15].
Came TOMy aKTyaJbHHUM € BJIOCKOHAJICHHS IiJ-
XOJIB JIO aHaji3y CTaHy IOBITPSHOI'O CEpeio-
BHUIIIa HA OCHOBI iHTETPalbHUX Ta iIMOBIpHICHUX
MTOKA3HUKIB.

Ilin «rapanToBaHOW0 sKicTIO aTMochep-
HOTO TOBITPsD» Y pOOOTI PO3yMIETHCS TaKH CTaH
TIOBITPSIHOTO CEPEeJIOBHUINA, 32 SIKOTO 3 IMEBHOIO
CTaTUCTUYHOIO HWMOBIPHICTIO KOHLEHTpawii 3a-
OpYIHIOIOUMX PEYOBHMH HE NEPEBHUILYIOTH BCTa-
HOBJICHI TiTi€HIYHI HOpMaTHBH. TakUM YHHOM,
MOKAa3HUK TapaHTOBAaHOI SIKOCTI XapaKTepu3ye
CTYIIiHb €KOJIOT19HO1 Oe31eKr aTMOC(EPHOTO T10-
BITpPS 3 ypaxyBaHHSM BUITaJKOBOT MIHJIMBOCTI
KOHIICHTpAIIi#l TOMIIIOK Y Yaci.

MerToro poboTH € aHai3 cTaHy aTMochep-
HOTO TIOBITPS, BU3HAYCHHSI OCHOBHUX (aKTOPiB
dbopMyBaHHsS 3a0pyJHEHHS Ta OOIPYHTYBaHHS
METOAMKH OLIHIOBaHHS TapaHTOBAHOI SKOCTI I10-
BITpA 3 ypaxyBaHHSIM BHIIQJIKOBOIO XapakTepy
KOHIICHTpAIliil 3a0pyIHIOBAIEHUX PCUYOBHH.
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Marepianau i MeTogu

st mpoBeAeHHsT AOCTIIKEHHSI BUKOPUCTO-
BYBAJIHCS PE3YJIbTATH CIIOCTEPEKEHB 32 CTAHOM aT-
Moc(epHOro MoBITps, OTPUMaHi 3 BIIKPUTOI CHC-
Temu rpoMajickkoro MoHitopunry Eco-City. AHa-
JII3 BUKOHAHO Ha OCHOBI JaHux ctaHmii Nel162, sika
po3TaloBaHa TMOONM3Y XIMIYHOTO (haKyIbTeTy
YKTOpOoICHKOTO HAIlIOHAIFHOTO YHIBEPCHTETY.

Criyx 3a3Ha4YMTH, 110 CHCTEMA TPOMAJICHKOTO
MoHitopuary Eco-City 0a3yeTscst Ha BHKOpHC-
TaHHI CEHCOPHUX MOJYJIB, Pe3yJibTaTh SKUX MO-
JKYTh MICTUTH JTOJJATKOBI HEBH3HAYEHOCTI IMOPIB-
HSHO 3 CepTH(IKOBAHUMHU JIEPKABHUMHU TOCTAMU
crioctepeskenb. KaniOpyBaHHsS ceHCOpiB 3aiHCHIO-
BAJIOCS BIJITIOBIHO JI0 TIpOLICAYpP, NepeadadueHux
marpopmoro Eco-City, a orpumani pe3ynbTaTh
MIOpiBHIOBAJIHCS 3 (PI3UYHO AOMYCTUMUMH JTiaraz3o-
HaMU KOHIICHTPAIIIH.

Ji TIBUINGHHS JOCTOBIPHOCTI aHAI3y
BHUKOPUCTOBYBAJIHCS TIPOLIEAYPH TONIEPEHBOT 00-
POOKM HaHMX, 30KpeMa BUIAJICHHS aHOMAJIbHHX
3HAYEHb, MEPEBIpKa YacOBOI Y3TOMKEHOCTI BUMi-
PIOBaHb Ta yCEPEAHEHHS KOPOTKOMNEPIOANIHUX KO-
JIMBaHb.

I1ix yac aranizy BpaxoByBaJIOCS, III0 THITOBI
MOXUOKH CEHCOPiB IPOMAJICHKOT0 MOHITOPHHTY, 32
JaHUMH JHTEpaTypHUX JDKEpeN, MOXYThb CTaHO-
Buth 10-20% 3anexHo Bix TUIY 3a0pyTHIOOYOL
PEYOBHHH Ta METEOpOJIOTiYHMX yMOB [ 16]. [Tpory-
CKH JIAHUX, SKi He TIepeBUITyBaIu 5% BiJI 3aralib-
HOTO MacHBY CIIOCTEPE)KECHb, HE BKIIOYAIUCS JIO
CTaTHUCTHYHOTO aHAI3Y.

JocmipKyBanucsi KOHIIEHTpatlii  hopMaib-
JIETi/Ty, amiaKy, JiOKCHILy a30Ty, OKCHIY BYTJICIIO
Ta IPiOHOTUCTIEPCHUX TBEPANX YacTUHOK PM2.5 i
PM10. Takox BpaxoBYBaJHICSl CYITyTHI METEOpO-
JIOTiYHI TTApaMeTpH: TeMIepaTypa MoBITPs, AaTMOC-
(hepHUIT THCK Ta BiTHOCHA BOJIOTICTb.

Jus anamizy Oymm oOpaHi jaHi croctepe-
’KEHb 3a ClueHb, KBITEHb, JIUIIEHD Ta KOBTEHb 2023
poky. Takuii BHOIp H03BOJMB OIIHWTH CE30HHI
0COONMBOCTI 3MiHH PiBHIB 3a0pyIHEHHS aTMoc(he-
pHOTO TIOBITps1. [IepBUHHI TOKa3HUKK KOHIIEHTpA-
1Kt OyJIM ITPUBEIEHI 10 €MHOI CUCTEMHU OJIUHHUIIb
BUMIPIOBaHHSI, 1110 3a0€3Me9nII0 MOMKIIUBICTD MO/1a-
JBIIAX PO3PaXYHKIB.

OuiHroBaHHsT piBHS 3a0py/JHEHHS! BHKOHY-
BaJIOCS 13 3aCTOCYBAHHSIM 1H/IEKCY 3a0py THEHHS

arMocdepu (I3A) Ta KOMIUIEKCHOTO iHIEKCY 3a-
OpyaHeHHs1 atMocdepHoro moBiTps. s kokHOT
PEYOBHHH BU3HAYABCSI CTYIiHb IIEPEBHUIICHHS HOP-
MAaTHBHHUX 3HaYCHb TPAHUYHO AOMYCTUMHX KOHIIe-
HTpAITii.

YV mporieci KoCTimKEeHAS KOHIIEHTparii 3a-
OpyIHIOBAIBHUX PEYOBHH PO3IIIIAIICS SIK BUITA-
JIKOB1 BEJIMYMHH, 3HAYEHHS SIKMX 3MIHIOIOTHCS i
BIUTMBOM TIPHUPOJHHUX 1 aHTPOIIOTeHHUX (DaKTOPiB
[17-19]. dnst orfiHIOBaHHS rapaHTOBAHOI IKOCTI aT-
Moc(epHOTO MOBITPS BUKOPHCTOBYBABCSI IMOBIPHI-
CHUI MiIXiJ, 3aCHOBAHUI Ha BU3HAYEHHI YaCTOTH
BUIIAJIKIB, KOJM KOHIICHTpAIlii HE MEPEBUIIYBATH
BCTaHOBJICHI HopMatuBu [20-21].

KoHnenTpariii 3a0pyIHIOIOUMX PEUOBUH PO-
3MIBSIIAINCS SIK BUTAIKOBI BETUYMHH, JUIS IKUX BHU-
3HAYaJIMCS OCHOBHI CTATUCTHYHI XapaKTePUCTHUKH:
CepelHE 3HAYCHHS, MeJliaHa, CTaHAApTHE BiIXu-
nieHHs1 Ta KoedinieHT Bapianii. st nepeBipku xa-
paKTepy pO3NOJIUTYy TaHHX 3aCTOCOBYBABCS KPHTE-
piit Hlamipo-Yinka. ¥ Bumaakax BiIXWIEHHS pO3-
TIOJIUTY BiJl HOPMAJIFHOTO BUKOPHCTOBYBAIIUCS He-
TapaMeTpUYHi OIIIHKY Ta aHAI3 eMITIpUIHUX Yac-
TOT NEPEBHILICHHS TPAHIYHO JIOIYCTHMHX KOHIICH-
TpAaIli.

IMOBipHICTh TapaHTOBAHOI SIKOCTI aTMOC(e-
PHOTO TIOBITPSI OLIIHIOBAJIM SIK CTATUCTUYHY HMOBI-
PHICTB HETIEPEBUILICHHSI HOPMATHBHUX 3HAYCHb:

m
P=" @
JIe M¢— KUTbKICTh BUIAJIKIB, KOJIU KOHIICHTpALIis HE

nepesuityBaia ['J1K;
M — 3arajibHa KiIbKICTh CIIOCTEPEKEHb.
Jlns oliHIOBaHHS CTAaTHCTHYHOI HaJIHHOCTI
OTPUMAHMX IMOBIPHICHHX OI[IHOK BH3HAYAIHCS
95% noBipui iHTEPBAJIM HA OCHOBI OIHOMIAJILHOTO

po3noaiy:
Cl=p+196 /@ )

Jie P — olLliHeHa HMOBIPHICTh HETIEPEBUILICHHS HOP-
MaTHBY,
N — KUTBKICTh CIIOCTEPEKEHb.

OtpuMaHi pe3yibTaTd JO3BOJIIIN OLIHUTH
pIBEHb EKOJIOIYHOI Oe3MeKH TepuTopii J0CIi-
JOKEHHSI Ta BU3HAYUTH PEYOBWHH, SIKi HaHOUIbIIE
BIUTMBAIOTH Ha ()OpMYBaHHS 3a0py/THEHHSI aTMOC-
(epHOTO MOBITPSL.

Pe3yabTaTi TAa 00rOBOpEeHHS

3a  0COONHMBOCTSMH  METEOPOJIOTIYHUX
YMOB MICTO Y3KropoJ XapakTepH3y€eThbCs MiIBHU-
IIEHUM TIOTEHIIaJIOM HAKOMMYEHHs 3a0pyIHIO-
BaJIbHUX PEYOBHH y aTMOC(HEpHOMY TIOBITpI Ta
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HEJIOCTATHBO CHPHUSATIUBUMU YMOBaMH JJIsl pPO3-
CIIOBaHHSI IPOMUCIIOBUX BUKHIIB [22]. BaxuBy
POJIb Y IbOMY Bifirpae reorpagiune MOoI0KEeHHS
MicCTa, iK€ 0OMEKy€e IHTEHCUBHICTD MPUPOTHOTO
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MOBITPOOOMIiHY. 3HAYHY YaCTHHY POKY, IPUOIH-
3HO 65—67 % JHIB, CIIOCTEPITAIOThCS MITHIHOBI
yMOBH a00 ayKe caOKuil BiTep 31 MBUAKICTIO 10
1 m/c. 3a TakMX YMOB NOMIIIKH TPHUBAJIHH Hac
YTPUMYIOTbCS y MPU3EMHOMY IIapi aTMocdepH,
1o crpusie GOpMyBaHHIO CMOTOBHUX SIBHIL Ta I10-
JTABIIOMY OCIJTaHHIO 3a0pyAHIOBAIIBHUX pPEedo-
BuH. OCHOBHUMHU JKepenamu 3a0pyJHEHHS aT-
MocdepHOro OaceliHy MiCTa € SK CTalllOHapHi
00’€KTH, TaK 1 MepecyBHI JpKepea BHKHUIIB, ce-
pen SIKUX TPOBIAHY pPOJb BiMirpa€ aBTOMOOINTb-
HUU TPAHCIOPT.

MosiTopuHT 3a0pyAHEHHS TOBITPS B MICTi
Y Kropoii IpOBOAMUTHCS JTa0OPATOPIEIO CTIOCTEpe-
JKeHb 3a 3a0pynHeHHsM noBitps (JIC3A) 3akap-
natcekoro L{I'M, moumnHaroun 3 1992-ro poky.
Cran aTMocdepHOTo TMOBITPS M. YKropoJa KOHT-
POJFOETHCS HA JTBOX CTaIliOHAPHHUX 0a30BHX IOC-
tax crocrepexkennst ([1C3), siki po3ramroBadi:
I1C3 Nel — B amMiHICTPaTUBHO-)KUTIOBOMY paii-
oHi MicTa, npocriekT CBoboam, 2; [IC3 Ne 2 — B
MPOMHCIIOBOMY paiioHi, By1. Ceprist MapTuHa.

BinGip npo6 noBiTpst NpoBoaUTECS 4 pasu
Ha 100y (17151 BU3HAUSHHS BMICTY TIOKCHILY CipKH,
JTIOKCHUIYy Ta OKCHIY a30Ty, (hopManbieriay) Ta 2
pasu Ha 100y (17151 BU3HAUYEHHS BMICTY ITHITY, PO3-
YUHHUX CYJIb(ATIB, OKCHIY BYIJICIO, 8 BasKKHX
METaJiB), KpIM BHUXiIHUX Ta CBATKOBHX JHiB. 3a-
cOOH BUMIPIOBAJIbHOT TEXHIKH, 110 BUKOPUCTOBY-
IOTHCS B POOOTI, IPOXOASTH IEP’KaBHY TIOBIPKY.

3a JaHUMHU JIep)KaBHUX CTATHCTUYHHX CIIO-
CTepeXeHb [ 0JIOBHOTO YIpaBIIiHHS CTATHCTHKU Y

2025 pori 3a0pyAHIOIOYUX PEUOBHH BiJ| CTaIllOHA-
PHUX JDKepen 3a0pyJHeHHs 3aKkaprnaTchbkoi o0Ja-
CTi CKJIaJau 3,7 THC. TOHH. 3 3arajbHOI KUIBKOCTI
BHKWIIB, 9acTKa M. Ykropox ckiana 3,2% (120,6
T), Y TOMY YHCJIi JIOKCH] Cipku 9,8 T Ta miokcup
asoty 8,8 T. (puc.1).

Jns BU3HAYEHHS CTyINeHS 3a0pyIHEHHS
aTMOC(EepHOro MOBITPS 3a METOAMUKOIO IO BH-
KJIaJieHa BHUILE MU CKOPUCTYBaJIUCS 023010 JaHUX
cranmii Ne1162 Eco-City.

s craHmis posramoBaHa OISl KOPITyCY
XIMIYHOTO (aKynbTeTy YIKrOpoJCHKOrO Halio-
HaimpHOTO YyHiBepcuteTy (Byn. IligripHa 46).
CraHIiiss TPOBOAWTH BHUMIipH: (HhOpMaiblIeriny,
amiaky, JIOKCHJ] a30TY, BYTJICIIFO OKCHJI, TBEPAUX
yactuaok (PM2.5, PM10) ta meteomapamerpiB
(Temrieparypa, BOJIOTICTh, TUCK).

Homst cranmii Nel1162 mu obpanu naHi 3 ci-
4yHs 10 rpyAeHb 2023 poky. Y 3aranbHOMY €K-
CeIb-Ta0UIISI CKIIAIA€THCS 3 BOCBMH KOJIOHOK Ta
130 297 psaaxiB manux. llokasHWku BUMIpY ¥y
Ta0JIMIII TOJaHl Yy MDKHAPOAHIM CHUCTEMi BHMi-
proBanHs: (opManbzaerin y ppb; amiak, miokcun
a30Ty, BYTJICIIO OKCHJ — PPM; TBEP/i YaCTUHKH
(PM2.5, PM10) — ug/m?; temmniepatypa — °B, Bo-
JioricTh — %; THCK — Pa.

Ha ocHOBI mpoBeaeHNX pO3paxyHKiB BH-
3HAUCHO IIOKa3HMWKHU, W0 XapaKTepH3YIOTh pi-
BEHb 3a0pyTHCHHS aTMOC(EPHOTO MOBITPS OKpe-
MHMH PEYOBHHAMH, a TAKOXK OOYHCICHO KOM-
TUIEKCHUH 1HAEKC CyMapHOTO 3a0pyIHEHHS aT-
Mochepu.

9
8 ‘\\
7
; \
: \
S
= /\
™
3
2
1
0
2018 2019 2020 2021 2022 2023 2024 2025
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Puc. 1 — JIlunamixa BUKHIIB 3a0pyIHIOIOUNX PEUOBHH

Fig. 1 — Dynamics of pollutant emissions
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Jns Bizyamizamii oTpuMaHuX 3HaYEHb I10-
OyznoBai rpadiku, sIKi MPEACTaBISAIOTh AUHAMIKY
0OOBUX 3HAYEHb 1HJAEKCY 3a0pYyAHEHHS aTMOC-
¢depu (I3A) mns KMFOYOBUX 3a0pYyIHIOIOYNX pe-
YOBUH 3a YOTHPH KOHTPOJIbHI Micsli (CiueHb,
KBITCHB, JINTICHb, )KOBTEHE). KoskeH rpadik Bimo-
Opaxae piBeHb aHTPOIIOTEHHOTO Ta MPHUPOTHOTO
HaBaHTA)KCHHS HA MOBITPSHE CEPETOBUILE:

1) I3A dopmansaeriay — e oauH i3 Haii-
OimpIm KpUTHYHUX NOKa3HUKiIB. Ha rpadiky Bu-
JIHO, 1110 3Ha4eHHs I3 A yacTo KOJUBalOTLCS B Me-
xkax 15-35 oquannes. Haii0inem HecTablIbHA CH-
TyaIlis CIIOCTEPIraeThCsl y INTHI (YepBOHA JTiHis)
Ta ciuHi (O1akuTHA JMiHig). 30KpeMa, y CidHi 3a-
(bikcoBaHO PI3KMI aHOMaJbHUH CTPUOOK (IIiK)
65u3pK0 20-T0 YKCIa, 110 MEePEeBUIINB MO3HAYKY
45. Ile moxxe OyTH TIOB’SI3aHO 3 TEMITEPATYPHUMHU
IHBEpCisIMHU, SIKI TIEPEIIKOPKAI0Th PO3CIFOBAHHIO
rasis (puc. 2a).

2) 13A miokcuay a3oty — rpadik mokasye
BHUpaXeHy ce30HHicTh. HaiiBumii piBHI 3a0pyn-
HEHHSI XapaKTepHi [ KBITHS (3eJieHa JIiHist), ae
Ha MoYaTKy micsus (4-5 dncna) iHaeKc csrae ma-
KcumMyMmy — noHaj 2,0. JluneHs Ta KOBTEHb Jie-
MOHCTPYIOTh 3HaYHO HW)KYi Ta CTAOUIBHIII IMO-
ka3Huku (B Mexxax 0,1-0,3) (puc. 26).

3) I3A amiaky — TyT 4iJIbHE MiCIIe TTOCiIa€e
munenb (depBoHa miHis). [Iporsrom yceoro mi-
CALSL CIIOCTEPITaloThCs BUCOKI TOKAa3HHUKH 3 TMi-
koM 13-ro uncna (mmonax 0,0020). Lle wacto mo-
SICHIOETHCS aKTHBI3aIlI€I0 TIPOIIECiB THUTTS OpTra-
HIK{ T2 IPOMHCIIOBUMH BUKU/IaMHU B YMOBaX BU-
COKHX Temrneparyp (puc. 2B).

4) 13A OKCH/Iy BYTJICIIO — OKCH/I BYTJIEIIIO
Mae MEHIY aMIDITyly KolvuBaHb. HaiiBumii ce-
penHi 3HaueHHs 3adikcopani y ciusi (0,04-0,07)
ta >k0BTHi (0,04-0,05). Ile xopenroe 3 poboTOIO
ABTOTPAHCIIOPTY Ta CHCTEM omnajieHHs. HaiHmk-
4Mii piBeHb 3a(iKCOBaHO Y KBiTHI (puc. 2r).

5) I3A tBepaumu yactuakamu (PM2.5 ta
PM10) — ui rpadiku € HaWOUIBII MOKA30BUMHU
II0/I0 SIKOCTI TIOBITPS B PO3pi3i OMAOBAIEHOTO
ce3ony: (puc. 3). CiueHp (OakuTHA JIiHISA) — JIe-
MOHCTPY€ €KCTpeMallbHi MK I 000X THIIIB
nuny. Jns PM2.5 ingexkc migHiMaeThCcsl BuUIe
3,0, a st PM10 — maitke mo 1,0. OcHoBHI crie-
CKHM NpUNajnarTh Ha 3-Te, 12-Te Ta 30-Te yncna.
[HIn MicsIi — NOKAa3HUKHM IS KBITHS, JTUIHS Ta
’KOBTHSI 3aJIMIIAIOTHCS  CTAOUIBHO HHU3BKHUMHU
(Maiie Ha HYJTHOBOMY PIiBHI IOPIBHSHO 3 Cid-
HEM), 10 MiATBEPKY€ BIUIMB CIIATIOBAHHS TBE-
pioro mnanuBa Ta CcHenU(QIYHAX METEOYMOB
B3HMKY.
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3aBepransHuil Tpadik iHTErpy€ BCi BUIIIE-
3rajladi JIOMIIIKH B €IMHUN CEPeIHbOI000BUI
MMOKa3HUK — KOMIUIEKCHUH 1HAeKC 3a0pyTHeHHS
atMmocdepnoro mositps — KI3Acx (puc. 4).

3araneHuid TpeHA rpadiky XapakTepusy-
€TbCS MOCTIHHUM BUCOKHM pPiBHEM 3a0pyJHEHHS,
ockinpku 3HaueHH KI3A Mmaiibke HikonH He o1Ty-
ckatoThest Hk4de 10. Haiibinpm 3a0pyaHeHHM
MICSIIIEeM 3a CYKYTHICTIO (paKTOpiB BUCTYIIA€E JIU-
TeHb (YepBOHA JIiHISA) 3 YACTUMH ITIKaMH TIOHAT
30, Ta ciueHs (OJIAKUTHA JIiHISA), Ie CITOCTepira-
€TbCS HAUBUILUI pa30BHI MIK POKY — OTU3BKO 45
OJIMHULIB.

AHami3 CBITYHATH MPO Te, IO OCHOBHUMH
npobaemMamu € popManbaerij (MPOTAroM ychoro
POKY) Ta npiOHOAMCTIEpCHUH T (Y 3UMOBHIA T1€-
pion). Bucoki 3nauenns KI3A (monan 14 BBaxa-
€TBCS «Iy’K€ BUCOKHM» piBHEM) BKa3yIOTh Ha
3HAYHE €KOJIOTIYHE HaBaHTAXKCHHS HA PETiOH, J¢
MIPOBOJMIIUCS BUMiPIOBAaHHS.

[linBumieHi KoHIEHTpAaIii (popMalbIeTiTy
MOXYTh OyTH TIOB’sI3aHi K i3 TPaHCHOPTHUMH
BUKUAAMH, TaK 1 3 JIOKUILHUMH JKEpEeIaMH aH-
TPOIOT'€HHOI'0 MOXOHKEHHS, 1110 OTpedye noxa-
TKOBUX JOCHIKEHbD.

PozpaxyHOKk rapaHTOBaHOI SIKOCTI aTMOcde-
PHOTO MOBITPS IPOBOIMBCS HA OCHOBI JIaHUX IIPO
(axTruHi KoHUeHTpartii Ta ['/IKcx 3a hopmymnamu
HMOBIPHOCTI HETIEPEBHIIICHHS! HOPMATHBIB.

1. Buxinni nmani ta ['JIK (po3paxyHox
npoBe/ieHnid 0e3 BpaxyBaHHA manmx PM10 i
PM2.5 tak sik qyist Hux I'JIKc He BCTaHOBJICHO):

— mepion crmocrepexeHb: cidenp (31
JieHb), kBiTeHb (30 aniB), nuneHs (31 geHs), xo-
BTeHb (31 nenp) 2023 poky. 3aranbHa KiJbKiCTb
JIHIB crioctepexeb (M) 123 nHs.

— TI'IKcn: dopmamsaerin 0,003 mr/m?;
amiak 0,04 mr/m3; miokcun azoty 0,04 mr/m*; By-
raewro oxkcun 3,0 mr/m3.

2. Po3paxyHOK HMOBipHOCTEH HeElepeBH-
meHHst I'JIK 1715 Ko’kHOi pe4OBUHMU.

Mu BUKOPHCTOBYEMO (popMyITy HMOBIpHO-
CTi JJ1s1 KO’KHOT pedoBUHU (Pcyj):

Pe,i = =,

cAj m 3
JI€ M — KITBKICTB JTHIB, KOJIHM KOHIICHTPAITIS J-TOT
peuoBunu < I'JIKcxa.

Konuentpanii 3a0pynHIOOUNX pPEeYOBUH
PO3TIIAJATTUCS SIK BUIIAJKOB1 BETUUNHH, IS IKHX
BU3HAUYAINCS CEpeJHI 3HAYEHHS Ta BapiaOelb-
HIiCTb. IMOBIpHICTD HENPEBHUILIEHHS HOPMATHBIB
OLIIHIOBAJACA 32 EMIIPUYHUMHU YaCTOTAMHU CIOC-
TepexeHb. OTprMaHi pe3yJIbTaTH IHTSPIIPETY-
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BaJIHCS SIK CTATHCTUYHI OIIHKH TaPaHTOBAHOI SIKO-
CTi aTMOC(EpPHOTO TOBITPSI.

Ilicns mpoBeneHHST PO3paxyHKIB OTpHMa-
€MO HACTYITHI 3HAYECHHS:

— (opManbIeria: KOHIIEHTpAIlii KOJIMBa-
1oThes Big ~0,0104 mr/m® mo ~0,0201 mr/m3. Bei
BUMipsiHi 3HaueHHs nepesutnyioTh ['JIKca 0,003
MT/M°.

me d)OpMaJ]L):[el‘i}le;

Pc,u q)opmanbﬂerm:O/lZB:O.

— amiak: KOHIICHTpAIlli KOJHUBAIOTHCS Bil
~0,0028 mr/m® mo ~0,0087 mr/m®. Bei BumipsiHi
3HaueHHs Hwkui 3a ['/IKcx 0,04 mr/m3.

me aMiaK=123;
Pcu aviax=123/123=1.

— JIIOKCHJ a30Ty: KOHIIGHTpallii KOJIH1Ba-
rothed Bix ~0,0184 mr/m® no ~0,0514 mr/m3. 3Ha-
yeHHs yacto nepesuinyiote ['IKca 0,04 mr/m?
(nmampuknan, 4, 5 kBitHs, 25, 27, 29, 30 ciuns).

M niokenn a3oTy <1231
Pcu JUOKCHJL a30Ty <1.

— BYIJIEIFO OKCHJ: KOHIIEHTpaIlii KOJIrBa-
10ThCs Big ~1,15 Mr/m® 10 ~1,57 mr/m3. Bei Bumi-
psHi 3HaueHHS Hokyi 32 ['1Kcx 3,0 mr/m?.

me BYTJICLIO 01c0ml=123;
Pexsyraemo okenn=123/123=1.

Po3paxyHOK KOMILIEKCHOI TapaHTOBaHOI
SIKOCTI ITOBITPSI — KOMIUIEKCHA MMOBIPHICTB HeTle-
peBumieHHs1 (Pc,) BU3HAYa€eThCs SK YacTKa JHIB,
KOJIM BCI PEYOBMHH OJIHOYACHO HE TICPEBHUIIYBAIH
cpoix I'IKcx.

OCKITBKH MM MaeMO HYJIbOBY HMOBIPHICTB
st popManbaeriny (Pex gopwamierii=0) Ta HEHY-
JBOBY KUIBKICTh TIEPEBUINEHb [UIA JIOKCHUIY
a30Ty, KUTBKICTh JTHIB, KOJIM BCl YOTHPH PEUOBUHHI
OJTHOYACHO OyJIM B MeKaxX HOpMH (M), JOPIiBHIOE
HYJIIO.

SIK1I10 TTPOBECTH aHAIOTIYHUI PO3PAXyHOK,
KOJIY 3HaYeHHs (OpMaNIbAETi Ay Oyir O MEHIIUMU
3a cepeanbonobose I'JIK Toai 6 mu otpumany Ha-
CTYITHI 3HaYEHHS — TapaHTOBaHa AKiCTh aTMOCc(e-
pHoro ToBiTps (0e3 ypaxyBaHHS (OpMaIbAETiLy)
cranoBmia 6 0,943 (abo 94,3%). Lle cBiquuTh PO
Te, 1110 3 IMOBipHIicTIO 94,3 % cTan aTMOc(hepHOro
TIOBITPS BiATIOBi1aB OM BCTAHOBIICHUM CaHITapHO-
ririeHiYHIM HOpMaTHBaM. BoHovac HaBiTh 3a Ta-
KHX YMOB OCHOBHUM YHHHUKOM, IO 3HIKYE rapa-
HTOBaHY SIKiCTh aTMOC(EPHOTO TOBITPS, 3aITUIIIA-
BCs O MIOKCH[ a30Ty, MEPEBHIIEHHAS KOHIIEHTpA-
Wi sIKoTo HaltuacTile GikcyBamucs y 3MMOBHI Ta
BECHSHUH Tepioju.

OtpumaHi 3HaueHHS HMOBIPHOCTEH CBif-
YaTh PO CTATUCTUYHO CTIMKUI XapaKTep IepeBu-
IICHHS HOPMAaTWBHHX 3HAY€Hb Uil opMalbje-
Tiy TPOTATOM YCBOTO TIEPIOAY CIIOCTEPEKEHB.
st amiaky Ta OKCHJy BYTJICIIO HMOBIpHICTh He-
MIEPEBUIICHHS TPAHUYHO JIOMYyCTUMUX KOHIICHT-
pariii HabImKaacs 10 OJUHMIN, IO BKa3ye Ha
cTablIbHE AOTPUMaHHS HOPMATUBHUX BUMOT. J{i1s
JOKCHUITY a30Ty BCTAHOBJICHO MePiOANYHI IEPEeBHU-
menns ['JIK, sKi cpyuauHsIT 3HIDKEHHS TTOKa3-
HUKa TapaHTOBAHOI SKOCTI aTMOC(EpPHOTO TIOBi-
Tps IEPEBAKHO Y 3MMOBUH Ta BECHSAHUH TIEPio/Iu.

BucHoBkH

KrimaTrgHi Ta oporpadiyai ocoOnMmMBOCTI M.
VY3Kropoz CTBOPIOIOTh HECTIPHATIIMBI YMOBH JUIS
po3cifoBaHHs 3a0py/IHIOBATBHUX PEYOBHH Yy TIPH-
3eMHOMY Imapi atMoc(epu. 3HaYHA MOBTOPIOBA-
HICTh MaJIMX IIBHIKOCTEH BITPY Ta TPHBAII Iepi-
OJIM IITHITIO CTIPHSIOTH HAKOMMYEHHIO JIOMIIIOK Y
TIOBITPSTHOMY CEPEIOBHILI 1 TIOCUIICHHIO aHTPOTIO-
TeHHOrO HaBaHTakeHHs. OCHOBHUMH JDKEpellaMu
3a0pyaHEHHS aTMOC(HEPHOro MOBITPs MicTa € Tie-
PECYBHI JKepesia BUKHIIIB, HacamIiepe ] aBTOMOOi-
JBHUWA TPAHCIIOPT, TOJ SIK BHECOK CTAI[lOHAPHHX
JDKEpeN y 3arallbHOMYy 00CsI31 BUKWJIIB 001acTi 3a-
JIMIIAETHCS TOPIBHSIHO HEBUCOKUM.

AmHani3 pe3yabTaTiB TpOMaICBKOr0 MOHITO-
puHry atmMocdepnoro noBitps (cranmis Nel 162) 3a
2023 pik BHUSBHUB YiTKO BHpaXCHy CE30HHY IHe-
peHuianito piBHIB 3a0pyaHeHHs. HalOnbim kputh-
YHi KOHIIEHTpalii popMaitbAeriay cnocTepiraincs
MPOTSITOM YCHOTO POKY 3 MAKCHMaJIbHUMU 3HaYeH-
HIMH y 3UMOBHH Ta JTHIH mnepiomu. s

49

npioHOMCTIepcHMX YacTHHOK PM2.5 1 PM10 xapa-
KTEPHUM OYyJIO 3pOCTaHHS KOHIIEHTpAMLil y X0Io.-
HHH TIepiofl POKY, IO TOB’S3aHO 3 ONAITIOBAJIBHUM
CE30HOM Ta HECHPHATIMBAMH YMOBaMH PO3CitO-
BaHHs. [1iIBUIICHI KOHILICHTPAILT JIOKCUIYy a30Ty
(iKcyBaITMCs IEPEBAYKHO HABECHI Ta KOPEIFOBAIH 3
IHTEHCHBHICTIO TPAHCIIOPTHOTO HABAHTAXKEHHSI.

PesynmbraT po3paxyHKy iHJEKCY 3a0pyl-
HeHHs armochepu (I3A) nokazamu, mo Gopmais-
JIET1]] € BU3HAYAIBHUM YAHHUKOM (DOPMYBaHHSI BH-
COKOTO piBHsI 3a0pyJHEHHSI TIOBITPSIHOTO Cepesio-
Buia. KomriekcHuil iHaeKe 3a0pyIHEHHS aTMOC-
(epHOTO TOBITPS Y OUIBIIOCTI BUNAAKIB MEPEBU-
LIyBaB PiBEHb, KU XapaKTEPH3Y€EThCS SIK «IyXKe
BHCOKHUIT», a MAKCUMaJIbHI 3Ha4eHHS Oynu 3agik-
COBaHi y CiuHi Ta JIMITHI, [0 CBITYUTH MPO CYTTEBE
€KOJIOT1YHE HABAHTAKEHHS HA TEPUTOPIIO JIOCIi-
JOKSHHSI.

OmiHIOBaHHSI TapaHTOBAHOI SIKOCTI aTMOC-
(hepHOTO MOBITPS 13 3aCTOCYBAHHSM IMOBIPHICHOTO
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MIIXOMy MATBEPAWIO KPUTHIHY CHUTYAIIIO II0/I0
(hopMaBAETiy, TS IKOTO IPOTSITOM yCHOTO TIepi-
Oy CIIOCTEPEKEHb PEECTPYBAIIMCS MEPEBHUIICHHS
HOPMAaTHBHHX 3HaYeHb. BosjHOoWac KoHIEHTparii
amiaKy Ta OKCHIy BYTJIEIIO TIEPEBAKHO BiMIMOBI-
JlaJI1 BCTAaHOBJICHUM HOpMaTUBaM, TOAI K JUIs J1i0-
KCHIIy a30Ty TepiogudyHO (iKCyBawCs TEpEBHU-
HIEHHS y 3MMOBO-BECHSHUI MEPio.

OtpumaHi pe3ynabTaTd CBiIYaTh MPO HEOO-
XiJHICTb YJOCKOHAJEHHS CHCTEMH MOHITOPHHIY
aTMOC(EpHOro MOBITps, TOCHJIEHHS! KOHTPOJIO 32
TPAaHCIIOPTHUMH Ta JIOKAUIBHUMU JDKEpeTaMu

BHKUIIB, & TAKOXK BIPOBAHKEHHS IIPHUPOIOOXOPOH-
HHX 3aXOJIiB, CHPSIMOBAHHX HA 3HIKCHHS KOHIICH-
Tpariii (popmarbIeTiay, OKCHAIB a30Ty Ta qpiOHO-
JIICTIEPCHUX YaCTHHOK y MIiCBKOMY CEpEIOBHIIIL.
OcobmmBoi yBaru motpedye JAOCTIHKEHHS TOTEH-
[IHUX JTOKATBHUX JHKepen (hopManbIeriay B pau-
OHI PO3TAITyBaHHS CTaHII1 CIOCTEPEKEHHSI.

3anporoHOBaHMIA MiXiJ MOXE OyTH BHKO-
PHCTaHUI IS ONEPAaTUBHOIO CTATUCTUYHOTO OIli-
HIOBaHHSI IKOCTi aTMOC(EPHOTO MOBITPSI HA OCHOBI
JaHUX aBTOMATH30BaHUX CHUCTEM TIPOMAaJCHKOTO
MOHITOPUHTY.

Kounduikr inTepeci

ABTOpH 3asBISIOTH, IO KOHQIIIKTY 1HTEpECiB 100 MyOikamii 1boro pykonucy Hemae. Kpim
TOTO, aBTOPH MOBHICTIO TOTPUMYBAJIUCh ETUIHUX HOPM, BKIIFOYAIOUH IIIariaT, Gpanbcuikaimiro JaHIX
Ta MO/BIMHY MyOITiKaIIito.

Baecok aBTOpiB: aBTOpH 3pOOHIH PiBHHUI BHECOK Y IO POOOTY.
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ASSESSMENT OF ATMOSPHERIC AIR QUALITY CONSIDERING
THE STOCHASTIC NATURE OF POLLUTANT CONCENTRATIONS

Purpose. Analysis of the state of atmospheric air, determination of the main factors of pollution formation
and substantiation of the methodology for assessing guaranteed air quality, taking into account the random nature
of pollutant concentrations.

Methods. Statistical and calculation of the integrated atmospheric pollution index (API).

Results. The research was conducted based on data from the Eco-City public monitoring station No. 1162
in the area of the Faculty of Chemistry of Uzhhorod National University, taking into account the climatic and
orographic features of the territory. It was established that the main source of atmospheric air pollution is motor
vehicles. A pronounced seasonality of changes in pollutant concentrations was revealed. Formaldehyde was
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determined to be the main factor in exceeding the air pollution indices, while the KIZA values often corresponded
to the level of “very high” pollution. The most critical indicators were recorded: for formaldehyde — throughout
the year with maximum values in January and July; for fine dust PM2.5 and PM10 — in the winter period due to
the influence of the heating season and unfavorable dispersion conditions; for nitrogen dioxide — in April, which
is associated with transport load. The assessment of atmospheric air quality showed a systematic exceedance of
the standards for formaldehyde throughout the year.

Conclusions. The results of the study indicate a tense environmental state of the atmospheric air in the
study area and the need to strengthen control over pollutant emissions. Priority measures include optimizing
transport flows, reducing emissions during the heating season, and improving local atmospheric air monitoring
systems, especially regarding the control of formaldehyde sources.

KEYWORDS: ambient air, atmospheric pollution index, pollutants, element concentrations, guaranteed
quality
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BUKOPUCTAHHA JAHUX SENTINEL-2 JUIS1 KOMIIEHCAIIMHOT'O MOHITOPUHI'Y
INOBEPXHEBHUX BO/l YKPAIHU B YMOBAX BO€EHHOI'O CTAHY

Meta. HayxoBe oOTrpyHTYBaHHS MOIJIMBOCTEH BHKOPHUCTAaHHS NaHUX Sentinel-2 sSK KOMIIEHCAIifHOTO
KOMITOHEHTA €KOJIOT1YHOTO MOHITOPHUHTY IIOBEPXHEBHX BOJ YKpaiHU B yMOBaX BOEHHOTO CTaHY.

Metoau. KoHnentyaapHO-aHATITHYHUNA XapakTep AOCIIUKEHHS MO€HYE CTPYKTYpHO-(QYHKIIOHATbHUH
aHaJi3 TPaAMIiIHOI CHCTEMH MOHITOPHHIY IIOBEPXHEBUX BOJI, TOPIBHSIBHY OLIHKY KOHTaKTHHX 1 JUCTaHIIIHUX
METO/IiB CIIOCTEPEKEHHS, aHai3 BUMOT BoaHoi pamMkoBoi aupektisu €C, TEXHIYHY IHTEPIIPETALIII0 MOXKIMBOCTEH
MYJIBTHCIIEKTpalIbHOTO ceHcopa Sentinel-2 MSI ta neMoHcTpaniiiHuii aHasi3 CyIyTHUKOBUX CIieH 30HH KaxoBch-
KOT'0 BOJJOCXOBHIIIA

PesyabTaTu. . [{ys inroctpariii KoMneHcaniiHOro NOTeHIialy AMCTaHIIHHOTO 30H/yBaHHs 3eMJli BUKOPH-
ctano crenu Sentinel-2 L2A no ta micis pyiinyBanHs KaxoBchkol rpe0ii, 30kpema Bizyammisaliii y pexumi True
color i pozpaxyHok NDWI aist BUieHHS 3aIMIIKOBUX BOJHUX MAcHBIB Ta TPaHC(OPMOBAHUX PYCIOBHX €IeMe-
HTiB. BU3Ha4YeHO TpM OCHOBHI BUMipH MPOTAJIMHH €KOJIOTIYHHUX JIaHMX, II0 BUHUKA€E B YMOBaX BIHH: IPOCTOPO-
BUH, yacoBui Ta aHamiTHuHUH. [TokazaHo, mo Sentinel-2 He 3amiHIOE Ta0OpPAaTOPHUI KOHTPOJIH SKOCTI BOIH, aJe
MOXe 3a0e31euyBaTH PEryJIIpHHUI IPOCTOPOBO-YACOBUIT CKPHHIHT BEJTMKHUX BOJHUX 00 €KTIB, ONlepaTHBHE BUSB-
JICHHsI 3MiH BOJIHOI ITOBEPXHI, KapTorpadyBaHHS 30H 3aTOIUIEHHS a00 BUCHXaHHS, MONIEPEIHIO 1HAUKALII0 KaJla-
MYTHOCTI Ta BU3HA4YEHHsI JJITHOK JUIs IPIOPUTETHOI NosboBol Bamiganii. Ha npuknani Kaxoschkoro Bogocxo-
BHIIIA MPOJICMOHCTPOBAHO, 1[0 CYITyTHUKOBI CIIEHH JI03BOJIIOTH (DIKCYBaTH MaCHITAOHY TPaHC(OPMAIIiFO BOIHOTO
00’€eKTa MmiCJIs BTPAaTH HA3eMHOTO JOCTYITY, 30KpeMa CIpAIFOBAHHS BOJIOCXOBHIIA, OTOJICHHS TOHHUX BiTKIA/IIB 1
(hopMyBaHHS 3AIHMIIKOBUX BOJIOWM.

BucnoBku. Haii0inb11 00rpyHTOBaHOIO [ BOEHHOTO Ta IIOBOEHHOTO MIEPiOJIiB € IHTErpPOBaHa MOJIENb MO-
HITOpHUHTY, y sikiii Sentinel-2 BUKOHY€E (YHKIIFO KOMIIEHCAIIHHOTO TPOCTOPOBO-YaCOBOTO KOHTYPY, 1HIEKCHUIMA
aHai3 3a0e31euye NepBUHHE BUSBICHHS 3MiH, MalllHHHE HABYaHHS MOXeE ITiITPIMYBATH aBTOMATH30BaHy KJIacH-
(hikarito CIIeH TicIs HaJeXKHOI Balifaii, a 1abopaTOpHUI KOHTPOIh 3THIIAETHCS OCHOBOIO METPOJIOTIYHO MiAT-
BEPIUKEHOT OIIHKH SKOCTi BOJIH.

KJIKOUYOBI CJIOBA: exonoziunuti monimopune, nogepxuesi 6oou, Sentinel-2, oucmanyiiine 3onoysanms
3emni, soennuit cman, NDWI

Ax nuryBaTH: Makcumenko B. O. Bukopuctanns nanux Sentinel-2 11st KoMIieHCAI[itHOTO MOHITOPHHTY ITOBEP-
XHEBHX BOJI YKpaiHU B yMOBax BOEHHOTO CTaHy. Bicnux Xapkiecbko2o HayioHanbHo20 yHigepcumemy imeHi B. H.
Kapasina. Cepis «Exonozia». 2026. Bum. 34. C. 54-65. https://doi.org/10.26565/1992-4259-2026-34-04

In cites: Maksymenko, V. O. (2026). Use of Sentinel-2 data for compensatory monitoring of surface waters of
Ukraine under martial law. Visnyk of V.N. Karazin Kharkiv National University. Series Ecology, (34), 54-65.
https://doi.org/10.26565/1992-4259-2026-34-04 (in Ukrainian)

Beryn
CucreMaTHuHU MOHITOPUHT TIOBEpPXHE- FOTBCS ISl OIIIHIOBAHHS €KOJIOTIYHOTO 1 XiMid-
BUX BOJI € 0a30BOI0 IIEPEIYMOBOIO €KOJIOTTYHOT HOT'O CTaHy BOJHMX MACHBIB, BUSBJICHHS JPKEPEI
0e3IeKH, pallioHAIbHOIO BOJIOKOPUCTYBaHHS, 3a- 3a0pyIAHEHHS, IJIaHYBaHHS MPUPOIO0O0XOPOHHUX
XHCTY 37I0pOB’sl HACEIICHHS Ta BUKOHAHHS Mi)KHA- 3aXO0J1iB, YIIPABIiHHS PU3UKAMH BOJOTIOCTAYaHHS
POJHUX TPHUPOIOOXOPOHHUX 3000B’s3aHb. Pe- Ta MiITOTOBKY Jiep>KaBHOI 3BiTHOCTI. Y BosHiii pa-
3yJBTATH TAKOTO MOHITOPHHTY BUKOPHUCTOBY- MmioBiit mupextrsi €C 2000/60/€C peryisipHuil
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MOHITOPUHT PO3IIISIAETHCS SIK OJMH 13 KIIIOUO-
BUX IHCTPYMEHTIB 3al00iraHHs MOAATBIIIOMY I10-
TIpIIEHHIO CTaHy BOMHUX eKkocucTeM [1], a y Ha-
cranoBax BOO3 KOHTpOJIL BOTHUX IDKEpET €
CKJIQTHUKOM CHCTEMH YTIPABIIiHHS PUHKAMHU IS
3JI0POB’sl HACENeHH [2].

B Ykpaini tpajuiiiina cucteMa MOHITOPH-
HI'Y TOBEPXHEBHUX BOJA 3HAYHOIO MIPOIO CIIMpa-
€TBCSl HA CTaIllOHAPHI MYHKTH CHOCTEPEKEHH,
MOJTBOBHH BiOiIp MPOO, TPAHCHOPTYBAHHS 3pa3-
KiB 1 maboparopuuii anami3. Takuii migxin 3a0e3-
TMIeYy€e BUCOKY JIOKA30BICTh JJIsl OKpeMHX (hi3HKO-
XIMIYHHX, TipOOIOJIOTIYHUX i TOKCHKOJIOTTUHUX
MOKA3HUKIB, OJTHAK KPUTUYHO 3aICXKHUTh Bil 0€3-
MIEYHOTO AOCTYILY 10 KOHTPOJIBHUX CTBOPIB, IIpa-
[IE3IaTHOCTI J1abopaTopiif, TPAHCIIOPTHOI JIOTiC-
THKH, HASIBHOCTI MIEPCOHAITY Ta CTaOLIbHUX KaHa-
JB TMepeaaBaHHs JaHUX. Y MHPHUX YMOBax Iist
3aJISKHICTD € TPUIHATHOI, OCKIJIBKA BOHA KOM-
MIEHCYETHCS PETYIISIPHICTIO TIOILOBUX POOIT 1 KO-
HTPOJIbOBaHICTIO pouenyp. Boqnouac Hopmatu-
BHOIO OCHOBOIO BOJIHOTO MOHITOPHHTY B YKpaiHi
3anuiaeTbesi Boguuil kogekce Ykpainu, SKkuid BU-
3Ha4yae TPaBOBi 3acaj i BUKOPUCTAHHS, OXOPOHU
Ta BIATBOpPEHHS BOIHUX pecypciB [3]. B ymoBax
MOBHOMACIITaOHOI BilfHH 3aJISKHICTH MOHITOPH-
HIOBOI CHCTEMH BiJ] O€3MIEYHOr0 Ha3eMHOTO JJOC-
TYILy HEPETBOPIOETHCS HA CHCTEMHY BPa3JIHBICTh.

[Ticnst movaTky MOBHOMACIITAOHOI 30pOii-
HOT arpecii mpoTu YKkpaiHu 3HaYHA YaCTHHA TEPH-
TOpii onMHIIAcCS Y 30H1 OOHOBHX JIil, THMYAcO-
BOI OKyTaIlii abo IiIBUIIEHOT MiHHOT HeOe3IeKH.
Jnst cucteMH €KOJIOTIYHOTO MOHITOPHHTY 1€
O3HAYa€E He JIUIIEe 3MEHIICHHS KUTHKOCTI BIMIpPIO-
BaHb, a i PO3PHB Y BCHOMY JIaHIII031 (GOpMyBaHHS
EKOJIOTTYHUX JIaHHX: BiJI JOCTYITY /IO ITyHKTY CIIO-
CTEpEeKEHHsI JI0 J1a0OpaTOPHOTO MiATBEPIHKEHHS
pesynbtatiB. Y nokymentax UNECE miomo orri-
HIOBaHHSI €KOJIOTTYHHMX 30MTKIB B YKpaiHi HiJKpe-
CIICHO, IO CYNYTHHUKOBI CIIOCTEPEKEHHSI 0CO0-
JIMBO Ba)KJIMBI B CUTYAIIisIX, KOJIH Ha3eMHe o0cTe-
YKEHHS € HeOe3nmeuHM a0 HEMOXKITUBUM [4].

PyitnyBanns KaxoBcekoi ['EC 6 uepBH:
2023 poky cTajo TpaHUYHUM MPUKIAA0M CUTYa-
10i1, y SIKili BUKITFOYHO HA36MHA MOJIEIb MOHITOPH-
HI'y He MOIJa 3a0e3leunTH OlepaTuBHE, Oe3me-
YHE 1 MPOCTOPOBO MOBHE criocTepekeHHs. Karac-
Tpodha CpUUMHMIA Pi3KE CIPAIFOBAHHS BOJOC-
XOBHIIIA, 3aTOIUICHHS TEPUTOPIN HIDKYE 3a Te-
Yi€lo, OroJIeHHs BEIMKHUX IUIONI JIOHHUX BiJKia-
IiB, 3MiHYy TiIpOJIOTIYHOTO PEKUMY HIKHBOTO
JHinpa Ta nepeMilieHHs 3aBUCINX PEYOBHH 1 3a-
OpymaioBadiB [5—8]. Oxpemi JOCIIKEHHS TaKOXK
MOKa3aay  O10reoXiMIUHy pEeakIlifo IiBHIYHO-
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3aximHoi YacTMHH YOpHOrO MOpS Ha HAIXO-
JUKEHHS BOIHMX 1 3aBHCIMX Mac TICTs pyHHY-
BaHH:A Ipedii [9].

JwucrantiiiHe 30HIyBaHHS 3€MITi CTBOPIOE
JOIATKOBUH iH(GOpMaUiiiHU KOHTYp, KW HE
noTpedye (Hi3MYHOro TOCTYIy J0 TEPUTOPIi CIo-
crepexxeHHs. Micis  Sentinel-2  mporpamu
Copernicus 3abe3rniedye peryJsipHe OTpPUMAaHHS
MYJIBTUCIIEKTPAIBHIX 300paykeHb, TPUIATHUX
JUISl aHali3y BOJHOI MOBEpXHIi, OeperoBoi JiHii,
30H 3aTOIJICHHS, KaJJaMyTHUX HUIeH]iB, oroje-
HUX JIOHHHX BIJIKJIAJIIB 1 HENIPSMHX O3HAK €BTPO-
(ikarii [10-12]. BogHouac cynyTHUKOBI 1aHi He
€ TIOBHHM €KBiBaJICHTOM JIAOOPATOPHOTO MOHITO-
PHHTY: BOHH HE BU3HAYAIOTh O€31ocepeIHb0 KOH-
LEHTpallii BaKKMX METaJiB, XJIOPOPTaHITHUX
CTIOJIYK, HITpaTiB a00 MIKpOOIOJIOTIYHUX MOKa3-
HukiB [13-15].

HayxkoBe 3HaueHHs1 poOOTH TOJISTae B y3a-
TaIBHEHHI MOKJIMBOCTEH 3aCTOCYBaHHS JAHUX
Sentinel-2 s MPocTOPOBO-4aCOBOr0 MOHITOPH-
HT'y TIOBEPXHEBHX BOJI 32 YMOB OOMEXKEHOT0 ado
BTPa4YEHOr0 JOCTYITY J0 HAa3eMHUX ITYHKTIB CIIO-
CTEpEe)KECHHsI. 3ampOoNOHOBAaHO MiAXiA A0 TOEA-
HaHHs jaHux J[33, iHAeKCHOro aHalli3y, METOIIB
MalIMHHOTO HaBYaHHS Ta JIAOOpaTOPHOTO KOHT-
POIIO 3 PO3MEXYBaHHAM iXHIX (pyHKIiN y cuc-
TeMi MOHITOpHHTY. CyIyTHHKOBI JaHi MOXYThb
3a0e3rnevyBaTi NPOCTOPOBHH CKPHUHIHT 1 BUSIB-
JIeHHSI 3MiH, CHEKTpaJbHi 1HIEKCH — MiATPUMY-
BaTH TEPBUHHY IHTEPIPETAIiI0 CTaHy BOAHHUX
00’€KTiB, MaIlIMHHE HABYaHHS — BUKOPHCTOBYBA-
THCS JJTs1 aBTOMATHU30BaHOI Ki1acu(iKkartii cIieH ri-
CIIl HABYAHHSA ¥ Bamigarii, Toai sk JabopaTopHi
JIOCJIIDKEHHS 3aJIMIIAIOTLECA HEOOXIIHUMH IS
I ITBEPDKECHHS TIOKa3HUKIB SIKOCTI BOJIH.

[NpakTryaHe 3Ha4eHHST pOOOTH MOB’sI3aHE 3
MOKJIMBICTIO BUKOPHCTAaHHS BIIKPUTHX CYITYT-
HHUKOBHX JaHUX JUIS MONEPEAHBOTO OLIHIOBAHHS
3MiH CTaHy HOBEPXHEBHX BOJ| 32 YMOB OOMeKe-
HOTO JIOCTYIy JI0 OKpeMux Teputopiid. Taxwit
ITIIX1]T MOKE JIOTIOBHIOBATH TPAIMIIINHI CIIOCTE-
PEXEHHsI, CIIPHUSTH IUIaHYBAHHIO TIOJNLOBHX 00-
CTEXEHb, MIJIrOTOBILI KapTorpadidyHux marepia-
7B 1 popMyBaHHIO aHATITHYHOI iHpopMari Jy1st
MOTPeO EKOJIOTTYHOTO YIIPABIIiHHSL.

MerToro JOCTI/DKEHHSI € OOTPYyHTYBaHHS
MOXKJIMBOCTEH BHKOpHCTaHHS JaHuX Sentinel-2
SIK KOMIIEHCAIIIHOTO KOMITOHEHTa €KOJIOTTYHOTO
MOHITOPUHTY TIOBEPXHEBHX BOJl YKpaiHHU B yMO-
BaX BOEHHOT'O CTaHy Ta JIEMOHCTpaLlis iX 3acTocy-
BaHH HA TIPUKJIA/1i CYIyTHUKOBHX CIIeH 30HM Ka-
XOBCBKOTO BOJIOCXOBHIIIA [0 1 MICIISA PYHHYBaHHS
rpebii.
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O0’eKTH Ta METOAHM AOCTITKEeHHS

OO0’ €eKTOM IOCITIIKEHHS € CUCTEMA €KOJI0-
TIYHOTO MOHITOPHHTY ITOBEPXHEBUX BOJ Y KpaiHH
B yMOBaX OOMEXEHOro abo BTPaueHOro HazeM-
HOT'0 JIOCTYITy, 30KpeMa, BOJTHI 00’ ekt JIHIPOB-
CBKOTO OaceifHy, IO 3a3HAIN BIUIMBY OOHOBHX
I, OKymamii TepuTopiii, MiHHOI HeOe3rmeKkn Ta
PYHHYBaHHsI TiIPOTEXHIYHOI 1HPPACTPYKTYPH.

IIpemmeToM IOCTIIKEHHS € MOYKIIMBOCTI
BUKOPUCTAaHHS CYMyTHUKOBHUX JaHux Sentinel-2
JUTSL T ITPUMKH TIPOCTOPOBO-YACOBOTO CIIOCTEPE-
JKCHHSI 32 TIOBEPXHEBHMH BOJAMH, BUSIBJICHHS
3MiH BOJHO1 ITOBEPXHI, IHAWKAIII1 30H MiBUIIICHOT
KaJIaMyTHOCTI Ta ()OpMYBaHHS KOMIICHCAIIIHOTO
iH(popMAaIifHOTO KOHTYpPY B YMOBAaX, KOJH PEry-
JSIPHI Ha3eMHi CITIOCTEPEKEHHS € HEMOMXITUBUMU
a00 1cTOTHO OOMEXEHUMH.

JocmipkeHHsT OpieHTOBaHE HA OOTPYHTY-
BaHHS MIJIXOJy JO IHTErparlii BIIKPUTUX CYIyT-
HUKOBUX JTaHWX, IHAEKCHOTO aHAIli3y Ta aHAiTH-
YHOI iHTEpIpeTallii B CHCTEMY CIIOCTEPEKEHHS 32
MOBEPXHEBUMH BOJaMH. BHKopHCTaHi CymyTHH-
KOBI CLIGHH PO3IIIAIOTHCS K MPUKIIA] IPAKTH-
YHOT'0 3aCTOCYBAHHS TAKOT'0 MMiIXOLY IS TEPUTO-
pili, 1€ peryisipHe Ha3zeMHE CIHOCTEpPEKEHHS
yckiIaaHeHe. Y mexax podotu aasi 133 Ttpakry-
IOTHCS HacaMIiepes K 3aci0 mpocTopoBOro CKpH-
HIHTY, TIONIEPEHBOTO BHSBIICHHS 3MiH 1 BH3HA-
YEHHS JIUIHOK, 110 TOTPeOYIOTh IMOIAIIBIION
yBaru. Taka iHTeprperauisi J03BOJISIE KOPEKTHO
MOEIHYBATH JIUCTAHIIINAHI 1HAUKATOPH 3 TPau-
IIHUMH METOZIaMU €KOJIOTTYHOIO KOHTPOJIIO, HE
OTOTOKHIOIOUH CIIEKTPAJIbHI OKa3HUKHU 3 J1a00-
PaTOPHUMH XapaKTEPUCTUKAMU SIKOCTI BOAM.

JocnimpkeHHs moOy/10BaHO Ha IMOEIHAHHI
KUTPKOX aHATITHYHUX HAIPSMIB: PO3TIISILY CTPY-
KTYpH Ta QYHKLIH TpaJuLiifHOT CHCTEMH MOHITO-
PHHTY TIOBEpXHEBUX BOJI, TIOPIBHSHHS KOHTAKT-
HOT'O 1 JTUCTAHIIIHOIO MiIXO/iB, aHaIi3y BUMOT
Bonnoi pamkoBoi aupextisu €C Ta yKpaiHCBKOI
HOPMATHBHOT 0a3¥, a TAKOXK OLIIHIOBAHHS MOJIH-
Boctelt Sentinel-2 MSI mist crioctepesxeHHs 3a
BOJTHMMH 00 ’ektamu. Jlyist imocTpariii 3amporio-
HOBAHOTO TiJXOAYy BHKOPHCTAHO CYITyTHHUKOBI
crieHr 30HM KaxoBChbKOro BOIOCXOBHINA. Y3a-
TaJbHEHHS [UX CKIIQJJHUKIB JIAJI0 3MOTY OKpec-
TuTH cxeMy moenHanHs J[33, iHAekcHoro aHa-
T3y, MalllMHHOTO HABYaHHS Ta KOHTPOJILOBAHOI
AHAIITUYHO]I 3BITHOCTI.

Texniuna oninka Sentinel-2 rpyHTyBanacs
Ha odiumifHMX XapaktepucThkax ESA i
Copernicus Data Space Ecosystem. Cercop MSI
peectpye AaHi y 13 CrHeKTpalibHHX KaHajax y
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mianazoni 443-2190 um, Mae cmyry 3tioMku 290
KM, TIPOCTOPOBY pO3ALIBHY 3aaTHicTh 10, 20 1 60
M 3aJIe)KHO BiJl KaHAIy Ta I ITUICHHY TIOBTOPIO-
BaHICTh IS IBOCYITyTHUKOBOI KoHirypaii [10,
11]. 11 BOIHOTO MOHITOPHHTY HaHOLTBII pere-
BaHTHHMH € KaHAIW BHAUMOTO CIEKTpa, OJIK-
HBOTO iH(payepBoHOrO AiamazoHy, Red Edge ta
SWIR, siki MO>KyTh BUKOPHICTOBYBATHCS JJISl PO3-
MEXyBaHHsI BOJIU 1 CYXOZIOJTy, aHAJII3y 3aBUCIINX
PCYOBHH, iHAMKAIII] TOTEHIIIHHOT eBTpodiKaii Ta
KapTorpadyBaHHs 3MiH OeperoBoi JiHii [12-17].

Sk 6a30Bi iHAMKATOPY PO3TITHYTO NDWI,
NDTI i NDCI. NDWI po3paxoByeTbcst 3a CIIiB-
BIIHOIICHHSIM 3€JICHOTO Ta OJIMKHBOTO iH(paue-
PBOHOTO KaHAJIB i BUKOPUCTOBYETHCS TS BHIi-
JIeHHS! Bi/IKpUTOi BoIHOI moBepxHi [18]. Moro mo-
mudikartist MNDWI Moxe 3aCTOCOBYBAaTHUCS LIS
I ICKJICHHS BOJJHUX 00 €KTIB Yy 3a0yI0BaHUX 200
CIEKTPAILHO CKIagHuX ymoBax [19]. V miit po-
00Ti 0a30BMM THIICKCOM JUIs JIEMOHCTPAI[IHHOTO
keticy oopano NDWI:

NDWI = (Green — NIR) / (Green
+ NIR).

Hnst Sentinel-2 y Ttunosiit peamizamii
NDWI mosxe OyTH po3paxoBaHHii i3 BAKOPHCTAH-
HsM KaHaty B3 sk Green ta B8 six NIR. NDTI
BUKOPUCTOBYETHCS VISl OLIIHIOBAHHS BiIHOCHOI
IIPOCTOPOBOI MiHJIMBOCTI KaJIaMyTHOCTI 32 YePBO-
HUM 1 3eJIeHuM kaHanamu [17, 20]:

NDTI = (Red — Green) / (Red
+ Green).

NDCI 3aCTOCOBY€EThCS SIK HETIPSIMUIA 1H M-
KaTtop xJjopodiy-a Ta MOTEHIIHHUX eBTpodiKka-
LIHUX TPOLIECIB 3 BHKOPHCTAHHSM YEPBOHOTO Ta
Red Edge xanaxis [16, 21]:

NDCI = (Red Edge — Red) / (Red Edge
+ Red).

Jlist IeMOHCTpAIlifHOTO Keicy BHKOpHC-
Ta”o cueHu Sentinel-2 L2A 30U KaxoBcbKoro
BOJOCXOBHIIA, oTpumani uepe3 Copernicus
Browser: cueny mo pyidHyBaHHS TpeOmi Bix
25.05.2023 Ta creHy micns pyHHYBaHHS BiJ
25.06.2023. BizyajpHuii aHaji3 BUKOHAHO Y pe-
xumi True color 714 AKiCHOTO 3iCTaBICHHS CTaHy
BOJTHOTO Ji3epKajia 1o 1 micis momil. Jlms mic-
JISIaBapifHOI CIICHN TaKOXK BUKOpucTano NDWI-
Bi3yayizallifo, 0 J03BOJISIE KOHTPACTHO BHJIi-
JIUTH 3QJIMILIKOBI BOAHI MacHBH, 3a00JI04Y€EH] J1/Is-
HKH Ta HOBI PYCIIOBI €JIEMEHTH. 3a3HaueHi CIICHH
3aCTOCOBAHO SIK  UTIOCTPATHBHUI  TPHKIIA
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MpOCTOPOBOI TpaHchopMaliii BOTHOTO 00 €KTa, a
HE SIK TOBHY KUTbKICHY OLIHKY ILJIOILi BOJHOI 1MO-
BEpXHI a00 XIMIYHOTO CTaHy BOJIH.
KoHuenrtyansHe MozieNnoBaHHs iHTETpOBa-
HOT CHCTEMH BUKOHAHO 3 YpaxyBaHHIM TPhOX Pi-
BHIB: CYITyTHUKOBOTO, aHATITHYHOTO Ta 3BITHOTO.
CyITy THIKOBHI piBeHb 3a0e3nedye OTpUMaHHS 1
nornepeiHi0  00poOKy Sentinel-2; aHamiTHUHMNA
piBeHb BUKOHYE 1HIEKCHHUI aHANI3 1 TOTEHIIHHY

KJacuQikailito CIieH; 3BITHUH pIBEHb (GopMye
CTPYKTYpPOBaHY iHTEPIIPETAIlit0 3 IOCHIAHHSM Ha
Jokepena. Vision Transformer po3risHyTO SK T1e-
PCIIEKTUBHY apXiTeKTypy AJs Kiacuikamii my-
JBTUCTICKTpATIbHUX clieH [22, 23], a Retrieval-
Augmented Generation — sik iIHCTPyMEHT KOHT-
POTEOBAaHOTO (POPMYBAHHSA 3BITIiB i3 MPUB’SI3KOIO
JI0 JDKEpEIT, a He SIK 3aci0 Bajianii eKoJIOori9HIX
BUMIpIOBaHb [24].

Pe3ysabTaT T2 00roBOpEeHHS

Amnani3 (GyHKITIOHATBHOI CTPYKTYpH Haze-
MHOT'O MOHITOPHHI'Y ITOKa3ye€, 110 HOro CTIHKICTh
BU3HAYAETHCS HE JIMIIEC HASBHICTIO MYHKTIB CIIO-
CTepeXEHHsI, a I 0e3MepepBHICTIO BCKOTO OMepa-
[IIHOTO JIaHIFOTa: JOCTYI JO CTBOPY, BimOip
npo0, TPaHCIIOPTYBaHHsI, JTA0OPATOPHUI aHAII3,
KOHTPOITb SIKOCTI, IepeIaBaHHs Ta IHTEepIpeTAaLlis
nmaaux. [lopymerHs Oyap-sKoro 3 UX eIeMEHTIB
3HWKY€E TIPUIATHICTD PE3ybTATIB ISl YIIPaBIliH-
CBbKHX PiIlICHb.

B ymoBax BiitHu QopMyeTbCs HE OJMHU-
YHa BiJICYTHICTh JITAaHWUX, a CHCTEMHA TPOTaIrHA.
IpocTopoBuii BUMIp TOJISATaE y BTpaTi peryJsip-
HOT'O KOHTPOJIIO HaJl YaCTUHOKO BOJHHUX 00’ €KTIB,
30KpeMa Ha OKYIIOBaHHX, IIPUQPPOHTOBHX abo 3a-
MIHOBaHUX TEPUTOPIsX. YacoBHil BUMIp TIPOSBIIS-
€TBCS y HEMOXKJIMBOCTI 3a0€3MEeUYNUTH JOCTATHIO
YacTOTy CIIOCTEPEeKEHb JUIsl [IBUAKOTUTMHHHX
TIPOLIECIB, TAKUX SIK aBaPiliHI CKU/IN, TABOJKH, (o-
PMyBaHHsI KallaMyTHUX IDIeH]iB a00 pi3Ki 3MiHH
BOJTHOCTI. AHANITHYHUI BUMIp OB’ SI3aHUI 13 Jie-
¢binuToM 1a00paTOPHO MiATBEPIKEHUX OKa3HH-
KiB, HEOOX1THHMX JUIS OLIHIOBAHHS XIMIYHOIO, TO-
KCHKOJIOTIYHOTO 1 610JIOTIYHOTO CTaHy BOJI.

Came noeJTHaHHS IIUX TPHOX BUMIPIB CTBO-
Pro€ MoTpedy y KOMIIEHCAIIIHOMY KOHTYpI MOHi-
topunry. Jani JI33 He ycyBaloTh aHAIITHYHY
NPOTIMHY TOBHICTIO, OCKUIBKH HE 3aMiHIOIOTh
J1a00paTOpHi BUMIPIOBAHHS, aJieé CyTTEBO 3MCH-
LIyIOTh POCTOPOBY 1 YacOBY HEBU3HAYEHICTh. Lle
0COONMBO  BaXJIMBO ISl BEJMKHUX BOAHHX
00’€KTIB, BOJIOCXOBHIII, 3aIUIABHUX TEPUTOPIH 1
NpHOEPEKHUX 30H, JIe HA3eMHHUI KOHTPOIIb € TO-
YKOBHMM 1 HE 3aBXIM PENPE3EHTYE MPOCTOPOBY
HEOTHOPIIHICTh CTaHy BOJIHOI ITOBEPXHI.

IepeBara Sentinel-2 y kpH30BHX ymMOBax
TOJIATAE Y HE3AJICKHOCTI Bijl (DI3UUHOIO JOCTYITY
JI0 OeperoBoi JiHiT Ta MOMJIMBOCTI aHAJi3yBaTh
HE OKpPEMY TOUKY, a BCIO BOJHY ITOBEPXHIO B Me-
Kax cueHH. Lle 103Bossie BUSBILITH IPOCTOPOBY
HEOIHOPIIHICTD, Ky HEMOXJIMBO 3adikcyBaTH
JIUIIIE TOYKOBUMH TTOJIEOBUMH BUMIPIOBAHHSAMH.
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Sentinel-2 € ocoGiBO TIpUAATHUM /TS 3a-
BJ/IaHb, JIe TOTPiOHA peryJsipHa IpocTopoBa iHdo-
pMallisi: 3MiHa IUIOIi BOAHOTO A3epKaia, popmy-
BaHHS HOBHUX PYCIIOBHX €JIEMEHTIB, MOSIBA OroJIe-
HUX JIOHHHUX BIJKIIA/IiB, IOMIMPEHHS KaJlaMyTHUX
nuieidis, AMHaMiKa MPUOEPEKHOT POCTUHHOCTI
Ta PO3BUTOK TMOTCHIIHHUX eBTpodikamitHuX
mporreciB [13—17]. dnst KpH30BOro MOHITOPHHTY
MIPYHIIATIOBO BAKJIMBO PO3MEKOBYBATH JIBI (PyH-
KIi CyIyTHUKOBUX AaHuX. [lepina ¢yHKis € 10-
Ka30BOIO JUTSI TIPOCTOPOBUX 3MiH BOIHOI TOBEp-
XHI, SKIIO 3a0€3IeYeHO KOPEKTHY IIOTIEPEIHIO
00po0Ky 1 IOpiBHSHHICTE clieH. [Ipyra QyHKIis €
IHVKATUBHOIO IS IKOCTI BOJAM, OCKIIBKH 1HJE-
KCH KaJJaMyTHOCTI Ta XJIOpOQ LTy TOTpeOyIOTh Ka-
niOpartii 32 Ha3eMHUMH TAHUMHL.

Y3arasbHeHHS BiIOBIAHOCTI MOYKIIMBOCTEH
Sentinel-2 ocHOBHMM 3aBIaHHSM KPH30BOIO MOHI-
TOPUHTY TIOBEPXHEBUX BOJI HABE/ICHO B TAOMHII 1.

KaxoBcpka katactpoda € pereBaHTHHM
TPUKJIAJIOM JJIsl JIEMOHCTpAIlii KOMIICHCAIIHHOT
poui Sentinel-2, OCKiJIbKKM MacITad 3MiH 3HAYHO
MIEPEBHIIYBaB MOKIIMBOCTI OIEPAaTUBHOIO Haze-
MHOro obctexenHs. llicist pyitHyBaHHS TpeOi
BiIOYJIMCS IIBUIKE CIIPAIFOBAHHS BOIOCXOBHIIIA,
eKCIIO3UIIiSl JIOHHUX BIIKJIAMiB, TpaHchopMmaris
pycioBoro JanamadTy 1 3MiHA YMOB i1CHYBaHHS
pubepexxanx ekocucteM [7, 8]. [lomiOHmii mif-
XiJ| 10 KaprorpadyBaHHs MPOCTOPOBO-YACOBUX
TpaHcgopMalliii J10xa KOJIUIIHLOro KaxoBcbkoro
BOJIOCXOBHIIA 32 JaHMMHU Sentinel-2 yxxe 3acTo-
COBAaHO y CIICIiaJIi30BaHOMY JIOCI/DKEHHI YKpa-
THCBKUX aBTOPIB [25].

3icTaBiieHHS! MYJbTHCHEKTPAJIbHUX CLEH
1o i micast 6 yepBHs 2023 poky Aae 3MOry Bisya-
JBHO ineHTH(iKYBaTH MacmTabHy 3MiHY BOJ-
Horo jm3epkana. Ha creni Sentinel-2 L2A Bix
25.05.2023 BomocxoBuiLe 11ie 30epirae CyLijbHy
BOJIHY MOBepxHIo (puc. 1).

Ha crreni Big 25.06.2023 dikcyeThes Maibke
MOBHE CIIPAILlFOBAHHSA BOJOCXOBHINA, OTOJICHHS
3HAYHUX IUIOL] IOHHUX BiIKIIaIiB, TTOSIBA 3JIUIL-
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Taoauus 1
BigmoBianicTe MoxkauBocteii Sentinel-2 3ap1aHHsgM KpH30BOro MOHITOPHHIY MOBEPXHEBHUX BOJI
Table 1
Correspondence between Sentinel-2 capabilities and emergency surface water monitoring tasks
. IIpupartHicTs .
3aBgaHHA MOHITOPHHIY Sentinel-2 OcHoBHI inAnKaTOPH KirouoBe o0MekeHHs
Kaprorpadysanns BoaHOi 10- Buicoka NDWI, MNDWI, Bo- | XMapHicTb, TiHi, MITKOBOJIS,
BEPXHi Ta 30H 3aTOIJICHHS JIHA Macka 3MillIaHi TiKCei
BusiBneHHs BUCHXaHHS a00 Buicoka PizHuIieBi kapTu [otpiOHI KopekTHa Mexka AOI
CIpaLOBaHHS BOJOCXOBUILL NDWI, yacosi psiiu Ta MOPIBHSIHHI YMOBH 3HOMKH
OI1iHIOBaHHS BiTHOCHOI KaJa- Cepenns- NDTI, yepronmuii i Red | HeoOxinna xamibpairis 3a
MYTHOCTI BHCOKa Edge xananu MOJIbOBUMH BUMIPIOBAHHIMH
. - 3MilllyBaHHS CHUTHAIY XJIOPO-
Ingukanis moreHminHo1 NDCI, Red Edge ka- . y Y .p
A Cepenus ¢biny, 3aBUCIMX PEYOBHH 1 JIOH-
eBTpocikamii / chlorophyll-a HaIIA .
HOTO BiIOUTTSA
BusBieHHs BaXXKHX METaiB, OnruuHi aHOMAaTIT . .
. . . Huspka / . INotpiben naboparopHuii aHa-
HITpaTiB, TOKCHYHUX OpraHid- JIUIIE SIK TOTIOMiKHA .
HempsMa i3
HUX CIIOJIYK O3HaKa
. Bucoxka Kaptu, gacosi psnmu, o .
®DopmyBaHHS YIPaBITiHCEKAX . , . | 3BITHICTB HE € METPOJIOTIYHOIO
L sk iHpopMa- | JKepeTbHO MPUB’sI3aHi .
3BITIB - . . BaJIiTAII€r0 TaHIX
HiffHa MiATPIMKA| 3BITH

Puc. 1 — Sentinel-2 L2A, 30na KaxoBChKOT0 BOIOCXOBHIIA 10 pyHHYBaHHs Tpebii, 25.05.2023,
pexxum True color. xepeno: Copernicus Browser

Fig. 1 — Sentinel-2 L2A, Kakhovka Reservoir area before dam destruction, 25 May 2023,
True color mode. Source: Copernicus Browser

KOBHUX BOZOWM 1 (hopMyBaHHSI HOBOT'O PYCJIOBOTO
nanmmadty (Puc. 2). Take 3icTaBiaeHHS JEMOHCT-
PY€E IIHHICTD CYITyTHUKOBHX JIaHUX CaMe SIK OIle-
PaTHBHOTO KOMIICHCAIIIHOTO JDKepena Ipoc-
TOpO-BOi iH(OpMAITii 32 YMOB, KOJIM Oe3NeuHHi
Ha3eMHHH JOCTYII JI0 3HAYHOT YaCTHHU TEPUTOPIi
BIJICYTHI.
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HonatkoBy —iHTEepHpeTaliiiHy LiHHICTH Ma€
NDWI-Bi3yamizariisi Ticiis aBapiiHOi ClieHH (puc.
3). NDWI koHTpacTHE BHILISE BOIHY MOBEPXHIO
Ha (oHi cyXxo/101Ty, IO IO3BOJISIE JIOKATI3YBaTH 3a-
JIMIIKOBI BOJHI MAacCHBH, 3a00JI0YEHI MIISHKH Ta
HOBI PyCIIOBi €leMeHTH. Y KPH30BOMY MOHITOPH-
HTY Taka iHpopMarlist Moke OyTH BUKOpPUCTaHA
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Puc. 2 — Sentinel-2 L2A, 3052 KaxoBCbKOT0 BOOCXOBHIIA TICIIs pPYHHYBAHHS rl;e6ni, 25.0%.2023,
pexxum True color. [xepeno: Copernicus Browser

Fig. 2 — Sentinel-2 L2A, Kakhovka Reservoir area after dam destruction, 25 June 2023, True color mode.
Source: Copernicus Browser
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Puc. 3 — Bizyanizauis NDWI 3011 KaxoBchbKkoro BogocxoBuiia miciisi pyiHyBanHs rpedai, 25.06.2023.

Jxepeno: Copernicus Browser

Fig. 3— NDWI visualization of the Kakhovka Reservoir area after dam destruction, 25 June 2023.
Source: Copernicus Browser
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JUTS TIOTIEPEIHBOT IPIOPUTH3ALIT TUISTHOK MOJIBO-
BOro OOCTEXEHHSI, TUIAHYBaHHS BiOOpy Tpol i
3icTaBieHHs 3 odiniiHUME a00 JabopaTOPHIUMHU
JIAHVMH, SIKIIIO BOHU CTAlOTh JIOCTYITHIML.

Boarodac HaBemeHuMi Kelic HE CIIiT Tpak-
TYBaTH SIK TIOBHY €KOJIOTiYHY OIIHKY HACIIiIIKIB
karactpodu. Crenu Sentinel-2 103BOJISIOTEH (ik-
CyBaTH TIPOCTOPOBY TpaHC(OpMAIIil0 BOIHOTO
0o0’exTa, aje sl OIiHIOBaHHS BTOPHMHHOTO 3a-
OpyIHEHHs, BUBUIPHEHHS METaJliB, TOKCHYHUX
OpTraHIuYHMX CTIONYK, O1I0TeHHHX EIEMEHTIB 1 MiK-
POOIONOTTYHNX PU3UKIB MOTPIOHE MOETHAHHS CY-
MYTHUKOBHX JIAHUX 13 JIaDOpaTOpHUMH JOCTIi-
JOKEHHSIMHU BOJIM Ta JIOHHUX BIJKJIAIB, TIAPOIO-
TYHAM MOJICTIOBAaHHAM 1 ODIIIHHUMU JaHUMU
MoHitopuHry [8, 9]. Came Tomy Sentinel-2 y 3a-
MPONIOHOBAHIM MOJIEIi PO3IIISIAETHCS HE SIK 3a-
MiHa Ha3eMHOTO KOHTPOJIIO, & SIK KOMIICHCAITiH-
HUI OpOCTOPOBO-YaCOBHIA KOHTYP, SIKUH AOIIOMa-
rae 3MEHINTH HEBU3HAUYCHICTh y Tepiox oOMme-
YKEHOTO JOCTYIIY.

[HnekcHMiA aHaNi3 € OHAM 13 HANMPOCTi-
IIUX 1 HAMOLITBIN BiITBOPIOBAHHUX CIIOCOOIB OTPH-
MaHHS TIEpBUHHOI 1H(OPMAIIil i3 CyITyTHUKOBUX
cuen. Moro mepesara rnossrae y mpo3opocTi 06-
YKCJICHb, MOKJIMBOCTI TIOPIBHSIHHS JIaT 1 IPOCTO-
POBIii IHTEpPIPETOBAHOCTI pe3y bTaTiB. [t Kpu-
30BOr0 MOHITOPHHTY TIOBEPXHEBHX BOJI JOLIEHO
PO3MIISIATH 1HACKCH HE SIK CaMOOCTATHI €KOJIO-
TiYHI TIOKa3HUKH, a K IHCTPYMEHTH IOTepe-
HBOTO BUSIBIICHHSI 3MiH.

NDWTI € HailOuIbII peleBaHTHUM sl BU-
JIJTEHHSI BOJJHOI IOBEPXHI, BU3HAYCHHSI 3JIUIIKO-
BUX BOJIOWM, 30H 3aTOIUICHHS a00 BUCHXaHHS. Y
BHIaAKy KaxoBCHKOro BOJJOCXOBHIIA BiH JI03BO-
JsI€ BIZIOKPEMHTH 3AJTUIIKOBI BOJIHI MacHBH Bill
OTOJICHHX JIOHHUX BifKiamiB i cyxomomy. NDTI
MOKE BHKOPHUCTOBYBATHCS I TIPOCTOPOBOTO
CKPHUHIHTY BiIHOCHOI KalaMyTHOCTI, 30KpeMa y
BUINAJIKaX TMEPEMIIICHHs 3aBHCITUX PEYOBUH TIi-
CIIsl IABOJIKIB, PYHHYBAHHS T1JPOTEXHIYHHUX CIIO-
pya abo amapiitaux ckuaie. NDCI porineHO 3a-
CTOCOBYBATH JJIs1 TIONIEPEAHBOT 1HAMKALIIT TOTSH-
iiHOT eBTpodikarii, oHaK Horo iHTepnperaris
€ CKJIQTHIIIO0 Yepe3 MOXKIIUBE 3MIITyBaHHS CHT-
HaJIiB XJI0pOQiTy-a, 3aBUCIINX PEUYOBHH, KOIILOPO-
BOi PO3YMHEHOI OpPraHiyHOi PEYOBMHU Ta JOH-
HOI'O BIIOUTTS HAa MIJIKOBOISX.

Orxe, y KOMIIEHCALIHHOMY KOHTYpi MOHi-
TOPUHTY 1HIEKCH BUKOHYIOTH (DYHKLIIO MPOCTO-
poBoro ¢inbTpa pu3uKy. BoHn 103BONSIOTH BU-
3HAYUTH JUISHKH, sIKi TOTPEOYIOTh MPIOPUTETHOT
yBary, ajie He AatoTh MiJICTaB ISl OCTATOYHUX BH-
CHOBKIB TIPO XiMigHY 200 TOKCHKOJIOTIUHY SIKiCTh
BOIM Oe3 TabopaTOpPHOT BaIi Iartii.
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MamvHHe HaBYaHHS MOXKE [MiIBHIIUTH
e(eKTHBHICTh 00OPOOKM BEIMKUX MACUBIB CYITyT-
HHUKOBHX JIaHUX, ajie HOoro 3acTocyBaHHS MOTpe-
Oye 4JiTKO BU3HAYEHOI HABYAIBHOI BHOIPKH, €KC-
TIEPTHOI PO3MITKH, HE3aJICKHOI BaJIiIaIlii Ta mopi-
BHSHHS 3 0A30BUMH aITOPUTMaMH. Y MeXkax 3a-
TIporoHoBaHOi cucteMu Vision Transformer po3-
TTIAAETHCS SIK IEPCIIeKTUBHUN IHCTPYMEHT Cer-
MeHTanil MyJbTHCIICKTPAIbHUX CLEH, a HE 5K
yke BepuiKkoBaHa MOIENb Uil BCIX BOJHHUX
00’exTiB YKpainu [22, 23].

[NoTeHuiiini Knacu cerMeHTauii MOXYTb
BKJIIOYATH BiIKPUTY BOJY, KaJlaMyTHY BOJY, BO-
JIOTi IOHHI1 BAKIIaAM, CYXO/IiJI, IPUOEPEKHY poC-
JIMHHICTB, XMapHICTh 1 TiHi. [IpakTiyne 3acTocy-
BaHHs Takoi Mojieni noTpedye hopMyBaHHS pe-
MPE3CHTATUBHOTO HA0OPY CLIEH IS PI3HUX CE30-
HiB, TUIIiB BOJIOWM, TiIPOJIOTIYHAX YMOB 1 perio-
HiB Ykpainu. OO0B’SI3KOBUMH € METPUKH TOYHO-
cri, 30kpema overall accuracy, F1-score,
intersection over union A5t KJIaciB BOIHOI TTOBEP-
XHI Ta TIEpeBipKa MEPEHOCUMOCTI MOZIENi Ha HOBI
JTUTSTHKH.

Retrieval-Augmented Generation goui-
JIGHO BUKOPUCTOBYBATH HE JJIsl IEPBUHHOTO BH-
3HAYEHHS €KOJIOTIYHOTO CTaHy, a JJIsl KOHTPOJIBO-
BaHoro (opmyBaHHsI 3BiTiB. RAG-Momys Moxke
3B’sI3yBaTH KapTH, IHIEKCH, YaCOBI PsyIn, HOpMa-
THBHI IOKYMEHTH Ta HayKOBI JPKepera, 3MEeHIITY-
I0YM PHU3WK HEMiATBEP/UKEHNX TEKCTOBUX Yy3a-
rajgbHeHb [24]. BojHOUacC BiH He 3aMiHIOE BaJIiia-
I} CYITy THUKOBHX MPOJIYKTIB 1 HE MiIBUIIYE Me-
TPOJIOTiYHy TOYHICTh CAMHX BHMIpIOBaHb. Voro
(hyHKIIisI TTOIISTaE Y TPO30pOMY JOKYMEHTYBaHHI,
BiZITBOPIOBAHIH JIOTi11i TOCHJIAHB 1 T ITPAMITI i/
TOTOBKH YIIPABITiHCHKIX MaTepiaiB.

KonnenryanbHy apxiTekTypy iHTeTrpoBa-
HOT CHCTEMH JIUCTaHIIHOTO MOHITOPHHTY ITOBE-
PXHEBHUX BOJ IIOJIaHO Ha pHC. 4.
3anpoIOHOBaHUK MIiAXiM Ma€ MPaKTUYHE 3HA-
YeHHs JUISl KiIbKOX PiBHIB €KOJIONYHOTO yIpaB-
ninnHs. Ha onepariBHOMY piBHI Sentinel-2 Moxke
BUKOPUCTOBYBATUCS JJIsI IIBHAKOTO BUSIBJICHHS
MacITaOHUX 3MiH BOJHOI TOBEPXHI, 3aTOILICHHS,
BUCHXaHHSI, (POPMYBaHHS KaJlaMyTHHUX ILTei]iB 1
3MiHM OeperoBoi JiHil. Ha TakTuuHOMY piBHI iH-
JEKCHI KapTh MOXYTh JOIOMAaraTu MpiopuTH3Y-
BaTW TOJIbOBI OOCTEKEHHS Ta BU3HAYaTH [iJIs-
HKH, Ji¢ BiZI0Ip Mpo0 MaTvMe HaiOuIbiy 1H(OP-
MarliiiHy miHHicTh. Ha crpareriunoMy piBHI 4a-
COBI pSIIM CYNyTHUKOBHX AAHUX MOXYTb IMiAT-
pUMYBaTH BiTHOBJICHHS CHCTEMH MOHITOPUHTY
y TIOBOEHHWM TIepioa, KOMW HazemHa iH(pa-
CTPYKTYypa Iie He Oy/Ie MOBHICTIO BiJIHOBJICHA.
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PrINY

KOMOENC R sl KOs TYT EICTHME M8 T ion NABOPATOPMME MO TODMNI
# 3000 N e NPOCTORORO-4ACONY B INEPePaMICTY (NOCTERANEIN 38 YMOS
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Puc. 4 — Cxema iHTErpoBaHOI CHCTEMH KOMITCHCALIHHOTO MOHITOPHHTY TIOBEPXHEBHX BOJ Ha OCHOBI Sentinel-2,
IH/IEKCHOTO aHaji3y, MAIIMHHOTO HaBYaHHS Ta KOHTPOJIbOBAHOT 3BITHOCTI
Fig. 4 — Scheme of the integrated compensatory surface water monitoring system based on Sentinel-2, spectral
index analysis, machine learning and controlled reporting

BaxxnuBo, 10 KOMITEHCAIIHHAN KOHTYP nabopaTopHi BUMIpIOBaHHS 3a0€3IMETyIOTh Me-
HE TIOBHHEH MPOTHCTABISATHCS TPaJAULIHHOMY TPOJIOTIYHY JOCTOBIPHICTh i HOPMATHUBHY 1HTE-
naboparopHoMy MOHiTOpuHTY. HaBnaku, Haii- priperaitito sskocTi Boau. Takuit mijaxis BiimoBi-
OiTbII eDEeKTUBHOIO € IHTErpOBaHa MOJENb, Y Jla€ CydacHii JIOTIIi eKOJOTiYHOTO MOHITOPH-
SKifl CyITyTHHKOBI J1aHi 3a0€3Me4Yy0Th MPOCTO- HTY, JIe Pi3Hi JUKepena JaHuX He 3aMiHIOITh, a
POBY MOBHOTY 1 PETYJISIPHICTh CIIOCTEPEKEHb, a JIOTIOBHIOIOTh OJIHE OJTHOTO.

YMmoBH iHTepnpeTanii Ta MOAAJbLIIOr0 YTOYHEHHS pe3yJIbTaTiB

[HTEepIIpEeTAallist CyIyTHUKOBHUX JaHUX TIO- MiKpOOiOJIOTi4HI MOKa3HUKH a00 TOKCHUYHI opra-
TpeOye BpaXyBaHHS YMOB 3HIMaHHS Ta CIIEKTpa- HiYHI CrIOTyKH. J{JIs TAKHMX MTapamMeTpiB CYITy THH-
JIbHUX BJIACTUBOCTEH JIOCIIDKYBaHUX IMOBEp- KOBMI aHaJIi3 MOYKE BUKOHYBATH JIUIIE (DYHKIIIIO
xoHb. [lo-nepme, /s Sentinel-2 BaxnuBuUMU € IPOCTOPOBOI MPIOPUTH3ALIIT, TOAI K OCTATOYHI
XMapHICTb, HasIBHICTh JUMY ab0 CEepraHKy, KyT BHCHOBKH MalOTh IPYHTYBaTUCSA Ha Jlaboparop-
OCBITIICHHSI, CTaH aTMOC(epH, XBIIFOBAHHS BO- HOMY KOHTpOJI. 3arajbHOEBPONEHCHKI OIHKA
JTHOT ITOBEPXHI Ta CE30HHA JIMHAMIKA POCIMHHO- CTaHy MMOBEPXHEBUX BOJI TAKOXK ITiITBEPKYIOTb,
CTi. ¥ cUTyauisix, KOJM ONTHYHI 3HIMKH MarOTh 110 HaBiTh 3@ HASIBHOCTI PO3BMHEHUX CUCTEM MO-
HEJIOCTATHIO MPUAATHICTh Yepe3 XMapHICTb, J10- HITOPHUHTY JOCSTHEHHS JOOpPOro EeKOJOTTYHOrO
LIBHUM € 3aJIy4eHHS PaIiojOKaIliiHUX JTaHUX CTaHy BOJIHMX MACHBIB 3aJIMIIAETHCS CKJIaTHUM
Sentinel-1, sixi MOXyTh JJOIIOBHIOBATH ONTHYHI YIIPaBIiHCHKUM 3aBAAHHM [27].
CIIOCTEPEKEHHS IiJl 4ac KpU30BOIO KapTorpa- [o-yerBepre, 3acTocyBaHHs MOjeNel Ma-
¢dyBanns [4, 26]. IMHHOTO HaBYaHHS MOTpedye OKpeMoi mpoile-

Io-npyre, NDWI, NDTI i NDCI € criekt- Jypy HaB4YaHHS 1 Bamifaiii. be3 onucy naracery,
paJIbHUMH IHAMKATOPaMH, a He IPSIMUMHU Jiabopa- PO3MITKH, METPHK TOYHOCTI Ta IOPiBHSHHSA 3 Oa-
TOPHUMH BHMIPIOBaHHSMH. BOHH JI03BOJISIIOTH 30BUMH aJITOPUTMAMH TaKi MOJIEI MalOTh pO3r-
BUSIBJISITH TIPOCTOPOBI aHOMAJIi Ta MpPIOPUTETHI JSIATHCS SIK TIEPCHIEKTHBHUM €IEMEHT apXiTeK-
JUISIHKY, OIHAK Ul KUJIBKICHOTO BH3HAYEHHS TYpH, a He sIK IOBEJICHUI eMITIPUYHHUIN Pe3yIbTaT.
KOHIIEHTpALiil pe40BUH MOTPeOyI0Th KamiOparii i [o-’saTe, pe3ynsTaT aHamizy KaxoBchb-
HE3aJICKHO]T TTEPEBIPKH [13717], KOT'0 BOJIOCXOBHILA JTOLIJIGHO po3rismatu BifIIO-

ITo-tpere, Sentinel-2 He qae npamoi iHdo- BIJTHO JI0 ME€TH 11i€i poOOTH — SIK OCHOBY JUJIsI IIPO-
pMarii Tpo BaKKi MeTadH, HadTONPOTYKTH, CTOPOBOTO IIPOCTEKEHHS TpaHc(opmallii BOJHO-

ro o0’ekTa Ta 3MiH MOBEPXHEBOTO TOKPHBY 3a
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manumu  Sentinel-2.  JletasbHe — OIiHIOBaHHS rotpedye CIieIiaTi30BaHuX PO3PaXyHKOBHX ITPO-
TUTONII BOJHOI TIOBEPXHi, 00’€My BOJHU, CKIamy Lenyp, TIPOJIOTiYHOTO MOJICITFOBAHHS Ta JIabopa-
JIOHHUX BiJIKJIaJ1iB 400 KOHIICHTpAIlili 3a0py/ THIO- TOPHOT'O KOHTPOJIIO.
BayiB € OKPEMHM HamNpsSMOM JOCHIIDKEHb 1
BucHoBkn

IToBHOMacImITAOHA BifiHA CIIPUYMHUIIA CH- BIZIKJTA/1iB, ()OPMYBaHHS 3AIUIIKOBHX BOJOWM 1
CTeMHE TMOPYIIEHHS HA3eMHOTO EKOJOTIYHOTO HOBHUX pycioBux eneMentiB. NDWI-Bisyarmizaris
MOHITOPHHTY TIOBEPXHEBUX BOJl YKpainu. Kiro- MACHIIOE THTEPIIPETAII0 TaKUX 3MIH 3aBISIKH
YOBUMHM YMHHHUKAMH € BTpaTa OE3MeyHOro J0C- KOHTPACTHOMY BHJIJICHHIO BOJHOI TOBEPXHI.
TYITy JIO IyHKTIB CIIOCTEPEKEHHSI, TIOITKOPKEHHS NDWI, NDTI i NDCI morinsHO BUKOpHC-
iH}pacTpykTypH, MiHHa Hebe3Meka, OpyIICHHS TOBYBATH SIK IHCTPYMEHTH TEPBUHHOTO CKPHHi-
JIOTiICTHKH MOJBOBUX POOIT i 0OMex)eHHsT Tabopa- HTY, a HE SIK 3aMiHy JJaDOpaTOPHUX IOKa3HHKIB.
TOPHOT'O KOHTPOJIIO. Ji1s1 mepexoy BijI CIIEKTPaIbHUX 1HAMKATOPIB JI0

[Nporaimna eKONOrTYHNX JaHUX Ma€ IpOC- KUTBKICHUX KOHIIGHTpAIlii PEYOBMH TOTPiOHI
TOPOBUI1, YaCOBHH Ta aHAITUIHHHN BuMipH. Came MOJILOBI BUMIPIOBaHHS, KaIiOpallisi 1 He3auexHa
X IO€JHAHHS CTBOPIOE TTOTpedy y KOMITEHCAIIiH- BaJIi Jallisl.
HOMY KOHTYpi MOHITOPHHTY, 31aTHOMY IiJTPH- IHTEeNEeKTyabHA aHATITHKA Ma€ JOTIOMIXK-
MYBaTH PETYJISIPHE CIIOCTEPEXEeHHS 0e3 (i3uaHOT Hy, a He 3aMiHHy QyHKmito. Vision Transformer
TIPUCYTHOCTI OTlepaTopa Ha MiCIii. MOYKE€ BUKOPHCTOBYBATHCS TSI aBTOMATH30BaHO1

Sentinel-2 € oGrpyHTOBaHUM [LKEPETOM CEeTMEHTAIIil CLIEH ITiCIsl HaJIeKHOTO HaBYaHHS 1
KOMITEHCAIIIHHOI MPOCTOPOBO-4acoBoi iH(opMa- Bamigarii, a RAG — s xoHTponsoBaHoro ¢op-
i JUIs KPU30BOTO MOHITOPUHTY TOBEPXHEBUX MYyBaHHS 3BITiB i3 ITPUB’SI3KOI0 JI0 PKEPETT, ajie He
BoJ. Moro ronoBHa ponb momsirae y kaprorpady- JUTS BaJTiJallii €KOJIOTTYHNX BIMIPIOBaHb.
BaHHI BOJTHOI TIOBEpPXHi, BUSBIICHHI 3MiH Oepero- Hait6inbi epcrieKTHBHOTO [T Y KpaiHu €
BOI JTiHI1, 30H 3aTOIUICHHS 200 BUCHXAHHSI, TIOTIE- IHTErpoBaHa MOJICJIb MOHITOPHUHTY, Yy skii JI33
peaHil iHIMKaIii KalaMyTHOCTI Ta BU3HAYEHHI 3a0e3reuye IMPOCTOPOBO-YACOBUI CKPHHIHT 1
JUIISTHOK JTs1 TTOJTAJTBIIION ITOJTLOBOI TIEPEBIPKH. PaHHE BUSIBJICHHS 3MiH, MAllIMHHE HABYAHHS TTiJI-

Ha npukiani KaxoBcbkoro BoJocxoBwiia TpUMye€ 0OpOOKY BEJIMKUX MACHBIB JIJAHUX, KOHT-
nokazaHo, 1o cuenn Sentinel-2 L2A 1o i micns POJILOBaHA 3BITHICTH 3a0e3Meuye Mmpo3ope JOKY-
py#HyBaHH: Tpe0ITi T03BOJSIIOTE (DiKCyBaTH Mac- MEHTYBaHHSI, 2 Ha3eMHHUI J1a0OpaTOpHUIT KOHT-
mraOHy TpaHc(hOpMAITiFo BOAHOTO 00’ €KTa: Cripa- POJIb 3AJTUIIIAETHCS OCHOBOKO METPOJIOTTYHO i JIT-
IFOBaHHS BOJIOCXOBUIIA, OTOJICHHS JOHHHUX BEPIDKEHOT OI[IHKH SIKOCTi BOJI.

Konduikr inTepecis

ABTOp 3as1BIIsi€, IO KOHQUTIKTY iHTEPECIB 1010 MyOIiKallii IbOTro PyKOMUCY HeMae. ABTOp TIO-
BHICTIO JIOTPUMYBABCS €THYHHX HOPM, BKIIFOYAIOUM IUIariaT, (aibcudikalliro JaHUX Ta MOJBIHHY
myOJTiKartito.
Hexnapauist npo Bukopucranus I

[lig yac miArOTOBKH PYKONKCY BUKOPUCTAHO IHCTPYMEHTH I€HEPATUBHOIO IITYYHOTO 1HTENIEKTY
ChatGPT-5.5 (OpenAl, 2026) a1t MOBHOTO pearyBaHHsI Ta CTPYKTYpyBaHHS OKPEMHUX (DparMeHTIB.
HITy4Hnit iHTENEKT HE BAKOPUCTOBYBABCSI JIJISl CTBOPEHHSI IEPBUHHUX HAYKOBHX JIAHUX, JTA00PaTOPHHUX
pe3yJbTaTiB ad0 HeNepeBipeHUX EMITIPUYHHX BHUCHOBKIB. ABTOp INepeBipvB (aKTHUYHI TBEpPKEHHS,
JoKeperia Ta BUCHOBKH 1 Hece MOBHY BiJIMOBIIAJILHICTD 32 3MICT PYKOITUCY.
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USE OF SENTINEL-2 DATA FOR COMPENSATORY MONITORING
OF SURFACE WATERS OF UKRAINE UNDER MARTIAL LAW

Purpose. To substantiate the use of Sentinel-2 data as a compensatory component of surface water envi-
ronmental monitoring in Ukraine under martial law.

Methods. The study has a conceptual and analytical design and combines structural-functional analysis of
the traditional surface water monitoring system, comparative assessment of contact-based and satellite-based ob-
servation methods, analysis of the EU Water Framework Directive, technical interpretation of Sentinel-2 MSI
capabilities and a demonstration analysis of satellite scenes of the Kakhovka Reservoir area.

Results. Sentinel-2 L2A scenes acquired before and after the destruction of the Kakhovka Dam were used
to illustrate the compensatory potential of Earth observation, including True color visualizations and NDWI map-
ping for the identification of residual water bodies and transformed channel elements. Three main dimensions of
the wartime environmental data gap were identified: spatial, temporal and analytical. Sentinel-2 cannot replace
laboratory water quality monitoring, but it can support regular spatial-temporal screening of large water bodies,
operational detection of water surface changes, mapping of flooding or drying areas, preliminary indication of
turbidity-related anomalies and prioritization of sites for field validation. The Kakhovka Reservoir case demon-
strates that satellite scenes make it possible to document large-scale transformation of a water body after the loss
of safe ground access, including reservoir drawdown, exposure of bottom sediments and formation of residual
water bodies.

Conclusions. The most scientifically justified model for wartime and post-war conditions is an integrated
monitoring system in which Sentinel-2 acts as a compensatory spatial-temporal observation contour, spectral index
analysis provides primary change detection, machine learning may support automated classification of scenes after
proper validation, and laboratory monitoring remains the basis for metrologically confirmed water quality assessment.

KEYWORDS: environmental monitoring, surface waters, Sentinel-2, Earth observation, martial law,
NDWI
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THINKATOPHE OI[IHIOBAHHSA EKOCUCTEMHMX MOCJIYT MPUKOPJIOHHOI IVITHKA
PIYKH CTHP HA OCHOBI I'lJIPOXIMIYHUX ITOKA3HHUKIB SIKOCTI BOJHU

MeTta. Anpo0artist iHIUKATOPHOT'O MiAXO0/Y /10 OI[IHFOBAHHS €KOCHCTEMHHUX MOCTYT IPUKOPAOHHOT TUITHKA
piuku CTHp Ha OCHOBI TIOKa3HUKIB SIKOCTI BOJIM.

MeTtoau. AHaNITHYHI, TIAPOXIMIYHHN aHai3, METOMM E€KOJIOTIYHOI Kiacu(ikaIii JJis OMIHKH SKOCTI
MOBEPXHEBUX BOJI.

Pe3yabTaTH. 3OifiCHCHO iHANKATOPHE OIIHIOBAaHHS €KOCUCTEMHHX MOCITYT MPUKOPAOHHOT TUITHKU PidKd
Ctup Ha OCHOBI aHANI3y TiIPOXIMIYHHMX IMOKAa3HHKIB skocTi Boau 3a 2021-2025 pp. Bcranorneno, mpo 3a
CepeIHbLOPIYHNMH 3HAYCHHIMHU O1TBITICTh TOKa3HUKIB BifmoBinae I-11I kiacam sikocTi, o XapaKTEpH3YeE 3arajioM
3aIOBUTBHHI CTaH BOJHOTO CepPeIOBHINA. BH3HAUCHO, 110 MIATPUMYBAIbHI €KOCHUCTEMHI TIOCIYTH PEaTi3yIOThCs
Ha BHCOKOMY Ta JOOpPOMY PIBHSX, TOJMI SIK PETYJIIOBAJIbHI Ta 3a0e3MeuyBaibHI — MEPEBAKHO HA 3aJ0BUILHOMY
piBHi. BoaHouac 3a¢hikcoBaHO CHCTEMAaTHYHI MEPEBUIIICHHS 32 OKPEMHUMH 1HIUKATOPAMHU, TIEPEAYCIM CITOTyKaMU
a30Ty Ta OpPraHiYHUMH PEUOBHHAMH, IO CBITYUTH MPO HASBHICTH aHTPOIIOT€HHOTO HABAaHTAXXCHHS Ta 3HWKCHHS
e(heKTUBHOCTI peryaoBajJbHUX (YHKIIHA eKocucTeMH. AHalli3 JUHAMIKKA TOKAa3HHKIB BHSBHB TEHICHINIO 10
3pOCTaHHS KOHIICHTpAIlii aMOHIH-i0HIB 1 HasSBHICTh €MI30AMYHUX IIIKOBUX 3HA4eHb, IO BimoOpakae
HecTabUIbHICTh mpolieciB camoouniieHHs. [ns nokasunka BCKs BCTaHOBIIEHO TEHIEHIIO MO 3HMXKEHHS, IO
CBIYUTHh PO YACTKOBE IOKPANICHHS CTaHy OKPEMHUX €KOCHUCTeMHHX (yHKIiH. OImiHIOBaHHS 3a OJOKOBHMH
iHJeKCaMH [OKa3ajio, M0 3a CePEJHIMU 3HAYCHHSAMH SKICTh Boau Bimnosigae Il kmacy (3a70BijbHi, MOMIPHO
3a0pyIHEeHI BOJIM), TOMI K 3a HAWTIpIIMMHU MMOKAa3HWKaMHM BOHA MepeXxoauTh o IV—V knaciB (morani ta ayxe
norasi, Opy/Hi Ta jysxe Opy/IHi BOJH), [0 BKa3y€ Ha 3HAUHY BapiaOelIbHICTh CTaHy BOJTHOT €KOCHCTEMH.

BucHoBkH. 3acTocyBaHHA iHIMKATOPHOTO IIJXOMYy IO OIIHFOBAHHSA €KOCHCTEMHHX TOCIyT piuku CTup
JIaJio 3MOTY IHTErPYBaTH TiIPOXIMiYHI MOKA3HMKH SIKOCTI BOJAM B OLIIHIOBaHHS (DYHKI[IOHAJIbHUX XapaKTEPUCTUK
piukoBoi ekocucTeMu. HepiBHOMIpHICTh pealtizariii eKOCHCTEMHHX TOCIYT: 3a 3arajoM 3aJ0BIIEHOTO CEPETHBOTO
cTaHy (DIKCYIOTBCS IIEPi0IM NOTIPIIEHHS X PIBHS, 1110 CBIIYUTH PO BPA3IHBICTh EKOCHCTEMH JI0 aHTPOIIOT€HHOT'O
HaBaHTa)XXCHHs. BUKOPHCTaHHS MOKa3HUKIB SKOCTI BOAM J03BOJIAE KUTBKICHO iHTEPIIPETYBAaTH PiBEHb peaizallii
PEryIoBaIbHUX, MIATPUMYBAIGHUX 1 3a0€3MeUyBAIbHUX €KOCUCTEMHUX MOCyr. OTpuMaHi pe3yibTaTd MOKYTh
OyTH BUKOpHCTaHI JUIS BJIOCKOHAJCHHS IJIXOJIB JIO OI[IHIOBAaHHS Ta YIPABIIHHA BOJHHUMHU pecypcaMu y
TPAHCKOPJOHHHUX PIYKOBHX CHCTEMaX.
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Beryn
VY cy4acHMX yMOBaxX MOCHJICHHSI aHTPOTIO- CHCTEMH BUKOHYIOTb KOMILIEKC PETyJIIOBaIbHUX,
TeHHOT0 HaBaHTAXXEHHSI Ha BOJHI PECYpCH 0C00- 3a0e3MevyBaIbHUX, MITPUMYBAIBHUX 1 KYJIBTY-
JIMBOI aKTyaTbHOCTI HA0YBAa€ OIIHIOBAHHS CTaHY pHUX QYHKITIH, 10 (POPMYIOTh OCHOBY €KOJIOTIY-
PIUKOBHX €KOCHCTEM Yepe3 MPU3MY iX 3AaTHOCTI HO1 O€3IMeKH Ta COLianbHO-€KOHOMIYHOTO PO3BH-
3a0e3meuyBaTd €KOCHCTEMHI ITOCTYTH. PiukoBi TKY TepUTOpiid. BomHO9ac merpamaris sKocTi

© Kapaim O. A., 2026
_"]_ This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

66



https://doi.org/10.26565/1992-4259-2026-34-05
mailto:olha.karaim@vnu.edu.ua
https://orcid.org/0000-0002-1722-4110
https://doi.org/10.26565/1992-4259-2026-34-05
https://doi.org/10.26565/1992-4259-2026-34-05
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

ISSN 1992-4259 BichHuk XapKiBCKOr0 HalliOHAJIBHOTO yHiBepcutery iMeHi B. H. Kapasina.

Cepist «Exomoris»y. 2026. Bumyck 34

BOJIM, TpaHC(OpMALlisl PycIOBUX 1 3alUIaBHUX
€KOCHCTEM, a TaKOX 1HTEHCHQIKaIIlis TocIoaap-
CBKOI JisUTbHOCTI 3HIKYIOTh €(DEKTHBHICTh Ha-
JaHHS X MOCITYT, 0 HOTpeOye BIPOBAIKECHHS
Cy4JacHUX MIAXOMIB A0 iX KiUJIBKICHOTO OIliHFO-
BaHHA. OCOOIMBOTO 3HAYECHHS 11 ITpodIeMa Ha-
OyBae Uil TPAaHCKOPAOHHUX PIYKOBHUX CHCTEM,
JIe eKOJIOTTYHHAN CTaH (POPMYETHCS TIi]T BILTHBOM
SIK BHYTPIIITHIX, TaK 1 30BHINTHIX YMHHUKIB. [Ipu-
KOP/IOHHI JUISHKH PIYOK XapaKTepU3YIOThCS
CKJIaJIHOIO CTPYKTYPOIO YIIPaBITiHHSI, BIAMIHHOC-
TAMH y TPUPOAOKOPUCTYBAHHI Ta €KOJOTTUHIN
MOJIITHIIl CYMDKHUX JCPIKaB, 10 YCKIIAIHIOE 3a-
0e3IeUeHHs Y3ro/IKCHOT0 MOHITOPHHTY Ta 0XO-
POHU BOJTHUX PECYPCiB.

OmxHUM 13 miOXOdiB 1O OLHIOBAHHS €KO-
CUCTEeMHHX TMOCIYyT € IHJAUKATOPHUH Miaxij,
KW epeadavyac BUKOPUCTAHHS CUCTEMU KiJTb-
KICHUX TIOKa3HHKIB Ui BilOOpakeHHS CTaHy
eKOCHCTeM 1 piBHS pearizamii ix ¢yHKUid. Y
IIOMY aCIEKTi MOKA3HUKH SKOCTI BOM HaOyBa-
I0Th KJIFOUYOBOTO 3HAUEHHS, OCKUTBKH 1HTETPY-
IOTh BIUTMB IPUPOJHUX i aHTPONOT€HHHUX YWH-
HUKIB Ta Oe3nocepeaHbo BinoOpaxaroTh 31aT-
HICTh BOJHUX EKOCHCTEM IO CaMOOYHIICHHS,
MiATPUMKA O10pi3HOMAHITTS Ta 3a0e3reveHHs
X HayNexHOI sskocTi. [igpoxiMiuHi Ta riapodio-
JIOT14HI apaMeTpH, Taki K BMICT pO3YHHEHOTO
KUCHIO, 010XIMIYHE CIOKUBAHHS KHUCHIO, KOH-
HEHTpallii 010reHHUX EJIEMEHTIB 1 3aBUCIIUX pe-
YOBWH, MOXKYTh OyTH 1HTEpIPETOBaHi K 1HIH-
KaTOPH BIJIIOBITHIX €KOCUCTEMHUX TTOCIYT.

[IpoGnemMaTHKa eKOJIOTIYHOTO CTaHy BO-
JTHHUX 00 €KTIB, 30Kpema, piuku CTU, IUPOKO
IpE/ICTaBIeHa Y MpaIliX BITYU3HIHUX Ta 3apy-
OixHuX BueHHMX. OCHOBHA yBara yKpaiHCBKHX
JIOCITIIHUKIB 30Cepe/KeHa Ha TiAPOXIMIdHIN
OIIIHIII SIKOCTI BOJIM Ta aHaJi31 aHTPOIIOTEHHOTIO
HaBaHTaxeHHs. Tak, y poboti O. Kapaim Ta
criiBaBTOpiB [1] 00rpyHTOBaHO MiAXO0AM IO Oa-
CEHHOBOI'0 €KOJIOTIYHOIO YIPAaBIIHHSI, 10 J10-
3BOJIAIOTH KOMIUIEKCHO BPaXxOBYBAaTH BIUIMB T'O-
cnioniapebkoi mismpHOCTI. Jlocmimkenns B. Ko-
nuioBa ta B. [ToroBuua [2] mpucBsiueHe BMiCTy
BKKMX METAJIB y BOJI Ta MPHOCPEKHUX e7a-
¢doromax, mo BigoOpakae pPiBeHb TEXHOTEH-
Horo 3a0pynHenHs. Y po6oti I1. Ky3nemnosa ta
O. beaynkoBoi [3] mpoaHaji30BaHO MPOCTO-
POBO-4acOBi 3MiHM BMICTy OpPraHIYHHX pedo-
BUH Yy Boai, a I. HerpoOuyk ta cniBaBTOpH [4]
JIOCITIDKYIOTh BIUIMB T'OCIOIAPCHKOI JiSUIBHO-
cTi Ha craH OaceiiHy piuku CTHp, MigKpecto-
I0YM KOMIUIEKCHUH XapaKTep aHTPOIOreHHOTro
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TUCKY. OKpemi JOCTiPKEHHsI CHpsSMOBaHI Ha
BJIOCKOHAJICHHS IT1IXOJIB IO OLIHIOBAHHSA SIKO-
CT1 BOJM Ta IHTEpIIpeTAalii IiApOXiMIYHUX MTOKa-
3HHKIB, Tak y poboti O. beayHKkoBOI Ta criBaB-
Topis [5] Bu3HAaYeHO pedpepeHTHI rimpoxiMidni
YMOBH /ISl pidoK 3axigHol YKpaiHu, Mo CTBO-
pPIOE OCHOBY JUIsi TOPIBHSJIBHOI OIlIHKK iX
crany. Y npamsix I. Koanpuyka [6] Ta O. MiT-
psicoBoi [7] MPOAEMOHCTPOBAHO 3aCTOCYBAHHS
IHIMKATOPIB SKOCTI BOJM JIJISl €KOJIOTIYHOT OITi-
HKA PIYKOBHUX CHUCTEM Yy TPaHCKOPAOHHOMY
KOHTEKCTI.

Y 3apyOiKHUX JOCHIDKCHHSAX aKIICHT
3MILIYEThCsL Y OiK 1HTErpOBAaHOTO YIIPABIIHHS
BOJHHMH PECypcaM¥ Ta BPaxXyBaHHS CKJIAIHO-
CTi TPAaHCKOPJIOHHHX BOJHHUX CHCTEM. 30Kpema,
y poboti M. ®apina Axmena Ta criiBapropis [8]
HiIKPECIICHO POJIb IHTETPOBAHOTO YIPABITiHHS
piuKoBUMHE OaceliHaMH K OCHOBH CTaJIOTO PO3-
BUTKY, TOJi sik M. Ka3emi ta criiBaBropu [9] po-
3IJIS1aI0Th 0COOJUBOCTI PO3MOILITY BOJHUX pe-
CypCiB y TpaHCKOpJOHHUX OaceifHax 3 ypaxy-
BaHHSM TiAPONONITHYHUX YWHHHKIB. Jloci-
moxennus Caxann Mexe6y06, Jami Ta JTinmi [10]
aKIIEHTY€ yBary Ha TIO0AIBHUX TUCHPOTIOP-
[iSX Y BUBYCHHI TPAHCKOPIOHHHUX PIYOK Ta iX
BIUTMBI Ha €PeKTUBHICTD ynpaBiiHHs. OkpeMuit
HanpsiM CTAHOBJISITH POOOTH, TIPUCBSUEHI PO
Oiopi3HOMaHITTS y (YHKIIOHYBaHHI BOIHHX
ekocucteM, 30kpema, JI. Tomamon [11] Ta II.
Towminrac [12] 3i ciiBaBTOpaMu i JKPECITIOIOTH
3HAYEHHS OI0TUYHUX KOMIIOHEHTIB JUTsI iATPH-
MaHHS €KOJOTIYHOI CTIMKOCTI BOJHUX CUCTEM.

BopaHouac y Mi>kKHapOJIHOMY HayKOBOMY
JUCKYpCl TONIMpeHHsT Ha0yBae Mmiaxia A0 aHa-
i3y BOJHHUX €KOCHCTEM Yepe3 KOHIIEIIII0 KO-
cucTeMHuX rocnyr. Tak, gocmipkennas A. Xoc-
poBsiH [13] akileHTye yBary Ha B3a€MO3B’SI3KY
OlOpIZHOMAHITTS Ta EKOCHCTEMHHX IIOCIHYT,
toni sik P. Pemme [14] posrisinae MOXKIUBOCTI
iHTerpallii IPUPOIOOPIEHTOBAHUX PIlIEHb y CH-
creMy ynpasiiHHs Humu. Y mpaui M. Coyca
[15] y3aranbHeHO CydYacHi MiXOIU IO OLiHFO-
BaHHS €KOCHUCTEMHHX IIOCHYT 3 YpaxyBaHHIM
PETYIOBANBHUX, MIITPUMYBaIBHUX 1 KYJIBTYp-
HUX (YHKLIH PIYKOBUX CHCTEM.

HesBakaroun Ha 3Ha4HY KUTbKICTh JIOCTi-
JOKCHb, ITPUCBSIUEHUX OI[IHIII SIKOCTI MOBEPXHE-
BHX BOJI, TUTaHHS iHTETpaIlii [UX MOKa3HUKIB y
CHCTEMY OIHIOBaHHS E€KOCHUCTEMHHMX IOCIIyT
TPaHCKOPJIOHHUX PIYOK 3AJIUIIAETHCS HEJIOCTa-
THBO po3po0sieHMM. OCOOIUBO L€ CTOCYEThCA
MaluX 1 cepenHixX piuoK, s SIKUX XapakTepHa
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MiIBUIICHA YyTIMBICTH JI0 JIOKANBHUX JXKepel
3a0pyTHEHHS Ta 3MiH Y 3eMJIEKOPUCTYBaHHI.
Memoro pobomu € anpobariis iHAUKATO-
PHOTO MiAXOAY 10 OLIHIOBaHHS €KOCHCTEMHHUX
MOCITYT MPUKOPAOHHOI MUTSTHKY piuku CTHp Ha

OCHOBI IOKAa3HHKIB SIKOCTI BOAU. Peai3aris mo-
CTaBJICHOI METH CIPHUATHUME IiIBHIICHHIO 00-
IPYHTOBAHOCTI YNIPaBIiHCHKHX PillleHb y cdepi
OXOPOHHM BOJHHMX PECypciB Ta 3a0e3lmedeHHI0
CTaJIOT0 PO3BHUTKY 0ACEHHOBUX E€KOCHCTEM.

O0’cKTH Ta METOIH TOCTIKEHHS

00’ €eKTOM AOCIIIKEHHS BUCTYIIAE MPOLIEC
(opMyBaHHs, IPOCTOPOBOI audepeHmiaii Ta
TpaHchopmallii eKOCUCTEMHHX TIOCIYT MPUKOP-
JIOHHOI TisiHKY piuku CTup.

MeToa0OTiYHY OCHOBY JTOCTIIKCHHS CTa-
HOBHTH 1HIAWKATOPHUU IMiAXiA IO OIIHIOBAHHS
€KOCHCTEMHHUX TOCTYT MPUKOPJIOHHOT TUISTHKA
piuku CTHp, SKWii ependadae BUKOPUCTAHHS 10-
Ka3HUKIB SKOCTI BOJH SIK 1HIUKATOPiB (DYyHKIIIO-
HyBaHHS PIYKOBOi €KOCHCTEMH.

OriHIOBaHHS SKOCTI BOAM 3IiIHICHIOBAIIOCS
IUISIXOM TOPIBHSIHHS (DaKTUYHUX KOHIICHTpAIil
TIIPOXIMIYHUX TIOKA3HHKIB 13 BCTaHOBJICHUMU
HopMaTuBamu g noBepxHeBux Bon (I'JIK), a
TaKO)X aHalizy iX 4acoBoi AuHaAMIiKM. Takuit
MiAXIA TO03BOJMB BH3HAYUTH PIBEHb BiAMOBII-
HOCTI BOJHOTO CEPEIOBHMIIA €KOJIOTTYHUM CTaH-
JlapTaM Ta BUSIBUTH TEHJICHIII] 3MiHU CTaHy PIYKO-
BOI EKOCHUCTEMM.

3aranpHa cxema JOCIiKEHHs BKIFOYaia
IIOCJTIOBHI €TaIIH:

— BCTAHOBJICHHS BIIIIOBIAHOCTI MOKA3HUKIB
SIKOCTi BOJIM HOPMATHBHUM 3HAUCHHSIM;

— IZCHTUQIKAIIO BIIXWICHD Ta aHai3 MOX-
JIMBUX JPKEPEN aHTPOTIOTSHHOTO BILIUBY;

— KiacuQikaiio SKOCTI BOJIU 3a €KOJIOTiY-
HUMH KaTeropisiMu;

— IHTeprpeTamnifo OTPUMaHHX Pe3yJbTaTiB y
KOHTEKCTI €KOCHUCTEMHHX TMOCIYT (Pery/IroBalib-
HHX, TiATPHIMYBaIbHHX, 320€3e4yBabHAX);

— (hopMyBaHHsSI BHUCHOBKIB IIIOJI0 CTaHy €KO-
CHCTEMHHX IIOCIYT Ta PO3POOKY pEeKOMEHIAIlii
JUTSI CTAJIOTO YIPABITIHHSI BOJTHUMH PECYPCaMH.

MeTtoapka JOCTIDKCHHS 0a3yeThcs Ha
OPIEHTOBHIN €KOJIOTIYHIHM OINHIII SIKOCTI TOBEPX-
HEBUX BOJI, IO Iepeadavae BUKOPUCTAHHS pell-
PE3EHTATHBHOTO HA0OPY TiIPOXIMIYHMX iHIWKA-
TOpiB, $Ki HAHOUIBII TOBHO BiOOPAXKAIOTH
CyJYacHHH EKOJIOTIYHHIA CTaH BOJHOTO 00’€KTa.
Jo Takux iHOMKATOPIiB BiIHECEHO: BMICT pO3H-
HEHOr'0 KHMCHIO, OI0XIMIYHE CIIO’KMBAHHS KHCHIO
(BCK5), 3aBucni pedoBHHM, KOHIICHTpAIli amo-
HIMHOI0, HITPUTHOI'O Ta HITPATHOTO a30Ty, 3a-
TaJIBHOTO a30Ty, (hocdaTiB, CyIbQATIB 1 XJTOPHIIB
[16, 17].

OI1iHIOBaHHS 3IHCHIOBAJIOCS 3a JIBOMa
(GYHKIIOHATEHUME OJIOKaMU TTOKa3HHKIB: COJTBO-
BuM (Ic) ta Ttpodo-canpobiomoriuaum (IT-c).
ConpoBuii OJIOK BKITIOYAB MOKa3HUKH MiHEpali-
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3anii Boau (Xmopumy, cyibharu). Tpodo-campo-
OioJtoriyHMH OJI0K OXOILTIOBAB IIOKA3HUKU KUCHE-
BOTO PEXHMMY, BMICTY OIOT€HHHX EJIEMEHTIB 1
opraniunux pedoBrH (BCKs, a3oTHi Ta dochopmi
CIIOJTYKH, 3aBUCITI PEYOBHHH).

Ha ocHoBi mopiBHSHHS (aKTHYHUX 3HA-
YeHb TOKA3HUKIB 13 HOPMATHBHUMH KPUTEPIIMH
BH3HAYAJIMCSA KJIAacH Ta KaTeropii SKOCTI BOIH
BIMOBIAHO 10 eKoyoriyHoi kimacudikartii. Jlimst
ITiIBUIIIEHHST TOYHOCTI OI[IHIOBAaHHS 3aCTOCOBAHO
PO3paxXyHOK YTOYHEHOTO 3HAYEHHS KaTeropii
SIKOCTI BOJIH, 1110 BU3HAYAJIOCS 3a (HOPMYJIOH0:

Ky = K + (Ac — Knmin)/(Kmax — Kmin) (1)

He Ky — yrouHeHe 3HauYeHHs KaTeropii
skocti Bomu; K — Homep kateropii; Ac —
(haxkTHuHe 3Ha4YeHHS MOKAa3HHMKA, Kmin 1 Kmax —
MeXI BiIIOBIZHOTO iHTEpBay KaTeropii [16; 17].

Y nmociipKeHHI BUKOPUCTAHO €KOJIOTIUHY
KIacuikariiro SKOCTi BOI, sSKa Tepe1oavae mo il
Ha ATk kiaciB (I-V) Ta cim kareropiii (1-7)
3QJICKHO BIJT €KOJIOTIYHOTO CTaHy 1 CTYIICHS
4YKCTOTH (3a0pyIHEHOCTI).

I xmac (xareropis 1) BiAmoBimae Bogam
BiIMIHHOI sikocTi — BiamiHHI (B), mo xapakre-
pU3yIOTBCS SIK ay>ke urcTi (JIH).

II xmac (xareropii 2—3) OXOIUTIOE BOJH
no0poi sikocTi: ayske 1oopi (1) Ta nodpi (1), ski
3a CTYTNIeHEM YHCTOTH BH3HAUYAIOTHCS SIK 9ucTi (H)
abo mocuts umcri (JIH).

III xmac (kareropii 4-5) BKIIOYa€e BOIM
33JI0BUTHLHOT SIKOCTI: 3310BUIBHI (3) Ta mocepeHi
(TIc), mo BignoBigaTh cnabko 3a0pyTHEHHM
(C3) 1 momipHo 3a0pynuennm (I13) Bogam.

IV kmac (xareropis 6) mpencTaBlIeHU
Bomamu TmoraHoi skocti — morani (I1), sxi
XapaKTepu3yoThes sk OpyaHi (B).

V xnac (kareropis 7) BiAmoBigae Bomam
JTy’Ke TIoraHoi skocTi — ayxe morani ([I1), mo
BIIHOCSTRCS 710 Jy>ke Opyauux (JIB) [6; 16; 17].

BuzHaueHHS THITY €KOCUCTEMHOI TIOCTYTH
3IIMCHIOBATIOCS Ha OCHOBI (DYHKI[IOHATIBHOI POITi
BIJMOBIAHUX TIIPOXIMIYHMX IMOKA3HHUKIB Y Mif-
TPUMaHHI EKOJIOTIYHOI'0 CTaHy BOJHOI €KOCH-
cTeMu. 30KpeMa, TIOKa3HUKH KUCHEBOTO PEKUMY
(po3uMHEHMIT KHCEHb) Ta BMICT 3aBHCIHX
PEUYOBHH BIIHECEHO JI0 JJOMIOMIKHUX (ITITPHMY-
BallbHUX) eKocucTeMHNX TocayT (JIIT), ocKimbKu
BOHM BHU3HAYAIOTh YMOBHM ICHYBaHHS Tijpo-
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OIOHTIB, MPO30OPICTH BOAUM Ta CTAOLIBHICTD
cepenoBuia. Crionyku a3oTy (aMOHIH, HITPHTH,
HITpaTH, 3araabHui a30T), dochopy (pocharn)
ta opraniuni peuoBuHu (BCKs) BimHeceHo 1o
perymoBaibHux nocayr (PIT), ockimbku BOHH
XapaKTepU3YIOTh IHTEHCUBHICTh 010r¢OXiMIYHHMX
NpoleciB, piBeHb eBTpodikalii Ta 30aTHICTH
BOJIHOI €KOCHCTEMH JI0 camoouuineHHs. [Tokas-
HMKH COJIOBOTO CKJIany (XIOPHIH, CyIb(harH)
BiTHECEHO IO 3a0e3MeuyBaTbHIX €KOCHCTEMHUX
nociyT (3I1), oCKUTEKM BOHW BH3HAYAIOTH TIPH-
JIATHICTh BOAW JUIS TOCHOAAPCHKOTO BUKOPHC-
TaHHs Ta ii pecypcHy wiHHicTh [14, 18, 19].
Pieenp  3a0e3nedyeHHS  EKOCHCTEMHHX
MOCNIyT BU3HAYABCS IUIAXOM  IHTEpIpeTarlii
KJIACIB KOCTI BOJH BIAIIOBIAHO JO €KOJIOTTYHOL

knacudikarii: I kiac — Bucokuii pisess (B),

11 — noGpwit (1),

11 — 3agoBinbHUii (3),

IV — auspkuii (H),

V — nyxe ausbkuii (JJH).

Taxkuii miaxig [O3BOIAE  CIIBCTABUTH
KUIBKICHI TiIPOXiMiuHI TOKa3HUKH 3 (YHKLIO-
HAJIBHUMH XapaKTEPHCTHKAMU PIYKOBOI €KOCH-
CTEMH Ta OIIHUTH PIiBEHb 3a0C3MCUCHHS €KO-
CHCTEMHUX TOCITYT.

TakuM 4MHOM, BHKOPHCTAHMNA METOIUY-
HUAN miaxig 3abesrmedye 3B’S30K MK TiIpoXi-
MIYHAMH XapaKTePUCTUKAaMH BOAM Ta (DYHKITIO-
HYBaHHSIM CKOCHCTEMHHX IOCIYT, IO J03BOJISE
3MIMCHUTH HAYKOBO OOIPYHTOBAHE OI[IHIOBAHHS
CTaHy NPUKOPIOHHOI AUTTHKH piuku CTHp.

Pe3yabTaTu T2 00TrOBOpPEHHS

Crup — TpaHCKOpIOHHA pidka OaceiHy
Huinpa, npaa nmpuToka [lpum’sTi, mo mpoTikae
Teputopieto Ykpainu (JIbiBchka, Bomuncbka, Pi-
BHEHCHKa o0nacTi) Ta Binopyci. [i Butokn posra-
moBaHi noom3y cena [lonnkea JIpBIBCHKOT 0011a-
cri. Jloexkuna Ctupy cTaHOBHUTH 483 KM, Miomia
Oaceiiny — 13 130 kM2, cepenHii mOXui pycia —
0,20 m/xm. JlonwHa piuky Mae mepeBasKHO Tparie-
uienonioHy Gopmy, MICISIMU 3 HEUITKO OKpecie-
HUMH KOHTYpaMmH. Ii CXHiIM BHCOTOIO 5-15 M €
OLIbII KPYTHMH y BEpXHiH 1 cepenHii Teuisx. 3a-
TUIaBa 3/1eOLTBIIOr0 IBOCTOPOHHS, 13 CEPEIHBOIO
nmpuHoro 0,7-1,0 kM. Pyciio y BepxHiii Ta cepe-
JIHIN YacTHHAX XapaKTepH3yeThCsl 3HAYHOIO 3BHU-
BHUCTICTIO, IO BimoOpakae ocoOmmBocTi Mopdo-
Joriynoi 6y noBu pivku [20, 21].

O1iHIOBaHHSI €KOCUCTEMHHX TIOCIYT TPH-
KOPIOHHOI JUISHKA piuky CTHp 3/1iHCHEHO Ha OC-
HOBI aHAITI3y MOKA3HUKIB SKOCTi BOAX SIK KITFOYO-
BUX 1HIMKATOPiB (PYHKIIIOHYBaHHSI PIYKOBOI €KO-

cucremu 3a nepion 2021-2025 pp. 3 ypaxyBas-
HSM TPaHWYHO JOMYCTUMHX KOHIIGHTpAIii
(OBYB). IngopmariiiiHoro 0a30r0 TOCHTIIPKSHHS
CITyTYBaJIH JaHi MOHITOPUHTOBOTO TTOCTA CTIOCTE-
pexens (cmt 3apiune) [22].

Y Mexax IOCHiKSHHs MPOaHaIi30BaHO
perpe3eHTaTUBHUN HAOIp TIAPOXIMIYHUX MTOKa3-
HUKIB (amoHii-ionn, BCKs, 3aBucii pedoBuHw,
PO3YMHEHHH KWCEHb, HITPATH, HITPUTH, CYIlb-
¢aru, pocdaru, x0pHUAN), IKi IHTEPIPETYIOTHCS
SK HAUKATOPH PEryIIOBAIBHUX, MiATPUMYBab-
HHX 1 3a0e3MeYyBaIbHUX €KOCHCTEMHHX MOCIYT.
Po3paxoBaHi cepenHbOPIUHI 3HAYCHHS MTOKA3HH-
KiB, IO BiJI0Opa)Xaro0Th CTaH BOJHOTO CEPeIo-
BHIIIA Ta PiBEHb peai3allil eKOCHCTEMHHUX (PYHK-
11i#i, HaBeJeHo B Taom. 1.

AmHai3 IOKa3HUKIB SKOCTI BOJIH, 3aCBi-
4yuB, 0 ynpoaosx 2021-2025 pp. HalOimbII
KPUTUYHHM NapaMeTpPOM € KOHIIEHTpPALlisi aMo-
Hilt-ioHiB. ko y 2021 p. iX cepenHpOpiuHe

Tadauusg 1
SxicTh moBepxHeBUX BoJ piuku CTHP 32 cepeIHLOPIYHUMH NOKAZHUKAMU™
Table 1
Surface Water Quality of the Styr River Based on Annual Average Indicators
= 0=
= z = = = = = =
= 2 .n = = = = E
< |55 I | £ | 25| 25| 5| 5| &| & =
- A = = @) 28 =~ 2 = 2 S I~
“E| § |2 | &% | 22| E| E| 2| & | 3
5| 2 a | 2 O & ~
2021 0.47 038 | 3.11 4.7 7.84 1.07 | 0.07 28 0.08 | 24.28
2022 0.92 0.62 | 3.09 | 3.85 7.55 140 | 0.05 | 253 | 0.14 | 23.29
2023 0.83 055 | 258 | 3.77 8.02 118 | 0.05 | 22.79 | 0.10 | 25.17
2024 1.09 088 | 269 | 2.79 9.08 137 | 0.07 | 23.72 | 0.19 | 2245
2025 0.85 0.69 | 244 | 3.18 10.15 115 | 0.05 | 2272 | 0.11 | 24.24
'K 0,5 3 15 He <4 40 0,08 100 | 2,15 300

* JIpKepeo: po3paxoBaHO aBTOPOM 3a AaHuMHu [22].
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3naueHHs (0,38 mMr/am®) BiAMOBixano0 HOpMaTH-
BHMM BHMOTaM, TO BIpomorx 2022-2025 pp.
¢ikcyernes crilike mepesuinenas 'K (0,55—
0,88 Mr/am®), 10 CBITYUTH PO 3HMKEHHS 371a-
THOCTI €KOCHCTEMH JI0 CAMOOYHIIEHHS Ta TIOTi-
PIICHHS peryIoBaTbHUX QyHKIIH (puc. 1).
[Moninomiansauii Tpens (R? = 0,686) Bi-
nmoOpakae 3arajdbHy BUCXiTHY JTUHAMIKY 3 MaK-
cumyMoM y 2024 p., 110 CBITYUTH PO HAKOTIH-
YEeHHS! OPraHiYHOrO HaBaHTAXXCHHS B EKOCHC-
Temi. ko y 2021 p. KoHUEHTpallis aMOHiK-10-
HiB mepebyBana B MeXax HOPMATHBHHX 3Ha-
YeHb, TO Bxke 3 2022 p. croctepiraeThest cTadi-

npHe nepeBuineHHs ['JIK, i3 mikoBuM 3HaueH-
M 0,88 mr/am® y 2024 p. YV 2025 p. dikcy-
€ThCs 3HWKEHHA 110 0,69 Mr/mM?, OIHAaK PiBEHb
3a0pyIHEHHS 3aJHIIAE€THCSI BHUILE HOPMAaTHB-
HOTO TIOPOTY, IO BKa3y€ Ha MPO0JIeMy CTIHKOTO
BiIHOBJIEHHS] €KOCHCTEMH.

3a3HauYMMO TaKOXK, [0 JAeTadi3allis JuHa-
MIKH{ IIEPBUHHAX 0a30BHUX ITOKAa3HUKIB aMOHI-
10HIB TTOKa3y€e HAsBHICTh KOPOTKOYACHHX, alie
IHTCHCHBHHX IIKOBUX KOHIICHTpatii (mo 2,81
mr/om® y 2024 p. ta 2,64 mr/om® y 2025 p.), siki
BKa3yIOTh Ha eITi30YH] HaJXOKEHHS OpTraHi-
YHOT'0 3a0pyIHCHHS.

1 y =-0,0329x2 + 0,2851x + 0,13 0,88
o R>=0,686
= 08— LT 0,69
= 0,62 UL LS ~
= 06 = 0%
e
5 0,38
g 04
=
=
=
=z 02
S
=
0
2021 2022 2023 2024 2025
Poxu
p. Ctup rapK  =---- [Nonuaomuansras (p. Ctup)

Puc. 1 — CepenHpopiuHi MOKa3HUKU KOHIIEHTPALlii a30TY aMOHIIHOTO y IOBEPXHEBHX BOJIaX
MIPUKOPIOHHOT AUISTHKHU piuku CTup
Fig. 1 — Annual average concentrations of ammonium nitrogen in the surface waters
of the transboundary section of the Styr River

IIpeacraBneHi pe3ynbTaTH BKa3ylOTh Ha
Te, M0 3POCTaHHs BMICTy aMOHIW-iOHIB O3Ha-
yae, mo piuka Ctup Tipuie cHpaBiseTbes 3i
CBOEIO MIPUPOAHOIO PYHKIIIE€I0 CAMOOUHUILIEHHS.
Y HOpMaJIbHUX YMOBaX BOJHA €KOCUCTEMA 3/1a-
THa NIepepoOIIsSITH Ta HeHTpalli3yBaTh OpraHiyHi
3a0pyIHEHHS 3aBJSKH OIOXIMIYHUM MpOIIECaM.
OpHak BUSBJICHE IMiJBUIICHHS KOHICHTpAIIii,
0co0sinBo y 2024 poiri, CBIIYUTH PO TE, LIO IIi
MeXaHI3MH MepeBaHTaXeHI i yke He 3a0e3re-
YYIOTh HAJIE)KHOTO OYHIIIeHHS Bojiu. Kpim Toro,
MiABUILIEHUH BMICT aMOHIO HETAaTUBHO BIUIUBAE
Ha JXKUBi opraHi3mu y Bogi. Lle moxe mpusBo-
JIUTH JT0 3MEHIIIEHHsI 010piI3HOMAHITTS Ta MOpY-
LIEHHS IPUPOIHOI PiIBHOBArM €KOCUCTEMH, 30K-
pemMa depe3 pPO3BUTOK MpoIeciB eBTpodiKarii.

BoaHouac moripiieHHs SKOCTi BoAu 0e3-
MOCEPEAHbO BIUTUBAE 1 HA 11 PAKTUYHE BUKOPH-
crannsi. Komnm koHueHrtpauii 3abpyaHioBauiB
MEPEBUILYIOTh HOPMATUBH, BOAA CTa€ MEHII
MPHUIATHOIO IS TOCHOAApChKUX HOTped, a ii
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OUUIICHHS MOTpedye OUNbIMX BUTpAT. Takum
YUHOM, 3HIKYEThCSA €(DEeKTUBHICTH 3a0e3meuy-
BaJIbHUX ITOCITYT PIYKH, sIKi TOB’3aHi 3 BUKOPH-
CTaHHSIM BOJHUX PECYPCIB.

Y KOHTEKCTI OL[IHIOBaHHS €EKOCHCTEMHUX
mocayr pidkd CTHp MOKa3HUK Oi0XiMiYHOIO
cnoxxuBauHs kucHIO (BCKs) posrinsmaerses sk
IHIMKATOP IHTEHCUBHOCTI OPraHIYHOTO HABaH-
Ta)KEHHSI Ta e(PEKTUBHOCTI MPOIECIB CAMOOYH-
meHHs. BeranosieHo, mo y 2021-2022 pp. ce-
peanbopiuni 3Hadenns BCKs (3,11 ta 3,09
MrO2/mM*® BIJIIOBITHO) TIEPEBHIIYBAIM HOpMa-
TUBHUH PiBEHB, 1[0 CBIIYUTH MPO ITiABUIICHUHA
BMICT OpraHiYHUX PEYOBUH 1, BiMTOBIIHO, 3HU-
XKEHHS e(DEeKTUBHOCTI PEryJIIOBaIbHUX €KOCHUC-
TEMHHUX TMociuyr. Ympoaosx 2023-2025 pp.
CIIOCTEPITra€eThCs 3HKEHHS ITOKA3HUKA J10 HOP-
MaTHBHHUX 3Ha4eHb (pHC. 2), 110 BKa3ye Ha yac-
TKOBE BiIHOBJICHHA 3/1aTHOCTI PiYKOBOi €KOCH-
CTeMH 10 010XiIMIYHOTO OKUCHEHHS OPTaHIYHIX
CIOJIYK 1 MOKPAILICHHS YMOB ()YHKI[IOHYBaHHSI.
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Puc. 2 — Cepennbopiuni nokasuuku bCKs y moBepxHeBHX Boax
MIPUKOPIOHHOT TUISIHKY piuku CTup
Fig. 2 — Annual average BODs values in the surface waters
of the transboundary section of the Styr River

AHami3 TpeHIy cepeIHBOPIYHHX 3HAYCHb
BCKs y piumi Crup 3a 2021-2025 pp. y KOHTEKCTi
€KOCHCTEMHHX IOCIYT CBIIYUTH MPO MOCTYIIOBE
TIOKpaIeHHs! (PyHKIIOHYBaHHS PIYKOBOI €KOCHC-
TEeMH, HacamIepel y YacTHHI PeryroBalbHHUX
(YHKITIH.

Ha mnoyaTky mOCHTipPKyBaHOrO Tepiomy
(20212022 pp.) 3uagenns BCKs nepepwuriryBamm
HOPMATHBHHI PiBEHb, IO BKAa3y€ HA i BHIIICHE
OpraHiuHe HaBaHTaKECHHS Ta 3HWKEHHS e(DeKTHB-
HOCTI MPUPOJIHUX TIPOIIECiB camoounineHHs. Lle
O3Hauae, IO PEryJIIOBaJIbHI €KOCHCTEMHI MOC-
JIyTH peaji30ByBaIUCs HE MOBHOO Miporo. [loun-
Harour 3 2023 poKy, CIIOCTEPIraeThCs JiTKa TEH-
JICHINIST 10 3HIDKGHHSA TMoKasHuka (2,58-2,44
MrO2/nM?), MO MATBEPIKYETHCS TONTIHOMIAb-
UM TperaoM (R? = 0,8262) i cBigunuTh Tpo cTabdi-
T30 Ta YaCTKOBE BiTHOBJICHHS EKOCHCTEMHHX
nporieciB. 3menieHHss BCKs o3Havyae 3HWKEHHS
BMICTY OpraHidyHUX PEYOBHMH Y BOJI Ta TIOKpa-
IIEHHS! KUCHEBOTO PEXKHMY, IO MPSMO BKa3ye Ha
BIJIHOBIICHHSI PETYJIOBATLHHUX MOCIYT, 30KpeMa
3[IATHOCTI €KOCHCTEMH JI0 OIOXIMIYHOIO OKHC-
HEHHS T2 CAMOOYHIIICHHSI.

Ilo crocyeThcsi MEpBUHHMX 0a30BHX M-
HUX bCKs 1o y 2021 p. nel mokasHUK J0csATaB
4,59 MrOo/am?, y 2022 p. — 3,92 mrO2/om®, a 'y
2024 p. — 5,73 MrO2/nM>, 1110 TIATBEPIKYE €I1i30-
JIMYHI HAJIXOJDKEHHS OpraHiYHUX 3a0py/IHEHb.
Xoua OUTBIIICTh TAKUX MEPEBHIIEHD MaIOTh 100~
JMHOKUH XapakTep, BOHU CTBOPIOIOTH KOPOTKO-
YacHE HABAHTAXXEGHHS Ha IIPOLECH CaMOOYH-
HICHHS, 3HIWKYIOUH €(QEKTHBHICTDb PEryitoBallb-
HHX TIOCITYT Ta MOTIPUIYIOYH YMOBH JUIsl (PYHKITI-
OHYBAHHS BOJHHUX OpPTaHI3MIB.
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VY KOHTEKCTI OLHIOBaHHS €KOCHCTEMHHX
nocayr piukd CTUpP BCTaHOBIICHO, IO KOHLICHT-
paiiii 3aBUCTINX PEYOBHH 3arajioM Iepe0yBaroTh ¥
MeKaxX JOIyCTUMHUX 3HaueHb (1o 15 mr/mm?), mo
CBITYMTH MPO BiJIHOCHO CTa0UIbHUI CTaH JIOTIOMi-
KHUX (MITPUMYBAJIBHUX) €KOCHCTEMHHX TOC-
JyT, 30KpeMa (opMyBaHHS CHPHAT/IMBEX YMOB
JUTsSt 1CHyBaHH$I TiJpOOIOHTIB 1 MiATPUMAaHHS mpo-
30pOCTi BOAHOTO cepenoBuia. BogHovac ix nepi-
OJIMYHE 3pPOCTaHHSI B OKPEMi POKH MOXKe OyTH
NIOB’sI3aHE 3 aKTHBI3AIli€l0 epO3iHUX MpOIIECiB
a00 MaBOJKOBHMH SBHUILAMH, 110 TAMYACOBO I10-
TipIIly€e CBITJIONPOHUKHICTh BOAW Ta MOXKE 3HH-
JKyBaTh e(heKTHBHICTh UX (PYHKIIIH.

BMicT po3unHEHOT0 KHCHIO IEPEBaKHO Bi-
JIIOBI/Ta€ HOPMATUBHOMY piBHIO (HE MeHIe 4
Mr/nM?), IO BKa3ye Ha 3arajoM 3aJJ0BUILHAN KH-
CHEBUI pexuM 1 HalexxHe (PyHKI[IOHYBaHHS JI0-
HOMDKHUX  (IATPUMYBAJIbHHUX) EKOCHCTEMHUX
TOCITYT, 30KpeMa CTBOPEHHs! CHPUSTIMBHX YMOB
JUTsSt lCHyBaHHH Fl}lp0610HTlB Pazom i3 TuMm y mie-
PIOJIH MiIBUIIICHOTO OPTraHiqHOTO HABAHTAKECHHS
MOXKJIMBE HE3HAUHE 3HIDKCHHS KOHIEHTpAIlii Ku-
CHIO, 1110 BiJI0Opayka€ KOPOTKOUACHE MOTIPILICHHS
YMOB (DYHKITIOHYBaHHSI €KOCUCTEMHU.

Huspki koHUeHTpawii HiTpatiB (CyTTEBO
uwxui 3a LK 40 mr/om?®) cBiguats npo BiAcyT-
HICTb KPUTUYHOTO 3a0pyJHEHHS Ta CTaOLIBHICTD
PETyIIOBAIBHUX MOCIYT y YacTHHI Oioreoximiu-
HOTO prr0061ry asoty. Boamouac nepiogyHe
HaOJIKEHHST HITPUTIB 10 TPAHUYHMX 3HAYCHB
(0,08 mr/om?®) BimoOpakae akTHBHI TpaHchopma-
wiiiHi mpouecu  (HiTpudikamii-neHiTpudikarii),
1110 € 1HAUKATOPOM HaIPYXEHHS B pOOOTI CaM00-
YHUCHUX MEXaHI3MiB.
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Konuentpaii cynbharis i X10puaiB 3a1u-
maroTeess B Mexxax HopmatusiB (100 ta 300
MI/1aM® BiJIIOBITHO), IO CBITYMTH PO BIICYT-
HICTBh CYyTTEBOT'O TEXHOTCHHOTO HABAHTAXKCHHSI Ta
BIJIHOCHY CTaOUIBHICTh 3a0e3MeuyBaIbHUX €KO-
CHCTEMHHX TIOCIIYT, TIOB’3aHKUX 13 SKICTIO BOJ-
HHX PECypCiB.

Konmenrpartii ¢gocdariB Takox He mepe-
BHUIIYIOTh BCTaHOBJIEHOTO HOpMatmBy (2,15
MT/TM?), OITHAK 1X TEHIICHITIS IO 3pOCTaHHS B OK-
peMi pokr MOXKe BKa3yBaTH Ha PO3BHTOK €BTPO-
¢ikariitaux mporieciB. Lle cBIAYNTH MPo MMOTEH-
IiffHE TOTIPIIEHHS PEryIIOBAIBHAX €KOCHUCTEM-
HHX TIOCTIYT, 30KpeMa 3/IaTHOCTI BOJTHOT €KOCHC-
TEMH JI0 CAaMOPETYJIALIT Ta KOHTPOJIIO OiIOreHHUX
HaBaHTAXKCHb.

3 METOI0 OLIIHIOBaHHS EKOCHCTEMHHX I10C-
ayr piuku CTHp 3HaYEHHS! OKPEMHX TiIpoXimid-
HUX TIOKa3HUKIB OyJIO 3iCTaBJICHO 3 HOPMATHB-
HUMH KPUTEPISIMH SIKOCTI BOJIH, BU3HAYCHUMH Y
cucTeMi ekoloriuHoi knacudikamii [16]. Taxwuii
TiIX1/1 T03BOJISIE iIHTEPIPETYBATH SIKICTH BOAHOTO
CEepeIOBHILA SIK IHAMKATOP PiBHS peatizalii pery-
JFOBAJIPHUX, MATPUMYBAIBHHX 1 3a0€31edyBalib-
HHX €KOCHCTEMHHX TTOCITYT.

Pesynprarn kmacudikartii, mo Bigodpaxa-
FOTh SIKICTh BOJIM Ta PiBEHD 3a0€3MCUCHHS EKOCH-
creMHHX Tocnmyr pidku CTHp 3a cepemaHbopid-
HUMH TIOKa3HHKamu Brpomaosx 2021-2025 pp.,
HaBeJIeHO B Ta0i. 2. OTpuMaHi pe3ynbpTaTH Kia-
cudikamii sikocti Boau piuku CTHp 3a cepen-
HBOpIYHUMHU TIoKazHuKamu 2021-2025 pp. mo-

Taoauns 2

SIkicTh BOAM Ta piBeHb 3a0e3MeUeHHs] eKOCMCTeMHHUX nocayr piuku Ctup
(3a cepegniMu nokasHukamu 2021-2025 pp.)

Table 2

Water Quality and Level of Ecosystem Service Provision of the Styr River
(Based on Average Indicators for 2021-2025)
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I Xopuu 23,89 5/5,32 111 3/11C 36/113 311 3
Cynedaru 24,51 5/5,39 11 3/T1C 36/T13 311 3
3aBucCIli peYOBHHU 3,66 1/1,73 1 B/B JoxY/ x4 11 B
Po3umHeHNH KUCEHb 8,53 1/1,53 1 B/B JoxY/ x4 11 B
BCK 5 2,78 4/4,32 111 3/3 36/C3 PI1 3
It-c A30T aMOHIMHUI 0,62 5/5,22 11 3/T1IC 36/T13 PIT 3
A30T 3arayibHUI 0,83 1/1,81 1 B/B JoxY/ x4 PIT B
Hirpuru 0,06 6/6,18 v /11 b/b PI1 H
Hirparu 1,23 6/6,15 v /11 b/b PI1 H
Ddocharu 0,12 5/5,19 1l 3/11C 36/113 PIT 3

Ka3yIoTh, III0 B MEXaxX COIILOBOTO 010Ky (Ic) KOH-
LICHTpALlii XJIOpUIiB 1 CybGaTiB BiamnoigawoThs I11
KJIacy sIKocTi (kateropii 5/5,32 ta 5/5,39), mio xa-
PaKTEepHU3YEThCSI SIK 3a]J0BUIBbHI, TOCEpE/IHI Ta TO-
MipHO 3a0pyaHeHi Boju. Lle cBimuuTh npo 3a10-
BUIbHUIT piBeHb 3a0e3nedeHHs1 3a0e3redyBalib-
HHUX €KOCHCTEMHHX TOCIYT, 30KpeMa IpHIaTHO-
CTi BOAM JJIsI TOCTIOAAPCHKOTO BUKOPUCTAHHS, Ta
BKa3y€e Ha HAsIBHICTh TIOMIPHOT'O aHTPOIIOT€HHOTO
BIUTMBY 0€3 O3HAK KPUTUYHOI JleTpaiatiii BOXHOTO
CepelOBUILIA.

Tpodo-carnpobionoriunmii 6ok (It-c) xa-
PaKTepHU3y€eTbCSl HEOTHOPINHICTIO TOKAa3HHUKIB
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SIKOCTi BOJTH. 3 OTHOTO OOKY, 3HAUEHHSI 3aBUCITAX
PCUOBHH Ta PO3YMHEHOIO KUCHIO BiANOBIIAIOTH |
KJIacy sIKOCTi (BiJIMiHHI, Jy>K€ YUCTI BOJH), IO
CBITYMTH PO BHUCOKHUH PIBEHb 3a0€3MEUEHHS J10-
MOMDKHUX  (TMIATPUMYBAIBHAX) €KOCHCTEMHHX
MOCITYT, 30KpeMa (OpMyBaHHSI CHPHUSITIUBHX
YMOB JUJIs ICHYBaHHSI T1IpOOIOHTIB 1 MiITpHUMaHHS
€KOJIOTIYHOI CTaOLIPHOCTI BOJHOTO CEPEIOBHIIIA.
Bucokuii piBeHb SKOCTI TAKOXK XapaKTePHUH IS
3arasibHOTO a30Ty (I Kyac), o BKasye Ha BiACYT-
HIiCTb HAAMIPHOTO TPO(IYHOTO HABAHTAKEHHSI.
Boanouac okpemi Moka3sHUKH BinoOpaxka-
I0Tb 3HIKEHHSI €()eKTUBHOCTI PEryIIOBaIBHUX
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exocucTeMHUX mociyr. Tak, 3HaueHHs: bCKs Ta
aMoHiitHor0 a3oty BiAnosiaatoTk I1I knacy skocTi
(3a10BLIBHI, TOMIPHO 3a0py/IHEHI BOAM), IO CBi-
JUUTH MO 3aJ0BUIBHUN piBeHb peasizalii pery-
JIFOBAJIbHUX (DYHKIIiH, OTHAK BKa3ye Ha HASBHICTh
OpraHiuyHoro Ta 0iOreHHOro HaBaHTAKEHHS 1 00-
MEXEHY 3[aTHICTb BOAHOI EKOCHCTEMH JI0 CaMO-
OYMIIICHHSI.

Haiibinpm HecpHUsTINBa CHTYaIlisl CIO-
CTEpIraeThes IS HITPUTIB 1 HITPATIB, SIK1 BiATIO-
BifmaroTh [V kiacy sikocri (rmorasi, OpyaHi BOAN).
Le € inmnKaTOpOM MOPYIIIEHHS POIIECIB TPAHC-
(opmarii CroryK a30Ty Ta CBITYHTH PO HU3b-
KWW piBeHb 3a0€3MEUeHHS PETYIIOBAIFHIX KO-
CHCTEMHHX TIOCIYT, a TaKOXX CTBOPIOE TOTEH-
[iHI PU3UKKM IS TiATPUMYBAIbHUX (YHKIIN
€KOCUCTEMHU.

Konuenrpaii ¢ocdaris Bianosimarots 111
KJIacy SIKOCTi (3aJIOBUIBHI, MOMIPHO 3a0pyIHEHI
BOJIM), IO BKa3y€e Ha 3aJ0BUILHHUI PiBEHb pEry-
JFOBAIPHUX EKOCHUCTEMHHX TIOCTyT. BomHouac
HasiBHA TEHJIEHIIIS 70 iX 3POCTaHHS MOXE CBif-
YHTH PO PO3BUTOK €BTPO(DIKAIIIHIX MPOIIECIB i
MOCTYTIOBE TIOTiPIIIEHHS €KOJIOTTYHOI piBHOBAru.

PospaxoBanuii iHAEKC CONBOBOTO CKIAIy
(ICcepen. = 5,36) BiAmoOBia€ I’ ATiH 13 TEPEXOIOM Y
mocTy cyOkaTeropii SKOCTi BOIH, IO B MeKax
eKoJIoriyHOi Kiacudikanii Bixnosinae [I-1V kma-
caM SIKOCTi. 3 MO3ULIHA eKOCUCTEMHHX TOCIYT 11e
CBITYUTH MPO 3aJOBUIBHUM 13 TEHICHIIEI [0
3HIDKEHHS PiBeHb 3a0e3redeHHs 3a0e3mevyBalib-
HUX (pyHKIIIH, 30KpeMa IPUAATHOCTI BOJM JIJIs TO-
CIOJIAPCHKOr0 BUKOpUCTaHHS. Taki 3HaUeHHsI iH-
JICKCY BKa3yIOTh Ha IOMipHU PiBEHb MiHepaJli3a-
i BOJM Ta HASBHICTH AHTPOIIOT€HHOTO BILUIHBY,
10 MOXKE OOMEKYBAaTH BHKOPHCTAHHS BOJHUX
pecypci 0e3 rmorepeHp0i 00pOOKH.

Bomnowac iHgekc Tpodo-camnpobionorid-
HUX TOKa3HUKIB (IT-Ceepen. = 4,02) Binmosimae de-
TBEPTIN CyOKaTeropii SKOCTi BOJH, IO Y3rOIDKY-
etbes 3 11 kmacom (3a10BUTBHI, TIOMiIPHO 320py/I-
HeHi Boan). Lle cBigquuTh npo 3a10BIIbHUI PiBEHb
peaizaltii peryIroBalbHUX 1 JONOMDKHUX (TTiIT-
pPUMYBAJIBHUX) EKOCHCTEMHHX IIOCIYT, OJIHAK
BKa3ye Ha HAasSBHICTh OPTaHIYHOTO Ta OIOTEHHOTO
HABAaHTKCHHS, K€ BIUIMBAaE Ha €(EKTHBHICTh
NPOIIECiB  CAMOOYMINICHHS, KUCHEBUN PEXHUM 1
YMOBH ICHYBaHHSI T17JpOOiOHTIB.

V3araibHeHHS] OTPUMaHUX 1HAEKCIB CBIj-
YHTh, IO EKOCUCTEMHI TTOCTYTH PIUKH 3arajom
BI/INTOBIZIAlOTh 33/IOBUIFHOMY piBHIO. BomHouac
3a0e31nevyBaibHi OCIYTY XapaKTepH3yIOThCs Te-
HJICHITIEFO /IO 3HIDKCHHS, IO BioOpakae IeBHI
OOMEXEHHSI MPHUIATHOCTI BOOM I TOCTIOHAp-
CBHKOTO BUKOPHUCTAHHS. PerymoBanbHi Ta miaTpu-
MYBaJIbHI IIOCITYTH TaKOX € 38JOBUTbHUMH, OTHAK
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X cTaH popMy€eThCS i BILIMBOM OPTaHiqHOTO Ta
0i0reHHOr0 HaBaHTAXKEHHS, 10 0OMeXKye edek-
THBHICTh TPOLECIB CAMOOYMIIIEHHSI Ta MiATpHU-
MaHHsI eKOJIOT1YHOi piBHOBard. Lle Bkasye Ha He-
OOXiTHICTh YJIOCKOHAJICHHS YIPABIIHHS SKICTIO
BOJM B MeKaX TPaHCKOPJIOHHOTO OaceiHy 3 Me-
TOIO 3a0e3MeuUeHHs] CTaOUIBHOCTI (PYHKIIOHY-
BaHHS PIYKOBOI CKOCHCTEMH.

Amnai3 kracudikarii SKocTi BOAW 3a Hal-
TipIIAMK 3HAYCHHSAMH TTOKa3HUKIB y 2021-2025
Pp- IO3BOJISIE OMIHUTH TPAHIYHI CTAaHU (PYHKITIO-
HyBaHHS €KOCHCTEMHHX Tociyr pidku CTup Ta
BUSIBUTH HaWOLIBII YpasinBi €IIEMEHTH PidKOBOL
exocrcTeMu (Tabm. 3).

Pe3ynbratu OLIHIOBAHHS SKOCTI BOAW Pi-
ykn CTHp 3a Halripmmmu nokazHukamu 2021-
2025 pp. cBim4aTh TpPO CYTTEBE MOTipPIICHHS
CTaHy BOJHOT'O CEPEIOBHINA Ta 3HIDKCHHS PiBHS
3a0e3MeUeHHs EKOCHCTEMHUX MOCITYT.

VY mexax conmpoBoro 0noky (Ic) koHmeHT-
pauii xjopumiB i cymbdatiB Bimnosigaoote [V
KJ1acy sIKocTi (TioraHi, OpyHi BOIIH), 110 BimoOpa-
JKae HU3BKHUN piBeHb 320€3MeUyBaIbHAX €KOCHC-
TEMHUX ITOCIIYT Ta CBITUHTH PO 3HWKEHHS TIpHU-
JATHOCTI BOAM JUISL TOCHOJAPCHKOTO BUKOPHC-
TaHHS ITi/1 BIUTMBOM aHTPOIIOT€HHUX YHMHHUKIB.

VY tpodo-canpobionoriunomy Omorii (It-
C) CIIOCTEpIraeThcsi 3HaYHA BapiaOENbHICTh IT0-
Ka3HHKIB. 30KpeMa, 3aBUCIi PEYOBHHH BiJMOBi-
naroTh 1l kmacy sikocTi (oOpi, YKMCTi BOMH), IO
XapakTepu3ye J0OpHii piBEHb MiITPUMYBAITBHUX
€KOCUCTEMHHUX Tochyr. BomHodac koHIeHTpa-
1is1 PO3uMHEHOro KucHio BiAmorimae III kmacy,
0 CBiTYUTH TIPO 33J0BIIBHUN PiBEHb YMOB iC-
HYBaHHS TiIpOOiOHTIB.

[Moka3HuKH, 10 XapaKTepU3yIOTh OpraHi-
YHe Ta Ol0reHHe HaBaHTaKEHHs, IEMOHCTPYIOTh
CYTTEBE TOTIPIICHHS CTaHy PETYIIIOBAIBHUX (Y-
HKIIM ekocucremu. 3HaueHHs BCKs Binmosinae
Il xnacy sikocTi, 10 BimOOpaXkae 3aI0BUILHUIMA
PIBEHBb pEryJrOBaJIbHUX €KOCHCTEMHHX IMOCIHYT.
HaTomicTb aMOHIHHMIA a30T, HITPUTH, HITPATH Ta
¢docdarn BianosigawoTs V Kiacy AKOCTi (Iyxe
norati, xyxe OpyaHi BOAM), O CBIAYUTH HPO
Jly’Ke HU3bKUH piBeHb 3a0e31eUeHHs PeryIoBa-
JBHUX €KOCHCTEMHHX MOCIYT Ta BKa3ye Ha TO-
PYUICHHS TIporeciB TpaHchopMariii OioreHHHux
PEUYOBHH 1 3HaUHE MEPEBAHTAXKEHHS CUCTEMH Ca-
MOOYHILICHHSI.

3aransHuii a30T BiAmosinae Il knacy sxo-
CTi, 110 XapaKTePHU3ye 3aJOBUILHUN PiBEHb pery-
JIOBaJIbHUX (DYHKLIH, ONHAK Y MOEAHAHHI 3 BU-
COKMMH KOHLIEHTPALISIMUA OKpEeMHX (OpM a30Ty
CBiUMTH Npo AucOalaHC y MpoLecax a3oTHOrO
LUKITY.
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Taoaunsa 3

SkicTh Boau Ta piBeHb 3a0e3Me4eHHs eKOCUCTEMHHUX Nocayr piukn Ctup
(3a Haiiripmum nokazaukamu 2021-2025 pp.)

Table 3

Water Quality and Level of Ecosystem Service Provision of the Styr River
(Based on the Worst Indicators for 2021-2025)
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I Xnopuau 43,23 6/6,18 \Y4 II/IT b/b 311 H
¢ [Cymsparu 3477 | 60605 | IV VI /b 310 H
3aBucCii PEUOBHHU 6,60 2/2,32 11 /A0 94 JI1 i
Po3unHEHU KUCEHD 5,80 5/5,78 111 3/I1c 36/I13 11 3
BCK 5 5,28 5/5,41 111 3/1lc 36/113 PI1 3
Ire | AsoT avonitinii 2,81 717,62 V| jaman | as/aB | PO JIH
A30T 3aranpbHui 2,55 4/4,24 11 3/3 36/C3 PIT 3
Hitputn 0,22 717 V| jaman | as/aB | PO JIH
Hitpat 2,81 717 V| jgmyan | as/aB | PO JIH
Docdatu 0,49 717 vV | jgmyan | as/aB | PO JIH

TakuMm unHOM, aHAJIi3 HAUTIPIINUX ITOKA3-
HUKIB IIOKa3ye, 0 Y IMePiojIH MiBUIIEHOTO Ha-
BaHTAXXEHHSI €KOCHUCTEMHI IOCIyTH piuku CTHp
CYTTEBO MOTIPIIYIOThCS. 30KpeMa, 3ade3mneuy-
BabHI (DYHKIIIT 3HMXKYIOTBCS 10 HU3BKOTO Pi-
BHSI, IO BiJloOpaxkae OOMEXeHY NpPHAATHICTh
BOJIU JUJIsl TOCTIOAaPCHKOTO BUKOPUCTAHHS, TOJII
SK PeryJIOBabHI MOCIYTH 32 OKPEMHUMH ITOKa-
3HUKaMH MIEPEXOJISATh JI0 y’Ke HU3bKOTO PiBHSA,
IO CBiJTYUTH MPO MOPYIICHHS MPOIECIB caMo-
perymsmnii Ta Tparchopmarllii GioreHHHX pedo-
BuH. [linTpuMyBabHi MOCIyTH 3aranom 30epi-
raloTh BiJI 33JJOBUTEHOTO JI0 AOOPOTO PiBHS, Of-
HaK TaKOX JEMOHCTPYIOTh YyTJIMBICTh 70 3pO-
CTaHHSl aHTPOIOI'CHHOI'O HaBaHTakeHHs. Lle
HiATBEPKY€E HEOOXiTHICTh ypaxXyBaHHS IPaHH-
YHHMX (HAUripmMx) 3Ha4YeHb MOKA3HUKIB IPH
OIIIHIOBaHHI €KOCUCTEMHHX TIOCIYT Ta O0IPyH-
TYBaHHI YIPaBIiHCHKUX PIllICHb.

Po3paxoBanuii iHIEKC COIBOBOTO CKIATy
3a HalTipmumu mokazHuKaMu (ICuair. = 6,12) Bi-
JIIIOB1/1a€ IIOCTi# CyOKaTeropii ssIkocTi BOHM, 110
y3romkyeTbess 3 IV kmacom (moraHi, OpymaHi
BoH). Lle cBimUnTEL PO HU3LKUH pPiBEHB 3a0€3-
neueHHs 3a0e3MnevyBabHIX eKOCUCTEMHUX 0-
CIIyT, 30KpeMa MPHUAATHOCTI BOAHM ISl TOCIO-
JapChKOTO BUKOPHCTAHHSA, Ta BiloOpaxae mif-
BUIIICHE MiHepaii3alliiiHe HaBaHTaXXCHHS B OK-
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pemi mepionu. Taki 3HAYeHHs iHAEKCY BKazy-
I0Th Ha BIUIMB aHTPOIIOI€HHUX YHHHHKIB, 3a
SIKMX SIKICTh BOJM IMOTIPIIYETHCS JI0 PiBHS, 110
noTpedye J10AaTKOBOI 00POOKH Mepe]l BUKOPH-
CTaHHSIM.

Ianexc Tpodo-canpobionorivHIx MoKas-
HUKIB (IT-cranr. = 5,8) BifmoBiae n’sAtiii i3 mepe-
XOJIOM y IIIOCTYy CyOKaTeropii SKocTi BOJH, IO
Bignosinae V-V knacam (morasi Ta gyxe Io-
rani Boan). Lle cBiAUUTh Mpo HU3BKUI 13 TIepe-
XOJIOM JI0 Ty’K€ HU3BKOTO PiBEHb 3a0e3edeHHs
PETYIIOBANEHIX €KOCUCTEMHUX TIOCIYT, TI0B’5I-
3aHMX 13 IpOLECaMH CAMOOYHIIIEHHS Ta TPAHC-
(hopmarrii GioreHHUX pedoBWH. Taki 3HAYEHHS
iHIEKCY BiOOpaXalOTh MEPiOAX MiIBUIIEHOTO
OpraHiuHOro Ta 0i0reHHOT0 HABaHTAXKEHHS, 110
CYIIPOBOJUKYIOTBCSL TIOPYLICHHSIM KHCHEBOTO
PEKMMY Ta aKTHBI3aIli€l0 eBTPOQiKaIiitHUX
MIPOLIECIB.

OTxe, OJIOKOBI 1H/IEKCH 32 HAWTIpPIIUMHU
MOKa3HUKAMHU TIOKa3yIOTh, 110 B MEPIOJN MaK-
CHUMAaJIbHOTO aHTPOIIOI€HHOTO HAaBaHTAXCHHS
€KOCHCTEeMHI mocityT piuku CTUp iCTOTHO 3HH-
KYIOThCS: 3a0e3IedyBalibHi MMOCIYTH XapakKTe-
PHU3YIOTBCSI HU3BKUM DPiBHEM, TOJi SIK peryJito-
BaJIbHI — HU3bKUM a00 Jy’kKe HU3bKHM PiBHEM
3abe3neueHHs. lle miaTBepaKye AOLIBHICTDH
ypaxyBaHHSI TPaHUYHHUX (HAMTipLUINX) 3HAYCHD
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MOKA3HUKIB K BAKIIUBUX 1HJMKATOPIB y CHC- €KOCHCTEMHUMH IOCTYTaMH TPaHCKOPIOHHUX
TeMi OLIHIOBaHHS SKOCTI BOAM Ta yNpPaBIiHHA PpivOK.
Bucnosku
3acTocyBaHHS IHIUKATOPHOTO TiIXOMY 10 [IpakTHyHa 3HAYYIIICTH JTOCIIIKEHHS
OLIIHIOBAHH!A CKOCUCTEMHUX MOCITYT IPUKOPAOH- MIOJIATAE Y MOMJIMBOCTI BHKOPHCTAHHS 3aIpo-
HOT JUIAHKHN piuky CTHP T03BOJIHIIO KOHLENTYa- [IOHOBAHOTO MiAXORY ISl BIOCKOHAJICHHS CUC-

JIbHO TOEAHATH TiAPOXIMIUHI MOKA3HUKH SIKOCTI
BOJIY 3 (PYHKITIOHATLHIUMH XapaKTePUCTHKAMH Pi-
4YKOBOI ekocrcTeMH. Lle miaTBepmKye, 10 MoKa3-
HUKH SIKOCTI BOJM MOXYTh €(DEKTMBHO BUCTYTIATH
VHIBEpCAIbHUMU 1HIUKATOPaMU CTaHy PEryJIto-
BaJIbHUX, MIATPUMYBAJIBHUX 1 3a0€3MedyBaTbHAX
€KOCHCTEMHUX TMOCIYT.

TEMU MOHITOPUHTY Ta YTPaBIIiHHS BOAHUMU Pe-
cypcami. [HTerpartisi MoKa3HUKiB SKOCTI BOJH B
OIIIHIOBAHHSI E€KOCHCTEMHHUX TOCIYT CTBOPIOE
HAYKOBO OOTPYHTOBaHY OCHOBY JIJISl IPUAHSTTS
YOPaBIIHCHKUX PIllIEHb, CIIPIMOBAHUX Ha Mij-
BUILIEHHSI €KOJIOTTYHOI CTIHKOCTI PiYKOBUX €KO-

KJTIO4OBHM pE3yIbTATOM € BCTAHOB- CHCTEM, MiHIMi3aIlif0 TPAHCKOPIOHHHUX PU3UKIB
JICHHsI HEPIBHOMIPHOCTI peaizaiii eKoCHCTeM- 3a0pyIHEHHS Ta 3a0€3MEYEHHS CTANIOr0 BHKO-
HUX TIOCITYT: HaBiTh 3a BiTHOCHO TPHHHITHOTO PUCTaHHS BOJHUX PECYPCIB.

CEPEIHBOT0 CTAHY €KOCHCTEMH (PiKCYIOTHCS Tie- TakuM dYHHOM, IHIWKATOPHE OIIHIO-
pioau ii PpyHKIIOHATBHOI HeCTaOLIBHOCTI. Taka BaHHs €KOCMCTEMHHX OCIYT Ha OCHOBI MOKa3-
HHCFPOHOPHH CBITYMTB NP0 IIPHXOBaHY Bpas- HHKIB SIKOCT1 BOIH JO3BOJISIE HE JIMIIE J1arHOC-
JTUBICTH PIYKOBOT [CHCTCMH, SKa HE Bi100paXxa- TyBaTH €KOJIOTIYHHI CTaH PIYKOBOI €KOCHC-
€TBCA TOBHOIO MIPOIO y CCPCIHIX 3HAYCHHAX TEMH, a 1 iHTepnpeTyBaTy PiBeHb peasizamii ii

MOKA3HUKIB, aJic MPOSBISAETHCS Yy KPUTHYHUX
emni30/jax HaBaHTaKCHHS.

OtpumaHi pe3ynbTaTd MaloTh BaKINBE
METOIUYHE 3HAYEHHS, OCKIILKH JOBOMITH JOLIi-
TBHICTh BUKOPHUCTAHHS TOEAHAHHS CEPEeHIX 1
TPaHMYHUX (HAWTIpIINX) 3HAYEHb MOKA3HUKIB Y
CHCTEMI OIIHIOBAHHS €KOCHCTEMHHUX mociyT. 1le
JTO3BOJISIE OB ITOBHO BpaxyBaTH SIK (DOHOBHi
CTaH €KOCHCTEMH, TaK i 11 peakIliro Ha IKOBi aH-
TPOTIOTEHHi BILTUBH, 1[0 € 0COBJINBO AKTyaTbHIM HEHHS! EKOCHCTEMHHUX TIOCIIYT Ta CTAJOro po3-
JUIS] TPAHCKOPAOHHHUX BOAHUX 00 €KTIB. BUTKY PI4KOBHX OaceiiHiB.

Kro4oBHX GyHkUid. Takuit miaxin 3abe3neuye
MOJIMBICT ILIECIIPIMOBAHO OIIHIOBATH CTaH
peTyIIOBAIBHUX, MIATPUMYBAIBHUX 1 3a0e31e-
YyBaJIbHUX €KOCHCTEMHHX TIOCITYT, BUSBIISATH 1X
KPUTHUYHI TOPYIICHHS Ta BU3HAYAaTH MPIOpH-
TeTW IS BiHOBJIEHH:. Lle cTBOproe HayKoOBO
OOTpYHTOBaHY OCHOBY JUIS YIPABIiHHS PiUKO-
BHMH €KOCHCTEMaMH, OPIEHTOBAHY Ha 3a0e31e-

Kondaikr inTepecin

ABTOp 3asBIIsie, M0 KOHDIIKTY iHTEpeciB moA0 myoikalii nporo pykonucy Hemae. Kpim toro,
aBTOPOM TIOBHICTIO JIOTPHMAHO €THYHHX HOPM, BKIIOYAIOUM TuiariaT, Qanbcudikaliito JaHuX Ta Mo-
JBIHY MyOTiKaIifo.

Jexaapanisa npo suxkopuctanus LI

B po6oTi He BUKOPUCTaHO pecypc MTYYHOTO THTEIEKTY.

Cnucox BUKOPHCTAHOI JliTepaTypu

1. Kapaim O. A., Kapaim B. I1., beaynkosa O. O., Jlappuniok 3. B., Jlxkam O. A. O1iHKa aHTPOTIOT€HHOTO BIUIUBY
B acnekTi OaceiHOBOrO exojoriuHoro ympasiniHHs. Bicnux HYBITI. Cintbcbkococnooapcoki nayku : 30. Hayx.
npays. Piae: HYBI'TI. 2024. Bum. 1 (105). C. 97-119. https://doi.org/10.31713/ vs120247

2. Komuno B., [Tonosuu B. BmicT Bakkux MetaniB y Boxi Ta enadoronax oeperosoi 3ouHu piku Crup. Bichux
Jlvgiscvorkoeo  Oeparcasnoco  yuisepcumemy  besnexu  orcummedisibnocmi. 2024, Ne 29, C. 5-11.
https://doi.org/https://doi.org/10.32447/20784643.29.2024.01

3. Kysnenos I1. M., benynkosa O. O. Inentudikaiiis Ta mpocTOpOBO-4acOBi 3MiHH TIOKa3HHUKIB BMICTY OpPraHiuHHX
PEYOBHH B MOBepxHEBUX Boaax p. Ctup. Tagpiticokuii naykosuil gichuk. Cepisn: CintbCbk020Cn00apChKi HAYKU.
2024. Ne 135(2). C. 249-256. https://doi.org/10.32782/2226-0099.2024.135.1.33

4. Hetpobuyk I. M., [Tonstachkwii C. B., binenpkuii FO. B., Conoseii B. B., Kauaposcekwuii P. €., JliBuk C. A. Brims
TOCTIO/IAPCHKOT JisUTHHOCTI JIIOJMHY Ha cTaH OaceiHy p. Ctup. Véda a perspektivy. 2025. Ne 4 8.(47). C. 126—
139. https://doi.org/10.52058/2695-1592-2025-4(47)-126-139

75


https://doi.org/10.31713/%20vs120247
https://doi.org/https:/doi.org/10.32447/20784643.29.2024.01
https://doi.org/10.32782/2226-0099.2024.135.1.33
https://doi.org/10.52058/2695-1592-2025-4(47)-126-139

ISSN 1992-4259 BichHuk XapKiBCKOr0 HalliOHAJIBHOTO yHiBepcutery iMeHi B. H. Kapasina.
Cepist «Exomoris»y. 2026. Bumyck 34

5. Biedunkova O., Kuznietsov P., Tsos O., Boiaryn M., Karaim O. Sustainable Hydrochemical Reference
Conditions in the Headwaters of Western Ukraine. Sustainability. 2026. Vol. 18(2). Article 821.
https://doi.org/10.3390/su18020821

6. Kovalchuk I., Karaim O., Dzham O., Lavrynyuk Z., Karaim V. Ecological assessment of surface water quality of
the Western Bug river in the border region of Ukraine and Poland. Visnyk of V. N. Karazin Kharkiv National
University. Series Geology. Geography. Ecology. 2025. Vol. (62). P. 424-436. https://doi.org/10.26565/2410-
7360-2025-62-32

7. Mitryasova O., Mats A., Salamon 1., Smyrnov V., Chvyr, V. Study the Nexus between Indicators of Surface
Water Quality on the Small River for Better Basin Management. Journal Of Environmental Management And
Tourism. 2023. Vol. 14(5). P. 2187-2195. https://doi.org/10.14505/jemt.v14.5(69).03

8. Farid Ahmed M., Mokhtar M. B., Lim C. K., Suza I. A. B. C., Ayob K. A. K., Khirotdin R. P. K., Majid N. A.
Integrated River Basin Management for Sustainable Development: Time for Stronger Action. Water. 2023. Vol.
15(13). Article 2497. https://doi.org/10.3390/w15132497

9. Kazemi M., Bozorg-Haddad O., Fallah-Mehdipour E., Chu X. Optimal water resources allocation in
transboundary river basins according to hydropolitical consideration. Environment. Development and
Sustainability. 2022. VVol. 24. https://doi.org/10.1007/s10668-021-01491-0

10. Sahana Mehebub, Dhali Dr, Lindley Sarah. Global disparities in transboundary river research have implications
for  sustainable  management. = Communications Earth &  Environment. 2024. Vol. 5.
https://doi.org/10.1038/s43247-024-01928-0

11. Tomadon L. S., do Couto E. V., Bailly D., et al. Incorporating aquatic biodiversity into sustainability index for
hydrographic sub-basins: a multi-criteria stakeholder assessment approach in the Upper Parana River.
Hydrobiologia. 2024. Vol. 851. P. 4905-4926. https://doi.org/10.1007/s10750-024-05648-6

12. Tomingas P., Kont R., Lohmus A., Vaikre M. Diversity of small waterbodies sustains aquatic biodiversity in
drained forest landscapes. Hydrobiologia. 2025. Vol. 852. P. 1677-1692. https://doi.org/10.1007/s10750-024-
05770-5

13. Khosrovyan A. Biodiversity and Ecosystem Services in Rivers. Water. 2024. Vol. 16(15). Article 2091.
https://doi.org/10.3390/w16152091

14. Remme R. P., Meacham M., Pellowe K. E., Andersson E. Et all. Aligning nature-based solutions with ecosystem
services in the urban century. Ecosystem Services. 2024. Vol. 66. Article 101610.
https://doi.org/10.1016/j.ecoser.2024.101610

15. Sousa M. C., Martins R., Simdes N. E., Feio M. J. Ecosystem services of urban rivers: a systematic review.
Aguatic Sciences. 2025. Vol. 87. Article 10. https://doi.org/10.1007/s00027-024-01138-y

16. MeTouka eKOJIOTIYHOT OIIIHKH SIKOCTI IOBEPXHEBUX BOJ 32 BiAMOBIAHUMHE KaTeropismu / A. B. I'punenxko, O. T
Bacenko, I'. A. Bepriuerko Ta in. X.: YkpH/IIEIL. 2012. 37 c.

17. Pomanenko B. [I., Kykuncekuii B. M., Oxkcitok O. I1., Suuk A. I1. Ta in. MeToarKa eKOJIOTiYHOT OIIIHKH SIKOCTI
MOBEPXHEBUX BOJ 3a BinnoBigHUMHE Kateropismu. K.: CUMBOJI-1, 1998. 50 c.

18. MAWeb.org. Ecosystems. URL.: https://maweb.org/ecosystems/ (mara 3sepuenns: 30.03.2026)

19. Millennium Ecosystem Assessment. Overview of the Milliennium Ecosystem Assessment. URL:
https://www.millenniumassessment.org/en/About.html  (nara 3sepuenns: 30.03.2026)

20.Crup. PerionamsHmii odic BomHMX pecypciB y BommHcpkiii oOmacti. Odimidiamic  caiit. URL:
https://vodres.gov.ua/node/1353 (nara 3Beprenss: 30.03.2026)

21. YkpaiHcekuit rigpomereoponoridauii mentp. Odiuiitauii caiir. URL: https://www.meteo.gov.ua/ (mara 3Bep-
nennst: 30.03.2026)

22. MOHITOpUHT Ta SKOJIOTiYHA OIliHKa BOJHUX pecypciB Ykpainu. [lep>kaBHe areHCTBO BOJHHX pecypciB YKpaiHu.
Odimitinmii caiit. URL: http://monitoring.davr.gov.ua/EcoWaterMon/GDKMap/Index  (mata 3BepHEHHs:
30.03.2026)

Crarrs Hagivnuia 1o pemakiii 11.04.2026 Iepermsauyto 13.05.2026
Crartst pekoMeHa0BaHa 110 apyky 17.05.2026 Omnyomnikoano 30.05.2026

76


https://doi.org/10.3390/su18020821
https://doi.org/10.26565/2410-7360-2025-62-32
https://doi.org/10.26565/2410-7360-2025-62-32
https://doi.org/10.14505/jemt.v14.5(69).03
https://doi.org/10.3390/w15132497
https://doi.org/10.1007/s10668-021-01491-0
https://doi.org/10.1038/s43247-024-01928-0
https://doi.org/10.1007/s10750-024-05648-6
https://doi.org/10.1007/s10750-024-05770-5
https://doi.org/10.1007/s10750-024-05770-5
https://doi.org/10.3390/w16152091
https://doi.org/10.1016/j.ecoser.2024.101610
https://doi.org/10.1007/s00027-024-01138-y
https://maweb.org/ecosystems/
https://www.millenniumassessment.org/en/About.html
https://vodres.gov.ua/node/1353
https://www.meteo.gov.ua/
http://monitoring.davr.gov.ua/EcoWaterMon/GDKMap/Index

ISSN 1992-4259 BichHuk XapKiBCKOr0 HalliOHAJIBHOTO yHiBepcutery iMeHi B. H. Kapasina.
Cepist «Exomoris»y. 2026. Bumyck 34

O. A. KARAIM, PhD (Economy),
Associate Professor of the Department of Ecology and Protection of Environment,
e-mail: olha.karaim@vnu.edu.ua  ORCID ID: https://orcid.org/0000-0002-1722-4110
Lesya Ukrainka Volyn National University,
13 Voli Ave., Lutsk, Volyn region, 43025, Ukraine

INDICATOR-BASED ASSESSMENT OF ECOSYSTEM SERVICES
IN THE TRANSBOUNDARY SECTION OF THE STYR RIVER BASED
ON HYDROCHEMICAL WATER QUALITY INDICATORS

Purpose. To test an indicator-based approach for assessing ecosystem services in the transboundary section
of the Styr River based on water quality parameters.

Methods. Analytical, hydrochemical analysis, and ecological classification methods for surface water
quality assessment.

Results. An indicator-based assessment of ecosystem services in the transboundary section of the Styr
River was carried out based on hydrochemical water quality parameters for 2021-2025. It was found that,
according to annual average values, most indicators correspond to Classes I-111, indicating a generally satisfactory
state of the aquatic environment. Supporting ecosystem services are maintained at high and good levels, while
regulating and provisioning services are predominantly at a satisfactory level. At the same time, systematic
exceedances were identified for certain indicators, particularly nitrogen compounds and organic matter, indicating
anthropogenic pressure and reduced efficiency of regulating ecosystem functions. The analysis of temporal
dynamics revealed an increasing trend in ammonium concentrations and the occurrence of episodic peak values,
reflecting instability in self-purification processes. A decreasing trend in BODs values was observed, indicating
partial improvement in certain ecosystem functions. Assessment based on block indices showed that, under
average conditions, water quality corresponds to Class Il (satisfactory, moderately polluted waters), whereas
under worst-case conditions it shifts to Classes 1V-V (poor and very poor, polluted and heavily polluted waters),
indicating significant variability in ecosystem condition.

Conclusions. The application of the indicator-based approach enabled the integration of hydrochemical
water quality parameters into the assessment of river ecosystem functioning. Uneven provision of ecosystem
services was identified: despite an overall satisfactory average condition, periods of deterioration occur, indicating
the ecosystem’s vulnerability to anthropogenic pressure. The results demonstrate that water quality indicators can
be used to quantitatively interpret the level of regulating, supporting, and provisioning ecosystem services. The
proposed approach can be applied to improve water resource assessment and management in transboundary river
systems.

KEYWORDS: indicator-based assessment, water quality, transboundary river, ecosystem services,
sustainable development
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OLIHKA SIKOCTI IOBEPXHEBHX BOJI PIUKH CIBEPChKHWI JOHEIb
B MEJKAX XAPKIBCBKOI OBJIACTI Y 2024 POIII

Merta. HanmaTu oIiHKY SIKOCTi TOBepXHEBUM BonxaM piuku CiBepcbkuii JloHeb B MekaX XapKiBChKOi 00-
macti y 2024 poui 3a JTaHUMH Aep>KaBHOTO MOHITOPHUHTY Ha OCHOBI BU3HAUCHHS iHICKCIB SKOCTi BOJIH.

Metoan. AHaniTHaHAN, MOTU(IKOBaHOTO iHAEKCY 3a0pynHeHHS Boau (I3B), komOiHaTOpHOTO iHACKCY 3a-
opynuenns Boau (KI3).

PesyasTaTu. [IpoBeneHo aHANI3 MOHITOPHHTOBHX JaHUX BoX piuku CiBepcbkoro JJoHII B Mexkax XapKiB-
cpKoi o0macti y 2024 pomi mist moctis c. [Tedeniry, c. Ecxap, ¢. 3amoHenbke 3a micTbMa OCHOBHIMH ITOKa3HIKAMH.
BusnaueHo, 1110 skicTh Boau B [IeueHi3pKOMY BOJOCXOBHII BiTHOCHTRCS 110 11 Kacy SKOCTI 3a JBOMa METOIaMH,
aie 3a MeToJoM MojudikoBaHoro I13B xapakTepu3yeThesi K «4UCTa», a 3a MertomoM KI3 — sk «3abpyaHeHay.
SIkicTh Bomu HUXKYe rupia p. Yau, c. Ecxap 3a meromom moaudikosanoro 13B Bigaocuthest o 111 knacy sikocTi i
XapaKTePU3YETHCS K KIIOMIPHO 3a0pyIHEeHaY, a 3a MeTo oM KI3 Boga — mo [Va kiacy sikocTi, i XapakTepu3yeThes
SIK «Iyke OpyaHa». SIKiCTh BOAM Ha TOCTI ¢. 3a70HebKe BiHOCUThCS 70 1116 Kiacy sSKOCTi 3a JBOMa METOIaMH,
aie 3a MeToJoM MomudikoBaHoro 13B xapakTepu3yeThcs SIK «ITOMipHO 3a0pymHeHa», a 3a MeTomoM KI3 — sk
«Opyanay. Y 2024 poui nopiBasHO 3 2023 pokoM sKicTh Boau B [leueHi3pkOMY BOJOCXOBHIII ITOKPAIIUIACH, 4 HA
nocty c¢. Ecxap noripmmnace. Ha mocty c. 3amorernske 3a MeTogoM 3B BigMidaeThest OTIpIIEHHS SKOCTI BOJIH,
a 3a meromoM KI3, HaBmaku, mokpanieHHs. [ iApoxXiMIiYHUMH TOKa3HUKAMH, sIKi BU3HAYar0Th AKicTh Bou € BCKs,
CIIOJYKH a30Ty Ta CyNIb(haTH.

BucnoBku. B3nox BogoToky p. CiBepcrkuii JJoners B Mexxax XapkiBcbkol oomacti y 2024 pomi BinOy-
BAaIOTHCS 3MIHHU SIKOCTI Bo/iM. CrIOCTEPIraeThesl MOTIPIISHHS SKOCTI BOJM ITICIIsl BIIAAIHHS p. Y M, sIKa MiJJIA€ThCs
3HAYHOMY aHTPOIOreHHOMY TUCKY. SIkicTh Boau B CiBepchkoMy JIOHII Bapito€ThCs Bill «4HUCTOI» IO «IIOMIpHO
3a0pyqHeHO» 3a MeTosoM MoaudikoBaHoro 3B, a 3a meronom KI3 Bix «3a0pyaHeHa» 10 «ayxe OpyaHay.

KJIFOYOBI CJIOBA: ziopoximiunuti noKasHuk, Moou@ikoeanuil inoekc 3a6pyoHeHHs 600U, KOMOIHAMO-
PHULL iHOeKC 3a0pyOHeN s, AKICMb 800U

Ax muryBatn: Kymuk M. 1. Jlicasak A. A., 'em6au A. O. OuiHka sKocTi HOBepXHEBUX BOA piuku CiBepchKuii
Jonens B Mexax XapkiBcbkoi obnacti y 2024 poui. Bicuuk Xapxiscokozo Hayionanbnozo yuieepcumemy imeHi B.
H. Kapasina. Cepis «Exonocisy. 2026. Bum. 34. C. 79-94. https://doi.org/10.26565/1992-4259-2026-34-06

In cites: Kulyk, M. I., Lisnyak, A. A., & Gembach, A. O. (2026). Assessment of surface water quality of the
Seversky Donets river within Kharkiv region in 2024. Visnyk of V.N. Karazin Kharkiv National University. Series
Ecology, (34), 79-94. https://doi.org/10.26565/1992-4259-2026-34-06 (in Ukrainian)
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KurrenispHICTE TIOOAUHUA TICHO IIOB’SI-
3aHa 3 HASBHICTIO AKICHOI BOAH, 3abe3meue-
HICTh BOJHUMH PECypCcaMU BIUIMBAE M Ha €KO-
HOMIYHUH PO3BUTOK PETiOHY.

Bignosigao mo VYkasy Ilpesumenra Y-
painu onHieto 3 Llineii cramoro po3BuTky Ykpa-
ian Ha mepiog mo 2030 poky € «3abe3neueHHs
JIOCTYITHOCTI Ta CTAJIOTO YIPaBIiHHS BOIHUMHI
pecypcaMu Ta caHiTapiero», s 3a0e3MeUeHHS
CTAJIOTO PO3BUTKY EKOHOMIKH, TPOMAJSTHCH-
Koro cycminsctBa i gepkasu [1]. Jlana minb
amanToBaHO M0 YKpaiHCBKUX peamiit 3 Llimi 6
«Hucra Boaa Ta caHiTapisy, fka € ojHieo i3 17
Llineit cranoro po3Butky yxsaienux OOH [2].
Cuix 3a3HAa4YMTH, 110 JaHa IiIb Ma€ MK CEKTO-
paibHuii edekr [3].

Ho 80% moTped MUTHOTO BOJOIOCTA-
YaHHS 3J[IHCHIOEThCS 32 PAXYHOK TTOBEPXHEBUX
BOJHUX 00’ekTiB [4]. XapkiBchbka 00J1acTh Ma€e
HU3bKY 3a0€3MCYCHICTh BOJHUMHU PECypCcaMu
[3,5, 6]. 70-80 % BomormocTadanHst M. XapKoBa
Ta XapKiBChbKOI 00MacTi mpumagae Ha OaceitH
Cisepcbkoro Jonus [3, 7]. bausbko 70% tepu-
TOpii 00JIACTI HANEXKHUTh IO HOro OaceliHy, 1e
O7M3bKO0 22 THC KM?, Ha JaHii MiCLIeBOCTI po-
JKUBaJTo Oist 2,5 minmbitonis oci6 [5, 7, 8, 9].

Piuka Cisepcokuii JloHels € HAWOIBIIIO
B XapKiBCHKil 00JIaCTi Ta SBISETHCS HAWBAKITU-
BIIINM JPKEPENIOM IIPiCHOT BOJIU CXOy Y KpaiHH.
[i saranbha oBXMHA B Mekax 06IacTi cKkiIanae
375 xm [4-9]. ¥V 2024 poui B XapkiBchKiii 00ma-
CTi 3 IPUPOTHUX JPKEpeN ychoro 3adpaHo 197,0
MJIH. M° BOIM, B TOMY YHCI 3 HOBEPXHEBUX —
176,8 miH. M3 Bozu, SIK 3a3HAYAJI0Ch BULIE TIEPE-
Ba)XKHa OUIBIIICTE BOAWM 3a0paHO 3 BOJHHUX
00’exTiB Oaceliny p. CiBepchkoro JoHipst. 75,8
MJIH. M CBIJKOT BOJIM BUKOPHCTAHO Ha MTUTHI i ca-
HiTapHO-TirieHiyHi notpebu, a 103,9 mmmH. m° —
Ha BUpoOHM4i motpedu [6, 10].

[Tig BIITMBOM aHTPONOTEHHUX (aKTOPIB
SKICTh MIOBEPXHEBUX BOJ 3HUKYETHCS, 30KpeMa
yepes 3aperybOBaHiCTh CTOKY, MiChbKE, TPOMHU-
CJIOBE TOCIIOAAPIOBAHHS, [IOBEPXHEBUX CTOKIB 3
CIJIbCHKOIOCITOIAPCHKHUX YTi/Tb, @ TAKOXK BHACITI-
JIOK BeJieHHs OotoBux miid. Y 2024 porii 110 mo-
BEPXHEBHX BOJHUX 00’€KTiB B XapKiBChKil

Beryn

o6nacrti ycporo ckuayTo 194,9 MimH. M3 3B0poT-
HUX BoJ, 1m0 y 1,25 pa3 Ginbme Hik y 2023, 3
HUX HOPMAaTUBHO ouuieHux 116,4 miH. M, HO-
PMATHBHO YUCTHX 0€3 OuMCTKU 74,6 MiH. M3 Ta
3abpynnenux 3,9 muou. M° [5, 6, 10, 11].

HocmimkeHHs eKOJIOTIYHOTO CTaHy PidoK
PO3MIITHYTO ¥ poOoTax 0araTh0X HAayKOBIIB 5K
VKpalHChKUX, TaK 1 3aKOpIOHHUX. Y poOoTax
[12, 13] HagaHO eKOJIOTIYHY OIIIHKY BOJ YKpaiH-
cbKoi yactunM p. [lyHail Ta 3p00seHO POTHO3U
sikocTi Boan. Y cratTi [14] HamaHO eKoJIoTiuHy
OIHKY sKOCTi Bomu y KaHiBCBKOMY BOIOCXO-
BulIli. Y po6oTi [15] HanaHa KOMITIIEKCHA OIliHKA
sIKOCTi BoA p. JlecHa 3a TpuBaiM yac Ta MpoaHa-
J30BaHO BIUTUB BIMCHKOBHX [Iiff HA CTaH PiuKoO-
Boi Boau. [Ipo6iieMor0 SKOCTI TOBEPXHEBUX BOJT
3aiiMaroThCs i 3akopoHoM [16-18].

JocnipkeHHSIM TIOBEPXHEBUX BOJHUX
00’eKTiB B Mekax XapKiBCbKOi 001acTi mpuc-
BsiUeHa HU3Ka poOiT. OcobimBa yBara npucBs-
YeHa BU3HAYEHHS SKOCTI BoAM B piulli CiBepch-
kuit JloHenb B pi3HI EPiou, TKa HalaHa B Po-
6otax [4, 5, 11, 19, 20] Ta inmmx.

Exonoriunuii cran 6aceiiny CiBepchbKoro
JloHIIsT TakoX HE 3aIMIIAETHCS 11032 yBarolo
[21-23], Tak B crarTi [3] mociipKyBauCh BOIHI
00’exTH #ioro mpaBoOepexoks, a B podoti [7]
HaJaHO €KOJIOTIYHY OIIHKY TEPHUTOpii OacelHy
3a niepion 3 1991 no 2020 poku. Takox BrBUa-
BCsI CTaH it okpemux pivok Jlomaup [24], Ockin
[25], Yau [26].

Jep>xaBHUI MOHITOPHHI CTaHy HOBEpPX-
HEBUX BOIHHUX 00 €KTIB 3HIHMCHIOCTHCI B CHC-
Temi Jlep:kaBHOTO areHTCTBa BOJIHHUX PECYpCiB
Vkpainu [5, 27]. Ha Tepuropii XapkiBcbkoi 00-
nacti y 2024 poui moHiTOpuHT p. CiBepChbKHiA
JloHe1s mpoBoauBes PerionansauM odicom Bo-
IHHX pecypciB y XapKiBchKili o0nacTti Ha 7 1my-
HKTaX CIOCTEPEKEHHS Ta XapKiBCbKUM perio-
HaJLHAM IIEHTPOM 3 TifpomeTeoposiorii Ha 3
MYHKTax CHocTepexeHHs [6].

MeTtor po0OTH € HalaTH OIiHKY SKOCTI
noBepxHeBUM BojaM piuku Cisepchkuit [lo-
Hellb B MeKax XapKiBcbkol obnacTi y 2024 porri
3a JaHWMH JAEP’KaBHOTO MOHITOPMHTY Ha OC-
HOB1 BU3HAUEHHS 1HAEKCIB IKOCTI BOJU.

O0’eKkTH Ta MeTOAM AOCTiIKEeHHA

Jist mocTipKeHHST SIKOCTI MOBEPXHEBHX
Box p. CiBepchkuii JloHens BUKOPUCTAHO JIaHi
XapKiBCHKOTO PETiOHATBLHOTO IIEHTPY 3 TiIpo-

80

MeTeopodtorii 3a 2024 pik [28]. epxaBHHiA MO-
HiTOpuHT ToBepxHeBux Boxa CiBepcwbkoro i-
HIIS CKJIQZIABCSI 3 IOMICSYHOTO CIIOCTEPEKEHHS
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3a T1APOXIMIYHUMHU TOKa3HUKAMH Ha TPbOX I10-
cTax posrtamioBanux y cenax [leueniru (ITeue-
Hi3bKe BomocxoBwile), Ecxap (Hmxde rupia p.
Y au) Ta 3anonenpke (puc. 1).

i mpoBeieHHS OLIIHKH SIKOCTI MOBEPX-
HeBHX BOJ piuku CiBepchbkuit JloHeb BUKOPHC-
TOBYBAJIMCh HACTYITHI MeTonmu: 30ip Ta aHawi3
BIIKPUTUX JNaHHUX MPO SIKICTh BOAW B pidulli y
2024 pori, aHami3 BEIWYHH TiIPOXIMIYHUX
MMOKa3HUKIB BOAM Ta iX IOPIBHSAHHS 3 BiJIIO-
BIJTHUMHU 3HAYEHHSIMU TPAaHUYHO JOITYCTHUMHUX
konuentpanii (I'’IK) mist Bogoiim puboroc-
MOJIAPCHKOTO TIPU3HAYEHHS, METO MOoaH(]iko-
BaHOTO iHAeKCYy 3abpymneHHs Bomu (I3B),
METO/ KOMOIHATOPHOTO 1HIEKCY 3a0pyIHEHHS
soxu (KI3) [5, 29-31].

Xapxis

b

YMOBHI TO3HAYEHHS:
Touka 1 c. MeueHirun
9 Touka 2 c. Ecxap
9 Touka 3 c. 3a0HeLbKe

BigmoBimHo 10 Metoay MoaudikoBa-
HOTO iHJIEKCY 3a0pyAHCHHS BOJH, SKICTh BOJIU
OILIIHIOETHCS 3a IICTbMA ITOKa3HUKAMM, 3 HHUX
IBa € OO0OBS'3KOBI (pO3UYMHEHWH KHCEHBH Ta
BCKs5), a wotupu obupatots 31 crimcky [31]. da-
HUN METOJ| BITHOCUTHCS 10 HAUTTPOCTIIINX ME-
TOJIiB KOMIUICKCHOT OIIIHKH SIKOCTi BOJIU ¥ TIPO-
BOIUTKCS 32 OOMEKECHUM Ha0OpOM MOKA3HHUKIB,
mo € Woro Hemomikom [30, 31]. Benuuuny
IHICKCY PO3PaxOBYIOTh 32 (DOPMYJIOHO:

_1lyn G
I3B = S X A Q)

ne Ci — cepenHe apupMeTHIHE 3HAUCHHS
KOHIIEHTpAIIi] i-T0 MOKa3HUKa SKOCT1 BOIIH;
I'’IKi — TrpanMyHO JOmycTHMA
KOHIICHTpAIIis 1-T0 TOKa3HHUKa.

Touka 1

Touka 2

Touxka 3

Puc. 1 — Kapro-cxema rigposoriuaux noctis Ha piuni CiBepcskuii JlJoHenp y Mexkax XapKiBcbKoi o0uacTi

Fig. 1 — Map-scheme of hydrological posts on the Siverskyi Donets River within the Kharkiv region
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SIKicTh BOJM Y 1IbMY METOIi OIIHIOETHCSI 32
BenmmunHOIO 3B 1 kiacudikyeTbes 3a Kllacamu Ta
XapaKTepU3yeTbCsa TakKUM 4MHOM: | Kiac sxocTi
Bonu I3B < 0,30 i1 xapakTepu3yeThCs SIK «IOyXKe
gncrtay; I kimac sskocti Boau I3B Bix 0,31 mo 1,00
i xapakTepm3yeThes K «auctay; Il kimac skocti
Boau I3B Bix 1,01 mo 2,50 i xapakTepru3yeThes K
«toMipHo 3a0pynHeHay; [V kiac sikocti Bomu [3B
Bix 2,51 mo 4,00 # xapaxTepusyeTbcs SIK
«3abpynreHay; V kiac skocti Boxu 13B Big 4,01
Jo 6,00 if xapaktepusyeTbesi sIK «OpyaHa»; VI
kimac skocti Boaum I3B Bim 6,01 mo 10,00 it
XapaKTepU3YyeEThCs K «ayxke OpymHa»; VII kmac
sakocti Bomu I3B Oimpme 10,00 # xapaxre-
puU3yeThCs SIK «Haa3BUUaiiHo OpyaHa» [30, 31].

BignoBimHO 10 MeToxy KOMOIHATOPHOTO
1H/IeKCY 3a0pyAHEHHS BOJIH, OIiHKA SIKOCTiI BOAX
npoBomuThes y aekinbka erami [30, 31]. Ha
MEPIIOMY  BH3HAYAEThCSI  Mipa  CTIMKOCTI
3abpyanenns (Pi), sKka  3HaXOOMTBCS 34
(hopmyJoKO:

Py = T, @

1€ Nryki — KUTbKIiCTh pe3ysbTaTiB aHami3y
1-TO TOKa3HHMKa SKOCTI BOAH, 3HAYEHHS SKOTO
nepesuutye noro I'IK;

Ni — 3aranpHa KUTBKIiCTh PE3yNBTATIB
aHaJIi3y 1-ro MOKa3HUKA SKOCT1 BOJIH.

Ha npyromy erani Bu3HadaeTbcsl piBEHb
3a0pyHEHHS, KU BHU3HAYAETHCA 32 KpaTHi-
ctio niepesuiiers 1K (K;) ¥ 3HaxoauTtscs 3a
hopmyIioro:

Ci
Ki = WKL (3)

[Ticnst Toro sik 3HANAEHO MIpY CTIHKOCTI
3a0py/IHEHHS Ta PiBeHb 3a0pyAHECHHS BU3HAYA-
IOTBCSl OIIIHOYHI 0aidW Ta XapaKTepUCTHKa
3a0pyJHEHHS 3a KJIacU(piKaIliiHUMHI TaOIUIIs-
mu. IIpu nosroproBanocti 10 10 % mpucsoro-
eTbes 1 0an Ta cTiliKicTh 3a0pyIHEHHS XapaKTe-
pu3yeThes sIK «oauHouHe»; Big 10 mo 30 %
NPUCBOIOEThC 2 Oanmu  Ta  3a0pyIHEHHS
XapaKTepU3yeThes SIK «HecTilke»; Big 30 go 50
— 3 Gaun Ta 3a0pyTHEHHS XapaKTePU3Y€EThCS SIK

«cTitikey»; Bim 50 mo 100 % — 4 OGamu Ta
3a0pyTHCHHS XapaKTePU3YEThCS K «XapaKTep-
He». IIpu kpatHOCTI mrepeBumenas ['JIK mo 2
pa3, MPUCBOKEThCA 1 Oai, a piBeHb 3a0pyn-
HEHHSI XapaKTePU3YEThCS SK «HU3BKHI»; TpU
riepeBumieHHi Bix 2 10 10 pa3iB, IpUCBOIOETHCS
2 ©Oan, a piBeHp 3a0pyIOHEHHS XapaKTepH-
3YEThCH SIK «cepeanii»; Bix 10 mo 50 pazis — 3
Oarnu, a piBeHb 3a0pyAHEHHS XapaKTePU3y€ETHCS
SIK «BHUCOKHI»; Bix 50 mo 100 pasiB — 4 Oanu, a
piBeHb 3a0pyJMHEHHS XapaKTEePHU3YEThCS SIK
«JIIy’)KE BUCOKHI».

HactynmHum eTarmoM €  poO3paxyHOK
y3arajJlbHEHNX OIIHOYHWUX OalliiB BOAM 3a
KOJKHUM MOKa3HUKOM (S;j), MEePEeMHOXYBaHHIM
YACTKOBUX OI[IHOYHUX OayliB, Ta BU3HAYECHHSI
CTa"y SfKocTi Bomau piuku. llpm 3HaveHHI
y3arajbHI04O0i OliHKKM 1 0ayl IKOCTI BOAM BOJ-
HOTo OO€KTa 3a IUM IOKA3HUKOM XapaKTepH-
3y€eThCs K «cnabo 3a0pyAHEeHHAY; IpH 2 Oann
SIKICTh BOJIM XapaKTEPH3Y€ETHCS SIK «3a0pyIHEHAY;
npu 3 Ta 4 6anm — «OpynHa»; ipu 6, 8 Ta 9 GamniB
— «ayxke OpymHay; mpu 12 Ta 16 OamiB —
CHETPUNYCTUMO OpynaHa». SIkmio 3Ha4YeHHS
y3arajipHI040i OliHKM Oinbiie 11 OamiB, TO el
[OKa3HWK  BIIHOCHTBCA JO  JIMITYHOUUX
nokasHukiB 3a0pyanenss (JII13).

PospaxoByetbest Benmmunna KI3 cymytroui
y3arajibHeHi OI[iHOYHI Oamu 3a ycimMa N
TiAPOXiMIYHIMHA MMOKaKa3HUKAMH, 3a
hopmyioro:

KI3 = YL, 5;, (@)

IToTiM 3HAXOOUTHCSA IMUTOMHN KOMOIHA-
TopHHH iHAeKe 3a0pyaHenHs Boau ([TKI3), sk
cepenHe 3HaueHHs KI3. Jlani B 3aymexHOCTI Bif
Benmunan  [IKI3  ta  kimekocti  JIII3
BusHavaetbes kiac (I — IV), pospsn (a, 0, B, T)
SKOCTI BOJIM, BH3HAYAETHCS XapPaKTEPUCTHKA
3a0pyIHEHHS BOJIU BOAHOro obekra («cmabo
3a0pyaHeHa»,  «3a0pyaHEHa»,  «OpymHaw,
«ayxe OpyaHa») Ta poOOUTHCS BHUCHOBOK IIPO
NPUIATHICTE BOOU JUIL  TIEBHOIO  BHIY
BonokopuctyBansus [30, 31].

Pe3yabTaTi Ta 00roBOpeHHA

JocmimkeHHs sIKOCTi BOAY POBOIUIOCH
3a JJAHUMH 3 TPHOX TiJPOJIOTIYHKX MOCTIB (pHC.
1) 3a TakUMH TiIPOXIMIYHUMH MOKa3HUKAMHU:
PO3YMHEHUI KHCEHB, 010OJIOTIYHE CIIOKWBAHHS
kucHIo 3a 1’4tk 1i6 (BCKs), a3oT amoHilHUA,
a30T HiTpUTHHUH, cyibdaTu, xiopuau [28]. TTo-
Ka3HUKHU OOpaHi BiAMOBIIHO 0 METOAUKH MO-
mudikoBanoro 13B [31] Ta HasBHUMY JaHUMH.
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AHaI3yI0un pe3yNbTaTd MOHITOPUHTY
TIIPOXIMIYHMX TOKAa3HWKIB Ha TIOCTy C.
[Teyenirn nepepumenns ['JIK 3a nmokasHukom
pO3uuHEeHuit KuceHp 3adikcoBano 1 pazy 1,01
pa3 y BepecHi, cepenne 3nauenns 9,01 mr/m3; 3a
nokaszHukoM BCKs 3adikoBano 6 pasiB
MakcuManbHO y 1,69 pa3 y depBHI, IpHIOMY
cepelHe 3HauyeHHA nopiBHIOE 1,98 Mr/m°, a
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menianne 2,02 wmr/m°, mo Bume I'JK; 3a
MTOKa3HUKOM a30T aMOHiiHuH 3adikcoBaHo |
pa3 y 3,09 pasu y rpyaHi, cepeqHe 3HaYCHHS
0,196 Mr/m3; 3a NOKAa3HMKOM a30T HiITPUTHHI
3aikcoBaHo 2 pazu MakcumanbHO y 1,65 pa3 y
nucronazi, cepenne 3nadenns 0,014 mr/m®; 3a
MMOKa3HUKOM CYyJIb(haTH MepeBUIICHHS ITOCTiliHEe
MiHiMabHO y 1,15 pa3 y BepecHi, MaKcUMalIbHO
y 1,62 pa3 y cepmHi, cepeaHe 3HaueHHs 147,08
Mr/M3; 3a HOKA3HUKOM XJIOPUIM IIEPEBUILEHb
e 3adikoBaHo, cepeane 3HaueHHs 40,78 mr/me.

AHami3yroun pe3ylNbTaTH PO3PaXyHKIB
BEIUYMHU MOJU(IKOBAHOIO IHICKCY 3a0py-
HEHHs BOJU 3a GopmyJioro (1) MoxkHaA cka3aTH,
o HaiimeHte 3HadeHHs 13B 0,54 cmoctepira-
€THCs Y CiuHi, a HaiOinbe — 1,03 y rpyaHi, ce-
penne — 0,74, a menianne — 0,70 (puc. 2). Bin-
TIOBITHO IO KpUTEPiiB SKOCTI Bo1 3a I3B mpoTs-
T'OM YCBhOTO POKY 1 3a CEpelHIMHU 3HAYEHHSIMH
Boza BimHOcHThCs 10 11 Kitacy sikocTi Ta xapak-
TEPU3YETHCS K «UHUCTa», OKPIM TPYAHS KOJIA
Boja BitHocuThes J10 111 kiacy sikocri ¥ xapak-
TEPHU3YETHCS SIK KITOMIPHO 3a0pYIHEHA.

BennuuHa I3B
=
(0]

1 4 —
0,5 -
0 -
O‘@v \0/\@ e;be’& ‘<\°"<\v ’b@e*v Q’e\)\v q&p OQ‘Qp &Qp é‘&o 0&%}* \\?@g’ Q&QJ @QQ@
® & W <& & (R & g\q&f‘ Q¢
Micaub
I 3B | Knac aKkocTi Boaun Il Knac akocti Boan  ====||| Knac akocti Boaun

Puc. 2 — 3minn MmoaudikoBanoro 13B y p. CiBepcbkuii JJoHens Ha TOCTY crocTepeskeHHs ¢. [leuenirn

Fig. 2 — Changes in the modified WPI in the Siverskyi Donets River at the observation post
of the village of Pechenyhy

Ha mepriomy etarti OIiHKH SIKOCTI BOA 32
METOJIOM KOMOIHATOPHOTO 1HJIEKCY 3a0pyAHEHHS
BozM (Tabn. 1) Busieieno nepepunieHns ['JIK 3a
BCIMa IMOKa3HUKAMH, OKPIM XJIOPHIB, IO IO
CBITUMTH po3paxoBaHa 3a (GopmyJsior (2) Benu-
YHMHA TIOBTOPIOBAHOCTI repeBuIiieHHs. Ha ocHOBI
PO3paxyHKiB BU3HAUCHO YaCTKOBI OI[IHOYHI OaJty,
iX BeJMYMHA CBIIYITH PO CTIHKICTH 3a0py/-
HeHHs. [ pO3UMHEHOr0 KMCHIO, a30Ty aMOHIH-
HOTO Ta XJIOPHIB IIOBTOPIOBAHICTh 3a0pYIHEHHS
XapaKTepU3yEThCA K «OXUHOYHE». [|1s a30Ty Hi-
TpatHoro — sk «Hectiiike». [ns BCKs — sk
«cTiiikey. [171s1 cynpdartiB — sIK «XapaKTepHe.

Ha npyromy erami 3a dopmynoro (3) Bu-
3HAYECHO BEJIMUMHY KPAaTHOCTI TIEPEBHILIECHHS HO-
pmatuBy. Ha ocHOBI po3paxyHKiB BU3HAUEHO Ya-
CTKOBI OIIIHOYHI Oay, iX BEIMYMHA CBIIYITh PO
piBeHb 3a0pyaHeHHA. KpaTHICTh EpEBUIICHHS

3minroeTbes Bin 0,136 mns xmopuais mo 1,471
Ut cynbdatiB, ane JIs BCiX MOKAa3HHKIB pi-
BCHb 3a0pYyJIHEHHS XapaKTEePU3YEThCS 5K
«HU3BKHUI.

Jani po3paxoBaHO y3arajbHEHi OLIHOYHI
GaJt JIs KOYKHOTO ITOKA3HMKA, Ta Ha OCHOBI 1X Be-
JIMYMHNA BM3HAYEHO SIKICTh piukoBoi Bomu. Jljist
PO3YMHEHOr0 KHCHIO, a30Ty aMOHIHHOrO Ta XJI0-
PYIIB SIKICTh BOJIM XapaKTEPU3YEThCS SIK «CIado0
3a0pyaHeHHa». [ a30Ty HITPUTHOTO — SIK «3a-
opynaena». st BCKs ta cynedariB — gk «Opy-
IHa». Jlo NiMITYI0UMX MTOKa3HHKIB 3a0pyIHEHHS
HE BIJIHOCUTBCA JKOIEH 3  TiIPOXIMIYHUAX
MTOKa3HUKIB.

Hactynaum eranom 3a dopmynoro (4)
BH3HAUYEHO BEIIMYMHY KOMOIHATOPHOTO 1HJEKCY
3abpymaenns. Ha mocty ciocrepexxenns c. Ile-
geHiru KI3 mopiBaroe 12.
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Taoauns 1

Pe3ysabTaTH oninku sikocti Boau y p. CiBepebkuii JloHenb Ha MOCTY cnocTepe:keHHs ¢. [leueHiru
3a metoaom KI3

Table 1

Results of water quality assessment in the Siverskyi Donets River at the Pechenyhi village observation
post using the CIP method

. Jlimityio-
Bwmicr 3a- |IloBTOproBa- | Yacr- Kpar- . . .
. - . Yacrkosi | 3aranbHi | Xapakre- |4mii moka-
OpyaHio- |HicTh BUNajA- | KOBi oui- | HiCTH me- . . . .
. . OLiHOYHI | ONiHOYHI | pUCTHKA | 3HHUK 3a-
[oka3HuK | I0YUX pe- | KiB mepeBH- | HOYHI peBu- .
0anu, 0auu, SIKOCTI opyn-
yoBuH, C;, | menns K, | 06amau, IeHHSA 6an Ban Boau Hernst
mr/am3 P: 6an 'K, Ki A
BOAH
Posunuennit 9,010 0,083 1 0,666 1 1 Cmabo 0
KHCEHBb 3a0pyHeHA
BCKs 1,975 0,500 3 0,988 1 3 Bpynua 0
A30T aMo- 0,196 0,083 1 0,503 1 1 Cmabo 0
HIAHMHA 3a0pyiHeHA
A30T HITpH- 0,014 0,167 2 0,700 1 2 0
. 3abpyaHeHa
THU
Cynbdatu 147,083 1,000 4 1,471 1 4 BpyHa 0
Xnopuau 40,783 0,000 1 0,136 1 1 Cnabo 0
3a0pyiHeHA
KI3 =X-§ 12 0

KI3 =12, n =6, IIKI3 = 2,00, 0 JITT3 (knac 11, 3a0pyaHeHa)

[ToTiM BHU3HAYEHO BEIWYMHY IHTOMOTO
KI3, sxa mopisHtoe 2,00, Ta 3a xinbkicTio JII13
BCTaHOBJICHO, [0 PIYKOBA BOJIA BIIIHOCUTHLCS JI0
II kmacy SIKOCTI Ta XapaKTepU3YETHCS 5K «3a-
OpynHEeHay.

AHaIi3yloun pe3ylbTaTd MOHITOPUHTY
riIPOXIMIYHUX TOKAa3HMKIB Ha MocTy ¢. Ecxap
nepeBunieHHss ['JIK 3a moka3HUKOM po34u-
HEHHH KHCEHb He 3adiKCOBaHO, CEpeJHE 3Ha-
yeHHs craHoBUTH 9,18 mr/m3; 3a mokazHHKOM
BCKs 3adikoBano 10 paziB MakcumanbHo y 5,10
pa3iB y IIMMHI, cepelHe 3HAYEHHS JIOPiBHIOE
4,36 mr/m3, mo nepesumye I'JIK; 3a moxkas-
HUKOM a30T aMOHIMHUU 3adikcoBaHo 3 pasu
MakCUMaJlbHO y 2,53 pasu y JHCTONai,
cepenne 3Hagenns 0,40 mr/m®, mo nepesunrye
'K, a mexnianne 0,30 mMr/m®; 3a OKa3HUKOM
a30T HITPUTHUN TEPEBHUILEHHS MOCTiiHE
MiHiManbHO Y 1,10 pa3 y oToMy, MakCUMallb-
HO y 12,00 paziB y 4epBHi, cepeiHE 3HAYCHHS
0,08 wmr/m3% 3a nokasHMKOM cCyib(hatu
NepeBUILEHHS NOCTiiHe MiHiManbHO Yy 1,70 pa3
y KOBTHI, MakCUMallbHO y 2,59 pasu y rpy/Hi,
cepenne 3HaueHHs 195,17 mr/m®; 3a nokasHu-
KOM XJIOpDHIM TEepEeBHIIEHb HE 3a]iKOBaHO,
cepenne 3Ha9eHHs 60,22 mr/ve,

AHaIizyloun pe3yibTaTH PO3pPaxyHKiB
BEJIMYMHU MOAN(DIKOBAHOTO iHIEKCY 3a0pya-
HEeHHs Bozu 3a ¢opmyroro (1) MokHa cka3aTH,
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o HaiiMeHte 3HadeHHs [3B 0,94 cnocrepira-
€THCS Y JIIOTOMY, a HalOunbme — 2,90 y uepBHi,
cepenne — 1,69, a menianne — 1,31 (puc. 3). Bin-
TIOBIAHO JT0 KPpUTEPIiiB sikocTi Bof 3a 3B npoTs-
I'OM YCBOT'O POKY U 3a CEpelHIMHU 3HAYEHHSIMHU
BoJ1a BigHocuThes 110 111 kiacy sikocri # xapak-
TEPUBYETHCS SIK KITOMIPHO 3a0pyAHEHa», OKPIM
YepBHS KOJM Boja BimHOcUThesa a0 IV kmacy
SIKOCTI 1 XapaKTepU3y€eThCs SIK «3a0pyaHEeHay.
Ha nmepmiomy eTarii OIiHKH SIKOCTi BOJI 32
METOJIOM KOMOIHATOPHOTO iHAEKCY 3a0pya-
HeHHs BoAM (Ta0I. 2) BHUSIBIIEHO TIEPEBUIICHHS
I'’IK 3a gotmpma mokazamkamu, BCKs, azor
AMOHIMHUM, a30T HITPATHUH Ta Ccyybdaru, mpo
o0 CBiAYUTH po3paxoBaHa 3a ¢opmyion (2)
BEJIMYMHA MTOBTOPIOBAHOCTI MepeBuieHHs. Ha
OCHOBI PO3PaxyHKIB BU3HAYCHO YaCTKOBI OIli-
HOYHi Oanu, iX BeJIMYMHA CBIIYITH MO CTili-
KicTh 3a0pynHeHHs. {151 pO3UMHEHOro KHCHIO
Ta XJIOPHUJIiB TIOBTOPIOBAHICTH 3a0py THEHHS Xa-
paKTepu3yeThca SIK «oaMHO4YHe». s aszory
amoHiifHOTO — 5K «crifike». Jlns BCKs, azoty
HITPaTHOTO Ta CyJb(}aTIB — SIK «XapaKTEePHE».
Ha npyromy erami 3a popmyiioro (3) Bu-
3HAYEHO BEJIMYMHY KpPAaTHOCTI NEpPEBHILECHHS
HopMaTuBy. Ha OCHOBI po3paxyHKiB BU3ZHAYEHO
YaCTKOBI OILIIHOYHI 0aiy, IX BEIWYNHA CBIIYITE
mpo piBeHb 3a0pyaHeHHs. KpartHicTb nepeBu-
meHHst 3MiHIEThCs Bi 0,201 a1 XIopumiB 10
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Puc. 3 — 3minn moaudikosanoro 13B y p. CiBepcbkuii [loHens Ha mocty crioctepexeHHs c. Ecxap

Fig. 3 — Changes in the modified WPI in the Siverskyi Donets River at the observation post
of the village of Eskhar

Taoauns 2
PesyabTaTn oninkm sikocri Boaun y p. CiBepebknii /lonens Ha mocry cnocrepe:xenns c. Ecxap
3a meronom KI3

Table 2

Results of water quality assessment in the Siverskyi Donets River at the Eskhar village observation post
using the CIP method

Bwmicr 3a- HOBT.Opm- Yacr- Kpart- Yacr- - .
BaHiCTL .. . . . | Xapakre- |JlimiTyrouii
OpyaHIoK0- . KOBi omi- | HicThL me- |KoBi omi- | 3aranabmi
BHIAAKIB . . . . PHCTHKA | MOKA3HUK
IMoka3HUK | YMX pevo- HOYHi peBH- HOYHI ouiHOYHiI .
nepeBu- SIKOCTi 3a0pyn-
BuH, Ci, - 0au, IEeHHA oajm, 0aJm, 0aua BoH HeHHst BoxH
3 )
Mr/am TJIK, P; 0an I'’1K, Ki 0an
Po3unnennit 9,183 0,000 1 0,653 1 1 Cia6o 0
KHCEHb 3a0pyHEHA
BCKs 4,358 0,833 4 2,179 2 8 Hyxe 0
OpynHa
A3oT amo- 0,403 0,333 3 1,033 1 3 Bpynna 0
HIMHUN
A30T HiTpH- 0,082 1,000 4 4,100 2 8 Hyxe 0
THUH OpyzaHa
CynbethaTtu 195,167 1,000 4 1,952 1 4 Bpynna 0
Xnopuau 60,217 0,000 1 0,201 1 1 Cna6o 0
3a0pyHEeHa
KI3 = XS 25 0

KI3 =25, n=6, [IKI3 = 4,17, 0 JITI3 (xnac IVa, nyxe OpysaHa)
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4,100 st @30Ty HITPUTHOTO. J{7151 TOKa3HHUKIB PO-
3YMHEHHI KHCCHb, 30T aMOHIMHUH, CyIb(aTH Ta
XJIOPHUIH PIBEHD 3a0pyTHEHHS XapaKTePH3YEThCS
SIK «HU3BKUI, a 17151 moka3uukiB bCKs Ta a3or Hi-
TPUTHUH — SIK «CEPETHII.

Jami po3paxoBaHO y3arajJbHEHi OMIHOYHI
OaJIM 1J1s1 KOYKHOI'O ITOKa3H1Ka, Ta Ha OCHOBI iX Be-
JIMYAHU BU3HAYEHO SIKICTh PiuKoBOi Bomu. s
PO3YHHEHOTO KHCHIO Ta XJIOPHIIB SIKiCTh BOJIN Xa-
paKTepu3yeThes K «crmabo 3abpymnerHa». s
a30Ty aMOHIMHOTO0 Ta Cylb(aTiB — K «OpyAHa».
Hns BCKs Ta a30Ty HITPUTHOTO — SIK «IyXKe
OpymHa». o NiMiTYIOUMX MOKa3HUKIB 3a0pyn-
HCHHSI HE BIJIHOCHUTBCS YKOJICH 3 TiAPOXiMIYHUX
TIOKa3HUKIB.

Hacrynaum etamom 3a ¢opmynoro (4) Bu-
3HAUCHO BEJIMUMHY KOMOIHATOPHOTO iHICKCY 3a-
OpyareHns. Ha mocty crioctepekenns c. Ecxap
KI3 nopisHroe 25.

[loTiM BU3HAYEHO BEJIMYMHY HHTOMOIO
KI3, sixka nopisaroe 4,17, Ta 3a kinekictio JII13
BCTaHOBJICHO, 1110 PIYKOBA BOJAA BIAHOCHUTHCS N0
IV knacy sikocTi i Mae po3psiz Kiacy sKOCTi — a, 1
XapaKTEePU3YEThCA SIK «Iy>Ke OpyIHa.

AHanizyloud pe3ylbTaTd MOHITOPHHTY
TIpOXiMIYHMX TOKAa3HHUKIB Ha TOCTY C. 3aJoHe-
upke niepesuieHds /1K 3a mokazHUKOM po3un-

HEHHH KHCEeHB 3a(hiKCOBAHO 2 pa3u MaKCUMAIIbHO
y 1,64 pa3 y 4epBHi, cepeHe 3HAYCHHSI CTAHOBUTD
8,60 mr/m®; 3a nokasaukom BCKs 3adikosano 9
pa3iB MakcUMaJIbHO y 2,52 pasu y OepesHi,
cepeqHe 3HaueHHs AopiBHIOE 2,93 Mmr/m°, mio
nepepuiye I'JIK; 3a moOka3HMKOM a30T amo-
HilHMH 3adikcoBaHo 6 pa3iB MakcuManbHO y 1,63
pasu y TpyHi, cepenne 3uadenns 0,36 mr/v>; 3a
MOKa3HUKOM a30T HITPUTHHI TEPEBHIICHHS
mocTiiHe MiHiMasHO Y 1,10 pa3 y  ciuHi,
MakcumansHO y 10,10 pasiB y aucromnani, cepeate
suauenns 0,083 mr/m®; 3a TOKa3HUKOM Cynb(aTu
MIePEBUIICHHS TOCTilHE MiHIMaTbHO y 1,60 pa3 y
4yepBHI, MakcuMabHO y 2,40 pasu y rpyaHi,
cepeane 3HadenHs 185,92 mr/m%; 3a HOKa3HUKOM
XJIOPUAX TIEPEBUIIEHh He 3a(ikoBaHO, CepeHe

3HaueHHs 59,55 mr/mv®,

AHanizyloun pe3ybTaTH pO3paxyHKiB Be-
JMYMHA MOIU]IKOBAHOTO 1HACKCY 3a0pyAHCHHS
BoaM 3a hopmysoro (1) MoxkHa ckazarty, 1o Hail-
meHIne 3HadeHHs [3B 1,05 cnoctepiraerses y Jito-
TOMY, a HalOubIIe — 2,45 y mucronaii, cepeHe
—1,55, a menianne — 1,38 (puc. 4). BianosinHo 10
KpuTEpiiB sKocTi Box 3a I3B mpotsirom ycwsoro
poky Bojia BiHOocuThCs 10 111 knacy sikocTi ¥ xa-

PaKTEpHU3YETHCS SIK «IIOMIpHO 3a0pyTHEHA.

BennuuHa I3B

. 3B | Knac akocrti Boan

Micaub

Il Knac akocti Boan  ===||| Knac akocti Boamu

Puc. 4 — 3minn moaundikosanoro I13B y p. CiBepcbkuii JloHenp Ha IOCTy CIOCTEPEXEHHS . 3aJOHELbKe

Fig. 4 — Changes to the modified WPI in the Siverskyi Donets River at the observation post
of the village of Zadonetske
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Ha niepriiomy etarti OIiHKH SIKOCTI BOJI 32 METOJIOM
KOMOIHAaTOPHOTO iHIEKCY 3a0pyIOHEHHS BOIH
(tabi. 3) BusBieHo nepesuineHds I'JIK 3a Bcima
MTOKa3HUKAMH, OKPIM XJIOPHIIB, TIPO IO CBITIUTH
po3paxoBaHa 3a (GopMyIor (2) BeNWYHHA TIO-
BTOPIOBAHOCTI TIepeBUITICHHS. Ha ocHOBI po3pa-
XYHKIB BH3HAYEHO YaCTKOBI OIIHOYHI Oanw, iX
BEJIMYMHA CBITYITB MPO CTIHKICTh 3a0pyaHEHHS.
J11 pO34MHEHOT0 KHCHIO Ta XJIOPHIIB ITOBTO-
pIOBaHICTh 3a0pYyIHEHHS XapaKTepU3y€EThCS K
«onuHOuHe». [lns a30Ty aMoHiIHOTO — fIK
«criike». [{nsa BCKs, a30Ty HiTpaTHOTO Ta CyJb-
¢artiB — K «XapaKTepHE».

Ha apyromy erami 3a popmysioro (3) Bu-
3HAYECHO BEJIWYHMHY KPATHOCTI TEpPEBHUILCHHS
HopMaTuBY. Ha 0cHOBI po3paxyHKiB BU3HAUYEHO
YaCTKOBI OIIHOYHI Oay, X BEIMYMHA CBIAUITE

mpo piBeHb 3a0pyaHeHHs. KpaTHicTh mepeBH-
eHHs 3MiHeThes Bix 0,199 mis xmopunis 1o
4,150 ans azoty HiTpuTHOTO. [l IOKa3HUKIB
po3umHeHuit kuceHb, BCKs, a3oT aMmoHiHHUH,
cyne(haTH Ta XJIOPUAH PiBeHb 3a0pyTHEHHS Xa-
PAKTEpU3YETHCS K «HU3BKHID», a JUIA TIOKa3-
HHKa a30T HITPUTHUHN — K «CEPESITHIN».

Jaii po3paxoBaHO y3arajibHEHI OIlIHOYH]
0ay I KOSKHOI'O ITOKa3HMKA, Ta Ha OCHOBI 1X
BEIMYMHU BHU3HAYECHO SKICTh PIYKOBOI BOIM.
s pO3YMHEHOTO KHCHIO Ta XJIOPHUJIB SIKICTBH
BOJIU XapaKTEePU3YEThCS SIK «cmabo 3abpyn-
nennay. J{i1st BCKs, azoty amoHiliHOTO Ta CyJb-
¢atiB — sik «OpyanHay. s a30Ty HITPUTHOTO —
K «ayxe Opyana». [lo mimiTyroumx mokas-
HUKIB 3a0pyAHEHHS HE BIIHOCUTHCS YKOJACH 3
TiAPOXiMIYHHUX MTOKa3HHKIB.

Taoauus 3

Pe3yabraTn oninkm sikocti Bogu y p. CiBepcbknii JloHelb HAa OCTY CIOCTepe:KeHHs €. 3aJ0HenbKe
3a meroaoM KI3

Table 3

Results of water quality assessment in the Siverskyi Donets River at the Zadonetske village observation
post using the CIP method

Bwmicr 3a- | [ToBTOpIOBa- .| Kpat- Yacr- . JlimiTy1o-
R YacTkoBi| . . [3aranbni .
OpyaHIOKW- | HiCTH BUNIAI- . . | HicTB me- |KoBi omi-|~ . . | XapakTepun- | unii mokas-
. ouiHouHi . |omiHOuHi
IMoka3HuK | YMX pevo- | KiB mepeBH- peBH- HOYHI CTHKA SIKO- | HHK 3a0py-
o0ajm, oajm, .
BuH, Ci, |menns I'JIK, 6 IEeHHS 0aJu, 6 cTi BOau JHEHHSI
mr/am° P; ax 'K, Ki 6au ax BOJIHU
Po3uunennii 8,600 0,083 1 0,698 1 1 Cia6o 0
KHCEHD BabpyaHeHa
BCKs 2,927 0,750 4 1,464 1 4 bpyana 0
A3oT amo- 0,362 0,500 3 0,928 1 3 IbpymHa 0
HIMHUN
A3oT HiTpH- 0,083 1,000 4 4,150 2 8 yxe 0
THUHA OpynHa
CynbethaTtu 185,917 1,000 4 1,859 1 4 lbpymHa 0
Xitopuam 59,550 0,000 1 0,199 1 1 ICma6o 0
BaOpyaHEeHA
KI3 =Z-5; 21 0
KI3 =21, n =6, IIKI3 = 3,50, 0 JITI3 (xmac 1110, Opyxna)

Hactynuum etamom 3a dopmysiowo (4)
BHU3HAYCHO BEJIMYMHY KOMOIHATOPHOTO 1HACKCY
3abpynHeHHs. Ha nmocty crioctepexenHs c. 3a-
nonenske KI3 nopisaroe 21.

[loTiM BU3HAYEHO BEJIMYMHY MHTOMOTO
KI3, sxa nopishtoe 3,50, Ta 3a kinbkictio JII13
BCTAHOBJICHO, [0 PIYKOBA BOJIA BIIIHOCUTHLCS JI0
11 kmacy sikocTi i Ma€ po3ps Kiacy SKocTi — 0,
1 XapaKTepu3yeThesl K «OpyaHay.

AHaIi3yo4n 3MiHU BeTUYMHU MOanQi-
KOBaHOTO 1HJIEKCY 3a0pyIHEHHS BOAW B3JIOBXK
piuku CiBepcbkuii JloHenpb B Mexax XapKiBCh-
ko1 obmacTi (puc. 5) MOKHA BiIMITHTH, IO TTi-
Csl  BHQMIHHA pIiYKH YU SKICTh BOIHU
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MOTIPIIYETHCS y BCIX MICSIISX, 32 CEpEeIHIM 3Ha-
YeHHsM y 2,28 pasy, a 3a MeianauM y 1,87 pas.
Jaui curyariis He OJJHO3HAYHA, TaK Y CiYHi, KBi-
THI, YepPBHI, JIMITHI, BEPECHI, )KOBTHI 1 3a cepe-
nHiMU 3HadeHHsaMU [3B y 1,09 pa3 skicts Boau
MOKPAIIY€ETHCS, IO BiIMI4aNI0OCh 1 B iHIIUX PO-
6otax [22]. Pa3oM 3 THM B iHIIII MiCSIIIi TFOTOMY,
OepesHi, TpaBHi, CEpITHI, TUCTOMAJI, TPY/IHI 1 32
MeiaHHUMH 3HaueHHIMH y 1,05 pa3, HaBmakw,
SIKICTB BOJH MOTIPLIYETHCS.

AHaIi3yroud 3MiHU CepellHIX BEIHYUH
moaudikoanoro 13B B3momk piuku CiBepch-
kuii JloHenp B Mexxax XapkiBchbkoi o0usacTi y
2024 pori nopiBastHO 3 2023 pokom (puc. 6)
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Fig. 5 — Changes to the modified WPI along the Siverskyi Donets River in 2024
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Puc. 6 — 3minn moaundikosanoro 3B B3noBxk BogoToky p. CiBepcbkuit Jlonens y 2023 Ta 2024 pokax

Fig. 6 — Changes to the modified WPI along the Siverskyi Donets River in 2023 and 2024

MOJKHA BIJMITHUTH, L0 B IIYHKTI CIIOCTEpE-
skeHHs ¢. [leyeHiru SKicTh BOJIM MOKpPAIXIaCh
y 1,13 pa3, a B myHKTax crocrepexeHus c. Ec-
xap Ta ¢. 3aJI0HEIbKE SKICTh BOJHU MOTIPIINIACH
y 1,15 ra y 1,18 pa3, BianoBiguo. Pazom 3 tum
KJac sikocTi Boju 3a 3B He 3MiHuBCH.
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Crij 3a3HAYMTH, 110 Y XapKiBChKiHA 00-
nacti y 2024 y poti cepeaHbOpiYHA TeMIlepa-
Typa BUSIBHJIACH HAWBUIIA 33 JICKIJIbKA JIECSTH-
JIITh Ta 3 HAMMEHIIIO KiJIbKicTIO onaiaie. Cepe-
JIHS 110 00J1aCTi piyHa KIJBKICTh OMajiB CTaHO-
Bmia 61 % Bing kimiMatnyHol HopMmu [32]. Lle



ISSN 1992-4259 BichHuk XapKiBCKOr0 HalliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.

Cepist «Exomnoris». 2026. Bumyck 34

CTaJlo OJHI€I0 3 MPHYMH HANHHIKYOTO 3a
octaHHi 62 poku piBHS Boau B p. CiBepchbkuit
Honerns [33]. Pa3zom 3 1tum, y Ipyriid Ta TpeTii
JeKai YepBHSA MPOUIIUI KOPOTKOYACH] 1HTEH-
cuBHi 3muBH [34]. V Tperiit mekazi amcromana
MIPOMTILTN 3HAYHI OTaH, IEPEBAKHO Y BHUTIISI
nory [35]. Sk BijjoMo, iHTEHCHBHI OIa i CIIPH-
SIFOTh 3MUBY 3a0pYIHIOIOUHX PEYOBUH TIOBEPX-
HEBHM CTOKOM, IO BipOT1THO CTAJIO MPUIMHOIO
MOTIPIIEHHS SIKOCTI BOAX y PiUIli B IIi MiCSIIIi.
AHanizyroun 3MiHH BETUYHHU TTUTOMOTO
KOMOIHAaTOpHOTO iHAEKCY 3a0pyAHEHHS BOAU
B310BXK piukn CiBepchkuil JloHens B Mexax

XapkiBcbkoi o6nacti y 2024 poui (puc. 7) mMo-
JKHA BIJIMITHUTH, IO TICIIs BOAIIHHS PIYKU Y au
SIKICTh BOAM TOTipIIyeThest y 2,09 pas3u, a mami
CIIOCTEPITAaEThCS TIOKPAIICHHS SIKOCTI BOIU Y
1,19 pa3, mo crmocTepiraioch 3a cepeaHiM 3Ha-
geHHAM MoaudikoBanoro [3B Ta B iHmUX po-
6otax [22]. 3a3Haunmo, 1m0 p. YU IPOXOIUTH
ypOaHi30BaHOIO TEPHUTOPIEIO 1 MiANAETHCS 3HA-
YHOMY aHTPOIIOTCHHOMY THUCKY.

Ananidytoun 3miam  BemmumH  [1KI3
B3710BX piuku CiBepcbkuii JloHenb B Mexax Xa-
PKiBceKoi obnacti y 2024 poui mopiBHsHO 3 2023
POKOM (pHC. 7) MOXKHA BIIMITUTH, IO B ITyHKTAX
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Puc. 7 — 3minn [IKI3 B3noBx BomoToky p. CiBepcbkuit JJorens y 2023 ta 2024 pokax

Fig. 7 — Changes to specific CIP along the Siverskyi Donets River in 2023 and 2024

crioctepexeHHs c. [leyeniru Ta c. 3aj0HenbKe
AKiCTh Boau mokpanuiack y 1,08 ta 1,10 pas,
BiJIMIOBI/THO, a B IyHKTI criocTepexkeHHs c. Ec-
xap SKicTh Bojau noripmuiack y 1,09 pas. dani
3MiHM IPUBENH W JI0 3MiHU KJI1acy SIKOCTi BOJIH,
Tak B ¢. [ledeHiru Boja crtana BiJHOCHTBHCS JIO

I knacy sIKOCTI ¥ XapaKTepu3y€eThes SIK «3a0py-
JTHEHAY.

B c. Ecxap Boma crtana BiZHOCHTBCS 110
IV xnacy sikocTi # Mae po3psiji Kiacy sSIKOCTi —
a, 1 XapakTepu3yBaTHCS SIK «ayxe OpyaHa». B
c. 3aoHenbKe Kilac SKOCTi BOJU HE 3MiHHUBCS.

BucHoBxku

Ominka sikoctTi Boqu piuku CiBepCchKHiA
Jowrernp B Mexkax XapkiBcbkoi obmacti y 2024
POl 3a TBOMa KOMIUIEKCHUMH iHIEKCaMH (MOAM-
(ikoBaHOTO 1HAEKCY 3a0pyIHEHHS BOAU Ta KOM-
0iHaTOpHOrO iHAEKCY 3a0pyIHEHHS BOIM) MOKa-
3aa, 10 pivuka nepedyBae I1ij] 3HAYHUM aHTPOTIO-
TeHHUM BIUTUBOM, PiBE€Hb SIKOTO OJM3BKHHA 10
MEXI1 CTIIKOCTI eKOCHCTEMHU.

3a pe3ynbTaTé po3paxyHKiB MoaudikoBa-
uoro 13B BcTraHOBJIEHO KITac SIKOCTI BOIM, SIKHIM
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3MIHIOEThCS B310BXK piuky Bif Il «uucray mo 111
«TTOMIPHO 3a0pyTHEHAY.

3a BemmuuHamu Toka3HukiB KI3 Bu3Ha-
YEHO KJIAC SIKOCTI BOJIM B3/IOBK PIUKH, 1110 Bapiro-
etecs Bia 1l «3abpynHena» no 1Va «ayxe Opy-
JHay. [iIpoXiMiYHUME MTOKa3HUKAMHU, SIKi BU3HA-
4aroTh sKicTh Bosu € bCKs, criomyku a3oTy Ta cy-
nbgary.

[oripmenns crany Boau B CiBepCbKOMY
JloHiii B Mexkax XapKiBChKOI 00J1acTi criocTepira-
€TBCS TICIISA BIAMIHHSA P. YH, sIKa TiITA€ThCS
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3HAYHOMY aHTPOTIOT€HHOMY THCKY, IaJli BiOyBa- BOJH Y C. 33/IOHELIbKE CIIOCTEPIracThesl HE y BCi
I0THCS TIPOLIECH CAMOOUHIICHHS Ta po3-0aBiIeHHs Micsmi 2024 poky, a HaBMaKHU SKiCTh BOAM TOTIp-
3a paXyHOK BIaJiHHI p. MoX. IIYETHCS TTOPIBHAHO 3 ¢. Ecxap. MoximBo Ha 11e

BapTto 3a3zHaunTH, M0 BiAMTOBIIHO 1O TO- BIUIMHYJIO PEKOpAHe oOMuTiHHS piuku B 2024
Ka3HUKIB MopudikoBaHoro I3B mokpaiieHHs porri.

Konduaikr inTepecis

ABTOpH MOBIAOMIISIIOTE MIPO BiACYTHICTH KOH(MIIKTY iHTEepeciB. Kpim Toro, aBTOpH 1OTpUMYBa-
JMCh ETUYHHUX HOPM, BKIIIOUAIOYH TUIariat, anbcudikaliio JaHuX Ta MOABIHHY MyOTiKariio.
BHecok aBTOpiB: BCi aBTOPH 3p0OHIHN PiBHUI BHECOK Y ITF0 POOOTY.

Jexaapaiist npo Bukopuctanus LI
B po0oTi HE BUKOPHCTAHO peCypC MTYYHOTO IHTENEKTY.
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ASSESSMENT OF SURFACE WATER QUALITY OF THE SEVERSKY DONETS RIVER
WITHIN KHARKIV REGION IN 2024

Purpose. To provide an assessment of the quality of surface waters of the Siverskyi Donets River within
the Kharkiv region in 2024 according to state monitoring data based on the determination of water quality indices.

Methods. Analytical, modified water pollution index (MPI), combinatorial water pollution index (CPI).

Results. An analysis of monitoring data of the Siverskyi Donets River within the Kharkiv region in 2024
was carried out for the posts of the village of Pechenyhi, the village of Eskhar, the village of Zadonetske according
to six main indicators. It was determined that the water quality in the Pechenyhi Reservoir belongs to the 11 quality
class according to two methods, but according to the modified MPI method it is characterized as “clean”, and
according to the CPI method — as “polluted”. Water quality below the mouth of the Uda River, the village of
According to the modified IZV method, Eschar belongs to the III quality class and is characterized as “moderately
polluted”, and according to the KIZ method, the water belongs to the IV quality class and is characterized as “very
dirty”. The water quality at the post of the village of Zadonetske belongs to the 111 quality class according to two
methods, but according to the modified 1ZV method, it is characterized as “moderately polluted”, and according
to the KIZ method, it is characterized as “dirty”. In 2024, compared to 2023, the water quality in the Pechenizhsky
reservoir improved, and at the post of the village of Eschar it deteriorated. At the post of the village of Zadonetske,
according to the 1ZV method, a deterioration in water quality is noted, and according to the KIZ method, on the
contrary, an improvement. The hydrochemical indicators that determine water quality are BODS5, nitrogen com-
pounds and sulfates.

Conclusions. Along the watercourse of the Siverskyi Donets River within the Kharkiv region in 2024,
changes in water quality occur. Deterioration of water quality is observed after the confluence of the Uda River,
which is subjected to significant anthropogenic pressure. Water quality in the Siverskyi Donets varies from “clean”
to “moderately polluted” according to the modified IZV method, and from “polluted” to “very dirty” according to
the K1Z method.

KEYWORDS: hydrochemical indicator, modified water pollution index, combinatorial pollution index,
water quality
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EKOJIOI'TYHA OHIHKA SAKOCTI BOJIU TA CTAHY IXTIO®AYHHU
INEYEHI3BKOI'O BOAOCXOBHUIIA

Merta. [IpoBe/icHHS OILIHKH SKOCTI MOBEPXHEBUX BOJ [[e4eHI3bKOI0 BOJOCXOBHIIA 32 TAPOXIMIYHUMHE Ta
MIKpOOIOJIOTIYHIMH TTOKa3HUKAMH, a TAKOK BU3HAYCHHS MOKIIMBOTO BIUIMBY CTaHY BOJHOTO CEPEOBHINA HA iX-
tiohayHy BOJOHMHU.

MeTtoan. [1op0Bi, aHATITHYHI HA BU3HAYCHHS [TOKa3HUKIB MiKpOOIOJIOTIYHOTO Ta XIMIYHOTO 3a0py THEHHS
MOBEPXHEBHUX BOJI.

PesyasTaTH. Bindip npob nmoBepxHeBUX BOJ 3ailicHIOBaH BoceHH 2025 poky Ta HaBecHi 2026 poky y
YOTHPHOX KOHTPOJIBHUX CTBOpPax IleueHi3bKoro BOAOCXOBHIA. Y BimiOpaHuX 3pa3kax BH3HAYAIH BMICT BaXKKHUX
metaniB (Mn, Fe, Cu, Cr, Pb, Cd) Ta mokazHuku 3aragpHOTO MikpoOHOTO yrcia (3MY) i3 3acTocyBaHHIM CEpTH-
(hikoBaHMX Ja0OPATOPHUX METO/IB BiINOBIAHO J0 YHHHUX HOPMATHBHO-METOJUYHUX JOKYMeHTIB. OTprMaHi pe-
3yJIbTaTH MOPIBHIOBAIM 3 TPAHUYHO JOITYCTUMUMH KOHIIEHTPALISIMH JUISl OLIHKH €KOJIOTIYHOTO CTaHy BOJIOWMH.
BcTanoBIeHO Ce30HHI 3MiHM T1IPOXiMIYHOTO Ta MikpobionoriuHoro crany [ledeHizpkoro Bogocxosuiia. HasecHi
2026 poxy nopiBHsHO 3 ociHHI0 2025 poKy 3adiKcoBaHO 3pOCTaHHS KOHIEHTpaNill OLIBIIOCTI JOCHIIPKEHNX BaXK-
KHX METaJIiB Ta 30UIBIICHHS TOKA3HUKIB 3arallbHOTO MiKpOOHOTO uncia. HalOimbIni mepeBuIeHHs TpaHuaHoO J10-
MYCTUMUX KOHIEHTpPALill BUSABICHO JUIS MapraHIlo Ta 3araJlbHOTO 3aii3a. JIoKaJlbHI NepeBHIeHHs] HOPMaTHBIB
TaKO0X BCTAHOBJICHO JJIS MiJli Ta KaaMito y paiioni cMT Iledeniru. [IpocTopoBuii po3mnoais 3a0pyAHIOBAIBHHAX pe-
YOBHUH CBITYNTH PO X HAKONMWYEHHS Y HW)KHIIM 4acTHHI BOJOCXOBHIIA. 3HAYESHHS 3arajlbHOr0 MIKPOOHOTO YHcia
HaBECHI CyTTEBO 3pOCIH, IO BKAa3y€ Ha IMiJIBUIIICHHS OPTaHIYHOTO HABAaHTAXKCHHS Ta aKTHBI3allit0o MiKpoOioJori-
YHHX IIPOLIECIB Y BOAOIMI. BcTaHOBIICHO, 10 TOTipIIEHHS IKOCTI BOJM MOXE CTBOPIOBATH HECIIPUSTIIMBI YMOBH
JUTA ICHYBaHHS pHO, CIPUATH PO3BUTKY OaKTepiadbHUX, MapasUTapHUX 1 TPHOKOBUX 3aXBOPIOBAHb Ta HETATHBHO
BIUIMBATH HA (iziosoriuHuii cTaH ixtiodayHu.

BucnoBku. Exonoriuanii ctan [ledeHi3pKOr0 BOJOCXOBHINA XapaKTEPU3YEThCS TIOMIPHUM piBHEM 3a0py-
JTHEHHSI 3 O3HaKaMH ITOCUJICHHSI aHTPOIIOT€HHOTO HaBaHTAXXEHHS y BECHAHMH riepiof1. Hal6inby exosoriuHy He-
0e3MeKy CTaHOBJIATH IMiIBUIIIEHI KOHIIGHTPAIIll MapTaHIIIo Ta 3aJli3a, a TAKOXK 3POCTAaHHS TMOKa3HUKIB 3arajibHOTO
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MikpoOHOro ymcna. OTpuMaHi pe3ysbTaTH CBI4aTh PO HEOOXiIHICTH CUCTEMATHYHOTO MOHITOPUHTY SIKOCTI
BOJIM Ta BIPOBAKCHHS IPHPOIOOXOPOHHUX 3aX0/IIB U 3HIKSHHS HaIXOJUKEHHS 3a0py IHIOBAIBHUX PEYOBHH Y

BOJOCXOBHIIIC.

KJIFOYOBI CJIOBA: 600Huii 06 ’exm, nogepxuesi 600u, 3a0pyOHeHH s, 81ACMUBOCHI 800U, CIOPOXIMIUHT
NOKA3HUKU, MIKPOOIONIO2IYHI NOKA3HUKU, OIONI02IYHULL MOHIMOPUHE, eKOJI02IYHA OYIHKA

SAx uutyBaT: Kpueumeka I. A., Illabanos /1. A., JaBunenko K. B., Tpymenko O. C. ExomnoriuHa oIiHKa SKOCTi
BOJIU Ta CTaHy ixTiodayHnu [IedeHi3bKOro BOAOCXOBHINA. BicHux XapKiecbkoeo HAYioOHAIbHO20 YHIGepCcUmemy iMeHi
B. H. Kapasina. Cepis «Exonocisy. 2026. Bur. 34. C. 95-109. https://doi.org/10.26565/1992-4259-2026-34-07

In cites: Kryvytska, I. A., Shabanov, D. A., Davydenko, K. V., & Trushchenko, O. S. (2026). Ecological assess-
ment of water quality and ichthyofauna condition of the Pechenihy reservoir. Visnyk of V.N. Karazin Kharkiv Na-
tional University. Series Ecology, (34), 95-109. https://doi.org/10.26565/1992-4259-2026-34-07 (in Ukrainian)

IIuTaHHsA IKOCTI BOAU € OAHUM 13 KJIFOYO-
BUX €KOJIOT1YHHUX BHKIHWKIB Cy4acHOCTI, OCKi-
JILKU BOJHI PECYpPCH MarOTh HaJI3BUYaliHO BaXK-
JIMBE 3HAYEHHS 111 (PYHKIIOHYBaHHS MPUPOA-
HUX €KOCUCTEM, KUTTEIISUILHOCTI dKUBHUX Opra-
Hi3MiB Ta 3a0e3nedueHHs motped HacemeHHs [1].
YpoIoBK TPUBAJIOTo Yacy BoJa po3risiaaiacs
SIK MPAaKTUYHO HEBUYEPIHUN HPUPOIHUUA pe-
CypC, OlHaK iHTEHCUBHE BUKOPUCTAHHS BOJHHX
00’€KTIB y MPOMHCIOBOCTI, CITBCHKOMY TOCIIO-
JapCTBl Ta KOMyHaJbHOMY CEKTOpi MpPU3BEIO
JI0 CYTTEBOTO TOTIPIICHHS iX EKOJOTiYHOTO
crany. OCHOBHUMH JpKepenaMu 3a0pyTHEHHS
MOBEPXHEBHUX BOJ € MPOMHUCIIOBI Ta TTOOYTOBI
CTIYHI BOJH, CUIbCHKOTOCIOJAPChKUI CTiK, Ha-
JTXOPKEHHST OpTaHiYHUX BiJIXOIIIB, a TAKOXK He-
JIOCTaTHRO OYHMIIEH]I KaHai3amiiui Boau [2, 3].

Cepen HaiOimbII HOMMpPEHUX 3a0pya-
HIOBaYiB BOJHOTO CEPEIOBHIIIA OCOOJIMBE MiCIIe
3aliMaloOTh CIONYKH a30Ty Ta ¢ochopy, Haa-
JIMIIKOBE HAAXOKEHHS SIKUX CHPUYMHSIE PO3-
BUTOK IpolLeciB eBTpodikarii. 3HauHMi Hera-
TUBHHUI BIUIMB Ha SIKICTh BOJM TaKOXX MalOTh
NECTUIMIN, aHTHOI0THKH, Ha(QTOMPOAYKTH Ta
IHIII TOKCHYHI PEYOBUHH aHTPOIIOT€HHOTO T10-
XOJIKCHHS, 1110 Je/ai YacTillle BUSBISIFOTHCS Y
NPiCHOBOAHUX ekocucTemax [3—5]. ¥V pesynb-
TaTi MOPYIIYETHCS IPUPOHA CTPYKTYpa 010TH-
YHHUX YTPYyNOBaHb, 3MiHIOIOTECS TiApOXiMiuHi
MOKAa3HUKH Ta 3HWKYETHCS EKOJOTiYHA CTii-
KiCTh BOJIO#M [6].

Bopmocxosuiia 3a cBOIMH XapaKTepUCTH-
KaM{ MaroTh 0arato CHijbHOTO 3 MPUPOJHUMHU
o3epamMu, 30KpeMa BIJI3HAYAIOTHCS 3HAYHOIO
AKyMYJIALIEI0 BOAHOI MAacH, HEBEJIMKOIO IIBU/I-
KicTIO Tedii Ta crenuiYHUMHE T1IPOTOTITYHUMHU
ymoBamu [7]. IIpote, Ha BigmiHy Bix nmpupoa-
HUX 03€p, BOJJOCXOBHIIA € IITYYHO CTBOPEHUMHU
BOJHUMH 00’ €KTaMH, €KOJIOTIUHUM CTaH SKHUX
3HAYHOKO MIPOK0 3aJICKHUTH BiJ] aHTPOIOTECH-
HOT'O HaBaHTaKeHHA. J[1g Takux BogoiM xapa-

Beryn
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KTEpHE IHTCHCUBHIIIIC HAKOTTMYEHHS O10TeHHUX
€JIEMEHTIB, 10 HAIXOASTh 13 MPUIETIINX TepPH-
TOpil pa3oMm i3 moBepxHeBuM cTokoM [8]. Lle
CIIpUsi€ PO3BUTKY TpoIeciB eBTpodikarii, Ha-
MipHOMY pOCTy (ITOIUIAHKTOHY Ta IMOpy-
[IEHHIO €KOJIOTIYHO1 PiBHOBATH BOJHHX €KOCH-
crem [9-12].

€pomneticekuii Coro3 y 2000 porti 3aTBe-
pauB PaMKOBY OUPEKTHBY 3 BOJHHUX peCypcCiB
2000/60/€C, cnpsMoBaHy Ha CTaHIAPTHU3AIIIO
CHCTEM MOHITOPHHTY Ta 3a0e3MeueHHsI CTaJoro
ynpaBiiHHSA BogHUME 00’ exTamu [13]. OganMu
3 OCHOBHHX 3aBJiaHb i€l JIMpeKTHBH € 3a1100i-
TaHHS MOTIPIICHHIO CTaHy BOJHHUX €KOCHCTEM,
X 3aXHCT Ta MOKpPAIICHHS €KOJIOTIYHOTO CTaHy
[14]. V wmexax peamizauii AUpeKTHBH OyJ0
BIIPOBAPKCHO MIAXOIU JIO OIIHKH €KOJIOrid-
HOTO TOTEHLIaly CHJIBHO 3MIiHEHHX BOJIHHX
00’€KTIB, 30KpeMa BOIOCXOBHIII.

BaxJIuBUM KOMIIOHEHTOM OLIIHKH €KO-
JIOTIYHOTO CTaHy BOJIOWM € BU3HAYEHHS MiKpO-
010JIOTIYHMX TTOKA3HUKIB SIKOCTI BOAH. MiKpo-
Oionoriyne 3a0pynHeHHsT (OPMYETHCS BHACITI-
JIOK HAJIXOJPKEHHsI OPTaHIYHUX PEYOBHH Ta He-
OYMILEHUX CTIYHUX BOJ, IO CTBOPIOE CIIPHUAT-
JIMB1 YMOBH JIJIsl PO3BHTKY MATOT€HHUX 1 yMO-
BHO-TIATOT€HHUX  MikpoopradismiB. [ligBu-
[ICHHST MIKpOOHOTO HAaBaHTA)KEHHSI HETaTUBHO
BIUIMBA€ Ha TiApOOIOHTIB, 30KpemMa Ha PHOHI
MOMYJISAIT, Ta CIPUSIE TOMUPEHHIO 1HPEKITIN-
HUX 3aXBOPIOBaHb pHO.

Cepen HaibUIBII TOMMPEHUX OakTepia-
JBHUX 3aXBOPIOBaHb PUO, OB’ SI3aHMX 13 MOTIp-
[ICHHSM MIKpOOi0JIOTIYHOTO CTaHy BOJTHOTO Ce-
pEeNOBHIA, BUAUIAIOTE ACPOMOHO3 Ta TCEBJIO-
MOHO3. AepOMOHO03, 30y THIKaMH SKOTO € 0ak-
Tepii pomy AEromonas, CynpoBOIKY€ETHCS PO3-
BHUTKOM IeMOpPariyHoi cenTHIIEMil, yTBOPEHHSIM
BHPA30K Ta YpPaKEHHAM BHYTPILIHIX OpraHiB
pu6. IceBnoMoHO3, cipuUnHEHHUH OaKTepisiMu
poxy Pseudomonas, xapakTepu3yeTbcsi HEKPO-
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TUYHUMH YPaKCHHSMHU WIKIpH, PyHHYBaHHSIM
IUIaBHUKIB Ta 3alajlbHUMH IpoLecamu y 3s10-
pax. Kpim Oakrepianbaux iH(eEKii, B yMOBax
3a0pyAHEHHS BOAM 3HAYHOI'O NOIIMPEHHS Ha-
OyBaloTh TPHOKOBI Ta MapazuTapHi 3aXBOPIO-
BaHHSI, 30KpeMa CaIlpoJIeTHIO03, IXTIOPTHPio3 Ta
JakTuioripos. Mikpobionoriune 3a0pyTHEHHS
HETaTUBHO BIUIMBAE HE JIUIIE HA €Mi300TUIHUI
CTaH BOJIOWM, alle i Ha 3araibHuil ¢izionoriu-
HUAW cTa" pub. HagMmipHWA BMICT OpraHIYHHX
PEUOBHH Yy BOJIi CYNIPOBOKYETHCS 3HIDKCHHAM
KOHILIEHTpALli pO3YNHEHOTO KUCHIO, L0 MpPU3-
BOJIUTH JIO PO3BUTKY CTPECOBHX CTaHiB, MOPY-
IIeHHs 0OMIHHUX TIPOIIECIB Ta 3HWKEHHS IMYyH-
HOi PE3MCTEHTHOCTI TiApOOiOHTIB. 3a TaKHWX
YMOB HaBiTh YMOBHO-TIATOT€HHI MiKpOOpTaHi-
3MH MOXYTh HaOyBaTH BHCOKOi IMaTOT€HHOCTI
Ta CIPUYHHATH MacOBY 3arudeins puo.

3a0e3neueHHsT HACEJCHHsSI SIKICHOIO Ta
0E3MEeYHOI0 BOIOO 3IUIIAETHCS OAHIEIO0 3 Hai-
BKITUBIIIUX TII00aTBHUAX MPOOIEM CYy4acHOCTI
Ta BU3HAYEHE cepe/I KIIFOUOBHX mpiopurteTin Lli-
neit cranoro po3sutky OOH, 30kpema Llimi Ne
6 «Ywucra Boja Ta HaNEXKHI CaHITapHI YMOBH».
[NoripieHHs IKOCTI BOAHUX PECypCiB CTBOPIOE
CYTTEBI PU3HUKH IS 370POB’S IIFOJIEH 1 TBApUH
SK Yepe3 TOUIMPEHHS BOJTHO-1H(EKmiHHNX 3a-
XBOPIOBaHb, TaK 1 OIIOCEPEIKOBAHO — Yepe3 3a-
OpyIHEHHsI XapuoBOl MPOJYKIIii TaTOreHHUMHU
MIKpOOpraHi3MamMH, 30KpeMa IpU BUKOPHC-
TaHHI HESIKICHOT BOJIU JIJIS 3POILICHHS Ta BUPOO-
HUIITBA XapYOBUX MPOIYKTIB.

MikpoOGioJioriuyde 3a0pyHEHHS BOJU €
OJIHI€I0 3 HAWCEPUO3HIMINX SKOJIOTIYHHX Ta ca-
HITapHO-TIri€HIYHUX TIpo0IeM y CBITi. 3a OIliH-
KaMHi MDKHAPOJTHUX OpTaHi3alliid, MOpPOKy 3a-
XBOPIOBaHHS, IOB’si3aHi 13 3a0pyJHEHOK BO-
JI010, CIpUUUHSIIOTH ToHaA 800 TUCsY cmepTei
[15]. Kpim 3HaYHMX COIiabHUX HACHIIKIB, Mi-
KpoOHe 3a0pyAHEHHS BOJHHUX PECYPCIB CYIIPO-
BOJUKYETBCS CYTTEBUMH E€KOHOMIYHUMH BTpa-
TaMH, SIKi OLIHIOIOTHCS MPHOJIN3HO y 12 Minbs-
paiB noxapie CHIA mopiuno [16]. [TaTtorenni
MIKpOOPIraHi3MU PEryJisIpHO BHSBIISIOTECS Y Pi3-
HUX THITAX BOJHOTO CEPEIOBHINA — TPICHUX 1
MOPCHKUX BOJIaX, IUTHI Ta OYMIIICHIH BOJI, a Ta-
KOX y criuaux Bojax. Came MikpoOHe 3a0py-
HEHHS CTaJI0 MPUYMHOIO YHCIICHHHX CTIANIaxiB iH-
(eKIiHIX 3aXBOPIOBaHb Y PI3HUX KpaiHax CBITY,
30yTHUKaMU STIKUX TIEPEBAYKHO BUCTYTIAIOTh M1ATO-
reHHi OakTepii, BipycH Ta HaUIPOCTILI.

V 3B’s13Ky 3 UM 0COOTMBOTO 3HAYCHHS Ha-
OyBae BIPOBaKEHHS CyYacHHUX, HaJIHMX Ta
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IBHJKUX METOJIB BHSBJICHHS MiKpOOioJoriy-
HOTO 3a0pyAHEHHS BOJH, III0 JI03BOJISIOTH OTepa-
THBHO pearyBaTH Ha MOTEHIHHI emiAeMivHi 3a-
TPO3H Ta CBOEYACHO 3IIHICHIOBATH HEOOX1THI TIPH-
POJOOXOPOHHI i CaHITaApHI 3aXO0/TH.

ITixTprMaHHs HAaJIEKHOI SIKOCTI BOIHM € Ta-
KOK KPUTUYHO BaYKIIMBUM IS 30€pEKEHHS 3/10-
pOB’s puO Ta 3a0e3nedeHHs CTablIbHOTO (hYHKITI-
OHYBaHHS aKBaKyJIbTypHUX cHcTeM. MikpoOHi
YIPYyTIOBaHHS BiIIrPalOTh TO/BIHHE 3HAYEHHS Y
BOJIHUX €KOCHCTEMax: 3 OHOrO OOKY, BOHHU Oe-
PYTb y4acTh Y MiATPUMAaHHI IPUPOTHUX TIPOIIECIB
CaMOOYMIIICHHS Ta CTaOLIi3aIlil SIKOCTI BOIM, a 3
IHIIIOTO — MOXKYTh BHCTYIATH JDPKEPEJIOM IIaTo-
TeHHUX 1 YMOBHO-TIATOTEHHUX MIKPOOPTaHi3MiB,
HebOe3meuHnx st ixriodaynu [17].

Oco0:11B01 aKTyaIbHOCTI Mpo0ieMa Ha0y-
Ba€ B yMOBax iHTeHCH}IKaIlii aKkBaKyJIbTYpH, IO
CYIPOBOJDKYEThCS 30UIBLICHHSIM BHUITAJKIB CIIa-
NaxiB iH(EKIIHHIX 3aXBOPIOBaHb pUO, 30KpeMa
BiOpio3y, macTepenbo3y Ta iHIHMX OaKTepiaTbHIX
niarosoriii [19]. HaBite okpemi rpynu HemaToreH-
HHUX MIKpOOpPraHi3MiB MOYKYTb HEraTUBHO BILTH-
BaTH Ha CTaH BOJHHX opraHi3miB. Hampukam,
cynb(haTBIHOBIIIOBAIIbHI OakTepii 3a aHaepoO-
HUX YMOB 37IaTHI YTBOPIOBATH TOKCUYHHUH CIPKO-
BojzieHb (H2S), sixuii € HeGe3neunum ass pud Ta
iHIIMX Tigpo6ionTis [18].

J1J1st OIiHKY CTaHy 37I0pOB’sl pHO Ta SIKOCTI
BOJIHOTO CEpe/IOBHINA JIEJTi IUPIIE BUKOPHCTO-
BYIOTbCSI Cy4acHI METOAM OI0JIOrIYHOTO KOHT-
POJTIO, 30KpeMa TICTOJIOTTYHI JIOCHI/PKSHHS TKa-
HuH. [ICTOIOrIYHMI aHaAJi3 JO3BOJISIE BUABIISATA
IATOJIOT1YHI 3MiHU B OpPraHi3Mi puo IIe J0 MOsiBU
30BHIIIHIX KIIHIYHAX O3HAK 3aXBOPIOBaHb, IO
poouTh HOoro e(peKTUBHUM IHCTPYMEHTOM pPaH-
HBOI JIarHOCTUKH OPYILEHb Y BOJJHIX €KOCHUCTE-
MaX. BUkoprcTaHHS KiTbKICHHX Ta HAITiBKLITBKIC-
HUX CHCTEM OLIHIOBAHHSA TICTONATOJIOITYHUX
3MIH Jla€ MOXIIMBICT BCTAQHOBIIIOBATH B3a€-
MO3B’ 130K MK CTAHOM pHO, YMOBAMH BHPOIILY-
BaHHs Ta napamerpamu sikocti Bou [20].

OTxe, MiKpoOionoTiyHe Ta XiMiuHE 3a-
OpyIHEHHSI BOJHUX OO €KTIB € Ba)KJIMBUMHU
YUHHUKAMH Jerpafanii BOJHHX E€KOCHUCTEM 1
noripiieHHst crany ixriodaynu. [IpoBeneHHs
CHUCTEMATUYHOTO EKOJIOT1YHOI'O MOHITOPHHTY,
KOHTPOJIb KOCTI BOJIM Ta BIPOBAKEHHS ek
TUBHHUX HPUPOJOOXOPOHHUX 3aXOIiB € HEeoO-
XIAHUMH yMOBaMHU JUIs 30€pexeHHsT 010pi3HO-
MAaHITTs Ta 3a0e3reveHHs eKoJIoriuHoi Oe3neKn
BOJHHX pecypcis [21].
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MeTtoau

AHamiTHYHI JTOCIIKEHHS, CHpPSIMOBaHI
Ha BU3HAYEHHS TIOKAa3HUKIB MiKpOOi10J0Ti9HOTO
Ta XIMIYHOTO 3a0pyJHEHHS MMOBEPXHEBUX BOJ
TIeyeHi3pKOro BOJOCXOBHMIIA, BUKOHAHI Ha 0a3i
smabopaTopii eKOJIOT0-TOKCHKOJIOTIYHUX JTOCHTi-
JoKeHb HaBuasbHO-HAyKOBOTO iHCTHTYTY €KO-
JIOTii, 3e7IeH0i EHEePreTHKH Ta CTAJIOr0 PO3BH-
TKy. [IpoBeneHHsT HOCHIHKEHb 3/IHCHIOBAIOCS
13 3aCTOCYBaHHAM CYYaCHHUX aHAJTITHIHUX Me-
TOAIB, CEPTU(IKOBAHOTO JabopaTOpHOro 00Ia-
JHAaHHS Ta BIATOBIAHO 10 YMHHHUX HOPMATH-
BHO-METOMYHHUX BUMOT [22].

OnHUM 13 OCHOBHHMX MIKPOOIOJIOTIYHUX
MOKA3HUKIB, 110 BUKOPUCTOBYBABCS IIiJ] Yac
OIIIHKH SIKOCTI BOJHU, OYyJIO 3arajbHe MiKpoOHE
gucio (3MUY). Jlanuii mOKa3HUK € BaKIUBUM
IHAMKAaTOPOM CaHITApHOTO CTaHy 00’€KTiB J0-
BKLIIJISL Ta IIMPOKO 3aCTOCOBYETHCS IS OI[IHKH
piBHS MiKpOOHOTO 3a0pyTHEHHS BOJU, IPYHTIB,
Xap4YOBHX MPOAYKTIB Ta IHIIUX MPUPOAHHUX 1
AHTPOINOreHHUX cepenoBull. 3MY xapakrepu-
3ye€ 3aralibHy KilTbKiCTh KHUTTE3JATHUX MIKPOO-
praHi3MiB, 37JaTHHX YTBOPIOBAaTH KOJIOHII Ha
IIITBHUX TTO’KUBHUX CEPEOBHIIAX 3a BU3HAYEC-
HHUX YMOB KYJIbTHBYBaHHS.

Mertonnka BU3HAYEHHS 3arajJbHOTO MiK-
poOHOro yKciia 0a3yeThCs Ha BUCIBI IOCIIIKY

BaHOTO 3pa3ka abo HOro cepiiiHMX po3BeACHb
Ha IIJIbHE [TOYKUBHE CEPEAOBHILE 3 MOJATBIINM
IHKyOyBaHHSIM Ta MiAPaxyHKOM KOJIOHiH, IO
yrBopuiucs. [lpu poMy KoXKHa OKpeMa KOJIo-
Hisl PO3TIISAAETHCS SIK PE3YIbTaT PO3BUTKY O-
Hi€l KIITHHA a00 TPyIH MIKpOOpPraHi3MiB, IO
JIO3BOJISIE OLIHATH CTYIIIHB MIKpOOHOTO 3a0py-
JHEHHS TOCTIKYBAaHOTO CEPEeOBHUIIIA.

[Tokazank 3MY mHpPOKO BUKOPHUCTOBY-
€TBCS T Yac TIPOBEICHHS CaHITaApHO-TITIEHIY-
HOT'O KOHTPOJIIO, OIIIHKK €()ESKTUBHOCTI MpoIIe-
CiB OYMINEHHS Ta Je31H(EKIIil, a TAKOXK y CHUC-
TeMaX eKOJIOTIYHOTO MOHITOPHUHTY BOJHHX €KO-
cucreM. [liBuIIeH] 3HaYEHHS 3araJIbHOTO MIK-
pPOOHOTO 4YHCIa MOXYTh CBIIYUTH PO HasB-
HICTh 3HAYHOTO OPTaHIYHOTO 3a0pyIHEHHS Ta
MOTIPIIEHHS! €KOJIOTIYHOTO CTaHy BOJHOTO Ce-
penoBHIIA.

Pazom i3 THM, HEOOXiIHO BpaxoBYBaTH,
10 MeToX BU3HaYeHHsS 3MY 103B0sIsI€ OLIHUTH
JIMIIE Ty YaCTHHY MIKpPOOPTaHi3MiB, sIKa 3/1aTHa
PO3BHBATHUCS 32 33JaHUX J1aOOPATOPHUX YMOB
KyJIbTUBYBaHHS. Y 3B’5I3KY 3 IUM (PaKTUYHA YH-
CEINIBHICTh MIKpOOiOTH y MPUPOAHOMY CEpeno-
BUIII MOXe OyTH 3HAYHO BUIIOIO 32 OTPUMAaHi
eKCTIepUMEHTAIbHI PE3YJIbTATH.

Pe3yabTaTu Ta 00roBOpeHHs

[leueHi3bke BOJOCXOBHIIE HAJEKHUTH 1O
HAWOUIBIINX MITYYHUX BOJIOWM CXiJIHOI YaCTHHHU
Ykpainu Ta po3TanioBaHe B Mexax XapKiBChKOI
obnacti Ha piuni Cisepcbkuii Jlonens. BoHo mae
BXIIMBE 3HAYCHHS JUIS BOIOTOCHOIAPCHKOIO
KOMILIEKCY peTioHy, BUKOHYI0UM (DyHKIT BOIO-
MIOCTaYaHHsl, PeryJIIOBaHHs PIYKOBOTO CTOKY, pe-
KpealiiHoro BUKOPHCTAHHS Ta IiATPUMAaHHS
€KOJIOTIYHOI PIBHOBArd BOJHUX €KOCHCTEM.

CTBOpEHHSI BOJIOCXOBHUINA BIIOYIOCS Y
1960-x pokax LUIAXOM CIIOPYKEHHS TiIpoTex-
HIYHOTO KOMIUIEKCY 3 METOIO0 HAKOITMYEHHS BOA-
HHX PECypCiB i 3a0e3reueHHs! CTablILHOTO BOJIO-
MOCTaYaHHsI HACENICHHsI Ta POMHUCIIOBHX ITiIIPH-
€MCTB, Hacamiiepes micta Xapkosa. Posrarmry-
BaHHs [leyeHI3bKOoro BOJIIOCXOBHINA B CepeHiN
teuii piuku CiBepchkuii JJoHEIs 00yMOBITIOE 0CO-
OnMBOCTI HOrO TiAAPOJIOTIYHOrO Ta TiAPOXiMiv-
HOTO PEXHUMIB, SIKi (OPMYIOThCS MiJ] BIUIUBOM
NpUPOIHKUX (DAKTOPIB 1 AaHTPOIIOTEHHOTO HABaH-
TayKCHHSI.

[Inoma BogHOrO [3epKaia BOJOCXOBHIIA
CTaHOBHTE ONM3BKO 86 KM?, a 3arajabHuil 00’eM
BomHOI Macu nepepuirye 380 mumH M. Cepenns
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rauOuHa BOIOMMH CKJ1agac 4—5 M, TOIl SIK Mak-
CUMAIIbHI TITMOWHY B PaiioHi rpedii [ocsaraloTh
npu6mu3Ho 20 M. JloBKHMHA BOJOCXOBHIIA CSI-
rae 0J1M3bK0 65 KM, IO BU3HAYa€ HOTO Xapak-
TEpPHY BHUTATHYTY ()OpMY, THUIIOBY JJISI PYyCIIO-
BUX BOZOCXOBHIII.

Taponoriynmii pexxum [ledyeHi3bkoro Bo-
JIOCXOBHIINIA TIEPEBAXKHO 3AJICKUTH BiJl BOIHOCTI
piuku CiBepcbkuii JloHEIb, IKa € OCHOBHUM JKe-
penoM Horo kuBieHHs. JlogaTkoBe HaIXo-
JUKEHHSI BOJTU BiZIOYBA€ThCS 32 PaXyHOK TIPHUTOK,
arMocepHHX OmafiB Ta Mmia3eMHuX Bof. s Bo-
JIOCXOBHIIIA XapaKTEePHI CE30HHI KOJIMBAHHS pi-
BHSI BOJIH, ITOB’ S13aH1 3 BECHSHUM BOJIOITLILISIM, JTi-
THBOFO MEKCHHIO Ta 3UMOBHM JIhOI0CTaBOM. Ma-
KCHUMaJlbHI PIBHI BOJM 3a3BWYail crioctepira-
FOTHCSI HABECH] BHACIIIIOK IHTEHCUBHOI'O TAHEHHS
CHIT'Y, TOJIi SIK Y JIITHRO-OCIHHI} TIepioJ1 Bi[3Ha4Ya-
€THCS TIOCTYTIOBE 3HIDKCHHS PIBHS BOJIH.

TemriepaTypHHUil PeKUM BOJOMMH Xapak-
TEPU3YETHCSI BUPAKEHOIO CE30HHOIO MiHJIUBICTIO.
VY Ternwmii mepios; poKy TeMIieparypa MOBepXHe-
BUX IIapiB BOAU MOe pocsratu 22-25 °C, tomi
SIK Y 3UMOBHI 11epio]] (YOPMYEThCSI JIbOJOBHI T10-
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KpHB. Y OUTBII MTHOOKHX IIapax MOXKIIMBE BUHH-
KHEHHSI TEMIIEpaTypHOi cTpaTrikarlii, o BILUTH-
Ba€ Ha MepepO3NOALT PO3UMHEHOTO KHUCHIO Ta iH-
IIMX KOMITOHEHTIB y TOBIII Boju [23].
l'igpoxiMiyHi XapaKTEPUCTUKH BOJOCXO-
BHUIIA (OPMYIOTBCS MiJ BIUIMBOM MPUPOAHHX
TMPOLIECIB 1 AaHTPOTIOTEHHOI AistTbHOCTI. Boma Ile-
YEHI3bKOI'0 BOIOCXOBHIIA HATEXKHUTH 10 IIOMIPHO
MiHepaJi30BaHUX BOJ IpOKapOOHaTHO-KAIIBIIiE-
BOTO THITY. /|0 OCHOBHMX TIOKa3HHKIB SKOCTi BOIN
HaJIeKaTh BMICT PO3YNHEHOTO KUCHIO, KOHIICHT-
patist GioreHHHX eJIeMEHTIB (CIONYK a30Ty Ta ¢o-
cdopy), OpraHiYHIX PEUOBHH, a TAKOXK MIKPOOio-
JIOTi4Hi MMOKA3HUKH. ICTOTHUMIA BIUTMB HA TiApOXi-
MIYHHI PEKUM BOJIOMMH 3/1IHICHIOIOTh CKUIU CTi-
YHUX BOJI, TIOBEPXHEBUI CTIK i3 CLIHCHKOTOCIIO-
JApPCBKUX YTifb Ta ypOaHi30BaHUX TEPUTOPIH.
Binbip npo6 mosepxHeBux BoA [ledeHizp-
KOr0 BOJOCXOBMILA NpoBoAuBcA BoceHu 2025

lNepemora

poky Ta HaBecHi 2026 poky (puc. 1). V BiniOpa-
HHX 3pa3Kax BU3HAYAIM BMICT B)KKUX METaJIiB Ta
MTOKa3HUKH 3aTAILHOTO MIKpPOOHOTO YHCIa.
Binbip rpo6 31ilicHIOBaBCS y TAKHX TOYKAX:

c. Pybixxae — 50.162771, 36.832948;

cmrt Crapuit Canrie — 50.078420,

36.808288,;

c. Maprose — 49.938087, 36.943507;

cMmt Ieueniru — 49.886795, 36.983333.

Haseneni pe3ynbraTu (puc. 2) 1a10Th MO-
JKJIMBICTB OILIIHUTH PiBEHb 3a0pyIHEHHS ITOBEP-
XHEBHX BOJ] BUKKUMHU METAJIaMHU y PI3HHX CTBO-
pax IledeHi3bKOro BOJOCXOBHIIA Ta MPOBECTH
X MOPIBHSHHSA 3 YCTAaHOBJICHUMH IPAHUYHO JI0-
myctumuMu koHuenTpauismu (IIK).

[IpoBenenuii anani3 cBiTYUTH, IO CEpes
JIOCITI/DKEHUX €JIEMEHTIB HalOUIBITy eKOJIOTIdHY
HeOe3MeKy CTaHOBIISTh MapraHelb i 3araibHe 3a-
J1i30. KoHIieHTpallii Mapratiito y 10CiIKeHnX
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Puc. 1 — Micus Bigbopy 3pa3kiB Boju 3 [Ie4eHi3pKOr0 BOIOCXOBHIIA

Fig. 1 — Sampling locations of water samples from the Pechenihy Reservoir
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Puc. 2 — Pe3ynbpTaTu BU3HAYCHHS KOHIICHTPAI[il BAYKKUX METAJIB Y 3pa3kaxX MOBEPXHEBUX BOJI,
ki OyJto BiniOpaHo 3 [leueHizpkoro Bogocxosuiia BoceHu 2025 poky

Fig. 2 — Results of heavy metal concentration determination in surface water samples collected
from the Pechenihy Reservoir in autumn 2025

npobax BapiroBaau B Mexax 0,04-0,1 mr/n. Y
cTBOpax c. PyOixne Ta cmr Iledenirn 3adikco-
BAHO TMEPEBHIICHHS HOPMAaTHBHOTO 3HAYEHHS
(0,05 mr/n) y 2 pasu, 110 BKa3ye Ha IiIBUIICHAN
BMICT JJAHOTO €JIEMEHTa Y BOJHOMY CEpPEIOBHIIII.
VY paiioni cmt Crapuii CantiB KOHLIEHTpaList Ma-
prasio nepedyBaja Ha MeXi JOIyCTUMOTO pi-
BHsI, TO/II SIK y ¢. MapToBe crocrepirainch Haii-
HIDKYl 3HaueHHs. [liBUINEHHS KOHICHTpAIlii
Maprasiro Moxke OyTy IOB’si3aHe SIK 13 TPUPOI-
HUMH T€OXIMIYHHMH OCOOJMBOCTSMH TEPUTOPIi,
TaK i 3 TpoIECaMy BiIHOBJICHHsI METAJIIB y TIPH-
JIOHHMX I1apax BOJOWMHU.

HaiiOinbI cyTTeBi MepeBHIIEHHS] BCTAHO-
BJIGHO JUISl 3aralIbHOTO 3a71i3a. Moro KoHueHTpa-
uii konmuBanucs y mexax 0,4-0,6 mr/in npu HOp-
MaTUBHOMY 3Ha4eHHi 0,2 Mr/J1, 1110 CBIAYMTE PO
nepesumenns ['JIK y 2-3 pasu B ycix jociipke-
HHX CTBOpax. MakcuMaibHUN BMICT 3at1i3a 3adi-
kcoBaHui y paiioni cmt Ileweniru (0,6 mr/m).
Taka cutyaris Moxe OyTH 3yMOBJICHA SIK MPUPO-
JHAMH TIpOLeCaMHd BHUMHBAHHS 3aJ1i30BMICHHX
CIONYK 13 IPYHTIB Ta JOHHMX BIIKIAAiB, TaK i
BIUTMBOM aHTPOIIOTEHHUX JKepen 3a0pyIHEHHS.
TTigBuieHnii BMICT 3aili3a 3JaTHWA HEraTUBHO
BIUIMBATH Ha OPTaHOJENTUYHI BIACTUBOCTI BOIU
Ta CHPUYHMHITH BTOPWHHI €KOJIOTiYHI HACIIIKA
JUIS BOJTHUX €KOCHCTEM.

100

KonnenTparii Miai y A0CTIKSHUX MPO-
0ax cranoBuiu 0,5—0,7 Mr/11, 10 HE IEPEBUTITYE
Bcranosneny ['JIK (1,0 mr/m). Haiiumi 3Ha-
YEeHHSI CIIOCTEPIraiuch y paidoHi cMt [ledeHniru,
10 MOYE CBITYMTH MPO JIOKATBHUN BIUIUB aH-
TPOTMOTEHHUX YHHHHUKIB. 3arajioM piBeHb 3a-
OpyIHEHHS BOAM MIJIJII0 MOKHA OLIIHUTH SIK T10-
MIpHH# Ta TAKHH, 110 BiJIIIOBIIa€ HOPMATUBHUM
BHUMOTaM.

Bwmict xpoMy y BCiX TOCIiIKEHUX CTBO-
pax 3HaxoauBcs B Mexax 0,02—0,04 mr/i, 1110 €
HIKYMM 33 TPAHUYHO JIOMYCTHUMY KOHIICHTpa-
uito (0,05 mr/m). Lle cBigunTh PO BiCYTHICTH
CYTTEBOTO 3a0PYIAHEHHS BOIHOTO CEPEIOBHIIA
CIOJIyKAaMHM XpOMY Ta BIJHOCHO CTaOlIbHUI
€KOJIOT1YHUI CTaH 3a JaHUM ITOKa3HUKOM.

KoHrueHTpanii CBUHIIO Ta KajaMilo, He-
3BaYKAIOUW Ha iX BUCOKY TOKCHYHICTb, OYJIH Bi-
JTHOCHO HU3BKMMHU Ta HE TIEPEBUIIYBAIH HOP-
MAaTHUBHHX 3HA4Y€Hb. BMICT CBHHIIO KOJIMBABCS
y mexax 0,007—0,008 mr/m npu 1K 0,01 mr/m,
TONI SIK KOHIIGHTpaIii KaJMil0 CTaHOBHIIU
0,0007-0,0008 mr/m mpu AOMYCTHMOMY piBHI
0,001 mr/m. Pa3om i3 THM, HaBITh HE3HAYHI KOH-
LIEHTpaIlii IMX TOKCUKAHTIB MOTPEOYIOTh IOC-
TIHHOTO KOHTPOJTIO Yepe3 iX 3MaTHICTh 110 0ioa-
KYMYJIALIT Ta HAKOMYCHHS y JTOHHHMX BiJKJIa-
Jlax 1 TKaHUHAX TiApOOIOHTIB.
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Y mpocTopoBOMY aCITEKTi IPOCTEKY-
€TbCS TCHACHLIS IO MiABULICHHS KOHIEHTpAa-
1if OUTBIIOCTI BAXKKUX METAJTIB Y HAIPSIMKY 0
cmt [ledeniry, mo Moxe OyTH TOB’S13aHO 3 ITPO-
[ecaMu aKyMyJslii 3a0pyTHIOBAIBHUX Peyo-
BUH y MeXax BogocxoBuina. Haiibinem crpus-
TIIMBUH €KOJIOTIYHHUM CTaH 3a BMICTOM Ba)KKHX
METalliB BiJ[3Ha4YaBcs y CTBOpi c. MaproBe, 1ie
3a(hikcoBaHi HAWHMKYi KOHIEHTpaLii OijbiIo-
CT1 IOCIIKEHUX €JIEMEHTIB.

VY 1inoMy eKoJOoriuHui cTaH MOBEpXHE-
BuX BoJ [ledeHi3pK0ro BOJOCXOBHINLA 3a TIOKA3-
HUKaMH BMICTY Ba)XKKHX METalliB MOXXHa OIli-
HUTH SIK BITHOCHO 33JIOBLIBHUH, OJTHAK i3 OKpe-
MHUMH O3HaKaMH IOTipLICHHS, NOB’S3aHUMHU 3
NepEeBUILIEHHSIM HOPMATHBIB JJIS 3aji3a Ta Map-
ranmo. He3paxkaroun Ha Te, 0 KOHIIEHTpamii

IHIIINX METAaJIiB HE TIePEeBHUIIyBaJIl BCTaHOBIIE-
HUX HOPMATHUBIB, iX MPHUCYTHICTH y BOJHOMY
CEPEIOBHIII BUMAra€ CUCTEMAaTUIHOTO MOHITO-
punary. OCHOBHa €KoJoTi4Ha Hebe3meKa Mos-
ra€ He JIMIIe Y TOTOYHUX KOHIICHTPAIiSIX TOK-
CUKaHTIB, @ i Y MOXJIUBOCTI TX HAKOTMYCHHS Y
TOHHHUX BIAKJIaAax Ta MO0l peMoOimi3artii
y BOJHE cepenoBuiie (puc. 2).

AHai3 OTpUMaHUX PE3yJIbTATIB IMOKa-
3aB, 0 3HAYCHHS 3arajJbHOTO MIKPOOHOTO JH-
cma (3MY) y mocmimkennx crBopax lleueHiss-
KOTO BOJIOCXOBHWIIIA 3HAXOJIATHCS B MeXKax
64,1-85,0 KYO/cM?, 110 y mepepaxyHKy CTaHO-
BUTH 6,4 X 10* — 8,5 x 10* KYO/am?*. OTpumaHni
3HAUYEHHS CBIMYATh MPO BIIHOCHO OJHOPIAHUI
Ta TIOMIipHUI piBeHb MiKpOOHOTO 3a0pyJHEHHS
BOAHOTO cepenoBuiia (tabm. 1).

Taoauns 1

IMoka3HMKHU 3arajibHOr0 MiKpOOHOI0 YMCJIa Yy JOCTiXKEeHUX podax BOaH,
siki Oy.s10 BigioOpano Bocenu 2025 poky

Table 1

Indicators of total microbial count in the investigated water samples
collected in autumn 2025

CtBopHu 3aranbHe MikpoOHe YHCI0 3aranbHe MikpoOHe YHCI0
(BMY), KYO/cm® GBMY), KYO/am®
c. Py6ixne 71,1+ 4,13 7,1x 104
cmt Crapuii Canris 455,0 £ 2,19 45x10°
¢. Maprose 73,5+ 4,29 7.4x 10
cmrt Ileueniru 64,1+ 3,42 6,4 x 10

HaiiBummii nokasauk 3MY Oyno 3adik-
coBaHo y paiioni cMT Crapuit CantiB (85,0 +
2,19 KYO/cm?), o moxke OyTH OB’ 3aHO 3 ITi-
JIBUIICHUM aHTPOIIOTEHHUM HaBaHTa)XKEHHSIM
Ha JaHy JUISHKY BOJOCXOBHIIA. ﬁMOBipHHMH
JDKepellaMH BIUIMBY € peKpealliiiHa JisuTbHICTb,
OJM3BKICTh HACEJIEHOTO ITHKTY, a TAKOX MOX-
JIMBE HAIXOHKEHHS MOOYTOBHX CTIYHHX BOJI.
Kpim Toro, y miif 4acTHHI BOJOCXOBHIIA MO-
KyTb (OpMyBaTHCS yYMOBH MEHII 1HTEHCHB-
HOT'O BOJOOOMIHY, IIO CHPHsE€ HAKOMUYECHHIO
OpraHiYHUX PEYOBUH i MIKPOOPTaHI3MiB.

VY crBopax c¢. PyOikHe Ta ¢. MaproBe
3Ha4eHHs 3MY Oynu OJIM3BKUMH MiXK COOOI0 Ta
cTaHOBWIM BigmoBiguo 71,1 +4,13173,5+4,29
KYO/cm?, 1110 cBiAUUTh Mpo 1moaioHI yMOBH (o
PMyBaHHA MIiKpPOOIOJIOTIYHOTO CTaHy BOAM.
Haiinmxue 3HaueHHs OKa3HUKA OyJIO BCTaHO-
BIeHO y paiioHi cmt lleuenirm (64,1 + 3,42
KYO/cm?), 1110 MOke MOSCHIOBATHCS OLIBIN iH-
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TEHCHBHUM BOJOOOMIHOM Ta MEHIII BUPAKEHUM
JIOKaJbHUM aHTPOTIOT€HHHUM BILTHBOM.

3 riri€eHivyHol Ta €KOJIOTIYHOT TOYOK 30PY
BCTaHOBJIEH] 3Ha4eHHsT 3MUY BiAIOBIIAIOTE BO-
JlaM i3 TOMipHUM piBHEM MiKpOOHOTO HaBaHTa-
xeHHs. OTpUMaHi pe3yJIbTaTH He CBi4aTh PO
KpUTHYHE MiKpOOiooriuHe 3a0pyAHEHHS, OJI-
HaK BKa3yIOTh Ha HasBHICTb Y BOIHOMY CE€peJo-
BHUIIIl OPTaHIYHUX PEYOBHH, IO € TOXHUBHUM
cyOcTpaToM UIsi pO3BUTKY MiKpOOPraHi3MiB.
[ligBuieHHSI TTOKa3HUKIB y OKPEMHX CTBOpax
MOe OyTH TIOB’s3aHE 3 JTOKATbHUMH JDKepe-
JIaMH OPraHIgYHOTO 3a0pyAHEHHS Ta BIUIMBOM
AHTPOIIOreHHUX (aKTOPIB.

Y mOpocTOPOBOMY acleKTi MPOCTEKY-
€ThCS TEHJICHIIIS 10 3pOCTaHHSI MIKPOOHOI'0 Ha-
BaHTaXeHHA y paioHi cMT Crapuii CantiB i3
MOJAJIBIIMM 3HIKEHHSIM MOKa3HUKIB y Hamps-
MKy 0 cMT [leueniru. Taka 3aKOHOMIpPHICTh
MOJKE CBIIYMTH HPO MPOSB MPOLECIB MPUPOA-
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HOTO CaMOOYHMINEHHS BOJOCXOBHINA, BKIIOYA-
104H po30aBiIeHHs 3a0pyAHIOBATbHUX PEUOBHH,
CEIMMEHTALII0 3aBUCIIMX YaCTOK Ta O10JI0TTUHY
Tparc(OpMaIlito OpraHigHNX CIOTYK.

3aramoM MiKpoOiONOTiYHUI CTaH BOJ
[TeueHi3pKOTO0 BOJOCXOBHIIA MOKHA OLIHHTH
SIK BITHOCHO CTaOUTLHHHU 13 TTOMIpHUM piBHEM
3a0pyaHeHHs. BogHouac BUSIBICHI IPOCTOPOBI
BiJIMIHHOCTI MiIKPECIIIOIOTh HEOOX1IHICTh MPO-
BEJICHHSI PETYJIIPHOTO MOHITOPHHTY, OCOOIMBO
y CTBOpax, IO 3a3HAIOTH ITiABHUIIIEHOTO aHTPO-
MOTCHHOTO BIUIUBY.

YmoBu icuyBanus pub y [leyenizbkomy
BOJIOCXOBHIII 3a BCTAHOBJIEHUX BoceHu 2025
POKY TOKa3HHKIB SKOCTi BOJIM MOKHA OXapak-
TEPU3YBATH K 3arajioM CIPHUATIIMBI, OJHAK i3
HasIBHICTIO OKPEMHUX O3HAK €KOJIOTIYHOr0 HaBa-
HTaxeHHs. [loMipHHIA piBeHD 3arajJbHOTO MiK-
POOHOTO YKCIIa CBIAYUTD PO BiCYTHICTH Pi3KO
BUPaXCHOT'O OPraHiyHOTO 3a0pyIHEHHS, 10 3a-
Oe3nedye MmiaTPUMaHHS BiIHOCHO CTa0lIBHOTO
KHCHEBOTO PEXKUMY Ta 0a30BUX YMOB JJIsI HOp-
MaJIbHOT JKUTTEMISIIBHOCTI ixTiodayHu. Pazom
13 THIM, TTi/IBUIIICH] KOHIIEHTPAIIii OKPEMHUX BaK-
KHX MeTaJiB, HacaMIepes 3ajli3a Ta MapTaHITio,
a TaKOXK HAsBHICTh TOKCHYHUX E€JIIEMEHTIB, Ta-
KHX SIK KaaMill 1 CBHUHEINb, HaBiTh Y HU3BKHX
KOHLCHTPAIIX MOXYTh YHHUTH TPHBAINN
XPOHIYHHI BIUTUB Ha OpPraHi3m puo.

[MoniOHMIT BIUIMB MPOSIBISETHCS TIEpPEBa-
JKHO Y BUTTISIAL (Di310JIOTIYHUX MTOPYIIEHB: MTPH-
THIYeHHs] OOMIHHUX MPOLECiB, 3HUKEHHS TEM-
IiB pocCTy, MOripiIeHHs QYyHKI[IOHYBaHHS 350-
POBOTO amapaTty Ta OcJabIeHHS IMyHHOI CHC-
TeMH. Y TaKuX yMOBax HiJBUIILYETHCS PU3UK
PO3BHUTKY 1H(EKIIHHUX Ta Mapa3uTapHUX 3a-
xBoproBaHb. Cepe/l HallO1LIbII NOIMPEHNX OaK-
TepiaIbHUX XBOPOO MOXKYTh BUHUKATH a€POMO-
HO3 Ta TICEBJIOMOHO3, SIKi CYNPOBOKYIOTHCS
CENTUYHUMH TIPOIIECaMH, YTBOPEHHSM BHpa-
30K, MOYEPBOHIHHIM IOKPHBIB Ta 3arajbHUM
BUCHAXXEHHSIM OpraHi3My pub. 3a HasBHOCTI
CIPUSITIIUBUX YMOB JUJISi PO3BHUTKY Iapa3HTIiB
MOJJIMBE TMOWMpEeHHA ixTiodTipiody («ma-
HKW»), TaKTUIIOTipO3y Ta TipOJaKTHIbO3Y, L0
Bpa)XaroTh LIKIPY Ta 3s0pa puod 1 CyTTEBO yCKIIa-
JTHIOIOTH TIPOIIECH TUXAHHSL.

V pasi ocrnabneHHs opraHizmMy abo Mexa-
HIYHUX YIIKOJPKEHb MOKE PO3BHBATHCS CaIpO-
JIeTHI03 — TPUOKOBE 3aXBOPIOBAHHS, SKE IPO-
ABJISIETHCS] yTBOPEHHSAM XapaKTepHOIro BaTOIO-
IiOHOTO HAJIBOTY Ha MOBepxHi Tina pud. Kpim
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iH(pEeKIiHHNX TaTOJNOTiH, MOKIINBI (hYHKITIOHA-
JbHI TOPYLIEHHSI, TIOB’sI3aHi 3 TOKCHYHOIO /Ii€10
Ba)XKUX METaJliB, 30KpeMa yIIKOHKEHHS 390po-
BOTO amapary, MopymieHHs ra3000MiHy, Hera-
TUBHHI BIUIMB HA HEPBOBY CHUCTEMY Ta penpo-
OYKTUBHI mponiecd. HalOinbpIn 4yyTiaMBUMHU 10
3MiH SKOCTI BOIHOTO CEpPEIOBHINA € MOJOIb
pub Ta iKpa, I SKUX HaBiTh HE3HAYHI KOJH-
BaHHS TiAPOXIMIYHMX IOKAa3HHUKIB MOXKYTh
MaTH CYTTEBI HACIIIKH.

Takum unHOM, eKojoriunnii crad Ileye-
HI3bKOTO BOJOCXOBHIIA 3arajoMm 3abe3mneuye
MOYJIUBICTh HOPMAJIILHOTO iCHYBaHHSI PHOHHX
MIOMYJISIiN, ONHAK HASBHICTH IOMIpPHOTO aH-
TPOTIOT€HHOTO HABAaHTA)KEHHS CTBOPIOE PUZHUKH
PO3BHUTKY iH(}EKUIHHNX, MapasuTapHUX Ta XPO-
HIYHUX TOKCHYHUX ypakeHb. Lle oOymoBroe
HEOOXIHICTh MOCTIHHOTO €KOJOriYHOI0 MOHi-
TOPHUHTY SIKOCTi BOJAW Ta KOHTPOJIIO CTaHy iXTi-
odayHH BOJIOCXOBHIIIA.

Pesynprat mocnmimKeHbp BMICTY BaKKHX
MeTaJliB y MOBEpXHEBUX Bofax [ledeHi3bkoro Bo-
JIOCXOBHIIIA, BifiOpanux HaBecHi 2026 poky, CBi-
JI9aTh mpo (OpMyBaHHS HAITPY>KEHOT'O TiIpoXiMi-
YHOTO CTaHy BOJOWMH IIiJl BIUIMBOM NIPUPOIHUX
Ta aHTPOIIOTCHHUX YMHHUKIB (pHcC. 3).

V X0 JOCIIPKEHh BCTAHOBIIEHO I1JIBU-
LICHUH BMICT MapraHio, KOHIIEHTpALii IKOro y
pizHux ctBopax cranoswau 0,1-0,2 mMr/n mpu
HOpMaTHBHOMY 3HaueHHi 0,05 Mr/i, 1110 Bifmo-
BiJla€ TIEpeBUIICHHIO ¥ 2—4 pa3u. AHajoriuHa
TEHJICHIIisI XapaKTepHa i JJIst 3araibHOTO 3aJi3a;
HOro KOHICHTpAIlil KoJauBaiucs y Mexax 0,6—
0,8 mr/m mpu I'JIK 0,2 mr/n, ToOTO nepeButy-
BaJM JIONYCTUMHUI piBeHb y 3—4 pa3u. Taxi 1mo-
Ka3HWKW MOXKYTh OyTH MOB’s3aHi SIK 13 IPUPOJI-
HUMH [polecaMl BHMHUBAHHA MiHEpaJIbHUX
CIIOJIYK 13 TPYHTIB Ta JOHHHX BiIKIaJIiB, TaK i 3
BIUTMBOM TOCIIOJIaPCHKOT AiSITBHOCTI Ha BOJ03-
OipHIi TepUTOPIi.

KonuenTpanii mini y Oinsmocti poci-
JDKEHUX TOYOK HE TICPEBHIYBalH BCTAHOBJIC-
HOTO HOPMaTHBY Ta 3HAXOAMIHCS B Mexkax 0,8—
0,9 mr/n. Bopnouac y paiioni cMmt Ileueniru
Oyno 3agikcoBaHO JIOKaJbHE IEPEBHLICHHS
I'’IK — 1,2 Mr/n npu A0NycTHMOMY 3HA4YCHHI
1,0 mMr/11, 1110 MOXKE CBIAYUTH PO HASIBHICTH JIO-
KaJIbHOTO JUKepelia HaJX0DKEHHS [IbOTO efleMe-
HTa y BOJIHE CEepEe/IOBUIIIE.

Bwmict xpomy y mociipkeHHX podax cra-
HoBUB (0,04—0,05 Mr/1 Ta HaOIMKABCS 710 TPaHU-
YHO JIOITYCTUMHUX KOHLICHTpaliii, 10 BKa3ye Ha
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Puc. 3 — Pe3ynbTatu BU3HAYCHHS KOHIICHTPAI[il BAYKKUX METAJIB Y 3pa3kaX MOBEPXHEBUX BOJI,
ki Oy1o BiniOpano 3 [leueHizpkoro BomocxoBuiia HaBecHi 2026 poky

Fig. 3 — Results of Determination of Heavy Metal Concentrations in Surface Water Samples Collected from the
Pechenihy Reservoir in Spring 2026

MOTCHIIHHUI PU3MK MOJATBIIOTO MOTIPIICHHS
SIKOCTI BOJIM 3a IIUM TIOKa3HUKOM Yy pasi 3poc-
TaHHS AHTPOIIOTEHHOT'O HABAHTAXKECHHS.

KonuenTpauii cBUHIIO Ta KaJMilo 3ara-
JIOM BiJITIOBIIaJIi HOPMATUBHUM BUMOTaM, OJI-
HaK y pAJi CTBOPIB 3HAXOMIINCS TTOOJIH3Y Tpa-
HUYHO JIOMTyCTUMHUX 3HaueHb. OcoOIuBOi yBaru
notpedye BMICT Kanamiro y paioni cMmt I[leue-
HiTH, Je oro KoHnenTpamis craHosmia 0,0013
mr/n npu HopMmatusi 0,001 mr/n. 3Bakaroun Ha
BHUCOKY TOKCHYHICTh KaJ{Mil0 Ta 00 37aTHICTh
JI0 HAaKOIIMYEHHs y BOAHUX OpraHi3Max i IOH-
HUX BiJIKJIaIaX, HABITh HE3HAYHI IMEPEBUIIIEHHS
MOXYTh CT@HOBUTH TOTEHIIHY EKOJIOTiYHY
HEOEe3IeKy.

[IpocTopoBuii po3NOALT BaXKKHUX METaIIiB
CBIIYUTH MPO MOCTYIOBE 301IBIICHHS X KOHIIe-
HTpAIliil y HaNPsIMKY HIKHBOT YaCTHHH BOJIOC-
xoBuia. HaWBuIl MOKa3HUKKA 3a OLIBIIICTIO
esieMeHTiB OyJin BCTaHOBIIEH y paiioni cmr Ile-
YEHITH, 110 MIATBEPIKYE POJIb BOIOCXOBHIIA
SK TPUPOAHOI 30HM aKyMyJysiuii 3a0pyaHIOBa-
JBHUX pe4yoBUH. Taka 3aKOHOMIpHICTH MOXeE
OyTH 00yMOBJICHA YITOBUIBHEHHSIM Te4ii, aKTH-
Bi3aIli€l0 MPOIIECIB CeAMMEHTAIl Ta HAKOIHU-
YEeHHSM 3a0pyAHIOBaYiB y JOHHHUX BiAKIanax.

VY 1iioMy €KOJIOTIYHWI CTaH MOBEpXHe-
BUX BOJI [ledeHi3bK0r0 BOJIOCXOBUIIA 32 TIOKa3-
HUKaM{ BMICTY B@)KKHX METaJiB MOXKHA OIli-
HUTH K MOMIpHO 3a0pyAHEHHH i3 O3HaKaMu
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HecTablIBbHOrO TifpoximMiuHoro pexumy. Cuc-
TEMaTHYHI MEePeBUINEHHS HOPMATHBIB IS 3a-
Ji3a Ta Mapraiuio, a TaKOX JIOKaJIbHI BUITAIKU
MiBUIIICHOTO BMICTY MiJli Ta KaJMilO0 CBiAYaTh
po HEOOXITHICTh IPOBEACHHS TOCTIHHOTO
€KOJIOT1YHOT0 MOHITOPHUHIY Ta BIPOBAKEHHS
3axO0JiB, CIIPSIMOBAHMX Ha 3MEHIICHHS HAJXO-
JOKEHHSI 3a0py/IHIOBATIBHUX PEYOBUH Y BOJIOC-
XOBHIIIE.

Otpumani HaBecHi 2026 poKy pe3yib-
TaTH BU3HAYEHHsI 3arajlbHOTO MiKpOOHOTO 4H-
cia y Boaax IledeHi3pbKOTO BOJOCXOBHILA
(Tabmn.2) cBigYaTh PO CYTTEBE MOTIPIICHHS Mi-
KpOO10JIOTIYHOTO CTaHy BOJOWMH Ta (opmy-
BaHHS BHUCOKOTO OpPraHiYHOTO HABaHTa)KCHHS
3naueHng 3MUY 3Haxoauancs B Mexax 635,1—
783,5 KYO/cm?, o y nepepaxyHKy CTaHOBHTh
6,4x10° — 7,8%x10° KYO/am>. Taki moKa3HHKH
3HAYHO MEPEBHLIYIOTh PiBHI, XapaKTepHi AJs
BiTHOCHO YMCTHX IMOBEPXHEBHX BOA, 1 BKa3y-
I0Th Ha aKTHUBI3aIlI0 MPOIECiB MiKpobiomoriv-
HO1 TpaHc(oOpMaLii OpraHiYHUX PEUOBHH.

MinimanbHi 3HayeHHs 3MY Oynu BcTaHo-
BJIeHI y cTBOpI ¢. PyOikHe, TOMi K MakCUMaJIbHI
KOHIIEHTpAIIil 3a(hiKCOBaHO Yy paiioHi ¢. MapToBe.
V crBopax cmT Crapuii Canri Ta cMT [leueniru
MOKA3HUKH TaKOXK 3JIMIIATUCS CTaOLILHO BUCO-
KHMH, 110 CBIJJYMTH HE TIPO JIOKAJBHUH, a MO 3a-
rajbHOaKBAaTOPHUI XapakTep MiKpoOioIoriyHOro
3a0pyaHeHHS BogocxoBuia. [IpocropoBuii
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Taoaunsa 2

Ioka3HNKH 3arajJbHOr0 MiKpOOHOI0 YHCJIA Y J0CTiIKEHUX MPodax BOIH,
ski 0yJ10 Biniopano HaBecHi 2026 poky

Table 2

Indicators of Total Microbial Count in the Investigated Water Samples Collected in Spring 2026

Creopu 3aranbHe MikpoOHe llsnc.rlo 3aranbHe MikpoOHe 'lsnc.no
(3MY), KYO/em (BMY), KYO/mm

c. Py6ixue 635,1 + 2,54 6,4x 10°

cmt Crapuii Cantis 687,0 + 2,24 6,9 x 10°

c. Maprose 783,5+2,.21 7,8x10°

cmrt IleveHiru 755,2+1,32 7,6x10°

PO3MO/ILT OKA3HHUKIB AEMOHCTPYE TEHCHIIIIO JI0
MOCWJICHHS MIKpOOHOTO  HaBaHTAXEHHS Y
[EHTpaNTbHINA Ta HWKHIN YaCTUHAX BOIOWMH, 10
MO)Ke OYTH OB’ sI3aHO 3 HAKOITMYCHHSIM OpraHiv-
HHX PEUOBHH, YIIOBUIEHEHHSIM BOJJOOOMIHY Ta iH-
TEHCU(]IKaIli€t0 010XIMIYHHAX TIPOLIECIB y BOIHIN
TOBIIII.

Hepenuki 3HaueHHS TOXMOOK BUMipIOBaHb
CBiT4aTh TIPO BHCOKY JOCTOBIPHICTh OTPUMAHUX
pe3yIbTATIB Ta MiITBEPHKYIOTH CTaOUIBHICTH
c(hOopMOBaHOT0 MiKpOOIOIOTIYHOTO PeXKUMY. Bu-
coki koHueHTpanii 3MY MOXyTh BKa3yBaTH Ha
HaJXOKEHHS y BOJOCXOBHIIE HEOCTATHBO OUH-
HIEHUX CTIYHUX BOJI, IOBEPXHEBOI'O 3MHUBY Opra-
HIYHUX PEUOBHH 13 MPUIIETIIMX TEPUTOPIH, a Ta-
KOK aKTHBI3aIlif0 TIpolieciB eBTpodikallii B yMo-
Bax BECHSHOT'O BOJOMIJUIS Ta IiABUILICHHS TEMIIe-
paTypH BOAH.

3 eKOJIOTiYHOi TOYKH 30py Taki ITOKa3-
HUKH CBiTYaTh PO HASBHICTh 3HAYHOI KITBKOCTI
JIETKOOKHCHIOBAHOI OPraHiuHOT PEYOBHHH Ta aK-
TUBHUH PO3BUTOK MIKPOOPTaHi3MiB, IO CYIPO-
BOJDKYETBCS 30UTBIICHHSAM Oi10XiMIYHOTO CITO-
JKUBAHHS KHCHIO. Y TIOJIOHNX YMOBaX IIiJIBUIITY-
€TbCS PHU3MK JIOKAJIBLHOTO Je(IiIUTy pPO3UUHE-
HOTO KHCHIO, OCOOJIMBO y NMPUAOHHHUX IIapax,
1110 HETATUBHO BIUTUBAE Ha (QYHKIIOHYBaHHS BO-
JTHUX €KOCHUCTEM.

3agikcoBaHi BUCOKI 3HAUCHHS 3arajibHOro
MiKpOOHOTO YHMCTa Y TIOETHAHHI 3 TiIBUIIEHUM
BMICTOM OKPEMHX BaXKHX METaliB (hOPMYIOTh
Juts ixtiodaynu [leueHi3bkoro BOAOCXOBHINA Ha-
npyXeHi ekojoriuni ymoBu. Takuil cTaH He
000B’SI3KOBO CYNPOBOKYETHCSI MAacOBOIO 3aru-
Oesutto pud, OJTHAK CTBOPIOE BUPAXKESHUH (hi3i0J10-
TIYHUH CTpeC Ta IMiIBUILYE PU3UK PO3BUTKY iH(e-
KUIMHKX 1 Tapa3uTapHUX 3aXBOPIOBaHb. [HTEHCH-
BHE OpraiuHe 3a0pyJHCHHS CIpHSIE PO3BUTKY
YMOBHO-TIATOrCHHOT MIKpO()JIOpH, & TOKCHYHA JTist
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METaJliB JOJAaTKOBO MPUTHIYY€E IMyHHY CHCTEMY
Ta TIOpYIIy€e OOMiHHI TPOLIECH.

VY Takux ymoBax HaHOLIBII WMOBIPHUM €
PO3BHUTOK OaKTepiaJbHUX 3aXBOPIOBaHb, 30KpeMa
ACPOMOHO3Y Ta IICEBIIOMOHO3Y, SIKi CYTIPOBOIKY-
IOTBCS CEITUYHUMMU TIPOLIECAMH, YTBOPEHHSIM BH-
Pa30K, TeMOpArisiMH Ta 3araTbHAM BHCHAKECHHSIM
oprasisMmy pu0. [loripiieHHs SKOCTI BOIU TaKOXK
CTBOPIOE CIPHSATIMBI YMOBH IS TIOLIMPEHHS I1a-
pasuTapHHX iHBa3iii, 30KpeMa ixTiodTipiosy, TaK-
THJIOTIPO3Y Ta TipoAakTHiIb03y. OcaabieHHs op-
raHisMy pu0 i MeXaHi4Hi YIIKO/DKEHHS MOXYTh
CTIPHATH PO3BUTKY BTOPHHHHX TPHOKOBUX iH(]E-
KIIi}, 30KpeMa carpoJierHiosy.

Oxpemy HeOe3IEeKy CTaHOBUTH TPUBAIUI
BIUIMB BAXKUX MeTamB. [liBUILIEHMIA BMICT 3a-
Jiza Ta MapraHiio 3JaTHUH BUKJIMKATH TOIpa3-
HEHHS 1 3aKyITOPIOBAHHS 3510pOBOTO arapary, 1o
MPU3BOAUTE 10 MOPYIIEHHS ra3o00MiHy. CBH-
Helb 1 KajMili, HaBiTh y HEBEIMKUX KOHIIEHTpa-
IiX, XapaKTepU3yIOThCs 3JaTHICTIO 10 HAKOIH-
YeHHs1 y TKaHWHAaX PO, CIPHUIMHSIIOUN XPOHIYHI
IHTOKCHKAIlii, ypa)KeHHS HEpPBOBOI CHCTEMH Ta
TIOPYIIIEHHS PETPOTYKTUBHUX (PYHKIIIHA.

VY pesynbTati OpMy€EThCS KOMILICKCHUIH
CHHJIPOM €KOJIOTIYHOI'O CTpecy, KWl MpOsBIIs-
€THCS 3HIKEHHSIM TEMITB POCTY, MOTIpPLIEHHAM
MOBEIIHKOBUX PEaKIii, MPUTHIYEHHSM PENPOJTY-
KTUBHHX TPOIECIB Ta IABUILICHHSIM CMEPTHOCTI
Moozl # ixkpu. HailOurpin 4yTinuBUMHE 10 3MiH
SKOCTI  BOJTHOTO  CEpEJIOBHINA  3aIUIIAIOTHCS
paHHi cTajii po3BUTKY pHUO, 1Sl SIKMX HaBITh He-
3HaYHI BIOXWICHHS TiAPOXIMIYHUX Ta MiKpoOio-
JIOTTYHUX TTOKA3HHUKIB MOXYTh MAaT KPUTHYHI Ha-
CIIIKH.

[opiBHsIbHA OIlIHKA TOKA3HWKIB OCEH1
2025 poky Ta BecHH 2026 poKy CBiIUHUTH IIPO Hi-
TKO BHPaXEHY CE30HHY JTMHAMIKY MOTipIICHHS
€KOJIOTIYHOTO CTaHy BOJOCXOBHINA. HaBecHi Bia-
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OyIocst CyTTEBE 3pOCTAaHHSA SIK MIKpOOHOTO HaBa-
HT)KCHHSI, TaK 1 KOHIIEHTPALli}l OLIBIIOCTI JOCTi-
JDKEHUX METAIIB.

IomiOHi 3MiHE MOXYTh OyTH TIOB’si3aHi 3
TAQHCHHSM CHITY, TIOCHJICHHSIM TIOBEPXHEBOTO
CTOKY Ta aKTHBI3aIli€r0 010r€OXIMIYHUX TPOIIECIB
y Bogoiimi. KpiM Toro, ce30HHe ITiABUIIEHHS Te-
MIIepaTypy BOJH Ta 30UTBIIEHHS KITBKOCTI Opra-
HIYHHX PEYOBHMH CTBOPIOIOTH CIIPHUATIIUBI YMOBU
JUIL PO3BUTKY BTOPHMHHUX IH(EKIi Ta IMOCH-
JeHHs eBTpodikamifHux mporeciB. HaWOuThII
BPa3IMBUMH JIO TAKHUX 3MiH € MOJIOJIb pUO Ta iKpa,
y SIKMX MOKJIMBI TOPYIIEHHS €MOPiOHAIBHOTO

PO3BUTKY, MMiBHUITICHHS CMEPTHOCTI Ta 3HIDKEHHS
BWDKUBAHOCTI MTOITYJISIIIH.

Omxe, ce30HHA JMHAMiKa MIKpOOioJoriy-
HOTO Ta TigpoxiMigHoro ctany [ledeHi3pKkoro Bo-
JOCXOBHIIA Oe3mocepeIHbO BIUIMBAE Ha (hiziomnori-
YHUH CTaH iXTio(ayHH Ta PiBeHb 3aXBOPIOBAHOCTI
pub. SIKII0 BOCEHN YMOBH iCHYBaHHS MOYKHa OYII0
OIIIHKTH SIK BIJHOCHO CTaOUTBHI, TO HaBeCHI hop-
MYETBCS 3HAYHO BHIIMH PU3HMK PO3BHUTKY OaKTepi-
ATHGHAX, TAPA3UTAPHUX 1 TPUOKOBHX IIATOJOTIH.
e cBimunTh PO HEOOXIMHICTE TTOCHIICHHS €KOJI0-
T1YHOTO MOHITOPHUHTY T4 BpaxyBaHHS C€30HHOTO
(baxTOpPY TPH OIIHIY CTaHy BOJHUX SKOCHUCTEM.

BucHoBku

[eueHizpke BOAOCXOBHIIE HAJEKUTH 10
HAHOUTBIIMX INITYYHUX BOJOWM CXIiJHOI 4ac-
THHU YKpaiHu Ta po3TamoBane Ha piuti CiBep-
cekuii JloHers y Mexxax XapKiBCbKOi 001acTi.
BonocxoBuile Mae BayKJIMBE TOCTIOAAPCHKE Ta
€KOJIOT1YHE 3HaYeHHS, BUKOHYIOUH (DyHKIIii BO-
JONIOCTauyaHHsI, PEryJIIOBaHHS CTOKY, peKpea-
iTHOTO BUKOPHCTAHHS Ta MiITPUMaHHS €KOJIO-
TiYHOI piIBHOBArM PETIiOHY.

JocmimKeHHsT BMICTY BaXXKHUX MeETaliB i
TMOKA3HUKIB 3arajikHOr0 MiKpOOHOTO YHUCTA Y Bi-
JiOpaHux mpobax BOAM 3/iHCHIOBAIHCS Yy J1a00-
paropii eKOJIOro-TOKCHKOJIOTIYHHUX JIOCIiPKEHb
HaBuanbHO-HayKOBOTO IHCTUTYTY €KOJIOTi, 3eme-
HOT EHEPreTHKH Ta CTaJloro PO3BUTKY.

3aranbpHe MikpoOHe umcio (3MY) € ox-
HUM 13 0230BHX MiKpOOiOJIOTiYHAX TIOKA3HUKIB,
KA BUKOPHCTOBYETHCS JUIS OLIHKW CaHiTa-
PHO-EKOJIOTIYHOTO CTaHy JOBKULIA, 30KpeMa
BOJIHUX 00’ €KTiB, XapaKTepHU3Ye KiJbKICTb KHUT-
TE€3AaTHUX MIKPOOPTaHi3MiB, 34aTHUX (Hopmy-
BaTH KOJIOHIT Ha IMOXXHUBHHX CEPEOBHIINAX 32
BU3HAUYEHUX YMOB KYJIbTUBYBAHHSI, Ta € BaXKJIH-
BUM 1HIWKATOPOM PiBHS OPTaHIYHOTO 1 MiKpO-
0iooriyHOrO 3a0pyIHEHHS.

VY BecHsHuil nepioxg 2026 poky mopis-
HsIHO 3 ociHHIO 2025 poKy crocTepiraiocs mo-
TipIIEHHS TiAPOXiMiYHOTO CTaHy BOJOCXO-
BUIIIA, 110 IPOSIBIISUIOCS MiIBUIIEHHSIM KOHICH-
Tparii OUIBIIOCTI JOCITIKCHUX BAKKUX METa-
JIiB Ta 301JIBIICHHAM KUJIBKOCTI BUIIQJIKIB IEepe-

BUILIEHHSI TPaHUYHO JOMYCTUMHX KOHIEHTpPa-
uiid. [loniOHa quHaMika, IMOBIpPHO, TTOB’3aHa 3
BECHSHWUM TaHEHHSM CHITY, aKTHBI3aIli€l0 T0-
BEPXHEBOTO CTOKY Ta iHTEHCHiKaIliero Oioreo-
XIMIYHAX TIPOIIECIB Y BOAHOMY CEpEIOBHIIIL.
OtpuMmaHi pe3ynpTaTH CBiT4aTh PO HEOOXiI-
HICTh ypaxyBaHHS CE30HHHX OCOOIHWBOCTEH
TIPH OLIHIII €KOJOTIYHOTO CTaHy BOJIOCXOBHIIA
Ta TMOCHJICHHS MOHITOPUHTOBHUX JOCITI/DKEHb Y
BECHSHUIM MepioJl.

Pesynbraty BU3HAYEHHS 3araibHOTO Mi-
KpoOHOTro uucna y Bozi [ledeHizpkoro BojocC-
XOBHIIIA CBIYATh PO BUPAKEHY CE30HHY MiH-
JIUBICTH MIKPOOIOJIOTIYHOTO CTaHy BOJOWMHM Ta
(hopMyBaHHS OLIbIII HAMTPYKEHUX SKOJIOTIYHUX
yMoB HaBecHi 2026 poky. BcraHoBneHi 3MiHK
MiKpOOi0OJIOTIYHMX TIOKAa3HUKIB O€3M0CepeIHhO
BILTMBAIOTH HA YMOBY iCHYBaHHSI iXTioayHU Ta
XapakTep TOIIMPEHHS 3aXBOPIOBAaHb PUO y pi-
3HI CE30HU POKY.

B ocinniit mepioj, 3a MOMipHOTO PiBHS
MiKpOOHOTO HaBaHTaXEHHS, 3aXBOPIOBAHICTh
pub nepeBakHo Maa poHOBUIT XxapakTep i Oya
NOB’s13aHa 3 TPUPOJHOI0 TPHCYTHICTIO YMO-
BHO-TIATOTEHHOT MIKpOQJIOpH Ta mapa3uTiB. Y
el yac JacTile CrocTepirajincs OKpeMi BUuTia-
JIKU TIApa3UTapHUX YpakKeHb, 30KpeMa JIaKTH-
JOTipo3y Ta TIPOAAKTWIBO3Y, SIKI JIOKawi3y-
FOThCS Ha IIKipi Ta 350pax puod, OJJHAK X PO3BH-
TOK CTPUMYBABCS BITHOCHO CTaOIIbHUMH YMO-
BaMH CEPEOBHUILA Ta TOCTATHIM PiBHEM pe3HC-
TEHTHOCT] OpraHi3MiB.

Konduaikr inTepeci

ABTOpH 3aCBiIUYIOTh, 10, HE3BAKAOYM HA Te, [0 OKPEM1 aBTOPH CTATTl € WICHAMH PeIaK-
[iIHOI KOJIerii IbOTo KypHally, Ipolec pelieH3yBaHHs, IPUHHATTS pillleHHs 00 myOmiKarii
Ta pearyBaHHs MPOBOIMIKCS HE3AIEKHO, 0€3 IXHBO1 y4acTi Ui BIUIMBY. Byb-sSKi MOTEHITIHHI
KOH(JIIKTH 1HTEPECiB OyJIM MOBHICTIO YCYHEHI IUIIXOM 30BHIIIHBOTO KOHTPOJIIO Iporiecy. Kpim
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TOTO, aBTOPH MOBHICTIO TOTPUMYBAJIUCh ETUIHUX HOPM, BKIIFOYAIOUH TIIariaT, (anbcudikario JaHnX
Ta MOABIMHY MyOITiKaIito.
Bnecok aBTOpiB: BCi aBTOpH 3p00MIIN PiBHHI BHECOK Y 1[I0 pOOOTY.

Jexaapaiist npo Bukopuctanus LI

Texuouorii mry4ynoro intenexty (ChatGPT) 3acTocoByBasHcsi BUKIFOUHO SIK JTOTTOMKHUIA 1H-
CTPYMEHT Ul MOBHOTO pe/laryBaHHs Ta BIOCKOHAJIECHHS 0()OPMIICHHS HAyKOBOTO MaTepiaiy. Yci Hay-
KOBi 1HTEpIIpeTalii, aHai3 pe3yIbTaTiB Ta BACHOBKH BUKOHAHI aBTOpaMH CaMOCTIHHO.
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microbiological indicators, as well as to determine the possible impact of the aquatic environment condition on
the ichthyofauna of the reservoir.
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Results. Surface water samples were collected in autumn 2025 and spring 2026 at four monitoring sites
within the Pechenihy Reservoir. The collected samples were analyzed for heavy metal concentrations (Mn, Fe,
Cu, Cr, Pb, Cd) and total microbial count (TMC) using certified laboratory methods in accordance with current
regulatory and methodological standards. The conducted studies revealed seasonal changes in the hydrochemical
and microbiological condition of the Pechenihy Reservoir. In spring 2026, compared with autumn 2025, an in-
crease in concentrations of most investigated heavy metals and higher total microbial count values were recorded.
The highest exceedances of maximum allowable concentrations were detected for manganese and total iron. Local
exceedances of standards for copper and cadmium were also observed in the area of Pechenihy settlement. The
spatial distribution of pollutants indicated their accumulation in the lower part of the reservoir. A significant in-
crease in total microbial count values in spring reflected elevated organic loading and intensified microbiological
processes within the aquatic ecosystem. It was established that deterioration of water quality may create unfavor-
able conditions for fish habitation, contribute to the development of bacterial, parasitic, and fungal diseases, and
negatively affect the physiological condition of ichthyofauna.

Conclusions. The ecological condition of the Pechenihy Reservoir is characterized by a moderate level of
pollution with signs of increased anthropogenic pressure during the spring period. The greatest environmental
threat is associated with elevated concentrations of manganese and iron, as well as increased total microbial count
values. The obtained results indicate the necessity for systematic water quality monitoring and implementation of
environmental protection measures aimed at reducing pollutant inputs into the reservoir.

KEYWORDS: water body, surface waters, water pollution, water properties, hydrochemical indicators,
microbiological indicators, biological monitoring, ecological assessment
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GEOECOLOGICAL FEATURES OF THE FORMATION AND DEVELOPMENT
OF MINING LANDSCAPE-TECHNICAL SYSTEMS OF UKRAINE

Purpose. To analyze the patterns of formation, structure, and functioning of mining landscape-technical
systems of Ukraine, to identify their typological features, and to substantiate directions for their optimization and
rational use under current geoecological challenges.

Methods. Historical-geographical approach, landscape-geomorphological analysis, cartographic modeling
using GIS technologies (Google Earth), generalization method, and anthropogenic-landscape forecasting method.

Results: The mining territories of Ukraine represent complex landscape-technical systems formed as a
result of long-term interaction between natural conditions and technogenic processes. These systems extend be-
yond the boundaries of mining and land allotments, encompassing extensive adjacent areas transformed by mining
activities, including post-mining landscapes. It has been found that the dominant elements of these territories are
geo-mining technical systems, whose structure includes natural, technological, and information blocks, while their
functioning is associated with the movement of mineral matter and intensive geodynamic processes. It has been
established that mining landscapes are formed under the influence of both open-pit and underground mining meth-
ods, which determines their morphological diversity (quarry-dump, subsidence-related, lake-wasteland, etc.). It
has been proven that the Kryvyi Rih Landscape-Technical System (KLTS) serves as a unique testing ground for
the formation of technogenic landscapes, where a wide range of their types is concentrated. It has been determined
that anthropogenic landscapes occupy significant areas, forming a complex altitudinal-landscape structure with
accumulative, denudation-accumulative, and denudation levels. It has been revealed that the intensive develop-
ment of mining activities has led to substantial transformations of relief, the hydrological network, microclimate,
soil cover, and vegetation of the region. The features of the Donetsk and Pre-Carpathian landscape-technical sys-
tems have been analyzed; they are characterized by a high level of anthropogenic pressure, significant disturbances
of geosystems, activation of exogenous processes, and the formation of technogenic landforms. It has been estab-
lished that within the Donbas region there is intensive soil and water pollution, disruption of the hydrogeological
regime, and the emergence of hazardous geodynamic phenomena. The Pre-Carpathian region is characterized by
slow processes of natural restoration of vegetation and soils, accompanied by significant mosaicity of the landscape
structure. It has been identified that the formation of mining landscapes is accompanied by the development of
negative natural-anthropogenic processes (erosion, karst, subsidence, flooding, pollution), which determine the
current geoecological state of the territories. It has been substantiated that the optimization of mining territories
should be based on a systemic approach, taking into account structural, functional, and dynamic characteristics of
geosystems, and should include land reclamation, the development of geoecological monitoring, and rational en-
vironmental management.

Conclusions: The mining landscape-technical systems of Ukraine are complex natural-anthropogenic for-
mations, whose functioning is determined by the interaction of natural factors and technogenic processes. They
are characterized by significant transformation of natural components, the formation of specific morphological
structures, and active migration of matter. The current state of these systems is associated with the development
of geoecological problems, which necessitates the implementation of comprehensive optimization measures, in-
cluding reclamation, monitoring, and rational resource use. The identified patterns of formation and development
of mining landscapes should serve as a basis for further research and practical measures aimed at stabilizing and
restoring disturbed territories.

KEYWORDS: mining landscapes, landscape-technical system, geo-mining technical system, technogenic
landscape, anthropogenic transformation, reclamation, geoecological optimization
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Introduction

Mining-industrial territories correspond
to mining and land allotments; however, the
concept of a “mining-industrial territory” is
considerably broader and includes anthropo-
genically transformed areas that have emerged
beyond these allotments and remain under the
influence of the mining industry. Post-industrial
territories that emerged after the completion of
mineral extraction and beneficiation possess a
specific status. Within these territories, rem-
nants of historical objects (mines, excavations,
buildings, etc.) have been preserved, while
transformed landforms have developed at the
industrial sites and waste storage facilities, ac-
companied by activated processes of landscape
self-restoration. The primary objective of this
constructive-geographical study is to analyze
the landscape structure of mining-industrial ter-
ritories, identify their comprehensive character-
istics, and substantiate proposals for their fur-
ther rational use. This involves the application
of various methodological approaches: geoeco-
logical, geocadastral, historical-geographical,
and medical-geographical.

Although the formation of mining-indus-
trial landscapes is conditioned by human activ-
ity, they develop within specific physical-geo-
graphical conditions and in close interaction
with existing natural landscapes. Consequently,
an important feature of their study is the consid-
eration of both natural and socio-historical fac-
tors. At present, mining-industrial territories
constitute complex landscape-technical struc-
tures formed under the influence of various an-
thropogenic impacts, including mining-indus-
trial, residential, transport, hydraulic-engineer-
ing, and others. The dominant subtype within
mining-industrial territories is represented by
geo-mining technical systems. Geo-mining
technical systems belong to autonomous ge-
otechnical systems in which a forced movement
of the system-forming flow of mineral matter
occurs [19]. In the conceptual scheme of geo-
mining technical systems, the following

111

principal elements may be distinguished: the
extraction component (mineral extraction
equipment), the servicing component (drainage
systems and waste-rock development systems),
and the accompanying component (quarry-
dump complexes). The functioning of geo-min-
ing technical systems is primarily determined
by the specifics of their formation and develop-
ment. A characteristic feature of mining-indus-
trial geo-mining technical systems is their par-
ticular structure, whose main elements include
the natural (landscape), technological (design,
extraction, and processing), and informational
blocks. A distinctive feature of the technologi-
cal extraction element of geo-mining technical
systems is the presence of several units, namely:
quarry and dumping units (for open-pit mining
operations) and mine units (for underground
mining operations). The structural elements of
geo-mining technical systems are distinguished
by the peculiarities of both the technological
process and their functioning.

In Ukraine, both anthropogenic and min-
ing-industrial landscapes, particularly those of
southern Ukraine, were first studied by Yu. .
Hlushchenko, who investigated the anthropo-
genic-natural geocomplexes of the Kerch Pen-
insula and characterized mining-industrial de-
velopments. The views of V. I. Vernadsky, A.
E. Fersman, and V. H. Bondarchuk concerning
the scale and significance of industrial activity
in the life of planet Earth are widely recognized.
Taking into account their development features,
landscape structure, and impact on the natural
environment, industrial landscapes are subdi-
vided into industrial proper and mining-indus-
trial landscapes.

Mining-industrial landscapes of Ukraine
have been investigated by such researchers as
H. I. Denysyk, V. L. Kazakov, H. M. Zadorozh-
nia, S. M. Smetana, and others. S. M. Smetana
developed a taxonomic classification of techno-
genic landscapes. V. L. Kazakov focused on
theoretical issues of anthropogenic landscape
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science, carried out a classification of techno-
genic, particularly mining-industrial, land-
scapes, and proposed mechanisms for their ra-
tional use. H. I. Denysyk and H. M. Zadorozh-
nia developed a taxonomic system of mining-
industrial landscapes and identified derivative
processes and phenomena within them.

Among the studies devoted to industrial
landscapes, the works of L. M. Tiutiunnyk de-
serve special attention. Based on field research,
these works provided the first characterization
of the industrial landscapes of the Kryvyi Rih

Landscape-Technical System, proposed classi-
fication schemes, partially investigated their ge-
ochemical properties, and compiled corre-
sponding cartographic schemes.

Numerous scholars have also investigated
anthropogenic types of localities directly associ-
ated with mining-industrial landscapes, including
V. H. Bondarchuk, Ye. A. Ivanov, H. I. Denysyk,
A. V. Hudzevych, and I. M. Voina. Their scien-
tific works present a wide variety of anthropo-
genic landforms (negative and positive) formed
during the extraction of mineral resources.

Object and Methods of Research

The object of the study is the mining-in-
dustrial landscape-technical systems of Ukraine
in terms of their geoecological condition and
development. In selecting the terminological
framework of mining-industrial landscapes, the
method of terminological analysis was applied.
The principle of historicism was employed to
analyze the development and formation of min-
ing-industrial  landscape-technical  systems
within the territory of Ukraine.

In the analysis of mining-industrial land-
scape-technical systems, the methods of obser-
vation and diagnostics were used. The observa-
tion method made it possible to obtain primary
information in the form of a body of empirical
knowledge. The diagnostic method was applied
to identify the principal properties and charac-
teristics of the investigated mining-industrial
landscape-technical systems. The method of
landscape-geomorphological analysis enabled

the study of contemporary landforms and re-
vealed the dependence of the spatial distribution
of mining-industrial landscape-technical sys-
tems on terrain features. Based on the conducted
research, the territories were mapped using
Google Earth. In certain cases, fragments of
specific types of mining-industrial landscapes
(quarry-dump types) were also demonstrated,
including the quarries of PJSC “Inhulets Mining
and Processing Plant” and PJSC “Southern
Mining and Processing Plant.” By applying the
method of generalization, conclusions of a the-
oretical, methodological, and practical nature
were substantiated. The method of anthropo-
genic-landscape forecasting made it possible to
develop approaches for improving the structure
of mining-industrial landscape-technical sys-
tems, preventing their destruction, enhancing
their qualitative characteristics, and predicting
future changes within particular regions.

Results and Discussion

Industrial landscapes in Ukraine have
formed around large industrial enterprises of the
processing industry or within industrial regions.
In particular, they are concentrated in Donbas,
Kryvbas, the Industrial Prydniprovia region, the
Lviv—Volyn Basin, and others. Areas domi-
nated by industrial landscapes are characterized
by the most active formation and rapid accumu-
lation of technomass, the presence of a two-tier
(surface and subsurface) structure of unigque
landscape complexes, the complete anthropo-
genization of geocomponents and landscape
complexes, as well as clearly defined temporal
and spatial boundaries of industrial landscapes,
which in most cases makes it possible to distin-
guish industrial landscapes from other anthro-
pogenic ones [13].
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The mining industry in the Kryvyi Rih re-
gion has been functioning for approximately
one and a half centuries; however, even within
this relatively short period, it has transformed
natural landscapes into anthropogenic ones,
which currently dominate the landscape struc-
ture of the region.

The Kryvyi Rih Landscape-Technical
System (hereinafter referred to as the KRLTS)
originated within the territory of Kryvyi Rih in
Dnipropetrovsk Oblast. Its development is
based on the Kryvyi Rih iron ore basin. The ex-
traction of mineral resources, primarily iron
ores, in this territory was accompanied by sig-
nificant transformation of natural landscapes
and the formation of anthropogenic landscapes.
Their area increases annually, mainly due to the
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expansion of mining-industrial landscapes. At
present, iron ore extraction is concentrated at
the following mining and processing plants:
Central, Northern, Southern, and Inhulets Min-
ing and Processing Plants, which belongto LLC
“Metinvest Holding,” as well as the Novokryv-
orizkyi Mining and Processing Plant, which be-
longs to PJSC “ArcelorMittal Kryvyi Rih.” In
terms of the concentration of mines, quarries,
and mining and processing plants, this macrore-
gion has no equivalent in global practice. It was
precisely on the basis of the mining-industrial
enterprises of the Kryvbas basin that the
KRLTS was formed [8].

The spatial configuration of the KRLTS
has undergone significant changes, and its es-
tablished boundaries are not absolute but rather
conditional. A clear tendency toward boundary
transformation can be observed due to the active
development of technogenesis. In the mid-
1970s, the boundaries of the KRLTS almost
completely coincided with those of the Inhulets-

Huriivka

Lozuvatka

Kryvyi Rih

Shyroke

Inhulets ooy

Saksahan valley-gully physical-geographical
district of the steppe spurs of the Dnipro Upland
within the Dniester—Dnipro northern-steppe
province. However, by the late 1980s, mining-
industrial construction had begun in the eastern
part of the Middle Inhulets inclined physical-
geographical district. Consequently, from the
1990s to 2010, the boundaries of the Kryvbas
quarries were altered, and new territories were
allocated for waste dumping. Administratively,
the KRLTS encompasses the territories of two
districts — Kryvyi Rih and Shyroke — as well as
parts of the adjacent Apostolove, Pyatykhatky,
and Sofiivka districts of Dnipropetrovsk Oblast,
in addition to small territories within the Vyso-
kopillia district of Kherson Oblast and the
Kazanka district of Mykolaiv Oblast. At pre-
sent, according to its territorial configuration,
the KRLTS extends 96 km from north to south
and 62 km from west to east, covering an area
of 4.1 thousand km?, which constitutes 0.67%
of the territory of Ukraine (Fig. 1).

Maryanivka

Novopillia

legend:

the boundaries of the
Zelenodolsk Kryvyi Rih landscape-
El technical system.

Fig. 1 — Current boundaries of the Kryvyi Rih landscape-technical system (prepared
using GIS technology Google Earth)
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Mining-industrial landscapes are wide-
spread throughout the territory of the Kryvyi Rih
region, which is stipulated by the specific spatial
occurrence of iron ore deposits within the Kryvyi
Rih iron ore basin. Over time, anthropogenic land-
scapes — predominantly mining-industrial ones —
have emerged and continue to develop, currently
occupying nearly 40 thousand hectares and play-
ing a significant role in the functioning of the con-
temporary Kryvyi Rih Landscape-Technical Sys-
tem (KRLTS). At the same time, the heterogene-
ity of natural conditions, together with the pres-
ence of quarries and waste dumps, determines the
specific features of the region’s altitudinal and
landscape structure.

The surface landforms of the KRLTS were
formed on the basis of the Ukrainian Shield and
its geological formations. The leading element of
the morphostructural relief consists of forest-
loamy upland and lowland watershed plateaus
complicated by various types of morphosculpture,
including fluvial, karst, suffosion, gravitational,
and aeolian forms. The relief is represented pre-
dominantly by meso- and microforms. Due to the
activity of temporary watercourses, erosion, mate-
rial transportation, and accumulation, a fluvial re-
lief developed. During the formation of the min-
ing-industrial complex, fluvial processes immedi-
ately begin to exert an active influence on the lith-
ogenic base, transforming and stabilizing it.

Within the KRLTS, anthropogenic saline
and freshwater reservoirs accumulate approxi-
mately 500 million m*® of water. Among them,
sludge storage facilities contain up to 200 million
m?* of mine and quarry waters with an average
mineralization of 5-8 g/dm*. Every year, more
than 40 million m® of mine water from depths of
up to 1,500 m reaches the surface from the aqui-
fers of all geological structures within this terri-
tory. At the same time, the estimated flooded areas
caused by water filtration from sludge storage fa-
cilities within Kryvbas amount to 230-270 km?.
The hydrological network of the KRLTS has been
completely transformed. The microclimate has
undergone significant changes not only within
Kryvbas itself but also in adjacent regions. In
landscapes affected by technogenic activity within
the KRLTS, natural soils have been replaced by
soil mixtures and technogenic substrates, while
the vegetation cover has been transformed into
phytocenoses dominated by synanthropic and ru-
deral (weed) associations with impoverished tax-
onomic composition.

As aresult of iron ore extraction and indus-
trial waste disposal along the iron ore deposits of
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the Kryvyi Rih geological structure, the northern
steppe landscapes and the riverbeds of the Saksa-
han and Inhulets rivers were completely de-
stroyed. In their place, anthropogenic landscapes
— predominantly residential and industrial — have
emerged and continue to develop actively, becom-
ing the dominant background landscapes within
the KRLTS. Contemporary natural landscapes of
the KRLTS have formed under the influence of
landscape-forming factors, including lithogenic,
hydrogeological, soil, and vegetation factors [18].

The structure of the mining-industrial land-
scapes of the KRLTS is formed by the following
locality types: quarry-dump types (dump-mono-
basin, plateau-shaped multi-tier dump, ridge-
shaped multi-tier dump, quarry-dump-lake,
guarry-dump-terrace, quarry-lake-terrace, and
quarry-terrace types), as well as mine-collapse,
mine-subsidence, and lake-wasteland locality
types.

Mining-industrial landscapes of the Kryvyi
Rih region have mainly been studied within the
framework of altitudinal stages, altitudinal-land-
scape levels, and locality types. As a result, three
altitudinal-landscape levels have been distin-
guished: accumulative, denudation-accumulative,
and denudational. These are characteristic of al-
most all quarry-dump complexes within the
KRLTS. The most widespread locality types in
this territory are quarry-terrace and plateau-
shaped multi-tier dump types. The altitudinal dif-
ferentiation of each of these types is also hetero-
geneous. In particular, microzones — areas charac-
terized by different rates of denudation-accumula-
tive processes — are clearly distinguished within
them. It is important to note the upper denuda-
tional, middle accumulative-denudational, and
lower accumulative microzones. Altitudinal tiers
can also be observed within these microzones [5].

Having passed through various stages and
phases of development, relatively stable bioceno-
ses dominated by steppe zonal flora have formed
within the quarry-dump locality types of the
KRLTS. These include Festuca rupicola Heuff,
Koeleria cristata (L.), Poa stifola (L.), Elytrigia
repens (L.), Agropiron pectinatum (Bieb.), Lotus
ukrainicus (Klok.), Astragalus dasyanthus (Pall.),
Coronilla varia (L.), Melilotus albus (Medik.),
Xeranthemum annuum (L.), Galium verum (L.),
and others, totaling more than 100 species. In ad-
dition, territories adjacent to waste dumps (ravines
and fallow lands) characterized by chernozem
substrates contain such species as Stipa lessingi-
ana (Trin.), Gagea ucranianica (Klok.), Thymus
marschallianus (Willd.), Adonis vernalis (L.),
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Salvia officinalis (L.), and others. On old waste
dumps with rocky substrates (Precambrian crys-
talline rocks, including granites, amphibolites,
gneisses, quartzites, shales, etc.) and mixed sub-
strates (combinations of Precambrian crystalline
rocks and Cenozoic sedimentary rocks), the fol-
lowing species are widespread: Zygophyllum fa-
bago (L.), Crambe tataria Sebeok, Crambe pon-
tica (Stev. ex Rupr.), Alyssum minutum (Schlecht.
ex DC.), Gypsophila paniculata (L.), Dryopteris
filix-mas (L.) Schott, and others. In general, all lo-
cal landscape-technical systems of Kryvbas are
characterized by an incomplete cycle of vegeta-
tion cover and landscape formation. The over-
whelming majority of plants on waste dumps are
anemochorous (up to 60%) and barochorous (up
to 20%), while only certain old spoil heaps exhibit
a significant degree of vegetation closure and
function as centers of ecological information for
adjacent systems [7].

Kryvbas is the most unique region of
Ukraine in terms of both the diversity and territo-
rial structure of mining-industrial landscapes.
Within the relatively small territory of the Kryvyi
Rih region (4.1 thousand km?), highly diverse
groups of technogenic landscapes have formed.
The region represents a landscape unique area
where almost all varieties of technogenic

landscapes of Ukraine are combined. It has been
estimated that within the city of Kryvyi Rih,
which constitutes the residential-industrial core of
the region, the most widespread technogenic land-
scapes are residential (34.1%), industrial (31.9%),
and transport (15.0%) types. Currently, seven
quarries operate within the territory of Kryvbas:
Quarry No. 1 of the Northern Mining and Pro-
cessing Plant, Quarry No. 2 of the Northern Min-
ing and Processing Plant, Quarry No. 3 of the
Northern Mining and Processing Plant, the South-
ern Mining and Processing Plant Quarry, the Hlei-
uvatka Quarry belonging to the Central Mining
and Processing Plant, the Pershotravnevyi Quarry
belonging to the Northern Mining and Processing
Plant, the Hannivka Quarry belonging to the
Northern Mining and Processing Plant, and the In-
hulets Quarry belonging to the Inhulets Mining
and Processing Plant.

The KRLTS holds several records within
the mining industry:

e The deepest iron ore quarry in Europe —the
quarry of PJSC “Inhulets Mining and Processing
Plant” is one of the most powerful and deepest
quarries in Europe, reaching a depth of 426 m. The
guarry contains substantial iron ore reserves
amounting to approximately 38 million tons of ore

(Fig. 2).

Fig. 2 — The quarry of PJSC “Inhulets Mining and Processing Plant”
(prepared using GIS technology Google Earth)
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o The quarry of PISC “Southern Mining and
Processing Plant” is one of the largest quarries in
the world and serves as one of the principal sites
for iron ore extraction in Ukraine, as well as a ma-
jor attraction of industrial tourism. Its depth is ap-
proximately 400 m, its length reaches 3 km, and
its width is 2.6 km. The quarry has a rounded
shape and, in terms of productivity and depth, is
surpassed only by the Inhulets Mining and Pro-
cessing Plant quarry (Fig. 3).

o The deepest iron ore mine in the world, lo-
cated within the KRLTS, is the Kryvorizka Mine
(formerly known as the Rodina Mine). The de-
signed production capacity of the mine amounts to
2.6 million tons of high-grade ore and is ensured
through the development of the 1240-1315 m ho-
rizons. The iron content in the ore massif at the
operating horizons of 1165 m and 1240 m reaches
58.6%. The shaft of the Kryvorizka Mine extends
to a depth of 1,580 m.

Fig. 3 — The quarry of PJSC “Pivdennyi Mining and Processing Plant”
(prepared using GIS technology Google Earth).

The Donetsk Landscape-Technical Sys-
tem, where all major grades of coal are repre-
sented, constitutes the principal coal-bearing re-
gion of Ukraine in terms of both reserves and ex-
traction volumes. Within the Carboniferous strata,
approximately 300 coal seams have been identi-
fied, two-thirds of which have a thickness of 0.30—
0.45 m, while only 130 seams exceed 0.45 m in
thickness. Geologically, Donbas is divided into
two coal-bearing regions: the Southwestern and
the Northeastern. The former is associated with
the Kalmius—Torets depression, whereas the latter
corresponds to the Bakhmut Basin.

Within the Donetsk Carboniferous se-
guence, two maxima of coal accumulation are dis-
tinguished: in the Lower Carboniferous, the
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Upper Visean and Lower Serpukhovian deposits,
and in the Middle Carboniferous, two strati-
graphic stages. The principal reserves of Donetsk
coal are of Middle Carboniferous age. Lower Car-
boniferous coal-bearing deposits of industrial sig-
nificance extend along the southern margin of the
Donetsk depression for approximately 300 km
and have a width ranging from 15 to 40 km. Mid-
dle Carboniferous coal-bearing deposits are dis-
tributed throughout the entire territory of the de-
pression and are most clearly expressed within the
depression itself and on its southwestern slope.
Along the depression, the coal-bearing capacity
gradually decreases and completely disappears to-
ward the northeastern direction.
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According to the scheme of economic re-
gionalization, two principal economic subregions
were formed within the territory of Donetsk Ob-
last: the Central Industrial Subregion and the
Southern (Azov) Industrial-Agricultural Subre-
gion. In turn, the Donetsk—Sloviansk polycompo-
nent zone is located within Donetsk, Luhansk, and
partially Dnipropetrovsk oblasts and is associated
with the Hercynides of the Donetsk folded struc-
ture and the deposits of the Dnipro—Donetsk De-
pression. This zone is conventionally divided into
two macroregions: the Donetsk and the Slovi-
ansk—Artemivsk macroregions. In general, a sig-
nificant number of deposits of complex-forming
mineral resources are densely concentrated within
the zone, while some of them (hard coal and rock
salt) are characterized by basin-type distribution.
The combination of various types of fuel-energy,
mining-chemical, technological, non-metallic raw
materials for metallurgy, and construction materi-
als caused the formation of a complex of extrac-
tion, beneficiation, and processing enterprises of
fuel-energy, metallurgical, chemical, and con-
struction specialization within this territory. As a
result, three industrial agglomerations and eleven
industrial hubs were formed within Donbas [8].

The territories of Donetsk and Luhansk ob-
lasts of Ukraine are located within the steppe cli-
matic zone, and these lands contain the largest
proportion of steppe natural and semi-natural
landscapes in Ukraine. Within Donetsk and
Luhansk oblasts, the area of steppe landscapes
amounts to 314,499 and 596,210 hectares respec-
tively, constituting 8% and 19% of the total area
of the oblasts. Natural territories of the region are
represented by steppe ecosystems: the central part
of Donetsk Oblast and the southern part of
Luhansk Oblast are occupied by the rocky steppes
of the Donetsk Ridge, the northern part of
Luhansk Oblast is represented by chalk flora com-
munities also belonging to the steppe type, while
the southern part of Donetsk Oblast consists of the
flat chernozem steppes of the Azov region.

Intensive exploitation of mineral deposits,
their further beneficiation, and processing nega-
tively affect the lithosphere and contribute to the
activation of exogenous geological processes,
changes in the physicomechanical properties and
composition of soils, and pollution of groundwa-
ter and surface waters of Donbas. Within a rela-
tively short period, natural waters, soils, vegeta-
tion, and other components of the natural environ-
ment are destroyed under the influence of mining
technogenesis. The mechanism of these processes
is primarily determined by the migration of toxic
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metal compounds together with natural waters. In
particular, lead is widespread in the soils of Do-
netsk Oblast due to the presence of its sources, in-
cluding motor vehicles, metallurgical and coke-
chemical industries, coal-fired boiler plants, and
others. The average lead content in urban soils
(96.8 mg/kg) is almost three times higher than in
rural areas (35.4 mg/kg). The average zinc content
in urban soils (228.1 mg/kg) exceeds by more than
three times its concentration in rural soils (60.8
mg/kg). The manganese content in urban soils of
the region (2296 mg/kg) is approximately twice as
high as in rural areas (1274 mg/kg), where man-
ganese concentrations do not exceed current hy-
gienic standards [7].

The development of the extractive industry
has been accompanied by the alienation of large
areas of agricultural land in Donbas, which, after
temporary use, were transformed into technogenic
wastelands. Significant losses of land resources
also occurred because safety zones were estab-
lished around each waste rock dump, within
which atmospheric air became polluted and soils
salinized and waterlogged. Large areas are occu-
pied by sites of concentrated solid waste from pro-
cessing enterprises, including ash dumps, tailings
storage facilities, and slag disposal sites. Their
substrates contain substantial amounts of toxic el-
ements contaminating the atmosphere, soils,
groundwater, and surface waters. The most pro-
longed and intensive impact on natural landscapes
and the formation of mining-industrial landscapes
occurs during open-pit extraction of mineral re-
sources. In such cases, mixed rock horizons are
exposed and transferred to waste dumps. In addi-
tion, the morphological components of natural
landscapes, from tracts to locality systems, un-
dergo restructuring. Significant territories of Do-
netsk Oblast have experienced such destruction of
natural landscape structure, where numerous de-
posits of different types of mineral raw materials
are exploited by open-pit methods.

By the beginning of the armed conflict in
Donbas, up to 14 billion tons of coal and waste
rock had been extracted, while the volume of cre-
ated mine workings exceeded 9 billion m?, and the
total area of fragmented disturbed territory
reached 15 thousand km? The mine complex of
Donbas represents a stable source of emissions
amounting to up to 6 billion m*/year of explosive
and toxic gases (methane, radon, etc.), whose mi-
gration pathways are significantly altered under
military impacts on mine drainage and ventilation
regimes. In general, industrial coal extraction
caused irreversible disturbances of the
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geodynamic and hydrodynamic equilibrium of the
region and significantly increased the sensitivity
of the geological system to military factors.

Technogenic disturbances of natural condi-
tions within this territory are primarily caused by
mining operations conducted at nearly 900 mines
across 180 coal seams. In total, approximately
2,250 seam workings are counted within the coal-
bearing geological structures, which significantly
reduced their geomechanical stability during
flooding and background seismic events. The cre-
ated natural-technogenic geosystem of the region
— “technogenic objects — environment” — encom-
passed approximately 4,000 potentially hazardous
facilities, more than 300 mines and quarries, and
2.5 thousand so-called “kopanky” (unlicensed
shallow pits), as well as up to 1,300 spoil heaps,
among which more than 300 are burning and con-
stitute permanent sources of pollution by toxic el-
ements and compounds affecting the near-surface
atmosphere, adjacent landscapes, and groundwa-
ter. At the same time, under conditions of reduced
mine drainage (almost by half) and increasing
flooded areas, the risk of accelerated burning of
spoil heaps and their explosion with destructive
effects on adjacent residential and industrial facil-
ities significantly increases. Critical ecological
impacts on the hydrogeomechanical conditions of
the geological system (filtration compression, me-
chanical and chemical suffosion, etc.) and disturb-
ances of surface and underground hydrosphere re-
gimes were caused by the annual inflow into mine
workings of up to 760 million m* (24.5 m3/s) of
contaminated mineralized mine waters containing
up to 2.5 million tons/year of water-soluble salts.
During the expansion of coal mining operations
and disturbances of the geological system, includ-
ing regional aquitards and the spatial development
of technogenic fracturing accompanied by riv-
erbed disruption (more than 600 cases), the vol-
ume of local groundwater runoff resources in-
creased up to fivefold.

Considering the severe impact of hazard-
ous exogenous processes (landslides, karst, abra-
sion, flooding, etc.) on Donetsk Oblast, the entire
territory has been classified as a first-category
hazard area. The length of the coastline affected
by abrasion amounts to approximately 50.7 km.
The total area of rocks susceptible to leaching con-
stitutes 3,102 km?. The area of open karst distribu-
tion reaches 52 km?, with 371 manifestations ac-
counting for 11.7% of the affected territory. The
dissolution of carbonate and sulfate rocks occurs
at different rates. Karst processes are most wide-
spread and develop most rapidly in gypsum-
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bearing and salt-bearing deposits. These areas are
located on the slopes of the Bakhmut, Mokra and
Sukha Plotva, Kazennyi Torets rivers, and the
Horilyi Pin stream. Human activity (mines, brine
extraction industries, quarries, large water intakes,
and leakage from urban communications) signifi-
cantly accelerates karst processes by increasing
the velocity of groundwater movement within fis-
sure-karst aquifers. Surface areas where Karst-
forming processes are most widespread are lo-
cated in Sloviansk, Kramatorsk, Soledar, Bakh-
mut, and Mariupol [9].

The vegetation of the Donetsk Landscape-
Technical System is represented by such species
as Astragalus sareptanus A. Beck, Bulbocodium
versicolor, Centaurea pseudoleucolepis Kleo-
pow, Hyssopus cretaceus Dubjan, Neottia nidus-
avis, Adonis vernalis L. Spach, Onosma tanaitica
Klokov, Achillea glaberrima Klokov, Matthiola
fragrans Bunge, Elytrigia stipifolia (Czern. ex
Nevski) Nevski, Lycopodiella inundata (L.) Ho-
lub, and others.

The Donetsk Landscape-Technical System
also contains numerous mining facilities known
not only in Ukraine but throughout Europe:

o PJSC “Pokrovske Mine Administration” is
the largest coal mine in Ukraine, with a projected
production capacity of 2.1 million tons per year.
Industrial coal reserves exceed 200 million tons.

The Pre-Carpathian Landscape-Tech-
nical System is located within the territories of
Lviv and Ivano-Frankivsk oblasts. Spatially, it is
associated with the Pre-Carpathian Foredeep. Ac-
cording to geological regionalization, this zone in-
corporates several major territorial concentrations
of mineral deposits: the Pre-Carpathian oil and gas
region, the Pre-Carpathian sulfur-bearing basin,
the Pre-Carpathian potassium-bearing basin, the
Dniester gypsum-bearing district, and others. It is
characterized by a clustered pattern of territorial
distribution of mineral deposits. In particular, the
Boryslav—Stebnyk and Dolyna—Kalush macro-
clusters, as well as the Yavoriv, Rozdil, Myko-
laiv—Pustomyty, Nadvirna, Bilche—Volytsia, and
Staryi Sambir clusters, are distinguished.

The Pre-Carpathian Landscape-Technical
System is characterized by three historical-geo-
graphical periods of mineral resource exploita-
tion: the pre-industrial period, the artisanal period
(before 1772), and two industrial periods — the
manufactory period (until 1939) and the industrial
period (until 1991). In the course of research on
the Pre-Carpathian Landscape-Technical System,
particular attention has been devoted to the natural
conditions of soil substrate formation and



ISSN 1992-4259 Bicauk XapkiBchKOro HallioHaJIbHOTO yHiBepcuTeTy iMeni B. H. Kapasina.

Cepist «Exomnoris». 2026. Bumyck 34

vegetation self-restoration on ozokerite mining
waste dumps. It was established that these for-
mation processes proceed slowly within the waste
dumps. The principal limiting factor for phytoce-
nosis formation on extraction dumps is excessive
salinization of the soil substrate. The first species
to restore vegetation on the dumps is sea buck-
thorn (Hippophae rhamnoides), which occurs in
the form of dense thickets and isolated small clus-
ters. In addition to sea buckthorn, black poplar
(Populus nigra), silver birch (Betula pendula), as-
pen (Populus tremula), Norway maple (Acer plat-
anoides), and European ash (Fraxinus excelsior)
occur within this territory. Flooded and poorly
drained depressions provide natural conditions for
the development of hydrophilic and hygrophilous
vegetation, whereas mesophilous and xerophilous
vegetation dominates on the tops of waste dumps.
The mosaic character of the natural conditions of
the dumps has resulted in differences in vegetation
species composition. The greatest species diver-
sity is characteristic of phytocenoses in flooded ar-
eas. Poor vegetation composition is typical of
steep slopes affected by sheet erosion and saline
areas of newly formed spoil deposits [13, p. 140].

Regarding the natural-economic systems of
the Pre-Carpathian sulfur-bearing basin, the de-
velopment of geosystems and the degree of their
anthropogenic transformation under conditions of
liquidation of sulfur industry enterprises possess
specific features. In particular, this includes the
ecological condition of mining-industrial geosys-
tems under the flooding of sulfur quarries and the
creation of reservoirs and recreational zones on
their basis. The territory of the Pre-Carpathian
Landscape-Technical System is characterized by
centers of hazardous exogenous processes, includ-
ing landslides, erosion, karst, abrasion, and others.

Reclamation is particularly necessary
within burning coal waste dumps (especially the
dump of PJSC “Lviv Coal Company”), zones of
intensive land subsidence, karst sinkholes,
flooded areas, and ozokerite mining dumps. Spe-
cial attention should also be devoted to the regu-
larities of geosystem functioning and develop-
ment within areas of underground sulfur smelting
(mining districts “Pisotskyi” and “Borysy”). The
degree of anthropogenic transformation of soil
and vegetation cover is relatively high. Within the
mining district “Yavoriv Reservoir,” geosystems
with a moderate level of transformation of em-
bryozems predominate. Soil formation on external
dumps, tailings storage facilities, the internal part
of hydraulic dumps, and the southern sections of
the quarry occurs almost without human
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intervention. Areas of strong anthropogenic influ-
ence on soil mixtures have been identified in
zones of ongoing industrial use, construction sand
extraction, and accumulation of solid household
waste. Strongly transformed vegetation communi-
ties dominate, accounting for 38.7% of the total
area of the site. Significant transformational
changes associated with sulfur extraction and
post-mining activities have occurred in the major-
ity of geosystems within the Pre-Carpathian min-
ing-industrial landscape-technical system. Severe
vegetation damage is observed within the shore-
line zones of reservoirs and areas undergoing rec-
lamation works. Vegetation cover remains almost
unrestored within industrial sites and areas of ille-
gal construction sand extraction. Within sulfur de-
posits, only 5-6% of disturbed territories have
been reclaimed. These are mainly dumps formed
from Quaternary loess-like loams. On most
dumps composed of Neogene clays, reclamation
activities are not conducted. Soil formation, as
well as the further functioning conditions of
young embryozems and technosols, exhibit a
number of features differing from natural ana-
logues. Depending on the age of the dumps and
the nature of overburden rocks, pedogenesis af-
fects the upper substrate layers (3—20 cm). Soil
mixtures are characterized by low thickness and
weak differentiation of the vertical profile. They
are marked by the formation of simple vegetation
communities as a result of spontaneous over-
growth and reclamation, accumulation of primary
organic matter, development of organogenic hori-
zons, and related processes [13].

Post-mining geosystems within the Pre-
Carpathian sulfur-bearing basin are gradually
overgrown by woody vegetation (Pinus sylvestris,
Hippophae rhamnoides, Salix caprea, Robinia
pseudoacacia, Populus tremula, Betula pendula)
and herbaceous species, indicating the potential
for independent natural restoration of soil and veg-
etation cover. However, the processes of self-res-
toration of disturbed lands proceed too slowly.

The vegetation of the Pre-Carpathian Land-
scape-Technical System is mainly represented by
such species as Blechnum spicant, Pyrola rotun-
difolia, Moneses uniflora, and others. The Euro-
pean type of geographical elements includes
Streptopus amplexifolius, Symphytum cordatum,
Primula elatior, Mercurialis perennis, and others.
Among the representatives of the European geo-
element, numerous endemic species are also pre-
sent, including Festuca carpatica, Festuca porcii,
Cardamine opizii, Sedum carpaticum, Viola
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declinata, Leucanthemum rotundifolium, Muscari
pocuticum, and others.

In general, the specific features of land-
scape structure within mining-industrial land-
scape-technical systems are determined both by
the peculiarities of natural conditions (tectonics,
geological structure, hydrological conditions, etc.)
and by technological aspects (production
schemes, duration and intensity of industrial pro-
cesses, etc.) related to mineral resource exploita-
tion [22]. The contemporary structure of geosys-
tems within areas of mineral extraction and bene-
ficiation is determined by the extraction method
(open-pit or underground), the mining system ap-
plied, the intensity and duration of exploitation of
mining-industrial facilities, as well as the conser-
vation or liquidation of mining enterprises [19]. It
is precisely the transformation of geosystem gen-
esis during mineral resource development that dis-
tinguishes mining-industrial geosystems from ad-
jacent territories. The formation of these geosys-
tems is conditioned by the development of natu-
ral-anthropogenic processes and phenomena, in-
cluding land subsidence, landslides, erosion, karst
collapses, flooding, pollution, and others. The
principal role in the manifestation and functioning
of these geosystems is played by the correlation
and dominant direction of migration flows, pre-
dominantly destructive ones [23].

Optimization of mining-industrial territo-
ries represents a complex of controlled managerial
measures implemented both during mineral ex-
traction and beneficiation to ensure more efficient
use, and after the completion of mineral resource
exploitation to guarantee environmental safety

and the performance of other economic functions.
The selection of optimization measures primarily
depends on the complexity of landscape structure,
the intensity of natural-anthropogenic processes,
the degree of anthropogenic transformation and
pollution of geosystems, the level of ecological
hazard, and the amount of funding available for
such measures [20]. Optimization measures for
mining-industrial territories involve substantiat-
ing implementation pathways, identifying natural
and socio-economic constraints, determining spe-
cific forms of environmental management, and
analyzing the consequences of human activity.
These measures should combine technologically
advanced, economically efficient, and long-term
rational exploitation of mineral deposits with the
use of other natural resources, protection of ge-
osystems from excessive anthropogenic pressure,
regulation of natural-anthropogenic processes,
and preservation of valuable historical-cultural
and protected natural sites [21].

The outcomes of optimization of mining-
industrial territories include improvement of the
ecological condition of mining-industrial geosys-
tems; regulation of the intensity of hazardous nat-
ural-anthropogenic processes; reclamation of
waste dumps, settling ponds, industrial sites, and
related areas; creation of optimal conditions for
the revitalization of anthropogenically trans-
formed geosystems; substantiation and imple-
mentation of geoecological monitoring systems;
improvement of land-use structure and establish-
ment of protected natural areas; as well as mu-
seumification and revalorization of historical min-
ing heritage sites.

Conclusions

The functioning of mining-industrial land-
scape-technical systems exerts a significant influ-
ence on the formation of diverse landscape types
belonging to the mining-industrial class. Mining-
industrial landscapes should be understood as an-
thropogenic complexes formed as a result of the
interaction between a geo-mining technical sys-
tem and the environment, functioning through
the use of both natural energy and the energy de-
termined by mining technologies, and character-
ized by active migration of mineral and biogenic
matter.

In the course of anthropogenic transfor-
mation of landscape structure under the influence
of mining equipment, a complex of geoecological
problems is formed. Disturbance of the lithogenic
base of the territory causes the development of
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depressive landforms, which are particularly pro-
nounced within quarry sections of mining-indus-
trial territories. The condition of atmospheric air is
closely associated with industrial emissions from
enterprises and the functioning of industrial com-
plexes. Surface waters undergo substantial
changes in water-level regimes and loss of hydro-
chemical properties. Due to drainage activities
within mining-industrial territories, groundwater
levels significantly decline, while both quantita-
tive and qualitative characteristics deteriorate. The
soil geocomponent experiences losses of fertility
and is restored only partially through reclamation
measures. Significant transformations also affect
vegetation cover, manifested in the replacement of
natural vegetation by ruderal-wasteland commu-
nities of patchy character.



ISSN 1992-4259 Bicauk XapkiBchKOro HallioHaJIbHOTO yHiBepcuTeTy iMeni B. H. Kapasina.

Cepist «Exomnoris». 2026. Bumyck 34

An essential task for addressing the further
optimization of the mining-industrial landscape-
technical systems analyzed in this study is the
identification of patterns of their dynamics and de-
velopment. The identified dynamic tendencies of
mining-industrial landscapes should form the ba-
sis of a structural-dynamic landscape analysis of
the prerequisites for rationalizing their use, while
systems of measures aimed at improving the geo-
ecological condition of the region should be for-
mulated with consideration of the obtained analyt-
ical results.

Restoration of the landscape structure of
territories disturbed by mining-industrial activities
should be completed through reclamation works.
The final stage of reclamation is the biological
stage, which is directed toward restoring the natu-
ral landscape structure of the territory.

In implementing optimization approaches,
it is advisable to apply the following principles:
optimization measures should be carried out ex-
clusively on the basis of a systemic approach en-
compassing structural, functional, and dynamic
aspects; optimization of the territorial structure
should account for landscape-ecological princi-
ples of territorial optimization; the structural

aspect enables consideration of mining-industrial
territories as complex landscape-technical struc-
tures resulting from anthropogenic impacts; the
functional aspect involves the investigation and
mandatory consideration, when selecting direc-
tions for territorial optimization, of the compo-
nents of mining-industrial landscape-technical
systems — waste dumps, guarries, mine structures,
and the corresponding diverse mining-industrial
landscapes formed on their basis; the dynamic as-
pect takes into account the historical characteris-
tics of territories and their contemporary transfor-
mations.

The identified tendencies of dynamic
changes in mining-industrial landscapes should
serve as prerequisites for selecting directions of
environmental management optimization within
these territories. The criterion for territorial opti-
mization should be the correspondence between
the selected reclamation methods and the land-
scape structure of the territory. Of particular im-
portance is the establishment of an ecological-
landscape geoinformation monitoring system for
the purpose of generalization and further optimi-
zation of territories on the basis of scientifically
substantiated approaches.
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I'EOEKOJIOI'TYHI OCOBJIMBOCTI ®OPMYBAHHA TA PO3BUTKY I''PHUYOIIPO-
MUCJOBUX JAHJIINA®THO-TEXHIYHUX CUCTEM YKPATHH

MeTta. Anani3 3akoHOMipHOCTEl (popMyBaHHS, CTPYKTYpH Ta (YHKIIOHYBaHHS TipHUYOIIPOMHCIOBHX
JMaHAmadTHO-TEXHIYHMX CUCTEM YKpaiHH, BHOKPEMJICHHS IX THIOJIOTIYHNX 0cOOIMBOCTEN 1 OOIPYHTYBaHHS Ha-
MPSAMIB ONITUMI3AIlii Ta paIlioHATEHOTO BUKOPHUCTAHHS B YMOBAX Cy9aCHHUX I€O0EKOJIOTIYHUX BUKIHKIB.

Metoau. CrioctepexeHHs, JaHamagpTHO-reoMopdoIoTiuHnl aHami3, kKapTorpadiyHe MOJETIOBaHHS i3
sukopucranusm ['IC-rexuomnoriit (Google Earth), Mmero anTpomoreHHO-MaH A THOTO TPOTHO3Y.

PesyabTaTn: 'ipaunyonpomuciosi Teputopii YkpaiHu € CKIagHUMH JTaHAMAPTHO-TEXHIYHUMH CHCTe-
MaMHd, C(OPMOBAHMMH BHACTIJIOK TPHBAJIOI B3a€MOJii MPHUPOJHUX YMOB 1 TEXHOTEHHHMX TporeciB. Bonu
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OXOIUTIOIOTH HE JIMIIE MEeXI MPHUYMX 1 3eMENIbHUX BiJIBOIB, aje i 3Ha4HI IPUIIErITi TepuTopii, TpaHchopMoBaHi
i BIUIMBOM TipHU40100YBHOI AisSUTBHOCTI, BKIIOYAIOYH MOCTMAiHIHIoBI nanamadTi. JJoMiHyIOYMMH eleMeH-
TaMHM LUX TEPUTOPIH € TeOripHUUOTEXHIYHI CUCTEMH, CTPYKTYypa SIKMX IpeJICTaBIeHa IPUPOIHUM, TEXHOIOTTYHUM
Ta iHpopMamiiHuM O6510KaMH, a QYHKIIIOHYBaHHS MOB’S3aHE 3 IIEPEMIlICHHAM MiHEpaTbHOI PEYOBHUHH Ta iHTEH-
CHUBHHMH TCOIMHAMIYHAMH IpoIliecaMi. BCTaHOBIIEHO, IO TipHUYIOTPOMHUCIOBI JaHAMA(TH (GOPMYIOTHCS Mix
BIUIMBOM BIIKPHUTOTO Ta MiJA3€MHOTO CIIOCO0IB BHAOOYBaHH:, IO BH3HAYA€E X MOP(OJIOTiUHy Pi3HOMAaHITHICTh
(xap’epHO-BiBaNbHI, MAXTHO-TIPOCAIOYHI, 03epHO-TIYCTHPHI Ta iH.). KpnBopi3pka naHAmagTHO-TEXHIYHA CH-
crema (KJITC) € yHiKanpbHEM IOJITOHOM (DOpPMYBAaHHS TEXHOTCHHUX JAHAMA(DTIB, 1€ 30CEPEHKEHO IIHUPOKHHA
CHeKTp X TumiB. BcTaHOBIICHO, IO aHTPOTIOTEHHI JaHadTH 3aiMalOTh 3HAYHI TUTOIII, (OPMYyIOUHN CKIIaJHY BHU-
COTHO-TaHAMA(THY CTPYKTYpY 3 aKyMYJIATHBHUMH, ACHYIAliHHO-aKyMyJSITHBHUMHU Ta JCHyIAUiiHUMHU piB-
HSMU. BusiBiieHO, 10 iHTEHCUBHUI PO3BUTOK MipHUYOJ00YBHOI AisIIBHOCTI CIIPHYMHUB CYTTEBI 3MiHHU penbedy,
T1IpOJIOTiYHOT MepeXi, MIKpOKIIIMaTy, TPYHTOBOTO ITOKPHUBY Ta POCIMHHOCTI periony.OcobnuBocTi JloHerpKoi Ta
[pukapnarceKoi 1aH A THO-TEXHIYHUX CHCTEM XapaKTEPH3YIOTHCS BUCOKUM PIBHEM aHTPONIOI'€HHOTO HaBaH-
Ta)KeHHs1, 3HAUHHMH MTOPYIICHHAMH F'€0CUCTEM, aKTHBI3aII€10 €K30T€HHUX MPOLECIB Ta (POPMYBaHHIM TEXHOT'CH-
HUX (opM penbedy. B mexax [lonbacy crocrepiraeThCs IHTCHCHBHE 3a0pYIHEHHS IPYHTIB 1 BOII, MOPYIICHHS
T1POTeoNIoTiYHOT0 peXxuMy Ta (OpMyBaHH HeOe3NeUHNX reoquHamMivyHuX sBuml. [ [IpukapnaTtcekoro periony
XapakTepHi MPOIlecH MOBUIFHOTO CAaMOBIJHOBICHHS POCIMHHOCTI Ta IPYHTIB, IO CYIPOBOJUKYIOTHCS] 3HAYHOIO
MO3ai9HICTIO JaHAIA(THOT cTpyKTypu. POpMyBaHHS TipHUYONPOMHCIOBHX JaHAMA(TIB CyIPOBOIKYETHCS PO-
3BUTKOM HETaTUBHHUX MPHPOIHO-aHTPOIIOTEHHUX IPOLECIB (€po3is, KapcT, MPOCiAaHHs, MiATOIUICHHS, 3a0py -
HCHHSA), SKi BU3HAYAIOTh CyYaCHHH T€OCKOJIOTIYHHU cTaH Teputopiil. OOTrpyHTOBaHO, IO ONTHMI3allisl TipHU-
YOIPOMUCIIOBHX TEPUTOPIH Ma€ 6a3yBaTUCs HA CHCTEMHOMY ITIIXO/1 3 YpaXyBaHHIM CTPYKTYpPHHUX, (YHKIIOHAIb-
HUX 1 TUHAMIYHUX XapaKTEPUCTUK F€OCHCTEM, a TAKOX IepedadaT peKyIbTHBALIIO MOPYIIEHUX 3eMeb, PO3BHU-
TOK I'€0€KOJIOTIYHOTO MOHITOPUHTY Ta pallioHaJbHE MPUPOJAOKOPHUCTYBAHHS.

BucnoBku. ['ipHnuonpomucioBi JanAmadTHO-TEXHIYHI CUCTEMHU YKpaiHH € CKJIaJHIUMH IPUPOIHO-aH-
TPOIOTeHHUMH YTBOPECHHIMH, (DYHKI[IOHYBaHHS SIKUX BU3HAYAETHCS B3a€MOJIIEIO IIPUPOAHUX YHHHHUKIB 1 TEXHO-
TeHHHX IPOLIECIB; XapaKTEePU3yIOTHCS 3HAYHOIO TpaHC(HOPMAIII€I0 NPUPOJHUX KOMIIOHEHTIB, pOpMYBaHHSM CIie-
UQIIHIX MOP(OIOTIYHNX CTPYKTYP 1 aKTUBHOIO Mirpariero pedoBuHu. CydacHUA CTaH IMX CHCTEM CYIIPOBOI-
JKYETHCSI PO3BUTKOM T'€0EKOJIOTTYHHX TPOo0JIeM, 110 oTpedye BIPOBAKEHHS KOMIUIEKCHHUX 3aXO0/1iB ONTUMI3allil,
30KpeMa peKyJbTHBAIii, MOHITOPHHTY Ta paIliOHAIFHOTO BUKOPUCTAHHS pecypciB. BusBIEHI 3aKOHOMipHOCTI
(hopMyBaHHS 1 pO3BUTKY TipHHYOIIPOMHUCIIOBUX JIAaHAIA(TIB MAIOTh CTATH OCHOBOIO JUIS TTOAAJIBIINX JTOCTIPKEHb
1 IPaKTUYHUX 3aXOMIB MO0 CTad1Ii3allil Ta BiTHOBICHHS MTOPYIICHIX TSPUTOPI.

KJIFOYOBI CJIOBA: zipruuonpomuciosi ranowa@mu, 1aHOWADMHO-MEXHIYHA CUCMeEMA, 2e02iPHU-
YOMEXHIUHA Ccucmema, MexHO2eHHUL NaHOWAdm, AHMPONO2EeHHA MPAHCHOPMAYis, peKyTbmueayis, 2eoexo-
JNI02iYHa onmumizayis

KondguikT inTepecis

ABTOpKa [TOBIJOMJISIE TIPO BiJICYTHICTH KOH]IIIKTY iHTEepeciB. Kpim Toro, aBTopka 10TpUMyBanacs eTHUHHX
HOPM, BKITIOYAIOYH IIIariat, parbCUQiKaIliio TaHIX Ta MOABIHHY ITyOiKaIlio.

Hexunapauisi npo Bukopucranus LT

B po6oTi He BUKOPUCTaHO pecypc LITYYHOTO IHTEIEKTY.

Cnucok suxopucmanoi 1imepamypu

1. bapanoscekuii B. A. Ekonoriuna reorpadist i exosoriuna kaprorpadis. Kuis: @itocomionentp, 2001. 252 c.

2.I'appunrenko O. I1. Jleski aciiekTH peanizamnii reoeKoJIOTiYHOTo MiAX0AY A0 pallioHali3alii perioHaIbHOTO IpH-
POIOKOPHUCTYBaHHS. Exonoeia i payionanrshue npupodokopucmyeants: 30ipuux naykoeux npays CymMcbkoeo
Oeparcasnozo nedazoeiunozo ynisepcumemy im. A.C.Maxapenxa. 2006. C. 3-8.

3. I'ynynsx B. M. JlanpmagtHa exosnorist. X. : XHY imeni B. H. Kapasina, 2015.— 284 c.

4. lenncuk I'. 1., Konresa T. C. KpuBopizbka nanamadTHO-TeXHIYHA CUCTEMA: PO3BUTOK, CyYacHHUH CTaH, HUISIXH
omrumizarii.  @izuuna  2eocpagis  ma  ceomopgporocis.  2021.  Ne  105-107. C. 25-29.
https://doi.org/10.17721/phgg.2021.1-3.03

5. Henucuk I'. 1. 3amopoxkns I'.M. IToxinHi nporecyu Ta siBHINA B JaHAmAadTax 30H TexHOreHe3y. Binnui : [111
«EnensBetic 1 K», 2013. 220 c.

6. IanoB €. A. AHTpomoreHi3anis JaHamadTiB: MiIX01H, JiarHOCTYBaHHs, MOJCIIOBaHHs. Hayk. éich. Yepnisey.
yH-my. Bun. 612—613 : I'eorp. YepHnisui, 2012. C. 54-59.

7. IBanoB €. A. 'eokagacTpoBi JOCIIIKEHHS TIPHUYOIIPOMHCIIOBUX TePUTOPii : MoHOrpadis. JIseis : BI JIHY
im. I. ®panxka, 2009. 372 c.

123


https://doi.org/10.17721/phgg.2021.1-3.03

ISSN 1992-4259 Bicauk XapkiBchKOro HallioHaJIbHOTO yHiBepcuTeTy iMeni B. H. Kapasina.
Cepist «Exomnoris». 2026. Bumyck 34

8. IpanoB €. A. Jlangmadru ripupyonpoMuciioBux tepuropiit : Monorpadis. JIeeis: BL] JIHY im. 1. ®panka,
2007. 334 c.

9. KucenpoB 0. O. O0rpyHTYBaHHS €KOJIOT0-TeoMOPQOIOTi4HOTO aHajli3y PH BUBYEHHI TaHAIIadTIB CX01y YK-
paian. JlapgmadT sk iHTerpyroua koruentis XXI| cromitrs. 30ipHuK HaykoBuX mpampb. Kuis, 1999. C.128—
130.

10. Kozunceka 1. I1. Meromu nocmimpkeHsb TipHUIOIpOMHUCIOBUX MaHamadTiB. Haykosi sanucku B/ITY. Cepia:
Teoepagpia. Binanns, 2009. Bumn. 18. C. 94-98.

11. Koptieva T. S. Mining landscapes of Kryvyi Rih landscape technical system. Jlioouna ma dosxinns. Ipobne-
muneoexonoeii. 2021. Bumn. 35. C. 18-26. DOI: https://doi.org/10.26565/1992-4224-2021-35-02

12. KynikoBcpka O. €. CyuacHi aclekTH MOHITOPUHTY aHTponoreHHuX jaHamadTie Kpusopisbkoro Oaceiny.
TeopernuHi, perioHanbHi, IPUKIJIAJHI HANPSIMKKA PO3BUTKY aHTPOIIOTeHHOI reorpadii Ta mananiadTo3HaBCcTBA!
Marepianu || mixknapoaHoi HaykoBoi koHdepeHii. Kpuswuii Pir: Bunasanunii aim, 2005. 214 c.

13. JlanmmagTo3HaBCTBO: CTaH, NpOOJIeMH, EpCIeKTUBH: Martepialli MiXXHapOIHOT HaYKOBOi KOH(pepeHLil npu-
cBsiueHol 70-piudro 3acHyBaHHs Kadenpu dizuanoi reorpadii, 60-piudro misbHOCTI JIbBIBCHKOT IIKOH JIaH -
mrapro3HaBcTBa, 110- pivuto 3 mHsI HapomkeHHs mpodecopa K. 1. T'eperdyka i 80-piudro 3 qHSI HApOHKEHHS
npodecopa I'. II. Mimnepa (24-27 BepecHs 2014 p.). JIeBiB : BumaBHnunii nentp JIHY im. IBana @panka,
2014. 198 c.

14. Koptieva T., Denysyk B. Quarry and dump landscape systems of Kryvorizhzhia. Surveying, Geology and Min-
ing, Ecology and Management — SGEM 2020 : XX-th International Multidisciplinary Scientific GeoConfer-
ence. Albena, 2021. Pp. 665-670. DOI: https://doi.org/10.5593/sgem2020/5.1/s20.082

15. lenucuxk I'. 1., Kaszakos B. I1., SIpkos C. B. CuHreHes pociIMHHOTO MOKPUBY Y JaHmadTax 30H TEXHO- TCHE3Y:
moHorpadis. Binnuus: 111 «Enensseiic 1 K», 2012. 240 c.

16. Cherevatskyi, Danylo & Soldak, Myroslava. (2024). Three-dimensional brownfields: the tragedy of the mining
communities. Journal of European Economy. Vol. 22.. 556-570. https://doi.org/10.35774/jee2023.04.556

17. Orange, H; (2012) Cornish mining landscapes: public perceptions of industrial archaeology in a post-industrial
society. Doctoral thesis , UCL (University College London).

18. Komrea T. C. Ilogepxuesuii kap '€pro-8i08anbHUll APYC 2ipHULONPOMUCIO8UX nanOwagmis Kpusopizekoi
nanowagmuo-mexniunoi  cucmemu.  Jlanowagmosnascmeo.  2025. 7(1). C. 95-105. DOI
https://doi.org/10.31652/2786-5665-2025-7-95-105

19. denncux, I'. 1., Ko3unceka, I. I1. [IpomucnoBi tanqmadTH periony BUIOOYTKY YpaHOBHX Py B YKpaiHi: MO-
Horpadis. YMmans, Bizasi, 2015, 282.

20. Kravchenko, O. V., & Yevsieieva, O. V. (2020). Mining geoecology and geotechnologies: Conceptualization
and evaluation elements. Visnyk of Dnipro University. Series: Geology, Geography, 28(2), 112-120. https://ge-
ology-dnu.dp.ua/index.php/GG/article/download/941/766

21. Sinha, N., Deb, D., & Pathak, K. (2017). Development of a mining landscape and assessment of its soil erosion
potential using GIS. Engineering Geology, 216, 1-12. https://doi.org/10.1016/S0013-7952(16)30493-8

22. Pawlik, M., & Rudolph, T. (2024). Concept for long-term geo-monitoring of the post-mining environment
using the example of the Prosper-Haniel mine. E3S Web of Conferences, 526, 01009.
https://doi.org/10.1051/e3sconf/202452601009

23. Kumar, A., Singh, R. K., & others. (2023). A brief review paper on mining subsidence and its geo-environ-
mental impact. Materials Today Proceedings. https://doi.org/10.1016/j.matpr.2023.04.183

Crarrsa nagivnuia mo penakiii 08.04.2026 Iepermsayro 10.05.2026
Crattsa pexkoMeHnoBana 1o npyky 19.05.2026 Onyo6nikoBano 30.05.2026

124


https://doi.org/10.26565/1992-4224-2021-35-02
https://doi.org/10.5593/sgem2020/5.1/s20.082
https://doi.org/10.35774/jee2023.04.556
https://doi.org/10.31652/2786-5665-2025-7-95-105
https://geology-dnu.dp.ua/index.php/GG/article/download/941/766
https://geology-dnu.dp.ua/index.php/GG/article/download/941/766
https://doi.org/10.1016/S0013-7952(16)30493-8
https://doi.org/10.1051/e3sconf/202452601009
https://doi.org/10.1016/j.matpr.2023.04.183

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

EKOJIOT'T9HA BE3IIEKA HABKOJINIIIHBOI'O CEPE/JOBHIIIA

https://doi.org/10.26565/1992-4259-2026-34-09
YK 504.06:628.1:620.9:711.4:519.876

B. K. ITY3IK,! 1-p c- r Hayk, wi.-kop. HAAH, 3acnykeHuii 1is4 HayKu i TeXHiKU YKpainu,
npodecop kadeapu eKoIorii Ta 0iI0TEeXHOJIOT1H B POCIMHHUIITBI
e-mail: kysmish@gmail.com ORCID: https://orcid.org/0000-0003-3890-6150

€. A. KPUIITOII,! kanz. c.-T. HayK,
JIOLIEHT Kad)eApH SKOJIOTii Ta G10TEXHOJIOT1H B POCITMHHUIITBI
e-mail: kafagroeco@ukr.net ORCID: https://orcid.org/0000-0002-2868-3101
1ﬂepofca6HuL7 biomexHon0cTUHULL YHIsepcumen,
ByNI. AmueBchkuX, 44, Xapkis, 61002, Ykpaina

METOJUYHUI NAXIJ 10 NOPIBHSLILHOI OLIHKY BOJHO-EHEPTETUYHOI
CTIIIKOCTI YPBAHI3OBAHUX TEPUTOPIil HA OCHOBI DPSIR, ESG TA IWE

Meta. Po3poOuTu Ta anipoOyBaTH METOIUIHUH iIX11 10 MTOPiBHSIBHOI OLIHKHA BOJAHO-CHEPTETHYHOI CTii-
KOCTi ypOaHi30BaHUX TepUTOpiit Ha ocHOBI noegHanHs Moaei DPSIR, ESG-innukaTopiB Ta iHTerpansHOro iHjae-
key IWE.

MeToan. BUKOpHCTaHO MOETHAHHS KOHIICNTYAIBHOTO Ta KUIbKICHOTO miaxoiB. s cTpyKTypHr3allii B3a-
€MO3B’SI3KiB MIJK PECYpCHUM HAaBAaHTAXXEHHSM, CTAHOM MICBKOTO CEpEIOBHUINA Ta YHIPaBIiHCHKUMH BiATIOBIISIMA
3acrocoBano mozens DPSIR (Driving forces — Pressures — State — Impact — Response). ESG-miaxix BUKOpUCTAHO
IUTS BiTOOPY TIOKA3HUKIB, ITOB’A3aHUX 3 €KOJIOTIYHOIO Pe3yMbTATUBHICTIO Ta iHPPACTPYKTYPHOIO MOIEPHI3AIIIEI0
MiChKUX cucTeM. KiNbKiCHY OIlIHKY BHKOHAHO 3a JOMOMOror interpanbHoro inmekcy IWE (Integrated Water-
Energy Sustainability Index), sikuii 064rcIIOBaIN METOAOM 3BaXKEHOT aIMTUBHOT 3rOPTKH 3 MiH—MaKC HOpMaJi3a-
LI€I0 TOKa3HUKIB.

PesyabraTu. Jlo ckiaay iHTErpaqbHOTO IHAEKCY BKIIFOUEHO ITSITh IHAWKATOPIB: BTPATH BOJIHU B MEPEXKax,
€HEeProEMHICTb KHUTIOBOTO (hoHAy, muToMi BUukuau COz, 4aCTKy BiIIHOBJIIOBAHHUX JKEPEJl eHeprii Ta piBeHb 04u-
IIEHHS CTIYHUX BOJ. Ampo0ariito METOJKH BUKOHAHO HA MPUKJIAl YOTUPHOX BEMUKHUX MicT YKkpainu — Kuesa,
JIbBoBa, XapkoBa Ta [lninpa. s nepeBipky CTIKOCTI MOAENI NPOBEACHO aHalli3 YyTIMBOCTI UIIXOM Bapiko-
BaHHS BaroBHX KoeimieHTtiB. HaiiBumie 3HaYeHHS iHAEKCY 3adikcoBaHo i JIbBOBA, IO 3yMOBICHO HIKYOKO
€HEeProEMHICTIO KUTIOBOTO (hOHIY, HAWHIKYMMH MUTOMUME BUKHAaMH CO:z, BUILIOIO YaCTKOIO BiJHOBIIOBAHUX
JDKEpeJT eHeprii Ta HalBUIIKMM piBHEM OYMIIEHHS CTIYHMX BOJ Cepe]] NOCHiIKYBaHUX MicT. HalfHmk4ye 3HaueHHS
OTpHUMaHoO Jyisi XapKoBa, 1110 MOB’S3aHO 3 HAMOUIBIIMMHU BTpaTaMH BOJH, HAHBHUIIOIO €HEPrOEMHICTIO )KUTIIOBOTO
¢onny, BumuMy nuroMuMy BukugamMu CO: Ta HaAHMKYOIO YAaCTKOIO BiJIHOBIIOBAHUX Jukepen eHeprii. KuiB i
JIHInpO MpoIeMOHCTPYBAIM IPOMDXKHI 3HAYEHHSI iIHAEKCY. AHAIII3 Yy TJIUBOCTI IOKA3aB, 110 BAPIFOBAHHS BaroBHX
KoeilieHTIB Y Mekax 3alaHuX CIICHapiiB He 3MiHIOE MiICYMKOBOTO PaH)XyBaHHS MICT, IO CBIAYUTH MPO BiTHO-
CHY CTI#KIiCTh MOmei. BeTaHOBIEGHO, 10 HAWOLNBIIMIA BIUTMB HA MIKMICHKY AA(EPEHINAIN0 1HASKCY MAOTh 110-
Ka3HUKH, TI0B’s13aHi 3 EHEPreTHYHNM IIEPEX0JIOM Ta EKOJIOTIUHOI0 iHYPACTPYKTYPOIO, HacaMIIepe]] YacTKa BiJJHO-
BIIIOBAHMX JDKEPEJI €Heprii Ta piBeHb OUMILEHHS CTIYHUX BOJ.

BucHoBKkH. 3anponoHOBaHUI METOUYHUH ITiIX1]1 Ja€ 3MOTY TIOEHATH BOJHUAN Ta €HEPTETUIHHIA KOMIIO-
HEHTH MICBKOI CTIHKOCTI B MeKax €MHOI KUIBKICHOT CXEMH OI[IHIOBaHHS. [HTErpaibHuUil iHAEKC MOXKE 3aCTOCOBY-
BaTHCS K IHCTPYMEHT IMOPIiBHAIBHOTO aHAJi3y ypOaHi30BaHUX TEPHUTOPill, MyHIIIUIIaJIFHOTO MOHITOPHHTY pecyp-
coe(eKTUBHOCTI Ta BU3HAYECHHS [TPIOPUTETIB MOJIEpHi3allii BOAHOI it eHepreTnuHOi iHppacTpykTypH. [IpakTnuna
IIHHICTP MiJIXO/AY TOJIATa€ B MOXKJIMBOCTI HOTO BUKOPUCTAHHS 32 YMOB OOMEXEHOI JOCTYITHOCTI yHi(piKOBaHUX
MYHIIMNAIbHAX JaHHX.

KJIFOYOBI CJIOBA: 600H0-enepeemuunuil 36 130K, 600H0-enepeemuuna cmitkicms, DPSIR, ESG, in-
meepanvruil indexc IWE, ypbanizosana mepumopis

Sx mutyBatn: [1y3ik B. K., Kpumron €. A. MeToanyHuii miaxia 10 TOPiBHAIBHOT OLIHKA BOJHO-SHEPTe€TUIHOT
cTifikocti ypOaHizoBaHux Tepuropiii Ha ocHoBi DPSIR, ESG TA IWE. Bicnux Xapkiscekozo mayionanvhoo
yuieepcumemy imeni B. H. Kapasina. Cepis «Exonoecisy. 2026. Bun. 34. C. 125-135. https://doi.org/10.26565/1992-
4259-2026-34-09
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YpbanizoBaHi TepuTOpil KOHIEHTPYIOTH
OCHOBHI TIOTOKH CIIOKMBaHHS BOJIHHX 1 €Hepre-
TUYHHUX PecypciB Ta BoJHouYac (HOPMYIOTH 3Ha-
YHY YaCTKy aHTPOIIOTEHHOTO HAaBAHTAKCHHS Ha
JIOBKIJUISL. 3POCTaHHS YHCETHLHOCTI MICHKOTO Ha-
CeJICHHSI, 3HOIICHICTh 1HXeHEepHOI iH(pacTpyk-
TYpH, MiJBHIICHHS €HEPTOEMHOCTI KUTIOBOTO
¢doHmy, 301IbIIEHAS OOCSTIB CTIYHUX BOJ i BHU-
KHJIIB TAPHUKOBHX ra3iB aKTyalli3yr0Th OTPeOy
B IHCTPYMEHTAX OLIHIOBAHHSI, SIKi IAIOTh 3MOTY
aHaJi3yBaTH MIChKI PECYpCHI CHCTEMH KOMILIe-
KCHO, @ HE B MEKaX OKpeMHUX cekTopiB [ 1-6].

VY cyuacHiii HaykoBill JiTepaTypi B3ae-
MO3B’S130K BOJHHUX Ta €HEPreTHYHUX PECypCiB
PO3IISIAEThC B MEKax KOHIECMIi water—
energy nexus. ¥ mpaui Bazilian et al. [7] o0rpy-
HTOBAaHO HEOOXITHICTh IHTETPOBAHOTO IiIXOMY
JI0 MOJICTIFOBaHHSI B3a€MOIIOB’ SI3aHUX PECYPCHUX
CHCTEM, IIO JI03BOJISIE BPAaXOBYBATH MIXKCEKTO-
paibHi eheKTH MpU MPUHHATTI YHPaBIiHCHKUX
pimrens. Lund et al. [8], po3BuBaroun KOHIETIIIFO
smart energy systems, TIoKa3ay, o e(heKTHBHE
YIpaBJIiHHSI MICBKUMH CUCTEMaMH TIOTpeOye y3-
TOJDKEHHS €eHePTeTHYHUX ITOTOKIB, iHPPaCTPyK-
TYpH Ta PeXHUMIB CLIOKUBaHHS. Y poboTi Ramos
et al. [9] yBary 30cepekeHO Ha ypaBIiHCHKIX
CTpaTerisiX BOJHO-EHEPTreTUIHOTO 3B’ 3Ky B pO-
3yMHHX MicTaX, 30KpeMa Ha iH)pacTpyKTypHUX
pIILICHHSX, CHPSIMOBAHUX Ha TIJIBUIICHHS pe-
CypCOChEKTHUBHOCTI.

Oxpemuii HampsM JIOCHIPKEHb CTOCY-
€THCS OL[IHIOBAHHS BOJHOT Ta EHEPIreTUYHOI ede-
KTHUBHOCTI iH(pacTpykTypu. Alegre et al. [10]
3aMpOIOHYBAIM CUCTEMY 1HIMKATOPIB JJIS OIli-
HKH (DyHKLIOHYBaHHSI CHCTEM BOJOIOCTAUYAHH,
110 CTBOPIOE MIATPYHTS JJIs TOPiBHSUTLHOTO aHa-
ni3y Micbkux Mepex. Connolly et al. [11] posr-
JSIHYJIM TEXHIYHI Ta eKOHOMIYHi aclieKTH 1HTer-
paLii BiIHOBIIIOBaHOT EHEPT€THKH B €BPOIIEHCHKI
eHepreTnuHi cucremu, a Kazmierczak and
Carter [12] Ta Kabisch et al. [13] nokazanu 3Ha-
YEHHsI PUPOIOOPIEHTOBAHMX PILLIEHb AJIS M-
BHUIIIEHHS CTIMKOCTI MICBKOIO cepemaoBuiia. Y
CYKYITHOCTI IIi ITpaili JI€MOHCTPYIOTh, 110 BOJ-
HUA Ta EHEePreTMYHHH KOMIIOHEHTH MiCBhKO1
CTIHKOCTI TICHO ITOB’sI3aHi, OMHAK Yy OLIBIIOCTI
BHTIAJKIB aHAJI3YIOTECS B PI3HUX JOCIITHHUIIH-
KHX paMKax.

Beryn
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OcTtaHHIMH pOKaMH 3pOCTa€ yBara JI0 BU-
kopuctanns ESG-miaxoniB y cdepi ynpapminHs
pecypcamu. Y mocmimkenni Chen et al. [14]
ESG-dakropu po3risimaroThCs SK BaXKIMBHI
€JIEMEHT OI[iHIOBaHHS PU3HKIB Y B3a€EMOTIOB 32~
HUX PEeCYpCHHX cucTeMax. BogHouac crangaptu
GRI [15] HaxawoTh iHCTpYMEHTapii 111 hopma-
Ti3arii eKoJOT1YHIX MOKA3HUKIB Y PAKTHUIII 3Bi-
THOCTI Ta MOHITOpUHTY. OJIHaK 3aCTOCYBaHHS
ESG y micbkoMy pecypcHOMy aHanmi3i mepeBa-
KHO Ma€ KOHUENTYaJIbHUI XapakTep 1 JIMIe ya-
CTKOBO peaJli30BaHe Yy BHUIIIAII CUCTEM KiIbKic-
HUX 1HJMKATOPIB, MPUAATHUX I MIXKMICBKOTO
TTOPiBHSIHHS.

TakuM 49WMHOM, aHAIi3 JITEpaTypH CBil-
YHUTH MPO HASBHICTH KUTBKOX HEBUPIIICHUX IMH-
TaHb. [lo-miepiiie, y HASBHUX JTOCTIIPKCHHSAX Bijl-
CYTHIH y3ro/pKeHHI 1HCTPYMEHT, SIKHid Ou iHTe-
IpyBaB BOJHUH i EHEPTreTUUHHIA CEKTOPH MicTa B
€JIMHY KUTbKICHY MeTpUKY. [lo-npyre, 6i1b1IicTh
ITiIXO/TiB OpiEHTOBaHa a00 Ha HAIIOHALHUH Pi-
BeHb, 200 Ha OKpeMi iH(QPACTPYKTYpHI TiIchC-
TEMH, 110 YCKJIAIHIOE iX 3aCTOCYBaHHS IS MO-
PIBHAUIGHOI OIIHKH ypOaHI30BaHUX TEPHUTOPIil.
[o-tpere, ESG-xoMnoHeHT y OinbmocTi podit
HE IHTerpoBaHO Oe3Mocepe/IHbO B CHCTEMY I10-
Ka3HUKIB  OI[IHIOBaHHS  BOJHO-CHEPreTHYHOT
CTIMKOCTI MICT.

MeToro € po3po0JieHHS Ta anpooallis Me-
TOJUYHOIO TIJIXOAY JO TMOPIBHSUIBHOI OIIHKU
BOJIHO-€HEPIreTHYHOI CTIMKOCTI ypOaHi30BaHUX
TEpUTOPIii Ha OCHOBI oeTHaHHs Mozeni DPSIR,
ESG-inmukaropie Ta iHTErpaJbHOTO IHJCKCY
IWE Ha npuxiiazi 90THpHOX MICT YKpaiHu.

HaykoBa HoBu3Ha poboTu nossrae y ¢o-
pMaJtizalii mjxomy /10 OLHIOBAHHS BOAHO-CHE-
PreTHYHOI CTIHKOCTI MICT, y MeXax SKOTO TIO€I-
Hano Jsoriky DPSIR, cucremy ESG-nokasnuki
Ta inTerpansHui inaexc IWE sik iHcTpymeHT mo-
PIBHSJIBHOTO aHANI3Y HA MicbKOMYy piBHi. Ha Bi-
IMiHY BiJI iHOEKCIB, 10 OPIEHTOBAHI MEPEeBasKHO
Ha MakpopiBeHb ab0 OKpeMi pecypcHi Mmiacuc-
TEMH, 3aMPOIIOHOBAHUH MIIX1/1 CIPSIMOBAHUH Ha
IHTETPOBaHY OILIHKY BOJHOTO Ta EHEPTETUIHOTO
KOMITOHEHTIB Y MeKaX ypOaHi30BaHOI CUCTEMH.

[IpakThyHe 3HAuYCHHS OJEP)KAHUX pe-
3YJIBTATIB MOJISITAE Y MOYKITMBOCTI BUKOPHUCTAHHS
3alpOIIOHOBAHOTO MiAXOAY Uil MyHIIWIAIb-
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HOT'O MOHITOPHHTY pecypcoeeKTUBHOCTI, MOPi-
BHSUIBHOI OITIHKM MICBKUX CHCTEM 3a YMOB 00-
ME)KEHOI JOCTYIMHOCTI YHi()IKOBaHUX JaHUX, a

TaKoX U1 OOIPYHTYBaHHs NPiIOPUTETIB MOAEP-
Hi3awii BOAHOI Ta eHepreTHuHoi iHQpacTpyk-
TYpH.

MeToauKa T0CTiIKeHH

i TIOPiBHSIBHOI OILIIHKH BOJHO-CHEP-
TeTUYHOI CTIMKOCTI ypOaHI30BaHMUX TEPUTOPIH
BHKOPHCTAHO KOMOIHOBaHHMM METOAMYHHUH TIij-
XiJI, SIKUH TIOEHYE KOHIICNITYaJIbHE CTPYKTYPY-
BaHHS IOKa3HUKIB y Mexax wmogeni DPSIR
(Driving forces — Pressures — State — Impact —
Response) [16], ix inTepmpeTaliito 3 MO3MIiH
ESG-nimxomy Ta mojasbliie arperyBaHHs B iHTe-
rpaneauii innexc IWE (Integrated Water-Energy
Sustainability Index). Taka cxema aae 3mMory rie-
PEHTH BiJ AKICHOTO ONHUCY CTaHy MICBKUX Pecy-
PCHUX CHCTEM JO iX KUTBbKICHOi MOPiBHSIIEHOI
OIIIHKH 32 €JMHAM Ha0OPOM iHIMKATOPIB.

VY wmexax meroauku DPSIR BukoOpuc-
TaHO /IS JIOT1YHOTO TPYITyBaHHS MOKA3HUKIB 32
TpbOMa (YHKITIOHATBHUMHU OJIOKaMH: pecypc-
HUI THCK HAa CHCTEMY, €KOJOTiYHHMH CTaH Ta
yrhpaBiiHChKa BianoBias. ESG-miaxin 3actoco-
BaHO SK paMKy Ui J000py TOKa3HUKIB,
OB’ SI3aHKUX 3 CKOJIOTIYHOIO PE3YIbTATHBHICTIO
MiChKOi 1H(PACTPYKTYpH, pecypcoedeKTHBHiI-
CTIO Ta MOJEpHi3aliiHUMH pimeHHsMu. Jlo
ckiany inaekcy IWE BkiroueHo m’aTh iHIUKa-
TOPIB, AKi Bi0OpakalOTh BOAHUH Ta EHEPTeTH-
YHUH KOMIIOHCHTH CTiHKOCTI MicTa (Tadm. 1).

Taoauna 1
Cucrema ingukartopis iHTerpajabHoro inaexcy IWE
Table 1
System of indicators of the integrated IWE index
Ilo3nayeHHs Inpukarop Onunnus Tun nokas- | Komnonent | ESG- JkepesibHa
BUMIipy HHKA DPSIR BUMIp OCHOBA
Xi Brparu Bogu % JECTUMYIISITOP Pressure E IWA, [epxcrar,
B Mepexax 3BITH BOJIOKAHAJIB
Xa EneproemHictb kBt rom/m? | mectumymnsaTop Pressure E IEA, aHanituuHi
KHUTIOBOTO (hOHIY OLIIHKH, CTaTHCTH-
YHI MaTepiain
X3 [Turomi BUKHIH T/0c00y JECTUMYJISITOP State E IEA, C40
CO:
X4 Yactka BJIE % CTUMYJISITOP Response E/G IRENA, Eurostat
Xs PiBeHb ounIIEHHS % CTHUMYJISITOP Response E/G EEA, JlepxcrTar,
CTIYHHUX BOJT rary3eBi 3BiTH

Indopmariiiiny 0a3y mociipkeHHs chop-
MOBaHO Ha OCHOBi BIIKpUTHX CTaTHCTUYHUX,
AHANITUYHUX 1 METOAMYHUX Jikepen. s 00-
IPYHTYBaHHSI BHOOPY MTOKAa3HUKIB Ta MEX 1X HO-
pMadizanii BUKOpHCTaHO Martepiaiu Internatio-
nal Energy Agency, C40 Cities Climate
Leadership Group, European Environment
Agency, International Renewable Energy
Agency, Eurostat, International = Water
Association, [lepxaBHOI ciIy>kOM CTaTUCTUKU
VYkpainu Ta iHUI BiIKPUTI JUKepelia, HaBeJeHi Y
CIIHMCKY JIiTepaTypy pyKoIucy. Anpoobarito Me-
TOJIMKY BUKOHAHO HA PUKIIaJi YOTUPHOX BEJIH-
kux MicT Ykpainu — Kuesa, JIbBoBa, XapkoBa
ta Jlninpa. Ix BuGip 3ymoBneHmi 3HaUCHHIM
IIUX MICT SIK BEJIUKUX YpOaHi30BaHUX LEHTPIB i3
PI3HUMH TTapaMeTpaMy BOJTHOI Ta EHEPTETUIHOL
1HQpaCTPyKTypH, IO A€ 3MOTY TIPOICMOH-
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CTPYBAaTH MOXIIMBOCTI MOPIBHSIILHOTO 3aCTO-
cyBanHs iHzexcy IWE. Buxigni 3HaueHHs iH-
JMKaTOpiB, BAKOPUCTaHI ISl pO3PaxyHKY iHTe-
IPaNBHOTO 1HJIEKCY, HaBEJICHO B Ta0II. 2.

Il 3a0e3mneueHHs MOPiBHIOBAHOCTI Pi3-
HOPIJTHUX TOKa3HUKIB 3aCTOCOBaHO MiH—MakKcC
HopMastizaiito. ['panudHi 3HadyeHHs Xmin Ta
Xmax BCT@HOBJICHO Ha OCHOBI y3arajibHEHHX
CTaTUCTUYHUX TA aHAJITUYHUX JDKEPET 1 BUKO-
puctaHo sk eauHy benchmark-6a3y s Bcix
JOCTIDKYyBaHKUX MicT (Tabu. 3).

HopwMmamizarito BUKOHaHO OKpEeMO IS
JECTUMYJTIOIOUUX 1 CTUMYJTIOIOYHMX TOKAa3HHUKIB.
Jnst necTuMynsaTopiB, 30UTbIIEHHAS SKUX CBijI-
YUTH MPO TIOTIPIICHHS CTaHy CHCTEMH (BTPaTH
BOJAM, €HEProeMHiCTh, muToMi BHKHAU COz),
BHKOPHUCTAHO (POPMYITY:

Ni = (Xmax — X;) / (Xmax — Xmin).
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Tabnuus 2
Buxiani 3Hayenns inaukaropis s pospaxynky IWE
Table 2
Input indicator values for IWE calculation
Micto Brpatu Bonu | Eneproemuictn CO:Xs, | BIAE X4, | OunieHns
X1, % Xz, kBT roa/m? T/0C00Y % Xs, %
Kuis 28,0 145,0 4,20 18,0 82,0
JIbBiB 32,0 130,0 3,60 24,0 88,0
XapkiB 38,0 160,0 5,10 11,0 74,0
Jninpo 35,0 155,0 4,80 14,0 78,0
Tabauusa 3
Mesxi Hopmastizanii noka3sHUKIB iHTerpaabsHoro ingexcy IWE
Table 3
Normalization bounds of the integrated IWE index indicators
IngukaTop Xmin Xmax Jxepesio
Brpatu Boau, % 10 50 IWAT10, 23]
EneproemHicTb, KBT TOI/M? 80 200 IEA [1]
CO2, T/ocoby 2,0 8,0 IEA [1], C40 [2]
Yacrtka BJIE, % 5 40 IRENA [22], Eurostat [19]
PiBeHp oumiienHs, % 50 100 EEA [16]

Jnist cTUMYISTOPIB, 3pOCTaHHS SIKMX 1H-
TEPIPETYETHCS K MO3UTHBHA XapaKTEPUCTUKA
cuctemu (dactka BJIE, piBeHb OUUIIIEHHS CTI4-
HUX BOJI), 3aCTOCOBAHO (POPMYIIY:

Ni = (X; — Xmin) / (Xmax — Xmin),

ne Xi — (hakTHYHe 3HAYEeHHS 1-TO MOKa3-
HMKa JJId BigmoBigHoro micta; Xmin Ta Xmax
— HIDKHS 1 BepXHS Mexi HopMauizarii; Ni — Ho-
pMarizoBaHe 3HAUeHHS MOKAa3HUKA B iHTEpBaJI
Bimx O mo 1.

[Micns HOopMarmizallii MOKa3HUKU arpero-
BaHO B IHTETrpaJbHUN 1HJEKC BOJIHO-CHEPTETH-
ygoi critikocti IWE MeTomoMm 3BakeHoi aguTu-
BHOI 3rOpPTKHU:

IWE=Z(wi - Ni),i=1...n,

JIe Wi — BaroBHii KOS(QIIliEHT i-TO 1HIUKA-
topa; Ni — ioro HopMaji30BaHe 3HAYCHHS; N —
KUIBKICTh MTOKa3HUKIB.

Y 06a30BOMY clieHapii BUKOPHCTAHO Ba-
rosi xoedimieaTy, HaBeaeHi B Tabn. 4. Ix pos3-
IO/ BiTOOpaXKae BiHOCHY 3HAUYIIICTh 1HIH-
KaToOpiB y CHCTEMi OI[iHIOBAaHHS: OLIBITy Bary
HaJIaHO BTpaTaM BOJHU SK NPSIMOMY 1HIAMKATOPY
iHpacTPYKTYpHOT HEe(PEKTHUBHOCTI, TOMAI SIK
Ui eHeproemHocTi, BUKkuAiB CO2 Ta 4acTKu
BJIE BcTaHORBJIEHO OJIHAKORBI Bary, 1o 3ade3re-
yye OanaHC MiXX €HEpreTHYHUM 1 KIIIMaTHIHUM
BuUMipamMu. J[is moka3HUKa OYMIICHHS CTIYHUX
BOJI BUKOPHCTaHO JEII0 HIXKYY Bary depes
foro Byxue (pyHKIIIOHAJIbHE OXOIUICHHS B Me-
JKax IHTerpabHOI MOJIEI.

Taoauus 4
Barosi koedinienTn nokasuukib ingexcy IWE
Table 4
Weight coefficients of the IWE index indicators
IMoxa3zauk Ilo3nayenns Bara w;
Brpatu Boau Xi 0,25
EHeproeMHicTb )XUTIIOBOTO (OHAY Xz 0,20
ITuromi Bukuau CO- X3 0,20
Yactka BJIE X4 0,20
PiBeHb OUMIIIEHHS CTIYHUX BOJI Xs 0,15
Cyma 1,00

Jis mepeBipKH CTIHKOCTI OTPUMAaHUX pe-
3yJNbTaTiB MPOBEACHO ONHOMAKTOPHHUI aHami3
9yTIUBOCTI. BiH momsraB y BapiroBaHHI Bar
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OKpeMHX MOKa3HUKiB y Mexax +0,05 i3 mpormo-
PUIHAM KOPUTYBAaHHSIM peIITH Koe(illieHTiB
3a YMOBH 30epekeHHs iX cymu Ha piBHI 1,00.
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JJ1s KOKHOTO CLEeHapilo MOBTOPHO OOYHCIIIO-
Banu 3Ha4eHHs inaekcy IWE ta nepesipsim, un
3MIHIOETHCA MiICYMKOBE paH)XyBaHHS MicT. Ta-
KM MiIX1T Ta€ 3MOTY OLIHUTH 3aJICKHICTh pe-
3yJIBTATiB BiJl NPUHHATOI CTPYKTYpH Bar i BH-
3HAYMTH, HACKIJIBKHA CTIMKOIO € MOJENb 0
3MIHH TPUMYIIEHb 00 BiTHOCHOI BaXKIIUBO-
CTi OKpeMHUX iHAUKATOPIB.

Po3paxyHOK Mae UntocTpaTHBHO-IIPUKIIA-
JHUAW XapakTep i CpsAMOBaHWN Ha JTEMOHCTpa-

iF0 MOXIJIMBOCTI BUKOPHUCTaHHs iHJeKcy IWE
JUIs TIOPIBHSUIBHOI OLIIHKH ypOaHi30BaHUX Te-
pUTOpPiif B yMOBax OOMEXKEHOI JOCTYIHOCTI
yHIQiKOBaHUX MYHIIMIAIBHUX JaHUX.

3a Takol IMOCTAHOBKH 3aBIaHHS 1HIEKC
PO3IIIAIA€ThCS HE SIK OCTaTOYHA YHIBEepCalbHa
METpPHKa, a SIK IHCTPYMEHT aHATITHYHOTO BITO-
PSAKYBaHHS Ta MOPIBHSHHS KIIOYOBUX Xapak-
TEPUCTUK BOTHO-CHEPTETUIHOI CTIMKOCTI MiCh-
KHX CHCTEM.

Pe3yabTaTu gocaiiKeHHs1 Ta 00rOBOpPEHHS

Ha ocHOBI BuXiIHUX 3HAa4EeHb 1HOUKATO-
piB, HaBeAeHUX y po3xaini MeToamka OCIHi-
JOKCHHS, JIJI1 KOXKHOTO 3 YOTUPHOX MICT BHKO-
HAaHO MiH—MaKC HOpMAJi3alil0 MMOKa3HUKIB Ta
PO3paxoBaHO IHTETPATbHHUN 1HACKC BOJHO-CHE-

3Ha4eHHs] N1—Ns, 3Ba)KeHi BHECKH OKPEMHUX 1H-
JIUKATOpiB y MiJICYMKOBE 3HAYCHHS 1HIEKCY Ta
orpumani 3HaueHHs IWE HaBeneHo B Ta0. 5.
OtprMaHi 3HA4YeHHS IHTErPANBHOTO iH-
nexcy IWE Bapirotots y mexax Big 0,34 mo

prernynoi criiikocti IWE. HopwmaiizoBani 0,60, 1110 BKa3ye Ha IOMITHY JU(epeHITiallio
Ta6nauns 5
Po3paxyHoKk iHTerpajbHOro injgeKkcy BOJAHO-eHepreTHYHOI cTilikocTi ypoanizoBanux tepuropiii (IWE)
Table 5
Calculation of the integrated water-energy sustainability index (IWE)
Micrto Brpatu | Eneproem- | CO:Xs, | BIAE Ouu- Ni—Ns (HopMm.) wi1-Ni—ws-Ns IWE
BoIH Xi, HicTh Xz, T/0c00y | Xa, %0 | HIEHHS
% kBT roa/m? Xs, %
Kuis 28,0 145,0 4,20 18,0 82,0 0,55; 0,46; 0,63, 0,14, 0,09; 0,13; 0,53
0,37, 0,64 0,07, 0,10
JIbBiB 32,0 130,0 3,60 24,0 88,0 | 0,45;0,58;0,73; 0,11; 0,12; 0,15; 0,60
0,54; 0,76 0,11;0,11
Xapkis 38,0 160,0 5,10 11,0 74,0 | 0,30;0,33; 0,48; 0,07; 0,07; 0,10; 0,34
0,17; 0,48 0,03; 0,07
Huinpo 35,0 155,0 4,80 14,0 78,0 0,38; 0,38; 0,53, 0,10, 0,08; 0,11; 0,41
0,26; 0,56 0,05; 0,08

PiBHS BOJHO-EHEPreTHYHOI CTIMKOCTi JOCIHi-
JOKYBaHHUX ypOaHi3oBaHMX TepuTopiit. Haii-
BUllle 3HadeHHs 3adikcoBaHo s JIbBOBa
(0,60), martanmxge — mis Xapxona (0,34), Tomi
sk KuiB 1 JIHINpo MocijaroTh MPOMIXHI TO3HITIT
3 mokasuukamu 0,53 ta 0,41 BignosigHo. Takum
YMHOM, HaBiThb Y MekaxX OOMEKeHOi BHOIpKH
CIIOCTEPITra€eThesl CyTTEBA MIKMiCbKa BapiaTuB-
HICTh 32 OCHOBHHMMH IapaMeTpaMu BOAHOI Ta
€HEepPreTUYHOI €PEeKTUBHOCTI.

Jns KueBa BiIHOCHO BHCOKE 3HaYCHHS
IWE 3ymoBneHe HacaMIiepes MEHILIUMHU BTpa-
TaMH BOJIH MOPIBHSHO 3 OUIBIIICTIO 1HIITMX J10C-
JIPKEHUX MICT, & TAKOX BIJIHOCHO BUCOKHM Pi-
BHEM OYHIICHHS CTIYHHX BOjA. BomHouac yac-
TKa BiJIHOBJIIOBAHUX JDKEPENI €HEprii 3aiuiia-
€THCS HIKIO0I0, HIX Y JIbBOBI, 110 0OMEXKYE TTi-
JICYMKOBE 3Ha4eHHs iHAEKCy. Y JIbBOBI Haii-
Kpamuil pe3ynpTaT 3a0e3ledyeTbesi CyKYII-
HICTIO KIJIbKOX TIepeBar: HaltHWK4Y0I0 ceperl 10-
CIII/PKEHUX MICT EHEProeMHICTIO JKUTIIOBOTO
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(doHmy, HAHWKYUM PIBHEM MUTOMHX BUKHIIB
CO., HatiBumoro vactkoro BJIE Ta HalBHIIUM
piBHEM OYHMIICHHS CTiuHMX Box. Lle cBimuuTh
po Okl 30aaHCOBaHy KOH(Irypariii BOJI-
HOTO Ta €HEPreTUYHOTO0 KOMIIOHEHTIB CTIHKOCTI.

g XapkoBa oTpUMaHO HalHIKYE 3HA-
yeHHs [WE, 1110 NOSCHIOETBCSI HECTIPUSTIUBUM
MIOETHAHHAM OZIpa3y KiIBKOX MOKa3HHKIB: Haii-
OLTBIIMMHY BTpaTaMU BOJAH, HAWBHIIOKO EHEPIO-
EMHICTIO XHUTIOBOTO (pOHAY, HAWBUIIUMU TTH-
tomMuMu BukuaamMu CO: Ta HAMHIKYOIO YacT-
KOO BiJTHOBITIOBaHUX JKEPEJ EHEPril cepen 10-
cIipKyBaHuX MicT. Y J{Hinpi 3a¢hikcoBaHO Mpo-
MIXKHHH pe3yJIbTaT: OJCH 13 MMOKa3HHUKIB HE €
KPUTHYHO HAWTIpIIMM, OJHAK ITOETHAHHS cepe-
IHIX a00 BIHOCHO CJIAOKHMX 3HAYEHb 34 Kijb-
KOMa IHIUKAaTOpaMHu OZHOYACHO (hopMye HIDK-
YU IHTETPAbHAN pe3yiIbTaT MOpiBHIHO 3 Ku-
€BoM 1 JIbBOBOM.

CTpyKTypa 3Ba)KEHUX BHECKIB y TaOmd. 5
Mmokasye, MO HaiOimpmmi audepeHmitani
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BIUIMB Ha MiJICYMKOBUH IHICKC MAIOTh ITOKa3-
HUKH, TOB’s13aHi 3 CHEPreTUYHUM IEPEeX0J0M
Ta €KOJIOTIYHOI0 1H(PACTPYKTYPOIO, HACAMIIC-
pen JacTKa BiTHOBJIIOBAHMX JKEpes SHEpPrii Ta
piBEHb OUHIIEHHS CTigHUX BoA. CamMe 3a MU
IHIAKATOpaMu MDKMICBKI BIAMIHHOCTI MalOTh
HaNOUTBITY BUPAXKEHICTh, 110 iICTOTHO BIUIUBAE
Ha pam)XyBaHHS JOCIHIKYBaHUX ypOaHi3oBa-
HUX TEepUTOpiii. BomHoYac MOKa3HUKH BTpAT
BOJIM T2 €HEPrOEMHOCTI XUTIOBOTO (JOHIY BH-
3HAYaIOTh HPPACTPYKTYpHY €(EKTHBHICTH CH-
CTEM 1 TaKOX CYTTEBO BIUIMBAIOTH Ha MIICYyM-
KOBI 3HAYCHHSI IHJCKCY.

s y3aransHeHHS pe3ynbTaTiB po3paxy-
HKY 37iiICHEHO paHXyBaHHS MiCT 32 3HAYCHHSIM
inTerpanbHoro inaekcy IWE (tabn. 6). Otpu-
MaHHA perTwHT Mae Bursm: JIpBiB > KuiB >
Huinpo > Xapkis. Bid BimoOpakae He JuIIe pi-
3HUIIO Y 3HAYEHHSX 1HIEKCY, a i pi3Hy KOoH(I-
Typarlifo YMHHUKIB, [0 (OPMYIOTH BOIHO-EHE-
PreTHYHY CTIMKICTh MiCHKHX CHCTEM.

HaBenene pamkyBaHHS Ja€ 3MOTY BH-
SIBUTH TIPIOPUTETHI HAIIPSIMH ITi IBUIIICHHS CTiii-
KOCTI 17151 Ko>kHOTO MicTa. [{nsa JIsBoBa momans-
MM TOTEHIla TIOB’SI3aHUA IEPEBaXHO 3
YTPUMAaHHSM 1 PO3BUTKOM JIOCATHYTHX HIapame-

Taoaunsa 6

Pan:xyBaHHs MicT 32 iIHTerpajibHMM iHIEKCOM BOJHO-eHePreTH4HOI CTIHKOCTI

Table 6

Ranking of cities by the integrated water-energy sustainability index

Tlo3uuisn Micrto IWE Kiro4uoBi YHHHNKH MO3UITii

1 JIbBiB 0,60 Bucoka yactka B/IE; Haiinmxkua eneproeMuicts 1 CO2; HallBUIIHN
PIBEHb OUHMILEHHS CTIYHUX BOJ

2 Kwuis 0,53 BiHOCHO HIDKYI BTPAaTH BOJH Ta JIOCTATHHO BUCOKHUI PiBECHB
ounnieHHs; Hk4a yactka BJIE nopiBHsiHO 31 JIbBoBOM

3 Juinpo 0,41 [TpomikHi 3HaUCHHS 3a OLIBIIICTIO TIOKAa3HUKIB; YacTka BJIE
Ta PiBEHb OYMIICHHS € TOJOBHUMH 00ME)KYBAJIbHUMH YHHHUKAMHU

4 XapkiB 0,34 HaiiBuii BTpatu Bojiu, HaiiBuIa eHeproeMuicts i CO2; HaltHMX YA
yactka BJIE

TpiB pecypcoedextuBHOCTI. st Kuea omanm
13 KJIFOUOBHX DPE3EPBIB € TiIBUIICHHS YaCTKH
BJIE B eneprobananci. [ns xinpa akrtyanb-
HUMH 3QJTUIIAIOTHCS MOJICPHI3AIlis CHCTEM OYM-
HICHHS CTIYHHMX BOJ Ta TOCHUJICHHS SHEPreTHd-
Horo niepexoAy. Jlins XapkoBa HalOLIBIT KPUTH-
YHAMH € 3HIDKCHHS BTpPAT BOJH, IiJBUILNCHHS
eHeproeeKTUBHOCTI KUTIOBOTO (OHIY Ta Ha-
pOIIYBaHHS YacTKU BiJHOBJIIOBAHOT eHepre-
tukn. Takum umbowM, ingexc IWE go3Bomsie He
JIIIE PaHXyBaTH MiCTa, a i BU3HAYATH iHJIVBI-
JTyaJIbHI HAIIpsSIMU YIIPaBIiHCHKOTO pearyBaHHSL.

s mepeBipku  cTifiKOoCcTI Mozem 0
3MiHM BaroBUX KOE(IIi€HTIB MPOBEICHO OJHO-
(baxropHHi aHaNi3 YyTIMBOCTI. PesynbraTu Ha-
BEZICHO B Ta0JI. 7. Y Mexkax 6a30BOr0 CIieHApito
Ta YOTUPHOX BapiaHTIB BapirOBaHHI Bar IMiJICYM-
KOBE PaH)XyBaHHS MICT HE 3MIHIOETBCS: y BCIX

CIICHapIsIX 30epiraeTbes MOCiIOBHICTh JIBBIB >
Kwui > [lainpo > Xapkis. Lle cBiqunTh npo Bif-
HOCHY CTIHKICTh OTPUMAaHHX BHCHOBKIB JI0 TIOMi-
PHOI 3MiHH CTPYKTYpH Bar.
3MiHa Bar OKpeMHUX MOKa3HHUKIB y MeKax
+0,05 mpu3BOAUTH JIHIIE IO HE3HAYHHUX KOJIH-
BaHb a0COIOTHHUX 3HAUYCHb 1HJIEKCY, aje He 3Mi-
HIOE BIJJHOCHUX TO3uIi# micT. HaiOinbina ayt-
JIMBICTh CHOCTEPIra€ThCs TMPH 3MiHI Bar Mmokas-
HUKIB, 10 XapaKTepU3YIOTh BTPATH BOAU Ta Pi-
BEHb OYMIIECHHS CTIYHUX BOJ, OAHAK HABITH Y
LUX CLEHapisAX 3arajibHa KOHQIrypawist pe3yib-
TaTiB 3aIMIIAETHCS cTanoto. Lle mo3Bosnsie BBa-
KaTH 3alpONOHOBAaHUN 1HOEKC AOCTaTHBO PO-
0acTHUM Ui LijJel MOpiBHAUIBHOTO aHaizy B
MeXax 3aJ]aHol BHOIPKH.
Tabauus 7

PesyabTaT ananizy yyTjauBocTi iHTerpansHoro ingexcy IWE o BapiloBaHHs BaroBux koediuieHTin

Table 7

Sensitivity analysis results for the IWE index under varying weighting coefficients

Cuenapiii Kuis JIbBiB XapkiB | JIninpo PeiiTuHr mict

bazosuii [0,25; 0,20; 0,20; 0,205 0,15] 0,53 0,60 0,34 0,41 JI>K>I>X
S1: wi=0,30 0,53 0,59 0,35 0,42 JI>K>1>X

S2: wi =0,20 0,52 0,60 0,34 0,41 JI>K>1>X

S3: wa =0,25 0,52 0,60 0,34 0,41 JI>K>I>X

S4: ws =0,20 0,51 0,58 0,33 0,40 JI>K>I>X
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OtpuMaHi pe3ynabTaTH MiATBEPIHKYIOTH
MOXKJIMBICTh BUKOPHCTaHHS iHTETrpaibHOTO iH-
nexcy IWE nmist mopiBHSUIBHOI OIIHKH BOIHO-
€HepreTUYHOI CTIMKOCTI ypOaHi30BaHUX TEPUTO-
piii. [Hmekc mae 3Mory arperyBaTé pi3HOpiAHI
MTOKA3HUKHA BOJHOI, CHEPTETUIHOI Ta SKOJIOTIU-
HOi e(peKTHBHOCTI B €IMHY KITbKICHY METPHKY,
sika 30epirae Yy TIHBICTh 10 MIKMICHKUX BiIMiH-
HOCTEH Ta NI03BOJISIE BUABJIATU KIIOUOBI 00Me-
JKyBaJIbHI YMHHUKH TSI KOXKHOI TOCTIIKYBaHO1
cucteMu. Y Mexax 1€l anpobartii Halkparii pe-
3yJbTaTH MPOJIEMOHCTPYBAIN MicTa 3 BUILIM Pi-
BHEM CHEPreTHYHOTO MEPEXOIy Ta €KOJIOTIUHOT
1HGPACTPYKTYpHOI MOJICpHI3allii, TO1 SIK HAXYi
MO3UIIIT XapaKTepHi UIsl MICT i3 OLITBIIUMU pecy-
PCHUMH BTpaTaMu Ta BUILIOK €HEPTOEMHICTIO.

OtpumaHi pe3yNbTaTH MiATBEPIIKYIOTh
JIOLIIBHICTh BUKOPUCTAHHS 1HTEIPAJIbHOTO ITijI-
X0y JI0 OLIIHKKA BOJHO-CHEPTeTUYHOI CTIHKOCTI
ypOanizoBanux Teputopii. Ha BigmiHy Bin
MPaKTHKX PO3UTFHOTO aHaIli3y BOAHOTO Ta €He-
PreTUYHOTO CEeKTOPIB, 3aCTOCOBaHHH Yy PoOOTI
MiAXIA JO3BOJNIMB PO3TJSIHYTH iX SK B3a€MO-
NIOB’s3aH1 KOMITOHEHTH €JMHOI MICBKOi pecypc-
HOi cucteMu. Lle 0co0IMBO BaXKIMBO Jis ypOa-
HI30BaHMUX TEPUTOPIH, JIe BTpaTu BOIH, EHEPro-
€MHICTb JKUTJIOBOTO (POHIY, CTPYKTYpa €HEpro-
MOCTauaHHs Ta PIBEHb OUMIIECHHS CTIYHHX BOJI
(hopMyIOTh HE 130JIbOBaHI, 8 B3a€EMO3aJICIKHI Xa-
PaKTEpPUCTUKH 1HQPACTPYKTYPHOI CTIHKOCTI.

InTeprperatiss pe3ynbTaTiB y Mekax
DPSIR-Joriku mokasye, 1110 BKJIIOYEHI JI0 1H/Ie-
kcy IWE nokasHuku BioOpakaroTs pi3Hi (hyHK-
I[IOHANBHI acIleKTH MiChKOI cuctemu. Brpatn
BOJIM B MEPEXKax Ta CHEPrOEMHICTh JKUTIIOBOTO
(boHIYy XapaKTepU3yIOTh PECYPCHUM THCK Ha iH-
bpactpykrypy, mutomi Bukuau COz — exoJoriy-
HUH CTaH CHCTEMH, a 4YacTKa BiJIHOBITIOBaHHX
JOKepeJl eHepril Ta PiBeHb OYMIICHHS CTIYHHX
BOJ — YIPABIIHCHKI BiAMNOBiAI, COpPsIMOBaHI Ha
3HW)KEHHST €KOJIOT1YHOTO HaBaHTAKEHHS T4 MO-
JIEpHI3alliI0 MiCEKUX CEpBICIB. Y TAKOMY TPaKTYy-
BaHHI iHTerpansHui inaexc IWE nae 3mory ori-
HIOBATH HE JIMIIE IMOTOYHHUH PiBEHb PECYpCHOI
e(eKTUBHOCTI, a ¥ CHiBBIJHOIICHHS MIX MpO-
OJIeMHMMH TTapaMeTpaMH CHCTEMH Ta IHCTpyMe-
HTaMH iX KOMIEHcallii.

[opiBHsuTbHMIA po3paxyHOK s Kuesa,
JIbBoBa, Xapkora Ta J{Hinpa 3acBia4uMB, 110 Mi-
KMicbKka TudepeHtiamis GopMyeTbCcs HE OTHIM
JOMIHYIOUHM MOKa3HUKOM, a KOH(Iryparuiero Ki-
JHKOX 1HAWKATOpIB oxHOYacHO. HaitBuie 3Ha-
vyends IWE mig JIbBoBa moB’s3aHe 3 OUIBII
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30aJ1aHCOBAaHUM TOEIHAHHSIM EHeproe(exThB-
HocTi, HWK4YKMX BUKUAIB CO., BUIIOI YacTKu
BJIE Ta kparux mapaMeTpiB OUHIICHHS CTIYHUX
Bog. [{ns XapkoBa, HaBIaku, XapakTepHE HAKO-
MUYCHHS! HECTIPUATIIMBHUX 3HA4YeHb 32 KiTbKOMa
JECTUMYIIOIOYMMH TIOKa3HUKaMH, M0 3HIDKYE
MiJCYMKOBHAHN 1HTETpaJbHUN pe3yibTaT. Takum
yHOM, iHIeKkc IWE BusiBnsie He nwmine piBeHb
BOIHO-CHEPTeTUIHOI CTIHKOCTI, a ¥ THI TIpobJIe-
MHOi KOH(]Iryparii MiCbKOi CHCTEMH.

OtpuMani pe3ynbTaTH 3arajioM y3TroKYy-
IOTbCSL 3 MOJIOKEHHAMH CYYaCHHX JOCIiIKCHb
water—energy nexus. 3okpema, y mpami Bazilian
et al. oOrpyHTOBAaHO HEOOXINHICTH IHTErpOBa-
HOTO PO3IJISIy B32a€EMOIIOB’SI3aHUX PECYPCHHUX
CHCTEM, a B TociKeHHI Ramos et al. moka3ano
3HAYEHHS YMPaBIIHCHKUX CTPATETid JUIS ITiBH-
HICHHS e()eKTUBHOCTI MiCHKHX BOJTHO-CHEPTCTHU-
YHHX 3B’s3KiB [7, 9]. Pa3oM i3 TUM y 3a3HaueHUX
poboTax OCHOBHA yBara MpUIUIAETHCS KOHIIET-
TyaJIbHAM 200 CEKTOpAILHUM acleKTaMm, TOI SIK
NUTaHHS TOOYI0BH KOMIIAKTHOT KiJIbKICHOT MET-
PUKH 711 MIDKMICBKOTO TIOPIBHSIHHST BUCBITIICHE
oOMexxeHO. Y I[bOMYy KOHTEKCTI 3arporoHOBa-
Huii iHnexc IWE MoskHa posrisiaty sk iHCTpY-
MEHT OTlepallioHali3aIii nexus-TiIxoay Ha piBHI
MTOPIBHAIIFHOTO MiCHKOTO aHalli3y.

BaxnmiBuM pe3ynibTaToM poOOTH € TaKOXK
inTerpamis ESG-migxomy B CHUCTeMy KiJbKic-
Horo oriHoBaHHsA. Y pociimkeHai Chen et al.
ESG-dakropy po3risgaroThCcs SAK  3HAUYIIUHA
€JIEMEHT aHaJli3y PHU3HKIB y B3a€MOIOB’A3aHUX
pecypcHux cucremax [14], ogHak y OubImocTi
takux miaxoniB ESG 3amumaerbcsi paMKOBOIO
KOHIICTII[I€l0, a He Oe3MOCepeIHhO IHTEerPOBa-
HOK) YaCTHHOIO PO3PaxyHKOBOI Mojen. Y 3a-
rporioHoBaHiit meromuii ESG-mokaszHukM He
BUKOPHUCTOBYIOThCS JICKJIAPATUBHO, a BKIIFOUEHI
JI0 CTPYKTYPH THJIEKCY Yepe3 KOHKPETHI 1H/TUKa-
TOPHU €KOJIOT1YHOT iHPPACTPYKTYpH Ta EHEPreTH-
YHOTO TIepexoy. Lle miaBuIye npuKiaanHy miH-
HICTh MOJIEJI1, OCKIJIbKH J1a€ 3MOT'Y [IOB’I3aTH I10-
PIBHSJIBHY OLIHKY MICT i3 MPaKTUKaMH MYHiLlU-
MATEHOTO MOHITOPHHTY Ta €KOJIOTIYHO OpPI€HTO-
BaHOTO YIPaBIIHHS.

[NopiBHSHO 3 IHTErpaILHUMHU THJIEKCAMHU,
OpIEHTOBAaHUMHU IEPEBAKHO Ha HAaLliOHATBHUN
PiBEHb 200 IUPOKUH CHIEKTP MaKPOIIOKAa3HUKIB,
3aIPONOHOBAHUM MIAXIA Ma€ KijibKa IepeBar.
[To-neprire, BiH 30cepeKeHUN caMe Ha MiCh-
KOMY piBHi, A¢ iHQpacTpyKTypHi XapaKTepuc-
THKH € OUTBIT PeJIEBAHTHUMH JIJIS OITIHKY pecyp-
cHoi criikocTi. [lo-mpyre, BiH moeaHy€e BOJHUI
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Ta €HEPreTUYHUH OJOKM B MeXax €AWHOI MO-
neni. [To-tpete, innexc IWE € nocratHbo koM-
MAKTHAM 1 MOKe OyTH BHKOPHCTaHUH 3a YMOB
00MEXEHOT TOCTYHOCTI YHI(IKOBaHUX MYyHIIIH-
nanbHuX AaHux. Came 119 KOMIIaKTHICTh pOOHUTH
HOro 3pydHUM Uil arpoOamiifHoOro aHamizy Ta
JUISL 3aCTOCYBaHHSI B yMOBaX, KOJIM IIOBHI Ma-
CHBU JIOKQJIbHOI CTaTUCTUKH HEAOCTYIHI abo
(dbparMeHTapHi.

Boanouac pe3ynbrat poOOTH CItif] iHTE-
prpeTyBaTH 3 ypaxyBaHHSM ii oOmexkenb. Ha-
camIiepe]l e CTOCYEThCSI BUKOPUCTAHHA y3ara-
mpHEeHuX benchmark-iamasoniB s Hopmadiza-
11 HTOKa3HMKIB 1 32aCTOCYBaHHS 0OMEXEHOI BUOi-
pku Mict. Kpim Toro, He Bci BUXiIHI TIOKa3HUKH
OJTHAKOBO 3a0e3medueHi MOBHUMH Ta yHi(ikoBa-
HUMH MYHILUIIAIBHUMH JaHUMH, 110 3yMOBIIIOE
MIEBHUI piIBEHb YMOBHOCTI ITpY MOpiBHSHHI. Ba-
roBi KoeiIlieHTH B 0a30BOMY CIICHAPii BCTAHOB-
JIEHO B MeXaX aBTOPCBKOI METOAMYHOI CXEMH,
TOMY, XO4Ya aHalli3 YyTJIMBOCTI ¥ MiATBEpAWB
CTaOUIBHICTh PAaH)KyBaHHS, TOAanbIIa Bepudi-
Kallisi MojieNi moTpe0ye TeCTyBaHHS Ha PO3IIIH-
peHux Habopax AaHUX i 3 BUKOPUCTAHHSM ajlb-
TEpHATUBHUX TPOLETYP 3BAXKYBaHHSL.

OxpeMo BapTo MiAKPECINUTH, IO CHIIbHA
cropoHa iHgexcy IWE nonsirae ve y nperensii Ha
yHIBEpCaJIbHE 3aMIIEHHs IHINUX MiAXOMIB J0
OIIIHIOBAaHHSI CTAJIOCTI, @ y HOT0 31aTHOCTI BUKO-
HyBaTH (PYHKIIIO MPHUKIAAHOTO aHATITHYHOTO
iHCTpyMeHTYy. [HIIeKC MOXke BUKOPHCTOBYBATHCS
JUI. TIEPBUHHOTO TOPIBHSUILHOTO CKPHHIHTY
MICT, BUSIBJIEHHS KIIFOYOBHUX CJIA0KHX MICIb BOJI-
HOI Ta €HEePreTUYHOl iHPPACTPYKTYPH, a TAKOXK

JUISl TIOTIEPEIHBOTO OOIPYHTYBAHHS HAMpsSMiB
MoJiepHi3allii. ¥ 1mboMy CEHCi HOro MpakTU4HA
LIHHICTP TOJISTAE Y TIOETHAHHI BiTHOCHOI MPOC-
TOTH PO3PaxXyHKY Ta aHAJTITHYHOI 3MiCTOBHOCTI
pe3ynbTary.

ITomanbmm mociimKeHHS TOIUTEHO CIIPS-
MyBaTH Ha Kijibka HampaMiB. [lo-mepire, HeoO-
ximHoW € ampoOarist iHgekcy IWE Ha Oinbrimiid
KUTBKOCTI MICT 13 BUKOPHCTAHHSAM CTaHIApTH30-
BaHUX MYHIIWTIAIIFHAUX JAHWUX 32 31CTaBHI YaCOBI
inrepBanu. [lo-apyre, NEpCIeKTUBHUM € BKIIIO-
YEeHHsI IPOCTOPOBOTO0 KOMIIOHEHTA OLliHIOBAHHSI,
30KpeMa depe3 moeHaHHs iHaekcy 3 GIS-anari-
30M JJIs1 BpaxyBaHHS TEPUTOPiabHOT HEOAHOPI-
JTHOCTI MiCbKHX cucTeM. [To-TpeTe, TOITBHO Tie-
PEBIpUTH, KOO MipOI0 3MiHA HAOOpy MOKa3HU-
KiB a00 3aCTOCYBaHHS ATbTEPHATUBHUX METOIIB
BaroBOI'0 OIIHIOBAaHHS BIUIMBAE HA CTaOUIBHICTh
moeni. [le 703BOUTh MIABUIUTA aHATITHYHY
HQTIWHICTH 1HIEKCY Ta pO3MHUPUTH cdepy Horo
NPaKTUYHOTO 3aCTOCYBaHHSI.

3arajom mpoBelieHe JOCIIKEHHS MoKa-
3a10, 110 noeaHaddss DPSIR-moneni, ESG-mia-
xoay Ta iHTerpansHoro inaekcy IWE e mponyk-
TUBHHMM ]ISl TIOPIBHSUIBHOT OLIIHKK BOJIHO-CHEP-
TeTUYHOI CTIKOCTI ypOaHi30BaHUX TEPUTOPIH.
3anpornoHoBaHa MOJIENh HE TIPETEHAY€E Ha BHYE-
PIIHE OXOIUICHHSI BCIX MapaMeTpiB MiCbKOTO Po-
3BUTKY, OJIHAK BOHA JIO3BOJISIE BIIOPSIKYBATH
KITFOYOBI XapaKTEePUCTUKN PECYpCHOI e(heKTHB-
HOCTI B MEXaX €IWHOI aHAJIITHYHOI CXEMH Ta
CTBOPIOE MIIPYHTS ISl TOJIANTBIIIOTO PO3BUTKY
KUIBKICHUX HiIXOIIB 0 OLIHIOBAHHSA CTIMKOCTI
MICT.

BucHoBku

3amponoHOBaHO METOAMYHMHN MiIXin A0
MOPIBHSUJIBHOI OLIIHKK BOJHO-EHEPreTHYHOI CTiii-
KOCTI ypOaHI30BaHHX TEPUTOPIH, KU TOEHYE
moniestb DPSIR, ESG-innmuikatopy Ta iHTErpaib-
Huii iHaexc IWE, 1o3Borsie y3rojuty oKa3HUKH,
10 XapaKTepU3yIOTh PECYPCHUH THCK, €KOJIOTid-
HHI CTaH 1 YIPaBJIiHCBKI BIATOBIJI, B MEXKaX €11~
HOI CXeMH KiTbKICHOTO aHAITi3y.

AmnpoGaris ingexcy IWE Ha npuknani Ku-
epa, JIbBoBa, XapkoBa Ta [lHinpa mokazania, 1o
3HAYCHHSI BOJIHO-CHEPIE€TUYHOI CTIMKOCTI JIOCITi-
JUKYBaHHMX MICT BapitoroTh y Mexax Bin 0,34 no
0,60. HaiiBuiiie 3Ha4eHHS 1HIEKCY OTPUMAHO JUIS
JIbBOBa, HaltHIDKYE — 7151 XapKoBa, Toi K KuiB i
JHinpo 3aiiMaroTs mpomixHI mozuwii. OTpumane
pamKyBaHHS BigoOpaXkae MKMICBKI BiIMIHHOCTI
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y TO€THaHHI BOHOI, CHEPreTHYHOI Ta €KOJIOTTYHO1
€()EKTHBHOCTI.

Bcranosieno, 1110 HaWOUIBINMIA BIUIMB Ha
JuepeHITiallifo 3HAUCHb THTETPAIbHOIO THICKCY
MaroTh MOKa3HHUKH, [IOB’SI3aHi 3 eHEPreTUIHNM I1e-
PEXOJIOM Ta €KOJIOTIYHOO 1H(PPACTPYKTYPOIO, Ha-
camIiepe;1 YacTka BiTHOBITIOBAHHX JDKEPEN eHepril
Ta piBeHb OYMILCHHS CTiYHKX BOf. [lopsi i3 1M
CYTT€BE 3HAUCHHS JIsI (POPMYBAHHS IiJICYMKO-
BOTO pe3yJibTaTy MalOTh BTPAaTH BOJH B MEpEkax
Ta EHEProEMHICTB )KUTIOBOrO (DOHTY, SIKi BizoOpa-
KalOTh PiBeHb 1HPPACTPYKTYpHOI HeeeKTHBHO-
CTi MICBKHX CHCTEM.

AmHaJti3 IyTIMBOCTI TIOKa3aB, 110 3a Bapiio-
BaHHs BaroBHX KOE(IIIEHTIB y MeXax 3agaHuX
CLICHApiiB MiICYMKOBE PAHKyBaHHS MICT HE 3Mi-
HIOETHCS, IO CBIMUUTH TPO BITHOCHY CTIMKICTPH
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MOJeTi IO TOMIpHOi 3MiHM TapaMeTpiB 3BaXKY-
BanHs. Lle nae migcraBu posrmsinaty iHaekc IWE
SK TPUIATHAN 1HCTPYMEHT IS TIOPIBHSUIBHOTO
AQHAJITHYHOTO OLIHIOBAHHS BOAHO-EHEPTreTHYHOT
CTIMKOCTI ypOaHi30BaHUX TEPUTOPIIA.

[pakTiyHe 3HAYEHHS 3aNPOIIOHOBAHOTO
TIIXOAY TIONATAE Y MOXKIMBOCTI MOTO BHUKOPHC-
TaHHS I MYHIIUNATLHOTO MOHITOPUHTY PeCyp-
coeeKTHUBHOCTI, BUSBICHHSI KITFOYOBUX OOMEXKY-
BaJTbHMX YMHHHUKIB PO3BUTKY MiCBKOI iH(ppacTpyK-
TYpH Ta OOTpyHTYBaHHsI [IPIOPUTETIB MOJIEPHI3aLLii

BOJTHOTO ¥ €HEPTeTHYHOTO CEKTOPiB. 32 yMOB 00-
MEXeHOi JOCTYMHOCTI YHi(iKOBaHMX HaHUX iH-
nexc IWE moxe BEKOHYBaTH (DYHKIIIIO TIPHKIIA-
HOTO 1HCTPYMEHTY MEPBHHHOI MOPIBHSUIBHOI OLli-
HKH MiCHKHX CHCTEM.

INepcriekTMBH  MOAATBINMX  JIOCTIHKEHB
0B’ s13aHi 3 anpoOartiero innexcy IWE Ha mmprmii
BHOIpII MICT, yTOUHEHHSIM HaOOpy MOKA3HUKIB 1
BaroBHX KOC(IIIEHTIB, a TAKOX IHTETPAIIIEO TIPO-
CTOPOBOTO aHAITI3Y /I BpaXyBaHHS TEPHTOPIaIIb-
HOT HEOAHOPITHOCTI ypOaHi30BaHNX CHCTEM.

Kounduaikr inTepecin

ABTOpY 3asBISIOTH, M0 KOHQIIKTY iHTEpeCiB MOA0 MyOITiKaIlii OT0 PYKOMUCY HeMa€e. ABTOPH
JOTPUMYBAJIMCS ETHYHHX HOPM, BKIIIOYAIOUU HEJOMYIICHHS mariaTy, gaibcudikamii 1aHuxX 1 moaBiii-
HOi myOutikarii.

Buecok aBTopiB. Yci aBTOpH 3p0o0MiIH piBHUIM BHECOK Y MIATOTOBKY pOOOTH.

Jexknapauist npo Bukopuctanus LI

['eneparusHi iHcTpymentu ChatGPT-5.5 (OpenAl, 2026) BMKOpUCTOBYBAJIKCS TSI MOBHOTO pe-
JIaTyBaHHS Ta TEXHIYHOTO (JopMaTyBaHHS TEKCTY; 3MICT, aHANI3 1 BHCHOBKH HaJIe)KaTh aBTOPaM.
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A METHODOLOGICAL APPROACH TO COMPARATIVE ASSESSMENT
OF WATER-ENERGY SUSTAINABILITY OF URBANIZED AREAS
BASED ON DPSIR, ESG AND IWE

Purpose. To develop and test a methodological approach to the comparative assessment of water-energy
sustainability of urbanized areas based on the integration of the DPSIR model, ESG indicators, and the integrated
IWE index.

Methods. The study combines conceptual and quantitative approaches. The DPSIR model (Driving forces
— Pressures — State — Impact — Response) was applied to structure the relationships between resource pressure, the
condition of the urban environment, and management responses. The ESG approach was used to select indicators
related to environmental performance and infrastructural modernization of urban systems. Quantitative assessment
was carried out using the integrated IWE (Integrated Water-Energy Sustainability Index), calculated by a weighted
additive aggregation method with min—max normalization of indicators.

Results. The index includes five indicators: water losses in distribution networks, energy intensity of the
housing sector, specific CO: emissions, the share of renewable energy sources, and the wastewater treatment rate.
The methodology was tested on four major Ukrainian cities: Kyiv, Lviv, Kharkiv, and Dnipro. A sensitivity anal-
ysis was performed by varying the weighting coefficients in order to assess the stability of the model. The highest
IWE value was obtained for Lviv, which is associated with lower energy intensity of the housing sector, the lowest
specific CO: emissions, a higher share of renewable energy sources, and the highest wastewater treatment rate
among the studied cities. The lowest value was obtained for Kharkiv, due to the highest water losses, the highest
energy intensity of the housing sector, higher specific CO. emissions, and the lowest share of renewable energy
sources. Kyiv and Dnipro demonstrated intermediate values. The sensitivity analysis showed that varying the
weighting coefficients within the defined scenarios did not change the final ranking of the cities, indicating the
relative stability of the model. It was found that the greatest contribution to intercity differentiation of the index is
made by indicators related to energy transition and environmental infrastructure, primarily the share of renewable
energy sources and the wastewater treatment rate.

Conclusions. The proposed methodological approach makes it possible to integrate the water and energy
components of urban sustainability within a unified quantitative assessment framework. The IWE index can be
used as a tool for comparative analysis of urbanized areas, municipal monitoring of resource efficiency, and iden-
tification of priorities for modernization of water and energy infrastructure. The practical value of the approach
lies in the possibility of its application under conditions of limited availability of standardized municipal data.

KEYWORDS: water-energy nexus, water-energy sustainability, DPSIR, ESG, integrated IWE index, ur-
banized areas
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3ABPYJIHEHHS ITPYHTIB MIJIITAPHUX ATPOJIAHJIILIA®TIB

MeTta. Ampo6ariisi METOOJIOTIYHUX MiAXOIB 10 EKOJIOTIYHOTO ayAUTY NOTSHIIKHO 3a0pyIHEHUX IPYHTIB
arponanamadTiB, 0 3a3HAIU BIUIUBY OOMOBHX Iiid.

Metoan. [TonpoBi, aHANITHYHI, NemU(pPyBaHHI KOCMIYHHMX 3HIMKIB Ui imeHTH(]ikamii BUPB, MeTOX
aTOMHO-a0copOLiiHOI criekTpodoTOMETpIii.

PesyabraTu. JlocnikeHHs €KOJIOTr0-Te0XIMIYHOIO CTaHy I'PYHTIB arpojianqmadris, M0 3a3HaIH BILIUBY
OoroBux i, mpoBoauiK y 2025 poiii Ha 6a3i TOCTIAHOTO MOJIroHy B Porancekiii TepuTOpiaibHiid TpoMaii Xap-
KiBChbKO1 o0Osacti. Ha migcraBi aHamizy myOJikariii o0 MUTiTApHOTO 3a0pYyIHEHHS IPYHTIB OOIPYHTOBAHO 3a-
crocyBanHs ['IC Ta aucTaHIifiHOTO 30HAYBaHHS JUIA BUSBICHHS 30H 6oMOoTypOanii. [Toennano nemudpyBaHHs
KOCMIYHHUX 3HIMKIB 13 MOJBOBUM BifOOpOM 1po0 i1 Bu3HaueHHsM pyxomux ¢opm Cd, Cr, Cu, Pb. BcranoBneHo
nepeBUIeHHS (poHOBOTO BMIcTy 0e3 nepeBumeHHs [ JIK. Po3pobiieHo kapTy 30HYyBaHHs arponanamadris Pora-
HCBKOI TpoMaju.

BucHoBKH. 3arponoHOBaHE 30HYBaHHS arpojaHIadTiB 3a MIUTHHICTI0O 00MOOTYpOarii I OiHKH MO-
TEHIIITHOTO 320pYIHEHHS K MOJIENb CIYT'Y€ OCHOBOIO JUIS PO3POOKH JTaHAMAPTHO-TpaHCHEepHHUX (PYHKIIIH Ta eKC-
TPAIOJIAMIT TaHUX Ha iHIII JEOKYIIOBaHI TEPUTOPII.

KJIFOYOBI CJOBA: minimapuuii acporanowaghm, 3a0pyoHenHs IDYHMY, 8adxicKi Memani, 6ombomyp-
bayis, upeu, oucmanyitine 30ndysanns, I'1C-mexnonozii

SIx nuryBatu: AdacoB A. b., Hemomkanos O. M. 3a0pyaHeHHS IPYHTIB MUTITApHUX arpojaHmadTiB. BicHux
Xapxiscvkozo Hayionanvrozo yHisepcumemy imeni B. H. Kapasina. Cepia «Exonociay. 2026. Bun. 34. C. 136-147.
https://doi.org/10.26565/1992-4259-2026-34-10

In cites: Achasov, A. B., & Nemoshkalov, O. M. (2026). Soil contamination of military agrolandscapes. Visnyk of
V.N. Karazin Kharkiv National University. Series Ecology, (34), 136-147. https://doi.org/10.26565/1992-4259-2026-
34-10 (in Ukrainian)

Beryn

30potiina arpecist Pociticekoi ¢eneparii BiJI0YBaIOThCS MIEPEBAXKHO B MEXKaX «YOPHO3E-
MPOTH YKpaiHH CIPUYMHIIIA Oe3TpeneICHTHUN MHOTO TOSICY» — 30HH HAHpOJIIOYIIINX IPYHTIB
3a MacmTabaMyd Ta IHTCHCHUBHICTIO BIUIUB Ha CBiTYy, MmO 3a0€3Meuyl0Th MPOJOBOIBYY 0e€3-
JIOBKIUISA, 7€ OJHHMM 13 HAMOIIbII Bpa3IMBUX nieky a1t monaa 400 MiTBHOHIB JIFOCH Ha T1a-
KOMITOHEHTIB BHSABUBCS IPYHTOBHH MOKpHB [1, Heri [4, 5, 6].
2]. Cranom Ha ceoroyHi Ot 21 MinbHOHIB Te- AKTyaJbHICTh BUBYEHHS 3a0pyAHEHHS
KTapiB YKpaiHCBKUX 3eMelb MepeOyBaroTh I MUTITapHUX — arpoiaHmmadTiB  00yMOBJICHA
BIUTMBOM aKTUBHUX OOWOBUX Mil, IO IPU3BO- THUM, IO BifICHKOBA JIISUTBHICTH BUCTYIIAE TIOTY-
JIUTH JI0 iXHBOI TPUBAIOI Ta IMHMPOKOMACIITA0- JKHUM KOMIUIEKCHUM CTPECOBHM (DakTopoM B
Hoi nerpazaiii [3]. OcoGnMBOI TOCTPOTH MPO- TIePIIy Yepry IJIS TOJIOBHOTO KOMITOHEHTA ar-
Oema HabyBae depe3 Te, IO BOEHHI orepartii ponmaHmmadTy — IPYHTY.

© Auacos A. b., Hemomkanos O. M., 2026
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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BoifoBi nii CIPHYMHSIOTh MEXaHIYHE pyHi-
HyBaHHS TpyHTY (OomOoTypbaris, ¢oprudika-
iiiHI po00TH), 3MiHY HOro (Pi3NUHHMX XapaKTepH-
CTHK (TIepEYIIUTFHEHHS TEXHIKOIO) Ta XIMIYHE 3a-
Opyauenns [7, 8, 9].

Jeronariis 6oenpumnaciB BUBUILHSIE CIIEKTP
MOTEHLIfHO TOKCUYHHX EJIEMEHTIB, HacamIiepe,
Bakkux metanis (Pb, Cd, Hg, Cu, Zn, Ni), sixi HE
MiIIal0ThCs O10JIOTTYHOMY PO3KIIAJIAaHHIO, HAKO-
NAYYIOTECS B IPYHTI Ta MIrpytoTh y TpodidHi Ja-
HITFOTH «POCJIMHA - TBApHHA - JoauHay [2, 3, 10,
11, 12].

BaxJmBuM € 4acoBUI YHHHUK, aJKE IIPU-
POIHE OUYHIIEHHS IPYHTY BiJl BAYKKHUX METAiB 3a-
JIEXKHO BiJI YMOB MOK€ TPUBATH BiJl COTEHB IO TH-
csta pokiB [10, 13, 14].

3a3HauMMO TaKOXK, 10 PyHHYBaHHS arpo-
naHamadTiB i BTpaTta eKOCUCTEMHUX MOCIYT IPY-
HTIB CTaBIIATh Mij 3arpo3y nocsrHeHHs Llinei

cratoro po3Butky OOH, TpoBOKyIOYM TOCH-
JIEHHsI €pO3iiHNX TpoIIeciB Ta 3a0pyIHEHHS M-
3eMHuX Bz [4, 7, 16].

Hes3Baxkaroun Ha iHTCHCHUBHICTH OOMOBHX
JTiif, MOHITOPUHT MOITKO/PKEHUX 3eMEIb 3aJTUIIIA-
€TbCs (pparMeHTapHUM uepe3 MiHHY HeOesneKy
Ta OOMEXEHHI JOCTyT 0 Tepuropii [6, 10]. e
3yMOBJIIOE HarajbHy HOTpPeOy y BIPOBALKEHHI
IHHOBAIIITHUX METOJIB JTUCTAHIIIHOTO 30HIY-
BanHs Ta ['IC-TexHOMOTIH 17151 ONIepaTUBHOT OITi-
HKH TIKOJIW, TIPOTHO3YBAaHHS Mirpariii TOKCHKaH-
TiB Ta pO3POOKH CTpaTeTiii eKONOTiYHOT peMenia-
1ii [4, 6, 16].

JlocmimkeHHsT €K0JI0ro-re0XiMIdHOro CTa-
Hy IPYHTIB aKTUBHHX OellirepianbHuX JTaHmad-
TiB € HE JIUIIIe HAYKOBUM 3aBJIaHHSM, a i KpUTHY-
HOIO TIEpEelyMOBOIO IS ITOBOEHHOTO BiJJHOB-
JICHHSI arpapHOTO CEKTOPY, 30€PEKEHHS 370POB's
Hallil Ta 3a0e3MmeueHHs M>KHAPOJHOT €KOJIOTTYHOT
oesnexu [8,10, 17].

Marepiajiu Ta MeTOAHU T0CTiTZKEHHS

AHami3 cy4JacHWX HAyKOBHUX MyOJiKamiit
CBITUNTH, 0 MacIITabu 3a0pyTHEHHS TPYHTIB B
VYkpaiHi MarTh IEPEeBaXKHO JIOKATI30BAHHIA,
MpOTEe TOCTPUN XapakTep, 0COOIMBO B pailoHax
aKTUBHUX OOMOBHX miH. JOCHiIKEeHHS OXOILIIO-
I0Th Pi3HI NPUPOTHO-KIIMATHYHI 30HU 3 BiJIMiH-
HUM TEXHOTCHHUM HABaHTAXXKEHHSM, 110 3yMOB-
JIFOE BapiaTHBHICTH PiBHIB 3a0pyaHeHHs (Tab. 1).

Tak, y byyancekomy paiioni KuiBchkoi
obmacti 3aikcoBaHO MiJBUIIEHHS BMICTY PY-
XoMHX (popM BaXKKUX MeTaliB y 3—9 pasiB mopi-
BHSHO 3 (poHOM [2]. Y CyMChKiit 061acTi BMICT
CBUHIIIO Ha 3a0pyAHEHUX JIITHKAX TIEPEBUIILY-
BaB )OHOBHUH piBeHb y 5,4 pa3a, a IMHKY - y 3,9

paza [3]. B OxTupcbkomy paiioHi 3adikcoBaHO
nepesueHHs ['JIK muaky mo 51 paza [12].

Ha micnisix paketHux ynapiB y JIbBoBi iH-
nekc 3a0pynnenns Hemeposa (Ps) nmepeumius
JIOTTyCTHME 3HA4YeHHs y 15 pa3iB, mpuuoMy Haii-
BUIIMH EKOJOTIYHUH DPU3UK CTBOPIOE KaJMii
[18]. Konnentpais cunmio Tyt y 10 pasis me-
peBuiyBana IZIK [19].

VY niBaeHHIN YacTUHI KpaiHa HaWBUII pi-
BHi 3a0py/THCHHS CBHHIIEM 3a(iKcoBaHO B 3amo-
pi3bkiit obmacti -y 11,17 paza monazg I'JIK [20].
VY [ninponeTpoBchKiid 001acTi KOHIEHTpALis
ceuHIO csrae 3,9 K, a vikemo - 1,8 JIK [1].

Taoauns 1
MinitapHe 3a0py/iHeHHs IPYHTIB Ba)KKHMH MeTAJI1aMH 110 perioHax YKkpaiHu
Table 1
Military soil contamination with heavy metals by regions of Ukraine
Jlokanizanis Enement PiBenb
3aropi3bka 00sacTh Pb 11,17 TAK [20]
M. JIbBiB Pb 10,0 TJAK [19]
MukosaiBcbka 00J1acTh Pb 5,0 TK [20]
JHinponeTpoBcbka 00J1acTh Pb 39 TIK [1]
CymMmchka o0nacte Zn 51,0 TAK [12]
KuiBcbka o0sacth Cr 1,26 TIK [2]
Jonernpka 001acts, CapTaHchbka rpoMaja Cd 7,6 TOK [9]
JHonenpka 00mactb, M. CIIOB'STHCBK Ti 150 pasis nonan dony [13]

V3aranbHEHHS HAaBENECHHUX ITAHMX JI03BO-
JIsI€E KOHCTATyBaTH, [0 JIOMiHYHOUHMU 320y THFO-
BayaMH € CBUHELb, KaaMili Ta IUHK, a HAHOLIbIII

BHCOKI PiBHI TIEPEBHUIIICHHS HOPMATUBIB 3a(iKCo-
BaHO B peTioHax iHTeHCUBHUX OotioBuX Jiit. [Tpo-
CTOPOBUH PO3MO/LT 3a0pYIHEHHS MA€ OCEPEIIKO-
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BUI XapakTep, 0 OB’ I3aHO 3 JIOKATI3AIIEI0 BH-
OyXiB, TOPIHHSIM BIACHKOBOI TEXHIKH Ta PyHHY-
BaHHSM 1H(PaCTPYKTYpH.

PazoM i3 TMM cydacHui CTaH BUBYEHHS Mi-
JTapHOTO 3a0pyIHEHHS IPYHTIB B YKpaiHi Xapa-
KTepusyeThes hparmenTapHictio. Lle 3ymoBieHO
00’€KTUBHUMHM YMHHUKAMH: TPHBAIOUMMH 000~
BMMH JisIMH, MIHHOIO HeOe3IeKol Ta oOMexe-
HUMH pecypcaMu sl MPOBEICHHs CYLITBHOTO
J1a00PaTOPHOTO KOHTPONIO. BUTBIICT  AOCITi-
JDKEHb (POKYCYFOTHCS Ha (piKcallii «CBIKHX» CITi-
JIiB BOEHHOTO BILTMBY, TOOTO Ha BU3HAYEHHI KOH-
LCHTpAIlii TOKCHKAHTIB Oe3MOCepPeIHbO MiCIIs
BHOYXiB 200 IOXKEXK

CyTTEBOIO HAYKOBOIO TIPOTAJMHOIO 3aJIH-
IIAETHCS BIJICYTHICTh KOMIUICKCHUX JIOCII/DKEHb,
10 BiOOpaXaroTh CTaH IPYHTOBOTO TOKPHBY
3HAYHUX TEPUTOPIi (OKpeMuX IoiB, pepMepch-
KHX TOCTIOAApCTB a00 TPpOMaJI) Yepe3 eBHHUI Yac
TiCIIs 3aBEpILCHHS aKTUBHOI ()a3u OOMOBHX IIiH.

CibCBKOTOCTIONAPCHKUI 00POOITOK IPYHTY TIPH-
3BOJIUTH JI0 TIEPEPO3IOALTY 30H 3a0pyAHEHHSL, 110
YTBOPUIIUCS. HABKOJIO BUPB, IO BCiH IUIONII MOJISL.
I1e cTBOpro€e edeKT «pPO3MHUBAHHD) EKCTPEeMallb-
HUX KOHIICHTpAIIii, aJie BOAHOYAC 30UTBIITY€E 3ara-
JbHY TUIONTY 3a0pyAHEHUX YTiflb, I MPOAYKIis
MOK€ HAKOMUYIyBaTH TOKCUKAHTH Y KUIBKOCTSIX,
110 MTEPEBHITYIOTh CaHITApHI HOPMHL.

VY 1pOMY KOHTEKCTi OCOOMBHUI HAYKOBHIA
iHTepec CTaHOBUTH XapKiBcbka 00NacTh K OAWH
13 HAHOLTBIT TOCTPKIATNX PETIOHIB YKpaiHM.
3HavHa YacTHHA 11 TepUTOpIi 3a3Hama aKTHBHUX
OoitoBux i y 2022 pomi. 3adikcoBaHO MOHA]
420 615 wminmitapHUX KpaTtepiB [6], 10 CBiqUUTH
PO TIOTEHIIHHO MacITaOHUIA XapaKTep TEXHO-
TEHHOTO HABAaHTAKEHHS Ha IPYHTOBHI TOKPUB.
Jeokynarisi OIIBIIOCTI TEPUTOPIH CTBOpHMIIA Tie-
peIyMOBH JUTS TIPOBENICHHS TTOJOBUX 1 JIabopa-
TOPHHUX JIOCHI/KEHb, IO Bi0Opa3nuiiocs y 3poc-
TaHHi KiITbKOCTI HAyKOBHX MyOikatii (tabm. 2).

Taoaunsa 2
AHaJii3 3a0py/iHeHHs IPYHTIB XapKiBCHKOI 00J1acTi BAXKKMMH MeTaJaMu
Table 2
Analysis of Kharkiv region soil contamination with heavy metals
Jlokanisi / Tun 06'exkra EnemenT PiBenb 3a0pyaHeHHs
c. Mana Porans (Ienikonrep) Cd [epesumienns [JIK y 38,6 pasa [6]
c. Porans (Tauk T-7253) Cu [epesumiennst TAK y 62,39 pasa [4]
BboroayxiBchkuii p-H (Tank T-80) Pb [epesumienns [JIK y 78,8 pasa [4]
BisnbxiBcbka rpomaja (ITosst) Cd [epesumiennst [AK y 5,6 pasa [9]
c. ®enopiska (Kparep 122 mm) Pb Bwicr 1,9 pa3a nonan ¢hoHoBuit piBeHb [6]
Ockinbcrka rpoMana (Kparepn) Zn, Sr HaiiBuii KoHIEHTpallii B kpaTepax aBiaboM6 [6]

AHani3 miTepaTypu moOKa3ye, IO Hai-
BUIIII PiBHI 3a0pyHEHHS 3aikcoBaHO Ha Mic-
51X TOPiHHS OPOHETEXHIKH, TTa{iHHS JIi TATTbHIX
amapartiB abo X y MinitapHux BupBax [4]. Tak,
Ha MICIIl MajiHHs rejaikonrepa y ¢. Mana Po-
ranb (Poranceka TepuropiaabHa TpoMaja) KOH-
neHtpauis kagmiro nepesunmia ['JIK y 38,6
pasa, a Migi - y 8,8 pasza noHazx ¢oH [6].

Y BinbxiBCbKOi TpoMaji y JIOKaIlisx
0oMOTYpOartii 3aikcoBaHO, M0 BMIiCT KaMit0
nepesumuB ['JIK y 5,6-8,5 paza, mini - 1o 6,4
pasza [9]. YV boroayxiBcbkoMy paiioHi miz yia-
Mkamu TaHka T-80 3adikcoBaHo ekcTpeManbHe
nepesuieHHs I'JIK cunIo -y 78,8 pasa [7].

TakuM YMHOM, Pe3yJIbTaTH HASBHUX JI0-
CII[DKEHb CBiYaTh MO 3HA4YHI PiBHI JIOKaJb-
HOTO0 MITITAPHOrO 3a0pyIHEHHS I'PYHTIB BaK-
KHMH METajlaMH B Pi3HHX perioHax YKpaiHH,
30KkpeMa B XapkiBCchKiit obmacTi. BcranoBneHo
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ICTOTHI TICPEBUIIICHHS HOPMATUBHUX ITOKA3HU-
KiB y MiCIsiX BUOYXIiB, TOpiHHS BiHCHKOBOI TEX-
HIKM Ta MaiHHSA JiTadbHUX anapatis. BoaHo-
Yac JAOCIiIKEHHS MalOTh MIEPEBaXKHO (pparmeH-
TapHUH 1 TOYKOBUH XapakTep, 10 HE JO3BOJISIE
[TOBHOO MIPOIO OI[IHUTH MacIITaOu MMPOCTOPO-
BOTO IEPEPO3MOALTY TOKCHUKAHTIB Ta iX JIOBrO-
CTPOKOBHH BILIMB Ha arpoJiaH IagTH.

MerToro poboTH € anpodarlisi METOI0JI0-
TIYHHUX TiIXOJIB J0 €KOJIOTIYHOTO ayUTY I0-
TEHIIHHO 3a0pYAHEHUX IPYHTIB arposanmad-
TiB, 10 3a3HAJIM BILUTUBY OOHOBHX JIii.

Hocnimxenns npooauin y 2025 poiii Ha
0a3i jgocniiHOro MoNirony B Porancekiii Tepu-
TopianbHii rpomani XapkiBcekoi obnacti. Me-
TOAOJOTIsA OazyBajacsi Ha TOE€THAHHI JUCTaH-
LifHOTO JemudpyBaHHs KOCMIYHUX 3HIMKIB
Jutst imeHTrdikanii BUPB Ta Ha3eMHOr0 00CTe-
JKEHHSI TPYHTIB TOJITOHY. Y XOIIi HOTepeaHixX
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JOCHIDKEHb Ha TepUTOPii moJirony Oyio 3adi-
KcoBaHO 92 mposiBa GoMmOoTypOartii, mo odymo-
BHJIO IIITBHICTE BUPB 1,63 ox/ra.

Biniopano 12 rpyHTOBHX Tp0o0 3a pery-
nspHoto citkoro (mmap 0-20 cMm) ta omHy ¢o-
HOBY MpOOY 15l BU3HAYEHHSI TPUPOAHOTO I'e0

xiMiuHOrO (hOHY. AHANITHYHI TOCHTIHKEHHS
BKJIFOYAJIM BU3HAYEHHS BMICTY pyxXoMux (hopm
Cd, Cu, Cr ta Pb B amoHiiiHO-a1ieTaTHIH BUT-
xui (pH 4,8) meromom atromMHO-abCcOpOIiitHOT
criekrpodorometpii 3rigao 3 JCTY 4770.1-
9:2007 [25].

Pe3yabTaTu AociigKeHHs: Ta 00TOBOPEeHHs

Hocnimpkennst nposenene y 2025 poni Ha
Teputopii Porancekoi TepuTopiansHOi TpomMaan
(PTT), sixa po3raioBana B XapKiBCbKOMY paiioHi
XapkiBcpkoi obmacti (puc. 1). 'pomana 3aiimae
oty 77,07 km?, a Ti HaceneHHs ctanoM Ha 2016
pik cra”HoBwio ToHa 16 Tresa ocio [21]. Ammi-
HICTPaTUBHUM OCEPEIKOM € cMT PoraHs.

[IpupoaHi yMOBHU TepHUTOPIi XapaKTepu3y-
I0ThCS PIBHUHHUM penbeoM Ta JOMiHYyBaHHIM
YOPHO3EeMiB 3BHYAHHMX JIETKOCYIJIMHKOBUX Ha
necoBux noposax. ['igporpadiuna mepeska mpen-
cTaBieHa piukoro Poranka (Oaceitn CiBepchbKOro
Hinng). Pocimaumii mokpus GopMyroTh niepeBa-
JKHO JIMCTSIHI JIICH 3 BKPAIUICHHSIMU XBOHHUX T10-
pig, a TAKOXK pO3rayly)KeHa CHCTeMa ToJe3aXuc-
HHX CMYT.

Ockinbku 65% TepUTOpii rpoMaan CKIia-
JIAI0Th CUTHCHKOTOCTIONAPCHKI YTiJUIA, arpapHuid
cektop € 0a3zoBuM Jyis ekoHomiku PTT. 3a takux
YMOB MOHITOPHHT TOIIKO/IKEHb 3eMeJIb, CIIPUYH-
HeHNX OoloBUMH HisMH, € (pyHIaMEHTAIFHUM
(haxTOpOM JUIS TTONAITBINOT cTabimizalli Ta po3BH-
TKY PETiOHYy.

O0’ekTOM JIOCITIKEHHS 00paHO CLITBCHKO-
rOCIOAapChKe TOJIe, SIKE HaAalll BU3HAYEHO SIK
«IOCTITHUH TIoTirom» (puc. 1).

3riJHO KapTi arpOBUPOOHIIHX TPYII IPYH-
tiB, mo Hagana USAID AI'PO y pamkax crmiB-
Tparii 3 XapKiBCHKUM HaIllOHATEHIM YHIBEPCHTE-
toM imeni B.H. Kapazina Bcst Tepuropist mociif-
HOTO TIOJIIrOHY TIPEJICTaBIeHa OJHUM IPYHTOM —
YOPHO3EM THIIOBHH BaXKKOCYIJIMHKOBHUI cepel-
HbOTYMYCHUH (1mdp S54¢).

BigmiTiMO, 1110 11i TPYHTH BiTHOCSTBCS 10
0COOJIMBO LIIHHUX TPYII IPYHTIB 3arajibHOJEpkKa-
BHOTO 3HaveHHS [22].

KirouoBum 3aBaHHAM poOIT BH3HAYCHO
BUBYEHHS MUTITAPHOTO 3a0pYyAHEHHS IPYHTIB Ba-
KKUMH Metanamu. [Ipu BuOopi micip Bigdopy
mpo0 BpaxoByBanacsl IHTEHCHUBHICTH OOHOBHX
T, 1110 TPUBAH Ha JiaHiit Teputopii y 2022 pori
[16]. Tloka3HHKOM aHTPOMOTE€HHOIO BILIMBY Ha
JOCITIITHOMY TIOJIITOHI ~ CIIyTyBayiia MIUJIBHICTH
BHUPB, IO YTBOPHJIUCS BHACTIJIOK BIIy4aHb OO€-
npuracis (puc. 2) [23].

] mexi gocnigroro naniroHy
[ mexi Porancount rporsand

Puc.1 — Micue po3ranryBaHHS JOCTIJHOTO MOJITOHY

Fig. 1 — Location of the test site
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Puc.2 — Micue po3rainryBaHHs J0CTITHOTO MOJIrOHY

Fig. 2 — Location of the test site

V gepsHi 2025 poky Ha ToJIiroHi 6yI10 Bi-
niopano 12 rpyHTOBHUX MO0 3 BEPXHBOT'O TOPH-
30HTY (0—20 cm). Binbip 3mificHroBaBCs 3a pe-
TYJISIPHOIO CITKOIO 3 KpokoM 50 M (puc. 2). [Ipo-
neaypa Bigodopy Biamosigana Bumoram JICTY
4287:2004 «Skicte rpyHTY. Binoupanuas npoo»
[24]. Ans dopmyBanHs 00'emHaHOi TpodU 3a-
CTOCOBYBABCSI METOJl «KOHBEPTa», BiIOIp Mpo-
BOJIMBCS 33 JOMIOMOTOIO TUIACTUKOBOI JIOTIATKH
JUTSI 3aI100iraHHsl BTOPUHHOMY 3a0pyAHEHHIO.

Jl1s TIOpIBHSUTBHOTO aHAI3y Y BEpEecHI
2025 poky OyJsio Biniopano ¢poHOBY mpoly (To-
yka Ne 22) Ha ainsiHIi, e He 3adikcoBaHO Hac-
niakiB OoroBux miit (puc. 3). JlaHa Touka po3-
TalllOBaHAa HA 3HA4YHIM BiICTaHl BiJ MMOTEHIIN-
HUX JDKEpes 3a0pyIHCHHS BAXKKUMHU METaJIaMHU,
30kpemMa Bij KinblieBoi Joporu, sika € Jukepe-
JIOM TMOCTIHHOTO TEXHOTEHHOTO BIUIMBY Yepe3
IHTEHCUBHMI pyX aBTOTpaHcHopTy. Lle mporpa-
MHE 3a0€3MeUeHHs 3 Bi/IKPUTUM BUXITHIUM KO-

Puc. 3 - Micue Bindopy ¢poHoBOi podu (T.Ne 22)

Fig. 3 - Location of background sample collection (item No. 22)
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oM (hYHKITIOHY€E Ha OCHOBI apXiTeKTYPH HACTi-
neHOI TeoindopmMariiaoi cuctemu QGIS, mro
3a0e3revye TOBHY CYMICHICTh TOJBOBHX 1 Ka-
MepalbHUX eTamiB poOOTH. 3aCTOCYBaHHS 3a-
3HAYEHOTO 1HCTPYMEHTAPIIO JO3BOJMIIO peai-
3yBaTH Oe3nepepBHUIN ITUKI 00POOKHU reoJaHuX
HUISIXOM TpAMO] iHTerpalii monepegHpo Hama-
IITOBAHOTO MPOEKTY B MOJIHOBI YMOBH.

VY BimiOpaHuX 3pa3kax BU3HAYAIU BMICT
kagmiro (Cd), mizi (Cu), xpomy (Cr) Ta CBHHIIO
(Pb). AnaniTHaHI JOCTIHKEHHS TTPOBOIMIN Ha
0a3i Jlabopatopii iHCTpyMEHTATbHUX METOIIB
JIOCITI/DKEHb TPYHTIB HalioHaJlbHOTO HayKo-
BOT'O IIEHTPY «IHCTUTYT I'pyHTO3HABCTBA Ta ar-
poximii imeni O.H. CokoioBcbkoroy». AHami3
BUKOHYBaJM BiAnoBigHo p0 Bumor JICTY
4770.1-9:2007 [25]. BuszHayamu BMiCT pPyxo-
Mux popm MetaniB y OydepHiil aMOHITHO-a11e-
taTHi BuTsoki 3 pH 4,8 MeTomom atomHO-a0-
copOLiitHO1 crieKTpodoTOMETPIi.

Yuponosxk 20222023 pokiB IpoBeIeHO
nemmdpyBaHHS HACHTIIKIB 00MOBUX NiK y Xap-
KiBCbKOMY paiioHi XapKiBCbKOi 06acTi Ha oc-
HOBI MaTepiaiiB JMCTAHI[IMHOIO 30HIYyBaHHS
3emui [16]. 3a pe3ynbraramu podotu chopmo-
BaHO reoiHpopManiiiHy 0a3zy MJaHUX BHPB,
YTBOPEHUX YHACHIJIOK JETOHAIlil OoenpumaciB.
3arajioMm y MeXax IOCIHiKyBaHOi TepuTopil
ineaTudikoano 15 588 micip Birydans. Ha oc-
HOBI IIPOBEICHOT0 T'e0iH(pOPMALIIITHOTO aHAJTI3Y
po3pobneHo cepito kaprorpadiyHMX Martepia-
JiB, MO BiOOpaXXaloTh MIUTBHICTH BIyYaHb SIK
Ha piBHI aIMiHICTPaTUBHOTO paliOHy B LILIOMY,
TaK 1 B po3pi3i OKpEeMHUX TEPUTOPiaIbHUX TPO-
Mmazn [16, 23]. OTpumani KapTH He JHLIe Bizya-
J3yIOTh 1HTEHCHBHICTH OOMOOTYpOamii, a #
CIIYTYIOTh aHAIITHYHOIO OCHOBOIO JJISl OLIIHKH
NOTEHUIHHOTO piBHS 3a0pyIHEHHS IPYHTIB Ba-
KKUMH MeTanamu. [lpumyckaerbes, mo 3poc-
TaHHS KIJIBKOCTI BUPB Ha OJMHUIO TUIOMII KO-
PEeNIoe 3 MiABHUIICHHSIM PU3UKY TEXHOT'€HHOT'O
3a0pyAHEHHS TEPUTOPIi.

Konueniriss  1ocmipkeHHss  nependadae
BUIIICHHS TECTOBUX ITOJIITOHIB 13 PI3HOO 1HTE-
HCUBHICTIO OoMOOTypOarii s mpoBeneHHs
JEeTaJbHUX IIPOCTOPOBHUX OOCTEKEHB. Y Mexax
MOJILOBUX POOIT 3/TIHCHIOIOTH BiIOIp IPYHTOBHX
npo0 3 mojanbIiuM JIAOOPaTOPHUM BH3HAYEH-
HSIM BMICTY BaXKHX MeTaiiB. OTpumani pe-
3yJIBTaTH CTaHYTh OCHOBOIO JUIS PO3POOJICHHS
nanamapTHO-TpaHchepHoi QyHKIIIi, 1110 3a0e3-
MIEYUTH MOXKIIUBICTH EKCTPAITOJIALIIT BCTAHOBJIE-
HUX PiBHIB 3a0pyIHEHHS Ha IHII TEPHUTOPIi 31
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CXOXKUMH IOKa3HUKaMH 1HTEHCHBHOCTI OOM-
6oTypoarii.

Ominka 3a0pyIHEHHS IPYHTIB IPOBOAM-
Jacs Ha TPHUKIAl TOJNIToHy Iwiomer 53 ra
(puc. 1). BctanoBneHo, mo JOCTiHKyBaHUN ar-
ponanmmadT 3a3HaB 3HAYHOIO MUIITAPHOTO
BIUIMBY. 3a pe3yibTaTaMu AcI(PyBaHHSI KOC-
MIYHHX 3HIMKIB BCTaHOBJICHO JIOKaJi3allilo
BUPB (pHc. 2). AHaJi3 IPOCTOPOBOTO PO3MOILITY
CBIAYUTD, IO OCHOBHHH BILTUB 30CEPEIKCHUN
y HeHTpaNbHIA YacTHHI Mo mromero 11,3 ra,
ne 3adikcoano 92 Biayqanns [23]. Takum um-
HOM, II[IJIBHICTh BUPB HA Il IJISHI CTAHOBUTH
8,14 on./ra. lLlinpHICTS BUPB IJIS BCHOTO MO
cTaHoBHTH 1,63 ox./ra.

Bin6ip npo6 mpoBoauBCs 32 TAKOO JIOTi-
KOIO: 9 TOYOK pO3TalIOBYBAINCH 32 PETYIsIp-
HOI0O MEPEXeK B TOTEHIHHO 3a0pyaHeHiN
30H1 (puc. 2). Touka Nel posramoBaHa 3a Me-
JKaMH 30HU BJIy4aHb Ha BijctaHi 40 M Bij Kijlb-
[1eBOT aBTOMOPOTH 3 IHTEHCHUBHUM Tpadikom.
Lle mo3Bossie OLIHWUTH piBeHb 3a0pYyAHEHHS,
CIPUYMHEHUH BUKUAAMH aBTOTpaHCHIOPTY. To-
yka Ne8 po3MiliieHa 3a aHanoriuHux yMmoB (40 M
BiJl OPOTH), MPOTE B MEXKaxX MUISHKH, IO 3a-
3Hana oOcTpiniB. [IOpiBHSIHHS IIMX TOYOK Ja€e
3MOTY PO3MEXYBATH BILIMB TPAHCIIOPTHOTO Ta
BOEHHOT'O YNHHUKIB.

Touka Nel2 oOpana Ha yMOBHO YHCTii
JUJISIHIN TIOJIITOHY, BIJUIAJICHIM BiJl OCHOBHHMX
JLKEpENT aHTPONOTeHHOro BIIUBY. Touka Ne22
(dboHoBa) 3akiameHa HA CyMiIXHOMY TIOJNi, SIKE
HE 3a3HAJI0 MIJITApHOTO BIUIMBY, JUIS BH3HA-
YEeHHS IPUPOTHOTO TEOXIMIYHOTO (OHY.

Crig 3ayBakuTH, IO JIOKAJi3aIlis TOYOK
BIIOOPY HE MPUB’si3yBayiacs JI0 LICHTPIB OKpe-
MHUX KparepiB. MeTor Oyio BH3HAYCHHS ILIO-
LIMHHOTO «PO3MHUTOT0» 3a0pyAHEHHS, siKe (o-
PMYETBCS BHACIIOK MOJAIBIIOTO CibCHKOTO-
cnojapcbkoro 00pooiTky. Ockijapku 3 2022
POKy ToJie iepe0yBa€e B IHTEHCHBHIN €KCILTya-
Talii, mepeMillyBaHHs BEPXHBOTO LIapy IPYHTY
TEXHIKOIO CIIPHUSIE PO3MOALTY 3a0pyJHIOBaUiB
I10 BCI# ILJIOII MacHUBY.

VY Ttabnuui 3 mpencTaBIeHO pe3yNbTaTH
arpoxiMigyHOro aHaji3y BMICTy pyXoMux (hopm
Bakkux MetainiB (Cd, Cr, Cu, Pb) y 12 Toukax
BiI0OpY Ha JOCIIAHOMY IOJITOHI Ta B ONHIN
¢onoBiil Touwi. IlopiBHsHHS TpoBoAMIOCS 3
TPAaHUYHO  JIONMYCTHMHUMH  KOHLEHTPALSIMU
('IK) srigao 3 moctanoBoto Ne 1325 Bin
15.12.2021 [26]. AHani3 JaHUX CBIAYHTS, IO Y
YKOTHIH 13 BimiOpaHuX 1Mpo0 Ha OCITiTHOMY I10-
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Taoaunsa 2
KonnenTpauii Baskkux MeTani y IpyHTaxX NOJIrOHY, MI/KT
Table 2
Heavy metal concentrations in landfill soils, mg/kg
- . Csu-
Ne KomenTap Kanmiii Xpom Minb Heln
npoou (Cd) (Cn) (Cu) (Pb)
1 [Tomniron (moTeHmiiHO 3a0pyAHEHA 30HA) 0,084 0,727 0,415 1,974
2 IToniron (MOTeHIIHHO 3a0pyAHEHA 30Ha) 0,01 0,688 0,161 1,228
3 IToniron (mOTeHIIHHO 3a0pyAHEHA 30Ha) 0,16 1,022 0,21 2,248
4 [Mosiron (MOTeHIIAHO 3a0pyIHCHA 30HA) 0,005 0,835 0,161 0,5
5 [Mosiron (MOTeHIIHHO 3a0pyIHCHA 30HA) 0,005 0,444 0,305 0,817
6 [Mosiron (MOTeHIIAHO 3a0pyIHCHA 30HA) 0,01 0,816 0,072 0,525
7 [Mosiron (MOTeHIIAHO 3a0pyIHCHA 30HA) 0,005 0,658 0,327 1,129
8 [ToniroH (MOTeHIHHO 3a0pyiHEHA 30Ha) 0,01 0,994 0,182 0,768
9 [Mosirox (MOTeHIIAHO 3a0pyIHCHA 30HA) 0,005 0,716 0,199 0,291
10 [Mosirox (MOTeHIIAHO 3a0pyIHCHA 30HA) 0,02 0,555 0,474 0,992
11 [Mosirox (MOTeHIIAHO 3a0pyIHCHA 30HA) 0,002 0,77 0,545 0,869
12 [Tosiron (YMOBHO YHCTa 30HA) 0,034 0,714 0,656 2,542
22 donoBa npoba 0,01 0,408 0,257 0,062
'K ['paHUYHO JI0MyCTHMa KOHIIGHTpalis 0,7 6 3 6
Pb Cu
3 0,8
2,5
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Puc.4 — KonuenTparii BaKKUX MeTaJli y IPyHTax HOJITOHY, MI/KT
Fig. 4 — Heavy metal concentrations in landfill soils, mg/kg

JICOHI BMICT JIOCHI/DKYBaHMX BXKKHX METAIIB HE
niepesunrye HopmatugiB I JIK. Bei otprmani 3Ha-
YEHHS € CyTTEBO HIDKYMMU 33 TPAHUYHI PiBHI.
Hes3Baxxaroun Ha BiAIIOBIHICTH CaHITap-
HMM HOpMaM, KOHLICHTpaLlil MeTasliB Ha MOJIIroHi
(puc.4), BKIIOYHO 3 «YMOBHO YHCTOIO» 30HOIO
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(T.Ne12) momiTHO NIepeBUIIYIOTh IOKa3HUKH (o-
HOBOI Touku Ne 22. 3okpema KoHUeHTpauii Pb Ha
nojiroHi BapitoroTe Big 0,291 mr/kr mo 2,542
MI/KT, TOJli sIK ()oH cTaHOBUTH Jmte (0,062 MT/KT.
Vwumict Cr Ha momiroHi koimBaeTbes Bim 0,444
mr/kr g0 1,022 mr/kr npu ¢oni 0,408 mr/kr. Takoi
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4iTKOi KapTUHHU He cKiIafaeThes it Cuta Cd, Tyt
Ha TIOJIITOHI MPUCYTHI MPOOH IPYHTY 3 KOHIICHT-
parisiMu, sKi MEHITIi 3a (OH.

Ale B 1IJIOMy MO>KHa 3pOOHTH BUCHOBOK
MO HAsSBHICTH Ha TIOJIITOHI IMiAIBUIIIEHOTO aHTPO-
MOTeHHOTO HaBaHTaKeHHs. JleTanbHuii aHami3
HaBeJIeHWX JaHuX OyJe MpOBEAEHHUH Y HaCTyI-
HOMY PO3JIiTi.

Hwu3bki 1oka3HUKU KOHIIEHTpAITii 3a0pya-
HIOBa4iB Ha JOCHIKYBAHOMY IOJIOHI MOXYTh
Oyt 00yMOBJIEHI Aekinbkoma dnHHUKamMu. [1o-
riepire, crienrdika IPOBEISHOTO aHAI3Y Iepe-
Oayaya BU3HAYECHHS JIMIIE PyXOMHUX (HOPM BaxK-
KHX METAJIIB, TOAI K 3HaYHA YaCTHUHA €JIEMEHTIB
MOJKE 3aJIMIIIATUCS Y 3B S13aHOMY CTaHi, HE Tepe-
XOJITYN Y BUTSDKKY.

[o-npyre, cyTTEBMIA BB MAIOTh (PaKTOP
Yacy Ta IHTEHCHBHICTh arpOTEXHIYHHX 3aXOJiB:
OCKUIBKH TI07Ie TIepeOyBae B aKTUBHOMY 00p00i-
TKy 3 2022 poky, peryJsipHi MexaHiuHi oreparii
TPU3BEIH JI0 IHTEHCHBHOTO MIEpEMIlLlyBaHHsI Bep-
XHBOTO HIapy IpyHTY. Lle crpuumHumo tak 3Ba-
HHH e(heKT «po30aBICHHSD», 32 IKOTO JIOKATBHI TTi-
KOBI KOHIIGHTpAIlii PEUYOBHH y MICISIX BHOYXiB
OyJIi PIBHOMIPHO PO3MOUICHI HA 3HAYHO OLIb-
i 00’€M TPYHTOBOT MacH, 0 3PELITOI0 HiBe-
JIFOBAJIO TOCTPOTY MLITITAPHOTO BILTUBY.

MoxxJuBi 1 iHII1 TOsSICHEHHS. 30KpeMa To-
yka Ne 12, ska BBaXkajlaCb YMOBHO YHCTOIO He-
CIIOZIBAHO TTOKa3aJla MaKCHMaJIbHI 3HAYCHHS O
BMicTy Pb = 2,542 mr/kr ta Cu = 0,656 mr/xr. Le
CTaBUTB TiJ] CyMHIB TilOTe3y PO Te, 0 3a0py/-

HEHH$ 30CepeIKeHe BUKITIOYHO B 30HI 60MOOTYp-
Oarii. MoXXHBO, I1€ HACTIIOK HEPIBHOMIPHOTO
BHECEHHS arpoXiMiKaTiB y MUHYJIOMY a00 IIpupo-
JIHOI re0XIMIYHOI aHOMaAJTIT.

e migTBepmxye i Tod (hakT, 110 TOUKH,
PO3TaIIOBaHI B 30HI HAMBHUILOI IIUTBHOCTI BUPB (
NeNe 4,5, 6), neMOHCTPYIOTh TIOCUTh HU3bKI PiBHI
3a0pynuenns (Pb y mexax 0,5-0,8 mr/kr). Buns-
TKOM € Touka Ne 3, ne 3aikcoBaHO CIUIECK BMi-
cry kaamiro (0,160 Mr/kr) Ta BUCOKU piBEHb CBH-
HITEo (2,248 mr/xr). Lle Moxe Bka3zyBaTu Ha Oe3-
MOCEPEeTHI0 OMM3BKICTh IO EMIIEHTPY PO3PHBY
crerpdigaOro THITY OOETPHIIACY.

He minTBepmunacs rimoresa mpo cymariiro
BIUIMBY «BiifHa + moporay. SIkmo Touka Nel
(Timpku mopora) mae Bucokuii BMmictT Pb (1,974
MI/KT), TO Touka Ne§ (mopora + BiifHa) Mae 3Ha-
4yHO HKumii BMicT Pb (0,768 mr/kr). Lle miarse-
pIKye TOMiHyBaHHsI ()aKTOPY MEXaHIYHOTO Tie-
peMilllyBaHHsI IPYHTY HaJl ()aKTOPOM JIOKAITEHOTO
HAKOITMYCHHSL.

Bucoki OKa3HUKH B YMOBHO YHCTIH 30H1
(Touka 12) BHUMararoTh JOJATKOBOIO BHUBYCHHS
icTopii BUKOpHUCTaHHS Mons (HOOpWBA, CKIAIA
najvBa B MHUHYJIOMY TOIIO), OCKUIBKH MLTiTap-
HHUI YMHHUK HE MOXKe OYTH €AMHUM MOSICHEHHSIM
TaKoi BapiabeIbHOCTI.

3 oy Ha Te, IO BMICT pyXoMHX (HopM
TOKCUKaHTIB He rniepesuirye ['JIK, pusuk TpaHc-
JIOKAITii BAYKKHUX METAJIB y POCIHHHY MPOIYKIIiFO
Ha JTAHOMY MOJII MOXKHA OLIHWTH SIK HHU3bKHUM.
BinmoBiHO MOXKHA 00€pEXKHO MPOTHO3YBATH,

A

G Mexi POraHCLWOT Fpoana

BHDaN

WINLHICTL BHPE
[Jo-16

B 16-34
Bl 34-45

Puc. 5 — 3onyBanns arponanamadTtiB Porancbkoi rpoMaam 3a MiibHICTIO MPOSIBIB O0MOOTYpOartii

Fig. 5 — Zoning of the Rohansk community agrolandscapes by density of bomboturbation manifestations
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0 ¥ iHMI arponanAmadTH 3 TOAIOHUM piBHEM
MUTITAPHOTO BIUIMBY MAaTHMYTh CXOXIH piBeHb
3a0pyIHEHHSI.

Ha puc. 5 nmpencrasneHa kapra 30HyBaHHS
arponanmmadTie Porancekoi rpomMaiy 3a HIiIbHI-
CTIO TposiBiB 6oMO0TYpOarii. BuaineHi nuie moms
Ha SIKUX 3a(iKcOBaH1 HaCTiKK BUOYXiB. YCi BOHU
PO3/1iJicHI Ha 3 KaTeropii BiOBITHO J0 MIUIBHOCTI
BHPB 1, BIPOTiIHO, BiANOBIAHO CTYIHIO MOTEHIIiH-
HOro XimiyHoro 3a0pyaHeHHs. CHHparourch Ha
OTpHUMaHi JaHi MOYKHA BBOKATH, III0 MOKITHBE 3HA-
YyHe 3a0pYyAHEHHS IPYHTIB BOKKHMH METalaMU
MOYKE CIIOCTEPIraTHCs JIMIIeE Ha 4 TOJISX TPOMaJIH,
Ha SIKHUX IIUTBHICTH BUPB OuIbIe 1,6 om/ra.

HesBaxxatoun Ha JOKaJbHUM XapakTtep,
MPOBEACHI MOCHTIHKEHHS (OPMYIOTh METOIH-
YHE MIATPYHTS IS CUCTEMHOTO MOHITOPHHTY
IpyHTiB XapkiBchkoro paiiony. CdopmoBaHa
0a3a reolaHuX YMOXKJIMBIIIOE PAifOHYBaHHS TE-
PUTOPIi 3a IHTEHCUBHICTIO OOCTPLIIB, IO CITY-
T'Y€ OCHOBOIO TSI TTOJIANIBIITNX ITOJIbOBUX 00CTE-
JKEHb Ha BMICT BaXXKHUX METAIIB y MEXax KOXK-
HOI BUALIEHOT 30HHU.

OTtpuMaHi pe3yJabTaTH CIPUITUMYTh PO-
3pob1i manamadTHO-TpanchepHol GYHKIIT AT
EKCTPAITOJIAMIi JTaHUX MPO PiBHI 3a0pyIHEHHS
Ha TEPHUTOPIil 3 HOMIOHUMH IMOKa3HUKAMH OOM-
ooTypbarii.

BucHoBku

Pesynpratn aHamizy pyxomux (opm Bax-
kux MetaniB (Cd, Cr, Cu, Pb) y rpynTax mocmia-
HOTO TOJNiroHy PoraHckkoi rpomanw CBig4aTh,
IO JKOZTHE 31 3HAYCHB HE MEPEBHUIIYE BCTAHOBIIE-
aux HopMatusiB ['JIK. Ile mo3Bomsie mporHo3y-
BaTH HU3bKUAN PU3MK HETailHOrO MOTPAIULIHHA
TOKCHKAHTIB y CUILCHKOTOCTIOIAPCHKY TPOIYK-
L0 Ha JaHii AUTSHLI.

Hesaxxaroun Ha Bigmoigmicts ['JIK, 3a-
(hIKCOBaHO CYTTEBE TEPEBUIICHHS TMOKA3HUKIB
¢doHoBOT TOuKH. OCOOIMBO I CTOCYETHCS CBH-
Hiro (Pb), KoHIIEHTpallis SIKOTo Ha TOJIroHi (10
2,542 Mr/KT) y IeCATKH pa3iB BUILA 32 IPHUPOTHHUN
¢on (0,062 mr/kr), Ta xpomy (Cr), 10 TaTBEP-
IDKy€E HaﬂBHiCTB AHTPOIIOICHHOI'O0 HABAHTAXKCHHA
MLITITAPHOTO TIOXOPKEHHSI.

Huspki KoHIIEHTpAIli MeTalliB y TpyHTax
MOYKe OYyTH TOSICHEH] IHTEeHCUBHIAM CLJThbCHKOTOC-
T0JJAPCHKAM 0OPOOITKOM OIS, 110 TpuBae 3 2022
poky. PerymspHa opanka mpusBena 10 MexaHid-
HOTO TepeMIIllyBaHHs BEPXHBOTO IApy IPYHTY,
BHACJIIJIOK YOT'0 JIOKAITbHI MKOBI KOHIIEHTpaIlii B
emileHTpax BUOYXiB OynH PiBHOMIPHO PO3MOZi-
JIeHI T10 BCil TIJIOIII MacHBY.

Ha ocHOBI oTpuMaHHX JaHUX PO3POOICHO
KapTy 30HYBaHHS arpojanimadris PoraHchkoi
rpomaau. BeraHoBieHo, o MOTeHIiHHE 3HaYHEe
3a0py[HEHHS TIPYHTIB MOXXE CIOCTEPIraTHCs
JIMIIE Ha 4 MOJISIX TPOMAJH, JIe IIUIbHICTh BITY-
yaHb nepeBuinye 1,6 on./ra. Llg monens ciyrye
OCHOBOIO JIs po3p0o0OKH JiaHAmadTHO-TpaHchep-
HUX (PYHKIIN Ta eKCTPamoisiii JaHUX Ha iHIII
JICOKYTIOBaHi TEPUTOPII.

Konduaikr inTepecin

ABTOpH 3asIBJISIFOTH, 110 KOHQIIKTY iHTEepeciB 1moa0 myOmikamii [boro pykonucy Hemae. AB-
TOPH MOBHICTIO JIOTPUMYBAIUCh €THYHUX HOPM, BKJIIOYAIOUH IUIariar, panscudikamito JaHUX Ta IMo-

JBiHY mMyOiKaIio.

BHecok aBTOpiB: aBTOpY 3p0O0MIIM PIBHUI BHECOK Y IO po0OTY.
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B po6oTi HE BUKOPHCTaHO pecypc ITYYHOTO IHTENEKTY.
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SOIL CONTAMINATION OF MILITARY AGROLANDSCAPES

Purpose. Testing methodological approaches to the environmental audit of potentially contaminated soils
of agricultural landscapes affected by hostilities.

Methods. Field, analytical, decoding of satellite images to identify craters, atomic absorption spectropho-
tometry method.

Results. Studies of the ecological and geochemical state of soils of agricultural landscapes affected by
hostilities were conducted in 2025 on the basis of a research site in the Rohansk territorial community of the
Kharkiv region. Based on the analysis of publications on military soil contamination, the use of GIS and remote
sensing to identify bomb-turbation zones was justified. Deciphering of satellite images was combined with field
sampling and determination of mobile forms of Cd, Cr, Cu, Pb. Exceedance of background content without
exceeding the MPC was established. A zoning map of agricultural landscapes of the Rohansk community was
developed.

Conclusions. The proposed zoning of agricultural landscapes by bomb-turbation density for assessing
potential contamination serves as a model for developing landscape transfer functions and extrapolating data to
other deoccupied territories.

KEYWORDS: military agrolandscape, soil contamination, heavy metals, bomboturbation, craters,
remote sensing, GIS technologies
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MULTI-CRITERION ASSESSMENT OF THE PRIORITY OF ENVIRONMENTAL
PROTECTION MEASURES BASED ON OPEN ONLINE DATA

Purpose. To develop and test a methodology for multi-criteria assessment of environmental protection
priorities using open online data under conditions of incomplete information and interval uncertainty.

Methods. Systems analysis, multi-criteria assessment, an additive utility function, expert weighting of cri-
teria, normalization of heterogeneous indicators, interval analysis, and scenario analysis. Open online sources se-
lected as the information basis: NASA FIRMS for active fires, JRC Global Surface Water for water dynamics,
ESA WorldCover and Sentinel-2/Copernicus Data Space for land cover and vegetation indicators, OpenAQ for air
quality, HDX for administrative boundaries, Global Forest Watch for tree cover loss, and EkoZagroza as an aux-
iliary source of environmental threat reports.

Results. The study addresses a practical problem in environmental management: how to justify priority
actions when several measures are relevant simultaneously, and the available data have different spatial resolu-
tions, reliability, and completeness. A pilot computational experiment conducted for a conditional urbanized area
in the Kharkiv region. Six environmental alternatives assessed: greening, cleaning water bodies, reclamation of
disturbed lands, strengthening air monitoring, improving waste management, and fire-prevention measures. Six
criteria used: environmental effect, implementation cost, implementation time, social significance, risk of inaction,
and availability of online data. The highest baseline utility scores obtained for waste management improvement,
and fire-prevention measures. The following priorities water body cleaning, greening, strengthening of air moni-
toring, and reclamation of disturbed lands. Scenario analysis showed that the first two alternatives remain the
highest-priority group under different weighting assumptions.

Conclusions. The proposed methodology enables formalizing preliminary environmental decision-making
even when online data are incomplete. Interval representation does not eliminate uncertainty but makes it explicit
and useful for assessing the reliability of ranking results. The method can support the preliminary justification of
local environmental protection programs and should be further tested using actual datasets for specific territorial
communities.

KEYWORDS: environmental protection measures, multi-criteria assessment, environmental manage-
ment. online data, interval uncertainty, utility function
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https://doi.org/10.26565/1992-4259-2026-34-11

Introduction

Environmental management at the local inconsistent open data, and uncertainty about the
community and urban levels is increasingly car- consequences of delaying management actions.
ried out under conditions marked by a combina- For asingle area, the following measures may all
tion of constraints: insufficient financial re- be relevant at the same time: landscaping, water-
sources, incomplete environmental monitoring, body cleanup, reclamation of dis turbed land,
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enhanced air-quality monitoring, improved
waste management, and fire prevention
measures. Under these conditions, the key sci-
entific and practical task is not only to describe
environmental problems but also to make an in-
formed selection of priority environmental pro-
tection measures.

The complexity of such a choice stems
from the multiple criteria involved. One envi-
ronmental protection measure may have a sig-
nificant ecological impact but require substan-
tial costs and a long time to implement; another
measure may be cheaper and faster but have
only a local or indirect effect. Furthermore, the
decision must consider social significance, the
risk of inaction, and the reliability of the infor-
mation base. Therefore, prioritizing measures
falls into the category of multi-criteria decision-
making under conditions of uncertainty.

The methodological foundation of this
study is a systematic approach to decision-mak-
ing, developed in works on multi-criteria opti-
mization, utility theory, and uncertainty analy-
sis [1-8]. In her dissertation, N. O. Brynza
demonstrates the need to account for the com-
plexity, multi-criteria nature, and interval un-
certainty of the input data when selecting effec-
tive solutions [1]. This point is particularly im-
portant for environmental issues, since natural,
social, and economic indicators differ in nature,
units of measurement, and reliability.

Modern open online data creates new op-
portunities for preliminary environmental as-
sessments. NASA FIRMS provides access to

near-real-time MODIS and VIIRS data on ac-
tive fires [19; 20]. RC Global Surface Water
contains data on the spatiotemporal distribution
of surface water for the period 1984-2021. [21,
22]. ESA WorldCover provides global land
cover maps with a spatial resolution of 10 me-
ters [23], a Copernicus Data Space provides
open access to Sentinel data and data processing
services [24]. OpenAQ provides open data on
air quality and an API for accessing it [25].
HDX contains administrative boundaries of
Ukraine [26], Global Forest Watch publishes
data on deforestation [27], and EcoZagroza is
the official resource for recording environmen-
tal threats, although its historical data and full
functionality were in the process of being re-
stored at the time of this study’s preparation
[28].

An analysis of recent studies confirms the
widespread use of multi-criteria analysis in en-
vironmental management, water resource man-
agement, nature-based decision-making, and
the assessment of ecosystem services [9-15]. At
the same time, the issue of combining open
online data, expert assessments, and interval un-
certainty into a single applied procedure for
ranking environmental protection measures re-
mains underdeveloped. This article addresses
this unresolved issue.

The aim of this study is to develop and
test a methodology for the multi-criteria priori-
tization of environmental protection measures
based on open online data, considering the in-
terval uncertainty of the source information.

Methods

The object of this study is the process of
preselecting priority environmental protection
measures for an urbanized area under conditions
of incomplete online information. The subject of
this study is a methodology for multi-criteria
ranking of environmental protection alternatives
using a utility function, expert weighting coeffi-
cients, and interval data representation.

The pilot test was conducted as a compu-
tational experiment for a hypothetical urbanized
area in the Kharkiv region. This format was cho-
sen because the article's purpose is to verify the
methodological suitability of the systematic pro-
cedure rather than to replace comprehensive field
monitoring. The actual application of the meth-
odology to a specific community requires load-
ing spatial data into a GIS environment and
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aggregating indicators within administrative pol-
ygons.

The experimental conditions are as fol-
lows: six alternative environmental protection
measures, six evaluation criteria, a scale of initial
ratings [0; 10], interval representation of initial
ratings, and four scenarios for weighting coeffi-
cients are considered. Laboratory equipment and
reagents were not used, as the study is a digital
computational experiment based on open-source
data and expert-interval formalization.

The research logic is presented in Fig. 1.
The main stages are: selection of online sources,
development of indicators, conversion of indica-
tors into an expert interval scale, normalization
of criteria, calculation of the integral utility func-
tion, ranking of alternatives, and scenario analy-
sis of the stability of results.
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Open Expert interval Normalization Utility Ranking and
online data assessments [0;1] function scenario analysis
Fig. 1 — Logical scheme of the multi-criteria online research methodology
Table 1

Open online sources suitable for generating input data

Data block Source
Administrative HDX Ukraine Subnational Boundaries of communities/districts, area, spatial
boundaries Administrative Boundaries aggregation
Fire activity NASA FIRMS MODIS/VIIRS | Number of fire points, FRP, fire density
JRC Global Surface Water Availability, seasonality, and changes in the

water surface
ESA WorldCover, Sentinel-2,

Specifications for the model

Surface water

Land cover Copernicus Data Space Green areas, built-up areas, bare soil, NDVI
. OpenAQ API and local Number of stations, PM2.5, PM10, days with
Air
networks data
Loss of forest cover Global Forest Watch / GLAD Loss of forest cover by year

Environmental threats Exo3arposa Auxiliary layer of threat notifications

For the purposes of this study, six alternative
environmental protection measures were identified
(Table 2). These reflect typical areas of
environmental protection in urbanized areas and
can be tailored to address the community's specific
environmental challenges.

The alternatives were evaluated based on six
criteria (Table 3). Criteria C1, C4, C5, and C6 are
positive factors; that is, increases in these criteria
raise the measure's priority. Criteria C2 and C3 are
negative factors, as higher costs and longer
implementation periods lower the priority, all other
things being equal.

Table 2

Environmental protection alternatives and online indicators

Code Alternative

Online indicators

Al Landscaping

NDVI, proportion of green spaces, loss of tree cover,

population

A2 Water body cleanup

Water area, seasonality, loss/change in water surface area

A3 Remediation of Disturbed Lands

Proportion of bare soil, development, loss of tree cover

A4 Enhanced Air Quality Monitoring

Number of stations, days with data, PM2.5, PM10

A5 Improved Waste Management

Threat alerts, urbanization, population, local programs

A6 Fire Prevention Measures

Number of fires, FRP, fire density, green areas

Table 3
Evaluation criteria and baseline weights

Code Criterion Optimization objective Weight
C1 Environmental impact max 0.25
Cc2 Implementation cost min 0.15
C3 Implementation timeline min 0.1
C4 Social significance max 0.2
C5 Risk of inaction max 0.2
C6 Availability of online data max 0.1

For incentive criteria, the normalized aij — a{”i"

value was calculated using the formula: Xij = max _ gmin
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Reverse normalisation was used for the x;j — the normalized value of the i-th
disincentive criteria: criterion for the j-th alternative.
amax _ g Under conditions of interval uncertainty,
X L Y the following representation was used
J qmax qmin
Lot . U = U7 U]
The overall priority rating of the jth J jr i
measure was determined using an additive and for the basic ranking, the midpoint of
utility function: the interval was calculated
n Uy + U
U]=ZWLXU U]C_T
i=1 Interval length AU = U; + — U; — was
where w; — the weighting coefficient of interpreted as an indicator of the uncertainty of
the i-th criterion, the assessment.
Results
In the first stage, an initial expert-based spatial indicators. For example, NASA FIRMS
interval matrix was developed for evaluating data is given greater weight for fire prevention
alternatives on a scale of [0; 10] (Table 4). The measures, JRC Global Surface Water for the
intervals reflect the incompleteness of online clean-up of water bodies, and ESA
information, the varying levels of detail in open WorldCover, Sentinel-2 and Global Forest
data, and the need for expert interpretation of Watch for greening and land restoration.
Table 4
Initial expert-interval assessment matrix [0; 10]
Code Event C1 Cc2 C3 C4 C5 C6
Al Landscaping [6; 8] [4; 6] [3; 5] [7;9] [5; 7] [7:9]
Water bod
A2 | |79 [6; 8] [5: 7] [6; 8] [7;9] [6; 8]
Rehabilitation
A3 of disturbed [6; 9] [7; 9] [6; 9] [5; 7] [6; 9] [4; 6]
land
Enhanced air
A4 | quality [5; 7] [3; 5] [2; 4] [6; 8] [5; 8] [8; 10]
monitoring
Improved
A5 waste [7; 9] [5; 7] [4; 6] [8; 10] [7;9] [6; 8]
management
Fire
A6 prevention [6; 8] [3; 5] [2; 4] [6; 8] [8; 10] [7; 9]
measures
After normalization, all criteria were The graphical representation of the utility
converted to a dimensionless scale [0; 1] (Tabu. 5). intervals (Fig. 2) shows that the first two
The normalized matrix allows for the comparison alternatives' intervals overlap slightly. This means
of indicators of different types: environmental, that the difference between A5 and A6 is small,
economic, social, and informational. and the final decision may depend on the
Calculation of the integrated utility clarification of local data, financial conditions and
function based on the weightings revealed that the positions of the stakeholders.
improving waste management and fire prevention To verify the robustness of the results, a
measures are the highest priorities (Table 6). scenario analysis was carried out using four sets
These alternatives combine a high risk of inaction, of weighting coefficients: baseline, environ-
significant social importance, and relatively mental, budgetary-temporal, and informational.
acceptable cost and implementation timeframe The environmental scenario emphasizes the
parameters. magnitude of environmental impact and the risk
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Table 5
Normalized interval assessment matrix [0; 1]
Code | Event Cl C2 C3 C4 C5 C6
. [0.250; [0.500; [0.571; [0.400; [0.000; [0.500;
AL | Landscaping 0.750] 0.833] 0.857] 0.800] 0.400] 0.833]
Ay | Water body [0.500; [0.167; [0.286; [0.200; [0.400; [0.333;
treatment 1.000] 0.500] 0.571] 0.600] 0.800] 0.667]
A3 Rehabilitation of [0.250; [0.000; [0.000; [0.000; [0.200; [0.000;
disturbed land 1.000] 0.333] 0.429] 0.400] 0.800] 0.333]
Ad ES;?{‘CE" ar [0.000: [0.667; [0.714: [0.200: [0.000; [0.667;
quaitty 0.500] 1.000] 1.000] 0.600] 0.600] 1.000]
monitoring
AS Improved waste [0.500; [0.333; [0.429; [0.600; [0.400; [0.333;
management 1.000] 0.667] 0.714] 1.000] 0.800] 0.667]
A6 Fire prevention [0.250; [0.667; [0.714; [0.200; [0.600; [0.500;
measures 0.750] 1.000] 1.000] 0.600] 1.000] 0.833]
Table 6
Integral priority scores of environmental protection measures
Code Event Umin Umax Uc AU Rank
A5 | !mproved waste 0.451 0.848 0.650 0.397 1
management
A6 Fire prevention measures 0.444 0.841 0.642 0.397 2
A2 Water body treatment 0.332 0.729 0.530 0.397 3
Al Landscaping 0.325 0.722 0.523 0.397 4
A4 | Enhanced air quality 0.278 0.715 0.497 0.437 5
monitoring
A3 | Rehabilitation of 0.102 0.616 0.359 0.514 6
disturbed land
AS Improved waste
management P
A6 Fire prevention
measures *
A2 Water body treatment o
A1 Landscaping Py
A4 Enhanced air quality
monitoring e
A3 Rehabilitation of *-
disturbed land
0 0 0,2 0.3 0.4 0.5 0,6 0.8 0.9

Fig. 2 — Interval priority scores of environmental protection measures
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of inaction; the budgetary-temporal scenario
emphasizes costs and the implementation time-
frame; and the informational scenario emphasizes
the availability of online data. The resulting
rankings are shown in Table 7.

Under the baseline scenario (Fig/ 3),
alternative A5 — improving waste management —
came first (Uc = 0.650). Fire safety measures A6
came second (Uc = 0.642). The difference bet-
ween them is only 0.007, indicating that both mea-
sures belong to the same highest-priority group.

The purification of water bodies (A2) was
assigned a third rank (Uc = 0.530). Its high
environmental significance is partly offset by

higher costs and a longer implementation time-
frame. Landscaping of the Al area has a fourth
rank (Uc = 0.523) due to its positive social impact,
but a lower risk of inaction than A5 and A6.

Enhanced atmospheric air monitoring (A4)
ranks fifth under the baseline scenario, although it
rises to third place under the budget-time scenario.
This reflects the nature of monitoring measures:
they are relatively quick and inexpensive, but their
direct environmental benefits are indirect. The
rehabilitation of disturbed land (A3) has the
lowest ranking in all scenarios, which is explained
by its high cost, duration, and the widest range of
uncertainty.

Table 7
Ranks of alternatives under weighting scenarios
Code Event Basic Environmental Budt?r(;teand Information
Al Landscaping 4 4 4 3
A2 | Water body treatment 3 3 5 4
A3 Land restoration 6 6 6 6
Al Enha_mce_d air quality 5 5 3 5
monitoring
A5 Improved waste 1 1 2 1
management
A6 Fire prevention 5 2 1 5
measures
Basic Environmental Budget and time Information
1 » L
2 e ——A1
2 —m—A2
g 3 R —&—A3
Q.
> —»—A4
_é, = < —%—AS5
f -8 AB
= 5 *
-
cC
&
6 & 4 + 4
Fig. 3 — Change in alternative ranks under weighting scenarios
Thus, the computational experiment high risk of inaction occupy the top of the
revealed three patterns: firstly, measures ranking; secondly, low cost and short duration

combining a high environmental impact with a
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can significantly alter an alternative’s position
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in a budget-time scenario; thirdly, the width of
the interval of the integrated assessment is an

important indicator of the need for additional
data.

Discussion

The results obtained are consistent with the
current approach to multi-criteria environmental
assessment, which holds that a management
decision should take into account not just a single
dominant indicator, but a system of
environmental, economic, social, and
informational criteria [9-15]. Works on MCDA
emphasize that environmental problems are
multidimensional, conflicting, and sensitive to
weighting assumptions, and therefore require
stability analysis and transparent justification of
criteria [11, 12]. The scenario analysis conducted
confirmed this thesis: when  weighting
coefficients are changed, the first two alternatives
remain in the leading group, whilst the positions
of Al, A2, and A4 are more sensitive.

A comparison with the literature on nature-
based solutions shows that greening and the
restoration of ecosystem functions generally have
significant socio-environmental impacts, but their
priority depends on local demand for ecosystem
services, available land, costs, and expected co-
benefits [13-18]. In this study, greening received
a medium ranking, which does not negate its
importance but reflects a methodological
distinction between its strategic value and its
priority under conditions of limited resources.

Waste management ranked first because it
offers environmental, public health, and social
benefits. In practice, its assessment requires
further clarification based on local programs, open
budgets, public procurement data, and reports of
unauthorized waste dumps. At the same time, this

area is often well understood by the local
population, which  enhances its  social
significance.

Fire prevention measures ranked second
and remained in the highest-priority group across
all scenarios. This is because fires can rapidly lead
to a deterioration in air quality, loss of vegetation
cover, soil degradation, and secondary
environmental risks. The availability of NASA
FIRMS open data makes this area particularly
suitable for online research and operational
environmental management [19; 20].

The scientific novelty of this work lies in
adapting a multi-criteria  decision-making
methodology under interval uncertainty to the task
of selecting environmental protection measures
based on open online data. Unlike conventional
expert ranking, the proposed approach provides a
formal structure of criteria, transparent weighting
assumptions, the calculation of interval utility
values, and verification of the robustness of the
results.

The practical value of the methodology lies
in its use as a preliminary tool for developing
community environmental protection programs.
The results do not replace field monitoring, but
they do help us determine which alternatives
should have priority for additional data collection.
The widest range of uncertainty was found for the
reclamation of disturbed land, indicating the need
for a spatial inventory of degraded sites, an
assessment of soil contamination, and a technical
and economic justification..

Conclusions

A methodology is proposed for the multi-
criteria prioritization of environmental protection
measures based on open online data. The
methodology combines systematic analysis,
expert-based interval formalization, criterion
normalization, an additive utility function, and
scenario analysis of weighting coefficients.

The study’s information base has been
established, comprising NASA FIRMS, JRC
Global Surface Water, ESA WorldCover,
Copernicus Data Space, OpenAQ, HDX, Global
Forest Watch and EcoZagroza. These sources
enable the development of indicators to assess fire
activity, the state of surface waters, green areas,
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land cover, atmospheric air quality, administrative
boundaries, and environmental threats.

According to the results of the pilot
computational experiment, waste management
improvements and fire safety measures were
given the highest priority. Their integral scores,
based on the midpoint of the interval, were 0.650
and 0.642, respectively, indicating that these
alternatives are closely matched and that further
local data refinement is required before a final
management decision can be made.

It has been established that the clean-up of
water bodies and the greening of the area form the
middle priority group, whilst enhanced air



ISSN 1992-4259 BichHuk XapKiBCKOr0 HaIlliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.
Cepist «Exomnoris». 2026. Bumyck 34

monitoring is particularly sensitive to the budget question posed in the introduction is affirmative:
and time constraints. The restoration of disturbed even with incomplete online information, it is
land has the lowest short-term priority and the possible to obtain a well-founded preliminary
greatest uncertainty, explained by its high cost, ranking of environmental protection measures by
long duration, and the lack of detailed online data. using a multi-criteria model with interval data
A cause-and-effect analysis shows that the representation.

priority of an environmental protection measure is Further research should focus on testing the
determined not only by its environmental impact, methodology within specific local communities in
but by a combination of environmental the Kharkiv region, involving the automated
effectiveness, the risk of inaction, social aggregation of indicators within a GIS and the
significance, cost, implementation timeframe, and comparison of online assessment results with field
the availability of information. The answer to the environmental monitoring data.
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BATATOKPUTEPIAJIBHA OIIHKA ITPIOPUTETHOCTI NIPUPOJOOXOPOHHUX
3AXO/IB HA OCHOBI BIIKPUTHUX OHJIAVH-JAHUX

Merta. Po3pobutn i anpoOyBaTn METOANKY OaraTOKpHTEpialbHOI OLIHKH IPIOPUTETHOCTI IPHPOI00XO0-

POHHHMX 3aX0JIiB HA OCHOBI BIIKPUTHX OHJIAIH-JaHKX 32 YMOB HEIIOBHOTH Ta IHTEPBaJIbHOI HEBU3HAYEHOCTI BUXI-
JHOT iHpOopMarii.

Metoau. CucTeMHMI aHali3, OaraToKkpuTepiajabHe OIIHIOBAHHS, aIUTHBHY (DYHKIIII0 KOPUCHOCTI, €KCIIe-

pPTHE 3BXyBaHHS KPUTEPiiB, HOPMaITi3aIlio MOKa3HUKIB 1 clieHapHuH aHami3. Sk iHpopmariiiny 6a3zy oOrpyHTO-
BaHO BHKOpHUCTaHHS BimkpuTux jokepell: NASA FIRMS mis noxexHoi aktuBHocTi, JRC Global Surface Water
st oeepxueBux Boa, ESA WorldCover i Sentinel-2/Copernicus Data Space mjis 36MHOro Ta POCIAMHHOIO
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nokpuBy, OpenAQ st sikocti mositpst, HDX must anminictpatueaux Mex, Global Forest Watch mist BTpar nepe-
BHOTO OKpUBY Ta Exo3arpo3u sk JOMOMDKXHOTO JDKepelia IIOBIIOMIICHB PO €KOJIOTivHI 3arpO3H.

PesyabsTaTu. JlocmimkeHHs CIpSAMOBaHE Ha MIATPUMKY MOIMEPEIHBOTO BHOOPY MEPIIOUEProBHX il y
cepi eKoJIOrYHOTO MEHEPKMEHTY sl ypOaHi30BaHUX TEPUTOPIH, Jie OTHOYACHO aKTyasIbHi IPOOJIEMHU 3eJICHUX
Haca/KeHb, BOAHUX 00’€KTIB, MOPYIIEHUX 3e€Mellb, aTMOC(EPHOTO MOBITPS, BIAXOIB 1 MOXKEKHOT HEOE3MeKH.
[IpoBeneHo mijOTHUIT OOYHMCITIOBANBEHIH €KCIIEPUMEHT JJIsl YMOBHOI ypOaHi3oBaHOT TepuTopii XapKiBChKOTO pe-
TiOHY 3 IIICThMA ajlbTepPHATUBAMHU Ta LIicTbMa KputepisiMu. COpMOBaHO EKCIIEPTHO-IHTEPBAILHY MATPHIIIO OIli-
HIOBaHHS IPUPOI0O0XOPOHHUX 3aXO0JIiB 32 KPUTEPIsIMH €KOJIOTIYHOTO e(eKTy, BApTOCTi, TEPMiHy peajizaiii, coli-
aNBHOT 3HAYYNIOCTI, pU3UKY OE3MisTIBHOCTI Ta JOCTYIMHOCTI OHJIaWH-1aHuX. HaiiBuii iHTerpaibHi OI[iHKY 3a 0a-
30BHMH BaraMy OTPUMAJIH YAOCKOHAICHHS YIIPaBIiHHA BiIX0JaMH Ta MPOTUIOXKEKHI 3axoau. Jlami posramryBa-
JICS OYUIICHHS BOIHHUX 00’ €KTIB, O3€J€HEHHS TEPUTOPIii, TOCHICHHS MOHITOPHHTY aTMOC(EpHOTO MOBITPS Ta
PEeKyIBTHBAIIIS TOpYIICHUX 3eMenb. ClieHapHUH aHaJli3 II0Ka3as, 10 MEPIIi JBi aTbTepHATHBY 3AIHIIAI0THCS TPY-
MO0 HAMBHIIOT MPIOPUTETHOCTI 32 PI3HUX CXEM BaroBHX Koe(ilieHTIB.

BucHoBKH. 3amTponIoHOBaHA METOHKA Ja€ 3MOTY (hopMaltizyBaTu BHOIp MPUPOIOOXOPOHHUX MPIOPUTETIB
HaBiTh 332 YMOB HENOBHOI OHJalH-iHpopMarii. [HTepBaibHE NMPEACTABICHHS JaHUX JO3BOJISIE HE IIPUXOBYBATH
HEBHM3HAUEHICTh, @ BAKOPUCTOBYBATH 11 SIK OKpEMY XapaKTEepUCTUKY HaIHHOCTI yIIPaBIiHCHKOTO pimeHHs. MeTto-
JIMKa MOJKe OyTH 3aCTOCOBaHa JUIsl ONEPETHHOTO OOIPYHTYBAHHS IIPOrPaM OXOPOHH JOBKIJUIS TEPUTOPIaIbHUX
rpomaj i norpedye noaanpioi anpodaii Ha GaKTUYHKUX JOKAIBHUX Habopax JaHuX.

KJIIOYOBI CJIIOBA: npupooooxopouni 3axoou, 6azamoxpumepianivhe oYiHIOBAHHS, eKON02IYHUL MeHe-
OdicMenm, OHLAUH-0aHT, IHMEPBATIbHA HEGUBHAYECHICMb, (DYHKYISI KOPUCHOCI

Kondguikr inTepeci

ABTOp 3asBIIsie, M0 KOHMIIKTY iHTEpeciB moAo mybikarii nporo pykonucy Hemae. Kpim Toro,
aBTOP TMOBHICTIO JOTPUMYBABCSl €TUYHHAX HOPM, BKIIIOYAIOUM IIariaT, (anbCUQiKalio JaHUX Ta Mo-
NBIAHY Ty OJIiKaILito.

Jexaapanis npo Buxkopuctanus LI

[Tix yac mAroTOBKM I[LOTO PYKOIHKCY JUIS OpraHi3allifHOl MiATPUMKH, CTPYKTYpYBaHHS TEKCTY,

pelaryBaHHsS MOBH Ta BHUKOHAHHS JIOTIOMIXXHHX OOYHMCIICHb BHKOPHUCTOBYBABCS IITYYHHH 1HTEIEKT

ChatGPT-5.5 (OpenAl, 2026). laHi [mTY4HOro MOJsi HE BUKOPUCTOBYBAIUCS. ABTOp Hece TIOBHY Bifl-
MIOBIJJAJILHICTD 32 3MICT, TOUHICTh JJaHUX, IHTEPIIPETAIlI0 Pe3YIbTATIB TA BUCHOBKH..

CnHcok BUKOPHCTaHOI JIiTepaTypH

—_—

. bpuaza H. O. MeTtoau Ta MaTeMaTH9IHi MOAETI MPUHHATTS OaraTOKpUTEpiabHIX PIillIcHh B YMOBaX Pi3HOPITHOT
IHTEPBaJIbHOI HEBU3HAYCHOCTI : JHUC. ... KaH/. TexH. Hayk : 01.05.04. Xapkis, 2013. 175 c. URL: http://openar-
chive.nure.ua/handle/document/1555

2. Saaty T. L. The Analytic Hierarchy Process. New York: McGraw-Hill, 1980. 287 p.

https://doi.org/10.21236/ADA214804
3. Zadeh L. A. Fuzzy sets. Information and Control. 1965. Vol. 8, No. 3. P. 338-353.
https://doi.org/10.1016/S0019-9958(65)90241-X
. Keeney R. L., Raiffa H. Decisions with Multiple Objectives: Preferences and Value Tradeoffs. Cambridge :
Cambridge University Press, 1993. 569 p. https://doi.org/10.1017/CB0O9781139174084
5. Belton V., Stewart T. J. Multiple Criteria Decision Analysis: An Integrated Approach. Boston : Kluwer
Academic Publishers, 2002. 372 p. https://doi.org/10.1007/978-1-4615-1495-4
. Malczewski J. GIS and Multicriteria Decision Analysis. New York : John Wiley & Sons, 1999. 392 p.
. Munda G. Social Multi-Criteria Evaluation for a Sustainable Economy. Berlin: Springer, 2008. 209 p.
https://doi.org/10.1007/978-3-540-73703-2
. Hwang C.-L., Yoon K. Multiple Attribute Decision Making: Methods and Applications. Berlin: Springer, 1981.
259 p. https://doi.org/10.1007/978-3-642-48318-9
9. Zolghadr-Asli B., Bozorg-Haddad O., Chu X. A review of 20-year applications of multi-attribute decision-
making in environmental and water resources planning and management. Environment, Development and
Sustainability. 2021. https://doi.org/10.1007/s10668-021-01278-3

10. Marttunen M., Mustajoki J., Saarikoski H. Complementary use of the ecosystem service concept and multi-
criteria decision analysis in water management. Environmental Management. 2021. Vol. 68. P. 719-735.
https://doi.org/10.1007/s00267-021-01501-x

11. Wigckowski J., Satabun W. Sensitivity analysis approaches in multi-criteria decision analysis: A systematic

review. Applied Soft Computing. 2023. Vol. 148. Article 110915. https://doi.org/10.1016/j.as0¢.2023.110915

N

~N o

(o]

157


http://openarchive.nure.ua/handle/document/1555
http://openarchive.nure.ua/handle/document/1555
https://doi.org/10.21236/ADA214804
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1017/CBO9781139174084
https://doi.org/10.1007/978-1-4615-1495-4
https://doi.org/10.1007/978-3-540-73703-2
https://doi.org/10.1007/978-3-642-48318-9
https://doi.org/10.1007/s10668-021-01278-3
https://doi.org/10.1007/s00267-021-01501-x
https://doi.org/10.1016/j.asoc.2023.110915

ISSN 1992-4259 BichHuk XapKiBCKOr0 HaIlliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.
Cepist «Exomnoris». 2026. Bumyck 34

12. Digkoglou, P., Papathanasiou, J. (2025). Application of multiple criteria decision aiding in environmental
policy-making processes. International Journal of Environmental Science and Technology. 2025. Vol. 22,
6967-6982. https://doi.org/10.1007/s13762-024-06101-w

13. Multi-criteria evaluation method for the selection of nature-based solutions for urban challenges. Journal of
Environmental Management. 2024. Vol. 373. Article 123387. https://doi.org/10.1016/j.jenvman.2024.123387

14. Bousquet M.,Kuller M., Lacroix S., Vanrolleghem P. A. A critical review of multicriteria decision analysis
practices in nature-based solutions and green infrastructure planning. Blue-Green Systems. 2023. VVol. 5, No.
2. P. 200-219. https://doi.org/10.2166/bgs.2023.132

15. Longato D., Cortinovis C., Balzan M.,Geneletti D. A method to prioritize and allocate nature-based solutions
in urban areas based on ecosystem service demand. Landscape and Urban Planning. 2023. Vol. 235. Article
104743. https://doi.org/10.1016/j.landurbplan.2023.104743

16. Urban green space mapping from Sentinel-2 imagery: recent applications and vegetation indices. Urban
Science. 2025. Vol. 9, No. 2. Article 23. https://doi.org/10.3390/urbansci9020023

17. Normalized Difference Vegetation Index threshold-based urban green space mapping from Sentinel-2A
imagery. Land. 2022. Vol. 11, No. 3. Article 351. https://doi.org/10.3390/land11030351

18. High-resolution greenspace dynamic data cube from Sentinel-2 for urban greenspace monitoring. Scientific
Data. 2024. https://doi.org/10.1038/s41597-024-03746-7

19. NASA FIRMS. Active Fire Data. Fire Information for Resource Management System. URL:
https://firms.modaps.eosdis.nasa.gov/active fire/ (nara 3Bepuenns: 29.03.2026).

20. NASA Earthdata. Active Fire Data Attributes for MODIS and VIIRS. URL:
https://www.earthdata.nasa.gov/data/tools/firms/active-fire-data-attributes-modis-viirs ~ (mata 3BepHEHHS:
29.03.2026).

21. Google Earth Engine Data Catalog. JRC Global Surface Water Mapping Layers, v1.4. URL:
https://developers.google.com/earth-engine/datasets/catalog/JRC_GSW1 4 GlobalSurfaceWater (mara 3Be-
puenns: 29.03.2026).

22. Global Surface Water. Data Access. URL: https://global-surface-water.appspot.com/download (mata 3Bep-
Henns: 29.03.2026).

23. ESA WorldCover. Worldwide land cover mapping. URL: https://esa-worldcover.org/en (narta 3BepHEHHS:
29.03.2026).

24. Copernicus Data Space Ecosystem. Open access to Copernicus Sentinel data and APIls. URL:
https://dataspace.copernicus.eu/ (mara 3Bepuenus: 29.03.2026).

25. OpenAQ. OpenAQ API Documentation. URL: https://docs.openaq.org/ (mara 3sepHenus: 29.04.2026).

26. Humanitarian Data Exchange. Ukraine - Subnational Administrative Boundaries. URL:
https://data.humdata.org/dataset/cod-ab-ukr (xara 3Bepuenss: 29.04.2026).

217. Global Forest Watch Open Data Portal. Tree Cover Loss. URL.:
https://data.globalforestwatch.org/documents/tree-cover-loss/explore (mara 3sepHenns: 29.03.2026).

28. Exo3arposa. Odimiitauit pecypc ms ¢ikcanii ekonoriuaux 3arpo3. URL: https://ecozagroza.gov.ua/ (nara
3BepHeHHs: 29.04.2026).

29. ACTY ISO 14001:2015. Cuctemu eKoJOTi4HOTO yIpaBiiHHSI. BUMOTH Ta HaCTaHOBHU I[OJ0 3aCTOCYBaHHS.
Kuis : Il «YxpHIHII», 2015. URL: https://quality.nuph.edu.ua/wp-content/up-
l0ads/2018/10/%D0%94%D0%A1%D0%A2%D0%A3-1SO_14001-2015-.pdf

30. OpenAQ R package. Access Air Quality Data from the OpenAQ APIl. CRAN. 2026. URL.: https://cran.r-
project.org/web/packages/openag/openaq.pdf (mara 3Bepuenns: 29.03.2026).

Crarrs Haxiinwia 1o penakuii 18.04.2026 [epernsnyTo 18.05.2026
Crattsa pexkomenoBana o npyky 20.05.2026 Onyo6nikoBano 30.05.2026

158


https://doi.org/10.1007/s13762-024-06101-w
https://doi.org/10.1016/j.jenvman.2024.123387
https://doi.org/10.2166/bgs.2023.132
https://doi.org/10.1016/j.landurbplan.2023.104743
https://doi.org/10.3390/urbansci9020023
https://doi.org/10.3390/land11030351
https://doi.org/10.1038/s41597-024-03746-7
https://firms.modaps.eosdis.nasa.gov/active_fire/
https://www.earthdata.nasa.gov/data/tools/firms/active-fire-data-attributes-modis-viirs
https://developers.google.com/earth-engine/datasets/catalog/JRC_GSW1_4_GlobalSurfaceWater
https://global-surface-water.appspot.com/download
https://esa-worldcover.org/en
https://dataspace.copernicus.eu/
https://docs.openaq.org/
https://data.humdata.org/dataset/cod-ab-ukr
https://data.globalforestwatch.org/documents/tree-cover-loss/explore
https://ecozagroza.gov.ua/
https://quality.nuph.edu.ua/wp-content/uploads/2018/10/%D0%94%D0%A1%D0%A2%D0%A3-ISO_14001-2015-.pdf
https://quality.nuph.edu.ua/wp-content/uploads/2018/10/%D0%94%D0%A1%D0%A2%D0%A3-ISO_14001-2015-.pdf
https://cran.r-project.org/web/packages/openaq/openaq.pdf
https://cran.r-project.org/web/packages/openaq/openaq.pdf

ISSN 1992-4259 BichHuk XapKiBCKOro HalliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.
Cepist «Exomnoris». 2026. Bumyck 34

https://doi.org/10.26565/1992-4259-2026-34-12
UDC 504.06:336.5(477)

Y. O. MALYSHKO?, PhD (Economy),
Associate Professor of the Department of Finance and Credit
e-mail: jekiaj@ukr.net ORCID ID: https://orcid.org/0000-0002-6691-1785

V.V. CHERNYSHOV?, PhD (Economy),
Associate Professor of the Department of Finance and Credit
e-mail: chernyshov.vvv88@gmail.com ORCID ID: https://orcid.org/0000-0002-8866-0075
1Simon Kuznets Kharkiv National University of Economics
9a, Nauky, Ave., Kharkiv, 61165, Ukraine

REGIONAL DIFFERENTIATION OF ENVIRONMENTAL RISKS AND ENVIRONMENTAL
PROTECTION FINANCING IN UKRAINE BASED ON OPEN DATA

Purpose. To assess regional differentiation in environmental risks and environmental protection financing
in Ukraine and to test a transparent risk-oriented screening approach for detecting oblasts where the relative level
of environmental pressure is not matched by an adequate financial response.

Methods. The empirical analysis is based on open statistical and analytical data. Mathematical modeling
is based on the differentiation of environmental risks and environmental financing, taking into account pollutant
emissions from stationary sources, air pollution in cities, capital investments and current expenditures of enter-
prises on environmental protection. The risk index was formed by min-max normalisation of the emission and air-
pollution variables.

Results. The problem is considered in the context of the spatial concentration of industrial emissions, the
need for evidence-based allocation of environmental resources, and the growing importance of recovery planning
under wartime constraints. A pilot sample of four oblasts was selected: Dnipropetrovsk, Donetsk, Zaporizhzhia
and Kyiv. These regions were chosen because comparable environmental and financial indicators were simultane-
ously available for them. For each region, the regional share of national emissions, the maximum urban air pollu-
tion index, the cumulative financial response for 2014-2023, the share of this response, the environmental pressure-
to-finance ratio and an integrated risk index were calculated. The selected regions together accounted for the
largest number of pollutant emissions from stationary sources in 2021, confirming the pronounced spa-
tial concentration of industrial atmospheric pressure. Dnipropetrovsk oblast ranked first by the integrated risk
index, and also had the largest share of cumulative financial response. Donetsk oblast ranked second by risk, but
demonstrated the strongest imbalance between pressure and financing. Zaporizhzhia oblast also showed an imbal-
ance, Kyiv oblast had a lower atmospheric risk profile but a relatively higher financial share.

Conclusions. Open data can be used for preliminary diagnostics of regional discrepancies between envi-
ronmental pressures and environmental protection financing. The proposed approach does not replace a full envi-
ronmental assessment, but it can serve as an initial analytical module for identifying territories that require more
detailed verification, targeted monitoring and priority consideration in regional environmental programmes. Fur-
ther research should extend the model to a full panel of oblasts and include wartime environmental damage, waste,
water, budget expenditure, environmental tax and socio-economic control variables.
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Introduction

Aligning environmental pressure with an
adequate financial response is one of the key is-
sues of regional environmental management.
For Ukraine, this issue has a dual nature. On the
one hand, the historically established industrial
specialisation of individual oblasts has resulted
in a spatial concentration of emissions, waste
generation and risks for public health. On the
other hand, the full-scale war has significantly
changed the spatial structure of environmental
threats by increasing the role of damage to in-
dustrial facilities, energy infrastructure, water
management systems and territories affected by
hostilities.

Open data make it possible to assess
these imbalances in a transparent and reproduc-
ible way. The State Statistics Service of Ukraine
publishes indicators of pollutant and green-
house gas emissions, including regional indica-
tors and indicators per person [1]. Separate da-
tasets are available on environmental protection
expenditure, capital investments and current ex-
penditure [2], and these datasets can be ac-
cessed and integrated through official digital in-
struments such as the developer API [3]. Addi-
tional contextual information is provided by the
strategic environmental assessment report for
the draft Circular Economy Strategy of Ukraine
[4], the EcoZagroza platform [5], the Open
Budget portal [6], regional environmental re-
ports [7] and open summaries of regional envi-
ronmental investments [8].

Contemporary international practice also
shifts the focus from the formal accounting of
environmental expenditure to the assessment of
its effectiveness and its alignment with environ-
mental needs. In the System of Environmental-
Economic Accounting, environmental protec-
tion expenditure is considered within a broader
system of environmental activities that de-
scribes the relationship between the economy
and the environment [9, 10]. The Eurostat hand-
book provides methodological guidance for en-
vironmental protection expenditure accounts
[11]. Green budgeting is increasingly used in
OECD countries as an instrument for

integrating climate and environmental priorities
into the budget cycle [12], while European and
international datasets make it possible to com-
pare environmental protection expenditure
across countries and policy levels [13, 14].

At the regional level, green budgeting
and environmental risk management are also
connected with the quality of governance and
the ability to direct financial resources to prior-
ity environmental needs [15, 16]. Empirical
studies show that green credit, environmental
protection investment and green finance can in-
fluence environmental sustainability and the fi-
nancial behaviour of enterprises [17, 18]. For
Ukraine and other transition economies, re-
search on financial management in regional en-
vironmental systems, automation of investment
calculations and the relationship between gov-
ernment expenditure and green innovation fur-
ther emphasises the need to connect environ-
mental risks, financial instruments and regional
development priorities [19, 20, 21].

For Ukraine, however, the unresolved
question is whether the spatial distribution of
environmental protection expenditure corre-
sponds to the spatial distribution of environ-
mental risk. Available open data often differ in
periodicity, level of detail and completeness, es-
pecially for the wartime period. Therefore, a
first step should be a screening approach that
identifies the most visible regional asymmetries
and forms a basis for more detailed analysis.

The purpose of the article is to assess the
regional differentiation of environmental risks
and environmental protection financing in
Ukraine on the basis of open data and to test in-
dicators that make it possible to compare envi-
ronmental pressure with the financial response.
To achieve this purpose, the following tasks are
set: to systematise open data sources; to form a
screening set of indicators; to calculate an inte-
grated environmental risk index; to assess the
ratio between a region's share in emissions and
its share in environmental protection financing;
and to identify regions with potential financial-
environmental imbalance.

Methods

The object of the study is the regional dif-
ferentiation of environmental risks and environ-
mental protection financing in Ukraine. The
subject of the study is the relationship between
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the level of atmospheric environmental pressure
and the accumulated financial response in the
form of capital investments and current ex-
penditure for environmental protection.



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

Cepist «Exomnoris». 2026. Bumyck 34

The empirical part has the format of a pi-
lot screening study. Four oblasts are included in
the analysis: Dnipropetrovsk, Donetsk, Za-
porizhzhia and Kyiv. The choice is determined
by the fact that, for these oblasts, open sources
simultaneously provide aggregated indicators
of pollutant emissions from stationary sources
for 2021 and comparable indicators of environ-
mental protection capital investments and cur-
rent expenditure of enterprises for 2014-2023.
This sample does not replace a full panel of ob-
lasts, but it allows the proposed methodology to
be tested and its analytical applicability to be
demonstrated.

The basic environmental indicator is the
regional share of pollutant emissions from sta-
tionary sources in 2021 (Table 1). According to
open materials of the strategic environmental
assessment for the draft Circular Economy
Strategy of Ukraine, Dnipropetrovsk oblast ac-
counted for 24.8% of such emissions, Donetsk
oblast for 18.0%, Zaporizhzhia oblast for 11.6%
and Kyiv oblast for 5.1% [4]. An additional risk
indicator is the maximum air pollution index
(API) recorded for cities within the correspond-
ing region in 2021 [4].

The financial block is formed on the basis
of data on capital investments and current ex-
penditure of enterprises for environmental pro-
tection in 2014-2023. According to an open sum-
mary of State Statistics Service data, capital in-
vestments amounted to UAH 108.46 billion and
current expenditure to UAH 234.47 billion dur-
ing this period [8]. For each region, the cumula-
tive financial response is calculated as the sum of
capital investments and current expenditure.

Al tools were not used for data collection,
statistical calculation or generation of empirical

results. Al-assisted tools were used only for or-
ganisational support, language editing, structur-
ing of the manuscript and technical formatting;
all data, calculations, interpretations and con-
clusions were verified by the author.

The regional share in the financial re-
sponse is calculated as follows:

FS i=((CLi+CE i)/Z i(CL i+ CE 1)) x 100%,
(1)
where FS_i —the share of i-region in cumulative
environmental protection expenditure;
Cl_i — capital investment in i-region;
CE_i — current expenditure in i-region;
¥ i(CLi + CE i) — the total amount of capital
investment and current expenditure in i-region
Ukraine for 2014-2023.
To assess imbalance, the environmental
pressure-to-finance ratio is used:

PFR_i=ES_i/FS_i, )

where ES i is the share of i-region in
emissions from stationary sources and FS_i is
the share of i-region in the financial response. A
PFR_i value above 1 means that the region's
share in environmental pressure exceeds its
share in the financial response.

The integrated risk index is calculated as
the average of two normalised indicators: the re-
gional share of emissions and the maximum
API of cities in the region. Min-max normalisa-
tion is applied:

X_{ij} = (x_{ij} - min(x_j)) / (max(x_j) - min(X_i)??j
RlLi=(ES' i+API'i)/2. 4)

For classification of regions, median val-
ues of the integrated risk index and the share of
the financial response are used.

Table 1
Initial indicators for assessing environmental pressure and financial response
Emissions - Capital Current
Region 2021, SEhr2L585|((3/r1 “ﬁ?ﬂ( investments, | expenditure, U-I,;?Iga:)]n
thous. t PP UAH bn UAH bn
Dnipropetrovsk | ggg 4 24.8 14.7 31.00 71.62 102.62
oblast
Donetsk oblast 403.4 18.0 15.7 10.84 15.93 26.77
Zaporizhzhia | 5g4 o 116 8.0 7.49 20.88 28,37
oblast
Kyiv oblast 113.7 51 4.3 30.08 9.39 39.47

Note. Compiled by the author based on data from [4, 8].
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Results of Research

The dataset shows a significant concentra-
tion of industrial atmospheric pressure in a small
group of regions (Table 1). The four analysed ob-
lasts accounted for 59.5% of pollutant emissions
from stationary sources in 2021. Dnipropetrovsk
oblast had the largest share, 24.8%. Donetsk and
Zaporizhzhia oblasts jointly formed another
29.6%. This confirms the thesis that industrial en-
vironmental risks are concentrated in eastern and
south-eastern regions.

Comparison of environmental pressure and
environmental protection financing revealed an
asymmetry (Table 2). Dnipropetrovsk oblast has

high environmental risk, but also the highest share
of accumulated financial response, 29.9% of the
total amount of capital investments and current
expenditure of enterprises for 2014-2023. By
contrast, Donetsk oblast has 18.0% of emissions
but only 7.8% of the financial response, resulting
in a PFR of 2.31. For Zaporizhzhia oblast, the
PFR is 1.40, which also indicates that the share
of environmental pressure exceeds the share of
financing.

Kyiv oblast has the opposite profile: its
share of emissions is 5.1%, whereas its share of
the financial response is 11.5%. This may be

Table 2

Calculation of environmental risk and environmental protection finance adequacy indicators

Pressure/
finance

Finance

Region share, %

Risk
index

Risk
rank

Finance
rank

Type and inter-
pretation

Dnipropetrovsk

oblast 299

0.83

0.956

High risk - high
financial re-
sponse; finance
share is not lower
than pressure
share

Donetsk oblast 7.8 231

0.827

High risk - lower
financial re-
sponse; imbal-
ance

Zaporizhzhia ob-

last 83

1.40

0.327

Lower risk -
lower financial
response within
the sample; im-
balance

Kyiv oblast 115 0.44

0.000

Lower risk - high
financial re-
sponse; finance
share is not lower
than pressure
share

Note. A pressure-to-finance ratio above 1 means that the region's share in environmental pressure exceeds its

share in the financial response.

related to infrastructure, wastewater treatment or
municipal projects that are not fully reflected by
the atmospheric emissions indicator. This result
demonstrates the need to include not only air
emissions in a complete model, but also waste,
water risks, the condition of wastewater treat-
ment facilities, the impact of hostilities and other
components of environmental safety.

The integrated risk index (Fig. 1) produces
the following sequence: Dnipropetrovsk oblast,
0.956; Donetsk oblast, 0.827; Zaporizhzhia ob-
last, 0.327; and Kyiv oblast, 0.000. Accordingly,
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in the risk-financing matrix, Dnipropetrovsk ob-
last belongs to the group ‘high risk - high finan-
cial response’, Donetsk oblast to the group 'high
risk - lower financial response’, Zaporizhzhia ob-
last to the group 'lower risk - lower financial re-
sponse’ within the sample, and Kyiv oblast to the
group 'lower risk - high financial response’.

In terms of the air pollution index in 2021
(Table 3), the most problematic cities were Ma-
riupol, Kamianske, Dnipro, Odesa and Kryvyi
Rih. Within the selected sample, this strengthens
the risk positions of Donetsk and Dnipropetrovsk
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Risk and financial response matrix

1.0 1 Dripropetrovsk
o
Donetsk
0.8
£
€ 06
T o4
- Zaponzhzhia
0.2
Kyiv
0.0
10 15 20 25 30
Share of cumulative environmental protection expenditure, 2014-2023, %
Fig. 1 - Matrix of integrated risk and financial response
Table 3
Cities with the highest air pollution index in 2021
Rank City Region API
1 Mariupol Donetsk oblast 15.7
2 Kamianske Dnipropetrovsk oblast 14.7
3 Dnipro Dnipropetrovsk oblast 12.8
4 Odesa Odesa oblast 12.5
5 Kryvyi Rih Dnipropetrovsk oblast 12.1
6 Kyiv City of Kyiv 8.6
7 Mykolaiv Mykolaiv oblast 8.5
8 Zaporizhzhia Zaporizhzhia oblast 8.0
9 Kherson Kherson oblast 7.8
10 Kremenchuk Poltava oblast 75

Note. An API level above 14.0 is classified as very high; 7.0-14.0 as high; 5.0-7.0 as elevated; and less than 5.0 as low [4].

oblasts. The highest maximum APl was rec-
orded for Donetsk oblast through Mariupol,
15.7; for Dnipropetrovsk oblast through

Kamianske, 14.7; for Zaporizhzhia oblast
through Zaporizhzhia, 8.0; and for Kyiv oblast
through Bila Tserkva, 4.3.

Discussion

The obtained results have a screening
character, but they demonstrate the practical
usefulness of open data for the preliminary di-
agnosis of regional financial-environmental im-
balances. The most important result is not the
absolute ranking of regions, but the

identification of different types of relationships
between environmental pressure and financial
response.

Dnipropetrovsk oblast is an example of a
region where a high level of risk is accompanied
by a significant environmental protection
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financial response. This does not mean that fi-
nancing is sufficient, but it indicates the presence
of large environmental protection expenditures
that are comparable with the industrial profile of
the region. Donetsk oblast, by contrast, demon-
strates the largest gap between its share in emis-
sions and its share in financing. Given wartime
restrictions, damage to industrial and environ-
mental infrastructure and incomplete statistics
after 2022, this result should be interpreted care-
fully, but regions with such profiles should be the
subject of priority monitoring.

For Zaporizhzhia oblast, the imbalance is
less pronounced, but a PFR value above 1 indi-
cates the need to strengthen the environmental
protection response or to analyse the structure
of expenditure in greater detail. Kyiv oblast
demonstrates a higher financial share compared
with the atmospheric risk indicator, which may
result from the fact that financing is directed not
only towards the reduction of industrial emis-
sions, but also towards other environmental
protection areas.

The scientific novelty of the study con-
sists in testing a simple index approach that in-
tegrates open environmental and financial indi-
cators into a risk-financing matrix. In contrast
to traditional descriptive analysis of emissions

or expenditure separately, the proposed ap-
proach makes it possible to formulate a manage-
ment question: whether the relative amount of
environmental protection expenditure corre-
sponds to the relative level of environmental
pressure.

The practical significance of the results
lies in the possibility of using this approach as a
preliminary module for regional environmental
programmes, budget planning, recovery strate-
gies and the formation of environmental priori-
ties for communities. In an extended version,
the model should include budget expenditure by
functional classification, EcoZagroza data on
wartime environmental damage, indicators of
waste generation and disposal, discharges of
polluted wastewater, the condition of protected
areas and socio-demographic variables.

The main limitation of the study is the use
of different time horizons: environmental indica-
tors are taken for 2021, whereas financial indica-
tors are cumulative for 2014-2023. This limita-
tion is determined by the availability of open re-
gional data. Additional limitations include in-
complete coverage of oblasts, insufficient updat-
ing of indicators for the wartime period and the
impossibility, within a pilot study, of including
all components of environmental risk.

Conclusions

Open data make it possible to form a pre-
liminary toolkit for assessing the regional differ-
entiation of environmental risks and environ-
mental protection financing in Ukraine. The
most suitable sources are State Statistics Service
data on emissions and environmental protection
expenditure, strategic environmental assessment
materials, the Open Budget portal, EcoZagroza
and regional environmental reports.

Within the pilot sample, the concentra-
tion of industrial atmospheric pressure in
Dnipropetrovsk, Donetsk and Zaporizhzhia ob-
lasts is confirmed. The four analysed oblasts
jointly accounted for 59.5% of pollutant emis-
sions from stationary sources in 2021.

The calculated environmental pressure-
to-finance ratio shows the largest imbalance for
Donetsk oblast, where the share in emissions is
2.31 times higher than the share in cumulative
environmental protection expenditure. For Za-
porizhzhia oblast, the ratio is 1.40. Dnipro-

petrovsk oblast has high risk but also a high fi-
nancial response, whereas Kyiv oblast has a
lower atmospheric risk with a relatively high
share of financing.

The proposed risk index and risk-financ-
ing matrix can be used as an instrument for pre-
liminary prioritisation of regions for further en-
vironmental analysis. They should be applied
not as a final ranking, but as a diagnostic mod-
ule that identifies territories for in-depth verifi-
cation.

A prospect for further research is the for-
mation of a full panel dataset in the format 'ob-
last-year' for 2019-2024 with the inclusion of
budget expenditure, environmental tax, data on
waste, water, atmospheric air, wartime environ-
mental damage and socio-economic control
variables. Such a dataset would make it possible
to move from screening analysis to econometric
assessment of the determinants of environmen-
tal protection financing.
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PEI'TOHAJIBHA TU®EPEHIIALIA EKOJIOT'TYHUX PU3UKIB
TA IPUPOJOOXOPOHHOI'O PIHAHCYBAHHS B YKPAIHI
HA OCHOBI BIIKPUTHUX JAHUX

Merta. OmniHIOBaHHS pPerioHaIbHOI ;[H(bepeﬁmaml €KOJIOTIIHHX pI/ISI/IKlB i TIPUPOTOOXOPOHHOTO ¢iHaHCy-
BaHHS B pralHl Ta anpo6au1;1 TPO30POr0 PHU3HK- 0p1€HTOBaHOFO CKpI/IHlHFOBOFO MiAX0AY 10 BUSIBJICHHS 00Ia-
CTeH, y SKMX BiIHOCHHH PiBEHb EKOJIOTIYHOTO TUCKY HE BiAIOBia€ HaIexHiN GiHAHCOBIH peakxiii.

Metoan. EMipudHuii aHami3 IpyHTYETBCS Ha BIJKPUTHX CTATUCTUYHHX Ta aHAJITUYHUX JAaHUX. MaTema-
TUYHE MOJICITIOBaHHS 6a3y€TLc;[ Ha audepeHIianii eKoJIOTIYHUX PU3UKIB Ta IPUPOJIOOXOPOHHOTO (hiHAHCYBaHHS
3 BPaXyBaHHsM BUKUJIIB 3a6py,umoroq1/1x PEUOBHH BiJ CTaI_IIOHapHI/IX JoKepet, 3a0pyTHeHH] aTMOocdepHOoro 1o-
BITpSl B MicTaxX, KalliTAJIbHUX 1HBECTHIIH Ta MOTOYHUX BHTpAT Hl,I[HpI/IeMCTB Ha OXOPOHY HABKOJIMIIHBOTO MpH-
POAHOTO cepeoBHIIa. [HAEeKC pU3HKY COPMOBAHO IUITXOM MiHIMaKCHOT HOpMalti3alii HOKa3HUKIB BUKUIB 1 3a-
OpyIHEHHS TIOBITPSL.

PesyabTaTu. [IpobiieMy pO3IJISTHYTO B KOHTEKCTI IIPOCTOPOBOI KOHIIEHTPAIIT MPOMHUCIIOBUX BUKHUIIB, MO-
Tpebu B JOKA30BOMY PO3IOJIiIi IIPUPOAOOXOPOHHHUX PECYPCIB 1 3pOCTaHHs 3HAUEHHS IUIaHyBaHHS BiJHOBJICHHS B
YMOBax BOEHHUX OOMexeHb. J[o misoTHOT BHOipkH BKJIOUeHO J[HIMpomeTpoBchKy, JloHENbKyY, 3amopi3bKy Ta
KuiBcbky 00MacTi, Ut SKUX OJHOYACHO JIOCTYIIHI 3iCTaBHI €KOJOTiuHi i piHaHCOBI MoKa3HUKH. J{J1s1 KOKHOI 00-
JIACTI PO3PaxOBaHO YACTKY Yy 3arajbHOHAIIOHAIBHUX BUKUIAX, MAKCUMAIbHUNA MICHKUI 1HICKC 3a0pyIHSHHS aT-
Moc(epHOTO TOBITPs, CyKyNmHY (iHaHCOBY BimmoBiap 3a 2014-2023 pp., yacTKy Ii€i BiAMOBiAi, KOedillieHT
CIIBBITHOILIEHHS €KOJIOTIYHOTO THCKY Ta (hiHAHCYBaHHS, a TAKOX IHTErpaJIbHUM iHIeKC pu3uKy. Ha Bubpani 00-
macri Pa3oM npuazano HaO1IbIIa KiITBKICTh BUKHIIB 3a6pyz(HI010q1/Ix PEYOBHH BiJl CTalliOHApHUX JKepeny 2021
poti, 110 l'[l}Z[TBele)KyC BHPAXKEHY POCTOPOBY KOHueHTpauno MPOMHCIIOBOTO aTMOC(bepHOFO THCKY. Juinporer-
POBChKa 00JacCTh TIOCIA ITIepIie Micle 3a lHTerpaHBHI/IM IH/IEKCOM pHU3HKY 31 3Ha4EeHHSM 1 BOJHOYAC Mala
HalOUIbIy YacTKy cykynHoi (iHaHcoBoi Biamosini. JloHenpka obnacTs mocija Apyre micle 3a piBHEM PH3UKY
OJTHAaK NPOJIEMOHCTPYBaJIa HAHCHIIBHIIINH aucOanaHc Mk THCKOM 1 piHaHCyBaHHAM. 3amopi3bka 00JacTh TaKOXK
Maina aucbananc, KuiBcbka 067acTe XapakTepu3yBaiacs HIKYAM aTMOC(EpHUM PH3HKOM, ajie BiTHOCHO BHIIIOIO
(hiHaHCOBOIO YaCTKOIO.

BucHoBkH. MOX/IMBE BHUKOPUCTAHHS BIJKPUTHX NaHUX JAJISI MOMEPEJHBOI AIarHOCTHKH PErioHaJbHUX
HEBIIOBIIHOCTEH MK €KOJIOTTYHUM HABAaHTAXXEHHSM 1 MPUPOJIOOXOPOHHUM (piHAHCYBaHHIM. 3alPOITOHOBAHHUN
MiJIX1]] HE 3aMiHIO€ TIOBHOI €KOJIOTIYHOT OLlIHKH, IPOTE MOXE CIYI'yBaTH MOYaTKOBUM aHAII THIHUM MOJIYJIEM JUIS
BHU3HAYEHHS TEPUTOPiH, 0 MOTPeOyIOTh ACTANBHIIIOI MEPEBIpKH, IITHOBOIO MOHITOPHUHTY Ta MPiOPUTETHOTO
BpaxyBaHHS y PerioHaJIbHUX NMPUPOJA00XOPOHHUX Nporpamax. [lopanbii 10ciiUKeHHS TOUUIBHO CIIPSIMYBaTH Ha
PO3MIMPEHHS MOJIEITi 10 MOBHOT MaHe i 00JacTe i3 BKIFOUEHHSIM BOEHHO! IIKOAM JIOBKIJUTIO, BIJTXOIB, BOJHHUX
PH3HKIB, OI0/PKETHUX BHJATKIB, €KOJIOTIYHOTO MOJAaTKy Ta COLIaIbHO-€KOHOMIYHUX KOHTPOJIbHUX 3MIHHHX.

KJIIOYOBI CJIOBA: exonociunuti pusux, npupo0ooxopoune iHancy8amnns, 8i0Kpumi oaui, pecionaibHa
Oougbepenyiayis, inoeKc pusuKy, ekonoziuna besnexa

KonguikT inTepecis

ABTOpH 3a5BIISIOTH, 0 KOHMIIKTY iHTEpeciB o0 myOJikanii poro pyxomnucy Hemae. KpiM Toro, aBropu
MOBHICTIO IOTPUMYBAJIMCh ETHYHUX HOPM, BKIIIOUAIOUH Iu1ariaT, Ganscudikalito JaHuX Ta Mo/BiiHy myOmiKariito.

166


https://doi.org/10.3390/su172210399
mailto:jekiaj@ukr.net
https://orcid.org/0000-0002-6691-1785
mailto:chernyshov.vvv88@gmail.com
https://orcid.org/0000-0002-8866-0075

ISSN 1992-4259 BichHuk XapKiBCKOro HalliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.
Cepist «Exomnoris». 2026. Bumyck 34

Jexnapauist npo Bukopuctanus LI

[Tixg gac miArOTOBKM IBOTO PYKOMHCY IS OpraHi3aliiHOl MiATPUMKH, MOBHOTO pelaryBaHHsI, CTPYKTYpY-
BaHHS TEKCTY, TEXHIYHOTO (popMaTyBaHHS Ta MOMEPEIHBOI MEPEBIPKH JIOTIKH BHKJIAAy BHKOPHUCTOBYBAJIUCS iH-
cTpyMeHTH mty4yHoro inrenekty ChatGPT-5.5 (OpenAl, 2026). Vci pawi, mkepena, po3paxyHKH, iHTepIpeTamii
Ta BUCHOBKH OYJIM IE€peBipeHi aBTOPOM; aBTOpP Hece BiIIOBINAIBHICTB 38 3MICT PYKOIIHCY.
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MPOEKTHUI NIAXIJ 10 BOHPOBAKEHHS TA OL[IHIOBAHH S
PE3YJIbTATUBHOCTI EKOJIOTTYHOI'O MEHE)KMEHTY
TOTEJIbHO-PECTOPAHHOI'O BI3BHECY

[TinnpuemMcTBa cepr rOCTUHHOCTI IOJICHHO T€HEPYIOTh SKOJIOTIYHE HABAHTAXKCHHS Yepe3 CIOKHUBAHHS
eHepril it BoaM, yTBOPEHHs Xap4OBHX 1 MaKyBaJIbHUX BiJXOJiB, BAKOPUCTAHHS MUMHUX 3aC00IB, JOTICTHUKY I1OC-
TauaHHS Ta CEPBICHI MPOLECH, OJHAK E€KOJIOTIYHI MPAKTHUKH YacTO BIIPOBA/DKYIOTHCS ()parMeHTapHo, Oe3 eTuHOT
CHCTEMH LIiJIeH, BiJIIIOBIAILHOCTI if MOHITOPHUHTY.

MeTta. Po3poOka MpOoEKTHO-OPIEHTOBAHOTO MiXOAY 0 BIPOBAKCHHS CHCTEMH EKOJOTIYHOTO MEHEK-
MEHTY B FOTEJIbHO-PECTOPAaHHOMY Oi3Heci Ha OCHOBI aHaITi3y BIIKPUTHX OHJIAMH-IKEPel 11010 KOOI YHUX MpPaK-
Tk nignpuemcts HORECA Ta no0ynoBn npukiIagHoOT MO YIPaBIiHHS €KOJIOTIYHUM HPOEKTOM.

Metoau. CucteMHHIT aHAaJi3, KOHTEHT-aHaTi3 BIIKPUTHX BeOKeped, MOPIBHIIGHAN aHaTi3, MPOEKTHE MO-
nemoBanHsA, WBS-ctpykrypyBansasa, RACI-miaxin 1o po3noAiiay BigmmoBinamsHOCTI, MaTpuitio pu3ukis i KPI-anamis.

PesyasTaT. EMnipuany 6a3y chopMoBaHo 3a pe3ynpTaTaMu OHIaiiH-aHAmi3y 30 BiIKpUTHX BeOIKEpeI:
8 KOpIIOpaTUBHUX CAMTIB 1 3BITHUX CTOPIHOK TOTEIBHUX IPYTI, IO MPaNlOIOTh HA €BPONEHCHKOMY PHHKY, Ta 22
pPECTOpaHHHUX MEPEX, MPEICTABICHAX Y BiIKpUTOMY pedTHHTY cranocti Which?. Bubipka mMae minmpoBwmii xapak-
TEep; TOMY pe3yJIbTaTh IHTEPIPETOBAHO SIK IIOKa3HUKHU My OJIIYHOTO €KOJIOTTYHOTO PO3KPHTTSI, @ HE SIK CTATUCTHYHO
penpe3eHTaTHBHY OILIHKY Bchoro cekropy HORECA. [y y3araabHEHHsS JaHUX 3aCTOCOBAHO YaCTKH, PAHIKY-
BaHHsI IHIMKATOPIB 1 IHJEKC MyOJIIYHOrO eKOJIOTIYHOI0 PO3KPUTTS. BeTaHOBIEHO, 1110 HAMOLIBII MyOIiYHO PO3K-
PUTHUMH MPAKTUKAMHU € CHEPTeTHYHI Ta KIIIMaTH4HI LiJi, YIPaBIiHHS BIIX0JaMH 1 HAsIBHICTh 3araIbHUX LIILOBUX
OpIEHTHPIB, TOI K CIAOIIMMHU 3aJIMIIAIOTHCS PO30PICTh LI0/I0 BOAOCIIOKHMBAHHS, KIJIbKICHE PO3KPHUTTS Xap4o-
BUX BIIXO/[IiB, TOKaJbHE IIOCTAYaHHS Ta JETalli3allisl BiIMOBITAIEHOCTI HA PiBHI OKPEMOT0 3aKiary. 3a y3araibHe-
HUM iHAEKCOM ITyOJIYHOTO €KOJIOTIYHOTO PO3KPUTTS TOTEIbHI IPYIH JOCITIIA HAHOIIBIIOT0 HOT0 3HAYCHHS, YHM
pecTopaHHI MEpexi, 0 BKa3ye Ha BHUITY iHCTHTYIIOHAI3AIII0 EKOJOTITHOTO MCHEPKMEHTY Y TOTEIIFHOMY CeT-
MeHTi. [IJI1 pecTopaHHUX MepeX HaiOUTbITY YacTKy MO3UTUBHUX OI[IHOK 3a(hiKCOBAHO 3 OJIOKaMHU «ITLTi» Ta «BiJI-
XOJM 1 INTACTHK», @ HAHHIDKYY — 3a OJIOKaMH «ITpOo30picTh 1 BUOIP CIIOKUBaYa» Ta «IOJITHKA HOCTAYaHH».

BucHoBKkH. BipoBa/keHHsI CHCTEMHU €KOJIOTIYHOTO MEHEPKMEHTY Y TOTeIIbHO-PECTOpaHHOMY Oi3Heci 1o-
LJIbHO OPraHi30BYBATH SIK YIIPABIIHCHKUIT IPOEKT 13 UiTKMMU (hazamH iHilianii, ayJuTy, IUIaHyBaHHs, peaizalii,
MOHITOPHHTY, BHYTPIIITHBOTO MEPeryisiy Ta KOPUTYBAIbHUX Aii. 3amporoHOBaHA MOJENh MOXKe OyTH BHKOpPHC-
ta”a mianpuemctBamMu HORECA 1115 mepexo/ty Bifi OKpeMHUX €KOJIOT1YHHX iHIMIaTHB O CHCTEMHOTO YIPABITiHHA
€KOJIOTTYHOI0 PE3yJIbTATUBHICTIO. MexXi y3arajbHEeHHs pe3yJibTaTiB BU3HAYAIOTHCS HEBUITAJAKOBUM XapaKTEepOM
BHOIpKU Ta BUKOPUCTAHHAM BiAKPUTHX OHJIAHH-IKEPEIL.

KJIIOYOBI CJIIOBA: exonociunuii menedaicmenm, ynpasuinis NPOEKMamu, 20meabHo-pecmopantull 0i-
3Hec, pecypcoehekmugHicms, 8i0X00U, CMAnUll pO36UMOK
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Coepa roctunnocti (HORECA) e Bax-
JIUBOIO YaCTHHOIO CEPBICHOI EKOHOMIKH Ta BO-
HOYac CEKTOPOM, Y IKOMY ILOJICHHI OnepaliiHi
nporiecu Oe3nocepeHbO OB’ sI3aH1 3 BUKOPHC-
TaHHSAM MPHUPOTHUX PECYPCiB 1 POPMYyBaHHIM
BimxomiB. lorem, pecropanm, kade Ta TrO-
TEJIbHO-PECTOPaHHI KOMIUIEKCH CIOXHBAIOTh
3HaYHI OOCSTH eJIEKTPOCHEprii, Teruia, BOIM,
MUIHUX 3ac00iB, Xap4oBOi CHPOBHHH, ITaKy-
BaHHS Ta OJJHOPa30BUX MarepianiB. Tomy eko-
noriuanii menemxmMeHT y HORECA He moke
PO3TISAAATHCS JIUIIE AK iMiKeBa a00 KOMYHi-
KalliiHa mpakTuka. BiH Mae OyTH 4acTHHOIO
OTepaIiifiHoro ympaBIiHHS, CUCTEMH SIKOCTI,
YOpaBIiHHSA PU3WKAMH Ta CTPATETi9HOTO PO3-
BUTKY TiANPUEMCTBA.

Mixnaponuuii cragaapt ISO 14001 Bu-
3HAYa€ CHCTEMY EKOJIOT1YHOTO MEHEKMEHTY
SK paMKy, 10 JOIIOMarae Oprasizarlii mpoeKTy-
BaTH, BIPOBA/HKYBaTH Ta MOCTIHHO MOJIMIIY-
BaTH €KOJIOTIYHY Pe3yJbTaTUBHICTh, OXOILIIO-
I0YM PECYPCOKOPUCTYBaHHS, YIIPABIIHHS BiJl-
XOJIaMH, MOHITOPUHT TOKa3HUKIB 1 3aTy4eHHS
creiikxomnuepie [1]. Jlorika ISO 14001 TticHO
nos’si3aHa 3 1ukiaoM Plan-Do-Check-Act, y
SKOMY Oprasizaiisi (opMye eKOJIOTiYHy IMOJTi-
TUKY, TUIAaHY€E IIJI Ta Jii, peamizye ix, OliHIOE
pe3yJIbTaTUBHICTh 1 TMEPErysiac CUCTEMY YII-
paBmiaag [2]. s miANpUEMCTB TOCTHHHOCTI
1Ie 03HAYa€ HEOOXITHICTh MEPEXOdy BiJ| OKpe-
MHUX IHIIIATUB 10 CUCTEMHOIO MOPTQENs eKo-
JIOTIYHHX 3aXO0/liB, IHTErPOBAHMX Y MIOJCHHI Oi-
3HEC-MPOIECH.

€BpONEUCHKHIA MiIX1JT IO CTANIOr0 TypH-
3My TaKOX MiJKPECIIOE 3HAYCHHS EKOJIOTiv-
HOI'O MEHEKMEHTY, €HEepro- i Bogoe(eKTHB-
HOCTI Ta CKOpPOYEHHs BiaxoxiB. 3okpema, EU
Ecolabel mjist TypuCTHYHOTO PO3MIIIICHHS BH-
3Ha4Ya€e EKOJIOT1uHy cepTH(ikauilo K IHCTPY-
MEHT JIEMOHCTpAIlii BUCOKUX CTaHJApTIB YII-
PpaBIiHHS JIOBKIJLIISIM, €HEproe)eKTHBHOCTI, BO-
MoeeKTUBHOCTI Ta 3MEHIIeHHs BigxomiB [3].
Green Key, cBO€10 ueproro, Mo3ULIOHYETHCS SIK
CTaHJApT EKOJIOTIYHOI BIATIOBIAATBHOCTI Ta
cTaJIol OmepamiiHol MisJIBHOCTI JJIS TOTEJIB,
pecTopaHniB, KOH(pEPEHII-EHTPIB Ta 1HIINX TY-
PUCTHYHHUX 00’ €KTIB [4].

YV HayKoBil JiTepaTypi OCTaHHIX POKIB
AKTUBHO PO3TJSIIAIOTHCS MUTAHHS OLIIHIOBAHHS
€KOJIOT1YHOI CTaJOCTI TOTEHIB, EKOJOTIYHOI
ceprudikaiii, XapgoBUX BIIXOIIB y 3aKiagax
XapuyyBaHHS, UUPKYJSPHUX TPAKTUK, BiJIO-

Beryn
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BiganeHOro nocravanus, poii ESG-3BitHOCTI
ta nuppoBoro Mouitopurry [17-20]. 3nauna
YacTUHA Cy4YacHUX JOCIiIKEHb MiATBEPIKYE,
oI0 eKOJIOTiYHA pe3yJbTaTHBHICTh MiANIpH-
€MCTB F'OCTUHHOCTI 3aJIC)KUTh HE JIMIIE BiA Has-
BHOCTI OKPEMHX «3€JICHUX» 3aXO0/IiB, a 1 BiJI CH-
CTEMHOCT] YIPaBIiHHS, PEryJIIpHOCTI BUMIPIO-
BaHHS IMOKA3HUKIB, IIPO30POCTI 3BITHOCTI Ta 3a-
Jy4eHHs nepcoHany. BonHodac y HasBHUX Iy-
OJIIKAIlisIX HEIOCTATHLO PO3KPUTO IMUTAHHS Me-
TOJUYHOTO MOEJHAHHS €KOJOTTYHOTO MEHE]K-
MEHTY 3 IHCTpPYMEHTaMH YTPAaBIIHHS TPOEK-
TaMU: CTPYKTYPOI pOOIT, MAaTPUIICIO BiIIIOBI-
JTAIBHOCTI, PU3MKaMHM, C€TAITHICTI, KOHTPOJIb-
HUMHU Toukamu Ta KPI.

[IpakTnuna mpobiema monArae B TOMY,
110 HaBITh MiATNPHUEMCTBA, SIKi JCKIAPYIOTh CTa-
JICTh, YaCTO PO3KPUBAIOTH Pi3Hi OJIOKK iHDOP-
Martlii HepiBHOMIpHO: onHI myOmikyroTh ESG-
3BITH, iHII BKa3YIOTh JIMIIE 3arajibHi €KOJIOTi-
YHI HaMipH, TPETi MOBIAOMIISIIOTH PO BiIMOBY
BiJl TUTACTUKY a00 JIOKAJBHI MPOMYKTH, aje He
[IO/Ial0Th KiIbKICHUX TMIOKAa3HHKIB, a Taka (par-
MEHTAPHICTh YCKJIQJHIOE OIL[IHIOBAHHS PE3yJib-
TATUBHOCTI, TOPIBHAHHS 3aKJaiB 1 IUIAHY-
BaHHS €KOJIOTIYHHUX TPOEKTIB Ha PiBHI OKpe-
MOT'O TiJIIPHUEMCTBA.

MeToro JIOCTiKEHHSI € PO3pOOIICHHS
MIPOEKTHO-OPIEHTOBAHOTO MiAXOLY A0 BIPOBA-
JDKEHHSI CUCTEMH €KOJIOT1YHOTO MEHEIKMEHTY
B T'OTEIBHO-PECTOPAHHOMY Oi3HECi Ha OCHOBI
aHaJIi3y BIIKPUTUX OHJIAMH-IXKepell MI0A0 eKo-
joriyaux npaktuk mignpuemcts HORECA Ta
noOyJI0BM TIPUKIATHOT MOJETl YHpaBIiHHS
€KOJIOTTYHUM MPOEKTOM.

st 1oCcSITHEHHST METH TIOCTaBJICHO TaKi
3aBJIaHHSA: y3araJlbHUTH €KOJIOTIYHI aCIICKTH i-
smpHOCTI TianpueMcts HORECA; BusHaunTh
IHAWKAaTOPH OHJIAWH-PO3KPUTTS EKOJOTTYHHX
[PAKTHK; TPOBECTH KOHTEHT-aHai3 BHOIPKH
CAMTIB 1 3BITHUX CTOPIHOK TOTEJIHLHHUX Ta PECTO-
PaHHUX MiINPUEMCTB; CUCTEMAaTH3yBaTH BHSB-
JeHl 3aKOHOMIPHOCTI; PO3POOUTH  MOJIEINb
MIPOEKTY BIIPOBA/KCHHSI CHUCTEMH EKOJIOTiY-
HOTO MEHE/DKMEHTY; 3alpONOHYBaTH CHCTEMY
KPI ta MaTpuiio pu3ukis.

HaykoBa HOBHM3HA JOCIIPKEHHS TIOJISITAE
B IHTETpaIii iIHCTPYMEHTIB €KOJIOTIIHOTO MECHE-
JDKMEHTY Ta MPOEKTHOTO YIPaBIiHHS A1 MiAT-
puemctB HORECA Ha ocHOBI aHamizy myOumid-
HOTO €KOJIOTIYHOTO PO3KPUTTS, L0 J03BOJIE
MEpEeHTH BiJ ONMUCY OKPEMHX EKOJOTTYHHX
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NpakTUK A0 MoOymoBu mpukiaanoi EMS-mo-
Jielti 3 BU3HauUeHUMH (hazaMul peanizalii, pu3u-

KaMH, BiJIIOBITaJbHUMH OCOOAMHU Ta BHUMIpIO-
Banumu KPI.

MeToauka

OO0’€KTOM JOCHIPKEHHSI € EeKOJOTiuHi
NPaKTUKW TMiIOPUEMCTB TOTEIbHO-PECTOpPaH-
HOTO Oi3Hecy, SIKi PO3KPHUTI Y BIAKPUTUX BeO-
Jokepenax. [IpeaMeToM MOCHTiKEHHS € TIPOEK-
THHH X1 10 BOPOBAHKEHHS CUCTEMH €KOJIO-
TiYHOTO MeHeDKMEHTY B 3akiagax HORECA.

Emnipruany 6a3y copMoBaHO Ha OCHOBI
30 oguHMIb aHaNi3y. Jlo BUOIpKHU BKIOYECHO 8
KOPIIOPATUBHUX CaKTiB a00 3BITHUX CTOPIHOK
TOTENLHUX TPYII, IO MPAIFOITh Ha €BPOTIEHCH-
KoMy punky: Accor, Hilton, Marriott
International, IHG, Radisson Hotel Group,
Scandic Hotels, NH Hotels, Hyatt. /Ipyra dac-
THHA BHOIPKHU OXOILTIOE 22 pecTOpaHHI MEepPExi,
NpeACTaBiIeHi y BIAKPUTOMY JOCTIIKECHHI
Which? o0 cranocti HalOIBIINX pEeCTOPaH-

Nando’s, Frankie & Benny’s, Young’s Pubs,
Pret a Manger, Wagamama, Beefeater, Brewers
Fayre, Burger King, LEON, Domino’s, JD
Wetherspoon, Pizza Hut, Ask Italian, Har-
vester, Prezzo, Toby Carvery, Zizzi, McDon-
ald’s, Bella Italia, Greggs, KFC [13] (Tabm. 1).

Bubipka € miap0BOIO, a HE CTAaTUCTHIHO
BUIMAAKOBOIO. KpurepisiMu BKIIOYEHHsS OyIiu:
HasBHICTH BiIKpHTOi BeOcTOpiHku, ESG-3Bity,
3BITY 31 CTAJIOTO PO3BUTKY ab0 myOIiyHOTO peii-
THHTY 3 JEeTali3alli€l0 eKOJOTIYHUX MPaKTHUK;
HaJIGKHICTh JIO TOTEJIILHOTO, PECTOPAHHOTO 200
TOTEJIHO-PECTOPAHHOTO CEKTOpY; OIepariiiHa
MPUCYTHICTH Ha €BPONEHCEKOMY PUHKY; MOJKITH-
BICTh iieHTH(iIKyBaTH HIOHAWMEHIIIE TPH 3 BH-
3HAYCHUX 1HJUKATOPIB €KOJOTIYHOI JisUTEHOCTI.

HUX Mepexx Bemwmkoi Bpuranii:  Wahaca, OTxe, pe3ynbTaTd HE CIiJT IHTEPIPETYBATH SIK
Taoauna 1
XapakrepucTuka BUOIPKH OHJIAWH-10CTiIKEeHHS
Table 1
Characteristics of the online research sample
I'pyna OnuHuLi aHadi3y n JkepeJio naHux
Totensui | Accor; Hilton; Marriott International; IHG; Radisson Hotel | 8 | Odiiiini kopnoparusi
rpyIH Group; Scandic Hotels; NH Hotels; Hyatt CalTH, CTOPIHKH CTAJIOCTI,
ESG/ Responsible Business
Marepiaiu
Pecro- Wahaca; Nando’s; Frankie & Benny’s; Young’s Pubs; Pret | 22 | Binkpuruii peiituar Which?
panHi a Manger; Wagamama; Beefeater; Brewers Fayre; Burger Ta oQiLiiiHI CTOPIHKU OKpe-
Mepexi King; LEON; Domino’s; JD Wetherspoon; Pizza Hut; Ask MHUX MEpEexX
Italian; Harvester; Prezzo; Toby Carvery; Zizzi; McDon-
ald’s; Bella Italia; Greggs; KFC
Ycworo ignpuemctra ta mepexxi HORECA, npencrasieni Ha €B- | 30 | Bigkputi oHnaiiH-mxepena
pONENHCHKOMY PHHKY CTaHOM Ha KBiTeHb 2026 p.

CTaTUCTHYHO PEIMPE3CHTATUBHY XapakKTeprc-
tuKy Bcboro cextopy HORECA. Bonu Bino-
OpakaloTb piBEHb, CTPYKTYpy Ta mIpoOieMHi
30HH MyOJIYHOTO OHJIAHH-PO3KPHUTTS €KOJIOTI4-
HUX MIPAKTHK Cepe]l MiANPHUEMCTB, JUIS SIKUX J10-
CTYIHI BigKpHuTi sustainability-marepiamnm.
KonyBanHs 3miiicHIOBaJIOCS 3a ciMoMa
rpymnaMy iHJAWKATOpiB: 1) HasBHICTH €KOJIOTIY-
Hoi noutituk, ESG-3BiTy ab0 cTopiHku cTano-
cTi; 2) eHeproeeKTUBHICTh, BYTJIENEBI IIii
a00 BIJHOBJIIOBaHA €HEPris; 3) Bomo30epe-
JKeHHS a00 MOHITOPHWHT BOJIOCIIOKHBaHHS; 4)
VIpaBIiHHS BigXOJaMH, 30KpeMa Xap4OBHUMHU
BIIXOJIaMH; 5) CKOPOYEHHSI OJHOPA30BOTO TTa-
CTHKY a00 HaKyBaHHS;, 6) JOKaJbHE, BiJIOBi-
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JanbHe abo crane rmocTtayaHHs;, 7) cepTudika-
uisi, KPI, 30BHimHs Bepudikaris abo KinbKicHa
3BITHICTH. {151 TOTENBHUX TPYN 3aCTOCOBYBa-
Jocst OiHapHE KOJyBaHHSI HASBHOCTI/BIJICYTHO-
CT1 BiAMOBiAHOTO OJOKY y BIIKPUTHX Marepia-
nax. s pecTopaHHOI YaCTHHU BHOIPKH KaTe-
ropii Which? ©Oyno iHTepnipeToBaHO TaK:
«resources and emissions» BiJIIOBiIa€ €HEPro-,
BOIO- Ta KIIMaTHYHOMY OJIOKY; «sourcing
policies» — BIANOBiNATHPHOMY MOCTAa4YaHHIO;
«waste and plasticsy» — BiIxoaaM i aKyBaHHIO;
«transparency and customer choice» — Bigkpu-
TOCTI ¥ KOMyHiKalii; «targets» — HasIBHOCTI Ii-
np0BUX opieHTHPIB [ 13]. 3nauenns 60 % i Bute
y BIINOBigHIA KaTeropili posrisganocs SK
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O3HaKa JOCTaTHBOTO PiBHS MyOJIYHOTO PO3K-
PHUTTS, OCKIIBKM BOHO CBiIYHTH MPO TepeBa-
JKaHHS TIO3UTHBHHUX XapaKTePHCTHK Haj (par-
MEHTapHUM a00 MiHIMaJIbHUM PO3KPUTTSIM.
Jis KiTbKiCHOTO y3arajJbHEeHHS! BUKOPH-
CTaHO OITMCOBY CTATHUCTHKY: aOCONIOTHI dYac-
TOTH, YaCTKH Y BiJICOTKAX, paHXyBaHHS 1HIH-
KaTopiB 1 iHAEKC MyOJIiYHOTO €KOJIOT1YHOTO PO-
skputts (IIIEP). IITEP po3paxoByBanu sik Bij-
HOIICHHSI KITBKOCTI IMO3UTHUBHO 1AeHTH(IKOBA-
HUX 1HIUKATOPIB A0 MaKCUMaJbHO MOKIHMBOT
KUTBKOCTI 1HIWMKATOPiB Yy BIAMOBIAHIA TPy,
noMHoxeHe Ha 100 %. Yepes niaboBuil Xapak-
Tep BHOIPKU Ta 0OMEXKEHY KiIBKICTh OJMHHUIIb

aHamizy iH(QEpPEHTHI CTATUCTHYHI BHUCHOBKH
o0 Behoro cekropy HORECA we dhopmyito-
BaJIMCs; OTPUMAaHI YaCTKA BHKOPHCTAHO IS
MOPIBHSJILHOT, JIarHOCTUYHOI Ta METOIUYHOT
iHTeprperaii. MeTtonu IOCHIIPKEHHS TaKOX
BKJIIOYQJIM CHCTEMHHU aHali3, MOPiBHUIBHHHA
KOHTEHT-aHali3, JIOTiYHe y3arajlbHeHHs, T00y-
noBy WBS-CTpyKTYpH HPO€EKTY, PO3pOOIICHHS
matpuni RACI, mobymoBy MaTpuili eKoJoriv-
HUX pm3WKiB 1 (opmyBanHs cucremu KPL
[IpoexTHA MOJENH TOOY/IOBaHA BiIIOBITHO 10
noriku PDCA, xapakTepHoi AJ1sl CHCTEM eKOJI0-
TIYHOTO MEHEDKMEHTY, Ta a/IallTOBaHa JI0 yMOB
manux i cepeanix mianpuemcts HORECA.

Pe3yabTaTn

[IpoBenenmii KOHTEHT-aHAI3 TIOKa3aB,
0 MyOTivHEe PO3KPUTTS €KOJIOTIYHUX MMPAKTHK
y HORECA mae BupakeHy HEepiBHOMIPHICTb SIK
MK CErMEHTaMH, TaK 1 MK OKpeMHMH OJo-
KaMH €KOJIOTIYHOTO MEHEKMEHTY. | oTenmbHi
IpYNH 4YacTille BUKOPHCTOBYIOTH KOPIIOpPATH-
BHI 3BiTH, ESG-Ta0nuii, miaTBepIKeHHs Tpe-
THOIO CTOPOHOI0, cepTU(iKaIiiHI IHCTPYMEHTH
Ta KUTBKICHI TOKa3HWKH. PecropanHi Mepexi
yacTillle PO3KPUBAIOTH KOHKPETHI CIOXKUBYO
BUJIMMI TIPAaKTUKH: POCIMHHI MO3UIlii B MEHIO,
CKOPOYEHHS IIACTHKY, BiAMOBIZAIbHE MOCTA-
YaHHS OKPEMUX IIPOAYKTIB, I[iJII I10/I0 BUKH/IIB
abo BimxoziB. BogHouac pectopanHuii cekTop
MEHIII CTaOUTFHUI 32 piBHEM IPO30POCTi BOJO-
CIIOKMBaHHS, XapYOBUX BIIXO/IB 1 (aKTHUHHX
kinmbKicaux KPI.

Cepen TOTENBHEX TPYH yCi POAHaIi30-
BaHI OJIMHMIII MAIOTh OKPEMi CTOPIHKH CTAIOCTI
a0o0 3BiTHI MaTepiain. Accor IeKiIapye HayKOBO
0OTpYHTOBAaHUM MiAXiJ] O CTaJIOl TOCTUHHOCTI,
IJIb CKOPOUEHHS BYTJIELIEBUX BUKHIIB Ha 36 %
1 3MCHILIEHHS Xap4yoBuX BiaxojiB Ha 60 % 10
2030 p. [5].

Hilton, Marriott Ta IHG maroTe okpemi
CTOPIHKH 31 3BiTHICTIO, performance tables, CDP-
BianosimsamMu a6o ESG-marepianamu [6-8].

Radisson Hotel Group y 3Biti 3a 2024 p. mi-
JKPECIIOE  3HIDKEHHSI BHKHIB, EHEPreTHYHOIO
CITiTy, BUKOPUCTAHHSI BiJJHOBIIIOBAHOI E€IIEKTpOE-
Heprii, po3suTok EV-iH(pacTpykTypu Ta Tpe-
THHHY Bepudikawiro yactuam noprdens [9].

NH Hotels mpsiMo Bkazye Ha Kpwurepii
«green hotelsy», KOHTPOJb BYTJIEIEBOTO CIiAY,
eHeprii i BoaH, JIOKaJIbHE TOCTaYaHHs, PO3/i-
JICHHSI BITXOMIB 1 3aXOAW MPOTHU XapUOBUX
Brpar [11]. Hyatt y wMarepiamax om0
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€KOJIOTIYHOI CTaJOCTI BUALUISE KIIMAaT 1 BOAY,
BIJIXOJM Ta IUPKYJISIPHICTH, BiATIOBiJAIBHE TT0-
CTayaHHS 1 3aXHCT JIOKAJbHUX CEPEIOBHIL SK
¢doxycHi Hanpsimu [ 12].

OTxe, UIsl TOTENFHOI YacCTUHH BUOIPKH
XapakTepHa BUINA IHCTUTYIIOHAJI3aIlisl eKOJI0-
TYHOTO MeHEeHKMeHTY. Lle TposBisieThes uepe3
KOpPIOpaTHBHI TONITHKH, 3BiTH, cepTH]ikartii,
i go 2030 p., He3aJexHi MiATBepIKESHHS Jla-
HUX 1 IeTali3alliio [IOKa3HUKIB Ha PiBHI OPTQess
roreniB. BogHovac HaBiTh y TOTENBHHUX Ipymax
HE BCi NMPaKTUKU OJHAKOBO IPO30PO PO3KPHBA-
IOTBCSI HA PIBHI OKpeMOro 00’€kra. 3 MOIJIsay
NPOEKTHOTO YTPABIIHHA II€ CBIIYWTH MPO MOT-
peOy B nokaizauii kopnopatuBaux ESG-mineit y
(dopMati KOHKpETHHX IIPOEKTIB TOTENO abo To-
TEJIBHO-PECTOPAHHOTO KOMITIEKCY.

JIns pecropaHHOI 4aCcTWHH BUOIPKH BH-
KOpHCTaHO Biakputi pesynbratn Which?, y
SKHX 22 Mepexi OI[iHIoBaJMCS 32 OJIOKaMH pe-
CYpPCiB 1 BUKHIIB, TIOJITUK [TOCTA4aHHsI, BiIXO-
IiB 1 IUTACTHKY, MPO30POCTi Ta LIJILOBUX Opi€H-
TupiB. 3a moporoM 60% HaWBHII pe3ylbTaTH
roKasajau OJoKH «wii» — 22 3 22 mMepex, abo
100%, Ta «Bigxoau i mnactuk» — 19 3 22 Mepex,
abo 86,4%.

Brnok «pecypcu 1 Bukuam» mae 17 nosu-
THBHUX OILIHOK, a00 77,3%. Halicnabmmmu €
«IOJITHKY TOCTaYaHHsI» — 5 3 22 Mepex, abo
22,7%, i «ipo30picTh Ta BHOIp CIIOKKUBAYa» — 7
3 22 mepex, abo 31,8%. CepenHi 3HaUCHHS Ka-
TEropiii cTaHoBWIHM BiATOBIAHO 69,2%, 52,0%,
71,9%, 44,5% 1 84,5% [13] (Tabm. 2).

KinpkicHe y3aranbHEHHS pe3yJIbTaTiB
[0Ka3ajo, 10 CEpPEeAHid IHACKC ITyOJIIYHOTrO
€KOJIOTTYHOTO PO3KPHUTTS IS TOTENBHHUX TPYI
cranoBuB 82,5% (33 nmo3uTHBHI inenTH}iKamii
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Taéauns 2

Y3arajbHeHi pe3yJIbTaTH OHJIAHH-KOHTEHT-aHAJIi3y ekoJoriunux npaktuk HORECA

Table 2

Generalized results of online content analysis of environmental practices in HORECA

Kinb- .
I'pyna IngukarTop KicTh % InTepnperanis
ToTenpHI rpymnu Exomnorivna momi- 8/8 100,0 | HasBHICTB CTOPIHOK CTAJOCTI,
tuka / ESG-3BitT ESG/Responsible Business adbo
performance marepianiB
l'otenbHi rpynu Eneproedexrus- 8/8 100,0 | Byrneuesi wini, energy footprint, BisHOB-
HICTB / KJIIMAaTHU4HI nroBaHa eHeprist, CDP a0o ananoriusae po-
i 3KPHUTTA
ToTenbHi rpynu BonozoepexenHs / 6/8 75,0 Bopa po3kpurta He B yCiX KOPOTKUX BEO-
BOJHUI MaTepianax, JacTime y 3Bitax abo momat-
MOHITOPHHT Kax
TotenpHi rpymH Bimxonun / xap4oBi 6/8 75,0 | Haifgacrime 3ramyrotecs food waste,
BiIX0a1 recycling, circularity abo hazardous waste
monitoring
TotenbHi rpynu Ceprudikarris / 5/8 62,5 | Eco-label, Hotel Sustainability Basics,
30BHIIIHS assurance statements, ISO/GRI/CDP
BepHuQIiKallist MPaKTUKH
Pectopanni mepexi | Pecypen ta Buknan 17/22 77,3 | Kareropis Which?: emissions data, water
consumption, renewable energy
Pecropanni mepexi | IlomiTuku nocra- 5/22 22,7 | HaiicnaOmmii 6110K: XapuoBa CUpOBHHA,
YaHHA cleaning products, macTuK i HaKyBaHHs
Pecropanni mepexi | Binxonu 19/22 86,4 | Bucokuii piBeHb JieKiIapyBaHHsI
Ta IUIACTHK waste/plastics mpakTuk
Pecropanni mepexi | IIpo3opicts i BuOip 7122 31,8 | ObmexeHe po3kpuTTs iHGOpMaLiT st
CIIOKHABayva KJIIEHTIB 1 HEMTOBHA JIOCTYIIHICTh TAHUX
Pectopanni mepexi | 11inboBi opieHTHPH 22/22 100,0 | Yci mepexi y BUOIpIli MarOTh MEBHI
targets 3a mkaao Which?

3 40 MOXIUBUX 3a II’ATbMa y3arajJbHEHUMH
O5oKaMu), TOJI SIK JUIS PECTOPAHHUX MEPEXK -
63,6% (70 mosutuBHUX imeHTUdiKamiK 31 110
MOYJIMBUX). Pi3HHII MK CerMEHTaMu CTaHO-
BUTH 18,9 BiJICOTKOBOTO MyHKTY 1 Ma€ JiarHoc-
TUYHHUH, a He penpe3eHTaTUBHO-CTATUCTUIHNI
xapakTep. Bona Bka3ye Ha BuILy popmaizario
€KOJIOTIYHOT0 MEHE/DKMEHTY Y BEJMKHX TOTe-
JBHUX Tpymax Ta Oinbiy ¢pparMeHTapHICTh OH-
JAH-PO3KPUTTSI Y PECTOPAaHHOMY CETrMEHTI.
HaiicunpHimmmu 0J10KaMu € KIiMaTHYHO-eHe-
PreTUYHi 1T, BIIXO/H, IUTACTUK 1 3arajbHi Iii-
Nb0Bi opieHTHpHY. Halicmabmmmu 3amuimaroTbes
BIJINIOBiIa/IbHE TIOCTAYaHHs, MPO30PICTh IS
CIOXKHMBaYa, BOJOCTIOXKUBAHHS Ta KiJIbKiCHE pO-
3KPUTTS XapUOBHX BiJIXO/iB.

1 IpO€EKTHOTO MiIXO0AY KIIIOYOBUM €
T€, IO BHUABJIEHI MPAKTUKN MAIOTh Pi3HUH pi-
BEHb 3PUIOCTI: YaCTHHA 3 HUX € MOJITHIHUMH
JeKIapalisiMi abo KOPIOPaTHBHUMH LIJISIMH,
YyacTUHA — ONEpaliiiHUMU MpoLeaypaMHu, dac-
tnHa — BuMiptoBanuMH KPI. Omxe, EMS y
HORECA ne moxe OyTu BOpOBapKEHa JIUILE
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Yyepe3 3arajbHy EKOJIOTiYHYy MOJITHKY. BoHa
noTpedye CTPYKTYpyBaHHS K POEKT i3 BU3HA-
YEeHHUMH [IaKeTaMu poOiT, BiJNOBiATBPHUMUA
ocobamm, pecypcamu, CTPOKaMH, PH3UKaMHU,
0a30BMMH IMOKA3HUKAMHU Ta KOHTPOJLHUMH TO-
YKaMH MOHITOPHHTY.

Ha ocHOBi y3aranbHEHHs pe3yJbTaTiB
KOHTEHT-aHalli3y BIIKpUTHX BeOMartepiaminB
MiANPUEMCTB TOTEIFHO-PECTOPAHHOTO Oi3HEeCy
Ta CUCTEMAaTH3allii eKOJIOTIYHUX MPAKTUK PO3-
PpOOJIEHO MPOEKTHY MOJIENb BITPOBAIKCHHS CH-
CTEMH  €KOJIOTIYHOTO  MEHEDKMEHTY B
HORECA (ta6mn. 3). Monens nependadae moc-
JIOBHUH TepexiJ BiJ MEPBHHHOTO €KOJIOTIY-
HOTO ayAuTy 10 (GOPMYBaHHS €KOJOTIYHOI IMO-
JITUKY, TUIAHYBAaHHS MPOEKTHUX 3aXOJliB, PO3-
MIO/IUTY BiAMOBIAAILHOCTI, BIPOBAKEHHS OTIe-
paliifHuX 3MiH, MOHITOPUHTY ekosoriyanx KPI
Ta KOPUTYBaIbHUX Iiii (puc. 1).

3anpornoHOBaHa ~ MOJACTh  PO3TIISAIAE
BIIPOBQ/DKCHHSI CUCTEMH EKOJIOT1YHOTO MEHe-
JUKMEHTY He SIK OHOPa30BHi Habip IPUPOI00-
XOPOHHUX 3aXO/IiB, a SIK KOMITJICKCHUH yIpaB-
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Ta6auus 3

IIpoexTHA MOIe] 1> BIPOBAIKEHHS CCTeMHU eKojoriunoro Mmeneq:xMenty B HORECA

Table 3

Project model for implementing an environmental management system in HORECA

Etan

3mMicT pobit

IIpoexkTHMIi pe3yabTaT

1. Imimiamnis

PimeHHs kepiBHUILITBA, NPU3HAYCHHS Ke-
pIBHHKA NPOEKTY, BU3HAaYeHHs Mk EMS

CraTyT NpPOEKTY, KOMaH/Ia, Ionepe-
JIHIH TIepertik CTeHKXONIepiB

2. IlepunHMit
CKOJIOTIUHU ayTuT

30ip JaHUX MO0 CHEPrii, BOIM, BIAXO/IIB,
MAKyBaHHs, IOCTAYaHHs, XiMil

PeecTp ekoioriuHNX acmekTiB i 0a-
30Ba JIiHis TOKa3HUKIB

3. IInanyBaHHS

®dopmysanns 1ieit, KPI, WBS, 61o-
Jokety, rpadika, pusukiB i RACI

[Tnan yrpaBiiHHS MPOEKTOM BIIPO-
BaukeHHss EMS

4. Peamizaris

BripoBakeHHS IPOLIEYp COPTYBAHHS,
€HEepro- i BOJOOMIATHAX 3aX0/iB, 3aKyIIi-
BeJlb, HABYAHHS

3ary1eHi eKoIOTiYHi MPOIeTypH Ta
orepaniiHi IHCTPYKIT

5. MoHniTopuHT

Perymsipamii 36ip KPI, koHTpOIH BUKO-
HaHHs 3aX0J(iB, BHYTPIIIHSI 3BiTHICTh

ITanens eKOJIOTIYHHUX IMOKA3HUKIB 1
3BIT PO BIAXUJICHHS

6. BHyTpimHi# aymuT

ITepeBipka mpouenyp, iHTEpB 10 3 IEpco-
HAJIOM, aHaJIi3 JOKYMEHTIB 1 pakTHIHUX
JIAaHUX

AKT BHYTpILIIHBOTO ayAUTY Ta mepe-
JIK HEBIAMOBITHOCTEN

7. KopuryBanbHi aii

OHOBJICHHS I1iJICH, TPOIIETyp, BiMOBI1a-
JIbHMX 1 HABYAJIbHHX MPOrpamM

IIi1ad noCTIMHOTO MOMIMIIIEHHS
EMS

Peanizauis

IlnanyBaHH

A

IMocTiline
noJIinmeH
HA

BHyTpimHi
¥ ayaut

Kopurysan
bHi Aii

Puc. 1 — Jlorika npoeKkTHOTO BIPOBAKEHHS CUCTEMH eKoJoriynoro menekMenty B HORECA
Fig. 1 — Logic of project-based EMS implementation in HORECA

JHCBKHIT TIPOEKT. Moro pesyssTaTHBHICTS 3aite-
JKUTh BiJl Y3rOKSHHS €KOJIOTIYHHUX LIIEH 13 pe-
CypcamH MiJNPHEMCTBA, YUacCTi IepCoHay, B3ae-
MOJIii 3 TOCTaYaTbHUKAMH, KOMYHIKaIlii 3 KITi€H-
TaMH Ta PEryJIsiPHOTO BUMIPIOBAHHS €KOJIOTTYHUX
TIOKa3HUKIB

SIk BuaHO 3 TaOI1. 3, TOJIOBHOIO OCOOJIHBI-
CTIO 3aIlPOTNIOHOBAHOI MOZENI € IHTerpamis iH-
CTPYMEHTIB MPOEKTHOTO YIIPABIIHHS 3 €KOJIOT14-
HUMH 1HJWKATOPaMH JTISUTBHOCTI ITiANPHEMCTBA.
Ha eram imimiamii BU3HAYAIOTHCS EKOJIOTTYHI
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mpoOJeMH Ta MeXi MPOEKTY; HA eTali IUIaHy-
BaHHS (DOPMYIOTBCS LILJI1, PECYPCH, BIAMOBI fajIbHI
0co0M Ta O4IKyBaHI SKOJIOTIYHI pe3yJbTaTH; Ha
erari peanizamii BIPOBaDKYIOThCS KOHKPETHI 3a-
XOJIY III0JI0 CKOPOUCHHS BiJIXOJIiB, EKOHOMII €He-
prii ¥ BOAM, ONTHMI3ALIl MMAKyBaHHS Ta IOCTa-
YaHHSI.

3aBepluanbHUA eTan mnependavyae MOHITO-
puar KPI, BHYTpimIHIl ayauT 1 KOPUTYBaJIbHI i,
o 3abe3redye OesnepepBHE TOMIMIIEHHS CHC-
TEMH EKOJIOTTYHOTO MEHEIDKMEHTY.
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JI1s paKTHYHOTO 3aCTOCYBAHHS 3aIPOIIO-
HOBAHOI TPOEKTHOI MOJIENI HEOOXIMHHM € He
JIMIIIE BU3HAYCHHS €TaIliB BIpoBapkeHHsI EMS, a
1 ineHTHdIKaIis PU3HKIB, SIKI MOXKYTh BIUIMHYTH
Ha JIOCSATHECHHS €KOJIOTIYHMX Iiiel. Pe3ynbraru
OHJIaH-KOHTEHT-aHaTi3y TIOKa3ajH, IO Haii-
OUTBIT TIPOOJIEMHMMH 30HAMH IS TTiATIPHEMCTB
HORECA € HemocTaTHICTh KUIBKICHHMX JaHHX,

HEPIBHOMIPHICTb PO3KPHUTTS iHpOpMaLii mpo Bo-
JOCTIOKMBAHHSI, Xap4OBi BIZIXO/, TIOCTA4YaHHS Ta
BIZIMTOBITAJIGHICTD Ha PIBHI OKPEMOTO 3aKIIasy.
Tomy B Mekax HPOEKTHOTO MiAXOAY AOLLIEHO
nepeadaynTH PU3UK-MEHEIKMEHT SIK OKpPEeMHI
enemeHT EMS. MatpuIfo pu3uKiB IIPOEKTY BIPO-
Ba/DKCHHS CUCTEMH EKOJIOTITYHOT'O MEHEKMEHTY
B 3akiani HORECA nozgaHo B Ta0:1. 4.

Tab6auus 4

MaTpuns pu3nkis npoekty Bnposajx:kensa EMS y 3aknagi HORECA

Table 4

Risk matrix of the EMS implementation project in a HORECA establishment

Pusuk HmoBipHicThb Brnuius 3axoau pearyBaHHsi
HenmocratHicTh BUXiTHUX Bucoka Bucokuit | 3anpoBamuTH KypHAIH OONIKY, JIYAIHHUKH,
JAHUX 0710 PECYPCIB i BiJIMIOBIaIbHUX 3a moMicsunuit 30ip KPI
BigxoniB
Omip nepcoHasy HOBUM Bucoxa Cepenniit | [IpoBecTr KOPOTKI TPEHIHIH, IHCTPYKTaXI,
Ipornexrypam Bi3yaJIbHI IiJJKa3KH, CUCTEMY MOTHBaLii
dopmanbHUN XapakTep Cepenns Bucokuit | ITow’si3atu nosituky 3 KPI, ayautom i Biamosi-
€KOJIOT1YHOI NOJITHKH JIAJIbHICTIO KePIBHUKIB 3MiH
3pocTaHHs BUTpaT Ha Cepenns Cepenniit | [TopiBHSATH abTEpPHATHBY, BIPOBAKYBaTH
€KOJIOTI4HI MaTepiaiu abo MOETAITHO, PAXyBaTH MOBHY BapTICTh KUTTEBOTO
MIOCTaYaHHs IIHKITY
HenaniftHicTh TOKaIEHUX Cepenns Cepemniit | ChopmyBaTs Iy adbTePHATUBHUX MOCTaYaIlb-
a00 eKOJIOTIYHHX IToCcTavya- HUKIB 1 MiHIMaJbHI €KOJIOT1YHI KpHUTEpii
JIbHUKIB
Hepnogipa rocreii o green Cepemus Bucokuit | [IyOnikyBaTy BUMipIOBaHi 1aHi, YHUKATH
claims greenwashing, BHKOpUCTOBYBaTH BepH]ikoBaHi

ceprudikarii
BincyTHicTh OromxkeTy Ha Bucoxka Bucoxknii Po3aimuTu npoeKT Ha MIBUIKI MATOBUTPATHI dii
MOJICPHI3aIIiI0 Ta KaIliTalbHi 3aX0H 3 OKYITHICTIO

Sk Bu3HaueHo 3 Tabm. 4, HAWKPUTHUYHI-
MU pr3uKamMu Ipoekty EMS e HenocratHicTh
BUXiJTHUX JAHUX IIIOJI0 PECYPCIB 1 BIAXOJIIB, OMIp
MepCOHaly HOBUM IMpoueaypaMm, (GpopMalbHHA
XapaKTep €KOJIOTIYHOT IMOJIITUKH Ta BIICYTHICTH
OroKeTy Ha MojepHizaiito. L{i pusuku mMaTh
BUCOKHIA 200 cepe/Hil piBeHb BILTUBY, OCKLUILKH
0e3 JocToBipHOT 0a30BO1 iH(OpMaIIii, MITPH-
MKH TIEPCOHay Ta (hiHaHCOBOrO 3a0e3reUeHHs
€KOJIOT1YHA MOJIITHKA MOYKE 3aIUIIUTUCS JeKIa-
PaTUBHOIO. 3apONOHOBAaHI 3aX0AH pearyBaHHs
CHpsIMOBAaHi Ha Mepexiz BijJ q)opManLHoro BIIPO-
Ba/pkeHHst EMS 1o onepatiiiHoro ynpasmiiHHS:
3alpoBaKeHHST O0JIIKY MOKA3HHKIB, HAaBUAHHS
NepcoHaly, rmoeranHe (iHAHCYBaHHsS, BU3HA-
YEeHHS BIIMOBITAILHUX OCi0 1 BAKOPHCTaHHS Be-
pu(iKOBaHUX EKOJIOTTYHMX TBEPPKEHb. TakuM
YHUHOM, MATPHIIS PU3HMKIB BUKOHYE (QYHKIIIIO 1H-
CTPYMEHTY IIONIEPEIKEHHS YIIPaBIIHCHKUX, OpP-
ra”i3aifHnX 1 KOMyHIKaliiHuX Oap’epiB Tifg
gac peanizaiii eKOJIOTi9HOTO TIPOEKTY.
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Ockinbkn  BopoBajxeHHs EMS vy
HORECA posrisinaerses sIK  yIpaBliHCHKHI
IIPOEKT, MOTO PE3yNIbTATUBHICTh Ma€ OIlIHIOBA-
THCS 32 CHCTEMOI0 BHUMIpPIOBAHMX MOKA3HHKIB.
KPI HeoOXiaHi /i HOPIBHAHHS 0a30BOTO CTaHY
MIAMPUEMCTBA 3 pe3ybTaTaMH MICIs BIPOBaA-
JOKEHHS €KOJIOITYHMX 3aX0JIiB, KOHTPOJIIO BUKO-
HaHHS IUTaHy, BUSBJICHHS BIIXWJICHb 1 TPUi-
HATTS KOPUTYBAJIbHUX PIllIeHb. 3 ypaxyBaHHIM
€KOJIOTIYHUX aCIEKTIB, BUSBIEHHUX ITiJ{ Yac OH-
JafH-KOHTEHT-aHANI3y, 3alpONOHOBAHO CHC-
temy KPI mist oriHrOBaHHS pe3yJbTaTHBHOCTI
npoexty EMS, naBeneny B Tadur. 5.

3anpornonoBana cucrema KPI oxomtoe
KJIIOYOBl €KOJIOrIYHI acCIIeKTH HisSJIBHOCTI 3a-
knany HORECA: Bimxoau, XapuoBi BTpaTH,
EHEProCIIOKUBaHHS, BOJIOCIIOKMBAHHS, IMaKy-
BaHHS, IOCTaYaHHs, HABYaHHS TIEPCOHANY, BH-
KOHAHHSI €KOJIOT19HOTO IIaHy Ta KOMYHIKAIIi0
3 KiieHTamMu. Ha BiIMiHy Bifl 3aralbHUX JeKiIa-
partiif Ipo CTaNiCTh, TaKi MOKa3HUKH JO3BOJIS-
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Taoaunga 5
Cucrema KPI 111 oniHioBanHs pe3yabTaTUBHOCTI npoekty EMS
Table 5
KPI system for evaluating the EMS project performance
Hanpsim KPI OnuHUISA BUMIpY IepionnunicTh
Bigxonu YacTka BiZICOPTOBaHUX BiIXOMIB % Big 3aranpHOro 00- | Lllomicsis
CATY
XapyoBi Bif- OOcsr Xxap4oBUX BIAXOIB Ha OJI- KI/TICTB [loTrxkHs / momicsis
XOIH HOTI'O TOCTSI
Enepris CrnoxxuBaHHA enekrpoeHeprii Ha 1 | kBr-rox/on. MMomicsms
rocThO-IeHb a00 1 mocaakoBe Mi-
cle
Boma Crio>kKMBaHHS BOIM HA OIHOTO TO- T/TicTh; I/HOMEPO- [lomicsis
cTs 200 HOMepo-100y noba
[NaxyBanHs YacTka 0JHOPa30BOTO TIACTHKY B | % [{oxBaprairy
3aKYIIBIIAX
[TocTauanus Yacrka nokanpHEX ab0 Bignosiga- | % [{okBapTany
JILHUX [TOCTaYaIbLHMKIB
IIepconan YacTtka nepcoHaiy, 1110 IpOHIIIOB % [MoxBapTany
€KOJIOTIYHUH IHCTPYKTaX
YnpapiiHHs YacTka BUKOHaHUX 3aX0JIiB eKoyo- | % omicsius
TIYHOTO IUIAHY
KomyHikartis KinpkicTh myOIIiYHUX TTOBIIOM- oJl. II{oxBaprairy
JIeHb 200 OHOBJIEHD MO0 €KOJIOTi-
YHHX MPAKTHK

I0Th KUTbKICHO OL[IHUTH (PaKTUYHY PE3yIbTaTH-
BHiCTb mpoekty EMS. HaiiGinbm onepartus-
HUMHU € 1moTmwxHeBl Tta momicauni KPI mono
XapYOBHX BIJIXOJIB, EHEPTil, BOJU i BAKOHAHHS
3axofiB exojoriuHoro riany. ll{oxBaprambHi
NOKA3HUKH JIOLUIBHO 3aCTOCOBYBAaTH ISt

OLIIHIOBAaHHS TIOCTAYaHHS, MaKyBaHHSA, HaB-
YaHHS MEPCOHATY Ta 30BHINTHBOI KOMYHIKaIIii.
Taka mepioguuHICTh 3a0e3nedye OalaHC Mik
PETYJSIPHUM KOHTPOJIEM 1 PeasliCTUYHUM ajMi-
HICTpaTUBHUM HABaHTXEHHSAM JUIA MiANPH-
€MCTB T'OTEJIbHO-PECTOPAHHOTO Oi3HECY.

OoroBopenns

OtpuMani pe3ynbTaTH TiITBEPIHKYIOTh
JIOUTBHICTh PO3TIISAY CHCTEMH E€KOJOTIYHOTO
MEHE/DKMEHTY B TOTEIbHO-PECTOpPaHHOMY Oi3-
Hecl He JIMIIe K CYKYIHOCTI MPUPOI0OXOPOH-
HHUX 3aXOJiB, a SK KEpOBaHOI OpraHizamiiHol
3MiHH, IO Y3rOKY€ETHCS 3 MIXKHAPOJTHOO JIOT'i-
KOIO €KOJIOTIYHOTO MEHE/DKMEHTY, BiJIIOBIIHO
JI0 SIKOT OpraHi3ailis Ma€ BU3HA4aTH iCTOTHI €KO-
JIOTi4HI acTieKTH, GOpPMYBaTH LiJli, pO3MOIIISATH
BiJITIOBIaIbHICT, 3/IHCHIOBATH MOHITOPUHT
MOKa3HWKIB 1 3a0e3rmedyBaTy MOCTiIHHE IOiM-
meHns [1; 2]. TakuM YMHOM TPOEKTHYIMA ITi X1
BUKOHY€E IHTETpYBaJIbHY (PYHKILIIO: BiH IepeBO-
JIATH €KOJIOTTYHI HaMipH MiANPUEMCTBA 3 PiBHS
3arajibHOI IMOJIITHKH Ha PIBEHb KOHKPETHUX PO-
0iT, CTpOKiB, BiANOBiAAIBHUX OCIO, pecypcis,
PU3UKIB 1 BUMIPIOBAHUX PE3yJIbTATIB.

Jst mianpuemcts HORECA Taka morika
Ma€e 0coOJIMBE 3HAUYEHHS Yepe3 CKIAIHICTh 1 0a-
TaTOKOMITOHEHTHICTh OTEpAIlifHUX TPOIIECIB.
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OnuH 3aKJ1a]] OTHOYACHO YIpaBIisie KyXHelo, 3a-
JIOM, HOMEpaMH, TIpaIIbHET0, 3aKyITiBIISIMH, CKJIa-
JIOM, JIOTiCTHKOIO, KJIIHIHTOM, CEpBICHUMH KO-
MYHIKaIliIMU Ta B3aEMOJIIEI0 3 TocTsAMHU. KokeH
i3 UX mporieciB GopMye BIACHI €KOJIOTIUHI ac-
TIEKTH: CTIO)KUBAHHS €HEPTil i BOIU, YTBOPSHHS
XapuoBMX 1 MaKyBILHHUX BIJXOJIB, BHKOpPHC-
TaHHS MHUHHUX 3ac00iB, BUOIp MOCTa4aIbHUKIB,
ITOBOPKEHHSA 3 OJTHOPA30BUMH MaTepiajaaMu, KO-
MYHIKaIlil0 €KOJIOTIYHHUX MPAaKTHK KIi€HTaM.
Tomy BnpoBamxenHss EMS y roreni, pecropani
abo TOTEIbHO-PECTOPAHHOMY KOMIUIEKCI He
MOJKe OyTH 3BEJICHE JI0 OJHOTO YIPaBIIIHCHKOTO
pIlIEHHST Y1 OKpEMOl eKOJOTiYHOi akiii. BoHo
notpebye noptdernst B3aEMOIIOB’ I3aHUX i, SKi
MaroTh OyTH CIUIaHOBaHi, CKOOPIWHOBAaHI Ta
MIPOKOHTPOJIEOBAH.

Pesynprati OHIAWH-KOHTEHT-aHATI3Y 3a-
CBITYMIIN PI3HUM PIBEHB 3PUIOCTI €KOJIOTIIHOTO
MEHEJDKMEHTY B TOTETIbHOMY Ta PECTOPAaHHOMY
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cerMeHTax BuOipku. Benunki kopnopaTuBHi rote-
JIbHI TPYIU 3HAYHOIO MIpOI0 PyXaloThCs B Ha-
npsmi (hopmai3oBaHOi €KOJOTIYHOI 3BITHOCTI:
Accor, Marriott, Hilton, IHG, Radisson, Scandic,
NH Hotels i Hyatt myOmiuao mpencTaBisiFOTh
3BITH, LT, TIOJIITHKH 200 IHCTPYMEHTH CTaJIOCTI
[5-12]. e cBimuuTh MPO IHCTUTYIOHATI3AIIiO
€KOJIOTYHOTO MEHEIKMEHTY Ha KOpPIOpaTHB-
HOMY piBHI. AJie HaBiTh 3a HasBHOCTI ESG-3Bi-
TiB 1 3arajgpbHUX CTPATETIYHUX ITJICH 3ajIHIa-
€ThCs TIpo0IIeMa JIoKasTi3allii ux Iijiel Ha piBHI
KOHKPETHOT'O TOTEIII0, PECTOpany abo roTeIbHO-
PECTOpaHHOTO KOMITIeKCy. ToMy MpO€eKTHA MO-
nens EMS Moke BUKOHYBaTH IPUKIaAHY QyHK-
I[if0: TIEPETBOPIOBATH KOPIOPATHBHI €KOJIOTi4HI
OpiEHTHPU Ha KOHKPETHHH TUIaH /il OKpeMoro
3aKiamy.

Pectopanna wactrHa BHOIpPKH IEMOHCT-
pye€ IHIMy YIpaBIiHCHKY MPOOJIeMy: HasBHICTh
[UTBOBUX OPIEHTHUPIB HE TapaHTye IOBHOTH,
MPO30POCTi Ta PETYISAPHOCTI EKOJOTIYHUX Ia-
HuX. Y mocmimkerHi Which? yci mpoanamizo-
BaHI pecTOpaHHI MepeXi MaJi TIeBHi I1iJTi, OJTHAK
OJIOKH TIPO30POCTi, CITOKUBYOTO BUOOPY Ta TO-
JTUK TOCTa4aHHS OTPUMATM HIWKYi OIIHKH
[13]. Lle o3Hauae, 1110 AJ1s1 PECTOPAHHOTO Oi3HECY
BIIpoBakeHHs: EMS Mae 0XOIuTioBaTH He JIUIe
BHYTpIIIIHI €KOJIOTI4HI MPOLeaAypH, a W yrnpaB-
JIHHSA JAHUMU: SIKI TIOKa3HUKU 30MparoThCs, 3
SIKOIO TIEPIOIMYHICTIO, XTO BIZMOBIIAE 3a TXHIO
JIOCTOBIPHICTb, SIKI PE3yJbTaTH KOMYHIKYIOThCS
CIOXKMBaYaM 1 SK  3amo0ira€TeCst  PU3UK
greenwashing. be3 Takoro KOMITOHEHTa €KOJIOTi-
YHA TIOJIITUKAa MOXKE 3aJIMIIATUCS ACKIapaTHB-
HOIO, a ii pe3yIbTaTUBHICTh — HEAOCTATHBO JI0-
Ka30BOIO.

3anponoHoBaHa MpoekTHA Moaenb EMS
Jla€ 3MOTY TIOZI0JIaTH (PparMeHTapHICTb €KOJIOT-
YHUX MPAKTHK, KA € TUIOBOIO Ui OaraTbox
nignpuemcte HORECA. Oxpeme copTyBaHHS
BIIXO/iB, 3aMiHA T[aKyBaHHS, BCTAHOBJICHHS
€HEeproomagHoro objagHaHHA ab0 BUKOPHC-
TaHHS JIOKATBHUX TPOAYKTIB MOXKYTh MaTH I10-
3UTUBHUI e(DeKT, ajie 0e3 €MHOI CUCTEMH IIJICH,
BIJITIOBIAaJIbHOCTI T4 MOHITOPHHTY IIi 3aX0H HE
(hOpMYIOTh TOBHOIIIHHOT CHCTEMH €KOJIOTTYHOTO
MEHEKMEHTY. [IpOeKTHMI MiaXiA MoeaHy€ TaKi
i1 B TIOCTTIIOBHUHM YIPaBITiHCHKUHN IUKJI: iHIIlia-
1151 — eKOJIOTTYHUH ayAUT — IUIaHYBaHHS — peaji-
3allisl — MOHITOPHHT — BHYTpILIHIN ayauT — KO-
puryBanbHi Aii. Came 11 MOCHiIOBHICTD 3a0€3-
neyye 3B°s130K MiX BUSIBICHUMH €KOJIOTTYHUMHU
ACTIEKTaMH, YIPaBIiHCHKUMHU PilICHHAMH Ta BH-
MIpPIOBaHUMHU Pe3yJIbTaTaMH.

BaxnBoro yMOBOIO pe3yJbTaTHBHOCTI
EMS € moemmaHHS TPOEKTHOI MOaem 3
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MaTpuIlero pu3ukiB i cucremoro KPI. Marpuris
PH3HKIB T0O3BOJISIE 3a3AaJ€Tib BUSHAYUTH YHH-
HUKH, SIKi MOXKYTh YCKJIaJHUTH BIIPOBAKCHHS
€KOJIOTIYHOTO MEHEDKMEHTY: HecTady BHXIiJ-
HUX JJAaHWX, OIip ITepcoHay, GopMaIbHHN Xapa-
KTep €KOJIOTIYHOI MOJITHKH, OOMEKEHICTh OF0-
JOKETY, HeHa1iHICTh ITOCTaYaIbHUKIB 200 HE/T0-
Bipy TOCTEW 1O EKOJIOTiYHMX TBepkeHb. CHc-
tema KPI, cBoeto geproro, 3a0e3mnedye KiTbKiCHY
MIEPEBIPKY pe3yTbTATUBHOCTI IPOEKTY 33 OCHOB-
HUMHM HampsMaMmy: BiIXOAM, Xap4doBi BTPaTH,
€Hepris, BoJa, MaKkyBaHHs, NOCTA4YaHHs, HaB-
YaHHs TEpPCOHATY, BHKOHAHHS EKOJOTIYHOTO
IUIaHy Ta KOMYHIKaIlis. Y CyKyIHOCTI Il iHCTpy-
MEHTH ItepeBosATh EMS 13 mIonuHu 3araibHIX
HaMIpiB y IJIOMIMHY PETYJISIPHOTO YIpPaBIIiHCh-
KOTO KOHTPOJIIO.

3anponoHOBaHUH MiaXi MOXKe OyTH aja-
NITOBAaHWH JI0 MiATNPHEMCTB Pi3HOTO MacIITady.
Jis BeNWKAX MEpeXEeBHX MIAMPHUEMCTB BiH
MOYK€ BUKOPUCTOBYBATHUCS SIK IHCTPYMEHT JIOKa-
mizamii koprmopatuBHOi ESG-cTparterii Ha piBHI
OKpEeMOro 00’€KTa.

J1 He3ameXHUX pecTopaHiB, Kade, mMa-
JIMX TOTETIB 1 TOTEIbHO-PECTOPAHHUX KOMITICK-
CiB BiH MOXE BUKOHYBATH (DYHKIIIIO CIPOIIEHOT
JIOPO’KHBOT KApTH BIIPOBAKEHHS 0230BOI0 €KO-
JIOTIYHOTO MEHEDKMEHTY 0e3 HaJMipHOTO a/iMi-
HICTPaTHMBHOTO HABAaHTKEHHS. Y IIbOMY BHUIIa-
JIKY JOIUTBHO TIOYMHATH 3 OOMEKEHOT KIJIbKOCTI
HaWOIBII ICTOTHUX €KOJIOTTYHUX aCTeKTiB — Ha-
NPUKJIaJl, BiJIXOMIB, BOJH, C€HEPrii, MaKyBaHHS,
[OCTa4YaHHs Ta HABYaHHS MEPCOHATY — 3 MoJa-
JBLIMM PO3IIUPEHHSIM CHUCTEMH IIICIIs HAKOIH-
YEeHHS IaHWX 1 yIPaBIiHCHKOTO JIOCBITY.

OOMEXEHHAM JOCIIIKEHHS € T€, 1110 OH-
JaliH-KOHTEHT-aHaJi3 BiIoOpakae piBeHb MyOITi-
YHOTO PO3KPUTTSI EKOJOTIYHUX TPAKTUK, a HE
MOBHUH (PaKTUYHUI CTaH iX YIpPOBaIPKEHHS Ha
MiclIi.

Bebcropinku, ESG-3BiTH Ta peliTHHTH
JIO3BOJISIIOTH OLIHUTH BiJKPUTICTB, CTPYKTYpO-
BaHICTh 1 KOMYHIKaLilHY 3piiCTh €KOJIOTTYHOTO
MEHEDKMEHTY, OJIHAK HE 3aMiHIOIOTh BHYTPIIII-
HBOTO ayJIUTy, aHATI3y TIEPBHHHUX JaHUX M-
preMcTBa 200 iHCTPYMEHTAILHUX BUMIpPIOBaHb.
HeBunankoBuii xapakrep BUOIpKH 0OMEXY€E MO-
XKITUBICTH TIPSIMOTO TIOIIUPEHHST OTPUMAHUX Ya-
ctok Ha Bech cektop HORECA.

Pesynbratu ciig po3risaaTH SK JTiarHoc-
THUYHI TOKa3HUKW THUIIOBUX IPOTAIMH ITyOutid-
HOTO €KOJIOTTYHOTO PO3KPHUTTS Ta SIK MiJCTaBy
JUTst OOy TOBH TIPO€EKTHOT Mozei EMS, o mot-
pelye monanbiIoi anpoOanii Ha piBHI KOHKPET-
HUX MiATPUEMCTB.
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BucHoBku

T'oTenmpHO-pecTopananii Oi3HEC Mae KOM-
TUIEKCHUH €KOJIOTYHHHN MPOQiib, SKUH OXOILTIOE
€HEepro- i BOJOCTIOKMBAHHS, XapyuoOBi Ta MaKyBa-
JBHI BUIXOM, XiMIUHI 3aC00H, TIOCTaYaHHs, cep-
BICHY TIOBE/IIHKY TlepcoHany i rocreii. Lle miar-
Bepmkye, mo EMS y HORECA pouinsHO Bripo-
Ba/DKYBaTH HE K HaOip i30IbOBaHMX HMPHPOI00-
XOPOHHUX 3aXO/IiB, a AK ILTiICHAN YIIPaBITiHCHKHIN
MPOEKT, IHTETPOBAHWN y MIOACHHI OIEparliifHi
MPOLIECH.

OmnaiiH-KoHTeHT-aHami3 30  BiOKpUTHX
JDKEpEI 3aCBIAYMB HEPIBHOMIPHICTD ITyOIiYHOTO
PO3KPHUTTS EKOJIOTTYHHX IMPAKTHK. 3a y3arajibHe-
HHUM 1HJIEKCOM IMYOJiYHOTO EKOJIOTTYHOTO PO3K-
puTTs ToTenbHI Ipynu pocsarmu 82,5%, pecto-
paHHi Mepexi — 63,6%. Lle cBimuuTh npo BuILy
iHCcTUTYHIOHAI3aMii0 EMS y rotensHOMY cerme-
HTI Ta OlTbIy (hparMeHTapHICTh E€KOJIOTIYHOT 3Bi-
THOCTI y pecTropanHoMy Oi3Heci. HaiOimbmr po3k-
PUTUMH € EHEepreTHYHO-KIIMaTHJHI I, Bif-
XOJIY, TUIACTHK 1 3arajibHi targets; Haiica0mmMu
- BIJIMOBIJAJILHE TOCTaYaHHs, MPO30PICTh IS
CIIOKMBAaya, BOJOCIIOKHMBAHHS Ta KiJIBKICHE PO3-
KPHTTSI Xap4OBHX BiJIXOJIIB.

Po3pobnena mnpoexktHa wmozeins EMS
BKJIFOYAE CIM €TaITiB: 1HIIIaIlit0, IEPBUHHUI €KO-
JIOTIYHUH ayIuT, TUIaHyBaHHSI, peaji3allifo, MOHi-
TOPHHT, BHYTPIIIHIN ayAuT i KOPUTYBaJbHI Iii.

Taka CTpyKTypa BIINOBia€ MUKy MOCTIHHOTO
MONINIIEHHS Ta I03BOJISE TIEPETBOPUTH EKOJIOT-
YHI HaMipH MiJIPUEMCTBA HA BUMIPIOBaHY CHC-
TeMy poOiT, BIAIIOBITAILHOCTI, PU3HKIB, PECYPCIB
1 pe3yJbTaTiB.

3anpornoHoBaHi MaTpullsl PH3UKIB 1 CHC-
tema KPI cTBOprotoTh iHCTpYyMEHTapiii 1y1s pak-
TUYHOTO YIIPABIIHHS €KOJIOTIYHUM IIPOEKTOM Y
roTeni, pectopadi abo TOTEIBHO-PECTOPAHHOMY
KoMIuiekci. HalOinbll KpUTHYHMMH yMOBamMu
YCHIXy € HasBHICTh 0a30BHX JaHWX, MiATPUMKA
KEpIBHULTBA, 3aJIyYeHHS IEPCOHATY, MPOCTOTa
IPOLIETYP, PETYIIAPHUI MOHITOPHHT 1 JOCTOBIpHA
KOMYHIKaIlis 3 KiieHTamu. [IpakThdHe 3HaueHHS
MOJIETI TIOJIATAE Y MOMIIMBOCTI IEPEUTH Bix pa-
TMEHTapHUX «3eJICHNX) 1HIIlIaTHB 10 JOKa30BOTO
YIIPABIiHHS €KOJIOTTYHOIO PE3YJIbTATUBHICTIO.

Mexi y3aranbHeHHs pe3yJbTaTiB BU3HAYA-
FOTBCS IUTHOBUM XapaKTepOM BHOIPKH Ta BHUKO-
PHUCTaHHSM BiKPUTHX OHIAWH-pKepen. Tomy
MOAAJIBI JTOCHI/PKEHHS JIOIUIBHO CHPSIMYBaTH
Ha anpo0allito 3anporoHOBaHOI MOJIETI Ha (ak-
TUYHHX TaHUX okpeMux minnpuemcts HORECA,
TIOPIBHSHHSA PE3yJIbTATIB 10 1 IICIS BIPOBa-
mkeHHst EMS, a Takok cTaTHCTHYHY TEpEBIpKY
3B’5I3Ky MiXK €KOJIOTIYHHMH TPAaKTHKaMU, PECyp-
COe(pEKTUBHICTIO Ta EKOHOMIYHAMH TIOKa3HH-
KaMU 3aKJIaJIiB.

Konduaikr inTepecin

ABTOD 3asBIIsi€, M0 KOHMIIIKTY 1HTEPECIB 1100 MyOJIiKallii boro pykonucy Hemae. Kpim toro,
aBTOp TIOBHICTIO TIOTPUMYBABCSI €THYHHX HOPM, BKJIFOYAIOUM Iutariar, daabcudikalliro JaHUX Ta I0-

JBIHY mMyOiKaIio.

Hexnapaunist npo Bukopuctanus I

Asrop BukopucroByBaB ChatGPT-5.5 (OpenAl, 2026) BUKIIIOUHO Ui MOBHOTO pearyBaHHs,
CTPYKTYPHOTO BIIOPSIKYBaHHs TEKCTy. Bech HayKOBHI KOHTEHT, MaTepiaiy Ta BUCHOBKH OyIU CTBO-
peHi aBTopamMH. Yci HayKOBI TIOJIOKEHHSI, IHTEpIIpeTallii, pe3yJbTaTH Ta BUCHOBKA KPUTHYHO IEPEBi-
PEHi aBTOpaMH, sIKi HECYTh MTOBHY BiJIIIOBIJIAJIbHICTh 32 3MiCT PyKOITHCY.
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PROJECT-BASED APPROACH TO THE IMPLEMENTATION AND PERFORMANCE
EVALUATION OF ENVIRONMENTAL MANAGEMENT IN THE HOTEL
AND RESTAURANT BUSINESS

Purpose. To substantiate a project-based approach to implementing an environmental management system
in the hotel and restaurant business and to develop an applied model that combines environmental audit, work
planning, stakeholder management, risk assessment and environmental performance indicators.

Methods. The study applies systems analysis, online content analysis of open web sources, comparative
analysis, project modelling, WBS structuring, RACI logic, risk matrix and KPI analysis.

Results. The empirical basis consists of 30 open online sources: 8 corporate sustainability or reporting
pages of hotel groups operating in the European market and 22 restaurant chains represented in an open sustaina-
bility ranking. The sample is purposive; therefore, the findings are interpreted as indicators of public environmental
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disclosure rather than statistically representative evidence for the whole HORECA sector. Frequencies, percent-
ages, ranking of indicators and the public environmental disclosure index were used for quantitative generaliza-
tion.The results show that energy and climate goals, waste and plastic practices and general targets are the most
visible components of public disclosure. Weaker areas include transparency of water consumption, quantitative
disclosure of food waste, responsible sourcing and localization of responsibility at the level of individual estab-
lishments. The generalized public environmental disclosure index reached 82.5% for hotel groups and 63.6% for
restaurant chains, indicating a higher institutionalization of environmental management in the hotel segment. A
project model of EMS implementation was developed, including initiation, environmental audit, planning, imple-
mentation, monitoring, internal audit and corrective actions.

Conclusions. The implementation of an EMS in HORECA should be organized as a project with clear
phases, responsibilities, risks and KPIs. The proposed model enables hospitality enterprises to move from frag-
mented green initiatives to systematic environmental performance management and can be used in professional
education related to project management in the hotel and restaurant business. The scope of generalization is limited
by the purposive sample and the use of open online sources.

KEY WORDS: environmental management, project management, hotel and restaurant business, resource
efficiency, waste, sustainable development
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ECOLOGICAL AND NUTRITIONAL JUSTIFICATION OF RECIPE COMPONENTS
FOR ANEW TECHNOLOGY OF MINCED FISH PRODUCTS

Purpose. To substantiate the use of pumpkin puree as a local vegetable raw material in the technology of
minced fish products from the perspective of human ecology, sustainable nutrition, food safety, and resource-
oriented restaurant production.

Methods. The study used an analytical review of current literature on sustainable healthy diets, dietary
fiber, bioactive components of pumpkin and quality of fish products; normative analysis of raw material require-
ments; technological modelling of the formulation; calculated assessment of nutritional and energy value; descrip-
tive organoleptic assessment of the experimental sample; and interpretation of microbiological indicators of the
finished dish. Traditional fish patties without pumpkin puree were considered as a recipe prototype; however,
quantitative experimental comparison with a control sample was not performed due to the lack of repeated primary
measurements.

Results. The addition of pumpkin puree to the formulation of minced fish products had technological,
nutritional, and preliminary Ecological significance. It increased the share of a locally available plant component,
formed natural colour, supported juiciness and soft texture, and supplemented the fish protein base with dietary
fibre, pectin substances, and carotenoids. According to calculated data for fish patties with pumpkin without potato
garnish, 100 g of product contained 4.06 g of protein, 9.80 g of fat, 0.98 g of carbohydrates, and 105.73 kcal. The
experimental sample had an even surface, an orange shade, homogeneous tender consistency, and a characteristic
fish taste with a moderate sweet pumpkin aftertaste. Microbiological indicators did not exceed established limits;
pathogenic microorganisms, including Salmonella spp., were not detected in 25 g of product.

Conclusions. The developed recipe and technological model can be considered a preliminary substantiated
direction for ecological and nutritional improvement of minced fish products. Its ecological interpretation is based
on the local origin of the vegetable raw material, the combination of animal and plant components, and the use of
gentle heat treatment. Further validation requires control experiments, statistically confirmed sensory assessment,
instrumental determination of quality indicators, and quantitative life-cycle-based environmental assessment.

KEY WORDS: human ecology, sustainable nutrition, fish products, pumpkin, dietary fiber, food safety
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Introduction

Nutrition is one of the leading determi- local origin, energy efficiency of technological
nants of population health; therefore, current re- processes, and the potential to reduce excessive
search in human ecology increasingly considers resource use in food production are important.
a food product not only as an object of technol- The concept of sustainable healthy diets com-
ogy but also as an element of the “environment bines nutritional adequacy with minimization of
— food raw material — diet — health” system. the negative environmental impact of food syst
Within this approach, nutritional value, biolog- ems and with consideration of the socio-cultural
ical value, safety, raw-material accessibility, acceptability of products [1].
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According to WHO recommendations, the
diet of individuals older than 10 years should in-
clude at least 400 g of fruit and vegetables per day
and at least 25 g of naturally occurring dietary fi-
bre [2]. At the same time, actual consumer diets
often remain deficient in plant raw materials, die-
tary fibre, and products containing natural biolog-
ically active substances. This makes it relevant to
develop dishes in which an animal protein base is
combined with local plant components that can in-
crease the biological value of the product without
complicating the technology.

Fish raw material has high biological value
owing to complete protein, minerals, and the lipid
fraction. However, the current development of
aquatic food systems requires careful and rational
use of fish resources, the creation of products with
high added value, and the integration of fish prod-
ucts into healthy diets [3]. A promising direction
is the combination of a fish base with plant raw
materials that can perform technological, sensory,
and nutritional functions.

Pumpkin is a plant raw material widely cul-
tivated in Ukraine and available at a relatively low
cost. It contains dietary fibre, pectin substances,
vitamins, carotenoids, polyphenols, mineral ele-
ments, and other biologically active substances.
Current reviews highlight the potential of pump-
kin for creating new functional foods and for im-
plementing circular-economy approaches in food
production [4, 5]. Dietary fibre supplied by plant
raw materials affects the intestinal microbiota,
metabolic processes, and the risks of non-com-
municable diseases, thereby forming the medical
and ecological context of the study [6, 7].

A separate condition for the practical im-
plementation of such products is their sensory

acceptability. Modern sensory science regards or-
ganoleptic properties as a key link between the
technological parameters of a product, consumer
expectations, and actual food choice [8-10].
Therefore, when developing combined fish-and-
plant products, it is necessary to evaluate the rec-
ipe composition, technological feasibility, quality,
safety, and ecological interpretation of raw-mate-
rial use simultaneously.

An unresolved issue remains the scientific
substantiation of the use of pumpkin puree in
minced fish systems specifically from the per-
spectives of human ecology and sustainable nutri-
tion. Most existing studies primarily emphasize
technological or culinary advantages, whereas
ecologically and nutritionally oriented research
requires demonstrating the relationship between
the selection of raw materials, their safety, nutri-
tional value, and the environmentally oriented or-
ganization of nutrition.

The purpose of this study is to provide eco-
logical and nutritional justification for the use of
pumpkin puree as a local vegetable raw material
in the technology of minced fish products in order
to increase the nutritional value, sensory quality,
and safety of the finished dish in the context of
sustainable nutrition.

To achieve this purpose, the following
tasks were set: to substantiate the choice of fish
and vegetable raw materials; to develop a recipe
model for the dish “Fish patties with pumpkin”; to
evaluate the organoleptic properties of the experi-
mental sample; to determine calculated indicators
of nutritional and energy value; to interpret the mi-
crobiological indicators of the finished product;
and to identify directions for further ecological
validation of the technology.

Objects and Methods of the Study

The object of the study is the production
technology of minced fish products with the use
of pumpkin puree. The subject of the study is
the recipe composition, technological opera-
tions, organoleptic properties, calculated indi-
cators of nutritional value, and microbiological
safety of the finished dish. The experimental
sample is the recipe model “Fish patties with
pumpkin”. Traditional fish patties without
pumpkin puree were considered as the control
recipe prototype.

The methodological scheme of the study
included: 1) analysis of current sources on sus-
tainable nutrition, dietary fibre, biologically
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active substances of pumpkin, the quality of fish
products, and sensory evaluation; 2) normative
substantiation of the choice of raw materials; 3)
formulation development; 4) calculation of nu-
tritional and energy value; 5) descriptive organ-
oleptic evaluation; and 6) analysis of microbio-
logical compliance of the finished product. The
approach corresponds to the principles of com-
bining traditional and ecologically oriented an-
alytical procedures in food science [11] (fig. 1).
Pike perch, bulb onion, pork back fat,
garlic, pumpkin, table salt, ground black pep-
per, and butter were used to produce the exper-
imental samples. Raw-material quality was
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Fig. 1 — Conceptual scheme of ecological and nutritional justification for using pumpkin puree
in minced fish products

assessed according to current normative docu-
ments, in particular those regulating live fish,
pumpkin, salt, pepper, and butter [12-16] (table
1). Pumpkin puree was prepared by peeling the
pumpkin, cutting the pulp into cubes, steaming
it until softened, and grinding it to a homogene-
ous consistency. Steaming was selected as a
gentler method of vegetable raw-material prep-
aration compared with intensive frying. Organ-
oleptic evaluation was carried out according to
a descriptive scheme that considered appear-
ance, colour, consistency, aroma, and taste. The
results of organoleptic evaluation were inter-
preted as a descriptive profile of the experi-
mental sample. For further validation, sensory

evaluation of samples produced in several
batches is planned using a scoring scale fol-
lowed by calculation of mean values and confi-
dence intervals.

The nutritional and energy value was de-
termined by a calculation method based on the
recipe composition. The calculation was per-
formed for fish patties with pumpkin. Microbi-
ological indicators of the finished product were
interpreted using the data provided in the source
materials on the number of mesophilic aerobic
and facultative anaerobic microorganisms, coli-
form bacteria, Escherichia coli, Staphylococcus
aureus, Proteus, and pathogenic microorgan-
isms, including Salmonella spp.

Table 1

Normative characteristics of the main raw materials for the experimental sample

Raw material

Normative document

Key quality and safety indicators

Pike perch DSTU 2284:2010

Fresh fish with clean scales, clear
eyes, red gills, elastic muscles, and
a characteristic odour without for-
eign signs.

Pumpkin DSTU 3190-95

Fresh, whole, clean, mature fruits
without damage or foreign odour,
with typical colouring and a moder-
ately sweet taste.

Auxiliary raw

materials DSTU 4399:2005

DSTU 3234-95; DSTU 3233-95; DSTU
3583:2015; DSTU ISO 959-1:2008;

Compliance with organoleptic and
physicochemical requirements of

normative documents; absence of

foreign impurities, signs of spoil-

age, and uncharacteristic odour.

The ecological interpretation was per-
formed at the level of qualitative analysis and
included the locality and determination of en-
vironmentally safe cultivation conditions for
plant raw materials, the combination of

animal- and plant-based ingredients, the use
of gentle heat-treatment methods, and the po-
tential for reducing the proportion of ingre-
dients associated with higher resource inten-
sity.

Results of the Study

The recipe model was formed according
to the principle of combining a lean fish base
with a vegetable component that functions as a
natural structure-forming agent, a source of
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biologically active substances and dietary fibre,
and a sensory modifier. Pike perch is the main
protein component. Pumpkin puree was intro-
duced as a local vegetable additive capable of
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modifying the colour, consistency, and nutritional
profile of the product (table 2).

From an ecological perspective, the use of
pumpkin offers several advantages: the raw mate-
rial is widely cultivated in Ukraine, demonstrates
good storage stability, does not require complex
preliminary processing operations, can be used
seasonally or after short-term storage, and contrib-
utes to increasing the proportion of plant-based
components in the dish. Such an approach is con-
sistent with the modern perception of pumpkin as
a crop cultivated under environmentally safe con-
ditions that is important for food and nutritional
security [17], as well as with applied studies on the

use of plant raw materials in food technologies
[18, 19].

The technological process includes prepa-
ration of fish fillet and vegetable raw materials,
preparation of pumpkin puree, grinding of com-
ponents, formation of the minced mass system,
portioning, shaping of products, poaching, addi-
tion of butter, and service with a garnish. In the
new technology, pumpkin puree has a dual effect:
it acts as a structure-forming component of the
mince and increases the proportion of plant raw
material in the dish, enriching the final product
with biologically active substances. This makes it
possible to obtain a new product of enhanced bio-
logical value and high organoleptic quality.

Table 2

Recipe composition of the experimental dish “Fish patties with pumpkin”

Raw material Gross, ¢ Net, g
Pike perch 115 55
Bulb onion 5 4
Pork back fat 20.8 20
Garlic 1.3 1
Pumpkin 30 20
Table salt 1.3 1
Ground black 1.3 1
pepper
Semi-finished - 102
product mass
Finished patties - 112
mass
Garnish: - 150
mashed potatoes
Butter 10 10
Yield of the - 272
complete dish

The organoleptic indicators of the devel-
oped product show that pumpkin puree not only
enriches the recipe with a plant component but
also affects the visual and textural properties of
the product. The most noticeable effect is the for-
mation of a natural light-orange color, which in-
creases the visual attractiveness of the dish (tab.3).

The indicators of nutritional and energy
value are presented in Table 4. Pike perch is the
main source of protein in the developed prod-
uct; the fat fraction is formed mainly by pork
back fat and butter; and pumpkin provides the
addition of a plant component, dietary fibre, vit-
amins, and polyphenolic substances.

Table 3

Organoleptic profile of the experimental sample

Indicator Characteristic
Appearance The products have an even surface and retain a rounded shape; they are served with but-
ter.
Colour A light-orange or orange shade caused by the addition of pumpkin puree.
Consistency Tender, soft, and homogeneous; the product retains its shape when cut.
Aroma Characteristic fish aroma with light vegetable and spicy notes.
Taste Taste of the fish base with a moderate sweet pumpkin aftertaste.
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Table 4

Nutritional and energy value of fish patties with pumpkin per 100 g of product

Raw material Water, | Pro- | Fat, | Sugars, | Starch, | Dietary | Ash, | Energy value,
g tein, g g g g fibre, g g kcal (kJ)

Pike perch 1595 | 3.72 0.22 0.00 0.00 0.00 0.24 | 16.78 (70.23)
Bulb onion 1.26 0.02 0.00 0.07 0.01 0.02 0.01 | 0.60(2.51)
Pork back fat 0.42 0.18 6.54 0.00 0.00 0.00 0.01 | 58.60 (245.34)
Garlic 0.21 0.02 0.00 0.00 0.09 0.01 0.01 | 0.53(2.22)
Pumpkin 6.74 0.10 0.01 0.15 0.07 0.09 0.04 | 1.62(6.78)
Table salt 0.00 0.00 0.00 0.00 0.00 0.00 0.37 | 0.00 (0.00)
Ground black pepper | 0.34 0.00 0.00 0.02 0.00 0.00 0.00 |0.10(0.42)
Butter 0.58 0.02 3.03 0.03 0.00 0.00 0.01 | 27.50 (115.06)
Total 2550 | 4.06 9.80 0.27 0.17 0.12 0.69 | 105.73 (442.57)

The microbiological analysis demon-
strated that the number of mesophilic aerobic
and facultative anaerobic microorganisms in
the finished product was 1 x 10* CFU/g. Coli-
form bacteria, Escherichia coli, Staphylococ-
cus aureus, Proteus spp., and pathogenic mi-
croorganisms, including Salmonella spp., were

not detected within the established sample
masses. These results indicate that the experi-
mental batch complied with the basic microbi-
ological safety requirements, provided that ap-
propriate sanitary and hygienic conditions dur-
ing production and serving were maintained.

Discussion

The obtained results confirm that the ad-
dition of pumpkin puree to minced fish mass
has a complex effect. At the technological level,
pumpkin puree acts as a component that im-
proves water-holding capacity and contributes
to the formation of a tender consistency. At the
sensory level, it provides natural colouring and
a moderate sweet taste that does not conflict
with the flavour of the fish base. At the nutri-
tional level, pumpkin increases the biological
value of the final product by supplementing the
formulation with dietary fibre, pectins, and ca-
rotenoids, which is consistent with current evi-
dence on the functional potential of pumpkin
raw materials [4, 5, 17].

From the perspective of human ecology,
the key consideration is not the absolute in-
crease in a single nutrient, but rather the trajec-
tory of recipe modification through the combi-
nation of a complete protein base with locally
sourced plant raw materials under the applica-
tion of gentle technological processing regimes.

Such an approach is consistent with the concept
of sustainable nutrition, according to which a
food product should simultaneously be safe, nu-
tritionally adequate, consumer acceptable, and
resource-efficient [1, 2].

The practical significance of the results
lies in the possibility of adapting the dish for
restaurant enterprises that develop menus based
on local ingredients, functional products, and
more sustainable technological solutions. The
use of pumpkin as an accessible plant raw ma-
terial can be combined with current trends in
gastronomy, emotional attractiveness of dishes,
and the creation of competitive restaurant prod-
ucts [20, 21]. Consumer survey data on the ori-
entation toward healthy eating also support the
relevance of this direction [22-24].

Compared with traditional production
technology, the emphasis of the developed tech-
nology for minced fish products with pumpkin
is shifted from general restaurant innovation to
ecological and nutritional justification.

Conclusions

The ecological and nutritional significance
of the study was clarified: the use of pumpkin pu-
ree in minced fish products was substantiated as a
means of combining a protein-rich fish base with
locally sourced environmentally safe plant raw
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materials possessing technological, sensory, and
potential ecological value.

The developed recipe model for the dish
“Fish patties with pumpkin” involves the addition
of 20 g net pumpkin puree per portion. This pro-
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vides a natural light-orange colour, a soft homo-
geneous consistency, and a moderate pumpkin af-
tertaste without losing the character of the fish base.

The nutritional and energy value of the de-
veloped fish patties with pumpkin was deter-
mined. A 100 g portion of product contains 4.06 g
of protein, 9.80 g of fat, and 0.98 g of carbohy-
drates, with an energy value of 105.73 kcal.

The microbiological indicators of the ex-
perimental batch did not exceed established lim-
its: pathogenic microorganisms, including Salmo-
nella spp., were not detected in 25 g of product.
This confirms the possibility of safe production of
the dish, provided that sanitary and hygienic re-
quirements for production and sale are observed.

The proposed recipe model may be consid-
ered a preliminarily substantiated direction for the

ecological and nutritional improvement of minced
fish products.

Further scientific research will be aimed at
comprehensive verification of the ecological ad-
vantages of the proposed product, identification of
pathways and opportunities for obtaining certified
environmentally safe raw materials, statistical
processing of sensory and physicochemical indi-
cators, and quantitative assessment of the environ-
mental footprint using life-cycle-based ecological
and technological methodologies. Such assess-
ment will encompass different stages of the prod-
uct life cycle, including production processes,
preservation and storage under specified condi-
tions, as well as packaging disposal for glass con-
tainers, metal lids, Pur-Pak, and Tetra Pak pack-
aging systems.
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EKOJIOI'O-HYTPUIIMHE OBIPYHTYBAHHS PEHENITYPHUX KOMIIOHEHTIB
HOBOI TEXHOJIOI'TI CITMEHUX BUPOBIB 3 PUBA

Meta. OGrpyHTYBaTH JOLUIBHICT BUKOPUCTaHHS rapOy30BOT0 MIOPE K JIOKaJIbHOT POCIMHHOI CHPOBHHHU
y TEXHOJIOTIi ci4eHHX BHPOOIB 3 puOM 3 MO3MUIIIH €KOJIOTIi JIOIMHH, CTAJIOr0 XapyyBaHHs, Xap4oBOi Oe3Me4HOCTI
Ta pecypCHO-OPIEHTOBAHOTO BUPOOHHMIITBA MPOAYKII] PECTOPAHHOTO TOCIIONAPCTBA.

MeTtoan. 3acToCOBaHO aHAIITHYHE y3arajbHEHHS Cy4aCHMX HAyKOBHX JDKEpEJl IIOJO CTAIMX 3J0POBHX
palioHiB, XapuOBHX BOJIOKOH, 010aKTHBHHMX KOMIIOHEHTIB rapOy3a Ta SIKOCTI pHOHOI NMpOAYKIii; HOPMAaTHUBHUH
aHaJIi3 BUMOT 10 CUPOBHHH; TEXHOJIOTTYHE MOJEIIOBAHHA PELEeNTYPH; PO3PaXyHKOBY OLIHKY Xap4oBoi Ta eHep-
TEeTUYHOT IIHHOCTi;, JECKPHUIITHBHY OPTaHOJISTITUYHY OIlHKY JOCHIZHOTO  3pa3ka; iHTepIIPETAIiio
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MIKpOOIOJIOTIYHIX MOKAa3HHUKIB TOTOBOi cTpaBu. KOHTPOJIBHUM pelenTypHHM IPOTOTHIIOM PO3TIITHYTO TPalu-
iitHi prOHI KoTineTH 6e3 TapOy30BOTO MIOpE.

PesyasTaTu. [loBeneHo, mo HoxaBaHHS TapOy30BOTO MIOpE 0 PEIEenTypPH PHOHHUX CideHHX BHPOOIB 3a-
Oe3reyuye TEXHOJIOTIUHE, HYTPUIIIHHE i MONepeaHbO eKOJIOTUHE 3HAYEeHHSL: MMiJIBUIILYE YaCTKy POCIMHHOTO KOM-
MIOHEHTa MICLIEBOTO TIOXO/DKEHHS, (popMye MmpupoaHe 3a0apBIIeHHS, CIPUsIE COKOBUTOCTI Ta M’SIKili KOHCHCTEHIIIT
BUPOOY, a TAKOXK JIOTIOBHIOE PUOHY OLTKOBY OCHOBY XapuOBHMH BOJIOKHAMH, IEKTHHOBUMH PEYOBHHAMH, BiTaMi-
HaMH Ta KapOTHHOIJaMu. 3a po3paxyHKOBUMH JTAaHUMH JJIsl pUOHHX KOTJeT 3 rapOy3om Ha 100 r mpoayKTy BMicCT
OinkiB craHOBUTH 4,06 T, *xupiB — 9,80 r, ByrneBoxiB — 0,98 r, eneprerruna minHicTh — 105,73 xkan. Jlocmigauii
3pa3oK Mae€ piBHY MOBEPXHIO, IOMapaH4YEBUI BIITIHOK, OJHOPIIHY HKHY KOHCHUCTEHIIIIO, XapaKTepHUH PUOHUI
CMaK i3 IOMiIpHUM COJIOAKYBaTHM ITicIsIcMakoM rapOy3a. Mikpo0iooriyHi MoKa3HUKH HE MIEPEBHIIYIOTh BCTAHO-
BJICHUX 0OME)KEHB: ITATOTEeHHI MIKpOOpraHi3Mu, 30kpemMa Salmonella spp., He BHABICHI y 25 T IPOAYKTY.

BucHoBku. Po3po6ieHa penenTypHO-TEXHOIOTI9HA MOIENb MOXKE PO3IIIAATHCS SIK TOTIEPEAHBO OOTPYH-
TOBAHHil HATIPSIM €KOJIOTO-HYTPHIIIHHOTO Y0CKOHATEHHS PUOHUX cidennx BUpo6iB. Ii exonoriuna inTepnperanis
TPYHTY€ETBCSI Ha JIOKAIBHOCTI POCIMHHOI CHPOBWHHM, NO€AHAHHI CHPOBHHHU TBAPHMHHOTO Ta POCIMHHOTO IIOXO-
JOKEHHS Ta BUKOPUCTAHHI IIaJHUX PEKUMIB TEIIOBOI 0OPOOKH, 1[0 TO3BOJIIE OTPUMATH HOBHH HMPOIYKT IMiIBH-
IIeHOT 010JIOTIYHOT AKTMBHOCTI 13 BUCOKUMH OPTaHOJICIITHYHUMHU MMOKa3HUKaMHu. J1J1s1 miATBEPIKCHHS 3asBICHUX
nepeBar IUIAHYIOThCS MOJAJIBIII KOHTPOJIbHI €KCIEPUMEHTH, CTATUCTUYHO MiATBEPPKEHa CEHCOPHA OLliHKa, iH-
CTPYMEHTAJIbHE BU3HAUCHHS SIKOCTI Ta KUIbKICHE OIIHIOBAHHS EKOJIOTIYHOTO CIIiIy 32 METOIOJIOTIE0 KUTTEBOTO
UK.

KJIFOUYOBI CJIOBA: exonocis modunu, cmaie xapuyeauHs, ciueHi eupoou 3 pubu, 2apboys, dionoziuna
yinHicms, Oe3neunicms

Kondguikr inTepecis

ABTOp 3asIBIISIE PO BiACYTHICTH KOHQIIKTY iHTEPECiB 010 MyOIiKaIii mporo pykomucy. Kpim toro, aBTop
TIOBHICTIO JOTPUMYBABCS €TUYHMUX HOPM, BKJIIOUAIOYHM YHUKHCHHS IUIariaty, Qanmbcudikamii maHuUX Ta AyOITro-
BaHHS Iy OTiKaIii.

Hexunapauisi npo Bukopucranus LT

ITix yac MiATOTOBKHM LBOTO PYKONKCY ISl CTPYKTYPHOTO, JIIHTBICTUYHOTO Ta CTHIICTUYHOTO PearyBaHHs
TEKCTY BIAMOBIIHO 10 BUMOT YPHAITy BHKOPHCTAHO iHCTpyMeHT mty4Horo intenekty ChatGPT-5.5 (OpenAl,
2026). Yci GakTuuHi AaHi, perenTypHi MOKa3HUKH, IHTEpIpeTalii Ta BACHOBKU OyJIM IIepeBipeHi aBTOpoM. ABTOD
Hece MOBHY BiIMOBITALHICTH 32 3MICT, /JaHi Ta BUCHOBKH PYKOIIHCY.
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EKOJIOT O-EKOHOMIYHI ACITEKTH ®YHKIIIOHYBAHHSA XJIIBOITEKAPCBHKOI
MNPOMHUCJIOBOCTI XAPKIBIIMHU B YMOBAX CYYACHUX BUKJ/IUKIB

MeTta. Bu3HaueHHSs €KOJIOT0-€KOHOMIYHHAX OCOOJIMBOCTEH (PYHKI[IOHYBaHHS XJ1I0OMEKapChKOT MPOMHUCIIO-
BocTi XapKiBChKOT 00J1aCTi Ha OCHOBI aHaJIi3y BUPOOHNYOT AMHAMIKHU, CTPYKTYPH KaHalliB 30y Ty, JOTICTHKH, YMOB
30epiraHHs, NaKyBaHHS Ta MOKA3HUKIB 0€3MEeYHOCTI XJ11000yJIOYHUX BUPOOIB, a TAKOXK OKPECIICHHSI IPAaKTHYHUX
HAINPSIMIB i IBUIICHHS PECypCcOePEeKTHBHOCTI Ta EKOJIOTIYHOT OS3MEeKH rarys3i.

MeTtoau. MeTo0I0Ti4Hy OCHOBY POOOTH CTAaHOBIISTH CHCTEMHHM, MOPIBHSIIBHN, CTATHCTHKO-aHATITHY-
HUH 1 CTPYKTYPHO-JIOT1YHUH MiIXOIH.

PesyabTaTu. . CraTucTH4HI AaHi 11010 BUPOOHHIITBA Ta peatizarlil BAKOPUCTAHO IS BUSIBIICHHS €KOJIOTO-
E€KOHOMIYHUX TEHACHIIIH, a BUPOOHNIO0-30yTOBHUII IAHITIOT PO3TIHYTO B IIOCIHIJOBHOCTI «BUPOOHHUIITBO - 30epi-
TaHHS - TaKyBaHHA - TPAHCIIOPTYBAHHS - peanizamis». Lle 1amo 3Mory BUOKpEMHUTH pecypcCHi, JIOTiCTHYHI, CaHiTa-
PHO-TITi€HIYHI Ta BIIX010-yTBOPIOBaJIbHI YMHHHUKH. [l0Ka3aHO, 110 €KOJIOTIYHA CKIIaJ0Ba X/1i00NeKapCchKoi mpo-
MHCJIOBOCTI ()OPMY€EThCS HA BCIX €Taax pyXy HPOAYKIi: BiJi BAKOPUCTAHHS CHPOBHHH, €HEPTii Ta BOJM JI0 MaKy-
BaHHsI, JOCTaBKH, 30epiranHs i peanizauii. HalOinbm 3HaUyIIMMU YMHHUKAaMH € €HEPro- Ta BOJIOCHOKHUBAHHS,
caHiTapHa 00poOKa 00JaJHaHHSI 1 TPAHCIIOPTY, KOPOTKI CTPOKU NPUAATHOCTI, yTBOPEHHSI OPTaHiYHUX 1 HaKyBaJlb-
HHUX BIJXO[IB, 8 TAKOX MOTpeda y MIOJCHHOMY aBTOMOOIIbHOMY NIOCTaYaHHi. BU3HAYEHO, 1110 CKOPOYCHHS CIICITi-
aJIi30BaHOi TOPrOBEJFHOT MepeXi BIUIMBAE Ha JOCTYMHICTh NMPOAYKIii, YCKIAJHIOE MPOCTOPOBY OpraHi3allifo
30yTy Ta MOXe€ IiIBUIYBaTH PU3UKH BTPAT FOTOBUX BHPOOiB; ()aKTUUHUH BIUIMB Ha TPAHCHIOPTHE HABAHTAKEHHS
notpedye OKPEeMOi OLIIHKY 3a MMOKa3HUKAMH BaHTaXK000ITy, KUTBKOCTI PEHCiB 1 JOBXHHU MapIIPYTIiB.

BucnoBku. Exonorizarist xmi0omnekapchkol MPOMHUCIOBOCTI XapKIBIIUHN Ma€ CIUPATHCS HA IMOE€THAHHS
TEXHOJIOTIYHUX, JOTiCTUIHUX i TOPTOBEIBHUX pimieHb. [IpiopUTETHUME € MOJEpHI3allis eHeProEMHOTO 00JajI-
HaHHS, OIIaJIHE BUKOPUCTAHHS BOAM, ONITUMI3alLlisl MApLIPYTiB JOCTABKH, SMEHIIIEHHS BTPAT HEpeali30BaHOi Ipo-
JYKIIT, 3aCTOCYBaHHS O€3MIEYHHUX 1 MPUAATHHX JI0 IepepoOIIeHHS aKyBalbHUX MaTepiaiB, HOCHICHHS KOHTPOJIIO
6e3MeYHOCTi CHPOBHHH Ta TOTOBHX BHPOOiB, a TAKOXK BIPOBAPKEHHS €JIEMEHTIB €KOJIOTTYHOT'0 MEHEPKMEHTY .
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Beryn
X106 € NpPOaYKTOM TOBCSKICHHOIO CITO- X1IHICTh OIIIHIOBATH XJIIOOOYJIOYHI BHPOOU He
JKUBaHHS, 110 TIOCiZ]a€ OCOOJIMBE MICIIE Y TPOIO0- JIMIIIE SIK COIIaJTbHO 3HAYYIIIUH TOBap, a U sIK eJie-
BOJIFUOMY 3a0e3redeHHi HaceneHHs. Moro pery- MEHT Xap4OBOTO JIAHIIFOTA, JUIS SIKOTO BaXKITH-
JSIpHA TPHUCYTHICTh Y PAaIliOHI 3yMOBJIIOE€ HEOO- BUMH € 0€3IeUHICTh, CTaOLIBHICTh SKOCTI Ta €KO-
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JIOTIYHA BiNOBiAIEHICTH BUpoOHUITBA [1]. Cy-
YacHi XJ1100MeKapChKi MiAMPUEMCTBA MAIOTh J0C-
TYIH JI0 Pi3HUX BUJIIB CHPOBHHH, TOTIOMI>KHHX Ma-
TepiaiB, XapuoBHX TOOABOK 1 TEXHOJIOTIYHUX T10-
JIMIITYBaviB, a TAKOXK MOXYTh MOJIEpHI3yBaTH 00-
JaZHaHHA 33 HasBHOCTI iHBecTuuiil. Bommouac
Taka MOJCPHI3aIlisl TOBHHHA OIIIHIOBATHCS HE
JIIIE 3 TIO3UILIH MPOTyKTUBHOCTI, a i 3a KpHTepi-
SIMA €HEPTOOIaTHOCTI, PaIiOHAIHFHOTO BOIOKO-
PHCTYBaHHS, SMEHIIICHHS BTPAaT CHPOBHHH Ta 0e3-
MIEYHOCTI TOTOBOI MPOAYKIIIi.

Exonoriyni  acmektn — XimiOomekapchbKoi
MPOMHCJIOBOCTI JIOIJIBHO PO3IJISIaTH B MEKax
MOBHOT'O BUPOOHMY0-30yTOBOr0 IMKIY. BiH 0X0-
TUTIOE 3aKYTIBIIO Ta MATOTOBKY CHPOBUHHM, TEX-
HOJIOTIYHY TIEpepOOKY, BUKOPUCTAHHS CHEPIreTH-
YHUX 1 BOJHHUX PECypCiB, CaHITapHy 00pOOKY 00-
TIaTHaHHS, TTAKYBaHHS, TPAHCIIOPTYBaHHS, 30epi-
TaHH 1 pearizarito BupoOiB. Takuii miaxin moe-
HY€ TEXHOJIOT1YHY, EKOHOMIYHY, CAHITApHO-TITi€-
HIYHY Ta IPUPOTOOXOPOHHY CKIII0BI MisSUTEHOCTI
T ATPHUEMCTB.

Jms XapkiBcekoi obmacti g mpoOnema-
THKa Ma€ OCOOJIMBY Bary, OCKUIBKU XJTiOomeKap-
ChKa IPOMHCJIOBICTh 3a0€311euye HaCeIICHHS MPo-
IYKIi€0 moAeHHol HeoOximHocTi. KopoTkwmit
CTPOK MPUAATHOCTI XJ1i0a, moTpeda B peryIspHIX
JIOCTaBKaX, BUKOPHUCTAHHS TAKyBaHHS Ta MOXK-
JIMBE YTBOPECHHSI HEpeaniz0BaHOT MPOYKIIii CTBO-
PIOIOTH JIOZIATKOBE PECYPCHE 1 BiIXOI0yTBOPIOBa-
JIbHE HaBaHTakeHHs. Came TOMY OLIIHIOBaHHSI ra-
Jy3i B €KOJIOr0-€KOHOMIYHOMY BHUMIpi € BayKITU-
BUM JiIs (hopMyBaHHSI OLTBIN CTifiKOi Mopeni il
PO3BUTKY.

Punok x711600yT04HMX BUPOOIB € BaXKIIH-
BOKO YAaCTHHOKO IPOJIOBOJIBYOTO PUHKY YKpaiHH,

a HOro craH BIUIMBaE Ha JIOCTYMHICTH 0a30BUX
MPOAYKTIB XapuyBaHHS ISl PI3HUX COLIaJIbHUX
TpyT HaceneHHs [2].

AHaniz 1pOro pPUHKY HEOOXiTHWH s
TOT0, 1100 MiATPHUEMCTBA MOTJIH KOPUTYBaTH aco-
PTUMEHT, 00CATH BUPOOHUIITBA, KaHAIN 30yTy Ta
JIOTICTWYHI PIIIEHHS BiQIOBIIHO 110 MOMHTY. Y
MeKax eKOJIOTIYHO OPiEHTOBAHOTO IMiIXOIY TaKe
IUTAHYBAaHHS TaKO)X CIIPUS€ 3MEHIICHHIO Hai-
JIMIIKOBOTO BUPOOHMIITBA, BTPAT TOTOBOI MPOY-
KLii Ta HepamioHaJbHOTO BUKOPUCTaHHS pecyp-
cis [3].

Mera poboTu monsirae y BU3HAYEHH] €KO-
JIOr0-eKOHOMIYHMX acleKTiB (PyHKI[IOHyBaHHS
XJTIIOOTIEKapChKOT TMPOMHKCIIOBOCTI  XapKiBIIUHU
[UISIXOM aHaJi3y BUpOOHMIITBA, pealti3arlii, JIoTi-
CTHKH, YMOB 30epiraHas, aKyBaHHS Ta TIOKa3HH-
KiB 0€3MeYHOCTI XJ1I000YI0UHIX BUPOOIB, a Ta-
KOXK Yy (hopMyBaHHI pEeKOMEHAAILIH IIIOJI0 ITiJ[BH-
IIEHHSI pecypcoeEeKTUBHOCTI i €KOJIOTITHOI Oe3-
TMICKH TaITy3l.

Jiis peanizaliii MocTaBICHOI METH TEpe-
0aueHO BUKOHAHHS TaKHX 3aB/IaHb:

- TIpoaHai3yBaTH JUHAMIKY BUPOOHHUIITBA Ta
peaunizamii x;1i600y109HUX BUPOOIiB B YKpaiHi Ta
XapKiBChKiii 00J1acTi;

- BU3HAUHTH €TaIy BUPOOHNY0-30yTOBOTO JIa-
HITIOTa, Ha SIKUX (DOPMYETHCSI €KOJIOTIUHE HaBaH-
TaKCHHS;

- OXapaKTepHU3yBaTH PECYPCHI, JIOTICTHYHI, Ca-
HITApHO-TITIEHIYHI Ta  BiJXOJIOyTBOPIOBAIBHI
YUHHUKY (DYHKIIOHYBaHHS TaTy3i;

- y3araJbHUTH HalpsIMH ITiIBUIIEHHS €KOJIO-
TiYHOT Oe3MeKn Ta pecypcoeeKTUBHOCTI XJTibo-
NEeKapCHKUX MiAMPUEMCTB.

O0’cKTH Ta METOAH JOCTiIKEeHHA

O0’ekTOM JOCHIKEHHS € XJiorekap-
ChbKa TPOMHCIIOBICTh XapKIBChKOi 00MacTi sSIK
CKJIaJI0Ba PETiOHANBHOI MPOJIOBOJBYOI CHC-
temu. [Ipeqmerom nOCHIIKEHHS BUCTYNalOTh
€KOJIOT0-eKOHOMIYHI TTapameTpH i1 PyHKIIOHY-
BaHHsI, 30KpeMa BUPOOHHIITBO, 30epiraHHs, ma-
KyBaHHs1, TPAHCIIOPTYBaHHSI, peaizalis Ta mo-
Ka3HUKHU 0e31eYHOCTi X11000yI09HIX BUPOOiB.

Y po6oTi 3acTOCOBaHO CHCTEMHHUH, IOPi-
BHSUIBHUM, CTATUCTHKO-aHATITHYHUN 1 CTPYK-
TYpPHO-JIOT1YHUI METOAH.

CucreMHUI TiAXiq JaB 3MOTY PO3TJs-
JIaTH Trajy3b K B3a€MOIIOB’ SI3aHHM JIAHITFOT BiJl
CHPOBHHHOT0 3a0€3TeUeHHS 40 peatizaiii mpo-
nykiii. TlopiBHSUIBHUH METOJ] BUKOPHUCTaHO
JUTSE 31CTaBJICHHS BUPOOHNYOT TUHAMIKH B 4aco-
BOMY Ta TEPUTOPIaJIbHOMY aCIIEKTaX.

CraTUCTHKO-aHANITUYHAN METOJ 3a0e3-
[IEYHB y3arajibHEHHs KUTbKICHUX ITOKa3HUKIB, a
CTPYKTYPHO-JIOTIYHUH - BUILJICHHS €KOJIOT1THO
3HAYYIUX YNHHUKIB HA OKPEMHUX €Tamax pyxy
MIPOJTYKITi1.

Pe3yabTaTi 1ocaigmxeHHs

[HpOopMarIiitHOI0O OCHOBOIO JTOCIIIKCHHS
€ craTHUCTHYHI MaTepianu JlepkaBHOI CIyxOm
CTaTHCTHKKM YKpainu [2], maHi opraHiB cTaThc-

THKA XapKiBChbKOi 00JIacTi Ta BiIOMOCTI MO0
JUSUTBHOCTI MIAPHEMCTB X 1100MEeKapChKol Mpo-
MHCJIOBOCTI M. XapKoBa.
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Ha mepmomy etamni npoanaiizoBaHo ITU-
HaMiKy KiTBKOCTI 00’ €KTiB po3apiOHOT TOpriBii
xJ1i60M 1 x111600yI0uHIMH BUpoOamu y XapKiB-
cpKiil o0macTi. OCKIIBKHY X110 MOXKE peai3oBy-
BaTUCS SK OE3MMOCepeTHbO BUPOOHHKOM, TaK 1
gepe3 IMOCEpENHMIBKI Ta pOo3ApiOHI KaHaIH,
CTpyKTypa 30yTy Ma€ iCTOTHE 3HA4YeHHS s
€KOHOMIYHOI JIOCTYITHOCTI POIYKIIii, JIOTiCTHY-
HOT'O HABaHTAXKEHHS 1 BTPAT Y TOPTOBEIIHHIN Me-
pexi [2, 4].

s y3aranbHeHHS 3MiH y Mepexi creli-
a1i30BaHOI po31piOHOT TOPTiBI XMi00M 1 XJ1i00-
OynoyHnMHu BUpoOaMu B XapKiBCBbKii o0macTi
BHKOPHCTAHO JIaHi, HaBeAcHi B Tab. 1.

YpomoBx AOCTIIKYBAaHOTO TIEPIOTy 3a-
raJlbHa KUTBKICTD I IITPHEMCTB PO3IPiOHOT TOP-
TiBJII Ta PECTOPAHHOTO TOCHOIAPCTBA 3MEHIIIH-
nacs Ha 2128 ogwHuIe. Taka muHaMiKa BimoOpa-
’Ka€ BIUIMB KPW30BUX SBHII, TpaHCHOpPMAIIi0
(hopM BIIaCHOCTI, TOCHUIICHHS! KOHKYPEHITIi Ta

Taoauna 1

JAuHamika KUIBKOCTI NiANPUEMCTB TOPriBJi Ta peCTOPAHHOI0 rOCIOJAPCTBA, SIKi 3/AilicCHIOBAJIN PO3APIOHY
TOPTiBJIIO X1i00M Ta XJ1i000yJI0uHMMHU BHpo0aMu B XapKiBchKiil 06J1acTi

Table 1

Dynamics of the number of trade and restaurant enterprises that carried out retail trade in bread
And bakery products in the Kharkiv region

IMoxka3- Poxn

AO0CO/II0THE BiIXHJIeHHs, +
(J1aHUIOTrOBE)

Temn 3miHeHHs1, % (JIAHWIOrOBUIi)

HHUK

2022 | 2023 | 2024 | 2025 | 2026 | 23/22

24/23

25/24 | 26/25 | 23/22 | 24/23 | 25/24 | 26/25

II-Ba
po3p.
TOpTi-
BIII Ta
pectop.
rocrio-
nape-
TBa,
yCBOTO,
of.

7579 | 6730 | 6310 | 6069 | 5451 | -849

-420

-241 | -618 88,8 93,76 | 96,18 | 89,82

II-Ba
po3ap.
TOpTi-
BIII Ta
pecrop.
rocrio-
Japc-
TBa, 110
TOPTO-
BaIl
XJ1i00M
Ta XJi-
600y1.
BUPO-
Gamu,
of.

172 96 46 38 24

-14 55,81 | 4792 | 82,61 | 63,16

ITuToma
Bara
cre-
iaj.I-
B TOPTIi-
BJI XJIi-
6oM Ta
Xi60-
Oy.
BUPO-
Oamu B
3ar. Ki-
JIBKO-
cti, %

2,27 | 1,43 | 0,73 | 0,63 | 0,44 | -0,84

019 | - - - -
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nepecrenianizaliio YacTHHHU Cy0’ €KTiB rocroa-
proBanHst. OTHOYACHO 3pOCTa€ 3HAYCHHSI MAITUX
1 kpadToBUX BHPOOHWIITB, a TAaKOXX BIIACHUX
30yTOBHX MEpeXk, IO I03BOJSIE BUPOOHHKAM
HIBUALIE pearyBaTy Ha MOIUT 1 YaCTKOBO KOHT-
POJIOBATH BTPATH MPOIYKIIi [5].

KinpkicTh mignmpueMcTB po3apiOHOT TOpri-
B, AKi peanizyBanu xmi0 1 x7ai000yno4Hi BH-
poOu, ckopodyBanacs MIBHIIIE, HIX 3araibHa
YUCEIBHICTh TOPTrOBENIBHHX 00’ €KTiB. Y 2022 p.
TakuX mignpueMctB Oyio 172,y 2023 p. — 96,
T00TO 55,81% BijJ PiBHSI MONEPEIHBOTO POKY.
Hanani TenpeHtiis 10 3MeHIIeHHs 30epiramacs,
1 32 BeChb MEPIOJ KUIbKICTh CIELiaTi30BaHUX
00’ekTiB cKopoTHiacs Ha 148 onuHuIk. B exo-
JIOTO-JIOTICTHYHOMY BHMipi TaKa KOHIIEHTPAIIis
KaHaJiB 30yTy MOXe BIUIMBATH Ha MIPOCTOPOBY
Oprasizaljiro MocTayaHHs: MOTPeOyBaTH Tepe-
OyJI0BM MapIUIPYTiB OCTABKH, 3MIHIOBATH ITH-
TOMIi TPaHCIIOPTHI BUTPATH HA OJUHUITIO Peai-
30BaHOI MPOAYKLii Ta MiABHIIYBATH PHU3HK
YTBOPEHHS HEpealli3oBaHUX 3ajJHIIKIB y pasi
MEHIII THYYKOTO PO3MOLTY MPOAYKIii MK TO-
proeeJi-HUMH TouKaMu. Le, cBo€ro ueproro, mo-
TEHLIIHO IT0B’s13aHe 31 30UIbIIEHHSAM [TaJIUBHO-
EHePreTHYHUX BUTPAT y JIOTICTUII Ta OOCATIB
OpraHiYHUX Xap4YOBUX BIIXOMIB [6].

HactynHum etanoM € OIiHIOBaHHS IWHA-
MiK{ BUPOOHUIITBA XJ1100TIEKaPCHKOT MPOAYKIIiT

y HaTypaJlbHOMY BUpa3i Ha piBHI Ykpainu, Xa-
PKiBCBbKOi 00acTi Ta M. XapkoBa. Xitioomnekap-
CBKi MIAMPUEMCTBA BIOITPAIOTh CTPATETIYHY
PO Y IPOJOBOIIBYIN Oe3Meli, ToMy 3MiHU 00-
CSITIB BUPOOHUITBA MaIOTh SIK COLiIbHO-EKO-
HOMIYHHUH, TaK 1 eKOJOTIYHUM BUMIp. Bix HUX
3aJIe’KaTh TOTPeOW B CHPOBHHI, €HEPrii, BOII,
TPaHCIOPTi Ta MaKyBaJbHUX Martepiaiax. Pe-
3yJIbTAaTH HaBeIEHO B TaOI. 2.

B VYxpaini BupoOHHUIITBO XJT1i0a Ta XIi0o-
OyJI04HMX BHPOOIB 3MIHIOBAIOCS HEPIBHOMI-
pHO. Y 2023 p. 06csr 3uU3MBCA A0 2356 THC. T,
ab6o 110 96,16% Bixg pisast 2022 p.; y 2024 p. 3a-
(hikcoBano mpupict Ha 3,01%; y 2025 p. mokas-
HUK 3HOBY 3MeHIMBcs a0 96,0% Bing piBHS
2024 p.; y 2026 p. odiKyeThCS HE3HAYHE 3POC-
taHHsA 110 2350 THC. T. 3aranom MpoTrHO3HUM Pi-
BeHb 2026 p. 3aMMIIAETHCS HUKYUM 32 PiBEHb
2022 p. Ha 4,08% [7].

Y XapkiBchkiil 005acTi BUPOOHHIITBO
xJ1i0a Ta XI00npOayKTIB 3HWKYBanocs 10 2025
P-; HAMOLIBII BiIYyTHE CKOpOUCHHS 3aikcoBaHO
y 2024 p. nopiBasHO 3 2023 p. - Ha 19,4 THC. T,
abo 26,9%. Y 2026 p. mporHo3yeThcsl BiJHOB-
JICHHsI BUpoOHMIITBa 110 134,4 THC. T.

s M. XapkoBa xapakTepHa moflioHa Tpa-
extopis: y 2022-2025 pp. BUpOOHHUIITBO 3MEHIITY-
Bayiocsi, a y 2026 p. OUiKyeThCs TIOMIpHE 3pOc-
taHHs Ha 1,92% nopiBusHO 3 2025 p. [8].

Taoauns 2

AHaJti3 BUPOOHUITBA XJIi0y Ta X/1i600y/1I04HIX BUPOOIB NiANPHUEMCTBAME XJ1i00NEeKapChKOT
NPOMHUCJIOBOCTI YKpainu, XapkiBcbkoi o0aacTi Ta micta XapkoBa (Tuc.T.)

Table 2

Analysis of the production of bread and bakery products by enterprises of the baking industry of Ukraine,
Kharkiv region and the city of Kharkiv (thousand tons)

BupoOHuITBO 2022 2023 2024 2025 2026
B Vkpaini 2450 2356 2427 2330 2350
0,
Temmu pocty B % ) 96,16 103,01 96,0 100,86
JI0 TIOTIEPETHBOTO
0,
Temnu pocty B % ) 96,16 99,06 95,1 95,92
110 2002 poky
B Xapigchkiii 140 4 136,0 126,6 124,2 134,4
obacTi
0,
Temnu pocty B % ) 06,87 93,1 98,1 108,21
JIO TIOTIEPEAHBOTO
Temnu pocty B % ) 96,87 90,18 88,46 95,73
J10 2002 poky
B Xapkosi 79,2 79,5 76,0 67,6 68,9
Temmnu pocty B % ) 100,38 95,6 88,95 101,92
JI0 MOTIEPEIHBOTO
Temnu pocty B % ) 100,38 95,96 85,35 86,99
110 2002 poky
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[Hani 3a 2026 pik HaBeJEHO SIK MPOTHO3HI
MOKa3HUKH [HCTUTYTY AOCHTIKEHb arpapHoi 1mo-
JITAKA YKpaTHH.

Junamika BUpoOHMLITBA X1i0a Mae Oe3mno-
CepeIHE eKOJIOTIYHE 3HAYEHHs, OCKUTbKHA BH3HA-
Yae MOTpeOH y MATMBHO-CHEPTETHYHHX PECyp-
cax, BOJIi, MaKyBaJIbHUX MaTrepianax, TPaHCIIOPT-
HUX OIepallisax Ta 00csArax MOTSHIIHHNX OpraHi-
yHKX BimxoniB. Tomy crabimizamist abo HaporIy-
BaHHS BUPOOHMIITBA TOBHHHI CYIPOBODKYBa-
THCSl BIPOBAKCHHSIM €Heproe()eKTUBHUX TeX-
HOJIOTiH, KOHTPOJIEM BUPOOHWYMX BTPAT 1 PO3BH-
TKOM CHCTEM €KOJIOTIYHOTO MEHE/KMEHTY.

[Mopanpmmii aHaNi3 30Ccepe/PKEHO HAa THUX
XapaKTePUCTHKAX XJTI0ONEKAPCHKOrO CEKTOpY,
SKi MArOTh 3HAYEHHS TSl 0€3MeYHOCTI XapuoBUX
MpOAYKTiB: Kiacuikarii BUpoOiB, CTpokax i
yMoBax 30epiraHHsi, mMporecax CTapiHHsI, MiKpo-
010JIOTIYHHMX PU3HMKAX Ta MOBOKEHHI 3 TIPOAYK-
Ii€I0 T[] Yac peaizariii.

B yMmoBax KOHKypeHLil Ta 3pOCTaHHS
yBaru CIOXKMBadiB 10 HATYPAIBHOCTI, SKOCTI U
0e3MevHOCTI IPOYKTIB KITFOYOBHMH YHHHUKAMU
TIOTIUTY 3AJUIIAFOTECS ACOPTUMEHT 1 CTa0uIb-
HICTh CIIOKMBYMX BiacTHBOcTed. J[is exoiori-
YHO OpIEHTOBAaHOTO BUPOOHHWIITBA IIi YHHHHUKU
HEOOXiTHO TIOETHYBATH 3 PECYPCHOFO OIIATHICTIO
Ta MIHIMI3aII€O BIIXOIIB.

Jlns cuctemaTtu3arii mociti0BHOCTI AOCTi-
JDKEHHS Ta OLIHIOBaHHS €KOJIOTIYHOI CKJIaI0BOT
BUPOOHHIITBA BUKOPHCTAHO MPUHIIUIIOBY CXEMY
npoBeieHHs gociaiB (puc. 1).

Exonoriuny ckimaoBy OIIIHEHO 3a TpY-
NaMM YMHHUKIB: CIIOXKMBAaHHS €HEprii Ta BOJIH,
€HEPrOEMHICTh TEXHOJIOTTYHUX OTIepalliii, caHiTa-
pHa 00poOKa BUPOOHIYOTO OOIaHAHHS 1 TPaHC-
MIOPTY, YTBOPEHHSI OPraHIYHMX Ta MaKyBaJbHHX
BIZIXOJIiB, CTPOKH MPUIATHOCTI, TPAHCIIOPTHE Ha-
BaHTAXKEHHS, a TaKOX IOKA3HUKU Oe3Me4HOCTI
xJ1i0a 1 x711600yI09HNX BUPOOIB.

KoHTpoJib SIKOCTI Ta 0€3MeUYHOCTI TOTOBHX
BUPOOIB PO3MIISIHYTO 32 OPTraHOJICITHYHUMH, (Pi-
3MKO-XIMIYHHMH 1 MiKpOOI1OJIOTTYHUMH TTIOKa3HH-
kamu. Binbip npo06 3niticaroBanu 3rigHo 3 [OCT
9402-82 ta I'OCT 5665-65, mo g03Bomse 3a0€3-
MICYMTH MOPIBHIOBAHICTE JITA0OPATOPHUX PE3YJib-
TaTiB i perpe3eHTaTUBHICTh OL[IHIOBAHHS MApTIH
TPOYKIIiL.

Jlo 6a30BUX OpraHoJeNTUYIHNX O3HAK Ha-
JIeXKaTh CTaH MOBEPXHi, KOJIpP 1 CTPYKTypa M’ AKy-
IIKM, CMaK, 3arlax Ta 3arajlbHa CBUKICTH BUPOOY.
Cepen (hi3uKO-XiMIYHUX [TOKA3HUKIB 1711 BUPOOIB
13 JPLKIDKOBOTO TiCTa BAXIJIMBUM € TMMUTOMHN
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00’eM, SIKMI 3aJISKHUTH Bifl Ta30yTPUMYBaIbHOT
3JIATHOCTI TiCTa, CTIHKOCTI 30MTOI MacH Ta PEKU-
MiB TEXHOJIOTi9HOT 00poOKw [16].

[Muromuii 06’ eM 6aTOHIB BU3HAYAIIH K Be-
JUYMHY, 0OCpHEHY 10 LIUIBHOCTI; INUIBHICTB, Y
CBOIO Yepry, OOUHCITIOBAIN SIK CITiBBiJHOIIICHHS
MacH BHPOOY 70 HOro 06’ eMy.

J11st KOHTPOJTFO SIKOCTI XJ1i0a 1 X11000yI10-
YHUX BUPOOIB BifOIp 3pa3KiB 3a OpPraHONCIITHY-
HAMH Ta (Qi3UKO-XIMIYHUMH TTOKa3HUKAMH IIPO-
BOJISITH 13 TIPEJICTABHUIIBLKOI BUOIPKH BiJIIIOBITHO
1o 'OCT 5667-65.

[lin wac opraHONENTHYHOTO KOHTPOJIIO,
KpiM (hOpMH, TTOBEPXHI Ta KOJIHOPY, OLIHIOKOTH
HasIBHICTh CTOPOHHIX BKJIFOYEHbB, XPYCT BiJl MiHE-
paTTbHUX JIOMIIIOK, O3HAKH XBOPOO 1 TDTiCHSBHL
JUTSL TIHOTO BiJ] TIPE/ICTABHUIIBKOI MAapTii BigOMpa-
I0Th I1’ATh OJJUHUIIb TIPOAYKILT [9].

Y pasi nepeBipku AKOCTI KOHTPOITIOIOYUMHU
OprasizallisiMu 3a3Bu4aii ((OpMyrOTh TpH J1abopa-
TOpHI 3pa3ku. Ha xsmi0omnekapchKoMy IianprueMc-
TBI IBa 3 HUX YIIAKOBYIOTh, TJIOMOYIOTE a00 orie-
YaTyIOTh 1 IepPeAaroTh /10 Ta00paTopii KOHTPOIIFO-
FOYO1 OpraHizariii, a TpeTii JOCIiKYIOTh y J1abo-
paropii BUpoOHHKa.

[Tix yac BimOOpy 3pa3KiB y TOProBENbHIMH
Mepexi BCl TpU JaOOpaTOpHi 3pa3Kul MaKyOTh
AHAJIOTTYHO: JIBA CIIPSIMOBYIOTH JIO J1abopaTopil
KOHTPOJIFOFOUO] OpraHi3aiiii, OfuH - J10 Jlaboparo-
pii mianpueMcTBa-BUPOOHUKA.

Y naGopaTopii KOHTPOJIFOOUOT OpraHizarii
AHATI3YIOTh OJIMH 13 3pa3KiB, a Jpyruii 30epira-
I0Th Y 3aIllakOBAaHOMY BHIJISI JUIST MOXKIIMBOT'O
TTIOBTOPHOTO JIOCITI/KEHHS Y pa3i po30iKHOCTEH B
oliHII SKOCTI [16].

Kosxen mabopaTtopHuii 3pa3ok Ma€e Cyrpo-
BODKYBAaTUCS aKTOM BinOOpy, lie¢ 3a3HA4aroTh
HaliMEeHYBaHHsI BUPOOY 1 MiJANpPHEMCTBA-BUPOO-
HUKa, 1aTy Ta MICIIe BiIOOpY, 0OCsT i HOMep nap-
Tii, yac BUXoay BHUpOOiB i3 meyi abo 4acoBi Mexi
BUITIKAHHS MAPTIl, MEepeNTik MOKa3HUKIB JIIs aHa-
J13y, @ TAKOX MPI3BHUINA 1 IOCaIH 0Ci0, SKi 3iHc-
HUJIH BigOip.

OLHIOBaHHS SIKOCTI X/1i0a 341MCHIOIOTH 3a
OPraHoJIENTUYHAMH O3HaKaMy (30BHIIIHINA BH-
[JIST, CTaH M’SIKYIIKH, CMaK 1 3amax) Ta (i3uko-
XIMIYHMMH TIapameTpaMH (BOJIOTICTb, KHCJIOT-
HICTb, BMICT IIyKpY, )HpPY, IOPUCTICTb), IO y3a-
rajbHeHo B Tabum. 3 1 Tadm. 4.

M’ sIKyIIKa MIIeHUYHOro XJ1i0a 3a3Buyain
CBiTJIIIIA 1 OUITBII TOPUCTA, @ CMaK MEHII KHC-
JUH TIOPIBHSIHO 3 KHUTHIM XJII0OM 13 000#HOTO
OopormrHa.
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BucHoBKH Ta ipomo3utiii

AHaui3 puHka ITokaznuku ITatenTHUI OITYK XapakrepucTuka
XJ11000yTOUHUX SIKOCTI XJTI0Y 3 BUPOOHUIITBA JIOAATKOBOL
BUPOOIB X0y CHUPOBHMHHU
B YKpaiHi
( v y y y
BucHoBKY 3 0030py JiTeparypu Ta GopMyBaHHS METH 1 33124 TOCITiPKCHb ]
L
/ v \
Po3pobka HOBOTO Exonoriuna xapak- MapkeTHHI OB AOCITi-
Xm0y TEPUCTHUKA BUPOO- JOKSHHS PUHKY XJT11000Y-
HUIITBA HOBOTO JIOYHUX BUPOOIB HA pH-
Xm0y HKY M. XapKoBa
™ .
Bubip 30arauysaua Pospurok xii-
> 000yI0UHIX
i J BUPOOIB B Cy-
v . YaCHUX YMOBax
BuBYCHHS CTPYKTYypHO-MEXaHi-
— > YHMX TTOKA3HUKIB —
J BusHaueHHd 1i-
Jiei 1 crparerii
Y MapKeTHUHTO-
BuBYeHHS opraHoJIeNTHYHNX __ 4 BOro gocIi-
> | Ta }i3uKo-XiMiYHMX HOKA3HMU- JOKEHHS PUHKY
KiB X600y T0UHHX
BUpPOOIB
A v

Puc. 1 — [Ipuniunosa cxema NpoBeAEHHS AOCIIKEHb
Fig. 1 - Schematic diagram of research

®dopma KHUTHBOTO XJ1i0a Mae OyTH MpaBH-
JBpHOIO, 0e3 aedopMariii, TPUTHCKIB 1 HaIMip-
HOT0 po3ruinBanHsL. s popMOBHUX BUpOOiB BOHA
MOBHHHA BIMOBIATH XJIIOHIM (hopMi 3 TIOMIPHO
BUITYKJIOIO BEPXHBOIO KIPKOIO, JJIS TIOJIOBUX -
OyTH KpyTJIOIO0, OBAJIGHOIO 200 TOBracTO-OBAJIb-
Hoto. [ToBepxHst Mae OyTr 6e3 3HAYHHX TPIIIHH 1
MIJIPUBIB; JJISI OKPEMHUX BHPOOIB JIOMYCKAIOTHCS
Hazpi3u abo Hakow [10].

Koutip kipku MOBHHEH BiJITOBIIATH BUIY 1
copTy BupoOy Ta repeOyBaTH B Tiania30Hi BiJ| CBi-
TJIO-KOBTOTO JI0 TEMHO-KOPHYHEBOTO 0€3 03HaK
MiTOpsHHS 200 HAMIPHOI OJTiTOCTI.

ToBumHa Kipku xJ1iba HE TOBUHHA Iepe-
BUIIYBaTH 4 MM; 1151 OaTOHIB 1 APiOHOIITYYHHX
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BUpPOOIB IIeil MOKa3HWK CTAaHAAPTOM HE HOPMY-
€THCSL.

CraH M’SIKYIIIKH XapaKTepU3yIOTh 3a Ipo-
MIEYEHICTIO, BIFCYTHICTIO JIUIIKOCTi, TPYIOYOK,
ITYCTOT 1 CJTiJIiB HETIPOMICY, PIBHOMIPHICTIO TIOPH-
CTOCTI Ta EACTHYHICTIO.

ITics Tlerkoro HaTHCKAaHHS M’ SIKYTITKA M€
BIZIHOBJIIOBATH (hOPMY; CMAK 1 3arax MoBUHHI BiJl-
MIOBIZIATH KOHKPETHOMY BHY XJ1i0a 6e3 CTOpoH-
HIX BIATIHKIB.

®di3uko-XiMiuHa OIliHKa Tependadae BU-
3HAUEHHSI BOJIOTOCTI M’SKYIIIKU, KACIOTHOCTI Ta
MIOPUCTOCTI.

HopmaTrBuy BOJIOTOCTI 3aeKath Bl BUILY
BUpPOOY, PELIENTYPH Ta CIIOCO0Y BUITIKAHHS: TS
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Taoaunsa 3

OpraHojenTU4Hi NOKA3HUKHU XJ1i0a MIIEHUYHOTO

Table 3

Organoleptic characteristics of wheat bread

Iloxka3Huk

XapakTepucTuka

30BHIIIHINA BUTISAL,

TUIBHUKA.

®opma popmoBoro xJaida: Bianosigae xnioHiH Gopmi, y sKiil poBoANMIOCH
BUITIKaHHS; BEPXHSI CKOPHUHKA JICIIO0 BUITYKJa, 03 OOKOBUX BHILIMBIB.

®opma mo0BOro XJIifa: OKpyria, oBaJibHa a00 BUIOBKEHO-OBaJIbHA, HE PO3II-
JMBYACTa, 0e3 MPUTHUCKIB. JlomyckaroTbest 1-2 HEeBENUKi 37UIN 32 YMOBH
BHUPOOJICHHS Ha TYHEIbHHX IT€YaX i3 MEXaHi30BaHUM IepecaKyBaHHIM.
IloBepxHs: 6e3 BeNUKHUX TPIIIUH i MiAPUBIB; 3 HaAKOIaMu ab0 Hazapizamu 9u 6e3
HUX BiATOBIAHO IO TEXHIYHOTO onHcy. JlOMyCcKaeThesl HAsIBHICTH IIBA Bij

Komip

BiJ CBITI0-)KOBTOTO JI0 TEMHO-KOPHYHEBOTO (HA BEPXHIil CKOPHHITI).

CraH M’ SIKyILKH

MOYaTKOBY (hopMmy.

IIponeyenicTb: M’AKyLIKa IPOIEYEHA, HE BOJIOTa HA JOTHUK.
EnacTuuHicTh: miciist IErKOro HATHCKaHHS NaJbISIMU M’ SIKYIIIKA BiJIHOBJIIOE

IIpomic: 6e3 Tpy0UOK i CIiZIB HENPOMICY.
IopucricTh: po3BHHEHA, 0€3 MYCTOT i YIIIJIbHEHb.

CMmak

BrnactuBuii nanomy Buay BupoOy, 6€3 CTOPOHHBOTO IPUCMAKY.

3amax

BrnactuBuii tanomy Buay BHpoOy, 6€3 CTOPOHHBOTO 3alaxy.

Taoauua 4

PDizuKo-XiMiuHi MOKA3HUKH XJIi0a NIIEHUIHOTO

Table 4

Physico-chemical indicators of wheat bread

HaiiMeHyBaHHSI NOKa3HMKIB

Xu1i0 mueHu4yHmii 3 6opomHa
BHILOT0 TATYHKY NOJ0BMIi

Xu1i0 mueHu4yHUil 3 GopoiHa
BUIIIOI'0 FaTYHKY ()OPMOBHIi

Bognoricts M'sikymiku, %,

. 43,0 440
He OlnbIie
KucaoTHicTs MSIKYIIKH, TPaI,
He Oinble 3,0 30
[Mopucricts M'sKyIIKH, %, 700 720
HE MCHIIE ' ’

JKHTHBOT'O TPOCTOTO 1 3aBApHOTO XJ1i0a BCTAHOB-
JFOEThCA piBeHb He Outbie 51%, i rmmeHnd-
HOro xJiba 3 oboifHoro OoporiHa - He OulbIIe
48%; moJ0B1 BUPOOH, K MIPABHIIO, MAIOTh HIKUY
BOJIOTiCTh, HDK (opmoBi. Hammipna Bomoricts
TOTIPIIy€e CMaK, 3HIKYE MOKUBHY LIIHHICTB 1 CKO-
pouye cTpok 30epiranns [11].

KucnoTHicts ¢opmyeTbesi i BILTUBOM
COpTy OOpOIIIHA Ta CITIOCO0Y PUTOTYBAHHS TiCTa.
BoHa BH3Ha4ae CMakoBi BIIACTHBOCTI BHPOOY 1
MOXKke OYTH 1HJJMKATOPOM TPABIIILHOCTI BEICHHS
TEXHOJIOTIYHOT'O MPOLIECY.

JKutHi BUpOOHM, BHTOTOBIIEHI Ha 3aKBa-
CIli, XapaKTepU3yIOThCS BHUIOI0 KHCIOTHICTIO
(mo 12 rpaz.), Toai SK AJIs MIIEHUYHUX BUPOOIB
Ha IpDKIXKax el MOKa3HUK 3a3BUYail He mepe-
BULIYE 4 Tpas.

CraH M’ SIKYILIKH OLIHIOIOTH 33 CYKYIHICTIO
O3HAaK: MPOIIEYEHICTIO, SIKICTIO TIPOMICY, TIOPHUCTi-
CTIO, €JIACTUYHICTIO Ta CBDXKICTIO. Y SIKICHOTO
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BHUpOOY M’SIKyIIIKa CyXa Ha IOTHK, HeJIUIKa, 6e3
TPYAOYOK i HEMPOMIIIAHUX UISTHOK, a TIOPHC-
TICTh BU3HAYAIOTh SIK YaCTKy 00’eMy HOp Y 3a-
rajpHOMY 00’€Mi M’SIKYIIKH, BUPaKEHY Y Bij-
COTKaX.

Buma Tta piBHOMIpHIIIA MOPHUCTICTH
CIIpHSE KpalioMy 30epekeHHIO CBIXKOCTI Ta MOB-
HilIOMY 3aCBO€HHIO xJ1i0a. Enactiyna m’siky1ika
TTiCIISE CTUCKAHHS [IBUJIKO TIOBEPTAETHCS JI0 TI0Ya-
TKOBOT (hopMH.

CBixi BUpOOU MaroTh PiBHY CYXy KipKy,
OTHOPIHY €JacTHYHY M AKYIIKY, M Ky KOH-
CUCTEHIII0, XapaKTEPHi IS IHOTO BUIY CMaK 1
3anax 0e3 TipKOTH, CTOPOHHIX NMpHCMaKiB abo
3amaxis [12].

[NokazHuku Ge3neyHoCTI XITiba 1 XII600y-
JIOYHUX BHPOOIB TIOBHHHI BiJITIOBIIATA BCTAHOB-
JICHUM JOIyCTHUMHM DiBHSIM BMICTY TOKCHYHHX
€JIEMEHTIB, MIKOTOKCHHIB, IECTUIIUAIB 1 paJiioHy-
KITiiB (Tabmn. 5).
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Tabaunsa 5

Moxa3uuku 6e3nmeyHocTi X1i6a i Xx1i000y104HNX BUPOOIB

Safety indicators of bread and bakery products

Table 5

I'pyna HajiMenyBaHHSI OKa3HUKA JonycTumuii piBeHb,
TMOKA3HUKIB He OliIbIIe

ToxcuuHi CBuHElb 0,35 mr/kr

eJIEMEHTHU Mumr’ ik 0,15 Mr/kr
Kanmiit 0,07 Mr/kr
PryTh 0,015 mr/kr

MiKOTOKCUHHA Admnatokcun Bl 0,005 mr/kr
JIe30KCHHIBAICHOT 0,7 Mr/kr
T-2 Toxcuu 0,1 mMr/kr
3eapaneHoH 0,2 mr/kr

IMectunmau I"ekcaxsopimkiiorekcas (a-, -, y-i3omepn) 0,5 mr/kr
PryThOprasiuHi necTuuan 0,01 Mr/kr
2,4-J1 xucnora, 1i coi, edipu He nomyckaeTtscest

Pagionykiiau Ie3iit-137 40 Bx/kr
Crpomniriii-90 20 Bx/kr

CaunitapHuii cTaH 3a0pyqHEHICTh, 3apa)KEHICTh IIKITHUKAMHU XJTiOHUX He nomyckaerscst
3amaciB: KOMaxu, KM

HopMaTuBHOIO OCHOBOYO /IS OIIHIOBAHHS
TiepesTliueHnX TPy MOKA3HUKIB € YHHHI CaHITapHi
Ta TICi€EHIYH] HOPMATHBU MO0 3a0pY/IHIOBAYIB
XapuOBMX TPOAYKTIB, 3aIWIIKIB TECTUIWIIB i
BMICTY PaIiOHYKIIi/IiB, & TAKOX MPodiibHI HaIlio-
HaJTbHI CTAHAAPTH Ha XJ1i0 13 MIIEHUYHOTO Ta KH-
THBOTO GoporiHa [24-28].

Hedextn xmibda MOXyTh OyTH 3yMOBIIEHI
SIKICTIO OCHOBHO{ Ta JIOTIOMI>XKHOT CHPOBHHH, T10-
MIJIKaMH JI03yBaHHS, IOPYIIECHHIMH TEXHOJIOT1-
YHOTO PEeXUMY ab0 HEHAIEKHHM TMOBOKCHHIM
13 BUpOOaMHU TTiCIIs BUITIKAHHSL.

3a xapakTepoM MposiBy Ae(HEKTH MMOJILIIs-
I0Th Ha Je()eKTH 30BHIIIHBOTO BUIIISTY, M’ SKY-
IIKW, CMaKy Ta 3araxy.

Jo nedexTiB 30BHINTHEOTO BUTIISITY Hase-
KaTh HenpaBuiibHA (HopMa, TPIIMHU i HaPUBU
Ha Kipiii, mmaropiiia abo HaaTo Oj1ia MOBEPXH, a
TaKOX BiJICYTHICTh XapaKTEPHOTO TIISHITIO.

HenpaBwibna ¢opma MoXe BHHHUKATH
4yepe3 HeJOCTATHIO SIKICTh KIEWKOBHHU OOpO-
ITHA, TIOPYIIeHHs (popMyBaHHS 3aroToBOK abo
BIJIXMJICHHS BiJl ONITUMAJILHOTO PEKUMY BHUCTO-
IOBaHHS TICTA.

Exosoriuni actiekKTd BUPOOHHYO-30YTO-
BOTO JIaHIfora XIi0o0ynoyHux BupoOiB. Exomo-
riyHe HAaBaHTaKEHHS XJIIOOMEKapChKOI MPOMHUC-
JIOBOCTI (hOPMY€EThCS HE JIUIIIE Y TIedax 1 TICTOMi-
CWILHUX BIIIUICHHAX. BOHO po3mojisicHe Mix
yciMa JJaHKaMH JKATTEBOTO ITUKITY TIPOMYKITii: BU-
POOHHIITBOM, TTaKyBaHHSM, TPAHCIIOPTYBAHHSM,
30epiraHHsaM 1 peamizamiero (tadm  6). [l
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xJ11000yJIOUHUX BUPOOIB 1€ OCOOIMBO ICTOTHO
gepe3 KOPOTKUH CTPOK NMPHUAATHOCTI, IOJACHHY
JIOTICTHKY Ta MiJBUIICHI CaHITaApHO-TIri€HIYHI
BUMOTH.

Ha BupoOHMYOMY eTarti KIIFOUOBUMH YHH-
HHUKaMH € CTIO)KMBAHHSI €HEPropecypciB Il yac
BUITIKaHHS, BUKOPHCTAHHS BOJH JUTSl TEXHOJIOT 14~
HUX 1 caHiTapHHUX MOTPeO, YTBOPEHHS 3AIUIIKIB
CHPOBUHM Ta OpakoBaHOi a00 Hepeai30BaHOI
NPOAYKIIil. SMEHIUTH HaBAaHTA)KEHHS MOXKHA 32
PaxyHOK €HEpProoiaJHIX Iredueld, oKy i HOp-
MYBaHHSI BOJIOCIIO’KUBAHHS, ONTHMI3AIli perern-
TYp 1 TEXHOJIOTIYHUX PEKHUMIB, a TAKOXK 3aro0i-
T'aHHS] BUPOOHWYUM BTpaTaM.

JlorictnyHa IlaHKa Mae OcoONMBE 3Ha-
YEHHSI, OCKUJIbKH CBIXKa MPOJYKIIis OTpedye pe-
TYJISIPHOTO 3aBE3CHHS 10 TOPrOBEJIBbHHUX TOYOK.
ABTOMOOUIBHUI TpPaHCIOPT 3a0e3Medye IIBHA-
KiCTb 1 THYUKICTb OCTa4aHHS, aJle BOIHOYAC 3Y-
MOBITIOE BUTPATH NaJBbHOTO, BUKUIU Ta HEOOXia-
HiCTb caHiTapHOi 00pOOKM Ky30BiB 1 Tapu. Tomy
EKOJIOTTYHUM eEeKT MOXKYTh JaTd ONTHMi3allis
MapIIpyTiB, pauioHajgbHe GOpPMyBaHHS MApTIH 1
PO3BHUTOK JIOKATLHUX KaHANIB 30yTy.

[lakyBaHHS BHKOHYE 3aXMCHY (DYHKIIIFO:
3MEHIIIy€ PU3HK BTOPUHHOTO 3a0pyTHEHHS, YIIO-
BUIBHIOE BTPATY CBIXKOCTI Ta MOXKE CKOPOYYBaTH
xap4oBi Brpatd. Pa3zom i3 muM mojiiMepHa Tapa
301IbIIy€e OOCST MaKyBaJbHUX BigxomiB. OTKke,
€KOJIoTi3arlis MaKyBaHHs TTOBUHHA MTOETHYBaTH
BUMOTHY O€3MIEYHOCTI XapUOBUX MPOYKTIiB, 30€-
pEeKeHHsI IXHBOT SIKOCTI Ta MiHIMi3allil0 BIUIUBY
MaKyBaJIbHUX MaTepialliB Ha JOBKIJIIS.
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Taoauns 6
ExoJioriuni acnexkTin BUpoOHNY0-30yTOBOI0 JAHIIOTa X1i000y/104YHNX BUPOOIB
Table 6
Environmental aspects of the production and sales chain of bakery products
Exoutoriuno 3navymmii T Hanpsam
Etan yut IloTreHuilinuii BIUINB P
YHHHHK YIOCKOHAJIEHHS
3pocTaHHs EHEProeMHO- | BUKOpUCTaHHS €HEproo-
BUpoGHUITEO Crio>KuBaHHS CHEPTii I CTI MPOJYKIIii, HETIPsIMi [aJHOro 00IaJHAHHS,
p Yyac BUIIKAHHS BUKHIA TAPHUKOBUX ONTHUMI3AIliS PSKUMIB
rasiB BUIIIKAHHS
BukopucTaHHs BoIU Ta 30ibIICHHS BOJOCTIOKHU- | KOHTpOB BUTpAT BOM,
Bupo6aHIITBO caHiTapHa 00poOKa BaHHS Ta OOCSITIB CTiU- parioHamizaris
o0aHaHHSI HHUX BOJ| CaHITapHUX MPOLETYP
. [Iporao3yBaHHS TONHTY,
. Koportki cTpoku Pusuk yTBOpEHHA 7 o
30epirarz MIPUIATHOCTI MPOTYKIIii XapYOBUX BiIXOIIB OTTHMISAIILA TIAPTIH
P poay P BUPOOHHUIITBA
[epexin Ha mpugaTHi 10
TakvBas Buxopucranas YTBOpEeHHS MaKyBaJIbHUX | TepepoOIeHHs abo
y TOJIIMEPHUX MaTepialiB BIZIXOIB €KOJIOTIYHO Oe3meyHi
Marepianu
oJIeHHE aBTOMOOIILHE | BuTpaTu maiasHOro Onrumiszanis Mapupy-
TpancnopTyBaHHA Wox P . ’ . 1 Maprpy
MOCTaYaHHs TPAHCIOPTHI BUKUIH TiB, JIOKaJIi3allisi 30yTy
Henotpumanns ymoB Kontpons ymos
_— AoTp YMOB BrpaTtu npoxyxuii, P Y .
Peanizamis 30epiraHHs Ta CTPOKiB . . IIPOJAXy, YIIPABIIHHSA
R CaHITapHI PU3HUKH
peatizartii 3QJTHIIKAMU MPOIYKILT
HasiBHiCTE TOKCUYHHMX s
. . Pusuku nis 3m0poB’st . .
. €JIEMEHTIB, MiKOTOKCH- . MOHITOPHHT CUPOBUHH 1
Besneunictsb HiB, MECTHIILIB, Paio HACEJICHHS Ta Xap4OBOi FOTOBOI MPORYKL
> P Oe3neKu poiy
HYKITITiB

Ha eramni peasizaiiii 0OCHOBHUMH €KOJIOT'i-
YHO 3HAYYIIMMH YMOBaMH € JOTPUMAHHS CTPO-
KiB TIPHJATHOCTI, HAJIE)KHUN CaHITApHUW CTaH
TOPTOBENBLHOT0O 00JIaTHAHHS, TPaBUIIbHE 30epi-
raHHs 1 3a1o0iraHHst HAKOITMYEHHIO IIPOCTPOYe-
Hoi npoaykuii. HepeanizoBanwmii X110 yTBOpIOE
Xap4oBi BiJIXOIH, TOMY POTHO3YBaHHS MOIUTY
Ta YOpaBJTiHHS 3IMIIKAMHA MalOTh OJHOYACHO
€KOHOMIYHE 1 IPUPOIOOXOPOHHE 3HAYCHHSI.

OTtpumaHi pe3ynbTaTH MiATBEPIKYIOTb,
o XJibomnekapchka MPOMHUCIOBICTh XapKiB-
IIMHU MA€ YiTKO BUPAKECHHUH €KOJIOTO-EKOHOMi-
yHHi Xapaktep. ['any3p 3abe3neuye HaceIeHHs
COIIIAIEHO BAXJIMBUM TPOAYKTOM, aie s
BOTO TIOCTIHHO BHUKOPUCTOBYE CHPOBHHHI,
€HepreTUyHi, BOHI, IaKyBaJbHI i TPAaHCHOPTHI
pecypcu. Tomy aHaili3 BHpOOHHUIITBa, 30yTy,
JIOTICTHKH Ta SKOCTI MPOAYKIIIT AOILIBHO J0I0-
BHIOBATH OLIIHKOIO PECYPCHOTO HAaBAHTAXECHHS
1 pU3HKIB yTBOPEHHS BiXOIiB.

Cepen HalOUTHII BIAYYTHUX TMPOOIIEM
JUIS XJT0OTIEKapChKUX IMAMPUEMCTB 3alHIIIa-
FOTHCSI BUCOKI TapudHu Ha €HEproHocii, moaar-
KOBE HAaBaHTaKCHHS Ta HEJOCTATHIH PO3BUTOK
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PUHKOBOI iH(pacTpyKTypH, 0co0IHMBO il Yac
3a0e3MNeueHHs BiIJJaICHIX HACEJICHHUX ITyHKTIB.
st TakuX TepUTOpi mocTayaHHs Xi1i0a 9acTo
€ MaJIONPUBA0JIMBUM 4Yepe3 3HauHI TpaHCIOop-
THI BUTpPATH Ta OOMEXEHY KUIBKICTh 00JIAIITO-
BaHUX Miclpb mpogaxy [13].

Po3BuTOK KOHKYpEHIi Ha pPUHKY XJi0a
MIPOSIBISIETHCSL Y TIOSIBI HOBUX BUPOOHHUKIB, PO3-
LIMPEHH] acOPTUMEHTY, HOJIMIIEHH] JOCTYIHO-
CTi MPOJTYKIIii MPOTSTOM JHS Ta 30UIHIICHH] KiJIb-
KOCTI TOProBeJIbHUX TOUOK. BogHowac ui mo3utu-
BHI 3pYILEHHS CYNPOBOKYIOTBCS PHU3HKAMH:
3POCTaHHSIM IIiH, HEPIBHOMIPHHM JIOCTYIIOM JI0
SIKICHOT TIPOJYKITIT Ta 301IBIIICHHSM JIOTICTHIHUX
BUTpAT. Y TIPHPOJIOOXOPOHHOMY BUMIpI Il BUMa-
ra€ y3roJDKEHHS KOHKYPEHINiT 3 palioHaTbHHM
TUTAaHYBaHHSM BUPOOHUIITBA 1 30yTY.

OCHOBHUMH pUHKaMH 30yTy X;11000yI10-
YHHUX BHUPOOIB y M. XapKOBi € Mara3uHu MicTa,
BJIJaCHa TOProBa Mepe)ka IiIMPHEMCTB 1 Mmoce-
peannku. OOcsaru peamizamii 3a TUMH KaHa-
JaMu TojaHo B a0, 7 [15].

Jani tabn. 7 BU3HAYaIOTh, IO HaiOi-
JblIa yacTuHa XJi0600ynoyHuX BUPOOIB peai-
3Y€ThCS Uepe3 Mara3uHu Micta. Takuii KaHaT
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Taoauns 7

Punkwu 30yTy X1i000y104HNX BUPOOGIB

Table 7

Markets for bakery products

Punicn 36yTy OO0csr peanizoBaHoi mpoayKuii O0csr peanizoBaHoi npoaykmii
(X71i600y104Hi BUPOOH) (X1i600y 104Hi BUPOOH)
T %
MarasuHu MicTa 261,8 58,3
BrnacHa Toprosa Mepexa 97,9 21,8
[MocepenHuku 89,6 19,9
Pazom 449,3 100

Mae TiepeBary 3aB/sIKU IIHPIIOMY aCOPTHMEHTY,
MOJKJIMBOCTI HaJIaHHS JIOJATKOBHUX MOCIYT, Kpa-
i OpraHizarii TOProBeIbHUX MPOIECIB 1 BH-
IIIOMY PiBHIO OOCITyTOBYBaHHSI CTIO’KHUBAYIB.

JpibHOpO3/1piOHA Mepeka TaKOXK 3aJIHIIa-
€TBCS BOYKIIMBOIO TS peaizariii xmm600ymoaHux
BUpoOiB. J[o Hel HaneXaTh MaBUTHIOHM, KiOCKH,
HAMETH, JIOTKU Ta I1HIII Maji TOProBelbHI (op-
matu. Ii mepeBaroro € MoGiIBHICT i HaGMMKe-
HICTh JIO CIIOXKMBa4a, a HEAOJIKAMHU - BY)KUMI
ACOPTUMEHT, OOMEXKEeHi yMOBU 30epiraHHs Ta
CKJIQJIHICTh 3a0€3MeUYeHHs HaJICKHOTo CaHiTap-
HOTO PeXKHIMY.

Be3nepeOiiiHicTh mocTavaHHs xj1iba 3Hay-
HOO MIpOFO 3aJISKUTh BiJI OpraHizariii TpaHcrop-
THOI poOoTn. TpaHcropT 3’enHYe BUPOOHMKA 3
TOPrOBEJIEHOI0 MEPEXKEI0, BIUTMBAE HA IIBU/KICTh
00iry poAayKIii, 30epekeHHs 1i CIIOKUBUMX BIla-
CTHBOCTEH 1 JIOCTYIHICTD /I HACEJICHUX ITyHK-
TiB. BogHOUac came oricTrka OpMye 4acTHHY
EHEepreTUYHUX BUTPAT, BUKUJIIB 1 CAHITAPHUX PH-
3UKIB y BUPOOHUYO0-30yTOBOMY JIAHIFO3I.

Yepes KOPOTKHN CTPOK MPUIATHOCTI XJIi-
000yJ104HI BUPOOH TIOTPEOYIOTh IIOJCHHOTO a00
MaiiKe I0ICHHOT0 3aBE3CHH JI0 Mara3uHiB i api-
OHOPO3IPIOHOT MeperKi. ABTOMOOLIBHUI TpaHC-
nopT 3abe3rnevye MaHEBPEHICTh, MOXKIIUBICTb JI0-
CTaBKH HEBEJIMKMMH MAPTISIMH 1 PETYJISIPHICTB I1e-
PEBE3EHb, ane NOTpedye PETEIbHOro IMIAHYBaHHS
MapIIpyTiB, KOHTPOJIIO CaHITAPHOTO CTaHy Ky30-
BiB 1 palliOHJILHOTO MIOBEPHEHHS TapH.

[lix wac xymiBni xni000ynOYHMX BUPOOIB
CIIOKHMBadi 3BEPTAIOTh yBary Ha 30BHILIHIHA BH-
TJIs1]T TOPTOBENIBLHOTO 00’ €KTa Ta MpoAykuii. Hera-
THBHO BIUIMBAIOTH HA peaiizallilo HAsBHICTh BHU-
poOiB i3 BUUEPIIAHUM CTPOKOM TPUIATHOCTI, 3a-
OpyaHeHi nosuili, eeKTH BUpOoOiB, HecTaya He-
00XIHOrO IHBEHTAPIO Ta MOPYILEHHS YMOB 30€-
piranas. Y KOHTEKCTI €KOJIOTIYHOI Oe3mekd IIi
YUHHUKA TAKOX MiJABUIIYIOTh PU3HK XapyOBHX
BTpAT i caHiTapHOTr0o HeOmaronomyaus [18].

Humi ciocTepira€ThCsi 3HIKEHHSI CITOMKH-
BaHHI XJ1I000YIIOUHIX BHPOOIB.
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CKOpoYeHHsI CIOXXHMBaHHS XJi0a MOXKe
OyTH NOB’s13aHE 3 TAKUMH YMHHUKAMHU:

- 3MEHILICHHSIM CHPOBHHHOIO 3a0e3NedeHHS
XJTI00TIeKapChKOT TTPOMHUCIIOBOCTI;

- OOMEXEHHSIM KyIiBEJIbHOI CIPOMOXHOCTI
HaCeNIeHHsI, KOJIM HaBiTh MPOAYKTH IHMOBCSKACH-
HOT'0 HONUTY CTAIOTh MEHIII IOCTYITHIMU;

- TIEPEXOZ0M YaCTHHH JIOMOTOCIONAPCTB 10
JIOMAIIIHLOT0 BUITIKAHHS XJ1i0a;

- 3pPOCTaHHSIM JOXOJIB OKpEMHUX TPyl Hace-
JICHHS Ta IEPEOPIEHTAIIIEO TOMTUTY HA JOPOXKYI 1
OLIBII PI3HOMAHITHI Xap4yoBi npoaykTH [19].

JluHaMika CIIO>KUBAHHS XJ1i0a TpaIuIliiHO
BiI0Opakae He JIMIIIE XapyoBi 3BUYKH, a i collia-
JIbHO-€KOHOMIYHHMM CTaH HACEJICHHSL.

3MEHIIICHHS CIIO)KUBAHHS MOXKE CBIAYMTH
SIK TIPO PaIliOHAJI3AIliI0 PaIliOHy, TaK i PO 3MiHY
CTPYKTYPH AOCTYIHHUX NPOAYKTIB, TOMY LI€H 1o-
Ka3HUK MoTpedye 00epekHO iHTepIpeTaIlii.

3a yMOB 3HIDKESHHS JJOXOIIB ITOITUT Ha XJTi-
000yn04HI BUPOOH MOXKE 3aTUIIATUCS BiIIHOCHO
CTiiKMM a00 HaBiTh 3pOCTaTH, OCKUIHKH XJIi0 Ha-
JIeKUTB JI0 0a30BUX 1 MOPIBHIHO JIOCTYITHUX MPO-
JyKTiB xapuyBaHHs [ 18].

AKTyaJbHAM 3QTHIIAETHCS TUTAHHS OHOB-
JICHHsI Ta FrApMOHI3allil CTaHIapTIB Ha XJ1i000YI10-
YyHI BUPOOW. 3a MOBIJIOMJICHHSIMH 00 KOHT-
pomo sakocti, y 2024 p. TepUTOpiaIbHUMH Op-
raHamu y cepi 3aXucTy paB CIOXKHBadiB OyJ10
3a0pakoBaHO 1 3HATO 3 pearizawii 12% xmi600y-
JIOUYHMX BUPOOIB BiJ] 3araJIbHOI KUIBKOCTI TIepeBi-
pennx. CepenHsi peHTaOIBHICTD XJTi00MeKapCh-
Kux mianpuemcts y 2024 p. cranosuna 6-7%. Ox-
HI€I0 3 IOMITHUX PUHKOBUX TEHJIEHIIIH € pecTpy-
KTypu3aLlisi Ta KOHLEHTPALisA BIACHOCTI, a TAKOX
BHXif 13 XapKiBCBKOTO PHHKY YaCTHHH MaJIoTep-
CTIEKTUBHUX BUPOOHHUKIB OCHOBHOI rpymu [10].

BupoOHuky Bi3HA4AIOTH CTaOUTBHE 3pOC-
TaHHsI BUITyCKY IPOAYKLIT JOPOXKUYOIr0o CErMEHTa,
1110 YaCTKOBO KOMIIEHCY€ BUTPATH Ha BUPOO-HU-
IITBO HU3bKOPEHTAOCTEHUX COITIaIbHO 3HATYIINX
BUIiB XJ110a 1 BIIITOBI1a€ MOMUTY Ha OLIIBIII Pi3HO-
MaHITHY TIPOIYKITIFO.
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IToMiTHOIO TEHJCHIIIEI0 PUHKY € 30LIb-
HICHHS YacTKM YMAaKOBaHOI MPOAYKIii, 10
MOB’SI3aHO 13 3alUTaMM CIIOKHMBAyiB Ha 3pyd-
HICTb, TITI€HIYHICTD Ta TIOJOBXXCHHS CTPOKIB 30¢-
piraHssL.

BupoOuumrso x7mi0a i x71i600yI0uHIX BH-
pobiB y po3paxyHKy Ha OJHY O0COOYy CTaHOBHUTH
300-330 r Ha 100y [20].

3a pe3yJibTaTaMu OITUTYBAHHS IIOJI0 CTAHY
TopriBmi xiboM 1 xJi000yI0oYHIMEI BHUpOOAMU
(puc. 2), 55,0% mNOKyNLiB BiA3HAYWIM TOJIN-
mieHHs cutyaitii, 37,0% He Mo0a4YMIIM ICTOTHUX
3MiH, a 8% BKa3aJM Ha MIeBHE MOTIPIICHHS.

VYxnananss xiiba 1 xa1000yJI0YHUX BH-
poOiB y JOTKH Ma€ BiAMOBINATH MpaBUIIaM yK-
JIaJIaHHs, 30epiraHHs Ta epeBe3CHHs, BU3HAYC-
HuM ['OCT 8227-56. JloTpuMaHHS X BUMOT

60 ;
55%

50?

401

% pecnoHaeHTis
&

MonimwenHs

37%

B3 iCTOTwMX IMIM

Bianogias pecnoHaesTis

Ba)XXJIMBE HE JIUIIE 7151 TOBAPHOTO BUIIISAY, a U
JUTSL 3am00ITaHHsS BTOPUHHOMY 3a0pyIHEHHIO
MPOAYKII.

[Ticnst BuMikaHHA BUPOOH PO3MIMIYIOTH Y
YHCTHX JIOTKAX, a MPOIYKIIIO 3 Ie)eKTaM1 BHITY-
9aroTh. MOXIIMBE BUKOPUCTAHHS IepeB’ THUX a00
TTOJIIMEPHUX JIOTKIB; TSI BETMKUX BHPOOIB 3aCTO-
COBYIOTB JIOTKHU 3 TPaTYaCTHM JTHOM, a JUTS 1HIIOT
MIPOYKIIIT - KOHCTPYKIIIi 13 CYIIUTBHAM JTHOM.

3 eKOJIOTIYHOTO TOTJISIY BaXKIMBO 3a0€3-
neyyBaTy Oararopa3oBe BHKOPHCTAHHS TapH, ii
MHUTT, AE31H(EKIIII0 Ta KOHTPOJIb 3HOITYBaHHSI.

XnibocxoBullla MalTh OyTH YHCTHUMH,
CyXuMH 1 m0Ope BEHTHIBLOBAHUMHU. Y TaKHX
MPUMIMIEHHSAX HE JOMYyCKaeThcs 30epiraHHs
CTOPOHHIX MPOIYKTIB i MaTepiajis, a TAKOX Ha-
KOITMYEeHHST OpaKOBaHUX BUPOOIB.

B%

NoripwenHa

Puc. 2 — Pe3ynbTaTu ONUTYBaHHS PECTIOHICHTIB LIOJ0 CTAHY TOPTIiBII XJTiO0M
1 x11600yTOYHUMHU BUPOOAMHU
Fig. 2 — Survey results on the state of trade in bread and bakery products

TpaHcropTHI 3aco0u Ui TIEpEeBE3CHHS
xJ1i0a Ta xJ1i000yIOUHUX BUPOOIB MOBHHHI BijI-
MOBIJIaTH CaHITAPHO-TITi€HIYHUM BUMOTaM i 3a-
OesnedyBaTH 3aXUCT MPOAYKIII Bix 3a0pyn-
HEHHS I Yac JOCTABKU.

3 eKoJIOri4HOi Mo3MLii TPaHCIIOPTHE 3a-
Oe3MeyeHHsl € O/IHIEI0 3 KIIOYOBHX JIAHOK Ta-
ny3i. Kopotkuii crpok peasnizanii notpedye va-
CTHX peHCiB, 110 301IbIIye BUTPATH NAJIBLHOTO
Ta BUknau. HecBoewacHa nocraBka abo Hepaii-
OHaJIbHI MapUIPyTH MOXYTb TaKOX CIPUUH-
HUTH BTPATy CBIXKOCTI MPOAYKLIl i 3pOCTaHHS
Xap4oBUX BiaxomiB. OTKe, OMTHMI3allis JIOTiC-
THKH OJHOYACHO MIiIBUINYE SKOHOMIYHY e(dek-
THBHICTB 1 3HIKYE €KOJIOTIYHE HABAHTAKCHHS.

Jns xmOHUX BHPOOIB BCTAHOBIIOIOTH
MaKCHUMAaJIbHI CTPOKH 30epiranus (Tadir. 8), sKi
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BpaxOBYIOTh IHTEHCUBHICTh YePCTBIHHS PI3HUX
BHIIB TpoayKirii. [TepeBHIEHHS IIMX CTPOKIB €
MiZICTaBOO JUTs OpaKkyBaHHSI BUPOOIB SIK 3a4ep-
CTBUIMX; Ha MIANPUEMCTBI BIIJIIK BEAyTh BiJ
MOMEHTY BHXOAy XJii0a 3 meui j0 nepenadi
HOro CroXXuBauy.

[licna BumikanHs Xm0 GakTUUHO € MIK-
pobiosoriyHo 6e3neyHuM, oJHaK iz yac 30epi-
TaHHSA 1 TPAaHCTIOPTYBaHHsI 3a MOPYILIEHHS CaHi-
TapHUX MPaBUJ BiH MOXe OyTH MOBTOPHO 3a-
OpyIHEHUH MIKpOOpraHi3MaMH.
st 3axucty mpoAyKLil HUHI 3aCTOCOBYIOTH Pi-
3HI BUAM M’SIKOi TapH, 30KpemMa 1eioda- HOBY,
TIOJTiIETHJICHOBY, TIOJIIIPOTIJIEHOBY, TEpPMOycCa-
JIOYHY Ta 1HIII CHHTETUYHI ITiBKH.

ITakyBasbHI MaTepiaan MarOThL OyTH 6€3-
MEYHUMH JJIS1 KOHTAKTY 3 XapuOBUMH IPOIYK-
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Taoauns 8

Tepminu 306epirannsa xJioa

Table 8

Bread storage life, hours

MaxkcuMaabHO T0MycTUMI . S -
Tepminu peanizanii B Toprisui,
Bupoon CTPOKH BUTPHMKH ron.
Ha MiANPHEMCTBI, roa.
Barosgi Ta mryyHi 3 pxaHoi000¥-
HOH OOpOIIHA, 3 )KUTHBO-IIILIEHNY- 14 36
HOTO, IIIIEHUYHOTO 000HHOTO 1
00 IMpHOTO OOpOITHA
X11600y109Hi 3 MIIEHUIHOTO COp-
TOBHH 1 )KHTHBOTO COPTOBOTO 00- 10 24
poIlTHA Macoro OiIbIIe
JpiOHOMITYYHi 3 MIICHHIHOTO CO-
PTOBOTO i XHUTHBOTO CisTHOTO 00- 6 16
pOIIHA, MacOI0 i MEHIIe

TaMH, HE B3aEMOIISATH 3 KOMIIOHEHTaMH XJ1i0a Ta
3a0e3mevyBaTy HaJIeXKHUI Oap’ep s BOJIOTH 1
raziB. Ilepen makyBaHHSIM BHUpPOOM OXOJOIKY-
I0Th; Y TEPMOYCa/IOUHY IUTIBKY iX MOXYTb MaKy-
BaTu rapsuuMu. [lakyBaHHS YITOBLIBLHIOE YepCT-
BiHHA Ha 4-5 11i0 1 cripusie 30epeKSHHIO CaHITap-
HOT'O CTaHy TiJ] 9Yac TPaHCTIOPTyBaHHS [§].

Exonoriunmii e(pekT naKyBaHHs € HEOJHO-
3HaYHMM. BOHO 3MeHIye pusHK 3a0pyIHEHHS,
TIOZIOBXKY€ pealtizalliiHui Tepio i CKOpodye xa-
PUOBI BTpaTH, ajie BOJAHOYAC 301IIBIIY€E KUTBKICTD
MaKyBaJIbHAX BigXofiB. Tomy ams ramysi Baxk-
JIMBO TIEPEXOJUTH JI0 Oe3MEYHNX, TPHAATHHX JI0
niepepoOIeHHs 200 0araTopa3oBHX IMAaKyBaIbHUX
pillieHb, He TIOTIPIIYIOYH 3aXUCT MPOIYKITT.

Okpemoi yBaru NoTpeOyroTh PU3HKU (a-
nbecudikamii xmiba 1 x1i000yI0UHNMX BHUPOOIB,
OCKUIBKM BOHHM CTOCYIOTHCSI HE JIMIIIE TIPaB CIIO-
JKMBAUiB, a i OE3MEYHOCTI Xap4OBHUX MPOIYKTIB
Ta EKOJIOTIUHOI Oe3NeKH BHPOOHMYO-30YTOBOTO
JIAHITIOTA.

AcopTtumeHTHa (asscudikariist Moxe Ipo-
SBJIATHCS y TMiAMiHI BUPOOIB i3 OOPOILIHA OJHOTO
COpTYy BUpOOaMHU 3 IHIIIOTO COPTY 200 Y MPOAAXKY
TIPOJTYKIIIT OJTHOTO BUJTY TIiJT BUTJISIIIOM 1HITIOI.

Taky migMiHy iHOZI MOXHA MOTIEPEIHHO
3aIiJJO3pUTHU 32 KOJIBOPOM, OJJHAK JOCTOBIPHUIN
BHCHOBOK MOTpeOye 1ab0opaTOpHOrO aHalizy
(hi3MKO-XIMIYHUX TIOKa3HUKIB, 30KpeMa BMICTY
KJIITKOBUHH, IIEHTO3aHiB, KaJblIii0, pochopy Ta
3ai3a.

MokJIMBa TakoXX peasizallisi MIIeHNIHO-
YKMTHBOTO XJ1i0a IIiJ] BUIJISIOM XJ1i0a 3 OopoIiHa
TIepIoro copTy. Taky miaMiHy BHSBIISIOTH, 30K-
pema, 3a TMJABHINECHOI0 KHCJIOTHICTIO BHPOOY,
BCTAHOBJIEHOIO JJa00PaTOPHUMHU METOAAMH.

SxicHa ¢danbcudikaitis Moxxe OyTH MOB’sI-
3aHa 3 MIJBHIICHUM YMICTOM BOJH, JIOMIIIIY-

201

BaHHSIM iHIIMX COPTiB OOPOIIHA, BAKOPHCTAHHSIM
XapyoBHX J100aBOK 1 TOJNIMIIyBadiB, 3aMiHOIO
JPLKIKIB XIMIYHUMH PO3ITYLTYBa4aMH, 3aCTOCY-
BaHHSAM OapBHUKIB, HEJIOBKJIAJICHHSIM I[IHHUX Pe-
HENTYPHUX KOMIIOHEHTIB a00 3aMiHOI JOPOTHX
IHTPETIEHTIB JCIICBIINMH, a TAKOXK i3 MOPYIICH-
HSIM TEXHOJIOTTYHHX TIapaMeTpiB 1 HEOOTPyHTOBA-
HHM 3aCTOCYBaHHSIM KOHCEPBAHTIB.

Hanmipae 3BonoxkeHHS BUPOOIB dacTilre
MOJKE CHOCTEpIraTicsl B XOJIOIHHUHN TIEPios POKY,
TOJIl SIK YIJITKY BOHO MiIBHIIYE PU3HUK PO3BUTKY
KapTOIUISIHOI XBOPOOH Ta TLTICHSIBIHHSL.

[lix vac BupoOHHIITBA Xi1i0a 3 TEBHOTO
copty OopomiHa MoximBe nomaBaHHS 15-25%
0OpOIIIHA 1HIIIOTO COPTY; 0e3 J1aboPaTOPHOIO KO-
HTPOJIFO Taka TiJMiHa MOXKE 3aJIMIIATUCS MaJo-
TIOMITHOIO JIJIS CTIOKHUBAYa.

[TommpenuM npuiioMOM € BUKOPUCTaHHS
HOJIINITYBaviB OOpoITHa. 3 TEXHOJIOTYHOTO I1OoT-
JISTy BOHU MOYKYTh KOPHTYBATH BIIACTHBOCTI CH-
POBHMHH HU3BKOI SIKOCTIi, OJJHAK JJIsI CIIOKHBaya
MPUHLMIIOBO BAXKJIMBO, LI00 CKiIad 1 MpH3Ha-
YeHHsI TaKUX J00aBOK OyJIM BIIKPUTO 3a3HAUYCH] B
JOKYMEHTALlii Ta MapKyBaHHI.

OnuH i3 BapiaHTiB HOJSrae y BUOUTIOBAHH]
OopoIIHa Yepe3 OKHUCHO-BIHOBHI ITpoIecH: 00-
POILIHO HIKYOTO COPTY OOpOOJSIIOTH PEUOBH-
HaMU, SIKi 3MiHIOIOTh HOTO KOJIIp, MICJIs 90r0 BU-
POOH MOXKYTh OMHJIKOBO CIIPUMMATHCS SIK TIPO-
JYKITist 3 GOpOIITHA BHIIIOTO COPTY.

VY crerianpHii JiTeparypi sSIK areHTH, 110
3[aTHI BUOLTIOBaTH OOPOIIHO ab0 KOPUTYBaTH
MO0 TEXHOJIOT1YHI BIIACTUBOCTI, OITUCYIOTh MipO-
cynb(dIT HATPIIO, MEPEKUC KaJIbLIi0, TIEpEeKUC Oe-
H3011Ty, KapOamif, a3onukapOoHaMiI, HATPieBl i
KaJli€Bi coMi HUCTUHY Ta HUCTEiHY, OpoMar Kaito
i Opomar kanbLi0. BorHouac npaBoMipHiCTb BH-
KOPHCTaHHSI OyIp-IKOi 3 TaKUX pPEYOBUH Y
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BUPOOHULITBI XJ1i0a B YKpaiHi BU3HAYA€THCS HE
(akTOM 11 TEXHONOTTYHOI €)EeKTHBHOCTI, 8 HasIB-
HICTIO Y YHHHOMY TIEPEINiKy 03BOJICHHX Xapyio-
BUX JOOABOK 1 JOTPUMAHHAM YCTAHOBJICHHUX
yMOB 3actocyBanHst [29].

[ammmit miaxin mependavyae BUKOPHCTAHHS
KOMIDIEKCOYTBOPIOBAYiB Ta ()EPMEHTHUX Iperna-
pariB U1 KOPEKIIii OOPOIITHA 3 HU3BKOIO KIICHKO-
BHHOIO. JI0 TaknX pedoBMH MOXKYTh HaJeKaTh
JIAKTATH KAJIBITII0, aMOHIFO 1 MarHiro, hocdaru xa-
JIBIIIIO T4 aMOHII0, CTEPUIITAPTPAT, XJIOPUJI aMO-
Hif0, cynb(aTh, OKCHJ KaJbLil0, XJIOPHE 3a1i30,
amijia3u i mporea3n. 3aCTOCYBaHHS XapUOBHUX JIO-
0aBOK 1 XapuOBUX CH3UMIB JIOMYCKAETHCS JIUILE
32 YMOB, YCTaHOBJICHHX BiJIIOBITHMMH Brmo-
ramu MO3 Ykpainu, 3 JOTpUMaHHSIM J03BOJICHOT
KaTeropii MpoIyKTy, NPU3HAUCHHSI PEYOBUHU Ta
npasu1 MapkyBanss [29, 30].

TpetimM pi3HOBHIOM € 3aCTOCYBaHHS XiMi-
YHHAX PO3MYIIyBayiB, SKi MPUCKOPIOIOTH BHIi-
JICHHSI BYTJICKHCIIOTO T'a3y Ta MOXKYTh 3MiHIOBAaTH
TIPUPOTHUH TIepedir OpoaiHHS TicTa.

Jo po3nyiryBadiB MOXKYTh HaJIeXKaTH TTi-
podocdaru, kapOOHATH HATPIIO I AMOHIIO, TIFO-
KOHOBA KHCJIOTA Ta TJIFOKOHO-/IENIbTa-IaKTOH. Bu-
KOPHUCTAHHS TAKWX PEYOBHH Ma€ BiAMOBIAaTH Bu-
MOTaM JI0 XapyuoBHUX JI00aBOK, a iX HasBHICTb y
CKJIaJli TIPOJYKTY MOBMHHA OyTH BiloOpakeHa B
iH(opMalii I criokuBava BiIMOBITHO J0 3aK0-
HOJIABCTBA PO MAPKYBaHHS Xap4YOBUX MPOIYKTIB
[29, 31].

CkopoueHHs a00 3aMiHa MPUPOIHOTO MPO-
1iecy OpOiHHS XIMIYHUM PO3MYIITyBaHHIM MOXKE
TIOTIPIIIYBaTH CMaK, apoMar 1 CTPYKTypy XJioa.
Taka npoyKIisi BTpayae 9acTHHY TPAIMIIIHHIX
CIIO)KMBYHX BJIACTUBOCTEH, a ii OLIHIOBaHHS MOT-
pelye MoeTHaHHS OPraHOJIENTUYHHX 1 JJabopaTo-
PHUX METOJIIB.

[loBHa 3amiHa OpOAIHHA XIMIYHUM PO3IY-
IIyBaHHSM MOXKE CYIPOBOJPKYBATHCS TOSBOIO
HEXapaKTEepPHOTo 3araxy Ta MOTIpPIIeHHSIM opra-
HOJISIITHYHUX BJIACTUBOCTEH BHPOOY.

3100H1 OyIOUYHI BUPOOU MOXKYTh (haIbCH-
¢ikyBatHcst yepe3 HEJOBKIAJICHHS I[IHHIX KOM-
MOHEHTIB, TepeadadeHrx penenTyporo  (odii,
SIEITh, IyKPY, MaKy, POJ3UHOK, TOPixXiB), a00 uepes
3aMiHy JOPOKYHMX IHTPEHI€HTIB JICIICBITUMU
AHAJIOTaMM, HAIIPUKJIa]] MapraprHy - POCIIMHHOIO
OJI€I0 YH T1POKHUPOM.

[NopymieHns TeMIiepaTypHHUX PEKUMIB BU-
MIKaHHS, OCOOIUBO ISl JKUTHIX 1 YKHTHBO-TIIIIC-
HUYHUX BHUPOOIB, MOXE MPU3BOAWTH 0 HAIXO-
JUKEHHS y TIPOAX HEMpPOIeYeHOI MPOMYKILi.
O3HaKOr0 TaKOro Ie(eKTy € Te, 10 M’ SKYIIIKA TTi-
CIIl HAaTHCKaHHS HE BiMHOBIIOE GOpMy 1 MOXKe
TIPWJIMIIATH JO TAJIBITIB.

J1 TTOMOBKEHHSI CTPOKIB 30epiraHHs 10
XJ1I000yTOUHIX BUPOOIB MOXKYTH JIOJaBaTHCS
KOHCepBaHTH. Take 3aCTOCYBaHHS Ma€ OyTH TeX-
HOJIOT1YHO OOTPYHTOBaHUM, HOPMATUBHO JI03BO-
JICHUM BiNOBiHO 10 BuMor 70 xapuoBux j100a-
BOK 1 000B’SI3KOBO BiJIOOpaKEHUM y MapKyBaHHI,
aJKe TPUXOBYBaHHS J00ABOK a00 HEKOPEKTHE
3a3Ha4YeHHs CKJIay € MOPYIICHHAM BUMOT JIO iH-
(opmariii mpo xapuoBuii mpoaykt [29, 31].

KinpkicHa anbcudikartis momnsrae y Hemmo-
Baszi, TOOTO y BiAXWICHHI (PaKTHYHOI MacH BU-
poOy Bifl yCTaHOBJIEHHX MTapaMeTpiB MOHAM JIOMY-
CTUMI MEXI.

IcTopruno Maca popMOBOrO MIIEHUYHOTO
xi0a 3miHroBanacs: Big 1 xr 70 800 1, 750 T, a
HuHi iHOAI 10 700-650 1. ToMy iy yac peaizarii
BUPOOIB, BUTOTOBIICHUX 33 TEXHIYHAMH YMO-
BaMH, HEOOXITHUI YiTKUI KOHTPOIb (haKTUIHOL
MacH Ta BITIOBIJTHOCTI MapKyBaHHIO.

BusiBreHHs1 HegoBaru 3IiHCHIOIOTD LIS~
XOM 3BayKyBaHHs BUOIpkH, Hanpukian 10 oqu-
HUIb TIPOJYKITii, HA TIOBIpEHUX Barax i3 moja-
JBIIUM BH3HAYCHHSIM CEPEeHBOT Macu OJHOTO
BHUpOOY.

Inpopmariiina Qanscudikaiis mossrae y
HaJIaHHI CIIOKUBavy HETIOBHMX, HEIOCTOBIPHUX
a0o0 CITIOTBOPEHHX BiZIOMOCTEH PO TOBAP.

BoHa MOXe TpOSIBISITHCS Y HETPaBUIIb-
HOMY 3a3Ha4YCHHI HAHMEHYBaHHs BUPOOY, COPTY
0OpOIIHa, PeleNTYPHOrO CKIIa Ty, BAKOPUCTAHUX
KOMITOHEHTIB, & TAKOXK Y HETOUHOCTSIX TOBAPOCY-
MPOBIIHUX TIOKYMEHTIB, MapKyBaHHS a00 pekia-
MHHX MaTepiais.

Ho indopmaniiinnx nopyuieHb TaKoX Ha-
JIXKUTH MiMiHa cepTr(]iKaTiB BiAMOBITHOCTI Ta
CYNPOBIJHUX NOKyMeHTiB. OTke, 3armoOiranHs
(anbendikarii xm600yTOYHNX BHPOOIB € CKIla-
JIOBOIO E€KOJIOTIYHOi O€3MeKH XapyoBOTO JIaH-
Ifora, OCKUIBKM 3a0e3leuye NpOCTEeKYBaHICTh
CHPOBHHH, KOHTPOJIb JJ00ABOK 1 3aXUCT 3/I0POB’SI
CTIO)KMBAYIB.

BucHoBxku

Xibomnekapebka MPOMHUCIIOBICTE XapKi-
BIIMHU Ma€ BaXJIUBE COLIaJbHO-EKOHOMiYHE
3HA4YEHHS 1 BOAHOYAC CTBOPIOE HU3KY €KOJIOTi-
YHO 3HAYYIIUX BIUIMBiB. BOHM MpOsBIAIOTHCS
i yac BUpOOHULTBA, 30€piranHs, MaKyBaHH,

TPaHCIOPTYBaHHS Ta peaizamii xmib6o0ynod-
HUX BUPOOIB.

Amnaniz BUpOOHMITBA 1 30yTy NOKa3aB,
oo 3MiHM 00cATiB X1i000yIOYHOT MPOayKLil
BIUIMBAIOTh Ha TNOTpeOM B eHeprii, Boji,
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MaKyBaJbHUX Marepiajax, TPaHCIOPTHHX IOC-
Jyrax Ta Ha MOTEHLiHe YTBOPEHHS Xap4OBHX
BimxoziB. CKOpPOYCHHS CIICIiaTi30BaHUX TOP-
TOBEIFHUX 00’€KTIB MOXKE YCKJIaTHIOBATH 3a-
Oe3medeHHs] HACEJIEHHS CBIKOIO TPOAYKIIIETO,
3MIHIOBaTH MPOCTOPOBY OpraHizarito 30yTy Ta
MiIBUIIYBAaTH PHU3UK BTPAT y BUPOOHUYO-30Y-
TOBOMY JIaHITI031. BomHOYaC akTHUHWUI BILITHB
[IbOTO TIPOIIECY Ha JIOTICTUYHE HABAHTAKCHHS
nmoTpedye OKpEeMOro OIlIHIOBAaHHS 3a IMOKa3HU-
KaMM BaHTax000Iry, KUTLKOCTI PEHCiB i cepe-
HBOI JOBKUHHU MapIIpyTiB.

Haii0inpIn BaroMMMu €KOJIOTIYHUMH ac-
MEKTaMHU Tajly3i € CHepProCHOXUBAHHS ITiJ 4ac
BUTIIKaHHS, BUKOPUCTAHHS BOJM AJIsl TEXHOJO-
TiYHUX 1 caHITapHUX NOTPEO, YTBOPSHHS Opra-
HIYHUX BiZXO[IB, 3aCTOCYBaHHS IMaKyBaJbHUX
MaTepiajiiB, TPAHCIIOPTHI BUKHUIN Ta KOHTPOIb
0e3MevYHOCTI CHPOBHHH 1 TOTOBOI TPOMYKIIii.
Oco0nmBOi yBaru NoTpe0yrOTh KOPOTKI CTPOKH
peaurtizaiiii, OCKiJIbKY MPOCTPOUEHi a00 Hepeai-
30BaHI BUPOOW TIEPETBOPIOIOTHCA HA XapYOBi
BIIXOMIH.

[laxyBaHHS Mae moaBifHMNA e(heKT: BOHO
MiATPUMY€E CaHITapHy O€3MEYHICTh 1 SAKIiCTh
NPOJYKII, MpoTe MOXKe 30iIbIIyBaTH 00CAT

BigxoziB. [lepcieKTHBHUM € BUKOpUCTAaHHS Ma-
TepianiB, IPUAATHUX 10 IEepepoOsICHHS, 3MEH-
LICHHS! HAJUIMIIKOBOTO MAaKyBaHHS Ta BIPOBa-
JUKEHHST PIIlieHb, 110 OJHOYACHO 30epiraroTh
MMPOAYKT 1 MiHIMI3YIOTh HaBaHTAKEHHS HA J0-
BK1JLJIS.

[ligBumieHHssT ekojoriuHoi Oe3meKu Ta
pecypcoeeKTHBHOCTI XJIiOOMIeKapCchKoi Tpo-
MHCJIOBOCTI XapKiBIIMHU TOTpeOye eHeproo-
IIaJHOT0 00JIaJHaHHS, ONTHUMI3allli TEXHOJIOTI-
YHHUX PEXKHMIiB, PalliOHAILHOTO BOJOKOPHCTY-
BaHHS, YJIOCKOHAJICHHS MapIIpyTiB JOCTaBKH,
3MEHIIICHHSI BTPAT TOTOBOI MPOAYKIIi, KOHT-
pOJIt0 YMOB 30€piranHs W peaizallii, a TaKOX
PO3BHUTKY €KOJIOT1YHOTO MEHEIKMEHTY Ha Mij-
NPUEMCTBAX.

OTtxe, ekonorizamis XxJibomekapcbKoi
MIPOMUCIIOBOCTI TIOBHHHA OXOILTIOBATH BECh BH-
PpOOHNY0-30yTOBHIA IAHITIOT - BiJ TOOOPY CHPO-
BHHHU Ta TE€XHOJOTii BHUITIKAHHS J0 MaKyBaHHS,
TPAHCIIOPTYBAHHS, peati3amii i MOBOKEHHS 3
3aITUIIKAMH TIPOTYKIIi].

Takuit miaXig y3romKyeThCesl 3 MPUHIH-
naMu 30aJaHCOBAHOTO MPUPOJOKOPHCTYBAHHS
Ta CIpHsIE CTIMKOCTI MPOAOBOIBYOTO 3abe3re-
YEHHS PETioHy.

Konduaikr inTepecin

ABTOpKa MOBIIOMIISIE TIPO BiICYTHICTh KOHQIIIKTY iHTEepeciB. KpiM Toro, aBTopka A0TpUMYBa-
Jach ETHYHHUX HOPM, BKIIFOUAIOYH TUIATiaT, (hanbcudikaliro JaHuX Ta MOJBiHHY MyOJiKalliro.

Jexaapaitisi 11010 BUKOPUCTAHHS IITYYHOT 0 iHTEJIEKTY

[lix yac WAroTOBKM pyKOMUCY OyJI0O BUKOPHCTAHO IHCTPYMEHT wTy4Horo iHtenekty ChatGPT
(OpenAl, 2026) anst MOBHOTO pefaryBaHHsI, CTPYKTYPHOTO BIIOPSIIKYBaHHSI OKpeMHX (pparMeHTiB i mij-
BUIIIEHHS BiJIMOBITHOCTI TEKCTY BUMOTr'aM HayKOBOro BujaHHs. Haykori nonosxenHs, (hakTuuHi JaHi, iH-
TeprpeTalii Ta BUCHOBKH IepEBipeHi aBTOPKOIO, sIka Hece MOBHY BiJIIOBIIAIBHICTH 32 3MICT PYKOITUCY.
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ECOLOGICAL AND ECONOMIC ASPECTS OF THE FUNCTIONING OF THE BAKERY
INDUSTRY IN KHARKIV REGION UNDER CURRENT CHALLENGES

Purpose. To identify the ecological and economic features of the bakery industry in Kharkiv region by ana-
lyzing production dynamics, sales channels, logistics, storage conditions, packaging and safety indicators of bak-
ery products, and by outlining practical measures to improve resource efficiency and environmental safety.

Methods. The research is based on systematic, comparative, statistical-analytical and structural-logical meth-
ods. Production and sales statistics were used to assess ecological and economic trends, while the production and
sales chain was examined through the sequence “production - storage - packaging - transportation - sale”. This
made it possible to distinguish resource-related, logistics, sanitary-hygienic and waste-generating factors.

Results. The study shows that the environmental dimension of the bakery industry is formed throughout the
product chain, from the use of raw materials, energy and water to packaging, delivery, storage and sale. The main
factors include energy and water consumption, sanitary treatment of equipment and vehicles, short shelf life, gen-
eration of organic and packaging waste, and the need for regular road transportation. The reduction in specialized
bakery retail outlets may affect product accessibility, complicate distribution planning and contribute to finished
product losses and food waste; the actual effect on transport burden requires a separate assessment based on freight
turnover, trip frequency and route length.

Conclusions. The environmental improvement of the bakery industry in Kharkiv region requires coordinated
technological, logistics and retail measures. Priority directions include energy-efficient equipment, rational water
use, optimized delivery routes, reduced losses of unsold products, safe and recyclable packaging, stronger control
of raw material and finished product safety indicators, and the introduction of environmental management ele-
ments at bakery enterprises.

KEY WORDS: environmental safety, bakery industry, resource efficiency, food waste, packaging materials
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OCOBJIMBOCTI EKOJIOT'TYHOI OCBITH JJIS JITEXA JOMKLILHOI'O BIKY

MeTa. Bu3HaUNTH Cy9acHUIA CTaH SKOJIOTIYHOTO BUXOBAHHS AiTeH AOMIKITFHOTO BiKy B YKpaiHi Ta 3aIporioHy-
BaTH KOMIUICKC METOANYHHX PO3POOOK IS 3aKJIa IiB JOUIKLIHHOI OCBITH 1 CIMEHHOTO BUXOBAHHSI.

Metoan. CucTeMHUIA Ta MOPIBHAIBHAN aHAII3 3MICTY Ta SKOCTi JOIIKUIFHOI €KOJIOTIYHOT OCBITH, COILIIO-
JIOT1YHI METOAM JIOCIHI/PKEHHS, METO/I aTOMHO-a0COpOLIHHOT CIIEKTPOMETpIi SK IPHUKIIAJ HAOYHOTO Ta MPaKTHY-
HOTO HaBYaHHSA

PesyabTaTu. [TopiBHSIHHS MiAXOMIB 10 JOMIKUILHOI ekoioriuyHol ocBiTH Y HiMeuunni, CIIA, Axrmii, Anowii
ta llIBernii Bu3HaumiIO, mi0 eheKTHBHA JIOMIKIIFHA SKOJIOTIYHA OCBITa CIIMPAETHCS HAcaMIlepell Ha Oe3nocepeHii
JIOCBIJI TUTHHH Y TIPUPOIHOMY CEPEIOBHIIl, a HE Ha 130JbOBAHE 3aCBOECHHS TEOPETUUHHX Bifomocteid. 11IBenchka
MOJICTIb <JTICOBUX IIKLD) PO3TIINAETHCS y JOCIIKCHHIX SK JIEBHUH CIOCIO PO3BUTKY CaMOCTIHHOCTI, COMiaNbHOT
B3a€EMOJIi Ta BIANOBINAIBHOTO CTAaBJIEHHS 10 JOBKULIL. OHIIAHH-OMUTYBaHHSI OaThKIB JOLIKUIBHAT 3 3aOPEKS,
Yxropona, Binauti, [Tonrasu, JIbBoBa, KueBa Ta XapkoBa BHABIIO CYTTEBHIA PO3PHB MiXK YCTAHOBKAMH i IissMH
0aThKIB: OUTBIIICTh BU3HAIOTH BAXKJIUBICTh €KOJIOTIYHOTO BUXOBAHHS JOIIKIJIBHAT, TPOXH OLJIbIIIE TIOJIOBUHH 3BEpTa-
IOTBCSA JIO €KOJIOTIYHOI TEMATHKH; 30BCIM HE3HAYHA KUJIBKICTh 0aThKiB CHCTEMATUYHO JTOIYYAIOThCS IO SKOJIOTTIHHX
3axO0/liB; Y JOMAIIHIH MPaKTHUIII €KOJOTIYHOTO BUXOBAHHS NEPEBAKAIOTh OECi/M, TOJI SIK BUKOHAHHS MPaKTHYHHUX
JIOCITITIB Ta CHUTPHAX CKOJOTIYHUX MPOEKTIB OATbKaMU BHKOPHUCTOBYETHCS 3HAYHO MeHIIe. CIeKTpOMETpUIHIHA
aHaJli3 BU3HAYEHHS BMICTY Ba)KKUX METAJIIB y POCIMHHIH MPOIYKIiT, BAKOHAHUM ITi/l Yac JeMOHCTpallii MPaKTUIHUX
poO0iT, 3aCBIUUB BIAIWH MiAX1T IO Bi3yamizamii I JiTel TOCiTHAIBKOI JisTIBHOCTI. 3anponoHOBaHUH METO Y-
HHH UK MICTUTB 8 po3po0oK 1yt aiteid 3-7 pokiB.

BucnoBku. [lepion TOMKITFHOTO IUTHHCTBA € KIFOYOBUM U (POPMYBaHHS IIEPBHHHUX €KOJIOTIYHUX Y-
BJICHB, EMOIII{HO-IIHHICHOTO CTABJICHHS 10 MPUPOAH Ta HABHYOK €KOJIOTIYHO JOIIBHOI moBeaiHKu. [IpakTrnana
JUSUTbHICTD Y IPUPOJI Ma€ PO3IJIIaTUCS K 0a30BHl KOMIIOHEHT OCBITHBOTO TPOIECY, a He SIK EMi30AUYHE JI0T0-
BHeHHA. HejocTaTHICTh a1anTOBaHUX METOMYHUX MaTepialiB i clabka y4acTh POJIMH B3aEMHO MOCHITIOIOTh O/THA
OJIHY, TOMY TIOTPeOYIOTh KOMIUIEKCHOTO II€JarOTi9YHOT0 BUPIMICHHS. 3alPOIIOHOBAHIH METOANIHHUN IIUKJI YPaxo-
BY€ BIKOBI OCOOJIMBOCTI JIOMIKUIBHAT 1 MOKe OyTH 3aCTOCOBaHMII SIK y 3aKijazax JOUIKUILHOT OCBITH, Tak i B po-
JTUHHOMY BHXOBAHHI.

KJIIFOUYOBI CJIOBA: dowkinbHa exonociuna oceima, eKoio2iune 6UX08aHHsL, MemoOuyHi Mamepianu, co-
yionoziune onumy8amms, eKoI02iuHUL C8imMo2isn0, CIaiull pO36UMOoK
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Knimatuuni 3miHm, BTpaTa GiopizHOMa-
HITTS, BUCHA)XCHHS TPYHTOBUX PECYpPCIB 1 3a-
OpymHEHHS BOIHHUX O0'€KTIB yXKe He CIIpHiiMa-
I0ThCSI JIMIIE SIK BiJJaJieHi HAyKOBI MPOOIEMH.
Bonu OesmocepeqHb0 BIUIMBAIOTH HAa YMOBHU
JKUTTS TIOJUHH, SKICTh Xap4yOBHX MPOAYKTIB,
CTaH 3/I0pOB'sl HaceJIeHHS Ta Oe3reKy MailyT-
HIX [IOKOJIiHB. BogHOYac BUTOKHM 0araTbox KO-
JIOTIYHUX PU3UKIB IMOB'sI3aHi HE TIUTHKH 3 BHPO-
OHMIITBOM, a M 13 MOBCIKIECHHUMH MOJIECIIMU
MOBEIHKM, 10 MOYMHAIOTH (OpMyBaTHCA B
paHHBOMY JTUTHUHCTBI. CaMe TOMY AOIIKiTbHUN
BIK y Cy4YacHIW MeMaroriii po3rISIacThCs SIK
0COOJIMBO YYTIWBUHN TIEPION TSI CTAHOBIICHHS
YSIBJICHb PO MPHUPOJY, BiAMOBIAAIBHICTH JIFO-
JIUHY TIepe]T JOBKULISM 1 BIacHY y4acTh y HOTro
30epeKeHHi.

[IpoGiieMaTHKa EKOJIOTIYHOTO  BHUXO-
BaHHS JOLIKIJIBHAT MOCIa€ MOMITHE MiCIIe Y Bi-
TYM3HSHUX 1 3apyOiKHHX HAyKOBO-METOIWY-
HUX J0CTiKeHHsIX. B YkpaiHi 3MicT ekosiori-
HUX YSBJICHb, 0COOJIMBOCTI IIPUPOIHHYOTO PO3-
BUTKY AiTel i MeToqu (HOpMyBaHHS €KOJIOTid-
HOI KynbTypu aHamnizyBanu ['. B. bernenbka, H.
M. I'opomaxa, Pemera C. P., JIxxypa H. M. ta
iHImi gocmigHukd [ 1, 2, 3, 4]. Y 3apy0ixHiii Tpa-
JUIIil 3HAYHWIA 1HTEepeCc CTaHOBIATH mparli JI.
O'Bbpaen Ta P. Mroppes, y SIKHX 0OIpyHTOBaHO
Pe3yJIbTaTUBHICTD IIBEICHKOT MOJIEII «JTICOBUX
MK U PO3BUTKY CAMOCTIHHOCTI, KOMYHiKa-
THUBHOCTI Ta JOCHIJHAILKOT aKTUBHOCTI JOLIIKI-
npHAT [5, 6]. [lonpu HasBHICTH TEOPETUUHUX
HaNpaIloBaHb, TMPAKTUYHUN 1HCTpyMEHTapii

Beryn

IUIA IEJAroriB 1 0aTBKIB 3a/IMIIAETHC HEIOCTA-
THBO CUCTEMATH30BaHUM [7].

s Ykpaiam 11 mpobiema Mae 0co0-
JHUBY aKTyanbHicTh. KoHuenuis 6e3mepepBHOT
eKoJoriuHoi ocBiTH, 3aTBepakeHa y 2001 pomi
(3a pemakmiero Bix 01.01.2026), Bu3Havyae no-
MIKITBHY JIAHKY ITOYaTKOBUM eTaroM (opMmy-
BaHHsI €KOJOTIYHOI KynbTypu [8]. OHOBNEHUH
ba30Buil KOMIIOHEHT AOIIKIIBHOT OCBITH TAKOXK
OpIEHTYE TIEaroriB Ha PO3BUTOK MPUPOJTHUYO-
eKoJIoriyHoro BuxoBaHHs aiteit [9]. OxgHak Ha
MPAKTHII CUCTEMHICTh Takoi poOOTH HEPiJIKO
3aJIeKUTh BiJl 0COOMCTOI iHILIATHBU BUXOBA-
TeJsI, piBHSA METOUYHOT ITiATOTOBKHY 3aKJIajTy Ta
TOTOBHOCTI POJAWMHM MiATPUMYBATH €KOJOTIUHI
3BUYKH AUTUHH 11032 MEKaMH OCBITHBOT'O cepe-
mosuta [10].

3 orsiy Ha 1ie TOCHiPKEHHS CIPSIMOBAaHO
Ha TOEJHAHHS aHAJITHYHOTrO, COIIOJIOIIYHOrO,
EKCIIEPUMEHTAJIBHOTO0 W METOAWYHOIO KOMIIO-
HeHTIB. TakoX BayKJIMBICTH JOCIIIKEHHS IOJI-
ra€ y BH3HAYCHHI PEaJIbHOIO CTaHy CKOJIOTiY-
HOTO BUXOBAaHHSA JOMIKUTHHAT B YKpaiHi, 3'Cy-
BaHHI YMHHUKIB, III0 0OMEXYIOTh HOTO TPaKTH-
YHYy pe3yJbTaTUBHICTh, 1 CTBOPEHHI anpoboBa-
HOTO IIMKITy MaTepiaiiB /sl TIelaroriB Ta 0aTh-
KiB. /{715 BU3HaYECHHS pe3yNbTaTUBHOCTI BUKOHA-
HHUX aBTOPCBKUX PO3POOOK PO3TIISTHYTO BIiTUH3-
HSHHUN 1 MDDKHAPOHHI JTOCBIJ] JIOIIKUIBLHOT €KO-
JIOTIYHOI OCBITH, TIPOBEJICHO ONMHUTYBAaHHS 0aTh-
KiB, BUKOHAHO JEMOHCTpalliiine JjabopaTopHe
JIOCJTIJDKEHHS Ta IMiJrOTOBJIEHO METOIUYHI PO3-
POOKH TSt Pi3HUX BIKOBUX TPYIL.

MeTtoau

OO0'eKTOM JOCTIPKEHHsI BUCTYTIAE JOIIKi-
JIbHA eKOJIOT4Ha OcBiTa B YKpaii. [Ipeamerom e
dopmu 11 peamizamii B 3aKiaiax JOMIKUIEHOT
OCBITH Ta B CiMeHiHOMY BUXOBaHHi. OTpaliboBaHO
HayKOBO-METOAWYHI MyOikamii Ta HOpMaTUBHO-
NPaBOBi JOKYMEHTH, 110 PETJIAMEHTYIOTh €KOJIO-
TIYHY OCBITY JAiTeH IOMIKUIBHOIO BiKy. BukoHaHo
MIOPIBHSUTLHHI aHaTi3 MOJISIIEH €KOOCBITH, IO 3a-
ctocoBytoThesl y Himeuunni, CILIA, Anrnii, Smo-
Hii Ta [lIBewii i cmiBcTaBUTH iX 3 YKPaiHCBKUMH
IMIXOJaMU.

Corrionori4Hi METOAM JOCIIJDKEHHSI 32 JI0-
nomororo Google ®opmu o/10 oNUTYBaHHS Oa-
TBKIB JOIIKUIBHAT HAJAJId MOYKJIMBICTH BUKOPH-
CTaTH OHJIAMH-POpMAT, 3a0€3MEUHUBIITH OTICPATH-
BHICTB 300pY JIaHVX 1 OXOIUICHHSI POJIUH 13 Pi3HUX
PETioHIB KpaiHW. AHKETY TIOIIUPEHO Yepe3 0aTh-
KIiBCHKI YaTH Y MECEHKepaxX — TEMaTHIHI TPYIIH,
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JIe YYaCHUKHU CITUTKYIOTBCS 3 TIOBCSKICHHUX TTH-
TaHb BUXOBAaHHS JOIIKUIBHAT. AJMIHICTpATOp
OJIHi€T 3 HAWOLTBIINX TaKUX TPYIT PO3MICTHB OT'0-
JomeHHs 3 nocunanHsM Ha Google @opmy Ta
MPOXaHHSAM B3STH y4acTh B ONUTYBaHHI. TTaka
MOZEIb BiIOOpY popMye HEBUIIAZKOBY BHOIPKY —
PECHOHACHTH € aKTUBHUMU KOPUCTYBayaMH COLi-
ATBHUX MEPEXK, 1110 MOJKE BILIMBATH Ha PiBEHb iX-
HBOT 0013HAHOCTI Ta 3aJTy4€HOCTI A0 MUTaHb €KO-
JIOTYHOTO BUXOBAHHSI.

PesynpTaTn BimoOpaxaloTh KUTTEBO BaXK-
JIMBI YCTaHOBKH IIi€T ayIMTOPIT 1 He MPETEeHYI0Th
HA CTATUCTHYHY PETPE3eHTATUBHICTH ISl BCHOIO
HaceleHHd YKpaiHu. 3alpOoIrOHOBAaHO NHWKI 3 8
METOJIMYHUX PO3POOOK JUISl EKOJIOTIYHOI Ipo-
citu aiteit 3-7 pokis [7]. Ipaktuuni 1adopato-
PHI JIOCITIIM BUKOHAHI METOJIOM aTOMHO-a0cop0-
ifHOI criekTpoMeTpii Ha mpmaai MI'A 915 M.
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PesyabTaTi 1ocaigxeHHs

3aKOpAOHHUI JOCBIiJl JOIIKUIEHOI €KO-
noriuHoi ocBiTh. [lOpiBHSHHS MiXHApOTHUX
MiXO/MiB TIOKA3aJl0, M0 YCIIIIHI CHCTEMH 0-
HIKITBHOT €KOJIOT1YHOT OCBITH IPYHTYIOTHCS Ha
CHilbHOMY TpHHLMMI. JuTHHA Mae He nume
YyTH TPO TPUPOAY, a i MisITH B HiH, criocTepi-
TaTy 3MiHH, JOTISIIATH POCIMHH, B3aEMOIISITH
3 IPUPOJHUMH 00'€KTaMH Ta pOOUTH IIPOCTi BH-
CHOBKH 3 BJIACHOTO JOCBiny. BigMiHHOCTI Mix
KpaiHaMH CTOCYIOTBhCSI HacamIiepes OpraHiza-
HiHHUX (OpM, TOII SIK MisUIbHICHHNA XapakTep
HaBYAHHSI 3aJIMIIAETHCS BU3HAYATIHHUM.

VY llBemii Tpaawumis HaBYaHHS AiTeHd y
MIPUPOTHOMY CEPEIOBHII Ma€ TIOHA CiMaecs-
TUPIYHY icTopito. MeTomuKa «JTiCOBUX HIKIID»,
3anovyaTkoBana [octoro ®poxmom y 1950-x po-
Kax, nepeabdavae peryisapHe nepeOyBaHHS I0-
HIKUTBHST TPOCTO HeOa, Jie HaBUaHHS BiOyBa-
€TbCS 4epe3 TPy, CIOCTEPEKEHHS, JOCIHi-
JOKeHHS 1 ciinbHy misuteHicTh [11, 12]. Hocmi-
mxenHs JI. O'bpaen ta P. Mioppest, BUKOHaHE y
2005 poui y Benukiit Bpuranii, 3acBigunio mo-
3UTHBHUHN BIUIMB TaKOi MMPAKTHUKH Ha CAMOCTIH-
HICTbh, COIiaJIbHI HABUYKY Ta HaBYaIbHY MOTH-
BaIliro gitedt [5,6]. Hamami moaiOHi miaxoau mo-
mmpuitkcs 3a Mexxi Ckanaunasii [13, 14]. Ha-
npukiay, y CIIA girots monasn 250 npupoaHu-
YUX JOMIKIIBHUX 3aKJIaJ(iB, OpPraHi3oBaHUX 3a
6a13bKOI0 JoTiKOT0 [15, 16].

SInoHCchKa MoneNh Mae iHIIE KyJIbTypHE
MiATPYHTSL, ajle TaKOXK BUXOIUTH 13 HEOOXiTHO-
CTl IOJICHHOTO KOHTAaKTy IWTHHH 3 YKHBOIO
npupooro. [Ipu Oaratbox AUTAYMX cagkax 00-
JAIITOBYIOTh HEBENHKI Cagyl i TOPOIH, 1€ BH-
XOBaHIII BUPOIIYIOTh POCIIMHH, CIIOCTEPIraloTh
3a TXHIM pO3BUTKOM 1 HaOyBarTh JOCBiy II0-
rsiy. [llaHoOnmuBe cTaBieHHS O TPUPOAH,
MOB'SI3aHE 13 CHHTOICTCHKUMM Ta Oy 1IIHCEKUMU
VSIBIICHHSIMH, OPTaHivyHO MiJATPUMYE OCBITHIO
npaktuky. Ctopenns y 1990 poui Incturyty
€KOJIOT1YHOI OCBITH CHPHUSUIO METOAWYHINA KO-
OpJAMHAIIT I[LOTO HATPSAMY Ta HAKOTIMYCHHIO Bi-
JIOBITHOTO TearorivHoro AocBixy [17].

V HiMmeuunHi Barome Miclie IOCIIae
CTBOPEHHS «3EJICHOTO CepeloBUIIay Oe3roce-
PEIHBO Ha TEpUTOpPIi 3aKjaaiB JOIIKIIBHOT
ocBitu. JliTH 3ay4yaroThcs 0 03€JICHEHHS, BU-
POIILYBaHHS POCIIMH, CIIOCTEPEIKEHHS 33 CE30H-
HUMH 3MiHAMH Ta eJIEMEHTAPHUX IPUPOTHHINX
nocHioKkeHb. B AHMIT eKkoJoriyHa TeMarTHka
IHTETPY€ETHCSI B OCBITHI MPOTPaMy JOLIKITBHOT
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Ta MOYaTKOBOI JJAHOK SIK OOOB'SI3KOBUI KOMITO-
HEHT, a He SIK pa3oBa BUxoBHa akiis [18]. Ok-
peMy Hiny y 3apyOiKHIN TpaKTHILll 3aiiMaloTh
CreLiani3oBaHi 3aKJIan 3 aBTOPCHKUMHU METO-
JIMKaMU Ha 3pa30K MOHTECCOPi-CaJIKiB, ¢ HaB-
YaHHS OPTaHi30BaHE y TEMATUIHUX 30HAX — SIK
y CIerialibHO 00JTaTHAaHMX KiMHATaX, TaK 1 Ipo-
cTo Heba. Y Takux 3aKiIafax MmoriudiieHa B3ae-
MOJIis 3 TIPUPOTHUM CEPEIOBHINEM € HE eITi30-
JMYHUM 33X0JIOM, & CTPYKTYPHUM €JIEMEHTOM
IIOZICHHOTO OCBITHBOTO IPOIIECY.

Jlo aHami3y CTaHy €KOJIOTIYHOT OCBITH 3a-
nydeHo monokeHHs Kownenmii 6e3mepepBHOT
eKoJiorigHoi ocBiTH B YKpaini (2001, 3a pemak-
iero Big 01.01.2026) Ta bazoBoro koMIoHeHTa
JOIITKITFHOI ocBiTH B YKpaiHi (2021) [8, 9]. Bi-
TYM3HSHA HAYKOBA JYMKa IMOJI0 €KOJOTTYHOTO
BUXOBAHHS JIOIIKUTBHAT MPECTaBICHA IIHPO-
KUM KoJioM mociikeds. I'. B. benenska, T. C.
Haywmenko ta O. B. [lonoBina 1oBoATSH, 110 OC-
HOBH €KOJIOTIYHOI CBIJIOMOCTI 3aKJIaJIalOThCS Y
JOUIKIILHOMY JTUTHHCTBI yepe3 Oe3nocepeaHii
YyTTEBUH JOCBIJ B3aEMOI1 3 TPUPOIOIO, & EKO-
JIOTO-MPUPOHAYA KOMIIETCHTHICTh JTONIKIIb-
HHUKa OXOIUIIOE TPH B3a€MO3AIEKHI KOMITOHE-
HTH — KOTHITUBHUM, EMOIIIMHO-IIIHHICHHH 1 Ji5-
neHicHO-npakTiyami [1]. H. M. 'oponaxa 00-
IpyHTYBaJjia, IO SIKICTh EKOJIOTIYHOTO BHXO-
BaHHS B 3aKJIajii 0E3MOCEPEHBO 3AJICKHUTH BiJ|
CTELiaTbHO OPraHi30BaHOTO EKOJIOr0-PO3BHBA-
JHHOTO CEPENIOBHIIA, SIKE CTUMYIIIOE AIiTEH 10
CIIOCTEPEKEHHS, JOCIIPKEHHS Ta TPUPOJIOJIO-
niteHOI moBeninku [2]. C. P. Penera Ta H. M.
Jlxxypa cucTeMaTH3yBaJId HAYKOBI MIIXOAH 10
opraHi3allii eKoJoTi4HOTO BUXOBaHHS 1 BCTaHO-
BWJIH, 1110 po0OTa 3 TOMKUILHATAMH MA€ OXOII-
JIFOBATH TPH HAMPSIMU — IHTENIEKTYANbHUH, 0CO-
OMCTICHHH 1 BHYTPIIIHIO TOTOBHICTH JIO IPHPO-
nooxoponnux aii [3]. C. A. IBaHuyk rpoaHati-
3yBaB EBOJIOIiI0 0a30BHX IMOHATH EKOJOTIY-
HOTO BUXOBaHHS 1 BCTAHOBUB, IO CyYacHa Iie-
Jlarorika 3AiMCHIOE TIEpexia BiJ aHTPOIOLEHT-
PUYHOI JIO €KOIEHTPUYHOI MapagurMu, Ae ro-
JIOBHOIO METOI0 CTa€ BUXOBAHHS EKOJOTIYHO
JIOLIUILHOT MOBeaiHKKH ocoducrocTi [4]. Criib-
HUM BHCHOBKOM IIMX JOCJIDKEHb € BU3HAHHS
JIOIITKITFHOT'O IMTHUHCTBA CEHCUTUBHUM 1 TPio-
PUTETHHM eTaroM st GOpMyBaHHS OCHOB €KO-
JIOTIYHOTO CcBiTOTIIAAY [7].

Orxe, MDKHApOIHUN JOCBiA MiATBEp-
JDKY€E TiepeBary IisUIbHICHOI MOAENI Hall CyTO
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BepOQIbHIM O3HAWOMJICHHSIM 13 TIPHPOIOIO.
s yKpaiHCBKHX 3aKiaiB JOMIKIIBHOI OCBITH
IIe BHCHOBOK € OCOOJIMBO Ba)XKJIMBUM, OCKi-
JBKU B peajdbHI MPAKTHUINl €KOJIOTIYHE BHUXO-
BaHHS 4acTO OOMEXKYEThCS Oecigamu, YUTaH-
HSAM 1 JEMOHCTpAIlifHUMU MaTepialaMu, TOJi
K caMme Oe3mocepeqHsl y4acTb JUTHHA y TIPH-
POIOOXOPOHHUX HisX 1 MOCIIIKECHHIX TPUPOIH
(dhopMye CTiliKi HABUYKH.

Pezynomamu  coyionociunozo  onumy-
eanna. Y ciuni 2025 poky Oyio MpoBeAEHO CO-
IIOJIOTIYHE JOCIIKCHHS 3 OIUTYBAHHIM 0aTh-
KiB IIOJ0 €KOJIOTIYHOI OCBITH HOIIKUIBHAT. 3i-
OpaHo BiamoBizi Bix 136 pecroHIeHTIB 3 pi3HUX
Mmict Ykpaiam: 3amopixoks, Yxkropona, BiH-
nuii, [Tontaru, JIbBoBa, Kuepa Ta Xapkosa.
AHkerta mictria 11 3amuTaHp 3aKpUTOTO ¥ Ha-
MiB3aKpUTOTO THUMy. TemaTwka CTOCyBallach

“Yu UiKaBUTbLCA Balla AUTUHA NPUPOACIO Ta TBapUHaMn?

136 signogigen

Hi 6 (44%

CIoco0iB €KOJIOTIYHOTO0 BUXOBaHHS y POJIHWHI,
TEM CIIIKYBaHHS 3 JITbMH, BHKOPHUCTaHHS
MPaKTUYHUX METOJIB 1 PiBHA y4acTi OaTbKiB y
NPUPOJOOXOPOHHUX  3axonmax. Pesynpratn
ONMUTYBaHHS OATHKIB 3aCBIIYIIN MOMITHY He-
BIAMOBIAHICT, MDK ITO3UTUBHHUM CTaBJIECHHSIM
IO €KOJIOTIIHOTO BUXOBAHHS JOIIKIUIBHSAT Ta Pi-
BHEM HOT0 MPAKTUYHOTO BTUICHHS B POJIUHAX.
OCKiNbKH PECTIOHJCHTH MPEACTABISIN 7 MICT
VYkpaiau, OTpuMaHi pe3yabTaTH MOXKHA PO3TIIs-
JIATH SIK TTIOKA30BHi 3pi3 OaTbKIBCHKUX YCTaHO-
BOK 1 THIIOBUX JAOMAIIHIX MPaKTHK, HE OTOTOX-
HIOIOYH HOTO 3 MOBHOIO CTATUCTUYHOIO peripe-
3CHTAaTUBHICTIO I Bciei kpaimm. Ha pwuc.1
MpelCcTaBjlIeHa JiarpamMa, MoOyaoBaHa 3a pe-
3yJIbTaTaMHu OMMTYBaHHS OATHKIB 1100 BU3HA-
YeHHsI 3alliKaBJIIEHOCTI JAUTUHH TPHUPOIOI0 Ta
TBapHHAMH.

KinpKicTs ONHTAHHX PeCHOHIEHTIE

Puc. 1 — Pe3ynbratu BU3HauUSHHS 3aliKaBICHOCTI JJUTHHHU IPUPOIOIO Ta TBAPUHAMH

Fig. 1 — Results of determining a child’s interest in nature and animals

[lepie 3anuTaHHs aHKETH 0YJI0 CIIPSIMO-
BaHE Ha 3'SICYBaHHS MPHUPOJHOTO iHTEpecy Ji-
Tel 10 kuBOro cBity. llo3uTHBHY BimNOBiNB
nmamu 95,6 % pecnionaeHtis, Toxi sk 4,4 % 3a-
3HAYWIIH BiJICYTHICTh TaKOTO iHTEpecy. Lleit pe-
3yJnbTaT MATBEPIUKYE, IO B JOMIKIIEHOMY BiLll
ICHY€ TOTYHa eMOIliliHa OCHOBA JIJIsl €KOJIOTi-
YHOI'0 BUXOBaHHA. J[UTsS9a JOMUTIUBICTE OO
POCJIMH, TBAPUH 1 SBHII PUPOJIA BUHUKAE pa-
Hillle, HI)K CHCTEMHI 3HaHHS, TOMY I€IaroriuHe
3aBJIaHHS TOJISITa€ B TOMY, 1100 HiATpUMATH
e iHTepec i MOCTYMOBO MEPEBECTH HOTO Y BijI-
MOBiAAJbHI Jii.

3a pesyibTaTaMu ONHUTYBaHHS OAaTbKiB
mpo iX MPOCBITHUILKY MiSUIBHICTH JITJIAXIiB
(puc.2) BU3HAYEHO, 0 AUTSAUY JITEPATYPY €KO-
JIOTO-TIPUPOJTHUYOTO 3MIiCTy BHUKOPHUCTOBYIOTH
82,2 % 0OatpKiB, 0 pOOUTH YHTAHHS OJTHUM 13
HAUTONIMPEHIIX ~ CIMOCOOIB  JOMAIIHBOTO
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eKoJioriuHoro BuxoBaHHs. KHIKKa € moctym-
HUM 3aCO00M NEPBHUHHOTO O3HAWOMJICHHS AM-
THHH 3 )KUBUM CBITOM, OJJHAK BOHA IIEPEBAXKHO
3abe3neuye iH(opMalliliHe i eMoIIiifHe CIIPHii-
HATTS, a HE IPaKTUYHY B3aeMoziro. Tomy Buco-
KM TTOKa3HUK YUTAHHS Ha TJIi 3HAYHO HIDKYOT
YacTKU JOCIIJIB 1 MPOEKTIB 3aCBiUy€e JOMiHY-
BaHHS TaCHBHO-BepOaIbHUX (hopM poOoTH.
Xoua OUTBIIICTh OATHKIB BU3HAE BAXKIIM-
BICTb €KOJIOTIYHOI TeMaTtuku (puc.3), peryis-
PHO 0OTOBOPIOIOTH i1 3 AiThMHU JintIe 68,4 % po-
muH. OTxe, MPUOIN3HO KOXKHA TPETS CiM'd He
BKJIFOYAE TaKl MATAHHSA J0 HOBCIKIEHHOIO CIIi-
nxkyBaHHs. [IpuanHamMu MOXXyTh OyTH nedinut
Yacy, HeBIIEBHEHICTh JIOPOCIIHX y BIIACHIH 00i-
3HaHOCTI a00 XMOHE YSIBICHHS PO CKIAIHICTh
€KOJIOTTYHUX TMOHATH ISl JOIIKIIBHOTO BIKY.
Boanouac 6a30Bi ysIBI€HHS IIPO BOAY, MOBITPA,
POCIMHY, TBAPUH 1 BIIXOIHU JiTH YCIIIIHO
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M YMTACTE BI QUTHHE KMUTW PO NpWpady”?

35 Rianoalei

Puc. 2 — O3HaifoMIIeHHS JiTel 3 TPUPOIOIO
3a JIOIIOMOTOI0 JIiTepaTypH

Fig. 2 — Introducing children to nature through
literature

3aCBOIOIOTH Yepe3 KOHKPETHI KHUTTEBI CUTYaIil
Ta HAOYHI MPHUKIIA]IH.

Posmoain Biamosizeil mog0 METOMIB I0-
MaIllHBOT0 BHXOBaHHs (puc.4) IEMOHCTPY€E BHU-
pa3Hy mepeBary ClloBecHUX (OpM Ha JTisUTbHIC-
HUMU. becinu BukopuctoByrots 88,2 % OaTbKiB,
eKoJorivHi irpu — 46,3 %, exckypcii — 35,3 %,
npaktuadi gocmigy — 30,1 %. Halimenm mormm-
PEHUMU BUSBUIINCS CIITbHI €KOJIOTI4HI TPOEKTH,
JI0 SIKUX 3ay4aloTh IiTed nume 5,9 % poaus.
Came mocmimy ¥ TIPOEKTH MAalOTh HAHBHIIIMH

Y obron

OOCTE B

3 AVTHMON ERONOT

npoGinew?

Puc. 3 — 3Ha4ymIicTh EKOIOTIYHUX TEM
y pOIUHAX

Fig. 3 — The importance of environmental topics

in families

noTeHwian i (GopMyBaHHS OCOOMCTOrO JOC-
BiJly €KOJIOTIYHO Bi/IMOBIIAJIHOI TOBEIIHKH, OJ1-
HaK BOHHU MOTPEOYIOTH BiJl IOPOCIUX TOTEpea-
HBOI MiATOTOBKH, 9acy Ta METOJUYHOI BIIEBHE-
HOCTi. Le y3romxyeTbess 3 BUCHOBKaMH 3apy0i-
JKHUX aBTOPIB TPO TepeBakaHHS BepOATbHIX
METOIB 32 BIJCYTHOCTI HAaJEKHOTO IMPaKTHY-
Horo cymposoy [10].

3BiCcHO, 1110 caMe 0aThbKaM IIOBMHHI HaJle-
JKaTW TepIlli KPOKH Y OMaHyBaHHI €KOJOTTIHIX
3HaHb.

AIKi hopMU HaBYaHHA BW BUKOPUCTOBYETE [INA EKONOTIYHONO BUXOBAHHSA AITEN?

136 signosined

Becian
Exckypcil

Irpit

Hocnign |

MpoesTn 8 (5.9%)

41 (30.1%)

48 (35.3%)

120 (88.2%)

63 (46,3%)

KinbKiCTb ONMUTaHUX peCcrnoHAeHTIB

Puc. 4 — Meroau eKoNOrivHOTO BUXOBAHHS Y POJMHHOMY CEPEOBHIII

Fig. 4 — Methods of environmental education in the family

Crilikuii iHTEepeC 10 EKOJIOTIYHUX TEM, 32
BIJIOBIsIMU OATHKIB (pHC.5), BUSBISIOTE 64 %
JTOMIKUIBHAT. 1le¥ mokasHUK HMXK4YMK 3a 3ara-
JbHY 3alliKaBJIEHICTh HPUPOJIOI0, KA CTaHO-
BUTH 95,6 % (puc.1). Pizaun maiixe y 32 Bin-
COTKOBI ITyHKTH CBITYHTb, II[0 IPUPOIHA TOTIH-
TIMBICTh JUTUHHU HE NEPETBOPIOETHCS aBTOMa-
TUYHO HA YCBiOMJICHHI €KOJIOT1UHHIH iHTEepec.
st iporo moTpiOHI cHCTEMAaTHYHI CIIOCTepe-
JKEHHsI, iIrpoBi 3aBHAaHHS, MPAKTUYHI JOCIiIH,
y4acTh y AOIJISAI 32 POCIMHAMM, COPTYBaHHI
BIIXOMIB Ta IHMMX JOCTymHHX AisX. o
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po3ninbpHOro 30MpaHHs BigxoniB (puc.6) y mno-
MallHiX YMOBax Jitel 3amy4arothb 37,5 % 6aTb-
KiB, TOMi 5K 62,5 % 1bOT0 HE NPAKTUKYIOTh.
CopTyBaHHsS CMITTS € OJHHMM i3 Haii-
OUIBII TOCTYIHUX CIIOCOOIB (POPMYBaHHS €KO-
JIOT1YHOI TTOBEIHKU, OCKUIBKH MOXE BUKOHY-
BaTHCS Yy 3BHYaiHOMY MOOyTOBOMY cepeno-
BUIIl i He MOTpedye CKIIAAHOTO OOJaJHAHHS.
Hu3bkuit piBeHb y4acTi JOMKIIBHAT Y TaKiH Ji-
SUTHOCTI MOYKe Oy TH TIOB'SI3aHMIA SIK 13 HEOCTa-
THBOIO 1HPPACTPYKTYPOIO, TaK i 3 TUM, IO cami
J0pOCTi HE 3aBXKIH MAIOTh CTaJly 3BHUKY /0
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Puc. 5 — 3amikaBieHicTh TiTEH EKOJOTTYHUMHI TEMaMH

Fig. 5 — Children’s interest in environmental topics

PO3IiIBbHOTrO 300y BiIXoAiB. Y pe3ynbTaTi Ou-
THHA YaCTIllIe 9y€ MPO E€KOJIOTiuHy MpodiemMy,
HiK Oepe y4JacTp y ii IpaKTHYHOMY BUPIIICHHI.
IIpo camy eKoJIOTi4HY aKTHUBHICTH OATBhKIB BiJI-
NoBial po3noainuaucs (puc.7): perynsapHy yd-
acTh B EKOJOTIYHMX 3aXOJax IiATBEPIIN
yaie 22,8 % poaun; 77,2 % pecrloHACHTIB HE
JIOJTy4YarOThCS 10 TaKUX aKTHMBHOCTEH Ha I1OC-
TiHHINA ocHOBI. Lle#l moka3HHUK € 0cOOIUBO TT0-
Ka30BUM, OCKUIBKH BiJIoOpaxkae He JeKIapaTh-
BHE CTaBJICHHS, a peajibHi Jii.

[lopiBHSIHHS 3 YacTKOIO OATBKIB, SIKi BH-
3HAIOTh BAXKJIUBICTh €KOJOITYHOTO BUXOBAHHS,
BUSIBIISIE CYTTEBUI PO3PHUB MiXK I[IHHICHOIO yC-
TaHOBKOIO 1 MTOBEIIHKOBOIO MpakTukoto. [lomi-
OHa HEBiNOBIIHICTH ONHMCYETHCS 1 B 3apyOiK-
HUX JOCIIDKEHHAX: €KOJIOrIYHa 0013HAHICTh HE

it COPTYETE Bt CMITTR DASOM 3 ANTHNOK?

AL A

Puc. 6 — 3anmyueHicTh niTelt 10 po3B'sI3aHHS
npo0jaeMy yTHITi3alil CMIiTTS
Fig. 6 — Children’s involvement in solving the
problem of waste disposal

3aBXK[IU TIEPEXOTUTH Y JTit0 0€3 MiATPHUMKH OCBi-
THIX IHCTUTYIiH, 3py4HOI 1HPPACTPYKTYpH Ta
3pO3yMUINX METOJUYHMX pimens [19, 20]. Ha-
CKIJIBKH Ba)KJIMBA €KOJIOT1YHA MPOCBIiTa JOIIKi-
JBHSAT MOKa3aHO Ha PHC.S.

OxpeMuil OIOK aHKETH CTOCYBAaBCS OLli-
HKA 3HA4YyHIOCTI EKOJIOTIYHOTO BUXOBAaHHS
came y AomKinpbHOMY Bimi. [lo3uTuBHY Bimmo-
Bimb Hamamu 95,6 % pecnonzaentiB. Lle cBin-
YUTh TIPO Te, 10 OATHKU 3arajioM yCBiJOMITIO-
I0Th B&KJIMBICTh PAHHBOI'O (POPMYBAHHSI €KO-
JIOT14HOI KyJIBTYPH y HiTeH.

OnHak 3iCTaBIEHHS IILOTO PE3YJbTaTy 3
MOTIEPEIHIMU TTOKa3HUKAMH JIEMOHCTPYE, IO
camo 1o co0i yCBiJOMJIEHHSI ITpoOjIeMH He ra-
PaHTy€e HasBHOCTI PETYJSIPHUX EKOIPAKTHK Y
POIHHI OYAb-SKOTO POJY.

Hit DEPETE BN YUACTY ¥ EXONOMIMHNX AXLUNX (wanpuxnan, npwé«;mnnu nu;xy]"h.» DAMTINGE 10 DAY AYMKY, € OHONOTIMING BRXOSEMME JITON SOUNINBHOTD Bixy?

136 ormeron
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Puc. 7 — Pe3ynbratn onuTyBaHHS IIOAO €KOJIO-

r14HOI aKTUBHOCTI OaTHKIB JOIIKUILHUKIB

Fig. 7 — Results of a survey on the environmental
activity of parents of preschoolers

134 oreeTne

Puc. 8 — AKTyaJIbHICTh €KOJIOTIYHOT OCBITH
JIOIIKINBHAT

Fig. 8 — Relevance of environmental education
of preschoolers
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AOCTATHLO YBAMM eXONOriVHOMY BHXOBaHMIO?

i ar)

Puc. 9 — OuinroBaHHS 6aTbKaMH SKOCT1 €KOJIOTTYHOI OCBITH Y 3aKJIa/iaX JOMIKITFHOI OCBITH

Fig. 9 — Parents’ assessment of the quality of environmental education in preschool institutions

JyMKu 0aThKiB MIOMO SKOCTI €KOJOTid-
HOT OCBITH y JOIIKUIBHUX 3aKJIafax pPO3MOIiIH-
JIUCh Maiixe mo-piBny (Puc.9).

Ominkn 6aThKiB MO0 GOPMYyBaHHS €KO-
JIOTIYHOTO CBITOTIIAMY AITEH y AITCAAKaX PO3IIO-
mimamcs gk 51,5 % BBaKaroTh, 10 CaJg0YOK
NPHUIUIE IbOMY HAmpsMy IOCTaTHbO YBard, a
48,5 % maroTh MPOTWIEKHY AyMKYy. Takuii pe-
3yJbTaT CBIJUUTH PO HEPIBHOMIPHICTH OpraHi-
3aIlii eKOJIOTIYHOIO BUXOBAHHS Y JOIIKIIBHUX

3aKIaaax. 3HAYHOK MipOIO SKICTh POOOTH 3aj1e-
JKUTD BiJ| PIBHS IMiJrOTOBJICHOCTI Ta iHILliaTHBU
CaMoro BHXOBATelsl, HAsSBHOCTI MarepialbHOI
0a3u Ta JOCTYITHUX METOAWYHHX CIICHAPIiB.

Maiike TIOJIOBHMHA KPUTHYHHUX OI[IHOK 3
00Ky OaTBKiB MiATBEPIKYE MOTPEOy B aKTyai-
3aIlii, po3MIMpeHH] ¥ yHiikaIlii mporpaMHOTO i
METOAMYHOTO 3a0e3reveHHs eKopocBiTh. | e
i ATBEPIKYEThCS BIAMOBIASIMHA 0aTLKIB
(Puc.10).

Yu XoTinK 6 BK, W06 B AOWKINLROMY 3aKN3AI 6YN0 Binblue 3aHATL, NPUCBRYEHKUX eKonoril?
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Puc. 10 — 3anikasieHicTb OaThKIB Y pO3IIMPEHHI €KOJIOTIYHOI OCBITH IiTEH Yy

3aKJIagax JOLIKIILHOI OCBITH

Fig. 10 — Parents’ interest in expanding children’s environmental education in preschool institutions

Baxxanus 6aunTty OLIbIIE 3aHITH €KOJIOTi-
YHOTO CIIPSMYBAaHHS Yy JOMIKUILHOMY 3aKiiaji
BHCITOBUIH 74,4 % orntanux; 25,6 % BBaXKaOTh
HasBHMI 00csar moctaTHiM. Lle oguH i3 KIIFO4o-
BHUX PE3yJIbTATIB OMUTYBAaHHSI, OCKIJIbKH BiH (iK-
CY€ HE JIMIIIE OILIIHKY ITOTOYHOI'O CTaHy, a i COIli-
aIbHAMN 3anuT Ha 3MiHK. OTXKE, po3po0Ka J0CTY-
ITHUX, BIKOBO a/IaITOBAHMX 1 IPAKTUIHO 30Pi€H-
TOBaHUX METOJAMYHHMX MaTrepiajliB BiJINOBITa€E
OUIKyBaHHSAM SIK BUXOBATEINIB, TaK 1 0ATHKIBCh-
Kol ayauTopii. BiamoBini Ha MUTaHHS PO MOy~
JSIPHICTH €KOJIOTIYHHX 3aX0/IiB y 0aTbKiBCBKOMY
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CepelIOBUIL TPOAEMOHCTPOBAaHI Ha jaiarpami
puc.11, o Moxe BUKIMKATH 3aHENOKOEHHS.
VuyacTe 0aTBKIB B €KOJOTIYHUX 3aX07aX,
SIKI OpraHi30BY€ NOMIKUJIBHUM 3aKiall, 3aiuiia-
€Tbcsi oOMexxeHoro. Hikonmu He OepyTh yuwacti
27,8 % pecrnoHaeHTiB, pinko — 29,3 %, Jac Bix
gacy — 32,3 %. Yacto noiy4datotecs 7,5 %, myxe
gacTo — 4,5 %. OTxe, MOHAA MMOJOBHUHA OITUTA-
HUX (akTU9HO repedyBae Ha repudepii exoo-
rivHoi aisutbHOCTI 3aKiafy. Lle o3Hauae, 1o 10-
IIKITBHAM yCTaHOBaM HEOOXiTHI HE JIUIIE METO-
JMYHI pO3pOOKH 1 ClIeHapii 3aHITh EKOJIOTTYHOTO
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Hackinbku aKTUBHO BGaTLKM !‘;Ppy’ﬂ: YHACTh Y eKONOTTYHUX 3axoaax, Oprani3oBardux y JOWKINMLHOMY

saxknapni?
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Puc. 11 — [onynsapHIiCTh €KOJIOTIYHHUX 3aXOMIIB cepell 0aThKiB BUXOBAHIIB
Fig. 11 — Popularity of environmental activities among parents of pupils

CIpsSIMYBaHHS JUIS JiTEH, a i MOJIei TapTHEPCh-
Kol B3aeMozil 3 POIMHAMH. Mi)KHapoI[HI/H‘/'I JIOCBIJ
HII[TBepI[)Kye IO CHiBIIparis eAaroriB i 0aTbKiB
€ OJTHUM 13 BU3HAYAIbHUX YNHHHKIB PE3yIbTaTH-
BHOCTI €KOJIOTIYHOro BuxoBaHH: [19, 20, 21].

3araioM OTpUMaHi JIaHi y3roJKYIOThCS 3
BucHoBkamu H. M. I'oponaxu, I'. B. benenpkoi
Ta IHIIHX, PO PO3PUB MIXK HASBHICTIO TEOPETH-
YHUX 3HaHb y JAOPOCIHX 1 IXHIM NMPaKTUIHAM
3aCTOCYBaHHSM y BUX0oBaHHi xitei [1, 2]. Oco-
OJIMBICThH NBOTO JOCIIUKSHHS TOJIATAE B TOMY,
0 BOHO TIOJIA€ OAHOYACHUH 3pi3 cuTyarii i3 7
MicT YKpaiHu, TOMy 3MOIa OKPECIUTH CHiJIbHI
TEHJIEHLIl POIUMHHOTO EKOJIOTIYHOTO BHXO-
BaHHSI B Pi3HUX perioHax Kpainu [22].

3Ba)kalouu Ha pe3yNbTaTH MPOBEIAECHUX
COLIIOJIOTTYHUX JIOCHIJPKEHb, OTIISITY JIITepaTyp-
HUX JDKEPEJ Ta BIKOBUX OCOOJIMBOCTEH JIOIIKI-
JBHSIT, ABTOPH MPOTIOHYIOTh LIMKI METOXHIHHX
po3po60K HIO/I0 €KOJIOTIYHOI OCBITH JiTeH J10-
HIKineHOTO BiKy 3-7 pokiB. KoxxHa po3poOka
Ma€ 4iTKy BIKOBY aJ[pECHICTh, Iepeadavae ak-
TUBHY Y4acTb IUTHHHU Ta MOXe OyTH peai3o-
BaHA K y 3aKJaJi JOIIKUILHOI OCBITH,TaK 1 B
pOJuHi.

Memoouuni pospobku 0as eKoN02IYHOT

ocgimu dowkineuam. Jns nitei Big 3 pokis 3a-
MIPOTIOHOBAHO eKoI02iunuUtl docaio «Jlxeperno
KUTTsD. IOro 3MicT Tossirae y BHCADKyBaHHI
HACIHHS Y YOTHPH KOHTEHHEPH 3 PI3HUMHU YMO-
BaMU: IPYHT 13 MTOJIMBOM, IPYHT 0€3 TOJIMBY, Ba-
THHUH OUCK 13 IIOJMBOM 1 BaTHHHA OWUCK O€3 II0-
suBy. [TpOTATOM KiJIBKOX THIXKHIB JAOIIKLIBHSTA
CIIOCTEPIraroTh 3a MPOPOCTAHHIM HACIHHS 1 T1O-
PIBHIOIOTH pPE3yJbTaTH. Takuii JOCHII Jae
3MOTY Uepe3 BIacHE CIIOCTEPEIKESHHS 3p03yMITH
3HAYEHHS BOJM IS )KUTTs pociuH. [licns 3aBep-
IICHHS POOOTH Temaror OOTrOBOPIOE 3 MIThMHU
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IPOCTi MpaBUIIa OLIAAHOTO TIOBOHKEHHS 3 BOJIOIO:
3aKpUBATH KpPaH, He BUTpadaTH Boy Oe3 moTpedu,
He 3a0py/IHIOBATH BOJOWMH IIiJT Yac BiIMOYMHKY.

Jly1s1 BUXOBAHIIB BiJ 4 POKiB pO3pPOOJICHO
exonoeiynutl docnio «Pomrounii ropomy. it pa-
30M 13 memaroroM J0OHparoTh TPYHT, TICOK,
TJIMHY Ta meOiHb, BHCAIKYIOTh HACIHHSA Y KOXKEH
i3 MaTeplamB i TPOTATOM KLITBKOX TIDKHIB (iKCy-
OTB BIZIMIHHOCTI y pocTi pociuH. BHCHOBOK mpo
IPYHT SIK HaiCHPUSTIMBIIIE CEPENOBHINE JUIs
MPOpPOCTaHHS (POPMYETHCS HE LIIIXOM T'OTOBOTO
MOSICHEHHS, a 4epe3 TOpPIBHSIHHS pPe3yJIbTATiB.
Jaii BUXOBaTeNh PO3KPHBAE 3HAUCHHS IPYHTO-
BHX OpraHi3MmiB, MleOOpFaH13MlB YepB'sIKiB 1 KO-
Max JUIs pOJIFOYOCTI Ta MOSICHIOE, YOMY TPYHT T10-
TpeOye OXOPOHHU BijI 3a0pyIHEHHSL.

Exonociunuii xapnasan «ducre moBiTps»
OpieHTOBaHU Ha JiTed 4-7 POKIB 1 mependayae
y4acTh OaTbKiB. YYaCHUKH TOTYIOTh KOCTEOMH
Birepiist, Xmapunku, Jlepepriis, MarmHok, Po6i-
THUKIB 3aBony, Iltamenst ta IHcriekropa-eko-
jora. Y cueHapii 4epe3 Ka3koBy (hopMy ITOKa3aHO
HACTIJIKK 3a0pyaHeHHs noBitps: [lramensra i
JITH HOYMHAKOTH KaIUIATH, a Mamaku ta Po0i-
THHUKH YCBIJIOMJIFOIOTh BJIACHY BiJITIOBIAJIEHICTb.
3aBepiieHHs y HOopMi IPUMHUPEHHS 1 CITUIBHOTO
XOPOBOJY JIOTIOMArae He 3aJIsIKaTH JUTHHY, a Mij-
BeCTH 1i IO JyMKH TIPO MO>KJIMBICTD BUIIPABJICHHS
curyaii. KoHKypcr Ha Kpamwidi KOCTIOM, €KOJIO-
TiYHE Taclio Ta MAJIIOHOK IMOCHITIOIOTH EMOIIiiHEe
3aTy4YeHHS POJIUH.

Inmepaxmusna epa «Bonoapkuui dan-
TUKW» JUIsL JiTed BiJ 4 pOKiB PO3KPUBAE MPO-
OleMy CMITTS Yepe3 poJIbOBY IMOCTAaHOBKY. [lo-
MIKUTBHSATa BUKOHYIOTH poii Pidok, Birepiis,
Pubok, KsiTok Ta OneHsT. 3a CHOKETOM XJIOII-
gk Bosozapka Bukugae ¢antuku y Piuky, mi-
ClIi 4Oro JiTH NPOCTEXKYIOTh, SK BIiIXOIU
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MEPEMIIIYIOThCA Y TIPUPOTHOMY CEPETOBHII i
3aB/IAIOTh ITKOX HOTO MemKaHsaM: Pudka 3a-
TUTYTY€ThCS y TakeTi, KBiTH BKpHBAIOTHCS CMIT-
M, OJeHsITa He MOXYTb 3HaiTH 1xy. Komu re-
PO YCBIIOMITIOE HACTIIIKH, BiH 30HUpae cMITT 1
BiJTHOCUTH Hioro no KoHTeiHepa. [licns rpu me-
Jaror oOTOBOPIOE 3 MiTbMH TpaBHJIa IIOBO-
JOKEHHS 3 BIIXOJaMH Ta 3HAYEHHsI PO3/iILHOTO
ix 300py.

Exonociunuii npoexm «CopTyil cMITTS
NpaBUJILHO» NPU3HAYCHUN I BHXOBAHLIIB
BiZ 4 pokiB i 6a3yeThcs Ha cepTr(ikoBaHii Ha-
ctinpHiN Tpi «Exo-batay. [litn po3kianarmTh
KapTKH i3 300pakKeHHSIMH PI3HUX BiIXOIIB Y
YOTHPH KOILOPOBI KOHTEHHEPH: M1 IIACTHKY,
narnepy, OpraHiYHUX Ta MIKiJTHBUX BiIXOMIB.
[licns oOroBopeHHS TIOMHJIOK BHXOBaHII
CTBOPIOIOTH BJIACHI MATFOHKU-CTIKEpH 3 T03-
HAa4YeHHSIM KaTeropii CMITTS 1 MepemaroTh iX
OaTbhKaM SIK TOMAIITHE 3aBAaHHS. TakuM 4uHOM,
METOJMYHA PO3pOOKa MOETHYE PoOOTY B 3a-
KJIaJl JOIIKUJIBHOT OCBITH 3 IPOJOBXKCHHSIM
€KOJIOTIYHOI MPAaKTUKH BJIOMA.

Hacminvna epa «Exonoridbe g10To» s
JiTel Bif 5 pokiB cripsiMoBaHa Ha POpPMyBaHHS
MIEPBUHHOTO PO3YMiHHSI MPUPOJHUX PECYPCIB.
Komanau 3 40THpHOX BUXOBAHIIIB 3aIIOBHIOIOTh
ITPOBi MO KapTKaMu, [0 TOKa3yTh 3B'SI30K
MIX IPUPOTHUMH MaTepialaMu Ta IpeAMeTaMu
IIOJICHHOTO BXUTKY, Kero i ofsrom. [lemaror
MiBOUTH JITeH 10 BUCHOBKY, IO OLIBIIICTh
pedei, SKUMH KOPUCTY€EThCS JTFOIMHA, Ma€ TIPH-
pOJTHE TIOXOJDKEHHS, TOMY PECYPCH IMOTpPiOHO
BUKOPHCTOBYBATH OMIAUIUBO. llepemorxiiem
CTa€ KOMaH/Ia, sSIKa TepIIOI0 MPaBHIBLHO 3aM0B-
HIOE IrpOBE TOJIE.

Exonociuna axyisn «Uucrte AOBKIIIS —
3JI0POBI JIITH» pPO3paxoBaHa Ha JiTedl 6-7 pOKiB
1 IPOBO/INTHCS Pa3oM i3 Oatbkamu. Ha moyatky
MeIaror OpPraHi30BYe eKCHPEeCc-KOHKYPC Malto-
Hka «[lpupona i CycHiIbcTBO» Ta MOSICHIOE
3MICT MOHSTTS «EKOJIOTiYHa aKilis». [aii yyac-
HUKH IPUOHUPAIOTh BU3HAYECHY TEPUTOPIIO, COp-
TYIOUH 310paHi BiIX0/IU 3a KaTeropisMu. 3aBep-
IIaJIbHAM €TaIlOM € BUCADKyBaHHS JEPeB 1 Ky-
II[iB BIAIMOBIAHO IO TOIEPEIHBO MiATOTOBIIEC-
Horo nanamadrHoro rady. [iti 3a gonomo-
TOI0 JIOPOCIUX 3aCHIAIOTh KOPEHI CaJDKaHIiB
IPYHTOM 1 NOJIMBAIOTH BOJIOIO pociuHU. Takuit
dopMar mepeBOUTh EKOJOTIYHE BHXOBAHHS 3
PIBHSI PO3MOBH y TUIONIMHY PEabHOI POJMHHOT
CHiIBHOT mil.

HaticknaaHiow po3poOKo0 IUKIY €
Jaabopamopnuii 0ocio «Uu 3M0poBHiA Ball Jac-
HUK?» s aited Big 6-7 pokis. JlomikiibHsATa
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BUPOIIYIOTh YaCHUK 32 JBOX YMOB IIOJHBY- YH-
CTOIO BIICTOSIHOIO BOZIOIO Ta BOAOIO 3 Ii/ABUILIE-
HHUM BMiCTOM MiHepambHUX m100puB. [lics 3po-
CTaHHS 3pa3KH 3eJICHOT MaCH NEePEIaroThCS IS
1ab0opaTOpHOTO aHaNi3y B YHIBEpCHUTET abo y
nociHy nabopatopito. BakiuBo, o niti He
BHUKOHYIOTh CKJIaJIHI aHAJIITUYHI OTepallii caMmo-
CTIi{HO, a OepyTh y4yacTh Yy MiArOTOBYOMY eTarli
Ta CIOCTEPEIKEHHIX, BIIBIIYIOTh Ta00OpaTOpito,
3HaHOMIIATBHCS 3 MPUIAOM, Ha SIKOMY OyIOyTh
BH3HAUYaTH TMOKA3HWKH KOHIICHTpAIii 3a0py-
HIOBaYiB (BaKKMX METaJiB)- aTOMHO- abcopO-
uiiauM cnektpometpom MI'A 915 ML Ta
OTPUMYIOTH PE3yJbTaTH y 3po3yMinomy ¢hop-
MaTi, 0 AEMOHCTPYIOTH 1 MOSCHIOIOTH IIiTSM
[23, 24]. Ans miTedt cTapiioi OMKIIEHOL TPYyTIH
— 30KpeMa BHXOBAHIIB CbOMOTO POKY XHTTS,
SIKi BXK€ OPIEHTYIOTHCA Y UQPax i 31aTHI MOpi-
BHIOBAaTH 3HAYECHHS 33 MPUHIMIIOM «Oijblie —
MEHIIe» — pe3ybTaTh JOCIiTy MOXHA IOJa-
BaTH y (opMati MpoOCTOi Bi3yanbHOI TaOmwIi.
Bonu 31atHi camocTiiiHO mopiBHITH mudpH i
BU3HAUUTH, sika 1udpa Oinblie, a sika MEHIIe,
TOOTO y SIKOMY 3pa3Ky KOHIEHTpallis Buma. Ta-
kuii opMaT poOOTH HE JIUINE HANAE JIOCII-
JDKEHHIO TIPAaKTUYHOTO BHMIpYy, a H MOBHICTIO
BIAIIOBiZa€ BUMOraM JOIIKUIBHOI OCBITH IIOJO
(opMyBaHHS TOYATKOBUX MaTeMAaTHYHHX YsIB-
JIeHb Ta PO3BUTKY aHAITUYHOTO MUCIICHHSI.

OtpumaHi pe3ysbTaTH MiATBEPIKYIOThH
HAJIXOJDKEHHS BAXKHX METANiB 13 MOJMBHOI
BOJIH JIO POCITHHHOI PO ayKitii [25, 26]. st 1o-
BIIKHM: 3a IiJBUINEHOI MiHepamizamii Boau
BMicT ZN y 3eNeHiil Maci YacHUKY 3pic Maibke
BTpHui, Cu—y 24 pasu, Pb —y 7 pazis, Mn —y
37 pa3iB MOPiBHSHO 3 KOHTPOJIHHUMHU 3pa3KaMHU.
VY Bojii 3 10OpUBaMHK TaKOXK 3a(hiKCOBAHO Tepe-
BUIICHHS JIONMYCTUMHUX HOpM 3a Pb mepeBu-
meHo y 6 pazis, Mn —y 20 pa3is. Xoua rmokas-
HUKH Y pOCIIMHHIN Maci popManbHO HE TIepeBH-
WM HOPMHU KOHIIEHTpAIlil JIII OBOYIB, cama
MUHAMIKa HAKOIMMYEHHS 3a KOPOTKHH Iepion
MOJIMBY JAEMOHCTPY€E MOTEHUIHHUM eKOJIOTiu-
HUH PU3UK Y pa3i TPUBAJIOTO CIIOKUBAHHS TaKoi
MIPOJTYKITi1.

Hns giteit nei pe3yabTaT NOAAETHCS Ye-
pe3 MpoCTH BUCHOBOK — SIKIIO BoJa 3a0pya-
HEHa, POCIIMHA TAK0XX MOXKE HAKOTINIyBaTH He-
Oe3nedHi peyoBUHU. J[s1 HAOYHOCTI TaKOTo
IpoIiecy Mearor IEMOHCTPYE MOJICITBHUMN JT0C-
JIJ1 13 O1JI0F0 KBITKOO, SIKY ITOCTABHIIN Y PO3YNH
OnakuTHOro Xap4yoBoro ObapBHHUKa. HacTymHoro
JHsI BiIOyJiacsi 3MiHa KOJBbOPY IEIIOCTOK KBi-
TKH, 1[0 HAOYHO ITOKA3aJI0 JITSIM TPOIIeC TOT-
JIMHAHHSI 320y THIOIOYHUX PEYOBUH POCIHUHOIO.
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BuchHosku

JOMmKiNBHHA BiK € CIIPUATIMBUM Hepio- BaXKJIMBOCTI €KOJIOTIYHOTO BUXOBAHHS 1 peab-
JIOM JUTA 3aKJTaJaHHsl OCHOB €KOJIOTIYHOTO CBi- HUMH POAMHHUMH NpakTUkamu. 95,6 % pecrno-
TOTIIsiMy. Y Tiel Yac IUTHHA aKTUBHO ITi3HAE Ha- HJICHTIB BB)KaIOTh HOT0 HEOOXITHUM Yy JTOIIKi-
BKOJIMIIHINA CBiT, €MOLIHHO pearye Ha >KHBY JBHOMY Billi, ogHAaK Juie 68 % o0O0roBopIolOTh
NPUPOAY 1 3/aTHA 3aCBOIOBATH MPOCTI MpaBHiIa Taki TeMH 3 AiTbMH. PeryispHa yyacTb poJuH B
€KOJIOTIYHO BiITOBIMATHHOI MOBEMIHKU Uepes EKOJIOT1YHUX aKIiAX CTaHOBHUTH 22,8 %, 1o
TPy, CTIOCTEPEKEHHS Ta MPAKTHYHI Jii. MIATBEP/DKYE TMOTPeOy B METOAWYHINA MiATPH-

IopiBusiuus paocsiny IlBewii, Smowii, MIIl OaTbKiB.
Anrmii, CHIA ta HiMeuunHH 3aCBIIYMIIO, IO IIpakTrdHi 3aHIATTS 3 TITBMH CTOCOBHO
e(eKTUBHA JOMTKIIEHA €KOJIOTiYHa OCBITa CITH- BHKOHAHHS 71a00paTOpPHUX MJOCIHIJIIB TIOKa3ye
paeThcst Ha OE3MOCepeNHIO B3aEMOIII0 TUTHHU HAO0YHO BIUIMB Pi3HOMaHITHUX (aKTOPIB Ha SIK-
3 IPUPOJHUM cepeloBUIIeM. MeTouKa «JIico- 1CTh KOMITOHEHTIB JOBKULIA. Taki miaxoau Ta-
BUX IIKUD) Ta OIM3BKI 10 HEl MPaKTUKY MiITBe- KO € TIEPEKOHJIMBUM HAOYHUM HABYAHHSIM JIJIS
PIDKYIOTH TEaroriuyHy pe3yJbTaTUBHICTh HaB- MTOSICHEHHS IOIIKITEHATAM 3B'SI3Ky MiX 3a0pya-
yaHHs yepes Aito. st YkpaiHu akTyaabHIM 3a- HEHHSIM JTOBKIJUIA 1 €KOJIOTIYHO0 OE3MEeKO0r0 Xa-
JUIIAETHCS TIEPEXiJl BiJ MepeBaxHO BepOaib- PYOBUX MPOIYKTIB.
HOT'O 03HAMOMJIEHHS 3 IPUPOAOIO 10 CHCTEMHOI 3anporoHOBaHUI LIMKJI METOAUYHUX Ma-
nistibHICHOT Mozeni. [Ipukmamom aJis Takoro TepiaiB Il AiTel 3-7 pOKiB CIIpsIMOBaHUMN Ha
Nepexoay MOXYTh CIYTyBaTH CIeliaili3oBaHi NoJ0JaHHsl Ae(ilUTy NpaKTHYHOTO 3abe3re-
3aKJIa iy JOMIKLUTBHOT OCBITH, IO MPAIIOIOTH 32 YeHHsI TOIMIKUTFHOI eKOoIoTiuHoi ocBiTH. Po3po-
aBTOPCHKUMU ITporpaMamMu abo po3po0IeHUMHU Oku 1MoOyI0BaHI Ha aKTHBHIM y4acTi BUXOBaH-
npodecitHUMH METOANUCTAMH Y Taly3i JOIIKi- B, TIOETHYIOTh TPY, CIOCTEPEIKEHHS, AOCII 1
pHOI ocBiTH. Taki cafgku 3 MOTIHOJICHUM ITPH- MIPUPOIOOXOPOHHY [0 Ta MOXKYTh BUKOPHCTO-
POJIHUYO CIIPSIMOBAaHUM BHXOBAHHSM JIEMOH- BYBaTHCS SIK y 3aKJIaaax JOIIKIIBHOI OCBITH,
CTPYIOTh, IO CUCTEMHA €KOJIOTIYHA OCBiTa J10- TaKk i B ciMeiiHoMy BuxoBaHHi. HackpizHoro
IMIKUTBHAT € TIPaKTUYHO peaji30BaHOK MO- YMOBOIO PE3yJIbTATHBHOCTI € TAPTHEPCTBO Tie-
JISJUTIO, a HE JIUIIEe TEOPETUIHUM OPIEHTHPOM. JIaroriB 1 0aTHKiB, OCKUTEKY CaMe y3TOKeHi Iil

OnutyBaHHs 0aTHKIB 13 PI3HUX MICT YK- OCBITHBOT'O 3aKJIaAy ¥ POJUHHA POPMYIOTH CTa-
palHM TOKa3aj0 pO3PUB MK BHU3HAHHAM JIUH €KOJIOTIYHUHN CBITOTJISA] IUTHHH.

Kondaikr inTepeci

ABTOpH 3aCBITUYIOTH, 10, HE3BAYKAIOUX HA T€, IO OJWH i3 aBTOPIB CTATTI € WICHOM PEHaKIiiHOI KOJerTii
[[bOT'0 XKyPHAJY, OPOLEC PEIEH3YBAHHS, IPUUHSITTS PIllICHHS 1010 MyOJiKaIlii Ta peJjaryBaHHs POBOIUIUCS He-
3aJIe)KHO, 0e3 HOro yJacTi 9u BIUTUBY. byab-sKki MOTEHIiiHI KOH(MIIKTH iHTEpECiB OyJIH MOBHICTIO YCYHEHI MU~
XOM 30BHINIHBOTO KOHTPOJIO mpormecy. KpiM TOro, aBTOPH MOBHICTIO JOTPUMYBAJIMCh STHYHUX HOPM,
BKITIOUYAIOYH TUIariaT, hambcudikallito 1aHuX Ta MOABIHY MyOmiKarliro.

Bnecok aBTOpiB: BCi aBTOpY 3p00MIIM PiBHUI BHECOK Y IIFO pOOOTY

Hexyapanis npo sukopucranus I

B po6oTi BuKOpHCTaHO pecypc mryunoro inTeiaekry Claude mmst mokparieHHst CTHIISA Ta BUIIPaB-
JICHHS MOBHUX TIOMHJIOK Y T€KCTi cTaTTi. OCTaTOYHMIA TEKCT OYB NEpErsiHyTHI Ta epeBipeHui aBTo-
pamu.
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FEATURES OF ENVIRONMENTAL EDUCATION FOR PRESCHOOL CHILDREN

Purpose. To determine the current state of environmental education for preschool children in Ukraine and
to propose a comprehensive set of methodological developments for preschool education institutions and family
upbringing.

Methods. Systematic and comparative analysis of the content and quality of preschool environmental ed-
ucation, sociological research methods, the atomic absorption spectrometry method as an example of visual and
practical learning.

Results. A comparison of approaches to preschool environmental education in Germany, the USA, England,
Japan and Sweden determined that effective preschool environmental education is based primarily on the child's
direct experience in the natural environment, and not on the isolated assimilation of theoretical information. The
Swedish model of "forest schools" is considered in studies as an effective way to develop independence, social
interaction and a responsible attitude towards the environment. An online survey of parents of preschoolers from
Zaporizhia, Uzhgorod, Vinnytsia, Poltava, Lviv, Kyiv and Kharkiv revealed a significant gap between the attitudes
and actions of parents: the majority recognize the importance of environmental education of preschoolers; slightly
more than half turn to environmental topics; A very small number of parents systematically participate in environ-
mental activities; in the home practice of environmental education, conversations prevail, while the implementa-
tion of practical experiments and joint environmental projects by parents is used much less. Spectrometric analysis
of the content of heavy metals in plant products, performed during the demonstration of practical work, demon-
strated a successful approach to visualizing research activities for children. The proposed methodological cycle
contains 8 developments for children 3-7 years old.

Conclusions. The period of preschool childhood is key for the formation of primary ecological ideas, emo-
tional and value-based attitudes towards nature and skills of environmentally appropriate behavior. Practical ac-
tivities in nature should be considered as a basic component of the educational process, and not as an episodic
addition. The lack of adapted methodological materials and weak participation of families mutually reinforce each
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other, therefore they require a comprehensive pedagogical solution. The proposed methodological cycle takes into
account the age characteristics of preschoolers and can be applied both in preschool education institutions and in
family education.

KEYWORDS: preschool environmental education, environmental upbringing, methodological materials,
sociological survey, environmental worldview, sustainable development
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