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AHOTALIIA

Man A.Jl. OuiHka BIUIMBY 3MIH KIIMAaTy Ha CTaH MOBEPXHEBUX BOJ. —
KBamidikariitHa HaykoBa Ipailsi Ha MpaBax PyKOIHCY.

JucepTariiss Ha 3700yTTsI HAyKOBOTO CTYIIEHS JOKTOopa (iocodii B ramysi
OpUpOIHUYMX Hayk 3a cremianbHicTIo 101 — Exkonoris. — YopHomopchkuii
HallloHANbHUH yHiBepcuTeT iMeHi [lerpa Morumu, Mukomnais, 2026.

KrniMatuyni 3MiHE HallexaTh JI0 TPIOPUTETHUX HAIPSIMKIB MIKHAPOIHOL
CKOJIOTTYHOI ITOJIITUKH, a TAaK0)K HAIllOHAIBHHUX JOCIKEHb. BlIbmiicTe OaceiHIB
piYOK 1 BOAOWMMUIL YKpaiHM, 3 SIKHUX, MEPEBAKHO, 3a0€3MEUyIOThCA MOTPeOU
HACEJICHHsSI Y BOJIl, HE MOXHA BBa)KaTH €KOJIOTIYHO Oe3neyHuMHu. Tak, y AesaKux
paitonax tepuropii I[liBHiuHOro IlpmuopHOMOp’S BIAXWIIEHHS B SIKOCTI BOJM BiJ
HopMu csrae  70-80%. AKTyanbHICTH JOCHIPKEHHS 3YMOBJIEHA CTPIMKUAM
MOCWJIEHHSIM KJIIMaTUYHUX 3MIH, 110 0e3MocepeHbO BIUIMBAIOTH HA KUIBKICTH Ta
AKICTh MOBEpXHEBUX BOJ. B YkpaiHi ynponosxk octanHiX 30 poKiB pIYKOBUHM CTIK
3sMmeHmuBces Ha 10-25% y pi3HHMX perioHax, MO0 BXE CHpU4YuHsE AeIIUT BOJHUX
pecypciB y miBAeHHUX obnactax. lle 3arpokye cTaOUIBHOCTI BOJOINOCTa4YaHHS,
(GYHKIIIOHYBaHHIO €KOCHCTEM 1 BUMara€ HayKOBO OOIPYHTOBAHOI OINIHKU BIUIMBY
KIIIMaTUYHUX 3MIH JIJIs pO3pOOKH afanTamiiHux ctparerii. OcoOMBO Bpa3IuBUM €
[TiBaiune [IpuuopHOMOp’ss — apuaHa TEPUTOPIS 3 HECTIMKUM BOJHUM OalaHCOM,
BHCOKMM PIBHEM BOJIOCIOKMBAHHS Ta 3HAYHUM AHTPOIIOTCHHUM HABAaHTAKEHHSIM.
[le 3arpokye CcTaOUIBHOCTI BOJOMOCTa4aHHS, (YHKIIOHYBAaHHIO E€KOCHUCTEM 1
BHMara€ HayKOBO OOIPYHTOBAaHOT'O OLIIHIOBaHHS BIUIMBY KJIIMATHYHUX 3MIH JJIs
PO3pOOKH aanTaIlifHuX CTPATETii CTAajIOro yIpaBIiHHSI BOJIHUMHU PECYPCAMH.

Y npencraBieHii  poOOTI MPOBEAEHO aHAI3  B3aEMO3B'SA3KIB  MiX
KJIIMaTUYHUMHA YUHHUKAMH (OTaJaMu, TEMIIEPaTypOrO TOBITPS) Ta T1APOXIMIYHUMHA
nokazHukamu [liBgenHoro byry B mexax MukomnaeBa. Po3po0ieHo maTemaTudHi
MOJIeN, SIKI BUSBHWIM HM3bKY IMOSICHIOBAJIBHY 3[aTHICTh BIUIMBY KIIMaTy s

OUTBIIOCTI MapaMeTpiB. BusiBieHo, 1110 AKICTh BOAU PIUKH NMEPEBAKHO BU3HAUAETHCS



AHTPOIIOTEHHUM HAaBaHTAKEHHSIM Ta TEOJIOTITYHUMH OCOOIMBOCTAMHU. Pesynbratu
OOIPYHTOBYIOTb HEOOXIJTHICTh MPIOPUTETHOIO 3MEHIICHHS 3a0pyJHEHHS Ta
BIIPOBA/PKEHHSI  IHTETPOBAHOTO  0AaceiiHOBOrO  MEHEIDKMEHTY JUIsl  CTajoro
03JI0POBJICHHS PIYKOBOT €KOCUCTEMH.

Meta gocaigeHHs: KOMIUIEKCHA OIlIHKA BIUIMBY KJIIMAaTUYHUX 3MIH Ha CTaH
MOBEPXHEBHUX BOJHUX €KOCHUCTEM 3 OOIPYHTYBAHHSM JIIMITYIOUUX YHNHHHKIB, SIK1 €
KJIFOUOBUMH Yy (YHKIIIOHYBaHHI 1 €BOJIIOLII BOJHUX OO’€KTIB Ta pPO3poOKa
MaTeMaTUYHOI MOJEJIl BIUIMBY 3MiH KJIIMAaTy Ha CTaH IIOBEPXHEBUX BO/I.

MeTta nociiKeHHs BU3HAYMIIa Takl 3aBAaHHA.

1. TeopeTnuHuii aHai3 JITEPATyPHUX JHKEPEN 3 MpoOJIeM 3MIH KIiMaTy Ta
OLIHKM CTaHy TIOBEPXHEBUX MPHUPOJHUX T1IPOEKOCUCTEM, HOPMATHUBHO-
3aKOHOJIaBYO01 0a3M 1100 IHTETPOBAHOTO MEHEI)KMEHTY BOJIHUX PECYPCIB;

2. BuzHaunTH OCHOBHI 1HJAMKATOPH 3MiH KJIIMaTy, Kl BJIMBAaIOTh Ha BOIHI
EKOCHCTEMU;

3. HocnimxeHnHsa ctaHy exkocucteMu piuku IliBnennuid byr y mexax micra
MuxkonaeBa;

4. Bu3HaueHHs JIMITYIOUUX KJIIMATHYHUX YUHHUKIB, SIKI € KIIOUOBHUMH Y
(GyYHKITIOHYBaHHI Ta €BOJIOINII T1APOSKOCHUCTEMH PIYKH; JOCIIDKCHHS JTHUHAMIKH
IHTErPOBAHUX T1IPOXIMIYHUX TTOKA3HUKIB Tifpoekocuctemu [liBnennoro byry;

5. OuiHIOBaHHS BIUIMBY KJIIMATUYHUX YMHHUKIB HAa CTaH T1JIPOEKOCUCTEMH
[TiBnenHoro byry y mexxax MukosaiBchkoi o0iacTi

6. Po3poOka MmaTeMaTU4HOi MOJIeJIi 100 BIUIMBY KJIIMAaTUYHUX YNHHUKIB HA
cTaH rigpoekocuctemu IliBnennoro byry y mexax micta MukosaeBa;

7. BusHaueHHs Ta OOIPYHTYBaHHS pPEKOMEHJAI 3 1HTErPOBAHOTO
MEHEKMEHTY BOJHUX pecypciB Ta CTaJoro (36anmancoBaHoro)
IPUPOIOKOPUCTYBAHHS.

O0’eKT AOCTiIZKeHHs: TIPOIECH BIUIMBY 3MiH KJIIMaTy Ha CTaH MPHUPOJHUX

noBepxHeBUX BoJl piuku [liBnennuit byr y Mexxax micta Mukosaesa.



IIpeaMer pocaigeHHs: 3MiHa KIIIMAaTHYHUX YUHHUKIB Ta iX BIUIUB HA CTaH
NPUPOIHUX MOBEpXHEBUX BoJ piuku [liBnenuuit byr y mexax micta MukomnaeBa.

VY Mexax MOCHPKeHHS BIUIMBY KJIIMAaTHYHUX 3MIH Ha CTaH BOJHUX PECYPCIB
BCTAHOBJICHO, III0 €KOJIOT1uHa Oe3MeKa 03Havae CTabUTbHUM CTaH BOJHUX €KOCHUCTEM,
KU rapaHTye SIKICTh Ta JOCTYMHICTh BOAM 0€3 MIKOIW Uil mpupoau. BomHouac
€KOoJIOT1YHA Hebe3MeKa MoB’sg3aHa 3 pU3UKaMu Jierpajailii, 3a0py/JHEHHSI Ta BTpaTu
BOJIHOCTI, 110 MOCHWIIOIOTHCSA 4Y€pe3 3MIHU KIiMaTy. YTOYHEHHS IUX IOHSTH €
BXIMBUM 7151 (hOpMYBaHHS €(DEKTUBHUX MEXaHI3MIB aJarnTallli Ta 1HTErpoOBaHOIO
YIPaBIiHHS BOAHUMH PECYPCAMH 32 YMOB KIIIMATUYHUX BUKIIMKIB 1 151 30€pEKEHHS
€KOJIOTTYHOro OanaHcy B OaceHOBHMX CHUCTEMax. Y MPOIIEC aHaJI3y JIITepaTypHHUX
JDKEpell YTOYHEHO, L0 €KOJIOTIYHA Oe3leKa BOJHUX PECypCiB — 1€ HE JIMIIEe
BIJICYTHICTh 3a0pyAHEHHs, a W 3a0e3nedyeHHs crajgoro (30aJaHCOBAHOIO)
(GYHKIIIOHYBaHHS BOJHHMX €KOCHUCTEM, IO TapaHTy€e JOCTYM JI0 SIKICHOT BOJW ISt
pi3HHUX TTOTpeO Oe3 mKoAu st AOBKIUIs. EKoJioriuna HebGe3neka BOJIHUX PECYPCIB —
me crad abo 3arpo3a TOPYIICHHS NPUPOAHOI pPIBHOBArd, BUKIMKAHUHA SIK
AHTPOTNIOTEHHUMH (haKTOpaMH, TaK 1 3MIHAMM KJIIMATy (HAMpUKIIaA, 3MEHIIECHHSIM
CTOKY, 3a0pyAHEHHSIM, BTpaTaMu 010pi3HOMaHITTSA). OTKe, YTOUHEHHS TOJIITae B
PO3IIMPEHHI Ta TOTJIMOJICHHI TPAKTYyBaHb, /1€ BPaXOBYETHCS BIUIMB KJIIMATUYHUX 3MIH
SK OJJHOTO 3 CUCTEMOYTBOPIOYMX YHHHUKIB SIK Y (hOpMyBaHHI1 3arpo3, TaK 1 B TOLITYKY
NUISIX1B 3a0€3MeUeHHs €KOJIOT1YHO1 OE3MEKH.

[TopiBHsUTbHUI aHATI3 HOPMATHUBIB SIKOCT1 TOBEPXHEBUX BOJI B YKpaiHi Ta CBITI
BUSIBUB 3HA4YHI BIJIMIHHOCTI Ta MUIAXM JJIS TapMOHi3alii  yYKpaiHChKOTO
3aKkoHOJaBcTBa 31 cTaHaapramu €C. VYkpaiHa aKTUBHO TapMOHI3ZYE CBOE
3aKOHOJJABCTBO I0JI0 SIKOCTI MOBEPXHEBUX BOA 13 BuUMoramu €C, 3okpema BogHoro
PaMKOBOIO JUPEKTHBOIO, IO Tepeadadae mepexia 10 0acelHOBOTO MPHUHIIUITY
yIOpaBIiHHS Ta BIOCKOHAJIEHHS MOHITOpuHTY. Hanpuknan, crannapta €C dacrto €
YKOPCTKIIIKMMHU 32 YKPaTHCHKI 11010 TaKuX Moka3HuKiB, ssk BCK Ta Hitparu.

3MiHa KIJIIMaTy, COPUYMHEHA MEPEBAXXHO AHTPOMOTE€HHOIO ISIBHICTIO Ta

BUKHJIaMU TIAPHUKOBHUX Ta3iB, MPHU3BOAUTH J0 3HAYHOTO ITiIBUIIEHHS TII00aTHHOI



temneparypu. [lokazano, mo y 2023 pori riaobanpHa cepeaHst Temieparypa Oyma
ounpin HiXk Ha 1,2°C BUmIOKO 32 A0OiHAYCTpianbHUi yac, a 2023 1 2024 poku ctanu
HadTerumimuMu B ictopii. i 3MiHK BUKIIMKAIOTh 3pOCTaHHS PIBHSI MOPS Ta 3MIHHU Y
KUTbKOCTI W IHTEHCHMBHOCTI OMNaiiB, 10 TMPHU3BOAWTh JIO0 TOYACTIIIAHHSA
EKCTPEMAJIbHUX TIOTOJTHUX SIBUII, TAKUX SIK MOCYXHW Ta 37MUBU. Hacmiaku mux 3MmiH
pYyHHYIOTh TipoekocucTeMu. B YkpaiHi Tako CIOCTEepIraeTbcs I TEHICHIS.
Y3aranpHEHO, 1110, 30KpeMa, Ha MUuKOoaiBIIMHI TP MOopiBHAHHI niepioAiB 1961-1990
ta 1991-2000 pokiB 3adikcoBaHO MPUPICT cepeanboi Temreparypu Ha 1—1,5°C.
Vkpaina, yxBamtoroun 3akoH «IIpo OCHOBHI 3acajiu JAEpPXaBHOI KIIMaTHYHOI
MOJIITUKWY», BOPOBA/KYE 3aXOAW IS ajamnTaiii 70 3MiH KJIIMarTy Ta MparHe A0
KIIIMaTU4HO1 HelTpaibHOCTl A0 2050 poky. Jis epeKTUBHOTO AOCHTIIKEHHS BIUTUBY
3MIHM KJIIMaTy Ha BOJH1 pECYypCcCH 00paHO TaKl KJIKOYOBI TApaMeTpH, SK: TEMIIEPATYPa
aTMoc(epHOro MOBITPS Ta aTMOC(EpHI OMajd, OCKUIBKHM BOHU O€3M0CEepPEIHbO
BIUTMBAIOTh HA BOAHMIA OaJlaHC Ta CTaH TiAPOEKOCUCTEM.

Y  nochimKeHHI MPOaHA30BaHO BIUIMB KJIIMAaTUYHUX 3MiH Ha BOJIHI
eKOCHUCTeMH MHMUKONIAIBChbKOi 007acTi 3 BHUKOPUCTAaHHSIM JaHUX EKOJOTIYHHUX
NacHopTIiB, PETIOHATBHUX JIOMOBIJIEH, CTATUCTUYHMX 30IpHUKIB, MaTepialiB
Jlep>kBogareHTCTBa, a Takox cynyTHHUKOBuX miatdhopm Google Earth Engine,
Copernicus Ta Ventusky. 3acTrocoBaHO METOIU TPEHAOBOTO aHANI3y, KOPEJSIIIH,
1HJIEKCIB OXOJIOKEeHHS Ta TigpoTepmiuHoro koedimienta Censninora (I'TK).

BusiBiieHo 4iTKe MABUINEHHS CEPETHBOPIYHOI TEMIIEPATYPH MOBITPS B PETi0H1
— Ha 0,61°C 3a nmecarupiuus y 1980-2024 pokax, mo mepeBHINye Triao0albHI
MOKa3HUKU. 3pocia KUIbKICTh CIIEKOTHUX JIHIB 1 “TPOMIYHUX HOYEH”’, M0 CBIIYUTH
PO TEIUIOBE HABAHTAXEHHS Ha eKOocUcTeMu. KUIbKICTh OmMajiB 3MEHIIYEThCA,
cepelH1 piuHi 3HaueHHS CTaHOBIATH 409—469 MM. 30UTBIIYETHCS YaCTOTA 3JIMB, IIPU
pomy ['TK Bkazye Ha nediiuT 3BOI0KESHHS.

dikcyeTbcs apuau3allis MiBACHHUX TEPUTOPIH, 3 HAOIMKEHHIM KJIIMaTy a0
HaMIBIIYCTENLHOTO THUITy. Taki 3MiHM BIUTUBAIOTh Ha BOJHI PECypCH, BUKIMKAIOThH

eBTpOQiKaIlito, 3HIKEHHS BOJHOCTI Ta MOTIPIIEHHS SKOCTI cepenopuina. Heobxinne



BIIPOBAKEHHS aIallTAI[iIiHUX CTPATETii, OHOBJICHHS MOHITOPHHTY Ta palliOHAIbHE
yTpaBIiHHSA BOJIHUMH PECYPCaMU 32 YMOB KJIIMAaTUYHUX BUKIIMKIB.

baceitn IliBnennoro byry oxorumoe pi3HI OpUpOAHI 30HU YKpaiHW, IO
3YMOBJIIOE PI3HOMAHITTS KJIIMaTUYHUX 1 TIAPOJIOTIYHUX YMOB. TemmnepaTypHi aHi y
Mexkax MukonaeBa CBiAYaTh IMPO 3pPOCTaHHS MIHIMAIBHUX TEMIEparyp, 3
aHomaibHUM 3HaueHHsM +1°C y 2021 pori. baceiiH € cuiabHO 3aperyiboBaHUM —
noHasx 8000 Bojo¥M, IO CIIPUYMHSAE BTPATy BECHSHOI'O CTOKY, 3HMKEHHS Tedii Ta
caMoouuIlleHHs. Bu3HaueHo, 1mo 0aceliH CHUJIbHO 3aperysibOBaHUM, Haliuye MOHal
8000 craBkiB 1 BogocxoBull. [Ipubnu3Ha cepeaHss UILIBHICTH BOJOWM CTaHOBUTH
OJIM3BKO OJHOT0 BOJOCXOBHIIA HA KOKHI 10 KM.

[Toka3zaHo, 1110 TOBEPXHEBI BOJHU XapaKTEPU3YIOThCS BUCOKOIO AKOPCTKICTIO (110
20 mr-exB/am?) Ta eBTpodikalliero. MiHepamizallisi BOAU 3pPOCTA€ B HAMPSIMKY 0
rUpJa piuky, 0 3yMOBJIEHO HAKOMTUYEHHSAM COJICH 1 PO3UMHEHUX PEUOBUH Y HIKHIN
teuii. HaiiBuiui moka3Huku (DIKCYIOTbCA Yy JMCTONAl, MICIAS YOro CIIOCTEPIraEThCs
MOCTYIOBE 3HIKEHHA B3UMKY Ta HaBecHl. lle moOB’s3aHO 3 OCOOJMBOCTSIMU
T1IPOJIOTIYHOTO PEKUMY, 30UIBIICHHSM BOJHOTO CTOKY B XOJOJIHHUHW MEpioJl, IO
po30aBisiec KOHIIGHTpAIIl0 PO3YMHEHUX PEUOBHMH. Y TUIAHKTOHI TMEpPEeBaXaroTh
ManouyTiuBi a0 3abpyanensst Buau (Copepoda, Rotatoria), ixTiodayna 301aHEeHA
(Ouuku, TapaHsb).

Ha oCHOBI CymyTHUKOBUX JaHUX BHU3HAYEHO, IO 1HJAEKCH MIATBEPIKYIOTh
HeratuBHi 3MiHu: BLUE 3au3uBcs 3 0,113 g0 0,084 (mmposopicts Boau), GREEN —
0,097-0,119 (po3Burok Bomopocteit), NDVI 3pic i3 0,132 no 0,165 (3apoctanus
OeperiB), 0 CBIAYMTH MPO MOCUICHHS BIUIMBY €BTpO(IKaIlii Ta KJIIMaTUYHUX 3MIH
HAa T1IPOEKOCUCTEMY.

JIIst OCIiIKEHHS BIUIMBY KIIIMATHYHUX YAHHUKIB HA CTaH TIOBEPXHEBUX BOJT
0o0paHO BICIM KIIFOUOBHX TiAPOXIMIYHUX TMOKA3HUKIB: po3urHEeHU KuceHb, bCK,
MmiHepanizaiis, pH, 3aranpHe 3ami30, TBEPAICTb, CyIb(aTu Ta HiTpaTu. YoTHpHU 3 HUX
(pH, BCK, minepani3artiisi, TBEp/IiCTh) € iHTerpoBaHUMHU. L1 moka3zuuku Oyau odpaHi

3a KPUTEPISIMU 9yTIUBOCTI 10 KJIIMAaTHYHUX 3MiH, 3[JaTHOCTI JIEMOHCTPYBATH CE30HHI



Ta piuHi KOJIMBAHHS, BIIOUTTS 3MiH Y T1IPOJOTTYHOMY UK, 3a0€3MeYeHHs TOBHOT
eKOJIOTIYHOT OIIIHKM Ta MPAKTUYHOTO 3HAUEHHS Uil YIPaBIiHHS BOJHUMU
pecypcamu.

[Tynktu cmocTtepekeHb y Mexkax MukonaeBa Ta o0nacti oOupamucs 3
ypaxyBaHHSM pENpPe3eHTATUBHOCTI, MPOCTOPOBOTO OXOIUIEHHS, aHTPONOTE€HHOTO
BIUIMBY, TIAPOJWHAMIYHUX YMOB, OI0JOTIYHOTO PI3HOMAHITTS, JOCTYITHOCTI Ta
0€3IeKH, a TAKOXK HASIBHOCTI 1CTOPIi TOCIIIIKEHb.

Busnaueno, 1o Temmneparypa MOBEpXHEBUX BOJ € BKIMBUM 1HIUKATOPOM
KJIIMaTUYHUX 3MIH 1 MO-PI3HOMY BIUIMBA€ HA TIAPOXIMIYHI MOKa3HUKHU. JIiHIKHI
MOJZIETl TOKa3aJd CJIa0Kl 3aKOHOMIPHOCTI, TOZAl K IOJIHOMIaNbHI KBaJpaTH4YHI
MOJIETI Kpallle ONMUCYIOTh HeJIIHIMHUN XapaKTep 3aJIeAKHOCTI.

KoepiuieHT nmerepmiHaiii 3aJ€KHOCTI IOKAa3HHUKIB BIJ TEMIIEpaTypu
CTaHOBUTH: po3unHeHuid kucenb — 30%; BCKs — 33%; pH — 16%; minepamzaris —
13%; tBepaictb — 27%:; 3aranbHe 3ami30 — 2%; cynbdatu — 16%:; "Hitpatu — 10%.

Haii611b11 3aneXHUMU B1J TeMIiepaTtypu € po3unHeHuii kucens (30%) ta BCKs
(33%). CepenHiii piBeHb 3aJIKHOCTI IEMOHCTPYIOTh TBepAICTh (27%), pH (16%),
minepanizamist (13%) ta cynedaru (16%). HaliMeHin 3ajie)KHUMH BUSBUINCS
3arasibHe 3amizo (2%) Ta Hitpatu (10%), 1m0 BKa3dye Ha HE3HAUYHUN BIUIUB 3MIH
TEMIIEPATypHU Ha 111 TOKa3HUKHU.

JocnipkeHHsT TTOKa3aio, 10 po0oUil TIMOTe3W YaCTKOBO HE IMiJITBEPIUIIMCS.
Xoua TEOPETUYHO OMNaJy MOXYTh BIUTUBATH Ha SIKICTh BOJM 4epe3 po30aBiIeHHS,
3MHB OPTraHiK{ Ta XIMIYHUX PEYOBUH, CTATUCTUYHI MO/JIEI1 MPOJAEMOHCTPYBAIH JyKE
HU3bK1 Koedimientn nerepminaiii (R?*) mns OubmiocTi moka3HukiB. Tak, amns
po3unnHoro kucHio, bCKs, pH, minepamizarii, cynbdariB, HITpaTiB, 3arajibHOTO
3aji3a BUSBJICHO CJIaOKi abo BiacyTHi 3aiexHocti (R? 3mebimbmioro < 0,05).
BunsTKOM € TBEpHiCTh BOJH, UIA SKOT KyOl4HA MOJIEJIh MTOKa3ajia BiJIHOCHO BUCOKY
MOSICHIOBAIbHY 31aTHICTh (R?<0,705), mo CBiquuTh TPO HASBHICTH CKIIAIHOI

HEJIIHINHOI 3aJIEKHOCTI.



Huspkuii BIIMB OMaiB TOSICHIOETHCSI 3/IaTHICTIO TiIPOCKOCHUCTEM IO
CaMOPETYJISIIT Ta MepeBaXaHHIM 1HIIMX (akTopiB. TemmnepaTypa BOIH, MIBUAKICTH
TeYii, aHTPOIIOTCHHE 3a0pyAHEHHS, reosioriyHa Oya0Ba, Ce30HHICTh Ta 010JIOTIYHI
MIPOIIECH MArOTh CYTTEBINIMNA BIUIMB HA XIMIYHWKA ckiajg Bogau. Kpim Toro, omamu
MOXYTh JISITU OJHOYACHO B TIPOTWIEKHUX HaIpsiMaXx — 3 OJHOro OOKY,
pO30aBIIsiIOud BOAY, 3 1HIIOTO — 30aradyroud ii 3a0pyJaHIOBaYaMu, IO HIBEITIOE
3arainbHui edekT. TakuM YMHOM, KUIBKICTh ONaJiB HE € BU3HAYAJIbHUM YMHHUKOM
11t sikocTi Boau [liBnenHoro byry B Mexax MukonaiBcbkoi 00J1acTi.

Ha ocHOBI MareMaTuyHHX MOJeNel, MOOYJOBaHUX IS TIIPOXIMIYHUX
noka3HukiB IliBnennoro byry B mexxax MukosaeBa, BCTAHOBIICHO, 1110 KJIIMATHYHI
YUHHUKHU — KUIBKICT OMAJiB Ta TEMIEpaTypa MOBITPsS — MalOThb OOMEKEHUH BILIMB
Ha OUTbIIICTH 3 HHUX. 30Kpema, Koe(iuieHT naerepmiHamii (R?) mns mopenei
3aranbHoro 3aii3a (0,127), BCKs (0,176), cynbdaris (0,283), minepanizaii (0,288),
pH (0,354) ta tBepaocti (0,380) BusiBuBCSI HU3bKUM. Lle CBIAUUTD, IO 111 TOKA3HUKH
JUILE HE3HAYHOI0 MIpPOI0 TMOSICHIOIOTHCS 3MIHAMM OMaJiB Ta TeMIIepaTypH.
Hampuknan, nos BCKS monan 82% Bapialiiif 3aiuInaroTbes 11032 BITHBOM
KJIIMaTUYHUX YUHHUKIB, BKa3YIOUM Ha JIOMIHYIOUY POJIb IHIIUX (PAKTOPIB, TAKUX SIK
KOHIIEHTpAIlil OPTaHIYHUX PEYOBHUH BiJl CTIYHUX BOJ| Ta TIIPOJOTIYHHHA PEKUM.
Amnanoriudo, st pH Ta Minepamizarii, moran 64% Tta 71% Bapiaiiiii BiIOBIIHO,
3aJeXaTh Bl HEKIIMATUYHUX (DAKTOPIB, BKIIIOYAIOYM TE€OJIOrIYHI OCOOJMBOCTI Ta
aAHTPOITIOTCHHE HaBaHTaXCHHs. J[elo NOMITHIIMKA BIUIMB KIIMAaTHYHI YHMHHUKA
MaroTh Ha po3urHeHui kucenb (R*=0,4484) ta mitpatu (R*=0,505), nosicHroroun
npuOJIM3HO MOJOBUHY iXHIX Bapiamiil. OgHak, HaBITh IS LIMX MOKA3HUKIB, 3HAYHA
YacTHHA 3MiH OOyMOBJIEHA IHIMUMHU (paKTOpaMH, TAKUMHU SIK PIBEHb 3a0pyIHEHHS,
T1IPOJIOTTYHUM peXKUM, HasIBHICTb (JI0pH Ta (hayHH, a TAKOXK CKUJIA CTIYHUX BOJI.

JloBeneHo, 1o cta rigpoexocucremu [liBnenHoro byry y Mexax MukosaeBa
3HAYHOIO MIPOI0 BU3HAYAETHCS HE KIIMATHYHUMU YMHHUKAMH, a aHTPOIIOT€HHUMU
BIJIMBAMU Ta I€0JIOTTYHUMHU, T1APOJIOTTYUHUMHU OCOOTUBOCTSIMH BOA0300pY, IO CTAJIO

KJIIOYOBUM MIATPYHTSIM IIOJO0 PO3POOKM pPEKOMEHJAIll 3 1HTerpoBaHOTO



MEHEIKMEHTY BOJHHX pecypciB Ta CTaJIOTO (30a;mancoBaHoroO)
MIPUPOTOKOPUCTYBAHHS.

VY pe3yabTari MPOBEIEHOTO TOCHIKEHHS:

Ynepuie y BITYU3HSAHIN TeOpii Ta MPaKTHUII YIIPABIiHHSI BOIHUMH PeCypcamMmu
CHUCTEMAaTHU30BaHO Ta OOIPYHTOBAHO MUKIMCHMILUTIHAPHUNA MIAXIJ (SIKUH OXOILIIOE
METOAM PI3HUX Tajly3ed 3HaHb, a caMme: TapoxiMii (MOHITOPUHIOBI JOCIIJIKEHHS
MOKa3HUKIB CTaHy T1APOEKOCHUCTEM; METEOpOJIOrii (MOHITOPUHIOBI JTOCIHIIKEHHS
KJIIMaTUYHUX TMOKA3HUKIB); CUCTEMHOI €KOJIOTii (TEOpEeTUYHHM aHalli3 Ta CUHTE3;
MOPIBHSJIBHUM ~ aHaJli3) N0 OI[IHIOBAHHS B3a€MO3B'SI3KIB MK  KIIMAaTUYHUMHU
YUHHUKAaMU Ta TIJPOXIMIYHMM CTaHOM pIYKOBUX €KOCHCTEM Ha MpHUKJIal
[TiBnenHoro byry B Mmexxax micta MuKkoJiaeBa, SKUH MOJISITae y TOMY, IIO: PO3POOJICHO
Ta TPOAHATI30BaHO KOMITJIEKC MaTEMaTHYHUX MOJIENEH, IO KUTbKICHO OMHCYIOThH
3aJICKHICTh KIFOUYOBUX IHTEIPOBAHUX TIIPOXIMIYHMX TMOKA3HUKIB (PO3UMHEHUMN
kucenb, BCKs, pH, miHepanizalis, TBEepAiCTh, 3arajibHe 3a1i30, HITPATH, CyIb(paTH)
BiJl aTMOC(EpHHX OMNaiB Ta TemrepaTypu noBiTps. Lle m1o3Bonuiio Bhepiie 4iTKo
MPOJICMOHCTPYBATH Ta KUIBKICHO OIIIHATH HHU3bKY TMOSCHIOBAJILHY 3/IaTHICTH
3a3HAYEHUX KIIMATUYHUX YUHHUKIB JJI1 OUTBIIOCTI JOCIHIJKEHUX TIAPOXIMIYHUX
napaMmeTpiB  piuyKd, MATBEPKYIOYM  JOMIHYIOYY  POJb  HEKIIMAaTUYHUX
(aHTPOTIOT€HHUX, T€OJIOTTYHUX Ta TIAPOJIOTIYHUX) (PaKTOpiB Yy (GOpMyBaHHI SKOCTI
BO/IM. BU3HAU€HO KOHKPETHI KUTbKICHI XapaKTEPUCTUKU HETTHINHUX (MTapaboIiuHuX )
3aJIKHOCTEN OKpEMUX TIAPOXIMIYHUX MOKA3HUKIB (30KpeMa, pO3YMHEHOTO KHUCHIO,
BCKS, pH, minepanizaiii, TBepAOCTI, 3arajibHOTO 3a1i3a, HITPATIB Ta CyJb(}aTiB) BiJl
TEMIIEpaTypyu TOBITPs, BKJIIOYAIOUM BUSBJICHHS ONTHUMAJIbHUX a00 MiHIMaJIbHUX
TEMIIEPATYPHUX 3HAYCHbD, 1110 BIIOOPaXKaIOTh cieM(iuHi O10T€OXIMIYHI MPOIIECH Y
BoHIM exocucteMi [liBnenHoro byry.

Y10CKOHAIEHO CYTHICTh Ta PO3IIMPEHO TPAKTyBaHHS TMOHSTH 'EKOJIOT1YHA
Oe3mneka BOIHUX pecypciB" Ta "ekosoridyHa HeOe3neka BOAHUX pecypciB' 3aBIsSKU
1HTerpailii BIUIMBY 3MiH KJIIMATy SIK CUICTEMOYTBOPIOIOUOT0 YMHHUKA. Lle 703Bomino

NPEICTaBUTH EKOJIOTIYHY Oe3MeKy sK 3a0e3MeyeHHs CTanoro (yHKIIOHYBaHHS
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BOJHHMX EKOCHCTEM, IO TapaHTye SKICTh Ta JOCTYIHICTh BOJH, a EKOJOTIUHY
HeOe3MeKy — K KOMIUIEKCHY 3arpo3y Jerpaallii, 3a0pyJHEHHsI Ta BTpaTH BOHOCTI,
10 TOCHJTIOETHCS B3a€EMO/II€10 aHTPOIIOTEHHUX Ta KJIIMAaTUYHUX YAHHUKIB.

Ha0y/u nogaapuioro po3BUTKY METOIOJIOTIHHI MiIXOAH 10 TOPIBHSUIBHOTO
aHai3y HOpPMAaTHUBHOI 0a3u 4epe3 3ICTaBICHHS YKPAaiHCHKUX CTAaHJAPTIB SKOCTI
MOBEPXHEBUX BOJ 3 MIXKHAPOAHUMH (€BponeiicbKkUMU) HOpMaTtuBami. e mo3Bonmso
BUSBUTH KOHKPETHI pO30DKHOCTI Ta OOIPYHTYBaTHM UUIAXM TapMOHI3awli
HaIllOHAJIBHOTO 3aKOHOJABCTBAa y cepi BOAHUX pecypciB 3 BoaHor pamMkoBOIO
nupekTrBo0 €C; perioHanbHl aCMEeKTH KIIMAaTUYHHUX 3MIH Ta IXHBOT'O BIUIMBY HA
T1APOEKOCUCTEMH, 30KpeMa 3a(iKCOBAaHO 3POCTAaHHS CEPE/IHbOI TEMIlepaTypu Ha
MukonaiBimuHi Ta y3aradbHEHO HACHIJKM [UX 3MiH (MOYacTiIaHHS TIOCYX,
IHTEHCUBHUX 3JIUB, JIerpajallisi BOAHUX 00'€KTIB), IO KOHKPETU3YE 3arallbHOCBITOBI
TEHJCHINI Ha JIOKaJbHOMY PIBHI Ta CTBOPIOE eMIipUuHy 0a3zy Ui MOJAJIbIINX
ajanTaliiHuX cTpaTeriil.

Kawouosi  caoa:  CTAJIMM  PO3BUTOK;  EKOJIOTTYHUI
MOHITOPUHI; 3ABPYJIHEHHSA; 3MIHU KIIIMATY; BOJIA; BOJHI
PECYPCH; TIOKA3HUK SKOCTI BOJU; IMBAEHHUN BYT; BY3bKUU
JINMAH; EKOJIOTTYHA BE3IIEKA; ['PAHIYHO-AOITYCTUMI
KOHITEHTPAILIIl; TPEHJIM 3ABPYJIHEHHS; AHTPOIIOTEHHWI BIIJIVB;
CTATUCTUYHI AOCJIIJDKEHHS; AJJATITALA 10 3MIH KIIIMATY.
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SUMMARY

Mats A.D. Assessment of the impact of climate change on the state of surface
waters. — Qualification scientific work as a manuscript.

Dissertation for the degree of Doctor of Philosophy in the field of natural
sciences in the specialty 101 — Ecology. — Petro Mohyla Black Sea National
University, Mykolaiv, 2026

Climate change is among the priority areas of international environmental
policy, as well as national research. Most river basins and reservoirs in Ukraine,
which primarily meet the water needs of the population, cannot be considered
ecologically safe. For instance, in some areas of the Northern Black Sea region,
water quality deviations from the norm reach 70-80%. The urgency of the research
is driven by the rapid intensification of climate change, which directly affects the
quantity and quality of surface waters. In Ukraine, over the last 30 years, river flow
has decreased by 10-25% in various regions, already leading to water resource
deficits in the southern oblasts. This threatens the stability of water supply and the
functioning of ecosystems, necessitating a scientifically substantiated assessment of
climate change impacts to develop adaptation strategies. The Northern Black Sea
region is particularly vulnerable —an arid territory with an unstable water balance,
high water consumption, and significant anthropogenic pressure. This threatens the
stability of water supply and the functioning of ecosystems, requiring a scientifically
sound assessment of climate change impacts to develop adaptation strategies for
sustainable water resource management.

In the presented work, an analysis of the interrelationships between climatic
factors (precipitation, air temperature) and the hydrochemical parameters of the
Southern Buh within Mykolaiv was conducted. Mathematical models were
developed, which revealed a low explanatory power of climate influence for most
parameters. It was found that the river's water quality is primarily determined by

anthropogenic load and geological features. The results substantiate the necessity of



12

prioritizing pollution reduction and implementing integrated basin management for
the sustainable recovery of the river ecosystem.

Research Goal: To comprehensively assess the impact of climate change on
the state of surface water ecosystems by substantiating limiting factors that are key
to the functioning and evolution of water bodies, and to develop a mathematical
model of the impact of climate change on the state of surface waters.

The research goal defined the following tasks:

1. Theoretical analysis of literature on climate change and the assessment of
surface natural hydroecosystem conditions, as well as the regulatory and legislative
framework for integrated water resource management.

2. Identify the main indicators of climate change that affect water ecosystems.

3. Study the state of the Southern Buh river ecosystem within the city of
Mykolaiv.

4. Determine the limiting climatic factors that are key to the functioning and
evolution of the river's hydroecosystem; investigate the dynamics of integrated
hydrochemical indicators of the Southern Bug hydroecosystem.

5. Assess the impact of climatic factors on the state of the Southern Buh
hydroecosystem within Mykolaiv Region.

6. Develop a mathematical model on the impact of climatic factors on the state
of the Southern Buh hydroecosystem within the city of Mykolaiv.

7. Define and substantiate recommendations for integrated water resource
management and sustainable (balanced) environmental management.

Object of research: The processes of climate change impact on the state of
natural surface waters of the Southern Buh river within the city of Mykolaiv.

Subject of research: Changes in climatic factors and their impact on the state
of natural surface waters of the Southern Buh river within the city of Mykolaiv.

Within the study of climate change impact on water resources, it has been
established that environmental safety signifies a stable state of aquatic ecosystems,

ensuring water quality and availability without harm to nature. At the same time,
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environmental hazard is associated with the risks of degradation, pollution, and
water loss, exacerbated by climate change. Clarifying these concepts is crucial for
forming effective mechanisms of adaptation and integrated water resource
management in the face of climatic challenges, and for preserving ecological balance
in basin systems. In the process of analyzing literature, it was clarified that the
environmental safety of water resources is not merely the absence of pollution, but
also the assurance of sustainable (balanced) functioning of aquatic ecosystems,
which guarantees access to quality water for various needs without harming the
environment. The environmental hazard of water resources is a state or threat of
natural balance disruption, caused by both anthropogenic factors and climate change
(e.g., reduced flow, pollution, biodiversity loss). Thus, the clarification lies in
expanding and deepening interpretations, where the impact of climate change is
considered a system-forming factor both in posing threats and in seeking ways to
ensure environmental safety.

A comparative analysis of surface water quality standards in Ukraine and
globally revealed significant differences and pathways for harmonizing Ukrainian
legislation with EU standards. Ukraine is actively harmonizing its legislation on
surface water quality with EU requirements, particularly the Water Framework
Directive, which envisages a transition to a basin-based management principle and
improved monitoring. For example, EU standards are often stricter than Ukrainian
ones regarding indicators such as BOD and nitrates.

Climate change, primarily caused by anthropogenic activity and greenhouse
gas emissions, leads to a significant increase in global temperature. It has been
shown that in 2023, the global average temperature was more than 1.2°C higher than
pre-industrial levels, and 2023 and 2024 became the warmest years on record. These
changes cause sea-level rise and shifts in the amount and intensity of precipitation,
leading to an increase in extreme weather events such as droughts and heavy rains.
The consequences of these changes destroy hydroecosystems. This trend is also

observed in Ukraine. It has been generalized that, specifically in Mykolaiv Oblast, a
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1-1.5°C increase in average temperature was recorded when comparing the periods
1961-1990 and 1991-2000. Ukraine, by adopting the Law "On the Basic Principles
of State Climate Policy," is implementing measures for climate change adaptation
and aims for climate neutrality by 2050. For an effective study of climate change
Impact on water resources, key parameters such as air temperature and atmospheric
precipitation were chosen, as they directly affect the water balance and the state of
hydroecosystems.

The study analyzed the impact of climate change on aquatic ecosystems in
Mykolaiv Oblast using data from environmental passports, regional reports,
statistical collections, State Water Agency materials, as well as satellite platforms
Google Earth Engine, Copernicus, and Ventusky. Methods of trend analysis,
correlations, cooling indices, and Selyaninov's hydrothermal coefficient (HTC) were
applied.

A clear increase in the average annual air temperature in the region was found
—by 0.61°C per decade in 1980-2024, which exceeds global indicators. The number
of hot days and "tropical nights" increased, indicating thermal stress on ecosystems.
Precipitation is decreasing, with average annual values ranging from 409-469 mm.
The frequency of heavy rains is increasing, while HTC indicates a moisture deficit.

Aridization of southern territories is recorded, with the climate approaching a
semi-desert type. Such changes affect water resources, cause eutrophication, reduce
water content, and degrade environmental quality. It is necessary to implement
adaptation strategies, update monitoring, and rationally manage water resources
under climatic challenges.

The Southern Buh basin covers various natural zones of Ukraine, leading to
diverse climatic and hydrological conditions. Temperature data within Mykolaiv
indicate an increase in minimum temperatures, with an anomalous value of +1°C in
2021. The basin is highly regulated — over 8000 water bodies, which leads to a loss

of spring runoff, reduced flow, and self-purification. It has been determined that the
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basin is highly regulated, containing over 8000 ponds and reservoirs. The
approximate average density of water bodies is about one reservoir per every 10 km.

It is shown that surface waters are characterized by high hardness (up to 20
mg-eg/dm?) and eutrophication. Water mineralization increases towards the river
mouth, due to the accumulation of salts and dissolved substances in the lower course.
The highest indicators are recorded in November, followed by a gradual decrease in
winter and spring. This is related to the specifics of the hydrological regime, an
increase in water flow during the cold period, which dilutes the concentration of
dissolved substances. Plankton is dominated by species less sensitive to pollution
(Copepoda, Rotatoria), fish fauna is depleted (gobies, roach).

Based on satellite data, it was determined that indices confirm negative
changes: BLUE decreased from 0.113 to 0.084 (water transparency), GREEN —
0.097-0.119 (algae development), NDVI increased from 0.132 to 0.165 (bank
overgrowth), which indicates an intensification of eutrophication and climate change
impact on the hydroecosystem.

For studying the impact of climatic factors on the state of surface waters, eight
key hydrochemical indicators were chosen: dissolved oxygen, BOD, mineralization,
pH, total iron, hardness, sulfates, and nitrates. Four of them (pH, BOD,
mineralization, hardness) are integrated. These indicators were selected based on
criteria of sensitivity to climate change, ability to demonstrate seasonal and annual
fluctuations, reflection of changes in the hydrological cycle, provision of a
comprehensive ecological assessment, and practical significance for water resource
management.

Observation points within Mykolaiv and the region were selected considering
representativeness, spatial coverage, anthropogenic impact, hydrodynamic
conditions, biological diversity, accessibility and safety, as well as the availability
of research history.

It was determined that surface water temperature is an important indicator of

climate change and affects hydrochemical parameters differently. Linear models
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showed weak patterns, while polynomial quadratic models better describe the
nonlinear nature of the dependence.

The coefficient of determination for the dependence of indicators on
temperature is: dissolved oxygen — 30%; BODs — 33%; pH — 16%; mineralization —
13%; hardness — 27%; total iron — 2%; sulfates — 16%; nitrates — 10%.

The most temperature-dependent are dissolved oxygen (30%) and BOD:s
(33%). An average level of dependence is shown by hardness (27%), pH (16%),
mineralization (13%), and sulfates (16%). The least dependent were total iron (2%)
and nitrates (10%), indicating a minor impact of temperature changes on these
indicators.

The study showed that the working hypotheses were partially not confirmed.
Although theoretically precipitation can affect water quality through dilution,
washing away organic matter, and chemical substances, statistical models
demonstrated very low coefficients of determination (R2) for most indicators. Thus,
for dissolved oxygen, BODs, pH, mineralization, sulfates, nitrates, total iron, weak
or no dependencies were found (R2 mostly < 0.05). An exception is water hardness,
for which the cubic model showed a relatively high explanatory power (R? = 0.705),
indicating a complex nonlinear dependence.

The low influence of precipitation is explained by the ability of
hydroecosystems to self-regulate and the prevalence of other factors. Water
temperature, flow velocity, anthropogenic pollution, geological structure,
seasonality, and biological processes have a more significant impact on the chemical
composition of water. In addition, precipitation can act simultaneously in opposite
directions — on the one hand, diluting water, and on the other hand, enriching it with
pollutants, which negates the overall effect. Thus, precipitation is not a determining
factor for the water quality of the Southern Buh in Mykolaiv Oblast.

Based on mathematical models constructed for the hydrochemical indicators
of the Southern Buh within Mykolaiv, it was established that climatic factors —

precipitation and air temperature — have a limited impact on most of them.
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Specifically, the coefficient of determination (R?) for models of total iron (0.127),
BOD5 (0.176), sulfates (0.283), mineralization (0.288), pH (0.354), and hardness
(0.380) was low. This indicates that these indicators are only marginally explained
by changes in precipitation and temperature. For example, for BODS5, over 82% of
variations remain outside the influence of climatic factors, indicating the dominant
role of other factors, such as the concentration of organic substances from
wastewater and the hydrological regime. Similarly, for pH and mineralization, over
64% and 71% of variations, respectively, depend on non-climatic factors, including
geological features and anthropogenic load. Climatic factors have a somewhat more
noticeable influence on dissolved oxygen (R2=0.4484) and nitrates (R2=0.505),
explaining approximately half of their variations. However, even for these
indicators, a significant part of the changes is caused by other factors, such as the
level of pollution, hydrological regime, presence of flora and fauna, and wastewater
discharges.

It has been proven that the state of the Southern Bug hydroecosystem within
Mykolaiv is largely determined not by climatic factors, but by anthropogenic
influences and geological, hydrological features of the watershed, which became the
key basis for developing recommendations for integrated water resource
management and sustainable (balanced) environmental management.

As a result of the conducted research:

For the first time in Ukrainian theory and practice of water resource
management, an interdisciplinary approach has been systematized and substantiated
(covering methods from various fields of knowledge, namely: hydrochemistry
(monitoring studies of hydroecosystem indicators; meteorology (monitoring studies
of climatic indicators); systemic ecology (theoretical analysis and synthesis;
comparative analysis)) to assess the interrelationships between climatic factors and
the hydrochemical state of river ecosystems, using the example of the Southern Bug
within the city of Mykolaiv, which consists of: developing and analyzing a set of

mathematical models that quantitatively describe the dependence of key integrated
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hydrochemical indicators (dissolved oxygen, BODS5, pH, mineralization, hardness,
total iron, nitrates, sulfates) on atmospheric precipitation and air temperature. This
allowed for the first time to clearly demonstrate and quantitatively assess the low
explanatory power of these climatic factors for most of the studied hydrochemical
parameters of the river, confirming the dominant role of non-climatic
(anthropogenic, geological, and hydrological) factors in water quality formation.
Specific quantitative characteristics of nonlinear (parabolic) dependencies of
individual hydrochemical indicators (in particular, dissolved oxygen, BOD5, pH,
mineralization, hardness, total iron, nitrates, and sulfates) on air temperature have
been determined, including the identification of optimal or minimal temperature
values that reflect specific biogeochemical processes in the Southern Bug aquatic
ecosystem.

The essence and interpretation of the concepts “environmental safety of water
resources" and "environmental hazard of water resources™ have been improved and
expanded by integrating the influence of climate change as a system-forming factor.
This allowed presenting environmental safety as ensuring the sustainable
functioning of aquatic ecosystems, which guarantees water quality and availability,
and environmental hazard — as a complex threat of degradation, pollution, and water
loss, exacerbated by the interaction of anthropogenic and climatic factors.

Further development has been achieved in:

Methodological approaches to the comparative analysis of the regulatory
framework by comparing Ukrainian surface water quality standards with
international (European) standards. This allowed identifying specific discrepancies
and substantiating ways to harmonize national legislation in the field of water
resources with the EU Water Framework Directive; regional aspects of climate
change and their impact on hydroecosystems, in particular, an increase in average
temperature in Mykolaiv Oblast has been recorded and the consequences of these

changes (increased frequency of droughts, intense rains, degradation of water
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bodies) have been summarized, which concretizes global trends at the local level
and creates an empirical basis for further adaptation strategies.

Keywords: SUSTAINABLE DEVELOPMENT; ENVIRONMENTAL
MONITORING; POLLUTION; CLIMATE CHANGE; WATER; WATER
RESOURCES; WATER QUALITY INDEX; SOUTHERN BUH; BUH
ESTUARY; ENVIRONMENTAL SAFETY; MAXIMUM PERMISSIBLE
CONCENTRATIONS; POLLUTION TREND; ANTHROPOGENIC IMPACT,
STATISTICAL RESEARCH; ADAPTATION TO CLIMATE CHANGE.
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BCTVYII

AKTyaJbHicTh  JociaimkeHHsi. KiimaTuuHi 3MiHM — HajlexaTb [0
MPIOPUTETHUX HANPSAMKIB MDKHAPOJHOI €KOJOTIYHOI TOJIITHUKHA, a TaKoX
HaIllIOHATBHUX JIOCHIDKEHb. BibmiicTe OaceiHiB pivoK 1 BOAOWMMIN YKpaiHw, 3
SAKUX, IEPEBAKHO, 3a0€3MeUyIOThCS MOTPeOU HACEICHHS Y BOJI1, HE MOKHA BBAXKATU
€KOJIOTIYHO Oe3neyHuMu. Tak, y Jedakux padoHax Teputopii I[liBHIYHOTO
[TpuuopHoMoOp’st BIAXWIEHHS B fAKOCTI Boau Bim Hopmu csirae  70-80%.
AKTYanbHICTb JOCIIHPKEHHS 3yMOBJIEHA CTPIMKUM MOCHJICHHSIM KJIIIMAaTHYHUX 3MIH,
o0 0Oe3Nnocepe/lHbO BIUIMBAIOTH HA KUIBKICTh Ta SIKICTh NMOBEPXHEBUX BOJ. 3a
JaHUMH BcecBITHROT METEOPOJIOTIYHOT OpraHi3aiiii, riiobainsHa Temmneparypay 2023
polli nepeBuIuiIa JOIHAYCTpiaibHUM piBeHb Ha 1,45 °C, 1m0 cynmpoBOIKYBaNIOCs
eKCTPEMabHUMHU TIOTOJHUMU SBUIIAMH, BKJIIOYAIOUYM TOCYXH Ta MaBOAKH. B
VYkpaini ynpoaosx octanHiX 30 pokiB piuyKOBUU CTiK 3MeHIuBca Ha 10-25% y
PI3HHX pErioHax, IO B¥KE CHPUYMHSIE Ne(IIUT BOJHUX PECYpPCIB Yy MIBIACHHHX
obnactsax. Lle 3arpoxkye cTaOLIBHOCTI BOJOMOCTAYaHHSA, (YHKLIIOHYBAHHIO
€KOCHCTEM 1 BUMarae HayKOBO OOIPYHTOBAHOI OI[IHKM BIUIMBY KJIIMAaTHYHUX 3MIH
JUIS. pOo3poOKM ajmanTtamiiHux cTparerid. Ocob6nauBo BpasznuBuM € [liBHIUHE
[TpudopHOMOpP’sT — apujHA TEPUTOPIsl 3 HECTIMKUM BOJHHUM OajaHCOM, BUCOKHM
piBHEM BOJIOCIIOKMBAHHS Ta 3HAYHUM aHTPOTNOTEHHWM HaBaHTaxeHHsM. Lle
3arpoKye CTalblIbHOCTI BOJOMOCTaYaHHs, (YHKIIOHYBAHHIO €KOCUCTEM 1 BUMAarae
HAYKOBO OOIPYHTOBAHOTO OLIHIOBAHHSI BIUIMBY KJIIMaTHYHHUX 3MiH JJISi PO3POOKH
aJanTaliifHUX CTpaTeriil CTaJoro ynpapiHHS BOJHUMHU PECYPCAMHU.

[IpoOnemMi B3aeMO3B’A3Ky 3MiH KJIMaTry W BOJHUX PECYpPCIB MPUCBIYEHO
YHCICHHI TocipkeHHs 3apyoikuux (Staddon C., Empinotti V.L., Keeler B.L.,
SuSnik J. ta iH.) 1 ykpaiHcbkux yueHux (XumpueBchkuii B.K., Cuixko C.I.,
[Tenmemenko B.I., JlenuncoBa O.I.,, I'pe6inp B.B. Tomo), ski migKpecIOmOTh
HEOOX1/IHICTh IHTErPOBAHOTO MiAXOYy /10 OLIHIOBAaHHS PU3MKIB Ta agamnTaiii 10
HOBUX KJIIMaTU4HUX yMOB. Lle miaTBepaxkye morpeOy B MOTInMOIEHOMY BHBYECHHI

perioHaJIbHUX OCOOJMBOCTEH KJIIMAaTUYHHX BIUIMBIB 1 (hopMyBaHHI e()EeKTHBHHUX
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MOJENe yIpaBiIiHHA BOJHUMH pecypcamu. ToMy 0COOIMBOI  HAyKOBOI
aKTyaJbHOCTI Ta 3HAYCHHsI HaOyBa€e JOCIIIKEHHS, IPUCBIYCHE BUBYCHHIO BILUIUBY
KJIIMAaTUYHUX 3MIH Ha CTaH MMOBEPXHEBUX BOJI.

AKTyanbHICTh JOCHIDKEHHS OOYMOBWUJIO BH3HaueHHsS TeMu: «OI1liHKa
BILJIMBY 3MIH KJIIMaTy Ha CTaH TOBEPXHEBUX BO.

3B'130k po0OTH 3 HAYKOBHUMHM MNPOrpaMamMi, IUIAHAMH, TEMAaMHM.
JuceprariiitHe 4OCT1PKEHHS BUKOHAHO BIATIOBIIHO 10 HAYKOBO1 TEMAaTUKH Kaeapu
exosiorii YopHOMOPCHKOTO HalllOHAIBHOTO YHIBepcuteTy imeHi I[lerpa Morumu
«Ekomoriuna  Oesneka BOJHHUX pecypciBy/«Water  Security»  (aepkaBHHIA
peectpamiianii  Homep 0124U004562). Tema pgucepTamiiHOro JOCHTIIKEHHS
3aTBEp/KEHA pIIIEHHAM BUY€HOI paad YOpPHOMOPCHKOIO  HAallIOHAJIBHOIO
yHiBepcuteTy iMeHi [letpa Morwum (mpotokosn Ne 11 Bix 29.11.2023 p.).

Merta ociiigaeHHs: KOMIUIEKCHA OI[IHKA BIUIMBY KJIIMaTUYHHUX 3MiH Ha CTaH
MOBEPXHEBUX BOJAHUX €KOCHUCTEM 3 OOIPYHTYBAHHSIM JIIMITYIOUMX YMHHUKIB, SIKI €
KJIIOUOBUMH Yy (DYHKIIIOHYBaHHI 1 €BOJIIOLIT BOJHUX OO’€KTIB Ta pPO3poOKa
MaTeMaTUYHOI MOJIEJI BIUTMBY 3M1H KJIIMATy Ha CTaH MOBEPXHEBUX BOJI.

MeTta nociaiKeHHs BU3HAYMIa Takl 3aBAAHHSA.

1. TeopeTnunuii aHaii3 JITEpaTypHUX JHKEPEN 3 MpoOJieM 3MiH KIiMaTy Ta
OLIHKM CTaHy TOBEPXHEBUX MPUPOAHMX TiIPOEKOCUCTEM, HOPMATHBHO-
3aKOHA/IaBy40i 0a3u 1I0J10 IHTETPOBAHOTO MEHEI)KMEHTY BOAHUX PECYPCIB;

2. Bu3HauuTy OCHOBHI 1HAMKATOPU 3MIH KJIIMAaTy, Kl BIMBAIOTh HA BOJIHI
EKOCHCTEMU;

3. JocnimxeHnHsa ctany exkocuctemMu piuku IliBnennuid byr y mexax micra
MuxkonaeBa;

4. Bu3HaueHHs JIMITYIOUMX KIIMATHYHUX YUHHUKIB, SIKI € KIIOUOBHUMH Y
(GyHKIIOHYBaHHI Ta €BOJIOMII TIAPOEKOCUCTEMH DPIYKH; JOCTIKCHHS JUHAMIKH
IHTErpOBaHMX T1IPOXIMIYHHUX MOKAa3HUKIB riapoexocuctemu lliBaennoro byry;

5. OriHIOBaHHS BIUIMBY KJIIMATUYHUX YMHHHMKIB Ha CTaH T1IPOEKOCUCTEMH

[TiBnennoro byry y mexxax MukosaiBchkoi 001acTi
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6. Po3poOka maTeMaTnyHOI MO/IEN1 MIOAO BIUIMBY KJIIMAaTUYHUX YMHHUKIB HA
ctad rigpoexocuctemu IliBnennoro byry y Mexax micta MukosnaeBa;

7. BusHaueHHs Ta OOIDYHTYBaHHS pPEKOMEHJALId 3 1HTETPOBAHOIO
MEHEKMEHTY BOJHUX pecypciB Ta CTaJIOro (30amancoBaHoro)
IPUPOIOKOPUCTYBAHHS.

O0’€eKT MOCTIIZKEeHHs: TIPOIECH BIUTMBY 3MiH KJIIMaTy Ha CTaH MPUPOIHUX
noBepXHEBUX BoJ piuku [liBgenHuit byr y mexxax micra MukoJiaesa.

IIpenmer pocaixzkeHHs1: 3MiHA KJIIMAaTUYHUX YMHHUKIB Ta iX BIUIMB HAa CTaH
NPUPOAHUX NMOBEPXHEBUX BOJ piuku IliBnennuii byr y mexax micta Mukonaesa.

Metoau pociaimxennsi. [Ipu mnpoBeneHHi poOOTH Oyl0 BUKOPHUCTAHO
3araJlbHOHAyKOB1 ~METOJIM JIOCHIJDKEHHS: aHaji3, CHHTE3, CIOCTEPEKEHHS,
y3arajpHEHHS Ta CHCTEMHO-CTPYKTYPHHMM TiAXia. 3acTOCOBAaHO  METOMIU
r1IpOMETEOPOJIOTTYHOT0, €KOJIOTTYHOTO MOHITOPUHTY Ta (PI3MKO-XIMIYHI METOJU
BU3HAYECHHS KOHIEHTpALlil 3a0pyIHIOI0UHMX PedoBUH. 151 0OpOOKH Ta OI[iHIOBaHHS
OTPUMAHUX JTAHUX BUKOPHUCTAHO METOJU MATEMAaTUYHOI'O aHali3y, KOPEJSIIHOro
Ta HENapaMeTpUYHOro CTaTHUCTUYHOro aHamizy. OkxpeMmy yBary MNpHILIEHO
BUKOPHUCTaHHIO T€01H()OpMaLIHHUX TEXHOJIOT1. 30KpeMa, 3aCTOCOBAHO MIaThopMy
Google Earth Engine (GEE), sk mOTyXHOTO 1HCTPYMEHTY [JIsi MPOCTOPOBOTO
aHaJi3y CYIMyTHUKOBUX 3HIMKIB Ta KJIIMAaTUYHUX JaHUX, IO JIO3BOJIMB 3A1HCHUTH
OLIIHKY 3MIH TEMIIEPAaTypHOI'O PEXUMY Ta KIIBKOCTI ONAAIB Y YacOBIA JAMHAMILI.
BukopucToByBaiu CymyTHUKOBI 3HIMKH /111 MOHITOPHHTY 3M1H TOBEPXHEBUX BO/I,
a caMme Kojekuii 3HIMKIB: Sentinel-2 s Bizyanmizaiii BOJAHOIO TOKPHUBY Ta
BU3HAYCHHS XapaKTEPUCTUK SIKOCTI BOAM (HANpPUKIAA, XJIOpOQida, MYTHICTb);
Landsat (manpuxman, Landsat 8) nns aHamizy 3MmiH Ha OUIBININ YacoBiil mIKaJi.
Takoxx BuxopuctoByBaiauch AaHi Copernicus Climate Change Service Ta pecypc
Ventusky st yTOYHEHHSI METEOPOJIOTIYHWX TMOKA3HUKIB y MPOCTOPI Ta dHaci.
3acrocyBanna [IC-metoniB 3abe3meumso Bi3yamizaililo KIIMaTHYHUX 3MiH,
BUSIBJICHHS TEMIEPAaTypHUX aHOMAaJli Ta MOJENIOBAaHHS PU3HMKIB JJI BOJAHHUX

eKocucTeM. TakoX Uil TPOBEJACHHS OOYMCIIOBAIBHUX oOmepariid, oOpoOku Ta
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Bi3yasizallii JaHux OyJI0 BHKOPHUCTAHO XMapHE cepemoBuie po3pooku Google
Colaboratory/Colab (xmapHe cepenoBuIle po3poOKH), M0 AO3BOJIUIO €(HEKTUBHO
BUKOHYBAaTH MOJICJIIOBaHHs Ta 100ynoBy 3D-rpadikiB-IOBepXOoHb, Oyu
peasi3oBaHi 3a JONOMOrol0 MoOBH TmporpamyBaHHs Python. [locmimxenus
MPOBOAMIIOCH Ha TepuTOopli MicTa MuKoiaeBa B Mexax Oaceiny piuku IliBaeHHui
byr.

HaykoBa HOBU3HA. Vrnepuie y BITUM3HSAHINA TEOPIi Ta MPAKTULI YIIPABIIIHHS
BOJHUMHU pECypcaMHl CHUCTEMATHU30BaHO Ta OOIPYHTOBAHO MIXKJIMCUHUILTIHAPHUIMA
Miaxi (KU OXOIUTIOE METOJM PI3HUX Tally3edl 3HaHb, a came: TIIpOoXiMil
(MOHITOPUHTIOBI JTOCHII>)KEHHSI TTOKa3HHUKIB CTAHY TIAPOEKOCHUCTEM; METEOPOJIOTii
(MOHITOPHHTOB1 JOCITIDKCHHSI KJIIMAaTHYHUX ITOKAa3HUKIB); CHCTEMHOI €KOJIOTil
(TeopeTUUHHUM aHai3 Ta CHUHTE3; MOPIBHMAJIBHUI aHalli3) J0 OI[IHIOBAHHS
B3a€MO3B'A3KIB MDK KIIMAaTUYHUMHA YHHHUKAMU Ta TIAPOXIMIYHUM CTaHOM
piukoBUX exkocucTeM Ha npukiaznl [liBnenHoro byry B Mexax micta Mukomaesa,
KU TOJsrae 'y TOMY, IIO: po3pobiieH0 ma HNpoaHanizo8aHo KOMILIEKC
MaTeMaTHYHUX MOJEJICH, IO KUIBKICHO OIKMCYIOTh 3aJeKHICTh KIOUOBUX
IHTETPOBAHUX TIAPOXIMIYHMX TOKa3HUKIB (po3umHeHuit kucenb, bCKs, pH,
MiHepaJi3allisi, TBepAICTh, 3arajibHe 3aJli30, HITpATH, CyabdaTn) Bl aTMOCcHepHUX
OTaJliB Ta TeMrneparypu nositps. Lle 103BonmII0 BIiepiie 4iTKo MPOIeMOHCTPYBATH
Ta KIJIbKICHO OLIIHUTH HU3bKY MOSICHIOBAJIbHY 3JaTHICTh 3a3HAUYECHUX KIIMaTUYHHUX
YUHHHUKIB JUIS OUIBIIOCTI JOCHIKEHUX TIAPOXIMIYHHMX IapaMeTpiB  PIUuKH,
HIATBEPKYIOUN JOMIHYIOUY POJIb HEKIIIMATUYHUX (aHTPONOTEHHUX, T€OJIOTTYHUX
Ta T1IPOJIOTIYHUX) (PakTOpiB y (GOpMyBaHHI SIKOCTI BOJIW. BHU3HAU€HO KOHKpETHI
KUIBKICHI XapaKTePUCTUKH HENHIWHUX (TapaboiiyHmuX) 3aJeKHOCTeH OKPEeMHX
riIPOXIMIYHMX  TOKAa3HUKIB  (30Kkpema, po3uuHeHoro kucHio, bBCKs, pH,
MiHepaii3aiii, TBEpPAOCTi, 3arajbHOTO 3aji3a, HITpaTiB Ta CyabdaTiB) BiJ
TEMIIEpaTypy TOBITPS, BKIIOUAIOYM BHUSBICHHS ONTHMAIBHHX a00 MiHIMAJIbHHUX
TeMIepaTypHUX 3HA4Y€Hb, 1110 BiJ0OpakaroTh crienudiuHi 010reoXiMiuH1 IPOIIECH Y

BoAHIM exocuctemi [liBnennoro byry.
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Yoockonaneno CyTHICTH Ta PO3MIMPEHO TPAKTYBaHHS MOHATH '€KOJIOTIYHA
Oe3neka BOJHUX pecypciB" Ta "ekosnoriuHa HeOe3meKka BOJHUX pecypciB” 3aBISKH
1HTerpallii BIUTMBY 3MiH KJIIMaTy SIK CACTEMOYTBOPIOIOUOI0 YUNHHUKA. L]e 103B0MMII0
NPECTAaBUTH EKOJIOTIUHY Oe3MeKy sK 3a0e3MeueHHs CTajoro (PyHKI[IOHYBaHHS
BOJHUX EKOCHCTEM, III0 TapaHTye SIKICTh Ta JOCTYIHICTb BOJM, a& €KOJOTIUHY
HeOe3MeKy — Ik KOMIUIEKCHY 3arpo3y JAerpajaiiii, 3a0pyAHeHHs Ta BTPAaTH BOJAHOCTI,
10 MOCUJIFOETHCS B3AEMO/IIE€I0 AaHTPONIOTEHHUX Ta KIIIMATHYHUX YHHHHKIB.

Habynu nooanvuwioco pozeumky METOJOJIOTIUHI MIJAXOAU 10 MOPIBHSILHOTO
aHayi3y HOPMAaTUBHOI 0a3u 4Yepe3 3ICTaBIEHHS YKPalHChKHX CTaHAApPTIB SIKOCTI
NOBEPXHEBUX BOJ 3 MDKHapOJHUMHU (€BpomeiicbkuMH) HopmaruBamu. Lle
JTIO3BOJIMIIO BUSIBUTH KOHKPETHI PO301’KHOCTI Ta OOTPYHTYBATU HNUISIXU FApMOHI3aI1
HaIlIOHAJIBHOTO 3aKOHOAABCTBa y cdepl BOJHUX pecypciB 3 BoaHO paMKOBOIO
nupekTuBoo €C; perioHalibHI ACTIEKTH KIIMAaTUYHUX 3MIH Ta iXHBOTO BIUIMBY Ha
riApOeKOCUCTEMHU, 30KpeMa 3aiKCOBAHO 3POCTAHHSI CEPEIHbOI TEeMIIepaTypu Ha
MuKkonaiBIIMHI Ta y3arajlbHEHO HACHIAKM LUX 3MiH (MOYacTIIaHHS MOCYX,
IHTEHCUBHHUX 3JIUB, JIETpajallis BOJHUX 00'€KTIB), 10 KOHKPETHU3YE 3arajJbHOCBITOBI
TEHJEHLli Ha JIOKAaJbHOMY PIBHI Ta CTBOPIOE E€MIIpUYHY 0a3y Ui MOJAJbLINX
aJanTalifHUX CTpaTeTii.

IIpakTuyHe 3HAYEHHSI O/ep:KaHMX pe3yJbTaTiB. Ha ocHOBI oTpumaHuX
pe3ynbTaTiB NpPO HU3BBKUMN BIUIMB KJIIMAaTUYHUX YWHHUKIB Ha OUIBIIICTh
TAPOXIMIYHMX TOKA3HHWKIB BH3HAYEHO, 110 OCHOBHI 3YCHJUISI Ta 1HBECTHINI Yy
MOJIMNIIEHHS SKOCTI BOAM MalwTh OYTH CHpsSIMOBaHI HE Ha ajamnTaiiio 10
KJIIMAaTUYHUX 3MIH K NEepIIOYeproBHUil (paKTOp BILUIMBY HA SIKICTh, @ HA paJUKaIbHE
3MEHIIICHHS aHTPOIOTeHHOT0 HaBaHTa)KeHHs. Po3po0iieHlI MaremMaTH4yHI MoJenl
MOXYTh CIyryBaTu ©0a30r0 Uil MaiOyTHIX, OIbII KOMIUIEKCHHUX CHCTEM
MOHITOPUHTY Ta TPOTHO3YBaHHSA SKOCTI BOAu. PoO3yMiHHS BiTHOCHOI pOJIi
KIIMAaTUYHUX Ta HEKJIIMAaTUYHUX UYWHHUKIB JI03BOJISE ONTHUMI3yBaTH PO3TOILIT
pecypciB Ta yHOpaBIIHCHKUX 3YCHJIb. 3aMICTh TOro, II00 30cepelKyBaTUCS

BUKJTFOYHO Ha KJIIMAaTUYHUX MOJEIIAX, SKI MOXKYTh JTaBaTH OOMEXKEHY 1H(POpMAIIito
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JUIS TIEBHUX TIAPOXIMIYHUX TapaMeTpiB, OpraHM BIaAM Ta BiJAMOBIAATbHI
Oprasizaiii MOXYTb NEPEOPIEHTYBAaTH CBOIO MJiSUIBHICTb Ha MpsAMI JKepema
3a0pyaHeHHs, 3a0e3nedyyrodyd OUIbIl IIBUAKUM Ta BIAYYTHUM pe3ynbTaT Yy
noJimniieHHi sskocti Boa [liBgennoro byry. [nterpoBane 6aceitHoBe ynpaBiiHHSI Ma€e
BpPaxOBYBAaTH HE JIUIIE KIIMAaTUYHI 3arpo3u, a M, 110 BaXJIHUBIIIE, KOMIUIEKCHUN
aHTponoreHHui BIuMB. Lle cipusitume po3po0iri Oubi ehEKTUBHUX PEriOHATBHUX
porpaM 3 OXOPOHHM Ta PallOHAJBHOTO BUKOPHCTAHHS BOJHHUX PECYpCIB, L0 €
KPUTHUYHO BaXKJIMBUM JIJISl CTAJIOTO PO3BUTKY MUKOJAIBIIMHY.

BnpoBamxeHHsT pe3yJsbTaTiB  JIOCHIIKEHHS 3/1MCHIOBAJIOCS Y IIpolLeci
CHUCTEeMAaTU4YHOi poOOTH 3 TPHUPOJOOXOPOHHMMHU ycTaHOBaMu — (OOmacHe
YOpaBIIHHSA €KOJIOTIT Ta MNpUpPOJHUX pecypciB MukomnaiBcbkoi OBA  (akr
BrpoBapkeHHsT Nel501/011-04/01 Bix 10.10.2024); HarmioHanbHUN TPUPOIHHIA
napk «by3pkuit I'apn» (akT BaopoBamkenHs Ned406 Bin 23.12.2025); PerionanbHuii
odic BoJHUX pecypciB y MukonaiBehbKi 001acTi (akT BopoBakeHHst Ne296/01 Bi
23.12.2025).

Ocobuctuii BHecok 3100yBaua. JlucepramiitHa poboTa € CcaMOCTIHHUM
HAyKOBUM JOCJIDKCHHSIM, BUKOHAHUM aBTOPOM. 37100yBadeM OyJI0 MPOBEICHO
aHa3 HAyKOBOI JIITepaTypd, BU3HAUCHI HANpPSMKH Ta 3aBIAHHS JOCIIKCHb,
BUKOHAHI OCHOBHI €KCIIEPUMEHTH Ta BUMIPIOBAHHS JOCIIKYBAaHUX IapaMeTpiB,
MPOBEJICHO aHaJll3 Ta CUCTeMaTH3allisl pe3yJbTaTiB NOCHIIXEeHHs. BumiproBaHHs
KOHIIGHTpAIlli 3a0pyAHIOIOUMX PEYOBHH MPOBOJIWIINCS CIUJIBHO 13 HAayKOBHM
KEpIBHUKOM B HaBYaJIbHO-HAyKOBIM Jaboparopii XiMii Ta €KOJOT1YHOTO
MOHITOpUHTY HaBuYajapbHO-HAYKOBOTO MEIUYHOTO I1HCTUTYTY YOPHOMOPCHKOTO
HaIllOHATBHOTO yHiBepcuTeTy iMeHi Ilerpa Morumu. OOroBopeHHS pe3yJbTaTiB
JOCJTI)KeHb, BUKJIAJICHUX B AUCEPTAIlli, TPOBOJIUIIM Pa30M 31 CITIBABTOPaMU CTaTEH.
HpykoBaHi myOmikamii 3 BHUCBITJIEHHS OTPUMAHWX JaHUX IiJITOTOBJIEHO SIK
OJTHOOCIOHO, TaK i y CIIIBaBTOPCTBI.

Amnpobanis pe3yabTaTiB aucepramii. PesyiapTatd nuceprariiinoi podotu

Oynu ONMpUITIOAHEHI, OOrOBOPEHI Ta OMyOJIKOBaHI B MaTepiajaxX yKpaiHCbKHX Ta
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MDKHAPOJHUX HAyKOBO-TIpakTUYHUX KoH(pepeHmi: XVII MixHaponHa HaykoBa
koH(epenuis «PaniariiiHa 1 TeXHOT€HHO-eKOJIoT14Ha Oe3mneKa JIOANHH Ta JOBKULIS:
CTaH, IIUISAXH 13aX01 MoKpamieHHs» [«OnbBiiickkuii popym —2023: cTparerii Kpain
[TpruOpHOMOPCHKOTO PETiOHY B T€OMOIITUYHOMY ITpocTopi» | (M. Mukomnais, 15-18
yepBHa 2023 p.) / YopHOMOpChKUI HalllOHAJbHHUM YHiBepcuTeT iMmeHi Ilerpa
Morunu; V MixHapoaHOi HayK.-TIpakT. KOHP. «EBpONEUCHKI BUMIPH CTaJIOTrO
po3Butky», (M. Kui, KHYXT, 1-2 uepBus 2023 p.); V International Scientific-
Practical Conference [«Water Supply and Wastewater Disposal: designing,
construction, operation and monitoring»], (Lviv, 11—-13 October, 2023) / Lviv
Polytechnic National University; IV Mixnap. Hayk.-nipakTiaHOi KOH(. «Exooris.
Pecypcu. Enepris.  bararodyHnkiioHansHi  €K0o- Ta  eHEproedeKTUBHI,
peypco30epirarodi TEXHOJOr1i B apXITEKTypi, OYJIBHUITBI Ta CYMI)KHUX Taly3sx»,
(M. KuiB, KHYBA, 22-24 nuct. 2023 p.); XXVI Bceykp. Hayk.-npakt. KOHQ.
npucBsiueHa BcecBiT. JHIO HAYKH B iM’sI MEPY Ta PO3BUTKY «MOTHIISTHCHKI YUTaHHS
— 2023»: mocBig Ta TEHACHII PO3BUTKY CYCHUIbCTBA B YKpaiHl: II00abHUMA,
HaIllOHAIBHUI Ta perioHabHUM acniekt (M. Mukonais, UHY im. [letpa Morumu,
6-10 mucrom. 2023 p.); International Conference on European Dimensions of
Sustainable Development, (Kyiv, June 1-2, 2023 Kyiv); XVI MukonaiBcbki MiCbKi
€KOJIOTIYHI YuTaHHs «30epexxeMo i Hamaakiey, (M. Mukonais, 23 nucronaga
2023 p.); InurepHer-xkoHbepeHwii «Cranmuil po3BuTok €C — Kpalil TpaKkTUKH s
VYkpaiam», (M. JIpBiB, Hamionansuuii yHiBepcuteT «JIbBIBChbKA MOJITEXHIKA», 22
motoro 2024 poky); IX Mixuapoanuii MojgoaikHUN KOHTpec «CTanuil pO3BUTOK:
3aXMCT  HABKOJMIIHBOTO  cepeloBuilia. EHeproomaaHicte.  30anaHcoBaHE
npupogokopuctyBanus», (M. JIeBiB, HarionansHuii yHiBepcuteT «JIbBiBChKA
nostexHikay, 28—29 oepesns 2024 p.); XVIII MixunapoaHa HaykoBa KOH(pEpEHIIis
«Papiariiina 1 TEXHOT€HHO-EKOI0rYHa Oe3MeKa JIIOAUHY Ta JOBKULIS: CTaH, HIIIXU
1 3axoau mokpameHHs» [«OnbBidicekuil ¢dopym — 2024: crparerii kpain
[IpU4OpHOMOPCHKOTO PETIOHY B TEOMONITHYHOMY MpocTopi»] (M. Mukonais,

YopHoMopchkHii HalllOHAMBHUN YHIBepcUTeT iMeHi [letpa Morumu, 20-23 yepBHs
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2024 p.); IX Moikuaponuuii 3°i3q ekojoriB, (M. Binxumsg, BiHHUTIBKMI
HAI[lOHATTbHUIN TeXHIYHUH yHIBepcuTeT. 25—27 BepecHs 2024 p.); 8-it MixxHapoaHuii
KOHTpEC: «CTtanuii  pO3BUTOK: 3aXUCT HABKOJUIIHHOTO  CEpPeIOBHUIIIA.
EneproomannicTs. 30amancoBane MpUPOJOKOPUCTYBaHHSY, (JIbBiB, HamionansHuit
yHiBepcuTeT «JIbBiBChbKa moiiTexHikay, 16—18 sxoBTHs 2024 p.); XXVII Beeykp.
HayK.-MPaKT. KOH(. npucBsiueHoi BcecBiT. AHIO HayKd B 1M’ MUPY Ta PO3BUTKY
«MorunsHcbki yuTanHs — 2024: nocBil Ta TEHJACHIlT PO3BUTKY CYCHIJIbCTBAa B
VYkpaini: rino0anbHUN, HAIIOHAIBHUM Ta perioHaNbHUN acriekTu. [IpupomHudi
Haykm», (M. Mukonai, YHY im. [lerpa Morumm, 6-10 muctom. 2024 p.); V
MixHapogHa HayKOBO-TIpakTH4Ha KoH(epeHiis : Enepris. Pecypcu. Exomnoris :
OararodyHKIIIOHATIBHI €KO- Ta eHeproedeKTuBHI, peypco30epirarodi TeXHOJIOTIi B
apXxITEeKTypl, Oy1IBHUUTBI Ta cyMxkHUX rany3sx, (Kuis, KHYBA, 27-29 nucronana
2024 p.); 1I Bceykp. Hayk.-mipakT. kKoH(}. «KoMIUIeKCHE BUKOPUCTAHHS PECYpPCiB
ToBKULIS», (Hdporoduu, [lepx. Bull. HaBY. 3akiaj «JloHEUbKUM HAI[lOHATBHUN
TEXHIYHUI yHIBepcuteT», 20 nmucronaga 2024 p.); X MiKHapOIHUNA MOJOIIKHUN
koHrpec  «Cranuif  pO3BUTOK:  3aXMCT  HABKOJHUIIHHOTO  CEPEIOBHIIA.
Eneproouiaanicts. 30aj1aHcOBaHe MPUPOIOKOpUCTYBaHHS Y, (JIbBIB, HamioHansHu
yHiBepcuTeT «JIbBiBChKa mofiTexHika», 27—28 Oepesns 2025 p.); International
Conference «European Green Dimensions: Fundamental, Applied, and Industrial
Aspects», (Mykolaiv, PMBSNU, 5-7 June 2025); IX MixHapoaHui MOpIYHUAN
cumnosiym — 2025 «3mopoB’s AOBKULISL Ta OioOe3reka: Hayka, 1HXEHepis Ta
3actocyBaHHs» (OOyacekuit yHiBepcuteT, bynanemr, Yropumna, 08—09 TpaBHs
2025 p.); Omnbsilicekuit dhopym — 2025: crparerii kpain IIpruuopHOMOPCHKOTO
periony B reonomitudHoMy mpoctopi: XXII Mixnap. Hayk. koH]. : Pamiariiina,
TEeXHOI'CHHO-CKOJIOTIYHA Ta OlojoriyHa Oe3meka : CTaH, HUIIXW 1 3aX04u
nokpamieHss, (M. Mukonais, YHY imeni [lerpa Morumm, 20 uepsus 2025 p.).
Iy6aixanii. OCHOBHI MOJOXEHHS 1 pe3yJIbTaTH JOCIIKEHHS BUKJIAIeH1 y 35

HAyKOBHUX 1 METOJUYHUX MpallsiX, 3 SKUX 6 cTaTedl y BUIaHHSIX, 1110 1HAEKCYIOThCS Y
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6azax manux SCOPUS/WOS, 4 crareii y HaykoBUX ()aXxOBHUX BUAAHHSX YKpaiHu
kareropii «by.

CTpykrypa Ta 00csAr nmucepramii. /lucepramiitna poOoTa CKJIalaeTbes 3
aHOTAaIlli, BCTYIMY, IMOCTH PO3ALTIB, 3aralbHUX BHUCHOBKIB, CITUCKY BUKOPHUCTAHUX
JOKEpel Ta YOTUPhOX JOAAaTKIB. 3aralbHuil oOcar muceptailii ctraHoBuTh 290
MAaIlIMHOIMUCHUX CTOPIHOK (pa3oM 3 nojaTkamu 311 MalmIMHOMUCHHUX CTOPIHOK), 13
SKUX OCHOBHHH 3MICT pPOOOTHM BHKJIaneHO Ha 245 cTopiHKax. Y TeKcTi
nucepTaiiitHoi po6otu Hamiuyethcss 106 pucynkiB 1 9 Tabmunpb. Crucok
BUKOPHUCTAHUX JDKepen MICTUTh 156 HaliMeHyBaHHS, 3 SKMX 63 aHTIIHCHKOIO

MOBOIO.



PO3/1L1 1

TEOPETUYHUI AHAJII3 IUTAHD 3MIH KJIIMATY TA
EKOJIOI'TYHOI BE3NEKU BOJHUX PECYPCIB

1.1. JocaixxeHHs1 eKOJIOTiYHOI O0e3neKku i HeOe3nmeKu BOJAHUX 00’ €KTIB y
npausxX yKpaiHCbKHUX Ta 3apYO0iKHUX YUYCHHUX.

OpHe 13 3aBIaHb HAyKOBOTO JOCHI/HKCHHS IIOAO OI[IHIOBAHHS BIUIMBY
KJIIMATUYHUX 3MIH Ha CTaH NOBEPXHEBHUX BOJHUX PECYPCIB € aHANI3 JIITEPATyPHUX
JOKEpen 100 TPAaKTyBaHHS TMOHSTh €KOJIOTIYHOT Oe3neku Ta HeOe3NneKu
T1IPOEKOCUCTEM, BUBUEHHS iX PiBHSI.

AHaJi3yl0un Ta y3arajibHIOIOUW mparli 0araTb0X BiJIOMHUX BITYH3HSHUX Ta
3apyOixkHux yuenux (Amamenko 5. O. [76], I'purop’esa JI. 1. [14; 15], KBaTepHiok
C. M. [130; 133], Macikesuu IO. I'. [43], Hekoc B. 1O. [52]. [Terpyk B. I'. [55],
[Torpebennuk B. [I. [57-59], CadpanoB T. A. [52; 76], Cuixkko C. 1. [80; 81].
Cogripa C. B. [82], Crenanenko C.M. [37], XinbueBchkuii B. K. [88—92], Uyraii A.
B. [85; 86], llImanniii B. M. [87; 136], Buono R. [98], Empinotti V. L., Budds J.
[107], Kapelewska A [117], Keeler B. L., Hamel P. [118], Staddon C. [139; 140],
Susnik J. [143]) Toio 3 muTaHb €KOJIOTIYHOI OC3MEKH Ta HEOE3MEKH, OLIHIOBAHHS
CTaHy T1IPOEKOCUCTEM BBAKAEMO BUJIIJIUTH TaKe TIIYMAUYC€HHSI O3HAUYCHUX MOHSITh.

Exonoriyna 6e3neka — 1€ CTaH, KOJIM MPUPOJIHE CEPEOBUIIE 3a0e3neuye
HEOOXI1JTHI YMOBH [JIsl *KHUTTS, 3I0pOB'st Ta JOOPOOYTY JIOJICBKOTO CyCHUIbCTBA, a
TaKOXK 3a0e3reuye BUCOKHM piBEHb 30€peXeHHs Ol10pi3HOMAHITTS Ta CTalOCTI
exocucteM. Exororiuna 6e3mneka o3Havyae ctanuii (30aiaHcOBaHUIA ) pO3BUTOK, KOJIU
aHTPOTIOTEHHA JIISUTBHICTh HE 3aBJa€ KON MPUPOTHOMY CEPEOBUIILY, & BpaXOBY€E
1 30epirae WOro pecypcu I MallOyTHIX MOKOIiHb. O3HAUYECHE MOHSTTS OXOILTIOE
TaKi aCTeKTH:

e 30epeKeHHs NPUPOTHUX PECYPCIB Ta O10pI3HOMAHITTS;

e 3am00IraHHs AHTPOIIOI'CHHOMY 38.6py,Z[HCHH}O Ta 3HUIICHHIO €CKOCUCTEM,
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e pallioHajibHE (30aJIaHCOBaHE) BUKOPUCTAHHS MPUPOJTHUX PECYPCiB;

® BIJIMIOBIJIAJIbHE CTaBJICHHA TPOMAASIH OO0 30EpEeKEHHS NPUPOIHUX
pecypciB Ta 610p13HOMAHITTS (BUCOKHIA PIBEHb €KOJIOTTYHOI CB1IOMOCT1).

Pa3oM 3 MOHATTAM «eKoJioriyHa Oe3IeKa» y HayKOBIH JITepaTypi IMIHMPOKO
BUKOPHCTOBYETBCA TEPMIH «EKOJIOTIYHA HeOe3neka», SAKUM TpakKTyeThes, SIK
CUTYallisi, a00 CTaH, KOJIM ICHY€E MOTEHIIHA 3arpo3a JJIsl IPUPOTHOTO CepeIoBUIIIA,
10 MOX€ MPU3BECTH 1O IIKIJIMBUX HACHIJKIB JUIsSl JIFOJACBKOTO CYCIUIBCTBA, a
TaKoX JJis Olopi3HOMAaHITTS. Takuil cTaH MOXE€ OXOIUIIOBATU TaKl YMHHUKH, SIK
3a0pyIHEHHS MOBITPS, BOJIU 200 IPYHTY, BTpaTa O010pi3HOMaHITTS, 3MiHA KIJIIMATY,
pamianiiiHa HeOe3neKa, pyiWHyBaHHS €KOCHCTEM Ta 1HINI HETaTUBHI BIUIMBU Ha
noBkULISA. Exonoriyna HeOe3meka MOKe€ MaTH Cepilo3HI HACHIAKH AJIA 30pOB'A
HACEJICHHS, EKOHOMIKM Ta 3arajbHOTO CTaHy HAaBKOJHUIIHBOTO MPUPOTHOTO
cepefoBuIla 1 Oe€3MOocepe/lHbO TMOB’Si3aHA 13 HUBBKUM PIBHEM €KOJIOTIYHOT
CBIJOMOCTI TpPOMAJsH, a TaKOXX HECHPOMOXKHICTIO JIepKaBU 3I1HCHIOBATH
BIJIMOBITHUM KOHTPOJIb 38 CTAHOM €KOCHCTEM PI3HOTO PIBHS Ta BXXUBATU BIAMOBIIHI
JII€B1 3aXOAM I10JI0 MOJIMNIIEHHS CTaHy JOBKUUIS. BaKJIMBO BXXUBATH 3aXOAU IS

CyTT€BOro HayKOBOTO 3HAYEHHS Y JAOCTII)KEHHI €KOJIOTIYHUX MpodIieMm,
MOB’SI3aHUX 3 KIIMATHYHUMM 3MIHAMH, 3POCTAIOYOr0 CHOKHBAHHS MPUPOIHUX
pecypciB, MEHEKMEHTY BOJHHUX PECYpCiB, AHTPOIOT€HHOTO BIUIMBY Ha CTaH
BOAHUX 00’€KkTiB HaOynM HayKoBiI Impami 0araTb0X 3aKOPJOHHHUX YYEHHUX.
[TpoananizyeMo nesKi 3 HUX.

Tak, y npaisix Staddon C. mo1aHo co11i0-eKOHOMIYH1 TUTAaHHS MEHEKMEHTY
BOJHUX PECYpPCiB, CTPYKTYPU BOJOCIOXKMBAHHS y Pi3HUX KpaiHax cBiTy [139]. ¥V
rpyHToBHIi mpaii [140] mogaHo MOCHIIKEHHS, SIKE MOSCHIOE KIIFOUOBI MOHATTS 3
MPaKTUYHUMHU TIPHKJIAJaMH Ta JCTAIbHUM 1 BHYCPITHUM BHCBITICHHSIM ITUTaHb
yIpaBIiHHSA BOJHUMH peCypcamMH 3 €BpOIENChKOi TOYKU 30py. [lomano KopoTky
ICTOPIIO YIIPaBJIiHHS BOJHUMU PECypCaMu, pO3TsSAat0TbCS OCHOBHI TPUHITUIIH, 1110

BUKOPHUCTOBYIOTHCS JIJIsl yIIPABJIiHHS BOJHUMH PECYPCaMH B ii AKICHUX 1 KUTbKICHUX
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acniektax. [lig Jac pO3KpUTTS NUTaHb YMPAaBIIHHS BOJHWMH pECypCcaMH yBara
JOCITITHAKA 30CEPEKYEThCS Ha poJii Tpebenb, MpuBaTtU3allii, JAepKaBHOI
TiIPOTIONIITUKY, MTUTAHHAX 3MIH KiiMaTry. HamaeThcs 3aranbHUI OTJIsST OCHOBHUX
npobyieM yMpaBIiHHSA BOJHHMHU pPECypcaMH B PI3HHUX reorpaiuHux perioHax
€Bpornu.

VY npargix 6purancbkux yuenux Tang, K. Tan, L., Yang, P. tomo [144; 145]
JUIS OI[IHIOBAHHSI €KOJIOTIYHOTO CTaHy BOJHUX EKOCHCTEM BEIUKY HAJAa€ThCs
BUBUYCHHIO €KOJIOTii Ta OioreoxiMii riaHkTOHY. CTBEpKYEThCA, IO TUIAHKTOH,
SAKUWA BKJIIOYA€ BIpycH, OakTepli, (ITOIIAHKTOH, 300IUIAHKTOH HAWUMPOCTIININX 1
OaraToIungHUX, HE TUIBKH € OCHOBHOIO YAaCTHHOIO BOJHOI 0lOMAacu Ta OCHOBOIO
BOJHOI XapyoBOi MEpEXi, ajie € TaKOoX JIMITYIOUUM YWHHHUKOM OUIBIIOCTI
010reoX1MIYHHUX MPOLECIB Y T1IAPOEKOCUCTEMAX.

Y nocmimkennsx Empinotti V.L, Budds J. mogano 3B’S30K MK BOJIHOIO
0€3MeKor0 Ta yMpaBIiHHAM BOJHUMH pecypcaMu Ha MPUKIaai BOAHOI Kpu3u B CaH-
[Tayny. JIeMOHCTpYeThCS, SIK IPOLIECH Ta CTPYKTYPH, SIKI 3arajoM XapakTepHi JUIs
«HAJICKHOTO BPSIIYBAHHS, OJJHOYACHO MOCUJIMIIM HACTIAKU TIOCYXH Ta OOMEKHUIH
peakiiito Ha Hei. HaBoasTbcs nBa CHOpiAHEHI apryMeHTH: 3 OJHOTO OOKY,
B3a€EMOBUT1/IHI KOMEPIIIHHI BIJIHOCHHU MK YpPSJAOM IITaTy Ta KOMEPUIMHUMHU
KOMITaHIsIMH; 3 1HIIOTO OOKy, JOCBIJ TOCYXH JIETITUMI3yBaB MEpexia [0
IEHTPaII30BaHOTO MiAX0Y, SIKUH BeneThest 3BepXy BHU3 [107].

3aciyroByloTh Ha yBary JOCHIPKEHHS HIMEIBKUX yueHux Meyer, A.M.,
Klein, C., Fiinfrocken, E., Kautenburger, R., Beck, H.P., siki BuBuaroTh Kopensiiiiti
3B’SI3KM  MDK ~ XIMIYHUMH ~ KOMIIOHEHTaMH, a TaKOX  3aKOHOMIPHOCTI
PO3MOBCIO/KEHHS 3a0pyAHIOBAaYiB y BOJHOMY CEpPEIOBUIIl, BUBYAIOThH MPpoOIeMu
3a0pynHeHHs Manux pivok [123]. Takwuii miaxin, Ha HAITY TYMKY, € IIHHUM 1 MOXE
OyTH BUKOPUCTaHUH y MOJAIBLUIOMY ¥ y HalIOMY JOCIHIJKEHHI IiJ] 4aC BUBYCHHS
KOPEJSIIIHUX 3B’SI3KIB MK €KOJIOTIYHUMH YMHHUKAMH, 110 BU3HAYAIOThH NESKI

XapaKTCPUCTUKHU KJIiMaTy Ta nmapaMeTpamMmn SIKOCTI BOJHHUX €CKOCHCTCM.
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AHaOTIYHUN TPUHIMI 10 BU3HAYCHHS PIBHS €KOJIOTIYHOI O€3MEKH BOTHUX
pecypciB 3HaxoauMo y mmyodikamisx Othman F., Eldin A. [129], ne mogaHo OMiHKY
3arajbHOTO CTaHy SIKOCTI PIYKOBOI BOJU uepe3 iHaekc gxocTi Boau (WQI), sikwuii
CKIIQJAEThCS 3 IIECTH TapaMeTpiB, a caMe€ PO3YMHEHOTO KHCHIO, 010XiIMIYHOTO
cnoxkuBaHHsi kucHiO (BCK), ximiunoro cnoxkuBanHsi kucHio (XCK), 3BaxeHux
PEYOBHMH, aMOHIaYHOTO HiTporeHy ta pH torro.

[Tonwcbki gocminauku Obolewski, K., Glinska-Lewczuk, K., Szymanska, M.,
Astel, A., Lew, S., Paturej, E. BuBuaroun nmutaHHs 3eJeHOI XiMil BOIHUX 00’€KTIB,
3MIACHIOIOTHh TONIYK 3aKOHOMIPHOCTEM MK BMICTOM XIMIYHMX KOMIIOHEHTIB
BOJIHOT'O CEPEIOBHINA Ta HOTO 010JI0TIYHOIO CKIIaa0BoI0 [126].

Schickele, A., Leroy, B., Beaugrand, G., Francour, P., Raybaud, V. tomo
JOCITIKYIOTh TTUTaHHS BIUTUBY TEMIEpAaTypH Ha MOPQOJIOTIYHHNA CKIIaJl BOJTHHUX
00’ekTiB [135].

VY BITUMBHSIHIA TPaKTHUIIl OCOOJMBOTO 3HAYCHHS HAOyIM Mpail OAHIET 3
dynmaropok cywacHoi rigpoekosiorii  Jenucooi O.l., sAxa pocnimpkyBana
3aKOHOMIPHOCTI (POpMYyBaHHSI TIIPOXIMIYHOTO PEXUMY BOJOWM, KOJIOOOIriB Ta
OalaHCy PEYOBHH Yy BOJOWMAxX CIIOBUILHEHOTO CTOKY 32 YMOB aHTPOIIOTE€HHOTO
BIUTMBY. JlOCHiTHUICIO 3IHCHEHO MPOTHO3YBAaHHSA XIMIYHOTO CKJIaay BOJU
JHIIPOBCHKHMX BOJOCXOBHII Ta KaHAIB miBAHSA YKpainu [19].

3acinyroBye Ha yBary (pyHmamenTanbH1 npaii XuibueBcbkoro B.K., CHixka
C.I., ne rpyHTOBHO noj1aHO 6arato(akTOPHICTH BILUTUBY Ha SIKICTh TOBEPXHEBUX BOJI
[80; 88].

Yyenumu-pyHaatropamu po3riislaloTbCsl TEOPETUYHI ACTEKTH TiApoXiMii, a
came:

® aHaJi3 CKJaay BOAM, i1 (PpI3MKO-XIMIYHUX BJIACTHUBOCTEH Ta B3a€EMOIIN 3
HABKOJIMIITHIM CEpPEIOBUILIEM;

® METOJM BHU3HAYEHHS T1APOXIMIYHMX TOKa3HUKIB, BKIIOYAIOYU XIMIYHHUI

aHaJji3 BOJIM, BUMIPIOBAHHSI PI3HUX MapaMeTpiB SIKOCTI BOJIM Ta iX IHTEPIIPETAliio;
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® aHaN3 pEriOHAJbHUX TIAPOXIMIYHHUX CHCTEM uepe3  OIlIHIOBaHHS
CTPYKTYpH 1 JUHAMIKA XIMIYHOTO CKJIaqy BOJHHUX PpECypCiB, BpPaxOBYIOUH
reorpadivHi, riIporeoOTI4HI Ta aHTPOIOTCHHI YUHHUKY;

® PUPOJIHI Ta AHTPONOTEHHI YMHHHUKH, IO BIUIMBAIOTH HA T1IPOXIMIUHI
CHCTEMH, BKJIIOYAIOUM KJIIMATUYHI 3MiHHU, BUKOPUCTAHHS TPYHTOBUX 1 MiJ3€MHHUX
BOJI, 3a0pyAHEHHS BOJAOWUM TOIIIO.

VY pob6otax I'pebins B.B., XinpueBchbkoro B.K BuBUaeThcs perioHaabHUN
JaHAMAQTHO-TIAPOJIOTIYHUI aHaji3 Cy4acHOr0 BOJHOIO PEXHMY PIHYOK YKpaiHU
[18]. Tak, aBTOpamu, BIiAMOBIZHO 10 BUMOTI BogHOI paMKOBOI AMPEKTHBH,
pO3p00JIEHO METOJIUKY T1IporpadiyHOro pailHyBaHHS PiYOK YKpaiHH, OI[IHIOBAHHS
CTaHy BOJHUX €KOCHUCTEM TOIIIO.

Bacenko O.I'., Pubamosa O.B., Kopookxosa I'.B. [7; 8] po3pobisiors
METOJMKH KOMIIJICKCHOTO OIIIHIOBAHHS CTaHy BOJHHX OO’€KTIB 3 ypaxXyBaHHIM
YUHHUKIB JErpajlalliiHuX TMPOIIECIB, 3AIMCHIOIOTh HAYKOBHM TOIIYK y HAMPAMY
YAOCKOHAJIEHHSI  METOJ0JIOTIi  BCTAHOBJICHHS  €KOJIOTIYHHUX  HOPM  SIKOCTI
MOBEPXHEBUX BOJ 3 YpaxXyBaHHSM JaHAmapTHO-reorpadiuHux ocoOJIUBOCTEN
(GyHKIIOHYBaHHS BOJHUX €KOCHCTEM, PAHKYBaHHS ITyHKTIB CIIOCTEPEIKEHbD.

[Tpaus Yyraii A. B. Ta Cadpanosa T. A. [85] mae ¢pyHImaMeHTaIbHE 3HAUCHHS
JUISL pO3POOKH METOJIOJIOTIYHOTO amapaTy aucepTaliii. AHII3 METOMIB OIiHIOBAHHS
TEXHOTEHHOTO BIUIMBY J03BOJISIE OOTPYHTYBATH BUOIp cHEHU(pIYHUX 1HIUKATOPIB
JUISL aHai3y CcTaHy BOJHHMX pecypciB. Lle 3abesneuye TOYHICTH i1AeHTH(IKAIT
dbakTopiB pHU3WKY, 10 BUHUKAIOTh MPU HAKIaJaHHI KIIMAaTHYHUX 3MIH Ha
IHTEHCUBHE aHTPOIIOTCHHE HAaBAaHTAYKEHHSI.

3acnyroBye Ha yBary paociipkeHHs Ilonomapenka P.B., ne 3 wmertoro
MPOTHO3YBAaHHSA 3MIHM  €KOJIOTIYHOTO CTaHy TEXHOTEHHO HABAHTAKEHUX
MOBEPXHEBUX BOJAHUX 00’ €KTIB 3alPONOHOBAHO KPUTEPiH OILIHKU SKICHOTO CKJIaay
BOJI, SIKMI BPaxOBY€ TPAHCKOPJOHHHM BIUTUB 3a0pYyIHIOIOYMX PEUYOBUH, a TAKOXK
I'€0EKOJIOTIYHI Tporiecu. J[OCaiTHUKOM pO3p00JICHO METOAUKY MOPIBHSJIBHOI Ta

MPOTHO3HOT OIIHKM $IKOCTI BOJ, 3 YpaxyBaHHSM BIUIMBY Ha HHMX TOJIOTAHTIB
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TPAHCKOPAOHHOTO MOXO/XKEHHS, a TAKOK OPUTIHANIBHY 1HTETpabHy OalbHY OLIHKY
ICHYIOYOT0 €KOJIOTIYHOTO CTaHy IMTOBEPXHEBOTO BOAHOTO 00’ €kTa. Taka iHTeTpanpHa
OIliHKa BpaxOBY€E BIIHOIICHHS MOJIYJIS TpaHcpopMarlii MOJIOTaHTIB, 3 YpaxyBaHHIM
BIUTUBY Ha HUX TPAHCKOPJOHHUX BOJHUX 00’€KTIB. 3a BU3HAYCHHSIM aBTOpA, TaKa
yCepellHEeHa OlLlIHKa J03BOJISIE TIPOBECTU PAHXKYBaHHS BCIX BUIAUICHUX JUISHOK 32
pIBHEM TEXHOTE€HHOTO BIUIMBY 3 iX BOJ030IpHOI IUIONII B MeXaX PO3TISHYTOrO
Oaceliny. ABTOpOM BCTaHOBJIEHO, 1[0 MPOrHO3YBAHHS 3MIHM SIKICHOTO CKJIady BOJI
npyroi karteropii (Boja sIK MPUPOJHUN pecypc, 1O (HOPMYEThCA IMiJi BIUIUBOM
TEXHOT€HHOT'O HAaBAHTAKEHHS) Ma€ MPOBOAUTHCS Ha PErIOHAIBHOMY PIBHI B MEXax
0aceiHOBOTO YIPaBIIiHHS, 3 YPaXyBaHHSM BIUIUBY HAa HUX TPAHCKOPJAOHHUX BOJTHUX
06’ektiB [60].

V¥ HaykoBiil po0oTti ['omonoBebkoi JI.A. po3risHyTo O0acelHOBUN MPHUHIIMIT
YIOpaBIIHHS €KOJIOT1uHOI0 Oe3nekoro 3axinHoro byry (Ha mpuxiani JIbBiBChbKOT
obuacti) [17]. Jocainaunero moOymoBaHo npodisai KOHIEHTpaIlii 3a0pyTHIOI0YHX
pedyoBuH 3axigHOro byry. ABTOPKOIO BCTAHOBJIEHO TEHCHIIIIO I10JI0 3MEHIIICHHS
BUKOPUCTAHHSA BOJM Y 3B’SI3KY 13 3MEHIIEHHSM KIUIBKOCTI TBapUH Y NPUBATHUX
rocrnofapcTBax Ta 3arajbHUM 3MEHIICHHSM KUIBKOCTI arpapHUX MIAINPUEMCTB.
Takoxx JOCHITHHUIICIO MPOBEJCHO OIIIHIOBAaHHS €KOJIOT1YHOI HeOe3MeKu Bif
3a0pynHeHb Oaceiiny 3axigHoro byry Ta imeHTudikaiis Kepea eKOJOT14HOi
HeOe3neku. IlokazaHo, MmO 3HaYHOIO MIpPOK 3a0pyAHEeHHs 3axigHoro byry
BiIOYBAEThCS  YHACHIZIOK CKHJIAHHA HEOUYHMIEHUX TOCIOAAPCHhKO-TIOOYyTOBHUX
cTtiunux Boxa. [IIpoGnema 3abpyaHenHHs 3axigHoro byry HeouuieHUMH
roCro/IapCbKO-MOOYTOBUMHM CTIYHUMU BOJIaMH € CEPHO3HOI0 MPOOIEMOI0, siKa
BIJIMBAE HA EKOJIOTIYHUI CTaH PIYKU Ta 3arajJibHUM €KOJIOT1YHUN OanaHC perioHy.
HeounteHi CTi4HI BOJAM MICTATH Pi3HI BUAM 3a0pyAHIOIOYMX PEUYOBHUH, a came,
OpraHivyHi 3a0pyJHIOBadi, XIMIYHI PEYOBUHU Ta OakTepii, SKi MOXKYTh CEPHO3HO
3arp0o’KyBaT SIKOCTI BOJIU Ta CTaHy €KOCHUCTEM.

BBaxkaemMo 3a3HauMTH IIHHICTH pPOOOTH, SIKA Ma€ CYTO MPaKTUYHO-

NPUKIATHAN XapakTep 3 OISy PO3B’SI3aHHS TWTAHHA MO0 ITiABUIICHHS
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eKOJIOT1YHOI O€3MeKH BOIHUX PECYPCiB Uuepe3 PO3B’si3aHHS MPOOIEeMH MTOBEPHEHHS
CYIMYTHBO-IUTACTOBHUX BOA — Iie gocmimkenHs Himenp H.M. [53]. ABtopkoto, Ha
OCHOB1 TPOTHO3HUX MAaTEMAaTUYHUX PO3PAXYHKIB, JOBEICHO, L0 MOBEPHEHHS
CYIIyTHbO-TUTACTOBUX BOJI Y CEPEAOBUIIE MOXXE MaTH CEpHO3HI HACTIAKU IS
BOJHUX PECYpCIB, BKIIOUYAIOUX 3a0pyIHEHHS IPYHTIB, 3HIXKEHHSI SIKOCT1 IPYHTOBUX
Ta MA3€MHUX BOJI, 2 TAKOX MAaTH 3HAYHUMN BIUIMB Ha 3I0POB'S JIIOJIEH Ta €EKOCUCTEM.
3abe3neyeHHs] €KOJIOTIYHOI  OEe3MeKM BOJHOIO  CEpPelOBHILNA  Yepes3
BUKOPDUCTaHHA  MIKPOBOJOPOCTEH  NPHUCBSIUYEHO  JUCEpTaliiHy  poOoTy
CunensaukoBa  O.JI. [78]. ABTOp  MEpPEKOHIMBO  JOBOAWTH  POJIb
HEKOHTPOJIbOBAHOTO PO3BUTKY L1aHOOAKTEPI y 30UIBILIEHHI CTYTEHS €KOJIOT1YHO1
HeOe3nekn B akBaTopisfix JIHINPOBCBKUX BojocxoBull Yy KpemeHuynbkomy
TepUTOpPiaTbHO-BUPOOHNYOMY KoMIuiekcl. [lokazano, mo J[HIMpoBCHKUM Kackan
['EC, sk cucTeMa riJipoesieKTpOoCTaHIlii Ha piulil J{HIimpo Ta i mpuToKax, sika Marouu
nekuibka Benukux Ta cepeaHix ['EC, po3TamoBaHuX B3I0BXK PIYKH, PaJIUKAIbHO
3MIHWIM O10Ty piuku. Pe3ynbTaTtoM CTBOpPEHHSI HOBHUX B3a€EMOB3B’S3KIB y HOBIU
010T1 Ta CTBOPEHHSI HOBO1 O10THYHOI i€papXii cTaB OypXJIMBUNA HEKOHTPOJIHOBAHHM
PO3BUTOK CHHBO-3EJICHUX BOJIOPOCTEM, K1 3aIIOBHUIIM BOJOCXOBHINA JIHimpa.

VY KOHTEKCTI JOCHIIKEHHS OCOOJMBY HAyKOBY Ta MpPaKTUYHY I[IHHICTb
craHoByATE poOoTu Ksarepuioka C.M. Tta komer [130; 133], npucssucHi
BIJIHOBJICHHIO Ta 3axMUCTy ekocucteMu piuku IliBnennuit byr. Li mpami ciyryoth
JIOKa30BOI0 0a3010 JJIsi PO3pOOKHM cTpaTerid amanTaiii A0 KIIMaTHYHUX 3MIiH.
Oco0nuBOi  akTyallbHOCTI HaOyBae po3poOKa aBTOPIB WIOJO0 BHUKOPUCTAHHS
MITYYHUX BOJHO-00JIOTHUX YTiab (constructed wetlands) niis ounieHHsT pIYKOBUX
Box Bia a3zoTHuX crnonyk [133]. Ockinbkv KIIMaTHYHI 3MiHH IPOBOKYIOTH
HEPIBHOMIPHICTh OMNaJiB Ta TMOCWJIEHHS IU(PY3HOTO CTOKY 3 arpojaHaimadTis,
3aIpPONOHOBAHI MPUPOJAOOPIEHTOBAHI PIIMICHHS MOXKHA PO3TISIIATH K HAMOUTBII
NEPCIEKTUBHUM 1HCTPYMEHT MIATPUMKM eKosoriuHoi Oe3meku. I[uTerparris
pe3yJbTaTIB MX JOCTIIKEHb J03BOJISIE HE JIMINE MpOaHali3yBaTHU JerpajalliifHi

OpOLECH pIYKW, a W 3amporoHyBaTH KOHKPETHI peKoMeHpaamiiHi 3axonu. lle
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3a0e3mnedye mepexil Bii TEOPETUYHOTO MOJICITIOBAHHS KIIMAaTUYHUX BIUIMBIB [0
OOIPYHTYBaHHS JI€BUX MEXaHI3MIB BIJHOBJIECHHS SIKOCTI BOJHHUX PECypCiB Y
Bpa3JIMBUX PErioHax.

[Ipo6iemam 3HMKEHHS PIBHS €KOJIOTIYHOI HEOE3MEKH T1IPOCKOCHUCTEM Uepe3
YIPOBAHKEHHS KOMIUIEKCHUX (PI3UKO-XIMIYHUX METOJIB OUYMIICHHS CTIYHUX BOJ
NPUCBSIYCHO HU3bKY POOIT YKpaTHCHKHX JIOCIIIHUKIB, a came: banmanmroxa FO.A. [3],
Bocaxka I1.B. [6], Bpoucekoi H.1O. [11], I'paitnoBebkoi 1.B. [13], Kaamukogroi FO.C.
[35], Munsauk O.B. [47], Cepeau A.C. [77] Toio.

Jlo Toro, MoxHa BigMITUTH poboTy Pagionoa M.II. 3 mpoGnem HiTpudikarii
BOJHUX 00’ €KTIB, /i€ MUTAHHS €KOJIOTTYHOI 0€3MEKH PO3TIISAAETHCS 3 OISy BIUTUBY
HITpUGIKYIOUO0i MIKPO(]IOpH MPHU CHOTYUEHI CIOPY/l BOAOIIITOTOBKH 1 MPUPOTHUX
BOJIHHUX 00’ €KTiB, SIK JDKEPEI BOJoNocTadaHHs [66].

3aciyroBye Ha yBary IOCHIIKEHHS 3a0pyJaHEHHS IOHHUX BiAKIAIIB, SKi
MO>KYTh MaTH PI3HOMaHITHUM BIUIMB HAa CTaH BOJHMX pecypciB. MoKHa BUIIUTH
OCHOBHI aCMEeKTH IHOTO BILIUBY:

3a0pyaHeHHS BOIW Yepe3 JOHHI BIAKIAAH, SKI MOXYTh MICTUTH pI3HI
3a0pyAHIOIOYl PEYOBHMHM, TaKi SK TOKCHYHI XIMIKaTH, BaXXKi METalld, OpraHiyHi
PEUYOBHHH TOIIO, SIKI MOXYTh MOTPAIUISTH Y BOJy Ta 3a0pynHtoBaTH ii. lle moxe
HEraTHBHO BIUIMBATH Ha SIKICTh BOJHU Ta 37I0POB'S €KOCHUCTEM.

3MiHa TiAPOJAMHAMIKM, KOJM TOBCTI IIApW JOHHMX BIJKJIAIIB MOXKYTh
3MIHIOBATH T1IpOJMHAMIKY BOAHOTO Tifa. Lle Moxke mpu3BOAUTH 10 3MIH y TeUisX,
o3IO Ta 30epiraHHi BOJM, 10 MOXKE BIJIMBATH HA PI3HOMAHITTSI €KOCUCTEM Ta
BOJITHUH PEKUM.

3HIKEHHS PIBHSI KUCHIO Yepe3 PO3KJIaj OpPTraHiYHUX MarTeplaiiB y JOHHHUX
BiJIKJIa[IaX MOYKE MPU3BOJUTH O BUTPATH KHCHIO BIHOCHOI 70 BOAHOTO Tina. Lle
MO’K€ MPU3BECTH /10 HEJOCTATHROTO KUCHIO B BOJI, IO 3arPOXKY€E JKUTTIO BOJAHUX
OpraHi3MiB Ta BeJie 0 yTBOPEHHS "MEpTBHUX 30H".

HakonunueHHs TOKCHYHUX PEYOBHUH Yepe3 IOHHI BIIKIIAIH, K1 MOKYTh CTaTH

MICIIEM HAaKOIUYEHHS CIOJIYK, TAKUX SIK TIECTHUITUAM, BaKKI METaJIM, paal0aKTHBHI
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PEUYOBUHHU TOIIIO, 1110 BIUTMBATUMYTh Ha SIKICTh BOJM Ta O€3MEKY AJIs 3A0POB's JTI0IeH
Ta €KOCHCTEM.

Jlns  3a0esnedeHHsT CTaOUIBHOTO CTaHy BOJHUX PECypCiB  BaKJIHMBO
BpaxoByBaTH BIUIMB JOHHHUX BIJKJIAJIB Ta MPUIUIATH yBary iX YyNpaBiIiHHIO Ta
MOHITOpUHTY. lle MoXe BKJIIOYaTH MpOrpaMu OYMINECHHS JOHHHUX BIIKJIAIIB,
peryJISIpHUI MOHITOPUHT SIKOCT1 BOJIU Ta T1APOJWHAMIKH, @ TAKOXK BXKUTTS 3aXOJ1B
JUIsl 3amoOiraHHsl 3a0py/HEHHIO Ta 30€pEKEeHHS E€KOJOTIYHOI CTIMKOCTI BOJHUX
€KOCHCTEM.

JUIst OCHiIPKEHHS BIUIMBY KJIIMAaTWUYHUX 3MIH Ha CTaH BOJHHMX PECYpPCIB
ocobnmBoi 3HaunMocTi HaOyBatoTh TapaiimoBudy 1. B., Cosripu C. B. Ta H. IO.
Jymreukinoi [74; 82], sxi mpucBsiueHi BIUIMBY BOEHHHUX il HA BOJHI €KOCHCTEMH.
ABTOpH pO3KpUBAIOTh MEXAHI3MHU TpaHCPOpMaLli IKOCTI TAPOEKOCUCTEMU 32 YMOB
HaJ3BUYAWHUX cuTyalii. J[ms muceprarii el acmekT € KpUTHYHUM, OCKUIBKH
KJIIIMaTU4HI 3MiHU (30KpeMa, MajoBOJAJSI Ta TIAPOJOTIUHI TOCYXH) CYTTEBO
OOMEKYIOTh 3IaTHICTh PIYOK 10 CAMOOYMIIEHHS Bl cielupIyHuX 3a0pyJHIOBAaYIB
BOEHHOTO reHe3y. lle 103Boiise pO3MIMPUTH HAYKOBY apryMEHTAIllI0 II0JI0
KyMYJSITUBHOTO €(EeKTy, KOJM KIIMaTHYHUN CTpPEC MOCHITIOETHCS TEXHOTCHHUM
THUCKOM, CTBOPIOIOYM KPUTHUYHI 3arpO3H JIJIsi €KOJOTIYHOT O€3MEKH.

JlocmpkeHHsT TJIO0AIbHUX HACTIAKIB HAKOMUYCHHS BAXKKHWX METAJB Y
NPICHOBOJHUX cUcTeMax [82] Hamae MeTomosioriuHy 0asy i aHaji3y mirparii
TOKCUYHHX €JEMCHTIB. Y KOHTEKCTI JucepTaiii Il JaHl € BaroMHMH IS
OOIpYHTYBaHHSI TOTO, IO 3MiHA TEMIEPATYpPHOTO PEXHUMY Ta XIMIYHOTO CKIamy
BOJIY (Uepe3 BUTIAPOBYBAHHSI Ta KOHIICHTPAI[IIO COJIEH ) MPU3BOIUTH A0 TT1IBUIIICHHS
PYXJIUBOCTI BaXKKUX METaNIB.

Baromuii BHECOK y po3poOKy 0OpaHOi TeMaTHUKH 3pO0JIEHO y JOCTIIKEHHI
o010 (opMyBaHHS TOJS 3a0pyJHEHHS JOHHHMX BIJKJIAJIB BOXXKKHMU METajJaMU
Honina B.B. [23], CmupHoBa B.M. [79] Tomo. JlociimHWKM BHBYAIOTH Pi3HI

acnekTd (popmyBaHHS 10JIs 3a0pyAHEHHS], a CaMe:
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e JpKepena 3a0py/IHEHHS Yepe3 BU3HAUCHHS JKEpENT BUKHIIB BaXKKHUX
METaJiB Yy BOJOWMH Ta BUBYAIOTh MEXaHI3MU 1X MOTPATUISTHHS IO TOHHUX BIKIIAIIB.

® TIPOCTOPOBE PO3MOBCIOHKCHHS YEPE3 aHaIIi3 PO3MOALTY BAKKUX METATIB
y IIOHHUX BIJKJIaJaX, BU3HAYAI0YM 30HH HAMOUIBIIOro 3a0pyJHEHHS Ta YMHHHKH,
110 BIUIMBAIOTH HA IIEH PO3MOIi.

® BU3HAYCHHS HACTIAKIB 3a0pyJAHEHHS JOHHUX BIJIKIAIIB BaXXKUMHU
MeTajaMu I BOJHUX OpPraHi3MiB, O10JIOT1YHOI PI3HOMAHITHOCTI Ta 3J0POB'S
JOJIEH, STKi KOPUCTYIOTHCS BOJHUMHU PECYPCaAMU.

JloBeneHo, 110 Mirpailiiiia 31aTHICTh BAXXKKUX METaNIB Y JOHHUX BIJIKJIaIax
By3bkoro mumany 3poctae y psay Pb < Fe < Cr < Ni < Cu < Zn <Mn, a 3a0pyaHeHHS
JOHHHUX BIJIKJIaJIiB JOKaJII30BaHO CaMe y 30HaX TEXHOTEHHOTro BILUTUBY [79].

VY Mexax JTOCHIIKeHHS 0COOJIMBY yBary 3aciyroByroTh mpaili [ purop’eBoi
JI. 1., AnekceeBoi A. O. ta kojer [15], uui pe3yibTatH DO3BOJIAIOTH TIIHOIIE
PO3KPUTH B3a€EMO3B’SI30K MIX TIIPOJOTIYHUM PEKUMOM Ta Pall0€KOJOTIYHOIO
CTIMKICTIO BOJHUX CHCTEM. 30KpEMa, BHUBYCHHS JIUHAMIKH TPUTIIO B paiioHI
Oxxnoykpaincekoi AEC mae QyHnameHnrtanbHe 3HaueHHS. OCKUIBKM TPUTIH €
CKJIAJIOBOIO CaMOi MOJIEKYJTM BOJHM, BIH BHUCTYNA€ YHIKAIbHUM TpPacepoM
TIIPOJIOTIYHUX TPONECIB. Y KOHTEKCTI KIIMAaTHYHUX 3MiH, IO 3YMOBIIOIOTH
apuIU3alliio Ta MOPYIICHHS OajlaHCy CTOKY, IIl JaHi JalTh 3Mory Jwsybnb, sk
3HIDKEHHSI BOJHOCTI PIYOK BILIMBA€ HA 3/IaTHICTh €KOCUCTEMHU JI0 PO30aBICHHS
TEXHOIM€HHUX JIOMIIIIOK.

IlikaBuit miaxid 10 BH3HAYEHHS EKOJIOTIYHOI OE3IEeKH T1ApOSKOCHUCTEMU
4yepe3 METOJI TOKCUKO-€HEPreTUYHOTO BIATYKY O10THUHUX KOMITIOHEHTIB MOJAHO Y
nociimkenni besconoBa €.M. [4]. ABTOpoM pPO3p0OJICHO KOMIUIEKCHHH METO]
OIIIHIOBAHHSI PIBHS €KOJIOTTYHOI OE3MEKH BOJIHUX CUCTEM Ha OCHOBI PEUOBUHHUX Ta
EHEPreTHYHUX 3aKOHOMIPHOCTEHW IXHBbOrO (DYHKI[IOHYBAHHS HA TPHUKIAAl PIUKU
[ligennuii byr. ABTOpOM OpWUTIHAJIBHO BHUKOPHCTAHO TOKCHKOJOTIYHI Ta

eHepreTuyHi  (QyHKLII BIATYKY CTEHOOIOHTIB, SIK HaWYYTIAUBIIIMX [0



49

AHTPOIIOTCHHOT'O BIUIMBY JKMBHUX OPTaHi3MiB, 1 JJAHOK JIAHITIOTA KUBJICHHS BOJHOI
€KOCHUCTEMU BiJIITOBITHO.

Cam meron Tokcuko-eHepretuyHoro Biaryky (TEB), sk metomonoriuynuii
MiAXiJ y BUBYEHHI BIUIUBY TOKCHMYHUX PEYOBHH HA EKOCHUCTEMH, Ma€ IIMPOKI
MEPCIIEKTUBH Y MPOIIEC] OI[IHIOBAHHS TOKCUYHOCTI PI3HUX XIMIYHUX PEUYOBHH Ta iX
BILJIMB HA >KMB1 OPraHi3MU Ta CEPEAOBUIIE, BPAXOBYIOUHM €HEPTreTUYHI aCIEKTH 1UX
npoteciB. ABTOp BUJILIsi€ OCHOBHI npuHuunu Meroay TEB, a came:

[aTerpamiss TokcuuHocTi Ta eHepretuku. Mertonq TEB moennye omiHky
TOKCHUYHOCT1 PEYOBHH Ta X EHEPTeTUYHUI BIUTMB HA OPTaHi3MHU Ta €KOCHCTEMH, 1110
JI0O3BOJISIE€ TIOBHIIIE PO3YMITH BIUIMB TOKCMYHUX PEUYOBUH HA >KMB1 CHUCTEMH Ta iX
(YHKI[IOHYBaHHSI.

BpaxyBaHHS €HEPreTMYHHMX BHUTpPAT dYepe3 BpaxyBaHHS EHEPTETUYHHUX
BUTpAT OPraHi3MiB Ha peakxiiii Ha TOKCUYH1 pEYOBUHH, TaKi K META0OJ1YH1 MPOIIECH
Ta KOMIICHCAIIMHI MEXaHI3MH, II[0 JIOIIOMAara€ OIlIHUTH 3araJbHUNA BIUIUB
TOKCUYHOCT1 Ha CHEPTETUYHUI OaJIaHC OpraHi3my.

MynbTUIUCIUTUTIHAPHUN TIAX1A 4Yepe3 BUKOPUCTaHHS 3HAHb 3 PI3HUX
HAayKOBUX JMCIUIUIIH, TAKUX SIK TOKCHUKOJIOTIS, €KOJIOTisl, Ol0€HepreTuKa Ta 1HIII,
JUTSL PO3YMIHHS CKJIAJTHUX B3a€MO3B'SI3KIB MK TOKCUYHICTIO Ta €HEPTETUKOIO.

IIpakTuHi 3acTtocyBaHHs, IO oO3Haudae, 1o Meroa TEB Moxe Oyrtu
BUKOPUCTAHUN JIJIS1 TIPOTHO3YBAHHS BIUIMBY TOKCHYHHX PEYOBHH HA €KOCHCTEMH,
BU3HAYCHHS MEX TOKCHYHHUX KOHIIEHTpAIlili Ta pO3pOOKH CTpaTeriid ympaBiIiHHS
3a0pyIHEHHSIM.

OTXe, METOJT TOKCUKO-EHEPTETHYHOTO BiJITYKY € MOTY)KHUM 1HCTPYMEHTOM
I11]T 9ac OI[IHIOBAHHS PIBHS €KOJIOTTYHOI HEOE3IEeKH T'lAPOCKOCUCTEM.

VY [ponoOBXKEHHI BUBYEHHS MHUTAHHS MO0 I1HTEpHpETalii MOHSTTS
«EKOoJIOTIYHa Oe3IeKa» BOAHUX CHCTEM, BBaXKA€EMO 3a3HAYUTH JOCIIIIKECHHS
Kpucincekoi [.0. [40], 3a skuM piBeHb €KOJIOTIYHOT O€31eKr MOXKe OyTH OLlIHEHHIA
3a JIOMIOMOTOI0 (PYHKIIIT pU3MKY, 110 BPaXOBYE WMOBIPHICTb BUHMKHEHHS NEBHOT

HeraTuBHOi moxaii Ta ii BmumMB Ha JoBIKLIA. OyHKUIA pU3HKY 3a3BUYal



50

BU3HAYAETHCS, SK JOOYTOK MMOBIpPHOCTI MOl Ta i HACHIAKIB, 1 MOXe OyTH
BUKOPUCTAHWUW ISl OIIHIOBAHHS PIBHS EKOJIOTIYHOI OE3MeKH Y KOHKPETHOMY
perioHi abo cucTeMmi.

ABTOpKa OLIIHIOE PiBEHb EKOJOTIYHOI Oe3neku uepe3 (YHKIII0 PU3UKY
BUHUKHEHHS 3aXBOPIOBAaHb KaHIIEPOT€HHOTO, HEKAHIIEPOT€HHOT'0 TOXOIKEeHH. {0
TOTO, JOCIHITHUIA AKIEHTYE YBary Ha BU3HAYEHHI MEX PU3UKY, a CaMe€ y Mexax
Jiana3oHy — 1e Oyae «Oe3lneyHo», Mo3a MeXaMU Jlala3oHy — «HEOE3MEUHOY.
AHJIOTIYHUN TIAX1T 1010 OLIHIOBAHHS €KOJOTIYHOTO PU3HUKY MPOCTEKYETHCS Y
npamsx boiiko T.B. i A6pamosoi A.O. [5], Hazapyka M.M. i boru O.B. [51], ne Ha
eTamax TPOEKTYBAHHS 3allPOTIOHOBAHO BWKOPHUCTAHHS 1HIEKCHOTO IMAXOMYy, 5K
METOJy KIJIbKICHOI OITIHKH BILIMBIB Ha JOBKIJIA.

OcHOBHI CKJIaJ10B1 (YHKIIII PU3UKY [JIs1 €KOJOTIYHOI O€3MEKN OXOIUTIOIOTh:

e IMOBIPHICTb MOJIi, IK HMOBIPHICTh BUHUKHEHHSI HEOAXKAHOI MOJ11, TaKOi
K 3a0pyAHEHHS BOJHUX pecypciB. UuM BUIlla IMOBIPHICTH TAKOi MOI11, TUM BHUIIUNA
pIBEHb PU3HKY;

® HACJIIJIKU MMO/I1i, IK MaciTad Ta CephHO3HICTh HACIIIKIB TTOAIT /711 BOJAHOTO
CepeIOBHILIA.

o (yHKIIS PU3MKY, K JOOYTOK WMOBIPHOCTI Mol Ta ii HacmiakiB. BoHa
MOXe OyTH BHUKOpHCTaHa [JIsi TOPIBHSHHS PI3HUX CIIEHapiiB abo cTparerii
YIpaBJIiHHS PU3UKOM Ta BUSHAUCHHS MPIOPUTETIB Y chepl eKOJOTIHHOT Oe3MeKH.

® VMpaBIiHHSI PU3UKOM Yepe3 BHU3HAYCHHS ONTHUMAIBHUX CTpaTerii
yIpaBJIiHHS PU3UKOM, TaKl SIK BIPOBAPKEHHS 3aXO0/IiB 100 MOMEPEHKEHHS O,
3MEHIIIEHHS X HMOBIpHOCTI 200 MiHIMI3allisl HACTIAKIB.

OT1xe, QYHKIIISI pU3UKY € BOXXJIMBUM 1HCTPYMEHTOM JJIsI OL[IHIOBAHHSI P1BHS
€KOJIOTTYHOI O€3IMeKH Ta PO3POOKH CTpaTerid eKOJIOriYHOro MeHeIKMeHTy. BoHa
JI03BOJISIE 3PO3YMITH Ta OIIHUTH TOTEHINNHI HEOE3MeK! Ta MpUiMaTH BIIMOBIIHI
3aXO0/M IS 1X MOMNEepeI’KeHHs 00 3MEHILEHHS.

VY pochimxenHi Komichuk A.B. BHKOpHUCTaHO HAaCKpI3HMHA €KOJIOTO-

reorpa@iuHMil  MAXIA A0  KOHCTPYKTHUBHO-TeorpadiuyHUX  JOCHIIKEHb
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AHTPOTIOTEHHUX YMHHUKIB, iX BIUIUBY caMme Ha 0aceiHOBI MPUPOAHO-TEPUTOPIATBHI
KOMITJIEKCH Ha MPUKJIaAi BiHHUITEKOT 00J1aCTi Ta OI[IHIOBaHHI SKOCTI PIYKOBUX BOT
[39]. docmiguuneo yaoCKOHAIIEHO METOAMKY OLIHIOBAHHS SIKOCTI IOBEPXHEBHX
BOJ 3a BIJNOBIIHMM KaTeropisMu; Hel 3ampornoHoBaHo BpaxoByBatu ['JIK mms
BOJHUX OO0’€KTIB pUOOTrOCHONapCHKOTO MpHU3HAYCHHS Ta e(EeKT cyMmapHoi il
MOKa3HUKIB. YJIOCKOHAJICHAa METOJHKa pPO30MBa€ MOKa3HUKM Ha 8 OsokiB: 1) 3a
KpUTEpIsIMUA MiHepaiizallii; 2) 3a Tpogo-canpoOioJoriyHUuMHU MOKa3HUKaMu; 3) 3a
IHTPEJIIEHTAMU 3 3arajIbHOCaHITAPHOIO JIIMITYIOUOI0 03HAKOIO IIKIJUTUBICTIO; 4) 3a
KPUTEPISIMA 3 TOKCUKOJOTIYHOIO JIIMITYIOUOIO O3HAKOK IIKIAJIUBICTIO; 5) 3a
NOKa3HUKaMHU  CAHITAPHO-TOKCUKOJOTIYHOK  JI€I0  JIIMITYIOUOIO  O3HAKOIO
HIKIJJIMBICTIO; 6) 3a KPUTEPISIMU 3 OPraHOJIEITUYHOIO JIMITYIOYOIO O3HAKOIO
IIK1JIMBICTIO; 7) 3a IHTPEIIEHTAMH 3 PUOOTOCIIOAAPCHKOI0 JIIMITYIOUOK 03HAKOIO
HIKITMBICTIO; 8) 32 KpUTEPisAMH crieiiuidHUX MOKA3HUKIB paiariitHoi aii [39].

301IbIIIEHHS KIJTLKOCT1 OJIOKIB 1100 OIL[IHIOBAHHSI SIKOCT1 TOBEPXHEBUX BO/I
HarpoMajpKye METOAMKY 1 poOuTh ii ckianHimor. Ha Hamy QymKy, HOCTaTHBO
BPaxOBYBAaTH 1HTErPOBaHI MOKA3HUKHU SKOCTI BOAM, HA 3HAYECHHS SKUX BIUIMBAE
YBECh CHEKTP OPTaHOJENTUYHUX, (DI3UYHUX, XIMIYHUX TTOKA3HUKIB.

Ha ocHoBi anami3y 1 cuctemaTHu3allii JITepaTypHUX HKEPEN, OKPEeCIuMO
TpaKTyBaHHS TIOHSTh: «EKOJIOTIYHA Oe3leKka BOJHUX PECYypCiB»; «EKOJOTivHa
HeOe3MneKa BOJIHUX PecypcCiBy.

Exonoriyna Oesneka BOAHUX pecypciB — Iie 3a0e3medeHHs CTajioro Ta
€KOJIOTIYHO O€3MeYHOr0 BUKOPHUCTAHHS BOJIHMX pecypciB B yciXx cdepax
KUTTEAISUIBHOCTI JIIOACH, TpU 1IbOMY 30€piraroyu €KOJOTIYHY PiBHOBAry BOJHMX
exocucteM. Lle 03Hauae, 110 BOAHI pecypcH MarOTh OyTH JOCTYITHUMH JUISL COLIIYMY
1 moTped MPOMUCIOBOCTI, a IX SAKICTh Ma€ BIAMNOBIAATH HOpMaM, Kl rapaHTYIOTh
Oe3reKy Jyisi 37J0pOB's JIIOJICH Ta €KOCUCTEeM Pi3HOTO piBHs. Exonoriyna Gesneka
BOJHUX PECYPCIB TAKOK BKJIFOYAE 3aXO0/IH MO0 3ar00ITaHHs 3a0pYIHEHHIO BOTHUX
00’€KTiB, iX OXOPOHH, PAIIOHATIFHOTO BUKOPUCTAHHS 1 30€peKeHHS JIJIs1 MaOyTHIX

MMOKOJIIHb.
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Exonoriuna HeOe3meka BOJHUX peCypciB — I MOTEHIIMHA 3arpo3a s
SIKOCT1 BOJHM Ta CTAJIOCTI BOJHUX €KOCHCTEM, III0 MOKE TIPU3BECTH 10 HETaTUBHHX
HACJIIJIKIB JIJIS 3I0POB's JTrojieH, Guiopu, hayHH Ta eKocucTeM 3arajioM. Exonoriuna
HeOe3MeKa OXOILUTIOE TaKli KOMIIOHEHTH:

* 3a0pyIHEHHS BOJIY;

* BTpara 010pI3HOMAHITTS,

* 3HIKCHHS BOJIHOCTI;

* 3MiHa MOP(}OIOTIYHOTO, T1IAPOXIMIYHOTO, O10JI0TTYHOTO CKIalY;

* pyillHyBaHHsS BOJHUX €KOCHUCTEM uepe3 3a0yJoBy OEperoBuUX 30H,
no0yzaoBa rpedeiib, 30poiiHi KOHPIIKTH;

* 3MiHH KJIIMaTYy.

Oxpecnoroun 3HA4YeHHS BOJHHUX PECypciB, MIAKPECTMMO, IO BOAa €
CTpAaTETIYHUM 1 HAWBAXJIUBIIIMM pPECYypcoM i >KUTTA Ha 3emii. Bona €
HEOOXITHOIO JIUIS BCIX aCIIEKTIB JKUTTS, BKIIFOUAIOUYN 3a0€3II€YCHHS ITUTHOIO BOJIOIO,
3pOIICHHS]  CUICBKOTOCIOAAPCHKUX — yTi/lb, BUPOOHUUTBO  E€JIEKTPOEHEprii,
MIPOMMUCIIOBI MPOIIECH Ta iHII cepu. HemocTaTHICTh TOCTYITy 10 YUCTOI BOJIA MOXKE
NPU3BECTH [0 CEPUO3HHX NPOOIEM 370pOB'A, EKOHOMIYHUX TPYAHOUIIB Ta
comaibHuX KOH(IIKTIB. ToMy e(peKkTUBHE YNpaBIiHHA BOJHUMH PECypcamMH €
KPUTUYHO BAXJIUBUM 3aBJAHHSAM IS 3a0€3MEUEHHS CTajJoro pPO3BUTKY 1
30epeKeHHs IPUPOTHOTO CEPEIOBHUIIIA.

[TutanHs Oe3neku BOJHUX PECYPCIB BKIIOUAIOTH PI3HOMAHITHI aCIeKTH, a
came:

* JIOCTYII IO YACTOI MMUTHOI BOJIH;

* 3a0e3MedeHHS BOAONOCTAaYaHHs JJIsI CLIbCHKOTOCIIOAAPChKHX MOTPEO;

* 1HJQyCTpialibHE BUKOPUCTAHHS BOJIU;

* EKOJIOT1YH1 aCMeKTH Ta PU3UKHU MOB's13aH1 31 3MIHAMH KJIIMATY.

BuninsemMo ocHOBHI BUKITUKIB Yy cepi Oe3MeKkn BOAHUX PeCypCiB:
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JlocTynHicTh MUTHOT BOAU. baraTo perioHiB CBITY CTUKAIOTHCS 3 TPOOIEMOIO
HEJIOCTaTHBOI JIOCTYMHOCTI JO YHUCTOI MHUTHOI BOAM, IO MOXKE MPHU3BECTU JI0
cepilo3HUX Mpo0OJIeM 370pOB'sl Ta TIr1€HHU.

JliticHo MaroTh Miciie KOHQIIIKTA 4Yepe3 BOIHI pecypcu. Bomri mkepena
4acTO CTarOTh 00'€KTOM KOHQJIIKTIB MIXK PI3HUMH CYCHUJIbCTBaMU a00 KpaiHamw,
0COOJIMBO B perioHax, Jie BOJIHI JuKepesia MeKYIOTh a00 MepeTUHAIOTHCS.

He Bukiinkae cymMHIBIB 1 pakT 3a0pyaHeHHs1 Boau. CKUAM MPOMUCIIOBHX 1
noOyTOBUX CTIYHUX BOJI, a TaKOXX 3a0pyIHEHHS BiJ CLILCHKOTOCIOJAPCHKOT
JUSTIBHOCTI MOKYTh CEPUO3HO 3arpoKyBaTH SIKOCTI BOJAU Ta €KOCHCTEMaM BOJIONM.

AKTyaJbHUMU € MMUTAHHA 3MIHU KJIIMaTy, K1 MOXYTbh MPU3BECTH A0 3MIH y
peXUMI OIaJI1B, BUCUXAHHS JKEPEN BOAM Ta 3MIH B PO3IOLTI BOJHUX PECYPCIB, IO
BIUIMBAE HA JOCTYIHICTh BOJU ISl pI3HUX CEKTOPIB.

Mae wmiciie HecTaOUIbHICTH 1HGpacTpykTypu. HectaGiabH1 MOMITHYHI Ta
EKOHOMIYHI YMOBU MOXXYTh MPH3BECTH IO HEIOCTATHHOTO YIPABIIHHS BOJHUMH
pecypcamu Ta iHQPACTPYKTYpOIO BOAOMOCTAYaHHS, 110 3arpoxKye Oe3Meli BOJIHUX
pecypciB.

Po3p'si3anHs 1ux mnpobiieM noTpedye KOMIIEKCHOTO MiAXOAY, SIKHM
BKJIIOYA€E CIIBOPAII0 MIX PI3HUMHU CEKTOpaMU CYCHUIbCTBA, YpsaaMu,
MDKHAPOJIHUMHU OPTaHi3allisiMUi Ta aKTUBHY y4acTh IPOMaJICHKOCTI.

Exonoriyna 6e3neka BOJHUX PECYPCIB OXOIUIIOE 3aX0/IH, SIKI CIPSIMOBAHO Ha
30epe)KCHHS Ta BIJHOBJICHHS C€KOCHUCTEM BOJHHX CHCTEM, 3a0€3IeUeHHS SIKOCTI
BOJIM Ta 30€peKEeHHS O10p13HOMAHITTS.

OxpecnuMo OCHOBHI aCIEKTH €KOJIOTTYHOI O€3MeKU BOJHUX PECYPCIB.

OxopoHa BOJHUX €KOCHCTEM Yepe3 30epeKeHHs PiuoK, 03€p, BOAOCXOBHIIL
Ta MOPCHKHUX OIOTOIMIB € KPUTUYHO BAXJIUBUM JUJISl MIJTPUMAHHS €KOJIOT1YHOT
piBHOBaru, 10 BKJIFOYATHME CTBOPCHHS 3aIOBITHUKIB, PECTABPAII0 TMPUPOIHUX
BOJIHUX CEpPEJOBHUII Ta KOHTPOJIb 32 IX €KCILTyaTalll€lo.

3abe3neueHHsT SIKOCTI BOJAM dYepe3 3aroOiraHHs 3a0pyaHEHHIO BOJIONM

XIMIYHUMH ~ PEYOBHMHAMH, OakTepilaJbHUMH Ta IHIIUMHU 3a0pyIHIOIOYUMU
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PEYOBHHAMH € KJITFOYOBHM AaCIIEKTOM E€KOJIOTIYHOI OE3MEeKH BOJHUX PECYPCIB, IO
BKJIFOYA€ KOHTPOJIb 32 BUKHJIAMH CTIYHUX BOJI, arpOXiMiKaTaMH TOIIIO.

VYropaBiaiHHS BOJHUMH pecypcaMu uepe3 e(deKTHBHE YIpaBiIiHHS,
BKJIIOYAIOYM CTalle BUKOPUCTAHHS BOJIM IS MHTTS, CUIBCHKOTOCTOAAPCHKHUX
noTped, MPOMHUCIOBOCTI Ta IHIIUX Trandy3eil, € BaKJIMBUM aCIEKTOM EKOJOT14HOT
Oe3MeKH.

Apnanrariisi 10 3MiH KJIIMaTy BIUIMBATUME Ha JOCTYIHICTh Ta AKICTh BOJAHUX
pecypciB, TOMy € HarajibHa motpeda y po3poOlli Ta BIPOBAIKEHHI BIAMOBIIHUX
JIIEBUX CTPATETid 3ajjIsl 3MEHIIEHHS] HEraTUBHUX BIUIMBIB 3MIH KJIIMaTy Ha BOJIHI
EKOCHCTEMH.

CucreMr MOHITOPHHTY SIKOCTI BOJAM Ta €KOJOTIYHOTO CTaHy BOJHHUX
peCypciB JI03BOJISIIOTh BYACHO BHUSIBJISITA MPOOJEMU Ta BXXUBATU BIAMOBIIHUX
3aXOJ1B JJIA iX BUPIIICHHS.

3a0e3nedeHHs] eKOJIOTIYHOI Oe3MEeKH BOJHUX PECYPCIB BUMArae CIiBIpalll
MDK YypAJOBUMU OpraHaMu, TPOMAJCBHKICTIO, Trajdy3€BUMH OpraHizamisiMd Ta
MDKHApPOJHUMU CTPYKTYpamMH JIsl BIPOBAHKEHHS IHTETPOBAHUX MIAXOMIIB [0
yIpaBIiHHS BOJIHUMHU PECYPCAMHU.

Busnaueno, mo 6aceiiHOBUIA TAX1/T 10 YIIPABIIHHS €KOJIOTTYHOIO O€3IMEKOI0
BOJHUX PECYPCIB J03BOJIIE €(EKTUBHO BpPAaXOBYBAaTH KOMIUIEKCHICTh BOJHUX
CUCTEeM Ta 3abe3neuye CTalIICTh Ta €(PEKTUBHICTH YIPABIIHHS IUMH PECYpCaMHU.
baceiiHOBHI TPUHIUIT YIPaBIIHHS EKOJIOTTYHOI O€3MeKO — I¢ MIAXIT [0
yIOpAaBIIHHSA BOAHUMH pecypcaMu, KUl 0a3yeTbesl Ha ypaxyBaHHI rigporpadiuHux
OaceiHiB sIK OCHOBHOI OJMHMII TUTAaHYBaHHS Ta ynpaBiaiHHSA. OCHOBHI HNPUHIIMIIH
IIHOTO T1IX0/y BKIIOYAIOTh:

[HTerpoBane ympaBiiHHS, IO O3HA4ae€, 110 BCl aCHEKTU YINPaBIIHHA,
BKJIIOYAIOYM  BUKOPHUCTAHHS BOJAM, OXOPOHY CEpeloBHIIa Ta PO3pPOOKY
1H(PaACTPYKTYpH, PO3MIIANAIOTECA B KOHTEKCTI BIUIMBY Ha BeCh TigporpadiuHuit

OaceiiH.
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VYyacTp 3alikaBiICHUX CTOPIH Yepe3 YMpaBIiHHS BOJHUMHU pecypcaMu 3a
IPUHLUATIOM OacelHy MIATPUMYE MIMPOKY Y4acTh 3alliKaBICHUX CTOPIH, TAKUX SK
ypsAOBl OpraHu, MICIIEBI TPOMaJH, MPOMHUCIIOBI MIAMPUEMCTBA Ta HEMPUOYTKOBI
opranizamii. Lle cmnpusie 30amaHcoBaHOMY YIPaBIIHHIO 1 BpaxyBaHHIO PI3HUX
iHTepeciB. BaXIuBUM eleMEeHTOM 0aceMHOBOTO MIAXO0AY € CUCTEMH MOHITOPHUHTY
Ta OLIHKK CTaHy BOJHHMX PECYypCiB y BCbOMY OaceiHl, 110 JI03BOJISIE BYACHO
BUSIBJISITU MPOOJIEMU Ta IPUIMATU BIATIOBIHI 3aXO0/IH.

Pesynbrat anamizy nediHiii «eKoJoriyHO1 0e3MeKn» 1 «HeOE3MeKH BOTHUX
00’€KTIB» y MpaLSIX YKPATHCHKUX Ta 3apyO1>KHUX YUEHHX CBIIYUTH, 1110 €KOJIOTIYHA
Oe3mneKa BOJHUX PECYPCiB PO3TIIIAETHCA K KIFOUOBA CKIIAZI0BA CTANIOTO PO3BUTKY,
TICHO TIOB’sI3aHa 31 3MIHaMHU KJIIMaTy Ta aHTPOIIOT€HHUM HaBaHTAKCHHSIM.

CyTTeBa pi3HULS MIXK MOHATTAMH «EKOJIOT14Ha Oe3MeKa BOAHUX PECYPCIBY 1
«EKOJIOT1YHA HeOe3neKa BOAHUX PECypCiBy MOJSITae B HASIBHOCTI a0 BiJICYTHOCTI
3arpo3 JjIsl CTaHy BOJHUX €KOCHUCTEM Ta 370poB’s toauHu (Tadiu. 1.1). Buznaueno,
[0 €KOJIOT1YHA Oe3MeKa — 1€ MO3UTUBHUM, KOHTPOJILOBAHUM CTaH, a €KOJIOTi1YHA
HeOe3neka — 1€ pu3uK abo B)KE HasiBHA 3arposa, sika 1norpedye pearyBaHHs Ta
YCYHEHHSI.

OTxe, HA OCHOBI PETPOCMEKTHBHOTO KPUTUYHOTO aHAJI3y JITEepaTypHUX
JOKEpel MO0 TMHUTAHHS EKOJIOTTYHOI Oe3neKku 1 HeOe3neKH BOJIHUX OO0 €KTIB Y
npaisgx YKpaiHChbKUX Ta 3apyODKHUX YUYEHUX, BU3HAYEHO Cy4YacH1 HAyKOBI MIIXOIU
JI0 OTIIHKH SIKOCT1 BOJTHUX PECYPCIB, BKIIFOUAIOUH 1HJEKCHI, TOKCUKO-EHEPTeTUYHI Ta
pUBHUK-Opi€HTOBaHI MeToau. JlocmipkeHHs 1ie pa3 JIOBOISATH BaXKJIMBICTh
0aceitHOBOr0 MPUHIMITY YIPABIIHHS Ta IHTEIPOBAHOIO MOHITOPUHTY. AKTYaJIbHOIO
mpo0IeMor0 € 3amadi 3 MoOyJ0BM MOJENeH BIUIMBY PI3HMX YMHHUKIB, 30KpEMa,
KJIIMATUYHUX 3M1H Ha ITOBEPXHEB1 BOAM 3 1S MIABUIIIEHHS €KOJIOTTYHOI O€3MeKH Ta

CTAaJIOT0 BOAOKOPHUCTYBAHH:.
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Taomumg 1.1

Pi3HMIIS MI>K TOHATTAMHU «EKOJIOTIYHA Oe3MeKa BOJHUX PECYPCIB 1

«eKoJIoT1uyHa HeOe3eKa BOJHUX PEeCypCiBy

Kpurepiii Exosnoriuna 6e3mnexa Exonoriuna HeGe3mneka BOJHUX
BOJIHUX PECypCiB pecypciB
Cran Cramun [ToTeHIiitHO 3arpO3IMBUH,
cepeoBHIIa (30amaHcOBaHMIN), ecTabLUTI30BaHUN
MIATPUMY€E €KOJIOTIUHY
piBHOBary.
Brnnus Ha 3abesmneuye 3710pOB’s, CrnpuuuHse pU3NKA 15
JI0JIMHA Ta 100poOyT 1 30epeKeHHs | 3I0pOB s, pyHHYBaHHS
JOBKULIS O10p13HOMAHITTS. €KOCHCTEM 1 BTpaTy
010p13HOMAHITTS
Jlxepena BrumBy | Parionanbhe AHTpoOnoreHHe 3a0py/IHEHHS,
MPUPOJOKOPUCTYBAHHSA, | Hee()EeKTUBHE YIIPABIiHHSA,
e(eKTUBHE YNPAaBIIHHS, | BIICYTHICTh KOHTPOJIIO.
MOHITOPUHT.
ine ["apanTyBatTu sIKiCHY BusiButy, ominuTH T
BOJTy, 3aI1100iraTi MIHIMI3yBaTH IIIK1JIJIMB1 BILTUBH
Jerpajaarti. Ha BOJIHE CEPEIOBUIIIC.
[Ipuknanu YucTi Boi0iimMu, 3a0pynHeHHs, eBTpodiKarlis,
MIPOSIBY JTOTPUMAaHHS HOPM, HEKOHTPOJHOBAHI CKHJIH,

IHTErpOBaHE yNpPaBIIIHHS.

3HI>KCHHST BOJHOCTI, 3MIHA
KJIIMATYy.

1.2. TlopiBHSUIBHUIT aHAJI3 HOPMATHMBIB SIKOCTI NOBEPXHEBHUX BOJI B

YkpaiHi Ta CBiTI.

HactynHorw 4acTHO AOCHiKEHHs 0yJI0 BUBYCHHS Ta aHaI3 HOPMATHUBIB

SAKOCTI TIOBEPXHEBHX BOJ B YKpaiHi Ta 3apyObkHUX KpaiHax. (OCHOBHUM

JIOKYMEHTOM, SIKMI pErjlaMeHTye SKICTh MOBEPXHEBHX BOJA B E€BpONEHCHKOMY

Coro3i, € PamkoBa nupektuBa nipo Bogu (Water Framework Directive abo WFD)

[24]. Ls nupexTrBa Oya npuitasita B 2000 polli i BCTAHOBIIIOE 3arajbHHN I IX1]T 10

OXOpPOHU Ta ymnpaBiiHHS BogHUMU pecypcamu B €C. Bogna PamkoBa JlupexTuna

(moBHa Ha3Ba J{upextuna 2000/60/€C €Bponeiicbkoro napiaaMmenty 1 Paau Big 23

»koBTHsI 2000 poKy Mpo BCTAaHOBJIEHHS pamMoOK AisuibHOCTI CriBTOBapUCTBa y cdepi
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BOJHOI TIOJIITUKHW) BU3HAYAE 3arajbHI MPUHIIAIIA OXOPOHU BOJHUX pecypciB y €C,
BKJIFOYAIOYM TOCIOJAapChKO-TT0OOYyTOBI BOoau. Jlo TOro, HOpMATUBH O SKOCTI
MOBEPXHEBUX BOJI TaKoX perymoroTbes JupektuBoro Pamu 91/271/€C Big 21
TpaBHs 1991 poky mpo OUMIEHHS CTIYHUX BOJ, a TakoXX JlupektuBoro Pamum
98/83/€C Bim 3 nucromama 1998 poky mpo SKICTh BOAHW, MPU3HAYEHOT JIJIs
CIIO’KUBAHHS JIIOAUHOIO.

Bonnotwo PamkoBoro JlupextuBorw (BPJl) €C 3anpoBamkeHO MNPUHIIMIIOBO
HOBUW MIAXIJ JI0 CHUCTEMM YIPABIIHHSI BOJHUMHU pecypcamMu — I1HTErpOBaHE
yIPaBJIiHHSA BOJHUMH pecypcaMu 3a 0aCeHHOBUM MPHHIIUAIIOM [ 1; 24].

Koxxna kpaina, sika mianucana 3000B’si3aHHS oo peamsanii BPJ] mae
BUJIIJTUTH Ha CBOIM TEpUTOPIi palilOHU PIYKOBUX OaceiHiB, siIKi MICTATH OJUH a00
JIeKIIbKa PIYKOBUX OacelHIB pa3oM 3 IMOB’S3aHUMH 3 HUMHU MIJA3€MHUMHU Ta
npudepeKHUMHU BoAaMH. {7151 KOXKHOTO palloHy piukoBOro OaceiHy po3poOJIsiOTh
IUIaH YOPaBIiHHSA, SKUH MICTUTh aHAJII3 XapaKTEPUCTUK pailloHy PIYKOBOTO OaceiHy
1 CTaH BOJIM Ta MPOrpaMu 3axoAiB Jisl nocsirHeHHs uuied BP/[. Mera, nocraBieHa
JlupexTuBoto, € TOCUTh aMOITHO0. 3a yci Kpainu — uineHn €C Manu 3a0e3neunT
JIOCSITHEHHSI yCiMa MOBEPXHEBUMH Ta MIA3EMHUMH BOJHUMHU 00’€KTaMU J00OPOro
€KOJIOTIYHOT'O Ta XIMIYHOT'O CTaTyCy.

Y 2014 p. Vkpaina mianucana Yroay MOpo acoriaiiro 3 €BpomneichkuM
Coro3oM Ta ioro aep:xkaBamu-wieHamu. [lianucanHs boro J0KyMEHTY 3000B's13y€
Hally KpaiHy 3ampoBa/KyBaTH €BPOIEHCHKI CTaHIApTH Yy pi3HUX chepax
CYCIUJIBHOTO JKUTTS, 30Kpema, y cdepl YNpaBliHHA BOJHUMHU pPecypcamy,
iXHBOI OXOPOHU Ta 3aNPOBAIHKEHHS 3aXO0/I1B 13 3a0PYTHEHHSIM BOJI.

VY uepBHi 2022 poky €Bponeiickka Pana nagana Ykpaini cratyc kaHaugaTa Ha
Bcryn B €C. Takuii cratyc Hajnae YKpaiHi 3aBIaHHS HE JIMILE HAOIU3UTU CBOE
3aKOHOJIAaBCTBO JI0 3aKoHOonaBcTBa €C (IUPEKTUB, pPErJIAMEHTIB, PIIICHB), a U
IPaBOBY Ta IHCTUTYLINWHY cucTeMy. HabnuxeHHs Mae Tpu eTamnu: TPaHCIO3UIIIIO;

BITPOBA/PKCHHA; BUKOHAHH Ta KOHTPOJIb.


https://uk.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BE%D0%B4%D0%B0_%D0%BF%D1%80%D0%BE_%D0%B0%D1%81%D0%BE%D1%86%D1%96%D0%B0%D1%86%D1%96%D1%8E_%D0%BC%D1%96%D0%B6_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%BE%D1%8E_%D1%82%D0%B0_%D0%84%D0%B2%D1%80%D0%BE%D0%BF%D0%B5%D0%B9%D1%81%D1%8C%D0%BA%D0%B8%D0%BC_%D0%A1%D0%BE%D1%8E%D0%B7%D0%BE%D0%BC
https://uk.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BE%D0%B4%D0%B0_%D0%BF%D1%80%D0%BE_%D0%B0%D1%81%D0%BE%D1%86%D1%96%D0%B0%D1%86%D1%96%D1%8E_%D0%BC%D1%96%D0%B6_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%BE%D1%8E_%D1%82%D0%B0_%D0%84%D0%B2%D1%80%D0%BE%D0%BF%D0%B5%D0%B9%D1%81%D1%8C%D0%BA%D0%B8%D0%BC_%D0%A1%D0%BE%D1%8E%D0%B7%D0%BE%D0%BC
https://uk.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BD%D1%96_%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D0%B8
https://uk.wikipedia.org/wiki/%D0%9E%D1%85%D0%BE%D1%80%D0%BE%D0%BD%D0%B0_%D0%B2%D0%BE%D0%B4
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%B1%D1%80%D1%83%D0%B4%D0%BD%D0%B5%D0%BD%D0%BD%D1%8F_%D0%B2%D0%BE%D0%B4

58

Kinpkicts akTiB €C, ski MaioTh (QopMy perjiaMeHTiB y JOBKULIEBIA Ta
KIIMaTA4YHIA cdepl, TOCTIHO 3pocTae. Y MesKuX HampsMax (HampuKiIad, XiMidHi
pPEUYOBHMHHM, KJIIMATHUYHI MMHUTAHHS) PEryJIIOBaHHS 37eOUIBIIOr0 3IHCHIOETHCS 3a
JIOTIOMOTOI0 periiaMeHTiB. [IuTanHs HaOIMKEHHsS HAlllOHATBHOTO 3aKOHOJ/IaBCTBA
1o pernaMmenTiB €C € akTyanbHUM JIJIs1 Y KpaiHU K KpaiHU-KaHauaaTa, BUMaraTume
BiJl HEl BU3HAUCHHS IUIIXIB TPAHCIO3MIIII, BIPOBa/KeHHs Ta BukoHaHHs [1; 50].
Tak, €BporneicbKkuil KIIIMaTHYHUAN 3aKOH Iepeadayae OliHIOBaHHSI €BpONEHCHKOI0
Kowmiciero HamioHaJIbHMX KIIMAaTHYHUX 3aXOJ1B, HAJaHHS HEH peKoMeHAaIln
JiepKaBi-wIeHy Ta yMOB BpaxyBaHHs UX pexomeHpaamii [36]. Hapasi us wactuna
perjiaMeHTy He MoKe OyTH IMIUIEMEHTOBaHa Y KpaiHoto 110 BcTyiy B €C.

B Vxkpaini mnan immiementanii BPJ €C 3aTBepakeHo po3nopsiKeHHSIM
Kabinery MinictpiB Ykpainu Bin 15 kBitHa 2015 p. Ne 371 «IIpo cxBaneHHs
po3po0ieHux MIHICTEPCTBOM €KOJIOTIT Ta MPUPOJHUX PECYpCiB  IJIaHIB
IMIUIEMEHTAL] JEIKUX aKTIiB 3aKoHOAaBcTBa €Cx».

CrtaH nmoBepxXHEBUX BOJ| BUBHAYAIOTH 332 €KOJOTIUHUM Ta XIMIYHUM CTaTyCOM.
CraH mii3eMHUX BOJ BU3HAYAIOTh 32 XIMIYHUM CTaTyCcOM Ta 3amacamu. B Ykpaini
BUJIITIEHO 9 pailoHIB piukoBUX OaceiiHiB. HUHIIIHS cucTeMa MOHITOPUHTY B YKpaiHi
Haiuye 61m3bk0 400 MyHKTIB CIIOCTEPEKEHb 3a 16 MoKa3HUKaMHU.

Huni BinOyBaeThCs 3MIIIEHHS aKIICHTIB: BiJl OIIIHIOBAHHS SKOCT1 CepeAOBHIIA
K pecypcy B OiK OLIIHIOBaHHSI CTaHy CEpEOBHIIA K MICISl MEIUKAHHS JIOAUHU Ta
6iotu. BinOyBaeThcs mepexis BiJf XIMIYHOTO KOHTPOJIIO SIKOCTI BOAM SIK pecypcy, Ha
OI[IHIOBAHHSI €KOJIOTIYHOTO CTaHy TIAPOEKOCHCTEM, 0 O3Ha4ya€ 3aMiHy
KpUTEpIlaIbHOTO MIAXOAY, CIPAMOBAaHOTO Ha Jesiki HopMu sikocti Boau (I'AK, I'IC
Ta 1H.), IHTETPOBAHUM TI1XOJOM.

CrtaH 1oBepxXHEBUX BOJ| BU3HAYAIOTh 32 €KOJOTIUHUM Ta XIMIYHUM CTaTyCOM.
Exonoriuauii ctatyc BU3HA4al0Th, HacCaMIiepesl, 32 CTAHOM O10JIOTIYHUX €JIEMEHTIB
(puba, nouH1 Oe3xpebeTH1, BogHA (pyiopa Ta 1H.) 1 OLIHIOIOTH 3a I’ SIThMa KJIacaMH:

BIIMIHHU; 10OpHil; 33 I0BUIBHUH; TTOTaHUH; y’Ke TTOTaHUM.
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XiMIYHUHM CTaTyC BU3HAYAIOTh 3a MPIOPUTETHUMHU MoJoTaHTamu. Jlo HuUX
HanexxaTh Bakki metanu (Kanmmiii, TlmomOym, Hikon, Mepkypiii) Ta opraxiyti
PEUYOBHMHHM, SIKI € TOKCHYHMMH JUIsI >KMBHUX OpraHizMiB. Pasom 10 meperiky
OpIOPUTETHUX PEYOBMH HHUHI BimHeceHO 45 pedoBuH: 33 — JlupexkTHBOIO
2008/105/€C npo exoJyioriuHi cTaHiaptd y cdepi BogHOI MOMTHKKA Ta 12 —
Hupextusoro 2013/39/€C, sika BHocuts 3mMiau 10 BP/] Ta upexktusu 2008/105/€C
[104; 105].

XiMIYHUHA ~CTaTyC OIIHIOIOTh JIMIIEe 3a JBOMAa KJacaMH: JIOOpHi;
HECTIPOMOXKHUHN JocarHyTH ao0poro. CTaH mMiI3eMHHX BOJ| BHM3HAYalOTh 3a
XIMIYHUM CTaTyCOM Ta 3allacaMH.

B ocHoBI kimacudikailii €eKOJIOrYHOr0 CTaTyCy MOBEPXHEBUX BOJ MOKIJIAJICHO
pedepeHiliiiHi yMOBH, K1 MatOTh OyTH BU3HAYEH1 JJIsl KOYKHOTO TUITY TTOBEPXHEBUX
BoJ. Pedepeniiiini yMOBH — 11€ YMOBHU, IO BiJOMBaIOTh CTaH HAaBKOJIUIITHHOTO
IPUPOAHOTO CEpPEeOBHUINA 3a BIICYTHOCTI ab0 MIHIMAQJIBHOIO AHTPONOIE€HHOTrO
BIUTUBY. 33711 BU3HAYCHHS pedepEeHIIIHHNX YMOB MIPOBOAUTHLCS PETPOCTICKTUBHUN
aHaI3 T1IAPOEKOCUCTEMH Ta 32 MOXKJIMBOCTI MAJEPEKOHCTPYKIIISI OCTAaHHBO1, TICIIS
TOTO  3JIACHIOIOTH  MOJENIOBaHHA  INPUPOJHUX  3aKOHOMIPHOCTEH  3MIH
ripo06i10JOTIYHUX MapaMeTpiB.

bionoriuHi OIiHKY BUPaXarOThCA SIK €KoJIoT1uHI KoedimieHTu sikocTi (EQR) —
BU3HAYCHI SIK HASIBHUN CTaH/OYIKyBaHUM CTaH.

[Ipu mnpoBemeHHI MOHITOPUHTY BHW3HA4YalOTHCS, Hacammepen, O10J0riuH1
€JIEMEHTH SIKOCTI, & TAKOXK TApOMOpPoIIoTiuH1, (Pi3UKO-XiMIYHI1 1 cielU(p14H1 yMOBHU
IPU BIAMIHHOMY €KOJIOTTYHOMY CTaHi.

JIst mTydyHO 3MIHEHHUX TIOBEPXHEBUX BOJI BU3HAYAETHCSI MaKCHUMAbHHM
exonoriyauii norenuian (MEID).

BusnadyeHo, 1m0 MOHITOPUHT BOJ — II€ CHCTeMa CIOCTepEKeHb, 30MpaHHs,
0o0poOKku, 30epekeHHs 1 aHamizy i1HQoOpMalii Hpo CTaH BOAHHUX O0O0'€KTIB,
MPOTHO3YBaHHS HMOro 3MiH Ta pO3pOOKM HAYKOBO OOTPYHTOBAHMX PEKOMEHIAIIIM

JUISl TIPUWAHATTS BIAMOBIAHUX pimeHb. [0 BUAIB J1ep>KaBHOTO MOHITOPUHTY
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MOBEPXHEBUX Ta TMIA36MHHUX BOJ| HAJIEKATh: TIarHOCTHUYHWN;  OTEpaIliiHHIM;
JTOCIIITHULIEKHA.

Jl1arHOCTUYHOMY MOHITOPUHTY TMiUISITal0Th yC1 MacUBU TOBEPXHEBUX Ta
MiI3eMHUX BOJA. BiH 3IIHCHIOETBCS TSI JOTIOBHEHHS Ta MIATBEPKEHHS
aHTPOIOTEHHOT'0 BIUIMBY Ha CTaH MOBEPXHEBUX Ta MIA3EMHUX BOJ; PO3POOICHHS
porpamM JIEp>KaBHOTO MOHITOPUHTY; BU3HAYEHHS pePEpeHIliiHuX yMOB Ta
OI[IHIOBAHHSI 1X JOBIOCTPOKOBHUX 3MiH, @ TaKOX 31MCHEHHS MOJICJIOBAHHS CTaHY
BOJI Y pe3yJIbTaTi MPUPOHUX 3MIH Ta aHTPOIIOT€HHOTO BIUIMBY.

JInst mecTUpiuHOi CUCTEMH MOHITOPHMHIY, A1arHOCTUYHUN MOHITOPHHI ISt
MOBEPXHEBUX BOJ 3[1MCHIOEThCS 1-1 Ta 4-1 pik, a 1 nmia3eMHux Boa — 1-i 1 2-i
pIK.

OnepatiiHoOMy MOHITOPUHTY MIIATAIOTh yC1 MAaCHBH IOBEPXHEBUX Ta
MIJ36MHUX BOJI, JI€ CIIOCTEPIraeThCsi HE JOCSITHEHHS JI0OpOTro EeKOJOTIYHOTO
CTaTyCy, a TaKOX Takl MacuUBU BOJ, A€ 3a0ip BOAM YIPOJOBX POKY CTAHOBHTH
6inbme, Hixk 100 M%/100y.

OmnepatliiHuii MOHITOPUHT 3AIMCHIOIOTH JIJIi BU3HAUEHHSI €KOJIOTIYHOTO Ta
XIMIYHOT'O CTaHIB BOJl; OL[IHIOBaHHS 3MiH y CTaHi BOJ IiJl YaC MPOBEICHHS 3aXO0/I1B,
nepen0ayeHuX  IJIAHOM  YIPaBIiHHSA  PIUKOBUM  OaceHOM; BH3HAYCHHS
JIOBFOCTPOKOBUX TEHJICHINIA 3MIHM KOHIIEHTpAIlld 3a0pyIHIOIOYMX PEYOBHUH I
BILUIMBOM aHTPONOTEHHOI JISIIBHOCTI.

OmneparliitHuii MOHITOPUHT JJIsl TOBEPXHEBUX BOJ 3IMCHIOEThCA Ha 2-i, 3-i,
5-ii 1 6-11 pik, a A1 NiA3€MHUX BOJ Ha 3-i, 4-H, 5-i1 1 6-1 piK MECTUPIYHOT IPOrpamMu
YIPaBIIHHS.

JloCTiTHUTIBKUIT MOHITOPUHT 3MIMCHIOETHCS MJIsI yCiX MacuBiB BoJ, 0e€3
KOHKPETHUX TEpMiHIB 3a mnoTtpeOye. OCHOBHI 3aBIaHHS JOCIIAHUIIBKOTO
MOHITOPUHTY TOJSTAIOTh Y BH3HAYEHHI TPHUYMUH TOTIPIIEHHS CTaHy BOJHUX
00’€KTiB, 3'sICyBaHHA MaciITabiB Ta HACTIAKIB aHTPOIIOT€HHOTO 3a0pyIHEHHS BOJ,

03PaXYHOK €KOJIOTIYHUX PU3HUKIB, IIOB’ I3aHUX 13 3a0PYIHEHHSIM BO/I.
5
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[Mepmuit eranm peamizamii [upektuBu B YKpaiHi ToNsArae y MPUHHSATTI
HAI[IOHAJIbHOTO 3aKOHO/JABCTBA Ta BHU3HAYCHHA YMOBHOBA)XCHOTO OpTraHy;
3aKpIMJIEHHI Ha 3aKOHOJaBYOMY PIBHI Ta BHU3HAYEHHI OJWHUII TiAporpadigaHoro
pailoHyBaHHSI TepUTOpii KpaiHM Ta pO3pOOJEHHI MOJIOKEHHA Mpo OaceiHoBe
yIpaBJIiHHS 3 TTOKJIaJIaHHsIM Ha HbOTO BIAMOBIMHUX PyHKINM. HacTynmHuii eranm —y
BU3HAUCHHI pPaliOHIB PIYKOBHX OaceiHIB Ta CTBOPEHHI MeXaHI3MIB YIIpaBIIiHHS
MDKHAapOJHUMU pIYKAMH, O3€paMH Ta HOpUOEpeKHUMH BOJAMHU; aAHAII3I
XapaKTEepPUCTUK paloOHIB PIUKOBUX OacelHIB Ta 3alpoBa/PKEHHS Iporpam
MOHITOPUHTY SIKOCTI BoAM. Jlai BiIOyBaTUMETHCS MIATOTOBKA IUIAHIB YIPaBIIHHS
OaceliHaMM p14OK, MPOBEACHHS KOHCYJbTAIIN 3 TPOMAJICHKICTIO Ta MyOJIIKaIlis IIUX
TUJIaHIB.

3 2019 p. B YkpaiHi cTapTyBaB HOBUUM NOPSAJIOK MOHITOPHHI'Y OBEPXHEBHUX,
OiA3eMHUX Ta MoOpchbkux BoA. Lledt mnopsinok BinmoBigae naupektuBam €C,
3aMpoBaKY€E YITKY MPOLEeAypy Ta mpudupae QyHKIT 1yOIrOBaHHS MiX PI3HUMU
JepKaBHUMH YCTaHOBAaMU. 3aBISIKM HOBOMY MOPSIAKY MOHITOPUHTY Oy/ie OTPUMaHO
naHl, HeoOXimHl 1yl po3poOku [lmaHiB ympaBiiHHS PIYKOBUMH OaceiiHaMu Ta
Mopcbkoi Ctparerti.

IcHyroua crcTemMa MOHITOPUHTY Tiepeadadae YiTKUNA po3moaisT 000B’A3KIB MikK
OpraHizailisiMu, SKi BHU3HA4YalOTh ITOKa3HHKH, O3 JyOJIIOBaHHS ITOBHOBA)KCHD,
PO3LIMPEHUNA CMHUCOK O10JOTTYHUX, TIAPOMOPQOJIOTIUHUX, XIMIYHMX 1 (Pi3UKO-
XIMIYHUX TIOKa3HUKIB JIJIT MOHITOPUHTY, 3alpPOBAKCHHS IIECTUPIYHOTO IUKITY
MOHITOPHUHTY, BBEJICHHsI Kjlacu]ikallii cTaHy BOJI: 5 KJIaCiB €KOJIOT1YHOTO CTaHy 1 2
KJIACH XIMIYHOTO CTaHy, 301IbIIEHHS KIJIbKOCTI MYHKTIB MOHITOPUHTY BOJ] 3 COTE€Hb
0 OeKiIbKOX THCsS4. (O3HaueHl 3aXOoAu JO03BOJISITH HAOMM3UTH YKpaiHy 0
ctangaptiB €C.

Cucrema MoHITOpUHTY y KpaiHax €C BIApPI3HSIETbCI CHCTEMHICTIO,
CUCTEMAaTUYHICTIO,  IIHPOKOIO  PO3TANIY)KEHICTIO  TIOCTIB  CIOCTEPEKEHb,

1H()OPMATUBHICTIO Ta OMIEPATUBHICTIO.
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B Vkpaini, 3rizno Crarti 35 BogHoro xojekcy, BUOKPEMIIIOIOTh Taki BUAH
MOBEPXHEBUX  BOJA, SAK TIOCHOJApCHbKO-MOOYTOBMX  MTOTped, a  Takox
pUOOTOCTIOIAPCHKOIO MPU3HAUCHHS.

HopmatuBu sKOCTI BOAHHMX 0O0’€KTIB BCTAaHOBJICHI BIAMOBITHO JO OKPEMHX
KaTeropii BOJOKOPUCTYBaHHS, a caMe: KaTeropii BOJOKOPUCTYBaHHS BOJHHX
00’ekTiB ab0 1X YacTHH y SKOCTI JDKepela Ui IIEHTpajai30BaHOTO abo
HEIEHTPATI30BAaHOTO MUTHOTO BOJOIOCTAYaHHS, a TaKOX I BOJOIOCTAYaHHS
MIJIPUEMCTB XapyoBOI MPOMMCIOBOCTI; KaTeropii BOJAOKOPUCTYBAHHS BOJHUX
00’€kTIB a00 iX YaCTUH HJi TOCHOJAPChKO-NTOOYTOBOTO, BOAOKOPHUCTYBAaHHS B
03/I0POBYUX, PEKpEAIIHHUX, CIIOPTUBHUX IUISAX, @ TAKOXK JJIsI BOJHUX 00’€KTIB B
MeXaX HACEJICHUX ITYHKTIB.

['ocniogapcbko-mo0yTOBI BOAM — 1€ BOAM, SIKI BHHHMKAIOTh B pE3YyJIbTaTl
MOOYTOBOI 1 TOCTIOIAPCHKOT MISIIBHOCTI JIFOJEH, 110 MOXE OXOIUTFOBATH BOJH, SKI
BUKOPUCTOBYIOTHCS B MOOYTI (HAIPUKIIAA, JUIsl IUTTS, IPUTOTYBAHHS iK1, IPUHOMY
JyIly, TMPaHHS TOLIO), @ TaKOXX BOAM, 10 BUHUKAIOTH B PE3yJbTaTi JisJIbHOCTI
PI3HHX TOCMIOAAPCHKUX MIAMPUEMCTB Ta YCTAHOB.

Bu3nadueHHs HOPM /71 TOCIIOAAPCHKO-TIOOYTOBUX BOJ PETYIIOETHCS Pi3HUMU
3aKOHAMH Ta HOPMATUBHUMHU JIOKyYMEHTaMHU B KOXH1W KpaiHi. s Ykpainu — 1e:
3akoH Ykpainu "IIpo 0XOopoHY HaBKOJMIITHBOTO MPUPOJAHOTO CepeaoBuIa’, KU
PETYIIOE acCTIEKTH OXOPOHHM BOJHHUX PECYpPCIB Ta BCTAHOBIIIOE BUMOTH JIO SKOCTI
BOJIM, BKJIIOYAIOUM TOCIOAAPCHhKO-I00YTOBI Boau; CaHITapHI HOPMH Ta MpaBUia
"Bononocrauanns i1 BogoBiaeaeHHs" (CHill 2.04.02-84), 1m0 MicTATh BUMOTH JI0
SIKOCTI TUTHOT BOJM Ta CTIYHUX BoA; Bomuuii kogexc Ykpainu [10]; Hakaz MOO3
«IIpo 3arBepmxenHs ['iri€eHIYHUX HOPMATHBIB SKOCTI BOJHW BOAHHUX OO0’ €KTIB IS
3aJI0BOJICHHS TIMTHUX, TOCTIOJAPChKO-MIOOYTOBUX Ta 1HIINX MOTPed HACEIEeHHS» [8;
34; 63] Toimo.

Boauwuii kogexc YKpaiHu € KII0YOBUM MPABOBUM aKTOM, SIKMI PETYIIIO€ BOAHI

BIJIHOCUHU B YKpaiHi. BonHuii KoJekc peryintoe BAKOPUCTaHHS Ta OXOPOHY BOJIHUX
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pecypciB, 3a0e3medyoun cTajie Ta pallioHAIbHE BUKOPUCTAHHS BOAM ISl PI3HHUX
rajry3eii eKOHOMIKH Ta 30epeKeHHs BOJHUX ekocucTeM [10].

Y T1abn. 1.2 momaHO TOpPIBHSJIBHUM aHall3 OCHOBHHMX JIOKYMEHTIB, Kl
BU3HAYAIOTh HOPMH JI0 SIKOCTI BOJHHMX PECYpCIB, BKJIIOYAIOYM TOCIOJAPCHKO-
noOyToBi Boau [46; 109; 125].

CBiTOBa MpaKTHKa BCTAHOBJICHHS HOPMATHBIB SKOCTI BOJU I'PYHTYEThCS Ha
JTIOCBIJI1 MPOBIAHUX KpaiH cBiTy, 30kpeMa CIIIA, ae aie 3akoH npo yucty Boay (Clean
Water Act — CWA). Lleii 3akOoH BCTaHOBIIIOE 0a30BY CTPYKTYPY JJIs PEryItOBaHHS
BUKUIB 3a0pyJHIOIOYMX pedyoBHH y Boau Cnomydenux Iltatax 1 peryiatoBaHHS
CTaHJapTIB SKOCTI moBepxHeBUX Boj. OcHoBa CWA Oyna npuiinsara B 1948 poui 1
HazuBanacs denepanbHUI 3aKOH PO KOHTPOJIb 3a0pyAHEHHS BOJIU, ajie 3aKOH OyB
3HAYHO PeopraHizoBaHui 1 po3mupenuid B 1972 poui. «3aKoH Mpo YUCTY BOY» CTaB
3arajibHOI Ha3BOI 3akoHy 3 momnpaBkamu B 1972 pomi [107]. Takox y CHIA naie
HamionanpHuit crangapt 3 e(iiyeHTIB IJisi TOCMOJAAPChKO-MOOYTOBUX OYHMCHHUX
cnopya (National Effluent Limitation Guidelines for Municipal Wastewater
Treatment Plants), sxuii BCTaHOBIIOE KOHKPETHI OOMEXEHHS I PIZHUX
napaMeTpiB B TOCIOIapChKO-TO0OYTOBHX CTiuHUX Bojax [106].

Tabmuus 1.2
OcCHOBHI JJOKYMEHTH, K1 BU3HAYaIOTh HOPMU JI0 SIKOCT1 BOJIHUX PECYPCIB,

BKJIIOYAIOYH T'OCTIOAAPChKO-TI0OYTOB1 BOAN

VYkpaina €C CIIA
1 2 3
3akon Ykpainu «IIpo | Jupextura 2008/105/€C 3aKOH PO YHUCTY BOIY
OXOpOHY E€sporneiicekoro Iapaamenty | (Clean Water Act) [99].
HaBKOJIMIITHBOT'O ta Pagu Big 16 rpyaus 2008
IPUPOTHOTO POKY MPO CTaHIAPTH SKOCTI
CEpEIOBHINAY. HaBKOJIUIITHLOTO
cepenoBuia y cepi BOgHOT
noJtituku [104].
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[Iponosxenns Tabdmu.1.2

1

2

3

Bomuuii konekc
VYkpainu [10].

Hupexktusa 2000/60/€C
€BpOMEICHKOTO MapIaMeHTy
1 Pagu Big 23 sxoBTHA 2000
POKY TIPO BCTAHOBJICHHS
PaMOK JisTbHOCTI
CuniBToBapucTBa y chepi
BOJIHOI TIOJIITHKN) [24].

HamionanpHu#t crangapt
3 e()IyeHTIB JyIs
rOCIOAapPChKO-
MOOYTOBUX OYHMCHUX
criopyn (National
Effluent Limitation
Guidelines for Municipal
Wastewater Treatment
Plants) [106].

Haxka3z MO3 «I1Ipo
3aTBEPKECHHS
[rieniunux
HOPMATHUBIB SKOCTI
BOJM BOJIHUX

00’ €KTIB 151
3aJI0BOJICHHS
MTUTHUX,
roCroaapChKo-
MOOYTOBUX Ta 1HIINX
noTped HaceIeHHs
Bix 2 TpaBHs 2022 p.
Ne 721 [63].

HupextuBa Pagu 98/83/€C
Bia 3 nmuctonaaa 1998 poky
PO AKICTh BOJM,
IPU3HAYEHOT JIJIsT
CIIOKUBAHHS JIFOAUHOIO.

[Iporpama 103B0JIIB HA
Bukuu (National
Pollutant Discharge
Elimination System -
NPDES) Po3xain 402
3aKOHy PO YUCTY BOAY
BCTaHOBIIIOE CUCTEMY
JTIO3BOJIIB IS
opraHi3artii i
M1IIPUEMCTB, SIKI
BHUKHUAIOThH
3a0pyAHIOI0Y1 PEUOBUHU
y BoaHi 00 ekt [149].

CaniTapHi HOpMH Ta
paBHIIa
«Bomomocrauanus 1
BOJIOBI/IBEICHHS»
(CHIilIT 2.04.02-84)
[64].

Hupextua Pagu 91/271/€C
Bix 21 tpaBHs 1991 poky npo
OYMINECHHS CTIYHMX BoJ [25].

3aKOH PO KOHTPOJIb HAJl
TOKCUYHUMU
pedoBuHamu — TSCA
[141.

Haxaz MO3 «IIpo
3aTBEPKEHHS
JIep>KaBHUX
CaHITapHUX MPaBUI
MJIaHyBaHHS Ta
3a0yJ10BU HACEJICHUX

nyHKTiB» Nel73 Bix
19.06.1996 p. [64]

HupextuBa Pagu
75/440/€EC Bin 16 yepBHs
1975 poxy 1moa0 SKOCTi,
HEOOX1THOT JIJIsI TOBEPXHEBOI
BOJU, IPU3HAYEHOT 115
3a00py MUTHO1 BOJHU B
neprkaBax-uienax [105].

3aKOH MPO KOMILUIEKCHE
pearyBaHHS
HaBKOJIMIITHLOT'O
CepeIOBHIIIA,
KOMIIEHCAI[IIO Ta
BIAIIOBIIAJILHICTD —

CERCL [138].
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3akon mpo umcty Bomy B CIIA (Clean Water Act) perynroe BUKHIN
3a0pyIHIOIOYMX PEYOBHH Yy BOJHI TiJla Ta BCTAHOBIIIOE HOPMH IS 3a0€3MeUEHHS
akocTi Boau. OCHOBHI MOJIOKEHHS IIhOTO 3aKOHY BU3Ha4aroThcs B Crarti 402 Ta
Cratti 303. OcHoBHi acniekT Clean Water Act: KOXHHII IITAT Ma€ BCTAHOBJIIOBATH
BJIACHI HOPMHU SIKOCTI BOJM JUISI CBOiX BOJIONM, K1 BHU3HAYAIOTh MPHUITYCTHUMHUI
piBeHBb 3a0pyJHEHHs pi3HUMH pedoBrHaMU. I{i HOpMu MaroTh OyTH po3po0JIeH] 3
ypaxyBaHHSM PI3HOMAaHITHHX BHUJIB BHUKOPWCTAHHS BOJH, TaKUX SK MHUTHA BOJA,
pUOOJIOBIIS, KyIIaHHS TOIO; 3aKOH BUMArae BiJl IITATiB pO3pOOJISATH Ta BUKOHYBATH
IporpaMy MOHITOPUHTY I BU3HAYEHHS PIBHIB 3a0pyAHEHHS Ta €(PEeKTUBHOCTI
3aX0JIB 3 iXHBOT'O 3MEHIIEHHS; 3TiAHO 3 po3aiioMm 402, 103BOJIM HAa BUKUIU
BU3HAYAIOTh YMOBH, IKi OOOB'I3KOBO JOTPUMYBATHUCS IS MIIIPUEMCTB Ta 1HIIHUX
JoKepen 3a0pyJIHEHHS Tepes] TUM, SK BOHM MOXYTh BUKHUJATH 3a0pyJIHIOIOY1
PEUYOBMHHM Yy BOJHI Tila; 3aKOH JIO3BOJIAE PEryJlOBaTH BUKHUAU OCOOJIMBO
HEOE3MEeYHNX PEYOBMH Ta BHU3HA4Ya€ OOOB'SI3KM Il IXHBOTO KOHTPOJIO Ta
VOPABIIHHS; 3aKOH BCTAHOBIIOE MeEXaHI3M OOMIHY 1H(QOpPMALIEID  MIXK
dbenepaabHUM, IMTATHUM Ta MICICBUM PIBHAMHU ISl 3a0€3MEUYCHHS BiJIITOBIIHOTO
MOHITOPUHTY Ta BUKOHAHHS BUMOT.

Otxe, 11i HOpMH Ta TIOJIOKEHHS JomomararoTh 3abesneuntu Boay B CIHIA
HAJIEXKHOI SKOCTI Ta 3aXUCTUTH BOJHI PECYPCH Bijl 3a0pyAHEHHSI.

[TopiBHAJIBHY XapaKTEPUCTHUKY HOPMATHBIB SIKOCTI MOBEPXHEBHX BOJ AJIs
roCroAapCchKO-mo0yTOBUX MOTPed B YKpaiHi Ta ¢BiTI mojgano y Tabi. 1.3. Ockiiabku
CTaHJApPTH SKOCTI BOJU JUISi KOXKHOTO INTaTy MOXYTh BIIPI3HATHCS, Y TaOmd. 3
HaBeJIeHO MOoKa3HUKH Jyis mtaty Oraiio [127; 128; 138]. Iltat Oraito CILIA o6pano
Ha MiACTaBl TOro, IO BiH HAJCKITH JI0 MOAIOHOT reorpadidyHO-KIIMAaTHYHOI 30HU
Ykpainu.

[TopiBHSATBPHUN aHaMI3 HOPMATUBIB SKOCTI TMOBEPXHEBUX BOMA, SKi
3anpoBa/keHO B Ykpaini, kpainax €C ta CIHA (ma mpuxmanl mraty Oraiio)
J03BOJISIE 3pOOUTH Takl BUCHOBKH. [lo Oararbox KOMIOHEHTaX SIKOCTI HOPMaTHUBHU

€C Tta CIIIA € 61b111 )KOPCTKUMH, 0OCOOJIMBO TIO Takux moka3zHukax, sk: XCK, bCK,
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xjopuay, cynbdaru, docdartu, HITpaTH, HITPUTH, AMOHIM, XpOM, MEpPKYpIH,

HapTonponykTu. [IpoTe, Mo Takux MOKa3HMKaX, SK MiHEpamizamis 1 KymopyM,

HOPMAaTHUBH SIKOCTI B YKpaiHi € cyBopimuMu. J[0 TakuX 1HTETpOBaHUX MOKa3HUKIB

SKOCTI, SIK pH, ®KOPCTKICT ICHYIOTh Maii’Ke OJJHAKOB1 BUMOTH.

Taomug 1.3

[TopiBHsIIPHA XapaKTEPUCTUKA HOPMATUBIB SIKOCTI TOBEPXHEBUX BOJ IS

rocrnogapcbKo-no0yToBUX MOTped B YKpaiHi Ta CBITI

Ne/m [Toka3Huk VYkpaina €C CIIIA
1 2 3 4 5
1. Temnepatypa Boau, °C - - -
2. | Komip, cm 10 0e3 aHoMatiif 15
3. pH 6,5-8,5 6,0-9,0 6,5-8,5
4. YKopcTkicTh, MIr-ekB/mm° 7 12 7
5. | JIyxnicte, Mr/am® - - 400
6. Kaunbiif, Mr/mm® 200 150 160
7. Marsiit, mr/am° 50 - 100
8. | Minepaizawist, Mr/mm° 1000 1500 1500
9. Xnopuau, mr/nm® 350 200 250
10. | Cynsdaru, mr/ome 500 150 250
11. | Cynsgimun, mr/om® 0 -
12. | Hitparu, mr/nm® 45 50 0,01
13. | Hitputu, mr/nme 3,3 - 0,001
14. | ®ocdatu, mr/om° 3,5 0,2 0,05
15 | Hianigu, mr/om® 0,1 0,05 0,025
16. | 3BaxkeHi pe4OBHMHHM, MI/IM> 0,75+don (30) - -
17. | Po3unnHuii kucenb, MmrOy/mm’ >4 - >6
18. | BCK, MrO,/nm® <6 (mpu 20°C) - <3 (mpu 20°C)
19. | XCK, MrOy/nm® 30 - 16
20. | Amowiii-iionu, mr/om° 0,5 0,1 0,25
21. | depym 3aranpHui, Mr/am° 0,3 0,1 0,3
22. | Hadgronpomykru, mr/am’ 0,1 - 0,01
23. | CITAP, mr/om® 0,5 0,3 -
24. | Xpom(+3), mr/om® 0,5 0,02 0,001
25. | Xpom(+6), mr/om® 0,05
26. | lunk, mr/am® 1,00 0,50 5,00
27. | Kynpym, mr/nm® 1,00 0,02 1,30
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[Tponosxenus Tabdm.1.3

1 2 3 4 5
28. | Amominiit, mr/om® 0,5 0,2 0,2
29. | ®enonu, Mr/am° 0,001 0,001 0,004
30. | Kagmiii, mr/mm® 0,001 0,001 0,005
31. | Hikon, mMr/mm® 0,1 - 0,610
32. | Mepkypiii, Mr/om° 0,0005 0,0005 0,000012
33. | Komidopmu kimbkicTs/ame <100 50/100 cm® | 130/100 cm®

Ipumimxka:

- - HOpMAaTuB HC BHU3HAYCHO.

Ho Bctyny Ykpainu q0 €C kpaiHa Ma€ MOKIMBOCTI TTOBHICTIO 200 4aCTKOBO
IMIUIEMEHTYBaTH pernameHTd €C, ypaxoByrouu ii MIXKHApPOAHI 3000B’s3aHHS,
HaIllOHATBHI MOXxJHBOCTi. [IpoTe, yacTuHY perjameHTIiB YKpaiHa HE 3MOXKe
IMILJIEMEHTYBATH 3 OTJISy HA YIIPaBJIIHHS BIANOBIIHUMHU MeXaHi3MaMu Ha piBHI €C
Ta HEOOX1THOCTI MPUMHATTS pIIIEHb yCTaHOBAMH un opraHamu €C.

[IpoBeaeHmit MOPIBHSUIBHUIA aHAJi3 HOPMATUBIB SIKOCTI MMOBEPXHEBUX BOJI B
VYkpaiHi Ta CBITI BHUSBUB 3HA4HI BIAMIHHOCTI Ta UUISXW JUIsl TapMoOHi3arlil
yKpaiHChKOTO 3aKoHOaBcTBa 31 ctanAaptamu €C. B €C 0CHOBHUM JOKYMEHTOM,
[0 perjaMeHTye SIKICTh MOBEpXHEBUX BOJ, € BonHa pamkoBa nupektuBa (WFEFD),
npuitHaTa y 2000 poui. BoHa BcTaHOBIIOE 1HTErpOBAaHUN MiAXIA A0 YNPaBIIIHHS
BOJHUMHM pecypcamu 3a baceiHoBUM npuHIUIoM. Metor BP/] € nocsruenss Bcima
MOBEPXHEBUMHU Ta MIA3€MHUMU BOAHUMHU OO0'€eKTaMu "M0OpOro €KOJOT1YHOro Ta
XIMIYHOTO CcTaTycy'".

VYkpaina, manucasmm Yroay mpo acoiiariito 3 €C y 2014 porii Ta OTpUMaBIIIH
cTaTyc KaHauaatra Ha BcTyn y 2022 pomi, B3suia Ha cebe 3000B'sI3aHHS
IMIJIEMEHTYBAaTH €BPOMEHChKI CTaHAApTH y cdepl yOpaBIiHHS BOIHUMH
pecypcamu. llel mporiec BKJIIOYAE TPAHCMO3UIIIIO, BIPOBAIKEHHS T4 BUKOHAHHSI
aktiB €C. [lnan immnemenTanii BPJI €C B Ykpaini 3aTBepAKEHO pO3MOPSIIKEHHIM
Kab6inetry MinictpiB Ykpaiuu Big 15 kBitHs 2015 poky [27—29].

B Vxkpaini cTan moBepXHEBUX BOJ] BU3HAYAIOTh 32 €KOJIOTIYHUM Ta XIMIYHUM

CTaTyCcOM, a MiJ3eMHUX — 3a XIMIYHUM CTaTycoM Ta 3anacamu. Ekoioriunuii craryc
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OLIIHIOETHCA 3a M'SIThMa KJIacaMHU Ha OCHOBI O10JIOT1YHUX eleMeHTIB (puba, TOHHI
O0e3xpebeTHI TOmIO), a XIMIYHMA — 3a JBOMa KiacamMH, BpaxoBywouud 45
MPIOPUTETHUX PEUOBUH.

32019 poky B YkpaiHi i€ HOBUI TOPSIOK MOHITOPUHTY BOJ, IO BiATOBIiAA€E
nupektuBam €C. Bin nependavae 11arHOCTUYHUN, OTIEpaIliiHUN Ta TOCT1 THULIBKUAN
BUJIM MOHITOPUHTY , YITKHH PO3MO/I1JT O0OB'SA3KIB MiXK YCTaHOBaMH Ta 301JIbIIICHHS
KUJIBKOCTI ITYHKTIB MOHITOPHUHTY.

OTxe, MOPIBHSUILHUYN aHAII3 3acBiquuB, 1m0 HopMmatuBu €C Ta CIIA vacto
YKOPCTKIII 3a yKpaiHchki 3a 6arateMa nokasHukamu (XCK, BCK, Hitpatu TO1I0).
[Ipote, 3a mMokasHUKAMHM MiHepali3alii, KynpymMy Ta JESKHX IHIIUX EJIEMEHTIB
YKpaiHCbKI HOPMATHBU € CyBOpimMMHU. IMmremenTanis periamentiB €C

BpPaxOBYBATHME HAI[lOHAJIbHI MOMJIMBOCTI.

1.3. IIpoGsaema 3MiH KJiMaTy y MIXKHAPOAHINA IHCTUTYUiWHIH 0a3i Ta
KJIIMATHYHI YUHHUKH, AKi BIVIMBAIOTH HA CTAH BOJAHUX pecypciB.

ITicist BUBYEHHS MHUTAaHL TEPMIHOJIOTII IOJIO EKOJIOTTYHOI OE3MeKH Ta
HeOe3MeKH BOJIHUX PECYPCIB, aHAJI3y HOPMATHUBIB 11010 SIKOCTI BOJHUX €KOCUCTEM,
HACTYITHUM KPOKOM JIOCHIPKEHHSI CTaJIO PO3TJIsT IPOOIEMH II0JI0 3MIHU KIIIMATY,
HacaMIiepesl, BUBYCHHS TPAKTYBaHHS TIOHSTTS «3MiHA KJIIMaTy» y HayKOBIi
JiTepatypi, a TakoXX y HOPMATHBHO-IUPEKTUBHUX JOKYMEHTaX. BuBueHHS
JIOKYMEHTIB, SIKl € MATPYHTSIM 10 PO3POOKH 1 peatizallii eKOJIOTIYHOT TMOJITUKH Y
chepi amanTamii JO0 3MIH KIIMaTy CTajll0 OCHOBOKO JIJIi BHOKPEMJICHHS Ta
OOIpYHTYBaHHS KJIIMAaTUYHUX YUHHUKIB, $KI MOXYTh BIUIMBAaTH Ha CTaH
T1IPOEKOCUCTEM.

BiguyTHi 3MiHM KJiMaTy mnoyaiu BigOyBaTuch 3 KiHUg XIX cromitrts, a
BIJIMOBITHI HACIIIIKU JI€/Iajli TIOMITHI 10 BCi TutaneTi. [ligBuineHHs temmnepaTypu
10 BCHOMY CBITYy € HAWOUIBII TOMITHOO, IO, TOJOBHUM UYHWHOM, TIOB’S3aHO 31

3MIHOIO CKJIaay aTMoc(hepu YHACIIJIOK aHTPOIOreHHOI JIsUIbHOCTI, 110 TOJOBHUM
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YUHOM II0B’S13aHO 13 BUKOPHCTAHHSM MajiiBa 3 BUKOIHUX JKEpeN 1, BIAMOBIIHO,
BUKHUIaMH TTAPHUKOBUX Ta3iB.

BignosigHo 3BiTy BeecBiTHBOI MeTeoposioridynoi opranizaiii, y 2023 porr
robanbHa cepedHs Temmeparypa Oyna Oumem HibK Ha 1,2°C Bumma, HIXK Yy
noiHaycTpianbHUi yac. Llg TeHaeHiis € cTajioro, 1 BOHAa MPOJOBXKYE 3POCTATH,
IpUYOMY 3HA4Y€HHsS B €BpOIIl 3pOCTa€ MIBUIIE, HIXK CEPEIHE CBITOBE 3HAUCHHS.
Tak, y 2011-2020 pokax riodanbHa TeMIepaTypa MOBEPXHI HaIIOi TJIaHeTH Oyra
Bumow Ha 1,09 [0,95-1,20]°C, nmix y 1850-1900 pokax. lle#i mokazHuk OyB
oinpmmM Han cymero (1,59 [1,34-1,83]°C), nixk Hag okeanom (0,88 [0,68 mo 1,01]
°C)” [114-116].

2023, 2024, 2025 poku cTanu HaWTEeIUTIIIUMHE B icTopii. TeMrepartypa 3pocrae
K Ha CyXOJ0Jil, Tak 1 B okeaHi. Bnepuie 3adikcoBano nepesunieHHs +1,5°C y
Mekax oJHoro poky [38].

[IpssMuM Oe3nocepeHIM HACTIAKOM TPUBAJIOTO 30UIBIIEHHS TEMIIEPATypH €
3pOCTaHHs PIBHS MOPS YHACHTIIOK TEPMOCTEPUIHOTO POIIMPEHHS OKEeaHy, a TAaKOXK
IHTEHCHBHE TAHEHHS JILOJIOBHKIB 1 KPU)KaHUX TTOKPHBIB.

31 3MIHAMHM TJIOOAJILHOTO KJIIMaTy TaKOX TIOB’A3aHl 3MIHM KUIBKOCTI 1
IHTEHCUBHOCTI omnajiB. CroCcTepiraeThCsl cTajia TeHICHIIS 10 30UIbIIEHHS YacTOTH
CKCTpEMabHUX TOTOJIHMX Ta KIIIMAaTHYHUX SBHII, TaKi SIK TOCYXH, XBHJI CIICKH,
3JIUBU, CWUJIbHI BITPH, IITOPMH, JICOBI MOXEX1 Tomo. Taki MOrojaHi sBUIIA €
IPUYUHOIO PYHHYBaHHS LITICHOCTI €KOCUCTEM, 30KpeMa TipOeKOCUCTEM.

3anexHo BiJ reorpadiyHoi TEPUTOPIi, a TAKOXK KIIMAaTUYHUX, TeorpadiuHux
1 COITIaIbHO-€KOHOMIYHUX YMOB HACIIJIKK 3MIHH KJIIMaTy MOXYTh OyTH pi3Hi. Taxk,
Ha €BPOINEHCHhKOMY KOHTHHEHTI yCl TepUTOpIi MiAJATaloTh BIUIUBY 3MIHM KJIiMarTy,
npudomy Oaceitn Cepen3eMHOTro Mopsi, TIpChbKi PErioHU, T'yCTOHACENICH] 3alljlaBu,
npubepexHi 30HU Ta APKTHKA MiUISITal0Th OUThIIoMy pu3uky. Jlo Toro, y 3BiTi
BcecBiTHBOT METEOpOIIOTIUHOI OpraHizallii MiJKPECIIOeThCA, 0 OUTbIIEe TPETUHU

HaceJieHHs €BpONMM NPOXKHUBAE B MICTax, SIKi HE MalOTh HEOOXITHOI 37aTHOCTI
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aJanTyBaTHCS 1O 3MIHM KJIMaTy Ta MiJJalOThCS CEpHO3HUM BIUIMBAM IIif] 4ac
eKCTPEMAaJIbHUX MOTOJAHUX YMOB (XBUJII CIIEKH, MOCYXH, 3JIMBH, TABOJKH TOIIIO).

3aranpHO BU3HAHO, 10 [lapu3bka yroga € OCHOBHUM IOPUIMYHO
OOOB'I3KOBUM MIKHAPOJHUM JOTOBOPOM IIOJO 3MiHY KIiMaTy. Yroay Oyio
npuitHaTo 196 croponamu Ha Kondepenuii OOH 31 3minu kiimaty y Ilaprki 12
rpyaus 2015 poxy. Lleit nokyment HaGys unHHOCTI 4 nucronana 2016 poky. Horo
OCHOBHA METa MOJISITA€ B TOMY, 100 YTPUMATH «I11IBUILIEHHS TTI00AIBHOI CEPETHBO1
TeMriepaTypu 3HauHO Huxk4e 2°C TOPIBHSHO 3 JOIHAYCTPIAJIbHUM pIBHEMY» 1
IPOJOBKYBATH 3yCHILIS «II00 OOMEXUTH MHiABUIIEHHS Temneparypu no 1,5°C
BUIIIE AOIHAyCTpianbpHOTO piBHA» [108; 147; 148].

OTxe, I1i IO/10 ananTalii 0 3MiH KJIIMaTy € IPIOPUTETOM JJIsl MI>KHAPOIHOT
cniibHOTU. IIpoTe, He3ane)HO BiJ 3aXOAIB 31 CKOPOUEHHS BHKHUIIB NApHUKOBUX
rasiB Ta CIICHapiiB MI00AJbHOIO MOTEIUIIHHS, HAWOIMKIMM YacoM BIUIMB 3MIHHU
KiiMmaty 3poctatuMe. [IpuumHamMu 1BOrO € BIATEPMIHYBAHHS 3aXOJIB 010
CKOPOYCHHSI BUKHU/IIB, 30p0OitH1 KOH(IIKTH To1lo. O HaK, 3aX0AM 3 ajanTalii 3a11s
MO/I0JIaHHS HEMUHYYMX HACIIKIB 3MIHU KJIIMATY Ta IX €KOHOMIYHHUX, €KOJIOTTYHUX
1 COLIIAJIbHUX BTPAT Ta 30MTKIB € HAJ3BUYAHO BaXKTMBUMHU.

3axoau moA0 afganTarlii 0 KJIIMaTUYHUX 3MIH MAalOTh BKIJIFOYATH 3MIHU B 01K
3eJIeHOT €KOHOMIKH, fIKa repeadadae HU3bK1 Ta/ad0 HYJIbOBI BUKUIU KapOOHY Ta
BIPOBA/PKCHHS CYYaCHHMX €HEpro3oepiraroumx TexHOJIOorid. Po3poOiieHHs Takoi
MOJ1eJI1 EKOHOMIYHOTO PO3BUTKY I'PYHTY€ETHCS HA TOPU30HTAIBHOMY KOOPAMHYBaHH1
MOJIITUK B c(hepax: HAYKH 1 OCBITH, €KOJIOT1i Ta 30epeKEeHHs IPUPOJAHUX PECYPCIB,
CHEPTeTUKH, CKOHOMIYHOTO PO3BHTKY, arpapHoOro BUpOOHHMIITBA Tomio [54; 111;
146].

BianosinHo 3BiTy BeecBiTHROTO €KOHOMIUHOTO (popymy 3a 2020 pik, ICHYIOTb
Taki Cepiio3Hi riao0aabHl PU3MKHU TOB’S3aHI 31 3MIHOIO KJIIMaTy, a caMe: BTpara
CepeIOBHILA MMPOKUBAHHS; KpHU3a BOJAHUX PECYPCiB; HE3ATHICTh 3aMo0iratu 3miHi

KJIiMaTy Ta aJanTyBaTHCh 10 Hei [155].
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3a ganumu MixypsinoBoi rpynu ekcrepTiB 31 3Minu kiaimaty (IPCC), 3mina
KIiMaTy — 1€ 3MiHa CTaHy KIIMary, SKy MO)XXHA BH3HAUUTH (HANpHUKIad, 3a
JIOTIOMOTOI0 CTaTUCTUYHUX METOJIB) 3a 3MIHAMU CEpPEIHbOI BEJIWYMHH Ta/abo
MIHJIUBOCTI XapaKTEPHUX BJIACTHBOCTEH, SIKi 30€piraroThCs YIPOIOBK TPUBAJIOTO
nepiojly yacy, 3a3BUyail BIPOJOBXK JECATUIITTS a00 JoBIIe. 3MiHA KIIMATy MOXKeE
OyTM BUKIMKAaHAa TPUPOJHUMU BHYTPIIIHIMU TpoliecaMu abo0 30BHINIHIMH
YUHHUKAMH, TaKUMH SIK BUBEPKEHHS BYJKAHIB 1 aHTPONOTE€HHI 3MIHM B CKIIAJl
arMocdepu abo 3emiekopuctyBanti [16; 110; 114].

3rigHo 3 PamkoBoro konBeHiiero OOH 31 3minu kinimaty (PK3K OOH), 3mina
KJIIMaTy — L€ 3MiHa, LI0 CIOCTEPIraeTbCsd YHACHIOK MPsAMOi YHM HENpsSMOl
JISTTBHOCT1 JIFOJMHM 1 MPU3BOAUTE J0 3MIHHM y TJI00aIbBHOMY CKJIaji atMocdepu,
TAKOX € JIONOBHEHHSM J0 MPUPOJHOI 3MIHM KIIMaTy, IO CHOCTEpPIra€ThCs
yIpoJoB:X nopiBHsHHOTO Yacy. O1xke, 3a PK3K OOH po3pi3ustoTs 3MiHY KIiMaTy
yepe3 aHTPONOTreHHY MISUIbHICTh, fIKa 3MIHIOE CKIIaJl aTMOC(EpH, Ta MPUPOIHY
MIHJIHMBICTB KimiMmaty [150; 151].

Bignosigno no PK3K OOH, amanTariis 10 3MiHM KJIiMaTy — II€ aJanTariis
OpUPOAHUX ab0 JIOJICBKMX CHCTEM y BIANOBIIb Ha (PaKTHUYHI YM OYIKYBaHi
KJIIMAaTUYH1 TTOIPA3HUKU YM TXHI HACIIKH, sIKa 3HIKYE a00 3amobirae mkoai ado
BUKOPHCTOBYE BUT1/IHI MOXJIMBOCTI, OB’ s13aH1 31 3MIHOIO KJIIMaTYy.

BianosinHo 3BiTy MiXypsSAoBOi Tpynu €KCHEPTIB 31 3MIHM KJIIMaTy,
PO3PI3HAIOTH AIANTAIIIIO B COMIABHUX Ta IPUPOTHUX CUCTEMAX.

Aganrariisi y COI[I0O€KOCUCTEM]1 — II€ TIPOIIEC MPUCTOCYBAHHS 10 (haKTUYHOTO
ab0 OYIKYBaHOr0 KJiMaTy Ta MOro HaciifkiB, 00 MOM’SKIIUTH ILIKOLY a0o
BUKOPUCTATH KOPHUCHI MOKJIHUBOCTI. Y TPHUPOJHUX CHUCTEMaxX, — II€ MPOIIeC
MIPUCTOCYBAHHS JI0 IOTOYHOTO KIIIMaTy Ta HOTO BIJIMBIB; BTPYYAHHS JTFOAMHA MOXKE
HOJICTIIUTH aIalTAIlII0 IO OUiKyBaHOTO KJIiMaTy Ta Horo Hachiakis [115].

BinnmoBigHo Toro x AokyMeHTY (3BiTy MiXypsioBOi TpyNnu €KCHepTiB 31

3MIHU KJIIMaTy) BUAUISIOTH 1HII BUJIM aJiariTailii, a came:
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[ToctynoBa amamnrartisi, 10 03HAYAE MIATPUMKY CYTHOCTI 1 ILTICHOCTI CUCTEMU
abo mpolecy 1 € po3MHPEHHs il 1 MOBEAIHKH, SIKI BK€ 3MEHIIYIOTh BTpaTH abo
30UTBIIYIOTh ~ TepeBard  BiJ ~ NPUPOJHMX  KOJMBAaHb  EKCTPEMAaJIbHUX
MOTOAHUX/KIIMATHYHUX TOMINA. Y JeSKUX BUIIQIKaX TMOCTYIOBA aIariTallis MOXe
MIPU3BECTHU JI0 TpaHCchOPMAaIIMHOI ajanTarii;

Tpancdhopmamiitna aganTamis — Iie Tporec 3MiHU (PyHIaMEHTaATbHUX
aTpuOyTIB COI1abHO-EKOJIOTIYHOT CHUCTEMH B OYIKYBaHHI 3MIHM KIIMaTy Ta
HACJIIKIB;

ABTOHOMHa (CITIOHTAaHHA) aJanTalllsg — 1€ aJanTallis y BIIIOB1/Ib Ha MOTOYHUMN
CTaH KJIMaTy Ta WOro BIUIMB 0e3 ii Oe3mocepeIHboro MmiaHyBaHHs, a0 CB1JOMOTO
30CepEIPKEHHS Ha BUPIIIEHHI TPOOJIEMHU 3MIHH KITIMATY;

EBomroriiina anganraiiisi — 1€ mpouec, 3aBIAsSKu SKOMY B a00 MOMYJISIis
CTalOTh OUIbII 3JaTHUMH KUTH B MIHJIMBOMY CEPEJIOBHUII 3aBISKH BiIOOpY
cnaakoBux o3Hak [114]. bionoru 3a3Bu4ail BiAPI3HAIOTH €BOIIOLINHY ajanTalio
BiJI aKkjiMaTu3allii, OCKIJIbKM OCTaHHS B1AOYBAETHCS YIPOJIOBXK >KUTTS OKPEMOIO
oprauizmy [156].

ExocrucreMHa amanramiss — 1€ TPOIEC YMPaBIiHHSI EKOCHCTEMaMH IS
MIJBUINCHHS CTIMKOCTI Ta 3MEHIICHHS BPa3JIMBOCTI JIFOAEH 1 €KOCUCTEM JI0 3MIHU
KIIMaTy. AjanTaiis Ha piBHI TPOMaj BIPOBAKYETHCS Ha JIOKAJILHOMY PIBHI 1
30Cepe/Kye yBary Ha pO3LIMPEHHI MOKJIMBOCTEH Ta CHPUSHHI aanTaiiiiHii
CIIpOMOXKHOCTI Tpomai. lle miaxin, skuil BpaxoBYy€ CHJIBHI CTOPOHHU, KOHTEKCT,
KYJIBTYPY, 3HaHHS, CBOOO Ty BOJII Ta MEepeBary JOKaJIbHUX CiabHOT [114].

ApnanrariiiHa COpPOMOKHICTh — II€ 3/IaTHICTh CHCTEM, YCTaHOB, JIIOJEH Ta
IHITUX OPTaHi3MiB MPUCTOCOBYBATUCS JIO MOTEHIIIAHOT MTKOJM, BUKOPUCTOBYBATH
MOKJIMBOCTI a00 pearyBatd Ha Hacmiaku. [edimut ajmanrtamii — po3puB MiK
MOTOYHUM CTAaHOM CHCTEMH Ta CTAHOM, B IKOMY MiHIMiI30BaHUW HETaTUBHUY BILIUB
ICHYIOUMX KIIMaTH4YHUX yMOB. [Iporammuna amanTarmii — pi3HHUIS MDK (AKTUIHO
3MIICHEHOIO0 aJlalTalll€l0 Ta TOIO, SIKY CYCHUIBCTBO IMOCTAaBUJIO 32 METY, L0 B

OCHOBHOMY BH3HAYA€THCS NMpePEepeHLisIMU, OB’ I3aHUMHU 3 TOMYCTUMHUM BILTUBOM
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3MIHM KJIIMaTy Ta BigoOpakae OOMEXEHHS PEeCypcCiB 1 KOHKYpPYIOYi TPIOPUTETH.
Mexi aganTariii — MOMEHT, KOJIH 11111 cy0’ekTa (a60 moTpeOn CucTEMN) HE MOXKYTh
OyTH 3axuIIeH] BiJ] HECTEPITHUX PU3HUKIB 3a JIOTIOMOT0I0 alalTUBHUX Aid. KopcTki
MeXI1 afanTaiii — *KOH1 aJanTariitHi i1 HeMOXKJIKBI, 100 YHUKHYTH HECTEPITHUX
pu3uKiB. M’ski Mexi aganTaili — MOXKYTh ICHYBaTH BapilaHTH JJISI YHUKHEHHS
HECTEPIHUX PU3UKIB 32 JOMOMOTOI0 aJalTUBHUX JI1i, e Hapa3i BOHU HEJAOCTYIIHI.
Bapiantu agantanii — HabGip cTpaTeriii 1 3aX0/liB, JOCTYMHUX 1 BIAMOBIIHUX IS
BUpIIIEHHST TipoOsieMu anantailli. BoHW BKIIIOYAIOTh MIMPOKUN CHEKTP i, SKi
MO>KHA KJIaCU(PIKyBaTH SIK CTPYKTYPHI, IHCTUTYIIIiHI, €KOJOT14H1 a00 MOBEIIHKOBI
[114]. Yci o3HaueHi TepMiHH BU3HAYCHO Y 3BiTI MIKYpSIOBOI IPYIH €KCIEPTIB 31
3MIHM KJIIMaTy, BOHU HaJlal0Th IIHOIIE pO3yMiHHS MPOIIECIB 3MIHU KIIIMATy, 1 i
Yac JOCIIIKCHHS BIUIMBY 3MiH KJIIMaTy Ha cTaH BOJHHX pecypcis [94; 95].

MixHapo/Ha IHCTUTYI[IHHA CTPYKTypa 31 3MIH KJIIMaTy OXOIUTIOE HHU3KY
MDKHApPOJIHUX PAaMKOBUX VYTOJ, [KI € MIATPYHTSIM JJisi PO3pOOKM 1 peanizarlii
€KOJIOTTYHOI MOMITUKU Ha JEPKABHUX PIBHAX. ¥Y3arajbHIOIYHM 1 CHCTEMATH3YIOUH
MDKHApOIHUN JOCBI, BUALIIEMO TaKi OCHOBHI MI>KHAPOJIHI paMKOBI YT'O/IH, a caMe:

1. PamxoBa kouBeHuiss OOH 31 3minu kimimary (PK3K OOH, 1992 pik)
PamxoBa kouBeniiss OOH 31 3MiHu kiimaty Oyno miamucano 154 kpaiHamu Ta
€pponeiicekum CorozoM y 1992 pomi mixg gac Camity 13 3aXUCTy Ta po30yI0BU
noBkiwist. €C y cBoOil jAekiapali, MoJaHiii OJHOYACHO 3 JOKYMEHTOM IIpo
patudikamirto KoHBeHIlli, BU3HAYMB CBOEIO 3arajibHOI0 METOIO (MIJIsI BCIX JIeprKaB-
YJIeHIB pa3oM) cTabumi3aliio BUKUAIB Byryiekuciaoro razy a0 2000 poxy Ha piBHI
1990 poxy [45];

2. Kiotrcpkuit mpotokos. Ha ocHoBi mporeayp, nepeadauenux Konseniriero,
Ha Tpetiit Hapaai Cropin (M. Kioto, rpynens 1997 p.) 6yno npuitasto IIporokon
no Konpenmii, Bimomuii sk KioTchbkuii mpoTokoi. KioTChKHiT TPOTOKOJI OXOILTIOE
nricTh Kareropiit BukuiB napuukoBux raszis (I1I'): Byrnexucnmii raz (COy), meTan
(CHy), mitporen(I) okcum  (N20), rigporenpayopokapoonu  (HFCs),
nepdayopokapoon (PFCs) i cynmbdyp rexcadropua (SFg). [Iporokon mae Ha meti
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3arajJibHe CKOPOYEHHS BHKHUAIB IIOHaWMeHIne Ha 5% BOPOIOBXK I STUPIUHOTO
tepminy 2008—2012 pokiB mopiBHsiHO 3 piBHeM 1990 poky. Ilpotokon HaOyB
yuHHOCTI B 2005 porui. Yci kpainu-unenu €C patudikyBanu [IpoTokon y TpaBHi
2002 poky [119];

3. Ilapusbka yrona. [lapu3sbka yroja moa0 3MiHH KJIiMaTy — 1€ MDKHApOIHa
KJIIMAaTU4YHA YTroJla, OCHOBHOIO METOI0 SIKOi € YTPUMAaHHS MIJBUILIEHHS CEPeIHbOI
robanbHOI Temneparypu Hrkue 2°C NOpIBHSHO 3 JOIHAYCTPiaJIbHUM pIBHEM, a
TaKOXK TPOJOBKEHHS 3aXO/IB II0JI0 OOMEXEHHs MIJIBUIIEHHS TeMIIEpaTypu 0
1,5°C BiIHOCHO JTOIHYCTPiadbHOTO PiBHS, BU3HAIOUH, 1110 Y TAKUM CIIOCIO pU3UKH
Ta HACIIJKU 3MIHM KJIIMary OyAyTh 3HAYHO 3MEHILIEHI. YToja ogimiiiHo Halyia
yrHHOCTI y 2016 porri [148].

PamkoBi yrogun €C OXOIUTIOIOTH HU3KY JIOKYMEHTIB, SIKI HajeXaTb 0
CKOJIOTTYHMX TOJIITHK 3aIllo0iraHHs Ta ajarnTarlii 10 3MiH KiiMaTy. BusnaueHo, 1o
JI0 OCHOBHUX JIOKYMEHTIB B IIbOMY TUTaHI HAJIC)KATh:

1. [Taker €C moao kmiMmaty Ta eHeprii Ao 2020 poky (uum 20—20-20)
(Pimenns 406/2009/EC). €pponeiicbka Pama mpuiiHsia iHTETpOBaHHUM MiIX1 110
KJIIMAaTUYHOI Ta €HEPreTUYHOI MOJITHKH, COPSIMOBAHUI Ha ajanTaliio A0 3MiH
KJIIMaTy Ta  TMIABUIIEHHA  eHepretuyHoi  Oesmeku  €C,  3MIIHIOIOYU
KOHKYPEHTOCTIPOMOXKHICTh 1 TEPETBOPIOIOYM HOTO HAa BHCOKOECHEPTroe(EKTUBHY
€KOHOMIKY 3 HU3bKMM pIBHEM BHKHUIIB KapOoHy. BuMoru, npuifHATI TiiaBamu
JepKaB 1 ypANiB, CTOCYBAJIWCS: 3MEHIICHHS BHUKH[IB TApHUKOBUX Ta3iB
njoHaiimenie Ha 20% nopiBHsAHO 3 piBHsAMU 1990 poky; 20% crnoxuBaHHS eHeprii
B €C Mae HaIXOIUTH 3 BITHOBITFOBAHUX JXKEPEIT; 3HIKCHHS CIIOKHUBAHHS IIEPBUHHOT
eHeprii Ha 20% TOPIBHSHO 3 TMPOTHO30BAHMM PIBHEM 3aBJSIKW ITiJIBUIIICHHIO
eHeproedexTuBHocTi [109].

2. Tlaker €C mrono ximiMary Ta edeprii 10 2030 poky, sikuit 0y10 NPURHATO
€pponeiickkoro Pamoro y 2014 pomi. Kimimatnuna Ta eHepreTuyHa paMKoOBa
nporpama 10 2030 poky Mae Taki I[iJIi: CKOPOYECHHS BUKHU/IIB IMAPHUKOBUX Ta3iB

monaiimere Ha 40% 10 2030 poxy nopiBHsHO 3 1990 pokowm; piBaI €C crioxuBaTH
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npuHaiiMHi  27% eHeprii 3 BigHOBmMIOBaHUX Jkepen y 2030  por;
3araJlbHOEBPONECIChKAa OpPIEHTOBHA I[Ib 3 TMIABUIICHHA €HEProe()eKTUBHOCTI
npuHaiiMai Ha 27% go 2030 poky. IliaTpumka 3aBeplieHHS CTBOPEHHS
BHYTPIIIHHOTO EHEPreTUYHOTO PHUHKY Yepe3 MOCATHEHHS moTouHoi meTu 10%
00’€THaHUX 00’ €KTIB €HEPreTUYHOI 1HPPACTPYKTYpH B TEPMIHOBOMY MOPSIKY 1 HE
nizHime 2020 poky, 30kpema B kpaiHax banrii Ta Ha [lipeHelicbkoMy TIBOCTPOBI, 3
MeToro gocartu 15% no 2030 poky.

PamkoBa Yroaa no 2030 poky, oco6auBO ii MeTa 11010 CKOPOUYEHHS BUKHTIB
napHukoBux razis y €C na 40%, € ocHoBoro BHecky €C no [Tapu3zbkoi yroau momao
3MiHK KjiMatry. JlaHuil BHeCOK, BigoMui sik OdYikyBaH1 HalllOHAJIBHO BHU3HAYEHI
BHecku (OHBB), Oyno odiiiino 3atBepxeHo Ha 3aciganHi Pagu €C 13 3axucry
noBkiIs 6 6epe3ns 2015 poxy [30].

3. Emneprerununa gopoxkns xkapta 2050 poky, sika CTOCY€ETbCS MEPEeXoay J0
KOHKYPEHTOCIPOMOKHOI HU3bKOBYIJIELIEBOI €KOHOMIKM 10 2050 poKy 3 MeToro
CKOpPOYEHHSI BUKH/IIB NApHUKOBUX Tra3iB mpuHaiiMHl Ha 85—90% no 2050 poky
nopiBHsAHO 3 1990 poxom [134].

BuznauuMo kit04oBl NOMITUKM afgantanii. Cepea OCHOBHMX JOKYMEHTIB —
3eneHa kHura, ska BujaHa €Bporeiicbkum Coro3om y yepBHi 2007 poky. lleit
JOKYMEHT € O(MIIIHHUM CBITOBUM OOTOBOPEHHSM IIMTaHb aJarTaiii 10 3MIHU
KJIiMaTy. 3ejeHa KHUTra BUHHKJIA, SK HEOOXIJTHICTh BHUBUCHHS HE3BUYANHUX,
eKCTpEeMaJIbHUX MOTOIHUX SIBHIIIL, SIKi CIIOCTEPITal0Th YIIPOJAOBXK OCTAHHIX POKIB Ha
€BPOIEUCHKOMY KOHTHHEHTI. JIOKyMEHT 3amoyaTkKyBaB NyOJi4HI KOHCYJIbTallii
I0/I0 TOJITUYHMX 3aXOiB, HEOOXIJHMX JJISI 3MEHIIEHHsS HACIIJKIB 1 BUTpaT,
MOB’sI3aHMX 3 rI00ansHUM NoTeuTiHAAM. Y 2013 porri Oymo omy6ikoBaHO 3eeHy
KHUTY 3 PaMKOBOIO MpOrpaMor0 KIiMaTH4HOI Ta eHepreTnyHoi nomituku 10 2030
poky [113].

VY 2009 poui y bimit kau3i €C 3aaexinapoBaHo, 1110 3aKOHOJIABCTBO 1100
3MIHU KJIIMaTy Tepeadadae KOHKPETHI 3aX0/M I BUKOHAHHS 3000B’s13aHb €C, a

came ckopoueHHs BUKUIIB A0 20% uwmxkue piBHsI 1990 poky no 2020 poxy. Ha
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NEePIIUX eTanax peanizalii cTpaTerii BA3HaY€HO YOTUPU OCHOBHI HaIMpsIMKU Aiil: 1)
CTBOpPEHHS MIIHO1 0a3u 3HaHb MPO BIUIMB Ta HACIIAKHU 3MiHH KiiMaty g €C; 2)
1HTerpanis aganrtaiii B Kio4yoBy noiituky €C; 3) BUKOpUCTaHHS KOMOIHAIlii
IHCTPYMEHTIB TOJITUKH (PUHKOBI 1HCTPYMEHTH, KEpIBHI MPHUHIIMIIU, IEP>KaBHO-
MIpUBAaTHE MApTHEPCTBO) I 3a0e3reueHHs e()eKTUBHOTO BUKOHAHHS ajanTariii; 4)
aKTHUBI3AIlis MI>KHAPOHOT CITIBIIpaIll 3 MUTaHb aganTarii [153].

V xBiTH1 2013 poky cxBaneHo Ctparerito €C 3 aganTauii 0 3MIHU KIIIMATy
3 TAKUMHU OCHOBHUMH LUISIMU: 3a0XOUYEHHSI JIepKaB-UJIEHIB POJAOBKUTH CTBOPEHHS
HalllOHAJIBHUX CTpATEriil aganTallii 0 3MiHU K11MaTy; (1HaHCYBaHHS HAPOITYBaHHS
NOTEHI[IaTy Ta MPUCKOPEHHS 3aXOAIB LIOA0 ajanTaunii [0 3MIHM KJIMaTy 4depes
nporpamy LIFE (2013—2020 poxu); iHTerpamis agantamii B Yromy MepiB
(2013/2014 pokm). IlpuifHATTS pilleHb Ha OCHOBI YTOYHEHOI 1HQOpMaLIi:
JIOTIOBHEHHSI 3HaHb WIOJO ajanTauii OO0 3MIHM KJIIMaTy; PO3BUTOK OHJIAWH-
mwiatgpopmu Climate—ADAPT 3 meroro ¢dopmyBaHHS LeHTpY iHpOpMAaLii Mpo
ajanTariito 10 3mMiHu kiimaty. Jii mono 3axucty €C BiJ 3MiHU KJIIMaTy: 1THTErpais
MOJIOKEHBb MIOJ0 ajamnTailii 10 3MIHM KJIIMaTy B KJIIOYOBHX OOJIACTAX BUCOKOT
BpaznuBOCTL: 3axucT CHUIbHOI CUIBCBKOTOCHOAAPChKOi MOJiTUKY; [lomiTuku
sryproBaHocTi Ta CroiabHOI pUOHOI TMOMITHKKA BiJ 3MIH KIIMaTy; 3aXUCT
1H(}pacTpyKTypH Bij 3MIHM KJIIMaTy; TPOCYBAHHS MPOTPaM CTpaxyBaHHS Ta 1HIINUX
(1HaHCOBUX MPOAYKTIB JUIsl peai3alii IHBEeCTULIHHUX Ta O13HEC-PIllIeHb CTIHKHUX J10
3Minu kimimary [108; 120; 121; 147].

HactynmHum KpokoM y peanizallii HOJIT aganTamii 10 3MiH KJIIMaTy craja
Yroaa mepiB (2015 poky). Ilignucantu Ilakty 3000B’S3yIOThCS 3aCTOCOBYBATH
KOMITJIEKCHUM TMIiAX1A IS 3amoOiraHHs 3MiHI KiiMary Ta A0 ajanTarii go il
HACIIJKIB. YNPOJOBXK TMEPIIMX JBOX POKIB IMICIS NPUEAHAHHS, BOHU IOBHHHI
po3pobutu [lnan 3axo/iB MO0 CTaN0i EHEPTeTHKHU Ta KJIIMaTy, CIIPSIMOBAHUNA Ha
ckopoueHHsi BukuaiB CO; monaiimenme Ha 40% mo 2030 poky Ta MiJBULICHHS
CTIMKOCTI J10 3MiHM KiTiMaty [132].

VY 2021 poui €Bponeiicbka Komicis yxBammna HOBYy crpaterito €C 11010
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ajanTarii 10 3MiHM KiiMaTy. HoBa cTpaTerist BU3Havae aganraiiito €BponeichbKoro
Co1o3y 0 HEMHUHYYHMX HACHIAKIB 3MIHM KJIIMaTy Ta HaOyTTS CTIMKOCTI 0 3MIHH
kimimMary no 2050 poky. Y Crpaterii BHOKPEMJICHO OCHOBHI IMUIi: 3pOOUTH
a/IarTaIio MpoyMaHoIo, IIBU/IIICIO Ta CHCTEMATHYHILICIO, @ TAKOXK aKTHUBI3YBaTH
MDKHApPO/IHI 3aXO0/IU 11010 ajanTalli 10 3MiHH KiaiMaty. CTpaTerito cipsMOBaHO Ha
noOyZ0BY CYCIUIBCTBA, CTIHKOTO /10 BIUIUBY KJIIMAaTy 4epe3 MOKPaIIECHHS 3HAHb IPO
BILUIMB KJIIMATy Ta aJalTallliHUX pllIeHb, aKTUBI3alli IJIaHyBaHHS ajanTamli Ta
OILIIHIOBAHHS KJIIMaTUYHUX PU3UKIB, TIPUCKOPEHHs afanTallifiHuX A1, COpUSHHS
3MIIHEHHIO KJIIMATHYHOT cTilikocTi y Bchomy cBiTi [108]. HoBa ctpareris BusiBuia
HECIIPOMOXHICTh  MONEPEIHbOro  JOKyMmMeHTy, Tomy y Hosiii Crparerii
M1JKPECTIOETHCS 0 OUIBII MPOAYMaHy aJlanTaliio («CliJl pO3IIUPUTH 3HAHHS MPO
ajanTalio 10 3MiHM KJIIMaTy Ta OTpUMATH OUIbIIE Ta Kpallll JlaHi Mpo KiIiMar,
30KpeMa IMpOo €KOHOMIYHI BTpaTH 4Yepe3 HMOro 3MiHy»), Mpo OLIbII IIBHIKY Ta
cucreMatnuHy aaantamiio (€C 30UIbIIMB LUIBOBI BUTPATH HA 3aXOJU IIOJO
3ano0iraHHs 3MiHaMm kiimaty 10 30% y cBoeMy JOBrOCTPOKOBOMY OOJIKETI Ha
20212027 poxu), a TaKOK MPO MOCUICHHS MI)KHAPOTHUX 3aXO0/I1B.

VY HoBiit Ctpaterii NiAKPECIIOETHCS T€3a MPO BAKIUBICTh BIPOBAIKEHHS
KOMITJIEKCHUX TIAXOIB J0 VIPAaBIIHHSI PU3HKAMU 4Yepe3 HaIlloHalbHy abo
cyOHalllOHaJIbHY TIOJITHKY aJamnTaiii Ta MOJITUKA CTIMKOCTI JO KIIMATHYHUX
BILJIMBIB y B3a€MO/IIi 3 MOJITUKAMHU YIIPABIIHHAM PU3UKAMU BUHUKHEHHSI CTUX1HHUX
JINX Ta €KOJIOTIYHOIO Ta COIIAIBHOIO MOTITHKAMHU.

VY KOHTEKCTI JOCIHIPKEHHS BaXXJIMBO BIAMITUTH, 10 miaTpumky €C Oyne
30CEepe/KEHO Ha Po30YyJI0BI aJMIHICTPATUBHOI CIPOMOXKHOCTI, a TaKOX Ha
OIIHIOBAHHI BIUTMBY Ta BPAa3JMBOCTI TEPUTOPIi, MOKpAIICHHI 300py Ta aHami3y
JlaHUX, pOo3pOOJICHH] TJIaH1B aJanTallii BiIMOBIIHO /10 HAIlIOHAJIbHUX MPIOPUTETIB 1
BpPa3JIMBOCTEH, a TaKOXX CHPHUAHHI CTIHKUM JO0 3MIHHM KIIMaTy CTPYKTYpPHHM
pedopmam 1 pillleHHsSIM, Ha OCHOBH1 MIPUPOJAHUX YMOB, 3 OTJISIAY Ha iXHI JJOJATKOBI

nepeBari.
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Crparterito ckepoBaHO Ha MOOYJOBY CYCHUIbCTBA, CTIHKOTO JO BIUIUBY
KJIIMaTy 4epe3 MOKpallleHHs 3HaHb MPO BIUIMB KJIIMaTy Ta aJanTalliiHuX pillleHb,
aKTHBI3AIlI0 TUIAHYBAaHHsS ajanTailii Ta OI[IHIOBAaHHA KJIIMAaTUYHUX PU3HUKIB,
MPUCKOPEHHS aNanTallifHuX i, CIPUSHHSA 3MIITHEHHIO KIIMAaTUYHOI CTIMKOCTI
3arajoMm. OTxe, 3 PamkoBO1 KOHBeHIIIT 31 3MiHM KJiiMaty Ta [lapusbkoi yroau Ta
3000B’s13aHb Tiepen €C po3poONSIHHS cTpaTeri aganTaiii 10 3MiHU KJIIMaTy €
HaIlIOHAJIBHUM 1 PET10OHAJIbBHUM 3000B’I3aHHSM.

VYkpaiHcbka HOpMAaTHBHa-3aKOHOAaB4Ya 0a3a 3 MUTaHb 3MIH KJIIMaTry
OXOIUTIOE TaKl JOKYMEHTH:

o Posnopsmxenns Kabinery MinictpiB Ykpainu Bix 20.10.2021 Ne 1363-p
«IIpo cxBanenns Ctpaterii €eKoJI0r1uyHO1 O€3IEeKH Ta aJanTarlii 0 3MIHU KJIiMaTy Ha
nepioz 1o 2030 poxy» [70].

o Vka3 [Ipesunenta Ykpainu Big 30.09.2019 Ne 722 «IlIpo Ilim cranoro
po3BUTKY YKpainu Ha nepion g0 2030 poky» [84];

e [locranoBa Kabinery MinictpiB Ykpainu Big 03.03.2021 Ne 179 «IIpo
3aTBepKeHHs HarioHanbHOT eKOHOMIYHOT cTpaTerii Ha niepion 1o 2030 poky» [61];

e Posnopsmxenns KaGinery MinictpiB Ykpainu Big 30.07.2021 Ne 868
«IIpo cxBaneHHsi OHOBIEHOTO HAI[IOHAJIBHO BH3HAYEHOTO BHECKY YKpaiHU [0
[Mapu3bkoi yromu» [71];

e Poznopsmxenns KabGinery MinictpiB Ykpainu Big 29.12.2021 Ne 1803
«IIpo HamionanpHuit maH aiid 3 eHeproedekTuBHOCTI Ha miepion 1o 2030 poky»
[73];

e Posnopsmxkenns KaGinery MinictpiB Ykpainu Big 21.04.2023 Ne 373
«IIpo cxBanenns Exeprernunoi crparerii Ykpainu Ha nepiof 1o 2050 poky» [72].

Jlo 6a30BUX 3aKOHIB, 5IKi CTBOPIOIOTH IOPUANYHY OCHOBY AJISI pO3POOJISIHHS
CTpaTeriil Moo aJanTailii 10 3MiH KJIIMaTy Ha perioHaJIbHOMY PiBHI HaJIeXaTh TaKi

JIOKYMEHTH:
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e 3akoH Ykpainu «IlIpo patudikarito PamxoBoi kousenitii OOH npo 3miHy
Kiimary», 29 xxoBtHs 1996 poky [27];

e 3akoH VYkpaimm «lIpo parudikamiro Yromgm mnpo acoriamio MK
VYkpainoto, 3 oxaHiei cropoHu, Ta €BpomeiicbkuM Coro3oMm, €BponencbKuM
CHIBTOBAapUMCTBOM 3 ATOMHOI €Heprii 1 iXHIMH JAepKaBaMHU-4JIeHaMH, 3 1HIIOl
cTopoHm», 16 Bepecus 2014 poxy [29];

e 3akoH Ykpainu «lIpo patudikamiro [lapusskoi yrogn», 14 nunas 2016
poky [28];

e 3akoH VYkpainu «IIpo OcHoBHI 3acagu (cTparerioo) Aep>KaBHOI
€KOJIOTTYHOI MoMTHKU YKpainu Ha nepioa 10 2030 poky», 28 mrororo 2019 poky
[30];

e 3akoH Ykpainu «IIpo eHepreTnuHy eQekTHBHICTBY, 2022 poky [31].

e 3akoH VYkpainu «lIpo oOCHOBHI 3acaau JepKaBHOI KJIIMaTUYHOT
noitTuku», 2024 poky [32].

V3aranpHIOI0YN, BBAXKAEMO 32 HEOOXITHO 3a3HAYWTH, IO 3MICT O3HAUCHUX
JIOKyMEHTIB CKEPOBAaHO Ha PO3pOOKY 3aXOMdIB 3 IMOM SKIICHHS HACIIIKIB 3MIHU
KJIIMaTy, aJanTaiifiHuX 3axOJiB SK OCHOBHUX I[JIE JOCSITHEHHS CTIAKOTO
€KOHOMIYHOTO  3pOCTaHHS,  TMOKPAIIEHHS  SKOCTI  JKUTTS,  MOJIMIICHHS
KOHKYPEHTOCTIPOMOKHOI ~ €KOHOMIKM  Ha  OCHOBI  IHHOBAIlIMHOrO  Ta
BHUCOKOTEXHOJIOTTYHOTO PO3BUTKY TEPUTOPIN, PO3BUTKY BITHOBIIOBAIILHUX JHKEPET
eHeprii, po3poOKU PETiOHATBFHOTO TUTAHIB YIPaBIiHHA Biaxomamu Tomio. OTxke,
MUTAHHS aJanTallii 10 3MiH KJIiMaTy € OJTHUMH 3 MPIOPUTETHUX TIiJ] Yac peaizalii,
SK JICP>KaBHOT €KOJIOTIYHOI MOJIITUKU, TaK U €BPOMEHCHKUX 1 CBITOBUX 3€JICHUX
TpaHchopmarliii.

3akoH Ykpainu «IIpo OCHOBHI 3acaiu JAep>KaBHOI KJIIMAaTUYHOI MOJITUKWY,
yxBajeHU y kOBTHI 2024 poKy, BCTaHOBJIIOE IMPABOBI OCHOBM ISl peasi3allii
KJIIMaTUYHOI TOJITUKK B KpaiHi, 30KpeMa B yMOBaX 3pOCTAlOuOT0 BIUIMBY 3MiH
KJIIMaTy Ha JOBKLLISL, €KOHOMIKY Ta CycHiabCcTBO. IIpoananizyemMo Horo Kiro4oBi

MOJIO’KEHHS Ta MOPIBHAEMO 3 €BPONEUCHKHUMH aHAJIOTaMH.
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OcHoBHI monoxeHHs 3akoHy YkpaiHu «IIpo ocHOBHI 3acamu nep>kaBHOI
KJIIMaTHIHOT OTITHKUY [32; 62]:

1. [Tt Ta 3aBaaHHS BKIIOYAIOTh JOCSITHEHHS KIIIMAaTUHIHOT HEUTPAIBHOCTI 10
2050 poxy; 3ampoBaJKye€ 3aXOIW MJIs 3MEHIICHHS BHKHIIB MAapHUKOBUX Ta3iB,
30KpeMa B €HEPreTUYHOMY CEKTOpI, MPOMUCIOBOCTI Ta TPAHCHOPTI; BCTAHOBIIOE
MEXaHI3MM ajanTtaunii 10 3MiH KJIiMaTry, BKJIIOYAIOUM 3aXOAU 3 IOM'SKIICHHS
HACJIJIKIB €KCTPEMAIbHUX KJIIMAaTUYHUX SIBUILL (TTOCYXH, IOBEHI1 TOIIIO).

2. Inrerpamisa kJIIMaTU4YHOI TOMITUKKA B JIepKaBHE YIPaBIiHHS uepes
IHTErpanio KJIIMaTUYHUX aCHEKTIB y BCl chepu IepKaBHOTO YIPABIIHHS, 30KpeMa
B CHEPTreTUKY, TPAHCIOPT, CIILChKE TOCIOJAPCTBO Ta TMPHUPOJTOOXOPOHHY
JISJIBHICTh. 3aKOH BHMAara€ BiJi MICIEBUX 1 IIEHTPaJbHUX OpraHiB BIaIu
BpPaxOBYBATH KJIIMAaTUYHI PU3HKH 1]l YaC IUIAHYBAHHS TEPUTOPIAIIBHOTO PO3BUTKY
Ta PO3POOKHU CTpATETIH.

3. Kimimarnune ¢QiHaHCyBaHHSI Ta PHHKOBI MEXaHI3MHM MependavyaroTh
BIIPOBA/DKEHHSI MEXaHI3MIB KJIIMAaTUYHOTO (PiHAHCYBaHHS, CHOPAMOBAHMX Ha
MIATPUMKY 1HBECTHIIIN y «3€J€H1» TEXHOJOT1i Ta €KOJOTIYHO YHUCTY €HEPIreTHKY;
BCTAHOBJIIOE OCHOBH i (DYHKITIOHYBAaHHS PUHKY BYTJICIICBUX KBOT (CHCTEeMa
TOPTIBJIl BUKUIAMH) BIAMOBIAHO JI0 MDKHAPOAHUX KIIMATHYHHX YTOJI, TAKUX SIK
[Tapu3sbka yroaa.

4. MOHITOPUHI 1 3BITHICTH 4Yepe3 OOOB’SI3KOBHIl MOHITOPUHI BHKHUJIIB
MAapHUKOBUX Ta3iB Ta PETryJsipHE 3BITYBaHHS MPO JOCATHEHHS IUJIEH KIIMAaTHYHOT
MOJITUKH; 3aKOH TaKOX BCTAaHOBJIIOE€ BUMOTH JI0 TMIAMPUEMCTB I10JI0 3BITHOCTI Ta
3MEHIIEHHS BUKUIIB, III0 POOUTH MOITHUKY O1IBII IPO30POIO.

[TopiBHSHO 3 €BPOMEHUCHKUMH aHATIOTAMU:

1. €sponeiicekuil kinimaTnuHuii 3akoH (European Climate Law) nepenbauae
KJIIMAaTUYHY HEHUTPAJIBHICTH SIK 1 B 3aKOH1 YKpaiHu. €BPONEUChKUN KIIIMATHYHUAN
3aKOH BCTAHOBJIIOE IIUIb JTOCATHEHHS KIIMaTUYHOI HerTpambHOCTI 10 2050 poky.
[TpomixkHi 1Tl epeadavaroTh 3MeHIIeHHS BUKUIB HA 55% 1o 2030 poky, 110 €

OOOB'SI3KOBUM. YKpAiHCHKUN 3aKOH TaKMX KOHKPETHMX MPOMDKHUX LIJIeH Ha
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CEPEeIHbOCTPOKOBY TEPCIIEKTUBY TOKUA HE MICTUTh. PuHkK BukumiB y €C MaroTh
nobpe posuHeHy cuctemy Toprieii Bukumamu (EU ETS), ska ¢yHKIIOHY€E BxKe
TpuBaIMii yac. 3akoH YKpaiHM mepefdadae JUIIE BIPOBAPKEHHS TaKHUX
MEXaHi3MiB, TOMY 1CHY€ MIEBHHI YaCOBHM PO3PUB y PO3BUTKY ITX IHCTPYMEHTIB.

2. Tlapuspka yroma (Paris Agreement). OOujBa 3akoHU mepeadayvaroTh
BUKOHAHHS TOJIOKeHb [lapu3pkoi yrogu. 3akoH VYkpaiHu ajantye TiI00alibHi
KJIIMAaTU4YHI 3000B'SI3aHHS 1O HALIOHAJIBHUX pealii, mpore B €BpONEHCHKOMY
Coro3i 111 3000B's13aHHS CYBOpIIIE PETJIaMEHTOBAHI Ta MalOTh MIMPIIUNA CHEKTP
3ax0/IiB JIJIs1 3a0€3MeYeHHS IX BAKOHAHHSA. SIK B yKpaiHChKOMY, TaK 1 B €BPONIEHCHKHIX
3aKOHAX aKIEHT 3po0JIEHO Ha po3poOIll HalllOHAIBHUX IUIaHIB aganTaiii. [Ipote
€Bponeiicekuii Col03 Mae TPUBAIIIITY ICTOPIIO Y BIPOBAIHKEHHI afanTarliiHuX
3aX0/11B Ta (PIHAHCOBOI MIATPUMKH JIJIs1 KpAiH-UJICHIB.

3. 3akononasctBo Himeuunnu (Klimaschutzgesetz) nepenbadae cyBopimuii
KOHTpOJIb. Tak 3akoH HiMeuunHu mMae AeTaqbHO MPOMUCAaHI MEXaHI3MU KOHTPOIIIO
3a BUKOHAHHSIM KJIIMaTUYHUX I{JIEH 3 YITKUMH KBOTAMH Ta BIANOBIJAJILHICTIO 34 1X
HeJI0OTpUMaHHA. B ykpaiHChbKOMY 3aKOH1 TTOKH OpaKy€e TaKUX KOPCTKUX MEXaHI3MiB
KOHTpoJito. HiMeuunHa Bke Mae HampambOBaHI CXE€MU  KIIMAaTUYHOTO
dbiHaHCyBaHHS, SIKI ~ OXOIUTIOIOTH  BEIUKI  NPOMHUCIOBI  MIANPHUEMCTBA,
JIOMOTOCTIOJIAPCTBA Ta TPAHCMIOPTHUI ceKTop. B YkpaiHi MexaHi3Mu KIIIMaTHIHOTO
(dbiHaHCYBaHHSI TUIIIE TOYNHAIOTH BIIPOBAIKYBATHCH.

Otxe, ykpainchbkuil 3ak0oH «IIpo OCHOBHI 3acamu Jep:kaBHOI KIIIMaTHYHOI
MOJITUKKM BIJMOBIJIA€ KIFOYOBUM MIXKHAPOJHUM Ta €BPOINEUCHKUM KJIIMATUYHUM
CTaHJapTaM, 30KpeMa TmnonoxkeHHsaM llapusbkoi yrogm Tta €BponenchLKOro
KJIIIMAaTUYHOTO 3akoHy. [IpoTe mns mocsarHeHHs piBHS KIIMaTHYHUX TOMITUK €C,
VYkpaini HeoOX1JTHO BJOCKOHAJIUTH PUHKOBI MEXaHI3MH, (DIHAHCYBAHHS 3€JICHHX
1HIIIATHUB, a TAKOXK IHTETPYBATH MPOMIXKHI IT1J11 Ta MOCUIUTH MEXaHI3MU KOHTPOJTIO

32 BUKOHAHHSIM KJIIMATUYHUX 3000B'I3aHb.
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Jl7is OLIHIOBaHHS BIUTUBY KJIIMAaTHYHUX YMHHUKIB HAa TOBEPXHEBl BOIHI
pecypcu TOCTajo 3aBAaHHS BIAOOPY KIIOUOBUX TMapaMeTpiB KIIMaTy sIK
0araTopiuHOTO PEKUMY MOTOJHUX YMOB.

Tak, mig gac qocnipkeHHs OyJio B3SITO 32 OCHOBY TaKe BU3HAYCHHS MOHSTTS
«KJIIMaT», — 1e 0araTopiyHUN PeKUM IOT0JIU, 3yMOBJICHHN COHSAYHOIO pajialli€lo,
il TpaHcdopmarlli€ro B aKTUBHOMY IIIapi 3€MHOI MOBEPXHI, 1 CKIQJAEThCA 3 JIBOX
YaCTUH: MOCTIHHOI ((Ppi3uunHi ocoOauBocTi 3emuti) 1 3MiHHOI (akTUBHICTE COHIIS,
OK€aHiB, BYJIKaHIB, BIUIMBY JIIOAMHHU). 3MiHAa KJIIMATy — II€ JOBITOCTPOKOBA 3MiHa
KJIIMAaTy TE€BHOI MICIIE€BOCTI, PErioHy a0 IIaHEeTU. 3PYLIEHHS BHMIPIOETHCS
3MIHAMH B XapaKTEepPHCTUKAX, IOB'S3aHUX 13 TOTOJHUMHU XapaKTEPUCTUKAMH,
HaIPUKJIIAJ, TEMIIEpaTypa, PEKUM BITPY, BOJOTICTh, KUIbKICTh onaaiB [147]. Otxe,
KJIIMAT — 1€ CTATUCTUYHUI OIMHKC MOTOJU B MEBHIM 00JIACTI yIPOJAOBX TPUBAIOTO
Nepioy Yacy, IKHi MOXe BapitOBaTUCS BiJl KITBKOX POKIB JI0 IECATHIIITH a00 HaBITh
CTOJIITh. BiH OXOIUTIOE cepeiHl 3HAUEHHS TEMIIEpaTypH, OIajI1B, BOJIOTOCTI MOBITPS,
BITPY Ta I1HIIMX METEOpPOJOTIYHUX mapameTpiB ans I1iei obnacti. Kmimar €
pE3yNIbTaTOM B3a€MOJIT PI3HUX YMHHHUKIB, TAKUX SIK COHSAYHE BUIIPOMIHIOBAHHS,
reorpagiydi 0coOIMBOCTI, OKEAHChKI Teuli, BUCOTa HaJl piIBHEM MOps Ta 1HuI. Bin
BHU3HAYAE TUIIOBI YMOBH TIOTO/IH, SIK1 MO’KHA O4IKYBaTH B JAHOMY PET10HI y TIEBHUMN
nepio vacy.

3MiHa KJIIMaTy — i€ JOBrOTpHUBajia 3MiHa CTATUCTUYHHUX NTapaMeTpiB KIiMaTy
Ha 3emuli 4epe3 Ail0 NMPUPOAHHMX 1 aHTponoreHHux (akrtopiB. Llg 3miHa Moxe
BKJIFOYATH 3MIHU CEPEIHBOPIYHOI TeMIIepaTypy MOBITPS, 3MIHUA y PEXUMI ONaiB,
3MIHM B aKTHUBHOCTI COHSYHOI paxianii. ICHyHOTh JBa BUAM YMHHUKIB, SKI
BIUTMBAIOTh HA 3MIHY KIIMaTy, a came: NpUpOAHi (HampuKiIaa, BYJIKaHIYHA
aKTUBHICTh, 3MIHM B COHSYHIM aKTMBHOCTI Ta 3MiHU OpOITAJbHUX MapaMeTpiB
3emuti) 1 aHTPOTIOTeHHI (HATPHUKIIa/1, BAKU]IY TAPHUKOBUX Ta3iB, 3HIKEHHS JTICOBOTO
MOKPUBY, CKOPOUEHHSI O10p13HOMAHITTSI, 3017bIIEHHS 030HOBUX JIIp, 3a0pyIHEHHS

aTMOC(EpHOTOo TIOBITPS aepo30JisiMU  Tolo). HuHI, aHTPONOreHHI YHMHHUKH
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BBAXKAIOTHCS OCHOBHOIO TMPHYMHOIO CYYacHOi 3MIHM KIIMaTry, fK€ BIAOMO SIK
rJ100anbHe TOTEIUTIHHS.

Temneparypa armochepHOTo noBiTps, aTMOCHEPHUI THUCK, BOJOTICTh, pyXU
MOBITPs, KOHIIEHTpAIlisl KUCHIO, CTYMiHb 30Y/PKEHOCTI MAarHiTHOTO TOJisi 3eMil,
piBeHb 3a0pyaHEeHHs atMocdepH, ycl i YHHHUKUA (HOPMYIOTh TMOTOJHI YMOBH 1
BIJIMBAIOTh HE TUIBKK Ha 3MIHU KIIIMAaTy, ajie ¥ Ha cTaH BoJHUX pecypciB. Cepen
OCTaHHIX, JJI1 JTOCHIJI)KEHHS MPOLIECIB BIUIMBY 3MIH KJIIMaTy Ha BOIHI peECypcH,
BUJIUISIEMO:

e temmnepatypy (°C), K OJUH 3 OCHOBHUX TEPMOJMHAMIYHUX MapaMeTpiB
aTMOC(EPHOro MOBITPS;

e armocdepHi onaau (mm).

TemnepaTypa aTrMoc(pepHOro MoBITPsI — L€ OJAMH 3 OCHOBHHUX IapaMeTpiB,
KU XapaKTepu3ye CTaH aTMOc(hepu y MEBHOMY MICII Ta 4aci, BUMIPIOETHCS Y
rpagycax Llenbcis abo Papenreiita. Temmneparypa aTMOC(PEpPHOro MOBITPS — 1€
IHTErpOBaHUN TOKA3HMUK, OCKUIBKM MOT0 3HAaYEHHs 3ajeXaTh Bl TAKMX YHMHHHKIB:
1HTEHCUBHOCTI COHS'YHOI BUITPOMIHIOBAHHSI; TeOrpaiyHOro NMOJIOKEHHS; Yacy poKy,
JTHST,; BUCOTH HAJI pIBHEM MOPS; BOJIOTOCTI; XMapHOcTi. J[o Toro, COHsIHa pamialis
€ TOJIOBHUM MPUPOIHUM JIXKEPEJIO SHEPrii Il BCIX MPOLECiB, IO BiAOYBalOThCS Ha
3emuti. [lokazHuku coHsTYHOT pajialii 3amexars Bijl BUCOTH COHIIS HaJl TOPHU3OHTOM,
a 1e o3Havyae — BiJ reorpadiyHoi MIUPOTH MICIEBOCTI, a TaKOX BiJ CE30HHOCTI,
XMapHOCTI, KUUIBKOCTI a€p030J1iB B aTMOC(EPHOMY MOBITPI.

Kinbkicte atmMocepHux onafiB (pidHe, CEpeTHbOMICSIYHE, CE30HHE), TXHIM
PO3IOILI MO 3€MHIM MOBEPXHI, TOBTOPIOBAHICTh Ta IHTEHCUBHICTD € TAKO OJTHUMHU
3 KJIFOUOBUX XapakTepucTUK KiiMary. KinbkicTh atMochepHux onaiiB — 1e 00'eM
BOAM, SKUI BUIAJAa€ Ha MEBHY IUIOUIY YIOPOAOBXK IEBHOTO dYacy YHAacliiJoK
KOHJIEHCAallli BOASIHOI mapu B aTMocdepi. Llel moka3HUK BUMIPIOETHCS Y MUTIMETPax
ab0 caHTHUMETpax BOJHOTO CTOBIIA 3a NMEBHUH MEPioJ Yacy, TAaKU AK JACHb, MICSIb
a6o0 pik. KinpkicTh aTMOCEpHUX OMaaiB TAKOXX MOXKHA BIIHECTH JI0 IHTETPOBAHUX

MOKA3HUKIB, OCKIIBKH 1X 3HAYEHHS MOKE 3HAYHO BapilOBATUCS 3aJI€KHO B1J PI3HUX
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YUHHHKIB, a caMe: TreorpadiuyHe po3TallyBaHHs; penabed MICIIEBOCTI; HANIPSIM 1 CUJIa
BITPY, aKTUBHICTh COHSYHOI pajiamii Tomo. PiBeHb atMochepHUX OmajiB 3HAYHO
BILUIMBATH Ha BOJIHI €KOCUCTEMH.

3MiHM B KUTBKOCTI aTMOC(EpHHUX OMadiB TaKOX MOXYTh OyTH TOB'A3aHi 3
KJIIMaTUYHUMHU 3MIHAMH, TAKUMU SIK [JI00AJbHE MOTEIUIIHHS, SIKE MOYE BIUIMBATU
Ha PO3IOiJI OIA/IIB y PI3HUX PETiOHax CBITY.

OnHuM 3 HAUNOTYKHIIIUX IHCTPYMEHTIB, SIKU BUKOPUCTAHO Y TOCHIIKEHHI,
e noptan CnyxOu MoHiTOpuHTY atMmocdepHoro mnositps Copernicus [110]. Ilsa
iHinlatuBa €Bponeiicbkoro Coro3y, CHpsSMOBaHa Ha HaJaHHSA BIJKPHUTHX,
OE€3KOITOBHUX Ta HAMIMHUX I1H(QOpPMAUIMHUX TOCIYr [Ji MOHITOPHHTY
aTMoc(epHUX YMOB Ta 3MIH KJiMaTy; BOHa 3a0e3leuyye JOCTyl J0 BEIMKOI
KUIBKOCT1 JAHMX, OTPUMAHHUX 3 CYNYTHHKIB, METEOPOJOTIYHUX CTAHUIH, JITaKIB
TOILLO.

Tak, Ha ocHOBI 0Oa3u naHux ciayx6u Copernicus oTpuMaHo TpadiuHi
3aJIEKHOCTI 3MIHM CEPEIHbOI TII00ATBHOI TeMIepaTypu aTMOC(EpHOro MOBITPS
3emmi ympogorx 1960, 2022, 2023, 2024 pokiB (puc. 1.1). Jani 3anexHOCTI
NIATBEPKYIOTh (akT, 1m0, nmounHaroun 3 1960-x pokiB cepenHs rioOanbHa
TeMIepaTypa rianeTH 30iibmmiacek Ha 1,5°C [142].

3a ocranni 100 pokiB MiABUIIEHHS CEPEAHBOI TeMIepaTypu aTMOchHepHOTO
HOBITPs 3pocito 31 mBuakicTio 0,5-0,7°C [41].

[IpoTte, NpUHITMTIOBE MUTAHHS: YX BIIOYBAIOTHCSA 3MIHU Y paMKaX MPUPOTHUX
npoieciB ado 1]l BIUIMBOM AHTPONOTE€HHUX MiH 3aJMIIAETHCS BIIKPUTHUM.
BinbIricTh yueHUX AOTPUMYIOTHCS AYMKH BIUIMBY caMme JIOJCHKOTO YMHHUKY Ha
3MIHM KJIIMATy YIPOJOBK OCTAaHHIX JACCATHIIITh. TOMY y Hallmomy TOCTIKeHH1 Oy/ie
BHMBUEHO KOMIUIEKCHUY BIJIUB HA CTaH BOJHUX PECYPCiB HE TIIBKU KIIMAaTUIHUX

YUHHUKIB, aJIe i CyTO aHTPOIIOTC€HHOTO BIUIMBY, @ CaMe 3aperyJIbOBaHOCTI PIUKH.
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Surface air temperature

S

Puc. 1.1. Cepenns rinobanbHa TemiepaTypa aTMochepHOro moBiTps 3emMili

yrpozoBx 1960, 2022, 2023, 2024 pokis [143].

[IpoioBxyrouM aHasi3 3MiH CEpeHIX TeMIlepaTyp Ha PErioHabHOMY PiBHI,
3a3HAYMMO, 1110 3a JaHuMu [124], nis MukoaiBcbkoi 00J1acTi IPHPICT CePETHBOT

temriepatypu cranoButh 1—1,5°C, axmio nmopiBHioBaTHu nepioau 1961-1990 pokwu 1

1991-2000 pokwu (puc. 1.2).

Monthly averege t°
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'
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25,0

Puc. 1.2. 3miau cepenuboi Temmneparypu o MukosaiBchKii 001acTi

(3a Mypmuuio P.) [124].

Bimomocti puc. 1.2, 3a gocmimkerasm Mypmuiao P. [124], wiTKO H0BOJATH
TEHJICHIIIIO MIJBUIIEHHS TeMIepaTypu arMochepHOro IMOoBiTps. Y OUIBIIOCTI

MicALIB cepeAHi Temmepatypu mnepiogy 1991-2020 pokiB (4epBOHI CTOBMYMKH)
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Bull, HOK y mepion 1961-1990 poxkiB (cuHi croBmumkH). HaiOinpmn momiTHe
3pOCTaHHS CIIOCTEPITAETHCS B JTITHI MICSII.

OTtxe, mpoOieMa 3MiHU KJIIMaTy, 10 € OAHUM 3 IIPIOPUTETIB MIXKHAPOIHOT Ta
YKPaTHCHKOI €KOJIOTIYHOT MOJITUKH, TMPOSBISIETECS Y CTAIIOMY Ta MPUCKOPEHOMY
3pOCTaHH1 ria00adbHOI TeMIepaTypu. 3a JaHUMU BcCecBITHBROT METEOpOJIOTIUHOT
opranizaiii, y 2023 pori riobanpHa cepeHs TemmepaTypa Oyna OUThII HIXK Ha
1,2°C Bumioro, HIXK y TOIHAyCTpianbHUi yac. L TeHIeHIIis € CTano0, 1 3Ha4YCeHHS B
€Bpori 3pocTae MBHUIIIE, HIXK CEPEHE CBITOBE 3HaueHHA. 30kpeMma, y 2011-2020
poKax ryi00ajibHa TeMIepaTypa NOBEPXHI HAIOi 1aHeTy Oyia Bumiowo Ha 1,09°C,
HiX y 1850-1900 pokax, mpuyomMy Haja CyHIEI LEell MOKa3HUK OyB OLIbIIMM
(1,59°C), nix nan okeanom (0,88°C). 2023 Ta 2024 poku cTainu HAUTEILUTIIINMU B
icTopii, Bnepuie 3adikcoBaHo nepesuieHHs +1,5°C y Mexkax 0JIHOTO POKY.

JIns mociipKeHHs BIUIMBY 3MiH KJIIMaTy Ha BOJHI PECypCH BHAUISIEMO JBa
OCHOBHMX YMHHHKA, a caMme: TeMIeparypa aTMOc(hepHOro moBiTps Ta aTMOC(EpHI
OlMaau, OCKUTBKM BOHH € KIIOYOBHMH IHTETPOBAHUMHU TTOKAa3HUKAMH, IO
0e3rmocepelHb0 BIUTMBAIOTh HA TIIPOCKOCHCTEMH. 3MiHA TeMIEpaTypu MOBITPS
MPSMO BIUTUBA€E HA BUITAPOBYBAHHS 3 MMOBEPXHI BOAM, TAHECHHS CHITY, IO JKUBIISITH
BOAHUI O0O0'€KT, a TaKoXX Ha TEMIIEpaTypHUN PEKUM caMoOi BOJOWMH, IO €
KPUTUYHUM JUIsl BOJAHHMX OpraHi3miB. KijgbKicTh Ta 1HTEHCHUBHICTH aTrMoc(hepHHX
onajiB BU3HAYalOTh 00'€M HAIXOKEHHS BOJU JO T1JIPOCKOCUCTEMH, a iXH1 3MIHU
(HampuKIIa, MOCyxu abo 371MBH) OE3MOCEPEIHBO BIUIMBAIOTH HAa BOJHUN OanaHC Ta
LUTICHICTh OCTaHHbOI. OTXKe, Il JBa MapaMeTpd € OCHOBHUMH PYIIISIMH
TIPOJIOTTYHHX MPOIIECIB 1 JO3BOJIAIOTH KOMILIEKCHO OLIIHUTH MMOBIPHICTh BILIUBY
KJIIMAaTUYHUX 3MIH Ha CTaH BOJHHMX pecypciB. BOHU [103BOJSIOTH OIIHUTH
MamTaOHICTh BIUIMBY 3MIH KJIIMaTy Ha TIIPOEKOCHCTEMH, PU3UKU TMOBEHEH Ta
MOCYX, BIUIUB Ha arpapHe BUPOOHMIITBO, a TaKOXX Ha O10pI3HOMAHITTS BOJHUX
exocrucTeM. be3 BpaxyBaHHS IIUX MapaMeTpiB HEMOMXIJIMBO PO3POOUTH MaTeMaTUYHI
MOJIe/Il BIUIMBY 3MiH KJIMaTy, a TakKoX e(QeKTHUBHI CTpaTerii ajamnraiii Ta

MOM'SIKIIIEHHS HACIIIKIB 3MIHH KJIIMATy JUTsl BOJHUX PECYPCiB.
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BucHoBK#M 10 mepmioro po3aity

VY KOHTEKCTI MOCITIPKCHHsSI BIUIMBY KJIIMAaTHYHUX 3MiH Ha CTaH BOJHUX
pecypciB  0COOJIMBOI aKTyaJbHOCTI HaOyBa€ UITKE pPO3MEXKYBaHHS IIOHSATH
«eKoJIoTiYHa Oe3meKa» Ta «eKOoJIOTiyHAa HeOe3neka» BOJHOTO CepeOBHIIA.
BusznadeHo, 110 ekojoriyHa 0e3neka po3riisaaeThes sIK CTaOlIbHUN CTaH BOJHUX
€KOCHUCTEM, 1110 J03BOJISE 3a0€3MEYUTH SKICTh 1 JOCTYIHICTh BOJU JJIsI p13HUX cdep
BUKOPUCTaHHA, 30epiraloud €KoJIOriuHy piBHOBary. HaTomicTh eKojoriyxa
HeOe3leKka 03Ha4Ya€ HasBHICTh a00 3arpo3y MOPYUIEHb TIAPOJIOTIYHOTO PEKUMY,
3a0pyIHEHHS, 3HUKEHHSI BOJHOCTI Ta BTpaTH O10p13HOMAHITTSI, 1110 3arOCTPIOETHCS
I1]1 BIUIMBOM 3MiH KJIIMATy.

[TopiBHSIBLHUIN aHAJI3 HOPMATHUBIB SIKOCTI TOBEPXHEBUX BOJ B YKpaiHi Ta Ha
MI>)KHApPOJTHOMY PiBHI 3aCBITUMB CYTTEBI p0o301’KHOCTI. BU3HaUeHO, 1110 HOPMATHBHU
SKOCT1 TMOBEPXHEBUX BOJ JUIsl Tocmoaapchko-nooyroBux norped €C ta CIHIA €
CYBOpIIIMMU 3a yKpaiHChKi 3a OaraTthMa nokazHukamu, TakuMu sk XCK, BCK,
XJopuaM, cyinbdaTtv, QocdaTv, HITpATH, HITPUTH, AMOHIH, XpPOM, MEpKYpIiH,
HadronpoaykTu. [IpoTe, 3a MiHEpaizaIli€ro Ta KympyMoOM YKpaiHCbKi HOPMATHUBH €
XKOPCTKIMMU. 3a TaKUMHU 1HTETPOBAHMMHM IMOKAa3HUKAMH, K pH Ta KOpPCTKICTb,
BUMOTH Mailke OJHaKOBI..

['moGasibHe MOTEIUTIHHA € OYEBUAHOI PEANBHICTIO, MPO IO CBIAYUTH
3pocTaHHs cepeanboi Temreparypu 3emui Ha 1,5°C 3 1960-x poki. Y 2023 pori
TeMIlepaTypa MepeBuluiIa J0IHIyCTpianbHuid piBeHb Ha 1,2°C, a 2023-2025 poku
CTalnu HauTerumimuMu B ictopii. Llg TeHaeHIis NPU3BOAUTL 10 30UIbIICHHS
eKCTpEMaIbHUX MOTOAHUX SBHIIl, TAKUX SK TMTOCYXH Ta 3JTUBH, SIKi TIPSIMO BITUBAIOTH
Ha TigpoekocuctemMu. B VYkpaini, 30kpema Ha MukonaiBmuHi, CcepeaHs
temmneparypa 3pocia Ha 1—1,5°C mix nepiogamu 1961-1990 ta 1991-2000 poxkis,
10 MTOCWJTIOE BIUTMB Ha BOJIHI PECYPCH.

JIist TOCHiPKEHHS BIUIMBY KJIIMAaTWUYHUX 3MIH Ha CTaH TiIPOCKOCHCTEM
BU3HAUEHO Ta OOIPYHTOBAHO Taki I1HTErpOBaHI MapaMeTpu, sIK: TeMmIeparypa

aTMoc(hepHOro MoBITPs Ta aTMOChEpH1 OMaIH.



PO3JILI 2

XAPAKTEPUCTUKA OCHOBHUX IHINKATOPIB 3MIH
KIIIMATY, AKI BIUBAIOTHD HA BOAHY EKOCUCTEMY

2.1. OcHOBHI MaTepiaju J0CTiAKEeHHS.

3 METOIO OIIHIOBAaHHS MapaMeTPiB HABKOIMIIHHOTO CEPEOBHINA Ta BOIHOI
exocucteMu MuKoJ1aiBChKOi 00J1acTi B Mekax Micta MukosiaeBa 0ys10 BUKOPUCTAHO
0a3u JaHUX CTpPATETrIYHUX Ta MPOTPAMHUX JOKYMEHTIB, a CaMe:

- Exostoriuni nacnopty MukoJaiBcbkoi 06sacti yrpo1oBx 2005—2025 pokis;

[ 26];

- PerioHanpH1 0MOBI/II MPO CTaH HABKOJIUIIIHHOTO MIPUPOIHOTO CEPEIOBUIIA
MukonaiBcekoi 00acTi yrnpoaosxk 2005—2023 pokis [67];

- [Inan ynpasninas piykoBuM Oacerinom IliBnernoro byry 2025—-2030 [56];

- Cxema m1aHnyBaHHs TepuTopli MUKOJaiBChbKO1 00J1aCTI;

Bysno BukopucTaHo MaTepiaiu yCTaHOB:

- MukonaiBchka o0j1acHa BilicbKoBa aamiHicTparis [48];

- JlemapTaMeHT €KoJIorii Ta MPUPOIHUX pecypciB MuKoaiBCbkoi 001acHOT
neprkaBHoi agminicTpaii [20];

- MukomnaiBchka obsacHa pana [49];

- Jlep>kaBHa city:x0a ctaTUCTUKA YKpainu [21];

- ['ooBHE yrpaBiIiHHS CTATUCTUKU Y MUKOJIaiBChKil 06acTi [16];

- Jlep>kaBHE areHTCTBO BOJHUX pecypciB Ykpainu [22];

- Perionansauii oic BogHux pecypciB MukosaiBebkoi oomacti Torio [9; 68].

Jlo Toro, nns JOCHIDKCHHS KIIMAaTHYHUX YWHHUKIB, TaKUX SK OITaIu.
TeMIiepaTypa aTMoc(epHOTO TMOBITPS TOIIO BHKOPUCTOBYBAJIUCH JaHI TaKHX
mwiatdopwm, sik Google Earth Engine (GEE) [112]. GEE — ue noty>kHuii iHCTpyMEHT
JUIS aHaji3y Ta Bi3yauizaiii reonpoctopoBux naHux. s mmatdopma mo3Bosise

IPALOBaTH 3 BEIMKUMH OOCSTaMU CYMyTHUKOBUX 3HIMKIB 1 KIIMAaTUYHUX JaHHX,
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0 POOUTH KOTrO OCOOJMBO KOPUCHHM ISl JAUCEPTAIMHOTO JOCTIHKCHHS 3
€KOJIOTIYHOTO MOHITOPUHTY Ta BHUBUYEHHS BIUIMBY KJIIMAaTHYHMX 3MIH Ha BOJHI
pecypeu. Jlo Toro, Oyno BukopucTaHo naHi IHTepHer-pecypcy Ventusky, sk
IHCTPYMEHTY, JIe TOJJaHO TOYHI METEOPOJIOT1UHI TOKA3HUKH Ta 3MIHU MOTOJH B Yaci

yci€el IaHeTH Ta Y KOXKHIM KOHKpeTHIH TouIli 3eMHol Ky [152].

2.2. TemneparypHuii pe;kum Mukosaaesa i MukosaiBcbKoi 00J1acri.

VY nepimomy po3niii 0ysio 0OTpyHTOBAHO BHXIJIHY IO3HIIIO, 100 OOpaHHS
IHTErPOBAaHUX 1HAMKATOPIB MOTOJHUX YMOB, SKI BU3HAYAIOTh KJIIMAaTU4YHI YMOBH
TEpUTOPIN, a came: TemrepaTypa arMoc(epHOro MOBITPS Ta KUIBKICTh OMaidiB.
TemmnepaTypHuil pexuM pErioHy 3aJeKUTh BiJ reorpadidyHoi MIUPOTH, sKa, Y
BJIACHY 4Yepry, BU3HAYa€ 3HAYEHHS COHSYHOI pajiallii, 0COOJUBOCTI MiACTUIBHOT
MOBEPXHI, a TaKOX crenudika arMochepHoi MUPKYIIAILl, HA 0 3HAYHOIO MipOI0
BIIMBAae Onu3bKa BiACTaHb Bl YopHoro Mops. TemmepaTypHuUl pexuM
aTMOC(EpPHOTO TMOBITPS TAKOXK 3AJICKUTH BiJ 3MIH KJIIMATy, TOOTO JIOBrOTPUBAIIUX
TEHJICHI[IH y 3MIHI TEeMIIepaTypH, 0 BUKIUKAHI MPUPOITHUMHU T4 aHTPOTIOTCHHUMU
YUHHUKAMM, a TaKOX BiJ BIUIMBY JIIOJCHKOI MISUIBHOCTI, a came: ypOaHi3allis,
MIPOMUCIIOBUX BUKH/IIB, 3MIH B 36MJICKOPUCTYBaHHI.

YrpomoBx XX cTONITTS, a Takoxk y mepuriid uBepti XXI CTONITTS MaroTh
MICLIE CYTT€BI 3MIHM TEMIIEPATypHOTO pexuMy. 3a JaHUMU MIiXYpsSAOBOi Tpynu
ekcrepTiB 3 mutaHb 3MiHu kiaimMate [100], cmocrepiraroThCsi aHOMAJIbHO BHCOKI
TeMmreparypu y OaraTbox perioHax IuUlaHeTH. Bu3HayeHo, 10 TepIn jBa
necatniTTst XXI cromitrss Ha 0,99°C € TemmimmMu 3a CEpeIHI0 TeMIIepaTypy
noinayctpiansHoro nepioay (1850—1900 pokn), a ynpomosxk 2011-2025 pokiB — Ha
1,09°. BusiBiieHO aHOMaJI110 CepeIHIX 3HAUEHb TJI00AIbHOT TEMIIEPATYPH YIIPOIOBK
2013—2024 poxis, a came — 1,14 [1,02 go 1,27]°C, mo CBITIUTH TPO TPOTOBKEHHS
nepioxy moterutiHHg [154]. Taki aHOMaibHI BUCOKI TEMIIEpPaTypd Ha IUIAHETI
croctepiramck 125000 pokiB ToMy, KoM TyioOaidbHa Temreparypa Oyna Ha

0,5—1,5°C Bumioro 3a TemmnepaTypy, HOPIBHSIHO 3 TOTHAYCTpiadbHUM mepiogoM. Llei
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yac BiAOMUN K EeMCbkuil MIKIBOJIOBUKOBHUN MEPiOJ, KOJM 3MIHM Yy KIIMaTi
IPU3BEIH 10 MiBUIICHHS PIBHSI MOpPS Ta OLIbII TEIUTUX YMOB Ha 3HAYHINA YaCTHHI
3emmi. CyyacHl 3MIHM KJIIMaTy, BUKJIMKaHI aHTPOIOI€HHUMHU UYMHHHUKAMH,
JEMOHCTPYIOTh CXOXI1 TeHJEHIIIT miABUIIeHHST Temrneparypu. [lounnatoun 3 1970
pOKy, rmobanbHa TemiepaTtypa Oyna HaiiBuioro 3a octanHi 2000 pokiB, a OCTaHHE
necaTupivus € HauterwtimumM 3a 6500 pokiB. Jlo TOro, OCTaHHE IECATUIITTS J1HCHO
Oyno HairemmmuM 3a octanHl 6500 pokiB. Lle nmigkpecatoe cepilo3HICTh CyYaCHUX
3MIH KJIIMaTy Ta HEOOXIAHICTh BKHUTTSA 3aXOJiB JUIS 3MCHIICHHS BHUKHJIIB
NMapHUKOBHX Ta3iB 1 YIIOBUIBHEHHS II00abHOTO moTerutinas [115; 116].

3MiHa TeMIEepaTypH MOBITPS CBIIYUTH NPO CYTTEBY 3MIHY TEMIIEPATYpPHOTO
peXUMYy BCl€i KIIMAaTUYHOI cHUCTeMH IUTaHeTd. Ha JQyMKy ydeHux, Hacligku
KJIIIMAaTUYHUX 3MIH MalTh MEPEBAXHO HETaTUBHMI XapakTep 1, 3a IPOTHO3aMH,
OyAyTh OCUIIIOBATUCH Y MAallOYTHBOMY.

B VkpaiHni MeTeopoJioriuHI CIOCTEPEKEHHsSI MpoBoAsAThCS 3 1881 poky.
YHpoaoBX OCTaHHIX NECATUIITH B YKpaiHi TakOX BHU3HAYEHO CYTTEBlI 3MIHU
KJIIMAaTUYHOT CUCTEMHU, 1THANKATOPOM SIKUX € TEMIEPATYPHHUMN PEXKUM aTMOC(HEPHOTO
noBiTps [37; 93].

VY nmocnimkenni [83] momaHo aHaiiz 3MiH piYyHOI Temrmeparypu B YKpaiHi,
nounHarouu 3 1901 poxy. OOrpyHTOBAaHO Te3y, IO CTIWKICTh CYy4acHOI MaJIOBOIHOT
¢azu piuku [liBnenHnii byr BUkinkana CTIHKUM NABUIIEHHSIM PIYHOI TEMIIEPATYPH
B YKpaiHi, sixe croctepiraethes 3 2000 p. 1o TenepiniHii yac.

BBaxaemo 3a HeoOXiJlHE aKIIEHTYBaTHU yBary Ha ToW (hakT, IO yHPOIOBXK
19912025 pokiB cnocTepiraiich HaWBUIII TEMOU 3MIHM CEPEAHBOI 3a pIK
TEeMIIepaTypu aTMOC(EPHOro MOBITPs, MOPiBHSIHO 3 1961 poxom. Bonm maiixke
BTPUYI MEPEBUILYBAIM TEMIH 3MIHU CEPEIHBOI 3a PIK TJI00ATBHOT TeMIEpaTypH
(0,21°C/10 pokiB) y mei mepion. Sk Hacmijok, 3a ominkoro NOAA, VYkpaina
noTpanuia A0 PErioHiB Hamoi IJIaHEeTH, 3a BUHATKOM TMOJSPHUX LIUPOT, €

3pOCTaHHS TEMIEPATYPH BIIOYBAJIOCh HAWBUIIMMHU TEMITAMHU.
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3a mannmu anamizy Copernicus Climate Change Service, rmo6ansHa cepeaHs
TeMIepaTypa MOBITPsS Ha MoBepxHi KBITHA 2024 poky Oyina BUIIOI0, HIX y Oynb-
SKOMY TIOTIEPETHHOMY KBITHI B HA0Opi JJaHMX MMOBTOPHOI'O aHAJIi3y, MOYHHAIOYH 3
1940 poxky (puc. 2.1) [101; 102].

ITokazano, 110, 3a octanHi 30 POKiB CepeaHs TeMreparypa B Halliid KpaiHi
3pocna Ha 1,2°C. [IIBuAKICTh 3pOCTaHHS TEMIIEPaTypH MOBITPS B OKPEMUX perioHax
VYkpainu csarae 0,82°C 3a ocranni 10 pokiB, ToAl K y cycigHix kpaimax — 0,47-
0,59°C/10 p., a B miBHI4HI# miBKy1 Ta €Bpomi — 0,34 1 0,47°C/10 p. BianosiaHo. Lli
JIaH1 CBIIYaTh MPO T€, N0 WIBUIAKICTH IM1IBUILIEHHS TEMIIEPATypH MOBITPS B Y KpaiHi

€ 3HaYHO BHIIOIO 32 T7100ajIbHI Ta €BpoIerchki Temmu [142].

Anomalies and extremes in sea surface temperature in April 2024
Data: ERAS 1979-2024 » Reference period: 1991-2020 « Credit: C3S/ECMWF

Sea ice & Coolest  Much cooler  Cooler Nearavg ~ Wammer  Muchwarmer  Warmest
ice shelves than avg than avg than avg than avg

_ HEE

“won (opemicus ESECMWF (e

Puc. 2.1. AHomainbHi TemMnepaTypu MOPChKOi BOAM B KBITHI 2024 poky 3a

nanumu Copernicus Climate Change Service [96].

Kgitens 2024 poky € 0quHAIUATHM MICSIEM MOCH1Ib, SKUH € HAUTEIIIIIIM
3a BINMOBIAHUHN Micsilb poky (puc. 2.1). BusHadeno, 1o kBiteHsb 1 uners 2024 poky
OyB Ha 1,58°C Terumimmm, HiXK CEpeTHE 3HAYSHHS IS JOIHTyCTPiaIbHOTO 6a30BOTO
nepioay (1850—1900). Tak, Hanpukiaj, r100adbHa MPU3EMHA TEMIIEpaTypa MOBITPS
B kBITHI 2024 poky cranoBuia 15,03°C, mo na 0,67°C Burie cepefHLOT0 3HAUYCHHS
s kBiTHS 1991-2023 pp. 1 Ha 0,14°C Bule MNONEPEIHHOIO MAaKCUMYMY,

BcTaHOBJIEHOTO B KBITHI 2016 poky. Lleit MicAlb, y SKOMY BCTaHOBIIOIOTHCS
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TEMIEPATypHI PEKOPAM AJIs BIAMOBIIHOTO MEPiOAy. 3arajioM, y BChOMY CBITI
yrnpoaoBx 12 wmicauiB (3 TpaBHa 2023 poky mo kBitenb 2024 poky) Oymnu
TEIUTIIIUMH, HIX Oyab-Skuil momepeaHiit 12-micsunuii nepion, Ha 0,73°C Buie
cepeanboro 3a 1991-2023 pp. 1 Ha 1,61°C BHILlE cepeTHBOTO TOIHAYCTPIaATBLHOTO
nepioay [96].

OT1xe, BIAKPUTI JaHHI MOHITOpUHTOBUX criocTepexeHb Copernicus Climate
Change Service moOKa3ylOTh, M0 PEKOPAXM  TJIOOATBHUX  TEMIEPATyp
CIIOCTEPIraloThCs YNPOAOBK ocTaHHIX MicsIiB 2023 1 2024 pokiB B pi3HUX perioHax
CeiToBoro okeany. 21 nunHs 2024 poKy € HaXapKIIIUM JHEM 32 ICTOPIIO
crioctepekenb. CepeiHsl TeMIepaTypa Ha IJ1aHeTi B 1eit nqens ckiana 17,09°C. Le
HaWBHCOKa TeMIiepatypa, siky 0yio 3adikcoBano 3 1940 poky. [Tonepenniit pekopa
Oyio BcTaHoBieHo y 2023 porii, i Bin ckiaaas 17,08°C [101; 102].

OCHOBHUMHU XapakTEPUCTUKAMU TEMIIEpaTypu aTMOC(EepHOro MOBITPS €
CEpPEAHBOMICSIUHI, CEPEHbOCE30HHI TMOKA3HWKH, 10 BiAOMBAIOTH PO3MOJLI
TEMIIepaTypu yNOpoAoBXk poky. CepemHbOMicSsYHA TeMIeparypa - ITOKa3HUK
CEpEelIHbOI TeMITepaTypH 3a MEBHUI MICSIIb, IO TO3BOJISE 3PO3YyMITH TEMIEPATYPHI
TEHJICHIII1 BIOPOAOBXK KOXKHOTO MicsIs poky. CepeaHbOCE30HHA TemIeparypa -
MOKa3HUK CEPEeHBOI TeMIIepaTypH 3a MEBHUM CE30H (3UMa, BECHA, JIITO, OCIHB), 110
BiJIoOpakae OUIBIN TPHUBAII TEHJICHIII TeMIepaTypHHUX 3MIiH MpOTsAroM poky. Lli
MOKA3HUKHU € BOKIUBUMH JIJIS aHATI3Y KJIIMAaTUYHUX 3MiH, TPOTHO3YBAaHHS ITOTO/TH,
CUThCHKOTO TOCIOAAPCTBA Ta OaratbOX IHIIUX Traimy3ed. BoHu momomararoTh
3pO3yMITH PO3MNOJIT TEMIEpPaTypu YIOPOIOBX POKY 1 BHUSBUTHU JOBTOCTPOKOBI
TEHIEHI] KJIIMATUYHUX 3MIH.

J1J1st TOMIpHOTO KJIIMaTy XapakTepHi Taki 0COOIUBOCTI:

UiTko BUpakeHa CE30HHICTh uepe3 BUJIJICHHS YOTUPHOX TMOP POKY — 3UMa,

BECHA, JIITO Ta OCIHb, KOYKHA 3 IKUX MA€ CBOI XapaKTepH1 TeMIIepaTypHi Ta MOTOHI

YMOBH.



93

[TomipHi TemmepaTypH, sIKi HE JOCSTAIOTh €KCTPEMAIbHUX 3HAYCHBb. 3UMH
MOKYTh OYTH XOJIOHUMHU, aJie HE HaJITO CYBOPHMH, a JIiTa — TETIMMHU, ajie HE HAaJTO
CIIEKOTHUMH.

Pi3HOMaHITHICTh OMajaiB MoOk€ OyTH PI3HOIO 3aJ€KHO BiJ reorpadpidHoro
po3TallyBaHHs, aje 3arajioM IMOMIPHUHN KJIIMaT XapakTEePU3YEThCS JAOCTATHHOIO
KUIBKICTIO OMaiB, SIKI PO3MOJUISIOTHCS MPOTIToM poky. Omaau MOXyTb OyTH y
BUTJISA/IL JIONLY, CHITY, TYMaHy TOLIO.

M'ski miepexiiHi C€30HU 4epe3 Te, 110 BECHa 1 OCiHb Y MOMIPHOMY KJIiMarTi
3a3BUYall  XapaKTEePHU3YIOThCS TOMIPHUMH TeMIepaTypaMd 1 IOCTYIOBUM
MEPEX0JIOM BiJ] XOJIOIHOI 3UMU JI0 TETJIOTO JIITA 1 HABMAKH.

3MiHU y TPUBAJIOCTI AHS CIOCTEPITraloThCsl 3HAYH1 3MIHU y TPUBAJIOCTI JHS
YIOPOJOBX POKY. JIITOM AH1 T0OBT1, @ HOYl KOPOTKI, TOJII SIK B3UMKY — HABITAKH.

PiznomaniTTs nanAmadTiB MOXKe BKIIOYATH Pi3HI JaHIIIadTH, TaKi SK JIICH,
CTENH, TOPU Ta y30EPE K, [0 CTBOPIOE PI3HOMAHITHI EKOCUCTEMHU.

['00BHOIO & OCOONMBICTIO TMOMIPHOTO KIIMaTy € HasBHICTh YOTHPHOX
CE30HIB: JBOX OCHOBHHUX, 3MMa Ta JIITO, 1 TBOX MPOMIXKHUX — BECHA Ta OCiHb. Taka
O0COOJIUBICTh KJIIMATy XapaKTepHa Takox a1 Mukonaesa (tadin. 2.1; Jlonatok A).

CrocrepekeHHsI 3a TOrOJ0K0 Ta KIIMAaroM Yy MICTI  TPOBOJUTH
METEOpOoJIoTIYHa CTaHIlisl, po3TamoBaHa y MukonaeBi. MukosaiB 3HaXOAUTHCS Y
CTENOBIM arpokJIiMaTU4HIM 30H1 YKpaiHu, y OaceilHl HIKHIX Tedlil plyoK
[liBnennnit byr 1 Iaryn. Tak, 3a 0GararopiyHMMH JaHUMH METEOPOJIOTIUHUX
CIIOCTEPEKEHb, BUBHAUCHO, 1110 YIIPOAOBXK 1991-2024 pp. kiiMaT mMicTa HaJiexKaB J10
MOMIPHOTO KOHTHHEHTAJILHOTO, TOCYNIIUBOro. Tak, y Mukomaesi GhikcyeThest OUIs
60—67 nHIB 13 BIJI’EMHOIO0 CEPEIHBOIO 3a 00y TeMIepaTyporo TOBITpS, SKa €
XapaKTepPHOIO O3HAKOK 3UMOBOIO Iepioay, Onu3bko 32 AHI 3 BiJ €MHOIO
MaKCUMAaJIHHOIO 3a 100y TeMIepaTyporo MOBITps. TpUBATICTh MEPIOAY 3 BiJl’ EMHOIO
MiHIMaJbHOIO TEMIIEPATYPOIO MOBITPSI MOKE OyTH BTpUU1 OIBILIOI0 — Y CEPETHBOMY

93 nHi 3a pik: 64 3umoro, 16 BecHoto 1 14 BoceHHM.
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Tabmuusg 2.1
3HayeHHS TeMIlepaTypHUX XapaKTEPUCTHUK 3a PIK Ta Ce30H Y MUKOJIA€BI 1

MuxkosnaiBcbkil 06acTi ynpoaoBx 1991-2024 pokis

IToka3Huk Ce3oH, MuxkonaiB MuxkonaiBchKa
piK 00J1acTh

3uMma -0,9 -1,1
Cepenns Becna 10,4 10,3
Temiiepatypa, °C JliTo 22,7 22,3
OciHb 10,9 10,6
Pik 10,1 10,5
MaxkcuMaiibHa 3uMma 2,2 2,0
cepemHs Becna 15,7 15,9
TeMIlepaTypa, JliTo 29,0 28,6
°C Ocinb 15,0 15,5
Pik 15,7 15,4
MiHiMaibHa 3uMma -3,7 -3,9
cepemHs Becna 5,6 5,3
TeMIlepaTypa, JliTo 16,9 16,3
°C Ocinb 6,8 6,4
Pik 6,4 6,0

JUist  OLIHKK  BIMYYTHOI  TeMrmepaTtypu («pealbHO»  TeMIEepaTypH)
BUKOPUCTOBYEThCS [HAEKC BiTpoBOoro oxonokeHHs Caiimuia ta Ilaccena (Siple-
Passel Wind Chill Index) [137], sikuii BpaxoBye KOMOiHOBaHUH e(heKT TeMIIEpaTypH
MOBITPSL Ta IIBUAKOCTI BITPY. [HIEKC BITPOBOTO OXOJIOKCHHS Y KKaJl/M?/TOJ
BUKOPUCTOBYETHCS [IJIs1 OLIHKHU PIBHS TEIJIOBTPAT Tija 332 YMOB XOJIOJHOI MOTOJIH.
YuM BUIMH 1HJIEKC, TAM IIBUIIIC JIOJAHA BTpPAva€ TEIIO 1 THM XOJIOJHIIIe
BIJIYYBAETHCS TEMIIEpATypa 1 BUBHAYAETHCA 32 popMyioro 2.1:

WCI=(10V-V+10.5)x(33-T,) (2.1)

ne WCI — inaekc BITpOBOTO OXOJIOKCHHS B KKaJl/M%/TOI,

T, — Temmiepatypa noBiTps B rpaaycax Llenbcis,

V — MBUJKICTh BITPY B METPAX 3a CEKYHY.
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Le#t iHOEKC € BaXJIMBUM 1HCTPYMEHTOM JUJIsl PO3YMIHHS, SIK XOJIOJ 1 BiTEp
BIUTMBAIOTh HA BIAUYTTS TEMIEPATypu 1 TEIUIOBTPATH, 3a0€3Meuyrour HEOOX1AHY
iH(opMaltito 1St 3armo6iraHHs HeOe3MeYHUM IS 3I0pOB'S cuTyallisiM. BusHadueHo
3Ha4YeHHs 1HAEKCY BIiTpoBOro oxosomkeHHs Caiiruia ta [laccena, siki 1OBOJSATS, 110
3a TaKUX YMOB, BEJIMYMHA BTpaT TeIjia JIIOJCHKUM OPraHi3MOM Ha TEpUTOPIi
MuKkoJaiBchbkoi 00JIacTi KOJNMBAEThC B Mexax $50—900 kkai/M2 Tod 1 3arajom
30iraeTbes i3 gociipkeHHsaMu [2; 3; 42], 1 BiAmoBijzae KaTeropii «XOJIOTHO» 1
HAJICXKUTh JI0 TOMIPHOTO PU3UKY I10JI0 OOMOPOKEHHS.

TemnepatypHuit pexxum 3 JTIOTOTO MMOYMHAE 3MIHIOBATHUCH JJIS TOCTiKYBaHO1
Teputopli. Tak, cnocrepiraeTbCsi 30UIBIIEHHA NPUTOKY COHSYHOI pajiaiii, 110
MPU3BOJUTH J0 IHTEHCHUBHOTO 3POCTAHHS TeMIIepaTypa MOBITPs, TOMY Oepe3eHb
TEIUTIINN 3a TI0TUM npakTudHo Ha 5,1°C, a kBiTeHb 3a 6epe3enb — Ha 7,0°C.

Ternnmii nepion y MukonaiBebkiit o6sacti TpuBae 01u3bko 300 nHiB. Y TpaBHi
NepeBaXaroTh JITHI TEMIIEpaTypH, a CepelHsl MiCSiyHa TeMIlepaTypa CTaHOBUTh
omseko 17,01°C, a cepenns makcumaibHa — 23,6°C.

Otxe, y MukonaiBcbKiii 00J1acTi BeCHa JOCHThH TEIUIA, MPO IO CBIAYHTH
cepeans 3a ce30H Temmneparypa nositps 10,3°C (tabu. 2.1), mo, 3arajiom, BUIIE 3a
TeMIlepaTypy BererauiiHoro nepioay. Tak, BecHoro 2024 poky UBITIHHS 6aratbox
pocivH Mo MukonaiBChKill 00J1acTi TOYAIOCh 3a TPU THUXKHI paHIIIE CEPeTHBOTO
TepMiHy. TO/Ii, SIK BBAXKAETHCS, 1110 CEPEAHBOIO IaTOI0 MOYATKYy aKTUBHOI BereTarlli
y MukomnaiBchKiii 007aCTi cepe/iiHa KBITHS, a 3aKIHUYEHHS BEreTaI[iifHOro Mepioay
— 15 xxoBTHs. [lepion akTuBHOI BereTallii TpuBae 0Ju3bKk0 187 MHIB.

Cepennst nmiTtHa Ttemmepatypa — +22,3°C (tabn. 2.1). Bepecens vy
MukonaiBchKiit 00J1aCTi OXOTUTIOE B cepeHboMy 20 JHIB.

HaiiBuima temmepaTypa criocrepiraetbes mepeBakHo (58%) y ceprHi,
cepeAHs TemmepaTypa sIKoro crtaHoBuTh +24,3°C, cepegHsi MakcuUMaibHa —
+29,6°C, a cepemnst miHiManeHa — +17,2°C. 3nauno pimme (43%) nHaiiBuma

TeMreparypa OyBae€ y JIUITHI.
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3a KUIBKICTIO OMaJiB Ta TEMIIEpaTypHHMH YMOBaMH IIiBHIYHA YacTHHA
001acTi HaJeXUTh 10 30HH HEJJOCTATHHOTO 3BOJIOKEHHSI, [ICHTPAJIbHA 1 MIBJACHHA —
no mocyuutnBoi. CepefHsi 3a pik TeMmIliepaTypa MOBITpS B 00JacTi CTaHOBUTH
+10,5°C, a piyHa amIuIiTY1a TeMIIEepaTypu (PI3HUL MIXK CEPETHBOI0 TEMIIEPATYPOIO
HaWTETUTIIIOTrO 1 HAMX 00 IHIIIOoro Micsis) — +25,4°C. 3a pik BUIIa1a€ y CEPEIHHOMY
470 MM omamiB. IxHs pluHa KUTBKICTh 3MiHIO€ThCS Big 407 MM Ha miBaHI (OuakiB)
10 553 mM Ha nmiBHOoYi (IlepBomaiichk).

AHani3 3UMOBHUX TeMIIepaTyp 3acBIIUMB, L0 CEPENIHA TeMIleparypa 3UMH
ctaHoBUTh Oam3bK0 -1,01°C, 1 Mae miama3zoH xomuBaub Bix -0,27°C mgo - 1,71°C.
BuszHayeHo, mo Ha miBAHI MUKOJIaiBChbKO1 00JIaCTI cepeHsl TeMIlepaTypa HHKYE
0°C cmoctepiraeTbcs JHII€ y CidHI 1 JroTomMy. HaixonmomHimmii Micsib
MuxkomnaiBcbkoi 00macTi — ciueHb. CepeaHiit TemnepatypHuit pesxxum cians -2,02°C,
poTe cepeaHs MiHiManbHa — -4,75°C, a cepenns makcumaibHa — +0,91°C.

Ha 3nauniit TepuTopii MukonaiBchbKii 00J1acTi OCiHB Y TEILUTIIIA 32 BECHY, PO
mo cBiqyaTh AaHHi Taom. 2.1. Tak, cepeaHs 3a CE30H TemIeparypa HOBITPs
cranoBuTh 10,6°C, cepennst makcumanbHa — 15,4°C, a cepeans MinimanbpHa — 6,4°C.
V IliBH1yHOMY IIpruopHOMOD’i, IK MaKCHMasbHa, TaK 1 MiHIMaJbHa TEMIIEpaTypHu
BOCCHHM BHIII], HI’)K BECHOIO.

[IpoanainizyeMo AMHAMIKY 3MiH CEpPEAHIX PIYHHUX TeMIepaTyp y M. Mukoais
y nepioa 3 1980 mo 2024 poku 3a JaHUMH CHOCTEPEKEHb aB1aMETEOPOJOTIUHOI
ctaHIii micta. Tak, rpadik Ha puc. 2.2 CBIJYUTH PO HASIBHICTH CTIAKOTO JIHIHHOTO
TPEHAY Y HANpsIMKY MOCTYHNOBOrO 30UIBLIEHHS CEPEeIHIX PIYHUX TEeMIIepaTyp.
Haiirerutimni poku 3a gaHuii nepioj cnocrepexkensb € 2023 1 2024, Haixono0aHim —
1985 1 1987 poxu. BaxnuBo BIiIMITUTH, IO MIBUIKICTH 3POCTAHHS CEPEAHBOI
temriepatypu craHoButh 0,61°C 3a KoxHI JecsiTh pokiB. OKpemMO aHali3ylouu
TEHJIEHITIT 1I[0/I0 3MIH MAaKCUMAJIbHUX PIYHUX TEMIIepaTyp, 0 MoJaHo Ha puc. 2.3,
MOKHA BIIMITUTH TaKOX IOCTYMOBY CTIHKY 3ali€KHICTh [0 30ULIbIICHHS
MaKCUMAaJIbHUX PIYHUX TemIepaTyp. JIiHis TpeH 1y 11010 MiHIMAJIbBHUX TeMIIepaTyp

3acBiuye CTajicTh. BuszHaumBmm koedimieHT kopensuii, skuii gopiBHioe 0,7 1 €
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MO3WTHUBHHM, III0 BKa3ye Ha Te, IO KOJW OJHA 3MIHHA 3POCTa€, 1HIIA TaKOXK Mae
TeHAeHIio 3poctatu. KoedimienT kopesnsii 0,7 CBIAYUTE PO CUIBHUI 3B'SI30K MIXK
3MIHHUMH, aje He aOcomrorHuil. lle o3Havae, 1m0 3MIHHI MaOTh TCHICHIIIO
3MIHIOBATHCS Pa3oM, ajie 3 ISIKUM PO3KHUI0M. MoBa e po KOPEIIALII0 Mi>K POKOM

Ta CEPEIHBbOI0 TEMIIEPATYPOIO.
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Puc. 2.2. Jlunamika 3MiHU CE€peIHbOI PIYHOI TeMIIepaTypu

3 1980 mo 2024 poxkwu.

[IpoTe, BU3HAUEHA KOPEJSIlisA HE O3HAUYa€ MPUUMHHO-HACTIIKOBHI 3B'SI30K,
T00TO KOpesnsiis 0,7 BKa3ye Ha JIHIMHUKN 3B'A30K, ajie HE BPaxOBYE HENIHIMHHX
3B'S3KIB.

TemnepatypHuii MAKCUMYM Ha TEpUTOPIii MicTa yripoaoBxk 1980 — 2024 poxis
3adikcoBano y 1998 por (+40,1°C); temnepatypHuii MiHimym — y 2006 porii
(—25,9°C).

PiBusinusa tpenny y=0,0215x—32,59 o3navae, mo mopoky cepemaHs pidHa
teMriepatypa 30unbiryeTbes npubauzno Ha 0,021 °C. Koncranta (—32.59) mae
3HAYEHHA y KOHTEKCTI KOHKPETHOTO J11ara30Hy pokKiB. 3 puc. 2.1. BUAHO, IO € MEBHI
KOJIMBAHHS TEMIIEPATYPH HABKOJIO JIIHIT TPEHTY, IO € 3BUYAHUM JIJIs1 KITIMaTHIHIX

JAHUX. SIKIIO MPOJOBKUTH 1IeHd TPEeHJ, MOXKHA Mepen0avynT, M0 CEPeaHs piuHa
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TEeMIEepaTypa MPOJAOBKUTH 3pOCTaTh 1 B MaitOyTHhoMy. Ha ocHOBI iHIT TpeHmdy, Y
2050 pomi cepemHs pidyHA TeMIlepaTypa MOXKE CTAaHOBUTH MPHUOIU3HO:
0,0215%x2050—-32,59=11,4°C.

Otxe, rpadik puc. 2.2 IEMOHCTPYE TOBrOCTPOKOBE 3POCTAHHS CEPEIHBOI
PIYHOI TEMIIEpaTypH, 1110 MOXKe OyTH 03HAKOIO TJI00AIFHOTO MOTETUTIHHS a00 THIITHX
KIIMaTuyHUX 3MiH. [le BakJIMBUI TOKA3HMK JUIsl €KOJIOTTYHMX JOCIHIJKEHb Ta
MJIaHYBaHHS 3aXO0J1B 3 alanTallii 10 3MiHU KJIIMaTy.

Pazom 3 TuM, BU3HAYEHO, IO 10 00JACTI yIpoAoBxX nepioay 3 1991 mo 2025
poku motuil 'y 37,0% pokiB OyB XOJOJHIIIMM 3a Cl4€Hb. YTNPOAOBXK 3UMOBOIO
nepiogy B MukonaiBchkiii obyiacti cnioctepiraetbest 10 10 AHIB 3 MIHIMAJIbHOIO
temmnepaTtyporo noBiTps Hkde —10,0°C, 3 HUX, 10 3-X JHIB 13 CHJILHUMH MOPO3aMH,
KOJIM TemImepaTypa mHoBiTpsi crnocrtepiranack Hikde —20,0°C. JluHamiky 3MiHU
MaKCUMAaJIbHOI 1 MiHIMaJIbHOT piuHuX TemriepaTyp 3 1980 mo 2024 poku nomaHo Ha
puc. 2.3. 3en1eHUMHU TOYKaMH BiIMIY€HI MAaKCHUMaJlbHI TEMIIEpaTypy, a CUHIMHU —
MIHIMaJIbHI. TpPEeHI0BI JiHIT TOKa3ylOTh TEHJIEHLII 3MIH 1Ji1 000X TeMIepaTypHUX
psAiB. 3rigHO 3 TPEHIOBUMH JIHISIMHU, MAaKCUMaJIbHI TeMIEpaTypHu 3pOCTaIOTh 31
mBujkictio 0,0884°C Ha pik; MiHIMaAbHI TEeMMEPaTypu 3MEHIIYIOThCS 31
mBuakicTio 0,0136°C Ha pik. O6uaBa TpeHIM BKA3yIOTh HAa 3MiHY TEMIIEPATypHUX
EKCTPEMYMIB 3 4acoM, IO MOKe OYTH TOB'S3aHO 3 IJI00AJIbHUMHU KIIMaTHYHUMH
3miHaMmu. Takox, BU3HAYEHO, 10 Y MuKonaiBCehKii o0nacTi ynpoaosx 1991-2024
pOKiB HE 3a(iKCOBaHO >KOJHOTO BHITAJIKy, KOJIM O BiJMiYagach HaWBHINA
TeMIiepaTypa y YepBHI.

3pocTaHHs MaKCUMaJIbHUX TEMIEPATyp MOXKE CBITYUTH TIPO 3arajbHe
NOTEIUTIHHSA KJIIMaTy. 3MEHIICHHs] MiHIMaJIbHUX TEMIIEpaTyp BKa3ye Ha MOXKJIMBI
O1TbII XOJIOAHI 3UMU a00 HOYIl. 301IBIIEHHS MaKCUMAJIbHUX TEMIIEpaTyp MOXKE
MPU3BECTH JIO MiJIBUIICHHS YaCTOTH TEIJIOBUX XBWJIb, IO MOXE BIUIMHYTH Ha

3JIOPOB'Sl JIIO/IEH, CLIbChKE TOCTIOAAPCTBO T4 EHEPTEeTHYHI TOTPEOH.
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Puc. 2.3. Jlunamika 3MiHU MaKCUMAaJIbHOI 1 MIHIMQJIBHOI PIYHUX TEMIIEpaTyp

3 1980 mo 2024 poxwu.

BuxopuctoByroun oTpuMaHi pIBHSHHS TPEHIOBUX JIHINA, MOXHA 3pOOUTH
MPOTHO3 11010 MAaHOYTHIX MaKCUMaJIbHUX Ta MIHIMAJIbHUX TEMIIEPATyp.

Hanpuknan, s 2030 poky:

MakcumarneHa TeMneparypa:

y=0,0884%2030—140,36 =+39,09.

MiHnimalibHa TeMIiepaTypa:

y=—0,0136%x2030+9,2904 =—18,32.

YpoIoBx MOCHIKYBAHOTO MEPIOAY B 00JIACTI CIOCTEPIraioch OJu3bKo 98
JTHIB 13 CIIEKOTHOIO TIOT0JI010, KOJIM MaKCUMaJIbHAa TeMIIepaTypa MOBITPs MEPEBUIILYE
25,0°C. TemmneparypHi YMOBH, 3a SIKMX MIHIMalbHa TeMIlepaTypa MOBITPs
nepesutrye 20,0°C xapakTepHi sl TPOMIYHUX IIUPOT («TPOIMIYHI HOYI»), IO €
XapakTepHUM Jj1s1 MUKOJIaiBChbKOi 00J1acTi. Y CepeIHhOMY 3a PiK CIIOCTEPITaeThCs
6nu3bko 20 TponiyHuX HOuel. Taki ekcTpemMalibHI TeMIlepaTypHi yMOBU HAMOLIbIILY
MOBTOPIOBAHICTh CIIOCTEPITalOThCS YIPOIOBXK JIMIHSA — CEPIHSA, 110 BUKJIHUKAE

TEILIOBUM CTpeC Ta TCIIJIOBC HABAHTAXXCHHSA Ha JKHBI OpFaHiSMI/I. I[O TOIO,
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3017IBIIEHHIO 1ILOTO HABAHTAXXEHHSI CIPUSE 3pPOCTAHHS BIIHOCHOI BOJOIOCTI,
3MEHIIICHHSI MBHUIKOCTI BITPY, a TAKOK 30UTBINIEHHS TIPUTOKY COHSIYHOI pajiariii.

Bigomo, 1110 3a 0JIHaKOBUX TeMIIEpaTyp, BOJOTOCTI MOBITPSI Ta MIBHIAKOCTI
BITPY TEIJIOBE HABAaHTA)XXKCHHS HAa OPTaHi3M JIOAUHH OyJie OLIbIIUM MpH Oe3XxMapHii
MOTO/I1, MOPIBHSIHO 3 TAKUMH K METEOPOJIOTTYHUMH YMOBAMH 32 TTOXMYPOI IOT'0/TH.
HaiiGinp1ma KiIbKICTh AHIB, IO CYIPOBOJKYETHCS TEIJIOBUM cTpecoM (110 90%)
CIIOCTEPITAETHCS Y JTUITHI — CEPITHI.

BBaxkxaeMo 3a3Ha4MTH, L]0 BAXKIMBOIO XapPAKTEPUCTUKOIO TEMIEPATYPHOTO
peXKUMY € BIIXWJICHHSA IIOJACHHUX 3HAY€Hb MIHIMAJIBHOI Ta MaKCUMAaJIbHOI
TEMIIepaTypyd BIJ IXHIX CEpelHIX OaraTOpiyHMX 3HA4YeHb. Taki CTPUOKHU
TEMIIEPATyPHOTO PEKUMY OOYMOBIIOIOTH IHTEHCHUBHICTh Ta TPUBANICTh MEPIOAIB
NOTEIUIIHb 1 MOXO0JI0/IaHb, 0 CTBOPIOIOThH MEBHI €KOJOTIYHI PU3UKU JJIi BOJHHUX
pecypcis.

3HaueHHs 5 MPOLEHTHIII MIHIMAJIbHOT TEMITEPATyPH MOBITPS XapaKTEPU3YIOTh
Jy’)K€ CUJIbHI TOXOJOJAHHSA. BIITKy 0Opu JyXe CHIbHOMY IOXOJIOJaHHI Yy
MukomnaiBCchbKii 007aCTi MOXKYTh CIIOCTEPITaTUCh TaK1 K TEMIEPATYPH MOBITPS, SIK 1
B3UMKY, TP Ty>K€ CUJIbHOMY MOTeTUTiHHI. Bu3HadeHo, 110 3a Ce30H TpPUMaTUMEThCS
70 5 THIB 3 TAKUMHU €KCTPEMAIbHUMHU TEMIIepaTypaMHu.

ExcTpemManbHUMU € IOTEIUIIHHSA, 32 SKMX MaKCHUMallbHa 3a 00y TemrepaTtypa
NOBITPs OLIbIe 95 MPOLEHTUIIb i cepeHIX OaraTopiuHUX 3HAYEHD 3a LEH JeHb Ta
MOXOJIOJIaHHs, TIPH SKUX MIHIMaJIbHA 3a J00y Temmeparypa MOBITpsS HIDKYE 5
MPOIICHTUJI JUIsl IILOTO JHA. Takl XBUJII TeIJIa CIIOCTEPIraloThCs Y JITHINA MEpiof,
CTaHOBJISITh Y CepeaHbOMY 3a ce30H 35,6°C 1 XapaKTepu3yloTh AyKEe CUIbHY CIEKY
B PETIOHI.

Pazom 3 TuM, ynpo0BxK 3MMOBOTO MEP10Iy MatOTh MICIIE BiJ] 3-X JIHIB 3 AYyXKe
BHUCOKOIO TEMIIEPATyPOIO TMOBITPSI, KOJIM i1 MaKCUMaJIbHI 3HAYCHHS TIEPEBUIIYIOTh
BeMUuHY 95%, a cepellHe MaKCUMaJbHE MEepeBUILEHHS CTaHOBUTH 2,6°C. CuibHe
MOTEIUIIHHS BECHOIO CIIOCTEpIraeThcsl yacrimie, Hixk BoceHu (4,08 Tta 3,06

BIMOBIAHO). Y cepeaHboMy, Y MHKOJAiBChKiil 007acTi CIOCTEPIra€ThCsi OIMU3BKO
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15 gHiB 3 myXe BHUCOKOIO ISl JTAHOTO CE30HY MaKCHUMAIbHOKI TEMIIEPaTyPOIO
noBiTpA. J{uHamiky 3MiHH KUTBKOCTI criekoTHUX JHIB (Tmakc>25°C) 3 1981 mo 2024
poku nojaHo Ha puc. 2.4 (Jomatok A), 3 IKOTO MPOCTEKYETHCS CTIMKE MOCTYIOBE
3pOCTaHHs KUIBKOCTI CIIEKOTHUX JIHIB OpoKy. Koeditient naxwmny 1,9353 nokasye,
10 B CEPEAHBOMY KIJIBKICTh CIIEKOTHUX JIHIB 30UIbIIyeThCS Ha 1,9353 qH1 IIOPOKY.
[Tepexomuenns 226,18 Bka3ye Ha TOYaTKOBE 3HAYEHHS KUIBKOCTI CIIEKOTHUX JTHIB Y
pori, komu x=0. HaifBumia KiIbKICTh CIIEKOTHUX JHIB CIIOCTEPITraeThes OJMKYE 0
2024 poky, 110 MATBEPKYE TPEH 10 MiABUIICHHS TEMIIEPATyp.

300
y = 1,9353x + 226,18
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Puc. 2.4. Jlunamika 3MiHU KUIBKOCTI crieKOTHUX JHIB (TMakc>25°C)

3 1981 o 2024 poku.

Otrxe, nmaHi cCBiIY4aTh IIPO CTaOlIbHE 30LIBIICHHS KUIBKOCTI JHIB 3
temrnepaTryporo Buile 25°C ympoaoBk aHalli3oBaHoro mnepiony. Lle moxe Oytu
pe3ynbTaTOM TIO0ANTBHOTO MOTEIUTIHHS Ta 3MiH Kiimaty. [Iporte, B okpemi poku
KUTBKICTh CIIEKOTHHUX JHIB MOK€ OyTH HIKYOIO a00 BHILOKO 32 TPEHI0B1 3HAUECHH,
10 CBIAYMUTH MPO MPUPOHI KOJUBAHHS Ta MOXKJIMBHUM BIUIMB 1HIIUX KIIMaTUYHUX
YUHHUKIB. 3arajom, rpadik IeMOHCTPYE IBHY TEHACHIIIIO O 30UIbIIEHHS KUIBKOCTI

CIIEKOTHUX JIHIB, 1110 € BAKJIMBUM MTOKA3HUKOM 3MiH KJIIMATy B PET10OHI.
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2.3. Pexknm kisibkocTi onaaiB MukoJsiaeBa i Muko/1aiBCcbKOi 00J1aCTi.

HactynuuM mapameTpom, sSiKMii BH3Ha4yae€ KIIMaTHYHI YMOBHU PETIOHY 1 €
OJIHUM 3 JIIMITYIOUMX YUHHUKIB € aTMocdepHa Bosora. llel 4umHHUK Bigirpae
OpOBIAHY poib y ¢GopMyBaHHI MOroau 1 KiiMary. ATMocdepHa Bojora Ta ii
KOJI000IT 3HAYHOIO MIpPOIO BIUIMBAE HA BCl ACTIEKTHU KJIIMAaTHYHOI CUCTEMHU, POpMYye
crenudivHi XapaKTepUCTHKHU KaiMaTy Teputopii [2; 3; 97].

ATMmocdepHa Bosiora Ta ii KOJ000Ir (T1IApOJIOTIYHUN IUKI) — II€ Mpolec
MOCTIHHOTO PYXY BOJIM MIXK OK€aHaMu, aTMoc(eporo Ta cymiero. Lleit nuki oxomtoe
TaKl OCHOBHI €Taru:

BunapoByBaHHs 4epe3 mepexiJ BOAU 3 PIIKOr0o CTaHy B ra3onoAiOHUN mij
JI€I0 COHAYHOrO Terwia. Bojga BUMapoByeTbes 3 MOBEPXHI OKEaHiB, PIUOK, O3€p,
IPYHTY Ta pOCHHH (TpaHcHiparis).

Konzencaris uepe3 mpouec NepeTBOPEHHs BOJISHOI Mapu B PIAMHY, KOJHU
BOHA MIAHIMAETHCS B aTMOC(EPY 1 0XOJIOJKY€EThCS, YTBOPIOIOYM XMapH 1 TyMaH.

Omnanu, KoJId Kparuti BOAW a00 KPUCTAJIH b0y B XMapax CTalOTh JOCTaTHHO
BOXXKHMMHM, BOHHU IMAJAIOTh HA 3€MJII0 Y BUIUISAL JOIIY, CHITY, rpaay abo MOKpOTo
CHITY.

Crik yepe3 Te, 1110 YaCTHUHA BOJM, IO BUIAja y BUTJISAAI OMAAiB, CTIKAE T10
MOBEPXHI 3eMJI1 B PIUKH, 03epa Ta okeaHu. YacTrHa 111€1 BOJIM MPOCOYYETHCS B IPYHT
1 TOMOBHIOE MiA3€MH1 BOJOHOCHI IIapH.

[ToBepHEHHS B OKeaH 4epe3 Te, 10 PIUKH 1 MiI3eMH1 BOAN MOBEPTAIOTH BOAY
B OKCaH, JI¢ [IUKJI TOYMHAETHCSI 3HOBY [44].

OT1xe, atTMoc(epHa BOJIOra € THTErPOBAHUM MMOKA3HUKOM 1 BIIIrPa€e BaXJIUBY
poOJb y MIATPUMAaHHI KJIIMaTy Ta MOTOJHMX YMOB Ha 3emii. Bona BmiuBae Ha
TEMIIEPATypy, YTBOPEHHS XMap, OMaaud Ta HaBITh HA XHUTTS POCIUH 1 TBapHH.
Oxpecanmo JiesKi KIIF0Y0Bl MOMEHTH PO aTMOC(EPHY BOJIOTY:

BonoricTs, sk KUIBKICTh BOJSHOI mapu B MoBiTpi. Bonoricts BminBae Ha

KOM(DOPT JIFOAMHM Ta CTaH 3/I0POB s, a TAKOXK HA TEXHOJIOT14HI MPOIIECH.
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PocnunHicTh, SK YMHHHK BIUIMBY BOJIOTOCTI Ha PICT POCIHH, SKi
BUKOPHUCTOBYIOTh BOJLY JIJIsl (JOTOCHHTE3Y Ta TpaHCHipaiii.

KiimaTrnyHi 3MiHE Yepe3 Te, 10 BOJIOTICTh 1 OMaJu MOXYTh 3MIHIOBATHUCS
yepe3 I100anbH1 KJIIMaTHYH1 3MiHH, 1[0 BIUTUBAE HA JOCTYIHICTh BOJHUX PECYPCIB.

Otxe, 3HaHHS Mpo aTMOchEepHy BOJIOTY Ta ii KOJOOOIr gomomarae B
yIpaBJiiHHI BOJHUMH peCypCcaMH, TPOTHO3YBaHH1 MOTOAM Ta PO3YMiHHI I100aTbHUX
KJIIMAaTUYHUX 3MiH.

J1J1st moAanbIIoro A0CiKeHHs 0yJI0 00paHO TaKy OCHOBHY XapaKTEPUCTUKY
atMoc(hepHOi BOJIOTH, 3a JOMOMOTOI0 SIKOi MO>KHA OTHCATH PEKUM 3BOJIOKCHHS
perioHy, SK KUIBKICTh OMNaJiB. 3a OJWHHUIIKO BHUMIPIB MNPUUHITO CEPEAHIO
OaratopiuHy KUIBKICTh OIA/IiB 3a PiK 00 CE30H.

Ce3oHHa 1 plyHa KUIBKICTb OMAJIB CKIAJal0Th CyMy J000BO1 KUIBKOCTI ONaiB
3a BIJAMOBIIHMM Tiepioa. AHomaiii omajiB — BIJHOCHI BEJIMYMHHM 3MIHH iXHBOI
KUIBKOCT1 32 PIK, CE€30H y Cy4YaCHUM KIIMATHYHUU MEpioJ BIAHOCHO 0a30BOro
KJIIMaTUYHOTO TIEPioay.

Jist MukomnaiBcbkoi 00J1aCTi XapaKTepHUl KOHTUHEHTATLHUN TUIT BUTIQ{IHHS
onaaiB. '0JOBHI XapaKTEPUCTUKU KOHTUHEHTAJIBHOTO THUITy BHUIIQJIIHHS OMAdiB €:
CE30HHICTh OMAaJiB, KOJHM JIITHI MICSIll XapaKTepU3yIThCS OLIBIIOI KITBKICTIO
OT1aJliB, OCKUJIbKH TETII TEMIIEpaTypHy CIIPUSIOTH IMiIBUIIICHOMY BUTIAPOBYBAHHIO Ta
KOHBEKI[IMHUM TpoliecaM, 10 MPHU3BOAATH a0 jAomiiB. Ha neskux Teputopisax
MOXYTh BUHHMKATH TPO3U. 3UMOBI MICSIIli, HABMAKH, XapaKTEPU3YIOThCS MEHIITUMHU
ofaJlaMM, 4acTo y BUIISAL CHIry. Uepe3 HU3BKI TeMmepaTypd BUIAPOBYBAaHHS
3MEHIIIYEThCS, @ BOJIOTICTh MOBITPs 3HIKYEThes [97]. 10OOBI 3MiHM uepe3 3HAYHI
KOJIMBAHHS TEMITEpaTyp yIPOJAOBXK OOU, IO TAKOXK BILTUBAE HA PEKHUM OTAJIiB.

KinbkicTh y KOHTHMHEHTAJIBHMX palloHax 3a3BUYail MeHIla, HIK Y
npubepexuux. lle moB'sa3aHo 3 BiAMANEHICTIO B/l BEIMKUX BOAHUX MAaCHUBIB, SIKi €
OCHOBHUMHU JDKepenaMu BoJiord. Posmonin omaniB Moxke OyTH HEpIBHOMIPHUM, 3
PI3KUMHU TE€Pi0JIaMU JOIIIB 1 CyXHUX MEePioIiB. YIITKY MOXKYTh OyTH KOPOTKOYACHI,

aJie 1HTEHCHUBHI JIOIIIl.
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Jliist o6nacTi crocTepiraeTbess MakcumyM omafiiB 148 mwm (31,9%) y miTHii
nepiof i MIHIMYM Ha MOYaTKy BecHU —y OepesHi (29,1 mm) Ta kBiTHI (28,9 MMm), ipo
10 CBIIYaTh JIaHi puc. 2.5-2.6, a Takox Ta6m. 2.2. I{ikaBoro 0COOIUBICTIO € TOU
¢dakT, MO0 B3UMKY Ta Y BECHSHUU MEpIiOJ CHOCTEPIraeThCs MaiKe OJIHAKOBa
KUTBKICTB OmajliB, 0u3bK0 104 MM (22%). B ociHHIM 1Tepioj] CIOCTEPIraeThCs ACII0
OlbIIa KUIbKICTh onaaiB — 114 mm (32%).

30UIbIIEHHS ONAJIB BOCEHU BiIOYBAETHCSA 3a PAaxXyHOK 3POCTAHHS IXHbBOI
KIJIbKOCTI Y BEPECHI, PO 10 CBITYMTS Jiarpama puc. 2.5 i BimomocTi Tadur. 2.2 [131].

3araioM, y MukosaiBchbKiil 00J1aCcTi B CEpeIHHOMY 3a PiK BUZBHAUYECHO OJIM3HKO
120 ngHiB 3 omajgaMu, IHIIMMU CJIOBaMU KOXXHHUM TpeTid JeHb pOKY

XApaKTCPU3YETHCA OllaaMHU.

24%

22%

32%

= Winter, 22% = Spring, 22%
Summer, 32% = Autumn, 24%
Puc. 2.5. KubkicTh onaiB no nopam poky (%) y MukonaiBcbkii

obmacti ypomosx 1981-2024 poku [97].

3a paHuMM  0araTopiuHMX CIOCTEPEKEHb, MAaKCHMallbHA TPHUBAIICTh
Oe3mepepBHOTO JOIIOBOTO TMEPIoay MoKe pocsraTh TuxHS. KinbkicTh 1000BUX
omajiB Oulbllie 5 MM € e(pEeKTUBHUMHM AJI1 arpapHoro BUPOOHHUIITBA Ta BOIHUX
eKOCHCTEM 32 BHCOKOI TeMIepaTypH IMOBITPs BIITKY. Y CEpPEIHbOMY Takl OMaju
criocTepirarTbes 6au3bko 36 HIB 3a pikK, o cknagae 10% aHiB poky 1 00yMOBIIIOE

KPUTHYHI YMOBHM JJi1 3emjepoOcTtBa. Pazom 3 TuM, A0 TphOX JHIB IIOPIYHO



105

CTIIOCTEpIraeThCs BUMaAiHHS onaaiB moHa 30 MM 3a 100y; OJIMH pa3 Ha piK OyBarOTh
onaau nonaa 50 MM 3a 100y.

JIJist XapaKTepUCTUKU BOJIOT03a0€3MEUYEHOCTI TEPUTOPIi BUKOPUCTOBYEMO
rigporepmiuamii koedimieHT 3BojoxeHHs CensHiHOBa (I TK) (popmyna 2.2), sik
BIJIHOIIIEHHS] CYMH OB YIPOJAOBK MEPIoJy, KOJIU CEPeIHbO000BA TEMIIepaTypa
noBiTps Buile +10°C 10 cyMu akTUBHUX TEMIIEpATyp 3a TOH K€ NeP10], 3MEHILIEHA
B 10 pa3sis.

I'TK=0,13T/3 P (2..2)

ne:

> P - cyma omnajiB 3a NeBHUM Nepio] (3BUYANHO, 32 MICALIb) B MUTIMETPAX;

> T — cyma cepeiHbOJOOOBUX TEMIIEpATyp MOBITPS 3a TOM Ke Mepios y
rpagycax Ilenbcis.

BianoBizHo 10 3HAYEHB T1APOTEPMIYHOTO KOSDIIIEHTY 3BOJIOKCHHS
Censninosa (I'TK) BuAUIAIOTE I’ SITh TUMIB KIIMATY:

. nyxe cyxuit (0,4—0,7);

. nomipro-cyxwuii (0,7-1);

. romipHo-Bostoruii (1—1,2);

. sojioruii (1,2—1,5);

. HaaMipHO Bostoruii (6ineime 1,5) [2; 3].

I'padik puc. 2.6. mokazye cCepelHIO MICAYHY KUIBKICTh omaaiB (MM) y
MuxkomaiBebki o6acti 3a mepion 3 1981 mo 2024 pik. Haiib11p11a KiJIbKICTh OTIaiB
CIIOCTEPIra€eThes y uepBHi, npubinzHo 60 mM. BigzHaunMo ce30HH1 TeHaeHi. J{is
BECHM MOMITHE 30UIbIIEHHS OMaJliB, 3 MIKOM Yy TpaBHi. /(s miTa — 3HOBY BHCOKa
KUIBKICTh OTMaAIB 3 MIKOM Yy 4epBHI. [l OCeHl CIOCTEpIiraeThCs IMOCTYIOBE
3MEHIIIEHHS OMajaiB IMicis BepecHs. s 3uMH XapakTepHa BIJIHOCHO HM3bKa
KUTBKICTh OnaiB, 0113bk0 30 MM y Ipy/Hi, MEHIIE Yy CiuHi Ta JroToMmy. Halimenie
omajaiB y Oepe3Hi Ta JOTOMY, 110 CTaHOBUTH NMpuOan3HO 20 mMm. Permra micsiiiB
MarTh omnaau B niama3oHi Big 30 mo 35 MM, 10 € cepelHIM MOKA3HUKOM st

perioHy.
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OTxe, TTHI MicAIll MalOTh HAWBUIIHMK PiBEHb OMAAIB, IO € TUIIOBUM IS
OUTBIIOCTI PEeTiOHIB YKpaiHH, JIe JITHI TPO3H MOXKYTh MPUHOCUTH 3HAYHI K1JIBKOCTI
J01Ty. 3UMOBI MICSIll MalOTh HaMEHIIE OIaJIiB, 10 TEX OUYIKYBAaHO Yepe3 HU3bKI
TEMIEpaTypy Ta MEHIIE BOJIOTH B aTMochepi.

3aranom, MuKoJaiBchbka 00J1aCTh Ma€ BUPAKCHUH KOHTHHEHTAJIbLHUN KITIMAT

3 OUJIBIII BOJIOTMMU JIITHIMH MICSALISIMU Ta CYXUMH 3UMaMHU.
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Puc. 2.6. Cepeans micsiuHa KUIbKICTh onajiB (MM) y MUKOJIaiBChKi

obiacti yrpoaosx 1981—-2024 pp.

Jani tabn. 2.2 cBiguaTh, 10 3a KoedimieHToM 3BosiokeHHs CensHiHOBa
MukonaiBcbka 001acTh HAJICKHUTH /IO PET1I0HIB MAiKe CyXUM KJIIIMaToOM. 3arajiom,
Taki YMOBHM CHOCTEpIraloThCs sl OuIbInoi Teputopii obmnacti. KoedimieHt
3BosiockeHHs CenstHiHOBa (/'7TK) 31 3HadueHHsiM 0,71 CBIIUMTH MPO HEAOCTATHE
3BoJIOKEeHHS. [le 03Hadae, Mo KUIBKICTh OMaiB € HEIOCTATHHOO /I HOPMAJIBHOTO
PO3BUTKY POCJIMH, 1 BOHU MOXYTh CTpaKIaTH BiJ HecTaul Bojoru. Hacmiakamu
TaKOTO HEIOCTATHHOTO 3BOJIOKEHHS €: MOTIPIIEHHS YMOB JJII POCTY Ta PO3BUTKY
CLTBCHKOTOCTIONIAPCHKUX KYJBTYpP; 3HUKEHHS BPOKAWHOCTI depe3 Opak BOJIOTH,

noTpeda B 10JJaTKOBOMY 3pOIICHHI U1l TIATPUMKHA HOPMATBHOTO PO3BUTKY POCIIHH.
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JIist IpUpPOAHUX €KOCHCTEM — I €: CTPEC, M0 MOKE MPHU3BECTH 1O 3HMIKEHHS
010pI3HOMAHITTS; BIUIUB Ha JIICOBI MAacHMBU Ta MPUPOJHI JIYKW; 3HIKEHHS PIBHS
I'PYHTOBHX BOJI; 3MEHIIICHHS CTOKY PiYOK 1 3aITOBHEHHS BOJOMM.
Tabmuns 2.2
3HavenHs KibkocTi onaiB Ta I'TK CenstHiHOBa yIpo10BK

1981—-2024 poxis.

IToka3Huk Ceson MpukoaiBcbKka MukoJiaiB
00J1aCTh

3umMa 90 104
KinpkicTh onaaiB, MM | BecHa 100 105

Jlito 125 150

OciHb 97 114

Pik 409 469
Koedimient Teruma mopa 0,71 0,83
3BOJIOKEHHS POKY
Censninona (I'TK)

[Ipore, BBakaeMO 3a3HAYWTH, IO JUIS MIBACHHUX pPAMOHIB (HAMPHUKIA,
OuakiBchkuii paiion) ['TK=0,66 (myxe cyxwuii), a AJig TIBHIYHUX (HAIPUKIIA]
[TepBomaiicekuit paiton) I'TK=1,02 (Bomorwmii). OTxe, KIIMAaTHU4YHI YMOBH JIJIsi
PI3HUX pailoHIB 00J1aCTi KapIMHAIIBHO BIIPI3HIIOTHCS, 1110 00YMOBITIOE BIATIOBITHUAN
CTaH BOJHHUX €KOCUCTEM, 30KpeMa piuku [liBnennuii byr, yactuna sxoi € 00’ €eKToM
HAIIIOr0 JOCHIIHKEHHS.

3aranom, st MukonaiBchkoi 00JacTi XapaKTepHI BHCOKAa TeMIleparypa
atMoc(hepHOro moBiTps, AehIIUT ONaiiB, MiABUILCHA MBUAKICT BiTpy. Hedimut
BOJIOTH MOX€ MOYMHATHUCH y KBITHI 1 3aKIHYYBATUCh Y YKOBTHI. YTIPOAOBXK I[HOTO
nepiony, SAK TPaBWIO, CIOCTEpiraroThcss Omm3pko 170 710 3 BUCOKUMU
TEeMIIepaTypaMH, IO BIUIMBATUME HAa CTaH BOJHHUX EKOCHCTEM, CIPUYHMHIOIOYN
SIBUIIIA €BTPOdIKaIlii.

B oGuacTi 1 MicTi omaau BUMaAarOTh, SIK IPABUJIO, Y BUTJISAII JOIIIB Ta 3JIUB,
SK1 MalOTh MICII€ YIIPOAOBXK yChOro poKy (Tadim. 2.3). BuzHaueHo, 1m0 HalO1IbITy

MOBTOPIOBAHICTh MalOTh 3JIMBOBI joui. BiazHaueHo, 10 y cepeaHbOMY 3a piK
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BimMivaeThess Omm3bko 80 mHIB 31 3nuBamu, moHan 70% SKUX CIIOCTEPIraeThes
BECHOIO Ta JIiTOM. TpaBeHb 1 UepBEHb — I1¢ HartbaraTii Micsii a1 3mB (oran 30%,
13 nuiB). IIpote, onaaiB y BUTJISI1 AOILY MIOPIYHO BiAMIYAEThCs OmM3bko 20 THIB
(koxxHUK 18 IeHB, IO € TOCUTh MaJIOI0 BEIWYHHOIO). Taka iHTCHCHBHICTH JOIIIB
BIJIMBA€E HA CTaH BOJHMX PECYPCIB, a TAKOX BU3HAYAE€ YMOBH 3HAYHUX PU3HKIB JIJIS
arapHoOTO CEKTOPY EKOHOMIKH.

Tabmums 2.3

KinpkicTh AHIB 32 MICAIlb, CE30H Ta PiK 3 JOIIEM Ta CHITOM

y MukomnaiBcebkiit oonacti ynponosxk 1991-2024 pokis

ITepion CHir CunbHuii CunpHuit Homx 3NMMBHUHA
POKY CHIT MOKpHI JTOII]

CHIT
CiueHb 6,9 3,6 0,6 4,8 2,3
JroTuit 51 3,1 0,7 4,0 2,4
bepesenn 2,6 2,2 1,0 49 5,8
KBitenn 0 0,2 0,2 3,1 9,2
TpaBeHb 0 0 0 1,1 12,3
UYepseHb 0 0 0 0,6 12,3
JIuneun 0 0 0 0,2 7,6
CeprnieHb 0 0 0 0,5 7,6
Bepecenb 0 0 0 1,1 6,4
’KoBTeHn 0 0,1 0,1 2,9 45
JIucroman 1,4 1,3 0,6 54 2,8
I'pynens 4,3 3,2 0,6 5,6 7,4
3uma 16,3 9,7 1,9 14,4 12,1
Becna 2,6 2,4 1,2 9,1 27,3
Jlito 0 0 0 1,3 27,5
Ocinb 14 14 0,8 9,4 13,7
Pazom 3a 20,3 13,5 3,9 19,8 80,6
piK

3MUBHUI JIOIIT — 1€ JOIII, ITiJ] Yac SKOTro 3a MiBA00u Bumaaae moHam S0 mm [2].

3a pe3ynpTaTaMu CIOCTepexeHb, y MUKOIAIBChKIM 00JaCTI i 4ac 37MBU BUNIA1a€
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nonaj 60 onaxiB. Takoi IHTEeHCHBHOCTI OMa/IiB B 00J1ACTi CIIOCTEPITAETHCS HE MEHILIE
onHOTO BHmaaKy. Haitbimpa KUIBKICTH OMadiB, IO BUMAIHM 3a MiBIOOM Oyia
3adikcoBana 9.05.1968 y Bo3neceHchbky 1 ctaHOBUTH 151 MM. CTUXIHHUM SIBULIIEM
€ TaKOXX CWJIbHI 37TUBU IMiJ 4ac AkuX 3a 1 rox 1 Menme Bumamae 30 MM 1 OibIme
omaniB. Ilix yac gy’ke CUIBHUX 3JMB, SIKI OyBalOTh OJMH pa3 Ha YOTHUPHU POKH,
BUMAaaae y cepeaabomy 46 mm. HaitinTencupHima 3nuBa crioctepiraigach 09.05.1968
y Bo3necencbky MukonaiBcbkoi o61acti. Toai Bunano 122 MM onajiB MEHIIIE, HIXK
3a roauHy. CTHXIWHI ONaau MOYUHAIOTHCS MEPEBAXKHO Yy JPYTid IMOJIOBHHI JIHS,
MOYAaTOK OUIBIIOCTI 3JIMB KAaTacTpO(PIUHOrO0 XapakTepy MpUIagaEe HAa MOMEHT
MaKCUMaJIbHOT'O PO3BUTKY KOHBeKli 3 12 1o 18 rox [2].

BusznaueHo, 110 yrpo10BkK MepIioi MOJOBUHU TEIUIOro MEPioy 3 KBITHS 1O
yepBeHb y miBHIYHOMY IIpuuopHomop’i cnocrtepiraetbest 25—35% 3aranbHOi
KUTBKOCTI BUIIAJKIB CTUXIMHUX OIMaiB, 3 BiAALLTO Ha 100 KM Bij Oepera KiabKiCTh
TaKMX BHMaAKiB 3poctae wmaibke Ha 50%. CHiromaaum B 00JacTi MOXYTh
YTBOPIOBATHUCSA 13 OBTHS MO KBiT€Hb. OCOOIMBOCTI CHIrOMaAiB y IIE€H Mmepiof: 3
YKOBTHSI TI0 JIMCTOMA]] MOXYTh OyTH HECTINKMUMU 1 MIBUJKO TAHYTH, € HMOBIPHICTh
3aMOPO3KIB; 3 TPYJIHS MO JIFOTUI HAUO1IbII IHTEHCUBHI Ta CTa0UIbHI CHITOMAH, SIK1
YTBOPIOIOTh CTIMKUW CHITOBUN TOKPHUB; 3 Oepe3Hs Ta KBITEHb MPU3BOJATH JI0
3aTSHKHOI 3UMH, CHIT, 1110 TaHE, MOYKE TTPU3BOAUTH /10 TIOBEHEH 1 MiABUIIICHHS PIBHS
BOJM y piukax Ta o3epax. TpuBamuil mepioj CHITONaiB Ma€ HU3KY MO3UTUBHUX
aCTMEKTIB BIUIMBY Ha BOJHI PECypCH uepe3 3a0e3leyUeHHS HAKOTMYCHHSI BOIU Yy
BUTJISIII CHITOBOTO IMOKPHUBY, SIKMM MOCTYNOBO TaHE 1 MOMOBHIOE BOAHI pecypcH
HaBECHI.

3aranom, B3UMKY B obiyacTi crioctepiraetbes 20,3 mHiB 31 cHirom, 13,5 3
cuibHUM CHIroM. 80% mHIB 31 CHIrOM 1 72% 3 CUJIBHUM CHITOM CIIOCTEPIraroThCsl
3uMor0. HaiiGibIa moBTOPIOBaHICTh CHITOBUX OMAJiB BIAMIYA€ThCS y CiuHI (JIaHi
Tabm. 2.3).

BBaxkaerbcs, 1110 cHironaj, mpu skomMy Bunazgae monaa 20 MM 3a 12 roaus €

CTUXIMHUM  METEOpPOJIOTIYHUM  sSBUIIEM. SIBumIe Takoi  1HTEHCHUBHOCTI
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CIIOCTEPITAETHCS OAWH pa3 Ha YOTHPU POKU. MakcuMmaiabHa KUIBKICTh omafiiB (29
MM) TIiJ] 9ac CUIIBLHOTO CHiromnany Bunana y [lepsomaiiceky 08.01.2003.

Onagu y BUTISAI CHITY MEpPEBaXKalOTh y ciuHi. Onaau y BUIIISAI MOKPOTO
CHITY 32 pik Yy MuKoaiBChbKiit 00J1aCTi BiAMIYatOThCs OJTU3BKO 4 THIB.

Pazom 3 TuMm, y MukomaiBcbkiid 00JIacTi YMPOJOBXK OCTAHHIX ACCATUPIYBL
BIIMIYAEThCSA 3MiHA PEXUMY 3BoJOKeHHs. CrocTepiraeTbes craja TEHACHINS
3MEHIIEHHS KUIBKOCTI OMajiB 3a pik ynpoaosx 1961—2024 pokis. ['padik puc. 2.7
JIEMOHCTPYE, 10 KUIBKICTh omajiB 3a 10 pokiB y cepeIHbOMY 3MEHIIYETHCS Ha
1,7%.

I'padik puc. 2.7. Bkasye Ha koedinicHT nerepminanii R?=0.83, mo o3navae
83% Bapialliil y 3HaUCHHSIX JIaHUX MOXYTb OyTH MMOSICHEHI JIIHIEO JIHIHHOTO TPEHIY
Ta CTIMKY TEHJICHLIIO O 3MEHIIEHHs. [HIMMU cioBamu, JIHIMHA MOJIETb MOSICHIOE
83% nucrepcii 3anexHoi 3MiHHOT (3HaY€Hb) Ha OCHOBI HE3aJIeKHOT 3MIHHOT (POKIB).
[le mocuth BHUCOKE 3HAYEHHS, SIKE CBIIYUTH MPO TE€, IO JIIHIS TPEHAYy ao0pe
MIIXOAUTh J0 JIAHUX, X04Ua HE 1eayibHO. 3anuiiatoThcs e 17% Bapialiii, ki He
MOSICHIOIOTHCS 1€ MoJieuT0. [le MoxyTh OyTH BUIMaaKOBI Bapiailii abo »* BIUIMB
IHIIMX YMHHUKIB, Kl He Oyld BpaxoBaHi B Mojeini. JIiHIHA MOJenab J03BOJISIE
3poOUTH MPOTHO3 HA MAaWOYTHE, SIKIIO MPUITYCTUTH, IO TEHACHIIS 30€pekKeThCsl.
[Ipote, peasibHi 1aHI MOXYTh BIAPI3HATUCA Yepe3 Pi3HI YNHHUKH.

BBaxkxaemo 3a HE0OXiJHE TaKOXX BiA3HAYWTH, I[IKABY 3aKOHOMIPHICTh, IO
CepellHs MopivyHa HOpMa KUIBKOCTI onafiB ynpoaosxk 1991—2024 pokiB He 3a3Haa
CYTTEBUX 3MIH NOPiBHAHO 3 1961—1990 pokamu (puc. 2.8). 3aranom, opmu 000x
KPUBUX CXOXI, IO BKa3y€ Ha CXOXICTb CE30HHOIO PO3MOJLIY OMaaiB y 000X
nepiogax. OCHOBHI IIKH 1 CIIaJW B OIMaIaX 3aJUINAIOTHCSA Ha TUX CAMHUX MICSIISX, 3
JNeIKMMU BaplalisiMd B aOCOJIOTHMX 3HaueHHsX. [Ipore, ciig 3aHauuTH, IO
MPOCIIKOBYETHCS TIEPEPO3MOALT KUIBKOCTI OMajiB MDK Ce30HaMU POKy. Tak,

HAWOIBII 3MIHU BiIOYBAIOTHCS 711 OCIHHBOTO TIEPIOAY.



111

450
400
350
[ )

300 800, . . .
250
200 y =-1,4239x + 3186,2
150 R2 = 0,83 15
100

50

0
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040

Pix

KinekicTh onaais, MM

Puc. 2.7. Piyna 3MiHa KIIBKOCTI omajiiB ynpooBx 1961-2024 pokis no

MuxkoJi1aiBCbKIN 00J1aCTI.

VY mexax o0jacTi KUIBKICTh OnajiB 3pocTtae 0au3bko Ha 16% 3a paxyHOK
#OBTHS (47%) 1 BepecHst (18%). IlpoTe, y nucTomani KiIbKIiCTh OMajiB HE3HAYHO
3MeHImmiack Ha 6%. Pazom 3 TuM, crnoctepiraeTbCsi HE3HayHE 301TBIICHHS
KUTBKOCTI OTIaJ[iB BECHOO 32 PaXyHOK TpaBHs Ha 7% 1 BIITKY 32 paxyHOK YE€pBHS Ha
6%, 1110 HE € CYTTEBUM JIJIsI KapJUHAIBHOI 3MIHU KJIIMAaTHYHUX YMOB. JIJIs 1HIIUX
MICSIIIB POKY CIIOCTEPIraeThCs CYTTEBE 3MEHIICHHS KUIBKOCTI OMaIB 3a PaxXyHOK
kBITHA Ha 17%, munug Ha 18% 1 cepmusa 20%. Take 3HayHe 3MEHIICHHS OIAJIiB
ynpoaoBxk Maibxke 60 JHIB pOKYy NPU3BOJIUTH 1O CYTTEBOTO 3pPOCTaHHS
MaKCUMaJIbHOI TeMIlepaTypu aTMOC(HEpPHOTO MOBITPs, 3POCTAHHS TMOCYILIUBOCTI
(puc. 2.8). Jlani cBimyaTh MpO TMEBHI KJIIMATH4YHI 3MIHH y PETi0HI, 30KpeMa, Ipo
nepepo3MoAia KITLKOCTI OMaiB YIIPOJIOBXK POKY.

Pe3ynbTaTom Takux 3MiH € apuau3aliisi TEpUTOPIi MBACHHUX 1 LIEHTPAIbHUX
paiioniB MuKoaiBChKOi 00J1acTi Ta, MO-CyTi, IEPETBOPECHHS ACSKUX IMiBJICHHUX
paiioHiB Ha HamiBIycTesto. [lomanbiin J0CTiKEHHS Ta MOHITOPUHT HEOOX1THI JIJIst
OUTBII TIMOOKOTO PO3YMIHHS MPUYMH WX 3MiH Ta IXHHOTO BILUTUBY Ha €KOCUCTEMY

Ta eKOHOMIKY PETiOHY.
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ExonoriunumMu  HacnmigkamMu  apuam3aiii  MOXyTh ~ OyTH  BTpaTa
010p13HOMAHITTS, 3MEHIICHHSI IO JIiCIB Ta Aerpajiallis IPyHTIB, 110 CIPUYUHUTD

3HMKEHHS CLIbCHKOTOCHOAPCHKOT MPOTYKTUBHOCTI, MMiIBUIIEHHS BUTpPAT HA
ipuraiito Ta 60poTE0y 3 €po3i€ro, MIrpaiilo HaceleHHs, 3pOcTaHHs OiTHOCTI Ta
KOH(JIIKTH 32 PECYPCH.
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Puc. 2.8. Jlunamika MiCSIYHOT HOpMH ONAAIB IO 00JIACTI YIPOIOBXK

1991-2024 poxkiB nopiBHsHO 3 niepiogoM 1961—1990 poxkis.

Crnin 3a3HAYUTH TaKy BU3HAYEHY 3aKOHOMIPHICTb, IO HAa TJI 3MEHIIEHHS
3arajbHOI KIJIbKOCTI JHIB 3 ONaJaMu, MPOTE YKUCIIO 3IMMBHUX JIOIIIB Ta CHITY 3pOCIIU
(puc. 2.9).

Tak, migBUIIEHHS TeMIepaTypu aTMOC(EPHOTO MOBITPS Y 3UMOBHI TIEPiO]
CIIPUYMHUIIO 301TBIICHHS KUTBKOCTI JTHIB 13 MOKPUM Ta 3JIMBOBUM MOKPHUM CHITOM.
Pazom 3 TuM, BBaxkaeMo 3a HEOOXIJHE MIAKPECIUTH, IO 30UIBIIEHHS KUIBKOCTI
OMMaJliB y BUIJISAMAI 3JIMBOBUX MOKPHX CHITY Ta JONLy, a TaKOX ITiIBUIIICHHS
MaKCUMaJIbHOI TeMIIepaTypu aTMOC(EpHOTO TMOBITPsI HE 3a0€3MeUyIOTh JOCTATHE

HAKOIIMYCHHS BOJIOTHU Y IPYHTOBOMY HOKpI/IBi Ta )KUBJICHHA BOJHUX CKOCUCTECM.
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Puc. 2.9. JIlunamika 3MiHU PIYHOI KIJILKOCTI JIHIB 3 OIajiaMu 1 6€3 omaIiB.

[Ilopiuno B 00nacTi BIA3HAYAETHCS 1O 7 JMHIB, SIKI XapaKTEPHU3YHOThHCS
aTMOC(EepHOI0 TOCYXO0I0, €KOJOTIYHIUMH HACTIAKaMH SIKO1 €: Jerpafaris 3eMenb
Yyepe3 OMyCTEIOBAHHS Ta BTpaTy POJIOUOCTI IPYHTIB; BUCHAKEHHS BOJIOWM (piBEHb
BOAM B piukax, oO3epax Ta TMIJ3€MHUX BOJOHOCHHMX IIIapax MOXE 3HAYHO
3HM)KYBATHCS ); 3a0pyIHEHHSI BOJIHUX €KOCHCTEM (3MEHIIEHHS BOJMU B BOAOWMAX
MO>KE MIIBUIIMTH KOHIICHTPAIIiI0 3a0pyHIOBadiB); BTpaTa CEPEOBUIN ICHYBaHHS
(pocnuHU 1 TBapUHU MOXKYTh BTpadaTH CBOi CEpEOBUINA ICHYBaHHSA uepes
BUCHUXaHHS BOAHUX JKEPEN 1 AeTrpajiallito 3eMelib); CKOPOUCHHS MOMYJISAIiN (IesKl
BUJM MOXYTb 3MEHIITYBATHUCS B YUCEIIBHOCT1 a00 HAaBITh 3HUKATH).

Ockinpk MukosaiBchbka 00J1aCTh Ma€ 3HAYHUM Jl1ara30H 3MiH Yy TOTOIHUX
YMOBax, 30KpeMa, KUIbKOCTI OMNajiB, BBaKa€MO 3a JOLLUIbHE MpOaHali3yBaTu
JMHAMIKY 3MI1HU OTaJiB 10 MiCTY MuKoJaeBy. Y MoJaabIIoOMy B TOCTIKEHH Oy ie
aKIICHTOBAHO yBary Ha CTaH1 BOJHUX PECypcCiB caMe y Mexax micta. Tak, 3a JTaHUMHU

aBlameTeopoJioriyHoi  cTanumii  MukonaiB, ympomox  1980-2024  pokiB
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CTIIOCTEPIraeThCsl CTiMKa TEHICHIIIS A0 3MEHIIEHHS K1JIbKOCTI aTMOC(EpHOi BOJIOTH

(puc. 2.10).

HatinmocymnmuBuMu pokaMm 3a TaHW MEepioj criocTepekers Oymu 1992, 1994,
2017 poku (menme 300 mm); HaitBoorumu — 1997, 2010, 2021 (6uibire 600 Mm).

800

700 [
PY [ )
600 L
g [ ] ® 9 Y ([ ]
o 500 { J o
S [
g .............. a..‘.g..‘...-’..‘ ............................. bt
o 400 ’ ~ ® o “ ~ ...................................
0
S ® o0 * % % ® L
x 300 ® y=-0,6001x + 1626,6
= [ J [ ] [}
x
200
100
0
1970 1980 1990 2000 2010 2020 2030 2040 2050 2060
Pik

Puc. 2.10. Piuna 3miHa KiJIbKOCTI onafiB ynpoaosx 1980—2024 pokis

1o MukosaeBy.

Ha puc. 2.11 nomaHo auHaMmiKy 3MiIH KIJBKOCTI OMaaiB Ta CEPEIHIX
temriepatyp ynpoaosxk 1980—2024 poxkiB mo MukomnaeBy. ['padik cBimuuTh, 1mo
2023 1 2024 poku Oynu HAWCMEKOTHIIIMMHU POKaMH 3a 4ac CIIOCTEPEKEHb, MPOTE
KUIBKICTh OIAJIB Y 111 POKU HE Jocsiraja CBOro MiHIMymy. BuzHaueHO KOpeJSIio
MK TMapaMeTpaMHu 4acy Ta CEepeJHbOI0 TEeMIEepaTyporo, ska AopiBHIoe 0,7, 110
O3HAyYae, 110 € CHJILHUI O3UTUBHUH 3B'130K MIXK IIMMH JBOMA MoKa3Hukamu [131].

Knacudikamiss pexumiB  3BOJIOKEHHS  MMOMIPHUX  IMIUPOT  JO3BOJISIE
nudepeHIIoBaTH TUIH KIIIMaTy 3a 00CSITOM PIUYHUX OIAJIiB: BiJ HAAMIPHUX (TIOHA]
1000 mm) y Mmopebkux perioHax Ta nomipaux (500—-1000 MM) y KOHTUHEHTAJIBHUX
30HaxX A0 HU3bKUX (250-500 mMm) y cTenax 1 kputuyHO Manux (MeHmie 250 Mm) y

HaIBIYCTENAX. X04a TepuTopist M. MukonaeBa Ta 00JacTl HAJIEKUTH J10 CTETIOBOTO
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KJIIMaTy, MPOTE IMOCTYIMOBO HAOIMKAETHCA A0 HaImiBIycTeabHOTO. HabmmkeHHs
KJIIMaTy 10 HaMiBIYCTEJIBHOTO € CEpHO3HOIO 3MIHOIO, sIKa MOYKE€ MaTH 3HAYHI
HACJIJIKA 71 €KOCHUCTEM, CLIBCHKOTO TOCTIOJApCTBA Ta JKUTTEMISITHHOCTI JIFOICH.
HaniBmyctenpHUil KiIiMaT XapakTEpU3YEThCS CYXICTIO, BEJIHUKOIO CE30HHOIO

BapiaOeNIbHICTIO TeMIepaTyp 1 0OMEKEHOIO KIJTBKICTIO OIaIiB.
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Puc. 2.11. /IlunamMika 3MiH KUIBKOCTI OIaJIIB T4 CEPEIHIX TEMIIEpaTyp

ynpoaoBx 1980—2024 pokiB no MukoiaeBy.

[IpyHIMNIOBY pI3HUII0O MK CTENOBUM Ta HAIIBIYCTEIbHUM KJIIMaTOM
HaBesleHO y Tabn. 2.4. Buxoasum 3 OCHOBHUX O3HAK, IO TMOAaHO y Tabm. 2.4.,
OCHOBHMMH BIJMIHHOCTSIMA MDK CTEMOBMM 1 HAIMIBIYCTEIIBHUM KJIIMaTOM €
KUTBKICTB 1 PO3IIOALT ONIaJIiB, TUIT POCIWHHOCTI, TEMITEPATYPH1 PEKUMHU 1 POJIFOYICTh
rpyHTiB. CTenoBuil KiaiMaT Mae OIbII CIPUSTINBI YMOBHU I PO3BUTKY TYCTOI
TpaB'sTHOI POCIMHHOCTI 1 € MEHII MOCYLIUIMBUM IOPIBHSHO 3 HAIiBIYCTEJIbHUM
KJIIMATOM, SIKHI XapaKTepU3YEThCS OLTBII PO3PIIKEHOIO POCIMHHICTIO 1 3HAYHUMHU

N000BUMH KOJIMBAHHSIMU TEMIEPATYD.
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Tadonuis 2.4

[TopiBHsITbHUY aHAI3 MIXK CTEMIOBUM Ta HAMIBIYCTEIHHUM KIIMATOM

YuHHUK CremnoBuii KJiMar HamniBnycrenpHuii
Temneparypa | e JliTHi TemmepaTypu e JliTHI TeMOepaTypu MOXKYTb
aTMOC(EPHOIO | MOXKYTH OyTU BUCOKUMH, ajlle | OYTH Jy>KE BUCOKUMM, YACTO
HOBITPA 3UMOBI TeMIepaTypu 3Ha4HO | mepesunrytoun 30°C.
HMKY1, 3 YaCTHMH MOPO3aMH. | e 3UMOBIi TeMIlEpaTypu
e J[00OO0BI KOJIMBAaHHS MOXYTh OyTH 3HAYHO
TEeMIIepaTypy MEHII HUKYUMHU, 3 MOKITUBUMHU
BUPaXKEHI1, HIXK Y MOPO3aMH.
HaIlIBIYCTENBEHOMY KJIIMaTi. | o JI00OBi mepenaau
TEMIEPATYp AY>KE BEJIHKI.
Onanu e Piyna KiJBKICTh ONIaAiBy | ® PiyHa KUIBKICTH OIaJIiB
cTa”HOBUTH Bij 250 1o 600 BapiroeTbes Big 150 10 400 M.
MM. e Omnaau MEHII PEryJsIpHI 1
e Omnaau po3nofiieHi MOKYTb BUIIQJIaTH y BUTJIAI
OLIBII PIBHOMIPHO YIIPOJOBXK | 3JIUB.
POKY, 3 MAKCUMYMOM Yy
BECHSIHUM Ta JIITHIN NEPioJIn.
Pocnunnicte (e T'yctuit Tpas'sHuii e  Poc/IMHHUY TIOKpUB
MOKPUB 3 TOMIHYBaHHSIM TpaB | PO3P1IKEHUM, CKIIATAETHCS
1 37aKiB. MEePEeBaXKHO 3 TPaB, YarapHUKIB
e IlpucyTHi YyarapHuKH, ajie | 1 HEBEJIMKHUX JIEPEB.
JepeB MaJIo a00 30BCIM e  PociauHU MarOTh TIIHOOKI
BIJICYTHI. KOpPEHI 1 JIUCTS, L0 3MEHIITYE
BTpaTy BOJIOTH.
IpyHTH e YopHo3eMHu 1 KallITaHOBI e [pyHTH Y4aCcTO MaJIOPOIIOUI,

IPYHTH.

3 HU3bKHUM BMICTOM TyMYCY.

BBaxaemo 3a3HaunTH, 10 0J13bK0 30 POKIB CIIOCTEPIra€ThC aHOMAIT JJIs

HIMPOTH ¥ AOBroTH MuKoaeBa Ta o6iacti. 3arajiom, SIKIIO paHiiie 3/4 THIB Ha piK

naHyBajla BHYTPIIIHbO-IIMPOTHA LUPKYJALISA, TO B OCTaHHI JACCATHIITTS 3HAYHO

MOCWJIMBCS MDKIIMPOTHUM HAMpPsIMOK TMEPEMIIIEHHS MOBITPSHUX Mac, Mpo MO0

CBiTUaTh YMCEIbHI KAPTH NIEPEMIIIIEHHS MOBITPSIHUX Mac riapomeTeorieHTpiB [102].

3a JaHUMM JOCHIDKeHb TIJ100albHOiI cucTeMu MoOHITOpUHTY Copernicus

Climate Change Service, Bu3HaueHO, 1110 BCTAHOBHBCS I'PeOiHb BUCOKOTO TUCKY MiXK
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JBOMa O0JIaCTSIMH BHUCOKOTO THCKY - Haja TpomiuHoto IliBHIgHOIO AdpuKoro 1
Apxkrukoro. [le mpu3BoANTH 10 YTBOPEHHS CTAOUTHHUX 1 CyXHX YMOB, XapaKTEPHUX
JUIS aHTUIMKIIOHIB. IS J1iTa B MiBHIYHIN MBKYJ1 11e € HopMorwo. [Ipore, paniiie
Takuil rpeOiHb MPOXOAUB 3HAYHO 3axXiAHIIIE, a caMme Taki Kpainw, sk [Tams, [cnanis,
Opanmis. Y 2024 pomi neil rpebinb nepeMicTuBcs y kpainu CximHoi €Bpomnw,
30kpeMa B VYkpaiHy. ['peOiHb BHCOKOTO THCKY 3a3BMYail CYNPOBOKYETHCS
CTaOUIbHUMH MOTOJTHUMH YMOBAaMH, SICHUM HEOOM Ta HU3BKOIO BOJIOTICTIO.

Bunukae muranus: un 2023 1 2024 poku € MOOAMHOKUMH BUIIAIKaMU Y TIIaH1
BCTAHOBJICHHSI TPEOHIO BUCOKOTO THCKY? UM Takuil XapakTep HUPKYIALIl cTaHe
3aKOHOMIPHICTIO?

[loku HEe MOXHAa OJHO3HAYHO BIAMOBICTM HA II€ MUTAHHSA, OCKIIBKH
aHOMaJbHI CHEKH crocTepiraiuchk BIiTky 1998, 2000, 2002, 2010, 2017 pokis. 3
OB Mi3HIX nepioaiB — ue Oymu 1934, 1946, 1975, a Biuitky 1934 poky mocyxa B
MuxkonaeBi TpuBasnia 137 guiB. Ilpore, 3MiHM B MJIaHI TOCTYNOBOTO IMiABUILICHHS
TEMIIepaTypy OCTaHHIM 4acOM OJHO3HAYHO B1JI0YyBaIOTHCS.

[Turanns mpo Tte, un 2023 1 2024 poKHM € MOOJUHOKMMH BHUIIATKaAMHU
BCTAHOBJICHHSI TPEOHIO BHUCOKOTO THCKY, UM TaKWA XapaKTep MUPKYJAIii cTaHe
3aKOHOMIPHICTIO, € CKJIQJJHUM 1 BUMAara€e aHajidy pi3HMX YHHHHKIB, BKIIOYAIOUYU
KJIIMAaTHYHI 3MIHU Ta JOBrOTPUBAII TCHACHIIT B aTMOC(HEPHIN [UPKYJISAILII].

Jls BIAMOBiAI HA 1€ MUTAHHS OKPECIMMO YMHHUKH, 110 BIUIMBAIOTh Ha
BCTAHOBJICHHS TPEOHIO BHCOKOTO THCKY:

3MiHU B 100ATbHOMY KJIIMaTI MOXYTh NMPU3BECTH 10 3MIH Y TOBEHIHII
aTMOC(EpHOi LMPKYJIALIi, BKIOYAIOYM YACTOTY 1 TPUBANIICTh I'PEOHIB BUCOKOTO
THUCKY.

[TinBumieHHs CepeHbOi TJI00ATBHOI TEeMIIEpaTypd MOKE BIUIMBATH Ha
pPO3MOLT TUCKY 1 (hOpMYBaHHS TPEOHIB BUCOKOTO THUCKY.

Bukuau nmapHUKOBHX rasiB, 3MIHM B 3€MJICKOPMCTYBAaHHI, BINCHKOBI il Ta
IHIIIl AQHTPOTOTeHH1 Jii MOXYTh 3MIHIOBATU pErioHajabHI KJIIMaTH4YHI YMOBH 1

BITUBATH HAa aTMOC(HEPHY HUPKYIIAIIIO.
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[Ipuponni kmiMatuyHi eHOMEHHU, Hampukiaad, Taki sk Enb-Hinso Ta Jla-
Hinbs, MOXyTh BIUTMBATH Ha PO3MOALT THCKY 1 (pOpMyBaHHSA I'peOHIB BHCOKOTO
THUCKY.

Jlo Toro, BIAMOBIAH HA MOCTABJICHE MUTAHHS BUMAarae aHaji3 1CTOPUYHHX
JaHUX Ta MOJICTIOBAaHHS. AHAI3 KIIMaTUYHUX JAHUX 34 OCTAHHI JAECATUIITTS MOXKE
JOTIOMOTTH BU3HAYUTH, YU € OCTaHHI POKU IMOOJMHOKMMHU BHIIaJKaMu abo
YaCTUHOIO OUIBII TPUBAIOI TEHAEHIIII.

JlocmikeHHsT BXKe TOKa3ye, M0 4acToTa 1 TPUBAIICTh T'PEOHIB BHCOKOIO
TUCKY 30UIBLIYETHCS 4Yepe3 IMIo0anbHE MOTEIUIIHHA, M0 MPU3BOAUTH A0 OLIBII
JaCTHX €KCTPEMAabHUX MOTOAHUX SIBUIII, TAKUX SIK XBHJII CIIEKU 1 IOCYXH.

[IporHo3Hi po3paxyHKH CBiAYaTh MPO 3HAYHY WMOBIPHICTH 30UIbIICHHS
YaCTOTH Ta I1HTEHCHMBHOCTI TakKHX SABHIL Yy MailOyTHbOMY, SKIIO TJIOOAJIbHE
HOTEIJIIHHS MPOJIOBKHUTHCS.

[Ipote, o0 matu TOYHY BIAMOBIAb HA MUTAHHS, YU CTAHYTh TaKl SIBUIIA
3aKOHOMIPHICTIO, HEOOX1H1 MOIAJIbI AOCIKEHHS 1 aHami3u. Ha nanuit MomeHT
ICHY€ TEHJEHIli A0 301IbIICHHS YaCTOTH 1 TPUBAJIOCTI TPEOHIB BUCOKOTO THUCKY
yepe3 KIIMaTU4Hi 3MIHM, aje [ BU3HAUYEHHS TOYHOI 3aKOHOMIPHOCTI MOTPIOH1
JIOBrOTPHUBAJI CIIOCTEPEKEHHS 1 YIOCKOHATICHHS KJIIMAaTUYHUX MOJIEIICH.

[Tini6’eMo nesiki BUCHOBKH, MO0 MOMJIMBUX PE3YJIbTATIB 3MIH KJIiMaTy 31
CTEMOBOr0 Ha HamiBmycTeabHul. Cepell OCHOBHMX HACHIAKIB JJIi €KOCUCTEM
MOJKJIMBUMH €, SIK1 OITUCAHO HIDKYE.

Brpara OiopizHoMaHiTTd. barato pociuH 1 TBapuH, aJanTOBaHUX 0
CTEMOBUX YMOB, MOXKYTh HE BHXKUTH B OLIBII CYyXUX yMOBax HamiBiycteni. Lle moxe
MIPU3BECTH JI0 BUMUPAHHS BUIIB a00 TX Mirpartii.

3MiHa POCIMHHOIO MOKpUBY. PocnuHu, siki moTpeOyroTh OuIblE BOJIOTH,
MOKYTh HOCTYIHUTHCS MICIIEM OUIbILI MOCYXOCTIHKUM BHAaM, L0 MOXE MPU3BECTH
710 301TIBIICHHS IO, BKPUTUX YarapHUKaMu a00 HaBITh TOJIMM IPYHTOM.

301IbIIEHHS] TEeMIIEpaTypu HOPU3BOAUTH 1O TOrO, IO POCIHWHU 3aMICTh

MOTJIMHAHHA BYTJICKHUCIIOTO Tra3sy 1 BI/II[iJ'IeHHﬂ KHMCHIO ITIOYHMHAKOTHh HABIIdAKH
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MOTJIMHATY KUCEHb 1 BUAUIATH BYTJCKUCIHI ra3. Take sBUILE HA3UBAIOTh «KallleTIh
3aMiICTh JUXaHHS» Yepe3 TeMIlepaTypHHil cTpec, abo ¢oTopecmipariisi.

doropecnipalisi TaKOXK 3pOCTae HpU HecTadl Bojord. Lle siBuie Takox
MiKPECIIOe OOMEXKEHICTh POJIl POCIMHHOTO TOKPUBY 3eMill Yy TMOTJIMHAHHI
BYIJIEKUCIOrO Tra3y 3 arMocdepu, K e(EeKTHBHOrO crocoly ajaanramii o
KJIIMaTUYHUX 3MiH. OIMH CIPUATIMBUN 1)1 (DOTOCUHTE3Y YNHHUKOM HiBEIOETHCS
IHIIMM HecnpuaTauBuM. Hapasi 75% aHTpomoreHHuX BHKHUIIB MOTJIWHAIOTHCS
CBITOBUM OK€aHOM, aJjie IPOTHO3U BKa3ylOTh Ha Te, 10 Bxke 3 2050-X pokiB okeaH
MOJKe ITePETBOPUTHUCS HA YUCTE JPKEPEIIO ByriieKucioro rasy [45]. IcHye pusuk, 1o
OKeaH MOXe TepeTBopuTrcsa Ha uucte Jxepeno CO2, 0coOIMBO uepes3 Jerpaaallito
MOPCBKHMX €KOCHUCTEM, TAKUX SIK KOPaJoBl pudHu, Ta 3MEHIICHHS (iTOIIaHKTOHY. Le
MOX€e TpU3BeCTH 10 301IbieHHsa BUKUAIB CO2 Hazag B aTMocdepy, MiACUITIOIYN
edexTu TI100aIbHOTr0 moTerIiHas [45].

dotopecnipallisi COPUYUHIOE BUBUIBHEHHS BYTJIEKHUCIOTO Tra3y y MpOLEci
NEPETBOPEHHS TJILUMUHY Ha cepuH. Lle 3HMXKye eexTuBHICTH (hiKcalii BYIJIELIO
pocivHaMH. 3MEHIIEHHS e(QeKTUBHOCTI (OTOCHHTE3y MOKE BIUIMBATH Ha
3aranbHuil O0anaHc KapOoHy B ekocucTtemax, 110 MOXE BIUIMBATH Ha TJIOOATbHUMN
KpYyrooOir ByTJIEIIO.

3a yMOB miABUIIEHUX Temneparyp 1 Huzbkoro BMmicty CO; y moOBITpi
doTopecnipanis 3HWXKYE 3AaTHICTh POCIMH TMOMVIMHATH BYIJIEKUCIMM Tra3 3
atMocepH, 110 MPU3BOAUTH 0 3MEHILIEHHS MOTJIUHAHHS BYTJEKUCIOrO rasy 3
aTMoc(epH, 10 MOXKE BIUIMBATH Ha KOHUEHTPAII0 MAapHUKOBUX Ta3iB 1 3MIHY
KJIIMATYy.

doropecnipaiisi 3HWKY€E 3arajbHy HPOAYKTHBHICTH POCIHH, IO MOXE
BIUIMBATH Ha PICT 1 PO3BUTOK SIK OKPEMHUX POCIUH, TaK 1 I[IIMX EKOCUCTEM.
3HIKEHHS! MPOJYKTUBHOCTI POCIMH BIUIMBAa€E Ha OilomMacy 1 BpOXKaHICTb, IO
BiJIOMBAETHCSA HA XapUOBHUX JIAHITIOTAX 1 CTIHKOCTI €KOCHCTEM.

Pazom 3 THuM, ¢oTopecmipaiis gornomarae poCIMHaM CHpPAaBIATUCS 3

BHCOKMMHU TEMIIEpaTypaMHu 1 CTPECOBUMU YMOBaMH, TAKUMH SIK TIocyxa. Bona moxke
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3MEHIIYBAaTH YTBOPECHHS aKTHMBHUX (OPM KHUCHIO, SKi € TIKIJJIMBAMHU IS KITITHH,
THUM CaMHM CIIPUSIOYN BIOKMBAHHIO POCIIMH 32 YMOB CTPECY.

3MiHU B 1HTEHCUBHOCTI (poTopecmipaiiii y BIANOBIIb Ha TJIO0OAJTBbHI 3MIHU
KJIIMaTy MOXYTb MaTH BIUIUB Ha JOBFOCTPOKOBI KJIIMaTHYHI MPOIIECH 1 EKOCUCTEMH.
Bianosinp pocivH Ha miABUIIEHHS Temnepatyp 1 koHueHntpanii CO; y atmocdepi
BIUIMBAaTUME Ha eQeKTUBHICTh ikcallii kapOOHYy 1, OTKe, Ha TJ0OaIbHUN
KJIIMAaTUYHUN OanaHc. 3aranom, QoropecHipallis € BaKJIMBUM IPOLECOM, SKUN
BIUTMBA€ Ha (DYHKIIIOHYBAHHS €KOCHCTEM 1 IXHIO 37]aTHICTh pearyBaTd Ha 3MIHH B
JOBKULII.

OxpeMo okpecnumo BIUIMB (poTopecmipanii Ha BoAHI ekocucteMu. Cepen
OCHOBHUX aCIIEKTIB BILIUBY:

Buninenna Kapbony ta Hitporeny uepes mponykyBanHs CO: 1 NHs, siki
MOKYTh MOTPAIIATH B BOJHI €KOCHUCTEMHU depe3 MoBepxHeBuM cTiK. LI Bukuau
MOYTh MPHU3BOAUTH A0 NiaBuileHHs piBHA KapOony ta Hitporeny y Boi, 110
BILJIMBA€E HA XIMIYHUI CKJIaJ 1 010JI0T1YHY aKTHUBHICTh Y BOJIHUX €KOCUCTEMAX.

EBTpodikariis uepes 30unbenHs piBHa HiTporeHy y BOJHUX €KOCHCTEMaXx,
IpU YOMY HAJJIMIIOK TMOKWBHUX PEUOBUH MPHU3BOAUTH N0 OYpXJIHBOTO POCTY
BOJIOPOCTEM, TICIs X 3arubeni CrnocTepiraeThes AeIuT KUCHIO Y BOI (TIMOKCIT),
BIJTMBAIOYM HA Pi3HI T1POOIOHTH.

BruiuB Ha poCTMHHUN TOKPUB Y30€pexcKs Yyepes Te, 10 POCIUHHU, L0 POCTYTh
B3IOBXK  y30€pexcks BOJHUX €KOCHCTEM, MOXYTh BUIUISTH MPOAYKTH
dboTopecmipalrii, ki 3MUBaIOTLCS Y BOJY Mij dac aouiiB abo moiuBy. Lle moxe
3MIHUTH XIMIYHMM CKJIaJ] BOJAM, BIUIMBAIOYM Ha MIKpOOIOJOTiYHI TPOIECH 1
010pI3HOMAHITTS Y BOJHUX €KOCHUCTEMaX.

3miHa O10J0T1YHOI MPOAYKTHUBHOCTI 4Ye€pe3 3MEHIIECHHS e()EeKTUBHOCTI
dboTocuHTE3y 1 TPOIYKTUBHOCTI POCIHH, IO MOXE BIUIMHYTH Ha KIUJIBKICTh
OpraHiyHOi PEYOBMHH, SIKa MOTPAILISE Yy BOJAHI €KOCHCTEMHU Yepe3 pPO3KIaJaHHS

POCIJINH. HC BIIJIMBA€ Ha Xap‘{OBi JJAaHIIIOTH 1 HpOI[YKTI/IBHiCTL BOOAHHX €KOCHCTEM,
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30KpeMa Ha TOMyJAlii pud 1 IHIMUX BOAHUX OPTaHI3MIB, IO 3aJICKATh BiJ
OpraHiyHOi PEYOBUHHU.

3MiHU KJIIMaTy, Taki K MABUIICHHS TEMIIEPATYPH 1 3MIHH B PEKHUMI OMAIiB,
MOXYTh BIUTUBATH HA YaCTOTY 1 IHTEHCUBHICTH (hoTOpectipartii y pociuH. 1{e moxe
3MIHUTH KIJIBKICTb 1 CKJIaJ MPOAYKTIB (poTopectipaliii, Mo MOTPpaIvisiioTh y BOAHI
€KOCUCTEMHU, BIUTMBAIOYHN HA 1X €KOJIOTTYHUM CTaH.

Otxe, po3yMiHHS BIUTMBY (hoTOopecmipallli Ha BOAHI €KOCUCTEMH 1 BXKUTTS
3aXO0JlIB JUIsl 3MEHILEHHS HEraTUBHOTO BIUIMBY € BaXKJIMBUMHU IJi1 30€peKEHHS
010p13HOMAHITTS Ta CTA0IBHOCTI BOJHUX €KOCUCTEM Y KOHTEKCTI 3MIH KIIIMATY.

HactynmHuM HacaiAKoM NiABUIIEHHS TEMIEPATYPHOTO PEKUMY 1 3MEHILIEHHS
KUIBKOCT1 OMaJiB € 3HUKEHHS MPOYKTUBHOCTI IPYHTY. MeHIIa KUTbKICTh OTMa/iiB
IpU3BEE 10 3HIKEHHS POI0YOCTI IPYHTY, 10 YCKIAQIHUTD PICT POCIUH.

3HIKEHHSI KUIBKOCTI OIaJiB 3MEHIIUTh JOCTYIHICTh MPICHOI BOJH, IO
BIUIMHE HA BC1 ACTIEKTH €KOHOMIKH, SIK1 3aJI€’KaTh B1Jl BOJHUX PECYpPCiB, BKIIOYAIOUU
CLJIbChbKE TOCTIOIaPCTBO, TPOMUCIIOBICTh Ta MOOYTOBE BOJOMOCTAYaHHS.

Jlanmi 3MEHIIEHHS POCIMHHOTO MOKPHUBY MPHU3BEAE 0 IMOCHIEHHS epo3il
IPYHTY, 11O 3pOOHUTH 3€MJIi MEHII MPUAATHUMH JJI CUIBCHKOrO TOCMOAApCTBA 1
30UTBIIUTE PU3UK YTBOPEHHS IyCTeNb. BTpara pOCIMHHOTO MOKPUBY 30UIBIITUTH
KUIBKICTh TIWJTY, KWW MiTHIMAETHCS B TOBITPS, IO MOTIPIIATEH AKICTh MOBITPS Ta
BUIUMICTh. J[0 TOro, €po3is IpyHTIB NpHU3BEIE A0 3MUBAHHS YacTOK IPYHTY Yy
BOJOWMHM, IO 3HUXKYE SKICTh BOAM Ta CIPUYUHSE 3aMyJICHHS PIYOK 1 03€p.
3a0pynHeH1 BOJHI pecypcH HEraTMBHO BIUIMBAIOTh HA BOJHY (payHy 1 MOXKYTb
YCKJITHIOBATH JOCTYII 0 YUCTOI TUTHOI BOJIM.

3MiHAa JIOKaJIbHMX KIIMAaTHYHUX YMOB MOXKE BIUIMHYTH Ha TJ00ajbHI
KJIIMAaTU4YHI TPOLECH, TaKl K HUPKYJSIIS MOBITPSIHUX Mac Ta 3MIHU Y MOJEISAX
omaiB. Tak, TOKagbHI 3MIHU TEMIIEPATYPH, HAPUKIIA], YEPE3 BTPATY POCIUHHOCTI,
BIMiCBbKOBI n1i a0o ypOaHi3allio, MOXYTh 3MIHIOBATH TEMIEPATypHI IPaTl€HTH B

perioHi, a I1i¢ BIUIMBA€ Ha IUPKYJALIID MOBITPSHUX Mac, 10 MOXKE 3MIHIOBATU
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HANpPSMKH 1 MBHUIKICTH BITPiB, BIUIMBAIOYM HA IIUPIIT aTMOchepHi MUPKYIAMIiiiHI
CHUCTEMHU.

3MiHa POCIMHHOTO TOKPUBY, BIMCHKOBI JAii abo ypOaHizallisi 3MiHIOIOThH
anp0es0 MICIIEBOCTI, HI0 BIUIMBA€ Ha JIOKAJIbHI TEMIEpaTypd Ta LUPKYJALIIO
MOBITPSAHUX Mac. MicbK1 pailoHM Ha0yBarOTh O1TBIIOT 3IaTHOCTI CTBOPIOBATU €(DEKT
TEIJIOBOTO OCTPOBA, JIe TEMIIepaTypa 3HauyHO BUIIA, HK Y HABKOJIHUIIHIX CLITBCHKUX
paiioHax.

JlokanbpHl 3MIHM TeMIIEpaTypu 1 KIJIBKOCTI OMAaJiB BIUIMBATUMYTh Ha
YTBOPEHHS XMap.

i HacmiaKu MOXYTh OyTH B3a€EMOIIOB'I3aHUMU Ta MaTH KOMIUIEKCHUI BILJTUB
Ha PI3H1 aCMEKTH KUTTS Ta HABKOJIMIIIHE CepeIoBUIIE. BaXKIMBO BXKMBATH 3aXO0/11B
JUIST TIOM'SKIIIEHHSI HEraTHMBHUX HACIIAKIB Ta agamTamii J0 HOBUX KIIIMAaTHYHUX
YMOB.

BBaxkaemo, 110 y mepcrneKTUBI BapTO AOCIIKYBATH MPOLIECH BiTHOBJICHHS
MajuX Ta BEJIMKHUX T1IPOJIOTIYHUX LMKIIB 1 MIKpOOIOMY I'PYHTIB, SIKI BIIITPalOTh
BaroMy poJib y PEryjioBaHHI €HEepPreTUYHOTO OalaHCy IJIAaHETH 1 3TJIaPKyBaHHI
EKCTpEeMaIbHUX KIIMAaTUYHUX SIBHIN, HE3QJICKHO BiJ KOHICHTpPAIIl THUITOBUX
NMAapHUKOBUX Ta3iB y ToOBITpi. Lle 3aBmaHHs BUPINIYETHCS 4Yepe3 3aCTOCYBAHHS
pEreHepaTUBHUX MPUPOJTOOXOPOHHUX Ta CLIILCHKOTOCTIONAPCHKUX MpakTUK. OTKeE,
rycTa POCIMHHICTh 1 OCOOJIMBO ii O1OPI3HOMAHITTS 3aJIUIIAIOTHCS HaA3BUYANHO
BOKJIMBHMU.

OT1xe, mpoaHaIi30BaHO OCHOBHI KJIIMAaTU4HI MOKa3HUKH, 110 BIUIMBAIOTH Ha
CTaH BOJHUX eKocucTeM MuKkoJjaiBCchkoi o00sacti. 30KpeMa, PpO3TJSHYTO
TEMIIEpaTypHUN PEXKUM 1 KITBKICTh omamiB 3a mepion 1980-2024 pp. 3a meit gac
cepeHbOpPIUHA TEMIIEpaTypa B PErioH1 3HaA4YHO 3pociia — y cepeanbomy Ha 0,61°C
3a IECATUIITTS, IO MIEPEBUIILYE CBITOBI MOKA3HUKH. BCTaHOBNIEHO CTiHKe 3pOCTaHHS
MaKCHUMaJbHOI TeMIepaTypu MOBITPs, 30UIbIIEHHS KIJIBKOCTI CHEKOTHHMX IHIB 1

«TPOMIYHUX HOUECH».
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Onaau MarTh HECTIMKMI XapakTep. 3arajibHa iX KIJIbKICTh 3MEHIIY€EThCS,
BOJIHOYAC 3pOCTAa€ YacTKa 37MMBOBUX JAOHIIB. PiuHa KiNBKICTh OMajiB y pPETiOHI
ckinanae 409—469 MM, 10 CBIAYUTH PO KPUTHYHO HEIOCTATHE 3BOJIOKEHHS. 3a
koedimieaTom CenstHiHOBa MUKOIAIBIITMHA HAJIEKUTH 10 30H TIOMIPHO CyXOTO Ta
Jy’KE€ CyXOro KiiMary.

Taki 3MiHU CBIJT4aTh MPO MPOILIEC apuan3allii MBACHHUX TEPUTOPiN 001acTi,
II0 CTBOPIOE PU3UKH ISl BOJHUX PECYPCiB, CLTBCHKOTO TOCTIOIAPCTBA Ta EKOCUCTEM
3arajoM. 3MiHa KJIIMaTy BHMAarae ajantaiii pHPOJOOXOPOHHOI IOJITHKH,

OHOBJICHHS MOHITOPUHTY Ta BIPOBA)KEHHS CTAINX PIIIEHb Y BOJOKOPUCTYBAHHI.

BucHoBKH 10 ApYyroro po3aiiy

JlociiKeHHS! OXOIUTIOE XapaKTEPUCTUKY KIIFOUOBHUX KIIMAaTUYHUX YHHHUKIB,
10 BIUIMBAIOTh HAa BOJAHI e€KocucTeMH MUKoJaiBChKOi 001acTi, 30KpemMa MicTa
MukonaeBa. BUKOpHCTaHO IIMPOKUN CHEKTP JHKEpeN — EKOJIOTI4HI NacHopTH,
CTaTUCTHYHI 3BITH, KiIiMaTu4H1 miiatgopmu (Google Earth Engine, Ventusky), nani
VYkpaincbkoro rigpomereoneHTpy, Copernicus TOIIO.

OcCHOBHY yBary NpuJUICHO TeMIEepaTypHOMY pexuMy. BcTtanoBieHo, 110 3
1980 mo 2024 pik cepeaHbopiuHa TEMIIEpaTypa B PerioHl 3pocTaia 3i MIBUIKICTIO
0,61°C/10 pokiB, 110 CYTTEBO MEPEBUINYE TII00aIbHI TeMIH. OCTaHHE AECATUPITYS
cTayio HaWtermimumM 3a octanHi 6500 pokiB. ¥V 2024 poui 3adikcoBaHl peKOpAHi
TEeMIIepaTypH, 0 BUKIUKAIOTh TETUIOBUHN CTPEC, 301TBIIICHHS KUTBKOCTI «TPOTIYHHIX
HOYEH» Ta CIEKOTHUX JHIB. 3adiKCOBAHO CTIMKE 3pPOCTaHHS MaKCHUMaJIbHOI
TEMIIepaTypyd Ta 3HWKEHHS MIHIMAQJIbHOI, IO CHPHUSE TMOSABI TEMIEpaTypHHUX
EKCTPEMYMIB 1 MIJBUIIYE PUSUKH JJIS 3JI0POB’SI Ta CUTBCHKOTO TOCIIOIapCTBA.

BuszHaueHo, 110 3HAYHY poOjdb y 3MIHI TIIPOKIIMATUYHUX YMOB BIAITpae
aTMocdepHa Bosiora. Y perioHi Qikcyerbes aedinut omaniB (409-469 mwm/pik),
CE30HHMI IXHIA Mepepo3Moil Ta NEpeBaKaHHS 3IMBOBUX nAomIiB. KoedimieHTt

3BosiokeHHs1 CenstHiHOBa (I'TK) Bkasye Ha mepeBakaHHS YK€ CyXHX 1 MOMIPHO
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CyXUX yMOB. Big3HaueHO 3pOoCTaHHS YacTOTH CTHXIMHUX OMAaiB, NPU I[HOMY
3arajibHa KUTbKICTh JTHIB 3 OMa/laMU 3MEHIITYETHCS.

DiKCyeThCs TCHACHIS 10 apuau3aliii (OImycTeaoBaHHS) MiBJICHHUX PaliOHIB
001acTi, 0 HETaTUBHO BIUIMBAE HA BOJAHI PECYPCH Ta €KOCUCTEMH. 3MIHU KIIIMaTy
CTBOPIOIOTH HOB1 €KOJIOT14HI BUKIIUKH, CE€pell SIKMX: 3MEHILIEHHS BOJHOCTI PIYOK,
Jierpaaarlisi IpyHTIB, BTpaTta 010pi3HOMaHITTS. TeMneparypHuid TpeH 1, 3MEHIIICHHS
omajiB 1 3MiHAa arMoc(epHOi LMUPKYIAUIi € O3HAKAMHM KIIMAaTUYHUX 3MiH, SKi
BUMAralTh ajanTaiii NpUpPOJOOXOPOHHOI TOJITUKH, MOJEpHI3aIli CHUCTEM

MOHITOPUHIY Ta CTPATET1YHOTO TUIAHYBAHHS BOJIOKOPUCTYBaHHS.



PO3/ILI 3

JOCIIIXKEHHSI CTAHY EKOCUCTEMM PIYKHU NIBAEHHUM
BYI' Y MEXKAX MICTA MUKOJIA€EBA

3.1. XapakTepucTHKA 00’ €KTY XOCTIIKEHHS.

3.1.1. I'eorpagiyna Ta rigpoJoriyna xapakrepucruka Ilisaennoro byry.

[TiBnennuii byr Tpets 3a TOBXKUHOIO HallOUIbIIA piuka YKpaiHu, OaceiH sSKoi
MOBHICTIO pO3TalIoOBaHuil y Mexax Kpainu. [lnomma GaceitHy piuku — 63700 xm?
(puc. 3.1), nosxunra 806 kM, cepenniit moxmia — 0,40 m/km [65].

[TiBnennuit byr Oepe mouarok Ha Bommuo-Iloginbehkiit BUCOUMHI MOOIU3Y
c. Xonozeub XMeIbHUIBKOI 00aacTi 1 Bragae B J{Hinpo-by3bpkuii muman YopHoro
Mopsi. [IpoTikae ieHTpaIbHUMU 1 MIBACHHUMU 001acTsIMU YKpaiHu (XMeIbHUIIbKA,
Binnunpka, KipoBorpanaceka, Onecbka Ta MukonaiBcbka 007acTi) uepes ¢Gi3uko-
reorpagiyHi 30HU JIICOCTEMY 1 CTENy. Y3/I0BXK pycia pIYKA Ha TOBEPXHIO BUXOIUTh
HalaBHile B YKpaiHi TeoJIOT1YHe YTBOPEHHS — Y KPaiHChKUI KPUCTATIYHUN IIIUT,
3aBJsiku sikomy [liBnennuit Byr Bimomuii cBoiMu oporamu [69].

baceitn IliBnennoro byry posramioBaHo B MeXax TPhOX T€OCTPYKTYPHUX
palioHIB: BEPXHIO YaCTUHY Oaceitny po3mimieHo Ha Bomuno-IloainbehKiii BUCOUHHI,
cepeHs oro YacThHA 3HAXOIUTHCS B Mexkax [IpuaHITpOBCHKOI BUCOUMHM, HUKHS
Tedist HaNeXuTh 10 [IpruopHOMOPCHKOT HU30BUHH.

Y wmexax Bomuno-lIloainbebkoi 1 IIpuaHINPOBCEKOI BUCOYMHHU PEIBED
OaceliHy pIBHUHHUHN; TyT BOJ0301p CHUJIBHO PO3YJICHOBAHUM TJIMOOKO Bpi3aHUMHU
PIYKOBHMMU JOJTMHAMU 1 OaJTKaMH, a TAKOXK CHJIBHO €pOJOBaHMi. Y BEpXHIiil YaCcTHHI
BOZ0301p pO34JIEHOBAHO MEPEkKEIo ApiB Ta 0anok, rmmbuHa eposii carae 50-100 m.
VY cepenniii yactuni BoAo300py rimbuHa eposii — 100-200 M, a rycTora sipyro-
6anmounoi mepexi 0,5-1,0 km/km?. []71s1 HIBKHBOT YaCTUHU BOZ0300PY XapaKTepHUMHU
€ IUIOCKUM penbed 3 YUCICHHUMH 3araguHaMu-OmtoAlsaMu. PiBHMHA cepeaHbo

po3wieHoBaHa 3 rmbOuHOI0 epo3ii 5S0—100 M, rycToTa sipyro-6anounoi mepexi 0,50—
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0,75 kM/kM?. B OCHOBI MjaTo 3aJATalOTh APEBHI KPUCTAIIYHI moponau (TpaHiTH,
THelcu), B 0ararbOX MICISX BHUXOISATh Ha IOBEPXHIO, aj€ YacTO MEPEKPHUTI
MOPCHKMMU 1 KOHTHMHEHTAJIbHUMHU TPETUHHUMHU BiAkiagamMu (IICKH, TJIUHH,
mepreni) [65].

BepxHi0 4YacTMHY TeoJIOTIYHOTO PO3pi3y  CKIANAl0Th  YETBEPTHHHI
BiIKJIaJCHHSA. PO3MOBCIO/KEHI BOHU YCIOAW 1 BIACYTHI JIMIIIE Ha HEBEIMKHUX
JIISIHKAX, JIe OTOJIFOIOTHCS KOPiHHI MOPOoJU. Y OeperoBUX OOpPUBaX OTOJIIOIOTHCS
Iapyu IPYHTIB 1 TIPCHKUX MOPIJ, HEPIAKO Ayxe cTaponaBHix. Ha Geperax uacrto
3HAXOAATh YHUCJIEHHI CBIAOLTBA CTOSHKA CTapoJaBHIX Jojed. I3 cydacHHMX
reoJIOTIYHUX TpoleciB y Mexax Oaceliny IliBnenHoro byry Hailbiibmoro
MOIIUPEHHS Ha0yJia epo3iitHa IsUTbHICTh, 3a00JI04yBaHHSs, 3CYBHI IIPOLIECH, €0JI0OBA
JUSTIBHICTD, €pO31s IPYHTIB, a TaKOX JIOKaJbHO-KapCTOBI SIBUILA.

VY OaceliHi Ha KpuUCTaTIYHOMY (YHJIaMEHTI PO3TAIOBAHO BOJIOHOCHI
TOPU30HTH TAJICOTCHY, HEOTeHY, CapMaTChbKHUX, TOPOHCHKUX BIJKIAIB TOIIO,
MEPEKPUTHUX TOPU3OHTAMH YETBEPTUHHUX BiAKIadiB. BOJOHOCHUI TOPU30OHT
OCTaHHIX IUPOKO BUKOPUCTOBYETHCA NJISI arpapHOrO BUPOOHUIITBA, a TAKOX JJIS
BOJ/IONIOCTAYaHHSI.

OCHOBHUM JIKEpEJIOM SIKICHOTO BOJOMOCTa4aHHs 0araThbOX HACEICHHUX
MYHKTIB € BOJM KPUCTATIYHUX TTOP1Jl JOKEMOPI0, PO3MOBCIOIKEH] B TPIIIIUHYBATUX
30HAaX y MeXax YKpPaiHChKOTO KPUCTATIYHOTO MINTA.

Minepanizaiiss BOJ BCIX BOJOHOCHHX TOPH3OHTIB 301JIBIIYETHCA HA
MiBJICHHUI cXi OaceitHy, Jocsararoun 3HaueHb 1,5 r/am® 1 Oinbiie [65; 68].

3a xapakTepoM I'PyHTOBOTO MOKpUBY OaceliH [liBnenHoro byry BiTHOCUTBCS
70 Jicocrterny Ta ctemny. [loBepXHeBHil TOKPUB CKIATAETHCS 13 JIECIB 1 ICCOBUIHHUX
CYTJIMHKIB, YAM TTOSICHIOETBCS TIEpeBara MujIeBaTUX JITKOCYTJIMHUCTHX 1 MIIIaHO-
CEPENHbOCYIIIMHUCTUX IPYHTIB. IpyHTH mepeBaxkHo cipi omigsoseni, y Bepxis'i

MICIISIMH YOPHO3EMHI.
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[pyaTn B BepxHili wuacTuHi GaceliHy MPEICTaBIECHO CBITJIO-CIpHMH
cyriiHkamu. LleHTpanpHy dacTuHy OaceiiHy BKPHBAaIOTh CIIA0KO-TyMYCHIi
yopHO3eMU. Ha miBUIIEHUX MICIISIX peiabedy 3aararoTh OMi30JI€HI YOPHO3EMH.

CydacHul IpYHTOBUH IOKPUB BEPXHBOI Ta CEPEIHBOI YacCTHH OacelHy
[linennoro byry cdopmyBaBcs miag BIUIMBOM B3a€MOJIIi IPYHTOYTBOPIOIOUUX
MopiJ, POCIMHHOTO TOKPOBY, penbedy, KIIMaTy Ta TOCMOAAPCHKOI IisSIIBHOCTI
moauHu. B ocHOBHOMY TpyHTH cdopmyBamucs Ha KapOOHATHUX JIECOBHUX
BijKiIanax. Ha piBHUHHUX AUTSTHKAX O0aceiHy i) TOKPUBOM CTEIIOBOI POCTUHHOCTI
YTBOPUJIIUCh YOPHO3EMH TJIMOOKI, a Ha JUISTHKAaX 1]l JIICOBOIO POCIHHHICTIO
BUHHUKJIM JIECOBI1 OMMi/I30JIeHI IpyHTH. Ha anmoBianbHUX BIAKIAJAX Y TOJIMHAX PIYOK
YTBOPUIIUCS JTy4yH1 Ta TOp(’ IHO-O0JOTHI IPYHTH.

CBITIO-CIpl, TEMHO-CIpl OMNIA30JI€HI IPYHTH Ta YOPHO3EMH OIII/I30JIEHI
MOIIMPEHO Y BEPXHI 1 cepeiHii yacTuni 6aceiny. CBITIO-Cipi IPYHTH HalO1IbIIe
OMi/I30JIEHI Ta HAaMEHII I'yMYCOBaH1 cepe]l JIICOCTENOBUX OII30J€HUX IPYHTIB.
['yMyco-entoBianbHUI TOPU30HT YOPHO3EMIB OITIJI30JI€HUX HErMHOOKUi (10 35 cm).
Ha nmiBiens Bi miHii, 1o mpoxoauts uepes3 banty—IlepBomaiickk (Ha mpaBoOepeskki
Koaumu) po3TaimoBaHo 30HY Pi3HOTPaBAHOTO cTeny. [PyHTOBHH IMOKPHUB TYT
IPEJCTaBICHO YOpPHO3eMaMH, C(HOPMOBAHMMHU Ha BaXXKHUX CYIJIMHUCTO-JIECOBHX
nopozax. ¥ paitoni Hmwxkde M. [lepBomaiicbka a0 ¢. OnexcanapiBka MukoaiBcbKoi
0o0JacTl TMepeBaXaloTh YOPHO3EMU MajO0 Ta CEPEeIHbOIYMYCHI, Ba)XKKO Ta
aerkocyruHNUCTI. B monus3i IliBgeHHoro byry BoHU mepexonsTh B YOPHO3EMU
cJ1a00COJIOHITIOBATI Ta KalITaHOBI IpyHTH [68].

OnHuM 13 OCHOBHUX YMHHUKIB, B SIKMX 3aJI€KHUTh T1IPOJOTIYHUN PEXKUM
OaceiiHy, pa3oMm 13 KIIIMAaTHYHUMH, TPYHTOBO-TEOJIOTIYHUMHU 1 TeOMOPHOTOTTIHIMHI
€ POCIMHHUMA MOKPUB. POCIMHHICTH KUIBKICHO Ta SIKICHO MEPEpO3NOIiIsLe ONaau 1
JTy>K€ 3MIHIOE T1APOJIOTIYHHUIN PEKUM TEPUTOPIi.

binpma wuactuna Oaceitny IliBnenHoro byry 3HaxomuTecsi y Mexax
JICOCTEIOBOI 30HU 1 Ma€ JIOCUTh OaraTuil 1 pI3HOMAHITHUM POCIMHHUHN CBIT, 1110

3yMOBIIGHO CHOPUATIMBUM KIIMaToM, penbeoM Ta POAIOYMMH TIPYHTAMH.



128

[Tpuponna pocnunHicTh o0iiiMae TyT 12% yciel mmomi. I3 Hux 11% npunagae Ha
Jicu, 6mu3bpko 1% — Ha myku 1 0,5% — Ha 6070TA.

PocnyHHICTB MIBHIYHO-3aX1IHOT YaCTUHU 0aceiHY MpeJICTaBICHO MOJIOAUMU
1 CepeIHBOBIKOBUMHU IIMPOKOJMCTUMHU JIICAMH, SIKI PO3TAIIOBAHO OKPEMHUMH
MacuBamu. HaltnommpeHnimmmu nopojgamu aepeB € ay0, rpad, siceH, KIIEH, JIUIa,
B'sI3, BUIbXA. 3 KYIIIB Ta YarapHUKIB MEpeBa)Ka€ JIIIUHA, [IUIIINHA, KUMOJIOCTh
TOIIIO.

Ha miBaens Jicu mOCTYIOBO 3MIHIOIOTHCS Ha JIICOCTEN 1 CTEM, CIOYaTKy
KOBHJIOBO-PI3HOTPABHUI, a MOTIM KOBUJIOBO-TUITYAKOBUW. CTENOBY POCIMHHICTH
MIPEICTABIICHO 3aCYXOCTIMKUMU O000BO-31aKOBUMH PI3HOTPABHUMHU aCOLIALIIMH —
TUMO(}1iBKOI0, (h1aJIKOIO, CYHHUIICI, MEIYHKOIO, MHUPIEM, BOJIOIIKOI, KOBHIIOO,
KPOIMBOKO TOIIO. 3arajom, JICHCTICTh OaceiiHy CTaHOBUTh OJM3BKO 7%,
3a60509eHICTh — 2%. OpHUME 3eMIIIMU 3aiiHATO 1ToHa 70% Teputopii Bogo300py.

VYeci nicy, gK1 po3TaloBaHo B 0aceiiHi, po3noauieH Ha ABi rpynu. [lo nepioi
IpyNu HaJIeXKaTh 3€J€H1 30HH HABKOJIO MICT, CEJIUIL 1 TPOMUCIOBUX MIIMPUEMCTB,
I'PYHTO3aXHUCHI JIICOCMYTH, BOJIOOXOPOHHI MPUOEPEKHI 3aXMCHI CMYTH, a TaKOX
3aXMCHI JIICOBI CMYTH y3JI0BX 3aJII3HUX Ta IMIOCEHHUX JOPIT.

Jlo apyroi rpynu BiAHOCSTHCS €KCIUTyaTalliiHi JICH, JIe T0MyCKAEThCS PyOKa,
asie He Ounbie piuHoro mpupocty. Jlicu mepmioi rpynu oOiliMaroTh B OaceiiHi
[TiBnennoro byry 73% 3aranpHoi Tutorti icoBoro ¢hoHAY, Jicu Apyroi rpymu — 27%.

Ha wactuni Oaceiiny IliBmenHoro byry, 1o 3ailHATI OpHUMH 3€MJISIMHU,
0OpOOAIOTHCS, 7€ BUPOLIYIOTh KYJNBTYPHI BHUIW POCIHH: IIICHUIIO, ITyKPOBI
OypsKH, KYKypyA3y, )KHUTO, TOPOX, TPEUKY TOIIIO.

VY ¢dmopi Oaceliny € HU3KA EHAEMIYHUX BUIB POCIIUH: BOJIOIIKA CABPAHCHKA,
KO3€JbI[b BEJIMKUNA TOIIO0; TAKOXK 3YCTPIYAIOThCS U PENIKTOBI BUIH, a caMe: XBOIL
BEJIMKHIA, OpyC/IMHA MaJla, MeyHKa M'sIKeHbKa TOIo [67].

VY ¢popmysanni kinimary Oaceitny IliBnennoro byry BaxiuBy pounb Bifirpae
HUPKYJLis aTMocepu, 3 KO IMOB'SI3aHO TMEPEMIIEHHs TMOBITPSHUX Mac 3

Atnantuku, Apktuku 1 CepeazeMHOMOp's.
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VY BepxiB'T Ta B cepe/Hiil yacTUHI OaceiiHy KiiMaT HaJEeKUTh O MOMIPHO-
KOHTHHEHTaJIpbHOTO. KiliMaT mBAeHHNX palioHiB nepelyBae 1ij] BILTHBOM YOpHOTO
MOPS 1 B HIDKHIHM Tedii pIYKH MOBUIBHO MEPEXOAUTH B MOCYIILIUBUH.

3HayHa NPOTSHKHICTD TEPUTOPIl OacelHy 3 MBHIYHOTO 3aXOAY Ha MiBACHHUIA
CX1J CIIPUYMHSE MMOMITHI BIAMIHHOCTI B PO3IOJILII TeMrepaTypu mopitps. CepenHs
pivHa TeMIieparypa noBiTps 3MiH€eThCs Bix 7,1°C 10 10,0°C [67].

Cepenns 6aratopiuHa TemIeparypa MoBITPs y BEPXHIil 1 cepeiHiil yacTHHaX
OaceiiHy konuBaeThcsi B Mexax 7,1-8,1°C. MakcumanbHa TeMmIiiepaTypa JiTOM
nocsirae +39°C, MiHIMallbHa TeMIlepaTypa B X010/1H1 AH1 3uMu 10 —38°C. [l wiei
YaCTUHU OaceiiHy 3MMOBH CE30H XapaKTEPHU3YETHCS OMAJaMH Y BHTJISAII CHITY,
gacTUMU TymaHamu. CepelHs BUCOTa CHITOBOTO MOKPUBY CTaHOBUTH Bim 10 110
15 cMm [67].

Becna Bigpi3HA€TbCS PI3KUM MEPEXO0JIOM BiJl MOTEIUTIHHS J0 MOXOJIOIaHHS,
B1J1 CyXOi MOT0JI1 JI0 JOIIOBOI. Y TpaBHI MOYMHAE PO3BUBATHUCS TPO30Ba JISUIBHICTD.
[loromHi yMOBM JIITHBOTO CE30HY BIJAMIYAIOTHCS 3HAYHUM II1JBUIICHHSIM
TEeMIIepaTypH, BETUKOIO KUTHKICTIO SICHUX JHIB, aKTUBHOI 'PO30BO1 MISITHHOCTI.

ITepion OCIHHBOTO CE€30HY, OCOOJIMBO B APYTii MOJIOBHHI, XapaKTEPU3Y€EThCS
BEJIUKOIO KUTBKICTIO MOXMYPHUX JHIB, TPUBAIUMH OMaJaMH 1 TyMaHaMH.

Piuna HOpMa omajiB B BEpXHIii Ta cepeIHiil yacTUHAX OaceiiHy CTAHOBUTH Bl
669 MM 110 550 MM, TOCTYIIOBO 3MEHIIIYFOUMCH 3 TIIBHOYI Ha MiBICHB [67].

Hwuxus uvactuna Oaceiiny piuku IliBgennuii Byr posramoBana B mexax
CTENOBOi 30HM YKpaiHM 3 MOMIPHO-KOHTUHEHTAJIbHUM KIIIMAaTOM JUIsl SIKO1
XapakTepHI Temuie JITO 1 M'ska HecTiika 3uMa. CepeaHbOpiUuHA TeMmIepaTypa
noBiTps TyT KonuBaeTbes Big 8,0°C mo 10,0°C. MakcumanpHa TemIiiepaTypa
noBitpsa, n0 +40 °C, crmocrepiraeTbCs B JUIIHI-CEPNHI MicAlsiX. MiHiMaabHa
TeMriepatypa moBiTps a0 —35 °C Bigmivanach B ciuHi Micsili. B HMKHINA yacThHI
OaceliHy CHITOBHM TOKPHB BCTAHOBJIOETHCSI B JPYril MOJIOBUHI TPYIHS 1

PYHHYETBCS B KiHIII JIOTOr0 — Ha mo4yatky OepesHs. CepeaHs BHCOTa CHITOBOTO
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nokpuBy 5—8 cm. ['mubuna mpomep3aHHs IPYHTY B CEpeIHIA Ta HIDKHIN 4acTHHI
Oaceliny Mmoxe cranosutr 20-50 cm [67].

PidHa KiIbKICTB OMaiB B HUXKHIA YaCTHUHI OaceliHy CTaHOBUTH Big 470 MM 10
540 mM. BinHocHa cepeqHbOpIYHA BOJIOTICTh MOBITPs cTaHOBUTH 60—65 %. Hopmu
BUMAPOBYBaHHSA 3 BOJIHOI MOBEPXHI CKJAJalOTh B BEpXiB'T 1 cepeaHi YacTuHI
Oacetiny 530625 mM, B monu33i 800-900 mm [67; 68].

[lepeBaxkarounMu BiTpaMu B OaceiiHl € BITPU MIBHIYHO-3aX1JHUX HAIPSMIB.
CepenHpopiuHa MIBUIKICTH BITPY cTaHOBUTH Bix 3,0 mo 4,4 m/c, MakcuManbHa —
nepesuiye 30 m/c [67; 68].

XKusnennsa piuku IliBnennuii Byr BinOyBaeThCs 3a paxyHOK TalWX BOJI Y
BECHSHUM 1 3UMOBHUH TIEpIOAX Ta JOIIOBUX OMaaiB B JTHIN. Ilim3eMHMi CTiK B
OaceiiHl He3HaYHU M.

3arasoM pIBHUHHHUM PEXUM PIUKH XapPAKTEPU3YETHCS SBHO BUPAKEHOIO
BECHSIHOIO TOBIHHIO, HU3bKOIO JTITHHOIO MEKEHHIO, sIKa 1HO/I1 IEPEPUBAETHCA M1 Yac
MPOXOJIKEHHS JIOLIOBUX IMABOJKIB Ta OCIHHHO-3UMOBHUMH MigiiomMamu Boju. Ilik
MOBEHI1 CSIra€ MaKCUMaJIbHOTO 3HAYEHHS B IPYTiH MooBHHI Oepe3Hs. JIITHA MexkeHb
BCTAHOBJIIOETHCA B CEPE/IMHI TpaBHA Ha MoyaTky uepBHs. HaiimeHmn piBHI
CIIOCTEPITaloThCs B JIUIHI-CEPITHI, Ha MPUTUPIIOBIN MIJSHII — B BEPECHI-)KOBTHI.
HaiiHrk4i 3UMMOBI PIBHI CIIOCTEPIralOThCsl B KIHIN TPYJIHS — B TEPIIiNA MOJOBUHI
CIYHSI.

V BepxHiit Teuii [liBnennuit byr 3amep3ae B KiHIIl JHCTONAaAa — HA MTOYATKY
rpyaHs. Y cepenHid Ta HWXKHIN Tedii — B JApyriid mosoBuHI rpyaHsa. JIbomocras
MaJIOCTIMKUH, CEpeIHs TOBIIMHA JIbOIY 3MIHIOEThCS Bi 15 10 35 cM, MakcuMasbHa
csirae 80 cm. CkpecaHHs! piuKH MPOXOANTH B IPYTii TOJIOBHUHI OEpe3HsI B BEPXHIi
Teyil Ta B eI MOJOBUHI Oepe3Hs B HUXKHIN 1 cepeHiid Tedii. OuMIleHHs piuoK
OaceiiHy BiJ TbO/ly BIIOYBA€EThCS B KiHII O€pPE3HS HA MOYATKY KBITHS.

Oxpecnumo rigporpadiuny Mepexy Oaceriny piuku [liBnennuit byr. Pazom
Ha TepuTopii 6aceliny [liBgenHoro byry npotikae 6594 piuku, cepes HUX BEJIIUKUX

— 1, cepennix — 11, maymx — 6582 (3 Hux 367 — noBxkunoto Oinbire 10 km). 3aranpHa
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JOBXKMHA PIYOK B OaceifHi CTaHOBUTH 22,4 THC. KM, TyCTOTa PIYKOBOi CITKH —
0,35 km/km? [67].

BBaxaemo 3a HeoOXilHE OoXapaKTepU3yBaTH roJIOBHI NpuToku IliBreHHOTrO
Bbyry. Ocobnusictio [liBnennoro byry € Te, 1110 1151 piuka (paKTUYHO M€ JIUIIE OAHY
BENUKY TPUTOKY — piuky CHHIOXY, SIKa YTBOPIOETHCS BHACHIJIOK 3JIMTTS PIUOK
Benuka Buch ta Tikud. JloxxunHa piuku CuHroxu ckiagae 111 xkm, a 11 moxwun 0,46
M/kM. [Tnoma 6aceiiny CuHIOXM cTaHOBUTH 16725 kM?, 110 ckinanae 26% Bij yciei
ol Bono30opy IliBnennoro byry. V IliBnennuii byr Cunioxa Bnajae B Mexax
Mmicta [lepBomaiicbk. PiukoBa gonmHa TpanenienoaiOHa, 4acTO acUMETPHUYHA,
3aBIIMPIIKKA 2,5 kM. CXUIM pO3WIEHOBAHO SApaMH, JJIs SIKMUX XapaKTepHI BUXOIU
CKenbHUX nopia. Pycno 3BuBuKcte, 3aBmmpiku 10 40-50 M (y monussi 90-120 m),
3aBrauOmKy 10 60 M. MicisiMu piuka yTBOPIOE MOPOru i nepekatu. Boau piuku
BUKOPHCTOBYIOTHCS HAa TEXHIUHI TOTPEOH, arpapHe BUPOOHUIITBO, BOJOIIOCTa4YaHHH,
3pomieHHs Too. [IpubepexxHi cmyru 3amicHeHi 1 3amyxkeHi. Ha piumi Cunioxa
30y10BaHO 3 BOJIOCXOBHINA i AeKinbka Kigbka ['EC [68].

Cepen iHIIMX BEJIUMKUX MPUTOK MOKHA BUOKPEMHUTH piuky I[HTyn, mIoia
OaceliHy sikoi cTaHOBUTH 9890 kM2, a foBkMHA ckiagae 354 kM. Piuka cyaHomiaBHa
Ha 55 kM Big rupna go c. [lepecaniBka. I'mubuna piuku mepeBakno 0,7-1,2 m,
MakcumaibHa 70 1,5 M (y mexens). IBuakicts Teuii — q1o 0,5 m/c. JlonuHa piuku
Maii’ke Ha BCbOMY MPOTS31 Tpareuienoaiona, 3aBIMpIIKY 10 4 KM, 3aBIIIUOIIKY 10
60 M. TToxun piuku cknamae 0,4 m/km [9]. XKuBneHnHs nepeBakxHO CHITOBE 1 JOIIOBE.
3amep3ae y nepiiii moJIOBUHI TPYJIHSI, JTbOJ0CTAB HECTINKHI; CKpecae HapPUKIHII
JOTOTO — B mepiniil nmonoBuHi 6epe3ns. Ilpuroku Iurymy: Cyrokmis, ['pomoxis
(mpaBi); bisaka, Amxamka, Kam'saka, bepesiBka (;1iB1) Tommo. Ha pidii moOymoBano
KibKka BojgocxoBul: KipoBorpajaceke, JlokydaeBcbke, [Hrynbcbke Ta CodiiBehKe.
Bona [Hrysmy BUKOPUCTOBY€ETHCS /I BOJOMIOCTAYaHHSI 1 3pOIIeHHS. Y OaceiHl piuku
CHIOPY/IKEHO 3pOITyBaIbHY CHCTeMY Ha 1ol 33 tuc. ra. Bepxai ainsaku [Hrymy
Ta MOro MPUTOKU 3aperyiboBaHi — TyT MOOyAOBaHI CTAaBKOBI rOCloOAapcTBa, JIe

po3BosATh puly. Piuka Brianae B by3pkuii imMan B Mexax M. Mukosnaesa [9].
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Hami, piuka MepTBoBiA € JniBoto nputokoto IliBgennoro byry, mo sxii
POBOASITHCS MOCTIiHI TapoXiMiuHi criocTepekeHHsa. Bona Bnagae o [liBnennoro
byry na miBnenHuii-cxia Bij micta Bo3necencrka. Jlorxuna Meptrooay 114 kwm,
wioma Boxo30ipHoro Oaceitny — 1820 km?. JlonmmHa piukd MEpPEeBaXHO
TpanemienoioHa, 3aBIIUPIIKKA a0 3 KM, 3aBriaubmku g0 40-50 M. 3ammaBa
sapupiiku 200-300 M, y moHu33i g0 1-1,5 kM. Pycio 3BuBHCTE, Horo nepeciuHa
mUpHUHA y HWKHIE Teuli 1o 20 m. [Toxun pruku 1,8 m/km. Piuky xxuBnars 148 manux
PIYOK, 110 MAIOTh 3arajbHy JTOBXKUHY 565 kM [65].

VY OGaceiini piuku IliBgeHHui Byr 3ycTpidyaroThCsi OKpEeMi HEBEIHKI 03€pa B
XmenbHULbKINA, Yepkacbkiid, Opeckkiil, KipoBorpaacbkii 1 MuKOIAiBChKIN
00J1acTsX, 3arajbHa IOl SKUX CTAaHOBUTH 274 Ta [65].

J10 T1ApOJIOTIYHOI MEPEkKI PIUKU HANEKUTh JHINMpo-by3bKuil TMMaH, SIKUU €
MIJIKOBOJHOIO 3aTOKOI0 YOpHOTO MOp# 1 BIIOKpeMIIeHUH Bil Hboro KiHOypHCHKOIO
Kocoro. Crnosydaerbest nuMmad 3 MopeM KiHOYypHCBKOIO NMPOTOKO, 4epe3 SKY 1
3M1MCHIOETHCST BOJ0OOMIH. Ha cxoal nmumaH Mexye 3 TupiioM [[Hinpa, Ha miBHOY1
MOCTYIIOBO TnepexonuTh y piuky [liBgennuit byr. 3a cBoiMu posmipamu JIHITpO-
By3bKHif TUMaH € Hait6inpmmm Ha YoproMy Mopi. Horo mioma craHoButh 800 kM2,
00'em Bosi — 3 kM. JIuMaH € MIJIKOBOJHUM, OTO CepeTHS IITMOMHA CTAHOBUTD 3,5—
4 M. XapaktepucTruka oCHOBHUX NpuUTOKiB [liBnennoro byry naBeneno y ta6m. 3.1.
Ha miacrasi ganux ta6u. 3.1 moO6yioBaHo aiarpaMmy po3nojiiy TPUTOKIB PIUKHU (puC.
3.1). XapakTepHow ocobmuBicTio Oaceitny [liBnennoro byry, 1o Buaiase Woro 3
NOMDK THIIMX BEIMKUX PIUOK € JyXe BeJMKa Horo 3aperyiboBaHICTh. B OaceiiHi
CTBOPEHO MOHAJ § TUCSAY IITYYHUX BOJONM, CyMapHuUi ix 00'eM € O6Ju3bKkuMm 110 1,5
KM3, 1110 MPAKTHYHO JAOPIBHIOE CTOKY B MaJIOBOAHUH pik 95 % 3a0be3medyeHocti [65].

Bigznauumo mikaBuil GakTt, 110 CIiBBIAHOIICHHS TUIONI BOA03a00py JIIBUX
nputokis IliBgennoro byry (38144 m?) no npasux (12471 mM?) mignopsaaKkoByIOTECS

3akoHOMipHOCTSIM Di6oHauyi (puc. 3.2).



133

Tadomus 3.1

OcuoHi nputoku piuku [liBnennunii byr [65]

3  sxoro | Bigcrads
Hassa Oepera Bin rupia, | [JoBxuna, kKM {hroma
BOJ10300pYy, KM?
BIIAJ1a€ KM
Byxok JliBa 711 75 703
Bosk [TpaBa 695 71 915
IxBa JliBa 669 57 505
CHuBoga JliBa 614 58 906
3rap [IpaBa 602 95 1160
JlecHa JliBa 5901 80 1400
PiB [IpaBa 553 104 1160
CutpHUIA IIpaBa 396 67 830
Cob JliBa 395 115 2840
VYV nua JliBa 347 56 861
JoxHa [IpaBa 330 68 1280
Caspanka [IpaBa 281 97 1770
Cunuis JliBa 274 78 765
Komnma IIpaBa 201 149 2470
Cunroxa JliBa 196 111 16700
Bemuxka
KopaGersna JliBa 176 45 550
Bakiana [IpaBa 140 57 766
MepTBOBIf JliBa 103 114 1820
Ynaukomis [IpaBa 75 156 2120
I'nunuit €nanens JliBa 61 103 1204
[aryn JliBa 0 354 9890
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Puc. 3.1. Posnoain miomi Bogo36opy nputokis [liBnenHoro byry (km?)

M1ITOPSIKOBYIOTHCSI 3aKOHOMIpHOCTSIM D100HauYi.

VY 0Gaceitai po3tamoBaHo 160 BOJOCXOBHII, 3arajlbHOIO ITIJIOMICIO BOIHOTO
n3epkaia 28068,5 ra, cymapaum o6'emom 843 mutH mM? (omatok B).

baceiin piuku [liBnennuit byr oxommtoe 8437 cTaBkiB, 3arajJbHOIO ILIOMICIO
noHaj 48 tuc. ra ta cymapHum o0'emom 618,2 miH. M3 [9; 65].

Ha miacraBi okpecieHux rinpo-reorpadiuHux XapakTEpUCTHK, BIA3HAYUMO
ocobimBocTi 6aceliny IliBmennoro byry:

e (aceliH piuKM MOBHICTIO PO3TAIIOBAaHUN Y KpaiHH;

e B0J1030ipHa 1IoMIa Oaceiny piuku [liBaeHHUN byr 3HAXOIUTHCS B MEXKax
Binnunpkoi, KuiBebkoi, Onecbkoi, XmenbHuilbkoi, Yepkacbkoi, KipoBorpaacbkoi
Ta MHKOJaIBCHKOT 00J1acTEi;

e (QopmyBaHHSA BOJHOCTI BChOrOo OaceilHy mpumajgae JHIle Ha TEPUTOPii
XMenbHUIbKO1 Ta BiHHUIIBKOT 00sacteit (46%);

® HH3bKA JIITHHO-OCIHHS MEXKEHb uepes, M0 MaiKe HIOPIYHO MPOBOIATHCS
CaHITapHI MOIMYCKU 3 BOJOCXOBUI XMEJIbHHUIIbKOI Ta BiHHUIBKOT obnacTeil s
3a0€3MEeUCHHS €KOJIOTIYHUX BUTPAT BOJM B CEPE/IHIN Ta HIDKHIM Teuisx [liBaeHHOrO
byry;

e Hali0uIbIIa npuToKka — piuka CuHIOXA, MUIoNia OacelHy sIKOi CTaHOBUTh

26% Bix 3aranpHoi wiomi [liBnennoro byry;
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® JIOCUTh BHCOKAa HACHYEHICTb PO3YMHHOIO KHCHIO, YOMY CIPHUSTHME
HasIBHICTh TIOPOKUCTUX JAUISTHOK, J€ B1I0YBAa€ThCs MEPEMINTyBaHHS BOJIH;

e Oaceiin [liBnenHoro byry BBakaeTbcs €MHOIO PIUKOIO €BPOIIH, 110 Ma€
HIOPOXKHUCTE PYCIIO PiUKH;

® BEJIMKA 3aperyJbOBaHICTh;

® 3aBJISIKH PO3WICHOBAHOCTI pelibe(y Ta 3HAYHI IO 1T OPHUMH 3€MIISIMHU

JIOCTATHbO BEJIUKUIN TBEPJUN CTIK.

3.1.2. OcobsmuBocTi By3bKkoro Jiumany.

Y dokyci yBaru jgociigkeHHs € JIHITPOBChKO-By3bkuil numaH, SKHM €
HalOUIBIIMM BIAKPUTUM JInMaHoM YopHoro mops. BiH po3TamoBanuii y mexax
INPUTHPIOBUX YaCTUHAX PIYKOBUX 10aMH piyok Juinp 1 [liBnennnii byr. 3 Yopaum
MOpEM JIMMaH CIIOJIy4a€eThCSl MPOTOKOK 3aBIIMPUIKA TPU KUIOMETPU MIXK
OuakiBcbkuM MHCOM 1 KiHOypHCBKOIO KOcoro. CxeMy po3TallyBaHHS JIMMaHIB
nogano Ha puc. 3.1. [noma numany 800 xkm?, 06°em Boau — 3 muH kM3, Tlepeciuna
rnubuHa 6—7 metpiB. [liBaeHH1 Oepern HU3bKI, MIlAHI, a MiBHIYHI — MEPEBaXKHO
BUCOKl (10 20—35 M), ckiagaroTbCsl 3 TIMHUCTO- TimaHux nopia. Ilpupoana
COJIOHICTh BOJIM y JIMMaHI KOJIMBA€EThes y Mexax 1-3% [9; 12].

[Ipubepexxny cmyry JIHIIpoBChKO-By3bKOro nHMMaHy pO34JIEHOBAHO
KOPOTKUMHU, ajie MHUPOKUMH 1 rnbokumu O6ankamu. Y nonuHax [liBnenHoro byry,
[aryny, [HrynpLs nepini HaJ3amiaBHI MilllaHl Tepacu 3yCTPI4aloThCsl HEBETUKUMU
okpeMuMU JinssHKkamu. HaliO1ib1i MacuBH iX nomurpeni B joauHi [liBnennoro byry
ois cin KosamiBka, HoBo-IlerpiBka Ta ['yp’iBka 1 Micta Bo3HECEHCHK, B JTOJIHHI
Inryny 61ns cena Ilicku, B nonuHi [Hrynbis 6154 cin €BrexiBka 1 [1aBiiBka.

Cam JIninpoBcbko-bBy3bkuii JuUMaH CKJIQJa€TbCSd 3 BUTATHYTOIO B
CyOImupoTHOMY HampsiMi J[HITPOBCHKOTO JUMaHy TOBXUHOIO 55 1 mmpuHOO 15
KUTOMETpIiB Ta By3bKOro nuMaHy JOBXHHOIO 82 KITOMETPIB CyOMepuaiaabHOTO
HanpsMmy. by3bpkuii numMaH € ckiagoBoro Oaceiiny piku [liBaennuii  byr,

po3TaioByeThes B [IpuuopHOMOpCHKii HU30BHHI (puc. 3.2).
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By3bkuii nuMaH po3TamoBaHMM Ha MiBAHI MuMKOJAiBChKOi 007acTi, €
BQXUIUBUM MPUPOTHUM 00'€KTOM 3 YHIKAJHHOIO €KOJIOT1YHOIO CHUCTEMOIO. JInMaH
Oepe mouatok Bij BapBapiBchkoro Mocty y micti MukonaiB (puc 3.3). JloBxkuHa
auMany ckianae 82 kM, a mupuHa 11 kM. Y310Bxk OeperiB muMaHy po3TalIoBaHO

KUJIbKa Kic, 30kpeMa Pycbka koca 1 Bomockka koca.

Puc. 3.2. Cxema JIHinpoBchKO-by3bkoro muMany: 1—/IHITPOBCHKUIA TUMaH,

2—by3bkuii tuman, 3—KiHOypHCbKUi iBOCTPiB, 4— rupno AHinpa.

3a ganumu [9], cepenus piuHa Temneparypa by3pkoro nmumaHy CTaHOBUTH
+10,0 °C, cepenns temnepatypa ciuns —3,4°C, munus — +23,3°C.

Y3108k pycia po3ranioBaHo Oy3bKl IUIaBHI, SIKI OCOOJIMBO PO3BUHYTI O
mupoTH Micta MUKOJIa€eBa, MoieKy/1u 001iMMar0Th BEJIMKI IO pycia 1 JOJIUHH, Je
o4YepeT 3aXOATh y Boay A0 raubuau 1,5 M. JlHO miBoro Oepery JIMMaHy BKPHUTE
yepenamkoBUMU MmickamMu. COJIOHICTh BOJY KOJMBAETHCS YIIPOIOBXK POKyY Bi 0,3 10
9,5 1/m.

Posrnsnemo Oionoriuny ckiagoBy byspkoro mammany, pidok IHrym i
[TliBnennuit byr. ®ITOMIAHKTOH € BaXKJIMBOIO YAaCTUHOKO EKOCHUCTEMH, OCKUIbKH
BUKOHY€E POJb OCHOBHOTO IMPOJYIIEHTa OPraHiuHOi PEYOBMHU dYepe3 Ipolec
dbotocunTe3y, 3a0€3Meuyroun KUBIEHHAM 1HII TpodiuHi piBHI. ¥ Bogax by3bkoro

mumany, Iarymy ta IliBnenHoro byry mnepeBaxaroTh 3eJ€HI BOJOPOCTI
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(Chlorophyta) Ta niatomoBi BogopocTi (Bacillariophyta), siki qoOpe aganToBaHi 10
MPICHOBOJHUX YMOB Ta MOMIPHOTO PiBHS COJIOHOCTI. ICHYIOTh TaK0K CHHBO-3€JICHI
BogopocTi  (Cyanobacteria), sIKI 3a TIE€BHUX YMOB MOXYTh aKTHUBHO
PO3MHOXYBAaTHCS, YTBOPIOIOYM IBITIHHSA Bojau. Llel mporec mMoxke CIpUYMHATU
HeOe3MNeyHi sSBUIIA, TaKl SK 3HMKEHHS PIBHS KHCHIO Ta IMJABUIIEHHS TOKCHYHOCTI
CepelloBUIA. 300MJIAHKTOH MpEACTaBICHUM, Hacammepel, KOJIOBEpTKaMU
(Rotifera), Becnonorumu pakonomionumu (Copepoda) Ta rUUISICTOBYCHUMH
pakonoaionumu  (Cladocera). 1li opraniaMu € BaXJIMBUMU KOMIIOHEHTaMHU
XapyoOBUX JIAHIIOTIB, OCKUIbKMA 3a0€3MeuylOTh CIOKUBAHHS (DITOTUIAHKTOHY Ta
CTalOTh DKEIO Il OUIbII BETUKUX Oe3XpeOeTHUX 1 pud. 300IUIaHKTOH BIJITpae
KPUTUYHY POJIb y MIATPUMAHHI €KOJIOTIYHOI PIBHOBArd, aje MOro 4YUCENbHICTH 1
BUJIOBUI CKJIAJ, MOXKYTh 3MIHIOBATUCS ] BIUIMBOM 3a0pyJHEHHS BOAM Ta 3MIH
¢b13uKo-XiMiuHUX TapaMmeTpiB. [JJoHHI oprani3aMu (OEHTOC) € Ba)KJIMBOIO YaCTHHOIO
€KOCUCTEMH, OCKUIBKHM BIJIITPAIOTh POJIb JECTPYKTOPIB, PO3KIA[AI0YH OpraHivHi
PEIITKM Ta OYMUIAIOYM JIHO BiJ 3a0pYyJHIOIOYMX PEYOBMH. Y CKJIaal OeHTocy
bysbkoro numany, [uryny ta I[liBgenHoro byry 3ycTpiuaioThcsi 6araTomeTHHKOBI
yepBu (Polychaeta), manomerunkoBi yepBu (Oligochaeta), momtocku (Mollusca) 1
JUYUHKKA Komax. HalOinbpiry posib y IIbOMY PETiOH1 BiAirparoTh pi3HI BUIU
MOJIFOCKIB, SIKI aKTUBHO (UIBTPYIOTh BOAY, OYMINAIOYM i1 BiJ] 3aBUCIHX YaCTOK.
[Ipote 30UTbLIEHHS KOHUEHTpPALI BaXKUX METANIB 1 TOKCHYHUX PEYOBUH MOXKE
HEraTUBHO BIUIMBATH Ha OCHTOCHI CHUJIBHOTH, 3MEHIIYIOUH iX OlomMacy Ta BHJIOBE
pi3HOMaHITTS. IxTiodayHa akBaropii mpeicTaBieHa pPI3HUMH BHAAMH PHO, SKi
MPUCTOCOBaHI JI0 YMOB NPICHOBOJHUX eKocucTeM. HalnmommwmpeHiumn BUAM — 1€
kapach 3BuuaitHuii (Carassius carassius), myka 3BudaitHa (Esox lucius), sy
(Abramis brama), oxyns 3BuyaiiHuii (Perca fluviatilis). 3ycTpidyaerbcst TapaHb
(Rutilus rutilus) Ta 6uuku (Gobiidae). Tapanb € oHUM 13 TUTIOBUX BHIIB PHO, SKi
nomupeHi y by3pkomy numani Ta mpuieriux piukax. Bona agantoBana 1o pi3HHX
YMOB CepeJIOBHUIIA, 10 J103BOJIsIE€ 1 BMKMBATU HABITh 3a MEBHOTO 3a0pyAHEHHS

BOoAU. TapaHb BUKOHY€E BaXXIIUBY €KOJIOTTUHY POJb y XapuyoBiid Mepexi, aJyke BOHA
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CTIOYKUBAE 300MUIAHKTOH, IMYMHKU KOMaXx 1 € 00'€KTOM >KUBIICHHS JIJISI XMXKUX PHO.
buuku, mo Hanexate 10 poauHu (Gobiidae, TakoX € Ba)XJIMBOIO CKJIAJ0BOIO
ixTiodayHu B IIbOMY perioHi. BOHM IpHUCTOCOBaHI 10 )KUTTS HA JIHI, 1€ XapUyHOThCS
0e3xpebeTHUMHU, TaKUMHU SK 4YepBH Ta JpiOHI pakomofiOHi. buuku BimirparoTh
3HA4YHY pOJIb y OI10IeH031 fK JIaHKa TpOo(]IYHOro JIaHIOra, CIOXKUBAIOUN
300IJJAHKTOH Ta JAPIOHIMIMX OPTaHi3MiB 1 CTAlOYM 3700MY4I0 ISl OUTBIIMX puo,
30KpeMa IIyKu Ta OKyHs. TapaHp Ta OWYKK pa3oM 3 IHIIMMHU BUIAMH € BaKITHBUMHU
NOKa3HUKAMU €KOJIOTIYHOTO CTaHy BOJ, OCKUJIBKHM PEarytoTh Ha 3MiHY SIKOCTI BOJH
Ta piBeHb 3a0pyAHEeHHs. PUOM € KIII0YOBOIO CKJIal0BOIO O10LEHO3Y, /K€ BOHU
BUKOHYIOTh PEryJISTUBHY (YHKIIIO, KOHTPOJIIOIOYM YHCENIbHICTh 1HIIMX BOJHHUX
OpraHi3miB, OCOOJHMBO 300IUIAHKTOHY Ta MaKp03000€HTOCy. 3MiHa XIMIYHOTO
CKJIaJly BOJM Ta HAsIBHICTh 3a0pyAHIOBAaUiB (30KpeMa BaXKKUX METAJIIB 1 OpraHIuHUX
PEYOBMH) MOXKE CHPUYMHATU TMOPYIIEHHA Yy (izionorii pud Ta 3MEHIIEHHS iX
YUCEIBHOCTI.

Boana pocnuHHICTh, 200 Makpo(dITH, BiIIrpae BaXXJIUBY POJIb y MiATPUMAaHHI
010JI0TIYHOTO PI3HOMAHITTS, a TAKOXK y PETYJIAIIT BOJHOTO PEKUMY Ta SKOCT1 BOJIH.
Cepen nux 3yctpivatorbest ouepet (Phragmites australis), pori3 (Typha), Bogsauit
ropix (Trapa natans), a Takox pi3Hi Buau kymupiB (Ceratophyllum) Ta enoxeit
(Elodea). Makpoditu € cepenoBuilieM iCHYBaHHS I 0araThoxX Oe3xpeOeTHHX i
MOJIO/II pUO, a TaKOXX BUKOHYIOTh pOJb 010(iabTpa, MOTJIWHAIOYU HAIJIUIIKOBI
MOKMBHI PEUYOBUHU, a TAKOX Ba)KKI METaJM Ta 1HII 3a0pyIHUKHU. |[HTEHCUBHUIA
PO3BUTOK Makpo(iTiB cripuse cTabiiizailii JOHHUX BIAKJIAAIB, aje iX HaAMIpHUN
picT MOKe OyTH CIPUYUHEHUN eBTPOPIKALII€I0 BOI.

OTxe, OionoriuHa ckinagoBa by3bkoro numany, pidok [uryn Ta [liBnenHoro
byry npencraBieHa pi3HOMaHITHUMHU IPYNaMH OPraHi3MiB, KOXKHA 3 SIKUX BUKOHYE
BAXUIUBY €KOJIOT1uHY (yHKIio. CTaOlIbHICTH Ta SKICTh iXHBOTO ICHYBaHHS
3aJIeKUTh BiJ SKOCTI BOAHOTO CEPENOBUINA, SKY CIIA MiITPUMYBaTH, OCOOIUBO B

YMOBAX 3HAYHOI'O aHTPOIIOICHHOI'O BIIMBY HA JaHY CKOCHUCTEMY.
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Yepes BHUCOKE HABAaHTAKEHHS Ha BOJHI EKOCHCTEMH 3a YMOB MICTa,
010JI0Ti4YHA CKJIaZ0Ba 3a3HA€ HETATUBHOTO BIUIMBY BiJ] aHTPOTIOT€HHUX YMHHUKIB.
3okpeMa, BUKUIU BIJXOJIIB, MMABUIIEHHS PiBHS XIMIYHUX 3a0pyHIOBaYiB (Taki SK
BaXKI MeETajnu, HIiTpaTH, Qocdarr) Ta 3MIHH TEMIIEPATYPHOTO PEXKUMY
CIPUYHMHSIOTH JECTa0lIi3aIlil0 YMOB ICHYBaHHsS BOJHHUX OpraHi3MiB, 3HHWKYIOTh
CTAJIICTh EKOCHUCTEMH JI0 CTPECOBHX YMHHHUKIB 1 MPU3BOAATH JIO BTpaTH
010p13HOMAHITTS.

OkpeciMMO YHWHHHMKH, SKI BIUIMBalOTh Ha CTaJIICTh Ta HaJIMHICTb
T1APOEKOCUCTEMH.

e CTaylicTh €KOCUCTEMHU 3aJICKUTH BiJ] CTA0OLIILHOCTI PIBHIB 3a0pyIHIOIOUUX
PEYOBHH, TaKuX sIK cylbdaru, HiTpatu, pocdaru. [lepeBurieHHs: rpaHUYHUX HOPM
3HM)KYE 3JaTHICTh €KOCUCTEMHU J0 CaMOBIJTHOBIEHHS. OTXe, pIBEHb 3a0pyAHEHHS
Ta XIMIYHHUM CKJIaJ]] BOJAW BU3HAYAIOThH CTAIICTh BOJHOT EKOCUCTEMHU.

e [lepeBuIlleHHS NOKA3HUKIB )KOPCTKOCTI Ta JIY>KHOCTI (0COOJIMBO B JIITHIHN Ta
OCIHHI{ MEepi0JIk) BKa3y€ Ha HECTAOIIBHICTD, 1110 MOYKE€ HETAaTUBHO MTO3HAYUTUCH HA
BHUJIOBOMY CKJIAJII.

e TenpaeHIi 10 miaABUIIEHHS a00 3HIKEHHSI KOHIIEHTpallii 3a0pyaHIOBaviB,
K1 OyJIM BiZIMIY€H1 B 3UMOBI Ta BECHSHI MMEPi0J1, TAaKOX BIUIMBAIOTh HA CTaJICTh,
0COOJIMBO 3BaXKalOUW Ha TPHUPO/IHI IIUKIN OHOBJICHHS BOJIH.

XKopcTKiCTh 1 Ty>KHICTh BOJIM MOXYTh 3HAYHO BIUIMBATH Ha O10P13HOMAHITTS
BOJIHOT €KOCHCTEMHU. Y BOJII 3 MiJBUILIECHOI KOPCTKICTIO 3POCTA€ KOHIICHTpAIlis
KaJIbIIif0, 110 MOE CTUMYJIOBATH PO3BUTOK IEBHUX BHUIIB BOJOPOCTEH, aje
ranpMyBaTH 1HOI. Taka 3MiHa ckiagy (ITOMJIAHKTOHY MOXE JecTalOiTi3yBaTH
XapyoBl JIAHIIOTHM, BIUIMBAIOYM HA 300IJIAHKTOH 1 puO, II0 CHOXKHUBAKOTH Il
OpraHi3MH.

[linBumeHnii piBeHb KaJbIII0 MOXE YCKIAIHIOBATH OCMOPETYJAIII0 Y
JeIKUX BUIB pUO, 0COOIMBO THX, SIK1 HE MPUCTOCOBAHI J10 BUCOKOT )KOPCTKOCTI. Lle
MO’K€ 3HIDKYBATH IXHIO 3[JaTHICTh 10 BIXKUBAHHS, POCTY 1 peMPOAYKIli. Y HKOPCTKIN

BOJIl MOXYTh 3aJIMIIATUCS JIMIIE T1 BUIH, sIKI 100Ope aganTyIThCs A0 BHUCOKOIO
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BMICTY COJICH KaJbI[iI0 Ta MarHito, TOA1 SIK UyTJIUBI BUAM 3HUKAIOTh, 1110 IPU3BOIUTH
710 3HIDKEHHS BUIOBOTO PI3HOMAHITTS.

3a BUCOKOT JIy’KHOCT1 3MEHIIYEThCSI KUTbKICTh BU/IIB, SIKI MOXYTh ICHYBaTH B
TAaKOMY CEpeIOBUIII, 1 IepeBary OTpUMYIOTh BUJIH, SIK1 J0OpE BUTPUMYIOTH 3MIHEHI
XiMI4H1 yMOBH. L{e Moke TPU3BOIUTH 0 BUTICHEHHS CJIa0KUX a00 Crieliaii30BaHuX
BU/IIB, 1110 3HIKYE 3arajibHe 010pi3HOMaHITTA. JIy>KHICTh iATpUMYE piBeHb pH, 1110
CIIPUSIE€ MIBUAKOMY POCTY JESIKMX BU1B BOJOPOCTEN. 3a YMOBH HaIMIPHOI KIJTBKOCTI
MOKMBHUX PEYOBHUH Y BO/I1 11€ MOXE CIPUUMHUTU €BTPOQIKAIlII0, KOJTU OYpPXIIMBHIA
PO3BUTOK BOAOPOCTEN MPUZBOAUTH JI0 3HMKEHHSI KUCHIO y BOJII Ta 3arudeni puo 1
IHIIMX BOJHUX OPraHi3MiB.

[TinBuIeHa )KOPCTKICTH 1 TY>KHICTh MOXKYTh BIUIMBATH Ha P13HI BUIU BOJTHOT
bnopu 1 payHu, ajie HalOLIbIIIE BOHU 3a4iNal0Th YyTJIMBI OpraHi3Mu, 30KpeMa JesKi
BHUJIM BOJIOPOCTEH, paKomoJiOHMX, MOJIFOCKIB Ta pHuO, a came:

- JliaromoBi BoziopocTi (Bacillariophyta) ta 3eneni Bogopocti (Chlorophyta)
€ BIJHOCHO CTIMKHUMU JO0 3MIH dOPCTKOCTI 1 JIY>)KHOCTI, aje IpH MiABUILEHHI LUX
nmapaMeTpiB BiIOyBa€ThCs 3MiHa BHJIOBOTO CKIJIaay, J€AKl BHUIU IMOYHHAIOTH
JIOMIHYBaTH, BUTICHSIIOUM MEHII CTiMKiI BUAW. Hampukian, HaJIUIIOK KaJIbIIIO Ta
MarHito MOK€ CTUMYJIFOBATU MEBHI BUJIU 3€JICHUX BOJOPOCTEH, 1110 MPU3BOJIUTH 10
3MIHU €KOJIOT1YHOI PIBHOBAry.

- Cunno-3eneni BogopocTi (Cyanobacteria), siki 4acTO PO3MHOXYIOTHCS B
JYXHUX yMOBaX, MOXYTb CTaTH JOMIHYIOUMMH 32 MIJBUIICHOI JYXHOCTI, IO
CIPUYMHSE BITIHHS BOJIM Ta CTBOPIOE 3arpO3Y IHILIKUM OpPraHi3MaM Yyepe3 BUALICHHS
TOKCHUHIB.

- Becnonori paxomnonioni (Copepoda) Ta TUIIACTOBYCI pakomoaioH1
(Cladocera) 61y1bI11 Yy TJIMBI O 3MiH dKOPCTKOCTI. 3aHAATO BUCOKUI PIBEHB KaJbIIII0
MOK€ TPHU3BECTU JIO TMOPYIIEHHS IXHHOTO 10HHOTO OallaHCy, 3HIDKYIOUH IXHIO
BIKUBAHICTh 1 PENPONYKTUBHICTh. lle MoOke 3MEHIIUTH YHCEIbHICTh ILIHX

OpFaHiSMiB, IIT0 HCraTUBHO BIIJIMHC Ha Xap‘lOBI/Iﬁ JJAHIIIOT .
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- Momtocku (Mollusca), 30kpeMa ABOCTYJIKOBI MOJIOCKH, YYTIWBI [0
KOPCTKOCT1, OCKUTBKA BHCOKHMHM PIBEHb KaJIbLIII0 MOXE YCKJIaJHIOBATH IPOLIEC
dbopMyBaHHs iXHIX PaKOBHH, a TAKOX MOTIPIITyBaTH mpoliecu oOMiny pedoBuH. Lle
MO’K€ 3HIDKYBATH YHUCEIBHICTh MOJIOCKIB, SIKI € BAKIMBUMH (PLIBTpATOPaMH BOJIH,
10 BIUIAHE HA T SIKICTb.

- barartomerunkoBi uepBu (Polychaeta) Ta wManomeruHkoBI YepBU
(Oligochaeta) Tex MOXKyTb 3a3HaBaTH CTPECY IIPU 3MiH1 ) KOPCTKOCTI, OCKUIIBKYA BOHH
MENIKAIOTh Yy IPUIOHHUX IIapax, A€ BIUIMB XIMIYHUX 3MIH € OCOOIMBO CHUIIBHUM.

- Tapansr (Rutilus rutilus) Ta Omuku (Gobiidae) MOXyTh BiIUyBaTH
HEraTUBHUM BIUIMB 4Y€pe3 MOPYIIEHHS OCMOPETYJSLIi MPU BHCOKIN KOPCTKOCTI,
OCKIJTbKM KaJIbLlli 1 Mar"iil y BEJIMKUX KOHIIEHTPAIlIIX MOXYTh YCKJIAIHIOBATH
NIATPUMaHHS 10HHOTO OajlaHCcy y iXHIX TKaHuHax. lle Moke Mpu3BOIUTH [0
3HIKEHHSI (P1310JI0T1YHOT aKTUBHOCTI pUO, X 3pOCTaHHS 1 PO3MHOKEHHSI.

- [ Bugu pud, Taki sk Kapach 3BuYailHui (Carassius carassius), IKUH
OUIBII CTIMKHUI 10 BUCOKOI JKOPCTKOCTI, MOXKYTh HE 3a3HAaTH 3HAYHUX 3MIH Yy TaKUX
YMOBaX, ajie 3arajbHe MOTIPUICHHS] CTaHy BOAM MOKE OIOCEPEIKOBAHO BILTMHYTH
Ha HUX 4Yepe3 3MEHIICHHS KiIJIbKOCTI KOPMOBHX OpraHi3mis [67].

Otxe, HaMOUIbIIE TMIJBUINEHA >XOPCTKICTh Ta JYXKHICTh BIUIMBAIOTH HA
J1aTOMOB1 Ta 3€JICHI BOJOPOCTI, 300IUIAHKTOH (BECIOHOI1 1 TULISCTOBYCI
pakonoi0H1), OEHTOC (MOJIIOCKM Ta YEPBH) 1 €Kl BUAM pUO, 30KpemMa TapaHb Ta
OMYKH, SIKI YyTJIMBI 7O 3MIH HOHHOTO cKiaay BoAH. JKOPCTKICTh Ta JIyKHICTb
MOJKYTh CTBOPIOBATH CTPECOB1 YMOBH IS OPTaHi3MiB, MEHIII JaITOBAHUX J0 TAKUX
MOKa3HUKIB, 1 BIUIMBATH Ha BUJAOBHM CKJIaJ, CKOPOUYIOUM Ol1OpI3HOMAHITTS Ta
3MIHIOIOYH €KOJIOT1UHY PIBHOBAry B 01K OUIbII CTIHKHX, ajie MEHII YyTIUBUX BUIIB.
[li xapakTepuCTUKH BH3HAUYAIOTH 3JaTHICTh EKOCHUCTEMH aJamnTyBaTUCS [0
HaBaHTa)XCHb Ta BIJHOBIIOBATUCH.

JIJist moganbIIoro BUBYEHHST 0COOIMBOCTEW by3pKoro MMaHy BBaKaeMo 3a
HEOOX1/IHE ONKCAaTH WOro reoIoriyHy OyJoBY Ta I'pyHTH. JIumaH po3TaiioBaHO Ha

teputopii IlpuuopHOMOpChKAa HHM30BWHA, SKa MPOTITAETHCSA HaA MBACHL BiJ



142

[TpuaHinpoBcbkoi i BomuHo-TTominschkoi Bucound (puc. 3.3). [IpudopHOMOpCHKa
HU30BUHA — 1€ BETTUKUH MIPUPOJTHUNA PETI10H, 1[0 POCTATAETHCS B3OBK Y30€PEikKs
YopHoro Mopsi B MiBIEHHO-CXiMHIM €Bpori. BoHa oxoruitoe yacTuHu YkKpainw,
Pymynii, bonrapii, Typeuunnu 1 neski iHIIi cyciani kpainu. Hu3oBuHa € BaXXIIMBOIO

reorpadiqHoOIO Ta €KOJIOT1YHOIO 30HOIO0 3 PI3HOMAaHITHUMHU IIPUPOTHUMH PECypcaMu.

Puc. 3.3. Cxema posranryBanusa by3pkoro numany 611t micta Mukosnaesa:
1 — micTto Mukonais; 2 — p. [liBgennuit byr;

3—p. Inryn; 4 — BapBapiBcbkuii MicT; 5 — By3bkuii TuMaH.

BuznauuMo 0CHOBHI XapakTepuCcTHKU [[pnaopHOMOPCHKOI HU30BUHHU.

1. T'eorpadiuai 0cOOMMBOCTI MOMATAIOTH Y TiM, 110 HU30BHHA MA€ PiBHUHHUHN
1 IJIOCKUU penbed, 3 HE3HAYHUMU IT1IBUIICHHSIMH 1 HU3UHAMU. B okpemMux micIiax
CIIOCTEPIral0ThCSl HEBEUKI Maropou 1 piukoBi cucteMu. Ha miBaH1 Mmexye 3 HopHuMm
MOpeM, Ha 3axoj1 — 3 piukamu JlyHaii 1 J{HicTep, Ha cxoai — 3 piukamu [[Hinpo 1
JloH, a Ha nmiBHOU1 — 3 [loginbebkoro 1 BopoHe3bKo0 BUCOUMHAMM.

2. KoHTUHEHTaIbHUI KJIIMAT 3 MOMIPHUM TETUTUM JIITOM 1 XOJIOJHOIO 3UMOIO,
a TaKO BIUTMBOM CyOTPOIIYHOTO KJIIMaTy y NpruOepeKHUX 30HaX. Pi4HA KIIBKICTh
OMaiB 3MIHIOETHCS 3aJICKHO BiJI MICISI PO3TalllyBaHHs, aje 3arajioM nomipHa. B
NpUOEPEKHUX 30HAX OMAIW MOXKYTh OyTH OLIBII YACTUMU 3aBJSIKU MOPCHKOMY

BILIUBY.
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3. Hu3oBuHa XapaKTepU3yeEThCS CTEMOBHMHM 1 JIICOCTETIOBUMHU 30HAMH. Y
npuOepeKHUX paloHaxX MOXYTh OyTH TMPEICTABHUKU CEPEeI3EeMHOMOPCHKOT
pociiuHHOCTI. OCHOBH1 BUJIU: TPaB'siHI CTEMHU, YarapHUKU, AyOOB1 1 OYKOBI JIICH.

4. Hu3oBHHA € TOMIBKOIO JIJIsl YUCJIEHHUX BHU/IIB CCaBIliB, NITaXiB, PENTUIIH 1
0e3xpedbeTHHX. MoKHa 3yCTpITH 3aMIliB, JIMCHUIlb, KaOaHIB, a TAKOX PI3HUX BUJIIB
NITaxiB, TAKUX SK KypaBJiil, COKOJIHU 1 OpJIH.

5. HuzoBuHa mnepetruHaeTbea OaraThMa pikamu, 30kpema JlHicrep, JlyHai,
Huinpo, IliBnennuii byr, a Takox € YMCIEHHUMU 03€paMH 1 BogocxoBuliamu. Bona
B pIKax 1 BOJAOWMAax BHKOPHUCTOBYEThCS JUISl CLIBCBKOIO TOCIOJIapCTBa,
BOJIONOCTAYaHHs 1 MPOMUCIOBUX TOTPeOD., sIka XapaKTePU3YEThCS HECKIIATHOIO
reoJIoriyHor0 O0yn0Boro [12].

[IppyyopHOMOpChKa ~ HHM30BMHA  MPOJSITa€  HAa  JIOKEMOpIHCHKOMY
KpUCTaTIYHOMY (QyHIaMeHTi. sikuil 3anarae Ha rbOuni 100-250 M y miBHIUHIN
yacTUH1 HU30BHHHM 1 Ha ramouHi 500-1000 M — y niBneHHIi. B nboMy HampsiMKy
30UTbIIYETHCS TOBIIA OCAJOBHUX BIJKIA/IB, SKI 3ajsral0Th Ha KPUCTAJIYHOMY
byHIaMEHTI.

VY Oynosi noBepxHi [Ipp4opHOMOPCHKOiI HU30BUHM O€pYTh y4acTh BiAKIaaU
HEOT'eHY 1 aHTPOMOreHy. 3 HEOTCHOBUX BIJIKJIQ/IIB BHIIE MICIIEBOr0O 0aszucy eposii
3aJAral0Th YTBOPEHHS CApMAaTChbKOTO, MIOTMYHOTO 1 TOHTHYHOTO SPYCIB,
MpECTaBJICHI TJIMHAMU 3 TIPOIIApKaMU BAITHSKIB 1 MEPIeJii0, BATHAKAMU Ta 1HITUMU
ocag0BUMHU Binkiaamgamu [9].

Ha3annaBHi necoBi Tepacu 3aiiMaroTh 3HAUHi IUIOMI. IX IMMpPUHA B JAOIMHI
[TiBnennoro byry ctanoBuTh 2—3 KM, B AonuH1 [Hryny i [aryneus — 0nusbko 15—20
kM. [pyHTH JI€COBUX Tepac BiApi3HSIOTHCS OLIBII JEMKMM MEXaHIYHUM CKJIaIOM.
[IupuHa 3amiaB y Mexax JOCTIKYBaHOT TepuTOopii ckiaamae 1—2 km [12].

binpma dactmHa MuUKONAiBChKOT 00MacTi  3HAXOAUTBCS Y  Mexkax
[TpuuopHomopcrkoi Hu30BMHU. Ha miBHOUI npocTsratotbes [loainbebka BUCoUrnHa
(mpaBobepesxoks IliBnenHoro byry) ta [IpuaHinpoBchka BUCOYMHA (JT1BOOEPEHOKS

[liBnennoro byry).
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[pyHTOBHI MOKPUB Y MIBHIYHIN 9acTHHI 00J1aCTi PEACTABIECHHIA TIEPEBAYKHO
YOpHO3eMaMH TJIMOOKMMH, Naji Ha TiBAEHb — YOPHO3EMaMH 3BUYAMHWMH Ta
MiBJICHHUMH, & B IPUMOPCHKIN CMy31 — TEMHO-KAIlITAHOBUMH IPYHTAMH Ha JIECOBHX
nopojax.

Cepen 1ux 30HaJIBHUX IPYHTIB Ha 3HAYHO MEHIIMX ILIOMIAX CPOpMyBaIUCs
YOPHO3EMHU Ha IIIJIBHUX TIUHAX, €JIOBIT HIIbHUX KapOOHATHUX Ta HEKAPOOHATHUX
NOpP1JI, MICKH, & TAKOXK JIyYHO-YOPHO3EMHI, JTy4YHI Ta 1HII IPYHTH.

Yopuozemu TriauOOKI Ha JIECOBUX MOPOJaxX MAalOThb MOLIUPEHHA Y
KpuBoozepcrkoMy, BpaniiBcekomy Ta IlepBomaiickkomy paiionax. Lle omni 3
HaWOLIBII POIIOYUX IPYHTIB 00JIACTI.

VY paitoni Hmk4ue M. [lepBomaricbka g0 c. OnekcanapiBka MuKoJIaiBChbKOi
0o0NacTi TMepeBaXaloThb YOPHO3EMU MajO0 Ta CEpPEeIHbOIYMYCHI, Ba)XKKO Ta
JerkocyriauHucTi. Y nonus3i [liBneHHoro byry BoHM mepexoasTh B YOPHO3EMHU
cJIa00COJIOHITIOBATI Ta KAIITAHOBI IPYHTH [67].

3a XxapakTepoM TIPYHTOBOTO TOKpWUBY bBy3bkuii nTMMaH BiTHOCHTBCS JI0
crenoBoi 30HU. Ockinbku By3bKuii TMMaH po3TalloBaHW Ha MiBAHI 001acTi, TO
IPYHTHU TyT YOPHO3EMH CJIa00 COJIOHIIIOBATI, IO MEPEXOAThH B KAIITAHOBI IPYHTH.

Jlami B omucaHHI 00’€KTY IOCHTIIHKEHHS TOocTaja HEOOXIAHICTh OIMHMCATH
pOCIMHHICTh bBy3bKOro inMaHy, sika NpeJCTaBl€Ha JIiCaMH, JyKaMH, BOJHO-
OOJIOTHCTOIO Ta CTENOBOIO POCIMHHICTIO.

Jlicu 30cepemxeHi B Oankax, Tak 3BaHl Oaiipayni jicu. baiipayni nicu
npeacTaBiieHi 1yooM 3BudaitHuM. [1i1711COK yTBOPIOE KIIEH TaTapChKUil.

Jlyku mpeicTaBiieHI TaKUMH POCIMHAMU: BIBCSHUIISI O0po3gdara, MSTIUK
BY3bKOJIMCTHUNA, MUPIA MOB3Y4Hi, BIBCAHULSA JIyrOBa, BEMHUK HA3eMHUN. MITIIHIIS
0112, TOHKOHIT BY3bKOJIUCTHH, JISIBEHEIIb POTATH, JIMCOXBICT PO3AYTHUNA TOIIIO.

Bonora 3ocepemkeni B 3amnaBi nouns3s piuku [liBnennuit byr. Pocnunnuit
MOKPUB MPEJCTABICHUI OUYEPETY 3 BKIIOUEHHIMH POro3y IIHPOKOIMCTOrO, pOro3y
BY3bKOJIUCTOI'O Ta OYEPETY 03€pHOT0. MiCIsIMU 3yCTPIYAIOThCS HACAIPKEHHSI BUTbXHU

4OpHOi Ta BepOu 061J101.



145

Jlis  CTemoBOi POCIMHHOCTI HalXapakTepHIMUMHU € Qopmarlii KOBHIU
BOJIOCHCTOI, BIBCSHHIII 0OpO314aToi 1 MOJMHY JYroBOTO, IMHPII0, BOJIOIIKH,
KOBHJIOIO, KPOIIMBOIO TOIIO.

3aranom, JICHCTICTh JUMaHy € IyK€ HHU3bKOIO 1 CKiagae Omm3pko 7%,
3a005104eHICTh — 2%. 3HauHa TEpUTOPIs BOJ03a00py JUMaHy 3ailHsATa OPHUMHU
3eMJIsIMU 1 ckiaae 0au3bko 70% [9].

Ockinbku By3bkuil TMMaH € rupiioBoi0 YacTHHOW piuku [liBnennuii byr ta
BXOJIUTH JI0 11 OaceiiHy, po3riIssHEMO KIIMaTHYHI YMOBH BChOTO OacelHy.

VY ¢dopmyBanHi kiimaTy Oaceliny IliBneHHoro byry BaxiuBy poJib Biirpae
HUPKYJISLIS aTMOC(EpPH, 3 SKOK MOB'SI3aHO NEPEMIIICHHS MOBITPIHUX Mac 3
Atnantuku, Apktuku 1 Cepenzemaomop's. CepeHbpopiuHa TeMIiepaTypa MmoBiTps
TyT KosiuBaeTbes Bija 8,0 °C mo 10,0°C [67].

Y BepxiB'i Ta B cepeaHiii uacTuHi OaceiiHy KiIiMaT € TOMIpPHUM
KOHTUHEHTAJIbHUM, JUIsSl IKOTO XapaKTEpHI CIIEKOTHE JIITO 1 M'sKa HECTiMKa 3uMa.
Kinimar niBaennoi yactunu [liBnennoro byry ta by3pkoro numany nepeOyBae i
BITUBOM YOpPHOro MOpS 1 B HIDKHIM TeYii PIYKM TMOBUIBHO TEPEXOJHUTH B
MOCYIIUINBU.

MakcumanbHa TemIeparypa TMOBITps Moxke nocsirath Omu3bko +41°C,
CIIOCTEPITAETHCS B JIMITHI-CEPITHI MicsIsax. MiHIMalbHA TeMIiepaTypa MmoBIiTps 10 —
—35 °C Bigmivyanach B ciyHi Micsii. CHITOBUH MOKPUB BCTAHOBIIIOETHCS B APYTiid
MIOJIOBUHI TPYJHS 1 pyHHY€EThCS B KIHII JIFOTOTO — Ha Mo4aTky Oepe3ns. CepenHs
BHUCOTa CHITOBOIO MOKpUBY 5—8 cM. ['mnOuHa nmpoMep3aHHs IPYyHTY B CEpeliHii Ta
HIDKHIN YacThHI Oaceliny konmBaeThest Bixt 20 1o 50 cm [67].

Piuna xinekicTh omamiB craHoBuTh Bim 470 mm 1o 540 mM. BimnocHa
CepelHbOPIYHA BOJIOTICTh MOBITPS cTaHOBUTH 60—65%. Hopmu BumapoByBaHHS 3
BOJIHOT MOBepXHi ckaanaTs 800—900 mm [67].

[lepeBaxkarounMu BiTpamMu B OaceiiHi € BITPH MiIBHIYHO-3aX1IHUX HAIPSIMIB.
CepenHpopiuHa MIBUIKICTh BITPY CTaHOBUTH Bix 3,0 mo 4,4 m/c, MakcuMmanbHa —

nepewuiye 30 m/c [67].
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XKusnenns piuku I[liBgennuii byr Ta By3pkoro numany BigOyBaeThCsl 3a
paxyHOK TaJIUX BOJI Y BECHSHHUM 1 3MMOBUI TIEPiOU Ta JOMIOBUX OMAJiB B JITHIH.
[Tig3zemHuii cTik B OaceiiHl HE3HAYHUA.

[Mpponoriyauii pexxuM JUMaHy XapaKTepU3YEThCS CIIA0KO BUPAKEHOIO
BECHSIHOIO TTOBIHHIO, HU3bKOIO JIITHHOIO MEXKEHHIO, SIKa 1HO[1 IEPEPUBAETHCS IT1]] Yac
MPOXOJIPKEHHS JTOIIOBUX MaBOJKIB Ta OCIHHbO-3UMOBHUMH IT11HOMaMU BOJIH.

ITix moBeH1 csira€ MaKCUMAaJIbHOTO 3HAYEHHS B JIPYTid MOJIOBUHI OEpe3Hs.
JIiTHS MeKEHb BCTAHOBIIIOETHCS B CEPEJIMHI TPaBHS HAa MOYaTKy yepBHs. Halimeni
pIBHI CIIOCTEPITalOThCsl B JMIHI-CEPIHI, HA MPUTUPJIOBIA AUISHII — B BEPECHI-
#OBTHI. HalilHM>K4l 3MMOBI PIBHI CHOCTEPITalOThCA B KIiHI[ TPYyAHS — B HEpPIIIA
MOJIOBUHI CIYHS.

3a maammu [9], y BepxHiii Teuii [liBgeHHuit byr 3amep3ae B KiHIII JTUCTOMAAA
— Ha MoYaTKy TpyaHs. B cepenuiil Ta HIDKHIN Teuli — B APYriil MOJOBUHI TPYIHS.
JIbogocTaB MaJIOCTIMKWNA, Cepe/lHs TOBIIMHA JLOAY 3MIHIOEThCS Bia 15 1o 35 owm,
MakcumanbHa csarae 80 cM. CKpecaHHs pIYKM TPOXOIWUTHh B APYridl MOJOBUHI
Oepe3Hs B BEpXHIi Teuii Ta B MepIiiid MOJIOBUHI Oepe3Hs B HUKHIN 1 CepeiHii Tedii.
OuuieHHs pi4OK OaceilHy BiJ JbOAYy BiAOYyBaeThbCA B KiHLI OEpe3Hs HA MOYATKY
kBITHA. [IpoTe, BBakaeEMO 3a3HAYMTH, 110 OCTAHHI ACCATUIITTS XapaKTCPHU3YEThCS
BIJICYTHICTIO CTIMKOTO JIbOJOCTABY YIPOJOBK 3MMOBOTO TIEPIOY.

Otxe, Oaceitn piuku IliBneHHuid Byr MOBHICTIO PO3TalIOBaHU B MeXax
VYkpainu i 0XOIUTI0€ Pi3HI reoMOp(dOIOTiYHI 30HH, M0 3YMOBIIOE PI3HOMAHITTS
penbedy, KITIMAaTUYHHUX 1 TIAPOJIOTIYHUX YMOB. 3HaYHA 3apeTyIbOBaHICTh BOJIOTOKIB
(moHax & THC. BOJIOMM) 3MIHIOE TPUPOJHUN CTIK 1 MOTPeOye YIPaBIIHHS IS
3a0e3MeUeHHsI €KOJIOTIYHUX BUTPAT BOJU B CEPEAHIN 1 HYKHIM Teuii. Y Mexax micTta
MukosiaeBa BOJHA €KOCUCTEMA 3a3HAE CEPHUO3HOIO AHTPONOTEHHOTO BILUIMBY —
3pocTae piBeHb 3a0pyAHEHHS XIMIYHUMHU pedoBUHamMu (HiTpaTH, docdaTu, BaKKi
METaJIn), [0 MOTIpIIye SKiCTh BoAM. [liABHUINEH] PiBHI KOPCTKOCTI Ta JIy>KHOCTI
BOJIM HETaTUBHO BILJIUBAIOTh HA O10p13HOMAHITTSI, CIIPUSIOTh PO3BUTKY CTIMKHUX, ajie

MEHII YyTJIMBUX BHJIB, a TaKOX 3arpoXyloTh eBTpodikamiero. Haiiliabim
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BpasznuBuMH € 30011aHkToH (Cladocera, Copepoda), momtocku (Mollusca) Ta pubu
(TapaHb, OWYKM), IO pearyiOTh HA 3MIHM XIMIYHOTO CKiagy Boau. CTIHKICTB
CKOCHCTeMH 3aJIekKHUTh Bifg OamaHCy MDK MNPUPOJAHMMH TMpollecaMu  Ta
AHTPOIIOTCHHUM HaBAaHTAKEHHSIM, TOMY HEOOXIJHO BIPOBAPKYBAaTH KOMIUICKCHI

3aX0/IM 3 MOHITOPUHTY Ta OXOPOHU BOJAHUX PECYPCIB.

3.2. Temneparypuuii pe:xum piuxku IliBaennuit byr y mexax micra
Muko.1a€Ba.

Temmneparypa NOBEpXHEBUX BOJ — OJMH 3 OCHOBHHMX IHTETPOBAHUX (DI3UUHUX
MOKA3HUKIB, 3HAYEHHS SIKOTO 3aJI€KHUTh BiJl 0araTb0X YNHHHUKIB, a caMe:

e TeMIlepaTypu aTMOC(HEPHOTO MOBITPS;
® AKTHMBHOCTI COHSYHOI pajiialii;

® KUJIBKOCTI OIAJIB;

® [IBHJKOCTI Ta HAIIPSIMY BITPY;

® [IBUJKOCTI 1 HAIPSIMKY Teuii;

® BOJHOCTI TOIIO.

Busnauumo nuHamiky Ttemmnepatypu Boau. Puc. 3.4 nemMoHCTpye 3MIHY
CepeHbO1 TEeMIIEpaTypH BOJIU Y Mexax MicTa Mukosaesa ynpoaosx 3 1980 mo 2024
poku. ['padik dhopmye miHIIO TpEHAY MiIABUIICHHS CEPEAHBOI TEMIIEPATYPH BOIH 3
koeditienToM aerepminaiii 0,7, MO BKa3ye€ Ha CTaJiCTh 3aKOHOMIPHOCTI W Ha
HaWOIMKY1 ABAIIATH POKIB MOAANIBIIE 11 IT1IBUIIICHHS.

JIJ1st O7THO3HAYHOCTI MTPOTHO3HUX 3aKOHOMIPHOCTEH IO/I0 3MiH TEMIIEpaTyp
BOAM y Mexax Micta MukosaeBa noOyaoBaHo rpadik 3MiH MaKCUMaJIbHUX PIUHUX
temriepatyp ynpoaosxk 1980-2024 pokis (puc. 3.5). I'padik popmye miHiO TpEeHTY
MIJBUIIICHHS MaKCUMaJIbHOI TeMIIepaTypd BOJM, II0 3HOB BKa3ye Ha CTaJICTh

3aKOHOMIPHOCTI Ha HaWOJIMKYl ABAIATH POKIB.
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Puc. 3.4. JIluHamika 3MiHM CepeHbOI TEMIIEPATYPH BOJIU Y MEXAX MICTa

MuxkonaeBa ynpoaosx 1980—2024 poxis.

AHanoriyHo 3 momepeiHiMu pe3ysibraramMu (puc. 3.4), BU3HAYEHO CTally

TEHJICHI[II0 JI0 TOCTYIMOBOTO JIHIMHOTO 3POCTaHHS MaKCUMAaJbHUX TEMIIepaTyp

Boau. Haitbinbima makcumanbHa Temreparypa (monan 30°C) cmocrtepiraiach y

1998, 2005, 2010, 2011, 2012, 2013, 2016, 2017, 2021 pokax; TOOTO OCTaHHE

JECATUIIITTS XapaKTePU3YEThCS 3HAUHUMH I1IBUIIICHHSIMHU TEMIIEPATYPH BOJIH.

[ToGynoBaHO TpeH A 3pOCTaHHS MIHIMAJIBLHUX TEMIEPATYp, 10 MOJAaHO Ha PUC.

3.7, 3rigHo manux noaarky b. MinimanbHa Temneparypa tpumaetbes Ha piBHi 0,0°C.

[Ipote Halinnk4a Temnepartypa croctepiraiack y 1983, 1992, 1995 pokax. Pazom 3

taM, 2020 pik xapakTepu3yBaBCs HAMBUIIOK MIHIMAJIbHOIO TEMIEPATYypoOlo, sKa

cknagana 1,0°C. BigmidueHo, mo JdiHIS TPEeHAY MIHIMAJIBHOI TeMIEpaTypu BOAH

BKa3ye€ Ha CTaJIICTh 3aKOHOMIPHOCTI 11 301JIbIIICHHS] HA HAWOIMK4l ABAALSATh POKIB.
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y = 0,0645x + 27,073

Puc. 3.5. lunamika 3MiHM MaKCUMAaJIbHOT TEMIIEpATypU BOJIU Y MekKaxX MicTa

MuxkonaeBa ynpoaoBx 3 1980—2024 poxkis.

I'padik puc. 3.6 neMoHCTpye MOBUIBHE, ajie CTajie MiABUIICHHS MiHIMAIbHOI

TeMIepaTypy, MO0 MOXE CBIIYUTH TPO MPOSBU TJIOOATHLHOTO MOTEIUIIHHS Ha

JIOKaJIbHOMY PiBHI.
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Puc. 3.6. lunamika 3MiHHM MIHIMaJIbHOI TEMIIEPATYPU BOAM Y MEKaxX MicTa

MuxkoiaeBa ynpooBx 3 1980—2024 pokis.
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3.3. locrixzkeHHs 3aperyaboBaHoCTi Oaceiiny piuku IliBnennmii byr.

Opniero 3 ocobmuBocteir Oaceitny piuku [liBnennuit byr € 3HauyHa
3aperyjbOBaHICTh. 3aperyjabOBaHICTh PIYKU BITHOCUTHCS A0 3MiH Y IPUPOIHOMY
PEXHUMI PIYKOBOTO CTOKY, BHKJIMKAHUX JIIOJCHKOIO MJISUTBHICTIO 1 BKJIIOYA€E
OyIIBHUIITBO JaMO, BOJIOCXOBHII, KaHAJIB Ta I1HIIMX TiAPOTEXHIYHHX CHOPYI.
3aperynbOBaHICTh MOXE MAaTH HU3bKY €KOJIOTTYHUX HACIIIJIKIB, a CaMe: BIUTUBATH Ha
MiCLS MPOKUBAaHHSA pUO 1 1HIIMX BOJHUX OpraHi3MiB, 3MIHIOIOYM YMOBH MJIA iX
KUTTSI; MOKE MPU3BOAUTHU JI0 3MEHIIEHHS YUCEIbHOCTI T4 BUJIOBOTO PI3HOMAHITTS
BOJHUX OPTraHi3MiB; MOXKE 3MIHIOBATH TEMIIEPATYPHUI PEKUM BOAH, KOHIIEHTPALIIIO
KHCHIO Ta pIBEHb 3a0pyAHEHHS.

OcHOBHa poJib BOJIOCXOBUII Ta AaM0 MOJISrae y peryyitoBaHH1 BOAHOTO CTOKY;
3a0e3MeYeHH] MUTHOIO BOJIOI0 HACENIEHUX MYHKTIB Ta MPOMUCIOBUX MiANPUEMCTB;
BUKOPUCTAHHS I 3pOILIEHHS CUIbCBKOTOCIOAAPChKUX YIiAb; Uil MOTped
T1IPOCHEPTEeTUKH, a TaKOXX 3 METOI0 pekpearii Ta pubanbcTBa: Bomocxosuina
BUKOPUCTOBYIOTHCS JJIA BIAMOYMHKY Ta PUOAIbCTBA, IO TAKOXX MA€ €KOHOMIYHE
3HAYCHHS.

BpaxoByroun o03HayeH1 BHILE HACIIIKH 3aperyibOBaHOCTI, Mepel HaMH
MOCTAJIO 3aBJAHHS JOCTIAUTH JIMHAMIKY CTBOPEHHS BOJIOCXOBHII, TOPIBHITH
o0CATHM BOJIOCXOBHMIIl MO OOJACTAX Ta MPOBECTH aHaJI3 JAUHAMIKH €MHOCTI
BoAocxoBul Oaceliny piuku IliBnennuii byr.

BonocxoBumia OaceifHy piuku miBIeHHMM bByr posramoBaHo y Mexax
XmenbHulbkoi, Binuunpkoi, Kuiscskoi, Uepkacwhkoi, KipoBorpaacekoi, Onechkoi,
Ta MukomnaiBcekoi obnactei. Ha puc. 3.7 momano cxemy, sika JIEMOHCTPYE PO3MOILT

KOPHUCHOTO 00CSATY BOJJOCXOBHIIL IO 00JIacTAX (Ha OCHOBI JJaHUX JOAaTKy B).



151

m XMenbHULbKa

= BiHHMUbKA

116,6; 22% KuiBcbKa

YepKacbka

4; 1% = KipoBorpaacbka

0,6; 10% = OpgecbKa

115; 22% = MuKonaiBCbKa

Puc. 3.7. O6c¢sr BomocxoBwu (MiTH Ky0. M /%)

Oaceitny piuku [liBnennuii byr no o6mactsx.

Cxema puc. 3.7 CBITUUTH, 10 HAWOUIBIINA KOPUCHUN OOCST BOJIOCXOBHIIL
npunajaae Ha MukosaiBcbky o6sactb (34%), a Haitmenmii — Ha KuiBcbky o06acthb
(1%). Inmn o6nacTi po3NOAUIAIOTBCS HACTYNHUM 4YMHOM: Binauibka (22%),
Kiposorpanceka (22%), Uepkacbka (10%), Xmenbaunbka (9%) ta Onecbka (2%).

Ha puc. 3.8 mogano cxemy, sika JEMOHCTPYE PO3MOJII IUIONII BOJIHOTO
J3epKajia BOJOCXOBHUII B 2a MO obOnmacTax OaceitHy piuku. [laHi cBimuaTh, 110
HaWOUIbINA TJT01A A3epKalia punanae Ha BinauibKy o6macts (31%), a HaliMeHIa
—Ha KuiBcbky Ta Onecbky o6macti (2%). Inin 0651acti po3noAuisitoThCA HACTYITHUM
yuHoMm: KipoBorpaaceka (19%), MuxonaiBceka (18%), XmensHuupka (16%),
Uepkacwka (12%).

VY cepenuni XX cromitrs 1951-1970 poku, a came, y nepiog 1951-1960
POKIB B1I0yJIOCS CyTTeBE 301IbLICHHS 00CATY BOJOCXOBHII 10 62,8 MIIH KyO. M.
Haii6inbmie 3poctanns crocrepiranocs y 1961—-1970 pokax, konm 00CsT OCATHYB

152,8 MitH Ky0. M.
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4971; 18% 4505; 167

B XMmenibHULbKa
669; 2% M BiHHMUbKA
M KuiscbKa
YepKacbka
5314; 19% B KipoBorpaacbka
8833,5; 31% B OpecbKa

B MuKonaiBCbKa

Puc. 3.8. [10o1a BogHOTO /13€pKaia BOJOCXOBUII OaceiHy

piuku IliBgernnii byr mo o6mactsx.

Hiarpama puc. 3.9. noka3dye IuMHaMIKy 30UIBIIEHHS KOPUCHOTO O0CSTY
BojocxoBuIl B OaceitHi IliBnenHoro byry 3 1890-x pokiB. Okpecaumo KIOUYOBI
MoMeHTH. Y modarkoBuit niepion 1890—1950 poku o6csru BogocxoBuil a0 1950
poKy Oymm mayke HU3bKMMH. HeBenmke 3017bIICHHS OOCATIB CIOCTEpIraisocs B
nepiox 1890—1900 (3,3 mmH Ky0. M), a Takok y 1921-1930 (2,5 maH Ky0. ™).
[IpakTiuHo BiACYTHI HOBI BojgocxoBuina B nepiogu 1901-1910, 1931-1940.

Hanpukinmi XX cromitra 1971-2000 poku, a came y nepioa 1971—1980
pOKiB o0csiTu 3HU3WIKCA 10 61,9 MiaH Ky0. M, TIpoTe IIe 3aIUIIATIOCS 3HAYHUM
nokazHukoM. [ami, y 1981-1990 pokax obcsiru Bnanu 10 21,6 MiH Ky0. M, 110
CBIIUUTh TIPO 3HWKEHHS TeMmiB OyaiBHunTBa. Big 1991 no 2000 pokiB
CrocTepiraeThces 1e OuIble 3MeHIIeHHs 00cary 10 1,3 MiIH Ky0. M.

Ha mouatky XXI cromitrs 2001-2024 poku, a came y nepiox 2001-2010
pOoKiB oOcsr craHoBuB juiie 1 MiaH ky0. M. Y 20112020 pokax criocTepiraetrbcs
He3HayHe 3011blIeHHs 00csry a0 2,03 miH ky0. M. Y nepioa 2021-2024 poxkiB He

CIIOCTEPIrasaocs HOBOTO OYyIIBHUIITBA BOJOCXOBHIII.
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Otxe, HaUOUTBIIMI OOCST BOJOCXOBHI OylO CTBOpeHO B cepefauHi XX
CTOMITTS, ocobnuBo B mepion 1961—1970 pokis. Ilicas 1970-x pokiB Temmu
OyIIBHUIITBA BOJIOCXOBHII] 3HAaYHO 3HM3UIMCA. B octanni necsatumitts (2001-2024
POKH) 0OCST HOBHX BOJIOCXOBHIII OYB J1y>K€ HU3bKHM, 1110 MOKE CBITYUTHU PO 3MIHY
M1JIXO0/1Y J10 YIIPaBJIIHHS BOAHUMH pecypcaMu a0 0OMeKeHHS B Oy 1IBHUIITBI HOBUX
00'exTiB. LI 3MIHM MOB'S3aH1 3 €KOHOMIUHMMH, €KOJIOTIYHMMHU a00 COIlaJbHUMU
YUHHUKAMM, SK1 BIUTMBAIOTh HA PO3BUTOK 1HQPACTPYKTYPH BOJONOCTAYAHHS.
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Puc. 3.9. lunamika eMHOCTI BojtocxoBUII Oaceitny piuku [liBnennuit byr.

OcCKiTbKM HaWOUIBIINKM KOPUCHUM OOCAT BOJOCXOBHIN TPUIMAJAE Ha
MuxkosnaiBebky 06sacth (34%), nmpoaHadizyeMO JMHAMIKY €MHOCTI BOJOCXOBHIIL
OaceitHy piuku mo gaHii tepurtopii. [liarpama puc. 3.10 Bkasye, mo HaibOiIbIIe
3pOoCTaHHs 00CATIB BOJAOCXOBHIII MpHUIaac Ha rnepioj 60-x pokiB XX CT.

VY nepioa 1890—1950 pokiB 00CSTH BOJIOCXOBUII OYyJIU yKe HU3BKUMHU a00
BIJICYTHIMHU. 301IbIIEHHS 00CATY MOYMHAETHCS TUTbKH Y 1921-1930 poxkax (2,5 muH
ky0. M) Ta 1890—1900 pokax (3,3 MiiH Ky6. M). ¥ cepenuni XX CTOMITTS y Mepioj
1951-1970 pokiB, oco6muBo y 1951-1960 poku, BigOyaocs CyTTeBE 301IbIICHHS
o0csry BomocxoBuil 10 47,4 miau ky6. M. Hactynmauit nepioa, 1961-1970 poxkwu,

MoKasye 1e Oubiie 3pocTanHs 10 43,02 MiIH Ky0. M.
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Puc. 3.10. /Iunamika emHoCTi BojgocxoBuil piuku [liBnennuit byr y mexax

MukoJ1aiBCbKO1 00J1aCTI.

Hanpukiami XX cromitra 1971-2000 poku, a came y nepioa 1971—1980
POKiB 00csTH 30UTbIMIuCs 10 22,3 MitH Ky0. M. Y 1981-1990 pokax obcsr 3pic 10
15,3 mun xy6. M. Big 1991 no 2000 poxkiB oOcsr Tpoxu 3pic A0 3,5 MIIH KyO. M.

Ha nouarky XXI cromitrs (2001-2024 pokn), y nepiog 20012010 pokis
oOcar 3amummuBcs He3MmiHHUM. Y miepioa 2011-2020 poxkiB ta 2021-2024 pokis
HOBHX BOJIOCXOBHII] HE Oy TyBauCsl.

Otxe, HaOUIBIIMK OOCIT BOJOCXOBHUIL OYyJO CTBOPEHO B cepeAauHl XX
CTOJNITTSA, ocobommBo B mepiox 1951-1970 poxis. Ilicma 1970-x pokiB Temmnu
OyIIBHUIITBA BOJAOCXOBHII 3HAYHO 3HU3WIMCA. B octanni gecsatumitts (2001-2024
POKH) 0OCST HOBUX BOJIOCXOBHIIL OYB J1y>K€ HU3bKHM, 1110 MOKE CBITUUTH PO 3MIHY
M1IX0Ty 0 YIIPaBIiHHS BOJHUMHE pecypcaMu a00 0OMEeXeHHs B Oy 1IBHUIITBI HOBUX
00'exTiB. 1li 3MIHM TOB'I3aHO 3 €KOHOMIYHUMH 1 €KOJIOTTYHUMHU (haKTOpaMu, sKi
BIUTMBAIOTH Ha PO3BUTOK IHOPACTPYKTYPH BojomocTayants [122].

[IpoananizyeMo WIUIBHICTH TMOOYAOBH  BOJOCXOBHUII[ B3JIOBX PIUKH,
BUKOPHCTOBYIOUHM JIaH1 104aTKy B mpo Bincrans Bij rupia piuku (puc. 3.11). Tak,

Ha BijcrtaHi Big rupna 0—100 kM po3zramoBano 14 BomocxoBwuml. Ha Bigcrani Bifg
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rupna 100—200 kM — 6 Bogocxosutl. Jlam, Ha BiacTans Big rupia 200—300 km — 11
Boaocxosul. Ha Bincrani Bix rupna 300—400 kv nobynoBano 9 Bogocxoswuil. Ha
Bigctani Big rupia 400—500 km — 8 Bomocxomuml. Ha Biacrani 500—600 km
¢dynkmionye 8 BomocxoBuil. Jlami, Ha BiacTani Bim rupia 600—700 kM — 9
BojocxoBuill. Ha Biacrani Bij rupia 700—806 kM — 5 BOJIOCXOBHIII.

OT1xe, BUCOKA IIUTHHICTh BOJAOCXOBHIII CIIOCTEPIraeThCs Ha BiacTaHgx Big 100
0 200 kM ta Big 0 mo 100 kM Big rupna piuku, 3 16 ta 14 BogocxoBUIIaMU
BiAnmoBigHO. CepenHs IMUIBHICTh TMOOYIOBU BOJOCXOBHIN CIIOCTEPITA€ETHCS Ha
Biactansax Bix 200 no 300 kM ta Big 600 1o 700 xm 3 11 Ta 9 BomoOCXOBHUIIIAMH
B1MOB1AHO. Hik4a nibHICTh BOJIOCXOBUII CIIOCTEPIraeThes Ha BijcTaHsx Bia 300
1o 400 kM, Big 400 mo 500 kM ta Bix 500 o 600 xMm 3 9, 8 Ta 8 BOOOCXOBHIIIAMU
BiAMOBIAHO. HaitHmkya 1IUIBHICTh MOOYAOBU BOJOCXOBHII CIOCTEPIraeThCsl Ha

BigcTansx Big 700 o 806 kM 3 5 Bogocxosumamu [122].

LLlinbHiCTb BOOOCX0BULL, B3O0BX pidkuy liBaoeHHUn byr
16

KinbKicTb BOJOCXOBULL,

& &
D N S
BiacTaHb Bif rupna piyku (Km)

Puc. 3.11. l{inpHICTB po3TallyBaHHsa BogocXoBuUIll piuku [liBnennuii byr.

Tak, Ha ocHoBi jmanux rpadiky puc. 3.11 Ta nomarky B Bu3HaueHo, 1o
CepelHsl IIUIbHICTh BOJIOCXOBHUI B370BXK piuku IliBgeHHuN byr cTaHOBUTH

npubam3Ho 9,93 Bogocxosuiia Ha KoxkHI 100 kM piuku. Ha ocHOBI momepeaHnoro
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po3paxyHKy cepenuboi mimbHOCTI Ha 100 kM (9,93) MOXHA OILIHUTH CEPEIHIO
niitpHICTE Ha 10 kM. Cepeast miiibHICTE Ha KokHI 10 kM = 9,93/10 = 0,993 = 1

Otxe, npubIU3HA cepeHs IIIIBHICTh BOJIONM CTaHOBUTH OJM3BKO OJIHOTO
BOJOCXOBHUIIIAa Ha KOXHI 10 KM, IO 3HOBY MJOBOJIUTH (DAKT TPO BUCOKY
3aperyjbOBaHICTh piukH. Taka BHCOKA IMIUIbHICTh BOJIOCXOBHIIl BKa3y€e Ha Te, IO
BOJHI PECYpPCH PIYKH aKTUBHO BUKOPHCTOBYIOTHCS JUISl PI3HUX MOTPEO, TAaKUX SIK
CUIbChKE TOCMOJAPCTBO, MPOMUCIOBICTh, IUTHE BOJONOCTAYaHHS Ta peKpeanis. 3
OJIHOTO OOKY, BEJMKA KUIBKICTh BOJIOCXOBHIIL JOIIOMArae peryjaioBaTH CTIK PiUuKH,
3ano0irarloyM NMOBEHSM Ta 3a0e3MeuyrouM CTaOUIbHUI BOJAHHUM pPEXUM IMPOTITOM
poKy. 3 1HIIOro OOKYy, IHTEHCMBHA 3aperyJjbOBaHICTh Ma€ HETaTUBHUM BILUIMB Ha
€KOCUCTEMY PIYKH, 30KpeMa Ha OlOpI3HOMAHITTS, pUOHI 3amacu Ta SIKICTh BOJIH.
[lepeOynoBa NpUPOAHOTO pyciia Ta CTBOPEHHS 0araTbOX BOJOCXOBUII MIPU3BOASAThH
JI0 3MIH B €KOCUCTEMAX, sIKI MOXYTh OyTH HECHPUSTIMBUMU JUIsi 6araTboxX BUIIB
pociuH i TBapwH. /[0 TOTO, BOJAOCXOBHINA MOXYTh CIPHUSITH PO3BUTKY PETIOHY,
3a0€e3MeuyoUur BOI0NOCTaYaHHs, IpUralliio Ta eHEPreTHKY. 3 1HIIOro OOKY, 1€ MOXKE
CTBOPIOBATM BUKIIMKH, TIOB'sI3aHI 3 YHOPABIIHHAM BOJHHMH pecypcamMH Ta
HIATPUMKOIO €KOJIOTIYHOTO OalaHCy.

3aranoMm, Taka WIUIBHICTh BOJIOCXOBHWIIl CBITYHTH IPO 3HAUYHUNA PIBEHb
3aperyib0BaHOCTI PIYKH, III0 MA€ SIK CBOT MepeBaru, Tak 1 BUKIUKH, K1 MalOTh OyTH

BpPaxOBaHO MPH YIPaBIIHHI BOAHUMH peCypcamu.

3.4. JocaigKeHHsl CTaHy MOBEPXHEBMX BOJA B aKBaTopii Micra
MukoJ1a€Ba.

[Ticns BUBYECHHS MOP(OJIOTIYHUX, b13UIHIX 0COOIMBOCTEM
rigpoexkocuctemu IliBneHoro Byry Ta okpeciieHHs MUTaHHSA 3aperyjJbOBaHOCTI
PIYKH, ITOCTAJIO 3aBJIaHHS 111010 MOHITOPUHTOBHX JOCIIIKCHB SIKOCTI ITOBEPXHEBHX
BOJI, a caMe 1HTETPOBAHMX T1IPOXIMIYHUX MOKA3HHUKIB, sIKI BU3HAYAIOTh OCOOJIMBI

XapaKTCPUCTUKHU BO,ZIHOT CKOCHUCTCMHU.
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JlocmimkeHHs: BUKOHYBasIoch 3a miaTpumku [Iporpamu OOH y cmiBmparii 3
YIPaBIiHHAM €KOJIOTii Ta MpUpOJHUX pecypciB MuxkonaiBcbkoi OBA. OcHoBHI
pe3yJIbTaTH ONPHIIIOIHEHO HA BiAMOBIAHKX cairax [33; 48].

Jlnis BigOopy 3pa3kiB BUKOPUCTOBYBAIM YUCTUH MOCY/] 3 IHEPTHUX MaTepiaiiB
(ckyo, momieTuiaeH abo modginpomniieH). [liaxogunu mo Micis Bigdoopy 3paska 3
HU30BOI CTOPOHU MOTOKY, 1100 YHUKHYTH 30ypeHHs ocaaiB. [locyn 3anyproBaiu y
BOAY Ha rmuOuHy mpuodam3Ho 20—30 cM, TpuMaroyu MOoro BIAKPUTHM Yy HANPAMKY
npotu Teuli. HamoBHIOBaNM mocyn 10 KpaiB, YHHKAIOUW MOTPAIUISTHHS TMOBITPS.
['epMeTnyHO 3akpuBanu nocyx micis Bindopy. Koxen 3pa3ok OyB MapKOBaHHU 13
3a3HAYEHHSIM JaTH, 4yacy, micus BigOopy. PikcyBaiu 1HPOpPMALiO PO MOTOIHI
YMOBH, PIBEHb BOAM Ta 1HINI YMHHHUKHU, SKI MOXYTh BIUIMHYTH Ha PE3yJIbTATH.
3pa3ku 30epiraiau B MPOXOJOAHOMY TEMHOMY MicCIll. AHai3 MPOBOAWIHN MPOTITOM
24 ronuH micis BiaOopy mpoO. SKIIo MpoBOAUBCS aHATI3 HA METajH, 3pa3ku Oyiu
KOHCEPBOBaHI JI0IaBaHHAM KUTHKOX Kpareiab KOHIIEHTPOBAHOI a30THOT KUCIIOTH.

PesynbTaTé  JOCHIIKEHHS SIKOCTI TOBEPXHEBUX BOJ IO IYHKTaxX
CIIOCTEPEKEHB: c. [IlpuOy3bke, BecHSHCHKOI TEpUTOpIaTBLHOI TPOMAJIH,
MukonaiBcbkuii  pailoH MukomnaiBbckoi obOmacti; Hwuwxkua HabGepexna w.
MuxkonaeBa; MKp. AxT-k1y6 M MuxkonaeBa; mxp. HamuB M. MukosnaeBa momano B
tabmuisax Jdomarky JI.

Busnaueno, mo piBeHb pH crabinbHuUl, BapitoeTbes Bim 7,5 mo 7,9, mo
BiANOBiae HOpMI (6,5—8,5); HKOPCTKICTh 3HAYHO MIABULIYETHCS y JtoTtomMy 4114
MTI/IM?, TII0 3HAYHO MEPEBUIILYE 1HIIT MOKA3HUKH, MOXJIMBO, BKa3yIOUM Ha TEBHY
aHoMaJito; piBeHb cyib(daTiB BapitoeTbes Bi 140 mo 590 mr/am?; KoHIEHTpalis
docdaTiB B OCHOBHOMY BIIIOBIIA€ HOPMI, aJI€ TIOKA3y€ KOJUBAHHS; PIBEHb HITPATIB
nepeBuinyBaB ['JIK y ciuni. YV geskux Micsisix AaHi BiACYTHi. PiBeHb HITpUTIB
HU3BKHH Ta BIJIMOB1Ia€ HOPMi; piBEHB 3aJli3a HE3HAYHO KOJIMBAETHCSI, 3AJIUIIIAI0YHCH
B MEXax HOPMHU.

3HaueHHs MIiHepali3alli 3HUXKYIOTHCS B 3UMOBI MiCAlll 3 IMIKOBUMH

3HaYEHHSIMH BOCEHH, a OTIM P13KO 3HIKYIOTBHCS Y KBITH1 10 691 mMr/am?, 110 Hukue
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['JIK. V xBiTHI 3Ha4YeHHs MiHepami3aiii HaitHmwk4ae (691 mr/mm?®), mo mMoxke OyTu

IIOB'sI3aHE 3 IPUPOTHUMU 3MiHaMu (puc. 3.12).
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Puc. 3.12. JIlunamika MiHepai3aliii BOJ{ yIpo0BK JTUCTOIAIA.
2023 — tpaBenn 2024 pokiB (c. [IpuOy3pke, BecHsHCbKOI TepUTOPIabHOT

rpomMaau, MukosaiBcbkoro pailony MukosaiBcbKoi 00JacTi).

I'padix puc. 3.12 moxaszye 3MmiHy MiHepaii3allii BOAU YMPOJOBXK PIZHUX
MicsiiB. CrocTepiraerbcsi 3arajbHa TEHJEHIS 10 3HIDKEHHS MiHepasi3alii BiJ
MOYaTKy CIIOCTEPEKEHD JI0 KBITHS, 3 HE3HAUHUMHM KOJIMBAHHSIMH B CiuHi-OepesHi. Y
TpaBHI MIHepaji3aiis pi3ko 3poctae. Kopemsiis MiX 4yacoM 1 MiHEpami3allelo €
HETaTUBHOIO B TEpioja 3 JIMCTOMaja A0 KBITHS, ajié CIOCTEPIraeThCsi CYTTEBE
MiIBUIIEHHS y TpaBHi. lle MOXe CBITYMTH MpPO CE30HHI 3MIHM B YMOBaX BOJHOTO
00'eKTy, sIK1 BIUIMBAIOTh HA KOHLEHTPAI[I}0 PO3YMHEHUX PEYOBUH Yy BOJII.

JlaH1 MOHITOPHHTY SKOCTI BoaH, 3riguHo tadu. J.2 (Jomatox J1), 3acBimumim
npo nepeunieHHs ['JIK 3a TakuMM MOKa3HUKAMU:

® JIYXHICTb;
® JKOPCTKICTh KaJIbI[I€BA;

e MiHepaizarlis.
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Y  meskuxX BUMNAAKaX CHOCTEPITAETHCS TEPEBUIICHHSAM 32 TaKUMH
MOKa3HUKaMH, SIK: CyIbdiam; xiaopuan; dhochaTu; XpoMm.

Puc. 3.13. nemMoHCTpye NMHAMIKY TeMIepaTypu aTMochepHOro MoBITPs Ta
BOJIH.
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Puc. 3.13. [lunamika Temmeparypu aTMOC(EepHOTO MOBITPS Ta BOAM.

Koedimient xopensmii Ilipcona MK TemmepaTypor TOBITPS Ta BOJU
cTaHOBUTH MpuOIM3HO 0,95. 1le cBiqUUTh Npo Ay’KEe CUIBHY MO3UTUBHY KOPEISAIIIO:
KOJIM TeMIlepaTypa MOBITPS MiABHUIIYETHCS, TEMIEpPAaTypa BOAU TAKOX 3pOCTaE, 1
HaBmaku. [le# Bucokuit kKoeimieHT KOpessiii o3Havyae, MmO ICHYE TICHUN 3B'S30K
MIK TEMIIEPATYPOIO MOBITPS Ta BOJU YIPOAOBK JOCITIIKYBAaHUX MICSIIIB.

JlaH1 mpo MiHepai3alliio BOJH 3a MICSISIMHU, BUPAXEHY B MI/IM> HaBEJICHO Ha
puc. 3.14. 3HaueHHS TOPIBHIOIOTHCS 3 TPAHUYHO JOMYCTHUMOIO KOHIICHTPAIlIEIO
(I'AK), sika cranoButh 1000 mMr/om3.

Minepanizamiss Boau 3HayHo mnepeBumye ['JIK (1000 mr/am?) ympomosxk
YChOTO MEPI0y CIOCTEpeKeHb. HallBUIII 3HAaUEHHSI CIIOCTEPIraloThCS B JIUCTOIAII
(3610 mr/mm®) ta tpymui (3070 mr/am?). TeHmeHIlis 3HMKEHHS MiHepasizaiii
MOYMHAETHCS MICHS JIUCTONAA, AOCITaloyd HaWHWK4YOro piBHS Yy KBiTHI (1560
MTI/aM?), TICTISL 4OT0 B TPABHI 3HOBY CIIOCTEPIraeThes 3pocTanus 10 2410 mr/am?. Le

CBIJYUTH MPO CE30HHI1 KOJMBAHHS MiHEpami3allii, sKa 3aIHIIAETHCS 3HAYHO BUIIOIO
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3a JOMyCTHMMiI HOPMH MpPOTATOM ycboro mepiogy. KoedimieHT kopensmii Mix
nepiofioM pPOKy Ta MiHepamizamieio ctaHoBUTH mpubauzno —0.81. Lle Bkazye Ha
CUJIbHY HETaTHBHY KOPENAII0, TOOTO 3 HAOJMIKEHHSIM JI0 BECHU MiHEpaTi3allis

3HUXKY€ETHCS, a MOTIM YaCTKOBO 3POCTA€E B TPaBH.
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Puc. 3.14. lunamika MiHepai3ailii BOAU YIPOJOBXK JIUCTOMaaa

2023 — tpasenn 2024 pokiB (Hmwxua Habepexna, M. Mukonais).

Amnani3 ganux taou. 1.3 (Joaatox /1) mo myHKTy cnoctepekenb — AxT-Kiny0
BKa3ye, M0 TeMIepaTypHl KOJIMBAHHS IMOBITPS 1 BOJAU BIATOBIAAIOTH CE30HHUM
sminaMm. pH Boau BapitoeTbes Bl 7,2 10 8,2, M0 BKIAJAETHCSA Y JOMYCTHMI MEXI.
3HayeHHs JYKHOCTI KOJWBarOThesa Bl 138 mo 345 mr/am?. 3HauyH1 KOJIMBaHHS
MOXYTh OyTH TMOB'sI3aHiI 31 3MIHAMH JIKEPENl BOJOMOCTadYaHHS a00 BIJTUBOM
OioreHHuX mporieciB. JKopCcTKICTh KajbliieBa 3HauHO nepeBuliyoTh ['JIK y mroromy
(3870 mr/nmM?), 110 BKa3ye Ha Ty’K€ BUCOKHM BMICT KaJIbIIIO Y BOJII I[OTO MIiCSIIS.
Pi3kumii crijieck Moke OyTH HACHIIKOM TMOTPAIUISTHHS 10 BOJW BEJIHMKOI KiJIBKOCTI
KaJIbLliIeBMICHUX criofyK. [lepeBuilieHHs BMICTY CyJb(]aTiB y JUCTOMA/Il OB’ SI3aHO
13 T ABUIIICHOIO MIHEpaTi3alli€to. 3HaueHHs Cynb(i/IiB Y BOJI1 3a3BUYall TIOPIBHIOIOTh
Hymo, auiie y aucronaai XI 1 cnocrepiraersbes 0,36 Mr/aM?®, 110 HE € KPUTHIHUM.
Cynbp(dian He CTaHOBIATH CYTTEBOI 3arpo3u IS SIKOCTI BoAu. 3HaueHHs ocdartip

He nepesuinytots ['JIK, Bapitororses Big 0 10 2,19 mr/am?. @ocdatu y HOpMi, 1110
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CBIJYUTH TPO BIJCYTHICTH 3HAYHOT'O OPTraHIYHOTO 3a0pynHeHHs. Bci 3HaueHHS
3HaxoJAThCA 3HauHO Hipk4e ['JIK, 1m0 € mo3uTuBHUM MOKa3HUKOM. BMicT HiTpaTiB
HU3BKUW, IO CBIAYUTH MPO BIJACYTHICTH HAJAMIPHOTO HAJIXOJKEHHS CIIOIYK
HiTporeny. HiTputu Takox B HOpMI, OTXKE, HE BiIOyBa€ThCA 3HAUHUX IPOIIECIB
PO3KJIaly OpPTaHiKu.

[Ipote, 3HaueHHs MiHepamizamii BapitoroThesa Big 1810 mo 3360 mr/mm3.
KonuBanHa MiHepamizaiii MOXyTh OyTH NOB'A3aH1 31 3MiHAMU B CKJIaJll JKEpPeET
BOAM 200 ce30HHUMH 3MiHamu. KanamyTHicTh BapitoeThbes Bif 10 mo 21 NTUI, mo
TaKO0X CBITYUTH MPO MEBHI CE30HH1 KOJMBAHHS SIKOCTI BOJIH.

OTxe, BHU3HAYEHO, IO TEMIEpaTypHi napameTpu (MOBITPS Ta BOIM)
B1JI0OpaXkaroTh CE30HHI 3MIHH. BIUIMB CE€30HYy TakoX BIAYYTHUHN y MiHEpasi3allii Ta
YKOPCTKOCTI BOAM. € 03HAKH I1JIBUILIEHOTO BMICTY Cyib(aTiB y auctonani. OCHOBHI
napametpu (pH, HITpaTu, HITPUTH) 3AIMIIAIOTHCS CTAOLIBHUMU Ta Yy MexXax
JOMYCTUMUX HOPM, IO CBIAYHUTH MPO BIJCYTHICTh 3HAYHUX 3a0py/IHEHb. AHami3
MOKa3ye, 110, X04a OUIbIIICTh MapaMeTPiB BOJIU 3HAXOSATHCS B MEXKaX JOMYyCTUMUX
3HAaY€Hb, OKpEMI MOKa3HUKHU (KOPCTKICTh KaJblli€Ba, Cyab(haTu) B ACSKI MEpioau
NEePEBULLYIOTh HOPMHU, III0 MOKE BKa3yBaTH Ha MOXJIMBI JKEpelia 3a0pyJHEHHs a00
crieriudigHi TPOIIECH Y BOJTHUX 00’ €KTax.

Ha rpadiky puc. 3.15 nokazaHo 3MiHU MiHEpasIi3allii BOJAM 3aJIEKHO BiJ MTOPH
poKy. Pe3ynbTaTu KOpENSIiHHOTO aHali3y MOKa3ylTh, 110 KOSPIIEHT KOPEIli
MDK MOPSIZIKOBUM HOMEPOM CE30HY Ta MiHepasi3alli€io nopiBHtoe -0,88, 1o Bkazye
Ha CWJIbHMHA HETaTUBHUH 3B'SI30K. 3HAYEHHsS WMOBIPHOCTI 3HAUYyIIOCTI p-value
ctaHoBuTh 0,004, 110 CBIAYUTH PO CTATUCTUYHO 3HaUylly Kopessiito. [Ipuiinsaro
Hy0BY Tinore3y (Ho), 1110 npumnyckae BiICyTHICTb PO BIACYTHICTh KOPEJSILIT MIXK
MiHepasizamiero i micsaismu. Otpumano p-value<0.05, mo o3Hayae CTaTHCTHYHO
3HAYyIIUH pe3ynbTaT, 1 MU BIAKUAAEMO HYJIbOBY rimoredy. OTxke, iCHye dYiTKa
3QJIEKHICTh MIDK TOPOI0 POKY Ta MiHEpali3alli€l0 BOJU: 3 HACTaHHSM BECHU

MiHepaTi3allisi 3HUKYEThCS, @ BOCEHU CIIOCTEPITraeThCs i MiABUIIIEHHS.
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Puc. 3.15. lunamika miHepaizaiiii BOAU YIPOJOBXK JIMCTOMaaa

2023 — tpaBennb 2024 pokiB (Mkp. AxT-Kiny6, M. Mukosnais).

Bignosigno nanux Ttabn. .4 (Homatox [I), BU3HAuE€HO 3aKOHOMIPHOCTI.
TemnepaTypa TOBITpsI Ta BOAM BIANOBIAAE MPUPOJHUM CE30HHHUM 3MIHAM.
3nauenHs pH 3amumiaroteest B mexax 7,3—8,1, 1m0 BKa3dye Ha claboiy>KHE
cepenoBuile. lle HOpManpbHUM [iana3oH A MPUPOIHOI BoJU. JIy>KHICTh 3HAYHO
3pOCTa€ y 3MMOBI Micslll (CIY€Hb, JIFOTHI), 1110 MOXe OyTH TOB'SI3aHO 3 MpoIlecaMu
3aMep3aHHs Ta OOMEKEHUM 3MIITyBaHHSAM BOAU. JKOPCTKICTh 3HAYHO 3POCTAE B
motoMy (10 4200 mr/am®), M0 € aHOMAIbLHUM IIOKA3HMKOM MOPIBHAHO 3 iHIIMMU
MicsIsIMH. MiHepamizallis 3aJUIIacThCsd Ha BHUCOKOMY PIBHI YIPOJOBXK YChOTO
nepiony, 3 HEBEJIMKUMU KoJuBaHHIMU. [lokazHuku cynbdartiB nepesuiytots I'JIK
y BCl MicsIll, IO TOB’SI3aHO 3 BHUCOKOIO MiHepamizamiero. [lokazHuku 3amiza B
JaucTonasl 1 6epe3Hi NepeBUILYIOTh 1HII MICSIII, 1110 MOXE CBIYUTH PO JOKATbHI
3a0pynHeHHs a00 mpupojHi xepena. KamaMyTHICTh 3MIHIOETBCS 3 MICSIlS Ha
MiCSIlb, III0 MOXKE BKa3yBaTH Ha MpUPOJHI mporecu. OTke, 3HaUHE BIIXWICHHS
YKOPCTKOCTI y JIIOTOMY Ta BUCOKI MMOKa3HUKH MIHEpai3allii, Cyab(}ariB BKa3ylOTh Ha
HEOOX1HICTh MOAANBIIMX JOCHIIKeHb. BHsBIEHI 3aKOHOMIPHOCTI, TakKi SIK

3pOCTaHHS JIy’KHOCTI, Y3rOJIKYIOThCA 3 MPUPOJIHUMHU MPOIIECAMHU.
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JlyxHicTts 3HauHO nepesuirye ['JIK y Bci po3ristHyTI MicsI, 1[0 BKa3ye Ha
MOCTITHO BHUCOKHWH PiBEHb IBOTO MOKa3HUKa B BoAl (puc. 3.16). CrocTepiraerses
3pOCTaHHsI JIY’)KHOCTI 3 TPYAHS 10 Oepe3Hs, MICIs Y0TO B KBITHI BiI0YBa€ThCS Pi3Ke
MajiHHA, 2 B TPaBHI 3HOBY MiABUIIYEThCS. L{e Moke OyTH MOB'SI3aHO 3 C€30HHUMU
mporiecaMyd ad0 30BHINIHIMHM BIUIMBAMH, K1 BIUIMBAIOTh HAa XIMIYHUM CKJIaJl BOJIH.
JIy>)XHICTh B MICAIISIX JIUCTONAAA Ta TPYAHS TPUMAETHCA HA BITHOCHO CTAOUIBHOMY
piBHI. CyTT€BE 3pOCTaHHS JY>KHOCTI CIIOCTEPITa€ThCSA B 3UMOBI MicAlll (CIYE€Hb Ta
JIOTUR), MO0 MOXXe OYTH TMOB’SI3aHO 13 3HWKEHHSM TEMIIepaTypu Ta MEHIIUM
nepeminryBaHHsAM Boau. He3Bu4aiiHe nmajiHHSA B KBITHI MOXE CBIIYMTH MPO 3MIHY
BOI000MiHY, MOXKJIMBE CKHJIAHHS BOJM, a00 BIUIMB iHmMMX (haktopiB. P-value mis
KOPEJISIIIIHOT 3aJIe’KHOCT1 JIY)KHOCT1 BiJl 4acy CTaHOBUTH mpubiuszHo 0,274. Lle
3HAYCHHS € JOCHUTh BUCOKHM, III0 BKa3y€ Ha BIJCYTHICTh CTaTUCTUYHO 3HAUYIIIOI
KOPEJISIiT MK JIYXKHICTIO Ta 4acoM (MicCsIsiMU). 3MIHU JIY>KHOCT1, HMOBIPHO, HE
MarTh JIIHIHHOI 3aJICKHOCTI BiJ] Yacy, a, 3arajoMm, JIYXKHICTh MAa€ XBHJICTOIOHY
3aJICXKHICTh 3 MKOBUMHU 3HAYCHHSIMH HA IMOYATKy BECHHU.
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Puc. 3.16. JIlunamika Jy>KHOCTI BOJAM YIPOIOBXK JIMCTOMNA1a

2023 — tpaBennb 2024 pokiB (Mkp. Hamus, M. Mukonais).

3pocCTaHHs JIy>KHOCTI HaBECHI ISl PUPOJHUX BOJ MOXke OyTH 00yMOBIIEHE

KIJIbKOMa IIPUPOJHUMHU IIPOLICCAMMU:
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® TaHEHHS CHITY Ta BECHSHI MaBOJKH, MiJ 4ac SIKUX Y BOJOWMY MOTpAILIsie
BEJIMKA KUIBKICTh Tajoi BOJAHM, sIKa MOXE OyTH HacHMYeHa PI3HUMH PO3UYMHECHUMHU
peYoBHHAMH, 30KpeMa OikapOOHaTaMu;

e aKTHBI3aIlis OIONOTIYHMX TPOIECIB, HAMPUKIAA, (QOTOCHHTEIY ¥
BOJIOPOCTEH Ta IHIIMX BOAHUX pociuH. B mporeci poTocuntesy Byriaekuciuii ra3 3
BOJAM TIEPETBOPIOETHCS HA OpPraHiuHI PEYOBUHU, 3HIDKYIOUM KOHIICHTPALIIIO
BuUtbHOTO CO2 y BOJI, IO MPU3BOJAUTH JI0 MiABUIICHHS piBHS pH 1, BIAMOBIAHO,
JTY’KHOCTI;

® DO3KJIAJaHHS OpraHikd, W0 HAKOMWYWIKCA 3a 3UMy, TOYHHAIOThH
PO3KIIaIaTUCs 1] BIUIMBOM MiKpoopraHi3miB. lle Moxke CpUYMHSTH BUALICHHS
0ikapOOHATIB Y BOAY, IIABULILYIOYH i1 JIy>KHICTb;

e 3MiHA XIMIYHOIO CKJIaJy BOJM 4epe3 30UIbLIECHHS MMOBEPXHEBOIO CTOKY,
SKUW MICTUTh MiHEpaJibHI PEUYOBUHU 3 TPYHTY, MOXKE IIIJIBUIIYBATH 3arajibHy
MIHEpaNi3aliio Ta JTy>KHICTb BOJIH.

OTxe, 11l YAHHUKH MOXKYTb 3YMOBUTH IJIBUIICHHS JYXXHOCTI caMe Yy
BECHSIHUI Tepio1, KOJM BiIOYyBA€ThCS aKTUBHHUI BOJOOOMIH Ta 3MIHU Yy (I3UKO-
XIMIYHUX XapaKTEPUCTUKAX BOJOKM.

AHanizytoun rpadik MiHepai3aiii BOJU 3a MyHKTaMU CIOCTEPEkKEeHb (PHC.
3.17), MO>kHA BUSBHTHU TaKi 3aKOHOMIPHOCTI: yC1 3HAUE€HHs MiHepai3allii Ha pi3HUX
eTanax cnocrepexxeds nepeBuytoTs ['JIK (1000 mr/am?). e cBiguuth mpo CTiiki
npupoaHi nporecu. CroctepiraeTbesl 3arajbHa TECHACHINS 10 3HMKCHHS PIBHS
MIHepaii3alii 3 JUCTOMAa A A0 KBITHS 1 TpaBHs y OUIbIIOCTI TyHKTIB. L{e Moxxe OyTn
MOB’SI3aHO 3 CE30HHUMHM 3MiHAMH, HANPUKIAMA, MIIBUIIEHHSM BOJIHOCTI PIYOK
B3WMKY 4Yepe3 TaHEHHS CHITY Ta JIbOY, 110 TPU3BOAUTH A0 PO3BEICHHS COJEH.

PiBenp MiHepamizalii BapitO€ThCA MK PI3HUMH ITYHKTaMHU CIIOCTEPEKEHHS,
aJie 3arajbHI1 TEHJCHIIT 3aJTUIIAIOTHECA CXOKUMU. Y MYHKTI 4 piBEHb MiHEpasi3allii
3QJIUIIAETHCS BITHOCHO CTabUIbHUM. Lle Moke CBIIUMTH MpO CTaOUIBHUI XapaKTep

BIUTMBY NMPUPOIHUX YUHHHKIB, SIKI MEHII CXWJIbHI J0 3MIH Y 3UMOBHI mepion. Y
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KBITHI CIIOCTEPIraeThCsl Pi3Ke 3HMKEHHS PIBHS MiHepamizallii, mo Moxe OyTu
MIOB’SI3aHO 13 3HAUHUM IIPUTOKOM TPICHOT BOH.

Orxe, [naHl BKa3zyloTh Ha 3HauyHe nepeBumleHHs ['JIK y Bcix myHkTax
CTIIOCTEPEKEHb, IO € CEPHO3HOIO MiICTABOIO JIJIsl TOTO, 00 HE BUKOPUCTOBYBATH IIi
BOAM B SIKOCTI JDKEpesla TEXHIYHOTO 1 TUM I[aye IUTHOIO BOJOINOCTaYaHHS.
Crocrepiraerbcs 3HW)KEHHS MiHepaiizauli B3MMKY Ta Ha IIOYaTKy BECHHU.
[Toganpimiit MOHITOPUHT HEOOX1THUM JIJ1s1 AETATBHIIIOTO PO3YMIHHS IPUPOJTHUX Ta

AHTPOIIOTCHHUX HpOIIeCiB.
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Puc. 3.17. Ilunamika minepaiizaiiii BOAu M0 MYHKTaxX CIIOCTEPEKEHb.

Cepemnst MiHepai3allis o MyHKTaX CIIOCTEPEKCHHS:

[Tynkr 1 (Haiipnanemmii Big rupna): 1882.63 mr/am?

[Tynkt 2: 2432.50 Mr/om?

[Tynkr 3: 2554.38 mr/om?

[lynkt 4 (HaitOmmxuuii 1o rupna): 2658.75 mr/nm?

Mineparnizaiisi TOCTYyIOBO 30UIBIIYETHCS Y HANPSAMKY A0 rupia piuku. Le
MOB’5I3aHO 3 HAKOMMWYEHHSM COJIEH Ta 1HIIKUX PO3YMHEHUX PEYOBHUH y BOA1 OMMKYe
no rupia.  HaiiBuma miHepamizallisi CIOCTEpIraeTbCcs B JIMCTOMNAI, MOCTYIIOBO
3MEHIIYIOUMCh B3UMKY 1 HaBecHi. [le moB's13aHO 3 TiIPOJIOTIYHUMH Ta TIOTOJHUMHU

YMOBaMH, 30KpEMa 301IbIICHHIM CTOKY BOAM B3MMKY Ta BCCHOIO, IO 3HHIXYCE
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KOHIICHTPAIII0O PO3YMHEHUX peyoBHH. OTKe, 31 3MEHIICHHSM BiJICTaHI 10 TUpia
CTIIOCTEPIraeThCs 3pOCTaHHA MiHepadizallii. [lo Toro, ympoaoB:x poKy MiHepasi3aiis
3MEHIIIYEThCS BIJ OCEHI JO BECHU, M0 OOYMOBJIEHO KIIMaTUYHUMH Ta
T1APOJOTIYHUMU 3MiHAMH.

OTtxe, BU3HAUYEHO, 1110 piBeHb pH cTabinbHMi, BapitoeThes Bia 7,5 10 7,9, 1m0
BiAMOBigae HopMi (6,5—8,5); JKOPCTKICTh 3HAYHO MIJBUINYE HOPMH;, pPIBEHBb
cyabdariB Bapitoetbes Big 140 1o 590 mr/nM?, mio € y Mexax HOpMHU, MalOTh MiCIIe
MOOJIMHOKI TIEPEBUIICHHS; KOHIEHTpalist (ocdariB B OCHOBHOMY BIJINOBiJIAa€
HOpMi, ajie¢ TIOKa3y€ KOJWBAaHHS, CIOCTEPITalOThCS TOOAMHOKI TIEPEBUIIICHHS
HITpaTiB. PIBeHb HITPUTIB HU3BKHI Ta BIJAINOBIJIa€ HOPMI; PIBEHb 3aj1i3a HE3HAUHO
KOJIMBAETHCS, 3AIMINAIOYHUCH B MEKaX HOPMU. 3HAYEHHSI MiHEpasi3allii 1 JTyKHOCTI
3HAQYHO MEPEBUIIYIOTH HOPMH, MAIOTh TEHACHIIIIO /10 3HU)KEHHS B 3UMOBI1 MICSIII 3
MKOBUMH 3HAYEHHSIMU BOCEHH, a TIOTIM Pi3KO 3HIKYIOTHCA Y KBITHI, 1110 TTOB'SI3aHE

3 IPUPOJHUMU 3MiHAMU. Y Cl 1HIII MOKA3HUKH 3aUILAITUCH Y MEKaX HOPMHU.

3.5. Buznauennsi BLUE-, GREEN- i NDVI-ingekciB 3aco6amu Google
Earth Engine 3a11s1 OliHIOBaHHS CTaHy rigpoekocucTeMu bBy3bKoro sumMany.

Jist mpoBeaeHHs nociimkeHb BuxkopuctoByBanu [IC depes Iurtepner
mwiatdopmy Google Earth Engine (GEE). GEE — ne notyxuuii iHCTpyMEHT ISl
aHaiizy Ta Bi3yami3auii reompocTopoBux aAaHux. Lg mmatdopma mo3Boiisie
MPAIIOBATH 3 BEIUKUMH OOCSTaMU CYIMyTHUKOBHX 3HIMKIB 1 KJIIMaTUYHUX JTaHUX,
no poOUTh HOro OCOOJUBO KOPHUCHHUM [IJIsi JAUCEPTAIIMHOTO JOCIIKCHHS 3
€KOJIOTIYHOTO MOHITOPUHIY Ta BUBYEHHS BIUIMBY KJIIMAaTUYHUX 3MIH Ha BOJHI
pecypcu. Google Earth Engine — ne mmardopma 11 po6OTH 3 CYymyTHHKOBUMU
JTAHUMH Ta 1HIIMMH €KOJOTTYHUMU JaHUMH Y BeMKoMy Macitadi. L mmardopma
JI03BOJISIE OTPUMATH JIOCTYT JI0 BEIMKOTO MAaCHBY JaHUX Ta BUKOHYBAaTH aHAJI3 y
xmapi. BukopuctoByBanu sk mpocTopoBy, Tak 1 aTpuOyTUBHY 1H()OPMALIIIO.

O6nacte nochimkenHs (Boundary). ['eometpist, mo npenacrarisie bBy3pkuit

JMMaH, BU3HAYEHA 32 JOTIOMOTOIO IMOJIITOHIB 200 1HIIUX T€OMETPUIHHUX (PIryp, AKi
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OKPECIIOIOTh HOro Mexi. [|Jis IbOro BUKOPUCTOBYEMO KOOPAMHATH JIsI CTBOPCHHS
MOJIITOHY. BUKOpPHCTOBYEMO CYNMyTHHUKOBI 3HIMKMA [JIi MOHITOPHHTY 3MiH
MOBEPXHEBUX BOJ, a caMe KOJICKIIIi 3HIMKIB Sentinel-2 nis Bizyasizaliii BOJHOIO
MOKPUBY Ta BU3HAYCHHS XapaKTEPUCTHK SKOCTI BOAM (HANPHKIAM, XJIOPO(iT,
MyTHICTh); Landsat (Hanmpukiazn, Landsat 8) qist aHanmizy 3MiH Ha OLIbIINA YacoBii
IIKasi. 3a3HauyuMoO Tepioja JAOCTIKEHHS IJI1 aHal3y AUHaAMIKW 3MiH (ocTaHHi 40
pokiB/1984-2024 pp.). Lle momoMoxe BU3HAUUTHU BIUIMB KIIMAaTUUYHHUX 1A Y
JIOBrOCTPOKOBIHM TIEPCTIEKTHUBI.

Jlns Bu3HaueHHs sikocTi Boau uepes nokazHuku BLUE 1 GREEN HeoOxiH1
JaHI TpO OCHOBHI MapaMeTpW, Takli sK: piBeHb XxjJopodury (IHAUKATOP
eBTpo@ikallii); MyTHICTb BOJU; BMICT PO3YMHEHOTO KHCHIO.

VY GEE cuHiil kaHan no3HavyaeThes K 'B2' y TaHUX CYyNMyTHHKIB, TaKUX SIK
Landsat 8, 1 six 'B1' y manux Sentinel-2. Ile mo3Bosisie gerko BuOpaTu Horo s

00poOKH Ta aHamizy naHux (puc. 3.18).

Earth Engine Apps aQ

199 1994 1995

Puc. 3.18. CynmyTHUKOBI 3HIMKHU 00’ €KTY CTIOCTEPEKEHD

3a epion 1984-2024 pokis [112].

OxpiM CHHBOTO KaHaITy, SIK JJOJATKOBHM 1IHCTPYMEHT, TAKO)X BHKOPHUCTAEMO
GREEN inaekc B GEE, sikuit 03Ha4ae 3eJIeHUH CIIEKTpaIbHUN KaHaJ CYITyTHUKOBUX

3HIMKIB, SKUI BioOpakae BIAOUTTS 3€JIE€HOTO CBITJA (JOBXKHUHA XBUJIl MPUOIU3HO
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500-570 um). Kananr GREEN no3nagaetses sik 'B3' y manux Landsat 8 abo 'B3'y
Sentinel-2. 3eneni 3Ha4ueHHs 1OOpe BiAOOPAKAIOTH 3I0POBHIA CTAaH POCIUHHOCTI Ta
MOXYTh OyTH BHKOPHUCTaHI y HAIIOMY JOCIIIKEHHI €KOJOTTYHOMY MOHITOPHHTY
MTOBEPXHEBUX BOJI.

JIJisi MOHITOPUHTY SIKOCT1 MOBepXHEBUX Boja oboupiu iHaekc BLUE, skuii y
koHTekcTi Google Earth Engine (GEE) BiHOCUTBCS 10 CHHBOTO CHEKTPAIHLHOTO
KaHaly y CYNMYTHMKOBHMX 3HIMKax. Lleil 1Hjekc mpencraBisie naHi, OTpUMaHl B
Jlana3oHi JOBKHH XBHJIb CHHbOro cBitia (mpubmuzno 450-500 ©vHM) 1
BUKOPUCTOBYETHCS JUIsl PI3HUX THIIB aHAII3y MOBEPXHI 3€MJll, OCKUIbBKUA CHHIN
CHeKTp Jo00pe mokasye BOJHI O0'€KTH, SIKICTh BOAM Ta IHIINl XapaKTEPUCTUKH
MTOBEPXHI.

BLUE iHa€eKc 4acTo BUKOPUCTOBYETHCS JIJ1s1 OLIIHKHU SIKOCT1 BOJH, HAIIPUKJIIA],
JUTSI BUSIBJIEHHSI MyTHOCTI 200 Mpo30pocTi BoAu. Boja 3 BUCOKMM BMICTOM JIOMIIIIOK
YU 3pOCTaHHSIM BOJOPOCTEHN B1J0OpaKaA€ThCSl HA CHHROMY KaHaJIl 1HaKIIE, HIXK YhCTa
Boga. BLUE iHnekc epeKTUBHO BIIOKPEMIIIOE BOAY BiJ CYIIl Ha CYMyTHUKOBUX
3HIMKaX. Bojia 3a3Buuaii BUrIsa€ TEMHIIIONO, 1110 TOJICTIITY€E BHIUICHHS BOJIOWM Ha
kapti. BLUE iHznekc uyTnuBuil 70 aTMOC(EpPHUX YaCTHMHOK, TOMY HOr0 TaKOX
MO>XHa BUKOPHCTOBYBATH JIJIi BUSIBJICHHS TyMaHy ab0 JuMy Ta JJisi BUKOHAHHS
KOPEKIIii, 00 MABUIIUTH TOYHICTh 1HIINX KaHAIB.

Otpumano BLUE inaekc 3a nepioa 3 1984 no 2024 poku by3bkoro iuMany y
TOUIIl criocTepekensb (46.975073, 31.949205), axuit nogano Ha rpadiky puc. 3.18.

Hani rpadiky puc. 3.19 ingekcy BLUE (cuHbOro kaHaity) BKa3yrTh Ha Taki
3aKOHOMIPHOCTI:

1. Bucoki 3HaueHHS MOXYTh BKa3yBaTW Ha HAsBHICTh YMCTOI BOaU abo
aTMOC(EPHHX SIBUIII, TAKUX K TyMaH a00 M. Hu3bKi 3HaYCHHS MOKYTh BKa3yBaTH
Ha HAsBHICTH 3a0pyAHEHHS BOJU, BOJAOPOCTEH, MyiTy a00 BHCOKHI1 pIBEHb JIOMIIIIOK

y BO/II, 1110 3HIKYE MPO30PICTh Ta BIIOMBAHHS CHHBOTO CBITJIA.
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2. Cnocrepiraetbes 3aranbhe 3HmkeHHs iHAekcy BLUE 3 gacom, e moxe
CBIJYUTH MIPO MOCTYIOBE MOTIPIICHHS SIKOCT1 BOJIM, HAKOMMUEHHS 3a0pyJHEHb a00

3pOCTaHHS BOJOPOCTEH.
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Puc. 3.19. BLUE inzaexc 3a nepioa 3 1984 o 2024 poku by3pkoro numany y
Toulli criocTepeskenb (46.975073, 31.949205).

Otpumano GREEN innekc 3a nepioa 3 1984 no 2024 poku by3skoro numany
y Toulli cnocrepexens (46.975073, 31.949205), saxuii nonano Ha rpadiky puc. 4.
Bucoki 3nauennss GREEN (1992 pik, 0,077) Bka3yioTh Ha aKTUBHY Ta 370POBY
pociunHicTh. Husbki 3HauenHss GREEN (2015 pik, 0,026) cBiguath mpo moranui
CTaH POCIMHHOCTI a00 MPO HAasBHICTh HEKUBHX 00’ €KTIB, TaKUX SIK 3a0pyaHEHI
teputopli. 3aranpHuil TpeHn (puc. 3.20) Bkazye Ha TOCTYNMOBE 3HUIKEHHS
O3HAYEHOTO MOKa3HUKA.

[Tocrynose 3umwxenHss GREEN iHgekcy uist BogHOro oO'€KTy BKa3zye Ha
€KOJIOT1YH1 3MIHHM Yy T1IPOCKOCUCTEMI. 3HMKEHHS 1HAEKCY BKa3y€ Ha MOTIPIICHHS
MPO30pPOCTI BOAM YEpe3 IIJBUIICHHS MYTHOCTI, IO MOXE OYTH HacCIigKOM
3a0pynHeHHS a00 MiABUIIEHOI epo3ii, SKa CHpUYWHSAE 30UTBIICHHS 3aBHCIIHAX

YaCTHHOK Yy BOJII. SIKIIIO B JIMMaH HaJIXOAATh CTIUHI BOAM ab0 M0OpHBaA, 11e MOXKE
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NPU3BECTH A0 HAAMIPHOTO 3pPOCTaHHS BOJOPOCTEH Yy KOPOTKOCTPOKOBIH
nepcnekTrBi (eBTpodikarlisi). Y TOBrOCTPOKOBIN MEPCIEKTHBI, MOKE BHHHKATH
NehiUT KUCHIO Ta TOTIPIICHHS YMOB JUISl JKHUTTS, IO CHPUYUHSE 3HIDKEHHS

010J10T19YHOT aKTUBHOCTI 1, SIK HACIIJJOK, 3MEHIIIEHHS 1HIEKCY.

GREEN
L
L]
L]

Date

Puc. 3.20. GREEN innekc 3a nepion 3 1984 o 2024 poku by3pkoro numany
y TouIli cnocTepexkeHs (46.975073, 31.949205).

J10J1aTKOBUM IHTETPOBAHUM KPUTEPIEM JIJISl OLIHIOBAHHS €KOJIOTTYHOI'O CTaHy
rigpoexocutemu € iHaekc NDVI (BereramiitHuil iHIEKC), IKHI T03BOJISAE KUTHKICHO
OHUTH pociauHHICTH (puc. 3.21). Xoua NDVI 3a3Buuaii 3aCTOCOBYETHCS ISt
aHai3y pOCIMHHOCTI, MOro TakK0oX MOXHA BHUKOPUCTOBYBATH JUIsl OILIIHKH
€KOJIOTIYHOTO CTaHy MOBEPXHEBUX BOJ, OCKUIHKM 3HAYEHHSI I[LOTO 1HIIEKCY MOXKE
CBIIYUTH MPO HASIBHICTb 1 CTaH BOJHOT pOCIMHHOCTI (Makpo(diTiB, PITOMIAHKTOHY)
no6sm3y BojoiM. Tak, 3a qonomororo NDVI MokHa OIIHUTHA CTaH POCIUHHOCTI Y
npuOepeKHUX 30HAX, sIKa BUKOHYE BAXKIIUBY POJIb Yy 3aXHCTI BOJOWM BiJ epo3ii,
butbTpanii 3abpyJaHeHb 1 MIATPUMaHHI CTaloCcTi cepenoBuina. Anamiz NDVI
JI03BOJISIE  BIJICTE)KYBAaTH CE30HHI 3MIHM B POCIMHHOMY TIOKPUBI BOAOWUM 1
MPWIETINX TEPUTOPIi, 110 JA€ 3MOTY BUSIBIISITU IOBFOCTPOKOBI 3MIHU €KOCHUCTEMHU

BHACJIJIOK KJIIMAaTHYHUX a00 aHTPONOT€HHUX YNHHHUKIB.
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Otrxe, iHgekc NDVI pomomarae He nMINe OIIHUTH CTaH BOAHOI Ta
pUOEPEKHOT POCITUHHOCTI, aje ¥ BUSBUTH O3HAKU €KOJOTIYHUX MPOOIEM, TaKUX
aK eBTpodikaiis, eposis OeperiB, ab0 3MIHH POCIMHHOTO TIOKPHUBY dYepes
AHTPOIIOTEHHHUU TUCK.
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Puc. 3.21. NDVI ingexc 3a nepiox 3 1984 no 2024 poxu by3bkoro iumany y
Toulll coctepeskens (46.975073, 31.949205).

Ha ocnoBi Tpenay puc. 3.20 MokHa 3p0OUTH KiJIbKa BUCHOBKIB. 3araJibHUMA
CIIaJIHUH TPEHJ MOKa3y€e MOCTYIOBE 3HWKEHHA 3HaueHb ND VI, mo moxe BkazyBaTu
Ha JIerpajalilo POCIMHHOIO MOKPHUBY, Ha 3MEHIIEHHS BOJHOI POCIMHHOCTI Ta
30UTbIIECHHST 3a0pYyJHEHHS, 110 € O3HAKOK MOTIPIIEHHS EKOJOTIYHOrO CTaHy
Bojoimu. He3Bakaroun Ha 3aranbHMi crnan, € 3Ha4yHi kojuBaHHS NDVI y pi3ni
nepioau. Lle Mmoxe OyTH MOB'I3aHO 3 CE30HHUMU a00 KIIMATUYHUMU 3MIHAMHU, 1110
BIUIMBAIOTh Ha POCIMHHICTH 1 eKocucTeMmy 3arajioM. 3 modarky 2000-x pokiB
CIIOCTEPITAETHCS OUTBIN cTallabHEe Ta CyTTeBE 3HMKEHHST NDVI, 1110 CBiquuTh Mpo
MOCUJICHHSI aHTPOIIOTEHHOTO BIUIMBY Ta BIUIMB KIIMAaTUYHUX YMOB, IIIO
CIIPUYMHSIOTH TPUBAJIC TOTIPIIEHHS CTAaHy POCIMHHOCTI.

[loctynoBe 30UIBIIEHHS TEMIEpaTypd BOAM MOXKE BIUIMBAaTH Ha

PO3MHOXKEHHSI BOJOPOCTEH, 3MEHIIYIOUN KUTBKICTh BU/IIB, SIKI BIIOMBAIOThH 3€JICHE
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cBiTio. TemmepaTypa TakoX BIUIMBA€ HAa PO3YMHHICTh KHCHIO, IO MOXeE
CIPUYUHHUTH 3MIHH Y TIOMYJSIIAX BOJOPOCTEH Ta (iTOMIAHKTOHY.

301JIbIIICHHS COJIOHOCT1 BOJIH, SIK HACI1JIOK 3MEHIIICHHS IIPUTOKY MPICHOT BOJIU
a00 BUITapOBYBaHHs, TAKOX MO’KE BIUIMBATH HA BUIU BOJOPOCTEH 1 (QITOTIAHKTOHY,
K1 3/IaTHI BUDKUBATH B TAKUX YMOBAX, 1110 MPU3BOAUTH JI0 3HUKEHHS 1HJEKCY.

OTxe, 3aranbHe 3HWKeHHA 3HaueHb 1Hekcy BLUE 3 1984 no 2024 pp. Bka3zye
Ha MOCTYIOBE MOTIPIIEHHS SKOCTI BOAM 3a PaXyHOK 30LIbIICHHS 3a0pyAHEHHS 1
epo3iitHuX npoiieciB. O3HaueH1 3MIHU MOKYTh OYTH PE3yJIbTATOM aHTPOIIOTEHHOTO
BIUIMBY, 30KpE€Ma MPOMUCIOBUX BHUKHU[IB, ypOaHizauii, 3a0yJ0BH MPUOEPEKHOT
30HH, @ TAKO>X HACIIJKOM 3MiH KJIIMaTYy.

3umxkendss GREEN iHaekcy /uist BOJHOTO 00'€KTY CUTHAJIZYE MPO MOMKIHUBI
€KOJIOT1YH1 3MIHH, Kl MOXYTh HETaTUBHO BIUIMBATH Ha O10pPI3HOMAHITTS, SIKICTh
NOBEPXHEBUX BOJ Ta CTAJIICTh I'IPOEKOCUCTEMH.

[MTaminass NDVI  Bkazye Ha 30uUlbllIeHHS 3a0pYyJIHEHHS, 30KpeMa,
eBTPOQIKaLIlIO Ta 3POCTaHHS KUIBKOCTI OpPraHIYHUX PEYOBHUH Y BOJI.

Orxe, mocrynoBe ctaie cHmwkeHHs NDVI-, BLUE- I GREEN ingekcis
CBIIYUTh NPO CKOPOYEHHS O10pi3HOMAHITTS BOAHOI ekocuctemu. o Toro, y
rio6anbHOMy 3BiTI BeecBiTHhoro donay npupoaun WWF 3a 2024 pik 3a3HadeHo,
0 HaOUIbIIE CKOPOUYEHHS TOMYJISIIA CIOCTEPIraeThCcsl B MPICHOBOJIHUX
exocuctemax (85%), 3a HUMU HUAYTHh cyxonauibHi (69%), a moTiM MOpchKi (56%)
[WWF; Living Planat]. 3MeHIIeHHS! YMCETbHOCTI MOMYJIAIINA MOKe BKa3yBaTH Ha

nocabJICHHS] EKOCUCTEM Ta 1X BPa3JMBICTh, III0 MAaTUME IJ100abHI HACIIKH.

BucHoBKH 10 TPeTHOr0 Po3ainy
[Ipupogni ymoBu Oaceiiny IliBmennoro byry € ckinagHumu — Ta
pisHOMaHITHUMH. baceitH MOBHICTIO po3TaIlIOBaHWil B YKpaiHi, OXOIUTIOIOYN 30HU
Jlicocreny, Ctemy 1 uacTkoBo Ilomiccs, 1110 3yMOBITIOE pi3HOXapaKTepHi KIIIMAaTHYHI,

reoMopdoJIOrivHi Ta T1APOJIOTIYHI YMOBH.
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TemnepaTypHi naHi BoAM y Mexax MicTa MukojaeBa CBiT4aTh PO
TEHCHIIIIO JI0 3pOCTaHHs MiHIMaJIbHUX TEMIIEPATyp, a JiHis TPEHIY CBIAYUTH MPO
KJIIMaTUYHE TOTEIUIIHHA. AHOMaIBHO BUCOKe 3HaueHHs y +1 °C y 2021 porri Moxe
CBIJYUTH TPO EKCTpEeMasbHI MOTOJHI YMOBH ab0 JIOKaJIbHI BIUIUBH.

Busnaueno, mo OaceliH CHJIBHO 3aperyiboBaHMi, Hamiuye moHan 8000
CTaBKIB 1 BOJ0CX0BHIII. [Iprbin3Ha cepeHs MTbHICTh BOJIOWM CTAHOBUTH OJIM3BKO
OJTHOTO BOJOCXOBHINA Ha KOXHI 10 KM, 10 3HOBY JOBOIUTH (PakT MPO BUCOKY
3aperyJbOBaHICTh PIYKH, 1110 PU3BOJUTH O BTPATH BECHAHOI'O [IOBEHEBOT'O CTOKY,
YHOBUIBHEHHS T€Yli, 3HM)KEHHSI IIBUJKOCTI CAMOOYMILIEHHS PIYKH Ta MOPYIICHHS
YMOB XKUTTEIISIIBHOCTI BOAHOT (yiopu Ta payHH.

JlocmipkeHHsT CTaHy MOBEPXHEBUX BOJ B akBaTopii micta MukoiiaeBa
3aCBIAYMIIM, IO TIAPOEKOCUCTEMA XapaKTEPUIYETHCSI BUCOKOIO JKOPCTKICTIO (110 20
MT-€KB/IIM?) Ta JyXHICTIO. MiHepaii3allisi BOJId 3pOCTa€ B HAMpPSIMKY JI0 THpJia
piuku. HaliBuiili moka3sHUKH (PiKCYyIOThCS Y JIMCTOMAI1, TICS YOr0 CIIOCTEPIraeThes
MOCTYNOBE 3HMKEHHSI B3UMKY Ta HABECHI, 1110 MOB’S3aHO 31 301LJIBIISHHSIM BOJIHOTO
CTOKY B XOJIOJHUH TEPiO]I.

AHaJi3 cynyTHUKOBUX 1HAEKCIB 3a 20202024 poku mokazas, mo BLUE-
innexe 3uu3uBcs 3 0,113 (2020) mo 0,084 (2024), mo cBIAYUTH MPO 3MEHIICHHS
npo3opocti Boau; GREEN-inaekc kommBaBes y mexkax 0,097-0,119, mo Biamosigae
MIJBUIICHHIO NMPOAYKTUBHOCTI BogopocTei; NDVI-inaekc 3pic 13 0,132 no 0,165,
110 CBITYUTH MPO aKTUBI3AIII0 MPUOEPEKHOT POCTUHHOCTI T4 MOKITUBE 3apOCTaHHS

OeperoBoi 30HM.



PO3JILI 4

JIUHAMIKA TA TEMIIEPATYPHI MOJEJI IHTETPOBAHUX
T APOXIMIYHUX MIOKA3HHUKIB ' TIPOEKOCUCTEMH
MIBAEHHOI'O BYT'Y B MEXKAX MUKOJIAIBCBKOI OBJIACTI

4.1. BuOip iHTerpoBaHuX TriAPOXiMiYHHUX IOKAa3HUKIB Ta NYHKTIB
CIIOCTEPEeKEHb.

JIis OCHiKeHHsT BIUIMBY KIIMAaTUYHUX YMHHHUKIB HAa CTaH MOBEPXHEBUX
NOCTAJIO 3aBAaHHS WIOJ0 BHUOOPY OCHOBHUX I1HTEIpPOBAaHUX TIAPOXIMIYHHMX
MOKAa3HUKIB SIKOCTI TIOBEPXHEBUX BO/I.

Bubip nmoka3HUKIB MaB BIAMOBIIATH TAKUM KPUTEPISIM:

e UyTauBICTh 10 KIIMAaTUYHUX 3MiH. [[0OKa3HUKN MatOTh OyTH Yy TIMBUMH J10
3MiH TeMIIepaTypH, KUUIbKOCTI1 OMa/iiB, YaCTOTH MMaBOJIKIB, IIEP10/11B MOCYXH Ta 1HIIINX
MPOSIBIB KJIIIMATUYHUX 3MIH.

e 37aTHICTh JEMOHCTPYBAaTH CE30HHI Ta pPIi4yHI KOJMBaHHA. [lokazHHMKH
BapiIOIOTHCS 3aJI€KHO BiJI CE30HIB Ta YMOB KJIIMAaTy, 110 JO3BOJISIE BiJICTEKYBATH
JIOBFOTPUBAJII 3MIHHU.

e BigoOpaxxeHHs 3MiH y TriaposorivHoMy wukial. Kiimatuuhi 3miHU
3MIHIOIOTH T1APOJIOTIYHHM ITUKJI, BIUTMBAIOYM Ha OayaHC BUTIAPOBYBAHHS 1 CTOKY,
1110, CBOEIO YEPTOI0, BIUTMBAE HA KOHIIEHTPAIIIF0 PO3YMHEHUX PEYOBHH.

e 3abe3reyeHHs MOBHOI OLIIHKU €KOJIOTIYHOTO CTaHY.

o [IpakTudHe 3HaUCHHS I YIIPABIiHHS BOMHUME pecypcamu. Li mokasHuku
€ BOXJIMBUMHU JIJIS1 MPAKTUYHOTO BUKOPUCTAHHS BOJHUX PECYPCIB.

O3HaueHi kpuTepii 00yMOBWIM BUOIP OCHOBHMX T1APOXIMIYHUX MOKA3HUKIB,
AK1 JTal0Th KOMIUIEKCHE PO3yMIHHS TOTO, SIK 3MIHM B KJIIMaTi BIUIMBAIOTh Ha
XIMIYHUM Ta €KOJIOTIYHWUU CTaH TOBEPXHEBUX BOJ, 1 JO3BOJSIOTH OLIHUTH

I[OBFOTpI/IBEUIi PU3UKHA JJII CKOCHCTEM 1 BOAOIIOCTaYaHHA.
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Takumu MOKa3HUKAMU €:

1. TemmepaTypa BOAM, OCKUIbKH KJIIMATHYHI 3MIHU, 30KpeMa IiIBUIICHHS
CepeIHbOPIYHOI TEMIIEpaTypH, CIIPUYUHSIOTh HarpiBaHHs BOAHUX Mac. Lle BruBae
HAa HACUYEHICTh BOAM KHCHEM Ta aKTHBI3y€e O10JI0T1YHI MPOIIECH, 1110, Y CBOIO YEPTY,
CIpHsIE PO3BUTKY BOJIOPOCTEH 1 MOKE MPU3BOJUTHU A0 LUBITIHHS BOJH.

2. Po3unmHEeHUN KHCEHb, OCKUIbKMA 30UIBIIEHHS TEMIEpaTypu 3HUKYE
PO3YMHHICTh KHCHIO Y BOJI, IO YCKJIAQJHIOE ICHYBaHHS PUOM Ta IHIIUX BOJHHUX
OpraHi3MiB, 30KpeMa THUX, 110 YyTJIMB1 A0 HU3BKOTO BMICTY KUCHIO. Lleli moka3Huk
TaKO 3a3HA€ BIUIMBY B1JI 3MIH Y I'JIPOJIOTTYHOMY PEKHUMI, 110 MOB'SI3aHO 31 3MiHAMU
y LIUKJIaX ONaJiB 1 BUIAPOBYBAHHS.

3. bioximiune crioxkuBanHs kKucHIO (BCK), OCKUIbKY 11e# TOKa3HUK BU3HAYAE
KUIBKICTh KHCHIO, HEOOXIAHOTO [Jisi O10XIMIYHOTO PO3KJIaJaHHS OpPraHIuHHUX
pedoBuH. 3 mijgBuieHHAM Temneparypu bCK Moxe 301IbITyBaTHCs, OCKUIbKU
TEIUTIII BOJAU CIIPUSIOTH IIBUIIIOMY PO3KJIaJaHHIO OPraHIYHUX PEIITOK.

4. Minepamnizaiiisi (CyMapHa KUIbKICTh PO3UMHEHUX PEYOBHH), OCKUIBKH i
BIUIMBOM BUIAPOBYBAaHHS Ta 3MEHIIIEHHS CTOKY, KOHLIEHTpPALlisl PO3YMHHUX COJIEH 1
MIHEpaIiB y BOJAI MOXKE 3pOCTaTH, IO 3MIHIOE 1i MiHEpali3alilo Ta, BIANOBIIHO,
MPUAATHICTH JIJIs1 PI3HUX IIUIEH, 30KpeMa JiJIsl TUTHOTO BOJIONIOCTAYaHHS.

5. BonneBuit mnokasnuk (pH), gxuii MoXke 3MIHIOBATUCS I/ BIUTUBOM
KJIIMAaTUYHUX YHHHHUKIB, TAKUX SK 3MEHIICHHS CTOKY, OKHCHEHHS OpraHIYHHX
pPEUYOBMH Ta 3MIHM y BYIJIEKHCIOTHOMY Oananci. Bucokuit Bmict CO: uepe3
NPUCKOPEHUM pO3KIaJl OpraHiku 3HKye pH, pobiisiun Boy KUCTIIIO0, 1110 TAaKOXK
BIUIMBAE HA )KUTTEAISUILHICTh BOJHUX OpPraHi3MiB.

3arajibHE 3aili30 1 TBEPIICTh BOJM TAKOX HaJCKaTh 1O T1APOXIMIYHUX
MOKa3HUKIB, HA AK1 KJIIMAaTUYH1 3MIHU MOXKYTh MaTH BIUYTHUN BIUIUB:

6. 3araipHe 3aJ1130, OCKUIBKM KOHIICHTPAIIIS 3arajJbHOTO 3aJ1i3a Y BOJI MOXKE
MIBUIIYBATUCS BHACHIOK 30UIBIICHHS KUIBKOCTI OMajiB, MaBOAKIB a0o
1HTEHCUBHOI'O OBEPXHEBOT0 CTOKY. Bo/ia 3 miABUIIIEHMM BMICTOM 3alli3a YacTO Mae

XapaKTepHUH pyayBaTHii KOIIp 1 MOKE OCAKyBaTUCS Y BUIJISIAL PYAHUX BIAKIAIB.
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Taki yMOBU TaKOX CIpPHSIOTH PO3BUTKY OakTepiil, SKi OKHUCHIOIOTH 3ai30, IO
JOJTATKOBO MIJBUIILYE WOTO KOHIIEHTpalio. 3MIHM KIIMaTy, 30KpeMa HarpiBaHHs
BOJAM Ta CE30HHI KOJMBAHHS, MOXXYTh BIUIMBaTH Ha PO3YMHHICTH 3amiza. lle
YCKJIAJIHIOE BOJOIIATOTOBKY, OCKITBKM BOJA 3 BHUCOKHMM BMICTOM 3alli3a Mae
crnenudigyHu CMaK, 3amax 1 MOXKe CIIPUYHUHSITH KOPO3110 BOJIONPOBITHUX MEPEK.

7. TBepaiCTh BOAM, KA BU3HAYAETHCSA KOHIICHTPAIIE€IO KAJBIII0 1 MarHiio y
BoAl. IlimBuiieHe BHMApOBYBaHHS BHACIIJOK MIJBULIEHHS TeMIEpaTypu
MPU3BOJUTH 710 30UIbIICHHS KOHIIEHTpAIl IUX COJIeH, IO MiJIBUILYE TBEPAICTb
BoaM. Takok 3MEHIIEHHS CTOKY 3a YMOB TNOCYX Ta HHU3bKOi BOJHOCTI CHpUSE
3pOCTaHHIO TBEPJOCTI, a/)Ke KOHIIEHTpAIlisl PO3UMHEHUX MIHEpaiB 3pOCTa€ 4epe3
iXHe HakonmM4YeHHs. Bucoka TBepaiCTh BOJM Ma€ HETaTUBHUM BIUIMB Ha BOAHY
TEXHIKY 1 BOJIOHArpiBaJibHI MPWJIAJNA Yepe3 YTBOPECHHS HAKUIy, IO 3HIKYE iX
€(EKTUBHICTh Ta CKOPOUYE TEPMIH CITYKOH.

Cynbdatu 1 HITpaTH TakKOX 3HAYHOIO MIPOK MiJAJAIOTHCS  BIUIMBY
KJIIMATUYHUX 3MIH, 1 IXHI KOHUEHTPALIl MOKYTh KOJIMBATUCS 3 PI3HUX MIPUYHH.

8. CynbdaTu, OCKUIHKM MIIBUINEHHS KOHIIEHTpAIlli cynbdaTiB Moxe OyTH
NOB’sI3aHE 3 THTEHCU((IKAIIEI0 epO3ii IPYHTIB Ta 3MUBY 3 CUIbCHKOTOCIOIAPCHKUX,
MIPOMUCIIOBUX PAMOHIB IT1]1 4YaC CHIILHUX JIOIIIB Ta MaBOJKIB, K1 CTAIOTh YACTIIITUMHU
yepe3 3MiHy kimimaTry. OKpiM TOro, 3pOCTaHHS BHUIIAPOBYBaHHS y BOJOWMAX,
30KpemMa MijJ 4ac MOoCyX, chpusie 30UIbIICHHIO KOHIIEHTpallii cyiabdaTiB depe3
HAKOMMYEHHsI PO3UMHEHUX cosied y Boji. [linBuieHuil piBeHb cynb}arTiB MOXKe
MOTIpIIyBaTH CMak BOAM Ta HETaTUBHO BIUIMBATH Ha 30POB'S JIFOJMHHU,
CIPUYUHSIIOYH PO3JIay TPABJICHHS MPU BUCOKUX KOHIICHTPAIiSIX.

9. Hitpatu, OCKUJIbKA BOHH MOXYTh JIETKO MOTPAIUIATH Y TIOBEPXHEBI BOJIH,
0COOJIMBO I1]1 Yac MaBOJIKIB 1 3HAUHUX OMaJIIB. 3MIHU B PEXKHUMI OIAJIIB, XapaKTEPHI
JUTST KIIIMAaTUYHUX 3MiH, TPU3BOASATH JO KOJMBAHL y KOHIIGHTpAIliSX HITPATIB,

30KpeMa JI0 IXHiX MKOBHX 3HAYEHbB ITICIIs IHTEHCUBHUX JIOTIIB.
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KniMaTu4Hi 3MiHM MOXYTb 3aroCTPUTH MPOOJIEMY MiABHILEHOTO pPiBHA
cynb(dartiB 1 HITpATIB y BOAHUX O00’€KTax, IO MOTpeOye amamTarii y cucTemax
MOHITOPUHTY Ta OYUILEHHS BOJIU.

OTxe, A1 MOAATBIIOTO JOCIIIKEHHS CTaHy TTOBEPXHEBUX BOJ OyJI0 00paHo
BICIM TIIpOXIMIYHMX TMOKa3HUKIB, yotupu 3 sikux (pH, BCK, minepamnizariis,
TBEPJIICTh) HAJIEXKATh JI0 IHTETPOBAHMUX.

TepMiH «IHTErpoBaHl TIAPOXIMIYHI MOKAa3HUKW» O3HAYa€ MapaMeTpu, Ha
BMICT SIKMX BILJTUBA€ CYKYITHICTh OKPEMUX XapaKTEPUCTUK Bou. Lle mapamerpu, siki
KOMITJIEKCHO MOXKYTh XapaKTEPHU3yBaTH SKICTh BOJM Ta il MPUAATHICTD JJI PI3HUAX
uuien. [HTerpoBaHi MOKa3HUKHU BiJOOpa)KarOTh B3aEMOII0 KIIBKOX YHMHHUKIB
OJIHOYACHO, OXOTUTIOIOYM KOMIUIEKCHUN BIUIMB MPUPOJHUX Ta AHTPOIOTECHHUX
nporieciB Ha BogHe cepefoBuile. OCHOBHMMM O3HAYEHHSIMH 1HTETPOBAHHUX
TAPOXIMIYHHMX MTOKA3HUKIB €:

o KOMIJIEKCHICTh OIIIHKA CTaHy BOJAM. [HTerpoBaHi MOKAa3HUKH, TaKl SK
BCK, minepanizalis, 3arajbHa TBEpAICTh, KUCIOTHICTH (pH) Tollo, Aat0Th 3MOTy
OIIIHUTH 3arajJibHU CTaH BOJHOTO 00'€KTa, BPAaXOBYIOYM B3aEMOJIII0 PI3HUX
PEYOBHH 1 €JIEMEHTIB Y BOJHOMY CEPEIOBHIILI.

o BinoOpaxkeHHs B3a€MO3B'SI3KIB  MDK mapamerpamu. Hanpuxknan,
po3unHeHuil kuceHb, BCK Ta BMICT opraHiYHMX pEYOBHH IOB’s3aHI MiXK COO0O0IO,
BiJIOOpa)Katourl AaKTUBHICTh MIKPOOPraHi3MiB Ta piBeHb 3a0pyJAHEHHS BOIU
OpraHIYHUMHM peUOBHHAMHU. Taki MOKa3HMKU TMOKAa3ylOTh HE TUIBKU HAasIBHICTh
NEBHUX PEYOBHMH, aje ¥ MpolLecH, 10 BiAOYBalOThCS y BOAl (HaNpHUKIAL,
PO3KJIaJIJaHHsI OpTaHiKK, eBTpOdIKaIis).

e 3pydYHICTh IS JIOBFOTPUBAJIOTO MOHITOPUHTY Ta  YIPaBIiHHA.
[HTETpOBaH1 MOKA3HUKH T03BOJISIFOTH JIETKO BIJCTEKYBATH 3MIHU SIKOCT1 BOJM B 4acl,
OLIIHIOIOYM BIUIMB MPUPOJHUX 1 AHTPONOreHHHMX 4YWHHUKIB. Lle monermrye
NPUUAHATTS YOPABIIHCHKUX PIIICHBb JJIs 30€pEeKEHHS €KOCHCTEM 1 3a0e3nedeHHs

notped y YUCTIi BOII.
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e MoOXIUBICTh 1HAMKAIII €KOJOTIYHOro CTaHy. [HTerpoBaHi MOKa3HHUKHU
CIy)XaTh 1HAMKATOpaMH €KOJOTIYHOTO CTaHy BoAHOro o0'exta. Hampuxman,
M1JBUILIEHHS KOHILIEHTpPAIlli HITPATIB MOX€E BKa3yBaTH Ha €BTPOQIKAIIiI0, a HU3bKUHN
pIBEHb PO3YMHEHOTO KHUCHIO MOK€ CHUTHaII3yBaTH NpO HAAMIpPHE OpraHiuHe
3a0pyTHCHHSI.

OTtxe, IHTETpOBaH1 TAPOXIMIYHI MOKA3HUKU — 11€ KOMIUIEKCHI 1HAMKATOPH,
IO JOTOMAararmTh JOCTIKYBAaTH 3arajlbHUN CTaH BOJHOTO CEpeJOBHUINA, HOTO
BIJIMOBIJIHICTh E€KOJIOTIYHUM HOpPMaMm, a TaKOXX OI[IHIOBAaTH BIUIUB 30BHIIIHIX
YUHHUKIB, TAKUX K KJIIMaTUYH1 3MIHU Ta aHTPOTIOT€HHE HABAHTAXCHHSI.

HactymHuM kpokoMm mocmifkeHHs Oyno BHOIp 1 OOTpYyHTYBaHHSI ITYHKTIB
CIIOCTEPEKEHb, SIK1 MOJJAaHO HA KapTi puc. 4.1.

IIyHKTH CrTOCTEPEKEHB:

1. c. HoBorpuropiBka (Hmxk4e M. Bo3Hecencrka; 47.521062, 31.415568);

2. ¢. KoBaniBka (47.250418, 31.736822);

3. By3bkuii iuman (M. Mukomnais, paiion TEILL; 46.942608, 31.988113).

anbCoKe:

[ Dymivske
[ Oumiscke

Puc. 4.1. IlyHKTH cTIOCTEPEKEHB 32 AKICTIO OBEpXHEBUX BOJ [liBIeHHOTO

byry y Mmexxax MuxkonaeBa Ta MukoJ1aiBCbkoi 00J1acTi.
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Bubip myHKTIB criocTepekeHb y Mexax micta MukosaeBa i MukomaiBChKOi
00acTi OOMOBJICHHI TaKUMU KPUTEPISIMU:

e PenpesenratuBHicTh. [lyHKTH Bi10Opa)aroTh TUIIOBI YMOBH SIKOCTI BOAH
B PIUKOBIA cucTeMl Ha oOpaHiii tepurtopii. Touku BimOOpy oOHparoThCs, 1100
BIJICTE)KYBAaTH SIK aHTPOTIOT€HHI, TaK 1 MPUPOIHI (PaKTOPH, 110 BILTUBAIOTH HA BOIHI
€KOCUCTEMHU.

e [IpocropoBe oxomueHHs. IIyHKTH BiIHOCHO MOKPHUBAIOTh TEPUTOPIIO
BOJJHOTO 00’€KTa, IO JOCTiIKYEThCA. X po3MmileHo y BepxiB’i Teuii momo micTa
MukonaeBa, Ha TEpUTOPIi MiCTa.

e AwnTpornoreHHui BimB. [IyHKTH 00paHo y pailoHax 13 BUCOKUM BILTMBOM
aHTPOINOTEHHOI JISUIbHOCTI, TOOTO, Mo0M3y MicT Bo3HeceHchk Ta Mukonais, 110
JT03BOJISIE OIIHIOBATH MIPSIMUM BIUTUB JISTTBHOCTI JIFOJAUHU HA SKICTh BOJM.

e [imponuHamiuHi yMOBU. BpaxoByeTbcs Teuis BOJM, TOOTO IYHKTH
00paHo y MiCLfX, J€ XapaKTePUCTHKH MOTOKY MO3BOJIAIOTH OTPUMATH HAHOLIBII
cTaO1IbHI Ta JOCTOBIPHI JaHI.

e biojoriyHa pi3HOMAaHITHICTh. [IyHKTH OOMpaHO y MICISX 13 THUIIOBOIO
PI3HOMaHITHICTIO BU/IIB.

e JloctynHicTe Ta Oe3neka. Micus CHOCTEpEKEHb € IOCTYMHUMH s
JIOCITITHUKIB, @ YMOBU — O€3MEYHUMH JIJIs1 IPOBEICHHS B1I0OPIB.

e [cropuuHi AaHi Ta MomepeaHi AOCTiHKeHHS. BukoprucTaHo HasBHI JqaHi
PO AKICTh BOJIM B KOHKPETHOMY MICII, 1110 I03BOJISIE 3a0€3MEUUTH MOCTIIOBHICTD Y
crioctepexxeHHsx ([lomarok E).

OTxe, 11 KpUTEPIl TO3BOJIWIM BUOPATH ONTUMAIbHI TOYKU AJI1 MOHITOPUHTY,
00 OTpUMAaTH MOBHY Ta JOCTOBIpHY 1H(POPMAIIIIO TIPO SKICTh TOBEPXHEBUX BOJI Y
MeXax JIOCHIIKyBaHOT TepuTopii micta MukomaeBa Ta MukosnaiBchbKoi 00JacTi.

Jlo Toro, oOpaHi MyHKTH CIOCTEPEKEHb MO3BOJIIA BIJCTEKUTH HHU3KY
(b13UKO-XIMIYHUX MapaMeTpiB, IHTETPOBAHUX MMOKA3HUKIB, K1 OyJI0 OMUCAHO BHUIIIE.

[IynkTy 3a0e3meunsii MOXKJIMBICTH PETYJISIPHOTO BIIOOpY MPoO 3 OJHAKOBUMHU
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YMOBaMH JOCTYIly, LIO0 JO3BOJWJIO JOTPUMYBATHCh CTaHAAPTIB SIKOCTI MJis
ngaboparopHoro anamizy. Koxxxy Touky Oyno KOOpAMHOBAHO Ta TE€OMPHB’S3aHO,
100 TOJIETHIMTH JIOBFOCTPOKOBE MOHITOPUHIOBE CIOCTEPEKEHHS, MOPIBHIHHS

JAHUX Ta 3MIMCHIOBATH MTPOTHO3HI 00YNCIICHHS.

4.2. locaigskeHHs1 3MiHU MOKA3HUKIB po34uHHOI0 KUCHIO i BCKG:.

BusznaueHo, mo nokazHuku po3unHHOro kucHio 1 BCKs 3HauHOIO0 Miporo
3ajiexaTh Bl TaKUX KIIMAaTUYHUX YUHHUKIB, K TeMIlepaTrypa MOBITPS 1 BOIM;
aKTUBHICTh COHSYHOI pajiiallii; KUIbKICTh ONaJiB; BITPOBI YMOBH; TPUBAIICTh JIHA 1
HOYI, a TAKO>K CE30HHI 3MIHH.

Yum BHUIIA TEMIIEPATypa, TUM MEHIIIE KUCHIO PO3UYHUHSAETHCS Y BOJIL. Y TeIl
nepioar piB€Hb POZYUHHOTO KMCHIO YACTO 3HMKYETHCS, IIO0 MOXKE MPU3BECTH JI0
cTpecy JUlsl BOJHMX Oprasi3MiB. BoaHowac BHcOka TemmepaTypa CTHUMYJIIOE
OlosoriyHy axkTuBHICTh, 10 30utbinye BCKs, amke Oakrepii aKTUBHILIE
PO3KJIaJal0Th OpraHiyH1 peUOBUHHU, TOTJIMHAIOYN KHCEHb.

CoHsiuHE BUIIPOMIHIOBAHHS CTUMYIIIOE (DOTOCHHTE3 Y BOJIOPOCTSX Ta THIIMX
(OTOCUHTE3YIOUMX OpraHi3Max, L0 CIpHUs€ 30araueHHI0 BOJAM KHCHEM Y CBITJIMM
gac no6u. IIpoTe BHOUI Iei MpoOIeC MPUITHMHSAETHCS, 1 KHCEHb CIIOKUBAETHCS JIJIS
JTUXaHHS BOJHUX OPTaHI3MIB, 1[0 MOYKE 3HH)KYBAaTH MOTO PiBEHb.

KisbKicTh onaaiB Ta CTiK MOXYTh BIUIMBATH HA BMICT PO3YMHHOTO KHCHIO,
OCKUIbKM MaBOJKM Ta JOLIl YacTO MPUHOCATH 13 €000 3HAYHY KUIBKICTb
OpraHiyHuX pedyoBHH 13 IpyHTY. Lle 30u1biye BCKs, ockinbku opraHiyHi pe4oOBUHU
PO3KJIaAaI0ThCs 1 CIIOKUBAIOTh KUCEHB. OKPIM TOTO, TT1]T YaC MAaBOJIKIB BIIOYBAETHCS
NIepEeMIIITyBaHHS BOJM, IO MOXE CHPHUSATH KOPOTKOYACHOMY ITiJIBUINICHHIO PiBHS
KHCHIO.

Bitep cnpusie mepeminryBaHHIO BOJM 1 1i HACUUEHHIO KUCHEM, OCOOJIUBO Y
BEJIMKUX BOJHUX 00'ekTax. BiTpoBe mepemillyBaHHS CIpUSE€ MPUTOKY KHUCHIO 3

atMocdepu 10 TIMOMHHKUX IIapiB, MOKPAIYIOUU aepallito.



181

VY pi3Hi ce30HU TeMITepaTypHI 1 CBITJIOBI YMOBH 3MiHIOIOTHCSI, BIUTUBAIOYN HA
nuHaMiKy po3umHeHoro kucHO Ta BCKs. Hampukiam, HaBecHi 1 BIITKY uepes
aKTUBHUM PO3BUTOK BOJOPOCTEH BiJIOYBAETHCS IMiJIBUIICHE BUAUICHHS KHUCHIO
BJICHB, aJIe B TEILJI1 MEP10I1 TAaKOXK MOCHITIOETHCS PO3KIIAl OPraHIYHUX PEUOBHUH.

TpuBanicTh HS 1 HOUl BIUIMBA€e Ha OalaHC MK (DOTOCHHTE30M 1 IUXAHHIM
opraHi3MiB. Y JOBT1 JiTHI JH1 3pocTa€e (POTOCHHTETUYHA aKTUBHICTh, 30UIBIITYIOUH
pIBEHb KUCHIO, @ B KOPOTKI 3MMOBI JTHI LIeH IPOLEC 3HUKYETHCS.

[ToenHanHs JOCHIKEHHSI PO3YMHHOTO KUCHIO 1 O10JI0TTYHOTO CIIOKMBAHHS
kucHIo (BCKs) y BogHUX ekocucTemMax JOLUIbHE Yepe3 iXHIO TICHY B3a€MO/I110, 1110
JTI0O3BOJISIE KOMILUIEKCHO OI[IHUTH €KOJIOTTYHHI CTaH BOJHOTO cepelioBHIla. PiBeHb
PO3YMHHOTO KUCHIO € KPUTHYHO BAKIIMBUM JIJI BCIX a€pOOHUX OPraHi3MiB Yy BOJIL.
Boanouac BCKs Bka3dye Ha KUIBKICTh OpPraHIYHMX PEYOBUH, IO MHOTPEOYIOTH
po3KiiajaHHs 3a y4acTio KucHio. Bucokuit piBeHb BCKs o3Hauae 3HauHe
CHOKMBAHHS KUCHIO OaKTEepisIMU JUIsl PO3KJIAJaHHS OpPTaHIKH, L0 3HUXKYE HOro
KOHLEHTpalito y BoJi. OTxe, BBaXAEMO, IO 1[I MOKA3HUKH MAalOTh 3BOPOTHY
3anexHicTh: BUCOKUI BCKs Moxke mpU3BOAUTH 10 HU3BKOTO PIBHS PO3YUHHOTO
KHCHIO, 1 HaBITaKH.

JlociiKeHHsT pO3MOIiTy 03HAYEHUX MTOKAa3HUKIB T03BOJISIE BUSIBUTU PIBEHb
AHTPOIIOTEHHOTO BIUIMBY Ta CTYIiHb 3a0pyJAHEHHS OpPraHIYHUMHU pPEIITKaMHU.
3umxenHs kucHioo 1 miaBuiieHHss BCKs wacTto Bka3yioTh Ha eBTpodikaiito adbo
NOTPAIUIIHHA CKUIB Y BoAokMy. OOnBa MOKA3HUKH YYTIWBI 10 KIIMaTHYHUX 1
CE30HHUX 3MiH (HalpUKJIaJ, TeMIiepaTypa noBiTps). JociiaKeHHs iX po3noAiny B
yaci jJoromarae 3pOo3yMITH BIUIMB KJIIMAaTMYHUX YWHHUKIB Ha O10reoXimiuHi
npouecH y Boal. Hanpukian, y Teri nepioan MOXHa O4iKyBaTH 3HM)KEHHS KHCHIO
ta 3poctanHs bCK yepe3 migBuieHy 610J10r14Hy aKTUBHICTb.

CriBBigHOIIEHHS MK po3unHeHuM kucHeM 1 bCKs € iHaukaTopom crany
BO/AHOI ekocuctemu. Husbkuii piBeHs kucHio npu Bucokomy bCKs moxke cBiguntu

po KUCHEBUH nedinuT 1 HeOe3neKy s riapoOioHTIB. PerynspHuii MOHITOPUHT
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pO3MOAUTY IIMX TIOKa3HUKIB JO3BOJISE OIIHIOBAaTH, YH 3/laTHA BOJONMa
HiATPUMYBATH 310pOBE O10p13HOMAHITTSL.

BCKs noB’si3anuii 3 nmporecaMmu po3KiIaJaHHs OPraHIYHUX PEUOBHH, IO €
YAaCTUHOIO TPUPOTHOTO CAMOOUYHIIEHHSI BOJAOWM. J[OCHIKEHHS BMICTY KHCHIO 1
BCKs nae ysBiieHHs Tpo 3[aTHICTh BOJIHOT CUCTEMH JIO CAMOOYUIIICHHS, BUSIBIISIOUN
pIBHOBAry Mk HaJXOJ[XKEHHSIM 3a0pyHEHB Ta iIXHbOIO 00POOKOI0 EKOCHUCTEMOIO.

OTxe, MO€AHAHHA BUBUYEHHS LHUX IMOKA3HUKIB Yy JOCHIKEHHSIX JO3BOJISE
noOyayBaTH IUTICHY KapTUHY €KOJOTIYHOrO CTaHy BOJHHUX PECYpCIB, OLIIHUTH iX
CTIMKICTh /10 3a0pyJHEHb 1 BIUIMB 30BHIIIHIX YMHHUKIB Ha (DYHKIIOHYBaHHS
exocucteMu. Tak, Ha OCHOBI BHILE€3a3HAYEHUX AaCMEKTIB Mepe]l HaMU MOCTaIH
3aBJIaHHS:

1. JocmiaguTu 4yacoBy AMHAMKY 3MIHM MOKAa3HUKIB PO3YMHHOTO KHUCHIO 1
BCKs;

2. JIocHiAUTH TPOCTOPOBY TMHAMKY 3MIHM MOKa3HHUKIB PO3YMHHOTO KHCHIO 1
BCKs;

3. Busznauutu 1 oOOrpyHTYBaTH MPOCTOPOBO-YACOB1 3aKOHOMIPHOCTI JJUHAMIKH
MOKa3HUKIB po3unHHOTO KHUCHIO 1 BCKs.

I'padik puc. 4.2. neMOHCTpYe 3MiHY BMICTY PO3YUHHOTO KHCHIO YIIPO10BXK 40
POKIB (3 POTHO3yBaHHSM Ha MailOyTHE). CrOCTEPIra€ThCsl MOCTYIMOBE 3HUKEHHS
PiBHS PO3YMHHOIO KUCHIO. TpEeHI0Ba JiHIS Ma€ HEraTUBHUN HaXWJI, IO BKa3ye Ha
3arajbHE 3HIDKCHHS MOKA3HUKIB 3 pokamu. PiBHSHHS TpeHIy BKa3ye Ha crajn 3
koeditienToM Haxuiy -0,0967. Le o3Havae, 1110 HIOPIYHO BMICT PO3YUHHOTO KUCHIO
3MeHIyeThes pubnnsHo Ha 0,097 oquanne. Koedinient nerepminanii R = 0,3809
CBIAYUTH Mpo Te, M0 O01m3bko 38% 3MiH y BMICTI PO3UMHHOTO KHCHIO MOYKHA
MOSICHUTH ITUM JIIHIMHUM TpeHaoM. [le o3Haudae, 110 JaH1 MarOTh 3HAYHUN PIBEHBb
BapiabeIbHOCTI, 1 Ha KOHIIEHTPAI[I0 PO3YMHHOTO KMCHIO MOTJIM BIUTMBATH ¥ 1HIII
YUHHHUKH, a caMe 3MiHa KJIiMaTy, 3a0pyAHEHHS BOAM Ta 3MIHH Y BOJHOMY PEKUMI.

[TomiTHO, MmO Ha mouaTtky nepioay (3 1980-x mo 2000-x) 3HaYeHHS

PO3YMHHOTO KUCHIO OYJIH JJOCUTh HECTAOUTEHUMH, 3 TOMITHUMU MTIKAMU Ta CTIaJIAMH.
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[Ticist mporo mepioxy CHOCTEpIra€eThCcsl BIAHOCHA CTaOLIi3alis 3 TEHACHLIEIO 10
3HmkeHHs . OTxe, rpadik BKa3dye Ha TMOCTYNOBE 3HIKEHHSA PIBHA PO3UMHHOTO
KHCHIO 3 4YacoM, 1110 MOX€ CBITYMTHU MPO JAETPaAalliio sIKOCTI BOANU a00 3MEHIIICHHS
3JaTHOCTI BOJHUX CHCTEM MiATPUMYBATH JOCTATHINA PiIBEHb KUCHIO.
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Puc. 4.2. Jlunamika po34MHHOTO KUCHIO Y MTYHKTI1 CIIOCTEPEKEHD

c. HoBorpuropiBka (Hux4e M. Bo3HeceHchbKa).

Ha rpadiky puc. 4.3 Bi1oOpakeHO TpU MOJENI, 10 OMUCYIOTh 3aJIEXKHICTh

MDK CEPEIHbOIO0 PIYHOIO TEMIIEPATYPOIO BOJIU T4 BMICTOM PO3YMHHOTO KHCHIO.

AﬂpOKCI/IMaLliH 3a/1€XKHOCTI PO34MHHOI0 KNCHIO Biﬂ, TeMnepaTtypw sogu

17+ X X Jani
— JliHiHa Moaens
—— KsagpaTuyHa mogens
EKCroHeHUiankHa Moaens

161

X
x

-
ul
x

-
'S

o
w

.

N

X
x

BMIcT po34YWHHOro KUCHI (Mr/n)
x

11 x

101

10 11 12 13 14 15
TemnepaTypa soau (°C)

Puc. 4.3. Mopneni 3a1€KHOCT1 BMICTY pO3YHHHOTO KHCHIO

BiJl TEMIIEpaTypHu BOAM.
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Jliniina Mojenb (4YepBOHA JIiHIA), IKa OMUCYEThCS piBHAHHAM y=0,36x+7,77,
€ HaWIpOCTINIOI, aje BOHA MEHII TOYHO omucye naHi. KBajapatuuHa MoJenb
(3enena ninis) y=0,15x?—3,42x+31,46 kpaie BifOUBac HENiHIHHICTD y JAHUX, 11O
BUIHO 3 11 popmu. KpuBa nokasye HenmiHiiHY 3a€KHICTb, BMICT KUCHIO CIIOYATKY
3MEHIITYEThCS 13 MIJBUIICHHSAM TeMIIEpaTypH, a MOTIM IMOYHMHAE 301IBITYBATHUCH.
O4eBuHO, 0 HA PO3YMHHICTH KMCHIO MOTJIM BIJIMBATU W 1HIII YMHHUKH, SK1 HE
MOKYTbh OyTH BpaxoBaHI B JlaHiil Mojeni. EKcrioHeHIianbHa Moieib (IoMapaHyeBa
ninisg) y=8,63x105-e 861074x4-12 34 nemoHCTpy€e MeHILY BifNOBiqHICTL, HMOBIPHO
yepes 0COOMBOCTI MTOBEIIHKY 3MIHHHUX.

Ha rpadiky puc. 4.4 300paxeHa quHaMiKa 3M1H KOHIICHTpAIlii pO3YHMHEHOTO
KHCHIO y MYHKTI criocTepekenb c. KoBamiBka (47.250418, 31.736822). Tpennosa
JIHIS TTOKA3ye€ 3arajibHe 3HUKEHHS KOHIEHTpallli pO3UMHEHOTO KUCHIO 3 yacoM. Lle
MIATBEPKYEThCS piBHSHHAM perpecii: y=—0,1397x+288,96. Koedimient -0,1397
BKa3ye Ha TMOCTYNOBE 3MEHIICHHS 3HAYeHHsS po3unMHeHoro KucHio. [Ipore,
xoedinienr gerepminanii R? ~ 0,3 cBiquuTh npo cinabKuii 3B’SA30K MiX 4acoMm i
KOHIIEHTPAIIEI0 KUCHIO, III0 03HAYaE, M0 3HUKEHHS KOHIICHTPAIlli MOXE 3aJiekKaTH
TAaKOX BIJl IHIIMX YWHHUKIB, HE BPaxOBaHUX Yy LbOMY TIpadiky. 3MEHIIEHHS
KOHIIEHTpAIlii KUCHIO MOK€ OYTH HACJIIIKOM TOTIPIIEHHS SKOCTI BOJU (HAPUKIIA],
yepe3 3a0pyAHEHHs, eBTpoQIKaIlil0 YW TMIJBHUINCHHS TEMIIEpaTypyu BOJM).
[lepioauyHi CrijIeCKH KOHIIEHTpAIlli KUCHIO, UMOBIPHO, TIOB’s3aH1 3 CE30HHUMHU YU

JIOKATbHUMHU YMHHUKAMHU (0Taid, BOJOOOMIH TOIIIO).

[EEN
(6]

y =-0,1397x + 288,96
R?=0,2965

=
o

0
2000 2005 2010 2015 2020 2025 2030

MNepiog,

PO3UYMHHMI KMCeHb, mr/n
(2]

Puc. 4.4. [lunamika BMICTy PO3YMHHOTO KUCHIO Y BOA1 Y IYHKTI

crioctepexxenb ¢. KoBamiBka.
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3rigHo 3 rpadikoMm puc. 4.5 y myHKTI crocTepexeHb M. MukonaiB (paiion
TELL; 46.942608, 31.988113), TakoXX CIOCTEPITa€ThCcsl UiTKAa TEHACHINIO [0
3MEHIIIEHHsI KOHIICHTpAIlli pO3UMHEHOTO KUCHIO Y BOJII YIPOJOBXK aHa130BaHOTO
nepiony. Ile € TpPUBOKHUM CUTHAJIOM, OCKIJTBKH KUCEHb € KUTTEBO BAKIUBHUM IS
O1IBIIIOCT1 BOJIHUX OpraHi3MiB. JIiHis TpeHY MIATBEP/KYE 3araibHy TCHICHITIO J10
3HMKEHHS. [i HeraTUBHUIT HaXUJI BKa3ye HA Te, 10 3 4aCOM KOHIIEHTpALlisl KHCHIO
3MEHIIYeThCs. He3Bakarouum Ha 3arajbHy TEHJEHIII0, CIOCTEpIraloThCsl 3HAYHI
KOJIMBaHHSI KOHIICHTpAIlli PO3UYMHHOTO KHCHIO B POKYy 10 poky. Lle Moxe Oytu
MOB'SI3aHO 3 PI3HOMAHITHUMH YNHHUKAMU, TAKUMHU K CE30HH1 3MiHU, KOPOTKOYACHI1

3a0pyaHEHHS a00 1HIII JOKaJIbHI MO/IIi.

N
o

y =-0,2011x + 416,67
R2 = 0,6087

[N
(6]

.....

.......

(O, ]

PO3YMHHUI KNCEHb, Mr/n
=
o

0
1995 2000 2005 2010 2015 2020 2025 2030

Mepiog,
Puc. 4.5. Jlunamika po34MHHOTO KUCHIO y MYHKTI CIIOCTEPEKEHB

M. MukomnaiB (paiton TEI).

Koedimient gerepminaiii R = 0,6087, o o3Hauae, 1o npudauzHo 60,87%
Bapiallii KOHIEHTPALIl PO3UMHHOIO KHUCHIO MOKHA TTOSICHUTH J1HIHHOIO 3aJ1€KHICTIO
BiJl yacy. [HImMM# cioBamu, MOJIETh, IPEACTABIICHA JIIHIEIO TPEHIY, TOCUTH J00pe
OMHCY€E 3arajbHy TEHJICHIIIIO 3HM)XCHHS KOHIIEHTpallli KUCHIO, aje € ¥ 1HmI
YUHHHKH, K1 BIUIMBAIOTh Ha IIEH Mpollec 1 He BpaxoBaHI B MOJCII. fIMOBipHHMI/I
MPUYMHAMY 3HMDKCHHSI KOHIIGHTpAIlli KUCHIO €: 3a0pyIHEHHS BOJ Yepe3 CKHUIaHHS
CTIYHUX BOJl, IPOMHCJIOBUX BIJIXO/dIB Ta CUIbCHKOTOCTIOMAPCHKUX JT0OpUB;

eBTpoQiKalliio; 3MiH KJIIMaTy 4epe3 MiIBUIEHHS TEMIIEPATypH BOIU MOXKE 3HUZUTHU
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il 37aTHICTh PO3YMHSTH KHCEHb, IO TAKOXX MOXKE CIPHUATH 3MEHIICHHIO HOTO
KOHIICHTpAITii.

Ha rpadiky puc. 4.6 BUaHO, K 3MIHIOBJIUCH CEPE/IHI PIUHI TEeMIleparypa
BOJAM Ta BMICT PO3UYMHHOTO KHCHIO y BoAl 3 1997 mo 2024 poku y MyHKTI

crocTepekeHb M. MukouaiB (paiion TELL).

Trends of Water Temperature and Dissolved Oxygen (1997-2024)

Temperature (°C)
18 —e— Dissolved Oxygen (mg/L)

16

Values

12

10

2000 2005 2010 2015 2020 2025
Year

Puc. 4.6. Jlunamika TemriepaTypa BOAM Ta BMICTY PO3YMHHOTO KUCHIO Y BOJII

y IMYHKTI cnoctepexenb M. Mukoznais (paiion TELL).

Temmeparypa Boau Mae TEHACHIIIIO JI0 KOJIUBaHb, 3 MIHOMaMH 1 CiajamMH,
pOTE€ MOMITHUI MOCTYNOBHI 3picT y ocTaHHl poku (20202024 pp.). 3HaueHHs
PO3YMHHOTO KHCHIO MAarOTh 3BOPOTHY 3aJICKHICTh BiJI TEMIEpAaTypu — BHII
3HAYEHHs Ha IOYaTKY Mepiojly, ajie BOHU MOCTYNOBO 3HIKYIOTHCS, 0COOIMBO MICTsS
2010 poxky.

I'padix puc. 4.7 neMOHCTPYIOTh 3MiHY KOHIIEHTpaIlli KUCHIO JJisi OOpaHuX
MyHKTIB criocTepekeHb. Y 2003 polii KOHIEHTpallii KUCHIO € HarBuuMH (10 15,23
Mmr/in), a 'y 2024 poui — OAHMMH 3 HaWHWXK4YUX (MiHIMYyM 6,12 mr/m). HaiiBum
MOKA3HUKN PO3YMHHOTO KHCHIO criocTepiraloteest y 2002—2004 pokax, mocTyImoBe
B110yBa€ThCS 3HIKEHHS 10 cTadTi3allii Ha piBHI 61u3bko 10 Mr/n. [luHamika Moxke
CBIAUATH TPO Kpalui CTaH BOAM Yy BEpXiB’sX. Y TOUIl CHOCTEPEXEHb |

(HaliganplIiid BiJ TUpJA) SIKICTh BOJIM 3aIHMILAETHCS KPAILIOIO 3aBASKA MEHIIOMY
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3a0pyJHEHHIO Ta aKTHUBHIIIOMY KMCHEBOMY OOMiHY. Y Touri 3 (HailOmmxk4viil g0
TUpJIa) 3HUKCHHS KUCHIO BUKJIMKAHE HAKOTTMYCHHSIM 3a0py/THEHB Ta HETOCTATHBOIO
IIBUJIKICTIO CAMOOYHIIIEHHS. SIKIO MOTOYHI TeHCHIIT 30epeKyThCs, TO y TOUIll 3
MOKE CITOCTEPIraTUCA KPUTUYHE 3HWKCHHS KUCHIO JI0 PIBHSA, HEOE3MEYHOTO IS
exocucteMu (Hrkue 5 mr/im). Touka criocTepekeHb | € HaWMEHI YyTIMBOO JI0

3MiH, aJIC TAKOXK MOKC JCMOHCTPYBATHU ITOCTYIIOBC 3HUIKCHHAI.
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Puc. 4.7. Jlunamika 3MiHU BMICTY PO3UMHHOTO KHCHIO y ITyHKTaX

CIIOCTEpEXKEHB 1, 2, 3.

I'padix 3amexnocti BCKs Bim wacy momano Ha puc. 4.8. Crocrepiraerbcs
sumkeHHss BCKs y mepiog 13 1980-x mo 2020-x poki. Lle miaTBepmKyeThcs
TPEHJOM, 3aJaHUM pIBHSHHSAM JiHIMHOI perpecii. KoedimienT nerepminarii
(R?=0,4242) BKa3ye Ha c1a0IIy 3aI€KHICTh Mixk 9acoM i 3HmkeHHsAM bCKs. Jlinilina
perpecis nosicHioe nuie 42,4% 3MiH y JaHUX, @ PEIITY MOXKYTb MOSCHIOBATH 1HIII
yunHukd. [louatkoBe 3HmxkeHHs BCKs moxke Oyt moB’si3aHe 3 MOKpaIICHHSIM
€KOJIOTIYHOI ~ CHUTYyallli, 3MEHUIEHHSM opraHiyHoro 3a0pynHeHHs. Ilporte,
nigsuieHHs micas 2020 poky MOXKYTh CHUTHaNI3yBaTH TMPO 3BOPOTHINA TPEHI,
HANpUKIIAJ, 4Yepe3 BIUIMB aHTPONOTCHHUX YHHHHUKIB YM 3MIHH y TNPUPOIHHUX

nmpouecax.
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y =-0,0671x + 137,27
R2 = 0,4242

1980 1990 2000 2010 2020 2030
Mepiog,

Puc. 4.8. lunamika BCKs y myHKTI crioctepexeHb

c. HoBorpuropiska (Huxue M. Bo3HeceHChKa).

Ha rpadiky puc. 4.9 BigoOpaxkeHO MOJeNi, 1110 OMUCYIOTh 3aJIEKHICTh MIK

CepeIHbOI0 plyHOI0 Temneparyporo Boau Ta bCKs.

Anpokcumauia 3anexxHocTi BCK Big TemnepaTypyn Boaw

% ani (BCK) x
—— JiHiiHa anpokcumMallis (R? = 0.08)
—— MMoniHomianeHa anpokcvmadis (R? = 0.33)

BCK (mr/n)

10 11 12 13 14 15
TemnepaTypa Boawn (°C)

Puc. 4.9. Moneni 3anexHocti bCKs Big TemnepaTypu Boau

y MYHKTI cioctepexens ¢. HoBorpuropiska (Hux4e M. BosHeceHChKa).

PesynbraTu anpoxcumariii 3anexxnocti bCKs Bin Temmeparypu Boau (puc.
4.9) nemMoHCTPYyIOTh JHiHIWHY Monens depe3 piBHsHHA: BCK=0,329-T—1,433 3
koedimientoM nerepMminaiii R?=0,08, 1 mojsiHOMiaibHY MOJienb (2-TO CTYIEHS)

uepes piBusanns: BCK=0,353-T2-8,565-T+54,233 3 koe(iuienTom gerepminarii R>=
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0,33. TlomiHOMiaapHA MOJEINB IPYTOTO CTYIEHS 3HAYHO KPAIlle OMUCYE 3aICKHICTh
Mix TemmepaTyporo Boau 1 BCK (Bummit koedimient R?), mosicaioe nume 33%
Bapiailii, 1[0 BKa3y€e Ha HEMHIWHY IPUPOTY ITI€T 3aI€KHOCTI.

Huuamiky BCK y mnOyHKTI cmocTepeeHb y MYHKTI CIIOCTEPEXEHb C.
KoBaniBka nonano Ha puc. 4.10. 3aranom, criocTepiraloTbCsi He3HAYH1 KOJIMBaHHS
3HaueHb y Mexax [JIK i3 HeBemWKMM HaxwWIOM JiHii TPEHA y JO0 MOCTYIOBOTO
HE3HAYHOTO 3pOCTAHHS.

3,5
3
2,5
2
1,5

1

0,5

0
2000 2005 2010 2015 2020 2025 2030

Puc. 4.10. lunamika BCK y mynkTi cioctepexxens ¢. KoBaniBka.

Ha rpadiky puc. 4.11 BigoOpaxeHo Mojell, 0 OMUCYIOTh 3aJICKHICTh MIXK

CepeaHbOI0 piuHOI0 TemmnepaTyporo Bojau Ta BCKs y myHKTI criocTepekeHp 2.

BODS5 vs Temperature: Linear and Quadratic Models

X
X

3.0F

25F

2.0f

BOD5 (mg/L)

15 x

X Measured Data
— Linear;y = 0.07x + 1.22
—— Quadratic: 0.02x%* + -0.37x + 3.99 x
9 10 11 12 13 14 15 16
Temperature (°C)

1.0f

Puc. 4.11. Mogemni 3anexunocti BCKs Bix Temneparypu Boau

y IyHKTI1 ciocTepekeHb ¢. KoBasiBka.
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Yepsona miHig puc. 4.10 onucye miHiitHy moaens y=0,07x+1,22; 3eneHa JiHis
— kBagparuuny mMogens y=0,02x2—0,37x+3,99. Jliniiina Mozeb MOKa3ye IOMIpHY
MO3UTHBHY TEHJIEHIIII0, 1110 31 30uIbiIeHHsIM TeMiiepatypu BCKs 3pocTae.

KBagpatnuna Mojens Kpaiie OMHCY€E 3alIeKHICTh, BPAaXOBYIOUHM BUTHHH
JAaHUX, OCOOJIMBO Yy Jiama3oHax HWXKYMX 1 BUIIMX TeMmrepatyp. [lpu Hu3bKHUX
cepennix temmneparypax (10-12°C) BCKs mae TeHaeH1i0 10 3HMXKEHHS, IO,
HMOBIPHO, MOB'A3aHO 3 MEHIIOK AKTUBHICTIO MIKPOOPTaHI3MIB 32 YMOB HHU3BKOI
TeMIlepaTypu BoJu. Y cepeaHbomy temneparypHomy nianaszoni (12—14°C) BCKs
CTaOUTI3Y€eTHCS, JEMOHCTPYIOUN MiHIMaIbHI 3M1HHU. 32 BUCOKHUX TEMIIepaTyp (IoHaT
14°C) BCKs mnoumHae 3pocTaTH, IO MOXE MOSCHIOBAaTHCS aKTHBI3ALIEI0
MIKpOOIOJIOTTYHUX TIPOIECIB Yy Temni Boal. Mojenb JEMOHCTPYE MIHIMYM Y
cepeHbOMY Jiama3oHi Ttemnepatyp (mpubiuzno 12-13°C), mo BiamoOBigae
3HIDKEHHIO MIBUJKOCTI O010XIMIYHUX TPOIIECiB 3a UX yMOB. Ll Touka MiHIMyMy
MO>Ke B110OpakaTh ONTHUMAaJIbHI YMOBH JJI CLIOBUIBHEHHS! OKUCHEHHS OPTaHIYHUX
PEYOBHH, IO XapaKTepHO IS TepeXimHuX TemrepaTyp. KpaapatnaHa momens
BpPaxOBY€ BIUIMB JIEKUIBKOX YHMHHHKIB, a CaMe: 3HIKCHHS PO3YMHHOCTI KUCHIO Y
BOJIl 3 TIJBUIICHHSM TEMIEpaTypu, 10 cTuMmymdtoe 3poctaHHs BCKs; 3miHa
aKTUBHOCTI MIKPOOPTaHi3MiB 3a Pi3HUX TeMIlepaTypHuX yMoB; 3poctanHsi bCKs nmpu
BHUCOKHX TE€MIIepaTypax Moke OyTH HACIIIKOM PO3BUTKY TIIOKCUYHUX YMOB, KOJIH
BOJIHI OPTaHI3MM IMIBUIIIE CHOXKHBAIOThL KUCEHb. KBajpaTuuHa MoOJeNb TOYHIIIE
OIMHCYE CKIAAHICT O10JI0TIYHUX Ta XIMIYHUX MPOIIECIB Y BOJHUX €KOCUCTEMAX, SIKi
HEJIHIMHO 3a1eXaTh B1Jl TeMIEpaTypHu.

Hunamiky BCKs y myHkTi cnoctepexenb M. Mukosnais (paiion TEL]) nogano
Ha puc 4.12. OcHOBHI TEHACHIIIT BU3HAYAIOTh 3HAYHY BapiaOeNnbHICTh, 10 CBIIYUTH
po HecTaOUIBHICTH MpoleciB. He3pakaroun Ha 3HAYHI KOJMBAaHHS, BUPAXKEHOTO
TPEHIy BHHU3 YIPOJOBX YCHOTO MEPIOAY CIIOCTEPEKEHHS HE CIIOCTEpPIraeThCs.
Mo>kHa 3a3Ha4YMTH HAsBHICTh KOPOTKOYACHHUX LUKJIIB IMiIHOMIB 1 CIIaJ(iB IHAUKATOpa

BCKs, 110 Moke 0yt 00yMOBJICHO Pi3HOMAaHITHUMU YHHHUKAMH.
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1995 2000 2005 2010 2015 2020 2025 2030 2035
Mepiog,

Puc. 4.12. lunamika BCKs y myHKTI ciocTepexeHb

M. MuxkomnaiB (paiion TEL).

Ha rpadiky puc. 4.13 BigoOpakeHO MOJIEIi, IO OMUCYIOTh 3aJIEKHICTh MIXK

cepeaHbOoI0 piuHOoI0 Temmnepatypoto Bojau Ta BCKs y myHKTI criocTepexeHs 3.

BOD5 vs Temperature: Linear and Quadratic Models

x % Observed data
—— Linear model (R?=0.01)
6 —— Quadratic model (R?=0.02)

BOD5 (mg/L)
x
x
x
X

9 10 11 12 13 12 15
Temperature (°C)

Puc. 4.13. Mogemni 3anexunocti BCKs Bin TemmnepaTypu Boau

y MYHKTI coctepexenb M. Mukomnais (paiion TELL).

Jnsa  mimiiaoi moxmemi BODs=0,065-T+3,12 (puc. 4.13) koedimieHT
nerepMinaiii R?=0,01, mo moka3zye cina0Ky KOpeJsil0o MIK CEepeaHbOIO
temneparyporo Bogu Ta BCKs. Hwuspke 3HauenHs R? cBimuuTh mpo Te, MO

Temriepatypa nosicHtoe nuuie 1% Bapianii bCKs, a oCHOBHUI BIUIMB MalOTh 1HIII
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upHHKMKY. [loniHoMianbHa Monenb (kBagparndaHa) BODs=0,994-T—0,038-T?>—2,47
koediuient gerepminamii R?=0,02. I[lominHomialibHa MOJENb Kpalle OMHUCYE
3QJICKHICTh MOPIBHSAHO 3 JIHIKHOIO MOJEIUII0, aje R? Bce Ie 3amuiaeTses AyKe
HU3bKUM. lle o3Hauae, MO KBajpaTWYHA 3aJCKHICTh HEAJCKBATHO BiIOOpaXkae
3miny BCKs npu 3mini temneparypu. ['padik puc. 4.13 mokasye po3ciroBaHHS
JaHUX, JI€ SK JiHIMHA, TaK 1 MOJIIHOMiaJlbHA MOJEN Maike He BigoOpa)karoTh
3arajibHOI TeHACHIIII.

I'padix puc. 4.14 pemonctpye 3miHy bCKs nams oOpaHux MyHKTIB

CIIOCTCPCIKCHD.

BCKS5, mr/n
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Puc. 4.14. lunamika 3mian bCKs y myHKTax criocrepexens 1, 2, 3.

Y myHKTI crnocTepekeHb 1 (Halpmanemia Big rHpia, puc. 4.14)
cnioctepiratotrbes HaiiBui miku BCKs y neBHi poku (2004, 2009, 2017), mo Moxe
OyTH HACHIJIKOM JIOKJIHHOTO 3a0pyAHEHHS a00 HEIOCTaTHHOTO CaAMOOYMIIICHHS
piuku. Y nyHkTi 3 (HaiOnmx4va 1o rupna) 3HaueHHss bCKs meHm, mo Bka3ye Ha
NOCTYyNOBE po30aBieHHsS 3a0pyaHEHb, MPUPOJHE CAMOOYMILIEHHS Ta MOXKJIMBHI
BILJIMB 3MIIIYBaHHS 3 MOPCHKOIO BOAOI0. [IpocTexKyroThCs 4iTKI UK MIKiB (2004,
2009, 2017, mo Moxe OyTH HACHIJAKOM BIUIMBY CE30HHMX a00 aHTPOMOTEHHUX
YUHHHKIB, TAKUX SIK CKUJIaHHA 3a0pyAHIOIOYMX PEYOBHH, a TAKOXK EKCTPEeMaJbHUX

norogHux yMoB. Ilicis 2017 poky 3nauenHst BCKs 3HMKYIOThCS, 110 MOYKE CBIIYUTH
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PO TTOKPAITCHHS CTaHy BOJIM a00 3MEHIIICHHS IHTEHCUBHOCTI 3a0pynHeHHs. OTxe,
piBeHb bCKs 3HIKy€eThCs B Mipy HAONMMKEHHS 10 TUpJIa yepe3 eeKTr po30aBiIeHHs
Ta MPUPOIHOTO OYMIICHHS, CIHOCTEepiraroThes IukiiuHi migiomu piBHI BCKs
npuOIM3HO KOXKHI 6 pokiB. Lle Moxke OyTH MOB'3aHO 3 KIIIMAaTUYHUMHU IIUKIaMH 200
NEBHUMU PETYJSIPHUMHU MOAISIMU (HApPUKIIAJ, MAaBOAKAMU YU aHTPOIOTEHHUMHU
YUHHUKAMH ).

OTxe, y MOBEPXHEBUX BOJAX MPOCTEKYETHCS 3aKOHOMIPHICTh 3HUKCHHS
KOHIIEHTpalli pO3YMHHOTO KHCHIO 3 MIJIBUILEHHSAM TeMIleparypu Bojau. Tak, mpu
TemriepaTypi noHaj 14°C koHUEHTpallisi pO3UMHHOIO KUCHIO 3MEHIIYETHCS 110 2,2—
2,5 Mr/m, o CBIAYMUTH NPO HECTIPUATIMBI YMOBH JIJIs1 BOJHUX opraHi3miB. HaiiBumi
3HAYEHHS PO3YMHHOTO KHCHIO (>5 MI/i1) QiKCYyIOThCS 32 TEeMIIEpaTypy BOJIA HIKYE
12°C, mo mnoB’s3aHO 3 MIABUUIEHOIO 3AATHICTIO BOJAMU J0 YTPUMAHHS KHCHIO B
X0JIOJHOMY CEpPEIOBHUILII.

BCKs neMoHcTpye 3pocTanHs 13 30UIBIICHHSIM TeMIIepaTypy BOIH, 110 BKa3ye
Ha aKTUBH1 010X1MI4HI IPOLECH, 30KpeMa PO3KJIalaHHs OpraHiYHUX pedoBHH. Tak,
3a Temreparypu nonan 13°C BCKs gocsirae 3nauenp 5,3—6,35 Mr/i, Todi K mpu
HIKYKMX Temnepatypax (<12°C) ueil noka3HHK KOJIMBAETHCS B Mexax 2,2—3,5 mr/I.
3poctanna bCKs mpu BUCOKHX TemmepaTypax CBIIYUTh PO 3HAUHE aHTPOIIOTEHHE
3a0pyaHEHHS, OCOOJMBO OpPraHIYHMMH PEUYOBHMHAMH, IO CTBOPIOE J0JATKOBE
HaBaHTA)XCHHS Ha BOJIHI €KOCHCTEMH.

[TigBuIIEHHS TeMIEpaTypy CIPUINHSIE 3HKEHHS KOHLIEHTpPALlli pO3UUHHOTO
KHCHIO Ta ofgHoudacHe 3poctaHHs BCK, mo cBiguuth mpo BUCOKY O10XIMIUHY
aKTUBHICTH y Terii Bojl. L{e Moxke npu3BOoAUTH 10 N€PIIUTY KUCHIO Ta PO3BUTKY
CTPECOBHUX YMOB JIJIA T1ApoOioHTIB. [lo€HaHHS HU3HKOT KOHIIEHTPAIIT PO3YMHHOTO
KHCHIO (<3 Mr/n) 13 Bucokumu 3HaueHHs MU BCK (>5 Mr/i) Bkazye Ha KpUTHUHHIMA
CTaH BOAHMX OO’€KTIB, M0 MOXe OyTH HACIIJIKOM KJIIMaTHYHUX 3MiH a0o

AHTPOIIOTCHHOT'O HABAHTAXKCHHA.
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4.3. locaixzkenHs 3MinM noka3HukiB pH i minepaJiizamii.

Hactymaumu mapameTrpamu, siKi MiIJISTaIA JOCHTIDKEHHIO OyJIM BOJTHEBHMA
noka3zHuk (pH) 1 Mmi"epamizaiis. Ile iHTerpoBaHi ripoXiMiuHI MOKa3HUKH SIKOCTI
BOJIH, SIKi ()OPMYIOTHCS TIi/] BIUIMBOM PI3HOMAaHITHUX TiIPOJIOTIYHUX, KITIMATHYHHX,
reorpadiyHMX YHNHHHKIB.

Ha puc. 4.14 nomano puHamiky pH y MyHKTI CHOCTEpEXEeHb C.
HoBorpuropiBka (Hmxuye M. Bo3necencrka) 3a nepioa 19802024 pokis. JliHiliHa
perpecis y=0,0014x+5,4276, (R*=0,0112) nokasye He3HauHe 3pocTaHHs pH 3
yacoM, aje Koe(illleHT JeTepMiHaIlii CBIAYUTH MOPO MAJIOMOMITHUM TPEH]I.
KBagpatnuna perpecia y=—0,0002x>+0,9244x-919,42, (R?*=0,045) Takox He
JIEMOHCTPYE CYTTEBOI BIMIOBITHOCTI MK wacoM 1 3miHoro pH. 3 1980-x 10 mouatky
2000-x pH 3nauno Bapirwe (Bix 7,8 mo 8,8). Ilicas 2000-x pokiB crocTepiraeTses
crabumzanis B Aianaszoni 8,1-8,3. Haitbunpmuii mik (pH~8,8) croctepiraetbes y
1999 pori, WMOBIpHO, Yepe3 KOPOTKOCTPOKOBUM BIUIMB 30BHIIIHIX YWHHHKIB.
3aranom, niamnazoH pH 3HaxoauThcs B Mexax cnabKo-Ty)KHOTO CepEeIOBHUIIa, 110 €
NPUIHHSATHUM JJ1sI O1TTBIIIOCT1 BOJHUX €KOCUCTEM.

9

y =0,0014x + 5,4276
8,8 R2=0,0112

86 y =-0,0002x? + 0,9244x - 919,42
R?=0,045

8,4
T
. AITTETIINS Iy P ) CE

8,2 R o

8

7,8

7,6

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030
Mepiog,

Puc. 4.15. Jlunamika pH y myHKTI ClIOCTEPEKEHD

c. HoBorpuropiska (Hmx4e M. Bo3HeceHchka).
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Moneni 3anexxnocTi pH Bia TemrepaTypu BOJIU y MYHKTI CIIOCTEPEKEHb C.
HosorpuropiBka (Hmwk4ye M. Bosnecenchka) momano Ha puc. 4.16. Cepenns
TeMIiepaTypa BapitoeTbcsi B Jiama3oHi Big 9,96°C ngo 15°C. 3nauenns pH
KOJMBaroThes BiA 7,84 1o 8,79, 1m0 BKazye Ha HE3HAYHMI BIUIMB TEMIIEpaTypH Ha
piBenb pH y HeWTpanbHO-Ty’)KHOMY cepeaoBuilil. JlaHl MOKa3ylTh HEBEIUKY
pPO3CIIOBaHICTh HABKOJO CEpPEIHIX 3HA4YeHb, IO BXKE BKa3ye Ha CIAOKUM

KOpEJSLIMHUHN 3B'I30K MI>K 3MIHHUMU.

Linear and Polynomial Models for Temperature vs pH

8.8 x ®  Actual Data
—— Linear Model
—— Polynomial Model (Degree 2)

86
8.4r
82 53 x x

8.0 x

7.8

10 11 12 13 14 15
Average Annual Water Temperature (°C)

Puc. 4.16. Mopeni 3anexxnocti pH Big Temmneparypu Boau

y MYHKTI crioctepexens ¢. HoBorpuropiska (Hux4e M. BosHeceHchKa).

Jliniiina moxens pH=a-T+b; koediuient nerepminanii R? = 0,15. 3nauenns
CBITYUTH TIPO Te, 110 Jmie 15% 3MiH y 3HaueHHsAX pH MOXHa MOSCHUTH 3MiHAMU
cepellHboi TemrepaTypu Boau. CiaOKuil HaXWJi JIiHIT TPEHy BKa3ye Ha HE3HAYHY
MO3UTHUBHY KOPEJLIIII0 MDK CepeAHbOI0 Temmeparyporo Boaum Ta pH. 3i
30UTBLIEHHSIM Temnepatypu piBeHb pH 3poctae HezHauHo. JIiHis TpeHAY NPOXOIUTh
Maif’ke TOPU30HTAILHO 3 MiHIMAJIBHUM HAaXUJIOM. BIJIBIIICTh TOYOK BIIXUIISIOTHCS
BIJ JIHII, IO BKa3y€e Ha 3HAYHy BapiaOeNbHICTh JAaHUX 1 CIAOKHM 3B'S30K MIXK
sMiHEUMH. [loniHOMiansHa Mozens aApyroro crynens PpH=a-T?+b-T+c; koedimicHt
nerepminanii R?= 0,28. Mozenb Apyroro CTymeHs Kpale OMUCYeE 3aIeKHICTh Mixk
TeMiiepaTyporo 1 pH nopiBHsHO 3 niHIHOI0O Moaeito. 28% 3MiH y 3HaueHHsAX pH

MOSICHIOIOTBCS CEPETHBOI0 TEMITEPATYPOIO BoAM. KprBa 1EMOHCTpYE, IO MPHU TyKeE
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HU3BKMX a00 BHUCOKWX TeMIlepaTypax 3HaueHHs pH 3merka migBUIIYIOThCS, a B
cepenHboMy miana3oHi Temmepatyp (6amu3pko 12—13°C) piBenb pH crabimizyeThes.
[ToniHOMIaNIbHA KPUBA JIPYrOro CTYIICHs Kpalle IPOXOAUTh Kpi3b JaHi MOPIBHSIHO 3
JiHIIHOI0 MoaeTo. [IpoTe po3citoBaHHS TOUOK BCE 1€ 3AIUIIAETHCA 3HAYHUM, 110
CBIIYNTHh MPO BIUIMB I1HIIMX YMHHHUKIB. OpHaK OOHJBI MOJEi IMOKa3ykTh, IO
TeMIlepaTypa MOSICHIOE JHIle He3HauHy yacTuHy 3MiH pH (15-28%), a ocHOBHu
BITMB HAa pH MOXyTh MaTH 1HIIIl YUHHUKIB: T1IPOXIMIYHHUMA CKJIaJ BOJIH, O10J0T14HA
aKTUBHICTh, CE30HH1 3MiHH a00 aHTPOMOTEHHUI BILIUB.

Hunamiky pH y myHKTI ciocTepeXeHb Y yHKTI CIIOCTEPEReHb ¢. KoBaniBka
nojaHo Ha puc. 4.17.

8,6
y =0,0005x + 7,0782

8,4 R%=0,0003

8,2

.....................................................

8

pH

7,8
7,6
7,4

7,2
2000 2005 2010 2015 2020 2025

Mepiog,

Puc. 4.17. lunamika pH y myHkTi crioctepexens ¢. KoBamiBka.

I'padixa nunamixu pH (puc. 4.17) cBiguuTh, mo 3Ha4eHHs pH nepeBakHO
cTablIbHI, KOJTUBAIOTHCS B niama3oHi §8,0—8,4, Mo BKa3zye Ha HEHTPAIbHO-TYXKHE
cepenoBuie. JIiniiine piBasHHsA y=0,0005%+7,0782 3 koedimienrom Haxumy 0,0005
CBITYUTH TIPO MiHIMAIbHE 3pOCTaHHS PiBHSA pH ynmpoaoBx mepioay CrocTepeKeHb.
Koedinienr nperepminanii R?=0,0003 HabmmkaeTbcs A0 HyNs, IO O3HAYAE
HaJ3BUYAHHO CciaOKuil 3B'sI30Kk Mik vacoMm 1 3HaueHHsmMu pH. JliHisg TpeHay €
MPAKTUYHO TOPU3OHTAIBHOIO, IO MIATBEPPKYE BIJACYTHICTh YITKOI TEHACHIIII 110

3pOCTaHHs YM 3HHXCHHA pH KonuBanus pH € HCE3HAYHHMH, 3a BHHATKOM
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aHoMmasibHOTO crmany y 2008 pormi. ¥V mepiox 20142022 pokiB CHOCTEPITAETHCS
BiJIHOCHA CTaOUIbHICTh 3Ha4eHb pH Ha piBHI 01M3bKO 8,2.
Mogeni 3anexHocti pH Bijg TeMrepatypu BOJAU Y IMYHKTI CIOCTEPEKEHb C.

KoBariBka momano Ha puc. 4.18.

Linear and Polynomial (Quadratic) Models
8.4}

8.2} B T TS Oyt i

8.01

pH

781

761

X Actual Data
7.41 — Linear Model
-=- Polynomial Model (Degree=2) x
9 10 11 12 13 14 15 16
Average Annual Water Temperature (°C)

Puc. 4.18. Mopeni 3anexxnocti pH Big Temmneparypu Boau

y MYHKTI cioctepexens ¢. KoBamiBka.

JliniitHa Mozens 3 koedimieHT Haxuiay 0,008 neMoHcTpye crnaOkuil 3B'I30K
MiXk CEpEeIHBOI0 PidHOI0 Temneparyporo Ta pH. Koediuient nerepminanii R2=0,005
cBimuuTh, mo Jume 0,5% Bapiamii pH MoXHa MOSICHUTH 3MIHAMH TEMIIEPATypH
Bojau. lle cBimuuTh Tpo ayxke ciaaOkuil JiHIMHUNA 3B's30k. [lomiHoMianbHa
KBaJpaTH4Ha MoJeNdb 3 Koedimientom pnerepminanii R?=0,014 Bkaszye, mo
KBaJpaTUYHA MOJICJIb TaKOXX HE Ma€ 3HAYHOI 3J]aTHOCTI MOSICHUTH Bapialiito pH.
OO6uaBI MoAeNi NEMOHCTPYIOTh AYXKE€ CIA0KWU 3B'A30K MK CEPEAHBOIO PIYHOIO
TeMIeparypor Boau ta pH.

I'padix (puc. 4.19) BimoOpaxae 3MiHy piBHA pH 3 yacom y myHKTI
crioctepexenb M. MukonaiB (paiion TEILI). He3pakaroum Ha 3Ha4HI KOJIMBaHHS,
3arajibHa TEHJCHIlS CBIAYUTH NpPO He3HauHe 30uibmieHHs pH 3 wacom. lle
NIATBEPKYETHCS JIHIEIO TPEHHAY, fKa Ma€ MO3UTHUBHUN Haxui. 3HadyeHHs pH
JIEMOHCTPYIOTh 3HA4HI KOJIMBAaHHS B POKY JO POKY, LIO CBIAYUTH MPO BIUIUB

pI3HUX YMHHMKIB, 30KpeMa 3MIiHU KJIMaTy, aHTPOINOIeHHWN BIUIUB TOIIO.
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Koedimient nerepminarii R?=0,2245, mo o3Hayae, mo nuiie 6au3bpko 22% Bapiariii
pH MOsSCHIOETHCS TIHIMHOIO 3aJICKHICTIO B yacy. 30iiabmeHds pH 3 gwacom moxke
CBIJYUTH TPO MPOLIECH 3AITYyKeHHS cUcTeMH. Lle Moxke OyTH MOB'sI3aHO 3 Pi3HUMHU
YUHHUKAMHM, a caMe: 3MIHM Yy CKJaJi OmajiB; 3MIiHH Yy POCIWHHOCTI Ta
MIKpOOIOJIOTIYHIM  aKTMBHOCTI; KJIIMAaTUYHUMHM TOAISIMUA  (TIOCYXH, 3JIMBH);

AHTPOIIOTCHHUM BIIJIMBOM (BI/IKOpI/ICTaHHSI I[O6pHB, CKUAaHHA CTIYHHX BO,II) TOMIO.

9 y=0,0117x-15,103
R?=0,2245

8,8
8,6

1995 2000 2005 2010 2015 2020 2025 2030
Mepiog,
Puc. 4.19. lunamika pH y myHKTi criocTepeKeHb

M. MukomnaiB (paiion TELL).

Mopueni 3anexnocti pH Big Temneparypu BOAH y IYHKTI CIIOCTEPEKEHb M.

Muxkonais (paiton TEL]) nonano Ha puc. 4.20.

3anexHicTb pH Big TEeMnepaTypu BOAKW

X  Jani XX
8.8 F — Ninifina mogens (R? = 0.00)
—— KeanpaTn4Ha Mogent (R? = 0.05)

8.6 x x x

8.2r

8.0r

9 10 11 12 13 14 15
TemnepaTypa soam (°C)

Puc. 4.20. Mopeni 3anexxnocti pH Big Temneparypu Boau

y IYHKTI ciocTepekeHb M. MukoraiB (pation TELI).
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Jliniitna wMoxpens pH=—0,00024-T+8,5064; koedimieHT aeTepMiHaIii
R?~0.00, mo o3nauac cnabkuii 38’130k PH Bix remnepaTypu. J[o TOro, KBagpaTudHa
moznens pH=0,397-T?—0,016-T+6,118 i3 koedinienTom nerepminanii R?~0,05 Takox
BKa3ye Ha CJIA0KWH 3B'SA30K, MPOTE KBaJApaTHIHA MOJIETh MOKA3y€e TPOXH Kpalry
BIAMOBIAHICTG JaHuM. OOUABI MojeNl JEMOHCTPYIOTh HHU3BKMM KOoe(]iIlieHT
JeTepMiHaIlli, IO CBIAYUTH TMPO BIACYTHICTh CYTTEBOI 3aJEKHOCTI MIXK
TEMIIepaTyporo BOAM 1 piBHEM pH y HagaHUX JaHUX.

I'padik puc. 4.21 nemonctpye 3miny pH 117151 00paHHX IMyHKTIB CIIOCTEPEKEHD

y 4aci 1 IpocTopi.

9,5

v ———

200220042006
2008 2010 3012 4414 5016 3
2018
2020

1
2022 50o4

Mepioa,
m6,5-7,5 7,5-8,5 8,5-9,5

Puc. 4.21. Jlunamika 3miau pH y myHkTax crnocrepexens 1, 2, 3.

VYci Tpu myHkTH crioctepexenb (puc. 4.20) mokasyrooTh, 1o 3HadeHHs pH
KOJIMBAIOThCS B AlanaszoHi 7,5-8,5, M0 CBIAUKUTH PO CTAOUILHUN CIAOKOTYKHUN
xapakrtep Boau y piuni. IIpote, € okpemi BinxuieHHs, ocodauBo y 2008—2009 1
2018-2019 poxkax, Ko CIOCTEPIraeThCs pizke maaiHHs 3Ha4deHb pH (Hmwkue 7,5,
MO>KJIMBO, HaBITh A0 piBHA 6,5—7). MOXIMBUMU NPUUUHAMU LBOTO € aTMOC(hEpHI
omajau, MIPOMHUCIIOBI UM CLILCHKOTOCIIONAPCHKI CKUIU, a TAaKOXK CE30HHI YHMHHUKH
(3nmuBu). [lyHkt 3, HaOMW XYMl 7O THUpJIA PIUYKH, Mae€ CTIMKImUH piBeHb pH
MOPIBHSHO 3 IHIIMMHU ITYHKTaMH, 110 MO€ OyTH MOB'S13aHO 3 p0o30aBiIeHHSIM BOAU B
TUPJIOBIN 30HI.

Hactynuuii iHTerpoBaHui riipoOXiMidYHUN MOKA3HUK, JUHAMIKY SKOTO OYyJIO

MpoaHaIi30BaHoO, 11e — MiHEepai3allis, siKka 3Ha4HO BIUIMBAE Ha OydepHy €MHICTb
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Boau. OCHOBHHUI 3B'S30K BiOYBa€ThCS dYepe3 TiAPOreHKapOOHATHY CHCTEMY
(HCOs~, COs*), sika peryiroe KHUCIOTHO-TY)KHHM Oamanc. Atpiopi, y cllaOKo-
JTy’)XKHOMY Jiama3oHi (7,5—-8,5) criocrepiraeTbes MoMipHa MiHepatizarisi.

JlocmikeHHsT 3B'SI3KY MDK  MiHepai3allielo Ta TEeMIIepaTypol0 BOJU
JTIO3BOJIUTH OIIIHUTHU BIUIMB KJIIMAaTHYHUX 3MiH, a 3B’ 3Ky MK MiHepaizaiieto Ta pH
JIOTIOMOE HaM OIIHUTHU CTIMKICTh BOJTHOT CHCTEMH JI0 aHTPOIIOT€HHUX 1 IPUPOTHHUX
YUHHHUKIB.

Ha puc. 4.22 nomano nuHamiky MiHepami3aiii y IMyHKTI CIOCTEPEKEHb
c. HoBorpuropiBka (Hmxkue M. Bo3neceHcbka). TpeHaoBa JiHISL Ma€ pPIBHSHHA
y=2,0779x—3630,5, mo BKa3dye Ha JiHIHHUN MPHUPICT 13 MO3UTUBHUM HAXUJIOM.
Koedimient aerepminamii (R*=0,3801) cBimuuth mnpo Te, mo npudiauzno 38%
Bapialii MiHepani3auli HOSICHIOEThCS JTIHITHUM TPEeHJ0M. [HIIIl YMHHUKH, HIMOBIPHO,
TAaKOXX BIUIMBAlOTh Ha 3HaueHHA. Ha rpadiky cmoctepiraiorbes (ykTyartii
(3HMKEHHS Ta MIJIBUILEHHA), aje 3arajibHa TeHAeHIis Wae Bropy. IlomiTHi cnagn
omm3bko 1994 Ta 2004 pokiB, ane micias IbOrO 3HAYEHHS IOBEPTAIOTHCA 10
3poctanHs. Octanni poku (2020-2025) minepanizaliisi cTablIbHO TPUMAETHCA Ha
BUILIOMY piBHi, 0113bk0 600 Mr/i.

700

600

=
=
S 500
S 400 y=2,0779x - 3630,5
5 R?=0,3801
= 300
©
Q.
£ 200
=
100
0
1980 1990 2000 2010 2020 2030
Mepioa

Puc. 4.22. Jlunamika MiHepani3alli y MyHKT1 COCTEPEXKEHb

c. HoBorpuropiBka (Hmx4e M. Bo3HeceHChKa).
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OTxe, ynpoIOBX TMeEpioly CHOCTEPEKEHb MiHepaii3alis BOIU IMOKa3ye
CTIWKY TEHACHIII0 10 30iMbIIeHAs. JIIHIMHUN TpeH BKa3ye Ha CEpeIHIA MPUPICT
onu3bpko 2,08 Mr/n Ha pik. 3HayHI KOJIMBAHHS HAa OKPEMHUX €Tamax MOXYTb OyTH
MOB's13aH1 3 TPUPOIHUMU 200 AHTPOIIOTCHHIMH YNHHUKAMU.

Mogeni 3aJie)XHOCTI MiHepaii3alii BiJi TeMIepaTypd BOJIUW Y IIYHKTI

cnioctepexenb ¢. Hoporpuropiska (Hux4ve M. Bo3neceHcbka) nmogaHo Ha puc. 4.23.

3anexKHicTk MiHepanisauii Big TeMmnepaTypu BOAU

x x  [Hawi

* JNiHiAHa Moaens
6oor X T RE=0.016

X % _ KeappaTnyHa moaens
R? = 0.077

ul
N
v

u
o
o

Minepanizauis, mr/n

IS
9
Ul

B~
[l
o

10 11 12 13 14 15
CepefiH#a TemnepaTypa soaw, °C

Puc. 4.23. Mopeni 3a1eXHOCTI MiHepai3allii BiJi TeMIepaTypy BOIN

y MYHKTI crioctepexens ¢. HoBorpuropiska (Hux4e M. BosHeceHChKa).

Jlns miHifiHOT Mozeni koedimieHT aerepminanii R*=0,016, ToO6To mniHiitHaA
Moieb mosicHIoe Jutie 1,6% Bapialiii B MiHepasi3allii 3aJIe’KHO Bl TEMIEpaTypHu.
[ToniHoMianbHa KBaJpaTU4YHa MOJEIb Mae koedimieHT aerepminaiii R*=0,077 1
nosicHro€e TUTbku 7,7% Bapiarii. OTxe, aHal3 CBIIYUTH, 110 MiHEpati3ailis Majio
3aJICKUTH BiJl TEMIIEPATyPH BOJH.

JluHamMiky MMiHepasi3ailii y MyHKTl CIIOCTEPEXEHb y MyHKTI CIIOCTEPEKEHb

c. KoBaniBka mogano Ha puc. 4.24.



MiHepanizauis, mr/n

Puc. 4.24. Jlunamika MiHepaui3allii y yHKTi criocTepexeHsb c. KoBamiBka.

o y = 8,4298x - 16393
400 R2=0,5631

2000 2005 2010 2015 2020 2025 2030
Mepiog,
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3arajioM CIOCTEpITaEThCA TEHJCHINS /10 MiABUILECHHS MiHepami3ailii, 110

BUJTHO $IK 13 Tpadiky (puc. 4.24). [Toka3Huk MiHepasi3allii 30UTbLIIy€eThCs TPUOIU3HO

Ha 8,43 mr/n mopoky. Koepiniear R?=0,5631Bkasye, mo 6nu3bsko 56% Bapianiii

JAHUX MOXKHA TMOSCHUTH IIUM TPEHJIOM. 3HAYEHHS MiHepami3aiii ynpoJaoBK

JOCITIIKYBAaHOTO TIEPIOly MAioTh 3HAYHY MIHJMBICTH. [lomiTHI mepioaw cmamy

(6mu3bko 2010 poky) 1 pi3koro 3poctanus (micist 2015 poxy). MoxiuBo, 111 3MiHH

MOB'sI3aH1 3 YMOBaMHU, HANPUKJIa, 3MIHAMHU Y B0/103a00p1, KIIIMAaTUYHUX YNHHUKAX,

AHTPOIIOTCHHUM BIIJIMBOM.

Busnaurmo moeni 3aj1eHOCTI MiHepati3allii BiJl TeMIepaTypy BOJIU, MOXKE

MOSICHATH KJIIMAaTH4YHI BIUIMBU Ha €M 1HTErpOBaHUM T1APOXIMIYHHMM MOKA3HUK, iX

MO/IaHo Ha puc. 4.25.
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Dependence of Mineralization on Temperature

x % x
x x

x  Actual Data
—— Linear Model (R” = 0.24) x
—— Quadratic Model (R? = 0.24) X x

9 10 11 12 13 14 15 16
Temperature, °C

Puc. 4.25. Mopeni 3aiexHOCTI MiHepai3ailii BiJ TeMIepaTypu BOIU

y IYHKTI1 ciocTepekeHb ¢. KoBaiiBka.
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OTxe, 3B’S130K MK TEMIIEpaTypoOI0 Ta MiHEpaTi3alli€lo € CIadKuM B 000X
monensix (puc. 4.25) 1 mae iHmi ¢opmu 3anexHocti. Ha minepamizaiiito maio
BIUIMBAE TeMIIepaTypa BOJM 1 BIUIMBAIOTH 1HIII MapamMeTpH, Taki sIK T1ApOXiMIYHI
BJIACTHBOCTI, CE30HHICTh 200 aHTPONOTEeHH1 YNHHUKH.

I'padik (puc. 4.26) BimoOpaxkae 3MiHYy piBHS MiHEpasli3allii 3 4aCoM Y IyHKTI1
crocTepekeHb M. MukouaiB (paiion TELL).

7000
6000

y-=146,76x-291794
R%=0,6864

MiHepanisauis, mr/n

1995 2000 2005 2010 2015 2020 2025 2030
Mepiog,

Puc. 4.26. JIlunamika MiHepami3allii y MyHKT1 CTIOCTEPEKEHb

M. MukomnaiB (paiion TELL).

Mopaeni 3alexHOCTI MiHepadizalii BiJ TeMmMIepaTrypd BOAM Y IYHKTI

crioctepexenb M. MukomnaiB (parion TELl) nogano Ha puc. 4.27.

Dependence of Mineralization on Water Temperature

x Observed data x
—— Linear model (R2=0.00)
—— Quadratic model (RZ=0.08) x

5000 X

4000

Mineralization (mg/L)

3000

X
L X
2000 x

) 10 11 12 13 14 15
Temperature (°C)

Puc. 4.27. Mopeni 3a1eXHOCTI MiHepai3alii BiJ TeMIepaTypyu BOJIU

y MyHKTI croctepekeHb M. Mukonais (paiion TEL]).
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PiBusiHHSA 3anexHOCTI JiHIHHOT Moaeni y=43,43x+2974,60 3 xoeditieHTOM
nerepminariii R?>=0,0029 cBiguuTh mpo myxe caaOKy BIAMOBIAHICTH MOJETI 110
JTaHUX. PiBHsIHHS KBaJpaTUIHOL MOJIENI 3aJI€KHOCTI
y=—3250,37+134,38x+22787,56x 3 xoedimiearom merepminaiii R?>=0,0754 taxox
CBIIUUTh MPO X CIaOKy BIAMOBIAHICTb. OTXe, CIOCTEpIracThCs 3HAYHE
pO3CitOBaHHS JIaHMX, IO MOXE CBIAYUTH IPO BIACYTHICTH CYTTEBOI 3aJICKHOCTI
MIHepaii3alii BiJi TeMIIEpaTypy Ta NPO BILIMB IHIIMX YAHHUKIB HA MIHEpaTi3allio.

I'padix puc. 4.28 nemoHCTpye 3MiHY MiHepami3allli Juisi OOpaHUX MyHKTIB

CIIOCTEPEXKEHD y Yacl 1 IPOCTOPI.

MiHepanisauis, mr/n

m0-2000 = 2000-4000 4000-6000

Puc. 4.28. Jlunamika 3MiHM MiHepasi3allii y MyHKTax CIocTepexens 1, 2, 3.

3az"aunmo, 1o y nepiog 3 2000 mo 2024 poku cHocCTepiraeThcsi 3arajibHe
3pOCTaHHS PiBHS MiHepami3allli y BCiX myHKTax. [[ikoBi 3Ha4YeHHs MiHepasizarlii
CTalOTh OUIbII BUPAXKEHUMH B OCTaHHI pokd. HaliHmwkya MiHepamizauis
CIIOCTEPITa€EThCS y MYHKTI 1, IKW € HAlOUIbII BIIJAIEHUM BiJ TUpJIa PIYKU, ITYHKT
3, HaWOMMK4YM 10 TUpJa, JNEMOHCTPYE HaWBHINY MiIHEpati3allilo, 0COOJMBO B
OCTaHHI POKH, III0 MOXKe OYTH pe3yJIbTaTOM HaKOMMMYCHHSI COJIEH Ta IHIINX PEYOBHH,
nepeHeceHux Teviero. 3oHa 02000 mr/n HaitOLIbIIE TpeCcTaBleHa B MyHKTaxX 1 12,
10 CBIAYUTH MPO MEPEBAXKHO MEHIIHMK PiBEHb MiHEpaii3ailii y BEpXHIX AUISTHKAX
piuku. 3oHa 4000—-6000 mr/m HalOUIbII XapakTepHa I MYHKTY 3, 0COOJMBO B

octanHi poku. IIpocTopoBa AumHamika BKa3ye Ha 3pOCTAIOUMI BIUIUB THUPJIOBOL
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TUTSIHKY, SIKa, HMOBIPHO, HAKOTIMYY€E PO3YMHEHI PEYOBHHU Yepe3 HEJAOCTATHIM CTiK
a00 MOPCHKY perpeciro.

OTxe, y BCIX NYHKTaxX CIOCTEpeX eHb 3HaueHHs pH MaioTh cTabuLIbHMIMA
cimabko-mykHui xapakrep (7,5-8,5), 6€3 3Ha4YHUX JOBTOCTPOKOBHUX 3MiH; 3HAYHI
KoJiuBaHHs 3HaueHb pH y neskux pokax (2008, 2018—2019) moxxyTs OyTH IOB's13aH1
3 aTMOC(EepPHUMHU OIaJlaMU, aHTPOIIOT€HHUM BIUIMBOM a00 CE30HHUMH YNHHUKAMHU.
VY BCIX NyHKTax CHOCTEPEKEHb 3arajbHa TEHJCHLIS MIHEepali3alii 3poCTae.
[IpoctopoBa auHaMiKa JIEMOHCTPYE 3pOCTAlOUMN BIUIMB THPJIOBOI JUISHKH, €
B1JI0YBA€ETHCS HAKOITMYEHHS! PO3UUHEHUX PEUOBHUH.

BusiBneno cnabky xopemsmiro Mik pH 1 Temmeparyporo (koedirieHT
nerepminaiii R*=0,15-0,28 y pi3aux nyHkrax). Temneparypa nosicHtoe juiie 15—
28% 3miH pH. 3anexHicTe MiHepali3allli BiJi TeMIEpaTypu TaKOXK € cl1adKoro, 3
koedimientamu aetepminainii R?=0,016-0,077. Temneparypa BoAM BIUIMBA€E Ha
MIHEpali3allil0 JIMIIE HE3HAYHOKW Miporo. MiHepanizallis, MIBHANIE 3a BCE,
BU3HAYAETHCS IHIMMMH YMHHWKAMH, TaKAMH SK AHTPOIIOTCHHUN  BILIUB,

T1ApOXIMIYHI BJACTUBOCTI Ta CE30HHICTD.

4.4. TocaigkeHHsi 3MiHA MOKA3HUKA TBEPAOCTi BOIH.

Jam y mosi 30py 11010 BUBYEHHSI TEHICHINN JUHAMIKH Ta 3aJI€KHOCTI BiJl
napameTpy TeMIepaTypH CTaB MOKA3HUK TBEPAOCTI BOIH.

Ha puc. 4.29 nogano giarpamy QWHaMiKHd TBEPIOCTI Y CIHOCTEPEKEHB C.
HoBorpuropiska (Hmxue M. Bo3HeceHChKa).

Ha ocHoBi rpadika puc. 4.29 MoxHa 3a3HAYUTH, L0 JIIHIS TPEHIY MOKa3ye
HE3HAYHE 3POCTaHHS TBEPJOCTI BOAM 3a JOCIIIKYBaHUU TEPIOJI, MO0 BUPAKEHO
piBasaHHAM perpecii. Koegimient nerepminanii (R?=0,0253) € myxe HU3BKHM, IO
BKa3ye Ha CIAOKW 3B’A30K MK YacoM 1 3MiHOIO TBepaocTi. CIOCTepiraroThCs
NepioANYHI 3MIHA TBEPAOCTI BOJHU, POTE CEPEIHE 3HAUCHHS KOJIUBAETHCS OIM3BKO
6 Mr-exB/n. MakcuMalibH1 3HaYEHHS HAOJIMKAIOThCS 10 7-8 Mr-ekB/J1, a MIHIMaJIbHI

— JI0 5 Mr-eKB/I.
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Mepiog,

Puc. 4.29. Jlunamika TBEpAOCT] Y IyHKT1 CIIOCTEPEKECHb

c. HoBorpuropiska (Hmx4e M. Bo3HeceHchKa).

Mopeni 3anexHOCTI TBEPAOCTI BiJl TeMIEpaTypH, JHIMHA 1 KBaJpaTUYHA
nomiHomianeHa (puc. 4.30) MawTh CXOXWUHW PIBEHb BIAMOBIIHOCTI JaHUM,

JEMOHCTPYIOTh CITA0KUI 3B'I30K MK TEMIIEPATypPOIO Ta TBEPAICTIO BOH.

Dependence of Water Hardness on Temperature

7.0 x % Data points
—— Linear model (R? = 0.180)
x —— Quadratic model (RZ = 0.180)

o
IS

o
N

Hardness (mg-eqg/L)

v o
co o

w
>

x

10 11 12 13 14 15
Temperature (°C)

Puc. 4.30. Mogeni 3a1€KHOCTI TBEPAOCTI BiJl TEMIIEpaTypy BOAU

y MYHKTI cioctepexeHs ¢. HoBorpuropiska (Hux4e M. BosHeceHChKa).

Ha puc. 4.31 mogaHo pgiarpamy IWHaMIKHd TBEPAOCTI Y CIHOCTEPEKEHB C.
KoBaniBka. 3aranpHa TeHIEHIlIS — 3pocTaHHs. He3Bakaroun Ha 3HAYHI KOJIMBAHHS,
3arajlbHa TEHJICHIIS CBIJYUTh MPO TMOCTYIOBE 3OUIBIICHHS TBEPAOCTI BOIU
YOPOJOBXK JOCIIHKYBAHOTO TIEPIoMy, MO MIATBEPIIKYETHCS MO3UTHUBHUM KYTOM

HaxXWIy JiHIi TpeHay. 3HaYeHHS TBEPJIOCTI JEMOHCTPYIOTh 3HAYH1 BIIXWJICHHS BiJl
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3arajibHO1 TEHJEHIIi, 10 MOXKe OyTH MOB'S3aHO 3 PI3HOMAHITHUMH YWHHUKAMHU,
TaKUMU SIK CE30HHI 3MIHM, KJIIMaTHYHI YMOBH, aHTPOIOT€HHUHN BIUIMB TOLIO.
Koedimient nerepminaiii R? = 0,5954 Bka3ye Ha Te, 1110 JIiHIIHA perpecis MOSICHIOE
mutie 61m3bko 60% Bapiarii qaaux. [{e o3Havae, o 1HIT, HE BpaxoBaHi MOJIEILIIO,

YMHHUKHU TAKOK CYTTE€BO BIINIMBAIOTH HA 3M1Hy TBCpI[OCTi BOJMU.

(o]

[e)]

y =0,0584x + 5,4425
R?=0,5954

IS

TeepaicTb, mr/eks/n
N

o

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Mepioa,

Puc. 4.31. Jlunamika TBEpAOCTI y IYHKTI criocTepexxeHb ¢. KopaiiBka.

[TpuyriHaAMU 3MiHM TBEPOCTI BOJIU €: T€OJIOTTYHI OCOOIMBOCTI TEPUTOPII, /1€
MPOXOJSATh BOJIOHOCHI TOPU30HTH, SIKI BIUIMBAIOTh Ha TBEPJICTh BOAM; 3MiHA
pexXuUMy OmaaiB 1 TEeMIepaTypH; piBEHb 1 SAKICTh TPYHTOBHX BOJI; CKUIAHHS
HEOUYHUIICHUX MPOMUCIOBUX CTIYHHUX; BUKOPUCTAHHA JOOPHB Ta MECTHUIIHIIB.

Moneni 3aneXHOCTI TBEPAOCTI BiJ TEMIIEpaTypH BOJIHW MOAAHO Ha puc. 4.32.
Jlinitina monens (y =—0,1519x + 8,0716 ) mokasye, 110 TBEpAICTh 3MEHITYETHCS 31
30UTbIIEHHSIM Temrepatypu 31 mBHIKICTIO 0,1519 Mr-ekB/n Ha KOXEH rpamyc
nigBUIeHHsT Temmepatypu. [IpoTe, Momens HE BpaxoBYE MOXKIWBI HETIHINHI
epextu. Hampuxman, peanbHl JaHI MOXYTh IOKa3yBaTH CIIOBUIBHEHHS a0o
OPUCKOPEHHS 3MiH 3aJIe)KHO Bil TeMIepaTypH. KBampatnuna Mopaens
(y=—0,0205x%+0,3741x+4,7700) BpaxoBy€e HeNiHiIAHY MOBEMIHKY JaHMX. Tak, npu
HU3bKUX TemriepaTtypax (10 11-12°C) tBepuicth 3poctae ado cTabimi3yerbes. Y
niama3oHi cepeanix temmepatyp (12—14°C) cnocrepiraerbest ctabuibHICTh. [Ipu

BUCOKUX TemmepaTtypax (monan 14°C) tBepaicTh pi3ko 3HMXKYyeThcs. OTxe,
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KBaJ[paTMYHA MOJEJb TOYHIIIE BPAaXOBYE XapakTep 3MIH y TBEPJOCTI ISl M€l
BUOIpKM JaHWX 1 3a0e3medye Kpairy anpoKCUMAII0 B CEPEAHBOMY Jliarma3oHi
Temnieparyp. KoedilieHTn aerepminawii: mis niHiliHOi Mozeni R?=0,305; mus
KBaApaTUuHOi Momeni R?=0,332 cBimuarh npo 3HAYHy 3aIMIIKOBY Bapialiio, Ky

BOHH HC ITOACHIOIOTE.

3anexkHicTb TBEpPOOCTI BiA TeMnepaTypu Boau

x x DaHi
0t X% —— JliHifiHa monens
—— KpafgpaTW4iHa Moaens

6.00

TeepgicTb (Mr-exks/n)
w
~
w

9 10 11 12 13 14 15 16
TeMmnepaTypa (°C)

Puc. 4.32. Mopeni 3aj1€3KkHOCTI TBEPAOCTI BiJl TEMIIEpaTypy BOAH

y MYHKTI crioctepexens ¢. KoBamiBka.

Hiarpamy auHamiku TBepaocTi (puc. 4.33) y MYHKTI CIIOCTEPEKEHb M.
MuxkonaiB (paiion TEILl) cBiguuTh mOpo 3arajibHy TEHACHIIO A0 MOCTYIOBO
3pOCTaHHs. Y JIESIKUX MepioJiax CIOCTePiraloThes He3HaYH1 KoyBaHHs. KoeditieHt
nerepminarii R?=0,6847 Bka3ye Ha Te, 1110 JIiHIiTHA perpecis nosicHtoe 61m3bk0 70%

Bapiailii JaHUX, 1110 € JOCUTh BUCOKUM MOKa3HUKOM JIIHIHHOT MOJIEI.
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Puc. 4.33. JIlunamika TBEpAOCTI y MYHKTI CIIOCTEPEHKEHD
M. MukomnaiB (paiion TEL).
Mopeni 3aneXHOCTI TBEPAOCTI BIJ TEeMHEpaTypu BOAUM Y IYHKTI
cnioctepexenb M. Mukonais (paiion TELl) nogano Ha puc. 4.34. JliniiiHa MoJienb:
piBasauns: y = -0,20x + 15,97, R? = 0,31; kBagpaTHuHa MOJENb: PiBHAHHA y =

0,00x>- 0,39x+17,83, R? = 0,31.

Hardness vs. Temperature

x x Data points
151 —— Linear model
—— Quadratic model

14t
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w
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Puc. 4.34. Mogeni 3a1€3KHOCTI TBEPAOCTI BiJl TEMIIEpaTypy BOAU

y MYHKTI coctepexenb M. Mukomnais (paiion TELL).

O6uBi Mozeni MaroTh HU3bKUI Koe(ilieHT netepMinanii R?, mo Bkasye Ha

Te, 110 OJIHA 3 HUX HE MOSICHIOE 3HAYHY YacTUHY Bapiauii B qaHux. KBagpatuuna
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MOJIeIb JIMIIE TPOXH TEPEeBEpIIye MiHIMHY, ane pi3HUI MK HUMHU MPAKTHYHO
HE3HayHa.

JluHaMiKy 3MI1HU TBEPAOCTI Y MYHKTaX CIIOCTEPEXEHb 1, 2, 3 mo1aHo Ha puC.

4.35.

Teepaictb, mr-eks/n
NN
RER B

MyHKTU cnocTepeskeHb

m4-9 wo-14 m14-19 m19-24 m24-29

Puc. 4.35. Jlunamika 3MiHM TBEPJIOCTI Y MyHKTAX CIOCTEpexeHs 1, 2, 3.

PiBeHb TBepOCTI Yy MyHKT 1 (HaiiianblIuii Bij] TUpiia) 3HAYEHHS 3HAXOAAThCS
B miana3oHi 14—19 mr-exs/n ynpoaosx Ounbmioi wactunu nepiogy. Y 2002-2010
POKax CIOCTEPITaEThCS CTAOUIBHICTh TOKA3HUKIB, 0€3 PI3KUX 3MiH. Y MEpioJ Mmicis
2010 poky He3HayHl KOJMBAHHSI MOXYTh OyTH TMOB’Si3aHI 3 JIOKAJIbHUMHU
MPUPOJHUMU YUHHUKAMH, a CaMe KIJIBKICTIO OMaaiB. ¥Y MyHKTI 2 piB€Hb TBEPJOCTI
nocTynoBo 3poctae y mepiog 2010-2024 pokiB, 0co0MMBO B APYrid MOJIOBUHI
aHajizoBaHoro nepioay (micis 2015 poky) y aianazoni 19—24 mr-exs/n. [Ticns 2015
POKY TBEPAICTh CYTTEBO 3pOCIIa, 10 MOXKE CBIAYUTH PO aHTPONOTEHHU BIUIUB, a
caM€ CUIbCHKOTOCIIOAAPChKI CKUAM; TOTPAIUITHHS CTIYHUX BOJ| 13 HACEJICHHUX
MyHKTIB 200 MPOMHCIOBUX OO'€KTIB; 3MiHA TIAPOJIOTIYHOTO PEXKUMY PIUKH. Y
NyHKTI 3 (HAMOIMK4uii 10 TUpJIa) piBEHb TBEPIOCTI HAUBHIIUMA CEPEJT YCIX IMMyHKTIB.
3HaueHHs caraTb 24-29 mr-exs/n, ocobmuBo y 2015-2024 pokax. Tsepaictb
3aJUIIA€ETHCS BIAHOCHO cTabunmpHOoI0 10 2010 poky, ane y 2015 poiri mouynHaeThCst
CTpIMKHH picT. MakcuMallbHI 3HAYEHHS CIIOCTEPITal0ThCSl B OCTAHHE JIECSTHIIITTS.

Mo>KITMBUMH INpUdrHaAaMKU LObOI'o €. IOTpaIlJIsIHHSA BEJIMKOT KUIBKOCTI ,Z[OMiHIOK 1
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PO3YMHEHUX MIHEpaTiB 13 BEPXHBOI Teuli; BIUIMB CKUAIB CTIYHMX BOJA Ta
HAKOMMYEHHSI 3a0pyAHIOIOYMX PEUOBHMH Yy THUPJIOBIA 30HI; 30UIbIICHHS
AHTPOTIOTCHHOTO BIUIHBY.

OTxe, HaWBUII TOKa3HUKUA TBEPAOCTI (IKCYIOTBCA B IMYHKTI 3, MO €
XapaKTepHUM JJIsl pidoK uepe3 HakonmudeHHs pomimok. [Ticist 2015 poky 3HaueHHs
TBEPJIOCTI 3pOCIIH, 110 MOXKHA MOSCHUTH 3MIHAMHU KJIIMaTy (3MEHIIEHHS KiIbKOCTI
BOJIY B Pi4lli, KOHIIEHTpAIIs COJeH ), INTeHCU(DIKaIIE€I0 CIITLCHKOT0 TOCIIOapCTBA Ta
MIPOMHUCIIOBOCTI B 0aceiiHi piuku, OYIBHUIITBOM T1IPOTEXHIYHUX CIOPYH (1aMOwu,

BOJOCXOBHIIIA), IO BIUIUBAIOThH HA T1IPOJIOTTYHUIA PEXKUM PIUKH.

4.5. JlocaigskeHHS 3MiHH MOKA3HUKA 3araJibHOI0 3aJ1i3a.

3arajibHE 3aji30 y TIOBEPXHEBUX BOJAX € BaXIMBUM I1HTEIPOBAHUM
MOKA3HUKOM SIKOCTI BOJH, OCKUIBKM BOHO BIJOMBAa€ MPUPOJHI MPOIECH
(BUBITPIOBaHHS TIPCBKUX TMOPiA, IPYHTOBUM CTIK) 1 AHTPOIOTCHHHWI BIUIMB
(IpOMMCIIOBI CKUJIU, CLITCHKE TOCTIOIAPCTBO, MIChKI CKUJIN).

BuBinpHeHHs1 3amiza BimOyBa€ThCsS BHACTIZOK €po3ii MOpiJ, PO3UYMHEHHS
MIHEpaliB (CUAEPUTY, TEMATUTY, JIMOHITY), & TAKOXK y OOJOTUCTUX paloHax, Jie
nepeBaXkaloTh BIIHOBHI mporecu. Jlkepemamu 3aiiza € IIaxTh, MeETadypriifHi
MIIPUEMCTBA, CIIIBChKE TOCIOAAPCTBO (M00pMBa), KaHAMI3alliliHI CTOKH, TEIJIOBI
enexkTpocTaniii. Po3pizustors po3unHene (Fe**, Fe*") ta Hepo3unHeHe (T1apoKCcuIy,
KoJoinmHi (opmu, OpraHiuHi KOMILIEKCH). BHCOka KOHIIEHTpallis 3ajliza MOXKe
CUTHAJII3YyBaTH MPO 1HTEHCUBHUM MPUPOIHUN JPEHAX 3a1130BMICHUX IPYHTIB 200
TEXHOTCHHE 3a0pyTHEHHS. 3arajibHe 3aji30 € KOMIUIEKCHUM MOKa3HUKOM, STKU MU
aHATI3yEMO pa3oM 3 IHIIUMHU TIAPOXIMIYHMMH TapamMeTpaMH JJis MOBHOIIHHOT
OIIIHKY CTaHy IMTOBEPXHEBUX BOJI.

Puc. 4.36 neMOHCTpy€e NMHAMIKY 3arajbHOro 3aii3a y MyHKTI CIIOCTEPEKEHb

c. HoBorpuropiska (nmx4e M. Bo3HeceHchka).
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y =-0,0119x + 0,6189
R? =0,2842
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Mepioa

Puc. 4.36. JIlunamika 3arajabHOTO 3aji3a y MyHKT1 CIIOCTEPEKEHb

c. HoBorpuropiBka (Hux4e M. BozHeceHcbka).

3aranpHUM TPEH] CBIAYUTH PO CIaj KOHIIEHTpAIIli 3arajabHoro 3aiisza 3 1984
poky. Jliniiine piBHsHHA TpeHay y=—0,0119%x+0,6189 3 xoedimienTom aetepminaiii
(R?= 0,2842) cBiguuTh po cIa0KHi 3B’ 430K MiK POKOM Ta KOHIIEHTPALI€I0 3a51i3a,
0 BKa3ye Ha 3HA4YHI KOJIMBAHHS 3HA4Y€Hb. BiAHOCHO CTaOIBLHUN pIBEHb 13
cepenHiMu 3HaueHHAMH 0,3—0,6 mr/n cnocrtepiratotbess y 1984—-1994 pokax.
Bucokuit cruieck koHueHtpamii 'y 1996 pomi (monam 1,5 wr/im), MOXIHUBO,
CIPUYMHEHUN 3MIHOIO T1IPOJIOTIYHUX a00 TeXHOreHHMX 4MHHUKIB. [licas 2000
POKy 3arajbHe 3aili30 cTabumizyBanocs Ha piBHI Hiwkue 0,5 mr/m.  Ilpuunnamu
MOCTYIOBOTO 3MEHIIEHHS KOHUEHTpAIll 3arajlbHOro 3aji3a MO>KHAa MOSICHUTH
3MEHILIECHHSIM aHTPONOTN€HHOTO BIUIMBY, 3MIHOIO y BOJHOMY OanaHci,
KJIIMaTUYHUMH YMOBaMH, POIIECAMH CAaMOOYHIIIEHHS BOJOUM.

Mopeni 3aleKHOCTI 3arajlbHOro 3ajli3a BiJ TeMMEpaTypu BOJAU Yy MYHKTI

cnioctepexens ¢. Hoporpuropiska (Hux4e M. Bo3necencrka) mogaHo Ha puc. 4.37.
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3ane)HIiCTb KOHLEeHTpauil 3aranbHOro 3anisa Big temnepaTypy Bo4uW

x x  Hani
—— JliniAHa Moaens
1.4} —— KsagpaTuyHa Moaerns

1.2

1.0

3aranbHe 3aniso, Mr/n
x

0.2

10 11 12 13 14 15
TemnepaTypa Boawu, °C

Puc. 4.37. Mopeni 3aJI€3KHOCTI 3arajibHOTro0 3aj1i3a Bijl TeMIIEpaTypy BOJIU

y MYHKTI cioctepexens ¢. HoBorpuropiska (Hux4e M. Bo3HeceHcbka).

Jlinifina 3ajexHicTh Bianosinae piBHsAHHIO  y=—0,0505x+1,0093 3
xoediniearom xopensuii R?=0,039 cBigunts, mo aume 3,9% Bapiawii BMicTy 3amiza
MOXHA TOSICHUTU 3MiHamMu Temneparypu. OTxke, Temmeparypa HE € OCHOBHUM
dbakTOopoM, 110 BHU3HAYAE KOHIICHTPAIlIIO 3arajlbHOro 3amiza y Bojal. HeBemukuit
B eMHMI KoedimieHT Haxwty (—0,0505) o3Haudae, 1110 31 3pOCTaHHAM TeMIEpaTypu
KOHIIGHTpAIlisl 3ajli3a Ma€ TEHJCHIIIO JI0 3HWKEHHS, ajie el eheKT He3HAYyHUuM.
KBanparuuna (moJiiHOMiaJIbHA) 3aJICKHICTh BIIMOBiIa€ PIBHSIHHIO
y=4,2937-0,5753%+0,0208x?. HasiBHicTh KBagpaTHuHoro unena (+0,0208x>) Bkaszye
Ha MOXKJIMBY HEIHIWHICTD y 3aIeKHOCTI. HeratuBHuii koeimieHT nmepes JTHITHIM
yiieHoM (—0.5753) cBiAUUTh PO TEHACHIIIIO O 3MEHIIIEHHS KOHIICHTpAIIlil 3a1i3a 3
MIBUIIEHHSM TEMIIEpaTypH, aje KBaJAPATUIHUHN JOJAHOK MOKE O3HA4aTH, 110 3a
NEBHUX TEMIIEpaTypHUX 3HAYEHb KOHUEHTpAIlisi 3HOBY 30UIbIIyeThCsA. [HII
YUHHUKA (XIMIYHUM CKJIaJl BOJHU, CE30HHICTb, JyKepena 3a0pyIHEHHS) MOXYTh
CWJIBHIIIIE BIUIMBATH HA KOHIICHTPAIIIIO 3araJIbHOTO 3aJ1i3a, H)XK TeMIIepaTypa BOJIH.

Puc. 4.38 neMoHCTpy€e TUHAMIKY 3arajJibHOTO 3ai3a y MyHKTI CIIOCTEPEKEHb

c. KoBaiiBka.
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Mepiog,

Puc. 4.38. Jlunamika 3arajgpHOTO 3ajli3a y MyHKTI CIIOCTEPEKEHb

c. KoBasniBka.

[Tonminomianbauii Tpeuy (puc. 4.38) moka3ye cinaOKy HHU3XIAHY TEHICHIIIIO
KOHIIEHTpaIli 3arajapbHoro 3aiiza. PiBHsHHS TpeHay y = -0,0025x + 0,221 cBiguuth
PO HE3HAuHe 3HIKEHHS KoHIeHTpauii (~0,0025 wmr/n mopoky). Hwuszbkuit
koedinienr merepminanii R?>=0,0701 Bkasye Ha cnabKy BiANOBiAHICTH TPEHIOBOI
JH1T peaJbHUM 3MIHaM Y JTAHUX, 110 O3HAYAE, 110 3MIHU KOHIIEHTpAIlli 3aj1i3a MaloTh
3HAYHUW PO3KH] 1 MIIJAI0THCS BIUIMBY 1HIIMX YUHHUKIB. Y nepiog 2003-2012 pp.
CIIOCTEPITal0ThCs Pi3Ki KOJMBAHHS KOHIIEHTpAIIll 3arajJpHOTO 3ajli3a, 30KpemMa pi3ki
niku (6musbko 0,3 mr/m) ta magiaaa (~0,1 mr/m). Ilicns 2012 poky piBeHb
3arajJlbHOrO 3aJli3a 3MEHIIUBCS, ajie 3aJiIaBcs HecTaOlapHUM. Y mepiog 2016—
2021 pp. KOHIIGHTpAIlisl 3araJbHOTO 3ajli3a 3HHU3WJIACA 0 MIHIMAJbHHX 3HAYCHD;
nouynHarouu 3 2021 poky, crocTepiraeTbesi TEHASHIIS 10 3pOCTaHHS KOHIICHTpAIIIi.
3HIKEHHS KOHIIEHTpAIlil 3arajJbHOTO 3ajli3a MOKe OyTH MOB'A3aHE 3 MOKPANIEHHIM
SKOCTI BOAM, 3MIHAMH Y JDKepesiax 3a0pyJHEeHHs a00 BIPOBAKCHHSIM 3aXOJIiB
10/I0 KOHTPOJIIO SIKOCTI BoJW. KosMBaHHS MOXYTh OyTH CIPUYMHEHI CE30HHUMU
ab0 aHTPOMOTEHHWMH YWHHUKAMH (3MIHM Y CTOKax, IPOMHKCIIOBI BIUIMBH,

rigposoriudi ymoBu). OcTaHHE 3pocTaHHs KOHIeHTpalii micis 2021 poky Moxe
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CUTHAIII3YyBaTH TPO 3MiHY YMOB y BOJHOMY OO'€KTi (HANpPUKIIA, TOCHWICHHS
aHTPOIIOTCHHOTO BILIUBY).
Mogeni 3aleXHOCTI 3arajlbHOro 3aji3a BiJ TEeMIIEpaTypud BOAU Yy ITYHKTI

cnioctepekens ¢. KopaniBka mogano Ha puc. 4.39.

3aneXHiCTb BMICTY 3arasibHOro 3aniza Big TeMnepaTypu Bogu
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Puc. 4.39. Mogeni 3aneXHOCTI 3arajibHOTO 3aJ1i3a BiJl TEMIIEpaTypu BOAH

y MYHKTI crioctepexens ¢. KoBamiBka.

Jliniitna mogens y=0,0004x+0,1853, R>=0,0001 mae ayske HU3bKY TOUHICTb i
Maibke Hemae 3B’s13Ky. Keagparuuna mozgensb y=0,0059-x% — 0,1499-x+1,1289 mac
Kpallly BIJMOBIAHICTh, aj€ BCE€ OAHO cla0Ky TOYHICTb. OTxe, JiHIHHA MOJEIb
IPAKTHYHO HE IOSICHIOE Bapiallilo BMICTy 3aili3a, IO BUIHO 3 Iy:KE€ HH3bKOro RZ,
KBaaparuuna Moziesib Ma€ Kpamry BiMOBIIHICTh, IO MOKE CBITYUTH PO HEIHIHHY
3aJIC)KHICTh, aJle PIBECHb MOSCHEHHS TaKOX 3aJUINAEThCS HU3BKUM. ICHY€E TOCHUTH
BHCOKa WMOBIPHICTH TOTO, 1[0 HA BMICT 3aJ1i3a BIUIMBAIOTh 1HII YMHHUKH, K1 CITIJT
BpPaxOBYBATH, HAMPUKIAJ, XIMIYHUN CKJIaJ] BOAM, OI10JOTIYHI MpPOLECH, JHKeperna
3a0pyaHEHHS TOIIO.

Puc. 4.40 nemMoHCTpy€e NTMHAMIKY 3arajbHOrO 3aji3a y MYHKTI CIOCTEPEKEHb

c. KoBasiBka.
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y = -0,0062x + 0,3068
0,6 R?=0,1761
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Puc. 4.40. JIlunamika 3arajapbHOTO 3aji3a y MyHKT1 CIIOCTEPEKEHb

M. MukomnaiB (paiton TEI).

AHanoriyHo nonepeaHboMy aHanizy (puc. 4.37), nojaiHoMiadIbHUN TPEH PUC.
4.40 mokazye ciaOKy HHU3XIAHY TEHJACHIIIIO KOHIIGHTpAIlil 3arajJbHOTO 3aji3a.
PiBusaas tpenay y=—0,0062x+0,3068 cBiIUdTh NP0 HE3HAYHE 3HMKCHHS
koHueHTpauii (~0,0062 Mr/a mopoky). Takox HU3BKUNA KOEPIIEHT AeTepMiHALIT
R?=0,1761 Bka3ye Ha ci1aOKy BiINOBIIHICTH TPEHAOBOI JiHIi pealbHUM 3MiHAM Y
JaHUX, III0 O3HAyae, M0 3MIHM KOHIIEHTpaIlli 3ayii3a MalThb 3HAYHUM PO3KH 1
MIJJAI0TBCA  BIUIMBY  IHIIMX YWHHUKIB. 3arajbHa TEHJCHIIS  3HMKCHHS
KOHIIGHTpAIlli 3arajJibHOTO 3aji3a Moke OyTH TOB'A3aHE 3 MOKPAIICHHSIM SKOCTI
BOJIM, 3MIHAMHU Y JpKepenax 3a0pyaHeHHs. Jleski He3HayHl KOJWMBaHHS MOXYTh
OyTH CIPUYUHEH1 CE30HHUMU a00 aHTPOIOTeHHUMHU YHHHUKAMU.

Mogeni 3ajiexHOCTI 3arajibHOTO 3aii3a BiJl TeMIepaTypud BOJIU Yy IYHKTI

croctepexkeHb M. MukouaiB (paiion TEILI).monano Ha puc. 4.41.
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3anexHicTb BMICTY 3ara/ibHOro 3asisa Big TemnepaTypu BOAU
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Puc. 4.41. Mogeni 3a1€KHOCTI 3arajJbHOro 3ajii3a Bij TeMIIepaTypy BOIU

y MYHKTI crioctepexenb M. Mukosnais (paiion TELL).

Pipusnnsa mogeni y=0,0017x+0.2127, R?=0,0006 o3Hayae, 1m0 JiHilHA
MOJICIb Maike HE TIOSCHIOE Bapiallil0 BMICTYy 3aji3a 3a TeMIIepaTyporo.
Ksanparuuna moaens y=—0,0046x%+0,1127x—0,4414 3 koediuicHTOM AeTepMiHAaLii
R?=0,0171Tpoxu Bumle, HiX y JiHIMHOI MOJEN, ale BCE OJHO AYKE HU3BKE, IO
CBIIYUTH MpPO cJa0Ky 3ajiexHIcTh. JIiHIHA MOJenb Mae Maiike TOpU30OHTAIbHY
npsiMy, 110 O3Haya€e BIACYTHICTb SBHOTO TpeHAY. BMICT 3aii3a 3MIHIOETHCS
HE3aJIeXKHO Bij TemMreparypu. Bucokuii po3kua JaHUX CBIIYUTS, IO 1HII (PakTopu
(manpuknan, pH, BMICT oprasiku, IBUIKICTb T€Ull) MOXKYTh CUJIbHIIIE BIUTMBATH Ha
KOHIICHTpAITifo 3aJ1i3a, Hixk Temneparypa. OTxke, Hi JiHIHHA, HI KBaJ[paTUIHA MOJIEITTh
HE Ja0Th HAJIWHOT 3aIE)KHOCTI MIXK TEMIIEPATYPOIO 1 BMICTOM 3ajli3a.

JlnHaMiKy 3MiHU BMICTY 3arajibHOTO 3aj1i3a y MyHKTaX CIOCTepexkeHsb 1, 2, 3

oJaHo Ha puc. 4.42.
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Puc. 4.42. Jlunamika 3MiHH 3arajIbHOTO 3aJ1i3a Y MyHKTaX CIOCTEPEKEHb

1,2, 3.

3 2002 mo 2007 pik crocrepiraerbcsi MEpioJl BUCOKOI KOHIIEHTpAIlii
3arajibHOrO 3aji3a, 3 MIKOBUMH 3HaueHHsIMHU y 2005-2006 pokax (mo 0,6 mr/m).
[Ticnst 2007 poky criocTepiraeTbes 3arajbHa TeHICHITIS 10 3HUKEHHS BMICTY 3aJ1i3a,
X04ya € OKpeMl KOpPOTKOYACHI mijBUILEeHHS. Bucoki xonnentpamii (0,4-0,6 mr/m)
¢bikcyroTbess mepeBaxkHo y 2005-2006 pokax, mo Moxe OyTH MOB’S3aHO 3
IHTEHCUBHHMH  AQHTPOTIOTEHHUMHU  BIUIMBAMU  (IIPOMHCIIOBI  CKUIH, 3MIHU
TIAPOJIOTTYHOTO pexXuMy) a0 TPUPOAHUMHU YHHHUKAaMU (epo3is). Cepeaniil piBeHb
(0,2-0,4 wmr/n) nominye y mepiom 2003-2013 pokiB, cBimYauud MPO MOCTYIMOBE
nokpamieHuss sikocti Boau. Huspkmii piBenb (0,0-0,2 Mr/m) cnoctepiraerbes
3neoutbmoro micas 2013 poky, MO CBIAYUTH MPO TMOKPAIICHHS €KOJIOT1YHOT
cutyaiii. B 2017-2024 pokax BMICT 3ai3a 3JIMIIAETECA HA BITHOCHO HU3BKOMY
piBHi (0,0-0,2 Mr/m), 3 NepioUYHUMHI HE3HAYHUMHU MiJBUILEHHAMH Yy 20182019 Ta
2023 pokax. Y HaOMMK4Mii 10 TUPJIa YaCTHUHI PIUKH 3arajlbHUIN BMICT 3aj1i3a 3a3HaB
3HauHoro 3HMkeHHS micis 2007 poky. [Ticns 2013 poky piBeHb 3aili3a 3aJIUIIABCS
nepeBaxkHo B Mexax 0,0-0,2 wmr/m, mo MoXKe CBIIYUTH TIPO CTadiIi3aIliio
rigpoximMiuanx ymoB. MMOBipHMMH (akTOpaMM 3MiHM MOXYTh OYTH IPHPOJHI

nporiecH (3MEHIIEHHS epo3ii), 3SMEHIIIEHHS MPOMMCIIOBUX CKHUJIIB.
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4.6. JlocrizkeHHs1 3MiHM NTOKA3HUKIB cyJab(dartis i HiTpaTiB.

HacTtynHuMu iHauKaTopaMu SKOCTI oBepxHeBUX Boa Oynu HiTpat (NOs”),
K1 € BAKJIMBUMH IHTETPOBAaHUMHU TOKa3HUKAMHU SIKOCT1 IOBEPXHEBUX BOJI, OCKIJIBKU
Bi10OpakaroTh piBeHb eBTPOQiKallii Ta 3a0pyAHEHHS BOJI CLTBCHKOTOCIOIaPCHKUMU
Ta moOyToBuMu ctokamu. Cynbdatu (SO+*7) € MoKa3HUKaMU MiHEpali3allii BOAM Ta
MOXYTh HAJAXOJIUTH y BOJIHI 00’ €KTH 3 MPUPOIHUX (BUBITPIOBAHHS T1PCHKUX TOPIJT)
i aHTPOIOreHHHUX JKepel (IIPOMHUCIIOB Ta AXTHI CTOKH). IXHi BUCOKI KOHIIEHTpAIlii
BIUIMBAIOTh HAa CMAakKOBlI SKOCTI BOAM Ta MOXYTh CIPUYUHITH BTOPUHHE
3a0pyaHEHHS Yepe3 CyIb(aTBIIHOBIIOBAIIbHI MPOLIECH.

Ha puc. 4.43 nmoka3zaHo AMHaMIKy BMICTY HITpaTiB 1 Cynb(aTiB y MyHKTI

crioctepexenb ¢. HoporpuropiBka (Huxk4e M. Bo3neceHchka).
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Puc. 4.43. lunamika cynb(}atiB 1 HITPATIB Y yHKTI CIIOCTEPEKEHb

c. HoBorpuropiBka (Hmx4e M. Bo3HeceHChKa).

AHami3 TpeHAiB HITpaTiB 1 CyIb(]aTiB y MOBEPXHEBUX BOJIAX, 3T1IHO TpadikiB
puc. 4.43 cCBIAUUTH, MO KOHIEHTPALiS HITPATIB 3AIUIIAETHCS CTAOUIBHOIO
BIIPOJIOBXK AHAJI30BAHOIO MEPIOAY 1 3HAYHO HIXKYA 3a TPAHUYHO JOMYCTUMY
konnentpamito (I'ZIK = 45 wr/m). Jlo Toro, miHiliHE pIBHSIHHSI TpPEHIY
y=0,0208x+3,2264 BKa3zye Nnpo MoBUIbHE 3pOoCcTaHHs KOHIeHTpalii (~0,02 mr/n 3a
piK), a 3Ha4eHHs KoedimienTa nerepminanii R?=0,0265 myxe HU3BKE, IO BKa3y€ Ha

cl1abKui 3B’ 130K MK 4aCOM 1 KOHIIGHTPAIIIE€I0 HITPaTiB, TOOTO X PIBEHb MPAKTUYHO
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HeaMminHud.  Konmenrtparis cynbdarie 3nHauno Hmwkua 3a [JIK (500 wmr/n);
CTHIOCTEPIraeThCsl MOMITHE KOJMBAHHS 3HAu€Hb, 30KpeMa PI3KUMU MiK Ha MOYaTKY
2000-x pokiB (~140 mr/n). Jliniitne piBHsAHHS TpeHay y=0,8638x + 82,939 Bka3ye
Ha criiike 3pocranns (~0,86 mr/i 3a pik), a xkoedinienr merepminanii R?=0,4058
BKa3ye Ha IMOMIpHHMH PiBEHb BiAMOBIIHOCTI JIHIHHOT MO peaIbHUM JIaHUM, III0
CBITYUTH MPO MOCTYIOBE 3pOCTaHHS KOHIIEHTPAIIi1 CYIb(}aTIB 3 HACOM.

OT1xe, BMICT HITpaTiB 3aJMIIAIOTHCS CTAOUIBHUMU Ta OE3MEYHUMHU 1010
I'IK; xoHueHTpaii cyab(haTiB I1eMOHCTPYIOTh 3pOCTal0Uy TEHJEHIII0, 1[0 MOXKE
CBIIYMUTH TpPO  BIUIMB  AHTPONOI€HHUX  YMHHUKIB  (IpoMHUCIOBI  abo
CUIBCHKOTOCTIOAAPCHhKI  CTOKH). 3aranoMm, TpeHA Cyinb(paTiB Ma€ BHUILY
nependayyBaHICTh, HIXK TPEH/| HITPATIB.

Mopeni 3a1€KHOCTI Cynb(aTiB 1 HITPATIB BiJl TEMIEPATypH BOAH Y ITyHKTI
cnioctepexenb ¢. Hoporpuropiska (Hux4e M. Bo3neceHcbka) nmogaHo Ha puc. 4.44.

3aNeXHICTb BMICTY HITPATIB BIA TeMnepaTypy 3anexHicTb BMICTY Cynb(aTiB BIA TeMnepaTypu

Tt X [Jani
=== JiHifiHa: y=-0.3068x+8,1766, R?=0.0401
— KsappatuiHa: R’=0.0838 x

® x  Jlami
140+ === NinifHa: y=-7,9340x+205,0059, R?=0,2087
—— KeagpatwuHa: R*=0.2880

HitpaTwy, mr/n
=~
CynedaTi, Mmr/n

115 120 125 130 135 140 145 150 105 120 125 130 135 140 145 150
TemnepaTypa, °C TemnepaTypa, °C

Puc. 4.44. Mogeni 3aneXHOCTI BMICTY CyJb(]aTiB 1 HITPATIB Bij
TEMIIEpaTypy BOJAM y MyHKTI criocTepeskenb ¢. HoBorpuropiska

(Hmxue M. Bo3HeceHcbKa).

Jliniina perpecis 3 piBHAHHAMH y=—0,3068x+8,1766 (HiTpatn) 1 Yy
=—7,9340x+205,0059
Koedimient —0,3068 o3Hauae, o npu 301ablIeHH] TemnepaTypu Ha 1°C

BMICT HITpATIB B cepeIHbOMY 3MeHIyeThes Ha 0,3068 mr/i, a koedirient —7,9340
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O3Hauae, 110 Mpu 30UIbIIeHH] TemnepaTypH Ha 1°C BMICT cynb(aTiB B CepeTHbOMY
3MeHIyeThest Ha —7,9340 mr/m.

Koedimientn nerepminaiii R?=0,0401 (mitpatu) 1 R*=0,2087 (cynbdarn)
BKa3ylOTh Ha AyXe ciIabky 3anexHictb. Jlume 4% 3min HiTpatiB 1 21% 3miH
CyJb(aTiB MOKHA MOSICHUTH 3MiHAMH TeMIIepaTypH.

Jlns  kBagpatudyHOi perpecii koedimientu nperepminarii R*=0,0838 1
R?=0,2880 nns HiTpaTiB 1 cyib(aTiB BIANOBIJHO TAaKOX BKa3ylOTh Ha CIA0Ky
3aJICKHICTb.

PiBHsIHHA KBaJpaTUIHOL perpecii TUISL HITpaTIB
y=—0,2616x%+6,5852x+-36,9920 omucye mapabony. Koedinient mpu —0,2661 €
BIJI'eMHUM, WO O3HA4ya€, M0 Mapabojia COpsSMOBaHa BHU3, IO BIJMOBIIAE
CIIOCTEpPEXKYBaHIM TEHJIEHLII Ha rpadiky, A€ BMICT HITpPaTIB CIOYATKY 3pOCTaE, a
NOTIM 3MEHIIYEThCS 3 MIJBUIICHHSIM TeMIiepaTypu. PiBHSHHS mokasye, 110 ICHYE
ONTUMAaJIbHA TEMIIEpaTypa, IPH SIKId BMICT HITPATIB IOCATAE MAKCUMYMY.

PiBHsIHHA KBaIpaTUYHOL perpecii TUTSI cynbdariB
y=-3,9944x*+113,773x+894,7461 Ttakox omnucye mapabony. Koedimicar mpu
—3,9944 € Bin'emMHUM, IO O3HAYae€, M0 MapaboJia COpsIMOBaHA BHU3, IO TaKOXK
BIIMOBIZA€  CIOCTEPE)KYBaHIM TEHJACHINI, J€ BMICT Cynb(paTiB CIOYaTKY
3MEHIIIYETHCS, @ MOTIM 301IBIIYETHCS 3 TIIBUIIIEHHAM TEMIIEPATypH.

3arasnioM, o0uB1 Mojesi (JTiHIMHA Ta KBaJpaTUiHA) MalOTh HU3bK1 3HAUEHHS
R2, m10 cBimuuTh PO CIA0KY 3aTEKHICTH MK TEMIIEPATYPOIO Ta BMICTOM HITPATIB,
10 O3HAYa€ Ha, 10 Ha BMICT HITpATIB 1 Cylb(aTiB, KIMOBIPHO, BIUIMBAIOTH 1HIII
YUHHUKHA, OKPIM TEMIIEPATYPH.

Ha puc. 4.45 noka3zaHo AMHaMIKy BMICTY HITpaTiB 1 cynb(}ariB y MyHKTI
cnoctepexenb c. KopaniBka. /[unamika cynbgaTiB BiIMOBIIA€ PIBHSIHHIO JIHIIHOTO
TpeHay y=2,4397x+89,268 (koedimient nerepminaiii R?=0,4038 Bkazye Ha
CepEeIHIO KOPEJIALII0 MIXK YacoM Ta BMICTOM cynb(artiB. Lle o3Hauae, 1110 3MiHu 3a
nepion mnoscHioTh npubauzHo 40,38% Bapiaiii KOHLEHTpauli cyiab(aris.).

Bucxiaauii TpeH [ CBIIYUTH PO MOCTYMOBE 301IbIIEHHS KOHIIEHTpAIlil CylIb(aTiB y
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MOBEPXHEBUX BOZAxX 13 yacoM. /luHamika HITpATiB BIANOBIIAE PIBHSIHHIO JIIHIHHOTO
tperry y=—0,0649x + 2,3841 (xoedimient anerepminanii R* = 0,3715 cBiguuts mnpo
cialOKy 3aJeXHICTh Bia vacy; jquie 37,15% 3MiH y KOHLEHTpallii NOSCHIOIOThCS

gacoMm). TpeH 1 moka3ye He3HAYHE 3HIKCHHSI KOHIICHTPAIII HITPATIB 13 4aCOM.

200
< y =2,4397x + 89,268
= 150 R?=0,4038
-3
T 100
o y =-070649x + 2,3341
Z 50 R?=0,3715
=)
S o
= © ©
QO M S O O N> D QO AV AX
" " & L &V M &Y & Y QY QY L
AT AT AT AT DT DT AT AT DT DT DT AP
Mepiog,
e HiTpaTyh Cynbdatm

Puc. 4.45. Jlunamika cynb(}ariB 1 HITpATIB Y MyHKTI

crioctepexenb ¢. KoamiBka.

OTxe, KOHIIEHTpaIlis Cyb(aTiB Ma€ BUPAKEHY TCHJICHIIIIO 10 3pOCTaHHS, 10
MO>Ke OyTH HACJiKOM aHTPONOTr€HHOTO BILIUBY (ITPOMUCIIOBI 200 MOOYTOBI CKUIH,
3MIHU TIAPOJIOTIYHOrO pexumy). KoHmeHTpaiist HITpaTiB Ma€ TEHACHINIO 10
MTOBIJIEHOTO 3HMKCHHS, aJIc¢ 3MIHH HE3HAYHI.

Mopeni 3a1eXHOCTI Ccynb(aTiB 1 HITPATIB Bi TeMIEpaTypu BOAMU Yy MyHKTI

cnioctepexenb ¢. KoBaniBka nojgano Ha puc. 4.46.

3anexHicTb BMICTY HiTpaTiB Big TemnepaTypun 3anexHicTb BMICTY cynbchaTie Bia TemnepaTypu
3.5¢
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—=- JlikifiHa: y = 0,0957x + 0.3899, R?=0.0612 o %
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Puc. 4.46. Mogemni 3anexxHOCTI Cyb(aTiB 1 HITPATIB BiJl TeMIepaTypH BOIU

y IYHKTI1 ciocTepekeHb ¢. KoBaiiBka.
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JliniitHa perpecis A HITpaTiB BiAnoBigae piBHsHHIO Y = 0,0957x + 0,3899 3
koediienTom Haxuimy 0,0957. Lle momatHe 3HAYEHHS, IO CBIAYUTH MPO CIAOKY
MPSIMY 3aJIKHICTh MK TEMIIEPATYPOIO Ta BMICTOM HITpaTiB, TOOTO, 31 301JIbIIICHHSIM
TEMIIEpaTypyd BMICT HIiTpaTiB Tpoxu 3poctae. 3cyB 0,3899 o3nagae, mo mnpu
temriepatypi 0°C BmicT HiTpaTiB ctaHoBUTHh NpuOau3Ho 0,39 mr/n. KoedimieHt
nerepMinarii R>=0,0612 mae nyxe HHU3bKE 3HAUCHHS, IO CBIAYUTH IMPO TE, IO
JiH1HA MOJIENb Ty>K€ NIOTaHO ONUCYE AaHi, auie 6,12% Bapiailii BMICTY HITpaTiB
HOSICHIOETHCS 3MIHOIO TEMIIEPATYPH.

KBagparuyna noniHoMianbHa perpecis s HITPaTIB BIANOBIAAE PIBHIHHIO y=
0,0113x*—0,1931x+2,2028 3 koedimientom Haxwmry 0,0113, mo cBiAYUTH TPO
napa6o:y 3 miHimymoMm. Koedimient nerepminanii R?=0,0653 tpoxu Buiie, HIXK JIJIs
JIHIAHOT MoJieni, npoTe nosgcHioe gume 6,53% Bapianii BMiCTy HiTpaTiB. OTXe,
oOu/IB1 MOJIETIl MAaIOTh Jy>K€ HU3bK1 3HaUeHHsI R?, 1110 03Ha4ae, 1110 K0/1HA 3 MOJIeeH
HE MOXXE aJICKBATHO OMMCATH 3aJICKHICTh MIXK TEMIIEPATypOIO Ta BMICTOM HITpPATIB
1 Ha BMICT HITpaTIB BILUIMBAIOTH 1HIII YAHHUKH.

Jliniiina perpecis TUISt cynbdariB BIJINOBI1a€ PIBHSIHHIO
y=—5,8887x+193,2949 3 koedimienTom Haxuiay —5,8887 (Big'eMHEe 3HAUYEHHS
CBITYUTH MPO CJIa0Ky OOEpHEHY 3aJIeKHICTh MDK TEMIEPaTypor Ta BMICTOM
cynb(dariB, TOOTO, 31 3O0UIBIIEHHSM TEMIEPATypud BMICT CylIb(aTiB TpPOXH
3MeHIIY€eThCs); 3¢yB 193,2949 nokasye, mo npu temnepatypi 0°C BMICT cyibdariB
cTaHoBUTH npuOm3HO 193,29 mr/n. Koedimient nerepminaiii R?>=0,1785 mae myxe
HU3BKE 3HAYCHHS, 110 CBIAYMUTH MPO TE, IO JiHIMHA MOJEINb MMOTaHO OMHUCYE JaH1
(sume 17,85% Bapiaitii BMICTY Cyib(haTiB MOSCHIOETHCS 3MIHOIO TEMIEPATYPH).

KBagpatnuna mnomiHOMIQIBHA perpecis s Ccyiab(haTiB Mae pPIBHIHHS
y=—0,6789x? + 11,5117x + 84,0697 3 xoedimieatom —0,6789, 1110 CBITYUTH TPO
napaboiy 3 makcumymoMm. Koedittient aerepminaiii R?=0,1900 Tpoxu BuImii, HixK
JUTst JTIHIMHOT Mo 1 mosicHtoe mutie 19% Bapiariii BMICTy cynbdaTiB.

OT1xe, 00MIB1 MO TTOKA3YIOTh AYKe CIa0Ky 3aI€KHICTh 1 CBITYaTh MPO TE,

110 Ha BMICT Cy/b(aTiB BIUIMBAIOTh 1HIII YHHHUKH.
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Ha puc. 4.47 noka3zaHo AMHaMIKy BMICTY HITpaTiB 1 Cynb(aTiB y MyHKTI
cnoctepexenb M. MwukonaiB (paiton TEIl). Tpenn mns cynwsdariB Biamosimae
piBHAHHIO y=9,1056X + 336,35 3 koedinient nerepminanii R?>=0,4694. Cynsdaru
JEMOHCTPYIOTh 3pOCTAIOUNI TPEH]T 13 CePEAHBOIO MBUAKICTIO 30UTbIIIeHHS 9,1 MT/IT
Ha pik. CepenHe R?=0,4694 cBimunuTh po T€, 110 MOJIEIb MOACHIOE Juie 46,94%
Bapianii BMmicTy cyhbdariB. Y 2004 pomi cHoocTepiraeTbCs pi3KUN  craj
KOHLIEHTpaLli, 110 MOKe OyTH HACIIIKOM MPUPOJHUX UM AHTPOIOTC€HHHUX BILIUBIB.

Tpenn muist HITpATiB BiAMOBIAAE JTiHIHOMY piBHSIHHIO y=—1,8744%X+42,503 3
xoedimienTom aerepminanii R?=0,2005. Hitpat MaroTh HETaTHBHHI TpeHH i3
CEPENHBOI0 MIBUAKICTIO 3HWKEHHS 1,87 mr/m ma pik. Hdyxe Husbke R?=0,2005
o3Havae, mo Jume 20,05% 3MiH KOHIEHTparlii HITPaTiB MOSCHIOETHCS IMI€I0
mozemmo. Y 2011-2012 pokax crnocTepiraerbCsi 3HayHe MaAiHHS KOHIICHTpAIil
HITpAaTIB, III0 MOKe OyTH MOB’SI3aHO 3 MOKPAIICHHSIM METO/1B OUYHIIEHHS BOJAU ab0
1HIIUMHA €KOJIOTTYHUMHU 3aXO0IaMU.
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Puc. 4.47. lunamika cynb(}atiB 1 HITPATIB Y MyHKTI CIIOCTEPEKEHb

M. MukomnaiB (paiton TEL).

OT1xe, KOHIIEHTpaIlis Cyb(haTiB Ma€ TEHICHIIIO 10 3POCTAHHS, 10 MOXE
OyTH TOB’S13aHO 3 MPOMHUCIOBUMH BUKUAMU 200 MPUPOTHUMH TIpoIiecamMu (epo3is

I'PYHTIB, PO3UYMHEHHS MIHEpaJiB; KOHIICHTpAIlis HITPATIB MOCTYIOBO 3HUKYEThCS,
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10 MOXE CBIAYMTH MpOo e(EeKTUBHI 3aXOIM 3MEHIICHHs 3a0pyJHEHHS a30THUMHU
CTHOJyKaMH a0o0 3MiHY y BUKOPUCTaHHI TOOPHB.
Mogeni 3anexXHOCTI CyJab(aTiB 1 HITPATIB BiJ TEeMIEpaTypyd BOJIMU y MYHKTI

coctepexeHnb M. MukomnaiB (pation TEI) mogano Ha puc. 4.48.

3anexHicTe HiTpaTtw Big TeMnepaTypu ' :
P A patyp 3anexHicTs CynbhaTu Big TemnepaTypu
100 % [ani
X
— Jlinifna: y=0.23x+17.07, R?=0.00

—— Keanpatuuua: R2=0.16

X [lawi X
600 — liniiiHa: y=0.11x+444.22, R’=0.00

— Keagparwina: RI=0.00
80

550

60

40

HiTpaTu, Mr/n

20

g 10 11 12 13 1 15 9 10 1 1z 13 14 15
Temnepatypa, °C Temnepatypa, °C

Puc. 4.48. Mopeni 3aexHOCTI Cynb(]atiB 1 HITPATIB BiJ TEMIEPATYPH BOIU

y MYHKTI cioctepexeHb M. MukomnaiB (paiion TELL).

Ha rpadiky mozeni 3a1eKHOCTI HITPATIB BUJIHO, III0 TOYKH PO3KUAAHI TyKe
Xa0TUYHO, 1 HEMA€E YITKOI TEHJIEHIIII 3pOoCcTaHHs abo CrajjaHHs BMICTY HITPaTiB 31
30UTBIIIEHHSIM ~ TemmepaTypu. JliHiifHa  perpecis  BIAMNOBiIAa€  PIBHSHHIO
y=0,23x+17,07 3 xoedimient Haxwmry 0,23, M0 CBIAYMTH MPO MaiiXKe BiJICYTHICTh
JHIAHOT 3aJIEKHOCTI M TeMITepaTypolo Ta BMicToM HiTpaTiB. 3cyB 17,07 mokasye,
mo npu Temneparypi 0°C BMICT HITpaTiB CTaHOBUTH Npudau3Ho 17,07 mr/m.
Koedimient nerepminanii R*=0,00 nokasye, 110 JiHIiHAa MOJEIb 30BCIM HE OMUCYE
nani. Bapiariss BMICTy HITpaTiB HE TOSCHIOETBCS 3MIHOKO TEMIIEPATypH.
KBagpaTtuuna mozenb BianoBijnae piBHIHHIO y=—4,2603x2+104,6638x—610,7244 3
koedimieaTom aetepminamnii R>=0,16, mo Bkasye Ha cmabKke BIAMOBIIHICTH MOJETI
1o nanux. OTxe, oOuABI MOJIENI MOKA3YIOTh AYXKe CIa0Ky 3aJIeKHICTb.

Ha rpadiky momeni 3ajie)xHOCTI Cyib(darTiB BiJ TeMmmepaTypyd BHJHO, IO

TOYKH PO3KUIAHI TOCUTh XAOTUYHO, 1 HEMa€ YITKOI TEHIEHI1 3pocTaHHs abo
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cralaHHsl BMICTY cynb(dariB 31 30UIblIeHHSM Temmeparypu. JliHiiiHa perpecis
BianoBigae piBHAHHIO y=0,11x+444,22 3 koediuient Haxmiy 0,11, 1110 CBIAYUTH PO
Mai’ke BIJICYTHICTh JIIHIMHOI 3aJ€XHOCTI MIDK TEMIIEpaTypol0 Ta BMICTOM
cyiabdatiB. 3cyB 444,22 nokaszye, mo npu Temneparypi 0°C BwmicT cynbdaris
CTAHOBUTH NpUOIHN3HO 444,22 mr/n. KoedimienT nerepminariii R*=0,00 mokasye, 110
Bapiailisi BMICTY CyJib(daTiB HE TOSCHIOETHCA 3MIHOIO TemmepaTypu. AHami3
KBaJpaTUYHOI MoOJiIHOMiaibHOT — perpecii  y=1,7731x*—43,3532x+705,4984 3
koedimient gerepminaiiii R*=0,00 takox moka3sye, 110 Bapiallisg BMICTY CyIb(haTiB
HE TOSICHIOETHCS 3MIHOIO TEMIIEPATypH.

JluHaMiKy 3MIHHM BMICTY CyJIb(aTIB Ta HITPATIB Y IIyHKTAaX CHOCTEPEXKEHb 1,

2, 3 mogaHo Ha puc. 4.49.
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Puc. 4.49. Jlunamika 3MiHH cynb]atiB 1 HITpaTIB y MyHKTaxX

CIIOCTEpEKEHb 1, 2, 3.

Jiarpama HITpaTIB MOKa3y€e Pi3KHM MK KOHIEHTpAIlli HITpATIB y Mepioa 3
2010 mo 2012 pik aume B myHKTI 3. Y myHkTax | Ta 2 KOHIEHTpallis HITpaTiB
3aJIMIIAETHCS BIJHOCHO HU3BKOIO YIPOJAOBXK BChOTO Nepiofy crnocrepesxkeHHs. [Tk
KOHIIGHTpAIlli HITpATiB B MyHKTI 3 € JyXe€ BUCOKWM, JOCATAIOYH 3HAYEHB, IO
3HAYHO nepeBUINy0Th 80 Mr/in. 3Baxarouu Ha Te, M0 MYHKT 3 HaHOMMK4Yuil 110
rupja, MOXKHA TMPUIYCTUTH, M0 JDPKEpesno 3a0pyIHEHHS  3HaXOAMTHCA
6e3mocepeHbo Ois rupiia abo B HKHIN Tedii. Y nepiox miky (2010—2012 pokwn)

KOHIICHTpAIlisl HITpaTiB 3Ha4HO nepeBuiye ['JIK (45 mr/n) nuire B myHKT1 3, 110
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TaKOXX CBITYUTH PO CEpHO3HE JIOKadbHE 3a0pyTHEHHS BOAM HITpaTaMH B IIeH
nepiof. Pi3kuil miKk KOHIEHTpalii HITPATIB y MYHKTI 3 MOXe OyTH CIpUYUHEHHM
JIOKaIbHUMHU CKHJAMH, a TaKOX BUMHMBAHHSM HITpaTIB 3 JIOKAJIBHOTO JKEpesa
3a0pyIHEeHHS, HAIIPUKJIA]], 3BaUIIa a00 CLIBCHKOTOCITOAAPCHKUX YT1/1b.

Jliarpama nauHaMIKU CyJiab(]aTiB TOKa3ye BIJTHOCHO CTaOUIBHUN pIBEHb
KOHIIEHTpaIlli CyJIb(]aTiB yNpoaOBK yChOT0 MEPIOy CIIOCTEPEIKEHHS. Y MyHKTI 1 —
HaWHIKY1 Ta HAOUIbI CcTa01IbH1 3HAaUEHHST KOHIIEHTpaIlli cylIb(}arTiB; y MyHKTax 2
1 3 — OLIBII BUpaXXeH1 KOJIMBaHHs, 0co0auBo B nepiof 3 2004 mo 2008 pik 1 3 2022
1o 2024 pik. ITyHkT 3, HallOMMKYME 10 THpJa Ta pO3TallOBaHUIl B aKBaTOP1i MICTa,
JIEMOHCTPY€E HaWBHILI 3HaYEHHs KOHIIEHTpalii cyibdaTiB y mexxax ['JIK. 3paxkaroun
Ha Te, 10 MYyHKT 3 HaWOIMK4YMid 10 THUpJIa Ta PO3TAIIOBAaHUN B aKBaTOpIii MICTa,
MO>KHA MPUITYCTUTH, IO JHKEPENIO 3a0pyIHEHHS CyJb(aTaMu MOB'I3aHE 3 MICHKOIO
JISUTBHICTIO, MOKJIMBO, 1€ CKHJIAHHS CTOKIB, a TAKOXK BIUTMB aTMOC(HEpPHUX OMaIiB,
K1 3MUBAIOTh CyJIb(paTH 3 MICBKUX TEPUTOPIN, 3MILITYBaHHS 3 MOPCHKUMH BOJAMHU
TOILIO.

OT1xe, TMHAMIKa BMICTY HITPATiB CBIYHUTH MPO JIOKATbHE 3a0pyIHEHHS, TO/I
K IUHaMiKa CyJb(]aTiB MOKa3ye BIUIMB aHTPOIIOT€HHOI AisSUIbHOCTI. TemMiepaTtypa
BOJM HE € OCHOBHUM YMHHUKOM, 1[0 BU3HAYa€ BMICT HITpaTiB Ta cyiabdaris. Jlis
OUIBIII TOYHOTO MPOTHO3YBAHHS KOHIIEHTpAIlli HITPATIiB Ta Cyib(}ariB, TOTPIOHO
npoaHaizyBaTu BCi (hakToOpH, 110 BIUIMBAIOTH HA iX KOHIIEHTpAIlil0, Ta CTBOPUTHU

KOMIUJICKCHY MaTCMAaTHU4YHY MO/JICJIb.

4.7. VY3araJbHeHHs Ta CHCTeMAaTH3alisi OCJHIAXKEHb 3aJIeKHOCTI
iHTEerpoBaHMX riIPOXiMiYHUX MOKA3HUKIB BiJl TeMIepaTypu BOJH.

VY3aranpHIOIO4M pe3yJIbTaTH aHali3y 3MIHM IHTETPOBAHMX MOKA3HUX B 4acl i
MIPOCTOPi, BU3HAYEHO, 110 YIIPOIOBXK TOCIIKYBAHOTO MEPIOAY CIIOCTEPEKEHb, a 11e
noHaj 40 pokiB, MalOTh MiCI€ TaKi 3aKOHOMIPHOCTI:

® BMICT PO3YMHHOTO KHCHIO IOMITHO 3MEHIIYEThCS 13 KoedilleHTaMH

nerepminartii 38%, 30%, 61% y BIANOBIAHUX MMyHKTaX CIOCTEPEXEHb 1, 2, 3;
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¢ noka3Huk BCKs moMiTHO 3MeHIyeThest 3 KoeditieHToM aetepminariii 42%
y TmyHKT1 1; mpote y myHKkTax 2 1 3 BigOyBa€Tbca MOMITHE 30UIbIICHHS 3HAYEHBb
BCKSs;

e mnoka3HUK pH He Mae YiTKO BHpa)keHO1 TEHACHIi A0 3MiH 1, (PaKTUYHO,
3JIMIIAETHCS B OJTHOMY Jliarna3oHi;

® MOKAa3HUK MiHepami3aiii Mae cTady TEHACHIIO N0 3pOCTaHHA 3
koedimienramu ngerepminaiii 38%, 58% 1 67% y BIANOBIAHUX ITyHKTax
criocTepexens 1, 2 1 3;

® [I0OKAa3HUK TBEPJIOCTI HE MA€ YITKO BUPAXKEHOI TEHACHIII] A0 3MIH Y IYHKTI
l; mpore y myHKTax 2 1 3 Ma€ 4iTKO BUPAXKEHY TEHJICHIIIO 10 3pPOCTAaHHS 3
koepimiertamu 60% 1 68%;

® BMICT 3arajlbHOTO 3ali3a M0 BCIX MYHKTaX CIOCTEPEKEHb JEMOHCTPYE
3aKOHOMIPHICTbH JI0 MOCTYIIOBOTO MOBUILHOTO 3MEHIICHHS 3 KoediiientamMu 28%,
7%, 18% y BIAMOBIAHMX MYHKTaX CIOCTEPEXEHb 1, 2 1 3;

® BMICT cynbdaTiB JEMOHCTPYE YITKYy 3aKOHOMIPHICTh JIO IMOCTYIIOBOTO
3poctanHsi 3 koediumientamu 41%, 40%, 47% y BIOANOBIAHUX MYyHKTax
criocTepexens 1, 2 1 3;

® [IOKAa3HUK HITPATIB HE MA€ YITKOI 3aKOHOMIPHOCTI y MyHKTi 1, mpoTe y
TouKax 2 3 Mae TEHEHIII0 10 3MeHIIeHHs 3 KoedirmienTamu 37% 1 20% BiMOBITHO.

MaremaTudH1 MOJIEN JIHIMHUX 3aJIEKHOCTEH 1IHTETPOBAHUX MOKA3HUKIB BiJl
TeMIrepaTypy BOJIU MOKa3an cJIabKi 3aKOHOMIPHOCTI, Ha BIIMIHY MOJIHOMIQJIbBHUX
KBaJIpaTUYHUX 3aKoHOMIpHOCTEH. Tak, y Tab. 4.1. mokazaHo y3arajabHEHI 3HAYCHHS
3aJIEKHOCTI OOpaHUX IHTETPOBAHMX MOKA3HUKIB Bl TEMIIEpATypu MOBEPXHEBUX
BO/I.

Jani a6 4.1 703BOJISIFOTH CTBEP/IKYBATH, 1110 TEMIIEpaTypa MOBEPXHEBUX
BOJ, SIK OAWH 3 IHJIMKATOpIB 3MIH KIIMaTy, Ma€ PI3HUM XapakTep BIUIMBY Ha
TIAPOXIMIYHI IHTETPOBaHI MOKA3HUKW. HalOLIbI 3a/Ie)KHUMHU BiJ] TEMIIEPATypH €

nokasHuku posunHeHoro kucHioo (30%) ta BCKs (33%). CepenHniii piBeHb
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3aJICKHOCT] BiJ] TEeMIeEpaTypH MaroTh MOKa3HUKHA TBepaocTi (27%), pH (16%),
minepanizauii (13%) ta cynasdatis (16%). Haiimenin 3ane:xHUMU BiJ TeMIepaTypu
€ TTOKa3HUKHU 3ajli3a 3arajgbHoro (2%) ta uitpartiB (10%). Lle cBiguuTh npo e, 1o

3MIHH TEMIEPATypy Mo BIUTMBAIOTh HA O3HAYCHI MMOKA3HUKH.

Taomung 4.1
3aie’KHICTh IHTETPOBAHKUX MOKA3HUKIB BiJ] TEMIEPATYPH MOBEPXHEBUX BOJI
No/mt [Tokaznuk Cepenniit koe(dilieHT qeTepMiHalli
3aJIEKHOCTI B TEMIEpaTypH, %o
1. | Po3unHHUl KHCEHb 30
2. | BCKs 33
3. | pH 16
4. | Minepamizaiis 13
5. TBepaicTh 27
6. | 3ami3o 3arajibHe 2
7. | Cynbdaru 16
8. | Hitpatu 10

OTxe, Ha OCHOBI HaBEJAEHUX JAaHUX MOKHA 3pOOUTH BUCHOBOK, IIIO
TeMIlepaTypa MOBEPXHEBHUX BOJ MOXKE OYTH BUKOpPUCTaHA JJI POTHO3YBAHHS 3MIH
po3unHHOro KuCHIO Ta BCK5 3 00MexeHoro TouHicTio 30%. JIJ1s 1HIIMX MOKa3HUKIB
HEOOX1H1 JOJIATKOB1 (PAaKTOPH Ta CKIJIAHIII MOJIEI MTPOTHO3YBAHHS.

VY HacTymHOMY PO3/iJl BUBYAEMO BIUIMB aTMOC(EpPHHUX OIaJlIB Ha SIKICTh
MOBEPXHEBUX BOJI 13 BUKOPUCTAHHAM MOJIENEH sl KITbKICHOT OI[IHKU POJIi I[bOTO

YHUHHHKA.

BucHOBKH /10 4eTBEpPTOro pPo3aiiy
JIist mocnmipKeHHsT BIUIMBY KIIIMAaTHYHMX YMHHUKIB HA CTaH MOBEPXHEBHUX
Oyn0 0OpaHO OCHOBHI IHTErpOBaHI T1APOXIMIYHI MMOKA3HUKU SIKOCTI IMOBEPXHEBUX
BOJ, SKI BIAMOBIAM TAaKUM KPHUTEPIAM: YYTIUBICTh 10 KIIMATHYHUX 3MiH;
3IaTHICTh JEMOHCTPYBAaTH CE30HHI Ta pPIYHI KOJIMBAHHA, BIAOUTTA iX 3MIH Yy

TAPOJOTIYHOMY IIMKIII; 3a0€3MeUeHHs TOBHOI OI[IHKH €KOJIOT1YHOTO CTaHy;
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NpaKTUYHE 3HAYEHHS NJS YIOPaBIIHHA BOJHUMHU pecypcamu. s AOCHiIKEHHS
CTaHy TIOBEpXHEBUX BOJ Oylo OOpaHO BICIM TiAPOXIMIYHMX MOKA3HUKIB
(po3unnHuit kucenb, BbCK; wMinepamizamis, pH; 3araibHe 3aii30; TBEPIICTh;
cyibdaTu, HiTpatn), yotHpu 3 sikux (pH, BCK, minepanizaiisi, TBepIiCTh) HaJIEkKaTh
JI0 IHTETPOBAHUX.

Bubip myHKTIB criocTepekeHb y Mexax micta MukosiaeBa 1 MUKoJ1aiBChbKOi
o0nacTi OOMOBJIEHUH TAKUMHU KPUTEPISIMU: PENPE3ECHTATUBHICTH;, MPOCTOPOBE
OXOIUICHHSI; aHTPONOTEeHHUW BIUIMB; TiJPOJIMHAMIYHI yMOBH; Ol0JOTriYHA
PI3HOMAaHITHICTh; JOCTYITHICTh Ta O€3MeKa; HAsIBHICTh 1ICTOPI1 AOCIIIKEHb.

AHani3 JUHAMIKH TAPOXIMIYHUX MTOKa3HUKIB IOBEPXHEBUX BOJI BUSBHUB YITKI
TeHAeHlli, a came: 111 Oy CIOCTEPIraeThCsl MOCTYMOBE 3HMKEHHS Y BCIX MYHKTax
cnoctepexenb; 11 BCKs Big3HaueHo 3umxkeHHs y nepiog 1980—2020 pokis, ane
nicist 2020 poky crocTepiraeTbCsi 3BOPOTHUM TPEH[, 110 BKa3ye€ Ha MOXJIMBHN
BILJIMB aHTPOIOT€HHUX a00 MPUPOAHUX YMHHUKIB; JIJIs1 MiHEpalli3alii MOKa3aHo, 110
il MiIBUILIEHHS B1A0OYyBa€ThCA MiJI BILIMBOM BUIAPOBYBAHHS Ta 3MEHILEHHS CTOKY;
s pH Big3HAYarOThCS 3MIHM 4Yepe3 KIIMaTHYHI YMHHUKH, TaKl SK 3MCHIICHHS
CTOKY Ta 3MIHH BYTJIEKHCIIOTHOTO OajaHCy, Ipy boMy BUCOKHI BMICT CO2 3HIXKYE
pH; KoHIIeHTpaIli HITPATIB KOJIMBAIOTHCS, OCOOIMBO MIC/S MABOJAKIB Ta 3HAYHHUX
OTajiiB, 10 BiAOOpakae 3MIHM Yy PEXKHUMI OIAJIB; IiJBUIICHHS KOHIICHTpAIii
cyJbdaTiB MOB'sSI3aHe 3 €po3i€ro IPYHTIB Ta 3MHUBOM 3
CUTBCHKOTOCTIONAPCHKUX/TIPOMUCTIOBUX ~ TEPUTOPIM, a TaKOXK  3POCTAHHAM
BUIMAPOBYBAHHS; JUIsl 3arajJlbHOr0 3aii3a KOHUEHTpAIs 3pOCTa€ BHACIIJOK
30UIBIIEHHS OMaJiB a00 MOBEPXHEBOI'O CTOKY; 3pOCTAaHHS TBEPAOCTI BIIOYBAETHCS
yepe3 MiJBHILIEHE BUIMApPOBYBaHHS (110 3011blIye KOHIIEHTpPALIIO KajbIil0 Ta
MarHir) Ta 3MEHIIICHHS CTOKY II1]T 4Yac MOCYX.

Busznaueno, 1o TemmnepaTtypa moBepXHEBUX BO/I, SIK OJIMH 3 1HAUKATOPIB 3MiH
KJIIMaTy, Ma€ pI3HUNA XapakTep BIUIMBY Ha TiIPOXIMIUHI 1HTETPOBaHI MOKA3HUKH.
JliHiiHI Mopeni Tmoka3aau cja0Ki 3aKOHOMIPHOCTI, TOJA1 SK TOJIIHOMIaJIbHI

KBaJIpaTHU4YH1 3aKOHOMIPHOCTI KpPaIl€ OMUCYIOTh HETHIAHY MPUPOAY 3a71€KHOCTI.
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J7iss pO3YMHHOTO KUCHIO CepeliHId KOoeIlieHT neTepMiHalii 3aj1eKHOCTI Bif
temneparypu ctaHoButh 30%. Jlns BCKs cepemniit xoedimieHT aeTepMiHalii
3aJIeKHOCTI BIJ TeMIiepaTypu cTaHoBUTh 33%. CepenHiil KoedilieHT JeTepMiHallii
3anmexHocTi pH Bim Temmeparypu craHoButh 16%. s miHepamizamii cepeaHiit
Koe(DIlieHT AeTepMiHallii 3aJI€KHOCTI Bl Temneparypu ctaHoBUTH 13%. Cepenniit
Koe(DILieHT JieTepMiHallii 3aJIeKHOCTI TBEPAOCTI Bijl TEMIIEpaTypu CTaHOBUTD 27%.
Cepenniii  koedillieHT JeTepMiHAIlli 3arajJlbHOTO 3aji3a 3aJeXHOCTI  BIJ
TeMIiepaTypu cTaHoBUTh 2%. Jlns cynbdariB cepenniil koeillieHT aeTepmiHalii
3QJIEKHOCTI Bl TeMIepaTypu CTaHOBUTH 16%, TOMI K AJis HITPATIB cepeAaHii
Koe(DILIEHT leTepMiHalli 3aJIEKHOCTI BiJ TEMIIEpATypu CTaHOBUTH 10%.

HaiiGinb1 3aeKHUMH BiJI TEMIIEpaTypH € MOKa3HUKH PO3YMHEHOTO KHCHIO
(30%) Ta BCKSs (33%). CepenHiil piBeHb 3aJIeKHOCTI MarOTh TBEpAICTb (27%), pH
(16%), minepamizarmis (13%) Ta cynasdaru (16%). HalimeHin 3aiexHUMH Bij
TeMIrepaTypyu € TOKa3HUKHM 3arajbHoro 3amiza (2%) ta witpatiB (10%). 3miHu

TeMIrepaTypy MaJio BILUIMBAIOTh HA O3HAYEH] MTOKA3HUKH.



PO3JILI 5

OLIHIOBAHHS BILINBY KIVIBKOCTI ATMOC®EPHUX
OITAIIB HA ®YHKIIIOHAJIBHUM CTAH I'IIPOEKOCUCTEMHA
MIBAEHHOI'O BYT'Y Y MEJXKAX MUKOJIAIBCBKOI OBJIACTI

5.1. BauB KiIbKOCTI OnagiB Ha piBeHb PO34MHHOr0 KUCHIO i BCKGs.

BuByatoun BIUIMB KUIBKOCTI OMAJiB Ha piBeHb po3uyuHHOTO KucHIO (DO) 1
BCKs y noBepXHEBUX BOAaX, BUCYBAEMO poOOYY TINOTE3Y, L0 L 111 MOXKe OyTH
JIOCUTh 3HAYHOIO, 3aJIEKHO Bl IHTEHCHUBHOCTI Ta YaCTOTH OMAJliB, XapaKTEPUCTHUK
BOJHOTO 00’€KTa 1 mpuiierioi Teputopii. [1ig yac nomiiB BigOyBaeThest po30aBiIeHHS
BOAY, IO MOKE THMYACOBO 30UIBIIMTA BMICT KHCHIO, OCOOJMBO B MAaJIMX
Boi0TOKaX. CHIIbHI O COPUSAIOTH 3MIITYBAHHIO BOAHMX Mac 1 aepallli, 110 TaKOXK
Moke 30ubmmTH  DO. JlomoBi BoaM 3MHBaIOTh 3 IPYHTY, acQaibry,
CUIBCHKOTOCIIOAAPCHKUX YT1/1b OPTraHiKy, 0 MOKe 301IBIINTH CIIOKUBAHHS KUCHIO
MIKpOOpTraHi3MamMu, TUM CaMUM 3HI)KYIOUM MOTO PIBEHb. Y BEJIHMKUX BOJOWMAax
pSCHI oOmagd MOXYTh 3MIHIOBAaTH TEPMOKIHH, CIPHUSIIOYH BEPTUKAIHHOMY
MePEMIITYBaHHIO 1 TUMYACOBOMY MIABUIIICHHIO a00 3HIKeHHIO0 DO B pi3HUX mI1apax.

Omnaau MmoxyTh niasuityBat bCKs uepe3 HaaxomKkeHHs y BOAY OpraHiuHUX
PEYOBHH 13 TPYHTIB, JICIB, MOJIIB Ta MICBKUX TEPUTOPIA. SKIIO 1011 3MUBAIOTH Y
BOJIOMMY a30THI Ta GocopHi CIOMYKH, 1€ crpusie pocTy (itommankrony. [licms
Horo BiAMUpaHHS 301IbITYETHCSI OpraHiYHE HABaHTAXXEHHS, 1110 BEJE 0 3POCTaHHS
BCKs. YV MichbKuX paiioHaX CUJIbHI OMIaJ MOXKYTh MEPEBAHTAXKYBATH KaHaJ13alliiHI
CUCTEMH, CIIPUUMHSIOYN CKUIU HEJOCTATHBO OUMIICHUX BOJ, 10 TaKOX IABHUILYE
BCKs. IIpu HaaxoKeHHI BEIMKOT KIUTBKOCTI OMaiB MOKe 3MIHIOBATUCS IIIBUJIKICTh
010XIMIYHHX MpoIieciB y Bojl, 1110 BiutuBae Ha BCKS.

OTxe, IpUITyCKAEMO, 1110 TOMIPHI OMal MOXYTh MOKPALIUTH AKICTh BOJIH,
3MEHIIYIOYM KOHUEHTpAIil0 3a0pyJHEHb; CUJIbHI 3JMBU YacTO CHPUYUHSAIOTH

smeHmeHHss DO 1 30uibmenns BCKs depe3 HaaXomKeHHS BEIHMKOI KUTBKOCTI
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OpraHiYHUX PEYOBHH Ta 3a0pyAHEHb, Yy pIiUKax BIUIUB OMAaJiB MOXe OyTH
KOPOTKOTPUBAIIUM.

Ha puc. 5.1. nomano Mojeni 3aJIe)KHOCTI pPO3UMHHOTO KHCHIO Bij KIJIBKOCTI
onaxis. JliniitHa Moaens onucyeThes piBHaaEAM: y=—0,00125x+11,97 (R?=0,0074);
kBagpatuyHa:  y=—1,19x107°x%+0,0102x+9,39  (R*=0,017);  ekcroHeHIiiiHa:
y=559,47xg 223*10-6x_547 50 (R?>=0,0074); norapudpmiuna: y=—0,4973In(x)+14.44
(R?=0,0056). Haiikpamuii koe(ilieHT aeTepMmiHaLii Ma€ KBaJpaTHYHa MOJEIb
(R?=0,0172), x04a Bci MO MOTaHO ONUCYIOTh 3alIEXKHICTb.

Mopnoeni 3ane>HoCTi PO34YMHHOIO KUCHIO Big KiNbKOCTI onagis

X % NaHi
157 Ninida (R2=0.007)
= | e KeagpaTwyHa (R?=0.017)
T 14}t —-= EkcnoHeHuinHa (R2=0.007)
=z x x NorapudmivHa (R?=0.006)
Q
S 13} %
g y x
o X X
[ =
2 12 - X X X ~
z B L
T T E————— ——
L
8 “ x ..,X
-
% X
Z 10} X x
oM
x X
9r %
300 400 500 600 700

KinekicTb onaais (Mm)

Puc. 5.1. Mogeni 3a1eXHOCTI pO3UMHHOTO KUCHIO B1JI KIJTBKOCTI OITaIiB.

KBagpatuuna Mojens 1eMOHCTPYE, 110 Juiie 1,72% 3MiH pO3YMHHOTO KUCHIO
MOXHa TIOSICHUTU 3MiHAMHM Yy KUIBKOCTI omajaiB. Pemra Bapiariii oOymoBieHa
IHIIMMU YHUHHUKaMU a00 BUMAAKOBUMU (GIyKTyauisiMu. Takuil HU3bKUN CBITYHUTH
npo clabKy B3alieKHICTh MK ITUMH JBOMa 3MIHHUMHU. XO4Ya OIMaJd MOXYTh
BIUIMBATH HAa KOHIIEHTPALII0 KHUCHIO, IXHIM MpsSMUNA BIUIUB 4YaCTO MAacCKYETbCS
IHITUMU YUHHUKAMH, a caMe:

1. Bucoki Temnepatypu 3HUKYIOTh PO3UMHHICTh KUCHIO Y BOJIL. SIKITIO omaau
MPUHOCSATH TEIUTYy BOy a00 BiI0YBaIOThCS B TEIUIUM MEPi0j, 1€ MOKE 3MEHIUTYBaTH

KOHIIEHTPAL[1}0 KHCHIO.
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2. Jo1iii MOKYTh MiABUILLYBAaTH PiBE€Hb BOJH 1 MIBUIKICTh T€Uil, 10 TIOCUIIIOE
HACHYEHHSI KHMCHEM 3a PaxXyHOK TypOyJIeHTHOro 3MmimnyBaHHS. HaBmaku, Benmki
JIOIIII MOXKYTh 3MEHILUTHU PIBEHb KUCHIO, SIKIIO BOHU MPUHOCATH 0arato OpraHiku,
AKa MBUJIKO CTIOKUBAE Osa.

3. Onagu MOXyTh 3MUBAaTU 3a0pyJHUKH (OpraHiyHI pEYOBHHH, NOOpHUBa,
cTiuHl BojaM). lle 3HMXKy€e KOHIEHTpallil0 PO3YMHHOIO KHCHIO. BHCOKHI piBEHb
HITporeny 1 pocopy 3 MOBEpXHEBOT0 CTOKY CTUMYIIIOE I[BITIHHS BOAOPOCTEMH, 110
MO>K€ MPU3BOJIUTHU J0 NeDIIUTY KUCHIO (ePeKT eBTpodiKarlii).

4. BruiiB onaj/iiB Ha KUCEHb MOXKE 3MIHIOBATUCS 3aJICKHO BiJl aTMOC(HEPHOTO
TucKy. Hanmpukinaz, npu 3HMKEHOMY THCKY ra3000MIH 3 TOBITPSIM HOTIPIIYETHCS.
CunpHui BITEp MpHU JOIIAX CHPHUSE aepaiii BOAM, IO MOXE KOMIICHCYBAaTH
3HMKEHHSI KUCHIO B1JI CTOKY OpTaHIKH.

5. ¥V rnubokux BojoWMax CHUIIBHI OMald MOXKYTh 3MIITYBaTH IIapy BOJIH, 1110
3MIHIOE€ KHCHEBUI OajaHc. Y MIJIKOBOJHUX IUISHKAX 3 HU3BKUM OOMIHOM BOIH
OIMaJii MOXYTh CTBOPIOBATH TUMYAacoBl "MepTBI 30HU", OCOOJIMBO MPU BUCOKOMY
OpraHi4YHOMY 3a0pY/IHEHHI.

6. B3umky a0o paHHBOIO BECHOIO, KOJIM BOJIa HAaCHMYE€Ha KHUCHEM, OMaau
MOKYTh MaTH MiHIMaJIbHUH BIUIUB, IPOTE, BIITKY, KOJIU PIBEHb KUCHIO BKE HU3bKUI
yepe3 BUCOKY O10JI0TIYHY aKTUBHICTh, HaBITh HE3HAYH]1 3MIHU MOXKYTh CIIPUYUHATH
CYTTEB1 €KOJIOT1YH1 HACIIKH.

Orxe, Hu3bKHI R? moKasye, 0 omaay, K IMOKa3HUK KJIIMATHYHUX 3MiH HE
Ma€ BIUTMBY Ha BMICT PO3YMHHOTO KHCHIO. ['iIpoexocucTeMa 3/aTHA HiBEIIOBATH
JII0 IbOTO YMHHHUKA 332 PaXyHOK IPOLIECIB CAMOPETYJISLIi Ta 3BOPOTHOI i1 1HIIMX
¢dakTopiB, siKi OyJI0 OMUCAHO BHIIIE.

Ha puc. 5.2 nopano mozeni 3anexxnocti BCKs Bin kinpkocTi onaniB. JliHiliHa
MOJIEITb XapakTepu3yeThes piBHAHHAM Y = 0,0009X + 3,5028; kBagpaTuyHa MOIEIb
y=0,000004x2 — 0,0033x + 4.4691; norapudmiuna moaenp y=0,3705-In(x)+ 1,6551;

eKCIoHeHIilHa Mozens y=g(0:0001x +1,2833)
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Mopeni 3anexxHocTi BCK5 Bia KinbkocTi onagis

x X [Ladi
—— JliHinHa (R?=0.008)
6 —— KeappaTtuyHa (R?=0.010)
—— EKcnoHeHLUidHa (R?=-0.015)
JNorapudmiyHa (R?=0.006)

A

BCKS5, mr/n
S
x
Q&

X x x

300 400 500 600 700
KinbkicTs onanis, Mm

Puc. 5.2. Monem 3anexaocti bCKs Bi1 KUIBKOCT1 OIaiB.

I'padik puc. 5.2 BiagOUBae po3Kuj EKCIEPUMEHTAIBHUX JIaHUX Ta YOTUPHU
pI3HI TUNM PErpeciiHUX MOAENIeH, M0 HAMararoThCs OINUCATU 110 3aJICKHICTb.
BaxynBo Bi3HAYUTH, 1110 KOS(ILIEHTH ASTEpMiHAaLIli AJI BCI1X MOJAAHUX MOJIeIe €
nyxxe Huzbkumu (0,008 nns miHikuoi; 0,10 mns kBampatuunoi, —0,015 s
ekcroHeHnilnoi Ta 0,006 nus norapudmiunoi). Huspkuii R? cBiguuTs mpo Te, mo
YKOJHA 3 IIUX MOoJIeNiel He MOSICHIOE 3HAYHO1 YacTku Aucnepcii y 3HaueHHsX BCKs
Ha OCHOBI KIJIKOCT1 OnajiB. [HITMMU CIOBaMU, KIJIBKICTh OIA/IB SIK €MHUHN (haKTOp
He € clIbHUM npeaukTopoM piBHs BCKs. Xoua, TeopeTudHO, EBHA 3aIeKHICTh MIXK
BCK Ta KiUJIBKICTIO OmajiB Moe icHyBaTu. Omnaau MOXYyTh 3MHBATH OPraHIuHI
3a0pyIHIOBaYl 3 MOBEPXHI IPYHTY Ta BOA0301pHOT TEpUTOPIi Yy BOJHI 00'€KTH, 110
MPU3BOAUTH J10 301IBIIEHHS] KOHIIEHTpAIlli OpraHiuYHUX PEYOBUH 1, BIAMOBIIHO, JI0
3poctanHst bCKS. OnHak HU3bK1 KOe(iII€HTH AeTepMiHallii BKa3ylOTh HA T€, 110 115
3aJICKHICTh € JYXKE CIAa0KOI 1 OMOCEPENKOBAHOK IHIMUMH, OLTBII 3HAYYITUMHU
YUHHUKAMH.

Tak, na piBenpr bCKs BmiMBae iHINI YWHHUKH, TakKi SK: MPOMHCIIOBI Ta
MoOyTOB1  CKWIHW, CLIBCBKOTOCIOAAPChKA JISUIBHICTH, TeMIlepaTypa BOJIH,
IIBUJIKICTh T€Yii, HABHICTb TiApo0ioHTIB. Po3paxyHok Mopenei CBiAYUTh, IO 11

daktopu 3HauHO Oinbine BruBaoTh Ha BCKs, HI’ KUTBKICTB OMaIiB.
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OTxe, X04a TEOPETHYHO KIIMATUYHUN YWUHHUK, TaKWi SK KUIbKICTh
atMochepHux onaaiB Moxke BruBaTé Ha BCKs, mpoTe, mpeacraBieHi Mojaeni Ha
OCHOBI TPaKTUYHUX PE3yJIbTATIB HE MIATBEPKYIOTh II0 3alekHICTh. Hu3bKI
KoeQillleHTH JAeTepMiHaIli CBiI4aTh NPO HEOOXIAHICTb BpPaxXyBaHHS IHIIHUX
BaYXJIMBUX YMHHUKIB 1 BUKOPUCTAHHS OiJIBII CKIQJHUX MOJEIEH sl aJeKBaTHOTO

onucy 3anexHocTi BCKs B 30BHINIHIX BIUIMBIB.

5.2. BiuB kiiibKoCTi onagiB Ha piBeHb pH 1 miHepaJtizamii.

JlocmiKyroud BIUTMB aTMOC(EPHUX OMajiB, MU BUXOJIWIU BiA poO0YOi
riNoTe3u, IO KUIbKICTh aTMOC(EpPHUX OMNajJlB € BaXJIMBHUM UYHWHHHUKOM, SIKUU
BIUIMBA€ Ha 3HaueHHS pH Ta MiHepami3alliio MOBEpXHEBUX BOJ. Benuka KUIbKICTh
aTMoc(epHHUX OMaiB MOXE MPU3BECTU A0 PO30ABIICHHS MOBEPXHEBUX BOA. KO
BOJIa B OMaJiax Mae HeUTpasibHUM a00 ciabo-kucnuit pH, 11e Moxke MpPU3BECTH /10
nigBuiieHHss pH y BojoiiMi, SIKIIO 10 1BOTO BiH OyB OUIBIN KUCIUM. | HaBMmakw,
SKIIO OMaJW € KUCJIWMH, BOHH MOXYTh 3HU3UTH pH moBepXxHeBUX BOJ. 3HaYHA
KUIBKICTh OMAaJiB MOKE MPU3BECTH 10 PO30ABICHHS PO3YMHEHUX Y MOBEPXHEBUX
BOJaX MiHEpaJbHUX COJICH Ta IHIIMX PEYOBHH, IO MPHU3BOIUTH 10 3HIKCHHS
3arajbHOI MiHepasi3allii (KOHIIEHTpallll pO3YUHEHUX PEUYOBHH).

Ha puc. 5.3 nmomano moxemi 3anexHocTti pH Big kimbkocTi onaziB. JliHiiHa
mozaenb BignmoBinae pH=0,0003-x+8,36. koedimienT nerepmidaiii R?=0,016.
3B’s130K qyxe cinaOkuil. Taka MoJenb He ONucye cyTTeBOro BIuMBY. KBagpaTuuna
Monenb  Bigmosimae  Qgopmymi  pH=3,6-10—"-x>-0,0001-x+8,42  (R2=0,016).
Crnocrepiraerbess Jerkuii "BUTHH'", ajne KpuBa Joci Jayxe miacka. HasBHicTh
KBQIPaTUYHOTO WIEHA HE J]A€ ICTOTHOTO MPHUPOCTY MOSICHIOBATHLHOT CHJIM MOJIEII.
Ky6iuna mozens Bignosigae popmymi pH=-7,2-1071%-x3+1,1-10°-x>-0,0001-x+8,45
(R*=0,047). Kyb6iunuii wieH 103BOJsi€ MOJIEN] "BUTUHATUCA" B KIIBKOX HAIPsIMKaXx.
[Ipote, Hu3bke R? BKaszye, M0 TpeTill CTYIIHL TEX HE BUPIIIYyE TpobdieMy

aJICKBaTHOTO OMHUCY 3ajexkHOCTI. OTKe, yc1 MOJeNl MaloTh yxe Hu3bke R?, T00TO
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KUTBKICTh OMa/liB HE € 100pUM IpeaukTopoM pH, 1 Ha BOJHEBUI MOKa3HUK MOKYTh

OlIbIIIe BIUTMBATH HASBHICTH 3a0pyAHEHB, THI IPYHTY TOIIIO.

AHaniz 3anexHocTi pH Big KiNbKOCTI onaaie (KOpeKTHI Moaeni)

x x X Hadi

8.8} NMiniana (R2 = 0.016)

—— KgagpaTtudHa (R? = 0.016)
—— Kybiyna (R? = 0.047)

8.2

80

300 400 500 600 700
KineKicTe onagie (Mm)

Puc. 5.3. Moneni 3anexxsocti pH Bl KITBKOCTI OmaiB.

Ha puc. 5.4 nogano mozeni 3ajexHOCTI MiHepasti3allii BiJ] KUIbKOCTI OMaiB.
[TomiHoM meproro cTyrneHs (JiHIHHA MOJENb) Ma€ HAWHIKYAN KOEPIIEHT
netepminanii (R?=0,054). Lle cBimuuTh Ipo Te, 10 JiHiiHA 3aIeXKHICTb TyXke c1abo
MOSICHIOE 3B'SI30K MIXK KUIBKICTIO OTAJiB Ta MiHepai3aili€eto. JIiHis Mae HEBEIUKUI
BiJI'€eMHUI HAXWJI, 1110 BKa3y€ Ha CIA0Ky TEHJICHIIIIO IO 3MEHIIICHHS MiHepasi3aii 31
30UIBIICHHSIM KUIBKOCTI omaaiB. OnaHak, 4Yepe3 HHU3bKUU R% 1ug TeHmeHHiA
CTATUCTUYHO HE3HauyIla 1 JiHIiHA MOJIeNIb MTOTaHO onucye HasiBHI AaHi. [TomxiHOoM
JIpyroro crymneHs (KBaJapaTHyHa MOJC/Ib) Ma€ Jel0 BHUIIUNA KOe]illieHT
nerepMinailii (R,=0,066) mopiBHAHO 3 JIHIMHOK MOJEJUTIO, ajieé BCE Ie JTOCUTh
HU3bKMN. KBanpaTudyHa KpuBa Kpaie BiloOpakae NesKi BUTMHU B JaHHUX, ajie
3arajoM TIOSCHIOBAJIbHA 3JAaTHICTh MOJEJI 3aJIMIIAEThCA HHU3BKOK. [lojiHom
TPETHOTO CTymeHs (KyOidHa MOJENb) TMOKa3ye 3HAYHO BUIMUNA KOEQIIIEHT
nerepminanii (R?=0,100) mopiBHAHO 3 MOAEISAMY HUKYOTO cTyneHs. KyOiuna kpusa
Mae OiIpll CkJIamHy ¢GopMy 1 Kpalle Opwisirac 10 ACSKUX 00JiacTel HaHuX,
BiI0OpakarouM NOTEHLiMHI HeNliHiiHI 3akoHoMipHOCTi. OnHak, R? Bee 1me BigHOCHO
HU3BKHUHM, 10 BKa3ye Ha Te, II0 3Ha4YHA YacTHWHA JucIiepcii MiHepaiizaili He

NOSICHIOETbCST  Ii€t0 Moaesnto. [lomiHoM ueTBepTOro crymeHs (KBaJpaTHYHA
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MOJieJb) Ma€ HalBUIIMKA Koe(ilieHT AeTepMiHalii cepel yCiX pO3TISHYTHX
moneneit (R?=0,136). IoniHoM 4-T0 CTyIEHs € HAWOLILII THYYKHM 1 HalKparue
Bi3yaJIbHO BIJAMOBIAA€ PO3KHAY TOYOK JaHUX, BIJOOpakarouu OLIBII CKJIaIHI
KOJIMBaHHS 3aJI€KHOCTI.

3arajioM, >KOJIHa 3 TMOJAaHUX MOJeJIe He 3abe3neuye BHCOKOTO PIBHS
MOSICHIOBAJIBHOT  37aTHOCTI 3aJIGKHOCTI MiHepaii3aiii TOBEpXHEBUX BOJ BIJ
KUTBKOCTI omaaiB. OueBUAHO, IO 1HII YMHHHUKU BIUIMBAIOTH HA MiHEpali3alliio
MOBEPXHEBUX BOJI, OKPIM KUIHKOCTI Oa 1B, 30KpeMa, reoJioriyHa 0yaoBa TEpUTOpIi,

aHTpOHOl"eHHI/Iﬁ BIIJIMB TOIIO.

3anexHicTe MiHepanizauii Bia KiNbKOCTi onagie

X X Jani
—— MoniHom cTyneHs 1 (R* = 0.054)
—— TMonixom cTynens 2 (R2 = 0,066)
X x MoniHom cTyners 3 (R* = 0.100)

5000} x —— MoniHom cTyneHs 4 (R? = 0.136)

4000+

Minepanisauis (mr/n)

3000

2000

300 200 500 600 700
KineKicTs onagis (mMm)

Puc. 5.4. Mopeni 3ajie)KHOCTI MiHepaTi3ailii BiJl KUTbKOCTI OMa/IiB.

5.3. B1uB KiIbKOCTI OnagiB HA piBeHb TBEPAOCTi BOM.

JlocmipKyroun BIUIUB aTMOC(EpPHUX OMajiB Ha MOKA3HUK TBEPIOCTI BOJH,
Oy70 BHCYHYTO po0OdYy TimoTe3y: 30UIBIIEHHS KUTBKOCTI aTMOC(hEpHUX OMaaiB
NPU3BOIUTH JI0 3HWKCHHSI 3arajlbHOT TBEPAOCTI MOBEPXHEBUX BOJ 4epe3 eeKT
po30aBJICHHS Ta 3MEHIIICHHS KOHIIEHTpAIll PO3YMHEHUX MIHEpalliB, 30KpemMa HOHIB
kanpuio (Ca?") Ta marmiro (Mg?"), ski € OCHOBHMMH KOMIIOHEHTAMH TBEPJOCTI
BoAM. ATMoc(hepHi omaau, Taki SK JOI[ Ta CHIT, 3a3BUYaii MaloTh HU3BKY
MiHEepasi3aliio Ta, BIANOBIIHO, HU3bKY TBEPHICTb.

[Ipsime moTparissHHs aTMochepHUX OMaJIiB Y BOJHI 00'€KTH MPU3BOAUTH JI0

po30aBieHHSl ICHYIOUOi BOAM 3 BHUIIOI0 KOHIIGHTPAIEI0 PO3YMHEHHX COJIeH
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TBEpAOCTI. bisbIa KiTbKICTh OMajIiB MOXKE CIIPUYUHUTH 301IBIIICHHS TTIOBEPXHEBOTO
cToky. Boza, mo crikae 3 mOBEpxHi, MOXKE MaTH MEHILIUN KOHTAaKT 3 TPYHTOM Ta
TpPCHKUMU MOPOAaMHU, sIK1 € JKEPEIOM 10HIB KaJIbIIII0 Ta MarHito, 1 TOMy Ma€ HUXIY
MiHEpai3alilo Ta TBEPAICTh. bifbpIna KUTBKICTH OMAiB MOXE MNPHU3BECTH 0
MEHIIIOTO BUIIAPOBYBaHHS 3 TMOBEpXHI BOAHUX 00'exTiB. BumnapoByBaHHs
KOHIIEHTPY€E PO3YMHEHI COJIi, TOMYy MOro 3MEHIIEHHS MOE CIPHUSTH 3HUKEHHIO
TBepoCTI. OTXKE, OUIKYETHCS, IO B MEPIOJU 3 OLIBIION KUIBKICTIO aTMOC(HEPHHUX
OMaJiB CHOCTEPIraTUMEThCS TEHJEHLIS /0 3HWKEHHS IIOKa3HUKa 3arajbHOl
TBEP/IOCTI MOBEPXHEBUX BO/I.

[{ro pobouy rimore3y OyJi0 MEPEBIPEHO YEpe3 aHal3 JAaHUX MPO KIJIbKICTh
aTMOoc(epHUX OMNajiB Ta MOKA3HUKH TBEPJIOCTI BOJAU Y MYHKTI CIIOCTEPEXKEHHS 3
YOPOJIOBXK IEBHOrO Imepioay uacy. Ha puc. 5.5. momaHo Mojeni 3aiexHOCTI

TBEPJIOCTI BOJIM BiJ KIJILKOCTI OIaIIB.

3anexHicTb TBEPAOCTI BOAW Bif KinkKOCTi crnanis

X @akTWdHi paHi

28 x — MNikifika (R? = 0.000)

—— KeagpaTuura (R? = 0.034)
KyGiuna (R2 = 0.043}

—— JNorapudmivka (R = 0.001)

26

x x

24
\ . . /
22 5

20 =

TeepAicTb BOAN, Mr-eks/n

® x

300 400 500 600 700
Onagu, Mm

Puc. 5.5. Mojeni 3a1€XKHOCTI TBEPAOCT1 BOAM BiJ KUIBKOCTI OMaIiB.

Jlinifina Mozenps omnucyerbes piBHAHHAM y =—0,0003x+21,37 1 mokasye
cabKy HETraTUBHY JIHIAHY 3aJeXKHICTh. 31 30UIBIIEHHSIM KIJIBKOCTI OIaJliB
TBEPIICTh BOJM JACNI0 3MeHIIyeThes. [Ipore xoedimient aerepminarii (R?~0,511)

CBIIUUTHh MPO OOMEXKEeHY TOYHICTh Mojenl. KBaapaTuyHa Mojelb Mae BUJ:
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y=0,000057x%-0,0547x+33,64, 0 BKa3ye HA HETIHIMHMI 3B’ 30K (3aJIEKHICTh MAE
BUTIIA apabomn). R*=0,693 3HauHO Kpalla BiAMOBIAHICTh, HIX Y JIIHIMHOT MOJIEII.
Ky6iuna wmogens  y=0,0000002378x3-0,000281x2+0,0979x+11,54  maiikparue
ormcye 3anexHicth (R?<0,705). Jlorapudpmiuaa mogens y = —0,53841In(x)+24,48
JIEMOHCTPY€E HETaTUBHY 3aJICKHICTh: YUM O1JIBII OMagu — TUM MEHIIA TBEPIICTh,
aje 'y BUIJISII JIOTapu(PMIYHOTO 3HIDKCHHS 1 TpUJaTHA JUIsI OINKCY JIMIIE
oOMexxeHoro piama3zoHy. R?=0,571 — xpama 3a JiHIMHY, aje Tripma 3a
nosHoMianbHi. OTxe, KyOiuHa MOJeib HaWTO4YHINIE omucye HasBHI naHi. lLle
O3HAYae, M0 B3a€MO3B’ 430K MK OMaJaMH Ta TBEPICTIO BOJU HE € IPOCTUM — BIH
Ma€ CKJIaJIHy HENHIHHY NPUPOY, MOMKIMBO 3 KIJIbKOMA MiKaMu ab0 MiHIMyMaMmH,

10 MOXKe OYTH PE3yIbTaTOM PI3HUX €KOJOTTYHHUX a00 T1IporeoXiMivHUX YMHHUKIB.

5.4. BiuB KLIBKOCTI ONaJiB HA PiBeHb 3arajJibHOIO 3aJi3a.

ATMocdepH1 omanu BIIIFPAlOTh 3HAYHY POJib y (POpMyBaHHI XIMIYHOTO
CKJIaJly TIOBEPXHEBHMX BOJI, 30KpeMa BIUIMBAIOUYM Ha KOHIICHTPAIIO 3arajbHOTO
3aiiza. IcHye nekiibka OCHOBHUX MEXaHI3MiB, Yepe3 K1 OTa iy 3yMOBIIOIOTh 3MIHU
BMICTY LIbOTO €JI€MEHTa Yy piuKax, 03epax Ta BOJOCXOBHUIIAX.

OmgHuM 13 KJIIOYOBHX TMPOIECIB € BWJIYrOBYBaHHSA 3ajli3a 3 IPYHTIB
BOA030ipHOI TwIONI. JlomoBa Boja, MPOCOYYIOYHCH KpPi3b IPYHTOBUN TOKPHB,
KOHTaKTy€ 3 PI3HOMaHITHUMHM MIHEpPAJIbHUMU CIIOJIYKaMH, II0 MICTATh 3aji3o.
Bracniok XiMi9HUX peakiiil BiiOyBa€ThCS POZUYMHEHHS ITUX CIOJYK, 1 PO3YMHEHI
¢dbopmu 3aiiza pa3om i3 IpPyHTOBUMH BOJAMH Ta MOBEPXHEBUM CTOKOM MOTPATUISIOThH
y BO/IH1 00’ €KTU. [HTEHCUBHICTH OMajIiB, 0COOIMBO MICIs TPUBAIUX MEPIOAIB CyXOi
MOTOJI, MOKE IPU3BOJIUTH J10 301IBILIEHHS! BUHOCY 3aj113a, OCKIJIbKYA HAKOTIMYEH1 Ha
MOBEPXHI IPYHTY CIIOIYKH CTAIOTh AOCTYMHIIIUMH 711 POZYUHEHHS.

OxpiM TOrO, Mij Yac CUIBHUX 3JIMB BiAOYBAETHCSI 3MUB 3aBUCIMX PEUOBUH 3
noBepxHi Bom0301pHOI omny. Epo3iiiHi mpolecu Mpu3BOASTH 10 MOTPAIUIIHHA Y

BOJIHI 00’ €KTH APIOHMX YACTHHOK IPYHTY Ta TIPCHKHUX MOPIJ, SKI TaKOX MOXYTh
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MICTUTH 3HA4YHY KITBKICTH CITONYK 3aiiza. lle 0coOIMBO MOMITHO y HEBEITUKHX
BOJIOTOKAX MICJIs 3J1MB, KOJIM BO/Ia HAOyBa€ XapaKTepHOT0 YePBOHYBATOTO BIATIHKY.
BaxxnuBy posib BiAIrparOTh 1 KUCJIOTHI IO, 110 YTBOPIOKOTHCS BHACIIIOK
3a0pynHEeHHs aTMOoc(hepr OKCHUIaMH CIpKU Ta a30Ty. 3HMKeHu pH Takux omasis
CIIpHSI€ TBUIIICHHIO PO3YMHHOCTI CTIOJIYK 3aJ1i3a SIK Y IpyHTax BOA0301pHOT IO,
TaK 1 B IOHHUX BIJIKJIa/IaX CaMUX BOJHUX 00’ €KTiB. Lle mpu3BOUTh 10 aKTUBHIIIOTO
nepexoy 3aji3a y po3uruHeHYy GopMy Ta 3pOCTaHHS HOT0o KOHIICHTpAIIil y BOJI.

Bongnouac, 3HayHi 00’eMu aTMOcCEepHHMX OMAJIB  MOXYTh MaTu 1
IPOTUIICKHUHN e(DEeKT — p030aBICHHS ICHYI0UO1 KOHLIEHTpAI[li pO3YMHEHUX PEYOBUH,
BKJIFOYAIOYM 3aJ1130, Y BEJIMKHUX BOJHUX 00’ekTax. IIpore meit edpext moxe OyTH
MEHIII BUPKEHUM Y HEBEJIMKHX BOJOMMaX, 1€ MepeBakae HAJIXOHKEHHS 3aji3a 3
BOJ10301pHOT TJIOIII].

Ce30HHICTh OMaIB TAKOX € BAXJIUBUM (PAKTOpPOM. Y MEpiou 1HTEHCUBHHUX
JOIIB 200 CHIFOTAHEHHS HAAXOJKEHHs 3aii3a y BOAHI OO €KTH, SK IPABUIIO,
3poctae. Y TOCYHNUIMBI TE€pIOAM, HABIAKW, KOHIEHTpallisl 3aji3a MOXe
30UTBIITYBATHUCS 32 PaXyHOK 3MEHIIIEHHS 00’ €My BOJU Ta MPOIIECIB BUIAPOBYBAHHH.

OTtxe, Ha OCHOBI BHII€3a3HAYEHOI0, OyJ0 BHUCYHYTO poOOYy TimoTe3y: 3i
30UTBIIIEHHSIM KUTBKOCTI aTMOC(HEpPHHUX OIaJiB CIIOCTEPIraTUMETHCS 3POCTAHHS
KOHIIGHTpAIlli 3arajbHOr0 3aji3a y IOBEPXHEBUX BOJHUX O0'€KTax BHACIIIOK
MOCWJICHHSI TIPOLIECIB BIJIYTOBYBAHHS 3aJII30BMICHUX CIIOJYK 3 IPYHTIB Ta 3MUBY
3BOKCHUX PEUYOBHH.

[{ro po6ouy rinore3y O0yJ0 MepeBipeHO NUITXOM aHaJI3y JaHUX MPO KIJTbKICTh
aTMOC(epHHX ONaiB Ta MOKA3HUKH 3arajlbHOTO 3aji3a Y MMyHKTI CIIOCTEPEKEHHS 3
YIPOJOBXK MEBHOTO Tiepiony "acy. Ha puc. 5.6. mogano Mojeni 3aJ1€KHOCTI BMICTY
3araJIbHOro 3aji3a BiJ KIJIbKOCTI OITa/IiB.

Jlinittna wmogens  y=—0,00007x+0,26371 mnoka3ye ciaOKy HEraTuBHY
3aJeKHICTh. 31 30UIBIIEHHSM KIJIBKOCTI OMaliB MPOTHO3YETHCS HE3HAUHE

3MEHIIIEHHs BMICTY 3araipHoro 3amiza. Kyrosuit koedimient (-0,00007) € myxe
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MajnM, [0 BKa3zye Ha CiaOkuil BIuMB. Bi3dyallbHO JTiHIS HE AyXe M00pe ommcye
3arajbHy TEHJEHIIIIO TaHUX.

Ksagpatnuna wmoxpenr y=—1,21e-06x?+1,09e-03x+0.00). IIs momenb
BiloOpaXkae HEMHINHY 3aJIeKHICTh 3 mapadomuHoio (opmoro. Bona mokasye
3pOCTaHHS BMICTY 3aji3a MpU MaJluX Ta CEPeIHIX 3HAYCHHSX OMaJiB, JIOCATAlOUYH
MaKCHMYyMY, a TIOTIM ITOYMHAE CIaJaTH MPHY OUTHIIMX 3HAYCHHSX omajiB. BizyaasHo
1 MOJIETb JICHIO Kpalle BiIoOpaXkae esiKi TOKAJIbHI TEHACHIIT B JaHUX MOPIBHSHO
3 JHIAHOIO.

Ky6iuna momens y=1,21e-08x3—-1,85e-05x2+8,90e-03x—1,13 € me Oimbmm
THYYKOIO 1 MOX€E ONUCYBATH CKJIAJHINI HEJIHIWHI 3aJ€KHOCTI 3 OAHIEID TOUYKOIO
neperuny. Ha rpadiky BUIHO, IO BOHA HAMAraeThCs Kpaile MiJiamTyBaTUC T
OKpeMI Tpynu TOYOK, aje MPU LbOMY MOXKE€ MaTW 3HA4YHI BIAXWJICHHS B 1HIIUX
Jiana3oHax KUlbKOCTi omaaiB. CKIaJHICTh PIBHSHHS POOUTH IHTEPIPETAIIIIO
(13MYHOTO 3MICTY 3aJIEKHOCTI MEHII OYEBUIHOIO.

Jlorapudpmiuna moaens y=—0,0224 In(x) + 0,3673) nokasye cnagaHHs BMICTY
3aji3a 31 30UIBLIEHHSM KUIBKOCTI OIAJiB, aj€ TEMII [bOro CIaJaHHsI
CHOBUIBHIOETHCA MPHU OUIBIIMX 3HAYCHHSIX ONaAiB. Bi3yallbHO LIl MOJEIb TaKOX HE
ayke J00pe anmpoKCHUMY€E OUIBIIICTh JaHUX, OCOOJMBO B Jlialma30oHl CepeaHIX

3HAYEHb OITAIIB.

Mopaeni 3anexHoCTi BMICTY 3ani3a Bil KiIbKOCTi onaais
0.6

Norapudminma; y=-0.0224In(x)+0.3673

0.5
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0.3

2 3 <
0.2 x x
. x x
xx
x
x x

300 400 500 600 700
Kinekicts onapie, Mm

BMicT 3aranbHoro 3anisa, mr/n

Puc. 5.6. Moneni 3a1eKHOCTI BMICTY 3arajibHOTO 3aJ1i3a Bij

KUIBKOCTI OITaIiB.
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OTxe, XOMHA 3 TPEACTABICHUX MOJAEICH HE JIEMOHCTPYE UITKOI Ta
MEPEKOHJIMBOI 3aJISKHOCTI BMICTY 3arajbHOTO 3ajli3a BiJ KUIBKOCTI OIajiB Ha
OCHOBI po00u4o0i rinore3u. KinbKicTh onajiiB Mo)ke He OyTH OCHOBHUM a00 €TMHUM
YUHHUKOM, 1110 BU3HAYA€ BMICT 3arajibHOTO 3ajli3a y BOJI. [HIIN YWHHUKH, TaKi SK
reojioriyHa Oy0oBa BOJ030IpHOI ILIOINNI, XIMIYHMM CKJaj OIMaaiB (HAIPHUKIIA,
KHCJIOTHICTh), CE€30HHICTh, IHTCHCUBHICTh ONAJiB, TiJIPOJIOTIYHI YMOBH, a TaKOXK

AHTPOIIOTCHHC BIIJIMB, MOXYTb MAaTHW 3HAYHO OlJIBIITAH BILJIHB.

5.5. BiuB KiIbKOCTI onagiB Ha piBeHb cyabdaTiB i HITpaTIB.

KinbkicTh onaaiB BiAIrpae BaXJIUBY poJib Y (POPMYBAaHHI XIMIYHOTO CKJIAAy
IIOBEPXHEBHX BOJ, 30KpeMa BIUIMBAIOYM Ha KOHLEHTpalio cyabdarie (SOs* Ta
HitpatiB (NOz’). Omaaum MOXyTh MICTUTH Cyiab(daTv, OCOOIMBO TIiJI 4Yac
3a0py/lHEHHS TIOBITPSI  CyJb()YpOBMICHUMH CHOJyKaMd (HANpUKIAN, BiJ
CHAJIOBAHHS BUKOITHOTO MaJliBa, MPOMHUCIOBUX BUKHIB). 301IbIIEHHS KUIBKOCTI
OmajiB MOXe MPU3BOJUTH JI0 OLTBIIIOT0 HAAXOXKEHHS CYIb(]aTiB 0€3M0CEPEIHBO Y
BOHI 00'€KTH. [HTEHCUBHI OMaM MOKYTh CIPUUMHATH 301JIbIIIEHHS TOBEPXHEBOTO
CTOKY 3 mpujeraux Teputopiid. Llei cTik Moxe BUMHBATU Cyib(paTd 3 IPYHTIB
(0co0MMBO 3 TIMCOHOCHUX TOpPiA ab0 CUICHKOTOCTIOAAPCHKUX  YTilib, €
BUKOPHCTOBYIOThCS CyIb(haTHI J00pHUBa) Ta TPAHCHOPTYBATH iX JO MOBEPXHEBUX
BOJI, MiJABUIIYIOYM IX KOHIICHTpallito. 3 IHIIOrO0 OOKy, 3Ha4yHI OMaJau MOXYTh
OPU3BOAUTU 10 PpO30aBiICHHS ICHYIOUMX KOHIEHTpalid cynb(ariB y BOJHUX
00'ekTax, O0COOJIMBO B MEPIOAM TPUBAIUX JOIIIB, KOJU MPUIUIMB BOJIU 3HAYHO
NEPEeBUILY€E HATXOKEHHS CyIb(]ariB.

[ToxibHo o0 cynwbdariB, omagd MOXYTb MICTUTH HITpaTH, OCOOJIWBO B
palioHaX 3 BHCOKMM pIBHEM BHKHUJIIB HITPOI€H OKCUIIB (HANpUKIAI, BiJ
TPAHCIIOPTY, MPOMHUCIIOBOCTI, CUIbCBKOTO TOCIOMApPCTBA). 3OUIBIICHHS OMaIiB
MOJKE€ CIIPHUATH HAAXOJDKEHHIO HITpaTiB Oe3mocepeHbo y BoaHI 00'extH. Omanwy,
MPOCOYYIOUUCH KPi3b IPYHT, MOKYTh BUMUBATH HITPATH 3 CLIILCHKOIOCTIONAPCHKUX

yTiap (/16 BUKOPUCTOBYIOTHCS a30THI 10OpUBa), KaHAII3AIMHUX CHCTEM, a TaKOX
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MPOJYKTIB PO3KIAJaHHS OPTraHiYHOI PEYOBHUHU. 3OIIBIICHHS OB MOXKE
NPU3BOJUTH 10 1HTEHCHBHIIIOTO BHUMHBAHHS Ta TPAaHCIOPTYBAHHsS HITPaTIB M0
MOBEPXHEBHUX BOJ] Uepe3 MOBEPXHEBUH CTIK Ta 1H(QUIBTPALII0 B IPYHTOBI BOJH, SIKI
MOTIM MOKYTh TIOTPAILISTH y PIYKU Ta 03epa.

VY 3a0o504eHNX AUISIHKAX a00 B aHAepOOHUX yMOBaX (CTBOPEHUX HAJAMIPHUM
3BOJIOKCHHSIM ~ TICJsI  CWJIBHMX ~ OMaJiB) MOXE€ AaKTHUBI3YBaTHUCA  IPOIIEC
neHiTpudikailli, BHACIIAOK SKOTO HITpATH MEPETBOPIOIOTHCS Ha ra3omo/i0Hi
CIIOJIYKH a30Ty 1 BHJIAJSIOTHCS 3 BOJAW. Tak HaaMipHI omaju B MEBHHUX yMOBaXxX
MOXYTh MPHU3BOJUTH /0 3HMKEHHS KOHIIEHTpaulli HITpaTiB. fIKk 1 y BHMNAAKy 3
cyab(aramu, 3HaYHI ONAAM MOXXYTh pPO30aBISATHM KOHLIEHTPALIO HITPATIB Yy
MOBEPXHEBUX BOAAX.

[cHyIOTB PO301>KHOCTI y BIUIMBI OMa 1B HAa KOHILIEHTpalli CyIb(aTiB 1 HITPATIB,
3yMOBIIEHI PI3HMMHU JIKEpeJaMH iX HaJAXOJKEHHS Ta IpoliecaMu TpaHcpopMarlii.
CynbdaTu 4YacTo MarwTh 3HA4YHI MNPUPOJHI JKepesa (BUBITPIOBAHHS TipCHKUX
nopiz), TOAl SIK HITPaTHU B TOBEPXHEBHMX BOJAX 3HAYHOIO MIPOIO MOB'sI3aHI 3
AHTPOIIOTEHHOI0  JISUTBHICTIO  (CUIBCBKE  TOCIOAAPCTBO,  MPOMUCIOBICTD,
KaHaII3alliHI CTOKH). ATMOC(EpHI onaau MOXYTh OyTH BaXKJIMBUM JIKEPEIOM
000X 10HIB, aje IXHii BIJIHOCHUN BHECOK MOXKE BIIPIZHATUCS 3aJICKHO Bij PETIOHY
Ta piBHA 3a0pyAHEHHS NOBITPs. HiTpaTH € 615111 MOOUIBHUMH B TPYHTI MIOPIBHSIHO
3 cyib(araMu, OCKUIBKM BOHM MAarOTh CJIa0KUW HETaTUBHUUN 3apsii 1 MEHIIe
a7copOyIOThCsl TPYHTOBUMH YacTUHKamu. lle o3Hauae, 1m0 301IbIIICHHS OMajiB
MO>K€ IIBHUJIIE MPU3BOJUTU IO BUMHUBAHHS HITPATIB Yy MIJ3€MHI Ta MOBEPXHEBI
Bojau. Hitpatu mnigmgaroTbcsi aKTUBHUM OI1OJIOTIYHUM IpoIlecaM Y BOJHHX
exocucteMax (HiTpudikaiis, AeHITpUdiKaiisa), SKi MOXYTh 3MIHIOBaTH iXHIO
KOHIICHTpAI[I}0 3aJIe)KHO B YMOB (HAsBHICTh KHCHIO, OPTaHIYHOI PEUOBHHU).
Cynbdatu TakoX MOXYTh BIJIHOBJIIOBATHUCS 10 CyJb(iIiB B aHAEPOOHUX yMOBaX,

aJie 11l TPOIIeCH MOKYTh OYTH MEHIII IHTEHCUBHUMH B 0araThOX MOBEPXHEBUX BOIAX.
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EdexT po3baBiieHHs Bif 3HAYHUX OMAJIB MOXKE OyTH OUTBIIT MOMITHUM IS
TUX 10HIB, YHi JJKepesia HAIXO/JKEHHS € BITHOCHO CTaOUTPHUMH 1 HE 3aJeXaThb
Oe3rmocepeIHbO BiJl KITBKOCTI OIaIiB.

VY mporieci BUBYEHHS BIUIMBY KIJTBKOCTI OMAJiB Ha CyibdaTH 1 HITpatH Oyio
BUCYHYTO po0OOUy TIMmoTe3y: 30UIbIICHHS KIUIBKOCTI OIajiB IpHU3BEIAE JI0
MIJIBUIIICHHST KOHIICHTpAIll K CyiIb(}aTiB, Tak 1 HITPATIB Y MMOBEPXHEBUX BOJIaxX 3a
paxyHOK BUMHMBAHHS 3 aTMOC(HEpPHHUX OCaJiB Ta MOBEPXHEBOTO CTOKY 3 MPUIIETIUX
teputopid. OnHak, BIUIMB OMaJiB Ha KOHIEHTpAIl0 HITpaTiB Oyne OuIbII
BUPAXEHUM Ta MIBHJIKUM Yepe3 iXHIO BUILY MOOUIBHICTh y I'PYHTI Ta 3HAYHUI
BHECOK aHTPOIOTEHHMX JIKEPEJN, TOJl SIK BIUIMB Ha CyJdb(aTh MoKe OyTH OUIbII
3QJIC)KHUM BIJI TE€OJIOTIYHMX OCOOJMBOCTEM TepuUTOpii Ta piBHSA aTMOCHEPHOIO
3a0py/IHEHHS CIPKOBMICHUMU CHOJyKaMHu. Y MEpIOAH TPUBAJIMX Ta IHTEHCUBHUX
OT1a]11B MO>KJINBE TUMYACOBE 3HIKEHHSI KOHILIEHTpAIlli 000X 10HIB BHACIIIOK €(EKTy
pO30aBJICHHS.

Ha puc. 5.7 1 5.8 mogano Mozesi 3ajeHOCT1 BMICTY CyJIb(aTiB 1 HITPATIB Bij

KUIBKOCTI OITaIiB.

3anexHicTb BMICTY cynbaTiB Bif KinbkKoCTi onaais

x  [Jlani
— NixiAHa: y=0.074x+414.58
600 —— KsaapaTuuHa: y=0.000522x7+-0,429x+528.04
Ky6iuHa: y=-0.00000140x3+0,002511x?+-1.327%+657.75
—— NoraputmiyHa: y=29.22In(x)+269.89
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Puc. 5.7. Mopeni 3a1€XHOCTI BMICTY Cyib(}aTiB Bijl KITLKOCTI OIaIiB.
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Jliniina Mmoaens onucyetbes piBHIHHESIM y=0,07X+414,58 1 mependadae cramy
HIBUKICT 3MiHU BMICTY CyNb(datiB 31 301blIeHHSAM omnafiB. KBagparnuna Moaenb
y=5,22x10*x?>—0,43x+528,04, 110 CBiqUNUTB, IO BILIUB OIAMiB HA BMICT Cy/Ib(arTiB
CIIOYaTKy MOXKE€ 3MEHIIyBaTHCs a00 3pOCTaTd TOBUIBHIINIE, a TOTIM IMOYHHAE
3pOCTaTH MIBUAIIE 31 301IBIIEHHAM KUJTbKOCTI onafiB. Jliniiaa moaens (R? = 0,0017)
nosicuroe ymmie 6musbko 0,17% mucnepcii BMICTY cynbdaTtiB 3MiHOIO KUIBKOCTI
omaniB. lle nyke HU3BKUU MOKA3HUK, IO CBIIYUTH MPO MPAKTUYHO BIJCYTHICTH
JHIAHOT 3aJIEKHOCTI MK IMMU 3MIHHUMHM Y BalioMy HaOopi nanux. KBagparuuna
Mozenb y=5,22x1074x?-0,43x+528,04 BpaxoBye HeliHiMHMI BIUIMB onajis. Bona
Kpalie OMHUCY€ CHUTYaIlll0, KOJM BIUIMB OMaJiB Ha BMICT CyJb(aTiB 3MIHIOETHCS
3aJIeKHO BIJI IXHBOI KIJTBKOCTI (Hampukiag, e(exT po30aBieHHS MPU MaJUX
KUIBKOCTAX ONajiB, a MOTIM BUMHBaHHS npu Outbux). KBampaTtnuna mMojerns
(R?~0,0349) noscuioe 6mu3bko 3,49% nucnepcii. Lle aemo kpaie 3a JiHIAHY
MO/IeJIb, aJie BCE 1€ BIAHOCHO HU3bKUW MOKa3HUK. HemiHiitHa 3aMeXHICTh Jpyroro
NOPSJIKY TOSICHIOE TpoXH Oulblly 4acThHy Bapiamii. KyOiuna wmomens
y=—1,40x107%3+2,51x107°x?>~1,33x+657,75 € mie OiNbII THYYKOK 1 MOXKE
OMMUCYBATH 3aJICKHOCTI 3 JBOMa TOoukKamu mneperuHy. OJHaK, CKJIQJHIII MOJENI
MOXYTh OyTH CXWJIBHI J0 TTIepeHaBYaHHS, 0COOJIUBO SKIIO 00CAT TaHUX HEBEIMKHUH.
Ky6iuna moxens (R*<0,0534) nemoHcTpye HallBUIIUN KOe(IIEHT AeTepmMiHAIll
cepes po3rITHYTHX MOJICNCH, MOsCHIOIYH 01n3bK0 5,34% nucnepcii. e Bkasye Ha
Te, 10 MOJENbh TPEThOTO MOPSAKY HaWkpaiie (cepel WX YOTHPHOX) OIHCYE
CKJIQJIHIITY HENHIWHY 3aJIeKHICTh M1k KUIBKICTIO OMAa/iiB Ta BMICTOM CyJb(]aTiB y
BalllOMy Ha0Opl JaHUX, XOdYa 3arajoM 3B'SI30K 3aJUIIAETHCS  CJIIAOKUM.
Jlorapudmiuna wmogenb y=29,22In(x)+269,89 3 koedimieHTOM JaeTepMiHAaIlii
(R*=0,0003), 110 cBiAYMTH PO CHAOKY JIOTApUPMIUHY 3aJI€AKHICTh MK 3MIHHUMHU.

Ha ocHOBI oTprMaHHX JaHUX, MOXHA 3aCBIAYNTH, 10 JKOJTHA 3 POTIITHYTHX
MoOJieJiell HE JIEMOHCTPYE CHJIBHOTO 3B'SI3KY Mk KUIBKICTIO OIAaJiB Ta BMICTOM
cynbdaTiB y HajaHoMy HaOopi manux. KyOiuna monenb mae HaiiBumuid R?, 1o
CBITYUTH TPO TE, IO BOHA HAWKpaIlle OMHCY€ HAsABHY 3aJICKHICTh Cepel IUX
YOTHPHOX, XO4Ya I 3aJCKHICTh € clabkoro (nume Omm3bko 5,34% mucmepcii

MOSICHIOETHCS MOJICILIIO).
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Ha rpadiky puc. 5.8 300pakeHO YOTUPH MOJIEITI 3aJICKHOCTI BMICTY HITPATIB
y TIOBEPXHEBUX BOJAX B KUIBKOCTI omafiB. JIiHIifHA MOAENIb OIMUCYETHCS
piBasHESIM  y=0,3519x+413,6966  (R*=0,01). KBampatmuna wmomenp —
y=—0,0044x2+0,7224x+411,4469 (R*=0,01). Ky6iuna Mmo/enb BiANOBI1a€ PIBHAHHIO
y=—0,000505%3 + 0,0637x>—1,4279x + 419.2476 (R*=0,02). Jlorapudmiuyaa MoaeIb
— y=6,4478In(x)+407,8197 (R?=0,01). Yci Mmoaeni MarOTh qy>Ke HU3bKI KOS(III€EHTH
nerepMinariii (R>~0,01-0,02), 1o o3Hayae, 110 KiIBKICTh ONa(iB MaiyKe HE TOSICHIOE

Bapiallifo BMICTY HITpPATiB.

Mopeni 3anexHocTi BMICTY HITPATIB Bif KiNbKOCTI onaais

700 X Mawi
fa — Jlinifina (R2=0.01)
— KeaapaThuka (R?=0.01)
—— Ky6inma (R7=0.02}
—— TNorapudgmivka (R*=0.01)
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Puc. 5.8. Mozeni 3aneXHOCTI BMICTY HITPaTIB BiJl KUIBKOCTI OMa/IIB.

Otxe, BUCyHyTa Tinore3a He mMiATBepauiach. KUIbKICTh OMajaiB HE €
HAJIHHUM TPEAUKTOPOM JUIsl BMICTY HITpariB. MIMOBIpHO, ICHYIOTH 1HIII, OLIBII
BOXJIMBI YMHHUKH, SKI BIUIMBAIOTh Ha BMICT HITpaTiB (HampuKiIaa, IHKepela

3a0pyIHEHHS, TUII IPYHTIB, CUTbCbKE TOCIOIAPCTBO, Tiaporpadisi, CE30HHICTB).

BucHoBKH 10 I’ATOrO po3ainy
VY xoai pocnikeHHs OyJI0 BUCYHYTO HU3KY TiIOTE3 MO0 BIUTUBY KIJIBKOCTI
aTMOC(EpHHX OIaJliB Ha OCHOBHI TiJJpoXiMiuHi moka3Huku Boj [liBnennoro byry,
30KpeMa: PO3UYMHHUN KucCeHb, Oiosoriune cmnoxuBanHs kucHiO (bCKs), pH,

MiHepalli3allilo, 3arajibHe 3aJli30, TBEPAICTh, HITpaTH Ta cyiabdatu. BomHouac



248

pE3yNIbTaTH MOOYIOBU CTATUCTUYHUX MOJCIICH HE MM ATBEP UM 3HATYIIIOTO BILUTUBY
KUTBKOCTI OTIaJiB Ha OUIBIIICTH 13 IUX MMOKA3HUKIB.

JIis  pO3YMHHOTO KHCHIO JKOJHA 3 MOJENeld He MpoJeMOHCTpYyBaa
nepeKoHMBoi 3anekHocTi (Makc. R?=0,0172 nmns kBagpatuyHOi Mojeni), IO
CBIYUTH MPO MEpPEBAKAHHS 1HIINX YMHHUKIB (TEMIepaTypa BOAM, TIpOANHAMIKA,
I[BITIHHS BOJOPOCTEH TOIIO). AHaJoriyHa cUTyallis croctepiranacs u mius bCKs —
HaWOUTBIINKA KOedIIEHT AeTepMIHAIlT 11 KBAIpaTUIHOT MOJIENIl CTAHOBUB JIMIIIE
0,10, a pemra Mojienelt moka3ajy e ciadIii 3B’ A3KH.

3anexuicte pH Bij omajiB Takoxk BUsBUIIAcs Bkpail crnadkoro (R* mo 0,047
JUIsT KyO14HOI MOjeNi), IO MIATBEPKYE MEPeBAXKHUN BIUIMB aHTPOIIOTCHHHUX
3a0py/IHEHb Ta F€OXIMIYHUX YMOB. Moeni i MiHepai3alli NpoAeMOHCTPYBaIH
HU3bKY TMOSICHIOBAJIbHY 3[AaTHICTh HABITh JUJISi MOJIIHOMIB BHUCOKOTO CTYIICHS
(R?=0,136 njist mosiiHOMA 4-TO CTYIICHS).

Haiibispil mepeKoHNIMBUM BUSBUBCS BIUIMB OINAJIB HA TBEPIICTh BOJM.
Ky6iuna moaens mana R*=0,705, 1110 CBITYUTH MPO CYTTEBUI HENIHIWHUNA 3B’S30K
MDK Moka3HuKaMmHu. Lle 4acTKOBO MIATBEP/KYE TIMOTE3y 100 po30aBICHHS BOIU
Ta 3MEHIIIEHHS KOHIIEHTpallli HOHIB KaJIBI[II0 Ta MAarHilo B MEPi0JId PSCHUX JOIIIIB.

Jlist 3aranpHOTO 3aiiza, Cyib(pariB 1 HITPATIB 3aJE€XKHICTh BIJ KUIBKOCTI
OTaJliB BUSIBUJIACS CJIA0KOI0 a00 MPaKTUYHO BIACYTHHOI. HaBiTh HalOIIBII TOYHI
Mozeni (Hampukiaa, KyOiuHa mna cynbdatiB 3 R*=0,0534 aGo ana HiTpaTiB 3

2~(,02) He J03BOJISIFOTH TOBOPUTH MPO BU3HAYAILHUN BIUTUB OMAJIIB.

OTxe, BUCYHYTI TINMOTE3W MiATBEPIUINCS JIUIIE YaCTKOBO: y OUIBIIOCTI
BUMAJIKIB KUIBKICTh ONaAIB HE € TMPOBIAHUM YUHHUKOM Yy (GOpMYBaHHI
TAPOXIMIYHOIO PEKUMY PIUKH, XO0Ua MEBHI TEHICHLIII HA OKPEMUX JUISHKAX (K y
BUIIAJIKY TBEPIOCTI) MOXKYTh (PiKCyBaTHCA.

[IpyuriHa cnaOKOro BIUIMBY KIJIBKOCTI OMAJIB TMOJSTa€ B CKIAJHOCTI
ripoekoyioriyHuX mnpoieciB. BogHa ekocuctema piuku IliBgennuit byr mae
3MAaTHICTh JO CaMOpEryJssiii dYepe3 TMpolecu po30aBiieHHS, O10JOTIYHOTO
CaMOOYHIICHHS,  JAceHITpudikaimii, OCAaPKEHHS  3aBHCIWX  PEYOBHH  Ta

TIAPOAMHAMIYHUX 3MiH 9YaCTO KOMIIEHCYIOThH BIUIUB OTA/IiB.
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Jlo Toro, Ha XIMIYHHMI CKJIaJ BOAMU CYTTE€BO BIUIMBAIOTH IHII YMHHUKH —
30KpeMa, TeMIepaTypa BOIu, MIBUIKICTh TeUil, ITMOWHA, CE30HHICTh, aTMOC(hEepHUI
TUCK, aHTPOTIOTeHHE HABaHTAXXCHHsI, TUIIM IPYHTIB 1 TreoJioriyHa OyaoBa Oaceiiny,
SKI 4YacTO TMepeBaXaroTh HaJ KIIMAaTUYHUM IapaMeTpOM «KUIBKICTh OMadiB»,
0co0MMBO 32 yMOB ypOaHi30BaHHX a0O0 CUIBCHKOTOCHOJIAPCHKUX TEPUTOPIM 13
BHUCOKHUM piBHEM 3a0pyHeHHs. Takox ciiij BpaxoBYBaTH, IO OMAaId MOXYTb MaTH
K TO3UTUBHUM (po30aBieHHS, aepallis), TaKk 1 HEraTUBHUN (3MUB 3a0pyJIHCHb,
eBTpodikallisi) BIUIUB, 1 11 €()EeKTH MOXKYTh B3a€EMHO HIBEJOBAaTHCS. Tomy IS
HaJIMHOrO TPOTHO3YBAHHS XIMIYHOTO CTaHy MOBEPXHEBUX BOJ OJHIE] JIMIIE
iHpopMmarlii Mmpo KUIBKICTh OMNaIiB HEJAOCTaTHRO — TMOTpIOHA 1HTErparis

O6araroakTOpHOTO aHai3y.



PO3JILI 6

MATEMATHUYHI MOJIEJII BINIMBY KNIIMATHUYHUX YNHHUKIB HA
AKBATOPIIO HIBAEHHOI'O BYTY IIOBJIN3Y MUKOJIAEBA

6.1. IloOymoBa CcTATHCTMYHMX MoOJAeJIel 3aJeKHOCTI TiAPOXiMiYHMX
MOKA3HUKIB BiJl TeMIIepaTypH Ta KiJILKOCTI OnaJiB.

MarematnyHa Mojieiab BMICTY po3unHHOTO KucHio (DO) 3amexHo Bif
temnepatypu Boau (T) Ta kuibkocTi omaniB (P) omucyerbcs piBHsiHHSIM 6.1 Ta
MO0 puc. 6.1.

D0=12,3425+0,2322-T+0,0224-P—0,0548-T2-0,0004- T -P—0,0000-P?>  (6.1)

Unen 0,2322T mokasye, 110 cnoyatky 31 3pocTaHHsAM Temnepatypu DO mae
TEeHJIEHILIiI0 110 36inbIenns, ane wieH 0,0548- T2 Bkasye Ha napaboIIiuHy 3aJIeKHICTb.
[le o3Hauvae, 110 ICHY€ ONTHMalbHA TEMIEPATypa, MICISA SIKOI BMICT PO3YMHHOIO
KHCHIO TIOYHE 3MeHImyBatrucs. ONTUMallbHa TeMIlepaTypa BOAM, MPHU SKii BMICT
PO3YMHHOTO KHUCHIO JOCSTa€ CBOI0 MaKCUMyMYy, CTAHOBUTH ipubnu3Ho 2,12°C. Lle
JIOT1YHO 3 010J10T14HOI Ta (PI3UYHOI TOUOK 30pYy, OCKIIBKH PO3YMHHICTH Ta3iB (SIK
KHCeHb) y BOJI 3a3BUYail 3MEHIIYETHCA 31 3POCTAHHSM TEMIEpaTypH, ale
010J10T1YHA aKTUBHICT, KA CIIOKUBAE KUCEHb, TAKOXK 3aJICKUTH BIJl TEMIIEPATyPH.
Opnnak, 3a3BHYaid, pO3YMHHICTH KUCHIO 3MEHIITY€ETHCS 3 T IBUIIICHHSIM TEMITEpaTypH,
TOMY TO3UTUBHUHN INiHIMHUN KoedimieHT 0,2322-T Mo)ke BKa3zyBaTH Ha Te, IO
MOJIe/Ib BIOOpakae OLIbII CKIAIHUM Mpolec ado Mae OOMEXKEHHMM aiana3oH
3acToCyBaHHA. MOXKJIMBO, MOJIC)Ib BPAXOBY€ HE TITBKH (DI3UYHY PO3UUHHICTD, ajie i
OloJIoridHI TIpoIIecH, 10 BIumBawTh Ha DO.

Unen 0,0224-P Bka3ye Ha MO3UTUBHUH JIHIMHUEI BIUIMB omnajiiB Ha BMicT DO.
ToOTo, 31 301JIBIIIEHHSAM OIIaJ(iB, BMICT PO3UMHHOTO KUCHIO 3pocTae. [le moxke Oyt
IOB'SI3aHO 3 JOJAaBaHHIM CBIXKOI, MOKJIMBO, OLJIBIIT HACUYEHOI KHCHEM BOAU a0o 31

301IbIIIEHHSM MIEPEMILTYBaHHS BOJM M1/ Yac JIOILY.
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Unen 0,0004-T -P nmokaszye HeBeNUKHI HETaTUBHUM B3aeMoit0unii eexT. Lle
O3Havae, MmO BIIMB omaaiB Ha DO Moxe Aemo 3MEHIIYBaTHCS TMPU BHUIIUX

TeMIiepaTypax, abo HaBnaku. Lleil koedilieHT HOCUTh Malluid, TOMY HOTO BILIUB,

WMOBIpPHO, HE3HAUHUH.

KBagpatnunuii unmen omaniB P? € Haa3BUYaliHO MajauM 1 MPaKTHYHO
HYyJIbOBUM. @DaKTUYHO, MOXKHa OyJ0 O PpO3IJISAHYTH CIPOIIECHHS MOJIEI,
BUKJTFOYMBIIH TIEH YJICH, SIKIIO BiH CTATHCTHYHO HE3HAYYIINH.

3HaueHHs koedilieHTa aetepminanii R?>=0,4484 Bkasye, mo sume 44,84%
Bapiaiii BMICTY po34uHHOTro KucHIO (DO) moxke OyTH NOSICHEHO 3MiHaAMU
temmnepatypu Boau (T) ta kinbpkocti onaaiB (P) 3a momomoroto 11iei moaeni. YiTko
(GhOpMY€ETHCS BUCHOBOK IIPO BIUIMB KJIIMAaTMUYHMX YMHHHUKIB Ha 45% Ta 1CHYBaHHS
IHIIUX BIJIMBIB HA MOKa3HUK PO3YMHHOTO KHCHIO, HAIIPUKJIIA, PIBEHb 3a0pyJHEHHS,

TIAPONOTTYHUHN pexkuM (IIBUAKICTh TeUil), HasIBHICTH (yiopu Ta ¢hayHHu TOIIO.

3D MoAaenb PO34YUHHOIO KUCHIO BiA TeMnepaTypu Ta onagis
3D mopens BCK5 Big TemnepaTypu Ta onagis
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Puc. 6.1. 3D mogens DO, BCKs Big Temneparypu Ta KUIBKOCTI aTMOC(EepHUX

OITaIiB.

Maremarnuna Mmozenb 5CK’s 3anexHo BiJ TemiepaTypu Boau (T) Ta KiIbKOCTI

onaniB (P) onucyerses piBHSIHHSIM 6.2 Ta MOJEIUTIO puc. 6.1.

BCK5=-20,671+0,007- P+4,652-7-0,000004- £—0,187-72+0.00008- -T (6.2)
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KoedimienT nerepminaiii R,=0,176, mo o3uavae, mo ymme 17,6% Bapiairiii
B 3HaueHH1 BCKs Moske OyTu mOsICHEHO 3MiHAMU KIJIBKOCTI OMAa/iiB Ta TEMIEepaTypu
MOBITPS 3a JOMOMOTOI0 IIi€l KBajgpaTudHoi mozem. binmbme 82% Bapiarii bCKs
3aJIMIIAETHCS 1032 L1€I0 MOJIEIUTIO, a 11€ CBIAYUTH PO Te, 110 OMaH Ta TeMIepaTypa
MOBITpsA (KJIIMAaTU4YHI YWHHMKH), XO04a W MOXXYTh MaTH TICBHUM BIUIUB, HE €
OCHOBHMMH abo eauHuMu ¢akTopamu, 10 BuzHavaroTh piBeHb bCKs, sk
1HTErpPOBAHOI0 MOKAa3HUKA.

[Ilogo BIIMBY 3MIHHUX, a caMe€ OMajiB, TO MOXHa CTBEp/UKYBATH, IO
koe(diieHT npu JiHiHOMY uieH1 onaais +0,007 € mO3UTUBHUM, 1110 BKa3ye Ha Te,
o 31 30uibeHHsIM omnaliB bCKs Mae TEHACHIIIO 0 HEBEIMKOrO 3POCTaHHSI.
Kpagparuunuii unen onazais (—0,000004-P?) € nyske ManuM, IO CBiJYMTH HPO
MPaKTUYHO JIHIMHUN ab0 Jyke claOKui HeniHIMHWN BIuB onaiiB. JliHiMHUN
koedinicar temneparypu +4,652) € mo3UTHBHMM, a KBaxpatuunmii —0,187-T2 ¢
HeratuBHUM. lle Bka3zye Ha mapabosmiuny 3anexHictb BCKs Bif TemmepaTypu
noBiTps, moAiony Ay DO. ToOTo, icHye eBHA ONTUMAaNIbHA TeMIIepaTypa, IpH sIKii
BCKs nocsirae MakcuMyMy, a MOTIM IMOYMHAE 3MEHIITYBAaTHCS.

OntumansHa temnepatypa 1t bCKs (po3paxoBana 3a ¢opmysow —b/(2a)
a8 TemmeparypHux — uineHiB  4,652-7-0,187-7%  craHOBUTH  NPUOIM3HO:
Tomr—4,652/(2(—0,187))=12,44 °C.

s ontumanbHa TemrepaTtypa Ton=12,44 °C € HIIKOM peandiCTUYHO IS
MIPUPOJIHKX TPOIECiB, 1m0 BrumkBaoTh Ha BCKs. 1{e MokHA mMATBEpAUTH HA OCHOBI
toro, mo bCKs € mokasHuKOM  OIOXIMIYHOIO  CIIOKMBAHHS  KHCHIO
MIKpOOpTaHi3MaMu JIJIsl pO3KJIa/IaHHs OpTaHIYHUX PEUYOBHH Y BOJi. AKTUBHICTH ITUX
MIKpoOpraHi3miB (0akTepid, TpuOiB) CHUJIBHO 3aJCKHTHh BIJ TemmepaTypu. Sk
MpaBujIO, 31 3pOCTAaHHSAM TEMIEpaTypd 10 TICBHOTO JIialla30HY IIBHJKICTh
O10XIMIYHUX peakIliit (i, OTKe, CIOKMBAHHS KUCHIO) 3pocTae. barato Me30¢iapHuX
OakTepiid, K1 BIAMOBIIAIOTH 3a PO3KJIAJaHHS OPTraHIYHUX PEUYOBHH Y MPUPOTHUX
BOJIOMMAX, MalTh ONTUMAJIbHY TEMIEPATypy JUIsI CBOEI JKUTTEMISILHOCTI B

nianasoHi npuomm3Ho Big 15°C mo 30°C, ane X aKTUBHICTD MMOYMHAE 3POCTATH BIKE
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P HUKYUX TeMIlepaTypax, 1 MK MoKe MpUMagaTi Ha MoMipHi 3HaueHHs. 12,44°C
3HAaXOJUTHCS y I[bOMY ITOMIPHOMY Jiama3oHi, /¢ aKTUBHICTb MIKPOOPTaHi3MiB BXKE
JIOCUTh BUCOKA, aJie 1€ HE JOCSATHYTI TEMIIEPATypH, SIKI MOXKYTh CIPUUYUHUTU TXHE
3MeHIIeHHs abo 3arubenb. Y rigpoekocuctemu [liBgerHoro byry y mMexkax micra
MukoitaeBa Temiieparypa Moxke kKoiuBatucs Bij Maibke 0°C B3umky g0 25—30°C
BINITKY. Temmeparypa Onu3bko 12—15°C € nocuTh THUIIOBOIO Il Oararbox
IPUPOAHUX BOJ Y BECHAHHMI a00 OCIHHINA Meploau, KO O10JIOriYHAa aKTUBHICTD €
3HauHo10. Jlo Toro, bCKs Bi10MBa€e cyKynmHICTh Oararbox 010JIOTTYHUX Ta XIMIYHHUX
IIPOLIECIB, 1 KONTHUMAJIbHA» TEMIEPATypa MOKe OyTH KOMIIPOMICOM 200 CepeaHbOI0
ONTUMAJILHOIO TEMIIEPATypoOIO JJi IOMIHYIOYUX MIKPOOHUX CHUJIBHOT, SIKI MalOTh
MICIIE Y HAIIIOMY BUIAJKY.

Xo4a pO3YMHHICTh KHCHIO y BOJI (PI3UYHO 3MEHIIYETHCSA 31 3POCTAHHSAM
TeMrepaTypu, 010JI0TiYHA aKTUBHICTb, sIKa CIIOXKWBAE IeH KUCEHB (1 BUMIPIOETHCS
BCK), 3poctae no meBHoro ontumyMmy. Po3paxoBaHa omnTHMalibHa TeMmIepaTypa
12,44°C noOpe BOHUCY€EThCS B Jllana3oH, € MOXHA OYIKyBaTH BUCOKY a00 MIKOBY
aKTUBHICTh MIKPOOPTaHI3MiB.

Koediuient B3zaemonii (+0,00008-P-T) € nyxe mMaauM, IO CBIAYUTH PO
HE3HAYHU BIUIMB B3a€MOJII1 MK orajgamMu Ta Temneparyporo nositps Ha bCKs.
OTxe, KIIMAaTUYH1 YAHHUKH, TaKl K KUIbKICTH OIAJliB Ta TeMIIepaTypa MOBITPS,
MarTh BIJHOCHO Manui BmiMB Ha Bapiamii BCKs. Tomy, okpiM KiIiMaTHYHHX
daktopiB, Ha BCK MOXyTh 3HaYHO BIJIMBATH: KOHIICHTPAIliSI OPTaHIYHUX PEYOBHH
y BOJIl Yepe3 CKUAM CTIYHUX BOJ, 3MUB OPTaHIKH 3 CIIbCHKOTOCIOJAPCHKUX YT1/ib,
MICBKUX TEPUTOPIN, pO3KIaa BIIMEPINX POCIMHHUX 1 TBAPUHHUX PEIITOK, €po3is
IPYHTY; HasBHICTb Ta aKTHUBHICTb MIKPOOPTaHI3MiB; TiIPOJIOTIYHUN PEKUM Ta
MOp¢0oI0Tist BOAOWMH TOIIIO.

MarematnuHa mMojenb pH 3anexxHo Bl Temneparypu Boau (T) Ta KUIBKOCTI
onaniB (P) onucyerbes piBHIHHAM 6.3 Ta MOJEIIIIO puUC. 6.2:

pH=1,805-0.0003-P—0,612-7+0,0000003- #+0,026-T>~0,00001- P-T (6.3)
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Koedinient gerepminanii R>=0,354 € Hu3pKHM, 110 03HAYac, mo Junre 35,4%
Bapiaiii 3HaueHHs pH Moxke OyTH TOSICHEHO 3MiHaMHU KUIBKOCTI OMaiiB Ta
TEeMIIepaTypy TMOBITPS 3a JONOMOTOI0 Ii€i kBaapaTtuyHoi mojeni. [lonam 64%
Bapianii pH 3anummaerscsa mo3a mozaemmo. Lle Bkaszye Ha Te, 110, X04a Omajgu Ta
TeMIlepaTypa MoBIiTPs MalOTh IEBHUH BILIUB, BOHU HE € OCHOBHUMHU YNHHUKAMHU, 1110
BU3HAYaroTh piBeHb pH. Ll Monens kpamia, Hixk mozaensb aist BCKs, ane Bce e He
Ty’Ke CHIIbHA.

Jliniiinuit koediuieHt npu onagax —0,0003 € HeraTUBHUM, BKa3ylOUM Ha Te,
o 31 3pocTaHHAM omnadiB pH Mae TEHIEHIII0 [0 HEBEIUKOrO0 3HM)KCHHS.
KBangpaTtuunuii uieH onaziis +0,0000003- 2 € Haa3BUYARHO MajHM, IO BKa3ye Ha
MPaKTUYHO JIHIMHUKN a00 Ayke ciIaObKui HeIIHIWHUN BIUIMB OIAJiB, IO JIOT1YHO,
OCKUJIbKHM JOIIIOBAa BOJA, SIK MpaBwWiio, Mae ciabokucnuit pH (6iuzeko 5,6 depes
PO3YMHEHUN BYIJIEKHCIUN ra3, a 3a yMOB KHCJIOTHUX JOIIIB MOXe OyTH Iie
HIDKYOI10), 1 11 HAJIXOHPKEHHS MOKE PO30aBIISITH JIy»H1 CIIOJIYKH 200 JJ01aBaTH KUCIII.
Jliniinuii  koegiumient Temmnepatypu —0,612 € HeraTMBHHMM, a KBaJpaTHUYHUN
+0,026-7% € no3uUTUBHMM, IO BKasye Ha mnapaboiiuHy 3anexuicts pH Bix
TeMIlepaTypy TOBITps, aje mnapadoja BIAKPUBAEThCA Bropy (mae miHimywm). Lle
O3HayYae, 1[0 ICHye MeBHA TeMIeparypa, npu sikiii pH nocsirae cBoro MiHiMmymy, a
MOTIM ITOYMHAE 3POCTATH.

MinimansHa Temneparypa mis pH pospaxoBana 3a gopmysnoro —b/(2a mms
TeMIEPaTypHUX YICHIB —0,612-7+0,026- T2 CTAHOBUTH MpUOIN3HO
Tmin=(—0,612)/(2-0,026)=11,77 °C. Taka 3anexHiCTb MOX€ OyTH TOB's3aHa 31
3MIHOIO pPO3YMHHOCTI ra3iB (Hampukiaa, CO;), O0ionoriyHOI aKTUBHOCTI
(poTtocuuTe’/muxanHa) ab0 1HIMMX XIMIYHUX PEaKIlid, K1 BIUTMBaIOTh Ha pH 3i
3MIHOIO TEMIIEPATYPH.

Koegiuient B3aemonii —0,00001-P-T € nmyxxe MaiuM, MO CBIIYUTH IPO
HE3HAYHU BIUIMB B3a€MOJIIi MK OIajjaMu Ta TEMIEPATyporo NoBiTps Ha pH.

Sk 1 y Bumagky 3 BCK, ug Momenb CBIZUUTHh NPO HE3HAUHWMN BILIUB

KJIIMAaTUYHUX YMHHUKIB HA IHTETPOBAHWM IMOKa3HWK sIKOCTI Boau pH. 3Haiineni



255

3aJIe)KHOCTI, a caMe HeBellMKe 3HIKeHHA pH 3 omagamu Ta mapaboiuHUN BILTUB
TEMIEpaTypu € O610JO0TTYHO Ta XIMIYHO MPaBAONOAIOHNMH, OCKIIBKK pH y BogHHMX
CUCTEMaX € CKJIAJHUM MapamMeTpoM, IO 3aJIeKUTh BiJl OalaHCy KUCIOT 1 JIYTiB,
PO3UYMHEHUX Ta3iB, MiHepaii3aiii Ta 010JIOT1YHOI aKTUBHOCTI, Ha SIKi BIUIMBAIOTH
OIaJiv 1 TeMIeparypa.

binbm BupimansauM a1 pH € reosiorigaai oco0IMBOCTI TEPUTOPIi, TOOTO THII
IPYHTIB 1 IPChKUX MOPiJT; aHTPONIOT€HHUH BILIUB YEPE3 CKUU CTIYHUX BOJ TOLIO.
MarematuuHa MOJENb MiHepanizayii 3ajieHO Bia Temrmepatrypu Boau (T) Ta
KubKocTi onafiB (P) onucyerbes piBHAHHAM 6.4 Ta puc. 6.2:

Minepanizayia=22774,2-27,2- P-2806,9-T+0,03- +106,6-72+0,9-P-T  (6.4)

Koediuient nerepminanii R?=0,288 € Hu3bKMM, 110 03HAaYaE, 10 e 28,8%
Bapiallii 3HauCHHs MiHepaii3ailii Moke OyTH MOSICHEHO 3MIHAMU KUIBKOCTI OTaJiiB
Ta TEMIEPATypy TMOBITPS 3a JONOMOTroIo 1i€i kBagpatuyHoi mozeni. [lonax 71%
Bapiailii MiHepaJsi3alli 3aJIMIIA€ThCs Ha 1HII YUHHUKU HEKJIIMAaTUIHOTO XapaKTepy.
Lle, sk 1 B monepeaHiX BUNAAKAX, BKa3y€e Ha Te, 1110 OMaaM Ta TeMIlepaTypa MOBITPs

HE € OCHOBHUMH (paKTOpaMu, 110 BU3HAYAIOTh PIBEHb MiHEpasi3ailii.

3D Model: pH dependence on Temperature and Precipitation 3D Model: Mineralization dependence on Temperature and Precipitation
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Puc. 6.2. 3D mozneni pH, Minepanizaiii Bii TeMiepaTypy Ta KUTbKOCTI

aTMoc(epHHUX OMa/IiB.
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JIiHiitHMHA Koe(Ilie€HT MpH onaaax —27,2 € HeraTUBHUM, I1I0 BKa3y€e Ha Te, 1110
31 30UTBIIICHHSM OIIaJIiB MiHEpai3allis Mae TCHICHIIIIO 10 3HWKeHHs. [le jJorigHo,
OCKITbKMA 3OLIBIICHHS OMNaJiB MOKE MPU3BOJUTU JIO0 PO3BEACHHS POIUYMHEHUX
pPEUYOBMH Yy BOJOMMI, THUM CaMHM 3HIDKYIOYM KOHIEHTpAIll0 MIHEpaiB.
KBagpaTtuunuii uieH omnaiiB +0,03- 7 € TO3UTHBHUM, IO CBiTYUTH po CiIabKy
HEJTIHINHICTb.

Jliniiinuii koedimieHt Temmnepatypu —2806,9 € HeraTUBHUM, a KBaJIpaTUIHHIA
+106,6-7? € nosutuBHUM. Ll BKa3ye Ha mapaboIIiuHy 3aJI€KHICTh MiHepaIi3alii Biz
TEeMIIepaTypy MOBITPS, /1€ apadosa BIAKPUBAETHCS Bropy (Mae MiHIMYM).
MinimMansHa Temreparypa Juis MiHepaizaiii (po3paxoBaHa 3a ¢popmysiorw —b/(2a)
g TemmepaTypHuX uneHiB —2806,9-7+106,6:72 craHoBUTH HPHOIM3HO Tmin
=—(—2806.9)/(2-106,6)=13,17 °C. Lle moxxe BijoOpaxaTu CKIaAHY B3aEMOJII0 MIXK
TEMIIepaTypoIO Ta MpoIecaMy BUNIApOBYBaHHs (1110 IMiJIBUIIYE MiHEpai3allito) abo
IHTEHCUBHICTIO CTOKY/pO3Be/IeHHS (110 MOXE 3HUKYBATH).

Koedimienr B3aemomii +0,9-P-T € MO3UTUBHUM 1 BIJIHOCHO OlIBIITUM
MOPIBHSHO 3 AHAJIOTITYHUMH KOe(IIli€eHTaMU B TOMEPEIHIX MOJENISAX, 0 MOXKE
CBIIUUTU TPO OUIBIIUA B3a€EMOJIIOYMI BIUIMB OMNAJIB Ta TEMIEpAaTypud Ha
MiHepai3allio.

OTKe, He3BAKAKOUM HA HU3bKHMI R2, HAIIPAMOK BIUIMBY OnaiiB (pO3BEICHHS)
Ta HEJIHIIHA 3aJIeKHICTh BIJl TEMIEPATYPH € JIOTIYHUMHU 3 OIJISIAY TiIPOXIMii Ta
rigposiorii. MiHepasizaiiisi 4acTO 3MEHIIIYEThCS MPU BEJIMKUX OmMajax yepes3 eext
PO3BENIEHHA 1 MOXE 3pOCTAaTh MPU BHUCOKUX TeMIeparypax yepe3 30UIbIIEHHS
BUnapoByBaHHs. [IpoTe, 3a3HaYMMO YHHHUKH, SIK1 MOXKYTh MaTH O1JIbII BUPIMIATLHE
3HAYEHHSA JIJIs MiHepai3alli: reosoriyda OyaoBa Bo10300py (THI TIpCbKUX MOPiA 1
I'PYHTIB); TIAPOJIOTIYHUNA pEKUM (pIBEHb BOAM Ta CTIK); aHTPOIIOI€HHUU BILIWB
4yepe3 CKUU CTIYHUX BOJI, 3POIIEHHS, 3aCOJICHHS IPYHTIB TOIIIO.

MaremaTuyHa MoJielib TBEPIOCTI 3aJeXHO Bija Temriepatypu Boau (1) Ta
KubKkocTi onafiB (P) onucyethes piBHSAHHAM 6.5 Ta puc. 6.3:

Teepaicts=—60,835+0,057- P+12,756-7-0,00003- #—0,537-7°-0.0007-P-T  (6.5)
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Koedinient gerepminanii R>=0,380 € Hu3pkuM, 110 03Ha4ac, mo gunre 38,0%
Bapiamii 3HAYCHHs TBEPAOCTI BOAU MOXE OYTH TMOSCHEHO KIIMaTUIHUMHU
yuHHuKaMu. [Tonan 62% Bapialiii TBEp10CTI BOAM 3aJICKHUTh BIJ] 1HIITMX TOKa3HUKIB,
HE OB X 3 KiaiMatoM. Lls Mojens mokasye Aemo Kpalmii pe3yIbTaT HiXK MOJIeNi
111 BCKs Ta minepanizaiiii, ajne Bce 11e € cJIabKor MPOTHOCTUYHOIO.

JlinitaUM Koedimient npu onangax +0,057 € MO3UTHUBHUM, III0 BKa3ye Ha Te, 10 31
30UJIBIIICHHSM ONaiB TBEPAICTh BOAU Ma€ TEHJEHIIIIO JO HEBEJIUKOTO 3pOCTaHHS.

KBagpaTtnunuii wieH omajiB —0,00003-2 € Ty’)K€ MaJMM 1 HETaTUBHHM, IO
BKa3ye Ha Jyxe cabKy mapabosiuyHy 3aJI€KHICTh, 1€ BIUIMB OIa/liB MOKE CIIOYaTKY
3pOCTaTH, a TOTIM, IIPH AY>KE BEIUKHUX 3HAYCHHSX, JISNT0 3MCHIITYBAaTUCh. 3arajaoMm,
BIUIUB OIIQJIIB € BIJHOCHO HEBEJIUKHUM Y 11 Mojenl. 30UIbIICHHS TBEPAOCTI 3

orajaMu MOK€ 3/1aTUCS] HEOUIKYBaHUM, OCKUIBKH JIOIII 3a3BUYail po30aBJIstOTh, aje
e Moke OyTH TOB'I3aHO 3 1HTEHCHBHIIIUM 3MHBOM MIHEpaNiB 3 IPYHTY MpH
3HAYHHUX OITajJax.

Jliniiinui koediuieHT Temneparypu +12,756 € mo3uTUBHUM, a KBaJIpaTUUHHMA
—0,537-T? € neratusaum. Lle BKasye Ha mapaOoJivHy 3aJIEKHICTh TBEPHOCTI Bif

TEeMIIepaTypu MOBITPS, /1€ Mapadosa BIAKPUBAETHCS BHU3 (MAa€ MAaKCUMYM).

3D nnownHHa Mo enb 3aneXXHoCTi TBepAoCTi Boan
BiJ TemnepaTypu Ta onagis

@ BuxigHi nani

30

TsepaicTs Bogn (Mr-eks/n)
~
&

TeepaicTb Boaw (Mr-exs/n)

Puc. 6.3. 3D mozeni TBepAOCTI BiA TEMIIEPATYPHU Ta KIJIBKOCTI aTMOC(HEPHUX

OIIaJIiB.
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OnTuManpHa TeMIiepaTypa s TBEpAOCTi (po3paxoBaHa 3a (HOPMYIIOIO
—b/(2a) mna TemmepaTypHux wieHiB 12,756-7—0,537-T%) cTaHOBUTH OIHM3BKO:
Tomr=—12,756/(2-(—0.537))=11,88 °C. Lle Moxe OyTH MOB'SI3aHO 3 THUM, IO MPH
NEBHUX TEMIIepaTypax PO3UMHHICTh MiHepaliB (ki (OPMYIOTh TBEPAICTb) MOXKE
JOCSITaTH MaKCUMyMY, a00 K 11€ MOXe B1IoOpakaTH CKJIQJIHIII MPOIIECH B3a€MO/IIT
MK TEMIEpaTyporo, OI0JOTIYHOI0 AKTHUBHICTIO Ta XIMIYHMMH PIBHOBaram, IO
BIUTMBAIOTH HAa TBEPIICTb.

Koedimient B3aemonii —0,0007-P-T € HeEraTMBHUM 1 IyX€ MallUM, IIO
CBITYUTH PO HE3HAYHUI BILJIUB B3a€MOJI1T MK OMaJIaMH Ta TEMIIEPATYPOIO MOBITPS
Ha TBEPICTb.

OTxe, MOJIeNb 3HOB JJOBOAUTD, 1110 OCHOBHUMH YMHHUKAMHU, 1110 BIUIMBAIOTh Ha IEH
MOKA3HUK €: TE€OJIOTTYHUI CKJIaJ BOA0300pPY (SIK KJIOUOBHUH); aHTPOINIOT€HHUH BIUIMB
yepe3 CKUJIUM IPOMHUCIIOBUX Ta OOYTOBUX CTOKIB, CIIIbCHKOTOCIIOAPChKI CTOKH.
MateMaTtnyHa MoJIeb 3aji3a 3arajibHOTO (FEs,r.) 3a€KHO BIJ TEMIEpaTypu BOIU
(T) Ta kimbkocTi omanis (P) onucyerbes piBHSHHEIM 6.6 Ta 3D Monemo puc. 6.4:
Fe...=—0?528-0,0003-P+0,128-T+0,0000005-P>—0,005-T>-0,000003-P-T  (6.6)

Koediuient nerepminariii R?>=0,127 € Iy’KE€ HU3bKUM, IO BKAa3ye, 1O JIUIIIE
12,7% Bapiariii 3Ha4€HHsI 3arajibHOTO 31132 MOXK€ OyTH MOSCHEHO KIIMaTUIHUMHU
ynHHUKaMu. binbiie 87% Bapiallii 3arabHOrO 3ajli3a 3aJIMIIAETHCS 11032 BILTUBOM
KJIIMaTHYHUX YMHHMKIB. Lle Haiinmkunii R? 3 ycix mopenei, siki Mu OyayBany, i Le
CHJIBHO BKa3ye€ Ha Te, 1110 ONaJM Ta TeMIepaTypa MOoBITPs MaloTh 1yKe 0OMEeKEHUt
NPSIMHI BIUTUB Ha PIBEHb 3arajbHOTO 3aji3a.

Jliniiauit koedimient mpu omanax —0,0003 € HeraTUBHUM, 110 BKa3ye Ha Te,
110 31 30UIBLICHHSIM OMa/liB 3arajibHe 3a1i30 Ma€ TEHACHIIIIO O AYyXe HEBEIHMKOTO
samkeHHs. KBagpatnunuii unen onazis +0,0000005-P? € nagzsuyaiino manum. 1le
MOKe OyTH TOB'S3aHO 3 €(PEKTOM PO3BEACHHS MPHU BEIUKIM KITLKOCTI OMaiB, X04ua

BIUIMB K€ MaJIvi.
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Jliniitauit koedimieHt temnepatypu +0,128 € MO3UTUBHUM, a KBaIpaTHUYHUI
—0,005-T? € neratusanMm. Lle Bkasye Ha napaboIiuHy 3aJICKHICTh 3araabHOTO 3ai3a
B1JI TeMIIEpaTypH MOBITPs, Jie Mapadosia BIIKPUBAETHCS BHU3 (Ma€ MAKCUMYM).
OnTumanpHa TeMIlepaTypa IS 3arajlbHOTO 3aii3a po3paxoBaHa 3a (OPMYIIO0
—b/(2a) nna temneparypuux unenis 0,128-7—0.005-7? cTaHOBUTH OIM3BKO: Toun
=—0,128/(2:(—0,005))~12,8 °C. BmumB Ttemmeparypu Ha 3alli30 € CKIaIHUM.
[ligBUILIEHHS TEMIIEPATYPHU MOKE 30LTbITYBAaTH IIBUIKICTh PEAKIIIH, 1110 BILTUBAIOTh
Ha PO3YMHHICTH 3ajli3a, aje TaKOXX MOXKE CIPHUSATH HOro BHIAJaHHIO B OCaj
(HanpuKIIaI, T1IAIPOKCUIIB 3al1i3a 32 HAABHOCTI KUCHIO).

Koedimient Bzaemomii —0,000003- P-T' € Haa3BUUAMHO MajUM 1 HETaTUBHUM,
10 CBIJYUTH PO MPAKTUYHO BIACYTHIN a00 qy>Ke HE3HAUHUM BIUIMB B3a€MOJIIT MIXK

OnaJaMH Ta TEMIIEPATYpPOIO MOBITPS Ha 3arajibHe 3aJi30.

3D nnowmnHHa Moaenb 3aneXXHoCTi 3aniza 3araibHoro
Bifl TeMnepaTypu Ta onais

® BuxiaHi aaHi

08 0.8

0.6
0.6
04

04

3aniso 3aransHe (Mr/n)

0.2

3aniso 3aranbHe (Mr/n)

-0.4 0.0

.
omp, 115
”epéryp 12,0

3 () 125

13.0

Puc. 6.4. 3D mopeni 3araJibHOTO 3aJTi3a BiJl TEMIIEpaTypH Ta KITbKOCTI

aTMoc(EepHHUX OMa/IiB.

Otrxe, Monenb MIATBEPDKYE, MO  KIIMAaTUYHI YMHHUKA (Oomaad Ta
TeMrepaTypa MoBiTps) € AyKe CIa0KUMHU MPETUKTOPAMH 3arajibHOTO 3aJ1i3a.
Haii6inpm BupimanbHe 3HAUEHHS AJI 3arajJibHOTO 3aji3a € TeoJIOTIYHI YMOBH,

aHTPOIOT€HHI YMHHUKU Yepe3 CKUJIW MPOMMCIOBUX CTIYHUX BOJ (MeTamtypris,
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XIMIYHAa TPOMHCIIOBICTh), KOpPO3isi BOJOMPOBIAHUX TPYO, BUMUBAHHS 3BAJIMIL, a
TaKOXX JTOHHI BIAKJIAAEHHS, a TaKOX MIKpOO10JIOTIYHA aKTUBHICTH (JIesKki OakTepil
MO>KYTb BIJTHOBJIIOBATH 200 OKMCHIOBATH 3aJ1130, BIUIMBAIOUM HA IOTO PO3UMHHICTb).
Matematnuna mozenb HiTpaTiB (NOs’) 3anexno Bij Ttemmepatypu Boaum (T) Ta
KitbKocTi onafiB (P) onucyeThes piBHsHHIM 6.7 Ta 3D Mozaemo puc. 6.5:

NO3=-1050,1+0,165- P+208,7-T—0,00007- P—9.08-7?+0,003- P-T  (6.7)

Koediuient perepminaiii R?=0,505 € MOMIpHUM, 1110 O3Haudae, mo 50,5%
Bapiallii 3HAYeHHsI HITPATIB MOXE€ OyTH MOSICHEHO 3MiHAMHU KUIBKOCTI OMaiiB Ta
TeMIIepaTypy IOBITPs 3a JAONOMOrow moneni. Lle € Halikpammm mokasHukom R?2
cepen ycix mojelnei, mpote O0au3bko 49% Bapiallli Bce Ie 3alMIMAEThCs 11032
KJIIMaTUYHUX YHNHHUKIB.

Jliniinuit koediumieHT npu onaaax +0,165 € MO3UTUBHUM, 110 BKa3ye Ha Te,
o 31 30UIBIICHHSIM ONAJIB PIBEHb HITpPaTIB Ma€ TEHJCHINIO JO 3POCTaHHS.
Kpanparuunuii unen onazais —0,00007- 7 € HeraTHBHUM, LIO BKa3y€ Ha MapabosiaHy
3QJICKHICTb, /1€ BIUIUB OMaJiB CIIOYATKY 3pPOCTAE, a MOTIM MOXE YIOBUIHBHIOBATUCH
a00 HaBiTh 3MEHIIYBAaTHCh. lle TMOSCHIOETBCA 31 3MHUBOM HITpATiB 3
CLITbCHKOTOCIOAPCHKUX YTiAb @00 IHIIKX JKEePesT 3 MOBEPXHI 3eMJI1 Mif] Yac JOIIiB.
Jliniinuii  koedinieHT Temmeparypu +208,7 € TO3WTUBHHUM, a KBaapaTHUYHUN
—9,08-7% € HeraTMBHUM, LIO BKa3yc Ha IapaboJiuHy 3aJIEKHICTh HIiTPaTiB Bif
TEeMIIepaTypu MOBITPS, 1€ Mapadosa BIAKPUBAETHCS BHU3 (MAa€ MAaKCUMYM).

OnTuManbsHa TeMIeparypa Juisl HitpaTiB (po3paxoBaHa 3a Gpopmyiioro —b/(2a)
s TemneparypHux  wieHiB  208,7-7-9.08-77  CTaHOBMTH  OJU3BKO:
Tom="208,7/(2:(—9,08))=11,49 °C.

Koediuient B3aemonii +0,003-P-T € MNO3UTUBHUM 1 JIOCUTH TMOMITHUM
MOPIBHSIHO 3 IHIIMMHU MaluMH KoedirieHntamu. [le cBiguuTh mpo Te, 110 BIUIMB
OTTaJiB Ha HITPATU MOXKE TTOCUITIOBATHUCS TIPY BUIINX TEMIIepaTypax, 1 HaBmaku. [le
Ma€ CEHC, OCKIJIbKM IHTEHCUBHICTB 010JIOTTYHHUX MTPOIIECIB Ta 3MUBY MOYKE 3aJIe)KaATH

B1J1 KOMO1HAIT [INX YNHHHUKIB.
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OTxe, MOZIeNIb Ma€ MEBHY MPOTHOCTUYHY LIHHICTH JUISI PO3YMIHHS BILUTUBY
KIIMaTHYHUX (akTopiB Ha HiTpatu. OJHAK, BOHA BCE II€ HE € 1/1€aJbHOI0 JJIs
TOYHOI'O MPOTHO3YBaHHs. 3HAWACHI 3aJeKHOCTI (30UTbLICHHS HITPATIB 3 OnajamMu
yepe3 3MHB, MapabOMiuYHUN BIUIMB TEMIIEpaTypu Ha OIO0JOTIYHI MpPOLECH) €
JIOTIYHMMH 3 OTIIAY TiApOXiMii Ta a30THOTro HUKIY. IIpore, OiabI BUpIMIAIbHE
3HAUEHHA JUIsl HITPATiB MOXKYTh MaTH TaKl YMHHUKH, SIK: aHTPOIIOTEHHUMN BIUIUB
Yyepe3 CLIbChKOIOCIOJAPChbKUN CTIK, CKUIU MOOYTOBUX CTIYHHX BOJ, TPOMHUCIIOBI
CKUJIU, aTMOC(hepH1 oraau (01l MOXKYTh MICTUTH HITpaTH, IO YTBOPIOIOTHCS B
aTMocQepi, HalpUKJIIaJ, BiJ BUKH/IIB aBTOMOOLIIB) TOLIO.

MaremaTtnuna Mozens cynbdaris (SO42) 3anexno Bix remnepatypu Boau (T)
Ta KubkocTi onafiB (P) onucyerbes piBHsHHAM 6.8 3D Monernto puc. 6.5::

S04*=-2871,9+5,1- A+665,3-7-0,003- —28,3-7°—0,04- P-T (6.8)

Koediuient nerepminanii R?=0,283 € Hu3bKMM, 110 03HaYaE, 10 e 28,3%
Bapiailii 3Ha4yeHHs CyJIb(paTiB MOXKe OyTH TMOSICHEHO 3MIHAMHU KJIIMaTUYHHUX
YUHHUKIB 3a Jonomororw mojenm. [lonax 71% Bapiamii cynabdarTiB 3aauIiacThes
1103a MOJIEJIL.

Jliniiinui koediieHT npu onagax +5,1 € NO3UTUBHUM, LIO BKa3ye Ha Te, 1110
31 30UIBIIEHHAM ONaAiB piBeHb CYIb(}aTiB Ma€ TEHIEHIIIO 10 3POCTaHHS.
KBagpaTtuunuii ujeH omajuiB —0,003-7 € HeraTMBHUM, IO CBIJYUTH po
napaboIiuHy 3aJIeXKHICTh, A€ BIUIMB OMAaJiB CHOYATKY 3pOCTAaE, a MOTIM MOXKeE
ynoBuIbHIOBaTHCh. Lle Moxe OyTH MOB'i3aHO 31 3MHUBOM CyJb(aTiB 3 IPYHTIB,
ripCcbKUX MOPi a00 THIIMX JHKEpen 3 MOBEPXHI 3eMITl MiJ1 Yac JAOUIiB.

Jliniinuii xoedilieHT TeMmepatypu +665,3 € TO3WTUBHHM, a KBaJApPaTUYHUUN
—28,3-7% € HeraTMBHUM, IO BKa3ye Ha MapaboIliyHy 3aleXHICTh CyabpaTiB Bif
TeMIepaTypu MOBITps, Jie Mapadosia BIAKPUBAETHCS BHU3 (MAa€ MAKCUMYM).

OntuMansHa TeMmriepaTypa uisi cyiabdariB (po3paxoBaHa 3a (hopmyioro

—b/(2a) nns  TeMmnepaTypHuUX uneHiB 665,3-7-283-7? CTaHOBUTH OJH3BKO

Tom=—665,3/(2:(~28,3))=11,77 °C.
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BrnuB Temnepatypu Ha KOHIIGHTpAIlIO Cylb(}aTiB MOke OyTH MOB'A3aHUM 31
MIBUJKICTIO PO3YMHEHHS CyNb(QaTHUX MiHEpaiB, O10r€0XiMIYHUMHU TMPOILIECaMU

(HampuKJIa, OKUCICHHS Cyb(]iaiB) a00 IHTEHCUBHICTIO BUITAPOBYBAHHS.

3D nnoLwuHHa Moaenk 3anexHocTi CynbgaTis
BiAl TeMnepaTypu Ta onagis

3D nnowmHHa Moaenb 3anexHocTi HitpaTie
BiA TeMnepaTypu Ta onagis

@ Buxiawi nani @ Buxiawi paui

800

Hitpatu (Mr/n)
Cynbpatu (mr/n)
)

~
S
Hitpath (mMr/n)

T 110
omp, 115
""Perypa e 15

‘o 130

135

Puc. 6.5. 3D mozeni HiTpaTiB Ta Cyib(aTiB Bijl TEMIIEpATypHu Ta KUIbKOCTI

aTMOC(EepHHUX OTaIiB.

Koediuient B3aemonii —0,04- P-T € HEraTUBHUM 1 JOCUTh MaJIMM, 10 CBITYUTh
po OOMEXEHUH BIUIUB B3a€EMOJII MIX ONajaMH Ta TEMIIEPATypOIO0 TOBITPs Ha
cynbbaru. HeratuBHuil koedillieHT O3Haudae€, M0 CHUIBHUN e(deKT Moxe OyTu
MEHIITUM, HI’K CyMa OKpeMuX e(eKTiB.

OTxe, MOZIENb 3aCBITYIIIA TIPO HU3BKUMA BIUIMB KIIMAaTHYHUX YUHHUKIB HA
cynbbaru. Ix KOHIICHTpAIlisl OUTbIIe 3aJ€KUTh Bi/I: TE€OJOTIUHHM CKJIa]l BOJI0300DY,
AHTPOIMIOTEHHOTO  BIUIMBY  Yepe3 CKUAM  MPOMHUCIOBUX  CTIYHUX  BOJ,
CUIBCHKOTOCTIOJJAPCHKUN CTIK; T1APOJIOTIYHUA pPEXUM (IHTEHCUBHICTh CTOKY Ta
BUMApOBYBaHHsA) Tomo. KiiMatuuHi JaHi MOXYTh BIUIMBAaTH Ha CTaH
T1POEKOCUCTEMH, MPOTE SKICTh BOAM Ma€ OUIbIINE 3aJeKHOCTEH SIK MPUPOJIHOTO,

TaK i aHTPONOr€HHOTO XapakTepy.
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6.2. AHaniz o0MeskeHb Ta PoJii KJIIMATHYHUX YHHHHUKIB Y MO/IeJII0BaHHI
riApoXiMiYHMX MOKA3ZHUKIB.

butbmiicte moOynOBaHUX — KBaJpaTUYHUX  MATEMaTUYHUX  MOJEJeH
JIEMOHCTPYIOTh HM3bKUM Koedimienr perepminamii (R?), mo € OCHOBHUM
0OMeKEeHHAM X Moeneil. Huspkuii R? Bkasye Ha Te, IO JHILIE HEBEIMKA YACTUHA
Bapialii TiApOXiMIYHUX MOKA3HUKIB MOXKE OyTH MOSICHEHA 3MiHAMM KIIMaTHYHHUX
yuHHUKIB. lle O3Hadae, M0 BOHM HE € KIIOYOBUMHU PYIIIHHWUMH CHJIAMH, IO
BU3HAYAIOTh CTaH IUX Moka3HukKiB y [liBgenHOoMy By3i B Mexxax Mukomaesa.

Haitrwxunii R? nna 3amiza 3aramsHoro (R?=0,127), mo Bkasye Ha gyxke
oOMe)XeHUM MpSIMUM BIUTUB KJIIMAaTUUHUX YMHHUKIB. HU3bKu R? st BCKs 0,176,
cynepatn (R?=0,283), wminepanizamis (R?=0,288), pH (R*=0,354), TBepmicTh
(R?>=0,380). Lli NOKAa3HMKM TaKOX 3HAYHOIO MIpOIO 3aleXkKaTh BiJ IHINMX,
HEKJIIMATUYHUX BIUIMBIB. [loMipHUN BIUIMB cCHOCTEpIraeTbes Il HITpaTiB
(R?=0,505) ta pozunnHoro kucHio (R?=0,4484), mo cBiguuTH OO Te, IO IS HUX
MOKA3HUKIB KJIIMAaTUYHI YMHHHUKU BIAITPalOTh OUIBIN 3HAUyIly, aje BCe IIe He
BUYEPITHY POJIb.

BruuB onaniB € pizHOCHpsiMoBaHUM. Tak, 1Jisi MiHEpasi3allii Ta 3arajJbHOro
3aji3a CIOCTEPITa€ThCSl TEHCHINS 10 3HUKEHHS KOHIIEHTpAI] 31 301UIbIICHHSIM
omaiB, 10 MOSACHIOEThCA edekToM posBeaeHHs. Jns BCKs, TBepmocTi, HiTpaTiB Ta
cyab(dariB 31 30UTBLIEHHSM ONAAiB CIOCTEPIrAa€ThCS TEHMACHIIS 10 3POCTAHHSA
MOKa3HUKIB, IO MOXe OYyTH TOB'S3aHO 31 3MHBOM PEUYOBUH (OpPTaHIYHHUX,
MIHEpaJIbHUX COJIEH, JOOPUB) 3 MOBEPXHI IPYHTY Ta CLIILCHKOTOCIOAAPCHKUX YT1/1b.
J{ns1 pO3UYMHEHOT0 KUCHIO OTMaJu MarOTh MO3WTUBHUM JIIHIMHUN BIUIUB, 110 MOXKE
OyTH MOB'SI3aHO 3 JTOJaBaHHSAM CBIXKO1, HACHYEHOI KMCHEM BOJM a00 301IbIIICHHAM
nepemimryBanasa. Jns pH omagum maroTh TEHACHINIO TO0 HE3HAYHOTO 3HIDKCHHSI
3HAYEHHS, 1110 JIOT1YHO, OCKIJBKH JIOII[0BA BOJIA € CJIA00KHUCIIOLO.

Jlis OaraThbOX MOKA3HUKIB KBAJPAaTUYHUN YJIEH OMAaJIB € AyXe MaiuM abo
MPaKTUYHO HYJbOBHUM, IO BKa3y€ Ha MEPEBAXKHO JIHIMHUN ab0 ayxke cliaOKui

HEJIHIAHNHA BIUIUB OITaIiB.
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TemmnepaTypa moBiTpst 4acTO Mae MapaloONiYHy 3aJ€KHICTh, 1[0 BKa3zye Ha
ICHYBaHHS ONTUMAaJbHUX a00 MiHIMAJIbHUX 3HAY€Hb. [[JIsI PO3UMHEHOTO KHCHIO
(ontumyM ~2,12°C, 1110 MO’K€ BKa3yBaTH Ha CKJIQJHIIII TPOLIECH, HIXK JinIe (Pi3nyHa
po3unHHICTE), st BCKs (omtumym ~12,44°C, mio BiANOBiae ONTUMAIBHIN
aKTHUBHOCTI MiKpOOpTraHi3MiB), 1Jig TBepAocTi (ontumyM ~11,88°C), niis 3araapsHOTO
3amiza (ontumyM ~12.8°C) ta nis HiTpartiB (ontumyM ~11.49°C) ta s cynabdaris
(ontumym ~11.77 °C) icHye TemmepaTypa, Npu SKIM iXHIA pIBEHb JOCATae
MaKCUMYMY.

Jis pH Ta MiHepamizamii CrocTepiraeTbCs mnapaloliuHa 3aJleKHICTh, €
MOKa3HUK JIoCcATae MIHIMyMY ITpH nieBHiM Temnepartypi (pH~11,77°C, minepanizaris
~13,17°C ), a motiMm moumHae 3pocrtatd. lle BigoOpakae cKIagHy B3aEMOJIIO
G13UKO-XIMIYHMX Ta OIOJOTIYHMX TIPOIIECIB, TOB'A3aHUX 3 TEMIIEPATypOIO
(HampuKIIaJl, PO3YUHHICTH a3iB, BUNIAPOBYBAHHS, MIBUKICTh PEAKIIIN).

KoedimienT B3aemMoii MK onajaMu Ta TEMIEPATYPOIO MOBITPS Y OLIBIIOCTI
MoJieNIel € Ty’Ke MajduM a00 HE3HAYHUM, L0 CBIIYUTH PO OOMEXEHUN CHUIbHUI
edeKT IuX YMHHUKIB. BUHATOK CTAHOBUTH MiHEpalli3allis Ta HITpaTH, e KOePIIieHT
B3a€MO/Iii € BIJIHOCHO O1IBIITUM, BKa3YIOUM Ha TOMITHIIIUNA B3a€EMOIIFOUHI BILJIUB.
VYci Moeni 9iTKO BKa3ylOTh HAa BIUTMB 1HIIUX, OUIBII BUPIMIAJLHUX YMHHHUKIB, 110
BIUIMBAIOTh Ha T1JIPOXIMIYHI MOKa3HUKH, OCKIILKHM 3HaYHA YaCTHHA TXHBOI Bapiamii
HE TIOSICHIOETHCS KIIIMATHIHUMHA YUHHUKAMH.

BBaxkaemo, 1o A0 mMX BUPIIAIBHUX BIUIMBIB HAJIEKATh: I'€OJIOTIYHI Ta
TiAPOJIOTT4YHI 0COOIUBOCTI BOA0300PY (THUI IPYHTIB 1 MPCHKUX MOPIJ OCOOIMUBO IS
MiHepati3alii, TBepaocTi, cynbdariB, pH, 3araapHOro 3asiza); aHTPONOTCHHUMN
BIUTMB  4Yepe3  CKUAM  CTIYHUX  BOJ  (MOOYTOBUX,  MPOMHUCIIOBHX,
CUIBCHKOTOCTIOAAPCHKUX), KOpO3id 1HPPACTPYKTypH, 3pOLICHHS, 3BAJIMILNA, 3MHB
noopuB (ocobmuBo miss BCKs, pH, minepamizaiiii, TBEpAOCTI, 3arajlbHOTO 3aji3a,
HITpAaTiB, Cynb(}aTiB); TIAPOJIOTIYHUN pexUM (IIBUAKICTH Tedii, piBEHb BOJH,
IHTEHCUBHICTh BWIApOBYBaHHsS), HAsABHICT, Quiopu Ta (ayHH, KOHLIEHTpAIlisd

OpraHiYHUX PEUYOBUH, AKTUBHICTh MIKPOOPTaHi3MiB TOIIIO.
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OTxe, X04a KIIMaTUYHI YMHHUKH MAalOTh MEBHY pOJIb 1 IEMOHCTPYIOTh JIOT14HI,
4acTo mapaloJiyHi 3aJeKHOCTI 3 TIAPOXIMIYHUMHU MOKAa3HUKAMHM, iXHIN BIUIUB €
JMIIE YacTUHOK CKJIaaHOi cucteMu. [l KOMIUIEKCHOTO pO3yMiHHS Ta
IpOrHO3yBaHHs sSKOCTI Boau y [liBnenHomy by3i He0OXiIHO BpaxOBYBaTH 3HAYHO
MIUPIIUN CHEKTP MPHUPOJHUX Ta AHTPONOTEHHHX YHHHHUKIB, IO € IMPEeIMETOM

IICPCIICKTHUB ,ZIOCJIi,ZI)KeHHSI.

6.3. PekoMenanii 3 iIHTErpOBaAaHOT0 MEHEAKMEHTY BOJHHUX pecypciB Ta
CTAJIOr0 (302J1aHCOBAHOI0) NPUPOAOKOPUCTYBAHHS B KOHTEKCTI BIUIMBY 3MiH
KJIiMary.

Busnadeni mojeni 4iTKO MOKa3aid, M0 KIIMAaTHYHI YMHHUKHA (OMagd Ta
TeMrepaTypa MmoBiTps) MalOTh 0OMEKEHY TOSICHIOBAIIbHY 31aTHICTh JJ1s1 OUTBIIIOCTI
ripoxiMiuaux nokaszHukiB IliBnenHoro byry. lle € BaromuM n0ka3om TOro, IO
KJIFOUOBY poOJb y (OPMyBaHHI SIKOCTI BOAM Y piulll B Mexkax micta MukoiaeBa
BIJIIFPA€ caMe aHTPOIMOT€HHE HAaBAHTAKEHHA. MUKONaiB, SIK BEJIUKUA TPOMUCITOBUI
1 TOPTOBUM LIEHTP, TEHEpy€e 3HA4HI 00CsATH 3a0py/HEHb, SKI HAIXOIATH 0
[TiBnennoro byry. Tomy ¢pyHAaMEHTANBHUM KPOKOM JI0 MOJIMIIEHHS €KOJOTTYHOTO
CTaHy PIYKU € CUCTEMHE Ta pllTyye 3MEHIICHHS [IbOTO HABAaHTAKCHHS.
MopepHizarilisi OYMCHUX CIOPY Ta CHCTEM BOJIOBIIBEICHHS:

e HeoOxigHe rimboke 010J0TIYHE OYMIICHHS Yepe3 MOBHY PEKOHCTPYKIIIFO
Ta MOJIEpHI3AIIO0 ICHYIOYMX MICBKUX O4uCHUX cropyna. lle mnependauae
BIIPOBAPKCHHS TEXHOJIOT1IM TNIMOOKOro 010J0TIYHOTO OYMIICHHS, IO BKIIOYAIOTH
npouecu HiTpudikamii Ta neHiTpudikamii s BHUIAJEHHS HITPOTEHY, a TaKOX
xiMiuHe abo Oilosoriune BumaneHHs Gocdopy.

e Po3rnsig MOXIMBOCTI BUKOPHCTAHHS OYHMINEHWX CTIYHUX BOJ IS
TEXHIYHUX MOTPEO MPOMUCIOBOCTI, MOJMBY ClIbCHKOTOCIOAAPCHKUX YTib a00
peKpeariiHux 30H, IO 3MEHIINTh HABAHTAXKEHHS HA PIUKy Ta CHPHUITUME

palioHaIbHOMY BOJAOKOPUCTYBAHHIO.
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e BrpoBa/keHHsI aBTOMAaTHU30BaHUX CHUCTEM KOHTPOJIIO 32 SIKICTIO CTIYHHX
BOJ Ha BUXOJ1 3 OYMCHUX CHOPYH Ta AUCTAHI[IHHOTO MOHITOPHHTY 3a MPOIIECAMHU
OUYHUCTKH JIJIsl OTIEPATUBHOIO pearyBaHHs Ha Oy/Ib-sKi BIAXUJICHHS.

e Po3pobka Ta BmpoBaJKEHHS TUIaHIB JIKBIAAIll aBapiiiHUX CUTyaliil Ha
KOJIEKTOpaX Ta OYHUCHUX CIOPYyJax, M0 MIiHIMIZye 0OCSITH HECaHKI[IOHOBAHHX
CKHU/IIB HEOUHUIIIEHUX 200 HEIOCTATHHO OYMIIIEHUX CTOKIB.

e [locuieHHS KOHTPONIO 3a JOTPUMAHHSM HOPMATHBIB CKHIY IS
IPOMHUCIIOBUX MIANPUEMCTB. KoXkHE MIAIPUEMCTBO-3a0pyAHIOBaY OBUHHO MaTu
edeKTUBHI JIOKaJIbHI OYMCHI CIOPY/H, 10 BIAMOBIIAIOTH CYYaCHUM €KOJIOTTYHUM
CTaHJapTaM. 3ajexHO BiJl cheludiKi BUPOOHUIITBA, 11€ MOXYTh OyTH (i3HKO-
XIMIYHI, Ol0JIOTIYHI a00 KOMOIHOBAaHI METOAW OYHINEHHS I BHIAJCHHS
cnenuiyHUX 3a0pyaHIOBaYiB (BaXXKUX MeETaliB, HAa(TONPOAYKTIB, (EHOIIB,
XJIOPOPraHIYHUX CIIOJIYK).

o CTUMYyJIOBaHHS MIAIPUEMCTB 0 BIPOBAHKCHHS HANMKpaIIUX TOCTYITHUX
TEXHOJIOT1H, SIK1 TO3BOJISAIOTH HE JIMIIE OYUIIATH CTIYHI BOJIM, a W MIHIMI3yBaTH iX
YTBOPEHHS B Mpo1eci BUpOOHUIITBA (0€3BIAX0AH] Ta MAJIOBIIXO/IHI TEXHOJIOTII).

e 320XOYEHHS TIPOMHUCIOBOCTI JO TMEpeXoqy Ha 3aMKHYTI IHKIA
BOJIOTIOCTAYaHHSI, [0 3HAYHO 3MEHIITY€ OOCSTH CKHJIIB Ta CIIOKUBAHHSI CBIXKO1 BOJIH.

e IIpoBeneHHs HE3ANEKHUX €KOJIOTTUYHUX ayAUTIB MiAMPUEMCTB JJIsSI OI[IHKH
iXHROTO BIUIMBY Ha BOJHI pECypcM Ta BH3HAYCHHS IUIAXIB 3MCHIICHHS
3a0pyIHEHHSI.

Judy3zne 3a0pynHeHHs, WO HAAXOAUTh 3 BEJIMKUX IUIONI  BOAO300DY
(CLIIbCHKOTOCIIOAAPCHKI Y1151, ypOaHi30BaH1 TEPUTOPIi), € 3HAYHUM BHUKIHKOM,
OCKIJIbKH MOTO BaKKO KOHTPOJIIOBATH. TOMY peKOMEHIYEMO:

e BrpoBa/KeHHS TOYHOTO 3eMJIEpOOCTBa, SIKE Tependavdac BHECEHHS
JIOOpUB Ta MECTUIMIIB Y MIHIMAJIbHO HEOOX1THUX KUIBKOCTSX Ta Y BIAMOBIIHUM Yac,

3 ypaxyBaHHSM MOTpeO IpyHTY Ta KyabTyp. Lle 3MeHIye iX BUMUBaHHS B PIUKY.
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e (dopmyBaHHs B3/IOBX PIYKHU Ta ii IPUTOK, a TAKOXK IO MIEPUMETPY TOJTIB,
3aXUCHHUX CMYT 3 0aratopiuHuX TpaB, yarapHukiB abo aepes. Lli cMyru nitoTh K
NpUPOJIHI (QUIBTPHU, 3aTPUMYIOUM ITOBEPXHEBHH CTIK, €pOJOBAaHHUM IPYHT Ta
3a0pyAHIOIY1 PEUOBHHHU.

e BnpoBamkeHHS NPOTHEPO3IMHUX arpOTEXHIYHUX MPUHAOMIB (KOHTYpHA
OpaHKa, TepacyBaHHs, CMYTOBE 3eMJIEpOOCTBO, MIHIMAJIbLHUNU OOPOOITOK IPYHTY)
JUTst 3a1100IraHHs 3MUBY IPYHTY Ta MOB'A3aHUX 3 HUM 3a0pY/THEHb.

e DByAiBHUILTBO Ta MOJEpHI3allid CXOBHIN JJiI THOI, KOMIIOCTYBaHHS
OpraHiYHMX BIAXOJIB, IIO 3aro0ira€ HaJIXOJKEHHIO OIOr€HHUX EJIEMEHTIB [0
BOJHHUX 00'€KTIB.
3a yMOB ypOaH130BaHUX TEPUTOPIN HAOyBa€e HEOOX1THOCTI:

e Po3poOka Ta BHOPOBAKEHHS CHCTEM OYHINEHHS TOBEPXHEBOTO
(omoBOro) CTOKy 3 MICBKUX TepuTopid. lle MoxyTh OyTH JOKaJbHI OYHCHI
CIIOpyAM Uil  3JMBOBUX BOJl, BHUKOPHUCTaHHS TaK 3BaHUX '3€J€HHUX"
1HpacTpyKTypHUX pilieHb (010apeHakH1 KaHaBHW, JOIIOBl Cajd, IOPHUCTI
MOKPUTTS), SIK1 3aTPUMYIOTh Ta (PUIBTPYIOTH BOAY MEpPE 11 MOTPATUISIHHAM JI0 PIUKH.

e 3abe3nedeHHs eDEKTUBHOI CUCTEMU 300py, COPTYBaHHS, MEPEepoOKH Ta
oe3neyHoro 3axoponeHHs TIIB mns 3amoGiranHs iX MOTPATUIIHHIO Y BOJIONMHU.
JIikB1aIisa HECAaHKIIIOHOBAHUX CMITTE3BAJINILI.

e 3MeHIIeHHs 3a0pyTHeHHSI PIYKH HAPTOMPOAYKTaMU, BAXKKUMHU METaJIlaMU
Ta IHIIUMHA PEYOBHHAMH, IO 3MHBAIOThCs 3 Jopir. lle Moke BkiIodatu
BCTAHOBJICHHS YJIOBIIIOBAYiB Ha(TOMPOAYKTIB Ta MOJACPHIZAIIO0 CUCTEM 3JTUBOBOI
KaHaJIi3aIi.

e Po3poOka Ta BHPOBAa/[PKEHHS IUIaHIB pearyBaHHS Ha PO3JIMBH
HEOE3MEUYHUX PEYOBUH Ha TMPOMHCIOBUX O00'€KTax Ta Yy TMOPTOBIM 30HI.
3a0e3neueHds HasiBHOCTI HEOOX1QHOro oOyiafHaHHs JUIA JIOKai3alli Ta JIKBlaaii

pO31IMBiB (OOHOBI 3arOPOJIKEHHSI, COPOSHTH).
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e (CucremMaTnyHe OYMILEHHS aKBATOPIi MOPTY Ta MPWIETIUX JUISHOK PIUKU
BiJl TJIABAIOUOTO CMITTS, HAQ)TOMPOIYKTIB Ta 1HIIKUX 3a0pyIHEHb.

VY cBiTII BHKJIAJAEHOTO Hal0yBa€ aKTyaJbHOCTI BIPOBAKCHHS 3aXOMdIB 3
€KOJIOTTYHOI OCBITH Ta MIABUIIEHHSA 0013HAHOCTI:

e [IpoBeneHHS IIUPOKOMACIITAOHUX 1H(POPMAIIHHUX KaMIIaHIM IS
HACEJICHHSI 110/I0 Ba)KJIMBOCTI YUCTOTH BOJHHUX PECYpPCiB, HACIIJIKIB 3a0pyIHCHHS
Ta croco01B WOro 3armodiraHHs.

e BriroyeHHS MUTaHb PaIlOHAIBHOTO BOJIOKOPUCTYBAHHS Ta OXOPOHU
BOJHUX PECYpPCIB J0 OCBITHIX MPOrpaM Ha BCIX PIBHSX (B JOMIKIIHHOI JO BUIIOI
OCBITH).

o CTUMYJIOBaHHS y4acTl MICIIEBUX TPOMAJl B aKIligX 3 OUYHUIICHHS OeperiB
pIUKH, TPOMAJCHKOMY MOHITOPUHIY SKOCTI BOJM, & TaKOX B OOTrOBOpEHHI Ta
MPUHAHSATTI PIIICHB 11010 BOAHUX PECYPCIB.

e PO3BUTOK KyJIbTYpHU OIAJIJIMBOTO CTABJICHHS JI0 BOJU Ta HABKOJIUITHBOTO
CepeloBUIIA CEPe/l YCIX BEPCTB HACEJIECHHS Ta Cy0'€KTIB TOCIOIapIOBaHHS.
3MEHIIeHHS aHTPOIIOT€HHOTO HAaBAHTAXKEHHS € HAMOUTBII MPSMUM Ta €(heKTUBHUM
HUIIXOM JI0 MOJIMIIEHHS €KOJIOTTYHOTO CTaHy rigpoekocucremu IliBgenHoro byry.
[le BuMarae 3HaYHUX 1HBECTHUIlIH, TOCIIJOBHOI MOJITHKUA, CYBOPOTO KOHTPOJIO Ta
aKTUBHOI y4acTi BChOTO CYCIIJIbCTBA.

Bucoka 3aperynsoBaHicTh [liBnenHoro byry nam6amu (mpubiuszuo "1 gam6a Ha 10
KM pycna") ramboKo 3MIHIOE TMPUPOJHUMN TiAPOJIOTIYHUN, TiAPOOIOJOTIYHUN Ta
reoMop(OJIOTTYHUN PEeKUMH PIYKH, CTBOPIOIOYHN 3HAYHI €KOJIOT1YH1 BUKJIUKHU. J[7st
il 0310pOBJICHHS HEOOX1THUN KOMIUICKCHHM T X1/

KpuTtnyHO BaXJIMBUM € ONTHUMI3aIlisl PEXKUMIB pPOOOTH BOJOCXOBHUIN[ Ta
TAPOCHEPreTUYHNUX O00'€KTIB uepe3 Mepexia BiJ eKCIUTyaTalli BOJOCXOBHIIL
BUKJIFOYHO B IHTEpecax €EHEPreTUKH YW BOJOIMOCTAa4YaHHS 10 3a0e3medeHHs
exojoriunnx TmonyckiB (Environmental Flows). Ile o3nadae po3pobky Ta

BIPOBA/PKCHHS HAyKOBO OOIPYHTOBAHMX TpadikiB CKHUAIB BOAHU, SIKI IMITYHOTh
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IPUPOJIHI PIUKOBI IUKIH. Taki MOMyCKH MOBUHHI BKIIIOYATH: "MyIbCOBI" MOMYCKH;
niATpUMaHHS 6a30BOTO CTOKY; KOHTPOJIb TEMIIEPATYPHOTO PEKUMY.

Heo0OxigHa rapmoHizaiiisi IHTEpECiB BC1X BOJOKOPUCTYBAUIB JJIS JTOCSITHEHHS

OanmaHCy MIX IXHIMH TOTpeOdaMH Ta €KOJIOTTYHUMHU NOTpeOaMu PiuKH.
JamOu (pparMeHTyIOTh PiUKy, CTBOPIOIOUN HENepeOOpHi MEPEIIKOAM JIJIs Mirparrii
pub Ta BUTIbHOTO MOTOKY BOJW. Ha Bcix KimtouoBHX 1amMbax HEOOX1THO BCTAHOBUTHU
edekThBHI pruOOX0au (PI3HUX THIIB, AJANTOBAHUX JO KOHKPETHUX YMOB), IIO
3a0e3nedarh MPOX1THICTh JJIs IMPOKOTO CIEKTPY BUIB PUO, BKIIIOUAIOUH MTPOX1THI
Ta HaMIBIPOXIiAHI.

[ToTpiOHa OIIHKA MOKJIMBOCT1 YACTKOBOIO IGMOHTaXy Aam0. J1Jis 3acTapiyiux
a00 HEKPUTUYHHUX TIAPOTEXHIYHUX CIOPYJl BapTO IMPOBECTH OIIHKY I1XHBOI
€KOJIOTTYHOI Ta €KOHOMIYHOI JTOIIIBHOCTI, PO3IJIAIaI0Yd MOXKIUBICTH YACTKOBOTO
JEMOHTaXXy a00 CTBOPEHHS BEJIMKUX MPOTOK IS BIAHOBJICHHS PUPOHOTO pyca.
Lle mo3BoIsIE paANKaIBLHO 03I0POBUTHU PIUKY Ta TOBEPHYTH ii 10 MPUPOAHOTO CTaHY.
JlamM0Ou 3aTpUMyIOTh TPUPOAHUHN MOTIK HAHOCIB (MICKY, MYJy), 110 OPU3BOAUTH A0
3aMyJICHHS BOJIOCXOBHII] BHIIE AaMO Ta eposii pycia Hmx4de aam0. Lle pyiiHye
npupoAHi Oiotonu Ta Mmicusg Hepecty. HeoOxigHO po3poOuTH cTpaTerii s
MPOITYCKY HAHOCIB Yepe3 TAPOTEeXHIYHI COopyau a0o iX MTYYHOTO MEPEeMIileHHS
BHHU3 3a TeYi€r0. Y MICISIX KPUTUYHOTO 3aMyJICHHS MOXYTh OYyTH TMOTpiOHI
JTHOTIOTJIMOIOBAIbHI  pOOOTH, ayie 11X CHiJ TPOBOJUTH OYyXKE OO0EpexHOo, 3
OOOB'I3KOBUM ~ €KOJIOTITYHUM  OOIPYHTYBaHHSIM Ta KOHTpPOJIEM  yTHIII3allii
BUJTYYCHOTO MYITY.

Hagkos0 BoocXoBHII HEOOX1AHO BITHOBIIIOBATU IPUOEPEIKHI 3aXUCHI CMYTH
Ta MPOBOJUTH JIicopo3BeaeHHs. e cTabimi3ye Oeperu, 3MeHITye epo3ito, QUIbTPye
NMOBEPXHEBUIM  CTIK 3a0pyJHEHb Ta COpUSIE€ MIATPUMIN  CHOPHUSTIMBOTO
TEMIIEPATyPHOTO PEKUMY BOJIH, 110 OCOOJIMBO BAKIIMBO B yMOBaX 3MiHU KJIiMaTy.
KoHTposb 3a HagMipHUM 3apOCTaHHSM MIJIKOBOJb BOJOCXOBHII] JIO3BOJIUTH

MOKPAIIUTHA BOJIOOOMIH Ta 3MEHIITUTH €BTPOdiKallito.
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BBaxkaeMo 3a fo1isibHe HEOOXIAHICTh PO3LIUPEHHS MPOTPAMHU MOHITOPHUHTY,
BKJIFOUMBIITH MTOKA3HUKH, 1110 O€3M0CEepeHbO B110OpaxaroTh BIUTUB 1aM0: TUHAMIKa
TEeMIIepaTypy BOAM Ha PI3HUX INIMOWHAX, CKJaJ JIOHHUX BIAKIAaJE€Hb, CTPYKTypa
BOAHUX Oi01IeHO31B (prbOu, OCHTOC, TUTAHKTOH) BHUIIE Ta HIDKYE AamMO, a TaKOXK
dbikcaris Mirpariii puo.

Oznoposnienns  [liBnennoro  byry,  BpaxoByloun  HOro  BHCOKY
3aperyibOBaHICTh, BUMArae JOBIOCTPOKOBOrO Ta 0araToacrneKTHOTO MiAXOAY, 110
BKJIIOYA€ TEXHIYHI PINICHHS, HAYKOBY MIATPUMKY Ta 3MIHM B YIPaBIiHCHKIN
MPaKTHIII.
3MIHU KJIIMATY € OJIHI€I0 3 HalCEepHO3HIIIMX II100anbHUX 3arpo3 21-ro cTomiTTs, 1o
Oe3rmocepe/IHbO BILTUBAE HA BOJIHI PECYpCH, iXHIN 00'eM, AKICTh Ta PO3MOALI. X04a
HalIl MOJEN1 MOKa3aH, IO JIMILIE TEMIEpaTypa MOBITPs Ta KUIbKICTh OMa/l1B MAtOTh
OOMEKEHY TMOSICHIOBAJIbHY 3JaTHICTh I 0aratboX TiIPOXIMIYHUX IMOKAa3HUKIB
[TiBnennoro byry, onocepeakoBaHuii Ta JOBrOCTPOKOBUH BIUIMB KJIIMAaTUYHUX 3MIH
Ha T1IPOEKOCUCTEMY € Oe33alepeuHrM Ta BUMarae CUCTEMHO]T ajanTarlii.

[TinBuIeHHsT TeMnepaTypyu BOJIW MNPU3BOJUTH 1O 3HUKEHHS PO3YMHHOCTI
KHCHIO, III0 MOK€ MOTIPIINTA KUCHEBUM PEKUM PIYKH, OCOOJIMBO B MIEPIOJ JITHHOT
MEXEH1 Ta 332 HAIBHOCT1 OpraHigyHOro 3a0pyaHeHHs. [le cTBOproe CipusTINBI YMOBU
JUTSL PO3BUTKY aHAEpOOHHX MPOIECiB, BUBUILHEHHSI TOKCUYHHUX CIOJYK 3 JOHHHUX
BIJIKJIaJIEHb (HampuKiIaa, cyiab(diaiB, amiaky, 3ajli3a y po3uMHHIN (popmi), a TaKoxK
iHTeHcu(ikarii eBrpodikariii Ta "uBITIHHSL" BOIH.

3MiHa TEMIepaTypHOTO pPEXKUMY MOXKE CIPHUUYMHUTH 3CYB apeaiB
NPOKMBAHHS BUIIB pUO Ta IHIIMX T1APOOIOHTIB, 3MEHILIEHHS O10pi3HOMAHITT,
301JIBIIICHHS TTOIIMPEHOCT] TETUIOBOIHUX 1HBA31MHUX BHU/IIB.

[Tporao3yerbcst 301IbIICHHS KUUIBKOCTI Ta IHTEHCUBHOCTI 3JIMBOBUX OMAaJiB, a
TaKOXK OLITBII TPUBAII MEePioau OCYX. [HTEHCUBHI 37IMBU MPU3BOJATH 0 TOCUIICHHS
MOBEPXHEBOTO CTOKY, 10 HECE 10 PIUKHU 3HAYHY KIJIbKICTh 3a0pyAHIOIOUNX PEUOBUH
3 CUIBCBKOTOCIIOAAPChKUX YTiAb (HITpaTH, pocdaTu, necTuuamn), ypoaHi30BaHUX

TepuTopid (HaTOMPOTYKTH, BaXKKI METaIH, 3aBUCII PEYOBHHH) Ta MPOMUCIOBHUX
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30H. L{e Moxke cipuunHUTH "110KOBE" 3a0pyIHEHHS, pi3Ke MOTIPIICHHS IKOCT1 BOAU
Ta 301IbIIEHHS KaJJaMyTHOCTI. JJOBroTpuBai Mocyxu, HaBMmaku, 3MEHIIYIOTh 00'eM
CTOKY, III0 MPHU3BOJUTH JO 3HWIKCHHS PIBHS BOJW B Pivlll, YINOBUIbHEHHS TeYii,
30LTBIIIEHHST Yacy BOJOOOMIHY Ta KOHIIGHTpaIlii 3a0pyIHIOIOYUX PEYOBUH 4Yepes
3MEHIIEeHHsS e(eKkTy po3BeleHHA. Lle Takok MoXke MOCHUIUTH eBTpoQiKalio Ta
CIpHUATH "IBITIHHIO" BOJIOPOCTEA.

3MEHILIEHHS. CTOKY IIiJI 4Yac TMOocyX Oe3MocepeHbO 3arpoXkye CTalloCTl
B0/103a0€3MEYEHHs] HACEJIEHHS, MPOMMCIOBOCTI Ta CUIBCBKOTO TOCHOJApCTBa B
PETI10HI.

[loBeHi, TpuBali MOCYXHW, CUJIBHI BITPH Ta IITOPMH MOXYTh PYyWHYBaTH
OeperoBi JiHIi, BUKIMKATH €pO3i0, MOMIKOHKYBATH BOA03a0ipHI Ta OYHCHI
cropyau, 1HGPACTPYKTypy, IO NPU3BOJUTH JO HEKOHTPOJIHOBAHUX CKU/IIB
3a0pyaHEeHb Ta NepeOoiB y BOJONOCTaYaHHI.

ExcrpeManbHi moAill MOXYTh CIPUYMHUTH MAacoOBY 3aru0enb puOH, pyiHyBaHHS
010TOMIB Ta MOTIPUIEHHS €KOJOTIYHOTO CTAHY PIUKH.

Anantariis 10 3MiH KJIIMaTy B YIpaBJiHHI BOIHUMH pecypcamu [liBaeHHOTrO
Bbyry noBuHHa OyTh 0araTOBEKTOPHOIO 1 BKJIIIOYATH 1H(QPACTPYKTYpHI, TPUPOAHO-
OpIEHTOBAHI1, MOJITUYHI Ta JOCIITHUIIBKI TT1IXOIH.

Buninsgemo ki1r04uoBi O3UIIIT 11010 aanTaIlii 10 3MiH KIiMaTy.

1. YrpaBiiHHS BOZHUM PEKUMOM Ta 1HOPACTPYKTYPHI1 PIlLIEHHS.

OnTuMizaritisi poOOTH BOJOCXOBHII] Ta T1APOBY3IIIB Yepe3 MePeriisii ICHYI0INX
nmpaBWJI eKcIuTyartarii BojgocxoBuil I[liBnenHoro byry 3 meToro 3a0e3nedeHHs
ONTUMAJIBHOTO PEKUMY CKHUIIB JUIS MIATPUMKH €KOJIOTTYHOIO Ta CAHITAPHOTO CTaHy
pIUKHM B yMOBax 3MiH CTOKY. e Mo)ke BKJIIOUaTH CTBOPEHHS PE3EPBHUX EMHOCTEH,
a0, HaBMaKW, TMeperjsg o00'€eMiB CKUAIB IS MaKCUMaJbHOTO PO3BEIICHHS
3a0pyaHEeHb Y MEeP10AU HU3bKOI BOJHOCTI.

MonepHizamiss  Bon03a0ipHUX  Ta  BOJONPOBIAHMX  CHCTEM  uepe3
BBIPOBA/KEHHSI €HEproe()eKTUBHUX TEXHOJOT1A, 3MEHIIEHHS BTpaT BOIU Y

BOJIONIPOBITHUX MEpekax, AUBepcrudIKallis JKepea BOJOMOCTauaHHs (HapUKIa,
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BUKOPHUCTAHHS IPYHTOBUX BOJI, ONPICHEHHS COJIOHUX BOJI, SKIIO 116 €KOHOMIYHO Ta
€KOJIOT1YHO JIOTTHHO, y IOBFOCTPOKOBIN MEPCIIEKTHRI1) IS ITiIBUIIICHHS CTIHKOCTI
710 1ediUTy BOJIH 1T 9ac MOCyX.

Po3BuTok cucrem 300py Ta BUKOPUCTaHHS JIOIIOBOI BOJHM 4eEpe3
BIIPOBAPKCHHS MICHKHX Mporpam 31 300py J0I110BOI BOIM (Ha Jaxax, y pe3epByapax)
JUTSl TEXHIYHUX MOTPEO, MOJMBY 200 MOMOBHEHHS IPYHTOBUX BOJI.

2. [Ipupoano-opientoBani pimenns (Nature-Based Solutions - NBS).

BigHOBNIEHHS PIYKOBHUX 3aIlJIaB Ta BOJIHO-OOJOTHUX YTiAb Yepe3 3aIljiaBu Ta
00J0Ta € MPUPOJHUMU TyOKaMH, LI0 aKyMYJIOIOTh BOJAY IIJI 4ac MOBEHEH 1
MOCTYIIOBO BIJJAIOTh ii y PIUKY B NEPIOJU MOCYX, @ TAKOXK BUKOHYIOTH (DYHKIIIIO
NPUPOAHUX (PiNbTPiB, 3aTPUMYIOUM 3a0pyJHEHHS. IX BiJHOBJIEHHS MOKpAIIye
AKICTh BOAM, PETYIIO€ CTIK Ta MIJBUILYE O10PI3HOMAHITTS.

Jlicopo3BeieHHsI Ta BITHOBJIEHHSI IPUOEPEKHUX 3aXUCHUX CMYT 4Yepe3 CTBOPEHHS
a00 BIJHOBJICHHS JIICOBHX HACAJKEHb B3JI0BXK PIUKH Ta il MPUTOK 3arodirae eposii
IPYHTY, (PIIbTpy€e MOBEPXHEBUM CTIK, 3MEHILIYE HAIXOJKEHHS 3a0pyJHEHb Ta
CIPHSIE MATPUMIIL CIIPUSTIMBOTO TEMIIEPATYPHOTO PEKUMY B MPUOEPEKHII 30HI.
3axoau 31 30€peKeHHA IPYHTY Ta MIABUIIEHHS HOTro BOAOYTPHUMYIOUOI
3IaTHOCTI 4epe3 BIPOBAIKCHHS AarpoeKOJIOTIYHUX TMPaKTUK (MiHIMaJIbHUMN
OoOpoOITOK TPYHTY, CIBO3MIHM, BHUKOPHCTAaHHS CHAEPAJIbHUX KYyIbTYp), IO
M1JBUILYIOTH BMICT OPraHIYHOT pEYOBUHU B IPYHTI, OKPAIYIOUYM WOTO 3/1aTHICTh
MOTJIMHATH Ta YTPUMYBATH BOJY.
AJtanrartisi 10 3M1H KJIiMaTy BUMarae JJOBroCTPOKOBOTO CTPATETIYHOTO TIaHyBaHHS,
3HAYHUX 1HBECTHUILIIM Ta IIMPOKOI CHIBIpAIll MIXk yciMa 3allIKaBJICHUMU CTOPOHAMMU.
Ile HE TPOCTO NHUTAHHSA EKOJIOTii, a W 3a0e3MEUYeHHS CTAJIOr0 E€KOHOMIYHOIO
PO3BUTKY Ta COLIAJILBHOTO T100pO0yTYy pETrioHYy.

3. IurerpoBanmii MeHemkMeHT BomHux pecypciB (IMBP) Tta crane
(30anmaHcoBaHe) IPUPOIOKOPUCTYBAHHS.

Huszpkuii BIJIMB KIIMATUYHUX YWHHUKIB y HAIIUX MOJEISIX TIAPOXIMIYHHUX

noka3HukiB [liBgennoro byry migkpecnioe KpUTHUHY HEOOX1AHICTh 3aCTOCYBaHHS
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IPUHIIUIIB 1HTETPOBAHOTO MEHEIKMEHTY BoaHuX pecypciB (IMBP). IMBP — ue
mporec, SIKAW CHpHsi€ CKOOPIMHOBAHOMY PO3BUTKY Ta YIPABIIHHIO BOJIHUMH,
3eMEJIbHUMH Ta CYMDKHUMH pPecypcaMu 3 METOI MaKCHUMI3allii eKOHOMIYHOTO Ta
COIAIBHOTO J00POOYTY TaAKUM YMHOM, MO0 1€ HE CTaBWJIO Tij] 3arpo3y CTIHKICTh
JKUTTEBO BAXKJIMBUX €KOCHCTEM. Y KOHTEKCT1 BIUIMBY 3MiH KiiMmaty, IMBP crae
HE3aMIHHUM IHCTPYMEHTOM IS 3a0e3ledyeHHs CTIMKOCTI Ta ajamnTariii BOJHHUX
pecypciB.

3a yMOB AehiIUTy BOJHHX PECYpPCIB, IO MOCHUIIOEThCA mocyxamu, IMBP
JI0O3BOJISIE PO3POOUTH CIIpaBEJINBI Ta €PEKTHUBHI MEXaHI3MH PO3MOJILTY BOAU MIXK
pPI3HMMHM BOJIOKOPHCTYBauyaMH, MIHIMI3yI0OUYM KOH(MIIKTH Ta 3a0e3nedyroun
MPIOPUTETHICTH BOJOMOCTAaYaHHS HAceJIeHHs. 3axo/u, mo nepeadayatorbesi IMBP
(BIZHOBJIGHHSI 3alljlaB, KOHTPOJb 3a0pyJAHEHHS, E€KOJOTIYHUN MOHITOPHHT),
MIJBUIIYIOTh TPUPOJHY CTIMKICTh PIYKA JO CTPECIiB, CHPUUYMHEHUX 3MIHOIO
KJIIMaTy. 310pOBa €KOCHUCTEMA KPAIlle CIIPABISETHCS 3 EKCTPEMATbHUMMU MOISIMU Ta

AHTPOINOTCHHMWM HaBaHTAKCHHSIM.

BuCHOBKHM /10 IIOCTOr0 PO3Aiy

[TobymoBaHo MaTreMaTWyHl MOJEM JUIA TIAPOXIMIYHUX TOKa3HUKIB
(po3unHenuit kucenb, BCKS, pH, Minepamizariis, TBEepAiCTh, 3arajibHE 3ai3o,
HITpaTH, CyJlb(aTH) 3aJIeKHO Bl KIIMATHYHUX UYMHHUKIB TaKUX, SK: KUIbKICTb
OTaJliB Ta TeMIIepaTypa aTMOC(HEpPHOTO MOBITPSL.

Bu3naueno, 1o 3arajJibHOIO TEHJACHINIECIO JUIS OUIBIIIOCTI JOCHIIKEHHX
rIPOXIMIYHUX TOKA3HHKIB € T€, IO KUIBKICTh OMaJiB Ta TeMIlepaTypa MOBITPS,
Xoua W MawTh TEBHUW BIUIMB, HE € KJIIOYOBMMH, OO0 BIUIMBY Ha CTaH
rizpoexocuctemu. Koedimienr perepminamii (R?) mms  6imemocti  Mopeneit
BHSABHMBCS HM3BKMM: 3aii30o 3arambHe (R%=0,127); BCKs (R?=0,176); cynbdaru
(R?=0,283); minepamizauia (R?=0,288); pH (R*=0,354); tBepmicts (R?=0,380).
Jleno moMITHIIIKIM BIJIMB HA HITPATHU Ta PO3YMHEHUN KMCeHb. Moieni Jj1sl HiTpaTiB

(R?=0,505) Ta pozunnenoro kucHio (R?=0,4484) mnokasamu IemI0 BUIII 3HAYECHHS



274

koedimieHTiB netepminanii. lLle joriyno 3 ormsamy Ha Oiojoriuni Ta Qi3uyHi
nporecu (HampUKIIaj, 3MUB HITPATIB 3 YTiAb MiJ Yac ONaJiB, BIUTUB TEeMIIEpaTypH
Ha PO3YMHHICTh KUCHIO Ta 010JIOTIYHY aKTUBHICTD).

Huspki 3HauenHs R? gns GimbmiocTi mMojenedl OJHO3HAYHO BKA3yIOTh HA
ICHYBaHHS 1HIIMUX, OUIBII BHUPIMIAJLHUX BIUIMBIB, SIKI BHU3HAYalOTh CTaH
TApOXIMIYHMX MTOKA3HUKIB. [0 HMX HajeXaTh: reoyioridyHa 0y/10Ba Bo10300py (THIT
IPYHTIB Ta TPCHKUX MOP1A OCOOIMBO AJI MiHEpali3alii, TBEpAOCTI Ta CyJb(aTiB);
AHTPONIOTE€HHUM BIUIMB 4Y€pe3 CKUAM MPOMUCIOBUX, CLILCHKOTOCHOJAPCHKUX Ta
noOyTOBUX CTIYHHMX BOJI, 3pPOIICHHS, 3aCOJICHHS IPYHTIB; TIIPOJOTIYHUN PEXUM
(IBUAKICTH TEYii, PiIBEHb BOJIH) TOIIO.

BpaxoBytoun oOMekeHuil npssMuil BIUIMB KJIIMaTUYHUX YUHHHUKIB, TOJIOBHUM
3aBJAHHIM LI0JI0 PEKOMEHAlN 3 IHTETPOBAHOTO MEHEPKMEHTY BOJIHUX PECYPCIB
Ta cTajoro (30aJaHCOBAHOIO) MPUPOJAOKOPUCTYBAHHS € CHCTEMHE 3MEHIICHHS

AHTPOIIOTCHHOTI'O HABAHTAXXCHHA.



3AT'AJIBHI BUCHOBKHA

VY Mexax TOCHIIKEHHS BIUTMBY KJIIMAaTUYHUX 3MiH Ha CTaH BOJHHUX PECypCiB
BCTAHOBJIEHO, III0 €KoJloriyHa Oe3meka oO3Haya€ CTaOUILHHMH CTaH BOJHHUX
€KOCUCTEM, II0 TapaHTy€ SKICTh 1 AOCTYIHICTh BOJAU O€3 IIKOAW Jis MPUPOJIH.
Boanouac ekosioriuna HeOe3neka MoB’si3aHa 3 pu3uKaMu Jierpajallli, 3a0py1HeHHS
Ta BTPATH BOJHOCTI, SKI MOCUJIIOIOTHCS Yepe3 3MIHM KIIMAaTy Ta aHTPONOTE€HHUMN
BJIUB. YTOUHEHHS IMX TMOHATh € BAXIMUBUM A (opmyBaHHS e(DEKTUBHUX
MEXaH13MiIB aJIallTallii Ta IHTErpOBaHOTO YIIPABIIIHHS BOJIHUMH PECYpCaMU B yMOBax
KJIIIMATUYHUX BUKIUKIB 1 JUIsl 30€pEeKEHHsI €KOJIOTTYHOro OajlaHcy B OaceiHHOBUX
cucreMax. Y MpoLeci aHali3y JITepaTypHUX JPKEpen YTOYHEHO, 10 €KOJIOT1YHa
Oe3neka BOAHMX pECypciB — 1€ HE JIMIIE BIACYTHICTh 3a0pyJHEHHs, a W
3a0€e3MeUeHHsI CTANIoro (30a1aHCOBAHOT0) (PYHKIIIOHYBaHHS BOJTHUX €KOCHUCTEM, SIKE
rapaHTye AOCTYN A0 SIKICHOI BOJM ISl PI3HUX MOTpeO 0e3 MIKOAM AJi JTOBKULIA.
Exonoriyna HeOe3neka BOJHUX PECYpCiB — L€ CTaH ab0 3arpo3a MOpYIICHHS
MPUPOAHOI PIBHOBArv, BUKIUKAHUN SK aHTPOTIOTEHHUMH YWHHUKAMH, TaK 1
3MiHAMU KJIiMaTy (Hampukiaa, 3MEHIIEHHSM CTOKY, 3a0pyJIHEHHSM, BTpaTaMu
OiopizHOMaHITTSI). OTXKe, YTOYHEHHS TOJSATaE B PO3IIMPEHHI TPAaKTyBaHb, €
BPaXOBYETHCS BIUIMB KJIIMAaTUYHUX 3MIH SIK UMOBIPHOTO YMHHUKA SIK BUHHUKHEHHI
PHU3HKIB, TaK 1 B MOUIYKY HUISX1B 3a0€3ME€UEHHS €KOJIOT1YHO1 OE3MEKH.

[TopiBHSATBEHUI aHaJI3 HOPMATUBIB SIKOCTI TTOBEPXHEBHUX BOJ B YKpaiHi Ta
CBIT1 BMSIBUB 3HAYHI BIAMIHHOCTI Ta NUISIXM JUIsl TapMOHI3alii yKpaiHCHKOTO
3akoHOAaBcTBa 31 craHgaptamu €C. VYkpaiHa akKTHBHO TapMOHI3YyE CBOE€
3aKOHO/IaBCTBO 1100 SIKOCTI MOBEPXHEBUX BOJ 13 BuMoramu €C, 30kpema BoHoro
PaMKOBOIO JUPEKTHBOIO, 110 Tepeadadae mepexig 10 0acelHOBOTO MPUHITUITY
yIOpaBIiHHS Ta BJOCKOHAJICHHsI MOHITOpUHTY. Hampukiaz, crangaptu €C dacto €
KOPCTKIIIMMHU 32 YKPATHCHKI IIOJI0 TaKUX MOKa3HUKiB, ik BCK Ta HiTpatu Tomo.

3MiHa KJIiMary, CIpPUYMHEHA MEPEBaXKHO AHTPOIIOTCHHOIO MISUIHHICTIO Ta

BUKHUJAMHU TTAPHUKOBUX Ta3iB, MPU3BOJAUTH /10 3HAYHOTO ITIABUIICHHS TJI00ATBHOT
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temriepatypu. [lokazano, mo y 2023 porii rimobansHa cepeHs TeMieparypa Oyia
oinpn Hik Ha 1,2°C Bumoo 3a noiHaycTpiaabHui yac, a 2023 1 2024 poku cranu
HaWTeIUTIKUMHU B icTOpIi. 11 3MiHM BUKJIMKAIOTh 3MIHH Y KIJIbKOCT1 i IHTEHCUBHOCTI
OMajiB, IO MPU3BOAUTH JO MOYACTIIIAHHA EKCTPEMaJbHUX MOTOAHMUX SIBUILI.
Hacnminku nux 3MiH BIUIMBalOTh Ha TigpoekocucteMu. B VYkpaini Takox
CIIOCTEPITa€EThCS 11l TEHJEHIIS. Y3arajlbHEeHO, 1110, 30KpeMa Ha MUKoIaiBIIMHI, TPU
nopiBHsHHI TepioaiB 1961-1990 Tta 1991-2000 poxkiB 3adikcoBaHO MPUPICT
cepennboi temneparypu Ha 1-1,5°C. Tomy, mias edeKTUBHOTO JTOCITIIKCHHS
BIUIMBY 3MIHM KJIMary Ha BOJHI PECypcHd OOpaHO Takl KJIIOYOBI IHTErpOBaH1
napameTpH, SK: TeMIeparypa arMoc(epHOro MOBITpS Ta arMOc(epHi Omaju,
OCKUIBKHM BOHHU 0€3M0CEPEIHbO BIUIMBAIOTh HAa CTAH T'JIPOEKOCUCTEMH,

Y JochikeHHI NpoaHalli30BaHO BIUIMB KJIIMAaTMYHUX 3MIiH Ha BOJHI
eKOCHUCTEMHU MHMKOJAIBChKOi 00J1acTI 3 BUKOPUCTAHHSAM JIaHUX €KOJIOT1YHUX
NacropTiB, PEriOHAJIbHUX JOMOBIJEH, CTAaTUCTUYHMX 30IpHUKIB, MaTepialiB
JlepxBoareHTCTBa, cynyTHUKOBUX maTtdopm Google Earth Engine, Copernicus ta
Ventusky, a Takox BJIaCHMX EKCHEPUMEHTAIbHHMX JOCHIKEHb. 3aCTOCOBAHO
METOAM TPEHAOBOIO aHaji3y, KOpeslid Ta TIIpOTePMIYHOr0 KoedillieHTa
Censininosa (I'TK).

BusiBneHo diTke NIABUINEHHS CEPEIHBOPIYHOI TeMIlepaTypu TOBITPS B
perioni — Ha 0,61°C 3a gecarupiuus y 1980-2024 pokax, IO MEPEBUILYE
rJ100aJIbHI MMOKa3HUKU. 3pOCiia KUTbKICTh CIEKOTHUX JTHIB 1 “TPOMIYHUAX HOYEH’, 110
CBIIUMTHh TMPO TEIJIOBE HaBaHTAXEHHS Ha eKkocucTeMu. KibKICTh OmaiB
3MEHIIYEThCS, CePeIHI piuHI 3HAYCHHsS CTaHOBIATH 409—469 MM. 30UTbIIYETHCS
yacToTa 371uB, pH nboMy ['TK Bkazye Ha nedinut 3BOT0KEHHS.

@DikcyeThCsl apuan3allis MiBJSHHUX TEPUTOPIN, 3 HAOIMKEHHAM KIIIMATYy J10
HAMIBITyCTEIBHOTO TUITy. Taki 3MIHU BIUIMBAIOTh Ha BOJHI PECYPCH, BUKIUKAIOThH
eBTpoQiKalliio, 3HIKEHHS BOJHOCTI Ta TOTIPIIEHHS SKOCTI CEepeloBHUIINA, IO €
HIATPYHTSM BIPOBAKEHHS aJanTallliHUX CTpaTerii, OHOBIIEHHS MOHITOPUHTY Ta

palioHaJIbHOTO YIPaBIiHHSA BOJHUMH PECypcaMu 32 YMOB KJIIMaTUYHUX BUKJIHKIB.
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baceiin IliBnennoro byry oxormuioe pi3HI NpUpOJHI 30HU YKpaiHu, IO
3YMOBITIO€ PI3HOMAHITTSI KJIIMAaTUYHUX 1 T1APONOTiuHUX yMOB. TemmepaTypHi qaHi
y Mexax MuKkoyiaeBa CBil4yaTh MPO 3pPOCTAaHHS MIHIMAIBHUX TeMIeparyp, 3
anoManbHUM 3HaueHHM +1 °C y 2021 porri. baceiin € cunpHO 3aperyap0BaHUM —
noHaa 8000 BomoHM, IO CHOPUYMHSE BTPAaTy BECHSHOIO CTOKY, 3HUKCHHSA
HIBUKOCTI TeUii Ta caMoouHIleHHs. Bu3HaueHo, 1o 6aceifH cCuiibHO 3a0y10BaHUN
1 Hamuye noHaa 8000 ctaBkiB 1 Bogocxoswuill. [ligpaxoBaHo, 10 cepeaHs MIUIBHICT
BOJ/IOMM CTaHOBUTH OJIM3BKO OJIHOTO BOJIOCXOBHIIA HA KOHI 10 KM.

[Toka3zaHo, 1110 MOBEPXHEBI BOJIU XapaKTEPU3YIOTHCA BUCOKOIO JKOPCTKICTIO
(mo 20 mr-exB/am?) Ta eBTpodikarriero. Minepaizallis BOAU 3pOCTa€ B HANPAMKY 10
rupjia piykd, M0 3YMOBJIEHO HAKOMHMYEHHSM COJIEH 1 PO3UYMHEHUX PEYOBHUH Yy
HIWKHIA Teuli. HailBung mnoka3HukH (IKCYIOTBCA Yy JIACTONAAl, MICIAS YOro
CIIOCTEPIraeThCsl MOCTYNOBE 3HMKEHHSI B3MMKY Ta HaBecHl. lle moB’s3aHo 3
OCOOJIMBOCTSIMM  T1JIPOJIOTIYHOTO PEXHUMY, 30UIBLIIEHHSM BOJHOTO CTOKY B
XOJIOAHUM Tepiojl, M0 PO30aBisiE KOHLEHTPALlI0 PO3YMHEHUX PEYOBHH. Y
IJIAHKTOHI TIEpPeBaKalOTh MajouyTiauBi g0 3abpyanenns Bujau (Copepoda,
Rotatoria), ixTiodayHa 30iqHeHa (OUYKH, TapaHb).

Ha ocHOBI CymyTHHMKOBUX JaHUX MiATBEPIKEHO HEraTUBHI 3MIHU uepes
BUBYCHHS AuHaMiku TakuX iHaekciB: BLUE 3umu3uBcs 3 0,113 go 0,084 (mpo3opicTh
Boaun), GREEN — 0,097-0,119 (po3Butok Bomopocteii), NDVI 3pic i3 0,132 no
0,165 (3apocTtanHsi OeperiB), 10 CBIAYUTH MPO MOCWJICHHS BIUIMBY €BTpodiKariii,
AHTPOINOTEHHOI J1i Ta KIIIMAaTUYHUX 3MiH Ha T1APOEKOCUCTEMY.

JUist JOCiKEHHS BIUTUBY KJIIMAaTUYHUX YAHHUKIB HA CTaH TTIOBEPXHEBHX BOJT
o0paHO BiCIM KJIFOYOBHX T1IPOXIMIYHMX TMOKA3HHKIB: po3dnHeHUi kuceHb, bCK,
MiHepaii3auis, pH, 3aranbHe 3a1130, TBEpAICTb, CyIbdaTu Ta HITpaTH. HOTHPHU 3 HUX
(pH, BCK, minepanizartiisi, TBEpAICTh) € iHTErpoBaHUMHU. L1 TOKa3HMKHM OyI10 00paHO
32 KPHUTEPIIMH UYyTJIMBOCTI NI0 KIIMAaTWUYHUX 3MiH, 3JaTHOCTI JEMOHCTPYBaTH

CE30HHI Ta piYHI KOJUBAaHHS, BIAOUTTS 3MIH Y T1IPOJIOTIYHOMY LIMKJI1, 3a0€3eUeHHS
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SKMOTa TIOBHOI €KOJIOT1YHO1 CHUTYyaIlii Ta MPaKTHYHOTO 3HAYCHHS JJI YIPaBIiHHS
BOJHUMU PECypcamu.

[lynkTu crnocrepekeHb y Mexax MukoiiaeBa Ta o0JacTi obupanucs 3
ypaxyBaHHSAM PENPE3ECHTATUBHOCTI, MPOCTOPOBOTO OXOIUICHHS, aHTPOIOTEHHOTO
BIUIUBY, TIAPOJWHAMIYHUX YMOB, O10JIOTIYHOTO PI3HOMAHITTS, JOCTYITHOCTI Ta
O€3IeKH, a TaKOXK HasIBHOCTI 1CTOPIi JOCTIKCHb.

Busnaueno, mo Temmneparypa MOBEPXHEBHUX BOJ] € BAXJIMBUM 1HIUKATOPOM
KJIIMAaTUYHUX 3MIH 1 TO-pI3HOMY BIUIMBA€ Ha TIAPOXIMIYHI MOKa3HUKH. JIiHIIHI
MOJIeIl TIOKa3aiu cJIadKi 3aKOHOMIPHOCTI, TOJI AK TMOJIIHOMIaldbHI KBaJpaTHUUHI
MO/IeJTI Kpallle ONMHUCYIOTh HEJIIHIMHUI XapakTep 3aJeXKHOCTI.

KoedimienT nperepmiHamii 3aJ€KHOCTI TOKa3HHUKIB BiJ TeMIEpaTypu
CTaHOBUTH: po3urHeHuil kucenb — 30%; BCKs — 33%; pH — 16%; minepanizaris —
13%; tBepaicTh — 27%; 3aranpHe 3ami30 — 2%; cynbdatu — 16%; nitpatn — 10%.

Haii0inpm 3anexHUMH BiJl TeMIlepaTypu € po3unHeHuil kuceHb (30%) Ta
BCKs (33%). Cepenniil piBeHb 3aJIEKHOCTI JEMOHCTPYIOTh TBepAicTh (27%), pH
(16%), minepanizaris (13%) Ta cynedaru (16%). HalimeHI 3aJIe)KHUMU BUSBHIIHCS
3aranbHe 3ami3o (2%) Ta uitpatu (10%), 1m0 BKasye Ha HE3HAYHUM BIUIMB 3MIH
TEeMIIepaTypH Ha 11l TOKA3HUKHU.

JlocmipKeHHsT TToKa3alio, Mo po0odi TimoTe3W YaCTKOBO HE MIATBEPIUIIHCS.
Xo4a TEOPETUYHO OIaIud MOXKYTh BIUTMBATH Ha SIKICTh BOJIU 4Yepe3 po30aBICHHS,
3MHB OPTaHIKM Ta XIMIYHUX PEUOBUH, CTATHCTHYHI MOJEII MPOJAECMOHCTPYBAIH
Jy>ke HU3bK1 KoedimienTu nerepminaiii (R?) qis OutbiiocTi noka3HukiB. Tak, ais
po3uuHHoro kucHio, bCKs, pH, Minepanizaiii, cynab(hariB, HITpaTiB, 3araJibHOIO
3aji3a BUSIBJIEHO ciaOki abo BimcyTHI 3anexHocti (R? 3pebumbmioro < 0,05).
BunsiTkoM € TBEpAICTh BOJH, IS SIKOI KyO14HA MOJIEJb IMOKa3ajia BITHOCHO BUCOKY
nosicHIoBaNIbHY 37aTHICTE (R* = 0,705), mo cBiAYWTh TPO HASBHICTH CKJIAJTHOI
HEJTHIHHOT 3aJI€KHOCTI.

Husbkuii BIUIMB OMNajiB TMOSCHIOETHCS 3IATHICTIO TIAPOEKOCUCTEM 0

caMoOperyJiALii Ta nepeBakaHHsAM 1HIIUX (pakTopiB. Temneparypa BoAH, IIBUAKICT
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Tedii, aHTPOIIOTCHHE 3a0pyAHEHHS, TeosoridyHa OyaoBa, CE30HHICTh Ta 010J0TIYHI
MPOIIECH MAIOTh CYTTEBIIMIWK BIUIMB Ha XIMIYHUHN ckian Bogu. Kpim Toro, omamu
MOXXYTh JISITU OJHOYACHO B TMPOTHJICKHUX HaMpsiMax — 3 OJHOro OOKy,
po30aBisAoun BOAY, 3 1HIIOro — 30aravyroud ii 3a0pyaHIOBadYaMH, IO HIBEIOE
3arajgbHui eexT. TakuM 4YMHOM, KIJIbKICTh OMaJliB HE € BU3HAYAIbHUM YHHHUKOM
1151 sikocTi Boau [liBnenHoro byry B mexax MukosaiBCbKoi 001acTi.

Ha ocHOBI maremMaTH4HHMX Mojesield, NOOyAOBaHMX IS TIAPOXIMIYHUX
noka3HukiB IliBnenHoro byry B Mmexxax MukoiiaeBa, BCTAHOBJICHO, IO KJIIMaTHYHI
YUHHUKH — KUIBKICTh OIAJIIB Ta TEMIIEPATYpA MOBITPSI — MAIOTh OOMEKEHUI BILIUB
Ha OUIBIIICT, 3 HUX. 30Kpema, koedimieHT aetepminamii (R?) mns monenei
3arajgpHOro 3aimi3a (0,127), bCKs (0,176), cynsdaris (0,283), minepanizaiii (0,288),
pH (0,354) ta TBepaocrti (0,380) BusiBuBCst HU3bKUM. Lle CBIAUUTH, IO 111 MTOKA3HUKH
JUIIE HE3HAYHOIO MIpPOI0 TIOSICHIOIOTHCS 3MIHAMHM OMNAJAIB Ta TEMIIEpaTypH.
Hanpuxnan, mans BCKs monan 82% Bapiamiii 3aiuinarOThCs 1032 BIJIMBOM
KJIIMATUYHUX YMHHUKIB, BKa3yIOUM Ha IOMIHYIOUY POJIb IHIIUX (PAKTOPIB, TAKUX K
KOHIIGHTpAIlisi OPraHIYHUX PEYOBUH BiJl CTIYHUX BOJ Ta TAPOJIOTIYHHUN PEKUM.
Amnasoriuno, ana pH ta minepanizaii, nonag 64% ta 71% Bapiariil BiIOBIIHO,
3aJieXaTh B HEKIIMAaTUYHUX (HaKTOPIB, BKIIOUAIOYM T€OJIOTIYHI OCOOJIMBOCTI Ta
AHTPONOTeHHEe HaBaHTAKCHHS. JIemo MOMITHIIIMK BIUIUB KIIMATHYHI YHHHUKH
MarTh Ha po3unHeHui kuceHb (R?=0,4484) Tta nitpatn (R*=0,505), noscHiooun
puOJIM3HO MOJOBUHY iXHIX Bapiamiii. OgHaK, HaBITh ISl ITUX TTOKA3HUKIB, 3HAYHA
YyacTHHA 3MIH OOYMOBJIEHA 1HIIMMU BIUIMBAMHU, TAKUMHU SIK PIBEHb 3a0pyIHEHHS,
TIPOJIOTTYHUM peXuM, HasIBHICTh QuiopH Ta (payHu, a TAKOK CKUIU CTIYHUX BOJ.

Otxe, noBeneHo, MmO cTaH rigpoexocucreMu IliBnenHoro byry y mexax
MukonaeBa 3HAYHOIO MIpOI0 BH3HAYAETHCSA HE KIIMATUYHHUMHM YHHHHKAMHU, a
AHTPOIIOTCHHUMH BIUIMBAMU Ta TCOJIOTIYHHUMH, TIAPOJOTIYHUMHU OCOOIHBOCTIMU
BOZI0300py, IO CTAJO KIOYOBHM MIATPYHTSIM IOAO PO3POOKH PEKOMEHIAIli 3
IHTErPOBAHOTO MEHEPKMEHTY BOJHHMX PECypciB Ta cTajoro (30ajaHCcoOBaHOTO)

IIPUPOTOKOPUCTYBAHHS.
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Temneparypa noBiTpsi (cepeans 3a pik, MAKCUMAJIbHA, MiHiMaJIbHA) Ta piYHAa

KiIbKiCTh onaaiB B M. MukoJiaiB y nepioa 3 1980 mo 2024 p

(3a JTaHUMHM CIIOCTEPEKeHb aBiaMeTeOoPoJIoTivHOI cTaHIii MUKO0J1aiB)

Pix Cepenns piuna | MakcumanbHa | MiHiManpHa Piuna
TeMreparypa 3a piK 3a piK KUTBKICTh
noBiTps, °C TeMIiepaTypa | TeMIiepaTypa | OIajiB, MM
noBiTps, °C noBiTps, °C
1980 9,3 32,3 -15,0 567
1981 11,0 36,4 -10,0 602
1982 10,1 33,0 -14,0 373
1983 10,8 33,2 -14,0 341
1984 9,9 33,0 -13,0 502
1985 8,2 34,5 -22,0 569
1986 10,1 34,8 -16,3 397
1987 8,2 36,2 -21,2 391
1988 9,6 35,3 -18,1 561
1989 11,0 35,5 -16,0 334
1990 11,0 35,2 -16,5 415
1991 10,1 36,0 -19,8 331
1992 10,0 36,2 -14,6 265
1993 8,9 36,8 -16,7 431
1994 10,8 37,8 -22,5 258
1995 10,2 33,6 -17,2 455
1996 9,5 38,5 -21,6 353
1997 8,9 32,6 -23,6 637
1998 10,3 40,1 -18,6 428
1999 11,2 37,9 -16,4 400
2000 10,8 39,6 -23,0 357
2001 10,7 38,6 -18,8 462
2002 10,9 40,0 -18,1 368
2003 9,7 34,0 -20,6 413
2004 10,5 34,0 -15,8 562
2005 10,9 36,3 -16,0 494
2006 10,2 36,0 -25,9 352
2007 12,1 39,9 -17,6 338
2028 11,1 39,0 -16,0 441
2009 11,3 37,8 -20,1 386
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2010 11,3 39,7 -24,5 652
2011 10,3 37,0 -18,4 304
2012 11,5 39,2 -24,1 360
2013 11,4 36,3 -18,1 361
2014 11,2 37,6 -20,9 395
2015 11,6 37,4 -21,0 393
2016 11,0 37,4 -21,3 573
2017 115 39,7 -16,5 264
2018 11,4 36,1 -18,0 396
2019 12,1 36,3 -14,0 390
2020 12,4 37,0 -8,3 334
2021 10,6 35,3 -20,4 693
2022 11.8 37,7 -13,6 347
2023 13,2 39,6 -9/4 464
2024 13,4 40,6 -9,3 451
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Temneparypa Boau piuku IliBgennnii byr y meskax micra MukoJiaesa

Cepenns MakcumaibHa MisnimanbHa 3a piK
TeMIeparypa TeMIIepaTypa TEeMIIEpaTypa
Pik 3a pik, °C 3a pik, °C 3a pik, °C
1980 10,7 26,4 0,0
1981 11,8 28,5 0,0
1982 11,7 26,6 0,0
1983 11,7 27,9 -0,2
1984 11,2 26,1 0,0
1985 10,5 26,6 0,0
1986 114 28,3 0,0
1987 10,2 27,0 -0,3
1988 11,1 27,6 0,0
1989 12,2 26,7 0,0
1990 12,5 28,5 0,0
1991 11,7 28,5 0,0
1992 11,2 28,0 -0,1
1993 10,9 28,6 -0,1
1994 12,0 26,1 0,0
1995 11,7 27,4 -0.2
1996 114 27,8 0,0
1997 10,9 26,6 0,0
1998 11,7 30,8 0,0
1999 12,1 29,7 0,0
2000 12,0 27,2 0,0
2001 12,7 29,2 0,0
2002 12,5 28,6 0,0
2003 11,6 26,8 0,0
2004 12,2 29,7 0,0
2005 124 30,5 0,0
2006 12,2 27,8 0,0
2007 13,1 28,6 0,0
2008 12,8 28,6 0,0
2009 12,8 29,6 0,0
2010 13,3 32,6 0,0
2011 12,4 30,6 0,0
2012 13,5 30,9 0,0
2013 12,6 31,0 0,0




2014 12,6 28,6 0,0
2015 12,8 28,2 0,0
2016 12,6 30,6 0,0
2017 12,9 30,0 0,0
2018 13,2 28,3 0,0
2019 13,6 21,8 0,0
2020 13,9 29,2 1,0
2021 12,8 30,0 0,0
2022 13,5 27,9 0,0
2023 14,0 29,0 0,0
2024 14,1 30,0 0,0
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€MKicTh, MITH. Ky0.M

. Micue Biacrans ITnoma Bigpairca Ilnoma ml::;y
Ne %Z%Z%iif; Piuka po3TanryBaHHs rpeoi, BiJl THpJIa, Bo;[03620py, HIP, J3epKana, - IpusHauenus B
HACeJIEHUH IyHKT, pailoH KM KM ra OBHa Kopucna eKCI-
M BC nya-
Tauio
1 2 3 4 5 6 7 8 9 10 11
XMeJILHI/IubKa o0OJact
1 | Map'sHiBCBKe (3aIU1aBHE) I1. Byr c. Map'siHiBka, XMelbHULLKUIA p-H 773 276 287,5 105 14 14 pu6OpO3BEL., pEKpeallis 1958
2 | XMeapHUIBKE I1. Byr M. XMeNbHUIBKHI 755 607 280,2 140 5,0 2,9 BoJionoct., pekpeartis 1956
3 | [lenpiscoke I1. Byr cmrt Jletnyis, XMeNbHUIBKUHN p-H 692 2862 265,5 1290 25,2 115 Eneprertuka, pubopossen | 1958
4 | HOBOKOCTSIHTHHIBChKE I1. Byr c.HoBOKOHCTSIHTHHIB, XMEJIBHMIL P-H 678 3018 261,0 254 2,65 2,0 Enepreruka, pubopossen | 1950
5 | Hapkesiulpke Minanens cmr.HapkeBndi, XMeTbHUIbKHIL p-H 8,5 64,0 298,75 115 2,3 2,3 BOJIOTIOCT. peKpeartis 1957
6 | ManamiBenpke Tlnocka c. ManawiBii, XMelbHULBKHI pP-H 10,4 90,0 290,55 97,4 1,13 1,1 puGOpO3BEL., peKpeallis 1971
7 | Llaposerpke (3amiaBHe) Inocka M. XMeIbHHUIBKUI 4,0 90,4 286,0 61,4 1,38 1,38 pubOpO3BEL., peKpeallist
8 PyxxudHsHCEKE (3amu1aBHE) | Camernp M. XMeTbHUIBKHN 8,0 67,0 289,25 78,2 1,33 1,3 puGOpPO3BE/L., pEKpeallist 1947
9 | IluporiBchke SiHgnns c.ITuporisui. XMensHAIBKHI 2,2 110 276,4 82,0 1,8 1,8 pubopo3BE/L., peKpealtis 1966
10 | MostomonuHeIbKe (3a1.) Byskok c.MonomouHIi, XMeTbHUIEKHi 20,8 446 273,7 201 2,4 2,4 pubopo3BeE/L., peKpealtis 1963
11 | AHacraBcbKe BepXHE (3am.) | Byxok c.SIpocnaska, XMeIbHUIBKHIL pP-H 11,2 658 270,5 742 59 59 pubopo3BesL., peKpeallis 1971
12 | AHacraBcbKe HIDKHE (3aIl.) | Byxkok cMT.Memkubik, XMenbHULBKHU p-H 3,5 700 268,4 364 29 29 pubopo3BesL., peKpealtis 1974
13 | Hemupunenske (3amiaBHe) | Ixsa c.Hemupuniy XMenpbHUIBKHE p-H 40,0 116 284.,8 192 1,54 1,54 puGOpO3BEIEHHS 1965
14 | JKenimkoBenbke Pis c.Kenunikisui, XMeTbHUIBKHI p-H 90 65 282,0 82 15 15 pu6OpO3BENEHHS
15 | KanroBelpKe (3amiaBHe) IxBa c.Kanriska, XMeIbHUIIbKHIT p-H 31,0 176 278,8 218 2,0 2,0 Pu6opo3Be/1., pekpeartist 1970
16 | HoBocuHsABCEKE IxBa c.Hopa CunsiBka, XMeNbHUIBKUN p-H 4,5 499 263,5 238 2,0 2,0 pubOpO3BEL., peKpeallist 1972
17 | CrapocunsiBcbKke (3ar1.) Xpucrociska cm1.Crapa CunsiBa, XMeNbHUIBKAN p-H 3,0 42,2 277,7 71 15 15 pubopo3Bel., pekpealtis 1975
18 | BymHsHChKe 3rapok c.Bynni, XMenbHUIBKUI p-H 6,0 64,0 291,65 98 1,45 1,45 pubopo3BeslL., peKpealtis 1976
19 | PynHsHCBKe Bosk c.Pysnst, XMeTbHALBKHI p-H 3,0 864 269,4 76 1,03 1,03 pHOOpO3BEIEHHS 2011
Bcenoro mo ood.1acti 4505 64,4 47,9
Binaunbka o0nacThb
1 | Cangpakcbke I1. Byr c.[llupoka ['pebist , XMeNbHUIBKUI | 640 | 4240 243,8 168 1,3 0,2 €HEPreTUKa, 3aKa3HUK 1961
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2 CabapiBcbke I1. Byr M. Binaus 571 8960 233,5 290 8,6 1,8 €HEPreTHKa, BOAONOCTaY. 1952
3 | Cyrucbke I1. Byr cmt. Cyrucku, TuBpiBCbKHii 537 10780 228,1 395 8,6 2,2 eHepreTuKa 1957
4 | BpaiyiaBchbke I1. Byr cmr.Bpaiyias, Hemupiscbkuii 458 12340 189,0 130 3,3 0,3 €HEpreTHKa 1951
5 | JlagmKHHCBKE IL Byr r.Jlagwxun, TpocTsauenbKuit 400 13300 177,0 2187 150 39 €HEPIeTHKA,BOJIONOCT. 1964
6 | I'mnboyoKchke I1. Byr c.I'nmn6ouok, TpocTsHebKHUi 372 17130 1517 338 10,7 42 €HEpreTHKa, 3POLIEHHs 1960
7 | YepHsTchke I1. Byr c.Yepnsrtka, bepiuaacpkuii 346 18700 137,5 140 3,3 2,8 Enepreruka 1954
8 Bopomnisembke CHuBoOZIA c.Boponisiti, XMenbHUIEKHI 29,0 537 255,0 88,5 1,0 1,0 puGOPO3BENEHHS 1963
9 | KpuBomminchke CruBoja c.Kpuowwi, XMenbHULBKUH 21 653 2475 88,5 1,0 0,9 pubopo3BENICHHS 1914
10 | IIukiBChKE BEPXHE CHuBoja c.ITukis, KamuniBcokuit 15,6 779 245,5 174 2,8 25 PpUGOpPO3BEICHHS 1977
11 | TIukiBchKe HIKHE (3am1aB) | ChuBona c.ITukis, KanuHiBchKuit 13,3 779 245,0 182 3,1 3,0 puGOpPO3BEICHHS, 1984
12 | XKuramiscpke CHuBOZA c.Kuraniska, KanuaiBcbkuii 8,0 852 2420 89,8 1,1 0,9 pubOPO3BEICHHS. 1914
13 | KoMyHapiBchke TocTonosa c.Komynapiska, Kanunischkuii 17,0 357 2518 187 2,6 2.4 pu6OpO3BEIEHHS 1883
14 | TlucapiBchke IocTonoBa c.ITucapiBka, Kanunischkuit 15,0 360 250,0 81,7 1,1 0,9 puboOpo3BENICHHS 1898
15 | I'pymikiBerpke (3amiaBue) | Iocronosa c.I'pymkiBui, Kanuniscpkuit 10,0 411 2470 102 14 1,3 PUGOPO3BEICHHS 1971
16 | Mukynunenpke Bepx.(3amwas) | 3rap c.Mukynmuni, JliTHHCBKHI 52,3 516 2715 345 3,9 3,0 3aKa3HHIK 1978
17 | MukynuHenpKe Huk. (3amwias) | 3rap c.Mukynmuni, JliTHHCHKHI 48,5 516 2710 359 4,6 44 pu6OpO3BEIEHHS 1962
18 | Iletpukchbke 3rap c.Ierpuk, JliTHHCHKHIT 415 561 268,3 488 6,3 51 pekpearis 1961
19 | BpycauHiBchKe 3rapok c.Bpycaunis, Jlituacekuit 5,0 271 251,8 114,7 1,3 1,3 puGOpO3BE., peKpeall 1980
20 | Jlo3iBchKe JlecHa c.JloziBka, Ko3sTuncokuii 63,0 284 256,0 94 1,4 1,2 PpUOOPO3BEICHHSL. 1961
21 | HoBorpebenbchke JlecHa c.Hosa I'pe6us, Kanuniscbkuii 54,5 353 253,5 105 15 14 pHUOOPO3BEIEHHS. 1899
22 | Craponpuiaykchbke Bepx.(3) | JecHa c.Crapa [punyxka, JInnosenbkuii 39 533 2472 89 1,3 1,1 PpUGOpPO3BEIEHHS!. 1975
23 | CraponpuayKkchke HUXK. (3) | JlecHa c.Crapa Ipunyxka, JInnosenbkuii 36,0 533 247,0 87 1,1 1,0 pu6OpO3BENIEHHS 1976
24 | TypOiBcbke JlecHa cmt. Typ6is JIunmosenpkuit 28,0 856 243,8 144 1,5 1,2 BOJIONOCT., PEKpeartis 1892
25 | Hose Pis c.J1i6posa Bapcbkuit 72,3 133 275,5 70,8 1,4 1,1 pU6OpPO3BEICHHS 1963
26 | bapceke Pis M. Bap 68,5 491 272,8 81,4 3,2 1,6 3aKa3HUK 1960
27 | AHTOHIBCBbKE Pis c.AuToniBka, Bapchkuii 55,0 620 269,5 187 2,5 24 npotueposiiine, pekpean. | 1980
28 | ToxkapiBchke Pis c.Tokapiska, JKMepHHCBKHI 46,3 694 263,1 137 1,1 0,9 pubOpPO3BEL. ,pEKPEaIL. 1971
29 | CepOuHiBChKe Pis c.CeBepuniBka, JKMepunchkuii 40,0 721 260,0 137 2,2 2,2 pUGOPO3BELL., pEKpEaL. 1954
30 | MaptuHiBCBKe Pis c.Mesxupis, JKMepuHChKHit 31,4 929 256,1 104 1,6 1,2 BOJIOTIOCT., pEeKpealr. 1972
31 | Taprakceke Pis c.Taprak, JKMepuHCBKHit 23,0 980 252,5 92 1,3 1,35 pubopo3Besl., pekpeall. 1973
32 | bpainiBcbke PiB cmt.Bpainis, JKmepuHCHKHMI 16,6 1069 2489 76 14 1,25 BOJIOTIOCT., pEKpealtis 1967
33 | I'apmakcebke PoBok c.Tapmaxku, Bapcbkuit 4,7 277 278,7 188 3,0 2,7 puGOpO3BEICHHS 1932
34 | KunameBcpke CinpHHALS c.Kunamis, TyapunHCHK1# 34,0 215 197,0 96 1,4 1,2 PUOOPO3B., 3POLIEHHS 1986
35 | Knebanceke CinpHULS c. Kne6anp TymbuuHChKHit 18,0 692 44,0 ymos. 82,8 1,3 1,3 npoTHeposiitne, puboposs. | 1998
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36 | KupnaciBcbke Kozapuxa c.@enpkieka TynbUMHCHKHIH 4,0 220 199,5 60,4 1,0 1,0 puGOpO3BeEL. pEKpealtis 2020
1 2 3 4 5 6 7 8 9 10 11 12
37 | DLumiHenpke Cob M. Dutinmi 72,0 905 202,9 65 1,15 1,0 BOJIONIOCT., PEKpeallis 1901
38 | JIMUTpeHKiBCchKe Cob c.JImurpenky, IalicunchKuit 3,0 2830 170,0 385 11,1 7,1 eHepreTuKa 1953
39 | I'oponkiBchke Copoka c.Loponok, utiHeusKui 9,0 355 189,4 88,9 14 1,25 pubopo3BENICHHS 1909
40 | Bepmanceke BepXHE JoxHa M. Bepuiazp 21,9 1092 161,5 81 1,25 1,0 BOJIOIIOCT., peKpeaLlist 1960
41 | Bepmancpke HUKHE JoxHa M. Bepuiazp 18,5 1108 160,0 88 14 11 BOJIOIIOCT., peKpeaLlist 1959
42 | BamaHiBCBKE Bepnanunka c.Bananiska, Bepuiaacekuii 6,0 631 169,5 346 5,8 3,9 puGOPO3BEIEHHS 1975

Bceboro no obaacri 8833,5 266,3 116,6

Opecpka 001aCTh

1 | CaBpaHcbke IL Byr cmt.Cappanb CaBpaHChKHii 288 20850 91,6 128 2,7 1,6 3pOILEHHS, peKpeaLlis 1950
2 | IlimaHcbke CaBpaHka c.IMinfana, Banrcokuit 34 859 112,1 167 1,8 1,2 BOJIONIOCTAY., peKpeartis 1961
3 | Bantceke (Ilepenbotchke) | Komuma c.Ilepenboru, Banrchkuii 100 655 110,5 172 3,9 3,2 3pourenHs, puboposs. 1967
4 | 3ammaschke Koguma c.ApuenuriBka, Jlro6aueBchKmii 86 1300 95,5 202 2,6 2,1 3pOIIEHHS 1966

Bceboro mo odaacti 669 11,0 8,1

KwuiBchka 001acTh

1 | BpumiBchke Tuumit Tikuy c.Bpuika, CTaBHIIEHCHKHIL 6,5 141 102,1 110 1,6 15 PUGOPO3BEL.. PEKpeall. 1985

BecenokyTchke Taunuii Tikuy c.Becennii Kyr, TapamaHchbkuit 121 610 169,5 338 1,8 1,7 3pOIIEHHS, peKpearis 1983

Benukobepe3HsHCbKe Bepessnka c.Bemmka Bepessnka, Tapant. 7,5 63,6 180,1 40 1,0 0,8 peKkpeartis 1978

Bceboro mo odaacri 488 4.4 4,0

UYepkacbka 00J1aCTh

1. | CemeHiBchke-2 Taunnii Tikua c.CeMeHiBKa, 3B€HUTOPO/ICHK. 97 88 2,2 2,2 pekpealrtis 1951
2 | JlucsHchke Taunuii Tikuy cmT.JIucsIHKa, 3BEHUTOPOICHK. 64 1530 151,3 139 5,0 3,9 €HEpreTHKa, peKpeal. 1953
3 | 3BeHHrOpOACHKE Taunnii Tikug M.3BEHHIOPOJIKA, 3BEHUTOPOJICHK. 40 1760 132,4 370 7,25 6,9 €HepreTUKa, peKpearis 1957
4 | CrebHiBChbKE Cawmit Tikuy c.Cre6He, 3BEHUTOPOICHKUI 124 2043 124,0 155 2,1 1,0 pubOpO3BE, peKpealr. 1972
5 JloramiBceke Tawmmit Tikuy c.Jlotamese, 3BeHUTOPOJICHK. 6 3140 112,1 124 3,3 3,1 EHepreTuka, pekpeail. 1952
6 | CemeniBcbke-1 CBHHOTOIKA c.CeMeniBKa, 3BEHUTOPO/ICEHK. 1,6 97 176,0 49,0 1,2 11 3pOLIEHHS, peKpealtis 1981
7 | IckpiHchke Inonka c.Ickpine 3BEHHIOpOJICHK. 28 263 137,8 111 1,85 1.2 BOJIOTIOCT., pEKpealtis 1949
8 | FOpkiBchke Inonka c.JOpkiBka, 3BEHMTOPOJICHKHIA 16 513 129,5 150 2,75 0,9 BOJIOTIOCT., pEKpealtis 1952
9 | BaryriHcbke IInonka m.Baryrine, 3BeHUropoACHKHL 10 520 127,0 90,4 2,4 2,0 BOJIONOCT., peKpeallist 1970
10 | Kuasoke-Kpununipke Tipcokuit Tikug c.Kusxa Kpunus, Ymanchkuit 148 142 202,0 90,3 11 1,0 pUOOPO3BELL., pEKpEaL. 1955
11 | IBaxHsAHCBKE Tipcokuit Tikug c.IBaxuu, YMaHchKuit 141 244 194,9 39 1,0 0,8 BOJIOTIOCT., peKpeartist 1957
12 | OctposkaHChbKe Tipcokuii Tikuy c.Octposkanu, YMaHChKHil 120 570 98,5 528 10,0 10,0 pubopo3Besl., peKkpeall. 1982
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13 | BoponsHCchKe Tipcekuii Tikua c.Bopone, Ymanchkuii 97 1710 98,0 4775 9,0 8,55 pekpeartis 1962
14 | Maiinanenpke TanpsHKa c.3eeHbKiB, 3BEHUTOPOICHKHUIA 103 2,0 2,0
15 | TopmamiiBchke Tipcokuii Tikuy c.I'opiamiska, 3BeHHTOPOACHKHIL 28 3122 129,9 68 1,7 0,55 €HEpreTuKa, peKpeall. 1959
16 | FOpminbebke Cipcokuii Tikuy ¢ JOpmins, YManchkuit 52 2625 147,0 139 3,45 1,25 eHepreTuKa 1957
17 | CokoiiBCbKe Konenka c.CokontiBka, YMaHCBKHi 4 675 97,0-98,0 192 3,85 - puGopo3BeEL. 1977
18 | 3eleHBKIBCHKE TanbsHka c.3eneHeHKy, 3BEHUTOPOJICHKHUIA 72,9 1,3 1,3 puGOpPO3BEL., PEKpEAIL.
19 | KoHennchbke Kownenka c.Konena, Ymancokuii 302 3,9 2,8 3pOLIEHHS, PEKPeallis 1960
Beboro mo obJiacri 3288 65,5 50,6
KipoBorpajicrska 00jacTh
1 T"aliBopoHCBHKE I1. Byr cmr.laliBopoH 316 20260 131,75 496 11,3 9,3 EnepreTnka, pekpeaitist 1964
2 banaypischke 1 Slnanenn c.Bannypose, I'aiiBopoHChKHit 26 239 128,5 150 2,1 1,0 pub0opO3BeEL. peKpealtis 1969
3 Banaypisceke 2 Snanens c.Bannypose, I'aiiBopoHChKHil 16 292 1218 166 2,3 19 puGOpPO3BEL., peKpeall 1969
4 CHHHIIIBCBKE Cunuus c.Cununiska, biaroimeHcbkunit 10 753 106 59,6 15 15 pUGOpPO3BEL. peKpeall. 1974
5 HoBoapxaHrenbcbke Cunroxa cMT.HOBOApXaHTenbChK 94 9600 107,0 457 14,8 11,1 €HepreTuKa 1955
6 TepHiBchbke Cunroxa c.Tepniska, HoBoapxaHrenbchbKumii 73 10315 98,3 314 11,9 10,0 €HEPTETHKA, PEKpealtis 1961
7 YepBOHOXYTipChKE CuHioxa c.Cunioxa, BinpluaHcbkuii 23 16595 81,0 329 52 52 €HEPreTHKa, 3POIIEHHS 1957
8 BennKoBHCKIBChKE Bemnka Buch c.Benuka Bucka, ManoBuckiBchKuii 12,0 43,0 59,2 1,3 13 3pOILEHHs 1986
9 Kam’stHChKe Benuka Buch c.Kam’suka, HoBoMupropochbkuit 106 630 1415 256 41 3,6 pU6OpPO3B.,peKpealtis 1975
10 Hannarpke 1 Benuka Buch c. Hannak, HoBoapXaHreabChbKuii 31 2750 119,1 148 2,3 2,0 3pOIIEHHs, puOOPO3B. 1952
11 ManyiiniBcbke Mana Buch c.Manyiiniska, MaloBUCKiBChKHI 36 72,0 159,0 35,1 1,4 0,8 3pOIIEHHs, peKpealtis 1977
12 ManoBHCKIBChbKE Maua Buch M.Maua Bricka, MasoBHCKiBCbKHiA 29 155 153,9 88,1 19 1,7 BosonocTay.,pekpeair.. 1958
nput. M.Buci
13 Muposro0iBChKe Caunapka c.Muponro6iska, MaloBUCKiBCHKHI 10 46 44 1,3 1,3 3pOIIEHHS
14 HoBoBo3HeCEHChKE KinbTinb c.HoBoBo3HECEHCHKE, ManoBHCKOBCK 153 108 1,6 1,6 3pOIIEHHS
15 Hapmnaneke 2 KinbTinb c.Haakx, HoBoapxaHrenbehbkuit 4,0 267 1222 128 2,9 2,6 pU6OpPO3B.,peKpealtis. 1971
16 T"aiBchke Karapnuk c.IaiBka, JJo6poBenHUKiBChKHit 25 170 1421 109 1,6 1,3 3polIeHHs, puOOpPO3B. 1969
17 [ToonucTe Stpans c.ITononwucre, I'onoBaHiBChKHit 24 1570 116,0 65 1,3 1,3 peKpeartis 1956
18 ['mooceke Cyx.Tauumk c.Imomocu, HoBoykpainchkuit 43 191 131,3 56,9 1,7 1,7 pu6OPO3B.,pEKpeallisL. 1957
19 Jlunus3bke Cyx. Tanumuk c.Jlunnsbkka, J{0OpOBENUUKIBCHKUI 17 602 106,6 92,5 2,2 2,2 pu6OpPO3B.,peKpealris. 1975
20 LIyTiBChKE Yopuuit Tammk c.JOp’iska, HoBoykpaiHchkuit 30,4 1,3 1,3 3pOLIEHHS 1989
21 Bopomnisceke Yopu Tauumk c.Boponiska,HoBoykpaincbkuii 110 272 69 2,0 1,6 BOJIONOCTAYAHHS 1973
22 HoBoykpaincbke-1 Yopuuii Tauumk m. HoBoykpainka 99 780 129,5 56,3 1,2 1,0 BOJIOTIOCT., peKpealtis 1963
nput.Y.Tammmka
23 BinbHIBCBKE Tleyena c.Binbue, Hopoykpainchkuit 1,0 57 161,0 30,4 1,1 1,1 Pexpealtisi, 3ponieHHs 1982
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24 IBaHiBCHKE Tamumk c.IBaniBka, HoBoykpaiHchbKHii 13 84 169,0 60 1,3 1,3 puGOpPO3BEL. peKpeart 1980
1 2 3 4 5 6 7 8 9 10 11 12
nput.Y. Tanuka
25 3axapiBCchbKe Tanummk c.3axapiBka, HoBoykpaiHchKuii 122 160,4 27,5 1,0 1,0 pubopo3BE. , peKpealis 1981
26 HoBoykpaincbke-3 I'py3bka M. Hooykpainka 7 123 479 1,1 1,1 3pOILEHHs 1988
27 Boponuisceke Kam’stHKa c.Boponmiska. HoBropoakiscbkmii 23 272 111,8 214 53 5,3 pUOOPO3B.., peKpealtis 1973
28 IlymkiHCEKe Kpyrosipka c.ITymikino, KponnBHULbKHI 5,0 86 130,7 150 4,1 44 pubOpO3BEL., peKpeallist 1976
29 HoBomukonaiBcbke Turyn M. KponuBHuIbKHi 321 987 110,5 257 3,0 3,0 BOJIONIOCTAY., PEKpeallist 1929
nput.laryna

30 KannaypiBcbke CeBepunka c.Kannaypose, KponmsHubkuii 6,0 146 125,7 61,7 1,3 1,3 3pOMIEHHS., pEKpEaIist 1966
31 AJKaMCbKe Amxkamka c.Axamka, KponmuBHUIBKHI 39 370 118,2 130 3,3 3,3 puOOPO3BEL., pEKpeallist 1967
32 Jonuno-Kam’ssHCbKe nputoka Iaryna c.Jlonuno-Kam’sika, 3Ham SHCHKHIT 15 86,5 136,0 72,2 1,8 1,8 pubopo3B., pekpeartis 1980
33 JlenexiBcbke I'py3bka c.JIenekiBka, KponuBHUIIbKHi 4.0 250 118,3 92,4 2,6 2,6 Pexpealtisi, 3poLieHHs 1969
34 HopomnasiiBcbke Cyroxies c.Hoonasniska, KponusHuupkuii 32 268 64,5 3,3 3,3 BOZIONOCTAYAHHS 1985
35 denopiBebke Jlo3oBaTtka c.Muxkonaiscbki caau, KponuBHULBKHIH 12,0 66,5 134,0 24,8 1,0 0,9 3pOIIEHHs, peKpeallis 1974
36 Kawm’stno-bpiznceke Capaxies c.Kpunnaysarka, KomnanieBchkuit 51 99 161,3 44,7 15 15 peKpeallisi, 3pOIEHHs 1977
37 TTomym’ sHCBKE Cyxokies c.Ionym’sine, BobpuHenbKuii 538 106 3,7 3,6 3pOIICHHS 1989
38 Hosorpuropiscbke Bepesiska c.Monozixue, JIoMMHCHKHUIA 68 114 131,0 70,8 1,9 1,7 BOJONOCT.,peKpealist 1964
39 JleGennne BepesiBka c.Jlebenune, Y CTUHIBCHKUI 51 25 102,5 60 15 14 pubOpO3BE/L. pEKpeartis 1985
40 VcTuHIBCBKE BepesiBka c.YcruniBka, Y CTHHIBCHKHH 22 391 78,6 52,5 1,0 1,0 pexpeartist 1981
41 JlokyuaiBchke 6.Caraiiak c.JIokydeeBo, YCTHHIBCEKMI 98 49 3,1 pexpeartis

42 CodiiBcbke CyrokJies c.Codiinka, Komnaniiscbkoro 65,6 2,0 2,0 pubOpO3BEL., peKpeallist

43 IleTpiBchke Iuryn c.IlerpoBo, KponupHuIpKuit 85 2,0 1,6 3pOIIEHHS

44 CKoriiBChbKe Yopuuii Tamumk c.Ckoriika, JIo6poBeMUKiBCHKUIA 81,2 1,2 1,2 puGOpPO3BE/L., pEKpeallist

45 Karapawipke Benuka Buch c.Karapmnuik, HoBoapXaHrenbChKHit 54 11 1,1 puGOpO3BeLL., peKpearis

46 Bobpunenpke Cyrotes E.gg;;gzzif ?%{IHCHBKHIX o 47 11 1,1 puGOpPO3BE/L., pEKpeallist

Bceboro no odaacri 5314 129 115
MukoraiBcbka 00J1aCTh

1 [TepBoMaiichke [liBnennuii Byr . TlepBomaiick 196 27300 64,26 152 3,4 2,5 €HEpPreTHKA. , BOIOMOCT. 1929
2 OnexcaHIpiBChKe [liBnennuii Byr cmt.OnekcanpiBka, Bosnecencbkuii 135 46200 16,0 1104 72,1 21 €HEPreTHKa, BOJOMOCT. 1999
3 Psi0okoHIBChKE Ben. KopaGenbna c.Ps6okonese, ApOy3HHCHKHUIA 35 116 134,2 38 1,7 1,6 3pOLIEHHS, pUOOPO3B. 1964
4 BiarojaTHEHChKe Benuk.KopaGenbna c.Bnarosathe, . ApOy3HHCHKHIA 14 472 5,75 68 2,0 1,3 pubopo3Besl., peKpealtis 1992
5 Tanutnipke 6. Tauutuk m.ITiB/IeHHOYKpaiHChK, ApOY3HHCHKHIA 2,3 98 99,5 860 86 34,6 €HEPrETHKA, BOJIONOCT. 1982
6 Ky3HemoBcbke Bakmana c.Kysnenose, Bpaziicokuit 40 468 46,0 93 2,7 1,6 3pOLIEHHS, peKpeartis 1979
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KozybiBchke Yoprana c.KosyGiBka, BoszneceHchkuii 91 3,0 21
8 MapuHiBCcbKe npur.p.bakana c.MapusiBka, JloMaHiBCbKHii 1,0 131 53,1 48 2,1 1,7 3pOLLEHHS], pEKpeaLis 1973
Kpusomycrouicbke MepTBOBOJ c.Kpuga ITycrou1, Bo3necenchkuit 32 19 15
10 IIpudyxaHiBChKe Yoprana c.IIpubyxanu, BosHeceHchKHil 3,0 350 4,75 248 4,5 1,9 3pOLICHHS, peKpeaLlist 1968
11 TabopiBcbke MepTBOBOJ c.Ta6opiBka, Bo3HeceHChKHit 12 1708 14,5 242 8,3 7,1 3pOLLEHHS], pEKpeallist 1987
1 2 3 4 5 6 7 8 9 10 11 12
12 MocrTiBCcbke Kawm-KocryBara c.Mocrose, Bpatchkuii 23 37,9 80,0 30 2,0 1,7 3pOLLEHHS], pEKpeaLis 1976
13 | TpukpaTcbke ApGy3uHka c.Tpukpatu, BosHeceHchkuii 8,0 363 60,0 85 11 0,9 pHOOPO3B, 3POIICHHS, 1969
nput.Ynuukiii ,
14 DUIMMOHIBCHKE CtoB6oBa c.®wmMoHiBKa, BpamiiBchkuii 26 82 85,0 61 15 0,6 pubopo3BeE/L., peKpeall. 1976
15 €raHenpke Taunuii €nadens c.Kam’suka, €nanenpkuii 42 400 51,25 109 4,0 3,3 3pOIIEHHs, pHOOPO3B. 1956
16 [ep6aHiBChKE Tuunnit €naselb c.Illep6ani, Bo3HeceHchKuil 21 997 17,8 301 15,7 12,0 pUGOPO3B.,3pOLIEHHS 1965
npur.I'.€nanens
17 Hikosbcbke 2 6.Conona c.Hikosnbcbke, BpaTchkuii 30 54 715 30 1,0 0,9 3pOILEHHSs, pHOOPO3B. 1985
18 Hikonbcbke 1 npur. 6.Conona c.Hikonbchbke, Bparchkuii 40 57,5 71,4 35 1,0 0,4 pekpeartis 1975
19 CodiiBcbke Iuryn c.Codiika, HoBoby3bKuii 153 6100 39,5 470 36 31 3pOILEHHS, BOJONOCTAY. 1968
20 €IICHOKAIMHIBChKE 6. Caraiinax c.€nenokanuniska, HoBoOy3bKmii 12 300 60,8 58 1,1 0,6 pubopo3BE/L., peKpealtis 1953
nput.IHryna.
21 HoBoOy3bKe 6.Kyma m.Houii byr, HoBoGy3bkuit 13 125 81,5 39 1,2 0,6 pubopo3., peKpearis 1973
22 T"aHHIBCBKE 6. TopoxeHo c.lanniska, HoBoGYy3bKHii 1,0 113 24,5 39 1,1 0,35 pu6Opo3Be., pekpealtis 1974
23 Boasino-JlopuHchke T'pomokest c.Bonsno-Jlopune, Cnanennbkuii 48 654 42,0 135 8,3 7,3 pekpeartis 1981
24 Bocistceke Boroaymsa c.BocisTebke, €nanenbKuit 1,0 208 63,1 110 41 3,95 3pOILEHHS., peKpealtis 1977
Bopoiima Tanumuipkoi
25 T'AEC 6.Tamumuk m.ITiBIeHHOYKpaiHChK, ApOY3UHCHKHA 1,0 HAJIUBHE 35 4,4 3,5 eHepreTHKa 2006
26 Map’ stHiBCbKe Kaparaepa c.Map’suiBka, [leppomaiickuit 8 53,5 85,5 33 14 1,0
KaHaj
27 JKoBTHeBe (HaIMBHE) Juinpo-Muxkonais c.Mukonais 425 31 30
Bcenoro mo ooJiacri 4971 302,5 175
160 | Pa3zom no Gaceiiny 28068,5 843 517




On.Bumipy
Trnosirpst  pan C
Teogu 1pang C
pH
Tyxuicts ~O3-/mm3
KaJpl(ieBa  MI/oM3
_ynbgata  Mmr/mm3
Cymbgimu  Mr/mm3
®docaru  mr/am3
Hirpatu  mr/mm3
Hirputu  Mr/nm3
Hianimn ~ mr/mm3
AMOHIT  Mr/omM3
3arajJpHe  MI/IM3
yrpym(Il)  mr/mm3
leramu(Il) wmr/mm3
paniBamiss - Mr/nM3
AmroMiHIE  Mr/om3
IMYTHICTh NTU

P€3YJ'II)T8,TI/I I[OCJ'IiI[)KeHHH SIKOCTI IMOBCPXHCBUX BO

Homatok /1

(myHKT cnioctepexxenb — JlazypHe, M. Muko:ais)

TAK XL
14

18,6

6.5-8.5 7,7
30 264
130 995
500 590

0 424

35 045

45 2,5

33 014
0,05 0
0,5 0
03 024
0,001 0
0

1000 3500
0,5 0

26

XI_Il
3
10,1
7.6
164
224
275
0
0,24
2,48
01

Xl
1,5
12,9
7,8
285
185
410
0,04
0,34

I

8

8,6
7,5
345
4114
340

H/B

o

0,81

1540
0,02
14

15
16,7
7,7
380
185
150

0,24

o o

H/B

691
H/B

14
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Ta6mums /1.1

26
24
7.7
280
240
450
H/B
H/B

o o

H/B

2010

H/B



PesynpTaTi gociipKeHHs SKOCTI TOBEPXHEBHUX BOJY

(myHKT crioctepexenb — By, Hwknast HaGepexna, M. MukoiaiB)

On.Bumip [AK XI I

Trosirpst rpag C

TBomu  tpang C

pH 6,5-8.5
Jyxuicte MrHCO3- 30
JKopcTkicTh KanblrieBa
Cynbgaty Mmr/mm3 500
Cynbginu mr/mm3 0
Doctatu mr/mm3 3,5
Hirpatn wmr/mm3 45
Hirputun  mr/mm3 3,3
Ijamimy  mr/om3 0,05
AMOHIT Mr/aM3 0,5
3anizo 3ar mr/om3 0,3
Kympym(I mr/mm3 0,001
Meraym(l mr/mm3

Minepant mr/nm3 1000
AroMIHT M1/aM3 0,5

KamamyTe NTU

14
19,4
7,6
165
180
588
0
4,77
2,99

XI 11

3
8,8
7,2

124
165
470
0,09
0
2,23
0,25
0

0
0,26
0,14
0
3070
0,04
21

15
12,2
8
245
195
420
0,03
0,28
4,22
0,23

1
8
111
7,4
410
195
440

0,27

i
8
10,1
7,6
350
4200
400

0,07

O O, OO O o

1900
0,02
14

8
11,2
8,3
420
139
520

0,12

o O

0,19

1890
0,32
17

\Y
15 22
16 21,7
7,7 1,7
250 245
293 212
490 475
0,35 u/B
0,24 u/B
0 0
0 0
0
0 0
H H/B
0 0
0 0
1560 2410
H/B
16 17

309

Ta6mums 1.2



PesynpTaTi gociipKeHHs SKOCTI TOBEPXHEBHUX BOJY

(myHKT crioctepexenb — Ax1-Kiny0, M. Mukoiai)

On.eumip ['IK
Trosirpst tpag C
Teogu rpan C
pH 6,5-8.5
Jyxuicts MrTHCO3- 30
JKopcTkicTh KanblrieBa
Cynbdaty mr/mm3 500
Cynbinu mr/mm3 0
docatu mr/mm3 3,5
Hirpatu  mr/mm3 45
Hirputn  mr/mm3 3,3
Hianinn  mr/om3 0,05
AMoHil  Mr/mM3 0,5
3anizo 3a1 Mr/mm3 0,3
Kympym(I mr/mm3 0,001
Mertamu (I mr/mm3
Minepant mr/nm3 1000
Konip  OGanm
AroMIH T MI/oM3 0,5

Kamamyte NTUI

XI 1 XI 2 I V
14 3 1,5 8 8 8 15 22
19,2 8,9 12 115 9,3 11,7 18,1 21,5
7,8 7,8 7,7 7,4 7,2 8,2 8 7,2
280 138 240 345 255 270 200 290
162 190 170 190 3870 279 221 224
480 580 330 340 415 350 310 425
0,36 0 0,04 0,02 0 0,01 0 u/B
2,19 0,37 0,27 0,24 0 0 0,24 u/B
7,9 1,91 4,73 7,5 u/B 3,29 5,8
0,32 0,29 0,25 0,14 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0,19 0,13 0,11 0,12 0,26 H/B
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
3300 3360 2900 2390 2180 2180 1810 2315
Ipo30p. TPO30p. TPO30p. TMPO30p. MPO30P. KOBTYBATKOBTYB.
0,16 0,08 0,03 0,02 0,08 0,07 H/B
21 16 16 10 16 16 16
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Ta6mums /1.3



PesynpTaTi gociimpKeHHs SKOCTI TOBEPXHEBUX BOJY

(myHKT crioctepexxeHb — MKp. Hamus, M. Muko:aiB)

On.eumip ['JIK
Trosirps rpang C
Teomgu rpan C

pH 6,5-8,5

Jlyxuicts MTHCO3- 30
JKopcrkic mr/mm3
Cynbgaty mr/mm3 500
Cymbgimu mr/mm3 0
doctaru mr/nmm3 3,5
Hirpatn mr/mm3 45
Hirputu mr/mm3 3,3
Hiamimm  mr/mm3 0,05
Amonii mr/mm3 0,5
3anio zaimr/mm3 0,3
Kympym(Imr/mm3 0,001
Mertanu (I Mr/mm3
Minepani mr/nm3 1000
Konip  Ganm
Anrominit Mr/mm3 0,5
Kamamyt: NTU

X1
14
19,2
7,6
188
171
464
0,02
3,03

0,05

3280
po30p

0,03
24

XI_I
3

9

8
128
252
480
0,02
03

0,28

3320

po30p.

0,07
23

13
7,5
200
195
370

0,14

2370
po30p.

0,02
16

13,2
8,1

340
210
640
0,02

O OO O o oo

2520

w
~

v
15
15,9
7,9
121
215
418

H/B
0
0

2030

311

Tabmuns /1.4

22
21,5
7,3
300
226
445
H/B
H/B
0

0

0

0
H/B
0

0
2380

JKOBTYBAT )KOBTYBAT IIPO30P.

0,06
24

16

H/ H/B



