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NMPOCTOPOBO-YACOBI TEHAEHLII
MAKCUMAJIbHOTO TAJ10-A0LWOBOro
CTOKY PIYOK YKPATHCbKOIO nonicca

Poboma npucssaveHa 00C/iOXeHHI0 NPOCMOpPOBO-4acosux 6azamopiyHux meHoeH-
yiti xapakmepucmuk MAakcumasaibHo20 Masnao-00ujo8020 CMOKY pidoK YKpaiHCbko2o
Monicca (npasobepexHa 4acmuHa) npu 8UKOPUCMAHHI 2i0p0J1020-2eHeMuUYHO20
Memody cmamucmu4HUX 00C/iOXxeHb. B ocmaHHi poku nogeHi Ha pidkax 8i0 maHeHHA
CHi2zy ma 8unadiHHsA onadie cmanu 8UHUKAMu 8 binbW paHHi, Matixe 3UMoasi nepioou
DOKY, hopMyIOYU MAKCUMAbHUU Mano-o0owos8uli cmik pidok YkpaiHcekozo losiccA.
BooHouac, y nepiod 3miHu Knimamy 3mMeHWeHHsA CHi208020 NOKpuBY | io20 MAaHeHHA
8HAC/TIOOK NiOBUWEHHA 3UMOBUX memMnepamyp nosimps npusgesu 00 3MeHWeHHs
nogeHel 3a 8e/IUHUHOIO | pO3N0BCIOOXXEHHAM ho mepumopil. [lpu 8UKOPUCMAHHI
2i0p0J1020-2eHEMUYHO20 MemMooy CMamucmMu4HUX 00Ci0XxeHb 30iliCHeHO hepegipKy
cmamucmuyHoi 00HOpiIOHOCMI 2i0posioziyHUX pAdie cnocmepexeHb MAaKCUMAibHO20
mano-0ouj08020 CMOKY pivyok YkpaiHceko2o llonicca (MakcumansHUx sumpam 8oou,
wapie cmoky), 00CNiOXKeHHA 4acosux mpeHois, YUKIIYHOCMI KOIUBAHb CMOKY 800U
ma cuHXpoHHOCMI 8 iXHix padax. AHani3 00HopiOHOCMI Yacosux pAdie MakcuMasb-
HUX 8UMpam 800U mMasno-00wW08020 CMOKY pidyok YkpaiHcekoeo [lonicca Ha ocHosi
CYMAapHUX KpUBUX NOKA3as, WO 8 pA0ax cnocmepexeHb MAe Micye NopyweHHs ixHbol
00HOpIOHOCMI Ha 8iOMIHY 8i0 Yacosux ps0i8 wdApie CMOKY. Y3azansbHioo4u pe3ynsma-
mu aHanisy KoaugaHb MakCUManbHO20 MAno-00W08020 CMOKY pidOK YKpaiHCbKo20
lMonicca 3a iHMe2paneHUMU KpuBUMU MAKCUMAIbHUX 8UMPAm 800U ma wdapie Cmoky
MOXHQA 8i03HAYUMU, Wj0 B0OHU CUHXPOHHI U MOYKU nepeauHy iHme2panbHUX Kpusux
matixe cnignadarome. AHANI3 XPOHO/I02i4HO20 X00y Yacosux psAdie CMOKOBUX 8eslu-
YUH MAaKcumMasabHo20 mano-0oW08020 CMOKY pidoK YKpaiHcbkoeo Monicca nokasas,
Wo 80OHU Marome asu YUKIiYHUX KOUBAHb BOOHOCMI, U0 U 06YMOBJIIOE BUPAXKeHi
mpeHOU 8 4acosux pAOAX MAKCUMA/IbHO20 CMOKY. [n1s piuok YkpaiHcbkozo [Moniccs
6azamogo0Ha ¢haza cnocmepizanaca 8 0cHogHomy 00 1981-1982 pp., a Mano8ooHa
¢aza mpusae Ha piykax 0o 2020 poky. Lle Hadae moxnusocmi 018 N0OAbUIO20
BUKOPUCMAHHA CMAMUCMUYHUX Memooieé 3 Memoro 8U3HAYEHHA PO3PAXYHKOBUX
napamempie MakcuManaeHo20 Mano-00w08020 CMOKY pidok YkpaiHcekozo [lonicca
30 HAABHUMU Mamepianamu cnocmepexeHb 3a CMOKOM 800U.

DOI: https://doi.org/10.15407/Meteorology2025.08.005

KniouoBi cnoBa: makcumanvHuli mano-odouwjosuli cmik, 6azamopiyHi meHoeHUyii.

BCTYN

JocnigeHHA yKpaiHCbKNX Ta 3aKOPAOHHMX BYe-
HUWX CBiguaTb, WO 3MiHa KNiMaTy iCTOTHO BMJIMHYNA Ha
rigpONOriYHNIN PEXNM PiYOK, 30KpeMa CNPUYNHUA
3HAYHY Pi3HOMAHITHICTb Y BUHVKHEHHI PIYKOBUX Taso-
JOLWOBUX MoBeHew. Lia pi3HOMaHITHICTb BUABNAETLCA
y 36iNbLIeHHi @60 3MEHLUEHH| YaCTOTV NMOBEHEN, 3MiHi
yacy ixHix ¢opMyBaHb Ta NPOXo4KeHHA. Takunii rigpo-
NOTIYHNIN PEXNM PIYOK MPU3BOAUTb OO 3POCTaHHA
€KOHOMIYHIX 30UTKiB, NOB'A3aHMX i3 eKCTpeManbHUMM
noBeHAMM, B 6araTbox perioHax CBiTy, BK/OYAOUM
TepuTOopIto YKpaiHu.

[pyna 3aKOpAOHHMX i BITYUN3HAHMX BUEHMX, 30Kpe-
Mma Bloschl, G. Ta iH. (Bloschl et al., 2017, 2019; Kemter
et al.,, 2020), npoBenu foCNigKeHHS, y pe3ynbTaTi AKKX
6yno BMABNEHO 3HaYHi 3MiHM Y BOAHOMY PEXMMI PiYOK
NPOTAroM OCTaHHIX N'ATN gecATUAITb. Lli 3mMiHM cnoc-

Tepiranuca Ak y LleHTpanbHin, 3axigHin 1a MNiBHiuHIN
€Bponi, Tak i Ha piukax CxigHoi €Bponu, Ae po3TaLlo-
BaHe YKpaiHcbKe [lonicca. Tak, ocTaHHIMK poKamu, Ha
TNi rno6anbHUX | perioHanbHUX KNIMaTUYHKX 3MiH Npr
3MEHLUEHHi CHIroBOro NOKpKBY, BHACIAOK NiABULLEH-
HA TemrnepaTyp MOBITPA, CNOCTepIraeTbCcA Nepepos-
NOAiIN BOOAHUX PeCcypCiB: BECHAHWN CTiK 3MEHLUYETb-
CA, TEPMiHWN NOrO MPOXOAXKEHHA CKOPOUYIOTbCA, ane
36epira€TbCsi MMOBIPHICTb BUHUKHEHHS IHTEHCUBHUX
Tano-goWoBMNX NaBOAKIB, NOB'A3aHMX i3 HAANMLIKOM
BOJIOTM Y FPYHTI, WO 36inblUy€e YacTOTy NOBEHeN, ane
3 MEHLUUMUM MacLITabamm IXHbOT CUHXPOHi3aLii'y perio-
Hi (Kemter et al., 2020). ¥ po6oTi (Snizhko et al., 2023)
3a3HayeHo, WO Y BinbLIOCTI PIBHUHHUX PIYOK YKpaiHu,
3HMXKYETbCA IHTEHCUBHICTb | YacTOTa BECHAHMX MOBe-
Hew, NPW 3PpOCTaHHI YacTKM NITHbO-OCIHHIX AOLOBUX
naBogkis. OCHOBHUMYM NpUUYMHaAMN Nepepo3noginy
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K.P. LLUAKIP3AHOBA, [1.B. CIBAEB

CTOKY BOAU Ha POHi 3pocTaHHA TemnepaTyp NoBiTpA
€ 3MiHa TUny onagiB — yvacTiwe BMMNafiHHA AOLWiB 3a-
MICTb CHIry, WO 3MEHLUYE CHIrOBUI NMOKPMB.

JocnipXeHHA yKpaiHCbKUX HaykoBLiB (MpebiHb,
2010a, 2010b; Vasylenko, 2015; fonueHko Ta iH., 2010)
3aCBiguyOTb, WO B OCTaHHI AeCATUNITTA NpY BNAUBI
3MiHM KniMmaTy Ha piukax YkpaiHcbkoro [llonicca sec-
HAHI BOogoninna, Ha GOHi 3MEeHLLIEeHHA BENNUYNHU iXHIiX
MaKCMMYMiB, CTanu BUHMKaTK B GiNblu paHHi, HaBiTb
3MMOBI MiCALi Ha NOYaTKy POKY, BHACNIAOK 3pOCTaH-
HA cepefHbOMICAYHOI TeMnepaTypun NOBITPA BNPO-
JOBX CiYHA-IOTOrO, TAaHEHHA CHIry Ta BUMNafZiHHA JO-
woBmx onagis. ocnif»keHHA yKpaiHCbKOro BYEHOro
B.B.lpebeHs (MpebiHb, 2010a, 2010b) BKasytoTb Ha Te, Lo
BMAUB KNIMaTUYHMX 3MiH, MOB'A3aHMX i3 3MMOBUM MO-
TenAiHHAM, 3MEeHLIEHHAM KiflbKOCTi HAKOMWYEHOTO CHi-
ry 1 nepepo3nogifiom onagis NpoTArom poKy Npossu-
NINCA Y BOGHOMY peXnMi pivoK YkpaiHu 3 1989 poky.

Taki cyyacHi KniMaTU4Hi yMOBU Npu3BoaATb [0
bopmyBaHHA MAKCcUMAasibHO20 Masno-00Wo8020 CMOKY
pivyok TepuTopil YkpaiHcbkoro lNMonicca, wo cnocrepi-
raeTbcA y 6inblWw paHHi KaneHZapHi CTPOKM BiGHOCHO
cepenHbobaraTopiyHMX AaT NPOXOLXKEHHA XapaKTep-
HOI 6araToBoAHOI pa3m IXHbOrO BOLHOMO pPeXnmy —
BeCHAHOro sogoninns.

Lo cTocyeTbcA BeIMUNH 06'EMIB CTOKY Ta MaKCU-
ManbHMX BUTPAT BOAW, TO GifibLLl CYTTEBOIO 3MEHLLEH-
HA Y MeXax PIBHUHHOI YacTUHW TepuTopil YKpaiHu
3a3Hanm BeNUYMHN MaKCMMaNbHUX BUTPAT BECHAHOIO
Bogoninns (Mpeb6iHb, 2010b).

Tak, BeNMUYnHa 3MeHLUEHHA MaKCMManbHMX MOAYNIB
BECHAHOro CTOKY BNpoaoB»K 1989-2008 p. BigHOCHO
nonepenHbOro nepiody CTaHOBWUIA B CepefHbOMY MO
YKpaiHi 57%, a B mexax lMNpun'atcbkoi naHawapTHO-
rigponoriyHoi npoBiHuii 43-48% (y cepepgHbomy 47%)
i HaBiTb 62% (pebiHb, 2010a; Vasylenko, 2015).

Lapwn BeCHAHOro CTOKY B 6aceliHax yKpalHCbKOI
YyacTuHM MNpun’'aTi MeHLW 3MIHUANCA NOPIBHAHO i3 MaK-
CMMaNIbHUMK MOZYNAMM BOAM BogoninnaA. Y cepegHbo-
My Mo 6aceiiHy BOHU 3MEHLLMIINCD Y CyYaCHUI nepiog
(cTaHOM Ha 2009 p.) Ha 18-20% ([pebiHb, 2010b; Va-
sylenko, 2015). Mpwu ubomy, asTop (Vasylenko, 2015)
BiAMIUAE, WO YaCTKa BECHAHOro BOAOMiNsA Big 06'emy
piyHOro cToKy B 6aceiiHi p. Mpun'atb (y mexax Ykpai-
HW) 3MeHLLWNacs 3a nepiog 1989-2009 pp. NpubnnsHo
Ha 9%, O NOACHIOETbCA BHYTPILUHbOPIYHUM Nepepos-
noginom cToky. Kpim Toro, BigMiyeHo 3MiHM aMnniTyam
KONMBaHb OCHOBHUX XapaKTepPUCTUK BECHAHOro BOJO-
ninns B Mexkax 6acenHy nicna 1989 p., AKi 3MeHWMANCb
Ha 20-25%.

B ocTaHHi pokn aBTopom (Lobodzinskyi et al., 2023)
BMKOHaHI [OCNIAXEeHHA 3MiH BUTpaT Boan p. lopuHb
BHaCMifOK 3MiHM KniMaTy Npu aHanisi cepegHboo-
60BOT TEMMepaTypu NOBITPA Ta KiNbKOCTI onaais ana

nepiogis 1961-1990 ta 1991-2020 pokwu, AKi € Kni-
MaTONOTNIYHNMK CTaHAAPTHUMM HOPMaMK, BiANOBIA-
HO Jo pekoMeHpauin BMO (WMO guidelines on the
calculation of climate normals, 2017). Tak, Ha ¢oHi
3pOCTaHHA TeMnepaTyp NOBITPA Y XONO4HWI nepiog
POKY NPOTArOM Cy4aCHOro KniMaTonoriyHoro nepiogy
(1991-2020 pokn), 36iNblIEHHA KiNbKOCTI AHIB 3 AO-
LemM Npy 3MeHLWeHHi KiNIbKOCTi AHIB 3i CHIrOM B3MIMKY
i, AK pe3ynbTaT — 3MEeHLEeHHA CHiIrOHAKOMWYeHHA Ha
TepuTopii 6aceiHy Ta 3MEHLLUEHHA YacTKM CHIrOBOro
XMBJIEHHA Y CyYacHWU KnimaTonoriyHui nepiog (Jlo-
60a3iHCbKUIN & [laHbko, 2023), MaKCMMasbHi BUTpaTh
BOAM p.[OpVIHb Yy BECHAHMIN Ce30H CYTTEBO 3HMU3MNNCA
(y cepepHboMy no 6acelHy Ha 21%) BigHOCHO 6a3o-
BOro nepiogy.

Mpwu ybomy Yepes 3MiHy KnimaTy 3MiHUIacA i pop-
Ma rigporpadis MakcManbHOro Tano-A0LWOBOro CTOKY
pivoK y cyyacHWUi nepiog o 6inbl “po3MmToro”, npu
po3nnacTyBaHHi OCHOBHOI XBWUJIi | 3HMMEHHI NiKOBUX
BUTPAT BOAW BECHAHOIO BOAONIMIA, 3MILLEHHI AaT 10ro
noyaTky Ao 6inblU paHHiX CTPOKIB Ta 36iNblUEHHI BU-
TpaT BoAMW Y nepiod 3umoBoi MexeHi (MpebiHb, 2010a;
Vasylenko, 2015; Lobodzinskyi et al., 2023).

ATopamu (fonueHko Ta iH., 2010; lopbauosa & ba-
paHgiy, 2016; OBuapyk, 2020; lfonuin & boHaapeHkKo,
2024) BUsiBNeHi Ak 6araTopiuHi TPeHAOoBI, TaK i LUKAiY-
Hi KONMBAHHA XapaKTepuUCTUK MaKCMMaSIbHOTO CTOKY
BECHAHOro Bogonina pivok Monicca B 6acelnHi npaBo-
6epexka p.MNpunatb. Tak, 3HaUHWUI cnag cCHirosanacie
“nocnabnioe” XxBnno NaBoaKa, Wo NPU3BoAnTb A0 3a-
ranbHoOI TeHAEHUIT 8O 3HMMXEHHA MaKCMMASIbHOIO CTOKY
B llonicci 3a ocTaHHiI gecATupiyYA, a UUKAN BOQHOCTI
cTani  malTb aecaTUniTHI ¢a3m BogHocTi (fonyeHKo
Ta iH., 2010; Topbavosa & bapaHgiy, 2016). MNpu ubomy
HanbinbL BUPOTIAHUMN NPUYMHAMUN TPEHLOBUX 3MiH
MaKC/MaJIbHOMO CTOKY € Mepepo3rnoAin CTOKY 3a paxy-
HOK METeOpPOSIOTiYHNX YNHHMKIB, @ B OKpeMUX BUNag-
Kax MOKMBUI BMJIB @aHTPOMOreHHOI JiANbHOCTI Npu
3aperynboBaHoOCTi cTOKy Boau (fopbayosa & bapaHgiy,
2016; OBuapyk, 2020).

OTKe, [OCNIAXKEeHHA MaKCMaNlbHOrO CTOKY BOAY B
piukax Ma€ BennKe HayKoBe M MPaKTUYHE 3HAUYEHHS.
Po3ymMiHHA yMOB GOpMyBaHHA eKCTPeMarbHUX 3Ha-
YeHb MaKCUMMaJIbHOro CTOKY BOAW, IXHbOI YaCcTOTU BU-
HUKHEHHS, a TaKoX aHani3 6baraTopiyHNX TeHAEHLI €
0COONMBO BaXKNMBUMMU Y iHXEHEPHOMY NPOEKTYBaHHI
Ta MPOrHOCTUYHII OnepaTUBHIN AiANbHOCTI AN1A 3anobi-
raHHA MaTepianbHUX BTPAT NPV MOXXTMBOMY 3aTOM/eH-
Hi 3aMNaBHUX TEPUTOPIN, PYNHYBaHHI riAPOTEXHIYHMX
cnopyf, HeouikyBaHMX KaTacTpodiuHUX HacnigKis ana
HaceneHnx MyHKTIB. Tak, 3a NPOrHo3amMn HayKoBLiB
(Merz et al., 2014; Knighton et al., 2017; Tabari, 2020;
Bertola et al., 2023) HeGe3neUHU xapakTep MaKcu-
ManbHOro CTOKY BOAW B PiYKax Pi3HOro reHe3uncy ctaHe
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NMPOCTOPOBO-YACOBI TEHAEHLIT MAKCMMAJTIbHOTO TAJIO-AOLLIOBOIO CTOKY PIYOK YKPAIHCbKOIO NOMICCA

6inblU 3BMYANHUM ABULLEM Yy MalbyTHbOMY Npwu noTe-
NAiHHI KNiMaTy 3a OTpMMaHM aBTopam (KpakoBcbKa Ta
iH., 2023; Osypov et al., 2025) NMOBIPHMMU TPAEKTOPISA-
MM 3MiH TemnepaTypu Ta ONagis 4o KiHUA CTONITTA.

[nA ouiHOBaHHA Ta BM3HAYeHHA PO3PaxXyHKOBMX
XapaKTePUCTUK MaKCUManbHOMO CTOKY PiYOK 3a3BunYai
BMKOPWCTOBYIOTb MMOBIPHICHWI NigXif, TO6TO cTaTnc-
TUYHI MeTOAM NPU 3aNTyUYeHHi 6araTopiyHol rigpomeTe-
oponoriyHoi iHpopMaLii 3a peTpPoCNeKTUBHUI Nepiog
cnocTepexeHb (Jloboaa, 2010; fonyeHKo Ta iH., 2014;
Guide to Hydrological Practices, 2009; lop6auosa,
2016). OCHOBHI pekoMeHAaLil o0 BU3HAYEHHS pO3-
PaxyHKOBUX FigPOJSIONiYHMX XapaKTePUCTUK B YKpaTHi
HapgaHi B CHul12.01.14-83.

Y pe3ynbTaTi BUKOPUCTaHHA CTaTUCTUYHNX METOIB
OTPUMYIOTbCA CepefHi 3HaUeHHsA, koedilieHTn Bapiauii
Ta acMMeTpii, BUTpaTV BOAW Pi3HOI IMOBIPHOCTI nepe-
BULLEHHs. MpoTe Takoi iHpopmaLii He 3aBxan byBae
[OCTaTHbO AN1A BUPIlLeHHA 6araTbox NPaKTUYHNX 3aB-
JaHb. Y HayKOBil NpaKTULi OCTaHHIM Yacom Bce 6inb-
Le pO3pOo6IOITLCA HOBI METOAOJONIUHI Nigxoam npu
NOEQHAHHI PI3HNX METOIB, HaNPWKag, CTaTUCTUYHOIO
i jeTepMiHicTMYHOro (icTopuuHi aaHi), wo notpebye
BUKOPUCTaHHA AOAATKOBUX AaHuX i napameTpis (Top-
6auyoBa, 2016; lfonyeHko & OByapyk, 2018; Merz et al.,
2014; Knighton et al,, 2017; Pekarova et al., 2019).

OcobnueicTio cyyacHoro nepiogy B ymoBax 3MmiHM
KnimaTy € HeoOXiHICTb NPY BU3HAYEHHI PO3paxyHKO-
BMX Ta MPOTrHO3HUX XapaKTepUCTMK MakCUMasbHOIo
CTOKY PiYOK, [OCNIgMKEHHAX IXHIX HanpaBleHNX TeH-
OeHLin | CTaTUCTUYHOIO aHani3y Npy BUKOPUCTAHHI Ya-
COBUX CTOKOBUX PAAIB 3@ BECb Nepiof CNOCTePeXeHb
BKJ/IIOYAIOUN JaHi B CyYacCHi pOKM, KON BMAUB 3MiHU
KnimaTy cTaB Ginbl BiJYYTHMM Y BOOAHOMY PEXUMi
pivok. Tak, NOWUpPEHUI Yy CyyYacHIn NpakTuLi Komn-
NEKCHUN TigpONoro-reHeTUYHUM MeToq CTaTUcTny-
HUX JOCTIAXEHb YaCOBUX PALJIB CNOCTEPEXEHDb, AKUN
BKJIIOUAE BUKOPUCTaHHA rpadiuHnX MeTofiB Takux,
AK rpadiku KopenauinHoro 3B'A3Ky, CyMapHi KpuBi,
XPOHOSOriYHi rpadikuy, iHTerpanbHi KpUBi BiaxuneHb
Ta iH., METOANYHI MONOXKEHHA AKOro 0O6IPYHTOBAHO B
po6oTax (fopbauosa, 2016; lopbauosa, 2014).

MeTtoto po6oTu € JOCNiAKEHHA Ta y3arasibHEHHSA
NPOCTOPOBO-YaCOBUX HGaraTopiyHMX TeHAeHLUil Xa-
PaKTepUCTUK MaKCMMasbHOroO Tano-A0oLWOBOro CTOKY
pivok YkpaiHcbkoro MNonicca (npaBobepexHa yacTrHa)
Npv BUKOPWUCTAHHI Migponoro-reHeTMYHOro MeToay
CTaTUCTUYHNX [OCNIAXEeHb YaCOBUX PARJIB 3a BeCb ne-
piof CTOKOBMX CNOCTEpeXeHb, BKOYaun AaHi Jo
2020 poky.

MATEPIAJIN | METOAU

06’eKTOM AOCNifAKEHHA € TepuUTOpisa YKpaiHCbKO-
ro Monicca y mexax npaBobepeXxXHOT YaCTUHN KpaiHu

(Mpun’atcokoro Monicca). BignosigHo po rigporpa-
¢diuHOro parioHyBaHHA, BUKOHaHOro aBTopamu (Xinb-
yeBcbKkuin & MpebiHb, 2017) 3rigHO NonoxeHb BogHoi
pamkoBoi anpekTusm €C (dupektnea 2000/60/€C,
2000) BoHa BKNOYaE piukn cybbacenHy p.Mpun'ars
(y mexax npaBobepexs piukn) Ta geaki npasi npu-
TOKU cyb6aceliHy CepenHboro [Hinpa.

Teputopia po3TalwoBaHa B NiBHIYHO-3axiAHin Yac-
TUHI KpaiHW B MeXax NTiCOBOI (MilLaHKX fiCiB i YaCTKOBO
LIMPOKOINCTUX NicCiB) Ta NnicoctenoBoi reorpadiyHmx
30H YKpainn (HauioHanbHum atnac Ykpainm, 1999-
2000). Piuky TyT NpoTiKaloTb HACTYMHUMKU 06nacTAMM
YKpainn: BonnHcbKoto Ta PiBHEHCbKOLO, 3HaYHO Yac-
TMHOW KUTOMUPCBHKOI, XMenbHMLbKOI Ta TepHOMinb-
cbkoi (https://vue.gov.ua).

MicueBicTb YkpaiHcbkoro lNonicca gy»ke 3Bonoxe-
Ha i 3a6onoyeHa, 3 HeOAHOPIAHUMM NaHAwadTamu.
Penbed Monicca B3arani piBHUHHMNA. [Npun LbOMy 3a-
ranbHO OPIEHTOBAHWI HaxWi NOBepPXxHi BOJ0360pis
npaBvx NPUTOK p. MNpun'aTb Ha NiBHiY y 6iKk OCHOBHOIO
BOAOTOKY OOYMOBJIIOE HaMpaBMIeHICTb CTOKY BOAM MO
cxunax i pycnax pivok y 6ik p. Npun'atob.

Piukn paHol TepuTopii HanexaTb 4O TUMY PiBHUH-
HUX i3 NepeBaXaHHAM CHIFrOBOIO XMBJIEHHS, HEeCTanMm
3MIMOBUM PEXMMOM i3 HECTIMKMM CHIrOBUM MOKPU-
BOM Y 3B'A3KY 3 YaCTMMM Bignuramm B3UMKY, AKi npu-
3BOAATb 4O YACTKOBOIO abo MOBHOIO TaHEHHA CHIry i
bopmyBaHHA 3IMOBMX NaBOAKIB Pi3HOT iIHTEHCUBHOCTI
Ta BogHocTi. CepefiHbO 6GaraTopiyHi CTPOKM NMoyaTKy
BECHAHMX BOAONINb KONMBAIOTLCA Bifl KiHLIA NIOTOrO A0
nouaTky 6epesHs, a 3aKiHUeHHA BOLONINIA NpUnajae
Ha cepefuHy-KiHeLb KBiTHA.

XapaKTepHUMN prcaMm OCTAHHIX POKIB 3a JaHUMK
YkpaiHcbkoro lNgpometueHTpy ACHC Ykpainu https://
www.meteo.gov.ua/ B yMOBax He CTilNKOro Temnepa-
TYPHOrO peXxunmy B3MMKY, He 3HaYHUX CHiro3anacis,
HepPiBHOMIPHOIO CHIrOHAKOMMUEHHs CTano ¢popmy-
BaHHA NOBeHEW Bif Tano-A0LWOBNX BOA Y GinbLu paHHi,
Mare 3MMOBI nepioan poky (ak, y 2002, 2007, 2008,
2011, 2015, 2016, 2019, 2021-2024 pp.); y 3B'A3Ky 3
NPaKTUYHOIO BiACYTHICTIO CTAsIOro CHiIrOBOro NOKPUBY
Ha JeAKuX piykax MakCMManbHUN Tano-4OLWOBUI CTiK
Maxe He cnoctepiraeTbea (y 2019, 2020, 2022, 2024
Tay 2025 pp.) (CiBaeB & LWakip3aHoBa, 2024).

Hocnig»eHHs NPOCTOPOBO-YacoBMX GaraTopiuHmx
TEHAEHUiN XapaKTepucTUK MakCMManbHOro Tano-go-
LLLOBOrO CTOKY piyoK YKpaiHcbkoro [Monicca (makcu-
MasibHUX BMTPAT BOAM, LLAPIB CTOKY, CTPOKIB NPOXO-
IXKeHHA) 3[iNCHEeHO NPY BUKOPUCTAHHI rigponoro-re-
HETUYHOro MeTOoAY CTaTUCTUYHOIO aHani3y i BKYae
nepeBipKy OQHOPIAHOCTI FigPONOriYHNX PALAIB CNoCTe-
pexxeHb, [OCNIIKEHHA YaCOBUX TPEHAIB, LMKTIYHOCTI
KOJMMBaHb CTOKY BOAW Ta CMHXPOHHOCTI B IXHIX pAgax
y 6511M3bKO pO3TallOBaHWX PiUKOBMX HacenHax.
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[nA ctaTucTMYHOro aHanisy yacoBux pAgis rigpo-
NOTIYHNX XapaKTepPUCTUK MaKCUManbHOro Tano-AoLLo-
BOro CTOKY 6ynu NpuUNHATI AaHi CTOKOBMX CroCTe-
pexeHb Mo Ailoynx rigponoriyHnUX nocrtax rigpome-
TeoponoriyHoi mepexi cnoctepexeHb JCHC YkpaiHu
B MeXax TepuTopii 6acenHis pivyok YKpaiHcbkoro lMo-
nicca 3a BeCb Nepiof CnocTepekeHb, BKIOYaoum AaHi
no 2020 pik.

BuKopncTaHHA CTaTUCTUUYHMX METOIB BMMArae,
Wo6 psan BMXigHUX 6GaraTopiuHMX rinpomeTeoposo-
rMYHNX JaHKX, 30Kpema rigponoriYyHoro CToKy pivok,
BiAMOBIiganu KpuTepiaM CTalioHapHOCTI Ta ogHopIa-
HocTi. OQHOPIAHICTb rigPONOriYHNX AaHWX € BaXK/IMBOKO
YMOBOIO 411 KOPEKTHOMO 3aCTOCYBaHHA CTaTUCTUUYHUX
meTogiB (Jloboga, 2010; lonueHko Ta iH., 2014; Guide to
Hydrological Practices, 2009; lop6auoBa, 2016; CHull
2.01.14-83, 1983; TopbauoBa, 2014) i 3abe3neyeHHA
TOYHOCTI Y iHXKeHePHUX FigPONOriYHNX PO3paxyHKax i
NPOrHo3ax CToky pivok (fonyeHko Ta iH., 2010). OgHak
Ha NPaKTULi LA BUMOra 4acTo NOPYLIYETbCA BHACNIAOK
Pi3HUX NPUYUH, AKI NOTPebyoTb PeTENbHOro aHanisy.

MopyweHHA CTaTUCTUYHOI OQHOPIAHOCTI YaCOBMX
PAAIB rigposoriyHOro CTOKy Yacto oOyMOBEHI KOMI-
NIeKCOM Pi3HOMAHITHMX YMHHMIKIB, AKi BMAMBalOTb Ha
$bopMyBaHHA CTOKY pivok. OgHUM i3 Taknx dpaKTopiB
NPUPOAHOro XapakTepy € cneundika NigcTUAbHOI No-
BEPXHi BOA0360pPIiB pPiuoK, BKIOUAOUM BE3CTIUHI MiK-
pO- Ta MAaKPOMOHWMKEHHA MiCLLeBOCTi. BOHM MOXyTb
3HAYHO 3MiHIOBATK AUHaMiKy BOAHOro 6anaHcy, Wo
BM/IMBA€E Ha OJHOPIAHICTb AaHuX. 1o aHTPOMNOreHHnX
BM/IMBIB BIAHOCUTbCA roCnofapcbka AiANbHICTb, AK-TO
peryntoBaHHA pPiYKOBOro CTOKY, OyAiBHULITBO rigpoTex-
HiYHMX cropyg, CiNbCbKOroCcnofapcbKi 3axoam, arpo-
nicomeniopauis, 3poLWyBaHHA Ta NepeKkngaHHA CTOKY,
L0 TAKOX € CYTTEBMMU NMPUUMUHAMU 3MiH.

Kpim Toro, HeobxigHO BpaxoByBaTy BNMB rnobanb-
HUX i perioHanbHUX 3MiH KNiMaTy, AKi MOXKYTb MOpPYLLY-
BaTW CTaLiOHaPHICTb riapoMeTeoposIorivYHMX NpoLecis.
Taki 3mMiHW, AK NigBULLEHHA TeMnepaTypu NOBITPA, 3MiHa
pexumy onagiiB abo 36iNbLUeHHA YacToTy eKCTpeMarb-
HUX MOroAHNX ABULL, CYyTTEBO BM/IMBAKOTb Ha XapaKTep
CTOKY PiYOK, BUKMKAOUM MOro CTaTUCTUYHY HecTa-
GiNbHICTb | 3MiHIOIOUY OBrOCTPOKOBI TeHAEHLiT (TpeH-
An), WO NpoABRATbCA Y NOCTYNOBIN 3MiHi cepefHix
XapaKTepUCTUK CToKy (fonyeHko Ta iH., 2014). OgHak
CTaTUCTMYHA HEOAHOPIAHICTb MOXKe TaKOX BUHMKATU
yepes He[,OCTaTHIO TPUBANICTb Nepiody CNOCTEPEXKEHD,
WO yCKnagHIoe aHanis gaHux (fonyeHko Ta iH., 2014;
CHwIM 2.01.14-83, 1983). AHani3 uux GakTopiB € HeobXia-
HUM AnA 3a6e3neyeHHA TOYHOCTI MPOrHo3iB i aganTauii
ynpaBniHHA BOAHUMW pecypcammn Ao HOBUX YMOB.

MeTtoawu aHanisy ogHopigHocTi gaHux. Oco6nmBy
yBary B FifposIoriYHNX pPO3paxyHKax NpuginawTb me-
TOAaM MepeBipKU CTaTUCTUUYHOI OAHOPIAHOCTI pAdiB

(CHwI 2.01.14-83, 1983). HanedeKTMBHiWMNM CNOCO-
60M OL|iHKM OQHOPIAHOCTI € AeTaslbHNIA aHasi3 YacoBUX
PAAIB rigpPOMeTeOPONOriYHNX CNOCTEPEKEHDb, ONy6i-
KoBaHMX B 0iLiNHNX JOKYMEeHTax y ranysi rigponorii.

3a pekomeHgaLigsMn BcecBiTHbOI METEOPONOTiYHOI
opraHizauii (BMO) (Guide to Hydrological Practices,
2009) uewn aHanis nepenbavae NobyaoBy 3aNeXXHOC-
TEeN MiX CTOKOM i CTOKOYTBOPIOKUYMMU YMHHUKAMMU.
MeTtoawm Takoro aHanisy noginATbca Ha ¢i3nyHi (Bpa-
XYBaHHA TFigpPONoriyHmX i KNiMaTUYHMX 3MiH) Ta MaTe-
MaTWYHI (3aCTOCYBaHHA CTaTUCTUYHUX TECTIB i mope-
newn). BuaBneHHA HEOQHOPIQHOCTI YaCTO BUKOHYETHLCA
yepes nobynoBy rpadikis i TPeHOOBUX 3aNeXHOCTEN,
AKi 403BONAIOTbL iAeHTUIKYBaTV 3MIHW Y CTPYKTYpI
JaHNX, LWNAXOM aHanisy XxapakTepucTyK, Lo JO3BOJIAE
BMABUTU BMNAUB Pi3HUX IxKepen GopMyBaHHA CTOKY
Ta BUKOPUCTAHHA TecTiB Ha ofgHopiaHicTb (Guide to
Hydrological Practices, 2009).

[nAa ouiHKM OAHOPIAHOCTI YacoBUX PALIB CcnocTe-
peXeHb, NOPIBHAHO KOPOTKMX 3a TPUBANICTIO, Y BiTUM3-
HAHI rigponorivHii npakTuLi Habyno BUKOPUCTaHHA
napameTpunyHmx Kputepiie CtbtogeHTa Ta Qiwepa (Jlo-
6opaa, 2010; lonyeHko Ta iH., 2014; CHull 2.01.14-83,
1983).

OpHak y 3B'A3KYy B TWM, LUO rigpOSOriyHi paan 3a-
3BMYAN HEQOCTAaTHbO TPMBAsi BOHM He 3aBXAW Bigno-
BiJaloOTb HOPMaNbHOMY 3aKOHY po3noginy (fonueHko
Ta iH., 2014). Y TakoMy pasi KepiBHULTBOM i3 rigpono-
riyHoi npakTrkm BMO (Guide to Hydrological Practices,
2009) npwn nepesipLi CTaTUCTUYHUX TiNOTe3 pALIB Aa-
HUX PEKOMEHOOBAHO O BUKOPUCTAHHA Henapame-
TPUYHI KpuTepii (Hanpuknag, Kputepii MaHHa-KeH-
danna, ManHa-YitHi, Yopcni, MeTTiTTa, Kpyckana-Yon-
nica, CUSUM-TecTn), Ha BiAMIiHY Bif napameTpuyHUX
t-Tecty i F-TecTy, wo nigeuwye edeKTNBHICTb Nepe-
BiPKW NPV MeHLLIOMY 06’'eMi pO3paxyHKiB.

Y paHoMy JOCHiAXeHHi BUKOPUCTAaHUN KOMMeK-
CHUI TigpONOro-reHeTUYHMNN MeTo OLiIHIOBAaHHA Of-
HOPIAHOCTI N CTaUiOHAPHOCTI PALIB CNOCTepPeXKEHb,
wo 6a3yeTbcA Ha NobyaoBi i BUKOpUCTaHHI rpadikis,
a came: CYMapHUX KPUBUX, XPOHONONiYHKX i pi3HuLe-
BO-iHTerpanbHux Kpusumx (Guide to Hydrological Prac-
tices, 2009; fTop6auoBa, 2016). 3acTocyBaHHA CyyacHUX
METOANYHUX NiAXOAIB LWOoA0 CTaTUCTUYHOIO OLLiHIOBAH-
HS pAAIB CnocTepeXkeHb i3 BUKOPUCTaHHAM rpadiu-
HUX MeTOZiB, LUMPOKO BUCBITNEHi B poboTax J1.0. lop-
6auoBoi (lopbauoBsa, 2016; Pekarova et al., 2019; lop-
6auoBa, 2014).

CymapHa Kpuga Bifobpa)kae HakonmuyBasbHi 3Ha-
YeHHsA TigpOoNOoriyHOl BEIMYMHU MPOTArOM yacy i 06-
yncneTbea 3a popmynoto (Rippl, 1883)

.
Q=)> q(0), (1
t=1
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ge Q — cymapHa Benn4yrHa rigposioriyHoi xapakre-
puUCTUKK 3a nepiod yacy T; q(t) — rigponoriyHa xapak-
TePUCTMKa t-ro poky.

Ha rpadiky cymapHoi KpnBoi Hakonun4yBasnbHi Be-
NNYUHN TiIJPONOriYHOT XapaKTepUCTUKKU, NPU CTanmx
ymoBax ii GopMyBaHHA, HAGAMKATLCA 4O NPAMOT
NiHii, e Haxun ui€l niHii BigHocHO oci abcunc € no-
CTiINHUM KoeddilieHTOM. BigxnneHHa rigponorivyHoi xa-
pPaKTeEPUCTUKN Bif NPAMOT NiHiT Ha rpadiky cnyXuntb
iHOVMKATOPOM 3MiH L€l XapaKTepUCTUKN Ta, BIgnoBia-
HO, 3MiH yMOB i dopMyBaHHA (fopbayosa, 2014).

TpeHan yacoBuX pagiB. Y xoni 6aratopiuHux Ko-
NMBaHb Pi3HUX FiApPOMETEOPONOriYHUX XapaKTepuc-
TUK, PO3PaxoOBaHMX MO OOMEXeHOMY 00CATY BUXiAHOI
iHpopmaLii Ta Npu BCTaHOBNEHI HEOAHOPIAHOCTI Ha-
raTopiYyHOro riAPOMEeTEeOPONOriYHOrO PAJY 3 BiguyT-
HUMW HacnigKamu BOQOrocnofapCbKux nepeTsopeHb
PO3paxoBYOTbCA MiHINHI | HABITb HEMiHINHI TpeHaw 3
OLHKOI IXHbOT CTaTUCTUYHOI 3HauywocTi (Jloboaa,
2010; fTonueHKo Ta iH., 2014; Topbauosa, 2016). TpeHa
Le cnpAMOBaHa 3MiHa BeNNYUUH NI Ai€0 NPUPOAHUX
un aHTpOMNoreHHNx GakTopiB y 6iK 36inbweHHA abo
3MeHLWweHHA. [obyaoBa TpeHAiB 3a3BUYaAN 3AiNCHIO-
€TbCA NPWY 3rMafKyBaHHI unieHiB 6araTtopiuHoro psagy
rifpomMeTeoponoriyHoOro pAgy CnocTepeXeHb 3a MeTo-
[OM MPOCTMX KOB3HUX CepeaHiX KON Npu BUKOPUCTaH-
Hi cepefiHiX TOUOK 06paHOro iHTepBasly BPaxXOBYETb-
cAa iHbpopmauia npo nosegiHKy dyHKUIT 3 060X 60-
KiB Big po3rnAagyBaHoi Touku (fonyeHko Ta iH., 2014).

Tak, AKWoO iHTepBan 3rnagKyBaHHA T JOPIBHIOE 3,
TO 3rnajKeHi 3HauYeHHA BM3HAYalTbCA HaCTYyMHUM
YNHOM:

T
d, =§(q1 +q,+3;); (2)

-1 y
CI3 :g(qz +q3 +q4) nTAa. (3)
Mpw ubomy Mif Yac 3rnafXKyBaHHA 3a TPbOMa TOU-
Kamu (“Tpupiukamn”) KparioBi BeNNUNHN PARY BU3Ha-
YalTbCA Tak:

1
G =[50 420, = 3): )

1
qn - g<_qn—2 +2qn—‘| +5qn)r (5)

[e g; — 3rnajkeHe 3HayeHHs, 30KpemMa, PiukoBOro
CTOKY.

Mpwn gocnig»eHHi NiHINHMX TPEeHAIB riapomeTeo-
PONOriYHOI XapaKTEPUCTUKN B Yaci 3aBAAHHA OLiHKMK
TXHbOT CTAaTUCTUYHOI 3HAYYLLOCTi BUKOHYETbCA, Hanpu-
Knag, 3a OLiHKOI 3HauyLwwoCTi KoediuieHTa perpecii
(cknapgoBUX PiBHAHHA NiHINHOT perpecii) abo Koedi-
LieHTa Kopenayii r. 3HauywicTb KoedilieHTa Kopenauii
TpeHAy r ouiHeHa B po6oTi 3a MmeTogom [lipcoHa 3a

BUKOHaAHHA YMOBU > 20, KONN TPEHA BBaXaE€TbCA
3Hauywmm (Real Statistics Using Excel). CepenHsa kBag-
paThyHa noxmbka po3paxyHKy KoeodiuieHTa Kope-
nauir
1—r?
o, = ,
n_

—_

Je r’ — BenunumnHa AOCTOBIPHOCTI anpoKkcnmalii; n —
UMCIIO POKIB CNOCTEPEXEHD.

HaABHICTb CTaTUCTUYHO 3HAYYLLMX NiHINHUX TPEeH-
4iB y 6araTopiuHux pagax rigpomMmeTeoposnoriyHux Be-
NUYMH (TOOGTO TaKMX, WO ICTOTHO BiAPi3HATLCA Big
Hy”nA) CBiAYMTb MPO YacoBY HEOAHOPIAHICTb abo He-
CTaLiOHAPHICTb AOCNIAXKYBaHUX FiQPONOriYHNX XapaK-
TEPUCTUK, OCKINbKM B LbOMYy BMMAaAKYy CepefHE 3Ha-
YeHHA 3aKOHOMIPHO 3MIHIOETbCA Y Yaci.

PisHuueBo-iHTerpanbHa KpuBa Ik meToA ANA
OLiHKM LIMKNIYHOCTi KONMBaHb CTOKY PiYOK. BuBueH-
HA G6araTopivyHOl ANHAMIKN TigpPOMeTeopPONOriyHmX
npouecis nepeabayac aHani3 iXHbOI LMKNIYHOT Npu-
POAMW, LLO MAE BaXK/TMBE 3HAYEHHA ANA paLlioHanbHOro
BVIKOPWCTaHHA BOAHUX PeCypCiB i JO3BOAE pOOUTK
NPUNYLLEHHA WOAO MOXIMBUX MaNOYTHIX 3MiH y po3-
BUTKY NpupoaHux asuL. Mig umiknivHictio 6aratopiy-
HUX KOJNIMBaHb CTOKY PiYOK PO3YyMitoTb 3MiHY BOOHOCTI,
AKa NPOABNAETbCA y YepryBaHHi Nepiodis i3 BUCOKMMN
Ta HNU3bKMMUW 3HAUYEeHHAMMY, WO Pi3HATbCA 3a TpUBanic-
TIO Ta BEJIMUMHOLIO BiAXWUEHHSA Bifj cepeaHboro 6arato-
PIYHOro CTOKY y PO3rAHYTOMY YaCOBOMY iHTepBani
(TonueHko Ta iH., 2014; lopbavosa, 2016; Merz et al.,
2014).

Kpim Toro, gocnigkeHHs 6araTopiuHux pagis cTo-
Ky, mopsag 3 aHani3oM UMKNIYHOCTI, NnepepbavaoTb
i BUSIBNIEHHA CUHXPOHHOCTI a0 aCMHXPOHHOCTI, CUH-
¢da3HocTi a6o acnHPa3HOCTI B psAfax CTOKY 3 6/1M3bKO
pO3TallOBaHMX PiYKOBMX GACeNHIB, WO 3HaXOAATb-
CA B OJHAKOBMX KAiMaTUYHMX YMOBaxX Ta MoAibHMX
ymoBax reorpadiyHoro naHawadTy (fonuyeHko, Ta iH.,
2014; lopbauoBa, 2016; Merz et al., 2014). ¥ Takux
YMOBax KONMBaHHA BOAHOCTI PiYOK 3a3BUYal € CMH-
XPOHHUMWN.

OpHak yepes Pi3HOMAHITHICTb CUHOMTUYHUX NPO-
uecis, WO Npu3BoAATb 4O HEOAHOPIAHOCTI BMNafaH-
HA aTMocdepHUX onagiB y NPOCTOpi Ta yaci, a TakoX
yepes 3MiHHICTb MO TepuTopii 6acenHy penbedy Ta
IPYHTOBOrO M POC/ANHHOIO MOKPUBY, BIANOBIAHICTb
MiXX 3MiHaMW CTOKY Pi3HMX PiYOK YacTO NOPYLIYETb-
cA. MNpwv uboMmy aHani3 LMKAIYHUX KONMBaHb BOJHOCTI
ZAOUiNbHO NPOBOAUTM B MeXaxX ManoBOAHMUX Ta Oa-
ratoBogHux ¢a3 (fonyeHko, Ta iH., 2014; lopbayoBa,
2016).

[nAa ouiHKM UMKAIYHUX KONMBaHb rigpomMeTeopo-
NOTIYHUX BENNYNH BUKOPUCTOBYIOTbCA TaKi meToan,
AK aBTOKOPENAUINHUI Ta CNeKTpanbHWI aHanis3, pisHu-
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LieBi iHTerpanbHi KpYBi, @ TaKOX 3rafKyBaHHA PAAQIB
CNnocTepeXkeHb 3a JOMOMOroK KOB3alunx N-pokKiB Ta
6iHOMiaNIbHOIro ocepefHeHHA.

Pasom 3 Tum, y HU3Li gocnigxeHb (JlTobopa, 2010;
lfonueHKo, Ta iH., 2014; lopbauosa, 2016; lonueHko &
OBuapyk, 2018, Pekarova et al., 2019) nigkpecnioeTbes,
Lo Hanbinbl pe3ynbTaTUBHUM MiAXOAO0M € 3aCTOCY-
BaHHA Pi3HMLEBOI iHTErpanbHOI KPMBOI, OCKISIbKM Came
Ler meTog 3abe3neyye MOXMBICTb YITKO OKPeCIuTy
mMexi pa3 BoAaHOCTI. [logaTKOBO, BUKOPUCTAHHA TaKo-
ro aHanisy Jo3BOJIAAE NPOCTEXNUTM YaCOBY €BOJIOL0
LMKNIB BOAHOCTI Ta BCTAHOBUTU fAK KiNbKiCHi Xapak-
TEPUCTUKM iX 3MiH, TaK i AKICHi 0cO6NMBOCTI PO3BUTKY
npouecis (fonyeHko & OBuapyk, 2018; Pekarova et al.,
2019).

MeTtoga pi3HULEBUX iHTErpasibHUX KPUBUX LWIMPO-
KO BMKOPUCTOBYETbCA Y MiAPOSIOriYHNX pO3paxyHKax,
30KpemMa, B pamMkax BcecBiTHbOI meTeoponoriyHoi
opraHi3auii (Guide to Hydrological Practices, 2009).
BiTuM3HAHI JOCNigHNKM BUKOPUCTOBYIOTH Liei METOA,
NMO3Havalum NOro AK MeTo Pi3HULEBO-iIHTErpanbHOI
KpuBoi gocnigkeHb (JlToboga, 2010; fonueHko, Ta iH.,
2014; lfopbauosa, 2016; CHuM 2.01.14-83, 1983), AKkuni
[O03BOJIAE i3 JOCTATHbOK TOYUHICTIO BUBYATU LINKITIY-
HiCTb KONMBaHb CTOKY PiYOK.

OUiHI0BaHHA UMKAIYHKX KOMMBaHb PIYKOBOrO CTOKY
3[iNCHIOTb 3a AOMOMOTOI0 Pi3HULEBUX iHTerpasnb-
HUX KPVBUX 3a MPOLEeAypolo, AKa onmncaHa B pobo-
Tax (Jlobopa, 2010; fonueHkKo, Ta iH., 2014; Guide to
Hydrological Practices, 2009; Top6auoBa, 2016). lNo-
TOYHI OpAVHATY Pi3HNLEBUX IHTErpanbHUX KPUBUX Bif,
noyaTky nobyaoBu KPUBOI 10 KiHUA t-r0 PpOKY MOXHa
BM3HAYMTN 33 JONMOMOIOI0 PiBHAHHA

n
> (ke —1)=F(0), (6)
t=1
Ae ki=Qy/Qcep — MOAYNbHI KOeiLiEHTU t-TO POKY;
Q; i Qcep — BUTPATY t-TO POKY Ta CEPEAHi BUTPATK 33
nepiog vacy n.

PisHMUeBa iHTerpasnbHa KpuBa CTOKy, nogi6bHo fo
IHLWNX IHTerpanbHUX KPUBKX, XapaKTepu3y€eTbCa Bac-
TUBICTIO, 3@ AKOK BIAXUNIEHHA CEPefHbOro 3HaYeHHA
BeIMUMNHM (MoZynbHOro koedilieHTa) Ha 6yab-AKOMy
YacoBOMY Bifpi3Ky Bi NOro cepefHbOro 3HaYeHHsA
3a 6araTopiuyHMI nepiof cnocTepeeHb AOPIBHIOE
oaviHuUi. BennunHa uboro BiaxXuneHHA BU3HAYAETHCA
TaHreHCOM KyTa Haxuy Bigpi3Kka, Wwo 3'egHye novar-
KOBY Ta KiHLEBY TOYKW OaHOro iHTepBany, BifHOCHO
ropu3oHTanbHoI oci (fonyeHKo Ta iH., 2014).

[NpakTnyHe 3aCTOCYBaHHA UMX METOLIB Npu aHani3i
MaKC/MasibHOrO Tasfo-AO0LLOBOIO CTOKY PiYOK 34iMCHIO-
BaslOCA B Pi3Hi POKW, HAMpKKag, y poboTax aBTopiB
(TonueHko & OBuapyk, 2018; Pekarova et al., 2019;
fonyeHko Ta iH., 2010; fTop6auoBa & bapaHaiv, 2016;

Gorbachova et al,, 2018; OBuapyk, 2020; EkcTpemanbHi
rigponorivHi asmwa..., 2024; lfonuin & boHgapeHKo,
2024) Ta iH.

PE3YJIbTATU | iIX OBFOBOPEHHA

Y poboTi foCNigKeHO CTaTUCTUYHY OAHOPIAHICTb
i CTaLiOHAPHICTb MaKCUMasibHOro Taflo-AOLOBOrO CTO-
Ky (MakCUManbHMX BUTPAT BOAM Ta LUAPIB CTOKY) PiuoK
YKpaiHcbKoro onicca npym BUKOPUCTaHHI rigponoro-
reHeTUYHOro MeToAy aHanisy. 3 Uit metoto Gynu no-
6ynoBaHi CymapHi KpuBI, pi3HULEBI iIHTErpanbHi KpUBI
" XPOHOMNOTiYHI rpadikn MmakcMManbHUX BUTPAT BOAU
Ta WapiB CTOKY (BMpaKeHUX y BiAHOCHUX Bennuu-
Hax — MOAYNbHUX KoedilieHTax) NO rigponoriyHmx
nocrax, Wo PiBHOMIPHO pPO3TalloBaHi NoO TepuTopis,
AKa PO3rNAJAETbCA N 3 MepiogoM CroCTepeXKeHb Bif
59 no 96 pokis.

AHani3 cymapHUX KpMBUX MaKCUManbHUX BUTpAT
BOAM Tano-AoLOBOro CToKy pivoK YKpaiHcbkoro [lo-
nicca (puc. 1a), a Takox y poboTi (Topbavosa & bapaH-
4iy, 2016) nokasas, Lo Ma€ MicLie MOPYLUEHHA CTaTNC-
TUYHOT OAHOPIAHOCTI IX YaCOBMX PALIB CNOCTEPEKEHD.
Tak, ona pivok 3axigHol Ta LeHTpanbHOI YacTUH NpaBo-
6epexxHoro lNoniccs, Ha KPMBUX CMOCTEPIra€eTbCA TOY-
Ka neperuvHy (y nepiog 1981 p.), nicna AKoi 3MiHIOETbCA
TEHAEHUIA BEIMYNHN MaKCUMaNibHUX BUTPAT BOAMW.
Y TOW e yac, Ana pivyok CXiAHOI YaCTUHW TepuTopii
(Hanpuknapg, TeTepis i Ipwa) KpuBi MatoTb BUNYKY
AyronopibHy dopmy 3i 3miHOIO ii Haxuy.

Takun BUrNA[ CYMapHUX KPUMBUX OEMOHCTPYE, L0
ANA MakCMManbHUX BUTPAT BOAW Tano-AoLWOBOro c1o-
Ky piuok YKpaiHcbkoro [lonicca He cnocTepiraeTbcA
OOHOCNPAMOBaHUX i CTabiNbHMX TEHAEHLIN, L0 BKa3ye
Ha CKNMAJHICTb i PI3HOMAHITHICTb FigPONOriYHNX NpPo-
LeciB y perioHi.

Ha BigmiHy Bifg MakcMmanbHUX BUTPaT BOAW, aHa-
Ni3 CyMapHUX KPUBUX LLIAPIB MaKCMMaNbHOroO Tasno-
[OLLOBOrO CTOKY pivoK YKpaiHcbkoro Monicca (puc. 16)
NoKasaB MauXe BiACYTHICTb BUPAXXeHUX BigXuneHb
Bif, NPAMMX NiHI ANA geAKnX pivyok uiei Teputopil. Ue
CBigUNTb NPO Te, WO 6iNbWiCTb PSAAIB CNOCTEPEXKEHD
WwapiB CTOKy piyok lonicca MOXHa BBaxaTu CTaTuUC-
TUYHO OJHOPIAHVUMM HABITb Ha OCHOBI aHani3y cymap-
HUX KPUBUX.

o peui, aBTopamu (fonueHko Ta iH., 2010) npu aHa-
Ni3i oQHOPIAHOCTI fAaHMX NO MaKCUMasIbHOMY CTOKY
BECHAHOrO BOZOMiNA pidoK 6acenHy Mpun'aTi (yKpaiH-
CbKa YacTMHa) BCTaHOB/EHO, O 3HaYHa KiNbKiCTb Ya-
COBWX pAAIB cNocTepexXeHb € HEOAHOPIAHUMM (32 Na-
pameTpuyHmumm Kputepiamu Qiwepa Ta CTblogeHTa Ha
1 1a 5% piBHAX 3HAUYLLOCTI), 3a3BMYal AN rigponoriy-
HUX NOCTIB i3 HaNbiNbL TPMBaANMMK PAZAMU CTOKOBMX
cnoctepexeHb (3 nepiogom Ginblue 40 poKiB CTaHOM
Ha 2010 p.).
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Puc. 1. CymapHi KpuBi feaknx pivok YKpaiHcbKoro Monicca: a — MakcMmasbHUX BUTPAT BOAM Tano-AOLOBOrO CTOKY (Ekom); 6 — wapis

MaKCVMasibHOro Tano-40LWOBOro CToKy (3ky)

Y HaykoBin npaui (HaykoBo-metoguyHa 6asa...,
2019) nepeBipka oAHOPIAHOCTI HAaMbINbLW TPUBANUX
PAAIB MaKCMManbHMX BUTPAT BOAN i LIAPIB CTOKY PivoK
6aceliHy p. [Hinpo (B Mexax YKpaiHu) 3 BUKOPUCTAH-
HAM ABOMNapamMeTpuyHux Kputepiis — Qiwepa i Crbto-
[eHTa, Ta HenapameTpuyHoro — BinkokcoHa nokasana,
Lo 3 25 pAagis N0 MakCcUManbHMX BUTpaTax BOAW Ha 5%
PiBHI 3HAYYyLWOCTi BUABUANCA OQHOPIAHUMUN nuwe 4,
a Ha 1% — 9 pAapis, abo 36%. LLlo cTocyeTbca wapis
CTOKY BECHAHOrO BOAOMINNA, TO TyT CNOCTEpIiraeTbca
JeLo iHWwa cnTyauia — Ha 5% piBHi 3HauyLWOCTi € oA-
HopiaHumn 14 pagis (i3 25), a Ha 1% — 19 psagis abo
76% (HaykoBo-meTogmuHa 6a3a..., 2019). AHanoriyHa
CUTYalia cnocTepiraeTbcsa Malixe ana GinblIOCTi piB-
HUHHMX pivoK YKpaiHu (OBuapyk, 2020). 3a pagamu
MaKCUManbHUX BUTPAT BOAU JOCAIAXKYBaHUX PiYOK
opHopigHumn € 30 i 14% (Ha piBHAX 3HauvywocTi 1 Ta
5% BignNoBigHO), @ 3a Wapamm CTOKY CNOCTEPIraeTbCcsA
Jewo iHwa cuTyauia: ogHopigHMMN € BXKe 65 i 54%
pAgiB AaHWX BiZNOBIgHO.

OCHOBHVMIW MPUYMHAMU NOPYLLIEHHA OAHOPIAHO-
CTi YaCcoBMX PALIB MaKCMMaNbHUX BUTPAT BOAW Tano-
[IOLLOBOr0O CTOKY PiYoK TepuTopii € Taki dpakTopu, AK
nepepo3nogin CTOKy Mig BMAVBOM METEOPOSIOTiYHMX
YMOB, 3HaYHa aHTPOMOreHHa 3aperysiboBaHiCTb CTOKY,
a B CyyacHMI nepiof 1 3MiHa Knimarty, Aka BN/MBAE Ha
rigpPONOriYHUN PEXNM PIYOK.

[nA BM3HaYeHHA NPUYMH NOPYLIEHHA OAHOPIAHO-
CTi pAAIB MaKCMManbHOro Tano-AOLOBOrO CTOKY i MO-
NINBOCTI NOJANbLWOro BUKOPUCTAHHA CTaTUCTUYHUX
MeTogiB Y pobOTi AeTanbHO NpoaHanizoBaHo H6araTo-
PiYHi YacoBi pAAY MaKCUMaNbHNX BUTPAT BOAM 1 WWapiB
TaNo-A0LWOBOro CTOKY PiYOK, @ TaKOX OLiHEHO TXHI0
UnKnivHicTb. Lle fo3BONMNO Kpalle 3p03ymiTi BNAnB

30BHILWHIX i BHYTPILWHIX YNHHUKIB HA OOHOPIAHICTb
i CTINKICTb rigpONOriYHNX NPoLeciB.

Docnip)XeHHA 6araTopiyHMX KONMBaHb MaKCK-
ManbHOro Tajio-AO0LOBOro CTOKY. /114 aHanisy 6arato-
PiYHMX KOMMBaHb Ta MPOCTOPOBO-YaCOBUX y3arasb-
HeHb CTaTUCTUYHUX XapPaKTEPUCTUK MaKCMManbHOro
Tano-goLWoBOro CTOKy pivyok YKpaiHcbkoro lNonicca
6ynu 3anyyeHi HanJgoBLWi Ta, MO MOXMBOCTI, 6e3ne-
pepBHi paan cnoctepekeHb (rigponorivyHi nocTn 3 ne-
piogom cnocTepexkeHb Big 59 go 96 pokis). [Mpnuomy,
NVLe ABa 3 LMX PAAIB MaloTb 6e3nepepBHy TpMBanicTb
noHag 80 pokiB. Taknin YacoBMI pAL OXOMNEHHA 3a-
6e3neuye 4OCTATHIO OCHOBY AJIA BUBYEHHA 3aKOHO-
MipHOCTel | TeHAeHUin y 6araTopiyHin guHamiui Tano-
[OLLOBOro CTOKY.

XpoHonoriyHi rpadiku, Aki BifobpaxatoTb H6araTo-
PiYHYy AMHAaMIKY MaKCMManbHOMO Tano-A0LLOBOrO CTOKY
pivyok YKkpaiHcbKkoro [onicca, npeacTasneHi y Burnagi
rpadikiB ansa MakcMManbHUX BUTPAT Boau (puc. 2a) Ta
[NA Wapis CTOKy (puc. 26), 3rnafKeHnx 3a JONOMOroo
niHinHoro ¢inbTpy MoaynbHUX KoediuieHTiB. AHani3
rpadikis CBiAUMTb NPO HAABHICTb PIYHUX KONUBAHb
BOLHOCTI PiYOK, XapaKTePHUX ANA PETriOHy, i3 YiTKO
MOMITHOIO 3arasibHOI TeHAEHLIEI [0 3MEHLLUEHHA Be-
NINYMHK CTOKY 3a 6araTopiyHuin nepiog, Wo niaTeepa-
KyeTbca i gocnigkeHHAMN (TonyeHko Ta iH., 2010).
Haibinbw BYparkeHM Le 3MeHLUEHHA € A5l MaKCu-
ManbHUX BUTPAT BOAM (puc. 2a), WO MOXe BKa3lyBaTu
Ha BMMB 30BHiLIHIX paKTOPIB, OAHMM i3 AKUX € 3MiHa
Knimary.

Mpwn uboMy OLiHeHa CTaTUCTUYHA 3HAUYLWICTb Koe-
oiuieHTy Kopenauii TpeHay r Ha 5% piBHi 3HauywWoCTi
(32 BUKOHAHHA YMOBW > 20, KON TPEH, BBAXKAETbCA
3HauyLWMM), MOKa3ana, Wo AnA MaKCUMasbHUX BUTPAT
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Puc. 2. XpoHonoriyHi rpadiku (TpypiuHi KOB3HI) MakcUManbHUX BUTPAT BoAM (a) Ta LwapiB (6) Tano-AoLL0BOro CTOKy pivoK YKpaiHCbKoro

Monicca

BOAW [NA BCiX NOCTIB TPEHAM € 3HauyLwmmu (mabn. 1),
a ONA WapiB CTOKY Male MOfIOBMHA 3 HUX, HAaBMaKu,
He3Hauywi (mabn. 2).

CTaTMCTMUHO 3Hauywi NiHiAHI TpeHawn, AKki 6ynn
BUABMEHI NPW aHani3i YacoBUX PALQIB MAaKCUMANIbHOrO
TaNo-4OLWOBOro CTOKY pPivoK YKpaiHcbkoro lNonicca
BKa3yloTb Ha HafABHICTb CTaTUCTUYHOI HEOAHOPIAHOCTI
Ta He CTauiOHapHOCTI AOCAIAXYBaHNX TigPONOriYHNX
XapaKkTepucTukK. Lle nposaBnaeTbca yuepes 3akOHOMIp-
HY 3MiHY CepefHbOro 3HaUYeHHsA Yy yYaci, WO NopyLuye

YMOBU CTaLliOHapHOCTi, HeobXigHi AnA 3acToCyBaH-
HA 6araTboX KMacUYHUX CTaTUCTUYHMX MeToAiB. Taka
cuTyauia moxke 6yTn obymoBneHa JOBroCTPOKOBOI
3MiHOI0 KJliMaTy, aHTPOMOreHHUMM YNHHUKAMKN abo
iHWUMK pakTopamu, AKi BNAMBalTb Ha GOpPMyBaH-
HA TaN0-AOLWOBOro CTOKY Ta MOro ANHaMiKy. 3 MeTO
BUABMEHHA NPUYNH MOPYLIEHHA OJHOPIAHOCTI pAais
XapaKTepUCTUK MaKCMMasbHOrO Tafl0-4O0LLOBOr0 CTOKY
piuyoK y po60Ti No6yaoBaHO Pi3HULEBO-iHTErpanbHi
KPWBI BigXWEHb.
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Tabnvua 1. OuiHKa 3HaYYyLOCTi NiHINHNX TPeHAiB y 6araTopiuHoMy Xofli MaKCMManbHUX BUTPaT BOAY TaNo-A0L0-
BOFO CTOKY piuoK YKpaiHcbKoro Monicca

Inpekc q . Mepion

e Piuka — nocr cnocrepexeHb n, poKkun r 20, rl2o, BucHoBok

79361 Mpun'ate — c. Piunua 1962-2020 59 0,45 0,21 2,14 3Hauywmin

1923-33, 1939,

79407 Typia — m. Kosenb 1941, 1943, 89 0,40 0,18 2,22 3HauyLwumin
1946-2020
1923-1933,

79477 Crup — M. Jlyubk 1935-1941, 95 0,41 0,17 2,41 3Hauywmmn
1944-2020

79521 lopuHb — c. lepaxHe 1958-2020 63 0,53 0,18 2,94 3HauyLwmin
1924-1933,

79549 Cnyy — m. CapHnu 1941, 1943, 87 0,37 0,19 1,95 3Hauywummn
1946-2020

79596 Y60pTb — C. [Mepra 1954-2020 67 0,37 0,21 1,76 3HauyLwmi

79694 Y — M. KopocTeHb 1945-2020 76 0,39 0,20 1,95 3Hauywummn

80077 TetepiB — M. Kutommp 1925-2020 96 0,48 0,16 3,00 3HauyLwmin

80090 Ipwa — c. YKpaiHka 1926-2020 95 0,50 0,15 3,33 3Hauywmmn

Ta6bnvusa 2. OuiHKa 3HauYyLWOCTi NiHINHNX TPeHAIB y 6araTopiyHOMy Xxopi WapiB MaKCMMAIbHOrO Tano-A0L0BOro

CTOKY piuoK YKpaiHcbKoro Monicca

Inpekc q . Mepion

Ha- Piuka — noct cnocTepesxenn n, poKku r 20, rl2o, BucHoBOK

79361 Mpun'ate — c.PiunyA 1962-2020 59 0,20 0,25 0,80 He 3Hauywmin

1923-33, 1939,

79407 Typia — m.Kosenb 1941, 1943, 89 0,32 0,19 1,78 3HauyLwmin
1946-2020
1923-1933,

79477 Crup — M. Jlyubk 1935-1941, 95 0,35 0,18 1,94 3Hauywmin
1944-2020

79521 lopuHb — c. lepaxHe 1958-2020 63 0,40 0,21 1,90 3HauyLwmin
1924-1933,

79549 Cnyy — m. CapHnu 1941, 1943, 87 0,14 0,19 0,74 He 3Hauywmn
1946-2020

79596 Y60pTb — C. [Mepra 1954-2020 67 0,20 0,24 0,83 He 3Hauywmin

79694 Y — m. KopocTeHb 1945-2020 76 0,14 0,23 0,61 He 3Hauywmn

80077 TetepiB — M. Kutommp 1925-2020 926 0,24 0,19 1,26 3HauyLwmin

80090 Ipwa — c. YKpaiHka 1926-2020 95 0,26 0,19 1,37 3Hauywmmn

AHani3 nobynoBaHX pizHUYe80o-iHMez2panbHUX Kpu-
8uX, TOBTO CYyMapHUX KPUBUX BiAXUIeHb HOPMOBAHNX
BEMNUNH MaKCUMaNbHMX BUTPAT BOAM Ta LIapiB MaK-
CMMasnbHOrO TaNo-AOLWOBOro CTOKY Bif iX cepegHboro
3HauyeHHA (oaMHMLi) NoKasye (puc. 3), Wo KonuneaH-
HA BOAHOCTI pivoK YKpaiHcbkoro llonicca y pisHux
panoHax Marxe OfHaKOBIi AK 3a YacoM 3MiHU ¢a3s,
TaK i 3@ IHTEHCUBHICTIO 3pOCTaHHA abo 3MeHLIEeHHs
CyMapHUX BigxuneHb. Lle moxe cBiguntn npo Te, Wo
BOAHICTb PiYOK 3aN€XNTb Bif TOKaNbHNX YMOB, TaKunX
AK reorpadiyHe po3TallyBaHHA, KNiMaTUUHI 0cobnn-

BOCTi, penbed, TMN IPYHTIB, @ TAKOXK aHTPOMOreHHWIN
BM/MB.

MopiBHAHHA HGaraTopiuHMX KONMBaHb MaKCUMalb-
HOrO Tano-AOLOBOrO CTOKY B Pi3HMX MYHKTax BUABAE
KiflbKa BaXK/TMBUX XapakTepuUCTUK NPOCTOPOBO-Yaco-
BOT AMHaMIiKV BOLHOCTI pivyoK YKpaiHcbKkoro lMonic-
cA. Tak, gnAa piyok posTalwoBaHUx nopag (y mexax
OOHOro YMOBHOIO parioHy) Ma€ MicLe cuHgasHicme
6azamopidHux KosiugaHeb. Lle 03Hauag, o Ha uux piu-
Kax ofHouYacHO ikCyoTbcA ofiHAKoBI pa3n BOAHOCTI
(nepioan 3pocTaHHA abo 3MEHLLEHHS CTOKY) MPOTArOM
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Puc. 3. Pi3HuLEBi iHTerpanbHi KpUBiI MakCMManbHUX BUTPAT BoAM (a) Ta WwapiB CTOKY (6) MaKCMasibHOIo Tano-AOLWOBOro CTOKY PiuoK

YKpaiHcbkoro Monicca

TpuBanoro yacy. Taka cuHdasHicTb obymoBneHa cxo-
XUMU NPUPOJHUMM YMOBaMU, 30KpeMa KniMaTUYHu-
MU (onagu, TemnepaTypa, Ce30HHICTb), reorpadiyHumm
UMHHVKaMn (penbed, XxapakTep FPYHTIB) Ta, MEHLUO
MipOt0, aHTPOMOreHHNM BIIMIBOM.

KpiMm cnHdasHocTi, ana 6inbliocTi AoCnigKeHmx
PiUYOK XapaKTepHa CUHXPOHHICMb 6a2amopidyHux Ko-
usaHb. CUHXPOHHICTb NPOABAAETLCA B OfHAKOBOMY
X0oAi BOOAHOCTI OKpeMnx POoKiB, KONM 3MiHN BOAHOCTI
BifOyBaloTbCA NOAIGHMM UNHOM Y Pi3HMX MYHKTaX (30K-
pemMa, CUHXPOHHO 3POCTalTb abo 3HMXKYTbCA MaK-

CUManbHi BUTpPaTn Bogwn). Mpu ybomy Mix 3miHaMmu
KOMMBaHb CTOKY B Pi3HMX MyHKTax CNOCTepiraloTbCca
CXOXi CMNiBBiAHOLWEHHA.

Teputopia YkpaiHcbKkoro [Monicca, AKa po3rnagaceTb-
€A B po6OTi, 32 palioOHYyBaHHAM 33 CUHXPOHHICTIO KO-
BaHb piuHoro ctoky (JlToboaa, 2005), BUKOHAHOIO Npu
BUKOPUCTaHHI GpaKTOPHOro aHasisy Ta MeTofy rosios-
HUX KOMMOHEHT, BigHOCUTbCA A0 3axiaHoro (I) panoHy,
B Me)Kax MigpanoHiB a) i 6). I3 uMm parioHyBaHHAM
Make cniBnafae cyyacHe parioHyBaHHA PiBHUHHOI
TepuTopii YKpaiHu (OBuapyk, 2020) 3a CUHXPOHHICTIO
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Ta UMKNIYHICTIO KONMBaHb MakCUManbHOrO CTOKY BecC-
HAHOro BofoninAA (Npy CyMiCHOMY MOCNifOBHOMY
BMKOPUCTaHHI riiponioro-reHeTnYHoro, ¢pakTopHoro
i KNacTepPHOro aHanisis). 3a TaKMM PaMoOHYyBaHHAM Te-
puTopia YKpaiHcbKoro Nonicca BigHOCUTbCA JO pano-
Hy |: nigpainoH la — KpaliHA 3axifHa YacTHa 6aceinHy
npaBobepexxa p. Mpun'ate (o p. CToxia), nigpanioH
|6 — ueHTpanbHa Ta cxigHa yactuHa Monicca (baceiiH
p. Mpun’atb, ¥, TeTepis, IpniHb). Y mexax Takmx pano-
HiB i NiapanoHiB 36epiraloTbCsl OAHOTUMHI 33 UMKNaAMK
BOAHOCTi yMOBU GOpPMyBaHHA MaKCUMANIbHOTO CTOKY
PiYOK, @ paliOHYBaHHA PEKOMEHOOBAHO BUKOPUCTOBY-
BaTU B rigponoriyHnx po3paxyHkKax i NporHosax.

AHani3 nobyaoBaHMX Yy AaHii poboTi pisHULEBUX
iHTerpasbHMX KPMBUX BigXWUIeHb ANA MakKCManbHUX
BUTPAT BOAW Ta LWApiB Tano-4OLOBOro CTOKY piyokK
YKpaiHcbkoro lMonicca nokasas, Wo Ui KpUBi 4eMOHCT-
PYHOTb LMKAIYHICTb Y BOGHOCTI PiUOK, i3 XapakTepHMU
CMiNbHMMU pUcamMu Ta AeAKUMN BigMiHHOCTAMMK. Tak,
BiAXVMNEHHA LWOPIYHMX BENIMUNH MaKCUMANbHUX BUTPAT
BOAM Bifl cepenHix 3HaueHb (puc. 3a) 3a3Buyait 6inbLi,
HiXK AnAa wapiB cToky (puc. 36). Lle nosAcHioe Te, wWo
CYMapHi BigXWneHHA OnA wapiB CTOKy (MakCMManbHi
OPAVHATU KPUBUX) BUABAATHCA 3HAYHO MEHLLUMMU,
NOPIBHAHO 3 BUTpPaTamu BOAM.

He3Baaloun Ha HEOAHOPIAHICTb, aHani3 iHTer-
panbHUX KPUBUX BiAXUSEHb [O3BOJNAE BUABUTU AeAKi
3arajibHi 3aKOHOMIPHOCTI B YaCOBUX pPAAax BOQHOCTI
pivyok. Hanpuknag, yCi piuykv 0eMOHCTPYIOTb YepryBaH-
HA $a3 3pOCTaHHA Ta 3HUXKEHHA BOLHOCTI, XOUa TpuBa-
NicTb Ta iHTEHCMBHICTb LMX a3 AeLlo Bigpi3HATbCA
ONA Pi3HUX PIYOK.

Y uinomy xig KpmBux i ¢asm BOJHOCTI Malike NoB-
HicTio 36iratoTbCA 3a iHTerpanbHUMK KPUBUMIN AK AN
MaKCUMasbHUX BUTPAT BoAM (puc. 3a), Tak 1 oNna wapis
CTOKY (puc. 36). Ane KonvMBaHHA BOAHOCTi MaKCMManb-
HUX BUTPAT BOAM AELLO BiAPI3HAKTbCA Bif KOMMBAHb
LapiB CTOKY.

HaBiTb AKLLO KONMBaHHA MaKCMMaIbHUX BUTPAT BO-
[V Ta WapiB Tano-AOLOBOrO CTOKY CUHXPOHHI, @ TOUKM
neperviHy iHTerpanbHUX KPUBKMX 36iraloTbCs, iHTEHCUB-
HiCTb MigNOMY UM Cnagy KPUBKX, @ TAKOX IXHil 3arasnb-
HUW BUMNAL, MOXKYTb 3HaYHO pi3HUTUCA. Lle 3ymoBneHo
Pi3HVMK CMiBBIAHOLWEHHAMM BigxuneHb. K pe3ynbrar,
3aBeplUeHHA ofHaKoBuX $a3 BOAHOCTI 3@ LMK Kpn-
BUMM B 6araTopiuHOMy aHasi3i Moxe He 36iratucs, Lo
NiATBEPAXKYETLCA AAHUMN B mabauusax 3 1a 4.

Ona piyok y pi3Hux yactuHax Monicca (3axigHoi,
LieHTPanbHOI Ta CXiHOI) XapaKTepHi CBOi 0COBNNBOCTI
AVHAMIKM 3MiH — Y 3axifHili Ta LeHTpasbHil YacTUHaxX
Monicca ¢a3m KonmBaHb MOXKYTb Oy TU GinbLL BUpaKe-
HUMW, Y CXigHIn YacTuHi (pp. TeTepis, IpLua) KONMBaHHA
BOAHOCTI MatloTb 6iflbLL MaBHUI XapaKTep.

Tak, y uinomy ans pivok YkpaiHcbkoro lMNonicca 6a-
ratoBofgHa ¢dasa npocTexyBanaca 3 Camoro noyartky
cnocTepekeHb (xova AnAa pivokK i3 nepepsamu y Crno-
CTEPEXEHHAX Y PaHHi POKN BaXKKO YIiTKO BM3Hauu-
TV NoyvyaToK 6araToBoAHOI ¢pa3mn yepes H6pak AaHUX)
i TpmBana fo 1971 poky AK AnAa MakCMManbHUX BATPAT
BOAM, TaK i ANA WapiB Tano-goLWwoBoro cToky (puc. 3,
mabsn. 3, mabsn. 4). Takuin BUCHOBOK 3p06JIeHO i B po-
60Ti (fTopbayoBa & bapaHaiy, 2016). Ane 6araToBofHi
BeCHAHI Bogoninna nepiogy 1976-1981-1982 pokis,
npu3Benn 4o NOAOBXKEHHA TPUBANOCTI 6araToBOAHOI
da3m umKniyHMx KonmeaHb fo 1981-1982 pp. Ha piu-
Kax LieHTpanbHOI i CXiAHOT YacTUH TepuTopii nepiogmn
BMCOKMX BOZOMiNb 3 1976 no 1988 poku cCnpuynHaAnm
iHoAi NnopgoBXeHHA HGaratoBogHOro nepiofy Ha QoHi
cnapgaroyol iHTerpanbHoi Kpusoi go 1988 poky. Mano-
BOAHa ¢da3a Ha piukax YKpaiHcbkoro Monicca Tpusana
0 2020 poky.

3aranbHa TEeHAEHLUiA A0 3HMMXEHHA MaKCUManb-
HOro Tano-AOLWOBOro CTOKY pPivuoK YKpaiHCbkoro [1o-
nicca B OCTaHHI AecATUNITTA 06rpyHTOBaHa B po6o-
Tax (fonueHko Ta iH., 2010; Vasylenko, 2015; pe6iHb,
2010b, fopbauosa & bapaHaiv, 2016; Osuapyk, 2020;

Tabnuua 3. BuaHayeHHA TpuBanocTi ¢pas 6araTopiyHNX KoNMBaHb MaKCUManbHNUX BUTPAT BOAU MaKCUMasibHOTo
TaNo-A0LO0BOro CTOKY piuoK YKpaiHcbKoro lMonicca 3a pisHULEBMMM iHTerpanbHUMN KpUBUMMA

Kop

Kinbkicto bBaratoBogHa ManoBogHa

nocra Piuka-nocr Mepioa cnocrepexeHb pokig baza daza

79361  Mpwun'ate — c. Piunua 1962-2020 59 1962-1981 1982-2020
79407 Typia — m. Koeenb 1923-1933, 1939, 1941, 1943, 1946-2020 89 (1946)-1981  1982-2020
79477 Crmp — M. Jlyubk 1923-1933, 1935-1941, 1944-2020 95 (1923)-1982 ' 1983-2020
79521 TopuHb — c. lepaxHe 1958-2020 63 1958-1987  1988-2020
79549 Cnyy — m. CapHu 1924-1933, 1941, 1943, 1946-2020 87 (1946)-1981 & 1982-2020
79596 Y60pTb — C. Mepra 1954-2020 67 1954-1985 1986-2020
79694 = Y — m. KopocTeHb 1945-2020 76 1945-1981 1982-2020
80077 TetepiB —m. Kutomup 1925-2020 96 1925-1981 1982-2020
80090 Ipwa-c.YkpaiHka 1926-2020 95 1926-1981 1982-2020
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Tabnuua 4. BnaHauyeHHA TpuBanocTi ¢pas 6araTopiuHNX KONMBaHb WapiB MaKCMManbHOro Taso-A0LWO0BOro CTOKY
piuokK YKpaiHcbKoro Monicca 3a pisHMUEBUMM iHTEerpanbHUMUN KpUBUMUA

Kop

Kinbkicto bBaratoBogHa ManoBogHa

nocra Piuka-nocr MNMepiop cnoctepexeHb pokis baza basa

79361 = Mpun'ate — c. Piunua 1962-2020 59 1962-1981 1982-2020
79407 Typia — m. Kosesnb 1923-1933, 1939, 1941, 1943, 1946-2020 89 (1946)-1982  1983-2020
79477 Crup — M. Jlyubk 1923-1933, 1935-1941, 1944-2020 95 (1923)-1982  1983-2020
79521 [opuHb — C. lepaxHe 1958-2020 63 1958-1982 1983-2020
79549 Cnyy — m. CapHu 1924-1933, 1941, 1943, 1946-2020 87 (1946)-1982 = 1983-2020
79596 Y6opTb — c. MNepra 1954-2020 67 1954-1983 1984-2020
79694 Yk — m. KopocTteHb 1945-2020 76 (1960)-1987 = 1988-2020
80077 TetepiB — m. Kutommp 1925-2020 96 1925-1982 1983-2020
80090 Ipwa — c. YKpaiHka 1926-2020 95 1926-1983 1984-2020

Lobodzinskyi et al., 2023; lonuin & boHgapeHko, 2024)
Ha OCHOBI CYMICHOrO aHanidy Cy4yaCHUX 3MiH 1NOro
UMHHVIKIB, WO BigoOpa)ka€ HeraTMBHUIN BB 3MiHU
KnimaTy Ha CTik Boau B 6aceiHi. Tak, cnagatova ¢dasa
LUKNIYHMX KONUBaHb MaKCMMasbHUX 3anacis BOAU B
CHIroBOMY MOKPMBI Ta CyMu Bifi’éMHOT TemnepaTtypu
NoBITPA 3a 3UMOBMI NMepiog, NounHaum 3 70-x pokiB
MWHYNOrO CTONITTA, NPU3BOAATbL A0 3MEHLUEHHA YacT-
KN CHIrOBOIO XWUBJMEHHA | 3HWXEHHA MaKCUMManbHUX
BUTPAT BOAW BECHAHOIrO BOAONIN/A PiBHUHHMX PiYOK.
OpHak, aBTopamu (KopHieHko Ta iH., 2021) 3a pe-
3ynbTaTaMu AOCTIAXKEHHA CTOXAaCTUYHUX LUKAIYHUX
3aKOHOMipHOCTel 6araTopiuHOI MiHAMBOCTI CEpefHbO-
ro piYHOro BOAHOrO CTOKY pivyok GaceiiHy Mpwun’'aTi
B MeXKaX YKpaiHM BCTAaHOBJIEHO, WO LUKNAM BOLHOCTI
3 BMCOKOK [JOCTOBIPHICTIO TPUBATUMYTb NPOTArOM
29+2 pokiB. MNpun ubomy nepefnbayaeTbCs, WO Mano-
BOAHa pa3n BOAHOCTI pivuoK TepuTopii TpnBaTume Lo
2025-2026 pp., NoTiM po3noyYHeTbCA GaraToBogHa da-
3a (npotArom marxe 16-17 pokiB) i 3 2044-2045 pp.
3HOB HacCTaHe nepiog manosoaaa ao 2055-2056 pp.
cepefHboro piyHOro BOGHOMO CTOKY PiYOK.

BNCHOBKU

lNepeBipKa Ha CTaTUCTUYHY OQHOPIAHICTb YAaCOBUX
PARIB MaKCUManbHUX BUTPAT BOAWU Tano-4OLWOBOro
CTOKY piyoK YKpaiHcbkoro lonicca Ha OCHOBI cymap-
HUX KPUBUX MOKa3ana, Wo B IXHIX pAjax Ma€ micue
nopyLeHHA OAHOPIAHOCTI, Ha BiAMIHY pAdiB Wapis
MAKC/MMaJIbHOMO Tasio-A0OLWOBOro CTOKY, OifblicTb i3
AKNX MOXKHA BBaXkaTU CTAaTUCTUYHO OLHOPIAHUMM.

CTaTUCTMUHO 3HAUYLWi NiHIHI TpeHan, AKi 6yno Bu-
ABJIEHO MNPV aHani3i YacoBUX PARJIB MaKCMMaNbHOroO
TaNo-A0LWOBOrO CTOKY, BKa3ylTb HAa HAABHICTb CTa-
TUCTUYHOI HEOQHOPIAHOCTI Ta HEeCTaLiOHAPHOCTI fOC-
NigKYBaHWX FiQPONOriYHMX XapaKTePUCTUK.

Burnap pisHeueBO-iHTErpanbHMUX KPUBUX MaKCU-
ManibHUX BUTPAT BOAMW Ta LAPiB CTOKY BKA3yeE Ha Te,

LLIO KONMMBAHHA BOAHOCTI pivyoK YKpaiHcbKoro lNMonicca
Y Pi3HMX panioHax Male OOHAKOBI AK 32 YaCOM 3MiHU
iXHiX Pa3, TaK i 3a IHTEHCUBHICTIO 3pOCTaHHA abo 3mMeH-
LWEeHHA CyMapHUX BigxuneHb. Npn ubomMy, Ma€e micue
AK CMHPA3HICTb KONMBAHb, KO Ha piukax OfHOYACHO
cnocTepiranTbcsA 0gHaKoBi a3y BOAHOCTI, TaK 1 IXHA
CUMHXPOHHICTb, KONW B Pi3HMX NYHKTax CNOCTepira€Tb-
CA OOHAKOBUI Xii BOGHOCTI OKPEMUX POKIB i MiX 3Mi-
HaMW KONMBAHb CTOKY iCHYIOTb NPUOGAN3HO OHAKOBI
CNiBBigHOLIEHHS.

CymapHi BigxuneHHsA LWapiB CTOKY BUABMAOTbCA
3HAYHO MEHLWNMMU, MOPIBHAHO 3 MaKCUManbHUMN BU-
TpaTamu BoAawW. Y Uinomy Xif Kpusmx i ¢a3m BOgHOCTI
MaliXke MOBHICTIO 36iraloTbCaA 3a iHTErPaNbHUMN KpW-
BUMW K AN MaKCMManbHUX BUTPAT BOAW, Tak N anA
LLIApPiB CTOKY.

PisHeueBoO-iHTerpanbHi KpUBi 4EMOHCTPYIOTb LINK-
NiYHICTb BOQHOCTI PivOK, i3 XapakTepHUMK nogibHoc-
TAMU Ta AeAKMMN BigMiHHOCTAMU. [InA pivyok YKpaiH-
cbKkoro lMonicca 6aratoBogHa ¢asza cnocTepiranacs
B OCHOBHOMY Ao 1981-1982 pp. TpuBae manoBog-
Ha ¢a3a Ha piykax YKkpaiHcbkoro Monicca go 2020
POKYy.

OTxe, nicna npoBefeHOro 6aratopiuyHoro aHanisy
rigponoriyHMxX BeNNYNH MaKCMManbHOro Tano-AoLo-
BOrO CTOKY piuoK YKpaiHcbKoro [lonicca, MoxHa 3po-
OGUTY BUCHOBOK, LLIO MNOMPY HassBHOCTi HEOAHOPIAHOCTI
B PAAAX MaKCMManbHUX BUTPAT BOAM i LIAPIB CTOKY, BCi
BOHW MatoTb $a3n LNKNIYHUX KONMBaHb BOAHOCTI, O
1 06YMOBIIOE BUPaXKeHi TPEHAM B YaCOBUX PAAAX MakK-
CUManbHOro CTOKY. Lle fae MOXKNMNBICTb BUKOPUCTaHHA
CTaTUCTUYHNX METOAIB ANA BU3HAYEHHA PO3paxyH-
KOBUX NapameTpiB MakCUManbHOro Tano-4oLWwoBoro
CTOKY pivoK YKpaiHcbkoro [lonicca, npunmatoumn go
yBary HasaBHI MaTepianu cnoctepexeHb (3 nepiogom
[0 2020 poky).

Y 3B'A3KYy 3 BUABNEHUMW HanpaBiieHUMKU GaraTo-
PiYHUMN TEeHOEHUIAMN JO 3HUXEHHA BOAHOCTI MakK-
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CMMasnbHOrO CTOKY PiYOK TepuTopii YKpaiHcbkoro [lo-
niccA, B noganbliomy 6yayTb yTOUHIOBATUCA CepeaHbO-
6araTopiyHi CTOKOBI BENNYMHU, AKi € 6a30BMMK NpU

TepuTopianbHOMY JOBrOCTPOKOBOMY MPOrHO3YyBaHHiI
rigpoNoriyHMX XapakTePUCTUK MAaKCUMAIbHOrO Tasno-
[OLLOBOro CTOKY PiYOK TepUTOPIi.
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The study is devoted to the investigation of long-term spa-
tial and temporal trends of the characteristics of maximum
snowmelt-rainfall runoff in the rivers of Ukrainian Polissya
(right-bank part) using the hydro-genetic method of statistical
analysis. The study of maximum river discharge has significant
scientific and practical importance. Understanding the condi-
tions of formation of extreme values of maximum river dis-
charge, their frequency of occurrence, as well as the analysis
of long-term trends, is particularly important for engineering
design and hydrological forecasting activities. In recent years,
floods in rivers caused by snowmelt and precipitation have
begun to occur in earlier, almost winter periods of the year,
forming the maximum snowmelt-rainfall runoff of the rivers
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of Ukrainian Polissya. At the same time, in a period of climate
change the reduction of snow cover and its melting due to
the increase of winter air temperatures has led to a decrease
in floods in terms of magnitude and spatial extent, but the
probability of catastrophic snow-rain floods has increased.
Using the hydro-genetic method of statistical analysis, the
study performed a verification of the statistical homogeneity of
hydrological time series of maximum snowmelt-rainfall runoff
in the rivers of Ukrainian Polissya (maximum water discharges,
runoff depths), as well as an investigation of temporal trends,
cyclic fluctuations of river runoff, and synchrony in their series.
The analysis of the homogeneity of time series of maximum
water discharges of snowmelt-rainfall runoff in the rivers of
Ukrainian Polissya, based on cumulative curves, revealed that
the observation series show a violation of homogeneity, in cont-
rast to the time series of runoff depths. The main causes of this
violation of homogeneity in the time series of maximum water
discharges of snowmelt-rainfall runoff are the redistribution of
runoff under the influence of meteorological conditions in the
current climatological period and the anthropogenic regula-
tion of river discharge. Summatrizing the results of the analysis
of fluctuations in the maximum snowmelt-rainfall runoff of

the rivers of Ukrainian Polissya based on the integral curves of
maximum water discharges and runoff depths, it can be noted
that they are synchronous, and the inflection points of the
integral curves almost coincide. At the same time, their overall
shape may differ due to varying ratios of deviations, and as a
result, the termination of identical hydrological phases accord-
ing to these curves may not coincide in the multi-year context.
Analyzing the chronological course of the time series of runoff
values of the maximum snowmelt-rainfall runoff of the rivers of
Ukrainian Polissya, it can be noted that all of them exhibit pha-
ses of cyclic fluctuations in water abundance, which determine
the pronounced trends in the time series of maximum runoff.
For the rivers of Ukrainian Polissya, the high-water phase was
observed mainly until 1981-1982, while the low-water phase
has persisted in the rivers until 2020. This provides the possibility
of further application of statistical methods for the determina-
tion of the design parameters of maximum snowmelt-rainfall
runoff of the rivers of Ukrainian Polissya, based on the available
observational data on water runoff.

Key words: Maximum snowmelt-rainfall runoff, long-term
trends.
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Channel deformations of the Desna River near Chernihiv city were analyzed based on
field studies and analysis of various temporal cartographic materials and space images.
The hydrological regime of the river is characterized by intensive channel processes,
which can be rather hazardous for the functioning of residential and economic infra-
structure. Today, there is a rather worring situation on the northeastern outskirts of
Chernihiv city, where the channel meander is at the final stage of its development and
in the period of the nearest high floods, the formation of a straightening duct and the
transformation of the meander into a flood channel is possible. As a result, the river,
which flows directly along the city outskirts and widely used for recreational purposes,
will become several kilometers away from the city. Based on the study of the hydrologi-
cal regime of the river, quantitative assessment of the morphological parameters of the
river, and the nature and intensity of the transformation of the meander over a long
period as well as the forecast of the development of the meander for the coming years
were made. Measures to stabilize the conditions of the river channel were proposed.

Key words: river, channel deformations, channel processes, meander, morphological
parameters, hydrological regime

Kyiv Ukraine

2 Central Geophysical Observatory,
Kyiv, Ukraine

INTRODUCTION

The Desna River is the longest and second by the
basin largest tributary of the Dnipro River. It flows into
the Dnipro River in a distance of 920 km from its river
mouth from the left bank. The total length of the river
is 1130 km, of which 591 km is within the borders of
Ukraine. The area of the basin is 88,900 km2 (Surface
water resources, 1971). The hydrological river regime
is characterized by a high transport capacity of the
stream and the presence of intensive channel pro-
cesses along almost its entire length.

Channel processes (CP) are the result of the in-
teraction of the hydrological regime of the flow, the
bedding surface, and limiting factors, each of which,
in turn, depends on several mutually influencing fac-
tors of the natural and artificial nature. The nature and
intensity of channel deformations in certain river sec-
tions depend on the interaction of individual factors of
CP (Kondratiev N.E. et al, 1982; Kozytskyi O.M., 2011).
Variety of natural conditions and existence of a wide
floodplain cause different channel deformations. The
meso- and macroforms are formed in the process of
transportation, which together with the limiting fac-
tors of the channel processes determine the morpho-
logical type of the channel and valley along its entire
length. The dependence of sediment transport condi-
tions and channel forms of sediments on the hydrau-

lic regime of the river (which is determined by the
changes in the slope of the river channel), as well as
changes in the width of the channel floodplain, cause
a great variety of forms of channel processes along
the river. The change in the quantitative parameters
of the main factors of RCP and the conditions of their
interaction in different morphological sections of the
river channel determines the formation of river chan-
nel types with different transportation conditions and
the processes of river channel formation developing
by their laws. Despite a large number of studies, start-
ing from Thomson, 1877; Kiimmel, 1895; Davis, 1903,
Bowman, 1904 and up to the latest studies, the results
of which were summarized in the works of Gao and Li,
2023; Kleinhans et al, 2023; Finotello et al, 2024, the
processes of meander formation still remain insuffi-
ciently studied. Verification of existing conceptual and
empirical models of meander formation processes re-
quires both data on long-term field measurements on
the rivers of various hydromorphological conditions,
and the results of studies of long-term morphological
dynamics of river channels based on new remote sens-
ing techniques when using multi-temporal satellite
images with very high temporal and spatial resolutions
(Nicola Surian, 2012).

Almost all types of channel processes are found on
the Desna River; the predominant ones are free and

2025 - N2 2(8) - METEOPOJIOTIA - TIAPONOTIA « MOHITOPUHI JOBKUIA 21



0. KOZYTSKYI, S. SHEVCHUK, I. SHEVCHENKO, E. MAVRYKIN, N. LOGUNOVA

incomplete meandering, characterized by full devel-
opment of meanders on floodplains and incomplete
cycles of forming straightening ducts. Figure 1 shows
a system of 7 meanders located on the 127-150 km
section of the river. The two central meanders are de-
veloped by the classic scheme of free meandering. At
the same time, the upper meander has already been
broken long before the formation of the loop, and the
3 lower meanders are developing due to the erosion of
the top of the meanders and the increase in the length
of the channel. The width of the meander belt has in-
creased from 1,685 m to 2,472 m since 1943, and the
meander wave (the distance between adjacent knick
points) remained constant. The erosion of the concave
bank is more than 400 m, and the erosion intensity is
more than 6 m/year. In the period of high floods, when
the floodplain is inundated greatly, the formation of
a straightening duct is possible in this area without
forming a loop and breaching the land bridge.

In some areas of the river valley, the processes of
deformation development are dominant in the form
of floodplain multi-arms, with the typical presence of
ducts straightening groups of meanders. Less often,
mainly in the places where the floodplain narrows,
there are processes of limited meandering, characte-
rized by meander sliding down the river while preser-
ving their size and shape.

In the meandering areas, channel deformations
are manifested in the form of erosion of the concave

bank (especially meander tops), the increase in the
width of the meandering belt, sediment accumula-
tion near the convex bank, the sliding of river bars
and reaches, which cause the change in the shape
and size of the meanders, the erosion of land bridges
and the formation of straightening ducts and river
dead arms (Daus M. E.,, 2017). The average intensity
of deformations (bank erosion) is about 3-4 m/year,
and the maximum one exceeds 10 m/year (State of
technogenic and natural safety of Chernihiv region in
2021). Straight sections of the river are characterized
by relatively high stability and prevailing processes of
reverse vertical deformations, the maxima of which are
mainly timed to high floods. Exceptions are straight
sections of the river channel with high sandy banks
not fixed by vegetation, where spatial deformations
are caused by bank caving with subsequent sand ava-
lanches, wave processes, and water-saturated sand
avalanches during periods of sharp fluctuations in
water levels. The processes of sediment accumulation
and the formation of channel shapes in the form of
side heads, river bars, and low islands are typical for
extending straight sections of the river channel. The
transportation of bottom sediments occurs mainly in a
structural form (movement of meso- and microforms)
and an unstructured form in the deepest sections of
the cross-section of the river channel.

In addition, in connection with recent climatic
changes and a decrease in river water content, accu-

Fig. 1. Meandering section of the Desna River between the villages of Lebedivka and Nadynivka
Explanation to the figure: The red line is the contour of the meander as of 1943, the purple line is the contour of the meander as of

2021
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mulative processes (sediment deposition) have inten-
sified in the Desna River channel due to the absence
of high floods, which provide the necessary hydraulic
conditions for transporting sediments to the Dnieper
River channel. All this led to significant shallowing of
the river and deterioration of navigation conditions.

The purpose of the work is to assess the channel
processes of the Desna River near the city of Chernihiv,
to develop organizational and engineering measures
to stabilize channel deformations, as well as to improve
the ecological state of oxbow-type floodplain water
bodies that have undergone significant degradation.

Research methodology. The study of the dynamics
of channel deformations and determining the mecha-
nism and directions of the development of channel
forms of the Desna River were performed based on
in-situ hydrometric measurements of the channel and
channel forms along the entire length of the channel
meander in the period 2019-2021, as well as a com-
parative analysis of topographic maps and space ima-
ges. The quantitative assessment of vertical channel
deformations is based on analyzing combined longi-
tudinal and transverse channel profiles made in diffe-
rent years of research (Shevchuk S.A. et al, 2015). The
evaluation of the scale and intensity of spatial channel
deformations, in particular the erosion of the bank line
and the development of meandering processes, was
performed based on a comparative analysis of large-
scale topographic maps of various times M 1:250,000
(1941-1953); M 1:100,000 (1951-1991), electronic
landscape maps of Ukraine M 1:100,000 (2000-2021);
Earth remote sensing data using the ArcMap 10 pro-
gram in the WGS_1984/ UTM_Zone_36N coordinate
system and the 2000 SRTM_90 digital relief model with
an altitude accuracy for M 1:25,000 maps.

Static and kinematic methods of GPS observations
were used when piloting water bodies to ERS digital
materials and determining their coordinates. Piloting
gauging sections was performed by determining their
geographical coordinates using a GPS station. Deter-
mining the depths greater than 1 m was performed
using an echo sounder. The river depth was deter-
mined with a leveling rail along the bank line to T m
depth and in shallow areas. River depths within the
water area were determined depending on the con-
figuration of the river bottom by an echo sounder near
the bank line and turning points of the channel profile
in 1-2.5 m, and in the middle part in 2.5 m.

DYNAMICS OF A CHANNEL MEANDER

Channel meanders are at different stages of their
development. Regular processes of meander develop-
ment dynamics are often disturbed by anthropogenic
factors that sometimes create problems for economic

activities and settlements, located on the floodplain.
The development of spatial deformations can often
be dangerous for the functioning of the established
infrastructure, so implementing complex technical
measures is necessary to prevent the negative conse-
guences of deformation manifestation. Today, a similar
situation has developed near the Bobrovytsia micro-
district on the northeastern outskirts of Chernihiv city.
The channel meander is at the final stage of its devel-
opment there, and the formation of a straightening
channel and the transformation of the meander into
a floodplain inlet are possible during the nearest high
floods. As a result, the river, which flows directly along
the city outskirts and widely used for recreational pur-
poses, will become several kilometers away from the
city.

For the section of the Desna River near Chernihiv
city, the prevailing type of channel process is incomp-
lete meandering, but the meander in the study area is
developing by the typical scheme of free meandering,
which is characterized by all stages of meander deve-
lopment: from a relatively straight channel (formed
as a result of breaching the previous meander loop)
to the sinusoidal loop, its further deformation and
elongation, with a gradual decrease in the width of the
land bridge and breaching the loop with the formation
of a river dead arm. The width of the floodplain here
exceeds 10 km, and the slopes of the valley do not
limit the spatial development of the meander. There
are numerous canals, backwaters, and lakes of oxbow-
type on the floodplain, which indicates the intensity
of meandering processes in the past. Spatial channel
deformations here are very uneven, which is largely
due to different stages of meander development.

The meander in the area of the Bobrovytsia micro-
district (Fig. 2) is at the final stage of its development.
Its formation occurs due to the aggradation of the
right bank at the meander mouth, erosion of the oppo-
site left bank in the area of the land bridge, erosion of
the left bank before the meander top, aggradation of
the bank line water area near the opposite right bank
(with the formation of an island), as well as the erosion
of the meander top itself. That leads to its elongation
and unfolding around a fixed point in the area of the
knick point with the adjacent meander located down-
stream. Erosion occurs mainly during high floods, and
aggradation occurs in low-water periods and during
the flood decline. Similar but opposite processes are
developing on adjacent meanders, the tops of which
are oppositely directed. All this leads to constant ero-
sion of the land bridge and will result in its inevitable
breaching in the future.

At present, the length of the meander (the distance
along the forewater between the knick points) is 3.2 km,
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Fig. 2. Meander of the Desna River in the Bobrovytsia microdist-
rict of Chernihiv city

the width of the meandering belt is about 3 km, the
width of the land bridge in the narrowest place is only
155 m, the width of the meander in the middle part
is 140 m. Erosion of the left bank and aggradation on
the right bank of the upper wing of the meander and
aggradation of the left bank and erosion of the right
bank on the lower wing of meander create the effect
of the meander sliding downstream.

The dynamics of the meander development over
the past century and a half can be traced based on a
comparative analysis of topographic maps and space
images. Fig. 3 shows combined maps of the meander
section — a map of the second half of the 19t century
and a modern topographic map. Fig. 4 shows a military
topographic map of 1941, a map of the General Staff
of 1989, and a modern space image. In the presented
images, we can see the transformation of the meander
shape from sinusoidal (almost symmetrical regular
shape) with a wide land bridge to an elongated, ex-
tended, and loop-like one with a narrow land bridge.

To quantitatively assess the meander dynamics
and changes in its morphological parameters, the
combined profiles of the meander different years are
shown by lines in different colors. Over more than a
century and a half, the meander shifted downstream

by 690 m, the width of the meander (the distance
between the same-name banks of the opposite wings
of the meander) decreased from 1050 m to 635 m, the
width of the meandering belt increased from 2200 m
to 3050 m. The length of the meander (the distance
between the knick points of the meander) grew from
2370 m to 3245 m. A rather significant decrease in
the intensity of channel processes in recent years is
primarily due to the absence of high floods and a long
low-water period in the last decade. For this period,
there was a minimum runoff for the historical period.
The lowest river levels were recorded in the low-water
period in 2015 and 2019. The main meander param-
eters for different years are given in Table 1.
Presented in Fig. 5, the combined contours of the
meander for the period since 1868 demonstrate the in-
tensity and nature of changes in the parameters of the
meander top and its position. Intensive development
of channel processes and the meander mainly occurs
during high floods. Since 1970, high floods have not
occurred on the Desna River, but despite this, the
meander continues to develop even now. Fig. 7 and 8
show the dynamics of the development of the mean-
der top for the period from 2007 to 2012 and 2018. Pic-
tures taken only in the low-water period, where there

Fig. 3. Combined 19t-century and modern topographic maps
of the studied area (modern contours of the meander are
shown in blue)
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Fig. 4. Topographic maps of 1941 (a), 1989 (b) and a modern space image (c)

Fig. 5. Combined meander contours since 1868 (blue line — contours of 1868: yellow — 1941; red — 1989; green — 2018)

Table 1. Morphological parameters of the meander and characteristics of its development compared to 2019

Year 1860 1941 1989 2019
Meander sliding distance, m 690 (1860-2019) 300 (1941-2019) 35(1989-2019) —
Meandering belt width 2200 2600 3000 3050
Meander width, m 1050 890 700 635
Meander length, m 2370 2650 2800 3245
Channel width, m 95-300 95-170 90-220 85-180
Land bridge width, m 670 560 240 155
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Fig. 6. Dynamics of meander development in recent years: a — 1984; b — 1998; c — 2011; d — 2015; e — 2017 (the position of the

red lines is fixed on the map)

Fig. 7. Space image of the convex bank of the meander top as of
July 24,2018 (H=103.98 m BES)

Explanation to the figure: The red line is the contour of the meander
top as of July 27, 2007 (H=104.19 m BES); the purple line is the
contour of the meander top as of October 3, 2012 (H=103.88 m
BES); yellow line is erosion width for 2007-2018.

were low water levels, were used to ensure the reli-
ability of the assessment. In 2007, the level was 31 cm
higher than in 2012 and 21 cm higher than in 2018.
Analysis of the figures shows that the width of erosion
of the left meander bank before its top for the first five
years was 16 m, and in subsequent years, it increased
to 26 m (yellow line in Fig. 7). The erosion area before
the meander top is shown in Fig. 9.

Simultaneously with the erosion of the left bank
before the meander top, the sand spit aggradation
occurred behind it (Fig. 9) with a width of about 10 m.
The specified erosion is primarily caused by relatively
high flood flow rates during floods in 2010 (843 m3/s)
and 2012 (710 m3/s). The slip of the meander top can
be seen in Fig. 10, where a red line with fixed coor-

dinates is drawn on space images of different times.
The width of the channel before the meander top has
increased from 195 to 221 m since 1994 (excluding the
width of the newly formed island and the sandbank
on the right bank). Because the island width is 87 m,
the width of the channel at the low-water period has
decreased by 61 m. The erosion width of the meander
top on the right bank has increased by 15 m compared
to 1985.

The total cycle of the meander development ends
with breaching the land bridge and forming a straigh-
tening channel and a river dead arm at the place of
the meander itself. The studied meander has passed
all the formation cycles and is currently at its final
development stage. Breaching the land bridge will
have extremely negative consequences for Cherni-
hiv city, as the river will move away from the city by
a distance of more than 1.5 km. Over the past 150
years, the width of the land bridge has decreased from
670 mto 155 m (Figs. 11 and 12), and since 1984 — by
90 m. At the same time, the opposite right bank was
aggraded to a width of about 13 m. Even in the ab-
sence of high floods since 2007, the width of the land
bridge decreased by 28 m. The intensity of the land
bridge erosion for the last 160 years is 3.3 m per year;
for the period from 1941 to 1989 it was 6.7 m/year, and
for the last 30 years, it was 2,8 m/year.

Explanation to the figure: The horizontal red line
is the channel width in 2007; the purple line is erosion
of the left bank before the meander top; the green line
is left bank aggradation behind the meander top.

The left bank was strengthened with a stone fa-
cing at the beginning of the meander near its concave
bank (in the section of the land bridge), and three
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Fig. 8. Satellite images of the meander section in 2007 (a) and 2017 (b).

Explanation to the figure: The horizontal red line is the channel width in 2007; the purple line is erosion of the left bank before the
meander top; the green line is left bank aggradation behind the meander top; (to compare the dynamics of the meander since 1985,
a vertical red line was drawn from the right bank of the top of the meander in 1985)

a

Fig. 9. Erosion of the left bank before the meander top and aggradation behind the meander top

a

Fig. 10. Slipping the meander top: a —1985; b — 2007; c — 2017

short bank protection spur dikes were also arranged
to prevent the land bridge erosion (Fig. 13). That made
it possible to stabilize the bank line and prevent the
breaching of the land bridge. As the space images
show, the bank protection structure was built in 2008
(in the 2007 image (Fig. 13 b), it was not yet there). By

2012, the spur dikes were partially destroyed (Fig. 13 c),
but by that time they had already fulfilled their func-
tion, provided bank protection. Today, the spur dikes
have been almost destroyed, and only the lower one
is partially saved (Fig. 13d). The condition of the bank
protection structure is satisfactory today, but its length
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a

Fig. 11. Erosion of the meander land bridge from 1984 to 2017: a — 1984; b — 2007; c — 2017
Explanation to the figure: The red line is the width of the land bridge in 1984; the blue line is the aggradation of the opposite to the

land bridge, right bank.

Fig. 12. Combined contours of the left bank of the meander in
the section of the land bridge

Explanation to the figure: red line — 1985; green line — 2007; blue
line — 2020. The thick brown line indicates the required length
of the bank protection.

is not sufficient. After the bank protection structure
(downstream), intense bank erosion continues.

The width of the bank erosion after the bank pro-
tection structure is 13 m (Fig. 14). After the section of
stone facing, the bank was partially reinforced with
concrete slabs, but they were destroyed and do not
perform a protective function today (Fig. 15). Stabi-
lization of the land bridge section as a result of the
completed bank protection, as well as the bank ero-
sion downstream of the bank protection structure,
caused the displacement of the land bridge. Today,
its narrowest point is not at the meander mouth but
downstream, where the most intensive bank erosion

processes are observed. The bank here is sandy, steep,
almost vertical, and strongly eroded, with a height of
about 5 m. Intensive bank erosion is largely restrained
by the well-developed root system of trees and shrubs
(Fig. 16). To prevent further erosion of the bank and a
possible breaching of the land bridge during intensive
floods, it is necessary to extend the bank protection
along the entire length of the left bank of the meander
in the section of the land bridge, i.e. for a distance of
about 200 m. The area of the necessary bank protec-
tion is shown in Fig. 12.

As a result of the intensive deposition of sediments
just before the meander top near the right bank,
a sandbank with an overwater part almost 90 m wide
(in the low-water period) was formed, which, as a re-
sult of the formation of a shallow channel (Fig. 17),
turned into a sandy island (Fig. 18), at present over-
grown with shrubs more than 2 meters high.

In Fig. 19, space images of the island are given in
chronological order, on which the contours and para-
meters of the island in the low-water period of 2019
are drawn with red lines, which enables us to assess the
intensity and mechanism of its formation. For analysis,
only the pictures taken in the low-water period were
selected. The maximum amplitude of the water level
in the given pictures is 52 cm. The height of the island
above the low-water level in September 2021 (103.37 m
above sea level) was 2.08 m. The transverse profile of
the left bank of the island in its middle part and the
survey area are presented in Fig. 20. In 1985, the island
did not exist yet, and the meander top (convex left
bank) was only 26 m away from the current position of
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b—2007 c— 2009 d—2012 e— 2020

Fig. 13. Bank protection on the land bridge of the meander (red lines show the initial contours of the spur dikes, as of 2009)

Fig. 14. Erosion of the bank beyond the bank protection zone
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Fig. 16. Erosion of the land bridge downstream the bank protection area

Fig. 17. Channel between the island in the meander section: a — upstream; b — downstream
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Fig. 19. Dynamics of island formation before the meander top: a — 31.12.1985; b — 27.07.2007, H=104.19 m BES; ¢ — 03.10.2012,
H=103.84 m BES; d — 08.06.2015, H=104.22 m BES; e — 20.08.2017, H=103.70 m BES; f — 19.08.2019
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the island. In 2007, the formation of a sandbank near
the right bank of the meander and a narrow channel
along the bank was already visible.

In the low-water period of 2012, the contours of
the sandbank became sharper, and the width of the
channel increased. In the image of 2015, the island’s
contours became sharper, and its shape took on its
current contours. In 2017, the island’s contours be-
came sharper, and its entire area was overgrown with
shrubs. At the same time, the 2017 and 2019 images
clearly show the formation of a wide sandbank before
the island and along its upper part. There is also a
shift of the fairway channel towards the left bank of
the river.

The maximum amplitude of water level fluctuations
in the studied area is 9.11 m, the average low-water
level is 104.31 m above sea level, and the average an-
nual water level fluctuation is 4.96 m. So, the island is
inundated during floods almost every year. The height

of the island in September 2021 was 105.45 m above
sea level, and the height of shrubs and trees on the
island reached 3-5 m (Fig. 20). Fig. 21a-c show space
images of the island during the floods of 2011, 2016,
and 2013, when the water levels were 0.26 m, 1.4 m,
and 3.39 m, respectively, and higher than today’s levels
of the island surface. The contours of the island can-
not be traced not only during the high flood in 2013
(only the tops of tall trees on the right bank and in the
area of the boat station are visible (Fig. 21¢)) but also
during the low floods in 2011 and 2016 (Fig. 21a,b),
which indicates the absence of tree vegetation on the
island in those years. That is also confirmed by a pano-
ramic photo of the island taken in 2015 (Fig. 18a) at
the canal outlet from the boat station. As can be seen
from the picture, the island was not high; its height
above the low-water level visually did not exceed 1 m.
The absence of tree vegetation on the island in the
photos indicates that the intensive increase in the
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Fig. 20. Transverse profile of the island bank and cross section
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Fig. 21. Flooding of the island during floods: a — 03.04.2011, H=105.71 m BES; b — 05.04.2016, H=106.85 m BES; ¢ — 15.05.2013,

H=108.84 m BES

height of the island has been taking place since 2014
(Fig. 19d).

One of the main reasons for the intensive increase
in the height of the island is dense vegetation, which
sharply increases the roughness of the channel during
floods and causes a sharp decrease in the speed of the
flood flow at water levels exceeding the height of the
island. Decreasing flow speed leads to intensive depo-
sition of sediments not only on the island but also on
its riverside water area.

The newly formed island, 450 m long, is only the
visible above-water part of the accumulative sand-
bank, the length of which upstream from the island
reaches about 300 m. Performed bathygraphic sear-
ches showed that the width of the sandbank reaches
almost 150 m in the area of the upper wing, which
is about 80% of the channel width. The width of the
deep-water part of the channel with low-water depths
greater than 1 m is only 35 m. In almost the entire
studied area upstream the island in the central part of

the channel, the depths were 10-40 cm (Fig. 22). Along
the upper wing of the meander, the flow is pressed
against the left bank and the talweg is at a distance of
15-20 m from the low-water mark, which caused in-
tensive erosion of the left bank (Fig. 23). In the section
of the middle of the island, the fairway channel gradu-
ally moves to a distance of 70 m from the bank.

As a result of a sharp decrease in the channel cross-
section there is a sharp increase in the speed of the
stream flow, which, in turn, activates the erosion pro-
cesses of the left bank and the accumulation of sedi-
ments in the middle part of the channel and along the
right bank (Fig. 17b, Fig. 24), aggradation of the left
bank near the meander top, as well as intensification
of erosion of the right bank (from the city side) in the
section of the meander top.

The surface velocity of the stream flow along the
talweg was 1.3 m/s, which is more than twice as high
as the maximum low-water velocity on straight sec-
tions. As mentioned above, the width of the erosion of

Fig. 22. Sandbanks on the Desna River within the boat station
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Fig. 24. Sand aggradation before the island

the left bank here is 26 m over the last 13 years. Active
erosion processes along the bank are observed even
now. A sharp increase in flow velocity due to decrea-
sing the channel cross-section activates not only spa-
tial deformations but also deep deformations. In the
section of the meander top from the right bank side,
the depth of the stream flow during the study period
reached 11.6 m. Because the amplitude of river level
fluctuations is almost 8 m, the depth of the stream
flow during high floods here can reach 19 m.
Determination of the bathymetric parameters of
the meander and assessment of the channel dynamics
in recent years were performed based on bathygraph-
ic studies on July 11, 2019, and September 13-15,
2021. The water level during the study in 2021 was
103.37 m BES, which is only 2 cm higher than in 2019.
That enabled us to perform a comparative assess-
ment of depths and vertical channel deformations
without making corrections for different water levels.
The measurement results are given in Fig. 25, where
stream flow depths are shown using the appropriate
depth scale. The scheme of gauging sections is shown

in Fig. 26. It should be noted that the last two years
were characterized by very low water content, low
transport capacity of the river, and minimal channel
deformations and sediment flow. Channel processes
were mainly characterized by only slight transforma-
tion of bottom sediments and silt deposition.

The performed measurements showed that at the
meander mouth, in the section of land bridge, the
channel width changes from 180 m in the center of
the meander to 140-100 m before its straight section.
The analysis of the transverse profiles of the channel in
the indicated area shows the shallowing of the chan-
nel near the right bank. Near the convex bank, a wide
unflooded sand spit was observed, which gradually
turned into shallow water (Fig. 27). The width of the
shallow water zone, with a depth of up to 1 m, decrea-
ses along the section from 45 m in section 1 to 32 m
in section 4. The shape of the channel here is gorge-
like, with a gentle right and very steep left slope. The
talweg of the channel, about 10-15 m wide in the
section of the land bridge, is located at a distance of
10-15 m from the left bank (cross-section 1-3). The
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Fig. 27. Accumulative processes along the right bank at the be-
ginning of the meander (section of the land bridge)

maximum depth of the channel is 5 m. Downstream
the land bridge the talweg moves away from the bank
by a distance of 25 m, and its depth increases to 6 m
(Fig. 4). In general, the analysis of bathygraphic studies
in the section of land bridge indicates intensive accu-
mulative processes near the convex right bank and the
shift of the river talweg towards the curved left bank
in the section of land bridge. That, in turn, indicates a

Fig. 26. Gauging sections of the upper wing of the meander on high prOb‘abi"ty of §hifting the talweg d.iredl.y t.O th?
the Desna River left bank in case of intensive floods, which will inevi-
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Fig. 28. Island in the middle part of the channel

tably lead to the bank collapse and possible erosion
of the land bridge.

Further to the section of the land bridge, in the
middle part of the upper wing of the meander, the
channel acquires a trough-like shape with a steeper
left slope. The width of the channel bottom increases
to 65 m, the maximum depth decreases to 4.5 m, and

the sandbank near the right bank disappears (gauging
cross-section 5). Further, downstream, 500 m away
from gauging cross-section 5, the width of the channel
increases by 60 m, the depth decreases sharply, and a
sandy underwater island of 120 m wide and about 1 m
high begins to form in the middle part of the channel.
2 talwegs with 1.4 and 1.6 m depth are formed in the
channel (gauging cross-section 6).

Downstream, the width of the channel increased
to 190 m in the distance of 350 m from the beginning
of the island, and the main channel began to form
near the left bank, with a depth of 2 m, as a result of
that the height of the island increases. If in gauging
cross-section 6 the depth in the central part of the
channel was 0.6 m, then in gauging cross-section 7
it decreased to 0.2 m, i.e. it was aggraded by 40 cm.
Downstream the underwater island appeared above
the water surface (Fig. 28). Over the past 2 years, there
was a significant accumulation of sediments near the
right bank directly before the island. Aggraded sand-
banks appear above the water’s surface, blocking the
canal near the island. If only an underwater side head
was observed directly before the island and the canal
in 2019 (Fig. 29a, b), then in 2021, accumulative depo-

Fig. 29. Sediment accumulation before the island: a, b — 2019; ¢, d — 2021
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sits were visible above the water surface (Fig. 29¢, d).
The right-hand channel was filled with sand. The tal-
weg of the channel shifts to a distance of 12 m from
the left bank, and the maximum depth of the channel
increases to 2.4 m (gauging cross-section 8).

In gauging cross-section 9, located near the island
top, the main channel completely shifts to the left
bank. Of the 200 m of the total width of the channel,
130 m is covered by a shallow zone with a depth of
0-0.4 m (excluding a narrow zone along the left bank
of the island). The talweg of the channel shifts to the
left bank for a distance of 8 m, and the depth increases
to 3.4 m. The slope of the channel becomes almost
vertical.

Near the island, the most intensive channel-form-
ing processes were observed in the study area. Near
the upper (downstream) section of the island, accor-
ding to 2019 measurements, the thalweg of the chan-
nel began to shift towards the middle of the channel
(30 m away from the bank), the width of the deep-wa-
ter part (more than 2.5 m) increased to 60 m, along the
island left bank, a canal was formed with a depth of
1.5 m. Over the last two years, the maximum depth of
the channel increased by 0.5 m, the thalweg shifted
to the left bank by 13 m, there were aggradation pro-
cesses on the right slope, and the canal was almost
choked up along the island. All this indicates intensive
accumulative processes along the channel’s right slo-
pe and erosion processes in the area of the thalweg
and the left slope of the channel. In gauging cross-
section 11, approaching the meander top, the thalweg
continued to shift to the middle of the channel; the
left slope of the channel became gentler. Accumula-
tive processes have continued along the right slope in
recent years, and the canal along the left bank of the
island completely disappeared.

In the middle of the island in 2019, the thalweg was
located near the middle of the channel, but in the last
2 years, intensive erosion processes took place along
the left slope of the channel. As a result, the width of
the channel increased sharply, the left slope became
steeper and shifted almost 25 m towards the bank.
During the same period, accumulative processes took
place along the right slope, which caused its partial
decline.

In the area before the meander top (the lower part
of the island) as of 2019 (gauging cross-sections 14,
15), the channel acquired an almost regular parabolic
shape, with a thalweg in the center. The maximum
depth increased sharply to 8 m. In 2021, a partial shift
of the thalweg towards the right bank, the left slope
decline, and the increase in the steepness of the right
bank were recorded. In the center of the meander, the
shape of the channel changed little, but the depth in-

creased to 12 m. In recent years, further erosion of the
convex left slope has been observed (gauging cross-
sections 16). Starting from the center of the meander
top, the channel gradually became asymmetrical, the
thalweg shifted to the right bank, the left slope de-
clined, and the right bank steepness increased. Over
the past 2 years, at the meander mouth, the channel
depth has increased by almost 1 m (gauging cross-sec-
tions 17). Further, after the meander top, the thalweg
of the channel shifted sharply to the right bank, the
channel became sharply asymmetric, and the maxi-
mum depth decreased in gauging cross-sections 18
to 7.5 m and in gauging cross-sections 19 and 20 to
4m.

In recent years large sediment accumulation before
the island has significantly worsened the flow condi-
tions and water exchange in the canal between the
island and the right bank. That resulted in intensive
siltation of the canal and the strait to the boat station,
where the depth was about 0.2-0.5 m. That made it
necessary to clear the lower section of the strait in
2021 to ensure the passage for boats from the boat
station.

CONCLUSIONS

The regular natural processes of the meander de-
velopment in the study area primarily manifest in the
formation of a wide right-bank sand bank and channel
narrowing, reduction of the channel capacity, shift
of the river thalweg, and the maximum flow speed
towards the left bank and its intensive erosion before
the meander top, retreat of the bank line, aggradation
of the left bank near the meander top, as well as the
erosion intensification of the right bank in the area of
the meander top. In the future, this will inevitably lead
to further erosion of the meander land bridge of the
meander and the breakthrough of the loop. As a result,
the channel will be straightened, the loop will die off,
and it will turn into a river dead arm.

Taking into account that the width of the land
bridge has been decreasing in recent decades with
an average intensity of about 1 m per year and today
is only 155 m (the length of the meander is 3250 m), its
erosion and the formation of a new channel is possible
during several high floods, or one flood of a low prob-
ability, similar to the floods occurred in 1917, 1931 or
1970. The meander top is located on the northeastern
outskirts of Chernihiv city, and the river is a place of
active recreation. In case of land bridge erosion, the
river will move away from the city by more than 2 km.
It is necessary to increase the river channel capacity
by clearing it from accumulated sediments along the
right bank of the upper wing of the meander, as well
as by channel dredging and forming of a new chan-
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nel fairway distant from the left bank at the meander
mouth to reduce the intensity of channel processes in
the area of the meander top, in particular, to prevent
the erosion of the left bank before the meander top
and the right concave bank near the meander top.
Cutting the island, clearing and deepening the
right-bank sandbank, and forming a new fairway chan-
nel will ensure an increase in the channel area of the
waterway and, accordingly, a decrease in the flow
speed and its erosive capacity, as well as prevent a
sharp fall of the flow to the left bank and reduce the
intensity of its erosion. It should be noted that accu-

mulative sediments near the meander top and down-
stream the convex bank of the river should not be
cleared, since these deposits are a source of sediment
transportation to the opposite bank downstream and
ensure its relative stabilization.

It is necessary to provide periodic monitoring of
channel deformations (especially after high floods) to
track the dynamics of channel forms and take timely
measures to prevent negative processes of meander
development in the future, in the case of dredging and
bank protection works (Obodovsky A.G. et al, 2001;
Kozytskyi O.M., 2011).
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! lHcmumym 8o0HuUx npobnem i meniopauil, HAAH YkpaiHu,
m. Kuis

2 [{leHmpasneHa 2eogizuuHa o6cepsamopis MHC Ykpaiu,
m. Kuis

BAFATOPIMHA AUHAMIKA PYCJ10BUX
MPOLECIB P. AECHA BIN1A M. HEPHITOBA

Piuka [lecHa, Ha iT ykpaiHcobkil 0inAHyi, He 3ape2ynbosaHa
cucmemoro 8000CX08UL MA BU3HAYAEMbCA 3HAYHOI MPAHC-
nopmyrouyor 30amHicmio Nomoky i, 8i0no8ioHo, 8eAUKUMU
o06’emamu meep00o20 CMoKy. [ina 2i0posio2iyHo20 pexumy
piYKU € XapaKmMepHOI0 BUCOKA iHMEHCUBHUX PyC08UX NPO-
yecis, AKi 4acmo po38usaoMeca y HanpAMKaAx, Wo HebesneyHi
0714 YHKUYIOHYBAHHA yCcmasneHoi )XumJso8oi i 20cnodapcbKoi
iHppacmpykmypu. Ha ce0200Hi cknanacsa HebeaneyHa cumy-
ayis Ha nigHIYHO-CXiOHIl okonuyi M. YepHizig, 0e pycnosa me-
aHOpa 3Haxo0UMbCA HA 3a8epwasbHilt cmadii ceoeo po3sum-
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Ky i 8e 8 nepiod Halib/IuX4yux 8UCOKUX NABOOKI8 MOX/IUBe
YMBOpPeHHsA CNPAMITIOIOH020 PYC/Id i nepemeopeHHsA MeaHopu
8 3ans1aeéHy npomoky. B pesynemami piuka, aka npomikae
6e3nocepedHbo 83008 OKOUYI MiCma ma WupoKo 8UKO-
pucmosyemeocsa 8 pekpeauiliHux yinax cmare 8i0dasneHor 8io
Micma Ha Oekinbka Kinomempis. B pesynsmami nposedeHux
HamypHux 00C/i0XeHb i aHanisy pisHoyacosux kapmozpa-
iyHUX Mamepiasnie ma KOCMIYHUX 3HIMKI8 BUKOHAHO AHAI3
pycnosux degopmayil p. [ecHa 6ina m. YepHieis. Ha ocHo-
8i 00C/1i0XeHHA 2i0p0J1I02i4HO20 peXUMY piuKu, KilbKiCHOI
OUiHKU Mopgosio2iuHUX napamempig pycaa, xapakmepy ma
iHmeHcugHocmi mpaHcgopmayii meaHopu 3a 6azamopiyHul
nepiod, BUKOHAHO NPO2HO3 ii pO38UMKY HA HAUGUXYi pOKU,
a MAkox 3anponNOHOBAHO 3axo0u Wo0o 3abe3neyeHHs ymMos

cmabinizayii pycna. 3okpema, 0718 3MeHWeHHs iHmeHcU8HoCmi
pycnosux npouecie Ha OiNAHYI 8epWUHU 38UBUHU 3anpono-
HOBAHO 36ibWUMU NPONYCKHY 30aMHICMb MeXeHH020 pyc/a
DiYKU WIIAXOM (1020 pO34YUCMKU 8i0 HAKONUYEHUX HAHOCi8
83008 Npasozo b6epeza 8epxHbO20 Kpusia MeaHopu, d MAaKox
npogedeHHA OHONO21U6B8AILHUX PO6IM i hopMy8AHHA
HoB020 (hapsamepa pycna, 8idd0asneHo20 8i0 nisoeo bepeza
Ha 8x00i y 38UBUHY. []na HedonyweHHA N00ATbUW020 PO3MUBY
nepewuliky i (1020 MOX/IUBO20 NPOPUBY Y nNepiod HacmynHux
8UCOKUX NABoOKi8 3anponoOHOBAHO NPOO0BXUMU KpinaeHHs
bepeza 8HU3 3 MedYi€lo piyKu.

KnouoBi cnoBa: pivka, pyciosi decpopmayii, pycnosi npoyecu,
MeaHOpa, MopgoozidyHi napamempu, 2i0ponoeiyHul pexum
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PE3YNbTATU MOAENIOBAHHA MIHNUBOCTI
OKEAHOTPA®IYHUX XAPAKTEPUCTUK

B YKPATHCbKOMY CEKTOPI AKBATOPII
YOPHOI0 MOPA B LULTOPMOBI NEPIOANU
JINCTOMAJA 2023 POKY

Po3znadaromsca pesynbmamu 3acmocy8aHHA KOMNJIEKCY iHmMe2po8aHux Mix coboro
yucesibHoi 2iopomepmoduHamiyHoi moodeni Delft3D Flow Flexible Mesh (D-Flow FM)
ma cnekmpasnsHoi xgunbosoi modeni SWAN (simpo-xsunvosuli 6510k D-Waves)
8 imimauitiHomy pexxumi 0718 8i0mMeopeHHs NPOCMOPOBO-4ACOB0T MiHIUBOCMI OKeaHO-
2paghiyHUx xapakmepucmuk y YopHomy mopi ma (i020 nieHiYHO-3axiOHil YacmuHi
8 wmopmosi nepiodu nucmonada 2023 poKy. MoOesto8aHHA 8UKOHYBAJIOCb Y MeXax
npouyedypu sepudgpikayii ModenbHo20 Komniekcy. Y akocmi amMOCd)epHOZO ¢opciHey
3acmocoeysasnuce Memeoposio2idHi 0aHi, oOmpuMaHi 3 apxisy npozHo3ie 2106aabHOI
yuceneHoi Modeni npozHo3y no2odu GFS (Global Forecasting System). Pesynemamu
MOOEeII0B8AHHA NOPIBHIOBAIUCH i3 OAHUMU ChoCcmepeXxeHb 3d OKeaHoz2pagiyHuUMu
Xapakmepucmukamu Ha npubepexxHux 2i0poMemeoposioziuHUX CMAaHyisx nopmis
O0ecbKo20 palioHy higHi4HO-3axioHoi yacmuHu YopHozo mopsa (HopHomopcek, Odeca,
Mig0eHHuUl). Jodamkogo pe3ynbmamu MOOe08aAHHA 8iMPOB0O20 XBUTIOBAHHS,
OMpUMaHi i3 3acmocy8aHHAM M00esIbHO20 KOMNJIEKCY, NOPIBHIOBAIUCH i3 pe3ysbma-
mamu He3anexHo20 MOOeII08AHHA 3a 00NOMO20I0 CNeKMPasbHOI X8ub08oi Moderi
WAM Cycle 6 i3 sukopucmaHHAM OaHux peaHanisy simpy €gponelicbko2o ueHmpy
cepedHbOCMPOKOBUX NPo2HO3i8 No2odu ECMWF. 3acmocysaHHA ModesbHo20 Komn-
JieKcy 00380/1Us10 8I0MBOPUMU YiNliCHY KAPMUHY hpOCMOopOo80-4dco8oi MiHAU8oCMi
0KeaHo2pagidHUX Xapakmepucmuk 8 Wmopmosi nepiodu 1ucmonada 2023 poky K
Ha akeamopii 8cb02o YopH020 Mops, mak i 8 1020 nigHiYHO-3axiOHil YyacmuHi. Ompu-
MaHo 006py KinbKicCHy ma AKICHY y3200)KeHiCmb Mix pe3ysiemamamu MoOesito8aHHsA
MiH/IUBOCMI piBHA MOPA, BUCOM 8iIMPOBUX X8UJIb, MeMnepamypu MopcbKoi 800U ma
O0aHUMU cnocmepexxeHb Ha 2i0poMemeopos102iYHUX CMAHYIAX y patoHi MOPCbKUX Nop-
mie Odecbkoeo palioHy. 3pobeHuli BUCHOBOK, UJO 8KA3AHUU KOMNJIEKC iHMe2po8aHuXx
yucesbHUX MamemamuyHux mooesnel D-Flow FM + D-Waves (SWAN), peanizoeaHuli Ha
HecmpykmypoaeaHili po3paxyHKkosil cimuyi, mae 006pi nepcnekmusu 8UKOPUCMAHHSA
8 cucmemi 0iaeHo3y i onepamueHo20 NPO2HO3Y MiIHIUBOCMI OKeaHo2pAgidYHUX hapa-
Mempie cmaHy Mopcbkoz2o cepedosuwa YopHo2o mopa ma lio2o okpemMux padoHis.

KniouoBi cnoBa: YopHe mMope, okeaHozpagpiuHi xapakmepucmuku, MoOesr08aHHA
MiHIUBOCMI, 8epudpikayis pesynemamis.

BCTYN

Po3pobka Ta 3ab6e3neueHHA GyHKLIOHYBaHHA Cy-
YacHOI cncTeMun fiarHO3y i onepaTtMBHOIO NPOrHO3Y
oKeaHorpadiuHUX Ta eKONIOriYyHMX NapameTpiB CTaHy
MOPCbKOro cepefoBuLLa YKPATHCbKOI YaCTUHW akBaTo-
pii A3oBo-YopHOoMOpcbKoro 6acelHy ans 3abesneyen-
Hs1 NoTpeb rocnogapumnx o6'eKTiB MOperocnogapyoro
Komnnekcy, BMC YkpaiHu BigHOCMTbCA A0 NUTaHb 6e3-
nekun Ta 3abesnevyeHHa ob6opoHO3AATHOCTI YKpaiHu.
Big rinpomeTeoponoriyHoi iHpopmaLii, sKka MicTUTbCA
B MOPCbKMX NPOrHO3aXx, 3aneXnTb eKOHOMIYHa edek-
TUBHICTb Ta 6e3neka GyHKLiIOHYBaHHA MOPCbKOro
TPaHCNOPTY, NOPTOBO-MPOMUCIIOBUX | peKpeaLinHnX

KOMIMJIEKCIB, PO3TALLOBAHMX HAa MOPCbKOMY Y30epexKi,
NPOMUCIIOBOrO prbanbCTBa Ta FOCNOAAPCTB MOPCbKOT
aKBaKYNbTYpU, 06'€KTIB BMAOOYTKY KOPUCHUX KoMa-
JINH i3 MOPCbKOro wenbdy, YyCNiWHICTb BUKOHAHHA
NoLwyKoBO-pATyBanbHUX onepauin ACHC Ykpainu, 60-
nosux 3asgaHb BMC YKkpaiHu, 30Kpema, NoB'A3aHunX i3
edeKTVBHMM 3aCTOCYBaHHAM MOPCbKNX HAABOAHMX Ta
nigBogHNX OPOHIB.

HeobxigHicTb MaTh GYHKLIOHYOUMIA B ONEepaTUBHO-
My peKMMi aBTOMaT/30BaHWI MOAENbHUA KOMMIEKC
ANA JiarHo3y i NPorHo3y okeaHorpadiuHnx Ta ekono-
rivHux ymos B YopHomy Ta A30BCbKOMY MOpPAX MpPO-
LEMOHCTpYBana eKoJioriyHa KaTacTpoda, nos’a3aHa
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3 pyrHyBaHHAM rpebni Kaxoscbkoi MEC Ta HapxoeH-
HAM 3ab6pyAHEeHUX nepexigHux Bog 3 [AHiNpoBCbKo-
by3bkoro nnumany.

Jna NporHo3yBaHHA OKeaHorpadiuHMX xapakre-
PUCTUK Y CBITI BUKOPUCTOBYIOTbCA TAHLIIOIM METEOPO-
NOriyHMX Ta okeaHorpadiuHux mogenen. Ha nigcTasi
TaKMX NaHUIoriB Mofenen CTBOPIOIOTbCA NPOrHOCTUY-
Hi cncTemu, AKi NpauioloTb B ONepaTUBHOMY pPeXnMmi
(Veeramony et al.,, 2018; Solano et al., 2018; Valchev
et al., 2018).

Y 2017-2019 pp. B OgecbKomy fepkaBHOMY eKo-
noriyHomy yHiBepcuTeTi 6yB po3pobneHuii i Bepudi-
KOBaHMN aBTOMaTM30BaHUN NPOrpPaMHUIN KOMMIEKC
YncenbHUX MaTeMaTUYHUX MOAENEeN AN onepaTms-
HOro KOpoTKoYacHoro (go 5 gi6) nporHosy miHnu-
BOCTi OKeaHorpadiyHNX XapakTepuUCTUK B aKBATOPIAX
YopHoro Ta A3oBcbkoro mopis (KywHip Ta iH., 2019;
TyukoBeHKO Ta iH., 2020; TyykoBeHKO Ta iH., 2021).
Y cyyacHuin nepiod aBTOpaMyl BUKOHYOTbCA po6oTK
3 PO3BUTKY Ta YOAOCKOHANIEHHA LbOro MOAENbHOrO
KOMMAEKCY LWAAXOM 3amiHM 6a30BOI rifpoTepmogi-
HamiyHoi mogeni Delft3D-FLOW Ha mopenb HOBOro
nokoniHHA Delft3D Flow Flexible Mesh (D-Flow FM)
(Deltares, 2025). MogenbHi rigpoTepmoanHaMiyHi
pO3paxyHKK 3a L€ MOAENN0 BUKOHYIOTbCA Ha He-
CTPYKTYPOBaHili pO3paxyHKOBIN CiTui, AKa [O3BONAE
NOEAHYBATU B MeXax OfHIEl po3paxyHKoBOI obnacTi
LiNAHKM 3 Pi3HOI MPOCTOPOBOIK PO3PI3HEHICTIO ANA
JeTanisauii pe3ynbTaTiB po3paxyHKiB y NprbepexxHux
perioHax i3 36epexeHHAM NPUNHATHOrO Yacy npose-
[IeHHA 06YMCNIeHb Ha POOOUIl CTaHUiT.

[MporpamHi NpogyKT! MOAENbHOIrO KOMMJIEKCY
Delft3D wunpoko BUKOPUCTOBYIOTLCA ANA BUPILLEHHSA
NpVKNagHUX 3agay AiarHo3y i NporHo3y okeaHorpa-
biUHMIX XapaKTePUCTUK BO MOPCHKOTO Wenbdy B Kpai-
HaX, pPO3TallOBaHUX Ha MiBHiYHO-3axigHOMY wWenbdi
€sponu (Zijl et al., 2018; Grasmeijer et al., 2022), B CLLA
(Habib & Zarillo, 2023), AscTpanii (Matala et al., 2023),
KpaiHax Asii (Duong et al., 2018).

[na YopHoro mopsa lHcTuTyTOM OKeaHonoril bon-
rapcbKoi akagemii Hayk (M. BapHa, bonrapis) Ha ocHo-
Bi nakety Delft3D 6yna po3pobneHa i BnpoBagxeHa
B MPaKTUYHY AiANbHICTb MyNbTUAOMEHHA CUCTeMa
NPOrHo3yBaHHA AnA akBaTopii BapHeHCbKOI 3aToKM 3
ypaxyBaHHAM NPUoepeXKHOT 30HM Ta MOPTOBOI iHdpa-
cTpykTypu (Valchev et al., 2018). Ana BnpobneHHs
8-AEHHOro NPOrHo3y Hebe3neuHUx CTUXINHUX ABMLL
y panoHi nopTy BapHa naHutor iHTerpoBaHux moge-
nei Delft3D FLOW-WAVE 3acTocoBY€eTbCA NOC/iLOBHO
Ha TpboX AinAHKax: YopHe Mope, 6bonrapcbka yactu-
Ha YOpPHOMOPCbKOro wenbdy i BapHeHcbKa 3aToKa.
Y AKOCTi BXiAHUX MeTeopPOoNOriYHUX faHNX cMcTema
BMKOPUCTOBYE PO3paxoBaHi NonA MeTeonapameTpis
i3 rnobanbHOi NporHocTuyHoi cuctemm GFS (Global

Forecasting System) (3 npocTopOBOO PO3pPi3HEHICTIO
1/4 rpagycn).

MeToto i€l poboTn € ONPUNIOAHEHHA pe3ysbTa-
TiB anpobaLlii OHOBNEHOr0 MOAENbHOrO KOMMAEKCY
D-Flow FM + D-Waves (SWAN) B imiTaliiHOMy pexnmi
Z4NA onucy MiHAIMBOCTI okeaHorpadiuyHKX xapakTepuc-
TMK y YopHOMY MOPI Ta MOro NiBHIYHO-3axXigHIN Yac-
TVHI B LULTOPMOBI Nepiogn nuctonaga 2023 poky.

CviHONTUYHa cuTyauia B nucronagi 2023 poky.
lonoBHoO KniMaTUUYHOK 0cobnmMBicTiO NiBHIYHOrO Mpu-
YOpPHOMOP'A € TaK 3BaHi “nuctonagosi” wtopmn Yop-
HOro MopsA B Nepiof OCIHHbOro NOX0NoAaHHA, KoK
36epiraeTbcA BiAHOCHO BUCOKa TemnepaTtypa Mop-
cbkoi Boau (noHag 10°C). Y nepuwy i gpyry gekaam
nuctonaga 2023 p. norogHi ymosu B A30B0-YopHo-
MOPCbKOMY baceliHi BU3HaYanu aTnaHTUUHI LUKIOHN
i YOroBuHu xonopdy, AKi nepemiwannca Hag nisHiy-
HMMW panoHamu €Bponun. Y TpeTio AeKkady Ha 3MiHy
M npuAwnn nisgeHHi uuknoHn “Phil” ta “Oliver’, ski
N 3yMOBUNN HaWHECNPUATAUBIWI NOrogHi YMOBMN.
25-28 nuctonaga 2023 p. wrtopmMmoBa norofa Bu-
3Havanaca Ji€to niB4eHHOro UMKNOHY Ha im's “Phil’,
a 28-29 nuctonaga — umnknoHom “Oliver” (puc. 1).

LinknoH “Phil” 6yB noTy>kHVM Ta rMnbOKMM, Cyrnpo-
BOL>KYBaBCA JOCUTb CUNIbHUMMU BiTPaMu Ta 3aBiptoxamu
y bonrapii, PymyHii, Mongosi Ta YkpaiHi 3 uepBoHMu
Kogamu Hebesneku. LIKNOH oTpuMaB Makcumarsb-
HUI PO3BUTOK Hag Tenanmm sogamm YopHoro mopsay
Apyri NonoBuvHI AHA | BBeuepi 26 nuctonaga (o 12:00
UTC 6yno 3adikcoBaHO HaA3BUYAHO HM3bKe 3HaUeH-
HA TUCKY B LIEHTPanbHIN YaCTUHI LMKIOHY B KiNbKOX
JecATKax KinmomeTpiB Ha 3axig Big mucy TapxaHKyT
(Kpum) — 969 rlla). Bucoki rpagieHTn TUCKY B TUNOBIN
YaCTWHI UMKOHY reHepyBanu LUTOPMOBI MOPYBY BITPY
00 20-30 m-c”', AK y NpubepekHili 30Hi, Tak | Haj akBa-
Topieto mopsA. Ha meTeocTaHLii “Binkose” 6yno 3adikco-
BaHO HAA3BMYalHY WBUAKICTb BiTpy — 35 M-c”'. Bitep
Takoi cnnn Ha OgeLnHi He cnocTepiraBca ay»ke AaBHO.
OcTaHHili pa3 y m. Opeci wewmakicTb BiTpy 40 M-c! 6yna
3adikcoBaHa 10 6epesHA 1970 poky Ta y ciuHi 1962 p.
Bucotu xBunb y BigKpuTil akBaTopIl NiBHIYHO-3axigHOT
YyacTHU YopHoro mopsa 26-27 nuctonaga caranuv 6 m,
a 'y npubepexHin cmysi PymyHii Ta YkpaiHu — 3-4 m.

Cnipom 3a ynknoHom “Phil” Ha niBHiuHe MpryopHo-
MOp’A noyvaB CBill BuXig yeprosuii LuknoH “Oliver”
(puc. 1), TpaexkTOpPIA NepeMileHHA NOro LEeHTPY Npo-
XoAuna Tpoxu Ha 3axig Big wropm-Tpeky “Phil”. Llei
LUMKIOH YyTBOPUBCA y NiBHIYHIN ATRaHTuui, ane 3mi-
LLyBaBCA yepes LeHTpanbHy €Bpony, bankaHu i gani
TPAEKTOPIE MiBAEHHUX LMKIIOHIB Ha PErioH MiBHiu-
Horo lNpuyopHomop'a. 28-29 nuctonaga 2023 poky
TYT NOBTOPW/INCA eKCTPEeMasbHi MOrogHi ymoBM 3 No-
MapaHueBUMYK Kogamu Hebesnekmn B PymyHii Ta Cno-
BayuyiHi 3a WBMAKICTIO BITPY Ta onagis.
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Puc. 1. MporHocTnyHi Kapty Ha 12:00 UTC 25 nuctonapa 2023 p. (nisopyy) Ta 12:00 UTC 28 nuctonaga 2023 p. (MpaBopyy), Ha AKX
NoKasaHo po3TallyBaHHsA LMKIoHiB “Phil” Ta “Oliver” (www.wetterpate.de), a TakoX TpaeKTopia Ta TUCK Ha piBHi Mops (B rla)
y UeHTpi umknony “Phil”. Yacosi iHTepBanu mixk Toukamu rpadika CTaHOBNATb 6 rOAUH, MOYaTKOBa TOUKa (Ha nNiBAeHHOMY 3axofi)
Bignosigae 25.11.2023 p. (00:00 UTC) — kiHueBa 26.11.2023 p. (18:00 UTC)

Y nepiof BKa3aHMX WTOpPMIB 26-29 nuctonaga
2023 p. y Bcix nopTax OpecbKoro paoHy 6ynu npakTny-
HO OHOYACHO 3adiKCOBaHi eKCTPEManbHO BUCOKI Nig-
MOMM Ta CNagu PiBHA MOPS, @ TaKOXK PEKOPAHI 3HAaYEeH-
HA WBMAKOCTI 3MiHW Ta aMniTy4u KONMBaHb PiBHA.

MATEPIAJIN | METOAU AOCNIAMEHD

[nA BiATBOpPEHHA WTOPMOBUX YMOB Y MiBHIYHO-
3axigHin yactnHi YopHoro mopa B nuctonagi 2023
POKy Ta KOMMIEKCHOrO aHanisy NpoCcTopOBO-4acoBOI
MIHIMBOCTi OKeaHorpagiuHMX XapakTepucTuK BUKO-
pVCTOBYBaBCA KOMMEKC iHTErPOBaHMX MixX coboto
yncenbHoOI rigpotepmoguHamivHoi mogeni Delft3D
Flow Flexible Mesh (rigpoanHamiununii 6nok D-Flow
FM) (Deltares, 2025) Ta cnekTpanbHOI XBUIbOBOI MO-
faeni SWAN — Simulating Waves Nearshore (BiTpo-
XBUNboBUI 6510k D-Waves) (Deltares, 2024a).

lNpoBefeHO MofentoBaHHA MiHIMBOCTI PiIBHA MOPH,
MOPCbKNX TeUill, TEPMOXaNiHHUX XapaKTePUCTUK MOp-
CbKOI BOAW, NapaMeTpiB BITPOBUX XBWUJIb y nepiof i3
01.11.2023 p. go 30.11.2023 p.. Bepudikauia otpuma-
HUX Y pe3ynbTaTi MOAENIOBAHHA pe3yNbTaTiB BUKOHY-
BajlaCb LWAAXOM iX MOPIBHAHHA 3 JaHMMWN HATYPHUX
crnocTepekeHb Ha NpubepexXHNX MOPCbKUX rigpo-
MeTeoponoriyHmx ctaHuiax “Ogeca-nopt’, “nopt [is-
AeHHun" Ta “nopT YopHOMOpPCbK".

[na npoBefeHHA MoAeNbHUX PO3paxyHKiB byna
3reHepoBaHa 6a30Ba HECTPYKTYpPHA po3paxyHKoBa CiT-
Ka, AKa MOKpurBana akBaTopito YHopHoro Ta A30BCbKOro
mopis. CiTka cknagaetbca 3 22494 po3paxyHKOBMX
KOMIpOK (23128 By3niB) i3 nepemiHHUMMN po3Mipamu
Axy=500-6500 m (puc. 2a) Ta MicTUTb obnacTi 3i 36inb-
LEHOK MPOCTOPOBOID PO3AiNIbHOK 3[aTHICTIO ANA
perioHiB NiBHIYHO-3axigHOT YacTMHM YopHOro mopA
(puc. 26). Kpok 3a yacom pgnAa po3B’A3aHHA PiBHAHb

mogeni D-Flow FM nig yac po3paxyHkiB BM3HauyaBcA
aBTOMaTM4HO B Mmexax 1-30 c. KoeodiuieHT MaHiHra gns
pO3paxyHKy JOHHOrO TepTA 3a4aBaBCA HEOAHOPIAHUM
AnA MmogenbOBaHOI akBaTopil B Aliana3oHi 0,018-0,022.
Y BepTMKanbHil NNOLWMHI, y pO3paxyHKax i3 BUKOPUC-
TaHHAM rigpoTepMoanHaMiYHOI Mogeni, BUKOPUCTOBY-
BaslacA KPMBOJTiHIMHA O-CMCTEMA BEPTUKANbHNX KOOP-
AVHaT i3 7 pOo3paxyHKOBUMU PIBHAMU HEPIBHOMIPHOI
TOBLLMHM: HANTOHLUI LAPW pO3TaLloBaHi 6ina noBepxHi
iy AHa.

Mogenb SWAN 6noky D-Waves komnnekcy iHTe-
rpoBaHMX Mogenen npauBana y HecTalioHapHOMY
pexumi Ana BCiX po3paxyHKoBMX obnacTen 3 MeTolo
afeKBaTHOro MoAestoBaHHA NapameTpiB BiTPOBOro
XBWITIOBaHHA NifJ Yac LWTOPMOBUX BiTpiB. KyTOBa fieTa-
nisauia mogeni SWAN popisHtoana 10°. JnA yacToTHOI
KOOpAMHaTK 3aCTOCOBYBanach LWKana 3 24 By3namu
B Aiana3oHi yactot 0,03-1,0 Ny. Ana napameTtpum3auii
JoHHoro TepTa mogeni SWAN 6yna obpaHa mognesnb
JONSWAP, a KoediuieHT JOHHOro TepTsa NPUNMaBCA
piBHUM 0,038 ana BCi€i po3paxyHKOBOI 0bnacTi.

Y akocTi aTmochepHoro GopcCiHry npu mogento-
BaHHI Ha BepPXHIl (3 aTMOCchepoto) BIAKpUTIN rpaHULi
pOo3paxyHKOBOI 06/1aCTi 3aaBanuncs (3 YacoBOI AMNC-
KPEeTHICTIO 3 rOAMHM): 3MiHHI Y NPOCTOpPI NONA 30HasNb-
HOI i MepunaiOHaNbHOI KOMMOHEHT WBUAKOCTI BITPY,
aTMocdepHOro TUCKY (MpuBeeHOro 4o cepefHboro
piBHA MopA), TemnepaTypu Ta BigHOCHOT BONOroCTi
noBitTpA, 6any xmMapHocTi He6ba — Ha PiIBHOMIpPHIi
NMPOCTOPOBIN CiTUi 3 FOPN3OHTaNbHUM Kpokom 0,25°
(WwmnpoTn/poBroTu), AKi 6ynm 3unTaHi 3 apxiBy NPOrHo-
3iB rno6anbHoi Mogeni nporHo3y noroau GFS (Global
Forecast System) uepes Be6-cepsic NOMADS (National
Operational Model Archive and Distribution System)
(GFS, 2003; NCEP GFS, 2024). lNpouenypa 34umMTyBaHHA
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Puc. 2. Ba3oBa po3paxyHKOBa CiTKa i3 rnmnbrHamu, AKa BUKOPUCTOBYETLCA y MoAeni A1 BCboro YopHoro mops (a). [letanizoBaHa He-
CTPYKTYpOBaHa CiTka AN1f MOAestoBaHHA y NiBHIYHO-3axXigHil yacTrHi YopHoro mops (6)

onncaHa B (KywHip Ta iH., 2019; TyukoBeHKO Ta iH.,
2020; TyuykoBeHKoO Ta iH., 2021).

MouaTKoBMI NPOCTOPOBUIA PO3MOAIN TeMnepaTypu
i CONMOHOCTIi MOPCbKOI BOAW, PiBHA MOPA 3afaBaBCA 3a
pe3ynbraTaMy MOAeNbHUX PO3PaxyHKIB i3 rOpU30oH-
TanbHUM KpokoM 1/40° Ha OCHOBI JaHUX peaHanisy,
oTpMMaHux 3 Beb-pecypcy Copernicus Monitoring
Environment Marine Service (Jansen et al., 2022). Lli
nosiA iHTepnosoBanuch y By3J1M PO3paxyHKOBOI CITKK
mopgeni 3a sfornomoroto nporpamu Delta Shell (Deltares,
2024b), po3pobku iHcTuTyTy Deltares.

Mpn po3paxyHKax i3 BUKOPUCTAaHHAM KOMMJIEKCY
iHTerpoBaHnx mogenen, xsunbosuin mogynb D-Waves
3aCBOIE NOJA 30HANbHUX Ta MEPUAIOHANbHUX KOM-
MOHEeHTIB WBUAKOCTI BITPY 3 mogeni GFS Ta oTpnmye
yepes 6ydep 0OMiHY 3 rigpoanHaAMiUHOrO MoAynA
D-Flow FM nons Teviii Ta piBHA MOpA 414 pO3paxyHKy
TpaHcdopMaLii BITPOBMX XBWIb. Po3paxoBaHi B Mogyni
D-Waves napameTpu BiTPOBOro XBUBaHHA (BNCOTH,
nepiogu, HaNPAMOK NOLWWMPEHHA XBU/b) MepeaatoTbCa
B OH-NavH peXnMi o rigpoAaMHaMiyHOro Mmoayna ana
0611iKy BHECKY XBUIbOBUX npoueciB y GopMyBaHHA

npubepexHNx Teuil, npoueciB TypOyneHTHOro nepe-
MillyBaHHA BOA, KONMBaHb PiBHA MOPA.

Po3paxyHKun BMKOHYOTbCA Yy AiBa eTanu. Ha nepuo-
My eTani MOAeNtoBaHHA BMKOHYBaNNCb PO3PaxyHKNU
MiHAVBOCTI PiBHA MOPA, TeUil, BITPOBOro XBUIIOBAHHS,
TemnepaTtypu Ta COIOHOCTI MOPCbKOI BOAW, TePMO-
XaniHHOT CTPYKTYpW BOA AnA BCi€l akBaTopil YopHoro
MOp#A Ha 3arasnbHil (6a308ili) ciTui (puc. 2a). Pesynbraty
nepLLIoro etany MoAentoBaHHA BUKOPUCTOBYBANNCA
ONnA 3aBfaHHA TPaHUYHMX YMOB Ha 6iuHin (BigKpu-
Til MOPCbKIl) rpaHnLi AeTani3oBaHoO! po3paxyHKOBOI
CITKM AnA NiBHIYHO-3axigHOI YacTuHM YopHoro mopA
(puc. 26) y BUrnagi YacoBux psAiB MiHANBOCTI PiBHA
MOPA, CONOHOCTI | TemnepaTypu BOAW, XBUbOBOrO
CNeKTPY, OTPUMAHUX i3 po3paxyHKiB Ha 6a30Bii CiTui.

PE3YJIbTATU | IX OBFOBOPEHHA

Ha puc. 3 npeacTtaBneHi pesynbtatv MogentoBaH-
HA MIHIMBOCTI PiBHA MOPA B TO4li KOOpAMHATaMu
46,516° nH. w., 30,785° cx. A., WO 3HAaXOAUTbCSA B LIeHT-
pi OgecbKoi 3aTOKWU. 3 pUCYHKa BUAHO, WO MoAenb-
HUI KOMMJIEKC 4OCUTb JO6pe ONUCY€E 3MiHU PiBHA
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y NprbepexHil 30Hi 3a Pi3HNUX CUHONTUYHMX CUTYaLLiiA,
o po3ssuBanuca y nuctonagi 2023 poky. HanpukiHui
nncrtonagy (26.11-30.11.2023 p.), Konn geHisenAuii
piBHA MOpPA BU3HaAYanuncs BiTPOBUM BMIVIBOM FN60-
Kux umknoHis “Phil” i “Oliver”, wo npoxogunu nocni-
JOBHO, y nopTy Ofeca cnoctepiranuca Haa3BMyYanHO
Pi3Ki 3MiHK piBHA MOpA — amnniTyga KonvBaHb [o-
cAarna 3HayeHHA 180 cm. LWBmakicTb nagiHHA piBHA
26 nuctonaaa aocarana 0,16 m-rog~". Yepes BigHOCHO
Masni pO3Mipy LMKNOHIB Ta WBKAKE IX NepeMilleHHA
y NiBHIYHO-CXiAHOMY HanpAMKY, cnocTepiranaca pis-
Ka 3MiHa HanpAMKY BeKTOpy LWBUAKOCTI BiTPY. Bitep
NiBHIYHOro-NiBHIYHO-3axiAHOro HaNPAMKY 3i WBng-
KicTio 12-25 m-c”', AKunin cnoctepiraesca 26.11.2023 p.,
28 nucTonaga 3MiHUBCA Ha MiBAEHHWI 3i LWIBWUAKICTIO
15-25 m-c71. Lle npusBeno oo piskux, ctpnbkonoai6-
HUX 3MiH piBHA MOpA: 3riH (NagiHHA piBHA MOpA [0
no3sHauku —0,4 m), AKMI cnocTepiraBca 26 nucronaaa,
3MIHMBCA CUJTbHUM HAroHOM (i3 MigBULLLEHHAM BigMiT-
Ku piBHA MopA fo +1,2 m), 3adikcoBaHUM 29 nncto-
naga (puc. 3). MakcnmanbHa WBUAKICTb NafiHHA PiBHA
mMops gocsarana 0,16 mroa~', a 6e3nepepBHUI NPoTA-
rom 40 roguH nigrnom piBHA BiAbyBaBcA 3i cepeHbOI0
weuakictio 0,04 m-rog".

(m

Mopgenb BOCTOBIpHO, BIANOBIAHO A0 CMHOMTUYHMKX
CMTyauin i JaHUX COCTepPeXeHb, ONMUCYE 3MiHW NPo-
CTOPOBOI CTPYKTYpPM MOJIiB KONMBaHb PiBHA MOPSA, BU-
KNMKaHWX Ai€L0 BiTPa Ha akBaToOPIl MNiBHIYHO-3axiAHOrO
wenbdy YopHoro mops B Uinomy. Ha puc. 4 nokasaHi
OTPVIMaHi NPV MOAENIOBAHHI NONA BUKINUKAHUX Bi-
TPOM JeHiBenAuin piBHA MOPA B MOMEHT 3rOHYy Ha
0,8 M 26.11.2023 p. Ha MiBHOYI MiBHIYHO-3axigHOro
wenbdy i B MOMEHT 3HAYHOrO HaroHy Ha 1,3 m, Wwo
BiiOYBCA 3a HUM, 3adikcoBaHoro Tam xe 29.11.2023 p.
OpfHoyacHo 3 umm, BiTpoBe norne, wo chopmyBanoca
npw NpoxompkeHHi Lmknory “Phil’, Buknukano 26 nuc-
Tonaja NIOKaNIbHUIA HariH BOAHUX Mac Oinbll Hi>K Ha
1,3 My cxXigHin yacTnHi KapKiHIiTCbKOI 3aTOKKU, AKNI
nocnabusca go 0,85 m, ane 36epirca 29.11.2023 p.
i CTaB YACTUHOLO 3arafibHOro BeIMKOMACLLTAabHOro Ha-
roHy y IHinpoBCbKO-by3bKoMy NpurnpnosomMy panoHi
MH34YM.

Hacnigkom pi3knx 3miH piBHA MOPA B OCTaHHIO Je-
Kagy nucrtonaga 2023 poKy cTanu CUsbHI Teuil y BY3b-
KOCTAX, 30KpeMa, B parioHax KiH6ypHCbKoi, TeHApOB-
cbKkoi Ta Ikapunraubkoi Kic. [po ue ceiguatb NoKasaHi
Ha puc. 5 3MoAeNnboBaHi NONA Teuil, WBUAKICTb AKMX
pocsArana 6nmsbko 1,0-1,2 m-c' y parioHax [xapwn-

-0,2 -
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Puc. 3. 3miHu piBHA MOpsA, BiBHOCHO NoyaTKkoBOI No3Haukn —-0,4 m BC, y nuctonagi 2023 poky, OTpvMaHi 3a AaHNMK CnocTepeXkeHb
i3 AUCKPETHICTIO 6 TOfVH Ha NPUBGEPEXHNX MOPCbKIMX FilpOMETEOPONOTiYHMX CTaHUifx “Opeca-nopT” (3eneHi Touku), “nopt
MiBgeHHMN” (CMHi TOUKNM), “NOPT YopHOMOPCHK” (4epPBOHI TOUKM) Ta 3a pe3ynbTaTaMu MoAeNoBaHHA (MYHKTMP) y Touli 3 Koop-

OnHatamum 46,516° nH. w., 30,785° cx. A.
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Puc. 4. [MpocTopoBuMIN pO3MNOAIN BUKINKAHUX BITPOM AeHiBENALi PiBHA MOPA, M, OTPMMaHWIA 3a pe3ynbTataMu MofentoBaHHA Ha 18:00
26 nuctonaga 2023 p. (isopyy) npy NpoxoaxeHHi unknoHy “Phil” Ta Ha 00:00 29 nuctonaaa 2023 p. Nig Yyac NPOXOLKEHHS
uuknoHy “Oliver” (npagopyy)

1 2023-11-26T18
T =618 rog (3 noyaTKy mopentoBaHHs)
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1 2023-11-29T00
T =672 rop (3 no4yaTKy mopentoBaHHsA)
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Flow element center velocity magnitude, ms-1: 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 1.0 1.2

Puc. 5. lNons BeKTOPIB Ta MOAY/A WBMAKOCTI NOBEPXHEBYIX Teuill, M-C™!, OTpMMaHi B pe3ynbTaTti MofesnioBaHHs (nisopyy) ans 18:00 26
nnctonaga 2023 p. (3eepxy) Ta 00:00 29 nuctonaga 2023 p. (3HU3Y), a TAKOX CYNYTHUKOBI 300paXkeHHA KiC Ha NovaTKy Ta nicna
LITOPMIiB
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Puc. 6. MiHAunBiCTb BUCOT BITPOBUX XBUSIb, M, y nuctonagi 2023
POKYy, B palioHax nigxofis fo nopTiB YopHOMOpPCHK (a),
Ogpeca (6), MiBpeHHWI (8) 3a AaHVMMM Bi3yanbHUX CMo-
cTepexeHb Ha BignosigHux MMC Ta 3a pesynbratamu
MOpAeNoBaHHA (3HaYHNX BMCOT XBWJIb) i3 3aCTOCYBaHHAM
mMogenbHoro komnekcy D-Waves + D-Flow FM Ta 3uuTa-
HUX i3 Be6-pecypcy Copernicus

raubkoi (26.11.2023 p.) Ta TeHgpoBCbKoi (29.11.2023 p.)
KiC, BHaCi4OK YOro BOHM 3a3HaNn 3HAYHMX PYNHYBaHb.
AHani3 cynyTHMKOBMX 3HIMKIB MOKas3as., WO CTUXiNHe
JINXO NMOMITHO 3MiHWIO BUMNAZ Unx TepuTopin. LTop-
MOBI XBWJi Ta Tedil yTBOPWIIY CiM MPOMOITH Ha TeHpoB-
CbKil i Tpy — Ha [kapunraubkin Koci. MiwaHmnn nnsax
3MeHLWwmBCA Ha 70-100 meTpiB.

MiHAMBICTb MPOCTOPOBOro PO3MNOAINY BUCOT 3Ha-
YHUWX XBWJ1b Ta CEPEfHbOro HaNPAMKY MOLUNPEHHSA XBU-
NIOBaHHA B PaoHax po3TallyBaHHA MOPCbKIMX NOPTiB
Opecbkoi arnomepadii Ha akaTopii NMH34YM obymos-
NleHa ocobnuBocTaMU TpaHchopMalii Ta pedpakuii
BITPOBUX XBWUJIb MPY BXOAi iX Y 30HU Manux ranbuH i3
BigKPUTOro Mops. 3a3Ha4MMO, L0 MaKCMMasibHi BUCOTU
XBW/b Y NopTax cxigHoro y3bepexxa MH34YM, Bkntou-
HO 3 noptom Opeca, cnocTepiraloTbCA NepeBa*KHO
y nepiof Tpmsanol dii BiTpy NiBHIYHO-CXiAHOrO Ta CXif-
Horo Hanpamkis (MMgpomeTeoponornyeckue..., 2012).
Y paiioHi noprty lNiBOAeHHUI Ha NiBHIYHOMY y36epexi
OpecbKkoro parnoHy MNH34YM BrcoTa XBWIb JOCATAE MaK-
CYMaNbHNX 3HAYEHb NMPW MNOCUSIEHHI BITPIB NiBAEHHMWX
pym6iB. TakoX Crlif, 3a3HaYnUTK, O CMOCTEPENKEHHS 3
XBUSTIOBaHHAM MPOBOAATLCA Ha BCiX YKPAIHCbKMX MOp-
cbkux FMC BUKNIOYHO Bi3yanbHO Y CBiT/ly MOPY POKY,
L0 NOTPIGHO BPaxoByBaTV NPU NOPIBHAHHI HATYPHUX
Ta MOZEeNIbHUX AaHWX.

Ha puc. 6 HaBefgeHi pe3ynbTaTi MOAeNoBaHHA Ya-
COBOI MiHMBOCTI NpoTArom nucronaga 2023 poky
3HAYHMX BMCOT XBWJIb Ha niaxogdi o noptie Ogecbkoro
paioHy MH34M, oTprmaHi i3 3aCToCyBaHHAM KOMMJIEK-
cy iHTerpoBaHux mogenen D-Waves + D-Flow FM. ina
BepudikaLii OTpMMaHKX pe3ynbTaTiB BUKOPUCTOBYBa-
NNCb JaHi BidyaNlbHUX COCTepeXKeHb B CBITNY nopy
[AHA Ha NOPTOBUX rAPOMETEOPONOTiUHNX CTaHUiAX, a
TaKOX pe3ynbTaTh He3aNeXHOro MOAEeNoBaHHA BiT-
POBOro XBU/OBAaHHA 3a JOMOMOrOK CleKTpasibHOI
xBunboBoi mogeni WAM Cycle 6 i3 BUKOPUCTaHHAM
JaHVX peaHanisy BiTpy EBPONENCbKOro LeHTpy ce-
peAHbOCTPOKOBUX NporHo3is noroan ECMWEF, B3ATi 3
Beb-pecypcy Copernicus (Staneva et al, 2022). Pe3ynb-
TaTu MOZeNoBaHHA MiHANBOCTI 3HAYHUX BUCOT XBWJb,
pO3paxoBaHUX i3 BUKOPUCTAHHAM XBUIbOBUX MOJe-
nen SWAN (D-Waves) Ta WAM (CMEMS), pobpe y3ro-
IPKYIOTbCA MiX CO00I0 i, B LLinoMy, 3 AaHMU cnocTepe-
XeHb. Pe3ynbtatn po3paxyHkis 3a mogennto WAM Cyc-
le 6 i3 aTMmocdepHUM popciHrom 3 peaHanizy ECMWF
[aloTb Y pAdi BUNagKiB Tpoxm Gifblui BUCOTU XBUSIb,
Hi> oTprMaHi i3 BukopuctaHHam SWAN (D-Waves)/GFS
(Hanpuknag, y Apyrin NoNoBWHI ncTonaga B NopTy
MNiBgeHHUI, puc. 68).

MNopiBHANbHWI aHani3 pe3ynbTaTiB MOAENOBaH-
HA i3 3aCTOCYBaHHAM [BOX He3aNeXHUX MogenbHUX
KOMMJIEKCIB i3 JaHMW CNoCTepeXeHb AO03BONAE Aiar-
HOCTYBATU i MOXKNUBI MOXMOKM MPOrHO3y BiTPOBOro
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XBUMOBaHHA. Hanpuknag, cnoctepexkeHHA Ha TMC
“nopt YopHomopcbK” i “Opeca-nopT” He 3adikcyBanu
36iNbLUEeHHA BMCOT BITPOBMX XBW/b 29 nnctonaga 2023
POKY, B TOW Yac AK MOAesbHi PO3paxyHKN Y BCiX TPbOX
nopTax NoKasanu HasABHICTb X Pi3KOro 3poCTaHHA A0
MAKCUMAJIbHMX 3Ha4YeHb. Taki po36iXKHOCTI MOXYTb
6yTN BUKIMKaHI NOXMOKaMM Y PO3PaxyHKY HanpsmKy
BITPY i, BifNOBIAHO, PO3NOBCIOAKEHHA BITPOBOIO XBU-
JIIOBAHHS, i, AK HAaCNIQOK, BIAMIHHOCTAMM Y JOBXMHaX
PO3roHy XBWib.

YABNeHHA NpPo NPOCTOPOBY MIHAUBICTb BMCOT BIT-
POBUX XBU/b Ha akBaTopil BCboro YopHoro mopsa B
nepiof, NPoXoaKeHHaA WTopMiB y nnuctonagi 2023 poky
JaloTb pe3ynbTaT! MOAENOBAaHHA i3 3aCTOCYBaHHAM
mogenbHoro komnnekcy D-Waves + D-Flow FM, npeg-
CTaBreHi Ha puc. 7. BugHo, o BUcoTa XBWib y parioHax
MOpPCbKMX nopTiB OpelunHm 6yna 3Ha4YHO MEHLLOID,
HiXX y BIIKpUTUX palioHax Mops, Yepes obmexeHy be-
peramv AOBXIMHY PO3roHy (BiTep AyB Bif NiBHIYHOrO i
niBHiYHO-3axigHoro 6eperis (puc. 7a-8) abo BMIMB Big-
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HOCHO Manux rmunbuH (puc. 72). Hanpuknag, 19.11.2023
POKY BMCOTa 3HAaYHMX XBWJ1b B aKBaTOPIl 3axigHOI yac-
TUHI YopHoro mopsa gocarana 7,0-8,5 m, a 26.11.2023
poKy — 7,0-8,5 M B LeHTpanbHiln YacTuHi MOps.

Ha ocTtaHoK po3rnagy pesynbratiB BepudikaLii rig-
poTepmoanHamiuyHoi mogeni D-Flow FM ana MH34YM
HaBedemo pe3ynbTaTh MOAEN0BaHHA MOBEPXHEBOI
TemnepaTypy MOPCbKOI BOAM B TOYULi 3 KoopAMHaTa-
Mun 46,516° nH. w., 30,785° cx. A. (Ha mexi OgecbKoTl
3aTOKM), AKi MOPIBHIOOTHCA i3 JAHUMWN HAaTYPHUX CMO-
ctepexeHb Ha TMC “noprt lMisgeHHUn’, “Opeca-nopt”
Ta “nopt YopHomopchbK” (puc. 8). Y uinomy, mozenb
nob6pe BiATBOPIOE NPOLIEC OXONOAMXKEHHS NOBEPXHEBOI
BOAHOI MacK Ha 65n3bko 9°C npoTArom nuctonaga
2023 p. Hanbinbwa BianoBigHiCTb MiX 3MOaenboBa-
HUMU Ta CMOCTEPEXKEHVIMM 3HAUEHHAMN TeMnepaTypu
BOAM Ma€ MicLe ana nopris “Opeca” Ta “YopHomopcbK'.
3HaueHHA TemnepaTtypu Boau 3a gaHumu MMC “nopt-
MiBgeHHMN" 3HAaXOAATbCA AELl0 HUXKYe 3MOeNboBa-
Hux (y cepegHbomy Ha 0,9°C). 3ayBakMmo, WO B Me-
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Puic. 7. Mone 3HauyHUX BUCOT XBUJb, M, Ta BEKTOPIB CePeHbOro HanpsMy XBWib, OTPUMaHe 3a pe3ynbTaTamMy MOAENOBaHHA Npwu
NPOXOAXKEHHI LMKNOHIB “Linas” — 19.11.2023 p. 06:00 (a); “Phil” — 26.11.2023 p. 06:00 (6) Ta 27.11.2023 p. 06:00 (8); “Oliver” —

29.11.2023 p. 00:00 (2)
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Puc. 8. Pe3ynbtatii MofentoBaHHA TeMmnepaTypu MopcbKoi Boau, °C, y moBepxHeBOMY LIapi BOA (YOpHa Kp1Ba) Ta AaHi HaTypHWX cno-
CTepexeHb 3a TemnepaTypoto Boau NpoTaArom nructonaga 2023 p. Ha Mopcbkux npunopTtoBux MC (Toukm)

pioZ Ni3HbOI OCeHi Ha TemnepaTypy BOAU 3HAYHUI ConoHicTb MOPCbKOT BOAM B Nepiog MOAENOBaHHA
BB Hafla€ rMnbuHa micua (Lwapy), AKi OXONMIETLCA  3MiHIOBaniacb B akBaTopisAx Nobnm3y MOpPCbKUX Nop-
KOHBEKTVMBHUM nepemiwyBaHHAM. Ha minkosoaai Bu-  TiB Ogecbkoro panoHy MNMH3YM He3HauHO — y mMexax
XONOIKYBaHHA BifOyBa€eTbCs iHTeHCMBHIWe. Lle nig-  pekinbkox npomine. Tomy, y pamkax Ui€i cTaTTi, 06-
TBEPAXKYIOTb pe3ynbTaT MOAENIOBAHHA NPOCTOPO-  FOBOPIOBATU Ti MIHMBICTb i3 TOUKM 30py Bepudikauii
BOro po3noginy temnepatypy NOBEPXHEBOrO Wapy  MOAESbHUX pe3ysbTaTiB He Ma€ CeHCy.

BOAW HaBefeHi Ha puc. 9.

=z =z
S 2023-11-26T18 3 y Temperature, deg C 2023-11-29T03 X i Temperature, deg C
NG T=618rop (3 noyaTKy MozentoBaHHs) > - T=675ropa (3 no4yaTKy mopenioBaHHsA) 18

rm——
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Puc. 9. Mona temnepatypu Bogu, °C, y nosepxHesomy Lwapi MH34YM, oTpumaHi 3a pesynbtatamu mofentoBaHHA: a — 18:00 26.11.2023 p.;
6 — 03:00 29.11.2023 p.
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. PE3YNIbTAT/ MOAEIOBAHHA MIHITMBOCTI OKEAHOTPAGIYHUX XAPAKTEPUCTUK
B YKPAIHCbKOMY CEKTOPI AKBATOPII HOPHOIO MOPA B LUTOPMOBI MEPIOAN TUCTOMAJA 2023 POKY

BUCHOBKU

BrKopuncTaHHA KOMMNAeKCy iHTerpoBaHmNX MiXK Co-
6010 UrcenbHOI rigpoTepmoavHamiuHoi mogeni Delft3D
Flow Flexible Mesh (riapoguHamiuHuin 6nok D-Flow
FM) i cnekTpanbHoi xBunbosoi mogeni SWAN (BiTpo-
XBUSTbOBUI 6510K D-Waves), i3 3aCBOEHHSIM MeTEOPOsI0-
riYHUX JaHWX i3 apXiBy NPorHo3is rnobanbHOI aTMOC-
depHoi mogeni GFS, no3sonuno BigTBOPUTA LiNiCHY
KapTUHY NPOCTOPOBO-YaCOBOI MiHNMBOCTI OKeaHo-
rpadiyHNX XapakTePUCTUK B LUTOPMOBI nepioan nuc-
Tonafga 2023 pokKy, AK Ha akBaTopii Bcboro YopHoro
MoOps#, TaK i B Oro niBHiYHO-3axigHin yacTtuHi. OTpu-
MaHO J0OpYy KiNbKiCHY Ta AKICHY y3rofXeHicTb Mix
pe3ynbrataMmm MOAeNtoBaHHA MiHAVMBOCTI PiIBHA MOPS,
BMCOT BIiTPOBUX XBWUJIb, TEMMEpPaTypn MOPCbKOI BOAM
Ta gaHnmum cnoctepekeHb Ha TMC y panoHi MOpPCbKMX
nopTtiB OgecbKkoi arnomepalii (Ogeca, YopHOMOPCbK,
MiBaeHHWR).

OTpuMmaHi pesynbtatm CBifuyaTb, WO BKa3aHUN
KOMMEKC iHTerpoBaHUX YNCENIbHUX MaTEMATUYHUX
mogenein D-Flow FM + D-Waves (SWAN) mae pobpi

nepcneKkTBU BUKOPUCTAHHA B CUCTEMI fliarHO3y i one-
pPaTMBHOIO MPOrHO3y MIHANBOCTI oKeaHorpadpiuHnx
napameTpiB CTaHy MOPCbKOro cepefoBuiia YopHoro
MOPA Ta MOr0 OKPEMUX PAOHIB.

Y nofanbliomy NAaHyeTbCA NPOLOBXKUTY POOOTU
3 BUNpPoOyBaHHA OHOBJIEHOI BepCii aBTOMaTN30Ba-
HOro MOAENIbHOrO KOMMJIEKCY ANA BU3HAYEHHA 110ro
CMPOMOKHOCTI ajeKBaTHO BifTBOPIOBATM TaKi OKeaHo-
rpadivHi npouecn AK PO3NOBCIOOMEHHSA TPAaHCHOPMO-
BaHMX PIYKOBMX BOJ Ha aKBaTOPil NiBHIYHO-3aXxigHOI
YyacTMHM YopHOro mopsa B NaBOAKOBI nepioan, npu-
6epeXxHUIA anBesiHr y NiTHIO MOPY POKY, MIHMBICTb
TePMOXaniHHOI CTPYKTYpW BOA,.

Moasaxka. JocnigxeHHaA 3gincHeHo B OgecbKomy Ha-
LioHanbHOMY yHiBepcuTeTi imeHi .l MeuHnKoBa B pam-
Kax BUKoHaHHA HIP 3a ¢iHaHcyBaHHAM MOH YkpaiHu
“[liarHo3 Ta NPOrHo3 okeaHorpagiuHX yMOB B akBaTo-
pisx YopHoro Ta A30BCbKOro MopiB AJjisl 3abe3neyer-
HA riipomeTeoponoriyHoi 6e3nekn YkpaiHn” (2024-
2026 pp., HOMep JepaBHOT peecTpadii 0124U000
771).
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RESULTS OF THE MODELING

OF VARIABILITY OF OCEANOGRAPHIC
PARAMETERS IN THE UKRAINIAN SECTOR

OF THE BLACK SEA DURING STORMY

PERIODS IN NOVEMBER 2023

Results of application of the complex of coupled numerical
models Delft3D Flow Flexible Mesh (D-Flow FM) and D-Waves
(spectral wave model SWAN) to the oceanographic conditions of
the Black Sea and its north-western part during stormy periods

in November 2023 are discussed. The modelling complex was
set up in simulation mode to reproduce the spatial and tempo-

ral variability of oceanographic parameters in the water areas
under consideration. Simulation was performed as a part of the
modelling complex verification procedure. Meteorological data
obtained from the forecast archive of the GFS (Global Forecast-
ing System) global numerical weather prediction model was
used as atmospheric forcing. Simulation results were compared
against the observational data on oceanographic parameters
at coastal hydrometeorological stations located in the ports of
the Odessa region at the north-western coast of the Black Sea
(Chornomorsk, Odesa, Pivdennyi). In addition, results of wind
wave simulation, obtained from the modelling complex, were
compared with the results of independent modelling via spect-
ral wave model WAM Cycle 6 that assimilates wind reanalysis
data from the European Centre for Medium-Range Weather
Forecasts (ECMWF). The use of the modelling complex made
it possible to reconstruct a complete picture of the spatial and
temporal variability of oceanographic parameters during the
stormy periods of November 2023 both in the entire Black Sea
basin and in its north-western part. Good quantitative and
qualitative consistency between the modelling results of sea
level variability, wind wave heights, sea water temperature and
observational data, collected at hydrometeorological stations
in the area of seaports of the Odessa region, was obtained.
The conclusion was made that the aforementioned complex of
coupled numerical models D-Flow FM + D-Waves (SWAN) has
good prospects for use in the system of hindcast and operative
forecast of variability of oceanographic parameters of marine
environment in the Black Sea and its distinct areas.

Keywords: the Black Sea, oceanographic parameters, model-
ling of variability, results verification.
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CE30HHA TA IOBFOTPUBAJIA MIHNUBICTb
COJIOHOCTI B PANOHI B3AEMOAIIT
PIYKOBUX | MOPCbKUX BOJ1

3A JAHUMU CNOCTEPEXXEHbDb

HA BEPEFTOBUX CTAHUIAX YKPATHU

3acmocosaHo cmamucmuyHi Memoou 3 Memoro 8UBYEeHHSA Ce30HHO20 X00y mad 008-
20mMpusasoi MiHIUBOCMI COZIOHOCMI AK NOKA3HUKA 83dEMOOIT piYKOBUX MA MOPCbKUX
800 Ha wesnbei lisHi4yHO-3axiOHOI YyacmuHu YopHozo mops. lNopieHaHHA cmamucmuy-
HUX NOKA3HUKi8 0719 080X NOC/IO0BHUX KaiMamuyHux nepiodie 1960-1990 i 1991-
2020 pokig 3acg8idqus1o 3MeHWeHHA cepedHbol coloHocmi 8 nopmy Odeca Ha NoHAO
0,4 %o i 36inbweHHs conoHocmi 8 Ouakosi HACTIOOK 3MeHWeHHsA CMoKy [JHinpa mad-
e Ha 0,4 %o. Lji epekmu npossunuca Ha ¢oHi 3a2asnbHO20 iHilIHO20 mpeHOy 3MeH-
weHHA cosoHocmi'y YopHomy mopi Yepe3 Kiaimamuy4He 3MeHWeHHA 8UNAPOBYBAHHA
i3 MopcbKoi nosepxHi. TpaHcopmayia ce3o0HH020 x0dy conoHocmi 8 Odeci 8 nepiod
1991-2020 pp. nopigHAHO 3 nonepedHiM 30-piddsam NOMAAE Y 3A2a/1bHOMY 3MEHWEHHI
COJTOHOCMI 8 JTIMHbO-OCIHHIU C€30H MA NepeHeceHHi MaKkcumMymy 3 JIUNHA HA 8epeceHb.
ConoHicme 8 Ouakosi y eepecHi 3Ha4yHo 3pocaa (Ha 0,5 %o). KopenauitiHul aHanis ps-
0i8 cepeOHbOMICAYHUX 8e/IU4UH COTOHOCMI | sUMpam 800U piYOK NpoOeMOHCMpyeds,
W0 MakcumMasbHi Kopenayii Mmix conoHicmio i cmokom [JHinpa ompumati 0515 Hyn60801
3ampuMKU, MOMy W0 NPOCYB8AHHA po3npicHeHuUx 800 8i0 KiHOypHCbKoi npomoku 00
O0decbkoi 3amoKu i Ha3ao 8i06ysaemocs 8NPo008X KillbKOX OHi8, ase MeHWe MiCAUS.
3Hauywa kopenayia 36epieaemecsa makox npu 3ampumkax 1 i 2 micayi, uo nokasye
3HAYHy iHepuyiliHicme comoHocmi i ii 83aemo0ii 3i cmokom [JHinpa. CnekmpaneHud
aHani3 Hatidoswozo psady cepedHbOI Mica4HOI conoHocmi 8 Odeci (1951-2020 pp.)
8UABUB 4 3HAYYWUX 2aPMOHIKU, AKI 8i0N08IOAIOMb OCHOBHUM Nepiodam MiHIUBOCM:
nigpiyHomy, 1-piuHomy, 4-piuHomy ma 35-pidHomy. [Mepwi 08a nepiodu 8idnosioaromes
Ce30HHil MiHIu8ocMi, a nepiod 4 poku — MixxpiuHit. Joszompusarsi 3mMiHU coloHOCMI
3 nepiodom 35 pokie no8’s3aHi 3 8i0N0BIOHUMU KOTUBAHHAMU CK/1A008UX KIIMAMUYHOT
cucmemu, AKi CnpusAMe 3MiHAM 8UNAdPOBYBAHHSA i3 MOPCbKOI nosepxHi. Betisnem-
aHaniz 00380/1U8 BCMAHOBUMU, WO 3POCMAHHA NOMYXHOCMI 4-piYHOI 2apMOHIKU
MiXPpi4HUX KOJIUBAHb coloHocMi 8 nopmy Odeca 8i06ysaemsca y nepiodu enaugy
asuwa Enb-HiHbo (EH), npudomy makcumym nomyxHocmi Moxe npuxooumucs Ha
iHmepesan mix cycioHimu sunadokamu abo 6e3nocepedHbo niouac EH. BionogioHo,
3MeHWeHHA Uiel 8esuquHuU noYyuHanoca nicna asuwa Jla-Hines (J1H) 3 MiHimymom mix
nonepeoHim JIH i HacmynHum EH, abo mix dsoma nocnidosHumu sunadkamu JIH.

DOI: https://doi.org.ua/10.15407/Meteorology2025.08.052

KniouoBi cnoBa: cosioHicme 800U, Yacosi paou, pidykosuli cmik, kopenayitiHut aHanis,
chekmpasnbHUU aHAsI3, 8eligsem, MiXXpi4Ha MiHAUBICMb, KTIMAMUYHI 3MiHU.

BCTYN

CONOHICTb € OAHVM 3 BaXKNUBILLNX MOKA3HWKIB Tif-
PONOriYHOro peXxmnmy OKeaHiB i MOpIB, N03asAK i1 pos3-
MOAiN He TiNbKN BMAIMBAE Ha NoJie ryCTHKW, @ OTXKe 1 Ha
TEPMOXaNIMHHY LUPKYNALi0 BOA, ane 1 CyKUTb nacue-
HUM Tpacepom MepeHoCy BOAM B pariOHax rMprioBux
obnacTe pivyok Ta rigponoriyHmx GpoHTiB. CONOHICTb
MOXe TaKOXK PO3rNAAaTNCA AK OQVH 3 iIHANKATOPIB Ki-
MaTUYHUX 3MiH Y MOPAX, TOMY LWO 1T BeINYMHA BU3Ha-
YaETbCA, NepLU 3a BCe, CNiBBiAHOLLEHHAM MOTOKIB Npic-
HUX BOA (MAaTepPMKOBOro CTOKY, aTMOCcdepHMX onagis
Ta BUNApOBYBaHHA 3 MOPCbKOI MOBEPXHI), AKi y CBOIO
yepry 3anexatb Bif rnobasbHUX Ta pPerioHanbHUX KO-
NVBaHb riAPOMeTeOpPOosIOriYHUX YMOB (JlunueHko n
ap., 2006; VinbuH n gp., 2012). fonoBHMMM NpUYMHamm
KONIMBaHb CONOHOCTI 6inA 6eperis MNiBHIYHO-3axigHOI
yacTnHu YopHoro mopsa (MH3YM) € piukoBui CTIK,

aABeKLiA NOBEPXHEBUX Ta MMOUHHKX BOA BiAKPUTOrO
MOP#A, a TakKoX (MEHLLOI0 MipOoto) Pi3HULA MiXK aTMO-
chepHMM OMajami Ta BMNApPOBYBAHHAM Ha MOPCbKIl
NOBEPXHi.

Ce30HHa Ta MiXpiyHa MiHNUBICTb CONMOHOCTI BOA
6ina 6eperiB YKpaiHu, a TakoX y BigKpUTOMY MOpi Mno-
65113y rONIOBHUX AXKepes NPiCHOT i CONOHOI Boaw, AOC-
nigxeHi y Po3gini 6 moHorpadii (Mnbun n ap., 2012)
3a gaHumu o 2010 poky BKIOYHO. Hagxom»keHHA
TPaHCPOPMOBaHUX PIUKOBUX BOJ € HANOINbLL NOTYX-
HUM YMHHUKOM GOPMYBaHHA MigPONOriYHOro peXxmumy
wenbdy Ta npnbepexxkHux sog NMH3YM (bonbluakos,
1970; UnbwnH, 1999, 2006; Yankovsky, Lemeshko & Ilyin,
2004; inbuH v gp., 2012).

HewonaBHin aHani3 nonepegHix gocnigXeHb no-
LUMPEHHA | TpaHchopMaLii piukoBux Bog y YopHomy
MOPI, @ TaKOX 3aCTOCYBaHHA A0 L€l TemaTnKu cyyac-
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PIYKOBMX | MOPCbKMX BOJ 3A JAHUMM CMOCTEPEXKEHb HA BEPEFOBMX CTAHLIAX YKPATHY

HWUX yAABMEHb NPO CTPYKTYPY | ANHAMIKY MiaByumx niio-
MiB (wnendiB) po3npiCHEHMX BOA PIYOK Ta ecTyapiis
HaBeaeHo B poborTi (InbiH, 2023a) wopao JHinpoBCbKo-
By3bKoi rupnosoi obnacTi. Ha ocHoBi gaHux 6arato-
NiTHIX 6eperoBux Ta ekcneauUinHNX cnocTepexeHb
PO3MAAHYTO CTPYKTYPY | AVHAMIKY nepexigHuX sog y
cuctemi [JHinpoBcbKo-by3bkoro numany (Ab6J1) go pyn-
HyBaHHA KaxoBcbkoi MEC. NobyaoBaHo cepefHi piuHi i
Ce30HHI KapTu Ta BepTMKabHI po3pi3n TemnepaTypu
i conoHocTi. MNpoaHanizoBaHO rofIOBHi UMHHUKK dop-
MYBaHHA Ta NOLINPEHHA NepexigHNX Bog — PiuKoBUi
CTiK, KOHTPACT CONOHOCTI (F'yCTUHM) Ta NPU3EMHWIA Bi-
Tep. Po3paxoBaHo i npoaHanizoBaHO HM3KY PO3MipPHUX
1 6e3p0o3MipHUX KPUTEPIIB Ta MOKA3HUKIB ANHaAMIKM
nepexigHMx Bog B Mexax Ta 3a mexkamu [1bJ1.

Y cTaTTi (InbiH, 2023b) 3a gaHMMK CYyNYTHUKOBUX
cnocTepekeHb MPOCTEXEHO NOWNPEHHA aHOMasbHO-
ro CKugy AHINPOBCbKKX BOA Nic/A NigpvBy pociaHamu
rpebni Kaxoscbkoi NEC 06.06.2023, 1oro BNauB Ha
AVHamiky Ta eBTpodyBaHHA WwenbdoBux Bog. Lia ekc-
TpeMasbHa nogia i No’BA3aHi 3 Helo NPOTArom micauA
nonA CONOHOCTI, Tedin i xnopodiny MNMH3YM peTtenbHo
BiATBOPEHI 32 JONOMOIOI0 CyYaCHOI KOMMJIEKCHOT Yn-
cenbHoi mogeni (TyukoBeHKo Ta iH., 2023, 2024).

Y pob6orTi (Yankovsky & Ilyin, 2024) noknagHo npo-
aHani3oBaHoO NpeumnsinHi ekcneguuinHi Ta cynyTHU-
KOBIi CrocTepexeHHA nonepefHix AecATUNITb WOA0
nnasyyoro wnendy nepexigHMx Bofd, AKi HagXoAATb
i3 JHinpoBCbKO-by3bkoro numany. Mowwnpooymcs
y300BX 6epera y HanpAMKy OfecbKoi 3aTOKM, Lwnend
MOXe BIAXMNATICA BNiBO (y MiBAEHHOMY HanpAMKY) Mig
Ji€lo 3yCTpiyHOro BiTpy abo 3MeHLLIEeHHA MOYaTKOBOro
iMNyNbCy, HaAAHOTO 06'EMHUM NMOTOKOM PIYKOBUX BOA,.
To6T0, 3a ManoBITPAHNX YMOB, MJIIOM MOXe JicTaTucA
TUM Jani y300BX 6epera, Ynm GinbLui BUTPATU PiuKOBMX
BOA Ha BXOAi [0 rvpnoBoi obnacTi. Take NpocyBaHHA
BOYEBMAb NMOBMHHO BiATBOPIOBATUCA Y KOIMBAHHAX CO-
NIOHOCTI MOPCbKOI BOAW, AKa PEECTPYETbCA LWOAHA Ha
MOPCbKMX FijpOMeTeoponoriyHnx ctaHuiax (M), pos-
TalloBaHKX Ha y36epexxi Big rupna AbJ1 no Opgecbkoi
3aToKu, a came — MI Ovakis, onepatusHa rpyna (Or)
MNiBgeHHe Ta Ml Opgeca-noprt.

CratTa (InbiH, 2024) npucBAYeHa aHanily yaco-
BVIX pAAIB WwWoao60BKx cnoctepexeHb 1997-2010 pp.
HaZ COJIOHICTIO BOAWU Ha BKa3aHMX NyHKTaxX MiBHIYHOro
y36epexxa MH34YM Ha ginadui Big rupna [JHinpoBcbKo-
By3bkoro numany (KiH6ypHcbKoi npoTokmn) go Ogech-
Koi 3aToku. [lobygoBaHo emnipunyHi GyHKLIT po3noginy
MMOBIPHOCTI CONOHOCTI AnA ctaHuin Ovakis, NiBgeHHe
Ta Opeca-nopt AnAa ycix micauis i poky y uinomy. 3a
[OMOMOro MeTofa aHanidy CyMilli BAKOHAHO OfHO-
BUMIpHY KnacTtepmsauito eMnipuyHmx rictorpam co-
NOHOCTI. BcTaHOBREHO, WO ricTorpamu CONOHOCTI MO-
XKyTb OYTV anpOKCUMOBaHi CyKyMnHicTIo 2—-3 raycoBux

byHkuin. Lli dyHKUiT, AK npaBuno, BignoBigaoTb Bogam
PiUKOBOro NOXOAMEHHA, MOPCbKOrO MOXOAMEHHSA i
NPOMIPKHMM BOAaM AK pe3ynbTaTy B3aEmogil nepLumnx
aBox. MNapameTpun anpokcmmalii (cepefHi BenuunHu,
CTaHJAPTHe BiAXUJIEHHA Ta Nponopuia B Cymiuli) 3mi-
HIOIOTbCA Y MPOCTOPI Y 3aNeXHOCTI Bif BiACTaHi fo Axe-
pen po3npicHeHHA abo OCONMOHEHHS, a TaKoX Y Yaci
BiAMOBIAHO JO CE30HHOI MiHIMBOCTI NpOLLeciB NocTa-
YaHHA Ta B3aemogii BOAHUX Mac Ha wenboi MH3YM.
[aHa poboTa € NPoAOBXKEHHAM NONepPeaHbOrO Ln-
Kny gocnigxeHb nepexigHunx sog NH34YM y 30Hi Bnansy
[bJ1 3a gonomorolo MeTofiB CTaTUCTUYHOIO aHanisy
YaCOBUX PAAIB COMOHOCTI, NPOAOBXeHNX 0 2020 poKy
BK/IOYHO. [0NIOBHOIO METOIO € AIOKAJHE BUBUYEHHSA Ce-
30HHOrO X04y Ta fOBrOTPMBANOI MiHANBOCTI COTOHOCTI
AK NOKa3HMKa B3aEMOAII PIUKOBUX Ta MOPCbKUX BOA,
a TaKOX perioHanbHUX KNiMaTUYHUX 3MiH. MeTogu cTa-
TUCTUYHOIO aHarni3y YacoBUX PALIB CepefHiX MICAYHNX
BE/IMYUH COJIOHOCTi 3aCTOCOBAHO A1 BCTAaHOBJIEHHA
BiAMIHHOCTEN cepefiHiX 6araTopPiYHUX PIYHUX Ta MiCAY-
HUX BENUYMH MiXK ABoMa 30-piyHNMU KNiMaTUYHUMK
nepiogamu, po3paxyHKy aBTOKOPENAUiMHNX GYHKLIN
COJIOHOCTI | B3aEMHUX KopenAuiiHMux GyHKUi cono-
HOCTI 3 BUTpaTaMu Boau piyok. CnekTpanbHU aHa-
Ni3 BUKOPUCTAHO A4N1A ONUCY CE30HHUX, MiXKPiYHMX Ta
[OBroTpmBanux 3MiH conoHocTi MH34YM.

BUKOPUCTAHI AAHI
TA METOAUKA AHANI3Y

Y po6oTi BUKOPUCTAHO YaCOBi PAAU CEPeaHiX Mi-
CAYHUX BEIMYMH 3a JaHVMW BMMIpPIOBaHb COMIOHOCTI
Boau Ha MI Ouakis, Ol lMisgeHHe Ta MI" Ogeca-nopr.,
a TaKOXK CcepefiHi MiCAYHiI BeNMYMHW BUTPAT BOAM 3a Aa-
HUMM 3amMKKatoumx cTBopiB KaxoBcbka MEC (p. Hinpo)
Ta Peni (p. OyHaw). IHdopmauito npo Ui pagn HaBefeHO
B mab6. 1.

MepBrHHa iHpopMaLiiHa 6a3a cTpokoBux, fob6o-
BUX, MICAYHUX | PIYHUX Ti4POMETEOPONOriYHUX Be-
JINYMH 32 AaHUMK CMOCTEPEXEHb CTAHLIN MOPCbKOI
i rMpnoBoi Mepexi YkpaiHu go 2011 poky 6yna cTBo-
peHa Mopcbkum BiggineHHam YKplMI (InbiH Ta iH.,
2012). Ana nonoBHeHHA pAgis Ao 2020 poKy BKIOYHO
BMKOPUCTAHO AaHi CNOCTepeXKeHb, WO MICTATbCA B
eIeKTPOHHNX BepCiAx BignoBigHMX BnaaHb [epkas-
Horo BogHoro kagactpy ([BK), a Takox Tabnuub mop-
CbKMUX FigpOMeTeopoNIoriyHmMx cnoctepexkeHb TIM-1
ana ctaHuin Opeca, MNMiBaeHHe i OyakiB.

[lns ouUiHOK CTaHAAPTHMX CTAaTUCTUK cepepHix ba-
raTopiYHUX Ta MiICAYHNX BENINYMH 3a NepPLUN Ta ApY-
rmm KnimatuyHi nepiogn BMO (1960-1990 1a 1991-
2020 pp.) BUKOPUCTAHO AaHi 3a BiANOBIAHI poKK, Npu
yomy fgaHi Ol [iBgeHHe 3a nepLunin Nepiof CTOCyTb-
ca nuwe 1982-1990 pokis (108 micauis). MNosHi paan
cepefHbOMICAYHUX BENIMYMH 3a BigMOBIgHI nepiogn
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Tabnuusa 1. BigomocTi npo BUKOpUCTaHi paan cepeaHbOMiCAYHUX AaHUX CNOCTepeXKeHb

MyHKT cnocTepexeHb MokasHuk, og. BUM. Mo3Hauka Mepion KinbkicTb
MI Opgeca-nopt ConoHictb BOANW, %0 Sods 1951-2020 796
Or MisgeHHe ConoHictb Boan, %o Spvd 1960-2020 466
MI Ouakis ConoHicTtb Boan, %o Soch 1982-2020 695
KaxoBcbka MEC (p. AHinpo) Butpatu Boau, m3/c Qdnp 1951-2020 840
PeHi (p. OyHan) ButpaTu Bogu, m3/c Qdun 1951-2020 840

cnoctepexeHb Oynu nigaaHi kopenAuinHoMy i cnekT-
panbHOMY aHani3am 3 MeTOK BM3HAUYEHHA y3roge-
HOCTi Ta OCHOBHUX MaclUTabiB JOBroTpUBanoi MiHIN-
BOCTi COSIOHOCTI Ta PiYKOBOro CTOKY. AHani3 LMx mactu-
TabiB 34iiCHEHO 3aBAAKM BeBNET-NePeTBOPEHHIO Ya-
coux pagis (Torrence & Compo, 1998). ¥Yci npouenypu
peanisoBaHi y BifIbHO AOCTYMHOMY MaKkeTi CTaTUCTUNY-
Horo aHanisy naneogaHux PAST (Hammer et al., 2001).
OcTaHHI0 Bepcilo NakeTy MOXHa OTpMMaTh 3a NOCu-
naHHAM https://www.nhm.uio.no/english/research/
resources/past/.

OTPUMAHI PE3YJNIbTATU
TA IX OBrOBOPEHHA

B mabn. 2 npepcrtaBneHo pesynbraTy CTaHAAPTHO-
ro CTaTUCTUYHOIO aHanisy pAgiB cepefHbOMICAYHNX
BEJIYMH COJNIOHOCTI Ta BUTPAT BoAW, MOBGYyAOBaHUX 3a
AaHmK BUMiptoBaHb 3a 1960-1990 ta 1991-2010 pp.
Ha MTI Ouvackis, Ol lisgeHHe, MI' Opgeca-nopT, a Ta-
KOX Ha 3aMmKaloumx ctBopax pivyok [Hinpo i QyHan.
Lia Tabnuua cny>kuTb AnA 3araibHOro NOPiBHAbHOIO

onuncy KniMaTMyHOI MIHIMBOCTI iHOMKATOPIB B3aEMO-
AT pPIYUKOBUX | MOPCbKUX BOA, Ha 3a3HAaYeHMX NyHKTax
y36epeXkKa Ta rmps rofioBHUX pivok MH3YM.

MNepw 3a BCe cig 3a3HaunTK, WO 3anyYeHHA JaHWX
npo CTik p. [lyHal 4O BMBYEHHA MiHANBOCTI CONOHOCTI
y panoHi niBHiuHoro y36epexs MH34YM nosacHoeTbCA
LBOMa npuyrHamu. MNo-nepuue, 06'emHuin cTik yHato,
y cepefHboMy, B 5,3 pa3u GinbLie, Hix CTik [JHiNpa, Wwo
06YMOBIIIOE NOro BB He TiIbKW Ha YClo akBaTopilo
MiBHiYHO-3axigHOro wenbdy, ane 3Ha4yHO Mipoto
Ha rM6OKOBOAHY KOTNOBUHY YOpHOro Mops Ta noro
y36epexks, NpUHanmHi go npotokn bocoop (UnbuH,
1999, 2006; Yankovsky, Lemeshko & Ilyin, 2004; UnbuH
n ap., 2012). No-gpyre, Hanbinbwwuii BNAnB [yHato Ha
niBHiuHe y36epex»a MH34YM i HaBiTb [1BJ1 cnocTepi-
ra€TbCA y NiTHIN nepiod, konu Ha wenbdi GopmMyeTbCA
aHTULMKIIOHIYHA CTPYKTYpa BIiTPOBUX Teuin i Boan y-
Halo NepeHOCATbCA Ha NIBHIYHWI CXif Bid NOro Aenstn
(InbiH, 2023a; InbiH, 20236).

CepepgHi 6araTopiuHi BuTpat JyHato B ocTaHHE 30-
pivyA geLo 3MeHWuNnca NOpPiBHAHO 3 nonepeaHim —

Tabnuusa 2. CTaTUCTUYHI XapaKTepUCTUKN CONIOHOCTI Ta BUTpaAT BOAM ANA KnimaTu4yHux nepiogis 1960-1990 Ta

1991-2020 pokiB

1960-1990 1991-2020
Moka3Hnk

Sods Spvd* Soch Qdnp  Qdun Sods Spvd Soch Qdnp  Qdun
KinbkicTb** 356 108 360 372 372 332 358 335 360 360
MiHimanbHe 7,3 84 1,2 250 2330 8 7,5 1,8 324 2370
MakcrmanbHe 18,2 17,6 10,2 5450 @ 15200 18,5 17,84 10,51 3350 @ 14100
CepepgHe 1443 13,76 4,31 1276 6752 1396 14,13 4,66 1213 6525
CTaHpgapTHa noxmnbka 0,098 0,184 0,103 371 137,0 0,095 @ 0,102 0,115 311 129,8
CraHaHe BigxuneHHs 1,85 1,91 1,96 715,8 2643,0 1,73 1,94 2,11 589,3 2462,6
KoedoiuieHT Bapiauii, % 12,80 @ 1391 45,40 @ 56,11 39,15 12,35 13,70 45,16 @ 48,58 37,74
MepiaHa 14,7 13,85 4 1150 6205 14,19 14,5 43 1100 6230
[eomeTpuyHe cepepHe 14,30 @ 13,62 3,89 1101 6250 13,85 13,98 4,22 1081 6084
25 npoueHTinb 13,3 12,43 2,6 724 4710 12,8 13 2,9 750 4613
75 npoueHTinb 15,8 15,2 57 1650 8533 1524 = 15,42 6 1608 8045

* Mpumimka 1: cnoctepexkeHHA Or TMiBaeHHe NounHaloTbcAa 3 1982 poKy, TOX A0 NepLIOro KAiMaTUUYHOro nepiogy BiAHOCUTLCA NnLwe
9 pokis (108 micAuiB). Lle focTaTHA KiNbKiCTb ANA CTaTUCTUYHMX OLHOK, ane [0 HYX CJ1if CTaBUTUCA 06epeXxHO Npu NOPiBHANbHOMY

aHanisi.

** [lpumimka 2: pi3Ha KinbKicTb cepefHiX MiCAYHUX BENNYUH B pAfax (KpiM BUNaAKy, Wo noAcHioe Mpumitka 1) BU3HavaeTbca nponyc-
KaMu y CNoCcTepeXXeHHAX CONMOHOCTI Yepe3 Pi3Hi 06'eKTVBHI 1 CY6'€KTVBHI MPUUUHMN.
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Ha 227 M3/c, Wo 3Ha4YHO nepebinbluye CTaHAAPTHY
CTAaTUCTUYHY NOXUOKY OUiHKK (gnB. mabsn. 2). Takox
3HauyLle 3MeHWNIMCcA cepefHi baraTtopiuHi BUTpaTn
[Hinpa — Ha 63 M3/, Wo BABiYi GiNblie cTaHaaPTHOT
noxm6ku. CyTTEBO 36iNbLINANCA MiHIMaNbHI, ane 3meH-
LUMSINCS MaKCUManbHi BEIMYMHY BUTPAT 060X PivoK, a
TaKOX 3MEHLUMNCA OLIHKM TXHIX MefiaH Ta cepefHix
reomMeTpPUYHNX.

[MopiBHAHHA CTAaTUCTUK CONOHOCTI ANA ABOX KNiMa-
TUYHUX NepiofiB Ma€ ceHc nuwe ctocoBHo Ml Opgeca
Ta OvakiB yepes Te, wo gaHi Ol liBgeHHe cTaTUCTNY-
HO BIATBOPIOIOTb NNLIE OCTAaHHIO TPETUHY MepPLIOro
nepiogy. Maemo 3Hauyuie (noHag 0,4%o) 3MeHLIeHHA
cepefHboi conoHocTi B nopTy Opeca i 36inblweHHA
Maimke Ha 0,4%o conoHocTi B OyakoBi. OcTaHHE Bigno-
BifJa€ 3MEHLUEHHIO cepefHix BUTpaT [Hinpa, ocKinbKun
MI QuakiB 3HaxoAuTbCs Ha Buxodi 3 1BJ1 i Hanbinb-
IO MIpPOI0 3a3HAE BMAVBY PiYKOBOro CToky. BogHo-
yac, 3MeHLUEeHHsA conoHocTi B Ofgeci BKasye Ha 3poc-
TaHHA, y cepefHboOMy, BNANBY aABeKUii TpaHCcopmo-
BaHMX Bof AK [IHinpa, Tak i lyHato, Ha OgecbKy 3aToKy
B nepiog 1991-2020 pp. NOPIBHAHO 3 NEPLUNM KiiMa-
TUYHUM NepiofoM. ANbTePHATUBHMM MOACHEHHAM €
KMiMaTMyHe 3MeHLIeHHA BUMapOBYBaHHA 3 NMOBEPXHi
YopHoro mops, Wwo 36inbLuye npicHOBOAHWIA GrogXeT
i 3MEHLUYE CONOHICTb NOBEPXHEBUX BOA (JlIunyeHko n
ap., 2006; inbuH v gp., 2012). Cepep iHWNX cTaTUC-
TUK Tabs. 2 BapTO 3a3HAYNTU 3MEHLIEHHA KoedillieHTY
Bapiauii (BigHOWEHHA CTaHAAPTHOrO BiAXUNEHHA A0
cepefHboi BENMMUNHM), WO BKA3y€E Ha 3arajibHe 3MeH-
LUEeHHA MIHIMBOCTI PIYKOBOIO CTOKY i CONIOHOCTI Y ApY-
rMn nepiog, NOPIBHAHO 3 MepLINM.

MNOpiBHATY CE30HHWUI Xif, CONOHOCTI i CTOKY piyoK
ana obox nepiofiB MoXHa 3a JONOMOroto puc. 1.

KpviBa ce3oHHOro xogy conoHocTi y lNiBageHHOMyY
npeacTaBfieHa nLe Ha Npasin naHeni puc. 1, it MoX-
Ha nopiBHATK 3 KpuBoto anAa Ml Opeca-nopt. Yepes
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6/113bKiCTb 000X MYHKTIB CNOCTEPEXKEHDb CE30HHI 3Mi-
HW CONOHOCTI BoAW 6ina HUX nofibHi. IMoBipHO, Kni-
MaTWYHi 3MiHN TaKoX O6yayTb ofHaKoBi. TpaHcdopma-
Lina ce3oHHOro xopy conoHocTi B Ogeci nonarac y 3a-
ranbHOMY 3HMMEHHiI CONOHOCTI B NITHbO-OCIHHIN Ce30H
Ta NepeHeceHHi MakCMMyMy 3 JIUMHA Ha BepeceHb.
Lilbomy cnpuae nepeHeceHHA MiHiMyMmy cTOKy p. [y-
Hal 3 >KOBTHA Ha BepeceHb. 3MeHLLUEeHHsA CTOKY [lyHato
y BECHAHUN nepiof i nepeHeCceHHA MakCMyMy 3 TpaB-
HA Ha KBiTeHb He Ma€e 6e3nocepefHbOro BMAMBY Ha
ce30HHUNM xip conoHocTi B Opeci.

CyTTeBOi TpaHchopmaLii ce30HHOro xody BUTpaT
JHinpa mix KniMmaTu4HUMK Nepiogamu He Bigbynocs,
ane conoHictb y rupni ABJ1 Ha MI' Ovakie y BepecHi
3HayHoO 3pocna (Ha 0,5%o). Lle moxe o3HayaTtu, wWwo
3pOC/I0 HAAXOOXKEHHA A0 NMMaHY BIAHOCHO COMIOHMUX
MOPCbKMX BOJ i3 3aX0A4Y NiJ Ai€to NiTHbOro 3pOCTaHHA
NOBTOPIOBAHOCTI BITPiB 3axigHUx pymoOiB i Bignosia-
HOro 36inbleHHA agBeKLii BOAM CXiAHMMK Teviamu
(InbiH, 2023a).

B3aemHa cTaTucTnyHa 3aneXHicTb cepefHbOMICAY-
HUX BEJIMYNH CONIOHOCTI 3a AaHUMU TPbOX MYHKTIB
crnocTepekeHb Ta IXHA KopenAuis i3 cepefHbOMICAYHM-
MU BUTpaTamu [Hinpa i JyHato intocTtpyeTbca mabs. 3.
Y HUXHbOMY TPUKYTHUKY Tabnuui HaBefeHo koedi-
LiEHTN CMHXPOHHOI KopenALii, a y BepXHbOMYy — [A0-
Bipui MMOBipHOCTI (TO6TO MOBIPHOCTI BiACYTHOCTI
CTaTUCTUYHOrO 3B'A3KY). BUaHO, Wwo yci KoedilieHTn €
3HaYyLWUMK 3 UMOBIPHICTIO NpakTnyHo 100%. JogaTHi
KoedilieHT Kopenauii MiX yciMa psagaMm CONOHOCTI
03HaualoTb, L0 Ha MiCAYHMX MacLiTabax CONOHICTb KO-
JIMBAETbCA CUHXPOHHO B YCiX MyHKTaX CNOCTepeXeHb.
BignosigHo fo pe3synbratiB (InbiH, 20233, Yankovski &
llyin, 2024) npouec nowvpeHHa soa ObJ1 y3nosx nis-
HiyHoro y36epexka MNMH34YM BigbyBaeTbcA NPOTArom
Kinbkox Ai6 (nopafaKy ofHOro TUXKHA) Y ManoBiTPAHY
norofly abo 3a CNpUATIMBOrO CXifHOro BIiTPY. TakoX
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Puc. 1. Ce30HHWI Xif CONOHOCTI i BUTPaT BOAM PIYOK, ocepeaHeHMin ana nepiogis 1960-1990 (nisa naHenb) Ta 1991-2020 (npaBa

naHesb) pokKiB
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Tabnuua 3. KopensuifiHa maTpuua cepefHbOMICAYHNX
BEJINYMH CONIOHOCTI Ta BUTpaT PivuoK

Sods Spvd Soch Qdnp Qdun
Sods 1 0,000 0,000 0,000 0,000
Spvd 0,618 1 0,000 0,000 0,000
Soch 0,509 0,610 1 0,000 0,000
Qdnp | -0,609 -0,719 -0,729 1 0,000
Qdun | -0427 -0,442 -0378 0,411 1

KinbKoX fi6 fOCTaTHbO ANA PYNHYBAHHSA MiaByyoro
wnendy po3npicHeHWX Bog abo BiATUCKaHHA NOTro Ha
cxig nig gieto BiTpiB 3axigHUX pymo6iB. Tomy Ha micAu-
HOMy MacLuTabi OTPUMaHO BUCOKI Bify eMHi koediLlieHTn
KopenAuil BuTpat [JHinpa 3 CONOHICTIO BOAN, NPUYOMY
BOHW 3MEHLUYIOTbCA 3 BiACTAHHIO Bif rvpna naumaHy:
MakcuMmym — B Ouakosi, MiHimym — B Ogeci. fIk Bxe
3a3Havanocs, BrmB [lyHalo Ha CONOHICTb MiBHIYHOroO
y36epexa MH3YM BUABNAETbCA NnLLE BAITKY Nifg Yac
nepebynosu uMpKynauii Bog wenbdy 3 UUKNOHIYHOI
Ha aHTMUWKIOHIYHY, TOMY CUHXPOHHI KoedilieHTM
KopenAauii BUTpaT BOAM 3 COJIOHICTIO 3HAaYHO MeHLLi,
Hi>K y BUNagky [IHinpa, xoua BOHU Tako»K CTaTUCTUYHO
3HauyLLi.

ABTOKOpenALinHi yHKLIT JO3BONAOTb BCTAHOBUTY
HaABHICTb abo BifCYTHICTb iHEPLINHOCTI y YacoBUX

Tabnuus 4. KoeddiuieHTn aBTOKOpensauii cepegHboMi-
CAYHMX BeINYMH 3 3aTpuMKolo 1i 2 micaui

3arpumka (micaui)

MokasHnk
1 2
Sods 0,576 0,358
Spvd 0,586 0,295
Soch 0,730 0,486
Qdnp 0,655 0,306
Qdun 0,743 0,434

Tabnuus 5. KoediuieHTn B3aeMHOI Kopensuii cepeaHbo-
MiCAYHUX BENINYMH 3 3aTpumKoio 0, 1 i 2 mi-

caui
3aTtpumkKa (micaui)
MokasHukn
0 1 2

Sods-Qdnp -0,61 -0,56 -0,31
Spvd-Qdnp -0,72 -0,46 -0,40
Soch-Qdnp -0,73 -0,69 -0,44
Sods-Qdun -0.43 -0.42 -0.30
Spvd-Qdun -0,44 -0,42 -0,23
Soch-Qdun -0,38 -0,36 -0,30

pAfax, TO6TO HaCKINbKM MUHYi 3HAYEHHA BU3HaYaloTb
NOTOYHi. ¥ mab6. 4 HaBefeHO 3HaueHHs KoedilieHTiB
aBToKopenAuii 3 3aTpumkamu 1 i 2 micaui. BugHo, wo
30e6iNbLOoro BENYMHN NomnepesHboro MicALs MaloTb
[LOCTaTHbO BMCOKY KOpenALilo i3 NOTOYHMMM, a 3 3a-
TPUMKOIO 2 MiCALi Liel 3B’A30K MalXKe BABIYi MeHLNIA,
Xoua 1 36epira€e 3HaK i 3HauyLwicTb. Lle o3Hauvae, Wwo
ANA CTaTUCTUYHOIO MOAENIOBAHHA MiCAYHMX BENNUNH
CONIOHOCTI @60 BUTPAT BOAM MOXHa OyayBaTtu mogeni
aBTOperpecii neplworo abo Apyroro Nopsaky.

I3 ma6n. 4 BMAHO, WO HaMbinbLWo iHEePLUiNHICTIO
Bifj3HAYalOTbCA CONOHICTb B OYakoBi Ta BUTPATU BOAM
OyHato.

Cnig popatu, Wwo BCi po3paxoBaHi aBTOKOPeNAUilHi
bYHKLIiT MaloTb XxapaKTep ocumMAALii i3 YiTKuM nepio-
nom 1 pik, Wwo gani byae nigTBepaMeHo CneKTpanbHUM
aHani3oM YacoBux pAdiB.

[nAa KinbKiCHOI XapaKTepUCTUKN CTaTUCTUYHOTO
3B'A3KY MiX cepefHiM/ MICAYHMMU BENNUYNHaMK CO-
JIOHOCTI i BUTPAT BOAM OCHOBHUMX PiYOK PO3pPaxOBaHi
B3AEMHI KopenAuinHi ¢yHKuii. Y mabn. 5 HaBegeHo
AK CMHXPOHHI KoedilieHTX B3aEMHOI Kopenauii (aKi
cniBnagatoTb 3 AaHUMKU mabsa. 3), Tak i 3 3aTPUMKOI
BeJINYNH CONOHOCTI BIAHOCHO BUTpAT Ha 1 i 2 micAui.

Ak i cnig 6yno cnogiBaTncs, MakcMManbHi Kopenauii
Mi>X CONOHICTIO | CTOKOM [JHinpa oTpuMaHi AnAa Hynbo-
BOI 3aTPMMKM, TOMY LLIO NPOCYyBaHHA Big rupna AbJ1 go
Opecbkoi 3aToku i Ha3ag, go KiHGypHCbKOI NpOTOKY,
BiOYBa€TbCA HAa MacluTabax MeHLWINX, HiXX MiCAYHUIA
(BNpoAoBX AHIB i TMXKHIB). MaKcMManbHUN KoedilieHT
Kopenauii cnoctepiraetbca B OuakoBi (KiHOypHCbKa
npoTokKa, rupno AbJ1), Tpoxun meHwi — B [iBaeHHOMY
i Opeci, Ha BigcTaHi, BignosigHO ~40 i 60 Km Big, rnp-
na numaxy. 3Hauywa kopenauisa 36epiraetbca i npu
3aTpuMKax 1 i (MeHWwoto Mmipoto) 2 micaui. BennumHu
KoediLieHTIB KopenALii MiX COMOHICTIO i BUTpaTamu
[yHato € 3HauyLwmmun, ane MeHwWwmMu, Hix 0,5. MpununHn
uboro obroeoptoBanucs Buwe. Btim, gna ctatnctmu-
HOFO MOJEesBaHHA Taka TiCHOTa 3B'A3KY MOXe BU-
ABUTNCA KOPUCHOIO.

[osroTprBana MiHAMBICTb BMBYanaca Ha npukna-
Ji HaNgoBLIOro pAdy cnocTepexeHb conoHocTi Ml
Opeca-noprt. MNepwnm Kpokom 6yB aHani3 niHikHOro
TpeHdy MeTOAOM perpecinHoro aHanisy. Ha puc. 2 yop-
HUMK Kpankamm NpeacTaBieHo cepefHbOMICAYHI 3Ha-
YeHHA CONIOHOCTI 3 CiuHA 1951 no rpygeHb 2020 pp.,
a CipyM KONbOPOM — RiHINHWI TpeHf 3 KoedilieHToOM
Haxuny -0,0016 %o/micAub, WO BifNoOBigae Haxuny
-0,019 %o/pik. TpeHA € 3HaUyLWMM i3 NMOBIPHICTIO
100% 3a KpuTtepiem CtblopeHTa. JliHia TpeHay nepe-
TWHAE BiCb CONMOHOCTI B TOuLi 14,972 %o, WO € aNpokK-
CIMaLi€lo cepeaHbOol BEIMYMHM HA MOYATOK YaCOBOrO
pagy. OuiHka TpeHAy NpakTUYHO CniBnagac i3 Benmun-
Hoto 0,020 %o/piK, HaBefdeHow B MoHorpadii (MnbuH
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CE30HHA TA [JOBFOTPUBAJIA MIHIVBICTb COTOHOCTI B PAMOHI B3AEMOL]|
PIYKOBMX | MOPCbKMX BOJ 3A JAHUMM CMOCTEPEXKEHb HA BEPEFOBMX CTAHLIAX YKPATHY

n ap., 2012) 3a gaHnmn go 2011 poky. Tam e HaBe-
JeHo ouiHky TpeHay B Ouakosi 3a 1957-2011 poku:
-0,016 %o/pik. Takum unHOM, 3a 70 poKiB cnoctepe-
XeHb cepefHa ConoHictb Ha MIN Ogeca-nopT 3meH-
wwunaca i3 14,972 go 13,658 %o, T06TO Ha 1,314 %o.
TeHpeHUis Byna xapaKTepHOIO 3a JaHMMK ClocTepe-
MeHb CONIOHOCTI B iHWKMX perioHax y3bepexxa Ykpai-
HW i NosICHIOBanaca 6araToniTHIM TPEHAOM 3MeHLUEHHS
BMMNapOBYBaHHA Yepe3 NocsiabneHHa BiTpy HaZl MopeMm
i BianoBigHOro 36inbleHHA G4XKeTy NPiCHUX BOS
YopHoro mopsa (JlnnueHko n gp., 2006).

HacTynHUMKn Kpokamu ochnig»KeHHA 6ynu cnekt-
panbHUI aHani3 Ta BelBfeT-aHani3 YacoBux pAdis
CcepefHix MiCAYHMX BeNMUMH conoHocTi B Opeci i ce-
pefHix micAyHMX BUTpaT Bogu p. AHinpo. Ha puc. 3
noKasaHi pe3ynbraTti, OTPMMaHi Ana CONOHOCTI Ha Ml
Opeca-nopT nicna BigHiMaHHA i3 YacoBOro pAay NiHin-
HOro TpeHay.

CneKkTp NOTY»KHOCTI KONMBaHb CepefHbOMICAYHOI
conoHocTi (Mepiogorpama Jlomba) nicna BmaaneHHA
NiHINHOro TpeHAy BUABMB 4 3HauyLLKMX NiKK, AKi BigNo-
BifjaloTb OCHOBHMM Nepiogam MiHAMBOCTI: NiBPiYHOMY
(6 mic.), 1-piuHOMy (12 mic.), 4-piuHomy (48 mic.) Ta
35-piyHomy (420 mic). AKwo nepwi aBa nepioan Big-
NoBifaloTb BHYTPILLIHbOPIYHIN (CE30HHIN) MIHNMBOCTI,
TO Nepioa 4 PoKM 03HAYaE BifUYTHY MiXKPiuHY MiHIN-
BiCTb conoHocTi. Ller nepiof Bignosiga€e aHanoriyHomy
nepiogy KoNMBaHb Ha CNEKTPi cepefHiX MiCAYHNX BU-
Tpat p. AHiNpo (He NoKasaHwuin), e TaKoX 3HaYyLLUMU
€ nepiogu NiBPOKY, pPiK i 4 poKK, ane He BUAINAOTbCA
JOBroTpuaarni amiHu 3 nepiogom 35 pokis. MNogi6bHUM
0O OHINPOBCbKOro BUrnagac n cnektp sutpat p. Ady-
Han. BigcyTHICTb HM3bKOYACTOTHOT MOAMN MiIHANBOCTI
PiYKOBOro CTOKY MOXe MOACHIOBATMCA 3aperynboBa-
HICTIO CTOKY 060X FOSIOBHUX PIYOK, WO BMagaloTb A0
MH3YM, Takmm YMHOM, O BOHU CNlabKo pearyoTb Ha
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Puc. 2. CepefHbOMICAYHI BEIMYNHUN CONMOHOCTI BOAN (YOpPHi
Kpanku) 3a gaHumu Ml Opgeca-nopt 1951-2020 pokis.
Cipa niHia — 3HayywWmMn NiHINHWA TPeHA 3 HaXWNoM
-0,019 %o/pik

KNiMaTUyUHi 3MiHW, 3anNunLLaloyn BigUyTHUMWN CE30HHI
i Mi>KpiYHi KONMBaHHA.

MepeBipka YacoBux pARiB y pi3HUX MacwTabax
MiHNTMBOCTI 3[iNCHIOETbCA 3@ JONOMOIO BENBNET-
nepetBopeHHA (Torrence & Compo, 1998). Ha puc. 3
(npaBa NMaHesnb) NOKa3aHO BerBMeT pAdy cepefHbol
MicAYHOT conoHocTi B Ofeci, oTpuMaHui i3 3acTocy-
BaHHAM MaTepuHcbKoro Bernsnety Mopne (Morlet),
AKWUN, AK BBAXAETbCA, [A€ HaMKpali pe3ynbraTu.
B Konbopi NoKa3aHa yMOBHa NOTYXHICTb curHany abo,
TOYHilWe, KBafpaT Kopensuii i3 maclwTaboBaHM Ma-
TEPUHCbKNM BeVBAETOM. IHWIMM CI0OBaMy — BHECOK
CKJ1aoBMX MiHAIMBOCTI Pi3HUX MACLITAbiB y 3aNeXXHOCTI
BiJ yacy. Hanpuknag, HalnoTy»KHilwa Ha cneKTpi piyHa
nepioanyHicTb (puc. 3, niBa NaHenb), a TaKOX BiANOBIA-
Ha 6-micAYHa NepioANYHICTb YITKO NPOABMAIOTbCA Ha
BENBneTi y nepLuy NosioBUHY Nepiogy cnocTepekeHb,
TO6TO 10 1985 POKY, MiCNA YOro NOTYXKHICTb (BHECOK
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Puc. 3. Pe3ynbTtaTi cnekTpanbHOro aHanisy (niBa naHenb) Ta BenBneT-aHanisy (Npasa naHenb) pAgy cepefHix MiCAYHUX BENNYMH CO-
NOHOCTI 3a faHmmm cnoctepexeHb MIN Ogeca-nopt. YepBoHi niHii Ha NiBi NaHeni — NOpOory 3HavyLWoCTi, WO BignoBigaTb
JoBipunM imoBipHocTaMm 0,05 (3HK3Y) i 0,01 (3Bepxy), undpu 6ina nikis — nepiog, poku
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y 3aranbHy MiHAMBICTb) PiYHOT i NiBPIYHOT FAPMOHIK
3a3HA€ BUKPUBIIEHD, WO ABHO MOB'A3aHO 3i 3MiHOIO
KnimaTy, To6T0 po36anaHCyBaHHAM KNiMaTUYHOI CUC-
TEMU.

BenBneTt-aHanis Jo3BoNA€e BUAINUTA YacOBUN pAag
MOTYHOCTi 3ajaHOI MOAM MiHNMBOCTI (BignoBigae oa-
HOMY rOpU30HTaNbHOMY PALKY ABOMipHOro rpadiky
BeMBeTY). 3 TOUKM 30py [OCNIAKEHHA JOBroTprBanol
MIHJTMBOCTI LiKaBUMW € Ti YacToTu (MacwTabu MiHIu-
BOCTI), AKi 4al0Tb 3HAUYyLWi MiKW Y HN3bKOYACTOTHIN
obnacTi cnekTpy (punc.3, nisa naHenb), a came — 0,021
1/micaupb (4 pokn) i 0,00238 1/micaub (35 pokiB). Pe-
3ynbTaTv ANA Uux ABOX MO NpeAcTaBrieHi Ha puc. 4.

MNepw 3a BCe, CNig 3BepHYTU yBary Ha 3pOCTaHHA
BHeCKY 4-piyHol ocumnauii Bnpodosx nepux 20 po-
KiB Bif moyaTky 4yacoBoro psagy, oo 1970 poky, nicna
YOro MOTYXHICTb L€l MoAN WBNAKO 3MeHLWwrNaca go
MiHiMymy B 1979 poui. ani Bigbynucs we 2 noBHUX
LMK KONMBaHb MNOTY»KHOCTI 4-piuHoi moau, 1o abco-
JIIOTHOrO MiHiMymy B 2002 poui, nicasa 4yoro BOHa 3HOB
3pocTana Ao 2010 poky i NOCTYynoBO 3MeHLlyBasaca
0o 2020 poky.

Mopa posroTpusanol MiHANBOCTI 3 nepiogom 35
POKiB Ma€ BUINAR MNOABINHOI XBWSTi NPOTArOM YaCOBOIO
pagy, To6To 70 pokis. Matoun Ha yBas3i, Lo 3HauyLWiA
NiHIVHUIA TpeHp OYB BMAANEHUN 3 pAdY CcepeaHbo-
MiCAYHOT CONOHOCTI Nepen CreKTPaSbHUM aHani3om,
MO>KHa NPUMYCTUTK, WO, Ha GOHI LbOro TpeHay 3MeH-
LLIEHHA CONIOHOCTI BMNPOAOBX YCbOro iHTepsany 70 pokKis,
BifOyBanoca “npoxofkeHHA" 4BOX XBWUb i3 Nepiogom
35 pokKiB, MaKCMManbHWIA BB AKX Bigbysca y 1993
poui, nicna 4yoro BiH 3MeHwyBaBcA Ao 2020 poky.

OTpumaHa iHpopMaLia notTpebye xoua 6 cnpobu
iHTepnpeTauil (noAcHeHHsA). AK BiZOMO, NPOBIZHUMN
YNHHUKAMN GOPMYBAHHA MIXKPIUHOT MIHAMBOCTI Y
cuctemi “okeaH-atMocdepa” € asnwa Enb-HiHbo Ta
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MoTyXHicTb (ym. ofa.)

Jla-Hinba (MonoHckun, 2008). Lli konnBaHHA CyTTEBO
BMANBAKOTb Ha rMobanbHy KniMaTuuHy cuctemy. Enb-
HiHbo (EH) acouitoeTbca i3 nigBMLWEHHAM cepeHbOi
TemnepaTtypu Ta NOCyxamu B OKpeMmnx perioHax, Togi
Ak Jla-Hinba (JTH) cnpusae noxonogaHHo Ta iHTEHCUB-
HUM onagam. CtocoBHO YopHoro mopa EH npusso-
OVTb [0 3MEHLUEHHs OofKeTy NPiCHUX BOJ i, Bigmno-
BiJHO, 3POCTaHHIO CONTOHOCTI HAa MOPCbHKII NOBEPXHi,
ToAi AK JIH, HaBmaku, cNpuA€E ONPiICHEHHIO PerioHy,
y nepuy yepry — MNH34YM. Pokn ekcTpemymiB MOTyX-
HOCTI (BHECKY) Mi>KpiUyHOI i JOBroTprBanoi Mog y 3a-
ranbHy MiHAMBICTb conoHocTi B Ofeci (3a BUHATKOM
NiHINHOrO TPeHAY) MOXKHA NOPIBHATY 3 XPOHOJOTIE
EH-JTH, ctBopeHoto WwiTyyHuMm iHTenektom (LUI) GPT-5
(puc. 5).

Ha puc. 4 (nisa nanenb) makcumym 1970 poky npu-
nagae mix asoma asuwamn EH (puc. 5), a miHimym
1979 — mix nonepegHim JIH 1973-1976 pp. i HacTyn-
Hum EH 1982-1983 pp. dani, 3HOB NOKaNbHNN MaKCh-
MYM NOTYXHOCTi 4-NiTHbOI rapmMoHiku 1985 p. npuna-
fJae mixk EH 1982-1983 1a 1987-1988 pokis. MiHimym
1991 poky cniBnagae 3 noyatkom EH 1991-1992 pp.,
AKUN Bigdysca nicna JIH 1988-1989 pp. Makcumym
1997 poky npunagac Ha noyatok EH 1997-1998 pp.,
nepeg AKMM Takoxk cnoctepiranoca EH 1991-1992 pp.,
a HACTYNMHUN MiHimym 2002 poky (abcontoTHWIA Ha ni-
BoMy rpadiky puc. 4) BigbyBcA Mix ABOMa ABULLAMM
JTa-Hinba! Jewo nopyuwye Lo 3aKOHOMIPHICTb vep-
ryBaHHA MOTY>KHOCTI MiP>KPIYHNX KONNBaHb CONOHOCTI
BiANOBIAHO A0 YepryBaHHA ¢a3 EH-JTH nuwe makcu-
MyMm 2010 poKy Ha puc. 4 3niBa: BiH YiTKO cniBnagae
3 apuwem Enb-HiHbo 2009-2010 pokiB, nepeg AKUM,
i ogpa3y nicna akoro Bigbyeanuca asuwa Jla-HiHbA
(2007-2008 Ta 2010-2012 pokKu, puc. 5).

Taknm UMHOM, 3pOCTaHHA NOTYKHOCTI 4-pivHOI rap-
MOHIKM MiXpPiYHUX KONMBaHb CONOHOCTI B nopTy Ofeca
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Puc. 4. MiHAUBICTb NOTY>KHOCTi MiXKPIYHMX KONMBAHb COMOHOCTI i3 Nepiofom ~4 poKu (niBa NaHenb) Ta AOBroTPMBaNIMX 3MiH i3 nepio-
oM 35 pokiB (NpaBa NaHenb) Ha OCHOBI CNEKTPaNIbHOrO Ta BeWBAET aHanisiB puc. 3. YepBoHi Lnudpn — pokn abcontoTHMX
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Puc. 5. XpoHonoria cunbHux Enb-HiHbo (YepBoHUi) Ta Jla-HiHba (cuHin), 1960-2025 poku (ctBopeHo LI GPT-5)

BinbyBaeTbCA y nepioan BnamBy asuwa Enb-HiHbo,
NPUYOMY MaKCUMYM MOTYXXHOCTI MOXe NPUXOAUTUCA
Ha iHTepBan Mix cycigHimm EH abo 6e3nocepeaHbo
Ha nepiog EH (ak y BunagKy 2010 poky). BignosigHo,
3MEHLUEHHA L€l BeNMYMHM NMOYMHANOCA Nicna ABULLIA
Jla-HiHbA i3 MmiHiMymom mixk nonepepHim JIH i HacTyn-
HuM EH, abo mix aBoma nocnigoBHumu asuwamm JIH
(AK y Brnagky 2002 poKy, KOnu NOTY»KHICTb 4-piuHOl
rapMOHiK/ B6yna HallMEHLLIOID).

3a BM3HaueHHAM, pokn Enb-HiHbo (abo yac mix no-
cnigoBHUMM EH, AKWO BpaxyBaTn 3aTpUMKY Y vaci no-
LUMPEHHA X BNAMBY Ha BiACTaHb Mi>K eKBaTOpianbHO
30HOI0 TVXOro okeaHy i YopHUM MOpPEM) MOXKYTb Clpu-
ATW 3POCTAHHIO CONTOHOCTI MOPCbKOT BoAM Yepes 36inb-
LWEeHHA TemMnepaTypu i 3MEHLLEHHIO BOLHOCTI pPerioHy,
TOBGTO MaKCMYMU MOTYXKHOCTi 4-pivHOI rapMOHIK/ BKa-
3yl0Tb Ha BigMNOBIAHI Nepioan OCONOHEHHA BOA, MOBePX-
HeBOro Wapy Mops, i HaBnakw, nicna asuw Jla-HiHba Big-
6YBa€ETbCA 3MEHLLIEHHSA MOTYKHOCTi 4-PiUHOI rapMOHIKI
i BIQHOCHe pO3nNpiCHEHHA MOPCbKOI MOBEPXHI.

BUCHOBKU

1. lpoaHani3oBaHO YacoBi pPAAUN CNOCTEPEXEHb
cepenHbOi MiCAYHOT CONOHOCTI BOAM Ha CTaHUiAX niB-
HiyHoro y3b6epexka MH3YM, Ha ginAHui Big rupna
[HinpoBcbKo-by3sbkoro numany (KiHOypHCbKoi npo-
TokM) o Opecbkoi 3aTOKM. 3aCTOCOBAHO MeToau
CTaHJAPTHOI ONUCOBOI CTaTUCTUKM, aBTO- Ta B3aEMHO-
KOpenAuinHOro aHanisy, NiHinHoI perpecii, cnekTparnb-
HOroO Ta BeMBNET aHani3iB.

2. MNopiBHAHHA CTaTUCTUUYHUX MOKA3HUKIB CONO-
HOCTI ANA ABOX NOCAIAOBHUX KNIMaTUYHMX nepiofis
1960-1990 i 1991-2020 nokasano 3Hauylle (noHaa
0,4%o0) 3MeHLLEeHHA cepeAHbOoi CONOHOCTI y nopTy Ope-
ca i 36inblueHHA Malixke Ha 0,4%o conoHocTi B O4YaKoBi.
OcCTaHHE BIANOBIfAE 3MEHLIEHHIO CepefHix BUTpaT
[Hinpa, ockinbkn MI" OyakiB 3HaxoQuTbCA Ha BMXOAi
3 [1BJ1 i HanbinbLwo Mipolo 3a3HA€ BNIMBY PIYKOBO-
ro ctoky. BogHouac, 3meHweHHA conoHocTi B Ofeci
BKa3ye€ Ha 3pOCTaHHA, y cepeJHbOMY, BIINBY afBeKLil
TpaHchopmoBaHUX BoA AK [JHinpa, Tak i dyHato, Ha
Opecbky 3aToky B nepiog 1991-2020 pp. NOpiBHAHO
3 nepwmm KniMatnyHmm nepiogom. Ui epexktn npo-

ABUANCA HA POHI 3aranbHOro NiHINHOro TPeHAY 3MEH-
LLIEeHHA CONOHOCTI y YopHOMY MOpi Yepes KniMaTtuyHe
3MEeHLUIEHHA BUMApOBYBaHHSA i3 MOPCbKOT MOBEPXHi.

3. TpaHchopMaLlia ce30HHOro xoay conoHocTi B One-
ci y nepiog 1991-2020 pp. NOPIBHAHO i3 nonepegHim
30-pivyaAm nonAra€ y 3arajibHOMy 3HVMEHHI B NiTHbO-
OCiHHIl CEe30H Ta NepeHeceHHi MakKCUMyMy 3 JINMHA
Ha BepeceHb. Libomy cnpusAe nepeHeceHHA MiHiMymy
CTOKy p. [lyHan i3 »KOBTHA Ha BepeceHb. 3MEHLUEHHA
CTOKY [lyHalo y BeCHAHUN nepiof i NnepeHeceHHA Mak-
CMMYMY 3 TPaBHA Ha KBiTeHb He Ma€ 6e3nocepeHbOro
BMANBY Ha Ce30HHUN Xig conoHocTi B Opeci. CyTTeBOI
TpaHcbopMmaLii ce3oHHOro xogy Butpat OHinpa mix
KNiMaTUYHYMK Nepiofamm He BiiGYyNnocs, afie CONOHICTb
y rvpni AbJ1 Ha MI" OuakiB y BepecHi 3HauHO 3pocna
(Ha 0,5 %o). Lle morke o3HauaTy, WO 3POC/IO Haaxoa-
»KEHHA A0 NIMMaHy BIAHOCHO COMTOHUX MOPCbKMX BOZ i3
3axogy nif A€o NiTHbOro 3pOCTaHHA MOBTOPIOBAHOCTI
BITpiB 3axigHWx pymbiB i BignoBigHOro 36inblueHHsA
afBeKLii BOAN CXiAHUMW TediaMmu.

4. Po3paxoBaHO aBTOKOPENALiHi Ta B3aEMHI Kope-
NAUiNHI yHKUIT pAgiB cepeAHbOMICAYHNX BEIMUYNH CO-
NIOHOCTI | BUTpAT BoAM pivok. MakcumanbHi Kopenauii
Mi>XK CONOHICTIO | CTOKOM [JHinpa oTpymaHi Ana Hynbo-
BOI 3aTPMMKWU, TOMY LLO NPOCYBaHHA Big rupna AbJ1 o
OpecbKoi 3aTokM i Ha3ag, Ao KiHOYpHCbKOI MPOTOKY,
BiOYyBa€eTbCA Ha MacluTabax MeHLWMX, HiXK MicAYHNIA
(BMPOZOBX AHIB i TMXKHIB). MaKCcMManbHMin KoedilieHT
Kopensauii cnoctepiraetbca B Oyakosi (KiH6ypHCbKa
npoTokKa, rupno AbJ1), Tpoxn meHwi — B iBaeHHOMY
i Opeci, Ha BigcTaHi, BignosigHo ~40 i 60 Km Big rup-
na nMmaHy. 3Hauyla Kopensauis 36epiraetbca i npu
3aTpumKkax 1 i 2 micAui, Wo fae nigcraBy 3anyyvyeHHA
MeTOZiB BEKTOPHOI aBTOperpecii ana nobynoBu CTa-
TUCTUYHUX MOAENEN CONOHOCTI B 3aaHOMY NMYHKTI AK
dYHKLUIT nonepeaHix 3HauYeHb COMOHOCTI, @ TaKOX Mo-
TOYHUX | monepefHix BenuuuH BUTpaT JHinpa.

5. CneKkTpanbHW aHani3 pAagy cepeiHboi MiCAYHOI
conoHocTi B Opeci (1951-2020 pp.) BUABMB 4 3Hauy-
LWKMX MiKK, AKi BigNoBigaloTb OCHOBHUM nepiogam MiH-
NUBOCTI: NiBpiYHOMY, T-piyHOMY, 4-piyHOMY Ta 35-piu-
HoMmy. AKLWO NepLi ABa Nepiofn BigNOBIAAOTb BHYT-
PiLUHbOPIYHIN (Ce30HHIN) MiIHNMBOCTI, TO Nepioa 4 po-
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t0.M. N1biH, A.0. KNEBAHOB

K1 O3Haya€ BiguyTHY MiXKPiYHY MiHMBICTb CONOHOCTI.
HosroTpuBani 3miHM CONOHOCTI 3 Nnepiogom 35 pokis
Ha QOHI NiHINHOro TpeHay 3MeHLLEHHSA COTOHOCTI Yop-
HOro MOpsA MOB'A3aHI 3 BiANOBIAHNMM KONMMBAHHAMM
CKNagoBUX KIiMaTUYHOI CMCTeMn — TemnepaTtypu
BOAW i NOBITPA, WBNAKOCTI BITPY Hag MOpPeM Ta, AK Ha-
CNiJoK — BUNApOBYBAHHA i3 MOPCbKOI MOBEPXHI.

6. BeneneT-aHani3 4O3BONNB BCTAaHOBUTH, LLO 3pOC-
TaHHA NOTYXHOCTI 4-pPiYHOT raPMOHIKM MIXPIYHUX
KONMBaHb CONIOHOCTI y nopTy Opeca BigOyBa€eTbCA B
nepiogn snamsy Asula Enb-HiHbO, npnuomy makcm-
MYM MOTY>KHOCTI MOKe NPUXOAUTUCA Ha iHTepPBan Mix
cycifHiMy Bunagkamu abo 6e3nocepenHbo nigyac EH.
BignoBigHO, 3MeHLIEHHA Ui€l BENMYNHU NMOYNHANIOCA
nicna asuwa Jla-HiHbA i3 MiHIMyMOM MiX nonepegHim
JIH i HacTtynHum EH, abo mix gBOMa nocniioBHMMM
Bunagkamu Jla-HiHbA.

HacTtynHwuia eTan gocnigkeHb — nobyfgoBa cTaTuc-
TUYHUX MOJEeNEeN KOPOTKOCTPOKOBOI Ta JOBroCTpoO-

KOBOI MiHJIMBOCTi COMIOHOCTI ANA NPOrHO3yBaHHA Ta
KNiMaTONOriYHMX OLiHOK BapiaLiln CONOHOCTI Y nopTax
Opeca, MNMiBaeHHW i OyvakiB Nig BNINBOM OCHOBHUX
AparBepiB — HanNpPAMKY i LUBMAKOCTI BiTPY Ha MacLuTa-
6ax Kinbkox Ai6 Ta cToky [lHinpa i yacTkoBo [yHato Ha
MacluTabax MicauiB i pokiB. TakoX Ansi MOAEesoBaHHSA
ecTyapHux cuctem YopHoro mopsa i NporHo3yBaHHA
CONIOHOCTI MOXKYTb OYTIN 3aCTOCOBaHiI MeTOAN MalLVH-
HOro HaBYaHHA, NOEAHaHI i3 di3MUHMMN MopgenaMmM
(Maglietta et al., 2025).

Mopsaka. JocnigxeHHA 34iNCHeHO B YKpaiHCbKOMY
rinpometeoponoriyuHomy iHcTUTYTi ICHC YKpaiHu Ta
HAH YkpaiHn B pamkax BukoHaHHA HOP 9/21 “Oun-
HaMikKa nepexigHux Bog y cmctemax [JHiCTPOBCbKOro
Ta [JHinpoBCbKO-by3bKoro nnumaHie 3a gaHumu cno-
CcTepeXeHb Ta MaTeMaTUYHOro MmofentoBaHHA" (2022-
2024 pp., HOMep ZdepxaBHOI peecTpauii 0122U00
2444).

JUTEPATYPA

Bbonbwakos, B.C. (1970). TpaHchopMaLmsa peuHbix Bog B YepHom
mope. Knes: Hayk. [lymka. 328.

MnbuH, F0.M1. (1999). PacnpocTpaHeHmne peuHblx Bog. [MprnpoaHble
yCnoBsua B3mMopbA peku [lyHan 1 ocTpoBa 3MenHbIN. NoA pea.
B.A. MBaHoBa, C.B. lowoBsckoro. Cesactononb: MM HAHY.
59-73.

WnbuH, KO.1. (2006). lmaponornyecknii pexxmm pacnpocTpaHeHua
peuyHbIX BOJ, B CeBepo-3anagHon Yactn YepHoro mopA. Hay-
koei [paui YkpHAIMI, 255. 242-251.

Inbin, 10.M1. (2023a). CepepHin CTaH Ta Ce30HHA MIHANBICTb CTPYK-
Typv i AUHamiky nepexigHnx o [JHiNpoBcbKo-by3bKoi rnp-
noBoi obnacri. YkpaiHceKkuti 2idpomemeoposno2iyHul XypHan,
32. 63-79. https://doi.org/10.31481/uhm;j.32.2023.05.

InbiH, 10.M. (20236). MowwMpeHHA eKCTpemManbHOro BUHOCY BOJ 3
[HinpoBcbKoro numaHy B YopHe mope y yepsHi 2023 poky
3a JaHUMM CyNyTHUKOBUX cnocTepekeHb. Memeoposnoais.
lioponozia. MoHimopuHe doskinnsa, 2(4). 62-74. https://doi.
org/10.15407/Meteorology2023.04.062.

InbiH, t0.1. (2024). MpoABM B3aeMogii piukoBMX i MOPCbKNX BOA Y
CTaTUCTUYHIN CTPYKTYpPi CONOHOCTI 3a LJaHUMI CMOCTEPEXKEHD
Ha 6eperoBux cTaHuiax YKpaiHu. Memeoponoeis. lioponozis.
MoHimopuHe doekinns, 2(6). 70-79. https://doi.org/10.15407/
Meteorology2024.06.072

WnbwuH, 10.M., PenetuH, J1.H., benokoneitos, B.H. n gp. (2012).
lmapomeTeoponornyeckre yciosna mopen YKpanHbl. Tom 2:
YepHoe mope. CeBactononb: MO YkpHUTMW. 421 c.

Jlnnyenko, A.E., Unbun, 0., PenetuH, J1.H., JlInnuenko, M.M.
(2006). YmeHbLIeHMe ncnapeHusa ¢ NOBEPXHOCTU YepHoro
MOpA BO BTOPOW nonoBuHe XX CTONeTus Kak cneacteme
rno6anbHbIX N3MEHEHWI KNMaTa. DKonornyeckasa 6esonac-
HOCTb NPUBPEXHON 1 WenbPpOBON 30H 1 KOMMIEKCHOE 1C-
nosib3oBaHme pecypcos wenbda. 14. CeBactononb: HML
Skocu-Mmppodusmka. 457-471.

MonoHckui, A.b. (2008). Ponb okeaHa B U3MeHEHMAX KAMmaTa.
Knes: Hayk. [lymka. 183 c.

TyukoseHkKo, t0.C., KywHip, [I.B., OBuapyk, B.A. Ta iH. (2023). Oco-
6n1BOCTi PO3MOBCIOLKEHHA B YOPHOMY MOpPi PO3NPiCHEHUX
i 3a6pynHeHNX nepexigHUx Bofg 3 [JHinpoBcbKo-by3bkoro
NMMaHy nicnAa pyriHyBaHHA rpebni KaxoBCbKOro BOLOCXOBY-
wa. Ykpaitcokuli 2idpomemeoposiozidHul xypHan, 32.95-114.
https://doi.org/10.31481/uhmj.32.2023.07.

TyukoBeHko, 10.C., KywHip, [.B., ToproHcbkun, A.B., Komo-
piH, B.M. (2024). BnnnB pyiHyBaHHA rpebni KaxoBcbkoro
BOZOCXOBWULLA Ha oKeaHorpadiuHi ymoBu B MiBHIUHO-3axiaHil
YyacTuHi YopHOro mops 3a pesynbraTaMu MOLESIOBaHHA.
YKpaiHceKkul 2iopomemeoposnozidHuli xypHan, 33. 66-80.
https://doi.org/10.31481/uhm;.33.2024.05.

Hammer, @., Harper, D.A.T,, Ryan, P.D. (2001). PAST: Paleontological
Statistics Software Package for Education and Data Analysis.
Palaeontologia Electronica, 4(1). 9 pp.

Maglietta, R., Verri, G., Saccotelli, L. et al. (2025). Advancing es-
tuarine box modeling: A novel hybrid machine learning and
physics-based approach. Environmental Modelling and Soft-
ware, 183, 106223. 14 pp. https://doi.org/10.1016/j.envsoft.
2024.106223.

Torrence, C., Compo, G.P. (1998). A practical guide to wavelet
analysis. Bulletin of the American Meteorological Society, 79.
61-78.

Yankovsky, A.E., llyin, Y.P. (2024). The Dnipro-Buh plume: A tale of
high-volume freshwater discharge in a non-tidal sea. Con-
tinental Shelf Research, 282. 105345. 10 pp. https://doi.org/
10.1016/j.csr.2024.105345

Yankovsky, A.E., Lemeshko, E.M., llyin, Y.P. (2004). The Influence
of Shelfbreak Forcing on the Alongshelf Penetration of the
Danube buoyant water, Black Sea. Continental Shelf Research,
24.1083-1098. https://doi.org/10.1016/j.csr.2004.03.007.

REFERENCES

Bol'shakov, V.S. (1970). Transformation of riverine waters in the
Black Sea. Kiev: Naukova Dumka. [in Russian]

llyin, Y.P. (1999). Expansion of the riverine water. Natural condi-
tions of the seaside of the Danube River and the Snake Island.

60 METEOPONOTIA - TIAPONOTIA « MOHITOPUHI AOBKIUIA - 2025 - N2 2(8)



CE30HHA TA [JOBFOTPUBAJIA MIHIVBICTb COTOHOCTI B PAMOHI B3AEMOL]|
PIYKOBMX | MOPCbKMX BOJ 3A JAHUMM CMOCTEPEXKEHb HA BEPEFOBMX CTAHLIAX YKPATHY

Ivanov V.A., Goshovsky S.V. (eds). Sevastopol: MHI. 5-73. [In
Russian]

[lyin, Y.P. (2006). Hydrological regime of riverine waters expansion
in the North-Western part of the Black Sea. Scientific works of
UHMI, 255. 242-251. [In Russian]

llyin, Yu.P. (2023a). Average condition and seasonal variability
of the structure and dynamics of transitional waters in the
Dnieper-Bug estuary region. Ukrainian Hydrometeorological
Journal, 32. 63-79. https://doi.org/10.31481/uhm;.32.2023.05
[In Ukrainian]

llyin, Yu. (2023b). Spreading of the extreme water discharge from
the Dnipro-Buh estuary into the Black Sea in June 2023 by
satellite observations data. Meteorology. Hydrology. Environ-
mental monitoring, 2(4). 62-74. https://doi.org/10.15407/
Meteorology2023.04.062. [In Ukrainian]

llyin, Yu. (2024). Manifestations of the interaction of riverine and
marine waters in the statistical structure of salinity by the
observations data at coastal stations of Ukraine. Meteorology.
Hydrology. Environmental monitoring, 2(6). 70-79. https://doi.
org/10.15407/Meteorology2024.06.072. [In Ukrainian]

llyin, Y.P, Repetin, L.N., Belokopytov, V.N. et al. (2012). Hydrome-
teorological conditions of the Ukrainian seas. Vol. 2: The Black
Sea. Sevastopol: MB UHMI. 421. [In Russian]

Lipchenko A.E, Ilyin Y.P, Repetin L.N., Lipchenko M.M. (2006).
Reduction of evaporation from the Black Sea surface in the
second half of the twentieth century as a consequence of
global climate change. Environmental safety of coastal and
shelf areas and integrated use of shelf resources. 14. Sevas-
topol: Ekosi-Gidrofizika. 457-471.

Polonsky A.B. (2008). The role of the ocean in climate change.
Kiev: Naukova Dumka. 183 c.

Yuriy llyin
ORCID: 0000-0002-7717-6472
ypilyin@gmail.com

Denys Klebanov
ORCID: 0009-0000-9227-8189
den@uhmi.org.ua

Ukrainian Hydrometeorological Institute of the State
Emergency Service of Ukraine and the National Academy
of Sciences of Ukraine, Kyiv

SEASONAL AND LONG-TERM VARIABILITY
OF SALINITY IN THE AREA OF RIVERINE
AND MARINE WATERS INTERACTION BASED
ON OBSERVATIONS AT COASTAL STATIONS
OF UKRAINE

Statistical methods were used to study the seasonal variation
and long-term variability of salinity as an indicator of the inter-
action between riverine and marine waters on the shelf of the
Northwestern part of the Black Sea. A comparison of statistical
indicators for two consecutive climatic periods, 1960-1990 and
1991-2020, showed a decrease of average salinity in the port
of Odessa by more than 0.4 psu and an increase of salinity in
Ochakiv due to a decrease in the Dnieper River runoff by almost
0.4 psu. These effects occurred on the background of a general
linear trend of decreasing salinity in the Black Sea due to a
climatic decrease in evaporation from the sea surface. These
effects manifested themselves on the background of a general
linear trend of decreasing salinity in the Black Sea due to a cli-
matic decrease in evaporation from the sea surface. The trans-
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formation of the seasonal salinity cycle in Odessa during the
period 1991-2020 compared to the previous 30 years consists
of a general decrease of salinity in the summer-autumn season
and a shift of the maximum from July to September. Salinity
in Ochakiv increased significantly in September (by 0.5 psu).
Correlation analysis of the series of average monthly salinity
and river water discharge values showed that the maximum
correlations between salinity and Dnieper discharge were ob-
tained for zero delay, since the movement of desalinated water
from the mouth of the Dnieper to the Odessa Gulf and back
takes several days, but less than a month. A significant correla-
tion also persists at delays of 1 and 2 months, indicating strong
inertia of salinity and its interaction with the Dnieper River flow.
Spectral analysis of the longest series of average monthly salini-
ty in Odessa (1951-2020) revealed four significant harmonics
corresponding to the main periods of variability: semi-annual,
annual, 4-year, and 35-year. The first two periods correspond
to seasonal variability, and the 4-year period corresponds to
interannual variability. Long-term changes in salinity with a
period of 35 years are associated with corresponding fluctua-
tions in the components of the climate system, which contribu-
te to changes in evaporation from the sea surface. Wavelet
analysis has shown that the increase in the power of the 4-year
harmonic interannual salinity fluctuations in the port of Odessa
occurs during periods of El Nifio (EN) influence, with maximum
power occurring between adjacent events or directly during EN.
Accordingly, the decrease in this value began after the La Nina
(LN) phenomenon, with a minimum between the previous LN
and the following EN, or between two consecutive LN events.

Keywords: water salinity, time series, river runoff,
correlation analysis, spectral analysis, wavelet, interannual
variability, climate change.
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Y KOHmMeKcmi Cy4acHoi 3mMiHU Kimamy ma po38umky pezioHanbHUX KAiMamuy4Hux
modeneli 3pocsia nompeba y 0emaneHil oyiHyi mpuganocmi ma 0am noyamky U
3dsepuwieHHs mepMidHUX nepiodis, 8axIUBUX ONIF Pi3HUX CeKMOpie eKOHOMIKU. Y no-
nepeodHix nybsikayisx 00cai0xeHo 3MiHU menJiozo (cepedHs 0dobosa memnepamypa
nogimps t > 0°C), sezcemauitiHozo (t > 5°C) ma nepiody akmugHoi ezemauyii (t > 10°C).
Lis cmamms 3asepuuye Yuks 00C1ioxeHbs mepMidHUX hepiodie 8 YkpaiHi ma 3ocepeo-
XKeHa Ha xapakmepucmukax KaimamuyHoeo siima (t > 15°C), k10408020 0715 300p08's,
pekpeauyil, mypusmy, eHepeemuku ma azpocekmopy. Memoto 6yno npoaHanizysamu
npocmoposo-4acosi XapakmepucmuKu JTiMHb0O20 Ce30HY Ma ixHi 3MiHu y matbym-
Hbomy. Ha ocHosi 0aHux E-OBS po3paxo8aHo damu noYyamky, 3agepueHHs ma mpu-
sasicme 1imHb020 nepiody y 1961-1990 ma 3miHu y 1991-2010. OuiHky matbymHix
3MiH npogedeHo 071 2021-2040, 2041-2060 ma 2081-2100 nepiodis 3a cyeHapiamu
RCP 4.5 ma RCP 8.5 Ha ocHogi 34 PKM Euro-CORDEX i3 po30ineHHAM 12X12 KM, Wo
oxonsitoe noHao 7 300 8y3nie 8 YkpaiHi. AHani3 pesynemamie po3paxyHkie nokasas,
wo y 1961-1990 nimHiti ce30H noyuHasca nepesaxHo 10-20 mpaesHs i 3asepwysascsa
17-27 sepecHs; y 1991-2010 ce30H Nno008Xu8CsA HA 5—15 OHI8 i3 3Cy8OM NOYAMKY Ha
2-5 OHie paHiwe. [poekyii 3a cyeHapiamu 8npodosx XXI cm. cgiouame npo nodase-
we no0osxeHHA Ha 7-60 OHie 3a/1eXHO 8i0 pe2ioHy ma cueHapito, i3 MaKkcuManbHUM
NimHim nepiodom 0o 180-200 OHie y Kpumy ma niedeHHuUx obsaacmsx 3a RCP 8.5
HanpukiHyi cmonimmas, Konu Kaimamu4yHe n1imo 8 Kapnamax moxe mpusamu,
AK HanpukiHyi XX cm. Ha lNepedkapnammi (80-120 0His), a Ha Monicci 6ymu nodibHuUm
00 ymoe cydacHozo Kpumy (140-160 OHig). Ompumani pesynemamu, npedcmasseHi
8 yili ma nonepedHix 4acmuHax 00CNiOXeHHA, MaMe 8aXJsuse NPUKIAOHe 3HA-
UeHHA: IX MOXHa suKopucmamu 0718 NIGHY8AHHA Ci/lbCbKO20 20CN00ApCcmMad, OUYiHKU
pu3sukie 0719 Npo0080IbHOI be3neku, NPO2HO3yB8AHHSA eHepaemuyHUX hompeb, aoan-
mayitHux cmpameziti, a makox 0718 OYiHKU 8n1U8Y 3MiHU KaiMamy Ha 300po8’s Ha-
cesleHHsA, Op2aHi3ayii pekpeayii, po3sumky mypusmy ma mepumopid.

KniouoBi cnoBa: mepmiyHul pexum, 3miHa knimamy, cuyeHapii RCP, npoekuii knima-
MUYHUX Xxapakmepucmuk, 0ama cmitikozo nepexody memnepamypu nosimps, Euro
CORDEX.

KpaLLeHHAM NpOCTOPOBOI PO3[iNbHOI 30aTHOCTI CiTKMK,

[aHHa cTaTTAa NpucBAYeHa aHani3y NOKa3HUKIB Kli-
MaTUYHOTO fiTa 1 € IV YaCcTUHO LUMKNY [OCNIOKEHD
WOAO KMIMAaTUYHMX XapaKTepPUCTUK TEPMIYHUX Nepio-
AiB B YKpaiHi go kiHua XXI cT. Y nonepefHix goCniaKeH-
HAX OYNo OUiHEHO 3MiHWN XapaKTePUCTUK TEPMIYHMX
nepioais 3a cueHapiem A1B, ane 3a UMM CUeHapiem
6yna JOCTyrnHa MeHLa KiNbKiCcTb perioHanbHUX Kni-
MaTUUHUX mogenen (PKM) 3 6inblimm npocTopoBuM
po3gineHHAM 25%25 Km (KpakoBcbKa Ta iH., 2016a,
2016b, 2018a, 2018b, 2019). Tomy, y 3anponoOHOBAHO-
My LKA BOCnig»KeHb, PO3rNAHYTO NPOEKLi 3MiHM K-
MaTy 3riiHO OHOBNIEHNX Pernpe3eHTaTUBHUX CLieHapiiB
nomipHux (RCP 4.5) i Bucokux (RCP 8.5) KoHueHTpaLin
3a aHcambnem i3 34 PKM npoekTy Euro-CORDEX i3 no-

30KpeMa YTOUYHEHO fileAKi KNiMaTUYHi XapakTepUCTUKN
B YKpaiHi fo KiHua XXI cT. Takuin aHanis mMa€ Knoyo-
Be 3HaUeHHsA, nepenycim, AnA CifibCbKOro Ta nicoBoro
rocnofapcTs, 30Kpema, 3a OUiHKamu BeretauinHoro
nepiofly BM3HayaloTb CTPOKU POBIT i NpoBeAeHHsA pi3-
HUX 3axofiB 06POOKM Ta BUPOLLYBaHHS.

MNonepenHi gocnig»eHHA aBTOPIB BKa3ylTb Ha
3pOCTaHHA TpUBaNoCTi Tennoro nepiogy (t>0°C), Be-
retauinHoro nepiogy (t>5°C) Ta nepiogy akTMBHOI
BereTauii (t>10°C) Bnpogosx XXI cToniTTA, WO MOoXe
NiACUANTY arpoKiMaTUYHUIA MOTeHUian i BpoXKai-
HiCTb Ky/bTyp 3@ YMOBW BNPOBaAXeHHA MeToAiB agan-
Tauil O 3MiHW FigpPOTEPMIYHOIO PeXmnmy, Cy4yacHUX
arpoTexHONOril Ta PO3POOKU CTpaTerin Ha Pi3HMX
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piBHAX ynpaBniHHA (KpakoBcbKa Ta iH., 2023b, 2024,
2025).

3rigHo cueHapiisB RCP 4.5 ta RCP 8.5 o KiHuA Ta
cepeanHun CTONITTA BiAMNOBIAHO OUIKYETbCA 3POCTaHHA
TPUBANOCTI TENJIOro nepiofy y Mmexax 7-35 AHiB, 0co6-
NMBO Ha NiBHOYI Ta cxofi, 3 NMOBIPHUM 3HUKHEHHAM
3MMOBOTO Ce30HY B Kprmy. 30Kkpema, BigHOCHO 1991-
2010 Tennuii nepiog 6yae goswum B 2021-2040 Ha
7-14 gHiB Ha niBaHi Ta 4o 20-23 Ha niBHOYI Ta cxofji;
y 2041-2060 3a RCP 4.5 — Ha 7 gHiB Ha niBgHi, 3a-
KapnartTi Ta lNpukapnatTi Ta go 20-25 Ha niBHIYHOMY
cxopi, a 3a RCP 8.5 — Ha 7-14 po 30-35, BignosigHo.
Lli TeHpeHUii 36epexyTbca ao KiHuA ctonitta (Kpakos-
CbKa Ta iH., 2023b).

TpuBanicTb BereTauiiHOro nepiogy Ao KiHuA cTo-
niTTA 3pocTe Ha 40-70 AHiB 3rigHO 3 06oMa cLieHapin-
MW, OOHOPIAHILe, HiXK ANA Tennoro nepiogy, NOCUIo-
IOUNCh 3i Cxopy Ha 3axig. OUiKyeTbCs, WO 3a CLieHapieM
RCP 8.5 y palioHi niBHiuHOro cxony YkpaiHu Ta B YKpa-
THCbKMX KapnaTax Ao KiHUA CTONITTA TpMBanicTb Be-
reTauinHoro nepiogy BiAnoBigaTMe 3HAYEHHAM, WO
npuTaMaHHi ana niBgeHHoro ysbepexa YopHoro
MopA Ta KpuMcbKOro niBoCcTpoBa Ha rnovatky XXI cT.
(KpakoBcbKa Ta iH., 2024).

BignoBsigHO A0 HeloAaBHO ony6iKoBaHKX Pe3ysib-
TaTiB [OCHIOXKEHHA OUIKYETbCA, WO Nepio akTUBHOI
BereTauii 3pocTe y nepios 2021-2040 3a RCP 4.5 —
Bif 7 go 14 gHiB y ctenosin yactuHi Kpumy, Ha niBgHi
OpewmHy, y KapnaTtax; a 3a RCP 8.5 — nepeBaHo Ha
7-14 gHiB, y Kapnatax — 14-21, Ha JHinponeTpoBLu-
Hi — 8o 7;y nepiog 2041-2060 3a RCP 8.5 — Ha 14-21
JeHb, a Ha 3axogi, y Kpumy, Ha niBgHi OgewmnHmn —
fo 30; Ha KiHeub cToniTTA y nepiog 2081-2100 3a
RCP 8.5 3miHa BigHOCHO 1991-2010 cAaratume 31-70
[HiB, 3pocTatoun 3i cxopy Ha 3axig (KpakoBcbKa Ta iH.,
2025).

OueBuUAHO, WO BHACNIAOK 3MiHM KNiMaTy i3 NiaBu-
LEeHHAM TemnepaTypu MNoBiTPA, BiAOYBalOTbCA 3MiHM
TPUBANOCTi KNiIMAaTUYHKX CE30HIB, 30Kpema i KnimaTuny-
Horo niTa. J1ito — nopa poky i3 HanBULWMMIK CepegHiMU
[060BUMY TEMNeEpATypamMU NOBITPA, AKa TpuBae Y lis-
HiYHIM NiBKyni 3a3BMYan 3 YepBHA go cepnHAa (LWnwr,
2016). BusHaueHHsA nita pi3HATbCS, 30KpemMa pO3pi3Hs-
I0Tb aCTPOHOMIYHE, L0 TPMBAE Bif NITHBOrO COHLLECTO-
AHHA (20-21 YepBHSA) A0 OCIHHLOIO PiBHOAEHHS (22—
23 BepecHs) (Szwed & Wasielewska, 2024), kaneHaap-
He (3 1 yepBHA oo 31 cepnHa y lMiBHiYHIN NiBKyNi), de-
HOJIOriYHe 3a NeBHMMN O3HaKaMy PO3BUTKY POCIVH
(Sparks & Menzel, 2002). lMpoTe He BCi nigxoaun Bpa-
XOBYIOTb GAKTUUHY AUHAMIKY CE30HY, @ OCKINbK/ TeM-
nepaTtypa NoBiTpA BU3HAYaE GiNbliCTb KNIMATUYHMX
NPOLECIB i KUTTEAIANBHICTb NIOAUHN, TEPMIUHI CE30HU
€ HanbiNbll MOKA30BUMW AN1A aHasi3y 3MiHW KnimaTy
(CaBuyk Ta iH., 2018, 2020; Szwed & Wasielewska, 2024).

QaKTuyHa TepMiuHa AMHaMiKa BPaxOBYETbCA MPY BU-
3HaYeHHi KNiMaTMYHOrO JliTa 3a MOPOrom TemnepaTtypu
noBiTpa (Manuubka, 2019; Czernecki & Mietus, 2017;
Szwed & Wasielewska, 2024). 3okpema 3rigHO peko-
MeHZaLi eKCcnepTHOT rpynin 3 BU3HAUYEHHA 3MiHN KNi-
maTy (ETCCDI), noporoBe 3HaueHHA KAiMaTUYHOro NiTa
BM3HAYanocs, AK cTanui (=6 pi6) nepexig cepefHboi
fo60Boi TeMnepatypu yepes +15°C y 6ik nigBULLEHHSA
(moyaTok) abo 3HWMKeHHs (KiHeub). Lle BU3HaueHHs
A€ 3MOTy KOPEKTHO aHanisyBaTu 3MiHU TPUBaNoOCTI
TEPMIUHUX NepiofiB, 30Kpema KIiMaTUYHOro fiTa, 3a
pi3sHMMU perioHamn YKpaiHu Ta B yMOBaXxX KNiMaTUYHMX
3MiH (KpakoBcbKa Ta iH., 2024). Came nNpo KniMaTuyHe
niTO, YyTAMBE [0 3MiHW KNiMaTy Ta NOTENAiIHHA, NAETb-
CA Yy NpeacTaBfeHOMY AOCIAKEHHI.

3CyBU TEPMIYHMX NepiodiB Yepes NoTenniHHA B €B-
poni, 30KpeMa i B YKpaiHi, BinbyBatoTbca uepes Gpnyk-
TyaLii rofIOBHMX KNiMaTOyTBOPIOOUMX GaKTOpiB: 36ib-
LIEeHHA OKpeMUX CKNafoBMX pafialiiHOro pexunmy
Ta 3MiHW aTMOChEpPHOT LMPKYNALIl | XapakKTepucTnk
XMapHocTi (3abonoubKa Ta iH., 2021; KpakoBcbKa Ta iH.,
2023b; 2024; 2025; MapTasiHoBa Ta iH., 2023; PubueHko
TaiH., 2023, 2024). Y XXI cToniTTi Came NiTHiln Ce30H ae-
MOHCTPYE HalbinbLL BUPaXkeHe NOTEMJTiHHA B YKpaiHi.

3rifHO [0 CyYaCHMX BITYM3HAHUX i MiP>KHApPOZHMUX
ny6nikauin Wwopao Nita 1 ouiHKN PU3KKiB, B YKpaiHi Ta
CYCiHix perioHax €BpOnM HaMMOMITHIWMM € NiTHE
NOTEeM/iHHA i3 YacCTilWMMWN N IHTEHCUBHIWKMK Nepio-
Jamu crneku 1 nocyxm (EEA, 2023; Xu et al, 2025).
BignoBigHO [O AaHUX CMOCTepeXKeHb i KNiIMaTUYHMX
npoekuin B YkpaiHi 8 XXI ctonitTi, ocobnuso 3 2015
POKY, HalBMpPa3HiWUM MOTEMNIHHA € BAITKY, — Npwu
3POCTaHHI COHAYHOI pagialil, MakKCMManbHUX Temne-
paTtyp, 30kpema noHag +30°C, TpuBaniwmnx nepiogis
cnekn (Government of Ukraine, 2025; MapTa3iHoBa Ta
iH., 2025). OTXe, came NiTHIl Ce30H, WO € NpegMeToM
LOCNiAXeHHA, AEMOHCTPYE Hanbinbll BUpa)eHe no-
TenniHHA 1 noTpebye npiopnTeTHOro BUBYEHHSA (EAA,
2021; Schumacher et al., 2024). MigBYLLEHHA cepenHix
Temnepatyp, NOAOBKEHHA TPMBANOCTI KNiMaTUYHOIO
niTa, 36iNbLUEHHA CYMU aKTVBHUX TemnepaTyp i Kifb-
KOCTi aHOMasibHO Tennux AHiB 6e3nocepeaHbO BNIN-
BAlOTb Ha XUTTERIANbHICTb cycninbcTBa (Boychenko &
Maidanovych, 2024; YkpI'MlI..., 2021, 2024).

BuBYEHHA AMHAMIKKN KNIMAaTUYHOTO NiTa Ma€ nNpak-
TMUYHEe 3HaYeHHA ANnA aganTauii KNIoYOBMX CEKTOPIB
€KOHOMIKM [0 3MiHM KNiMaTy, 30KpeMa CibCbKOro
rocnofapcTBa, AKe HabinbLL YyTIvBe [0 3MiH y Tenno-
BOMY Ta BOAHOMY peXxumax, i noTpebye BignoBigHuX i
NOMTUYHUX, | YNPABAIHCbKUX, i NPAaKTUYHUX pPilleHb
ansa ebeKTMBHOI afanTaLii 4O HOBUX arpoKiMaTUUHUX
YMOB MNpW 3MiLLeHHi BifMOBifHMX 30H NPAKTUYHO Y BCiX
KpaiHax cBiTy (Allen & Sheridan, 2015; Schumacher at
al., 2024).
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MNpwn BUBYEHHI TepUTOPiaNbHO-YaCOBUX KOMMBAHb
NITHbOrO CEe30HY 3a3BMYaN JONYYAOTb MOPIBHANBHUN
aHani3 cneuianizoBaHUx KNiMaTUYHUX MOKa3HUKIB,
cepep HMX: TPUBANiCTb, AaTW NMOYATKY Ta 3aKiHYEHHS;
cepefHA Temnepatypa. CyyacHi nybnikauii po3kpu-
BalOTb XapaKTep 3MiH KiMaTUYHOro fiTa B YKpaiHi.
Y nepiof nonepeaHbOT CTaHAAPTHOI KNiMaToNOrivyHOT
HopmMu (1961-1990) BOHO 3a3BMYal NOUYNHANOCA Ha
noyaTky YepBHA Ta TpuBano 6nu3sbko 90 fib i Bia-
nosigano KaneHgapHomy. Y 1991-2020 pokax noro
MoYaToK 3CYHYBCA Ha CepefyuHy TPaBHA, a KiHelub —
Ha cepeaviHy BepecHs, o 36inblumnio TPMBaNIiCTb A0
110-130 gi6 3anexHo Big perioHy. Ocobnuso TpuBa-
NiWXM NITO OYIKYETbCA Ha NiBAHI KpaiHM — o n'atn
MicAUiB, i3 noWMpeHilWmnMmMy TPOMIYHUMM HOYaMK, KON
MiHiManbHa TemnepaTypa 3a foby nepesuye +20°C
(Krakovska et al., 2023a, YkpI'MI..., 2024).

OuikyeTbcA, wo 3a cueHapiem RCP 8.5 knimaTtnu-
He niTo o KiHuAa XXI ctonitta TpmBatume 150-160 #i6
y niBaeHHMX perioHax KapnaTcbkoro perioHy (Torma
& Kis, 2022). Llelt noKasHVIK € iHAMKaTopom bioknimaTiny-
HOrO TEMNOBOro Pecypcy, BaXIMBMIN A71A arpoKIiMaTny-
HMX PO3paxyHKiB, MNaHyBaHHA BereTauiiHOro nepioay,
€HepreTMYHOro 6anaHcy, OLiHKM KNiMaTUYHUX pecypcis
i Ma€ BMpiLllanbHe 3HaYeHHs Npu BUOOPI CiflbCbKorocno-
LAPCbKKX KynbTyp i noTpe6 B ipurawii Ans nigBuLLeHHs
ix BporkarHocTi (Borovska & Khokhlov, 2024).

KnimaTnyHe nito — ue oguH i3 KIYOBUX TEPMIY-
HUX CE30HIB, WO BUKOPUCTOBYETbCA AS1A aHanily no-
KanbHUX KNiMaTUYHMX YMOB, AIKi BU3HAYaloTb BEKTOPU
PO3BUTKY EKOHOMIYHMX CEKTOPIB. 3MiHa MOKa3HKKIB
NiTHLOTO Mepioay BMIMBAE Ha IHPPACTPYKTYpPY, eHep-
reTKy Ta BOAHMI 6anaHc, Wo € KPUTUYHUMUN Ans 060-
POHO3[aTHOCTI Ta MOBOEHHOTO BifHOBNEHHA (KpakoBs-
CbKa Ta iH, 2024; Adger et al., 2014; Shevchenko et al,
2023; Shumilova et al., 2023). Lle Takox cTocyeTbcA
pekpeauil 1 TYpUCTUYHUX NOTOKIB, Ae NiABULEHHA
TemnepaTtyp i 3MiHN C@30HHOCTI 3MEHLUYIOTb MPUBa-
6NMBICTb PErioHIB i AeAKNX KYpopTiB Ta NoTpebytoTb
afanTauii TypucTnyHoi iHdpacTpyktypu (Gossling &
Scott, 2025; IPCC, 2022a; Wei et al., 2025). ins 3g0poB'A
HacesieHHs, 0CO6NMBO BPa3fMBUX Py, NMOLOBXKEHHSA
nepioaiB BUCOKMX TemnepaTyp O3Haya€ binble Te-
NIOBUX XBWJ/1b, 3POCTaHHA KiNbKOCTi TENNOBUX yaapiB
i NoB’A3aHMX i3 cnekoto 3axBoptoBaHb (Ocagumnii Ta iH.,
2013; Typoc Ta iH., 2022, 2023; Ballester et al., 2023a,
2023b; Ebi et al., 2021; Jay et al., 2021; Schlader et al.,
2024; Skrynyk et al., 2025; WHO, 2023).

CyTTeBa 3MiHa CyyaCHUX NMOKa3HUKIB TePMiYHOrO
pexumy Biabunaca Ha cepefiHix 6araTopiuHMX 3HaUYeH-
HAX | BIAXUNEHHAX o4O HOPMW. 3a AeAKUMU OLiHKamu,
cepefHA NiTHA TeMnepaTypa Marxe Ha BCill TepuTtopii
KpaiHu 3pocna Ha 0,6-0,8°C, y LeHTpanibHUX 06/1acTsX
BuLe, HiX Ha 1°C, a Ha niBgHIi — nepesuwmna 21°C.

KinbKicTb AHiB i3 cepeaHboio LOOOBO TeMMepaTypoto
6inbwe 15°C 36inbwmnacb Ha 7-10 gHIB Y 3axigHUX
perioHax 3a oCTaHHi gecaTnpiuua. NigBuLLeHHA cepea-
Hboi TemnepaTypu Ha 1,5°C 3a cueHapiem A1B wopgo
1981-2010 i BonorocTi B YKkpaiHi go cepegmHu XXI cto-
NiTTA, NpU3BeayTb 4O HEOAHOPIAHOIO MPOCTOPOBOro
po3noginy Ta NOCUAEHHA PerioHaNbHNX KMIMaTUYHNX
pu3ukiB (banabyx Ta Manuupbka, 2017; Manuubka Ta
Banabyx, 2020). BogHouac 3mMeHLIeHHs JOCTYNHOCTI
BOOHUX pecypciB yHacNifoK NOCyxu CTBOPIOE Aoaat-
KOBi pu3nku gna BogHoi 6e3nekn (Flint et al., 2024;
Snizhko et al., 2024). 3MiHK KNIMATUUYHVX MOKA3HUKIB,
30KpeMa 3a Npoekuiamm cueHapiis RCP, BnnvBatoTb Ha
eHepreTuky, Bogo3abesneyeHHA, pekpeaLito, BOAO-
CNOXKUBAHHA Ta iHWI cdepu. BoHn noTpebytoTb ypaxy-
BaHHA Yy BUPOOHWYIN AiANbHOCTI KNiMaTO3anexHmnX
rany3en eKOHOMIKM, 30KpeMma, Y perioHax 3 ix Hanbinb-
woto imoBipHicTio (banabyx, 2022).

3miHK, Wo BigbyBalOTbCA 3a KNiMAaTUYHOrO NiTa B
YKpaiHi MOXHa pOo34inuTy Ha MO3UTUBHI Ta HEraTUBHI
wono BnAmBy Ta Hacnigkis. Cepef NO3UTMBHNX MOXKHA
BiAMITUTIL: 3pOCTaHHA TEMIOBOro pecypcy AnAa Cinb-
CbKOroCnoAapCcbKoro BMPOOHULITBA; MOXNBICTb BU-
POLLYBaHHA HOBMX TEMTONOOHUX KyNIbTYp Ha MiBHOYI
YKpaiHu; 3HKEHHA NoTpebu B onaneHHi y MiXKce30HHA
(Boychenko & Maidanovych, 2024). Jo HeraTUBHUX
HacNigKiB BiGHOCATLCA: MOLWMPEHHA NOCYX, 0COONNBO
Ha NiBAHi Ta cxopfi KpaiHW; 3pOCTaHHA KiNbKOCTi Hebe3-
NeyHUX ABMLL — TEMNOBUX XBUIb, 3N11B, rpagy; Nigsu-
LWEeHHA HaBaHTaXeHHA Ha eHeprocmcTemMy yepes not-
peby B oxonomrkeHHi Towo (KpakoBcbKa Ta iH. 2023b;
Schumacher et al., 2024; Shevchenko et al., 2014).

[na rnnbworo po3ymiHHA AWHAMIKU KNiIMAaTUYHOIO
NliTa HarasbHMM € JeTani3yBaHHA NOro fOC/iKeHb Y
[eKinbKox HanpsaMKax: po3pobKa perioHanbHux cue-
HapiiB 3MiHM TEPMIHIB i XapaKTepUCTUK fiTa; MoAe-
NIOBaHHA PU3MKIB ANA arpapHOro CeKTopa, 340PoB'A
HaceneHHs, BOAHWX pecypciB; ouiHKa aganTtauiiHoro
noTeHUiany 3a perioHaMm 3 KOHKPETHUMU PeKOMEH-
Jauiamu i po3pobkoto cTpaTerin gna MiHimisauii He-
raTUBHUX HACNIAKIB WOAO Pi3HNX CEKTOPIB EKOHOMIKMN
Ta CyCninbCcTBa, PO3POOKOK CUCTEM OMOBILLEHHA NPO
eKcTpeMarnbHi nogii ans 3abesneyeHHA CTanoro pos-
BUTKY fieprKaBu; B3AEMO3B'A30K 3 iHWMMMW KAiMaTUYHU-
MU NMOKa3HMKaMun (onaawu, BOMOTICTb, BITPOBUI PEXNM
Towo) (AgameHko, 2019; banabyx, 2022; Knimatunu-
Hi 3MiHW..., 2015; KpuBobok, 1997; Manuubka, 2019;
Torma & Kis, 2022).

Y reononiTMyHMX Ta eKONIOTiYHMX peaniax YKpaiHu
BaXK/IMBMM € BMBYEHHA HaCNiAKiB 3MiHV TemnepaTyp-
HOrO peXkuMmy s 300PO0B’A HaCceNneHHA Ta NoAasNbLUNX
pO3p06OK CTpaTerili BifgHOBNIEHHA KpaiHW. 36inbLueH-
HA NepiofiB aHOManbHOI CNeKn BAITKY NpU3BOANTb
[0 3pOCTaHHA PU3MKIB TeNIOBUX YAApiB Ta cepLeBo-

64 METEOPONOTIA - TIAPONOTIA « MOHITOPUHI AOBKIUIA - 2025 - N2 2(8)



KIMIMATWYHI XAPAKTEPUCTVIK TEPMIYHVIX MEPIOAIB B YKPATHI IO KIHLA XXI cT. YactuHa IV: KNIMATUYHE JIITO

CYAVHHMX 3aXBOPIOBaHb cepej BPasnMBMX rpyn Ha-
CefleHHs, NOTPeBbYE NOCUNEHHSA CUCTEMU MOHITOPUHTY
AKOCTI MNOBITPA Ta PO3POOKU 3aX0OAiB OXOPOHU 340POB'A
(Typoc Ta iH.,, 2022, 2023; Wei et al., 2025). IHTerpauis
TakuX JaHWX Yy HauioHanbHi agantauiiiHi JOKYMeHTH
(Government of Ukraine, 2025) cTBOpIO€ OCHOBY AnA
NPaKTUYHOI peani3aLii 3axofiB i3 NigBULLEHHA CTINKO-
CTi iIHQPACTPYKTYypK, arpoCEKTOPY 1 OXOPOHU 310POB'A
(Mpo cxBaneHHs..., 2022).

MerTolo flaHOi po60TH € aHaNi3 i BUABNEHHSA NPOC-
TOPOBO-YaCOBUX 3MiH Nepiogy KNiMaTUYHOro NiTa B
YKpaiHi, 30Kpema 1noro TpuBasnocTi i gat noyvaTky Ta
3aKiHUEeHHA, 3a nepiogn GaKTUYHUX CNOCTEpPEXeHb
(1961-1990, 1991-2010) i MabyTHi Nepioan [o KiH-
uyAa XXI ct. (2021-2040, 2041-2060, 2081-2100) 3a
cueHapiamu nomipHmx (RCP 4.5) i Bucoknx (RCP 8.5)
KOHLEeHTpaLii NapHNKOBKX rasis.

NMOYATKOBI JAHI
TA METOAMYHI NIAX0AU

Y pocnigxeHHi 6yno npoaHanisoBaHoO NPOCTOPOBO-
YaCoBi XapaKTePUCTUKM Ta 3MiHU TPUBANOCTI i AaT no-
YaTKy Ta 3aKiHYeHHA KniMaTM4YHOro fita o KiHuA XXI cT.
3a AaHMMK NPOEKLi fOOOBOT NPU3eMHOT TeMnepa-
Typu noBiTpA. Y AKocTi 6a30BMX BUKOPUCTOBYBaNu-
cA paHi aHcambneBoi peanisauii EBponelicbKoi 6a3u
E-OBS Bepcii 20.0e gna muHynoro nepiogy 1961-2010,
AKa MiCTUTb cepefHboAo6OBI TeMMepaTypu NOBITPA 3
ropu30oHTaNnbHUM KPoKom ~12x12 km (Cornes et al.,
2018). Mpomixok yacy 1961-2010 Ha MOMEHT no-
yaTKy AOC/if»KeHHA BiANOBiAaB ABOM KNiMaTUYHUM
nepiogam: 1961-1990 (WMO, 2017) tTa 1991-2010
(IPCC, 2023).

[na ouiHKK 3MiHM NPOCTOPOBO-YaCOBMX XapaKTe-
PUCTUK NITHBOTO CE30HY Y ManbyTHbOMY 3any4aBcA
aHCaMOIb i3 34 perioHanbHUX KNIMAaTUYHUX MoZesein
MixHapoaHoro KoopaMHOBaHOro eKCrnepumMeHTy 3
MaclTabyBaHHa ana €sponu Euro-CORDEX (Jacob et
al., 2014) y mexkax NPOEKTY rnobasbHOro MofesntoBaH-
HA CMIP5 (Taylor et al,, 2012, The WCRP..., 2011) 3a
cueHapiammn RCP 4.5 i RCP 8.5 i3 npocTtopoBoto pos-
ninbHoto 3aaTHicTo 0,1°.

He amBnaumch Ha Te WO BXe AOCTYNHI nepui faHi
Mogenen NnpoekTy rnobanbHoro mogentoBaHHAa CMIP6,
BUKOPUCTaHHA 3a3HavyeHnx PKM gna aHanisy meteopo-
NOFiYHUX JaHUX 3abe3neyye HayKOBY OOrPYHTOBAHICTb
JOCNIOKEHHA | 4OCTOBIPHICTb OLUIHOK 3MiHM KnimaTy
(KpakoBcbKa Ta iH., 2016a, 2016b, 2018a, 2018b, 2019,
2024).

InAa obuncneHHs TpMBanocTi Ta AaT (MopALKOBMX
[HIB pOKy) MoyaTtKy NiTHbOro nepiogy 3acTocoByBa-
naca ¢yHkuia eca_gsl i3 naketa CDO (Climate Data
Operator) (Schulzweida, 2019). BoHa Bu3Hauae patu
CTINKOro nepexopy cepefHboi JOOOBOI TeMnepaTypu

noBiTpa yepes nopir y 15°C: y nepwomy nispivdi —
Konu Bnepuwe nicnAa 1 ciuHA TemnepaTypa NnepeBuLLye
15°C npoTArom wectu 1 6inblue AHIB NOCMiNb, a B ApY-
romy niBpiydvi — Konu Briepwe nicna 1 nunHA Temne-
paTypa cTa€ HmxYoto 3a 15°C i 36epiraeTbcA Takoo He
MeHLLe WeCcTn AHiB nocninb.

OuiHOBaHHA 3MiH NMPOCTOPOBO-YaCOBUX XapaK-
TEPUCTMK KNiIMaTMUYHOrO fiTa 34iMCHIOBANoOCA y BCiX
BY3/1ax pO3paxyHKoOBOI CiTkM (MoHag 7300 ToYyoK Ha
TepuTopil YKpaiHn) ana muHynux nepiogis 1961-1990
i 1991-2010 3a gaHumn E-OBS, a TakoXX A5l KOX-
HOI perioHanbHOI KnimatnyHoi mogeni (PKM) y Tpbox
MalbyTHix 20-piuHKX iHTepBanax i3 6a3oBMM nepio-
aom 1991-2010. 3MiHK BM3HaYanu AK Pi3HULIO MiXK
6araTopiuyHMMK cepefHiM/ 3HAYEHHAMN MaNOYTHIX
nepiogis (2021-2040, 2041-2060, 2081-2100) Ta
6a3oBoro nepiogy AnA KoxHoi PKM, nicna vyoro pe-
3ynbTaTy ycepeHioBany 3a aHcambnem i3 34 mogenei,
BignosigHo go metogonorii Loctoro 3sity IPCC (IPCC,
2022b, 2023).

Y npoueci po6oTn 3anyyeHo HU3KY METOAIB i3 06-
po6ku Ta BepudikaLil gaHux, arperaii, reoo6pobku Ta
Bi3yanisauii oTprmaHunx pesynbrartis. [lna nonepegHboil
KopekKLii NoXnboK BUKOPMCTOBYBANOCA KBapTUSibHe
MarnyBaHHsA, 3[iicHeHe npoBangepamu gaHux (IPCC,
2015). ina 3HWKeHHA 3MmileHHA (bias adjustment)
NPOEKLin aHcambmto PKM 3acTocoByBaBCA agUTUBHMIN
(nenbTa) MeToq, SIKNIN CNMPAETbCA Ha 6a30Bi 3HaUEHHS
TemnepaTypwu 3 E-OBS (LLegemeHko Ta iH., 2012; Mana-
Mapuyk Ta KpakoBcbKa, 2018).

[lnA y3rofkeHHA Pi3HMX MacoK NOKpUTTA (0cobnmneo
B NprbepexxHnx 30Hax) 3actocoByBanacs NC-cucrema
QGIS 3.28. Bisyanizauia pe3ynbratiB 34iiCHIOBanaca
y BUMMAQI €NeKTPOHHOro atnacy 3 BUKOPUCTAHHAM
JavaScript-6i6nioteku Leaflet js 3 moxxnuBicTio napa-
NenbHOro NOPIBHAHHA ABOX KapT, NOOY[0OBaHUX Ha pi3-
HUX Habopax aaHux (KpakoBcbKa Ta iH., 2023b, 2024).

basosui nepiog 3aBepLuyBascA 2010 pokom, OCKinb-
Ky nicna 2014 poKy pi3ko ckopoTuaca KinbKicTb Me-
TEeOCTaHLin yepes BilHY Ha TepuTopil YKpaiHu, po3no-
uaty PO. Takuin BUGip Bignosigae pekomeHgadiam BMO
(WMO, 2017). binbwe iHpopmaLii wongo anroputmy
nigdbopy PKM Ta BU3HaueHHA nepiofis 3MiHW KnimaTy
NS [OCNiAXKeHHA onucaHa y KpakoBcbKa Ta iH., 2023b
Ta 2024, ockinbKn MeToavKa BignoBigace paHiwe anpo-
60oBaHili AnA OLiHKK TEMNMIOro, BeretaliliHOro nepiofis
i Nnepiofy akTMBHOI BereTauii B YKpalHi.

PE3YJIbTATU TA IXHIN AHANI3

TpuBanicTb KnimaTuyHoro nita. Y KniMatmuyHum
nepiog 1961-1990 HarkopoTwa TPMBaNiCTb KiiMa-
TMYHoro nita, 3-40 gHiB, cnocTepiranaca y Kapnarax,
40-60 — 30e6inbluoro B ocepefikax Ha NiBHIYHOMY 3a-
xogi Kapnat, 60-80 — no cxmnax rip Ta B noKauifx Ha
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3axopai JIbBiBCbKOI Ta cxopi TepHoNinbCcbKoi obnacTen
(puc. 7). Y 3axigHi YacTuHI KpaiHW, a came: y npukap-
naTcbKnx panoHax IBaHo-OpaHKiBCbKoi 06nacTi, Ha
nepeBaXkHin TepuTopil JIbBIBCbKOI, MiBHIYHMX YaCTUHAX
TepHoMiNbCbKOI Ta XMeNbHULbKOI, Ha 3aXigHil YaCTUHI
KutommpcbKoi, y BonnHCbKIl Ta PiBHEHCbKI 06nacTax,
a TakoX Ha niBHo4i CyMCbKoi Ta niBHiYHOMY cxogi Yep-
HiriBcbKoi obnacTel niTHi ce3oH Tpueae 80-100 gHi..
Tpusanictb y 100-120 gHiB KNiMaTUYHOro NiTa BigMiva-
nacb y YepHiriecbKini Ta CyMCbKili 0651aCTAX, Y paioHax
KparHbOi NiBHOYiI XapKiBCbKOI Ta JlyraHCbKOI, 3axiaHin
YacTUHI KNiBCbKOI, CXigHiN YacTUHI KNTOMUPCBKOI, Ha
3axopi YepkacbKoi, y BiHHMLUbKIN obnacTi (Kpim nis-
[AEeHHUX PaioHiB), NiBAEHHMNX YacTMHax TepHOMiNbCbKOl
Ta XMenbHULbKOI, NiBHIYHO-CXigHIN TepuTopii IBaHO-
DpaHKiBCbKOI, Yy LleHTpi YepHiBeLbKoi, B noKauifx Ha
niBHoui JIbBiBCbKOI, PiBHEHCbKOT Ta XMeNbHULbKOT 06-
nacteii. Ha NMonoHnHcbKoMy Ta BynkaHiuHoMmy xpe6Tax
CrnocTepiranncb noKauii 3 TPMBaniCTIo NITHBOro Ce30HY
80-100 ta 100-120 aHiB. Ha nieani Ogecbkoi obnacTi,
B ocepeaKax, Wo oxonnawBanu niegeHb Munkonais-
CbKOI i NiBAEHHUI 3axig XepCOHCbKOI, MiBAEHHUN CXif
XepCcoHCbKOI i NiBAEHHWI 3axig 3anopi3bKoi obnacTen,
y NnoKauisix Ha y3bepexxi [JoHeLbKoi 0651acTi NiTHIN
ce30H Tpusas 140-160 gHis. Ha pewTi Teputopii Ykpa-
THW, AIKa BKJIloYana 061acTi BCixX perioHiB (34e6inbLioro
CxigHoro, LleHTpanbHoro Ta lMiBgeHHOro) NiTHin ce30H
TpmBas 120-140 gHis. Okpemo cnig po3rnaHyTn AP
Kpwvm, fie niTHIn ce30H TpuBaB Yy nokauiax [onoBHOro
nacma 60-80 Ta 80-100 gHiB, Ha BHyTpiwHbOMYy nac-
Mi — 100-120, Ha 30BHIiLLHbOMY MACMi Ta NepPeBaXXHO
Ha niBHiYHOMY 3axoai — 120-140, Ha pewwTi TepuTopil
nisoctposa — 140-149 gHis.

Y HactynHuin nepiog 1991-2010 HakopoTLue K-
MaTuyHe nito, 40-60 AHiB, cnocTepiranoch y NiBAeHHO-
cxigHux Kapnatax (17-40 Ha xpebTax uux rip), Ha pe-
wTi TepuTtopii Kapnat — 60-80, no cxmnax — 80-100
OHIB (puc. 7). Y 3axigHin Ta NiBHIYHIN YacTnHaxX YKpaiHu
JaHun ce3oH TpmeaB 100-120 gHis. Takunn npouyec
oxonntoBaB [MONOHUHCbKUI XpebeT, KpumcbKi ropu,
JIbBiBCbKY Ta IBaHO-DpaHKiBCbKY 06nacTi (Kpim ix rip-
CbKUNX TepuTopiin), TepHOMINbCbKY (3@ BUKIOYEHHAM
nokauii Ha 3axopai), YepHiBeLbKy (Kpim ripcbKkoi yac-
TUHW Ta OCcepeaky y LeHTpi), BONnHCbKY, PiBHEHCbKY,
XmenbHuUbKY, KutommpcbKy, YepHiriscbky, CymcbKy
obnacTi, BiHHMLBKY (Kpim niBgeHHOro cxopy), 3axigHi
yacTuHu KniBcbKoi Ta YepKacbKoi, NiBHIUHI paioHn
MonTaBcbKoi, XapKiBcbKoi Ta JlyraHcbkoi obnacTent. Ha
niBAHI KpaiHW, a came: y NiBAeHHIn yacTuHi OgecbKoi
Ta MukonaiBcbkoi obnacTeid, Ha NiBAEHHOMY 3axofi
Ta NiBAEHHOMY CxOofi XepCOHCbKOI, y 3aXiAHi YaCTuHiI
3anopi3bKoi, y paioHi KaxoBCbKOro BOAOCXOBULLA, Ha
KepueHcbKkOMy MiBOCTPOBI Ta Ha niBHIYHOMY cxofi AP
Kpum niTHin ce3oH TpmBae 140-151 geHb. Ha pewwTi

TEePUTOPIT KpaiHW, 3HAYHIN IT YaCTWHI, nepeBaxHo Cxig-
Horo, lNiBgeHHoro Ta LleHTpanbHOro perioHis, gaHui
ce30H TpmBaB 120-140 gHis.

CueHapin RCP 4.5 y 2021-2040 pokax NporHo3ye
HaKopOTLY TPMBaNiCTb KNiMaTMYHOro nita y Kapna-
Tax: 19-40 gHiB — Ha HamBuWwwmx xpebTax, 40-60 —
y NiBAEeHHO-CXiAHI YacTuHi, 60-80 — Ha pewwTi Tepu-
Topii rip, 80-100 — no cxunax (puc. 7). 100-120 gHis
[LaHOrO Ce30HY OYIKY€ETbCA Ha MONOHNHCbKOMY XpebTi,
y JIbBiBCbKil1 Ta IBaHO-DpaHKiBCbKil 06nacTax (Kpim ix
ripCbKNX TEPUTOPIN Ta OKPEMUX PIBHUHHUX JIOKaLil),
y BonuHcbkin, 3axigHin yactnHi TepHoNinbCcbKol, Ha
3HaYHUX TepuTopiAx PiBHEHCbKOI Ta PKUTOMUPCHKOI, y
NiBHIYHMX palioHax YepHiriscbkoi Ta Cymcbkoi obnac-
Ten. Ha niBgHi YKpaiHn, a came: B Ofgecbkin obnacri
(Kpim NiBHIYHUX PaOHIB), XePCOHCbKIN (3a BMKITIOYEH-
HAM NiBAEHHOro 3axody), NiBAeHHIN yacTuHi JHinpone-
TPOBCbHKOI, 3anopi3bKii (KpiM ocepenKy Ha cxogi), nis-
AeHHNX panoHax [JoHeLbKoi Ta JlyraHCbKOI, ocepefkax
y MukonaiBcbkin obnacti, B AP Kpum (6e3 KpumcbKinx
rip), @ TakoXK Ha 3akapnaTTi TPMBaNiCTb NITHLOrO Ce-
30HY ouikyeTbca y 140-159 gHiB. Ha pewTi Teputopil
KpaiHW, 3Ha4YHUX NpocTopax Bif cxoay A0 3aXigHWUX
obnacTen, gpaHui ce3oH TpmBatume 120-140 gHis.

Y 2021-2040 pokax cLeHapin RCP 8.5 nepepbavae
Camy KOPOTKY TPUBanicTb KAimaTuyHoro fita 'y Kapna-
Tax: 22-40 1a 40-60 AHiB y NiBAEHHO-CXiQHIN YaCTUHI,
60-80 — Ha pewwTi Teputopil, 80-100 — B3J0BX CXU-
nis (puc. 7). 100-120 gHiB gaHOro nepiofdy OYiKy€eTbCA
y nepeprip’ax Kapnart, y 3axigHin yactuHi TepHoninb-
CbKoi 06nacTi Ta okpemux parioHax JIbBiBCbKOI, Bo-
JIMHCBbKOI Ta KUTOMUPCBbKOI obnacTeli. MNepeBa)kHo y
NiBAEHHIN YacTMHI YKpaiHK, @ came: 3HaUYHMX MioLwax
Opecbkoi, MukonaiscbKoi, XepCoHCbKOI, [JHinponeT-
POBCbKOT, 3anopi3bKoi obnacTei, NiBAEHHNX YacTMHAX
JoHeubkoi Ta JlyraHcbKoi, y niBAeHHUX ocepeakax
MontaBcbkoi obnacTi, B AP Kpum (kpim KpumcbKux rip
Ta ocepenKy Ha CXOfi), a TaKOX B NIOKaLii, Lo OXOMUTb
cxig YepHiBeLbKol, NiBgeHb XMeNbHULIbKOT Ta NiBAEH-
HWI 3axig BiHHMUbKOI obnacTten, i B 3akapnaTTi NiTHIN
ce30H TpmBatume 140-160 gHiB. Ha pewwTi Teputopil
KpaiHn — 120-140, B ocepepkax Ha cxogi AP Kpum Ta
Ha niBaHi Opecbkoi obnacTi — 160-164 aHi.

3a cueHapiem RCP 4.5, y 2041-2060 pokax 60-80
[HIB KNiMaTUYHOrO NiTa OYiKYOTbCA Ha 3HAYHIN Tepu-
Topii Kapnart, 26-40 1a 40-60 — y niBAEHHO-CXiAHiN
YyacTuHi, 80-100 — no cxmnax, 100-120 — y nepearip’i
Ta B NloKauii Ha cxopi JIbBiBCbKOI Ta 3axogi TepHoMinb-
CbKoi obnacTen (puc. 7). TpuBanicTb [AHOTO CE30HY
y 120-140 gHiB OUiKy€ETbCA NepeBakHO Y MNiBHIYHIN,
3axigHin, NiBHIYHO-CXiQHIM Ta YACTKOBO LE€HTPabHIN
yacTuHax YkpaiHu. A came: y Bcix obnactax MiBHiuHoOro
perioHy, B o6nactax 3axigHoro (Kpim ripCbkux Tepu-
TOpil, 3akapnaTtTa, NiBAHA XMeNbHULUbKOI Ta cxoay
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YepHiBeubKoi obnacTen), y BiHHMLDbKI (32 BUHATKOM
niBOEHHUX PaNOHIB), 3HaYHiN TepuTopii YepKacbKoi,
NiBHIYHMX Ta LeHTpanbHMX panoHax KipoBorpaacbKoi,
NiBHIYHMX YacTuHax [MonTaBcbKol, XapKiBCbKoi Ta Jly-
raHcbKoi obnacteli, y KpumcbKnx ropax. Ha pewri Te-
puTOpIl KpaiHn, NepeBaXxHo Yy CXifHin Ta NiBAEHHIN
YyacTuHax, NiTHIN ce30H TpuBaTme 140-160, a B TOKa-
Uil Ha KpaltHboMy niBgHI OpecbKkoi 0b6acTi, Ha cxoai Ta
nisgeHHomy 3axofi AP Kpnm — 160-167 gHis.

Cuenapin RCP 8.5 y 2041-2060 pokax npOrHo3ye
Tp1BanicTb KNIMaTUYHOrO fliTa y NiBAeHHO-CXigHUX Kap-
natax 60-80 gHiB (36-60 — y BMCOKMX ropax), 80-100
AHiB y niBHiYHO 3axigHMx Kapnatax (60-80 y BUCOKMX
ropax), 100-120 gHiB y nepegrip’ax (puc. 1). ¥ niBHiYHiN
Ta 3aXigHi YaCTUHaX KpaiHW JaHWIN Ce30H TpuBaTnme
120-140 gHis. Takun npouec oxonutb JIbBiBCbKY Ta
IBaHO-DpaHKiBCbKY 06NacTi (KpiM iX FipCbKux Teputopii),
LieHTpanbHi paioHn YepHiBeubkoi, TepHOMiNbCbKy (3a
BMKJ/IOYEHHAM MiBAEHHOro cxoay), BonnHcbky, PiBHeH-
CbKy, Kutommpcbky, YepHiriscbky, CymcbKy 0651acTi, nis-
HiYHi YaCTUHW XMeNbHULbKOI Ta BiHHMLbKOI, 3axigHi yac-
TUHU KniBCbKOI Ta YepKacbKoi, KparHi MiBHIUHI panioHu
MonTaBcbKoi Ta XapKiBCbKoi obnacTeli Ta [on1oBHe NacMo
Kpumcbknx rip. Ha peLuTi maTepurkoBoi TepuTopii Kpai-
HW, @ TaKOXK Y KpMMCbKIKX ropax Ta y niBHIYHO-3axigHin
yacTuHi AP Kpum niTHin ce3oH Tpuatume 140-160 gHis.
Y niBgeHHUX parioHax OpecbKoi obnacTi Ta peLuTi Tepu-
Topii Kpnmcbkoro niBoctpoBa — 160-173 gHi.

Ona nepiogy Ha KiHeub XXI ctonitta (2081-2100)
3a cueHapiem RCP 4.5 oTprMaHO NpakTUYHO aHanoriy-
HUI PO3Mo[iN 3HaYUeHb NOKa3HMKa AK i ANA CueHapito
RCP 8.5 gna 2041-2060 (puc. 7).

3rigHo cueHapito RCP 8.5,y 2081-2100 pokax Bipo-
rigHa TPUBaNiCTb KNiMaTMYHOrO liTa y NiBAEHHO-CXIAHNX
Kapnatax — 100-120 gHis (79-100 — y BUCOKUX ropax),
120-140 gHiB — y niBHiYHO-3axigHUX KapnaTax (puc. 1).
Y MiBHIYHIN Ta 3axigHil, YaCTKOBO LeHTPanbHin Yactu-
HaXx KpaiHu gaHni ce3oH TpuBatume 140-160 gHi.. Taka
TpMBanicTb o4ikyeTbca y JIbBiBCbKIM Ta IBaHO-OpaH-
KiBCbKin 06nacTaX (3a BMKOUEHHAM TFipCbKUX Tepu-
TOpIl), LeHTpanbHMX palioHax YepHiBeubKoi, y Bo-
JIMHCbKIN, PiBHEHCBKIN, MKUTOMUPCBHKIiN, YepHiriBcbKin,
CymcbKilt obnacTax, TepHOMINbCbKIN (32 BUKNIOYEHHAM
NiBAEHHOrO CXoAy), y MiBHIYHNX YaCcTMHAX XMeNbHULb-
Koi Ta BiHHMUbKOI, y KniBCbKiln Ta YepKacbkin (Kpim ix
LeHTpanbHUX paroHiB), NiBHIYHUX parioHax lNonTas-
CbKOi Ta XapKiBCbKOT obs1acTelt, ocepeakax y LeHTpi
KipoBorpapacbkoi Ta Ha niBHoui JlyraHcbKkoi obnacTer.
Ha pelwTi maTepnKoBOI TepuTOopii KpaiHU NiTHIN Ce30H
Moxe Tpuatn 160-180 gHiB, Ha niBaHI Opecbkoi 06-
nacti — 180-200 gHis. B AP Kpum paHuii ce3oH byge
po3nogdineHuni: Ha niBHIYHOMY 3axofi Ta y KpnmcbKumx
ropax — 160-180 gHis (Ha fonosHoMy nacmi 140-160),
Ha peLwTi TepuTopil niBocTpoa — 180-197 gHi..

MouaTok (geHb poKy) KnimaTu4yHoro nita. Y 1961-
1990 pokax HaMMi3HIWW NOYaTOK KiMaTUYHOrO NiTa,
Ha 180-207 pgeHb, BigMiyaBCA y NiBAEHHO-CXigHNX
Kapnatax, Ha 160-180 — Ha peLwTi TepuTOpiIl rip, Ha
150-160 — y lNMpuKapnatTi Ta B 0OCepefkKy, o OXo-
nnaBaB MiBHIYHY YacTUHY TepHONiNbCbKOT obnacTi
Ta nNpwunerni 4o Hel panoHW Ha 3axofi XMeNbHULb-
Kol Ta niBgHi PiBHeHcbKoi obnacTelt (puc. 2). MNovyatok
JaHoro ce3oHy Ha 140-150 pgeHb dikcyBaBca y BCixX
perioHax YkpaiHu: y JIbBiBCbKin, IBaHO-OpaHKiBCbKil
Ta YepHiBeubKilt obnactax (Kpim ix ripcbKnx Teputo-
pin), NiBOEHHIN YacTHi TepHONINbCbKOI, y BONUHCBKIN,
PiBHEHCDBKIN, XMenbHULbKIN, MKNTOMUPCBKIA, 3HAYHIN
TepuTopii BiHHMUbKOT 06nacTteit. A TakoX y KWiBCbKil
(3a BMKNIOUEHHAM Cxoay), Ha 3axodi YepKacbKoi, y
YepHiriscbkin Ta CymcbKin, y NiBHiYHMX panoHax MNon-
TaBCbKOI, XapKiBCbKOI Ta JlyraHcbKoi obnacTtel, y LeHT-
panbHUX panoHax OpecbKol, a TaKoX Ha TepuTopil,
O OxornJoBana cxigHi panoHn [HinponeTpoBCbKOI
i 3anopi3bKoi, Ta 3axigHi [loHeubKoi obnacten. Y 3a-
KapnatTi, okpemux nokauiax Ogecbkoi, MMkonaiscbKoi,
XepcoHcbKol, NonTtascbKkoi, JoHeubKoil Ta JIyraHCbKol
obnacrten niTHIN ce30H noymHaBcs Ha 132-140 aeHb.
Ha pewTi matepukoBoi TepuTopii YKpaiHu, y CxigHomy,
NiBpeHHOMY Ta nepeBaxHo LleHTpanbHOMY perioHax,
JaHN Ce30H po3noYmHaBcA Ha 132-140 geHb. B AP
Kpum Ha TonoBHOMY nacmi rip noyaTok ce3oHy Bif-
MiyaBcA Ha 160-180 geHb, Ha BHyTpilwHbOMY nacmi —
150-160, Ha 30BHiWIHbOMY NacMi, Y NPUripCbKUX pa-
MoHax Ta Ha KepueHcbkomy niBocTposi — 140-150, Ha
peLTi TepuTopii NiBocTpoBa — 132-140 geHb.

Y 1991-2010 pokax HannisHiwe, Ha 180-198 geHb,
KniMaTnyHe NiTO NOYMHANOCh Y BUCOKUX ropax nis-
AeHHo-cxigHux Kapnart, Ha 160-180 — Ha pewTi Tepu-
TOPpIT ripcbkoi KpaiHu, 150-160 — Ha cxunax Kapnat
Ta B NloKauiAax Ha 3axogi TepHoMinbcbKoi Ta BonuH-
cbkoi obnacten (puc. 2). Ha 140-150 geHb noyaTok
[aHoro ce3oHy ¢ikcyBaBCA Yy BCiX perioHax, Ha nepe-
BaXKHi TepuTopii KpaiHW. ¥ Bcix obnactax 3axigHo-
ro (kpim 3akapnatTa) Ta liBHiYHOro perioHis, y BiH-
HULbKIN Ta YepKacbKill 06nacTsax (3a BUKTIOUYEHHAM
OKPEMUX PaMOHIB Ha CXOAi), Y NMiBHIYHMX YaCTMHaX
KipoBorpaacbkoi Ta MNontaBcbKkoi obnacTein. Takox
Ha 3HauHil TepuTopii XapKiBCbKOi 06/1acTi, Ha NiBHOYiI
JlyraHcbKol, y ueHTpanbHUX panioHax [JoHeubKol, Ha
cxogi 3anopi3bkoi Ta NiBaHI XepcoHCbKoi obnacTen.
Ha pewti maTepnkoBoi TepuTopil KpaiHu, NnepeBaKHO
CxigHoro, lNiBgeHHoro i, yacTkoBo, LleHTpanbHoro pe-
riOHIB, NOYATOK KNiMaTUYHe NiTO NOYMHaNocCb Ha 130-
140 peHb. B AP Kpum Ha fonoBHOMY nacmi noyaTok
Ce30Hy BigmiuyaBca Ha 160-180 geHb, Ha BHyTpilwHbO-
My nacmi — 150-160, Ha niBHiYHOMY cxofi MiBOCTPO-
Ba — 130-140, Ha pewTi TepuTOpii NniBOCTpoBa — 140-
150 geHb.
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3a cueHapiem RCP 4.5 y nepiog 2021-2040 ouiky-
€TbCA HANMNI3HIWNA NPUXig KNiMaTMYHOro nita Ha 180-
190 peHb y BUCOKUX ropax niBAeHHO-cxigHmx Kapnar,
Ha 160-180 — Ha peLuTi TepuTOpIi rip, Ha cxunax Kap-
nat — Ha 150-160 geHb (puc. 2). Ha 3HauHNX TepuTOpIAx
JTbBiBCbKOT, IBaHO-DpaHKiBCbKOI, PiBHEHCbKOI Ta MKuTo-
MUpPCbKOI obnacten, y 3axigHi yacTuHi TepHoninb-
CbKOI, y BonnHCbKIN, NiBHIYHMX panioHax BiHHMLBKOI,
YepHiriscbkoi Ta CymcbKoi 06nacTe moyaTok JaHoro
Ce30Hy NMMOBIpHUM Ha 140-150 geHb. B ocepeakax Ha
nieaHi 3akapnatTs, [JloHeubKoi Ta Opgecbkoi obnacTen
NMOYaTOK JAHOro Ce30HY OUiKy€eTbcA Ha 127-130 geHb.
Ha peluTi maTeprkoBol TepuTtopii KpaiHm — Ha 130-140
AeHb. B AP Kpym nito MoXe noynHatucb: Ha [lonoBHOMY
nacmi Kpumcbkumx rip — Ha 150-160 geHb, Ha BHyTpiw-
HbOMY Ta 30BHilWHbOMY — 140-150, Ha peLuTi TepuTOpIl
KpumcbKoro nisoctpoBa — Ha 130-140 feHb.

3rigHo cueHapito RCP 8.5, y 2021-2040 pokax Ha
oKpemux xpebTax nisaeHHo-cxigHUX Kapnat Knimatunu-
He NiTo nouynHaTmeTbcA Ha 180-190 geHb, Ha peL-
Ti TepuTOpIT ripcbKoi KpaiHn — Ha 160-180, B3A0OBX
cxuniB — Ha 150-160 geHb (puc. 2). Y 3axigHin yacTuHi
TepHoninbcbKoi 0651acTi, Ha 3HaYHI TepuTopii IBaHO-
DOpaHKiBCbKOI, B palioHax JIbBIBCbKOI Ta ocepepkax
Ha 3axofi BonuHcbKoi, y KpMcbKnx ropax gaHum ce-
30H NoYMHaTUMeTbCA Ha 140-150 geHb. Y niBAeHHUX
paioHax Ofecbkoi Ta [JoHelbKoi obnacTten, y niBHiu-
HUX Ta LEeHTpanbHUX paoHax 3anopi3bKoi, y CXigHin
YyacTuHi [IHinponeTpoBcbKoi o6nacTi, y 3akapnarTi
Ta LeHTpanbHUX panioHax Kpumy gaHum ce3oH no-
YnHaTMMeTbCA Ha 126-130 geHb. Ha pewwTi Teputopil
KpaiHnm — Ha 130-140.

CueHapin RCP 4.5 y 2041-2060 pokax nepep-
06aya€ NoYaToK KiiMaTUyHoro nita Ha 180-188 geHb
Ha oKpemux xpebTax niBaeHHO-CcxigHMX KapnaT, Ha
pewTi TepuTopii ripcbKoi KpaiHn Ha 160-180, nepe-
BaXKHO Ha cxunax 150-160. Y nepearipcbkmnx panoHax,
a TaKoX B ocepefKy Ha Mexi JIbBiBCbKOT Ta TepHo-
ninbCbKoi obnactei i B KpuMcbkux ropax — 140-150
ZeHb (puc. 2). HanpaHiwmii noYaToK NiTHbOro Ce30HY,
Ha 125-130 geHb, OUIKYETbCA NepeBaXKHO Y CXiAHIN
YacTuHi YkpaiHu: y [JHinponeTpoBcbKin obnacTi (Kpim
niBHiYHOro 3axofy), NiBAEHHIN YacTuHi [MonTaBCbKOI,
y 3anopi3bKii (3a BUKMOYEHHAM NiBHIYHOMO CXOAy), Ha
cxofi XepCOHCbKOI, y NiBAEHHIN YaCTMHI Ta NiBHIYHWX,
LeHTpanbHKX Ta 3axXigHMX parioHax [JoHeLbKoi, y LieH-
TpanbHUX panoHax JlyraHcbKoi, y panoHax niBgeHHol
YacTUHKU XapKiBCbKoi, Ha niBaHi Opecbkoi obnacTi, a
TaKoX y 3aKapnaTTi, Ha KpanHboMy MiBAHI BiHHMLbKOI
i XMenbHULUbKOT obnacTen Ta y NiBHIYHO-CXiAHIN Yac-
TuHi AP KpuMm. Ha 3HauHin yacTuHi Teputopii KpaiHum,
Lo oxon/oBaTUMe 0651acTi BCiX perioHiB, nepeBakHO
CxigHoro, MNisgeHHoro, LeHTpanbHoro Ta [iBHiYHOTO,
niTo moxe novmHatmuca Ha 130-140 geHb.

3a cueHapiem RCP 8.5, y 2041-2060 pokax, Hau-
nisHiwe KniMaTnyHe NiTo 6yae NOYMHATMCL Tak CaMo
B Kapnatax: Ha 160-182 geHb y NiBAEHHO-CXiAHIN
4YacTuHi, Ha 150-160 — Ha pewwTi TepuUTOPIl ripcbKol
KpaiHu, Ha 140-150 geHb — No cxmunax rip, a TakoX Ha
fonoBHOMy nacmi Kpmmcbkux rip (puc. 2). MepeBakHO
y CXigHin Ta NiBAEHHIN YacTMHAX KpaiHW NiTO NoYMHa-
TMMeTbCA Ha 123-130 geHb. Taki 3HaYeHHA OTpUMaHi
Ha 3HauYHNX TepuTopiax JoHeubKoi, JlyraHCbKoi, 3amno-
pi3bKoi, [lHinponeTpoBcbKoi Ta Ofgecbkoi obnacrten,
y XapkiBcbkili Ta [ontaBcbKin (Kpim ix MiBHIYHMX pa-
MNOHIB), CXigHIN YaCTMHI XepCOHCbKOT Ta YepKacbKoi,
ueHTpanbHMXx KMiBCbKOI Ta MiBHIYHMX paioHax MuKo-
naiBCbKOi 06n1acTel, a TakoX y 3akapnaTTi Ta apeani,
O OXOMNUTb MiBAEHHI panoHn XMeNbHULbKOI, CXia
YepHiBeLbKOI Ta KpalrHin NiB4eHHUN CXif BiHHULbKOT
obnacTein. A TakoX Ha 3HauHin TepuTtopii AP Kpum
(Kpim roro ripcbkoi YacTrHK, TapxaHKyTCbKoro Ta Kep-
YeHCbKOro MiBOCTPOBIB, Ae NMiTO NOUYNHATUMETbCA Ha
130-140 peHb). Ha pewTi Teputopii YKpaiHn noyaTok
NITHbOrO Ce30HY OYiKyeTbcA Ha 130-140 geHb.

CueHapin RCP 4.5 y 2081-2100 pokax nepepba-
Ya€e came Mi3HE HacTaHHA KNniMaTuyHoro nita y Kap-
natax: Ha 160-178 geHb Yy BUCOKOTIPHi MNiBAEHHO-
CXigHin yacTuHi, Ha 150-160 Ha pewTi TepuTopii rip,
Ha 140-150 Ha cxunax KapnaT Ta Ha [onoBHOMY nacmi
Kpumcbkunx rip (puc. 2). lMepeBaxHO y 3axigHil YaCcTUHI
YKpaiHu gaHunm ce3oH noyHeTbcA Ha 130-140 geHb.
Taknin npouec oxonutb TepHONINbCbKY 06M1acTb (Kpim
nisgeHHoOro cxony), BiHHMLUbKY (3a BUKOYEHHAM MiB-
aHA), BonnHcbky, PiBHEHCbKY, KNTOMNPCbKY, NiBHIY
XMenbHULBKOI, JIbBiBCbKY Ta IBaHO-DpaHKiBCbKY (KpiM
X FipCbKNX TePUTOPIN), LEeHTPaNbHUN pavioH YepHi-
BeLbKOI, parioHn Ha 3axogi KniBcbKkoi Ta YepKacbKoi,
niBHiu YepHiriscbkoi Ta CyMCbKOI, ocepeoK Ha niBaHi
KipoBorpagcbKol, niBgeHHi panoHn MunkonaiscbKoi,
niBAEHHO-CXigHi XepcoHcbKoi obnacTi Ta Kpnmcbki
ropv. Ha pewwTi Teputopii YKpaiHKU NOYaTOK NiTHbOro
Ce30HY OYiKyeTbcA Ha 121-130 geHb.

3rigHo cueHapito RCP 8.5, y 2081-2100 pokax
HaWNI3HIWWA NOYATOK KNiMAaTUYHOrO fliTa BigMivyaTun-
meTbcA y Kapnatax: Ha 150-158 geHb y BUcoOKorip'sax
niBaeHHo-cxigHMx Kapnart, Ha 140-150 Ha pewrTi Te-
puTopii rip, Ha 130-140 — y nepegrip’ax Ta Ha lo-
nosHomy nacmi Kpumcbkunx rip (puc. 2). Camuii paHHin
noyaTok flaHoro ce3oHy, Ha 110-120 geHb, nepepn-
6avya€eTbCA, NepeBaXxHo, y NiBAEHHO-CXiAHIN YacTUHI
YKpaiHu: 3HauHNx Teputopiax JlyraHcbkoi, [JoHeubKol,
3anopi3bKoi, [HinponeTpoBCcbKoi 0bnacTei, CxiaHin
YacTUHi XepCOHCbKOI, Y NiBAEHHMUX Ta LeHTPanbHUX
parioHax OpgecbKol, parioHax MNiBHIYHOI YacTuHM Mu-
KonaiBcbkoi obnacTi, Ha niBAHi MNMontaBcbKoi Ta Xap-
KiBCbKOT 06n1acTel, a TakoX B LIEHTPailbHOMY paloHi
Ku1iBCbKOI, B apeani, Wo oxonuTb cxif YepHiBeubKoi,
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niBaeHb XMenbHULbKOI Ta NiBAeHHMI 3axia BiHHULbKOT
o6nacTi, B 3aKapnaTTi, @ TaKoXX Ha 3HAYHIl TepuTopil
AP Kpum (Kpim KepueHcbKoro niBocTpoBa, KpnmcbKmnx
rip Ta ocepefKy Ha MiBHIYHOMY CXofi Ae Ce30H no-
ynHatumeTbcA Ha 120-130 geHb). Ha pewTi TepuTopii
KpaiHu, Big MiBHIYHO-CXiAHUX A0 3aXigHUX KOPAOHIB,
NniTo noynHaTumeTbcA Ha 120-130 geHb.

3aKiHYeHHA (geHb pPOKy) KnimaTu4yHoro nira.
Y 1961-1990 pokax KniMaTuyHe NiTO HanpaHiwe 3a-
KiHuyBanocb y Kapnartax, Ha 201-230 geHb (puc. 3).
o 230-250 gHA TpyBaB AaHUI Ce30H 34e6inbworo B
obnacTax 3axigHoi YacTnHu YkpaiHu (JIbBiBCbKili, Bo-
JINHCBKIN, PiIBHEHCBKIN, LeHTpanbHUX panoHax IsaHo-
D paHKiBCbKOI, NiBHIYHUX YacTNHaX TepHOMiNbCbKOI Ta
XMenbHULbKOT 0bnacTel, y 3axigHin YyactuHi XKutommp-
CbKOI), B3A0BX [OfIOHMHCbKOro XpebTa, a TakoX Y MiB-
HiYHMX parioHax YepHiriscbkoi Ta CyMmcbKoi obnacTen.
Ha 250-260 geHb cnocTepiranocb 3akiHYeHHA Ce30HY
Ha pewwTi TepuTopil KUTOMUPCbKOI, YepHiriBCbKol Ta
CyMcbKoi obnacTei, y 3axigHin Ta NiBHIYHIN YacTMHaXx
KuniBCbKOI, MiBHIYHIN YaCTUHI BiHHULbKOI, Yy 3axigHuX
panoHax YepKacbKoi, NiBHIYHO-CXigHi YacTuHI IBaHO-
DpaHKiBCbKOI, B 0cepeKax Ha NiBgHi TepHONiNbCbKOI,
XMenbHMUbKOT Ta YepHiBeLbKkoi obnacTel, y340BX
BynkaHiuHoro xpe6Ta, B ocepefikax Ha KpalHin nis-
Houi JlyraHcbKoi Ta XapkiBCcbKoi obnacTtet. 3akiHueH-
HA KniMaTu4yHOro nita Ha 260-270 geHb cnocTepira-
NOCb MepeBaXKHO Y LIeHTPasbHIN Ta CXigHIn YacTnHax
KpaiHu: Ha pelwTi TepuTtopil KniscbKoi, BiHHULUbKOI,
YepkacbKoi, YepHiBeLbKoI, Y KpanHix niBAeHHNX pa-
NoHax TepHoNinbCbKoi Ta XMenbHMLbKOT obnacTeli, B
3akapnaTTi, y XapKiBcbKiin, JlyraHcbkin, MNontaecbkin,
KipoBorpagcbkii, Ha niBHo4i OgecbKkoi Ta MuKonais-
CbKoi obnacteid, y [loHeubkili Ta [IHiNponeTpoBCbKiii
(Kpim niBoeHHUX panoHiB). Ha pewTi TepuTopii Kpai-
HU (y NiBAEHHIM YaCcTWHI) 3aKiHYeHHA JaHOro Ce30HY
nepeBa)kHO Bigmivanocb Ha 270-280 geHb. Ha uin
TepUTOPIl CNifg BUOKPEMUTM NiBAEHHO-CXigHI paioHU
OpecbKoi obnacTi, cxif Ta 3axigHi paoHn AP Kpuwm, ge
KiHeLb ce30HyY ¢ikcyBaBcA MisHile, Ha 280-285 aeHb,
a y KpumcbKunx ropax paHiwe, Ha 260-270 geHb (Ha
[onoBHOMy nacmi Ha 250-260).

Y 1991-2010 poKax 3aKiHYEHHA KNiMaTUYHOro
nita, Ha 207-230 geHb, BigMivyanocb y niBgeHHo-cxia-
Hil BUCOKOTIPHIN YacTuHi Kapnat, Ha pewTi Teputopii
rip — Ha 230-250 pgeHb (puc. 3). Y 3axigHin yacTuHi
Ta Ha NiBHIYHOMY CXOfi YKpaiHN 3aKiHYEHHA Ce30HY
cnocTepiranock Ha 250-260 aeHb. Takui npouec oxor-
ntoBaB BCi 06nacTi 3axigHoro perioHy (Kpim 3akapnat-
TA Ta UeHTpY YepHiBeLbKoi 0bnacTi), ?KUTOMUPCHKY,
CyMcbKy, BiHHMLbKY (Kpim MiBOEHHMX palioHiB) 06-
nacTi, NiBHIY Ta cxig YepHiriBCbKoi, 3axiaHi panoHu
KuiBcbKoi Ta YepKacbKoi, MiBHiYHI paioHn XapKiBCbKOI
Ta ocepefoK Ha niBHiYHOMY 3axofi JlyraHcbKkoi obnac-

Ti. 3aKiHYEHHA aKTMBHOIO BereTauiiHOro Ce30Hy Ha
260-270 feHb cnocTepiranoch, 34e6inbluoro, Ha cxopi
Ta y UeHTpi KpaiHu: Ha pewTi TepuTopin KniBCbKOI,
YepHiriscbKoi, YepkacbKol, BiHHMLbKOI, XapKiBCbKOT
ob6nacTten, y NMontaBcbkin, JlyraHcbkin, KipoBorpaa-
CbKin, JoHeLbKiln (KpiMm NiBAEHHNX PaOHiB), Ha CXOAi
3anopi3bKoi, y [IHinponeTpoBCbKin (Kpim niBgHA Ta
cxopny), Y KparHix niBHiuHMX panoHax Ogecbkoi Ta Mu-
KonaiBcbKoi obnacten, KpMMcbKMx ropax, a Takox y
3akapnaTTi Ta ueHTpi YepHiseLbKoi obnacTi. Ha niBgHi
YKpaiHv gaHum ce30H 3aKiHuyBaBcA Ha 270-280 geHb,
KpiM NiBAeHHO-CXiAHNX paiioHiB OfecbKoi, y36epexxs
XepCcoHcbKoi Ta 3anopi3bKoi obnacTen, CxigHoOT YacTu-
HU Ta 3axigHuX panoHis AP Kpum, e 3aKiHYeHHA ce30-
Hy CnocTepiranocb HannisHiwe, Ha 280-287 feHb.

3a cueHapiem RCP 4.5 y nepiog 2021-2040 oui-
KYETbCA HannepLluM 3akiHYeHHA KNiMaTUYHOro NiTa,
Ha 209-230 geHb, y BUCOKMX ropax Kapnart, Ha 230-250
JeHb — Ha pewTi TepuTopii fipcbKoi KpaiHu (puc. 3).
o 250-260 gHa TpuBaTUMeE NITO Ha 3axofdi Ta y nis-
HiYHUX parioHax KpaiHu: y JIbBiBCbKiN, BONNHCbKIN
obnactsax, y PiBHeHcbKil Ta IBaHO-DpaHKIBCbKil (Kpim
X NiBAEHHO-CXiOHMX PalrOHIB), 3axigHin YacTuHi Tep-
HOMiNbCbKOI 06nacTi, B3a0BX M0NOHMHCbKOrO XpebTa,
Y LeHTpanbHMX Ta NiBHiYHMX parioHax ?KUTOMUPCbKOI,
Ha niBHOUi YepHiriBcbkoi Ta CymcbKoi obnactei. 3a-
KiHUEeHHA ce30HY Ha 260-270 feHb nepenbayaeTbca
y BCiX perioHax KpaiHu, KpiM MiBAEHHOro: Ha pewTi
TepuTopin YepHiriscbkoi, CymcbKoi, KNTOMNPCbKOT,
TepHoninbcbKoi, IBaHO-PpaHKIBCbKOT Ta PiBHEHCbKOI
obnacten, y BiHHMLbKI Ta XMeNbHULBKIN (Kpim ix niB-
JEeHHUX PaloHiB), LeHTpanbHil YacTuHi YepHiseubKol
obnacri, B3goBX BynkaHiuHoro xpe6ta, y Kuiscbkin,
Yepkacbkii Ta XapKiBCbKiln 06nacTsx, y MNontaBcbkil
(3a BMHATKOM niBAHA), Y KipoBorpaacbkin (Kpim cxo-
Ay), Ha niBHoui JlyraHcbKoi Ta [JoHeLbKoT obnacTei.
Ha pewwTi TepuTopii KpaiHu (NepeBaHO Ha ii NiBgHI Ta
niBOEHHOMY CXOAi), a TakoXK B 3akapnaTTi Ta apeani,
LLO OXONUTb MiBAEHHI paloHN XMeNnbHULbKOT i Bin-
HULBKOT Ta cxig YepHiBeLbKoi obnacTtel, 3aKiHUeHHs
KniMaTuyHoro fita nepenbavaetbca Ha 270-280 aeHb.
Y niBaeHHin yactuHi OgecbKkoi obnacTi, apeani, wo
OXOMNUTb NiBAEHHUN CXif XepCOHCbKOI Ta MiBAeHHUN
3axig 3anopisbkoi, B AP Kpum (Kpim KpmmcbKux rip)
niTo TpmBatume fo 280-290 aHA. B ocepenkax Ha Kep-
YeHCbKOMY MiBOCTPOBI Ta Ha niBaeHHoMy 3axofi AP
Kpum nmoBipHO 10 294 aHA.

3rigHo cueHapito RCP 8.5, y 2021-2040 pokax Ha
210-230 peHb OYiKy€eTbCA 3aKiHYEHHA KiMaTUYHOro
nita 'y Bucokmx ropax Kapnar, 230-250 geHb — Ha pe-
WTi TepuTopii rip. 250-260 — B3g0BX cxuniB Kapnar,
Y LEeHTpanbHUX Ta CXiHWX panioHax JIbBiBCbKOi 06-
nacTi, Ha NiBgHI BonnHcbKoi, Ha NiBHOUI Ta y NiBAEHHWX
panoHax PiBHeHCbKOI, Ha 3axofi TepHOMINbCbKOI, Ha
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day of year
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Puc. 3. 3akiHueHHs (geHb poky) KnimaTuyHoro nita 3a gaHumu E-Obs, cueHapiamy RCP 4.5 ta RCP8.5 y BkazaHi nepiogn XX-XXI cT.
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niBHOYI Ta B LeHTpi AKntommpcbKoi, Ha niBHo4i Cym-
CbKOI Ta niBHiYHOMY cxofi YepHiriscbKkoi (puc. 3). 3a-
KiHYeHHA nita Ha 260-270 geHb NPOrHO3y€eTbCA Ha 3Ha-
YHIi TepuTOPIl NiBHIYHOI YaCTUHW KpaiHW Big cxody A0
3axogy. Y MukonaiBcbKi obnacTi, [JHinponeTpoBCbKiiA,
HoHeupKin, JlyraHcbkin (Kpim niBHOYI), 3anopisbKin (3a
BMHATKOM MiBAeHHOro 3axoay), KipoBorpaacbkin (Kpim
NiBHiYHMX PaMOHIB), Ha NiBHOUI Ta 3axofi XepCOHCbKOI,
Y NiBHiYHIN yacTuHi OgecbKoi, y NiBAeHHUX parioHax
XapkiBcbKoi Ta MNonTaBcbKoi obnactel, B apeani, Wo
oxonuTb NiBgeHb XMenbHULbKOI, CXif YepHiBeubKoi,
niBAEeHHI panoHn BiHHMUbBKOI Ta NiBageHHUN cxig Tep-
HONINbCbKOI 06nacTelt, a TakoX B 3akapnaTTi NiTo 3a-
KiHUyBaTMmeTbcA Ha 270-280 geHb. Ha 280-290 geHb
NPOrHO3Yy€ETbCA 3aKiHYeHHSA NiITHbOrO Ce30HY Y NiBAEH-
Hi YacTuHi OpecbKoi 06nacTi, NiBAeHHO-CXiAHIN Yac-
TUHi XepCOHCbKOI, Ha NiBAeHHOMY 3axofi 3arnopi3bKoi,
B30BX y30epexxs [JoHeubkoi obnacTi Ta B AP Kpum
(Kpim ocepepKiB Ha cxogi Ta niBAeHHOMY 3axogi niB-
OCTPOBA, Aie Ce30H 3aKiHUNTbCA Ni3Hiwe, Ha 290-297,
a TakoXX KpMMCbKUX Tip, B AKMUX CE30H 3aKiHUMUTbCA
paHilwe, Ha 270-280 feHb).

CueHapii RCP 4.5 y 2041-2060 pokax nepegbayae
came paHHE, Ha 213-230 feHb, 3aKiHYeHHA KniMaTuny-
HOrO NiTa y BMCOKOTIpHI NiBAEHHO-CXIAHIN YaCcTWHI
Kapnar, 230-250 — Ha pewTi Teputopii rip, 250-260 —
B3#oBX cxmnis Kapnat (puc. 3). Ha 3HauHin Teputo-
pii KpaiHK, 30e6inblworo Ha cxogi, B LeHTPi Ta NiBAHI,
NiTHIN Nepiod 3aKiHYNTbCA Ha 270-280 geHb. Taknn
npouec byne cnoctepiratncb y JlyraHcbKin obnacTi
(Kpim ocepepnKy Ha niBHIYHOMY 3axogi), [JoHeLlbKiln
(3@ BUKIIOYEHHAM MiBAEHHMX PaMOHIB), Ha MiBHOYI Ta
cxofi 3anopi3bKoi, Ha 3axodi XepCOHCbKOI, Ha NiBHOYI
Opecbkoi obnacTi, y KipoBorpaacbkii, Mrkonaiscbkil,
[IHiNponeTpoBCbKi 06M1acTAX, Y NiBAEHHMX YaCTMHAX
XapkiBcbkoi, MontaBcbKoi, YepKacbKoi, BiHHMLbKOI,
XmenbHMUbKOT obnacTel, Ha cxofi YepHiBelbKoi Ta B
3akapnaTTi. 3aKiHUeHHA NiTa Ha 280-290 fgeHb NPOrHo-
3y€TbCA Y NiBAEHHIN Ta LeHTpanbHin YactnHi OgecbKol
06nacTi, y CXifiHMX Ta LeHTPaNbHNX paioHax XepCoH-
CbKOI, Ha 3axoAi Ta niBAHI 3anopi3bKol, y NiBAEHHMWX
parioHax [JoHeubKoi, no y36epexkio Munkonaiscbkoi
Ta XepcoHcbKoi obnacten, B AP Kpum (Kpim cxigHmnx
Ta NiBAEHHO-3axiAHUX PaMOHIB MIBOCTPOBA, A€ CE30H
3aKiHUNTBCA Mi3Hiwe, Ha 290-298 feHb, a TakoK Kpnm-
CbKUX Tip, B AKMX 3aKiHUEHHA BigbyBaTUMETbCA paHille,
Ha 270-280 feHb). Ha pewTi Teputopii YkpaiHu, nepe-
Ba)KHO Y MiBHIYHO-CXiAHIN, LeHTPanbHIN Ta 3axigHin
YacTUHaX, aKTUBHWI BereTauillHUIN ce30H byae 3aKiH-
yyBaTUCb Ha 260-270 feHb.

CueHapii RCP 8.5 y 2041-2060 pokax nepepnbayae
came paHHE, Ha 217-230 aeHb, 3aKiHYeHHA KnimaTuy-
HOrO NiTa Y BUCOKOTIPHIiN NiBAEHHO-CXiAHIN YacTu-
Hi Kapnat, Ha 230-250 — Ha pewTi TepuTopii rip, Ha

250-260 — y3poBx cxunis Kapnat (puc. 3). NepeBayk-
HO y MNIBHIYHIN Ta 3axigHin YacTMHax YKpaiHu, a came
y JIbBiBCbKil1, BonvHCbKil, PiBHEHCbKin o6nacTax, Tep-
HONINbCbKIN (KpimM NiBgeHHOro cxopy), y UeHTpi Yep-
HiBeUbKOI, Ha NiBHOYI XMenbHULbKOT Ta BiHHMLbKOI,
y Kutommpcbkin, YepHiriscbkin, CymcbKiin, y MiBHIYHUX
panoHax KniBcbKoi Ta B ocepefKy Ha MiBHOUI XapkKiB-
CbKOT obnacTi NiTHIN ce30H Gyae 3aKiHYUyBaTUCb Ha
260-270 peHb. B obnactax LleHTpanbHoro (kpim nie-
Houi BiHHMUbKOI 06nacTi), CxigHOro perioHis, 3Ha4YHMX
Teputopiax KuiBcbkoi, XmenbHnUbKoi, YepHiBeLbKoi
Ta Ha niBaeHHoMmy cxofi TepHoninbCcbKoi obnacten,
y 3akapnaTTi Ta Ha fonoBHOMY nacmi KpuMCbKuX rip
3aKiH4YeHHA NiTHbOro nepiofy O4ikyeTbcAHa 270-
280 pgeHb. Ha niBgHi KpaiHn, B Ogecbkin obnacTi (Kpim
NiBHIYHMX PalOHiB), y XepCOHCbKIl, 3anopi3bkin (3a
BUKJ/TIOUEHHAM MiBHIYHOrO cxody), NiBAeHHUX pano-
Hax MwukonaiBcbKoi Ta [loHelbKoi obnacten, Ha nis-
HiuHoMmy 3axogi AP Kpum Ta y KpumcbKux ropax (Kpim
[0NoOBHOro macma) 3akiHYeHHA JliTa NPOrHO3yeTbCA
Ha 280-290 peHb, a B ocepefkax nigHA Opecbkoi
ob6nacTi Ta Ha pewTi Teputopii AP Kpm — Ha 290-
302 geHb.

CueHapin RCP 4.5 nna 2081-2100 pokiB aHanoriy-
Hun cueHapito RCP 4.5 ana 2041-2060, cyTTeBa Bif-
MIHHICTb: 3aKiHYeHHA KniMaTMyHoro nita Ha 290-300
ZeHb BifbyBaTMMeTbCA Ha 3HaYHIl TepuTopii AP Kprm
(3a BUKNtoUeHHAM KpuUMCbKKX rip Ta NiBHIYHO-3axigHOT
YyacTUHK NiBOCTpPOBaA) (puc. 3).

CueHapin RCP 8.5 y 2081-2100 pokax NpPOrHo3ye
CamMe paHHE 3aKiHYeHHA KNiMaTUYyHOro nita, Ha 237-
250 geHb, y Bucokorip’i Kapnart, Ha 250-260 — y niB-
JeHHO-CXiAHIM YaCcTVHI ripcbKoi KpaiHu, Ha 260-270 —
Ha pewTi TepuTopii Kapnat (puc. 3). Ha 270-280 geHb
nepenbaya€eTbca 3aKiHYEHHA NITHbOro Ce30Hy ne-
peBaXHO y MiBHIYHIN Ta 3axigHin yacTuHax YKpaiHu,
a came: y JIbBiBCbKili Ta IBaHO-®MpaHKiBCbKiN obnac-
TAX (KpiM X FipCbKMX YaCTUH Ta OKPeMUX OCepPeLKiB),
y BonuHcbKin, PiBHeHCbKiN 06nacTtax, TepHOMiNbCbKii
(3a BUKIOYEHHAM cxofy), Y UeHTpi YepHiBeLbKoi, Ha
NiBHIYHOMY cxofi XMeNbHULUbKOI, Yy PKUTOMUPCHKIN,
YepHiriecbKin, CyMCbKil, y MiBHIYHIN YacTWHI BiHHMLb-
KOI, B panioHax KMiBCbKOI, Y NiBHIYHUX panoHax lNon-
TaBCbKOI Ta XapKiBcbKoi obnacTtell. Ha niBagHi KpaiHu, B
Opecbkin obnacTi (Kpim niBHOUI), y NiBAeHHO-3axigHNX
parioHax MnkonaiscbKoi, y XepCOHCbKil (3a BUHATKOM
3axogy), y 3axigHil Ta niBAeHHIN YacTMHaxX 3anopi3bKoi,
B340BX y36epexxa [JoHeubKoi 06nacTi, a TakoX Ha
niBHoYi Ta niBHiYHOMY 3axogi AP Kpym Ta y KpnMcbKmnx
ropax (6e3 lonosHoro nacma) nito Oyae 3akiHuyBaTUCb
Ha 290-300 geHb, a Ha peLwTi TepuTopil KpnmcbKoro
niBocTpoBa (y UeHTpanbHMX, NiBAeHHO-3aXigHMX Ta
cxigHUX panoHax) — Ha 300-312 geHb. Ha pewwTi Te-
puTopii YKpaiHu, 3HauHi nnoui, wo oxonutb obnacTi
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BCiX perioHiB, 3aKiHUeHHA NiTHbOro nepiogy nepen-
6auaeTbca Ha 280-290 aeHb.

BNCHOBKU

Lia cTaTtTa 3aBeplye UMK JOCAIAXKEHb YOTUPbOX
TepmiyHMX Nepiodis B YKpaiHi o KiHua XXI cT.,, y AKnx
Ha OCHOBI CCTEMHOrO aHani3y BeNMKoro obcary Kni-
MaTUYHUX JAHWX, OTPMMAHNX 3a PO3PaxyHKamu aH-
cambniB perioHanbHUX KNIMAaTUYHUX MOAENE, OXOn-
NEeHOo BClo TEPUTOPIt0 KpaiHW Ta BaraTopiyHi yacosi
NPOMIXKKW, NpeAcTaBNeHi feTanbHi OUiHKK Tennoro,
BereTauinHoro, akTMBHOI BereTaLii Ta NiTHbOro ce3o-
HiB 3 ypaxyBaHHAM CLieHapHMX NPOEKLii MabyTHbOT
3MiHM Knimary.

AHani3 pesynbraTis WOLO NOYaTKy, 3aKiHUeHHA Ta
TPUBaANOCTI KNIMAaTUYHOrO JliTa NOKa3aB.:

Y knimatnyHomy nepiogi 1961-1990 pokis Kni-
MaTu4He NiTo B YKpaiHi 3a3BUYail NOYMHANOCA NMpu-
65113HO0 20-30 TpaBHA Ha GinbLUi YacTUHI TepuTOPIl, ¥
BMCOKOrip'T Kapnat — HanpukKiHLi YepBHA — y ApPYrin
NONOBWHI NUMHA, a B KpyMy 3anexHo Bif ripcbkoro
nacMa — Bif KiHLA TpaBHA A0 KiHUA YepBHA. 3aBepLuy-
BaJiIOCA BOHO NMepeBaXkHO 27 CeprHA — 7 BepecHs, Han-
paHiwe y KapnaTtax (20 nunHa — 18 cepnHsA), a Hangos-
we 36epiranoca y nNisAeHHUX Ta NPUMOPCbKUX pario-
Hax — [0 KiHLUA BEePeCHsA Y/ HaBiTb NOYATKY XOBTHS.

Y HewopaBHin nepiog 1991-2010 noyaTokK niTa
3MICTUBCA Ha 6inbL paHHi TepMiHKM — go 10-20 TpaB-
HA Ha 6iNbLUi YacTUHI TepuTOpIi, Xoua B KapnaTtax BiH
3anuLwwaBcA Ni3HiM (cepeanHa — apyra NosoBMHa Nnn-
HA). 3aKiHYeHHA Ce30HYy TaKOX BigKknaganoca Ha 1-2
TUXKHI Ni3HiWe, HiXK Yy nonepeaHbOMy KAiMaTU4yHOMY
nepiogi: nepeBa)kHO Ha 7—27 BepecHA B LLIeHTPasibHUX
i niBAEHHMX perioHax, a Ha niBdHi 'y Kpnmy — po
NOYaTKY XOBTHA.

3rigHo 3 npoekuiamu, y 2021-2040 pokax oTpuma-
Hi 3HaUeHHsA NoKa3HUKiB 3a cLueHapiem RCP 4.5 mano
Bifpi3HAlOTbCA Bif cueHapito RCP 8.5, i noyaTok nita
OUIKY€eTbCA B cepefHboMy 7-20 TpaBHA y NiBAEHHO-
CXigHWX i 3axigHnx perioHax Ta 10-20 TpaBHA Ha peLTi
TepuTopii, Toai AK y KapnaTtax BiH 36epexxeTbca nis-
HiM — HanpuKiHUi YepBHsA. 3aBepLUEHHA CE30HY Npo-
FHO3YETbCA Y APYril MONOBUHI CepnHA — cepepunHi
BepecHsA Ha GinbLuii YacTUHI KpaiHu Ta y nepuin no-
NIOBUHI XOBTHA Ha NiBAHI 'y Kpumy.

Y HactynHomy nepiofi 2041-2060 3a cLeHapiem
RCP 8.5 nouatok nita moxke HacTaBaTu BXxe 3-10 Tpas-
HA Y NiBOEHHMX | CXifHWX perioHax, Togi AK y Kapna-
Tax — HaNPUKiHUiI YepBHA — MoYaTKy NMNHA. 3aBep-
LLIEHHA Ce30HY NPOrHO3yeTbCA HaNPUKiHLI BepecHs —
XOBTHI, 3 MOX/IMBMM MPOAOBXKEHHAM [0 CepefuHn
MOBTHA Ha NiBAHI KpaiHW.

HanpwukiHui ctonitta (2081-2100) 3a cueHapiem
RCP 4.5 oTpymaHO NPaKTUYHO aHaNoriYHi MOKa3HUKM

AK i anAa cueHapito RCP 8.5, ane Ha cepefunHy CTONITTA,
TO6TO NOBIfbHiLIa 3MiHa TepMiYHOTO NepioAy y Tol Yac
AK 33 eKCTpPeMaNbHIWNUM CLiEeHapiEM OUIKYy€ETbCA, WO
NMoYyaToK NliTa Ha NiIBAEHHOMY CXOAi KpaiHN MOXNNBUIA
B)Ke HampWKiHUi KBiTHA, y Kapnatax — HanpukiHui
TPaBHA — Ha NOYaTKy YepBHA, TOAi AK 3aBepLUEeHHA
B Kpumy 1 Ha niBgHi OpewmHn moxe 3CyBaTuCA Ha
KiHeLlb XXOBTHA — NOYaToOK InCTONaAa.

MopiBHAHO 3 KNiMaTYyHMM Nepiogom 1961-1990,
y 1991-2010 TpmBanicTb KNiMaTUYHOTO fliTa B YKpaiHi
3pocsia Malike Ha BCill Teputopii, Hanbinbwe — Ha 15—
20 gHiB y NiBHiYHKMX Ta 3axigHKXx obnactax. MpocTopo-
BUIA PO3MOAiN MOBTOPIOBAHOCTI MOKa3HMKa 36epir wun-
poTHUN xapakTep: Big 100 AHIB | MeHLLe Ha NiBHIYHOMY
3axofi fo 140 gHis i 6inble Ha niBAHI Ta NiBAEHHOMY
cxogi. La 3aKoHOMIpHICTb 3anuwaTUMETbCA CTasnolo
Bnpogosx XXI cToniTra, npoTe TpmMBanicTb NiTa 3Ha4YHO
36inbLyBaTUMETbCA. Y HanbnmKui fecaTmunitta (2021-
2040) ouiKyeTbCA NOJOBXEHHA Ce30HY Ha 7-14 gHiB
(go 160 pHiB Ha nmiBAHI), TOAI AK Ha cepenuHy CTONITTA
(2041-2060) 3a cueHapiem RCP 8.5 nito TpuBatnme
Ha 30-60 gHiB gosle, HXX Yy 1991-2010, i B Kpumy Ta
niBaeHHMX panoHax OpgewmHn moxe caratu 180-200
AHiB. HanpukiHui ctonitta (2081-2100) KniMmaTnuHe
niTo B KapnaTtax moxe TpuBaTtu, AK HanpukiHui XX CT.
Ha MNepegkapnaTTi (80-120 AHiB), a Ha lNonicci 6yTn no-
AibHUM go ymoB cyyacHoro Kpumy (140-160 gHis).

OTpuMmaHi pe3ynbratu, AKi NpeacTaBAeHo B Ui Ta
nonepefHix YacTMHax JOCNIAKEHHA, MalOTb BaXKvBe
NpYIKNagHe 3HauYeHHA: BOHW MOXYTb 6y T BUKOPUCTaHI
LA NNaHyBaHHA CiIbCbKOrocnofapCbKoro BUPOOHHU-
LUTBA, OLiHKM pU3KKiB A5 NPOoLOoBObYOT be3neku,
NPOrHO3yBaHHA eHepreTUYHUX NoTpeb Ta aganTauin-
HUX CTpaTerin y 3B'A3Ky 3i 3MiHOK KNimaTy, a TakoX
ANA OUiHKM BNMBY KiimMaTy Ha 340POB’'A HaceNneHHs,
OpraHisauii pekpeauinH1X 3axofis, PO3BUTKY TypuUC-
TUYHOI ranysi, Towwo. Y noganblunx JOCNiaXeHHAX 6yae
npoaHasnizoBaHo onantoBanbHUin nepiog (t<8°C) Ta
nepiof KOHAUUIOHYBaHHA NoBiTpA (t>22°C), oe gopat-
KOBO [0 TPMBAnoOCTi i cepefHix TemnepaTtyp nepiogis
O6ynyTb PO3MAHYTI XapaKTePUCTUKN HANXONOAHILLNX
i HaMTenniWnx N'ATM gHIB NOCMiNb Ta rPagyCOAHIB, AKi
nepenycim BaXk/vBi AN eHepreTMyHoro cekTopy.

Mopaka. [locnig»KeHHA BUKOHAHO B YKpPAIHCbKO-
My rigpomeTeoponoriyuHomy iHcTutyTi JCHC YKpaiHu
Ta HAH Ykpainn B pamkax HAOP 2/23 “Po3pobneHHsa
OHOBJIEHVX CLEHapIiiB 3MiHU KNIMAaTUYHMX XapaKTe-
PUCTUK TepMiYHNX NepiodiB B YKpaiHi o KiHuAa XXI cT.
[nA noTpeb eHepreTMYHOro, CiNnbCbKOroCnoAapCbKoro
Ta iHWNX ceKTopiB eKoHOoMiKK" (N2 gepx. peecTpauii
0123U100461). ABTopu wupo BaauHi 3CY Ta BCim, XTO
3axuLLaE YKpaiHy i fonomarae GppoHTy, 3a MOXKIUBICTb
NPOAOBKYBaTW HAYKOBY HiANIbHICTb.
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CLIMATE CHARACTERISTICS

OF THERMAL PERIODS IN UKRAINE
UNTIL THE END OF THE 215T CENTURY.
PART IV: SUMMER SEASON

In the context of ongoing climate change and the rapid deve-
lopment of regional climate models, there is an increasing de-
mand for detailed assessments of the duration, onset, and end
dates of thermal periods, which are crucial for multiple sectors
of the economy. Previous publications have examined changes
in the warm period (mean daily air temperature t >0°C), the
vegetation period (t > 5°C), and the period of active vegetation
(t>10°C). This article concludes a series of studies on thermal
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periods in Ukraine and focuses on the characteristics of the cli-
matic summer (t > 15°C), a critical indicator for human health,
recreation, tourism, energy supply, and agricultural activities.
The main goal of the presented research was to analyze the
spatial and temporal patterns of the summer season and evalu-
ate how these characteristics may change under future climate
scenarios. Using E-OBS observational data, the dates of onset,
termination, and duration of the summer period were calcu-
lated for the standard climatological period 1961-1990, along
with observed changes during 1991-2010. Projections for fu-
ture changes were conducted for three periods — 2021-2040,
2041-2060, and 2081-2100 — under moderate (RCP 4.5) and
high (RCP 8.5) greenhouse gas representative concentration
pathways, based on an ensemble of 34 Euro-CORDEX regional
climate models with a high spatial resolution of 12x12 km,
covering over 7,300 grid points across Ukraine. The analysis
revealed that during 1961-1990, the summer season typically
began between May 10 and 20 and ended between September
17 and 27. In 1991-2010, the season lengthened by 5-15
days, with the onset occurring 2-5 days earlier. Future projec-
tions suggest further extension of the summer season by 7-60
days depending on the region and scenario. Under RCP 8.5,
the maximum summer duration could reach 180-200 days
in Crimea and southern regions by the end of the century. In
contrast, the Carpathians may experience a climatic summer
lasting 80-120 days, similar to the Pre-Carpathian region at
the end of the twentieth century, while in the Polissya region,
the summer may extend to 140-160 days, resembling current
conditions in Crimea. The results presented in this and previous
parts of the study have substantial practical significance. They
can support agricultural planning, risk assessment for food
security, energy demand forecasting, and the design of climate
change adaptation strategies. In addition, these findings are es-
sential for evaluating the impacts of climate change on human
health, planning recreational activities, promoting sustainable
tourism, and managing territorial resources effectively.

Keywords: thermal regime, climate change, RCP scenarios,
climate characteristic projections, date of persistent air tem-
perature transition, Euro CORDEX.
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P038UMOK KiMamu4yHoOI 0c8imu € K/Il0H08UM YUHHUKOM (hOpMYyBAHHA KOMNemeHm-
Hocmeld, HeobXxiOHUX 0117 peanizayii 3eneHor 8iobyoosu YkpaiHu, adanmauii 0o 3miHu
Kaimamy ma 0ocsazHeHHA KinimamuyHoi HetimpaneHocmi. O6rpyHmMoeaHo, ujo 8 yMo-
80X NOCUJIEHHA KIMAMUYHUX pu3ukie i mpaHcgopmayiti 2106aabHOI KniMamu4Hoi
nonimuku ocgima sidizpae cucmemoymaopro8asbHy posb y 3abe3neyeHHi Knimamuy-
Hoi cmitikocmi cycninecmaa ma ekoHomiKu. [lokazaHo, wo 0719 8upilleHHA Yux 3as-
0aHb HEObXiOHA cucmeMHa iHme2payis 0Cc8iMHix, HaQyKo8ux i NPAaKmMuyHuUx nioxoodis,
CNPAMOBAHUX HA hOPpMYBAHHA MiXOUCYUNTIHAPHUX 3HAHb | HABUYOK. [[pedcmassieHo
pe3ysnbmamu 00c8idy peanizayil nimHix WKin i BOpKWOoNis, OpeaHi308aHUX y MeXax
npoexkmis UniCities ma New European Bauhaus Academy, ski anpobysanu Hag4asbHi
¢opmamu, 3acHosaHi Ha memodonoeii challenge-based learning ma koHyenuii living
labs. Li popmamu 3a6e3neyyiome NOEOHAHHA HABYAHHSA, 00CTIOXeHHA Ma NPaKkmMuku,
cnpusYU po38umKy KomnemeHmHocmeU, neped6aqeHux €8ponelicbKolo cucCmemoro
GreenComp: cucmemMHe MUC/IEHHS, ChiBnpaus, iHHosauiliHicme i 30amHicme dismu.
lMokazaHo, wo MiXXOUCYUNIiHapHi 0C8IMHI NPAKMUKU, OpiEHMOBAHI Ha peasibHi Kelicu
3es1eHoI 8i0by0osuU, hidsuWyoMb 20mosHicMb MatibymHix ¢axieyie 0o po3pobieH-
HA ma enposaoxeHHA adanmauitiHux i npupodoopiEHMOBAHUX piuieHb y Micyesux
2pomadax. 3a3HavyeHo, Wo KJAiMamu4yHa oceima eaucmyndae Kamaniaamopom 0714
8Np0BAOXKEHHA adanmauitiHux i npupoOOOpPIEHMOBAHUX pillueHb Ha Micyesomy pis-
Hi, nocusoYU ehekmuUBHICMb KNIMamu4Ho20 06C/1y208y8AHHA MA ynpasniHCbKUX
npakmuk. JJosedeHo, ujo po38UMOK KAIMamu4HoI ocsimu Mae cmamu cmpamezidyHum
npiopumemom y npoueci nic1iA80€HHOI 3es1eHOI mpaHcgopmauii YkpaiHu ma niosu-
WeHHA KnimamuyHoi cmitkocmi 0epxasu. Haykoea Hosu3Ha 00Ci0XeHHA noniaeae
Y BU3HAYEHHI KNIMAmMu4yHOI 0C8imu AK cmpameziyHo20 iHCmpyMeHmy nic/1980€HHOT
3es1eHoi mpaHcpopmauii YkpaiHu, ujo 3abe3neqye CUHepzilo MiX HAYKOI, 0C8imMoio,
KyJlemypor ma npakmukor cmasiozo po3sumeky.

KniouoBi cnoBa: 3miHa knimamy; Knimamu4Ha oceima; €eponelicokuli 3esieHull Kypc;
KoMnemeHmMHOCMIi cmasnozo po3sumky; 3esieHa 8i0bydoea; adanmaduis 00 3MiHU
Knimamy.

BCTYN

[mobanbHe NoTenniHHA YNPOJOBXK OCTaHHIX Ae-
CATUNITb [EMOHCTPYE CTane NPUCKOPEHHA, Wo nig-
TBEPAXKYETbCA AaHNMN BcecBiTHbOI meTeoponoriyHoi
opraHi3auii Ta MixypagoBoi rpynu ekcnepTiB 3i 3MiHN
knimarty (IPCC, 2023; WMO, 2025). 3a ouiHkamn MIE3K,
cepepHs rnobasibHa TeMnepaTypa BXe nepesuLnna
JoiHayCTpianbHWiA piBeHb 6inbLu Hix Ha 1,1°C, a Kinb-
KiCTb Ta iIHTEHCMBHICTb eKCTPEeManbHUX ABULY — XBUJb
CrekKu, Nocyx, NiICOBUX MOXeX, CUTbHKX onagis i nose-
Hen — MOCTIMHO 3POCTaE B YCbOMY CBITi, 30KpemMa 'y
€sponi (IPCC, 2023). Y wopiyHomy rnobanbHOMY 3BiTi
BMO 3a 2025-2029 pokn (WMO, 2025) nporHo3yeTb-
€A, Wo rnobanbHa TeMnepaTypa 3anmwaTMmMeTbCa Ha
peKkopaHVX abo 6/IM3bKMX A0 HUX PIBHSAX, MiABULLYOUN
KNiMaTWUYHI pU3NKK ONA CycninbCTBa, EKOHOMIKM Ta CTa-
NOro po3BuUTKy. 3a ouiHkamun MIE3K, go KiHuA cToniTTA
(2081-2100) rnobanbHe noTtenniHHA cknage 1,0-1,8°C
y CLeHapifx i3 gy»e H1M3bKnmu Bukngamm 1a 3,3-5,7°C
y cueHapifax i3 BUCOKMMM BUKMOAMN NOPIBHAHO 3 [1O-
iHOyCTpianbHUM nepiogoM. Yepes iHepuito Knimatnu-

HOI CUCTeMU, OKEaHiB | NbOAOBUKIB NiABULLEHHS TEeM-
nepaTypwu Ta NigMom piBHA MOPA MPOAOBXKATbCA i nicnA
2100 poky (IPCC, 2023), cynpoBOaAKyHUMNCb 3pOCTaH-
HAM YacTOTW i IHTEHCUBHOCTI XBW/b CMeKu, onagis
i MOCYX HaBiTb 3a MOMIPHOIO NOTEMJiIHHA.

Y BiANOBIAb HAa MOCUNEHHA KNIMAaTUYHUX 3arpo3
€Bponencbkun napnameHTy 2019 poui oronocus Hag-
3BMYalHYy cuTyadito y cdepi KnimaTty Ta goBKinna, Bu-
3HaBLUW HEOOXiAHICTb TEPMIHOBUX | CUCTEMHUX A Ans
peanisauii uinen Mapusbkoi yrogn (European Parlia-
ment, 2019). Y uboMy > KOHTeKCTi EBponencbka KOMi-
cia npepcTaBuna €BponencbKuii 3eneHnii Kypc (Euro-
pean Green Deal) — cTparteriuHy iHiuiaTnBy, cnpamo-
BaHYy Ha nepexig Ao KNiMaTUYHO HENTPasibHOI eKOHO-
Mikun go 2050 poky (European Commission, 2019).

3pocTaHHA MaclTabiB KNiIMAaTUYHOT KpU3K akTyani-
3ye noTpeby B pO3BUTKY KiMaTUUYHOI OCBITY AK KO-
YOBOTO iHCTPYMEHTY GOPMYBAHHA KOMMETEHTHOCTEN
InA 3eneHoi BifgbynoswW, aganTauii 1o 3MiHM KnimaTy
Ta JOCATHEHHA KNiMaTUYHOI HeMTpanbHOCTI. [ToHaa
yBepTb CTONITTA TOMy PamkoBa KoHBeHLUia OOH npo
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3MiHy KnimaTy BnepLue BM3Hauuia KniMaTuyHy ocBiTy,
rPoMafCbKy 06i3HAHICTb, yYacTb CyCrniNbCTBaA Ta MiXK-
HapoaHe CniBpObGITHNLTBO AK K/OUYOBI HaNnpAMM ro-
6anbHoi kKnimatnyHoi nonitukn (UNFCCC, 1992). Bigno-
BigHO go CtatTi 6 KoHBeHLii aeprkaBun 3060B’A3anncs
CcnpuATA GOPMYBAHHIO 3HaHb NMPO 3MiHY KnimMaTy, po3-
BUTKY HEOOXiHVMX HaBMYOK i PO3YMiHHA KNiMaTMYHO
OpIEHTOBAHMIX [ill, 3abe3mneyeHHto gocTyny Ao iHdop-
MaLlii Ta iHTerpauii BignoBiAHMX NoNoXeHb y popmanb-
Hy, HedopManbHy Ta iHpopmanbHy ocBiTy. [TpoTe npo-
TArOM NOHaA ABOX AeCATUNITb Nporpec y peanisauii
LMX 30060B'A3aHb 3aNMLWABCA OOMEXKEHUM, Lo CTasno
OfHWM i3 YMHHWKIB YxBasneHHaA [Mapu3bKkoi yrogm 2015
poky United Nations, 2015). CtaTta 12 Napu3bKoi yro-
AV NOBTOPHO MigKpecauna BaXknBIiCTb NOCUNEHHSA
OCBITW, HABYaHHA 1 Y4acTi (POMaACbKOCTI y KniMaTny-
HUX [iAX Ta 3aKpinuna OHOBMEHUN Nigxig Ao Knima-
TUYHOT ocBiTY, Bigomuin sk ACE — Action for Climate
Empowerment (UNFCCC, 2016). Lli nigxoaun y3rogxy-
I0TbCA TaKOX i3 3aBgaHHAMM Llini ctanoro po3sutky
13.3, sika nepeabayae NoCueHHA OCBITHLOrO KOMMO-
HEHTY B NMUTAHHAX 3MiHW KiimarTy.

CyuacHa KnimaTnyHa OCBiTa PO3BUBAETLCA B YMO-
BaX 3aroCTPEeHHs r1o6anbHOI KNiMaTUUHOI Kpr3n Ta
3pOCTalyoro CycninbHOro 3anuty Ha TpaHcdopma-
LiHi 3MiHK (EBPOKOMICis Npo KniMaTuuHY Kpusy). Ha-
BYasIbHI KYpCK, MPUCBAYEHI MUTAHHAM 3MiHW Knimarty,
TPaAMUINHO MaloTb TPW KITHOYOBI 3aBAaHHA: 3abe3ne-
UNTW HAayYKOBO OBI'PYHTOBAHI 3HaHHA NPO KNiMaTWUYHI
npouecu, chopmyBaTn YCBiJOMIEHHA TEPMIHOBOCTI
KNiMaTUYHKX Al Ta PO3BUHYTM NMOYYTTA OCOOUCTOI
BiANOBIaNbHOCTI 1 3A4aTHOCTI BMN/IMBATM Ha KNiMaTuy-
Hi TpaekTopii (Field et al, 2024). OgHak gocnigKeHHsA
CBiguaThb, WO KOTHITUBHUX 3HaHb HEJOCTATHbO ANA
3abe3neyeHHs peanbHOI 3MiHU NoBediHKK. Haronowwuy-
€TbCA Ha BaXKMMBOCTI LIiNICHMX MiAXoAiB, AKi BKNOYa0Tb
couianbHO-eMOUiVHi, €TUYHI Ta OpPIiEHTOBAHI Ha Aito
KOMIMOHEHTM, BPaxXoBYOTb Pi3Hi OCBITHI cepefoBMLla
Ta NiATPUMYIOTb y4acTb MOJSIOAI Y MPUNHATTI pilleHb
(Grewal et al., 2022; Hargis & McKenzie, 2020).

Monpu NowmrpeHHA NPaKTUK, CNPAMOBAHUX Ha
dbopMyBaHHA KNIMAaTMYHOT FPaMOTHOCTI a TakKoX Ha
aHanisi knimaTnuHmx pusmkis (Asshoff et al., 2021; Clary
& Wandersee, 2012; Ratinen&. Uusiautti, 2020), 3HauHa
YacCTMHA HaBYaNbHMX NPOrpam i Hagani 3ocepeakeHa
nepeBa)kHO Ha nepepfadi HaykoBoi iHpopmaLii, a He
Ha edeKTUBHUX abO OpiEHTOBAHUX Ha Aii nigxomax
(McKenzie, 2021). EQeKTMBHICTb TakuUx Nporpam 3ae-
6iNbLLIOro OLiHIOETHCSA 3a PiBHEM HAabYTMX 3HAHb, XOUa
emMnipuyHi gaHi foBoaATb, WO NiABULLEHHS MOiHbOp-
MOBAHOCTi came Mo cobi pigKo CNPUUNHSE 3MiHY NoBe-
AIHK/ UM aKTUBHY Y4acTb Y KniMaTuyHuX giax (Hornsey
et al., 2016; Knutti, 2019). Lle ctaBuTb Nig CymMHiB npu-
NyLeHHA NPOo NPAMUIA 3B'A30K MiX 3HaHHAMMU i Npo-

€KOJIOrYHOK NOBEiHKOW — MPUNYLLEHHA, AKe AAaBHO
KPUTUKYETbCA B eKonoriyHin neparoridi (Kollmuss &
Agyeman, 2002). HayKoBLji 3a3Ha4aloTb BaXNBICTb
opieHTOBaHOro Ha Aii nigxoay (Mallon. 2015; Monroe
et al, 2019), Ak 3anydyae CTYAEHTIB 4O KONEKTUBHUX
nin (Berger et al, 2015; Lawrence et al, 2022). Y ueHTpi
CyYacHUX JOCTifXeHb Jefani vacTilwe nepebyBatoTb
emoLil, NoYyTTA TepPMiHOBOCTI 1 Hagil, couianbHa 3a-
NYYEeHiCTb Ta YCBIAOMEHHA BIAaCHOI Ai€34aTHOCTI —
UMHHUKM, WO iCTOTHO MOTUBYIOTb KNiMaTUYHO Bigmno-
BiganbHy nosepiHky (Verlie, 2022; Bednarek, 2019;
Kretz, 2020; Deci et al., 1991).

AKTyanbHiCTb NepeoCMUCIeHHA NigXOAiIB Ao Kni-
MaTUYHOI OCBITM MOCUAIOETLCA i3 OrNAdY Ha 3pOCTaH-
HA KNIMAaTUYHOT TPUBOXKHOCTI cepel monogi (Maran
& Begotti, 2021), a Tako»K Ha 3pPOCTaHHA CYCMiNbHUX
BUMOT iHTerpyBaTh 3MiCT KNiMaTUYHOI OCBITW B HaLlio-
HanbHi ocBiTHI cTangapTu. KOHECKO (UNESCO, 2022b)
Ta iHWIi Mi>KHapOoAHi opraHi3auii nigkpecnioTb Heob-
XiQHICTb CMCTEMHOI iHTerpauii KniMaTMuyHoOI OCBITU B
LUKISIbHY Ta YHIBEPCUTETCbKY NifroTOBKY AK iIHCTPYMEH-
TY NPUCKOPEHHA TPaHCHOPMALINHNX CYCNINbHUX 3MiH.
HaykoBLi Tako» HarofoWyTb Ha BaXMUBOCTI TpaH-
cancumnniHapHoro niaxoay (Anderson, 2012; Long &
Henderson, 2023; Stevenson et al, 2017), ockinbku 3mi-
Ha KJiMaTy € KOMMEKCHO NPo6ieMolo, O OXOMJI0E
NPUPOJHWYI, TEXHIYHI, colianbHi, EKOHOMIYHI Ta noni-
TnyHi cuctemm (IPCC, 2023). Tomy cyyacHa KniMaTuyHa
OCBIiTa Ma€ NOEAHYBATU 3HAHHA 3 KNiMaToNOrii, eHep-
reTKn, EKONOriYHOro NpaBa, couionorii, ypbaHicTmKy,
iHbopMaUiHMX TexHONOriN Ta Ny6niyHoro ynpasiH-
HA, WO BiANOBIAE paMLi KNIOYOBMX KOMMETEHTHOCTEN
ctanoro po3sutky (Wiek et al, 2011). Takuin nigxig 3a-
6e3neyvye MNiArotoBKy ¢axiBLiB, 34aTHUX iHTErPYBaATU
HayKOBi 3HaHHA, TEXHONOriIYHi iIHHOBAaLT Ta ynpas/iH-
CbKi IHCTPYMEHTU AN 3MiLHEHHA KITIMaTUYHOI CTINKO-
CTi, BaXKNIMBOIO CKIAJ0BOI0 AKOI € KNiMaTuyHe 06cny-
rosyBaHHA. UNESCO y nporpami Ocgita gna cranoro
po3BuTKy (Education for Sustainable Development,
ESD) nmigkpecntog, Wo HaBYanbHi Nporpamu MaioTb
6y TV MiKaUCUMNAIHAPHUMY Ta CNPAMOBAHMMU Ha Nig-
rotoBKy ¢axiBuiB, 3qaTHNX JiATU B yMOBaXx KfiMaTuy-
Hux BuKnukis (UNESCO, 2020).

[na YKpaiHu, o BogHoYac JoNa€ HaCigKy BiiHN,
eHepreTUYHOI KpU3K Ta 3MiHWN KNimMaTy, pO3BUTOK Ki-
MaTUYHOI OCBITU 1 GOPMYyBaHHA KOMMETeHLin Ana 3e-
neHoi TpaHchopMaLlii, KNiMaTUYHOro 06C/yroByBaHHSA
MaloTb CTpaTeriyHe 3HayeHHsA. BoHu cTaHOBNATb OCHO-
BY 3€eJIeHOI, KNIMaTUYHO CTiliKOI BigbyaOBK, CNPAMO-
BaHOI Ha ajanTaulilo, 3HUXEHHA PU3KKIB i MOCTynoBe
OOCATHEHHA KNiMaTUYHOI HenTpanbHOCTI. B YKpaiHi
K/iMaTMyHa OCBiTa Ma€E CTPYKTYpPHi nepegymMoOBU Ha
YHIBEpPCUTETCbKOMY PiBHI, 30Kpema yepe3 HaABHICTb
6akanaBpCbKMX Ta MaricTepcbKmx Nporpam y nposiga-
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HUX 3aKNMagax BULWOT ocBiTU. Kadeapa meteoponorii
Ta Knimatonorii KNiBCbKOro HauioHanbHOro YHiBep-
cuTeTy iMeHi Tapaca LLleBueHKa NpOMOHYE OCBITHIO
HaBYasnbHy nporpamy “MeTeoponoria’, Wo oxonse
TeopeTnYHe BMBYEHHA aTMocdepHMX Npouecis, Kii-
MaTonorii, NpUKNagHoi KnimaTtonorii i rotye ¢axisuis
3a umm Hanpamkom. OgecbKuin HauioHaNbHUN YHi-
BepcuTeT iMmeHi |. |. MeuyHrKoBa peanisye marictepcbky
nporpamy “MeTeoponoria i KnimaTtonoria’, Aka rotye
¢daxiBLUiB MeTeoposioriB Ta Knimatonoris. Kpim creuia-
ni30BaHUX nporpam, AUCUMMIIiHN 3 MeTeopororil Ta
KnimaTonorii iHTerpytTbcA B eKonoriyHi, reorpadiyti
Ta NPUPOAHMYI OCBITHI NPOrpammn iHIWNX 3aKnagis, Ta-
KnX AK JIbBIBCbKUIM HaLiOHaNbHWIA YHIBEPCUTET iMEHi
|. ®paHka, HauioHanbHMi yHiBepcuTeT bGiopecypcis
i NpupofoKopucTyBaHHA, binouepkiBcbKnn Hauio-
HanbHW arpapHUN yHiBepcuteT Ta YepKacbKui aep-
MaBHWI TEXHOMOTNIYHMI YHiBepcuTeT. Taki iHTerpoBaHi
Kypcu 3abe3neuytoTb 6a30BY KNiMaToNoriyHy rpamoT-
HICTb cepef CTYLEHTIB Pi3HUX CnewianbHOCTEN, Xo4a
rMMOMHA 3HaHb | NPAKTUYHKX HABUYOK Y HMX 3a3BUYal
HUXKYa, HiXK y cneuianizoBaHnx nporpamax. Y npoekTi
Erasmus+ “baraTtopiBHeBa OCBiTa Ta HaBYaHHA Ha Mic-
LeBOMY, HaLliOHaIbHOMY Ta perioHasibHOMY PiBHAX Y
chepi KnimaTnyHoro obcnyrosyBaHHA, aganTauii 1o
3MiHM KniMaTy Ta Mom’AKLWeHHA ii HacnigkiB — ClimED”
30iMCHIOETbCA PO3POobKa akageMiuHoi nporpamu, Wwo
BKJIIOYAE CTyNiHb foKTOpa dinocodii Ta marictpa, AKa
afanToBaHa [0 KNiMaTUYHOro 06C/TyroByBaHHs.

YHiBepCUTETCbKi NpOrpamMmn 3 MeTeoposorii Ta Kili-
MaTOJIOril, WO peanisyTbCca y NPOBIAHUX 3aKnagax
YKpaiHu, 3abe3neuyoTb CUCTEMHE OCBOEHHSA Teope-
TUYHUX OCHOB, MPAaKTUUYHUX HABUYOK i BOCNIAHNLbKOT
KOMMETEHTHOCTI, CTBOPIOOUMN NMepeaymoBu ansa dpop-
MyBaHHA eKCNepTHOro noteHuiany y chepi Knimatuu-
HUX HayK Ta MoniTmku. BogHouac icHy0Tb BUKAUKN,
NoB’A3aHi 3 HeJOCTATHLOI MIKAUCLMMNIHAPHICTIO,
0O6MeXeHOH0 KinbKiCTI0 MarictepcbKux nporpam y pe-
rioHax Ta Heob6XiAHICTIO NOrNMGNEHHs cniBnpaLi 3 Hay-
KOBMMMW Ta MPAKTUYHNMM YCTaHOBaMM. PO3BUTOK Mix-
AncumnaiHapHUX OCBITHIX Mporpam, iHTerpawia 3HaHb
3 NPUPOAHMYMX, COLiaNIbHMX Ta MPUKNAAHMX HayK, a
TAaKOX aKTMBHEe 3anyyYeHHA CTYAEHTIB A0 NPaKTUUYHNX
JOCNigXeHb € KIIOYOBUMI YMOBaMM NiAroToBkn da-
XiBLiB, 30aTHMX ePEKTUBHO pearyBaTii Ha BUKIUKNA
3MiHM KnimaTy Ta cnpuaT GOpPMYyBaHHIO KNiMaTUYHO
CTINKOro CycninbCTBa.

OTXe cyyacHUIN CTaH KNiMaTMYHOI OCBITY MOXHa
OxapakTepur3yBaTu AK TaKUM, WO MNOEJHYE 3HAUYHUN
nporpec — po3LWUpPeHHsA CeKTPa OCBITHIX iHiLiaTuB,
KypcCiB i gocnigXeHb — i3 CyTTEBUMU BUKNMKaMW,
noB’A3aHMMK 3 HeOOXiAHICTIO Nepexoay BiAg nigxoay,
30CepeaKeHoro nepeBakHO Ha 3HaHHAX, JO iHTerpo-
BaHOI MofenNi HaBYaHHSA, CNPAMOBAHOI Ha pOpPMyBaHHSA

DIEBUX KOMMETeHTHOCTeN. KnimaTnyHa ocBiTa CbOrogHi
NOCTa€ He NuLLe akagemiyHol chepoto, a cTpaTeriu-
HVM IHCTPYMEHTOM Fo6anbHOT KNiMaTUUYHOT MONITUKY,
LLLO € KPUTUYHO BaXJINBO AJ1A aKTUBI3aLil CycninbCTBa,
PO3BUTKY iHAMBIAYaNbHOI N KOMIEKTMBHOI CIPOMOX-
HOCTI 1O AiN Ta NiAroTOBKWU MNOKOMIHHA, 38aTHOro Cnpus-
TN CUCTEMHMM 3MiHaM.

Meta po60Tul — po3LWMpPUTH OOIPYHTYBAHHA poni
KNiMaTUYHOI OCBITK AK KJTIOYOBOTO iHCTPYMEHTY dop-
MyBaHHA KOMMETEHTHOCTEN AfA 3eneHoi Bindynosu
YKpaiHn, aganTauii 4O 3MiHWM KniMaTy Ta JOCATHEHHA
KNiMaTUYHOI HENTPaNbHOCTI, BU3HaUYeHHA epeKTUB-
HUX MeTopiB, GopMaTiB Ta OCBITHIX NigXodiB, Lo Noea-
HYIOTb MiXXKANCLUMMAIHAPHICTb, MPaKTUYHEe HaBYaHHA Ta
yyacTb CTerKrongepis.

METOAOJIOrIA

BrKopucTaHo AKiCHI meToan negaroriyHux gocnig-
»KEeHb: aHani3 OCBITHIX Nporpam i nigxogis [o Kiima-
TUYHOT OCBITW, KOHTEHT-aHani3 nitepaTypu, a TakoX
BMBYEHHA MPaKTUYHOIO AOCBIAY NITHIX WKiN i BOPKLO-
nis, peanizoBaHux y mexax npoekTis UniCities (https://
www.unicities.org.ua/) Ta New European Bauhaus Aca-
demy (https://neb.academy/). BusHaueHHa edpeKTuB-
HUX MeToaiB, popmMaTiB Ta NiAxodiB A0 KNiMAaTUYHOI
OCBITY, WO NOEAHYIOTb MKANCLMMNAIHAPHICTb, NpaK-
TUYHE HaBYaHHA Ta y4acCTb CTeNKrongepis, NPOBOAMN
B MeXax LMX NTHIX WKin Ta BOPKLUOMIB.

MeTogonoriyuHy OCHOBY fOChNifXeHb CTaHOBUTb
KOHLenuia HaBYaHHA Ha ocHoBI BUKnKKiB (challenge-
based learning, CBL) i npuHUmnnu yHiBepCcUTETCbKMX
XnBux nabopatopin (living labs). Lle ocBiTHIn nigxia,
y AKOMY CTYAEHTU HaBYaloTbCA Yepe3 po3B'A3aHHA
peanbHKX NPo6aemM i BUKIUKIB, O MatoTb NMpaKTUYHe
3HaueHHA AnA CycninbCcTBa, rpomaan abo npodecin-
Hoi cdepn. OCHOBHUMYK pucamMn Takoro niaxopy €:
MiXKOUCLMNTIHAPHICTb; OPIEHTALiA Ha peanbHi Kencn
Ta CTanun PO3BUTOK; aKTMBHA CMiBMpausA CTyAeHTIB,
BMKNaJauyiB i 3aUiKaBneHnX CTOPIH; pe3ynbTaTtoM € He
NWe 3HaHHA, @ N NPAKTUYHI PilleHHA Y/ NPOTOTUMN.
Takni nigxig [O3BONAE iHTErpyBaTV AOCNIAKEHHSA, HaB-
YaHHA Ta NPaKTUKY.

PE3YJIbTATU TA IX OBFOBOPEHHA

€BPONENCbKNIM 3eNeHNn KypcC Cyrye iHTerpauin-
HOI0 OCHOBOIO AN1A GaraTboX MNONITUK i iHiLiaTKB, cepen
AKNX — ajanTaia 1o 3MiHW KniMaTy, 3eneHa Bigbynosa,
HoBun eBponencbkmin bayxayc Ta po3BuUToK Knima-
TUYHOT OCBITU. Pa3om Ui Hanpamu GOpMyIOTb LinicHY
cucTemy A, Wo BigobpaKae pisHi BUMipK peanisadii
3eneHol TpaHchopMaLii — Bif €KOMOriYHOro Ta eko-
HOMIUYHOIO A0 KY/IbTYPHOrO 1 OCBITHBOTO.

3eneHa Bigbynosa (Green Reconstruction / Green
Recovery) — ue niaxia ;o eKoHOMIYHOro Ta iHdppa-
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CTPYKTYPHOrO BiJHOBNEHHA Ha 3acafax CTanoro pos-
BUTKY. [InA YKpaiHW NOHATTA 3eN1eHOi BifbyaoBm Haby-
Ba€ 0COONMBOro 3HAUEHHA Y KOHTEKCTI NiC/IABOEHHOTO
BiAHOBNEHHA. MlaeTbcA NPo BiAHOBNEHHA eHepreTuny-
HOT, TPAHCMOPTHOI Ta couianbHoOi iHGpacTPyKTypU
3 ypaxyBaHHAM NPUHLUNIB eHeproepeKTUBHOCTI,
BiJHOBJ/IIOBAHOI €HepreTukn, LUPKynApHOI eKOHOMI-
KW Ta KJiIMaTUYHOI CTiKOCTI. 3eNieHa BigbynoBa He €
OKpeMrM HanpAMOM MOMITUKY, a pajLlle MexaHi3MoMm
NPaKTUYHOrO BTINEHHA NPUHLMNIB €EBPONENCbKOrO
3€NeHOro KypCy Y KOHKPETHUX perioHanbHuX i Hauio-
HanbHUX yMmoBax. BoHa 3abe3neuye noeaHaHHA KOPOT-
KOCTPOKOBWX Liifiel BifHOBNEHHA 3 OBFOCTPOKOBUMN
npioputeTamy CTanioro PO3BUTKY, CAIPUAE 3HUXKEHHIO
€KONOTriYHUX PU3NKIB i MiABULLEHHIO COLianbHOT 3ryp-
TOBAHOCTI.

OfHMMm i3 KNIOYOBUX HaNpPAMIB €EBPONENCbKOro 3e-
NEeHOro Kypcy € aganTauia go 3miHu knimaty (Vocasek,
2021). i MeTa — 3MeHIINTN BPa3AMBICTb CYcninbCTBa,
€KOHOMIKWN 1 eKOCUCTEM 10 HacNigKiB rnobanbHOro
notenniHHA. AnA YkpaiHu aganTauiiHa nonitMka mae
0CO6/IBE 3HAUEHHS Y KOHTEKCTi 3abe3neyeHHs Kii-
MaTUYHOI 6e3neKmn 06'eKTiB KPUTUYHOT IHPPACTPYKTY-
pu, 30KpemMa eHepreTMYyHmNX CUCTEM i CifibCbKOro roc-
nopapctea. bes ypaxyBaHHA KNiMaTUUYHUX PU3UKIB iH-
BeCTUUii y Bifby#OBY MOXYTb BUABUTUCA HECTINKMM
abo HeedeKkTUBHUMUN. EDeKTMBHA afanTauia noTpebye
HayKOBOro OOrpYHTYBaHHSA, MPOrHO3HUX JOCHIAKEHD i
nigrotoBKy ¢axiBLiB, 34aTHMX OLiHIOBATK KNiMaTUYHi
PU3MKM Ta pO3pobnATU CTpaTerii pearyBaHHs.

I[HHOBaAULiMHUI Ta KyNbTypHUIA BUMIip €Bponen-
CbKOTO 3efIeHOro Kypcy yocobntoe iHiliatvea HoBun
eBponelcbkuin bayxayc (New European Bauhaus), no-
KNnukaHa 3pobuTn 3eneHy TpaHcpopmalio He nuwe
epeKTNBHOIO, a N eCTETMUYHO NpuBabAMBOLD, Kiima-
TUYHO CTINKOIO, iHK/TIO3MBHOI Ta OPIEHTOBAHOI Ha
nogunHy (Bason at al,2020). Lia iHiyiatnea cnpuse ¢pop-
MYBaHHIO KUTTEBOTO CepefoBULLA, CTINKOro A0 3MiHU
Knimarty, Lo NoeAHYe eHeproedeKTNBHICTb, EKONOTiy-
HiCTb, KOMQOPT NMIOAVHU Ta FAPMOHItO 3 NPUPOLOID, Ha-
Jaloum 3efeHin MofepHi3auil KynbTYpPHOro, LiHHICHOrO
Ta KNiMaTOCTIIKOro BUMIpY.

Cranui nepexig 4o KNiMaTUYHO HENTPaNbHOrO Cy-
CNiNbCTBa HEMOXNNBUI 6e3 PO3BUTKY KNiMaTUYHOI
OCBITY, AKa POPMYE €KONOTYHY KOMMNETEHTHICTb, KPW-
TMYHE MUCJIEHHA Ta 3[aTHICTb AiATM Y BignNoBigb Ha
KniMaTU4Hi BUKIMKK. Ocob6nMBOI akTyanbHOCTI KlimMa-
TWYHa OCBiTa HabyBa€ y KOHTEKCTi 3eneHoi BiAbynoBu
YKpaiHu, fe HeoOXigHO NOEAHATM TEXHIYHY MOAEPHI-
3aUilo 3 NigBULLEHHAM KiMaTUYHOT 06i3HAHOCTI Ha-
CeneHHs, aepXaBHUX cny0oBUiB i 6i3Hecy. OCBITHI
nporpamu, 3aCHOBaHi Ha MiXAnCUMMiHaPHOMY Migxo-
Ai Ta NPUHUMNAax HaBYaHHA Ha OcHOBI BUKNKKiB (CBL),
[L03BONIAIOTb PO3BMBaTV KOMMETEHTHOCTI, Nepefbaye-

Hi EBPOMENCbKOK CUCTEMOID KOMMNETEHTHOCTEN AnA
cTanoro po3BuTKy (GreenComp) (Bianchi et al, 2022).
BignoBiaHO 00 Ui€l cnctemmn KOMNETEHTHOCTI AnAa 3e-
neHoi TpaHcdopMaLlii € CUCTEMHUMM Ta MiPKAMCUUNI-
HapHUMKW, BUMAraTb YMiHHA AiATU Ha NePeTUHI Hayk,
MONITUKN, EKOHOMIKIM 11 TEXHOSOTI. 3efeHa BigbyaoBa
Ta afjanTauis fo 3MiHU KimaTy nepeabavalotb TiCHY
B3aEMOJiI0 AeP>KaBHUX IHCTUTYLi, HayKOBLiB, Gi3He-
Cy, FpOMag i MiXXHapOAHMX opraHisauin. Tomy BMiHHA
npawBaTh B MiXXANCLUUNNIHAPHNX KOMaHAaX TaKOX €
OJJHI€I0 3 KJTIOUYOBUX Liifien KNiMaTUYHOI OCBITU.

CyyacHi HayKoBi JOCNiAXKeHHA 3aCBiguyoTb, WO
HaBULLY edeKTUBHICTb OCBITHIX MiaxoniB 3abe3neuye
TXHE MNOEAHAHHSA i3 NTOKaNbHUM KOHTEKCTOM, BUKOPUC-
TaHHA aKTUBHMX i MPOEKTHO OPIEHTOBAHNX METOAIB
HaBYaHHA, a TaKOX BpPaxyBaHHA eMOLiNHOro 3any-
YeHHs 3000yBauyiB OCBITU Ta IXHbOT CMPAMOBAHOCTI Ha
NPaKTUYHI Ail, AKi CNpuAOTb NiABULEHHIO FOTOBHOCTI
Jo nosefiHkoBux 3miH (Monroe et al., 2017). OgHum
i3 pieBMx dopmatiB TaKMx NigXOAIB € NiTHI WKONU Ta
BOpPKLUIONMK, AKi 3ab6e3MeuyoTb HaBYaAHHA Yepes Npak-
TUYHUN JOCBIA. [TpoBeAeHHA TakuX 3axXodiB y perioHax
i3 BUpaXeHMN KNiMaTUYHUMN BUKIMKaMK (nocyxu,
MoBeHi, cneka, aerpagawia nicie) Aa€ 3mory cTyaeHTam
6e3nocepeHbO cnocTepiraT! HaCNiIAKN 3MiHW KNima-
Ty, NpaLoBaTh 3 MiCLLeBUMM rpoOMagamu, JaHUMK Ta
ekocncteMamu. Tak 3HaHHA HabyBalOTb MPAKTUYHOIO
" perioHanbHOro BUMIpY.

DopmaT NiTHIX WKiN FPYHTYETbCA Ha aKTUBHOMY
HaBYaHHI yepes filo — MOMbOBUX JOCAIAMXKEHHAX, IPY-
MOBUX MPOEKTaX, Po3pobLi aganTalinHUX pilleHb i
mogenen pusukis. beanocepenHA B3aemogia 3 npu-
POLHMM CepefoBULLEM Ta OAHOAYMUAMU CNPUAE NNG-
LIOMY YCBiIOMIEHHIO KNiIMAaTUYHKMX Npobnem, dopmye
eMOLiNHNI 3B'A30K i MOTMBaLUilO A0 BiANOBiganbHOI
noBefiHKM. YUaCHVKM He nyiLie aHanisyTb npobnemu,
a N CTBOPIOKOTb NMPAKTUYHI pilleHHA — Bif aganTa-
LiHUX MPOEKTIB AO €KOMPOCBITHULbKNX iHiLiaTUB.
3aBAAKM LbOMY BOHM NepexoaATb Bif 3HaHb Ao Ail, Wwo
€ KJTIOYOBOIO METOI KNiMaTU4HOT ocBiTU. Mixxgucunm-
NAIHaPHUN CKNag YYaCcHUKIB — KiMaToNoru, ekonoruy,
eHepreTuKK, eKoHoMmicTu, couionoru, IT-paxisyi — 3a-
6e3neyuye CNiNbHUI aHani3 i Po3po0OKy iHTErpoBaHMUX
KNiMaTUYHUX PilLeHb.

JIiTHi wkonun “@opmyBaHHA MiCbKOro cepefoBuLLa
MainbyTHboro (Shaping Urban Environments for To-
morrow)” (1-5 nunHa 2024 poky, YepHiris; 7-11 KBiTHA
2025 poky, cmT CnaBCbKo), peanizoBaHi B Mexkax npo-
ekty UniCities 3a nigTpMMKM OCBiTHBOT nNnathopmun 3
apxitektypu Ta ypbaHictukn CANactions, ctanu nnat-
dopmoto ana anpobauii HoBrx popmaTis KNiMaTUYHOT
OCBITU.

Mepwa niTHa wkona (https://www.unicities.
org.ua/2024/07/06/litnia-shkola-shaping-urban-
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environments-for-tomorrow-pidsumky-insajty/) 6yna
NPUCBAYEHA BIQHOBNEHHIO YaCTKOBO 3PYNHOBAHOrO
Kamnycy HauioHanbHoOro yHisepcutety “YepHiriBcbka
MonitTexHika” 3 nepeocMUCNIeHHAM poni YHiBepcuTe-
TY Ha NOKaNbHOMY Ta perioHasbHOMY PiBHAX; aKLEeHT
3p06neHO Ha eHeproedeKTUBHOCTI, 3e1eHOMY BiJHOB-
NeHHi, CTINKOCTI Ta 6e3neyHocTi ByaiBenb, AKOCTi Npo-
XWBaHHA CTYAEHTIB i nepcoHany, ectetTuui NpocTopy
Touwo (puc. 1).

[pyra niTHA WwKona 3ocepenKyBanaca Ha CTanomy
PO3BUTKY FiPCbKMX peKpeaLiHMX KOMMNeKCiB YKpa-
THN y KOHTEKCTi 3MiHM KnimaTy Ta iXHbOI iHTerpauii B
MicueBe coLianibHO-eKOHOMIUHe XuTtTa (https://www.
unicities.org.ua/2025/04/15/unicities-hrandioznyj-

final-litnoi-shkoly-shaping-urban/). MNpegmetom poc-

NigMeHHA CTaB ripCbKONMXHUIA KypopT CnaBCcbKo y

JIbBiBCbKI1 06nacTi, 30Kpema, HaBYabHO-0340POBYA

6a3a “[MoniTexHik-2" HauioHanbHOro yHiBepcuteTy

“INbBiBCbKa NoniTexHika” (puc. 2).

OpraHizauiiHa Moaenb 060X 3axX0AiB BKovasa:

e Mynemugpopmamuicme (nekuii, BUCKYCii, Kenc-Typwu,
ManyBaHHA, 4OCAIAHWLUbBKI Cecii, rpynoBa NPOEKTHA
po60Ta, MiHi-XaKaToOHW, MITYNHT);

o My/nbmucmelkronoepHicmes (yHiBepcmTeTU, MicLieBa
Bnafa, MeHemXMeHT 6a3u, 6isHec, HIO, ekcneptun
3 YKkpaiHum 1a €C);

e 80Oy008aHyY peghneKcito (WomAeHHi NiaCyMKy, HacTaB-
HUUTBO, TECTYBAHHA ifen 3i 3BOPOTHMM 3B'A3KOM);

I Sports area
[ Fitness and yoga area
[ Room for coaches
Locker room

Input group

Elevators

[l Coworking area

a

Puc. 1. MpoeKTn 3eneHoro BifHOBNEHHA Kamnycy HauioHanbHoro yHiBepcuTeTy “YepHiriscbka lMoniTexHika”: a — 06'eKTU 3eneHoro
BiJHOBJIEHHS KaMmnycCy yHIBEPCUTETY; 6 — NMPOEKT BifHOBNIEHHS CTYAEHTCbKOIrO r'YpTOXUTKY YHiBEpCUTETY
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Puc. 2. HaBuanbHuWi noniroH NitTHbOI Wwkonu “®opmyBaHHA MiCbKOro cepefioBuLia MainbyTHboro” y cmt Cnascbko (a) i (6) Ta 3anpo-
NMOHOBAHI MPOEKTM KNIMaTUYHOI LKONK (8), YaCTUHOIO AKOI € EKCneprmeHTapiym i COHAYHA eneKkTpocTaHLia (2): a — perioH
JocnigKeHb; 6 — HaBYanbHO-03[0POBYa 6a3a “lMoniTexHik 2”; 8 — NPOEKT EkcnepiMeHTapiyMy; e — NPOEKT COHAYHOT eNneKkTpo-

cTaHuii

* npocmopose cmare 8i0HO8/1eHHA Kamnycy Hauio-
HanbHOro yHiBepcuteTy “YepHiriscbka MonitexHika”
3 Opi€eHTaUi€l0 Ha CTiMKiCTb Ta 6e3neKy, Ta nepe-
OCMUCIIEHHA POJli YHIBEPCUTETY Ha JIOKallbHOMY,
perioHanbHOMY Ta HaUiOHaNbHOMY PiBHAX;

e eKos102i4Ha ModepHi3ayia ma iHmezpauis Hag4yasb-
HO-0300posyoi 6a3u “TMoniTexHik-2" HauioHanbHoro
yHiBepcuTeTy “JIbBiBCbKa NosniTexHika"

Mpodinb yyacHUKIB — CTygeHTW i BUKNagadi yo-
TUPbOX MAPTHEPCbKUX YHIBEPCUTETIB, NPeACcTaBHU-
Ku rpomagu i HIO, ekcnepTn y cdepax KnimaTtonorii,
eHepreTuKky, ypbaHiCTUKK, KyNbTypHOI MNONITUKNK, TYy-
p13My, eKONMOriYHOro MeHegXXMeHTY Ta npasa. Taka
KomMo3uuisa go3sonunia BunpobysaTtn ¢opmart chifb-
HOro HaBYaHHsA (co-learning) i cniBTBOpEHHA (co-crea-
tion).

MNpoTtarom nNpoBefeHHA NiTHIX LWKi yY4aCHUKK No-
3HANOMWIIUCh i3 TEHAEHUIAMW 3MiHW KNiMmaTy B perio-
Hax Ta HacnigKamu AKi BOHU 3yMOBJIIOIOTb, OMaHyBanu
ManyBaHH#A, NONIbOBE AOCNIAKEHHSA, iIHTEePB IOBaHHA
Ta 6araToKpuTepianbHWIA aHani3; 3acBoinu nigxoam
eHeproedeKTUBHOT PEKOHCTPYKLUIl, ynpaBniHHA BO-
Jolo Ta Bigxodamun, NpUPOAOOPIEHTOBAHI PilleHHA i
NPVHLUMAW LMPKYNAPHOCTI; NiAroTyBann Ta 3axmcTnam

NPoeKTU Nepes, xypi. ObpaHa norika HaByaHHA Ha 6as3i

po6oTu 3 BuKnvKkamu (CBL) y3rogKyeTbca 3 NOTOUHUMM

pocnigxeHHamn: CBL nigcunioe mixkgucumnniHapHy

B3aEMOZ0, CMiBApaLo 3i CTENKrongepamu i 3gaTHIiCTb

no pii (Hoffken and Lazendic-Galloway, 2024; Bilbao-

Goyoaga et al., 2023).

EkcnepTHi cecil oxonntoBanu HaCcTYMNHi TeMu:

e TexHONOrivHi pilleHHA ana 3abesneyeHHs Knima-
TUYHOI HenTpanbHOCTI micT. JocBig LLBeuii (Onekcin
MaciuHnni);

e KniMaTuyuHi pn3nKm Ta NpNPOJOOPIEHTOBAHI PilLeH-
HA (Bipa banabyx): akTnyHi Ta MMOBIpPHI 3MiHK Kni-
MaTy B YKpaiHi, NOKanbHi NpoABM 3MiHN KniMmaTy B
KapnaTcbKomy perioHi, Bpas3nueiCTb pekpeauinHnx
TEPUTOPIN, pOSib NPUPOJOOPIEHTOBAHUX pPilleHb
Yy 3MEeHLeHHi pu3nKiB Ta aganTtauil 4O 3MiHN KNi-
mary;

e YHiBepcuTeTu AK gpariBepu TpaHcpopmadii (CtaHic-
naB KyxTuk): mogeni Baemogii “yHiBepcuMTeT-MicTo-
rpomaga’, iHCTUTYLiHI nnatdopmm Ta HaBYaASbHI
npoayktu UniCities;

o CTanuii po3BUTOK, MicbKi aaHi Ta Viable Cities (Onbra
Koppaac): nporpaMHa pamka MicbKux TpaHcdopma-
i, oaHi AK OCHOBA KIiMaTUYHMX BI0aKeTiB, po3pa-
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XYHKIB | NPUINHATTA pilleHb; HoBui €BponencbKumn
bayxayc Ta iHwi cTpaTeriyHi fokymeHTn €C y KOH-
TeKCTi aganTadii 4o 3MiHK KnimarTy;

e EHeproe¢eKTMBHICTb Ta BigHOBMIOBasIbHI AXKepena
eHeprii (Bonognmnp Bonoulyk), eko-mogepHisauis
6yaisenb (Makcum KpurBollees);

¢ 3anyJyeHHs cTenkrongepis (Jaime Moreno);

¢ biomimikpia Ta gu3anH-mucneHHa (OKkcaHa YaoBik);

e B3aemopgia Mix yHiBepcuteTom Ta mictom. [locsia
IcnaHii (Jaime Moreno, OkcaHa YaoBiK);

o Mi>KHapogHWIA Nigxig CTBOPEHHA NPOEKTIB, AKi BapTi
CTanoro po3BuTky (apxitektop OnekcaHap Kyueps-
BUN);

¢ [IpocTopoBe NfaHyBaHHA 1 iHTerpawia rpoMagcbKumx
oyHKuin (komanga CANactions).

CyMapHoO Ui 610KM CTBOPUN “CXOAMN KOMMETEHT-
HoOCTen” Bifi pPO3YMIHHA KNiMaTUYHMX NpOLEecCiB A0 no-
WYKY Ta BAPOBALKEHHA iHXeHEePHMX, coLialbHUX i
YyNpaBRiHCbKNX pilleHb.

PoboTa gecaTn 3milwaHnx KomaHpg (OHnarH Ta od-
nanH — Kuis, YepHirie, CnaBcbko) 6yna cpokyco-
BaHa Ha:

1. BigHOBNEHHA rypTOXKMTKY, HaBYaSbHUX NPUMI-
LeHb Ha TepuTopii HauioHanbHoro yHiBepcutety “Yep-
HiriBcbKa MNoniTexHika”: cTiNKicTb Ta 6e3neka, Kom-
dopTHe cepenoBMLe, 3eN1eHi TeEXHONOrIT Ta eHeproe-
bEKTUBHICTD.

2. CouianbHa iHTerpauia Ta iHKN03ia — nepeTBo-
peHHA HaBYaNbHO-0340pOBYOT 6a3n 6a3m “lNonitex-
HiK-2" HauioHanbHoro yHiBepcutety “JlbBiBCbKa MNoni-
TexHiKa"” Ha TOUKy B3aemogil 3 rpomagoto, AOCTYMHICTb,
nporpaMun CnibHOr0 KOPUCTYBaHHA NMPOCTOpaMu,
napTHepcTBa 3 MicueBumun HI'O 11 6isHecom.

3. AKagemiuyHni xab Ta aBTOHOMHICTb — MoJesb
HaBYaJIbHO-030POBYOI 6a3u AK nnatdopmm ana pe-
3MAeHUin, NoNbOBUX KYpPCiB, eKCnepuMeHTanbHNX
MOZyniB i JOCNIKEHb i3 enemMeHTamMu eHepreTUYHoOl
camofocTaTHOCTI (puc. 2).

4. KniMaTo-eKoNoriYHnm LeHTP — MOHITOPUHT Ta
NpPOCBiTa, AEMOHCTPALiNHI NiNOTV NPUPOJOOPIEHTO-
BaHUX pilleHb (3aTPUMaHHA CTOKY, 3MEHLLEHHA epo3il,
6iOpPi3HOMaHITTA), eKO-CTEXKM 1 TPOMafCbKa HayKa
(puc. 2).

5. KynbTypHO-TYypUCTUYHNI KnacTep — racTpPOHO-
Mif, pecTmBani, 3MMOBI aKTUBHOCTI, po60Ta 3 NoKanb-
HOIO iAEHTUYHICTIO Ta NaM'ATTIO MicuA.

HacTaBHMUTBO Ta UMKIW WBUAKOIO TECTYBAHHA
BigoOparkaloTb NiAXOAM YHIBEPCMTETCHKOrO Kammnycy
/ ypbaHicTUyHMX »KnBKx nabopatopil (campus/urban
living labs), siki foBenun epeKTUBHICTb AK cepenoBuLLa
CNiBTBOPEHHA 3HaHb, CNiIbHOrO MNPOTOTUMYBAHHA Ta
ynpaBniHHA nepexofamu po ctanocti (Evans et al.,
2015). 3aCTOCYBaHHA TaKMX MiAXOAIB i3 3any4YeHHAM
YKpaiHCbKUX Ta €EBPOMENCbKUX eKCrnepTiB 3abe3nevy-

BaNo perynspHuii Gpigbek-umKn: rinotesa — WBMAKE
TeCTyBaHHA — KopeKLUiA pilleHHA — MITYMHT.
KomaHau HanpautoBanu WicTb CLEeHapiiB BiAHOB-

NIeHHA Kamnycy 1 npunernnx tTeputopin HauioHanbHo-

ro yHisepcutety “YepHiriscbka MonitexHika” Ta yotu-

pv cueHapii ekomofepHisauii HaBY4aNbHO-0340POBYOI
6a3u “[MoniTexHika-2" i3 pekomeHAaLisMM WoAo: no-
eTanHoi eHeproedeKTMBHOI peHOoBaLlil, ynpaBniHHA

BOZO (OOLLOBI Cafun, NOKanbHi OYNCHI pilleHHs, ni-

HIVHI MapKy, WO YTPMMYIOTb BOMOrY), MOBOAMXEHHA 3

BiAXO4amu Ta KOMMOCTYBaHHA, MPUPOAOOPIEHTOBA-

HUX iHTEepPBeEHLi (03eNeHeHHA AK KNIMaTUYHWIA CepBiC:

TiHb, OXOJIOAPKEHHSA, MOTNMHAHHA ByrieLto, cTabinisa-

Lia cxunise), nporpam cnisnpadi 3 rpomagamu M. Yep-

HiroBa 1 cMT CraBCbKO (OCBiTa, KOBOPKiIHI/MaNCTepHi,

BOJIOHTEPCTBO, MapLUPYTU CTANoro TYprn3my), a Takox

LUMPPOBMX IHCTPYMEHTIB (KapTy PU3NKIB, CNiNbHI AaHi,

6a308Bi IT-pileHHA ANA MOHITOPUHIY eHeproBuUTparT i

MiKpoKnimary).

KoHuenuia BopKwony B M.PX1LLiB, AK1IN NpoBoanB-

CA i3 6 No 26 BepecHA (ribpngHun Gopmar) y mexax

npoekTy Crafting Futures: Ukraine’s NEB Academy for

Green Reconstruction nonArana B 3aCTOCyBaHHi MPUH-

umnie NEB — ecTtetuka, CTanictb i iHKNIO3MBHICTb —

Ta NPUPOJOOPIEHTOBAHUX pilleHb Ana TpaHchopmauii

HabepeXHOI Ta PiYKOBOro NOpPTY AK pPeanbHOro Micb-

koro kency (https://istu.edu.ua/%d0%be%d1%81%

d0%b2%d1%96%d 1%82%d0%b0-%d 1%8f%d0%ba-

%d1%80%d1%83%d1%88%d1%96%d0%b9-%d

0%b7%d0%bc%d1%96%d0%bd-%d0%bc%d0

%bd%d1%82%d1%83-%d1%83%d1%81%d0%bf%

d1%96%d1%88%d0%bd%d0%be-%d0%b7%d0

%b0%d0%b2%d0%b5/).

OpraHi3audinHa mogenb BOPKLIOMNY BK/OYana Ha-

CTynHe:

e BUi3He 3aHYpPeHHA Ha nokadii 1o M.P>kuwwis (nonboBi
3aMmipuv, ManyBaHHs, iHTEPB'I0 3i cTenkrongepamn);

e OHNarH-cnpuHTK 3 nekuiamn (NEB, npupopoopiek-
TOBaHi pilleHHA, KNniMaTU4yHa aganTtauia MicT, Aki
po3TalloBaHi 6ina Boawn, i MEHTOPCbKUMIN KOHCY/b-
Tauiamn);

e 3MilWaHi MynbTUANCLMNAIHAPHI KOMaHaW (apXiTek-
Typa/ypbaHicTuka, Knimat/ekonoria, MeHeXMeHT/
couianbHi HayKu);

e BOy#OBaHy pedneKkcito (LLOTMXKHEBI MiACYMKNM, Hac-
TaBHULTBO, TECTYBAHHA ifel 3i 3BOPOTHUM 3B'A3KOM);

e Opi€HTaLi0 Ha peanbHW KeNC — CTaNa Ta NPUPOLO-
OpIEHTOBaHa PEKOHCTPYKLiA PiYKOBOro BOK3asny Ta
HabepexHoi M. PxuLis.

[lo yyacTi y BopKwWwoni 6ynun 3anyyeHi cTygeHTu

Ta BMKNagayi NapTHEePCbKNX YHIBEPCUTETIB, a TaKOXK

npeacTaBHUKM MicLieBoi rpomaau, paxiBLi 3 KniMato-

norii, ypbaHiCTMKK, apXiTeKTypu, An3aiHy, nybniyHoro
yrnpaBniHHA Ta €KONOTYHOIro MeHeAKMeHTY. Taka Mixk-
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AUCLMNIIHAPHA I MYNBTUCTENKXONIAEPHA CTPYKTYpa
yUYaCHUKIB fana 3mory anpobysat ¢opmaT ChifibHO-
ro HaBYaHHA Ta KOJNIEKTUBHOIO TBOPEHHS 3HaHb i pi-
LeHb.

TemaTnyuHi 6NOKKN NeKUil Ta NPAKTUUYHMX 3aHATD,

AKi 6yN1 OXOMNneHi B MexKax BOPKLUOMY, BKOYanm Hac-
TynHe:

MpuHumnn New European Bauhaus (kpaca—cTanictb—
iHK/I03MBHICTD) | AK iX onepauioHanisyBatu y mMicb-
KMX NPOEKTAXx;

3miHa KnimaTy Ta il BNIMB Ha MiCbKe cepefoBuLLe.
Hacnigku 3miHn KnimaTy B MicTax ins 340poB’s, 4o6-
pobyTy HaceneHHs, iIHGPACTPYKTYPU, EKOHOMIKMN.
KnimatuuHi pusuku gna mict 6ina sogu;
KnimaToopieHToBaHe nnaHyBaHHA Ta New European
Bauhaus. Touku nepeTrHy Ta iHTerpauin y €sponeii-
CbKUI 3eneHnn Kypc;

MpupoaoopiEHTOBaHI pilleHHA, 6NakNTHO-3eN1eHa
iHbpacTpyKTypa Ta KNiMaTUYHO OpPIiEHTOBaHe NpPoC-
TOPOBE MJIAaHYBaHHA AS1A HAbepeXXHMX i Npubdepex-
HUX TEPUTOPIN.

YHiBepCanbHUin An3aliH Ta iHKMIO3MBHICTb NYORiYHMX
NPOCTOPIB: MapLIPYTU AOCTYMHOCTI, CLieHapii Kopuc-
TyBauiB, 6e36ap’epHiCTb;

JloKanbHa ifeHTUYHICTb | KyNbTypHa craglumHa (30K-
pemMa TpUNiNbCbKNIA KOHTEKCT) AK Apansep ¢opmo-
TBOPEHHA Ta HapaTUBIB MicLS;

MeToan nonboBMX [OCAIAMKEHb: ManyBaHHA, 3aMi-
pu, doTodikcauin, iHTepB'tOBaHHA CTENKrongepis,
pob6oTa 3 gaHUMM.

YuacHuKK BOpPKLWOMy npauroBann y TObOX KOMaH-

[ax Ta npeacTaBUAn CBOI PileHHsA (puc. 3), HaCTYMHUX
npo6nem:

PeBiTanisauis piukoBoro Boksasny Ta HabepexHoi:
NPOrynAHKOBUIM MOMICT, TepacoBaHi 30HM Bigno-
UNHKY, IHTErpoBaHni 4OCTYN [0 BOAW;

Antaunin i MonogixKHUI NPOCTIP i3 IOKaNbHOW an-
OEHTMKOM (TPUNiNbCbKi MOTVBWY, iIHTEPAKTUBHI 30HU,
OCBITHi eNemMeHTM 1 irpoBi iHCTanALii;
BnakutHo-3eneHa iHppacTpyKTypa Ta NprpPoJoOopiEH-
TOBaHI pilleHHA: gowoBi cagu, 6iocmyru, Bogonpo-
HUKHI MOKPUTTA, YKPINIeHHA cxuniB, 60poTbba
3 iHBa3MBHVMN BUAAaMN POC/IVH Ta UBIiTIHHAM BOAN
B BOAOMMaX;

TypUCTUUYHO-KYNbTYPHUIA KnacTep 6ina Boaun: man-
JaHUYMKN Ana nogin, mapwpyTtu ineHTnuHocTi (Tpu-
ninna, “uepkBa Ha Bogi”), eKo-pekpeaLiiHi 30HK,
OCBITHi MaBiNbNOHW;

be3bap’epHicTb Ta yHiBepcanbHWI An3aiiH: JOCTYMHI
MapLIpyTW, HaBIrawis, TaKTUbHI enemMeHTn, 6e3ney-
He BeYipHE OCBITNIEHHS;

[peHax i BogoBiaBeAeHHA 3 MICbKOro LeHTpy Ta
6naroycTpii NAsKy: OUMLLEHHA Ta BiGHOBNEHHS ape-
Ha)Ky, NOKasnbHi pilleHHA AnA 31MBOBUX BOS, YMO-
PAOKYBaHHA NAAXKHOI iHGpaCTPyKTypu;

30Ha aKTUBHOTO BiANMOYMHKY Ta CMOPT Ha Habepex-
Hil: CTEXKW, MalilaHUYNKW, BOAHI aKTUBHOCTI;
EHepromopepHisauia npnbepexHoi 3abynosu: yte-
MNeHHA, PEKOHCTPYKLiA dacapis, 6a30Bi pieHHnA
€HeproMeHeXMeHTY.

Circular &
il Blo-based
\l Europe I
b . oy m:

Mponozauuii
no peanizadyii Hamipie

IHTerpoBaHa Aepen’Ana
nnargopMa Ans pexpeaui 3
MPAMUM JOCTYNOM A0 BOAW
(MporynaxKkosui nomicT)

TepacosaHa 30Ha

WA OB VTN A S0 A £

Puc. 3. [pOEKT KNiIMaTOOPIEHTOBaHNX pillleHb, HanpPaBIEHNX Ha 3eNeHe BiAHOBNEHHA PiYKOBOro BOK3asy Ta HabepexHoi M. PxuLiis
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KIIMATUYHA OCBITA 11 3EJTIEHOT BIABYLOBW: BUKINKW, METOZM TA MPAKTUYHI KENCK

OcBiTHIN edeKT, AKI OTPMMann yYyaCHUKN NIiTHIX
LWKiN Ta BOPKLIOMY, NOMIAAraB B OMaHyBaHHiI NOBHOIoO
uuKny poboTn 3 peanbHUMUN Kelcamu: Bifi NOSIbOBO-
ro JOC/igXeHHA 0O BUBAXKEHOT MPono3nLii 3 4Opox-
HbOIO KapTOI0 1 MePBMHHOI OLIHKOLO BMMBY; dopmat
OBOMOBHMX MiTYMHTIB NiABULWMB AKICTb KOMYHiKaLil.
CouianbHui edeKT BigbyBCA Yepe3 HanarogXeHHA
B3aEMOZIT Mi>K YHiBepcMTeTaMU, aAMiHICTPaLi€l0 Kam-
nycy/6a3m Ta rpomagamu YepHirosa, CnaBcbKoro,
P>KuweBa, 3poCTaHHA AOBipW Ta 3a/lyyeHHA, Heob-
XiAHUX OnA noaanblol iMnieMeHTauil NiNoTHUX Ken-
CiB. IHCTUTYUiNHO pe3ynbTaTu CTanu NigcTaBolo AnA
OHOBJIeHHA HaByanbHUX mopynis UniCities (3okpema
3 KNiMaTUYHOro NpaBa B KPU30BUX YMOBAX, €EHepro-
MeHeXXMeHTY, NPUPOAOOPIEHTOBAHNX PillEHHAX) i
dopmyBaHHA nopTdena NiNoTHMX NPOEKTIB LieHTpamun
YHiBepcuTeTiB-NapTHepiB.

Micna oTpumaHHA pe3ynbTaTiB NPOBEAEHHA NiTHIX
LUKIJ1, BOPKLLOMY Ta iXHbOro aHasnisy Hamu 6ynu igeHTu-
¢dikoBaHi HaCTYMHi KOPUCHI METOAMKIM ANA BPaxyBaHHA
npu po3podbui nogibHux iHiuiaTe: 6anaHc “Teopia <
NosibOBe AOCNIAKEHHA < NPOTOTUNYBaHHA" NigBULLYE
3aCBOEHHA Ta MOTMBALit0; HACTaBHULTBO 3 Pi3HUX J0-
MeHiB (KnimaT, eHepris, NpaBo, KynbTypa) KpUTUYHO
CKOpOUYE WNAX Bif igel 4o XUTTE3[ATHOrO pPilleHHS;
Ny6AiYHIA NITYNHT i3 MiCLEBUMWN CTEMKronaepamm
CTBOPIOE CUMBOJTIYHE “BiKHO neritmmadii” ana noganb-
LOT iMnnemeHTaLlil.

BUCHOBKU

Po3BMTOK KniMaTUYHOI OCBITM Ta KNIMaTUYHUX Cep-
BiCiB — cCTpaTeriyHuin npiopuTeT 3efeHoi BiAdya0BM
N OOCATHEHHA KNIMaTUYHOI HENTPANbHOCTI YKpaiHu.
CdopmoBaHi KOMNETEHTHOCTI 103BONAOTb daxiBUAM
JiATN B YMOBaX HEBU3HAYEHOCTI, YNPaBAATY pU3nkamm
Ta CTBOPIOBATU CTilKi pilLeHHA anAa rpomag. Jocsig nit-
Hix wkin UniCities y m.YepHirosi, m.Knesi, cmT CnaBcbko
Ta ribpugHoro Bopkwony Akagemii NEB y m. Pxuwis
OEeMOHCTPYE, WO NOEAHAHHA MiXANCUMMIIHAPHOCTI,
cniBnpaui 3 MicLeBMMN CTENKronaepamm Ta opieHTauii
Ha aito dopmMye HOBY KynbTypy B3aemofii yHiBepcu-

TeTiB, HayKn N cycninbcTBa. Taki popmaTtn ePpeKTmB-
HO 3’€HYIOTb TEOPIto i3 NPaAKTMKOK Ta PO3BUBAIOTb
KPUTNYHE MUCIIEHHA, KPeaTUBHICTb, KOMYHiKauilo 1
KomaHAHY poboTy. Came Taka KomOiHaLia 3abe3neuye
dbopMyBaHHA LiNiCHOro po3yMiHHA KNiIMAaTUYHMX 3MiH,
IXHiX MPOABIB Ha JTIOKa/IbHOMY PiBHi Ta MOXK/TMBUX LUAA-
XiB aganTauii 1 NOM’AKLIEHHA HAaCNiAKIB Y KOHKPETHMUX
couianbHO-eKOHOMIUYHUX Ta MPUPOAHNX YMOBAX.

3acTocyBaHHA MiXANCLMNAIHAPHOIO iIHCTPYMeHTa-
Pito CMPUAE NOEQHAHHIO 3HaHb i3 KNiMaToNOrii, eKONorii,
couianbHUX HayK, YNPaB/iHHA p13KaMmM Ta KOMYHiKa-
iR, WO AO03BOMAE YYaCHUKAM JIiITHIX WKiN | BOPKLWONIB
YCBIAOMUTU CKNAAHICTb KNiIMaTUUYHNX BUKIMKIB i 6ara-
TopaKTOPHICTb piweHb. CniBnpaua 3 micLeBMn op-
raHamu Bnagu, OCBiTHIMM yCTaHOBaMU, FPOMaACbKMM
opraHi3zauiamn Ta npegcTaBHUKaMM 6i3HeCy NoCuntoe
NPaKTUYHY 3HaUYYLLiCTb OCBITHLOrO NpoLecy Ta 3abes3-
nevye JOCTYN A0 NIOKaNbHO pefieBaHTHUX AaHKX, CLie-
HapiiB pU3UKIB i pecypciB AnAa CniibHOro naaHyBaHHA
afanTauifHuX 3axonis.

[MpaKTnyHa opieHTaLiA OCBITHIX 3axofiB, 30KpemMa
MOAENIOBAHHA PU3MKIB, pO3p0o6NeHHA aganTauiiHux
CLleHapilB Ta BUKOHAHHA KOMaHAHUX MPOEKTIB, MifBu-
Y€ piBeHb 3alyYeHHA YYaCHUKIB i CNPUAE PO3BUTKY
KOMMETEHTHOCTEN, HeOOXiAHNX ANA YXBaNleHHA pilleHb
y cdepi KniMaTUUYHOI MONITUKN Ta yNpaBniHHA pU3nKa-
mu. Takuin nigxin popmye y 306yBauiB KnimaTmyHol
OCBITV NOYYTTA BiANOBIAANbHOCTI 11 34aTHOCTI A0 Aii,
WO € KIIOYOBOIO NepenyMoBoio GpopMyBaHHA edek-
TUBHOI CMCTEMU KNIMaTUYHOI CTIMKOCTI Ha MicLLleBOMY
Ta perioHanbHOMY PiBHAX.

Taknm YMHOM, BUKOPUCTAHHA KOMMJIEKCY B3aEMO-
[OMOBHIOBaNIbHNX METOAUK Y NOEAHAHHI 3 aKTUBHOIO
y4yacTio CTENKrofaepiB Ta NPaKTUYHOK CNPAMOBAHICTIO
HaBYaNbHOro NPOLECY MOXe BBaXaTnUCA NepCcneKkTmB-
HOK MOJen YAOCKOHaNeHHA KiMaTUYHOI OCBITH.
Ii BNpoBaaXeHHA B paMKax MiTHIX WKiN | BOPKLWOMIB
cnpusae GpopmyBaHHIO KOMMETeHTHUX daxiBuiB, 34aT-
HUX edeKTMBHO pearyBaTh Ha Cy4YacHi Ta ManbyTHi
KNiMaTUYHI BUKJTNKMN.
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shaping the competencies required for implementing Ukraine’s
green reconstruction, adapting to climate change, and achiev-
ing climate neutrality. It is substantiated that, in the context of
increasing climate risks and transformations in global climate
policy, education plays a system-forming role in ensuring the cli-
mate resilience of society and the economy. It is demonstrated
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of educational, scientific, and practical approaches to foster
interdisciplinary knowledge and skills. The results of imple-
menting summer schools and workshops within the framework
of the UniCities and New European Bauhaus Academy projects,
which tested educational formats based on the challenge-
based learning methodology and the living labs concept, are
presented. These formats provide a combination of learning,
research, and practice, contributing to the development of
competencies provided by the European GreenComp system:
systems thinking, cooperation, innovation, and the ability
to act. It is demonstrated that interdisciplinary educational
practices centered on real-world cases of green reconstruction
enhance the readiness of future specialists to develop and
implement adaptive, nature-oriented solutions in local com-
munities. It is noted that climate education acts as a catalyst
for the implementation of adaptive and nature-oriented solu-
tions at the local level, enhancing the effectiveness of climate
services and management practices. It has been proven that the
development of climate education should become a strategic
priority in the post-war green transformation of Ukraine and in
increasing the state’s climate resilience. The scientific novelty of
the study lies in identifying climate education as a strategic tool
for post-war green transformation in Ukraine, which ensures
synergy between science, education, culture, and the practice
of sustainable development.

Keywords: climate change; climate education; European Green
Deal; sustainable development competencies; green recovery;
climate change adaptation.
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VERIFICATION OF THE ICON NUMERICAL
WEATHER PREDICTION MODEL IN UKRAINE

This study presents a comprehensive verification of the ICON numerical weather predic-
tion model over Ukraine for the year 2024. The evaluation covers key meteorological
parameters — air temperature, wind speed, relative humidity, precipitation, and cloud
cover — at 24-, 48-, and 72-hour forecast lead times. Both continuous metrics (correla-
tion, mean absolute error, root mean square error, bias) and categorical metrics (POD,
FAR, CSI) were applied, along with seasonal and spatial analyses. The model demon-
strated high accuracy in forecasting mean temperature, with a correlation coefficient
of r=0.95 at 24 hours, low RMSE (=2.6°C), and near-zero bias. Cloud cover forecasts also
showed excellent performance, with POD >0.94 and CSl up to 0.86 at a 10% threshold,
maintaining stability across regions and seasons. By contrast, wind speed forecasts were
less reliable, with lower correlations (r = 0.40 at 24 h), RMSE ~1.75 m/s, and consistent
overestimation. Forecasts of relative humidity were moderately accurate (r=0.88),
although a persistent negative bias (~-4.2%) was observed. Precipitation forecasts
exhibited the lowest skill, especially at longer lead times and higher thresholds. At a
0.1 mm threshold and 24-hour forecast, POD reached 0.61, but FAR remained high
(>0.50), particularly in southern regions with frequent convective activity. Seasonal
analysis indicated the best model performance in autumn and winter, with reduced
accuracy in summer, especially for humidity and precipitation. Spatial verification at
24-hour lead time revealed regional differences: the lowest RMSE for mean temperature
was found in Kherson (2.29°C), while the highest wind speed error occurred in Donetsk
(4.88 m/s). Overall, the ICON model provides robust forecasts for temperature and cloud
cover, acceptable performance for humidity, and highlights the need for further refine-
ment in wind and precipitation prediction. These findings offer valuable guidance for
improving regional forecast applications and adjusting physical parameterizations
under Ukrainian climate and topography conditions.

Keywords: ICON model, verification, weather prediction, forecast accuracy.

INTRODUCTION

Numerical Weather Prediction (NWP) models are
fundamental tools in modern meteorology, providing
critical forecasts that support public safety, economic
activities, and environmental management worldwide
(Kalnay, 2003; Bauer et al., 2015). The ICON (ICOsahed-
ral Nonhydrostatic) model, developed by the German
Weather Service (Deutscher Wetterdienst, DWD), rep-
resents a state-of-the-art global and regional forecast-
ing system that leverages advanced grid structures
and physics parameterizations to improve forecast
accuracy across scales (Zangl et al., 2015; Dipankar et
al., 2015).

In recent years, the ICON model has been used for
operational regional forecasting in Ukraine, a count-
ry characterized by complex orography, significant
climatic variability, and transitional weather regimes
between continental and maritime influences (Shyian
et al., 2018; Holoborodko et al., 2020). Previous studies
have examined the application and verification of re-

gional NWP models in Ukraine, highlighting methods
for forecast evaluation and interpolation (Shpyg & Bu-
dak, 2015; Doroshenko et al., 2020). These factors pose
unique challenges for NWP, requiring rigorous model
verification to ensure reliable weather predictions,
especially under extreme and high-impact weather
events such as severe storms, heatwaves, and winter
weather (Ebert et al., 2016).

Moreover, ongoing geopolitical and logistical issues
have impacted the density and quality of observa-
tional data in certain Ukrainian regions, complicating
the data assimilation process and verification efforts
(Ukrainian Hydrometeorological Center, 2023). Against
this backdrop, an in-depth assessment of the ICON
model’s forecast skill over Ukraine for 2024 is essential.
This study aims to systematically evaluate the ICON
model’s performance across multiple meteorologi-
cal parameters, temporal scales, and spatial domains,
providing insights into its strengths, limitations, and
opportunities for further development.
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By comparing ICON forecasts with extensive ob-
servational datasets from 133 meteorological stations,
this work contributes to enhancing NWP reliability
in Ukraine and serves as a reference for similar mid-
latitude regions with diverse climatic and topographic
settings. The results also provide a foundation for tar-
geted model improvements, bias correction strate-
gies, and informed decision-making in operational
meteorology.

METHODOLOGY

Data and Parameters. Forecast verification was
based on daily observations from 133 surface meteo-
rological stations across Ukraine (Fig. 7). The ICON-EU
configuration was applied with a horizontal resolution
of 6.5 x 6.5 km. The computational domain covered the
territory of Ukraine, approximately between 44°-53° N
and 22°-41° E. The model data were obtained from the
DWD open data portal (https://opendata.dwd.de/). The
parameters verified included: minimum, maximum,
and mean 2 m air temperature (Tmin, Tmax, Tmean);
10 m wind speed; relative humidity at 2 m; total cloud
cover; daily precipitation totals.

Verification Framework. Forecasts at 24, 48, and
72-hour lead times were evaluated using continuous
and categorical metrics depending on parameters (in

this research, metrics applied to continuous variables
are referred to as continuous metrics, while those ap-
plied to categorical variables are referred to as ca-
tegorical metrics).

To evaluate the accuracy of temperature, wind
speed, and humidity forecast, the following metrics
were employed.

Pearson Correlation Coefficient (r)
r— Z:V:1(Pi_'5><oi_6)
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where N is the number of observations; P, — the pre-
dicted value; O; — the observed value; P — the mean
of predictions; O — the mean of observations.

Mean Absolute Error (MAE)
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where N is the number of observations; O; — the ob-
served value; P, — the predicted value.
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Fig. 1. Locations of meteorological network stations used for the verification of the ICON model data
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where N is the number of observations; O; — the ob-
served value; P, — the predicted value.

Bias
. 1 N
Blas:NE (P=0)),

where N is the number of observations; P; — the pre-
dicted value; O; — the observed value.

For assessing the quality of forecasts of binary
event variables, such as the presence or absence of
precipitation or cloud cover, a set of metrics based
on the confusion matrix were applied. These metrics
include:

* Probability of Detection (POD): Measures the likeli-
hood of correctly forecasting the occurrence of an
event.

» False Alarm Ratio (FAR): Represents the proportion of
false alarms among all forecasted events.

e Critical Success Index (CSI): An integrated metric ac-
counting for both correct and incorrect forecasts,
providing a comprehensive measure of forecast per-
formance.

To clarify, the confusion matrix elements for binary
classification are:

« True Positives (TP): Number of cases where the event
occurred and was correctly forecasted.

« False Positives (FP): Number of cases where the event
did not occur but was incorrectly forecasted.

« True Negatives (TN): Number of cases where the event
did not occur and was correctly forecasted as such.

e False Negatives (FN): Number of cases where the
event occurred but was not forecasted.

The metrics are calculated as follows:
L
TP+FN

Values range from 0 to 1, where 1 indicates a per-

fect forecast.
FP

FP+TP"
Values range from 0 to 1, where 0 indicates a per-
fect forecast (no false alarms).
P L
TP+FP+FN

FAR =

Values range from 0 to 1, with 1 indicating a perfect
forecast. CSl is a more stringent measure than POD as
it accounts for all three types of errors related to event
forecasting.

Verification was performed:

« For all meteorological stations collectively (overall)
» By seasons (spring, summer, autumn, winter)
« By regions of Ukraine (spatial verification)

RESULTS AND DISCUSSION

Overall verification results.

Continuous variables. For each forecast horizon
(24 hours, 48 hours, 72 hours), the average values of
the accuracy metrics were calculated. Table 1 presents
the verification results for temperature, wind speed,
and relative humidity.

The model demonstrated generally high accura-
cy in forecasting temperature indicators. For mean
temperature, the correlation between forecasted and
actual values was r=0.95 at the 24-hour horizon and
decreased to r=0.90 at 72 hours. The mean absolute
error (MAE) remained within 2-3°C, and the bias was
close to zero (ranging from -0.1 to —0.01°C), indicating
minimal systematic error.

Similar results were obtained for maximum tem-
perature, where the correlation also declined from
r=0.95 (24 hours) to r=0.90 (72 hours), although the
bias tended toward underestimation (up to -0.21°C).

For minimum temperature, the correlation was
slightly lower (r=0.85 at 72 hours), and the bias was
positive, meaning the model tended to slightly over-
estimate minimum values.

In the case of wind speed, forecast quality was
significantly lower: the correlation coefficient dropped
from r=0.40 at 24 hours to r=0.18 at 72 hours, in-
dicating a weak relationship between forecast and
observation. Meanwhile, the MAE was approximately
1.3-1.5 m/s, and the bias remained consistently posi-
tive (around +0.68 m/s), pointing to a systematic over-
estimation of wind speed.

The forecast for relative humidity showed fairly
stable performance: the correlation decreased from
r=0.88 to r=0.78 over the 72-hour horizon, and the
MAE remained steady at about 6.3% across all time
ranges. However, a persistent negative bias (approxi-
mately —4.2%) was observed, indicating a tendency to
underpredict humidity levels.

Discrete (event-based) variables. Since for event-
based variables such as precipitation and cloud cover,
threshold values must be defined to distinguish the
occurrence of an event (“yes”/“no”) before evaluating
forecast accuracy, a sensitivity analysis was conducted
to assess the model’s response to different threshold
selections. Specifically, for precipitation, three thre-
shold values were tested: 0.1 mm, 0.5 mm, and 1.0 mm.
For cloud cover, the tested thresholds were: 10%, 30%,
and 50%. These thresholds were chosen to evaluate
the model’s ability to detect the presence of cloudi-
ness across different levels of intensity. Each thresh-
old represents a separate binary classification task:
10% serves to test whether the model can capture
any cloud formation, 30% corresponds to moderate
cloudiness, and 50% targets the detection of dense
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Table 1. Overall accuracy rating for temperature, wind, and humidity

Variable Metric 24 h 48 h 72h

r 0.92 0.88 0.85

Temperature (min), °C MAE 2.34 2.94 3.25
RMSE 3.11 3.84 4.23

Bias 0.32 0.26 0.23

r 0.95 0.92 0.9

Temperature (max), °C MAE 2.35 32 3:59
RMSE 3.18 4.16 4.62

Bias -0.12 -0.17 -0.21

r 0.95 0.92 0.9

Temperature (avg), °C MAE 1.97 2.68 3.03
RMSE 2.61 3.49 3.92

Bias 0.1 0.04 0.01

r 04 0.25 0.18

. MAE 1.33 1.45 1.49
Wind (m/c) RMSE 175 191 197
Bias 0.69 0.68 0.67

r 0.88 0.82 0.78

o MAE 6.29 6.31 6.3
Humidity (%) RMSE 7.88 7.91 7.92
Bias -4.22 -4.22 -4.21

or overcast conditions. This approach is more robust
than multiclass classification, where even small diffe-
rences between observed and forecasted values (e.g.,
40% vs. 50%) may be penalized as errors. Instead, the
threshold-based binary evaluation better reflects prac-
tical needs in real-world applications, where users are

typically interested in general sky conditions rather
than exact numerical cloud cover percentages.

Based on Table 2, it is evident that for precipitation
forecasts at all thresholds, there is a decline in the Pro-
bability of Detection (POD) and the Critical Success In-
dex (CSI) with increasing forecast lead time, indicating

Table 2. Overall accuracy rating for precipitation and cloudiness

Variable Threshold Metric 24h 48 h 72h
POD 0.61 0.53 0.49

0.1 mm FAR 0.52 0.58 0.60

Csl 0.36 0.30 0.28

POD 0.50 0.41 0.38

Precipitation 0.5 mm FAR 0.56 0.64 0.66
CSl 0.30 0.23 0.21

POD 0.43 0.33 0.31

1.0 mm FAR 0.64 0.71 0.73

csl 0.24 0.18 0.16

POD 0.94 0.93 0.92

10% FAR 0.09 0.10 0.11

CSl 0.86 0.83 0.82

POD 0.88 0.84 0.84

Cloudiness 30% FAR 0.19 0.22 0.22
Csl 0.73 0.68 0.67

POD 0.8 0.74 0.72

50% FAR 0.31 0.35 0.37

CSl 0.58 0.52 0.50
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a reduction in accuracy over time. The highest POD
(0.61) and CSI (0.36) values were observed at the
0.1 mm threshold for the 24-hour forecast. However,
even at this lowest threshold, the False Alarm Ratio
(FAR) remained relatively high (ranging from 0.52 to
0.60), suggesting low quality of precipitation occur-
rence estimation. As the threshold increased to 0.5 mm
and 1.0 mm, POD and CSI gradually decreased, while
FAR increased, indicating a reduced ability of the mo-
del to detect precipitation, when the value of thre-
shold increased.

For cloud cover forecasts, three threshold values
were used — 10%, 30%, and 50% — to define the
event "cloudy" which was considered to occur when
the corresponding threshold was exceeded (Table 2).
At all thresholds, the model demonstrated high POD
values, indicating a good ability to detect cloudy con-
ditions, with the highest value (0.94) recorded at the
10% threshold for the 24-hour forecast. The FAR re-
mained low — between 0.09 and 0.11 for the lowest
threshold — gradually increasing to 0.37 at the 50%
threshold for the 72-hour forecast. The CSI was also
highest at the 10% threshold, reaching up to 0.86 for
the 24-hour forecast, with only a slight decline over
time. Overall, the model performs best in forecasting
even minimal cloud cover, while accuracy decreases
somewhat for higher cloud density. The model pre-
dicts cloudiness more accurately at lower thresholds—
for example, when detecting as little as 10% cloud
cover. However, its predictive accuracy decreases as
the threshold increases, with noticeably reduced per-
formance at higher levels such as 50% cloud cover.

Compared to precipitation forecasts, the model
demonstrates significantly higher accuracy for cloud
cover prediction. Notably, the POD values for cloud
cover are considerably higher (up to 0.94 at a 24-hour
lead time and a 10% threshold), and FAR values are
lower (ranging from 0.09 to 0.37), indicating a strong
ability to detect cloud presence with a relatively low
rate of false alarms. CSl values for cloud cover remain
high even at longer forecast horizons — for instance,
up to 0.82 at 72 hours with a 10% threshold — where-
as for precipitation, CSI did not exceed 0.36 even at
the most favorable threshold (0.1 mm) and the shor-
test forecast horizon (24 hours). This discrepancy can
be explained by more complex physical processes
responsible for precipitation formation in clouds than
cloud formation itself. Generally, the higher uncer-
tainty in precipitation forecasts compared to cloud
forecasts stems from a combination of factors: the
extreme sensitivity of precipitation formation to tiny-
scale microphysical processes, the inherent difficulty
of representing sub-grid convection and the highly lo-
calized nature of precipitation events. The Icon model

for cloud forecast uses well-known and widely-used
diagnostic cloud cover scheme (Sundqvist et al., 1989),
its fundamental purpose is to determine the fractional
cloud cover within a grid cell based on the specifi-
cally relative humidity. Our results show that relative
humidity is forecasted quite well at the surface level
(Tab. 1), and we therefore assume a similar accuracy
at higher levels; however, this interpretation should
be regarded as a reasonable assumption rather than a
verified relationship. Forecasting precipitation with the
ICON model is a more complex process that relies on a
combination of the model’s high-resolution dynamical
core and sophisticated physical parameterizations, in-
cluding cloud condensation and ice nucleation, evapo-
ration, melting and sedimentation (Giorgetta et al,,
2018). Thus, cloud cover forecasts are more reliable
and consistent, whereas precipitation forecasts remain
more challenging due to the complex and localized
nature of rainfall events.

Seasonal Verification. Seasonal verification of the
ICON model forecasts revealed that forecast accuracy
strongly depends on both the type of meteorological
parameter and the time of year. The highest forecast
quality was observed at shorter lead times (24 hours),
while errors increased and correlations with observed
values decreased as the lead time extended.

Temperature-related parameters (Tmin Tmeans Tmax)
exhibited the greatest stability and accuracy, particu-
larly in autumn. However, the model showed a ten-
dency to overestimate temperatures during the cold
season and to underestimate them in autumn.

Wind speed forecasts demonstrated the lowest pre-
dictive skill, with correlation coefficients significantly
lower than for other parameters. The model systemati-
cally overestimated wind speed across all seasons.

Relative humidity was reproduced with accept-
able accuracy during spring, autumn, and winter, but
showed significant underestimation in summer (Bias
up to +12.5%), indicating a need for additional model
correction in this season.

The evaluation of event-based parameters revealed
substantial seasonal differences. For precipitation, the
model performed best in winter (POD up to 0.71, CSI
up to 0.48) and worst in autumn. Warm seasons were
characterized by a high rate of false alarms (FAR > 0.6),
reducing the reliability of precipitation forecasts. A
single threshold of 0.1 mm was used in this analysis, as
it yielded the best results during overall verification.

In contrast, cloud cover forecasts showed the
highest consistency and accuracy among all para-
meters. POD values exceeded 0.89 across all seasons,
FAR remained low (especially in winter, down to 0.03),
and CSl reached 0.94. These results indicate a very
high capability of the ICON model to reliably predict
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cloud cover, with no significant degradation at longer
lead times.

Overall, the ICON model demonstrated high ac-
curacy in forecasting temperature and cloud cover,
satisfactory performance for humidity (except in sum-
mer), limited skill for wind, and seasonally dependent
performance for precipitation. These findings provide
a foundation for further spatial analysis of forecast
errors, enabling a more detailed assessment of the
model’s regional behavior.

Spatial Verification (24-hour Forecasts). To iden-
tify the spatial characteristics of forecast accuracy in
the ICON model, a regional evaluation of verification
metrics was performed by grouping observational
stations at the oblast (regional) level. This approach
makes it possible to pinpoint geographic areas with
the highest and lowest forecast quality. For ease of
visual analysis, the results are presented as thematic
maps (fig.2), where each oblast is characterized by
the average values of RMSE metric computed from all
stations within its territory.

This spatial approach is particularly important
given the heterogeneous climatic and topographic
conditions that can significantly influence forecast
accuracy. Furthermore, based on findings from pre-
vious verification stages — which showed a consistent
decline in forecast quality with increasing lead time
(notably, accuracy was lower for the 48-hour forecast
compared to 24 hours, and even lower for 72 hours) —
the spatial analysis was limited to the 24-hour lead
time. This decision allows the focus to remain on the
most reliable forecast interval, where the model exhi-
bits the highest predictive skill.

It should also be noted that due to the absence
of ground-based meteorological observations in the
Zaporizhzhia and Luhansk regions as a result of on-
going hostilities, these areas were excluded from the
spatial verification.

Temperature. The spatial verification of minimum
temperature forecasts produced by the ICON model
revealed certain regional differences in prediction ac-
curacy. Overall, the model demonstrates a high level of
consistency in forecast quality across most of Ukraine,
with a few regional exceptions. The root mean square
error (RMSE) values for the majority of regions range
between 2.8°C and 3.3°C, indicating reasonably good
forecast accuracy. The lowest RMSE values were recor-
ded in Poltava (2.65°C), Kherson (2.78°C), and Khmelny-
tskyi (2.83°C) oblasts, suggesting stable conditions for
minimum temperatures and a relatively good adapta-
tion of the model to local climatic features. The highest
RMSE values were observed in Donetsk (5.69°C) and
Crimea (4.28°C). These elevated errors may be attri-
buted not only to more complex synoptic conditions

(particularly over Crimea) but also to the limited avail-
ability of observational data (only one station in the
Donetsk region) resulting from the ongoing military
situation in these areas.

For the maximum temperature the results indicate
stable and relatively high forecast accuracy by the
ICON model across most regions of Ukraine. RMSE va-
lues generally range from 2.8°C to 3.4°C, which can be
considered a favorable outcome for short-term fore-
casting. The lowest RMSE values were found in Myko-
laiv (2.76°C), Kherson (2.80°C), and Cherkasy (2.88°C)
oblasts, reflecting a high degree of consistency be-
tween model forecasts and actual observations under
predominantly flat terrain and lower diurnal tempera-
ture variability. In contrast, higher RMSE values were
recorded in Donetsk (3.54°C), lvano-Frankivsk (3.71°C),
and Crimea (3.69°C). For Donetsk, as previously noted,
the limited number of observations (with only one
meteorological station operational in the region)
complicates verification. In the cases of Crimea and
Ivano-Frankivsk, the increased errors may result from
complex topographic features, where the model may
not fully account for localized thermal processes.

The verification of mean temperature forecasts
shows the highest stability among all temperature
parameters. RMSE values predominantly range from
2.4°Cto 2.7°C, indicating a strong agreement between
model outputs and observed data. The lowest RMSE
values were observed in Kherson (2.29°C), Mykolaiv
(2.37°C), and Kirovohrad (2.42°C) oblasts, reflecting
high forecast accuracy under conditions of lower
thermal variability. Similar values were also recorded
in Odesa, Poltava, Cherkasy, and Chernivtsi oblasts.
Higher RMSE values were found in Crimea (3.70°C)
and Donetsk (3.52°C). In Crimea, this may be attributed
to complex marine circulation, local breezes, and in-
creased temperature variability in coastal zones.

Since mean temperature is typically the most use-
ful and representative parameter, only this type of
temperature is illustrated on the accompanying map
(Fig. 2a). It also demonstrates the best overall model
performance. To avoid overloading the article with
graphics, maps for minimum and maximum tempera-
tures have been omitted.

Wind. The results of spatial verification indicate that
wind speed forecasting is one of the least accurate
components of the ICON model. In most regions, the
root mean square error (RMSE) exceeds 1.5 m/s (Fig. 2b),
and the mean bias is consistently positive, suggesting
a systematic overestimation of actual wind speeds by
the model. This indicates a tendency of the model to
overestimate wind speed, which is a common issue
among many global and regional models that do not
always accurately represent the effects of surface fric-
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tion, complex terrain, or local inversions (Hoffmann,
Wilms, Blank, & Ludwig, 2022). The highest RMSE va-
lues were recorded in Donetsk (4.88 m/s) and Crimea
(2.40 m/s), representing significant deviations com-
pared to other regions. As with previous parameters,
the limited availability of observational data remains
a key factor for Donetsk. In the case of Crimea, the
elevated errors are likely due to complex marine and
coastal circulations, which may not be adequately
captured by the model. The lowest RMSE values were
found in Poltava (1.39 m/s), Chernivtsi (1.50 m/s), and
Kharkiv (1.52 m/s) oblasts. These results reflect relative-

Fig. 2. Spatial verification results for key meteorological para-
meters at a 24-hour forecast horizon using the ICON
model: a — RMSE of mean temperature; b — RMSE
of wind speed; ¢ — RMSE of relative humidity; d —
Probability of Detection (POD) for precipitation events
(=0.1 mm); e — POD for cloudiness (= 10% total cloud
cover)

ly high local stability of wind fields, which facilitates
more accurate modeling in those regions.

Relative humidity. The spatial verification of rela-
tive humidity forecasts from the ICON model at a 24-
hour lead time demonstrates a high degree of con-
sistency across regions. In most oblasts, the RMSE
falls within the range of 7.1% to 8.9% (Fig. 2c), which
represents an acceptable level of accuracy for synop-
tic-scale forecasting. The lowest RMSE was recorded
in Dnipropetrovsk Oblast (7.12%), while the highest
values were observed in Odesa (8.95%) and Crimea
(8.91%). These elevated errors may be attributed to
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coastal circulation features, marine moisture transport,
or insufficient observational coverage in shoreline
areas. Overall, the results of spatial verification con-
firm that the ICON model provides relatively stable
performance in forecasting relative humidity, though
with a consistent negative bias. This effect has also
been noted in other studies, which report overestima-
tion of near-surface humidity by atmospheric models,
particularly in the lowest atmospheric layers (Bastin et
al., 2019; Liu et al., 2021).

Precipitation. The Probability of Detection (POD)
values for precipitation forecasts by the ICON model
indicate a moderate level of accuracy in identifying
precipitation events at a 24-hour lead time. Across
most oblasts, POD values range from 0.53 to 0.66
(Fig. 2d), reflecting the model’s reasonable ability to
capture precipitation events, albeit with certain re-
gional variations. For this spatial analysis, an event was
defined as the occurrence of precipitation =0.1 mm,
which, according to the results of the overall verifica-
tion, provided the optimal balance between detec-
tion and false alarms. The highest POD values were
recorded in Volyn (0.70), Ternopil (0.66), Lviv (0.66),
Kyiv (0.65), and Rivne (0.65) oblasts—primarily located
in the western and northwestern regions of Ukraine.
This may be attributed to higher precipitation frequen-
cy in these areas and better model alignment with
frontal activity in this sector. In contrast, the lowest
values were observed in Kherson (0.50), Dnipropet-
rovsk (0.53), and Odesa (0.55) oblasts, indicating re-
duced model efficiency in detecting precipitation
in southern and southeastern regions. This could be
due to both lower overall precipitation frequency and
greater variability in convective processes, which the
model may not always adequately capture. In Crimea,
the POD value was 0.61, which can be considered an
average level of detection performance. Overall, the
results of spatial verification suggest that the ICON
model exhibits stable, though not optimal, skill in de-
tecting precipitation events, with noticeable regional
variation. Forecast accuracy tends to be higher in areas
dominated by large-scale (frontal) precipitation sys-
tems, while performance declines in regions with a
greater prevalence of localized or convective events.

Cloudiness. The results of spatial verification de-
monstrate a high capability of the ICON model to
detect cloud cover across nearly all regions of Ukraine,
with Probability of Detection (POD) values ranging
from 0.92 to 0.97 (Fig. 2e). This reflects the model’s
consistent performance in forecasting this parameter,
regardless of geographic location or climatic condi-
tions. For the purpose of defining a “cloudiness event”,
a threshold value of 10% total cloud cover was used.
The highest POD values were observed in Ivano-Fran-

kivsk (0.97), Lviv (0.97), Rivne (0.97), Ternopil (0.97),
Volyn (0.96), and Zhytomyr (0.96) oblasts. These re-
gions are characterized by high annual cloud cover
and frequent cyclonic activity, which likely contributes
to improved detection of extensive cloud systems by
the model. Slightly lower (but still high) POD values
were recorded in Odesa (0.92), Donetsk (0.92), Crimea
(0.92), and Zakarpattia (0.94). In the southern regions,
this may be related to the more frequent occurrence
of localized, thin, or fragmented cloud structures,
which are more difficult to model accurately within a
global forecasting system—particularly under condi-
tions of high turbulence or thermal inversions. Overall,
the ICON model demonstrates strong performance in
short-term cloudiness forecasting, delivering a high
probability of correct cloud detection across all re-
gions of Ukraine. This is a valuable feature for the mod-
el's further application in various operational domains,
including aviation, agrometeorology, and energy plan-
ning.

CONCLUSIONS

This study presents a detailed verification of the
ICON numerical weather prediction model over
Ukraine for the year 2024, covering forecasts of tem-
perature, wind speed, relative humidity, precipitation,
and cloud cover at 24-, 48-, and 72-hour lead times.
The results confirm the model’s overall strong per-
formance in forecasting temperature and cloudiness,
with correlation coefficients for mean temperature
reaching r = 0.95 at 24 hours and Probability of De-
tection (POD) for cloud cover exceeding 0.94 at a 10%
threshold. Temperature forecasts showed low root
mean square errors (e.g., 2.61°C for mean temperature
at 24 h) and minimal bias, indicating high reliability.

The ICON model also showed moderate accuracy
for relative humidity forecasts (r=0.88, MAE~6.3%),
although a consistent underestimation of about -4.2%
was observed. Wind forecasts were the least accurate,
with weak correlations (r=0.40 at 24 h, dropping to
0.18 at 72 h) and a systematic overestimation of wind
speed by ~0.68 m/s.

For precipitation, the model demonstrated limited
predictive skill, with POD values around 0.61 and Criti-
cal Success Index (CSI) of 0.36 at a 0.1 mm threshold
for 24-hour forecasts, declining steadily with increased
lead time and intensity threshold. Precipitation detec-
tion was more effective in western and northwestern
oblasts (e.g., POD=0.70 in Volyn), but performance
dropped in southern regions (e.g.,, POD =0.50 in Kher-
son), reflecting challenges in modeling convective
activity.

Cloud cover forecasts were consistently strong
across all regions and seasons, with CSI values up to
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0.86 and FAR as low as 0.09, making this parameter
one of the model’s most reliable outputs.

Spatial verification further highlighted regional
differences: ICON achieved the lowest RMSE for mean
temperature in Kherson (2.29°C) and highest wind
RMSE in Donetsk (4.88 m/s). Seasonal trends also re-
vealed best overall performance in autumn and winter,
while summer posed greater challenges, particularly
for humidity and precipitation.

In summary, the ICON model shows excellent ca-
pability in forecasting temperature and cloudiness,
reasonable accuracy for humidity, and room for im-

provement in wind and precipitation forecasts. These
insights support ongoing refinement of model physics
and post-processing techniques, especially for high-
impact weather events in topographically and clima-
tologically complex regions of Ukraine.
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BEPUOIKALIA YUCENBbHOI MOAENI
NMPOrHO3Y NOroau ICON B YKPAIHI

YkpaiHcekuli 2idpomemeopooziyHuli iHcmumym
JepxasHoi cnyx6u YkpaiHu 3 Hadzsu4alHux cumyadyid
ma HayioHaneHoi akademii Hayk Ykpainu, Kuig

Y cmammi npedcmassiieHo KoMneKkcHy sepudikauito 2s1o-
6as1bHOT MOOei YucesbHo20 NPo2HO3y8aHHA No200u ICON Hao
mepumopieto Ykpainu 3a 2024 pik. OYiHIO8aHHA 0XONJ1084/10
KJ1I0408i MemeopoJs102i4Hi napamempu: memnepamypy no-
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8imps, weuoKicme 8impy, 8i0HOCHY 80/102icme, KinbKicme
onadie ma XMapHicme — Ha 20pU30HMAx NpozHo3y 24, 48
ma 72 200uHu. [Jna aHanizy moyHocmi 6ysiu 3acmocosani Ak
HenepepeHi (kopenAayis, cepedHa abcoromHa noxubka, cepeo-
HbOKB8AOPAMUYHA NOXUOKA, 3MiUjeHHS), Mak i kamezopianbHi
mempuku (POD, FAR, CSl), 3 ypaxy8aHHAM npocmopo8o2o
ma ce30HH020 po3nodiny. Pezynemamu nokasaau 8UcoKy

MOoYHICMb NpozHO3y memnepamypu: KoepiyieHm Kopenayii

014 cepedHbOi memnepamypu 0ocsazag r=0.95 Ha 20pu3oHMi
24 200UH, Npu HU3bKUX 3Ha4eHHAX RMSE (=2.6 °C) ma miHi-
ManbHOMYy 3milyeHHi. [Ipo2HO3 XMapHOCMi MAKoX NPOOeMOH-
cmpysas s8ucoky akicme: POD >0.94 ma CSI 0o 0.86 Ha HU3bKO-
My noposi (10% xmapHocmi), 3 HE3HAYHUM 3HUXEHHAM Mmoy-
HOCMI Npu 3pOCMAHHIi 20pU30HMY NPo2Ho3y. BooHouac mo-
desib NpoOeMOHCMpPY8ana obmexeHy MOYHICMb Yy NPO2HO3Yy-
8aHHI weuodkocmi 8impy (r=0.40 npu 24 200, RMSE = 1.75 m/c),
W0 cynposooXysanocb cucmemMamuyHUM 3a8uujeHHAM. [Tpo-
2HO3 BIOHOCHOT 801020CcMi 6y8 3a0osinbHUM (r=0.88), xo4ya
cnocmepieanocs cmabineHe HezamueHe 3miujeHHA (671U3bKo
-4.2%). HatiHuxx4ya mo4Hicme 3aghikcosaHa y npozHosi onadis:
npu nopo3si 0.1 mm POD cmaHosus 0.61, ane FAR 3anuwasca

sucokum (>0.50), ocobiuso 8 nig0eHHUX pezioHax, 0e nepe-
8aXae KOHBeKMUBHUU xapakmep onadig. Ce30HHa eepuika-
yia nokasana Hausuwyy moyYyHicms y X0100HUU nepiod poky,
30KpemMa 80CEHU Ma 83UMKY, d MAKOX 8UABUJIA NO2ipWeHH:A
npozHo3y 8os1020cmi ma onadis ynimky. [lpocmoposuti aHa-
J1i3 Ha 20pU30HMI 24 200UHU 00380J1U8 BUSBUMU PE2iOHAbHI
0co61u8o0CcMi Npo2HO3HOT moyHocmi. Hanpuknad, HaltimeHwe
RMSE 054 cepedHbOi memnepamypu 3agikcosaHo 8 XepcoH-
cbKit obnacmi (2.29 °C), mooi Ak Halibinbwe — 011 8impy
8 [lJoHeubkili o6nacmi (4.88 m/c). 3azanom modens ICON npo-
0eMOHCMpy8asa 8UCOKY HAOiliHicme y npo2HO3y8aHHi mem-
nepamypu ma xmapHocmi, 3a008isbHi pesynemamu 0514 80-
J1020CMi ma 3Ha4yHUli nomeHyiasn 0719 NOKPAawjeHHs MoYyHoCMi
npoeHo3ie onadis i eimpy. OmpumaHi pesynemamu Moxyme
6ymu 8uKopucmadi 0718 nid8UWeEHHA ehekmusHOCMi pezio-
HAJIbHO20 NPO2HO3YBAHHA Ma adanmayii izudHuUx napame-
mpu3sayit modeni 00 KniMamuy4HuUx i mono2paghiyHux oco-
6nusocmeli YkpaiHu.

KniouoBi cnoBa: modesne ICON, sepudpikayis, npozHo3 no2oou,
MOoYHiCMb NPO2HO3YB8AHHS.
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NPOrHO3YBAHHA CEPEHbO- | JOBIO-
CTPOKOBUX KOMMOHEHT KOJIUBAHb
PIBHIB NIA3EMHUX BOJ METOZIOM
LWTYYHUX HEMPOHHUX MEPEX

[punuHeHHA pe2ynapHUX MOHIMOPUH208UX ChOCMepexeHsb 3a PiBHAMU NiO3eMHUX
800 Ha mepumopii YkpaiHu cnoHyKkae 00 nowyKy Memodig 8i0meopeHHA mda Npo2HO-
3y8AHHA piBHA, W0 00380/1UMb OYiHIBAMU 8UMPAMU NiO3eMHO20 CMOKY, CMBoPI8d-
mu modeni popMysaHHaA pecypcie rpyHmosux 800 i 6anaHcy 80102uU Ha 8000360pax.
Lje HeobxiOHO 014 8U3HAYEHHA Xxapakmepy 3miH 800HO20 6aiaHCy ma pecypcig nio-
3eMHUX 800 8 yM0O8AX MPUBAIUX KJTIMAMUYHUX 3MiH. ¥ AKocmi iHcmpymeHmy 8i0HO8-
JIeHHA 0aHUX 0718 NOOAbLWO020 MOOEOBAHHS BOOHUX PECYPCi8 pO32/IAHYMO WMYYHI
HelipoHHi mepexi (LLIHM) pi3Hoi apximekmypu. 3 Memoto 8U3HAYEHHA ONMUMATbHOI
apximekmypu LLIHM, aka moxe imimysamu meHOeHyito pieHsa niozemHux 800 (Pl1B)
ma Hadasamu NpozHo3U, 00C/TI0XeHO eheKmuaHiCMb pi3HUX HelipoHHUX mepex (RBF
i MLP) y npoeHo3ysaHHi cepedHbomica4Ho20 Pl1B. [ina subopy onmumasibHOi KOHizy-
pauii LLIHM i oyiHKu eghekmugHOCMI KOXXHOI Mepexi ma ii 30amHocmi pobumu moyHi
Nnpo2HO3U BUKOPUCMAHO MAki Memoou ma Kpumepii: MHOXUHHUU KopenauitHul
aHanis, cnekmpansHuli aHaniz nepemesopeHs Oyp’e, gelissiem-aHanis, 8udineHHA
KOMNOHEHM 3a mpusasnicmio KosaueaabHUX Yuksig. [[po2HO3y8aHHA BUKOHAHO 0N1A
CepedHbOMICAYHO20 pigHA nNi03eMHUX 800 NO OOHIU i3 Hebazameox caep0s108UH y b6a-
celiHi p. 3axioHuli bye, no Akili cnocmepexeHHA 6yaU npunuHeHi we 8 Y4epsHi 2011 p.
HatipeanicmuyHiwi pesynemamu 3a donomozoio LLIHM edanoce ompumamu nicns eu-
0isleHHA KOpoOMKO-, cepeOHbO- | 00820CMPOKOBUX KOMNOHEHM Yy KOJTUBAHHAX PI1B ma
BUKOHAHHA NPO2HO3i8 3a 080MA OCMAHHIMU KOMNOHEHMAMU, W0 € NIOHEPHUM KPOKOM
07141 2i0p02eosioziyHUX cnocmepexeHsb 8 YKpaiHi. AKwo 018 n08HO20 (Hepo30ineHo20)
pAQy 8XiOHUX OaHUX 80AEMbCA OMPUMAMU NPO2HO3/8iOHOB/IEHHA OAHUX He8UCOKOI
moy4Hocmi 00 4-5 pokis, mo 3a cepedHbO- | 00820CMPOKOBOIO KOMNOHEHMAMU —
MoyHiwut Npo2HO3 3 00CMAMHbO 8ipo2ioHUM mpeHOom 0o 11-12 pokis.

KniouoBi cnoBa: 8i0H08/1eHHA OAHUX, pigeHb nid3eMHUX 800, WMYYHI HeUpOHHI Me-
pexi, yacosuli pa0 3Ha4eHb, 4aCO8i KOMNOHEeHMU KOJIUBAHb PiBHA, 8elissiem-aHasnis,
Npo2HO3yB8AaHHSA, YUK,

BCTYN

Y yac Konu nACcTBO NOCTaBfieHe nepep 3arpo-
3010 BMYEpPMaHHA pecypciB AOCTYNHUX NPICHUX BOA,
MOXJTMBOCTi perioHanbHKX Ta 6aCeNHOBMX OLIHOK LIX
pecypciB Ha TepuTopii YKpaiH1 NpakTUYHO 3BeAeHi Ao
MiHIMYMY BHacC/iAOK NOCTYNOBOro CKOPOUEHHA MOHi-
TOPUHIOBOI MepeXi Ta NPUMNMHeHHA y 2022 p. rigpo-
reosioriyHmx cnoctepekeHb. JJonomortn B Ubomy
mMornu 6 AMCTaHUINHI MeToan, 30KpemMa CynyTHUKOBA
3nomka (Sliwinska et al., 2019; Solovey et al., 2025),
npoTe HaBiTb AN TaKUX HAGNMMKEHNX OLLIHOK Ta iX Be-
pudikauii HeobXigHi cnocTepexeHHA 3a PIBHAMM I'PYH-
TOBUX/MiA3eMHMX BOgA in situ. 3apa3 rigporeonoriyHi
cnocTepeXkeHHA MPOLOBXKYTbCA Xiba Wwo y YopHo-
O6UNbCbKIV 30HI BifUYXeHHA, a TaKOX Ha NOKanbHUX
AiNAHKaX NPUBATHUX | fepPXaBHMX MigNPUEMCTB, WO
NPOBOAATb re0NOro-eKOHOMIYHY OLiHKY 3anacis nig-
3eMHUX BOJ Y MeXXax KOHTYpY iX ekcnnyatalinHux
LinAHoK abo poposuLl. MNpoTe, y ApyroMmy BUNaaKy Le
CroCTepEeXeHHA 3a PIBHAMM Nig3eMHUX BOA WOHal-
MeHLUe ApYyruX Bif MOBEPXHi, 3aXULLEHNX BOAOHOCHUX
FOPU3OHTIB i3 MUTHOI BOAOI0, A/1A BU3HAUEHHA PIBHIB

AKMX KOCMIiUHI 3HIMKK HeedeKTUBHI. Ha TepuTtopii 6a-
cenny p. 3axigHun byr Ha J1bBiBLUMHI Takn BOGOHOC-
HUI TOPU3OHT MICTUTbCA Y BEPXHbOKPENZOBUX Bia-
Knagax i nuwe y BepxHiil, CXifHil yacTnHi 6acenHy —
y Bigknagax geBoHy. CnocTeperkeHHs 3a PiBHAMM He-
rMMOOKNX FPYHTOBUX BOA MEPLLOro Bif NMOBEpPXHi ro-
PV30HTY Y YeTBEPTUHHMX BifKnagax, AKi HanbinbL
Bpa3nmBi O 3MiH KiimMaTy, TYT He NPOBOAATLCA BXe
TpUBaNUI Yac (WoHanmeHwe 3 2017 p.). MNpote npob-
nemmu Bopo3abesneyeHHA B YMOBaX BOEHHOI arpe-
cii pd Ta apuausauii KnimaTy nuvLe 3arocTpOTbHCA
(Notoubka-Ayaunk & Jlaboriko, 2022; LLlectonanos Ta iH.,
2024; PypneHko Ta iH., 2024), Wwo B1umarae KOHTPOJsIto Ta
061iKy pecypciB NUTHUX MiA3€MHKX BOA,.

Y KpaiHax, Wo MaloTb CriNbHi KOPAOHW, Pi3HUN
piBeHb 3abe3nevyeHoOCTi onepaTUBHO iHPoOpMaLi€to
LLIOA0 3aMaciB Ta AKICHOrO CTaHy MiA3eMHUX BOA TPaHC-
KOpAOHHOro Bofo36ipHoro 6aceHy CTBOpIOE Npob-
nemMun B pO3yMiHHI cuTyalii 3 Bogo3abesneyeHHA Ta
B Y3rof»eHOCTi yrpaBiiHCbKUX pilleHb LWOoAO BUKO-
PUCTaHHA CMiNlbHUX BOQHMX pecypciB. Y TOM Yac AK Ha
TepuTopil Cymi>kHOI [oNblLLi JOCTaTHbO TOYHO BPAXo-
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BYIOTbCA 3MiHM BONOr Ha NOBepXxHi 3emni, y npuno-
BEPXHEBOMY LLapi Ta Y BOAOHOCHUX ropu3oHTax (Solo-
vey et al., 2025a), Ha YKpaiHCbKi yacTuHi 6acenHy
p. 3axigHun byr KOHTPONIOETLCA NKLIEe NOBEPXHEBUN
CTiK No piukax Ta BUAOOYTOK i BUKOPUCTAHHA Mif-
3eMHUX BOA. 3aBAAKN FyCTiN Mepeki MOHITOPUHIO-
BVIX CBEPANOBVH BAANoch 3adikcyBaTu TeHAEHL0 0
3MEHLUEHHA pecypciB MPUPOAHMX BOA HA 3HAUHIN Yac-
TUHI TepuTopii [MonbLyi, WO MOXKHa NOACHUTY 3MiHaMK
KniMmaTy. Y TOW »ke yac Ha Teputopii YKpaiHu npupooHi
3MiHW pecypcCiB HErMMOOKNX FPYHTOBMX BOJ HE KOHT-
pontooTbcA. OTXKe, M1 MOXEeMO NPONYyCTUTY rigporeo-
noriyHy nocyxy Ta ¢pasy BUCHa)KEHHSA 3anaciB rPyHTO-
BVX BoA. Hapasi Mu He MOXXeMo BM3HaunTH, um Biady-
BaETbCA perioHasibHe 3HUXKEHHA PiBHIB Nig3eMHNX BOA
i AKLLO TaK, TO YNM BOHO CMPUYMHEHE: BOAOBIAGOpOM
4ym 3MiHamn Knimaty? Po3B’A3aHHA OCTaHHbOrO Nu-
TaHHA MOKNMBE 33 JOMOMOrOI0 Cy4YaCHNX TEXHONOTIN
MaLUMHHOMO HaBYAHHA Ta BUKOPUCTAHHA LWITYYHUX He-
NPOHHUX MEpPEX.

MeTa po60TI: OLiHUTN MOXNBOCTI BiATBOPEH-
HA Ta NPOrHO3yBaHHA piBHIB Nia3emHux sog (Pr1B)
Ha NOTOYHWI Mepiof Ha TepUTopil TPAHCKOPAOHHO-
ro 6aceiiHy 3a HafABHUMY PAAAMU TiAPOreonoriYHmNX
cnoctepexeHb (0o 2011-2021 pp.). Takox noTpebye
BUpPiLLEHHA Npobnema HeBN3HAYE€HOCTi BOGOHOCHOIO
ropy30HTY, AN1A AKOro aHanisylTbCA AaHi cnocTepe-
»KeHb. BigTBOpeHi Ta NporHo3Hi 3HaueHHA Pl1B no-
TPIOHI ANA CTBOPEHHS NPOCTOPOBOI CTasNol Ta rigpo-
OVHamiyHoi Mogenen 6aceliHy p. 3axigHui byr, oliHKK
HanpPsMKY 3MiH BOAHOro 6anaHcy Bogo36opy.

METOAU TA ETAMN AOCNIAMKEHDb

Mogeni nporHo3yBaHHA pecypciB abo piBHA BoAK
Y BOAHUX 06'€KTax MOXKHa 3arafiom po3finvnTi Ha ABi
KaTeropii: mogeni, kepoBaHi ¢i3nKolo, Ta Mogeni, kepo-
BaHi gaHumun (Wagena et al., 2020). Mogeni kepoBaHi
OaHuMN (CTAaTUCTUYHI Moaeni Ta Moeni MalMHHOIO
HaBuyaHHA (ML)), DaloTb 3a40BiNbHI pe3ynbTaTi Npor-
HO3YBaHHA LLAAXOM MNigdopy NiHINHUX a60 HENiHINHKX
3aNE€XHOCTEN MiXK BXIGHUMW Ta BUXIAHUMU 3MIHHUMU
6e3 ypaxyBaHHA cKnagHux ¢isnuHmx npouecis (Adnan
et al., 2022; Guo et al,, 2022). OTXe, AKLLO M1 MAEMO
pAQv TpUBanmMx CnocTepexeHb 3a NoKasHMKamu pe-
KUMY MiA3eMHUX BOA LiIKOM MOX/IMBO BUKOPUCTATU
X A4NA NPOrHO3yBaHHA Ha OCHOBI aBTOKopenALil.

Ha nepwomy etani 6yno BMKOHAHO BifTBOPEHHA
cepegHbomicauHux PIB 3a yacosum padom gns ceepa-
JIOBMHMW 3 HaNJOBLUOI TPMBANICTIO COCTepeXKeHb
(1972-2011). ins BignbpaKyBaHHA HEAOCTOBIPHYX 3Ha-
yeHb Gyna 3acTocoBaHa Nporpama TeCTyBaHHA JaHWX
3a Kputepiamm Mann-Kendall. Mig yac nepesipku Ko-
POTKUX PALIB cepeAHbOMICAYHMX AaHuX i3 2000 (Kpai-
Hi PiK NO y3rofeHiln 3 NapTHepammn NPOEKTY 6asi

JaHunx) no 2011 pp. NPUPOAHI aHOManbHO BUCOKi ce-
penHboMiCAYHI 3HaueHHA PI1B, cnprynHeHi BUCoKow
noBiHHt0 2003 poKy, 6ynu CNPURHATI NPOorpamolo AK no-
MWNKOBI | BinOpaKkoBaHi, y 38'A3Ky i3 UMM cepefHbopiy-
He 3HaueHHA PI'B BUABMNOCA AELLO HMXKUNM 33 PpaKTny-
He. IMig yac 06pobKn noBHoOro pagy 3a 1972-2011 pp.
AHOMAJIbHI NPUPOAHI 3HAYEHHA BXe He CPUIManunuch
AK MOMWUJIKOBI, Mporpama BUABWSIA e CNPaBXHi
nomunkm B gaHux PrB, Aki 6ynu Hamy BrnpaseHi.
Y Tomy uncni goBenock BigbpaKyBaTy faHi 3a nepLmi
pik cnoctepexeHb (1972).

BigkopurosaHuii pag 3HaueHb P1B 6yB BUKopucTa-
HUIM ANA NPOrHO3yBaHHA 3a YaCOBUMM pAJaMN MeTO-
[OM aBTOKOpPenALii (BUABNEHHAM CTYMEHIO 3B'A3KY MiX
NOCNiAOBHUMM efleMeHTaMy YaCoBOro pAdy AaHuX) i3
3aCTOCOBYBAHHAM LUTYYHUX HEMPOHHNX Mepex (LUHM).
Y Hawomy BMMagKy MU MiaHyBanu oTpumaTti iHpop-
MaLilo WoA0 3aKOHOMIPHOCTEN MIHMBOCTI 3MiHHOT
(PMB) y muHynomy (go 2011 poky), wob 3meHWnTHr
HeBM3HaYeHICTb i CTaHy B HACTYMHi POKM Ta Hall yac
i, 38 MOXNMBOCTI, y ManbyTHboMmy. To6TO, y 3apauax i3
YacoBMMU pAdamMM NPOrHO3yBaHHA MONAAraE y nepea-
6auyeHHi 3HaYeHb 3MiHHOI Ha OCHOBI NonepeaHbOro
pAfy 3HauyeHb Tiei camoi 3miHHOI. Takui nigxig 6yno
06PaHO MiCs TOro, AK MHOXKUHHA KOpensLia KonBaHb
PIB, pna KinbKox pi3HWX nariB 3ani3HeHHA, He BUABWIA
[OCTaTHbO 3Hauywoi kopenAauii mixk PIB Ta meTeopo-
NOTIYHMMM NOKa3HMKaMM — CyMOI0 MiCAYHMX OrMagis
Ta cepefHbOMICAYHOIO TEMMEPATYpPOIO.

O6uuncnioBanbHi mogeni Ha ocHoBi LUHM matoTb
3 OCHOBHi KOMMOHEHTW: BY3NU/HENPOHU, Barvi Ta pyHK-
uito akTMBaUii/nepegauyi. KoxkeH HeMPOH 3'egHaHNN i3
iHLWVMW HEMPOHaMM 3a JOMOMOrO NPAMUX 3B'A3KIB.
Yepe3s ¢yHKUi0 akTMBaLii BXiAHI AaHi 06pobnalTbca
HENPOHOM A1 CTBOPEHHA NepeTBOPEHOrO BMXigHOIo
curHany (Yadav et al., 2015). basoBa cTpykTypa LLUHM
3a3BMYan CKNAAAETbCA 3 TPbOX LWapiB: BXiAHOMO LWapy,
[le NaHi BBOAATLCA Y MepeXy; MPUX0BaHOro Wwapy abo
Wwapis, Ae 06pobNATLCA AaHi; Ta BUXIAHOIO LWapy, fe
OTPUMYIOTb pe3ynbTaTi 3ajaHux Buxogdis (Poonia et
al., 2018).

[Ina BU3HauYeHHA CTYMeHI0 Ta XapakTepy BNopAa-
KOBaHOCTi KonvBaHb PINB Hamu 6yno BMKOHaHO CrneKT-
panbHWI aHani3 nepeTeopeHb Qyp'e Ana pALiB BXiAHMX
JaHuX. 3a pe3ynbTataMu aHanisy nigibpaHo i cnpoek-
TOBaHO Hanbinbw Baani (NpoAyKTUBHI) apXiTeKTypu
LLUIHM. 1na oaHoro 3 06’eKTiB Takoto BuABKMNach LLIHM,
WO BUKOPUCTOBYE pafianbHi 6a3mcHi ¢yHKuii: RBF
1-17-1 1a RBF 1-21-1 (RBF — papianbHo 6a3ncHa dyHK-
Lia 3 ogHUM BXiAHUM nepcenTpoHom; 17 Ta 21 npwu-
XOBAHUMM HENPOHAMU | O4HUM BUXIGHUM HENPOHOM).
[na o6'eKTiB i3 BUpPaKeHUMUN TpeHOaMn Ta LUKIamm
3actocoByBanucb LLUIHM Ha 6aratoliapoBux nepcen-
TpoHax (MLP), Aaki npogemMoHCTpyBanu CBOK BMCOKY
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epeKTUBHICTb ANA BUpPilleHHA NofdibHMX 3aBAaHb y
nonepenHix gocnigxeHHax (LLeesyeHko Ta iH., 2023).
OcKinbKy y Hawunx nonepegHix JOCAIAXKEHHAX
(LleBueHKO Ta iH., 2021) 6yno BUABMEHO KiNbka of-
HOYACHUX PUTMIB Y KONMBAHHAX PiBHIB I'PYHTOBUX
BOZ, MU NPUNYCTUIN, WO PO3JiNeHHA KONMBaHb Ha
KOPOTKOCTPOKOBI, cepefiHbOI TPMBANOCTi Ta AOBro-
TpuBasni AONOMOXe BULIMNTU KONMBAHHA, AKI HalKpa-
we Bigo6bpakaTb 3miHM PIB Ha nepiop nporHosy.
[ns BUAINEHHA TakMX KOMMOHEHT OyB 3aCTOCOBaHUI
BemBneT-aHanis (Grossmann & Morlet, 1984). MNicna
BMOKPEMJIEHHS HaNbiNbLL XaOTUYHMX KOPOTKOCTPOKO-
BUX KONMBaHb, 6yN0 BMKOHAHO NMPOrHo3yBaHHA cepea-
HbomicAvHoro PI1B 3a gonomoroto MLP 3a cepegHbo- i
JOBrOoCTPOKOBMMYM KOMMOHEHTaMM.

PE3YJIbTATU TA IX OBrOBOPEHHA

Hainb6inblue cnoctepeXeHb 3a I'pyHTOBUMY BOJaMU
NPOBOANNOCH FiAPOreosioro-meniopaTnBHNUMM eKC-
neamuiasMN Ha eTanoHHMX OCYLIYBaIbHUX CUCTEMaXx
nourHatoum 3 70-x poKiB MMHyNoro cropiuus. MNpote
y JlbBiBcbKin [TME Jep>kBogareHcTBa YKpaiHu B enek-
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Puc. 1. Mpadikn dpaktnuHux (@ — po 2014 p., 6 — fo 2018 p.) i
NPOrHO3HMUX PiBHIB MiA3eMHKX BOA, BigNoBiAHO Ha 2014—
20151 2018-2020 pp. Ha ginAaHKax: a — HeginbuynHCcbKoT
ocylwyBanbHOi cuctemu; 6 — Bopo3abopy m. Cokasnb.
3acToCOBaHi HEMPOHHI MepeXi Pi3HOT apXiTeKTypu: a —
1 —RBF 1-17-1,2 — RBF 1-21-1; 6 — 1 — MLP 36-22-1,
2 — MLP 36-34-1

TPOHHOMY BUNAZI 36epernuck nvie pagu faHuX i3
2008 poky no 2017 pik.

Y cnoctepexHin mepexi Al JepxreoHagpa B me-
Xax 6aceiHy p. 3axigHuin byr y JIbBiBCbKiln o6nacTi
nicna 2007 p. MOHITOPUHT MPOBOAVBCA NIMLLE MO OHIN
CBepPASIOBVHI Ha I'PYHTOBI BoAu Ta no 16—-18 ceeppno-
BMHaX Ha BEPXHbOKPENAOBNN rOpn3oHT. [poTe, Bxe
y 2011 p. cnocTepeXXeHHA Mo €ANHIN CBEPANOBUHI Ha
I'PYHTOBI BOAU NPUMUHUANCH. [Tpryomy, Hapasi BUHW-
Kna npobnema i3 ineHTUdIKaLi€o Li€l cCBEpANOBUHN:
3rigHo Katanory [1HBI “TeciHdpopm” YKpaiHu 3a3Hauve-
HO, WO Ue cBepanoBrHa N2 249 510005 Ha 6e3Hanip-
HUI BOAOHOCHMWI FOPU3OHT B anioBia/ibHNX BigKnagax,
y TOW Yac fAK 3rigHO AOBigKM, OTPMMAHOI Bif 6e3mnoce-
penHix cnocTepiravis (rigporeonoriyHa ekcneguuia A1
3axigYkpreonoris), CBePASIOBMHA i3 CXOXMM HOMEPOM
(520005), ofHakoBMM po3TaLlyBaHHAM Ta 34e6inbLIoro
iAeHTUYHUMK 3HaYeHHAMN PIB KOHTpontoe BOgoOHOC-
HUI FOPU30HT BEPXHbOKPENAOBUX BifKnadis.

lMporHo3syBaHHA 3a MOBHMM YacOBUM PAAOM.
CnouaTtKy AnA BiATBOPEHHA AaHuX 6yno B3ATO pAn
criocTepeXkeHb no ceepanoBuHi N2 2 HeginbunHcbKoI
OCYyLUyBasNibHOI cucTemu B GaceltHi p. Montea (cnabo-
NOPYLUEHWI PEXIM), MO AKI HA MOMEHT PO3pPaxyHKiB
6ynu cepenHbOMICAYHI piBHI 3a Nepion 2008-2013 pp.
3rigHo xpoHonoriyHoro rpadiky KonneaHb PIBy ceepn0
NOBUVHI N2 2, AN1A HUX He XapaKTepHUI NeBHUN TPeH,
Ta BUTPUMaHa NepiogMyHICTb KONMMBaHb piBHA. [nA
LibOro BMNagKy ekcTpanonAuito AoUiflbHO BUKOHYBaTK
3a gonomoroto LWHM, aki BUKOpUCTOBYIOTb pagiasnbHi
6a3ncHi ¢yHKUii RBF. MpoTe, nicna Toro, sk Ham 6ynu
nepepaHi gaHi 3a 2015 pik, ctano 3po3ymino, wWwo Big-
TBOPEHI laHi NoraHo crniBnagatoTb i3 GakTUUYHUMU 3Ha-
yeHHAMU (puc. 1a). WecTnpiyHnn nepiog HaBYaHHA
[J15 MPOrHO3YBaHHA 33 GaKTUYHVMMK CepefHbOMICAY-
HMMW 3HaJYeHHAMK PIB BMABMBCA HepgocTaTHIM AnA
TOYHOrO NPOrHO3yBaHHA.

Pan naHnx cepegHbomicayHmx PIB 3a 9 pokis (2009-
2017) y cBepanoBuHi N°7 Ha Bogo3abopi M. Cokanb (no-
PYLUEHUI peXnm) Ma€ BidyanbHO BM3HAYEHUN TpeH[
i UITKO BUPAXeHUN LUK Y KOIMBAHHAX TPUBANICTIO
36 micAUiB, WO NiATBEPAMXEHO CNEKTPaNbHUM aHani3om
nepetsopeHb Qyp'e. Tomy Ans Lpboro BUNaaKy byna 3a-
cTocoBaHa LWHM, sika rpyHTyeTbcA Ha 6araToluapoBumx
nepcentpoHax (MLP) (puc. 16). Y ocTaHHbOMY BUMAAKy
pe3ynbTaT BUABMBCA OiNbll OGHAAINNMBYM Ta peanic-
TUYHMM, 3BaKaloumn Ha BigobparkeHHsa peuecii PMB y
ManoBoaHuin 2019 pik (puc. 16).

HactynHum 06’ekTOM AnA BiAHOBIEHHA 3HAY€Hb
PIB 6yna o6paHa ceepanosuHa NeUA SMS 51-5a (Ho-
Mep aganToBaHui fo 6a3u gaHux npoekty GRANDE-U)
i3 mepexi AN OepxreoHagpa B 6aceiHi p. 3axigHuWi
byr, y ceni Pyga-KonTiBcbka 30104iBCbKOro parioHy
JIbBiBCbKOT 06nacTi (puc. 2).
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Dnipro Basin
Dniester Basin
Danube Basin
Vistula Basin
Southern Bug Basin

Don (Seversky Donets) Basin
Azov Sea Basin
Black Sea Basin

| Crimeanrivers Basin

*Chernihiv. ey

Sumy,

7

Puc. 2. KapTa piukoBux 6aceiiHiB YKpaiHu 3 micLiem po3TaluyBaHHaA ceepgnoBuHy N2 UA SMS 51-5a — y BepxiB'i 6aceliHy p. 3axigHui

Byr (c. Pyaa KonTtiBcbka)

CnekTpanbHUI aHani3 pagy cepefHbOMICAYHNX
3HaueHb PlB y Ui cBepanoBuHi 3a nepeTBOPEeHHAMMU
Oyp’e 3acBiAUMB UiTKY MepiofgnyHICTb i3 yuknomy 153
Micadi (12,75 pokiB), WO CBiaYMTb NPO AOLiNbHICTb 3ac-
TocyBaHHA MLP ana nporHo3Hmx ekcTpanonAdin.

AKWwo wndpn apxitTekTypn nosHavawTbcsa Ak MLP
153-n-1, pe n — €avHa 3MiHHa, Le O3Hayvag, Wo Mepe-
»a mae 153 BxigHi HenpoHN (NepcenTpoHn BBEAEHHSA)
y Burnagi pagy GakTMyHUX faHvx, OQUH NPUXOBaHUI
Wap 3 N HEMPOHIB Ta OAWNH BUXIAHUN HENpPOH. [Mpn
LUbOMY AOTPMMAHO BMMOTY LLOAO AOBXMHW PARY AnA
HaBYaHHA: BOHA € He MEHLUOIO 3a TPMBaniCTb HanAo-
BLUOrO Ta HalKpalle BUPa)KeHOro LMKNy. 3 BeNnKoi
KinbkocTi (6nn3bko 5000 BapiaHTiB) NoOyaoBaHMX Ha
OCHOBI 6araToLLapOBKX NEPCENTPOHIB HEMPOHHUX Me-
pex BUbpaHO N'ATb HalKpalumx (mabsa. 1). Ana ycix

y AKOCTi QYHKLUIT MOMUKN BUKOPUCTaHa CyMa KBaj-
paTiB, a noricTnyHa GyHKLia — AK QYHKLiA akTMBaLil
NPVXOBaHUX HENPOHIB.

3a eKCnepTHOIO OLIHKOIO 3 HAlMBINbLLOI BiporiaHic-
TIO XOAy peanbHMX PiBHIB BiANOBIAAOTb AaHi, BiATBO-
peHi 3a gonomoroto mogenen MLP 153-5-1 i MLP 153-
10-1 (puc. 3a, 4), AKi MaloTb OAHI i3 HAMBULLUX MOKa3-
HUKIB NPOAYKTMBHOCTI HaBYaHHA, NPOTE 3a TeCTOBOK
NPOAYKTUBHICTIO BUABUNWCH Hauripwumu (maba. 1).
MporHo3 3a MLP 153-10-1 Bino6pa3vB 3HUKEHHSA PiBHSA
y ManoBogHuin 2016 pik, Ake 6yno Hacnpasgi. MpoTe,
OaHNN MeTOf, MPUXOBYE iICTOTHI HeJONIKKM, NOB'A3aHi
3 TUM, WO MallVHHEe HaBYaHHA OXOMJIIOE nepiof Ao
1986 p., AnA AKoro 6ynm xapakTepHi iHLWi, HiX y 1989-
2020 pp. (oxonntoe y T.u. nepiof BigHOBNEHHA AaHMX)
3aKOHOMIPHOCTI GOpMyBaHHA PIBHEBOIO pPeXUMy, 3a
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Tabnuua 1. XapakTepucTnkn Hankpauwmx mepex MLP pisHoi apxiTekTypw, Lo 3aCTOCOBYBanucb ANA BifHOBNIEHHA
cepeAHbOMICAYHMNX 3HAYEHb PiBHIB Nig3eMHuX Boa y cBepanoBuHi N2 UA SMS 51-5a

QyHKLiA
Mpopyk- KoHtponbHa TectoBa =
W Apdrexrypa  Twecrs mpomycus: npomyi [owene Kowponews Tecrosa Anopur acrusaud
HaBYaHHA HicTb TUBHICTb % 5
HelNpoHiB
1 2 3 4 5 6 7 8 9 10
1 MLP153-11-1 0,922 0,662 0,903 0,0007 0,0047 0,0016 BFGS 22 ToToXHa
2  MLP 153-17-1 0,921 0,671 0,903 0,0008 0,0044 0,0016 BFGS 24  ToTtokHa
3 | MLP 153-5-1 0,921 0,699 0,902 0,0008 0,0036 0,0016 BFGS 34 JlorictnuyHa
4 MLP 153-21-1 0,912 0,683 0,906 0,0011 0,0042 0,0017 BFGS 21 ToTOXHa
5  MLP 153-19-1 0,911 0,676 0,903 0,0012 0,0045 0,00165 @ BFGS 19 ToToXHa
6 MLP 153-10-1 0,932 0,670 0,892 0,0004 0,0045 0,00186 BFGS 44 JlorictnyHa
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Puc. 3. Pe3ynbraT BiATBOpEeHHA piBHA Nig3emHux Bog y ceepanosuHi UA SMS 51-5a Ha nepiog 2012-2017 pp. 32 NOBHMM 4YacOBUM
pagom, 3a gonomoroto MLP: a — 153-10-1; 6 — 153-21-1. Y AkocTi “BXigHUX" BUKOpUCTaHi 153 cnocTepexkeHHA — OfWH NMOBHUIN
LKA (CUHI KPY»XeUKm B MBIl YaCTUHI — eTan HaBYaHHA abo “training”), YepBoHa NiHis i3 CHIMU MapKepamun — eTan Banigadii,
YyepBOHa NiHiA 6e3 MapkepiB — eTan NpPorHo3y abo “testing”)
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Puc. 4. Tpadikn daktnuHmx (oo TpaBHA 2011 p.) i BigTBOpEHMX cepeaHbOMICAYHNX 3HAaUEHb PIBHIB NiA3eMHMX BOZ (M) AnsA CBepAOBUHMN

UA SMS 51-5a,

po3TaloBaHoi y Bepxis'ax p. 3axigHui byr (c.Pyaa KonTiBcbka) 3a mogenamm: 1 — MLP 153-11-1; 2 — MLP 153-

17-1;3 — MLP 153-5-1;4 — MLP 153-21-1; 5 — MLP 153-19-1; 6 — MLP 153-10-1
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MPOIHO3YBAHHA CEPEAHBLO- | JOBTOCTPOKOBMX KOMIMOHEHT KOJIMIBAHb
PIBHIB MIA3EMHWX BOA METOAOM WTYYHUX HEMPOHHUX MEPEX

MOXJIVBO iHLIOrO PO3MOAINY PiBHIB BMAMBY PeKUMO-

dopmyroumx ymHHUKiIB (LLleBueHKo Ta iH., 2019).

Cnig BigMiTUTK, WO NPOrHO3HI KonmBaHHA PI1B
6inbll MeHwW BAaNo BigobparkaloTb Xig onagis Ao
2015 p., Hagani X peakuia PIB Ha BUCOKi 3HaueHHA
onagiB He NPOCTEXYETbCA ab0 ABHO He CniBMajae.
3BiACK BMNMBAE, WO NPOrHO3U CepeaHbOMICAYHMX
PMB 3a gponomoroto MLP, 3a nosHUM Yyacosum psoom
0aHux (6e3 po30ineHHA), TepMmiHOM Ginblue 4 pokiB
€ HeHaAINMHUMN.

Pe3ynbTaTi NporHo3yBaHHA 3a NOBHUM PAOOM NMOKa-
3anu, Wo koedilieHT aeTepmiHaLii R nopisHioe -0,07,
TOO6TO Mofesnb He Kpalla 3a npocTe cepenHe, MAE
(cepepHs abcontoTHa nomunka) = 0,12 M 30a€TbCA
HenoraHoto, ane ue 3a amnaityaun PrB nuwe 1,58 m
(274,67-273,09). [MoKa3HUK cepeHbOro PO3Mipy NOMU-
NOK Yy CYKYMHOCTi NpOrHo3is 6e3 ypaxyBaHHA iXHbOro
Hanpamky (MAE) BUMipIOETbCA siK cepeHa abcontoTHa
Pi3HMLA MiXK MPOrHO30BaHNMM Ta GaKTUUYHMMU 3HAYEH-
HAMU | BUKOPUCTOBYETLCA A1A OLiHKN epeKTUBHOCTI
perpecinHoi mogeni. JocuTb BENMKOI € BifHOCHa No-
MunKa — 7,6% Big giana3oHy. BiporigHo, wo konu MLP
HaMaraeTbCA HaBYMTUCA HA BCbOMY pAfi OQHOYACHO,
BUHWKaOTb Npobnemn gnsa Hempomepexi:

e BOHa 3MylleHa "6anaHcyBaTn" MiX BifTBOPEHHAM
He3HauyLWKMX A58 NPOrHO3yBaHHA KOPOTKOTepPMiHO-
BVX KONMBaHb (LUyMy) Ta NPOBIAHOrO CUTHany, AKWN
BM3HAYaE 3arasibHUN TpeHp;

* KOPOTKOCTPOKOBI GpJIyKTyaLlii 3aBaXaloTb HaBUMUTUCA
[OBroCTPOKOBMUM 3aKOHOMIPHOCTAM;

e perynapu3sauia (L2=0.1) npu3sBoagnTb Ao “po3pia-
KeHHA” mopeni i npuaylwye Baru (3a3Buyan, pery-
napusauia 36inblye piBeHb y3aranbHIOBaHOCTI 3a
paxyHOK HE3HAYHOIO 3HWXXEHHA TOYHOCTI HaBYaH-
HA), ane ue noripwye 3gatHictb LUHM BnoButn gosri
nepiogu;

® Ha eTani TeCTyBaHHA MOAEeNb 3YNMUHWUAACA Jyxe
LWBMAKO Yepes WyM y BanigauiniHin subipui.

Micna uboro 6yna BUKOHaHa cnpoba o6rpyHTyBaH-
HA MOXJIMBOCTI 3aCTOCYBaHHA iMITaLinHOro mogento-
BaHHA PI1B 3a BigoMyMu 3HaUeHHAMU pexnmodopmy-
IOYMX YNHHUKIB: CYMapHOI KilbKOCTi onagis 3a MicAub
Ta cepefHbOMiIcAYHOT TemnepaTypu. poTe, 3rigHo
MHOKMHHOMO KOPEeNALiMHOro aHanisy oTpuMaHo Haj-
TO HUW3bKi 3HaueHHA KoedilieHTiB Kopensauii, HaBiTb
3a YMOB 3CyBaHHA pAgy PIB Bnepepn (3ani3HeHHsA) Ha
Pi3HNI TePMIH yacy.

N5 NOKpaLeHHA NPOrHO3yBaHHA, TO6TO BUAINEH-
HA rONIOBHUX TPeHAiB, Oyno BMKOHaHO po3fiNeHHA Aa-
Hux PI'B 3a KOMMOHEHTaMM y YaCOBUX KONMBAHHAX.

BugineHHAM pisHOnepioANMYHNX KOMMOHEHT
y 3miHax PIB. [JoctaTHbO epeKTUBHMM iIHCTPYMEHTOM
ONA BUOKPEMSIEHHA YaCOBMX KOMMOHEHT Y KONMBaH-
Hsx PT1B € eelieiem-aHani3. 3aBAsKy NOro 3acTocy-

BaHHIO Oynu BuAineHi yactotn (UMKnNK) pi3HOT TprBa-
nocTi (puc. 5) Ta NpMpPoOAHOI NigNopPARKOBaHOCTI:

® KOpOMKOCMPOKO8i KOUBAHHA (<12 mic) BHacni-
[oK peakuii PMB Ha NOTOYHI norogHi Ta meTteo-
ponoriyHi 3mMiHM B Npr3eMHOMy LWapi atmocde-
pu, CNpUAMaloTbCA AK “lwym”;

* cepedHbOCMpOKo8i KonusaHHs (12-48 mic) — oby-
MOBJIEHI CE30HHVMM 3MiHaMK abo KAiMaTUYHMMM
uuKnamu;

e 00820CMPOKO8I KoUBAHHA (>48 Mic) — HalKkpa-
e NpoABAATLCA LMKIK Tpueanictio 11,5 po-
KiB — Lie Jobpe BifoMa COHsIYHA UMKiYHICTb. Lli
KonMBaHHA 0GYMOBIIOIOTL GaraTtopiuHi TpeHan
3MiH PIB.

3a BeNBeT PO3KIa4oM BUTPMIMAHa pivHa LMKAiu-

HiCTb, AK Lie BNAacTUBO AJ151 HEFMMHOKOro BOAOHOCHOMO
FOPU30HTY, HE MPOCTEXYETbCA; BURINAIOTLCA HEBU-
TPUMaHWI y Yaci psg cepedOHbOCMPOKOB8OT PUTMIYHOCTI
B 1,8 pOKiB, AKOMY He BUCTaya€e eHeprii Ana npoasy
y BUrNAdi Nika Ha KpuBi NpaBopyy Big nepiogorpa-
mun. HeBenunuky “xBunio” Ha Lbomy rpadiky cTBOploe
nepia 00820CMpPOKOBA LUMKAIUYHICTb MaiXKe Y 5 pokiB
(4,93). BoHa Ma€e BMCOKY ACKpPaBiCTb Ha noyaTky (1972-
1980 pp.), ane wBnaKo “3racae”. MepLunin 4iTKo BUparke-
HWUI NiK Ha rpadiky Bignosigae LmkniyHocti B 11,5 po-
KiB (NpoxoanTtb y BUrNA4i 7 NnAM yepes BCo nepiogo-
rpamy). Taki puTMn 34e6inblLIOro OTOTOXHIOTb i3 CO-
HAYHOI LMKAIYHICTIO. [IBi ACKpaBi NAAMM B HUXHIN

2745
2740
2735
273,0

Data

Scale

Power

Puc. 5. Bensnet-nepiogorpama ana pagy 3HaveHb PMBy ceepa-
nosuHi N2 UA SMS 51-5a 3a nepiog 1972-2011 pp. Bropi —
XPOHOMOTYHUI pAg GaKTUUHUX CePeAHbOMICAUYHIX 3Ha-
yeHb; NpaBopy Bif nepiogorpamm — rpadik, Wo Bigoo6-
paxae cepefHbobaraTopiuHy C1y NPoABY LMKIIUHOCTI
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YaCTUHI Nepiogorpamu, Lo MaKTb HANBULLY cuny (Yep-
BOHWIA KOMip), BiANOBiZaloTb 42-piuHin unkniiyHocTi. Ha
BIAMIHY Bif BXe 3BMYHUX BelnBneT-nepiogorpam Ans
HernmooKux rpyHToBux Bog (LLeBueHKo Ta iH., 2021),
y HawomMmy BMMNaZKy (puc. 5) 30BCiM He NPOABAAETLCA
piyHa UMKAIYHICTb, WO Aa€ niacTaBy AnAa CYMHIBIB, WO
MV MA€EMO CMpaBy 3 NepLUnM Bi NOBEPXHi BOJOHOC-
HUM FOPU3OHTOM i3 BifIbHOI MOBepPxHeto (6e3Hanip-
HUM). Taki 03HaKM xapaKTepHi ana rnéwmux PIB abo
ANA 3aXULLEHVX BOAOTPUBOM HaMipHUX FOPU3OHTIB.
Y HawoMmy BMMNAAKY TakUil TOPU3OHT NPUYpPOYEHUIA
40 BEPXHbOKPENAOBMX TPIWNHYBATNX Meprefis Ta
i30N1bOBaHWI i3 NOBEPXHI LWAPOM MNH KOpPU iX BUBIT-
proBaHHA. Lle Moxe ByTr TakoX NepLunii Big NOBEPXHi
CKnagHuUin cybHanipHUin yn 6e3HanipHUA BOLOHOCHUIA
FOPU30HT UM KOMMJIEKC, WO CKNAafa€ETbCA i3 ABOX LUa-
piB — antoBianbHMUX MiCKiB Ta TPILWWHYBATUX Meprenis,
i3 HEBUTPUMAHMM MO PO3Pi3y WAPOM MepreaAacTol
FVHN HE3HAYHOI NOTYXKHOCTI (80 3 M) Mi>k HUMWN. Tpo
CyOHanipHUA XapaKTep FOPU3OHTY MOXKHA CYAUTH 3
[JOBONI Pi3KUX KOPOTKOCTPOKOBUX KOMMBaAHb PIiBHA.
[pyrnin BapiaHT BigNOBIfa€e ONMCaHHIO CBEPAJIOBUHM
N2 520005 i3 peectpy A1 “3axinyYkpreonorisa’, HATOMICTb
He y3rofXyeTbCA i3 XapakTepucTnkamm CBepaIoBMHN
3 TUMU X JaHVMK CnocTepexeHb i3 apxisy [JHBIM “Teo-
iHpopm YKpaiHn".

PeKoHcTpyKUia curHany. byno BMKoHaHO 3BOPOT-
He [0 BeNBfieTa NepPeTBOPEHHA 3 YpaxyBaHHAM Bif-
noBigHOro MaclTabyBaHHaA. Ak 6aunmo (puc. 6) niHis
baKTUYHMX AaHKMX Ta BifHOBMIEHUI 3a BEBNETOM pAf
Malixe 36iraloTbca, WO BKAa3ye Ha fy»xe obpy BiaTBO-
ploBaHiCcTb curHany mogennto (Kopensauia =0,95). Bu-
COKa Kopensuis Ta He3HayHa NoxunbKa nigTBepaAXyoTb
afeKBaTHICTb PEKOHCTPYKLUII Ta BUAINIEHHA OCHOBHUX
KONMBasIbHNUX KOMMOHEHT.

OpuriHan vs PekoHcTpyKuia (RMSE=0,0743,s/,=1,47)
2748 : ;

——— OpwriHan ‘
2746 H==== PekoHcTpyKLUia |
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Puc. 6. PekoHcTpykuisa curHany. CUHA NiHiA — opuriHanbHi gaHi
PIB; uepBOHa — BiQHOBNEHUI 3a BENBNET-PO3KIALOM
pAp. s;;=1,47 — macwTabHuin koedilieHT

MaKTn4YHa KpriBa JEMOHCTPYE KONIMBAHHA 3 baraTo-
piuHoto amnniTygoto =1,5 M Ta piuHoto 61m3bKo 0,5 M,
PEKOHCTPYKLiA LOOpe BIATBOPIOE OCHOBHI MikW Ta NPo-
Banu. Lle cBiguntb Npo Te, Wo BelBneT-aHani3 epek-
TMBHO BiATBOPIOE OCHOBHI MaTepHU, NPOTe HE3HAYHA
YacTUHa KOPOTKOCTPOKOBMX GyKTyaLlill BTpaya€eTbCA.
To6T0 MOAEenb fobpe onncye cepefHbO- Ta JOBFOCTPO-
KOBIi 3MiHW, ane NoAeKyau irHopye ApibHi Niky, B T.u. Ti,
IO BMHUKIIN BHACNiOK BUMIpPIOBaNIbHNX MOXMOOK.

CepegHbokBagpaTtmyHa nomunka (RMSE — kopiHb
KBaZpaTHWN Bif cepeaHbOol KBafpaTUUYHOI MOMUIKN —
MSE) HeBenuka, a BigHOLEHHA eHepril “PeKOHCTPYK-
uia/opuriHan” = 0,90 (90% BigHoBNeHOT eHeprii). Lie
CBiAUMTDb, WO MOJeNb aleKBaTHO OMUCYE CTPYKTYPY
pAagy.

KomnoHeHTHMIN aHani3 (1ekomno3uuis 3a nepio-
Aamu). Ha puc. 7 npeacTtaBneHi oKpemi KOMMOHEHTU
pAgy cnoctepexeHb 3a PIB, BugineHi 3a gonomoroto
BelBfeT-aHanidy. KopoTkoCcTpoKoBa KOMMOHEHTa
(<12 mic.) ma€ BNCOKy yacToTy, abo 6araTo BY3bKMX
Ta ApibHMX “3y6UiB”. CepeAHbOCTPOKOBA KOMMOHEHTA
PIB (12-48 mic.) npefcTaBneHa putMamm 6inbLuoi Tpu-
BaNIOCTi (2-4-X piyHUMM). JOBroCTpOKOBa KOMMOHEHTA
ABNAE COO0I0 MOBINbHI “KONMBaHHA PiBHA" i3 LUKNamu
y 7-11 pokis. Came AOBri n cepefHi KOMNOHEHTHN
MOXYTb Bigo6GpaxaTu LOKOPiHHI 3MiHN B pexumi
piBHA.

KopoTKOCTPOKOBi ab0 KOpOTKOMEpPioANYHI Konu-
BaHHA MatOTb CIabKNin BHECOK (=14%), cepeHbOCTPO-
KOBi oxontotoTb =31% AaHuWX, TOAi AK fOBronepiogmny-
Hi GOpPMYyIOTb FONOBHY YaCTMHY BapiaLiil piBHIB BOAU
(=45%). Lle 6araTtopiuHi TpeHau, AKi MOXyTb Bifo6-

Kopotki komnoHeHTH (<12 mic.)
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Puc.7. KOMNOHEHTHUI CKnag CUrHany piBHA NiA3eMHUX BOA 3a
38 pokiB cnocTtepexeHb
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MPOIHO3YBAHHA CEPEAHBLO- | JOBTOCTPOKOBMX KOMIMOHEHT KOJIMIBAHb
PIBHIB MIA3EMHWX BOA METOAOM WTYYHUX HEMPOHHUX MEPEX

paxaTu: 3MiHK KniMaTy, perioHanbHi rigporeonoriyHi
unknu. CymapHUM BHECOK TPbOX KOMMOHEHT =89,6%;
peluTa eHeprii NpyYnagae Ha Wym abo HeknacudikoBaHi
¢dnykTyauii. MNepeBipKa CyMmyn KOMMNOHEHT VS. PeKOH-
CTPYKUii Aana noxmbky Ha pieHi 10716, TO6TO po3kna-
[aHHsA abCONOTHO Y3rogykeHe, PEKOHCTPYKLiA NigTBep-
VN3, WO BUAiNeHi KOMMOHEeHTN Jobpe BiATBOPIOIOTb
nosepiHky pagy (R=0.95).

Taknm umHoM, grHamika PT1B y cBepanoBuHi BM3Ha-
YAETbCA NOEAHAHHAM BaraTopiYHNX TPEHAIB i PiYHUX-
YOTUPUPIYHMX LMKNIB. Lle cBigunTb Npo neBHy nigno-
PAOKOBAHICTb PEXMMY PiBHA I'PYHTOBUX BOJ COHAYHIN
uurknivyHocTi, MiBHIYHO-ATNAHTUYHOMY Ta IHLINM TepPMO-
6apUYHMIM KONIMBAHHSIM.

MporHos (BigTBOpPeHHA) KoNnBaHb cepeAHbo-
CTPOKOBUX KOMMNOHEHT. BuineHa cepeHbOCTPO-
KOBa KOMIMOHEeHTa Ma€ MsaBHi KONVBaHHA 3 aMmiTy-
foto 6nm3bko 0,5 M Ta KBa3inepioguuHy CTPYKTYpY.
Mpu HaBYaHHI Mepex 6yNo BUKOPUCTAHO anropuTMu
onTMMi3aLii: MeToh MaclwTaboBaHMX CMOMYYEHUX rpa-
HI€HTIB, MeTO[ rpafliEHTHOrO CryCKy Ta KBa3iHbIOTOHIB-
CbKuin meTog. MNMobyaoBaHo i NpoaHani3oBaHO NMoHapg

500 HelipoHHMX Mepex Ha 6a3i MLP. Y akocTi dyHKLin
aKTUBAUiT BUXiAHUX Ta MPUXOBAHUX HENPOHIB Oyna
BMKOpPVCTaHa TOTOXHa PpyHKLUiA. MpoayKTUBHICTb HaB-
UaHHA B yCiX BMNagKax 65m3bKa o 1, KOHTPOJbHa Mpo-
OYyKTUBHICTb — 0,9934, TecToBa NPOAYKTUBHICTb —
Mamxe 1, GyHKUiIA NOMUAKM — CyMa KBagparTiB, iHLWi
NOoKa3HWKN npeacTaBneHi B mabs. 2.

Ha rpacdiky (puc. 8) BuginATbCA eTany HaBYaHHA
(48 paHux) i Banigauii (412 gpaHnx) — Bcboro o 460-ro
cepefHbOMICAYHOro 3HaveHHsa (2011 pik); Ta eTan
nporHo3y — Ao 600-ro 3HaueHHsA (2023 p.), TO6TO Ha
142 micAui abo Ha 11,8 pokiB, Wwo 6yno HEMOXNNBO
[NA NOBHOMO YacoBOro pAAYy.

MporHo3 (BigTBOpPEeHHA) KONMBaHb AOBrocTpo-
KOBUX KOMMOHeHT. O6pobKa OBFOCTPOKOBOI KOM-
MOHEHTM YacoBOro pAAY BKJOYana etany HaBYaHHA
Ta Banigauii (460 GbaKTUYHMX cepefHbOMICAYHUX 3Ha-
yeHb) (06’egHaHUM Ha prc.9) i eTan NPOrHosy — Ao
600-ro 3HauyeHHA (NporHo3 Ha 140 micauis, abo Ha
11,7 p.) — BpnA OOBroCTPOKOBOI KOMMOHEHTN KOMM-
BaHb PIB. BigTBOpeHHA AaHnX BUKOHAHO [0 2023 poKy

(puc. 9).

Tabnvusa 2. XapakTepucTuky Haiikpawux mepex MLP pi3sHoi apxiTeKTypw, L0 3aCTOCOBYBaNNCb AJ1A BifHOB/IEHHA
3HaveHb PI'B 3a KonuBaHHAMUN cepeAHbOCTPOKOBNX KOMMOHEHT

Momwunka HaBYaHHA

KoHTponbHa nomunka

TecTtoBa nomumnka

N ApxiTeKTypa AnropnTm HaBYaHHA
1 MLP 48-16-1 BFGS 10000 2,9355E-11 3,1215E-11 2,7442E-11
2 MLP 48-16-1 BFGS 5635 2,9425E-11 3,1104E-11 2,7523E-11
3 MLP 48-16-1 BFGS 5444 2,9290E-11 3,1144E-11 2,7385E-11
4 MLP 48-14-1 BFGS 10000 2,9247E-11 3,1008E-11 2,7392E-11
5 MLP 48-20-1 BFGS 4257 2,9345E-11 3,1228E-11 2,7422E-11
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0,30 0,30 { | — HdosronepiogHi
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Puc. 8. Yacosum pag npoekuii TMLP 48-16-1 gna cepeaHboCTpO-
KOBOI KOMMOHEHTN

Puc. 9. Yacosun pag npoekuin MLP gna 4OBrocTpokoBOI KOM-
NMOHEHTU
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Tabnuusa 3. XapakTepucTuky Hankpawmux mepex MLP, wo 3actocoByBanucb AnA BigHOBNEHHA 3HayeHb PIB
3a KOJINBaHHAMMN [OBroCTPOKOBUX KOMMOHEHT

Apxi'reKTypa AnropvrrM HaB4YaHHA Momunka HaBYaHHA Koquoana nomunka TecTtoBa nomunkKa

MLP 50-20-1 BFGS 7220 3,6500E-13 4,9821E-13 3,3714E-13
MLP 50-2-1 BFGS 9999 2,0282E-14 2,7576E-14 1,6389E-14
MLP 50-2-1 BFGS 9999 2,5135E-14 3,4249E-14 2,0642E-14

MLP 50-25-1 BFGS 10000 4,0049E-13 5,5654E-13 3,6485E-13

MLP 50-20-1 BFGS 1190 3,6917E-13 4,4914E-13 3,5454E-13

v A W N =

Insa ycix BapiaHTiB apxitektypu MLP (mab6s. 3) xa-

pakTepHa NprHLUMMNOBA cXxeMa, 306parkeHa Ha puc. 10.

QOyHKUiT akTMBaLil, AK | ANA cepefHbOCTPOKOBOI KOM-

NMOHEHTN — TOTOXHi, PYHKLIiA MOMUNKN — CyMa KBaj-

patiB, NPOAYKTUBHICTb HABYaHHA Ta KOHTPObHA NPO-

OYKTUBHICTb — 0,998, TecToBa NPOAYKTUBHICTb A4N1A

— BCiX anquiB — 0,996. 3aUﬂOBFOCTpOKOI.30IO KOMIMO-

HeMpOH HEHTOIO BiATBOPIOIOTLCA MalXKe CUHXPOHHI KONIMBAHHA

Yacosuii pag npoekuji i3 HE3HAYHNM 3MILLEHHAM Y NPOMIXKY Mix 500 i 550-m

> 3HauyeHHAMM (auB. puc. 9). OTKe JOBroCTPOKOBa KOM-

Oynkuin MOHEHTA € HANCTabINbHIWOW i NPOrHO3YBaHHSA MO Hil

aKvBauii [03BONAE OTPUMATN OCHOBHUI TPEHJ, 3MiH NOKa3HMKa
Totoma Ha 3HayHW nepiog yacy (144 micAaui).

Hamsganiwvmn moxHa BU3Hatn npoekuii MLP 3

apxitekTtypoto MLP 50-20-1 i MLP 50-25-1 (puc. 11), AKi

LEMOHCTPYIOTb 3HVXKEHHA 3arafibHoro 6aratopiyHoro

TpeHay amnnityam nicna 2003 p. (360-1 micAub Big no-

DyHKuia yaTKy crioctepexeHb y 1973 p.). Takox fy»e YiTKO Bif-

o 6UBAETLCA BGAraTopiUHUN MiHIMYM, a6O MaKcMMasibHa

BiA'eMHa amnniTyfa, AKa npunagae Ha 570-n micAub,

Puc. 10. MpuHymnosa cxema apxitektypw LUHM tuny MLP. abo Ha apyry nonosuHy 2020 p. — Konu y BepecHi 3a-
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BepwuBcA 11-piyHMI COHAYHUI LMK BUCOKOI aKTMB-
HOCTI, WO 0OYMOBUMB MOCYXY, i MOYABCA LUK HU3bKOT
aKTUBHOCTI, WO cnpuaAno 36inblueHH0 BOAHOCTI Ta
BigHoBNeHHo PIB nicna peuecii.

[lna BUABNEHHA poni BCiX KOMMOHEHT Y GOpMyBaHHi
KONMBaHb MOBHOIO PAQY AaHMX, a TaKoX nignopaAa-
KOBAHOCTi cepefHbOCTPOKOBUX Ta JOBrOCTPOKOBUX
KonveaHb PMB mMeTeOpOnoriYyHMM YMHHMKaM Oyrno
NpoBeAeHO MHOXWHHY KopensAuito. Buasmunoce, wo
3rigHo nNapameTpuyHoi kopenadii NipcoHa Ta Cnipme-
Ha, CepefHbOCTPOKOBI Ta AOBrOCTPOKOBI KONMBAHHA
3HAYHO Kpallle KOPenoTb i3 3araibHUMN KONMBAH-
HAMYK NoBHOro pAay (BignosigHo, R=0,68 ana obox
KOMMOHeHT 3a llipcoHom i 0,66 ana cepeHbOCTPOKOBMX
Ta 0,71 ana poBrocTpokoBmux — 3a CriipMeHOM), HiX
KOPOTKOCTPOKOBI (BignosigHo 0,485 Ta 0,4). Y TO Xe
Yyac KOPOTKOCTPOKOBI KONMBAHHA MatloTb HaMBULLY KO-
pensito i3 Temnepatypoto (6iNbLly HiXX NOBHWIA PAL),
a 3 onafjaMun He Ma€ KopenaAuil Xof4Ha 3 BuUAineHnx
KOMMOHEHT, AK i MOBHMI YacoBuin pag PIB.

HocnigxeHHs (Solovey et al., 2025) npogeMoHCTpy-
Ba/I HAMBULLY Y3rOfXKEHICTb Mi>K CYNYTHUKOBMMU Ta
in situ ouiHKaMm 3anacis nNig3eMHUX BOf Y BOOAOHOC-
HUX CMCTeMax 3i WBUAKUM BoJooOMIHOM. Lle moxe
CBIQUUTU NPO MOXKIUBICTb BUKOPUCTAHHA BUAINEHOT
HaMM KOPOTKOCTPOKOBOI KOMMOHEHTU B KOMMBAHHAX
PIB ona sepudikauii cnoctepexxeHb GRACE/GRACE-
FO.Y ToIn yac AIK KOMNOHEHTN KONMBAHb CepeHbOI Ta
[OBroi TPMBaNoOCTi MOXYTb O6YTW BUKOPUCTaHI AK A
nporHo3syBaHHA PIB Ta mig3emMHOro cToky Ao pivokK 3a
YacoBUMU pAdaAMU, TaK i ANA iMiTaLinHOro NPOrHo3y-
BaHHA PI'B 3a pakTMUHUMM pAgammn cnocTepexeHb 3a
piBHAMW HanipHUX Mig3eMHUX BOA4 APYroro Big rno-
BEPXHi BOOOHOCHOIO rOPU30HTY Y BEPXHbOKPENAOBMX
Bigknagax (PIB2), AKLWO MiX HAMKW cnocTepiraTumeTb-
CA 3HauvyLwa Kopenauia. Y Hawomy BUMaaKy, KOvBaH-
HA PiBHIB Y pO3TallOBaHNX HeJaneko CBepasioBMHaXx
B C. Pyga-KonTiBCcbKa Ha nepLuvii Ta Apyrumn Big noBepx-
Hi BOOOHOCHI FOpM30HTU BiiOYBAETHCA 3 KoediLliEHTOM
napHoi Kopenauii 0,83. OCKinbKku cnocTepekeHb 3a
PINB gpyroro ropusoHTy Ha JOCNiAXKYBaHi TepuTopil
6acelHy p. 3axigHuii byr 3HauHoO Ginble, Le MoXxe
JONOMOrTU BiAHOBUTU 3HayeHHA PIB i BUKOHyBaTK
X MPOrHo3yBaHHA. BM3HaueHHA NPOCTOPOBMX 3aKO-
HOMiIpHOCTeN CNiBBIAHOLWEHHA HanopiB 'PyHTOBKX Ta
HanipHMX BOA BEPXHbOKPENAOBUX BifKIagiB i YacoBUX
3aNEXHOCTEN MiXK IX KOMMBAHHAMU MOXKe BUPILLINTK
NUTaHHA aewndpyBaHHA CyYaCHUX JaHUX KOCMIYHMX
3I0OMOK Ta OLiHKM 3MiH BOGHWX pecypcCiB Ha faHin Te-
puTopii. OCKinbKy gpyrui Big NOBepxHi FOPU3OHT i30-
NbOBaHNN BOAOTPUBOM, TO KOJIMBAHHA MOrO PiBHA
(PMNB2) 3HaYHO MEHLLIOIO MipPOI0 3aN1eXKaTb Bif MOrogHUX
YMOB, HiX piBeHb 6e3HanipHux rpyHToBux Bog (PI'B),
O NiATBEPOXKYIOTb faHi MOHITOPMHIOBMX cnocTepe-

»KeHb. 3MiHU B pexnmi PI'B nuwe i3 neBHUM 3ani3HeH-
HAM MOXYTb Bigobpasntuco y pexxkumi PIB2. Otxe,
3a Bijomux 3HaueHb PrB2, My 3moxKemo abo cknacTtu
enirHo3Hui (petpocnektTusHmi) xig PIB, abo cnpoby-
BaTW BMAINUTY cninbHi gna PIB ta PIB2 KonnBaHHS,
BifOKPEMUBLUN Pi3Killi KOPOTKOTEPMIHOBI KONMBaH-
Hs PI'B. [InA uboro Heob6xigHO NpPoOBOAUTU OOHOYACHI
CrOCTEPEXEHHA NO CBEPANIOBUHAX HA Pi3HI TOPU3OHTU
B OZHOMY KyLli (Ha ofHin nokaduii).

OTpurMaHi pe3ynbTaT 3 BigHOBIEHHA abCONIOTHUX
(BC BucoT) nonoxeHb PIB BigKprBatoTb WNAAX Ao pe-
KOHCTPYKLIT JaHWX 3a Nepioan BifCyTHOCTI MOHITOPUH-
roBUX CMOCTEPEXEHb | MOXYTb OyTV BUKOPUCTaHI nig
Yyac CTBOPEHHA YCTaNeHNX rigporeonioriyHnx moaenen
4NA ManoBOAHUX i 6araToBOAHUX POKIB, LLO € OAHMM
i3 3aBgaHb Npoekty GRANDE-U.

BUCHOBKU

Y xopi 06pobKu AaHMx 6yno BMABNEHO, WO pPAa
faHux go 150 3HaueHb i3 piaKiCHNMK aHOMaNbHUMMK
noaiamMmn moxe 6yTn 3aKOpoTKMM ANA 00’ EKTUBHOI CTa-
TUCTUYHOI OLHKM 3a ONOMOrot nporpamm Mann-
Kendall, wo Haknagae obmexeHHA Y ii 3aCTOCYBaHHi.
BignogigHo, HagiNHicTb NOGYAOBaHUX TPEHMIB NOKpa-
LLYETbCA NPY NOAOBMXEHHI YaCOBKX PAAIB, WO AO3BO-
NAE NPaBUSIbHO iHTEPNpeTyBaTV NPUPOLAHI aHOMAsbHI
ABULLA, TaKi AK BUCOKI MOBEHI.

3a [oNoMOroto BerBneT-aHanisy BUAiNIeHo TPy TMnu
pUTMIYHOCTI B KonuBaHHAX PI1B. Lle gonomorno ontu-
Mi3yBaTW i MOKPALWMTUN AKICTb MPOrHO3iB LWAAXOM Bif-
6paKyBaHHA KOPOTKOMEPiOANYHMX KONNBaHb. Y KONu-
BaHHsX PIB gomiHytoTb loBronepiognyHi (baratopivHi)
KonmeaHHA (5, 7-8, 11 pokis i 6inblLue), o BiabupaoTb
Malke NMOSIoBMHY 3aranbHoi eHeprii — 45%. Baxnu-
BUIA BHECOK MalOTb TaKOX CepejHbONepiogNYHI LNKIu
(2-4 pokn) — 31%. To6TO OCHOBHI TPEHAW B KOSMBaH-
HAX PiBHIB Mig3eMHUX BOA NPOANKTOBAHI rnobanbHu-
MW YNHHMKaMN — COHSIYHOIO LIMKJIIUHICTIO (@60 vep-
ryBaHHAM ManoOBOAHMX i 6araTOBOAHUX LIMKIIB) TOLO i
3HAYHO MEHLLIOK MiPOK — PEerioHaNbHUMU Ta NOKasb-
HUMM 3MiHaMV NOTOAHUX YMOB.

Mpw nporHo3yBaHHI 3a gonomorot mepex MLP
6e3 po3gineHHsa, To6To 3a MOBHMM YaCOBMM PAOOM,
HalnKpalLli pe3ynbTaT OTPMMAHO Ha nepiof A0 4 poKiB.
[osroTtpurBani nporHo3u (abo BigHOBNEHI pAaM) Ha 5-i
i TM Binblue HACTYMHI POKM 3HAYHO MOCTYNaKTbCA
Y TOYHOCTI “ONUXKHIM” NPOrHO3am, — [0 4-X POKIB.

Micna po3gineHHA gaHMx 3a LOMNOMOrOK BenBeT-
aHanisy Ha KOPOTKOCTPOKOBI (KOpOTKONepioanyHi), ce-
pPenHbOCTPOKOBI | JOBrOCTPOKOBI KONMBaJIbHi KOMMNO-
HEHTU BAANOCb CKNACTX MPOrHO3 cepegHbOMICAYHMX
3HauyeHb PIB Ha TepmiH 6nm3bko 12 pokis, wo 6yno
HEMOX/IMBO NPV NPOrHO3yBaHHI 3@ MOBHUM YacOBUM
pAagom. PekoHCTpyKLUiA GaKTMYHOro 4YacoBOro pagy
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PIB wnAxom 3BOPOTHOrO Bif BENB/IETY NePEeTBOPEHHA
fo3Bonvna otpumatu Kpusy Pl1B, ska gobpe cnisna-
[ac€ 3 GaKTNUHO. 3a HABOPOM LIMKIIYHOCTEN, B AKOMY
BiJCYTHA XapaKTepHa AN MISIKUX I'PYHTOBUX BOA, PiuHa
LUKNIYHICTb, MOXHa CTBEPAXKyBaTK, WO CBepA/IOBUHA
npeacTaBnA€e BOGOHOCHUN KOMMEKC B aloBianbHUX Ta
BEPXHbOKPENJOBUX BOGOHOCHUX BigKNagax, ae Konu-
BaHHA PiBHA BOAM Yy BEPXHbOMY LIApi NignopAgKoBaHi
3MiHaM Hanopy HUXXHbOTO Lapy.

BukoHaHi nporHo3u 3a gonomoroto MLP gna cepeg-
HbOCTPOKOBWX Ta fOBrOCTPOKOBMX KONMMBASIbHUX KOM-
MOHEHT BiANOBIfAlOTb BiJOMNM Ha CbOrOAHI TpeHaam
PI'B Ta guHamili piyHOT cymn aTMmocdepHux onagis.

Mopasaka. [locnigKeHHA BUKOHAHO 3a Mi>KHAapOAHMM
npoektom GRANDE-U N°7129 3aBaAKn diHaHCYBaHHIO
U.S. NAS i Office of Naval Research Global (ONRG),
USA.
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FORECASTING OF MEDIUM AND LONG-TERM
COMPONENTS OF GROUNDWATER LEVEL
FLUCTUATIONS USING ARTIFICIAL NEURAL
NETWORKS METHOD

The cessation of regular monitoring of groundwater levels in
Ukraine prompts the search for methods for reproducing and
predicting the level, which will allow estimating groundwater
flow rates, creating models of groundwater resource forma-
tion and moisture balance in watersheds. Artificial neural net-
works (ANN) of various architectures are considered as a data

Sliwinska, J., Birylo, M., Rzepecka, Z., & Nastula, J. (2019). Analysis
of groundwater and total water storage changes in Poland
using GRACE observations, in-situ data, and various assimi-
lation and climate models. Remote Sensing, 11(24), 2949.
https://doi.org/10.3390/rs11242949

Solovey, T, Sliwiska-Bronowicz, J., Janica, R, Brzezinska, A. (2025).
Assessment of the effectiveness of GRACE observations in
monitoring groundwater storage in Poland. Water Resources
Research, 61(8), https://doi.org/10.1029/2024WR038888

Solovey, T, Sliwinska-Bronowicz, J., Janica, R, Brzezifiska, A, Strad-
czuk, A. (2025a). Fusing GRACE data into terrestrial water
budgets to improve their predictive performance: a case
study of the Bug River Transboundary Catchment, Polish-
Ukrainian-Belarusian Borderland. Geological Quarterly, 69(16),
https://doi.org/10.7306/9q.1789

Wagena, M.B., Goering, D., Collick, A.S., Bock, E., Fuka, D.R,, Buda, A.,
Easton, Z.M. (2020). Comparison of short-term streamflow
forecasting using stochastic time series, neural networks,
process-based and Bayesian models. Environ. Model. Softw.
126, 104669, https://doi.org/10.1016/j.envsoft.2020.104669

Yadav, N., Yadav, A., and Kumar, M. (2015). “An introduction to
Neural Network methods for Differential equations. Springer
briefs in applied science and technology. 17-42.

recovery tool for further modeling of water resources. In order
to determine the optimal ANN architecture that can simulate
the groundwater level (GWL) trend and provide forecasts, the
effectiveness of different neural networks (RBF and MLP) in
predicting the monthly average GWL was investigated. To select
the optimal ANN configuration and assess the effectiveness of
each network and its ability to make accurate predictions, the
following methods and criteria were used: multiple correla-
tion analysis, spectral analysis of Fourier transforms, wavelet
analysis, and component separation by the duration of oscil-
lation cycles. The forecast was made for the average monthly
groundwater level from one of the few wells in the Western
Bug River basin, for which observations were stopped back in
June 2011. The most realistic results using ANN were obtained
after isolating short-, medium-, and long-term components in
the GWL fluctuations and performing forecasts for the last two
components, which is a pioneering step for hydrogeological
observations in Ukraine. If for the full (undivided) series of input
datal it is possible to obtain a forecast/recovery of data with low
accuracy up to 4-5 years, then for the medium and long-term
components — a more accurate forecast with a sufficiently
probable trend up to 11-12 years. Wavelet analysis was used to
determine the type of aquifer.

Keywords: data recovery, groundwater level, artificial neural
networks, time series of values, time components of level fluc-
tuations, wavelet analysis, forecasting, cycle.
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[MosHomacwmabHe pociliceke 8mop2aHeHHA npu3eeso 00 YUCAEHHUX 3MiH CMAaHy
ammocgepHo20 nosimpsa. HaseHicme ouyiHOK ycepedHeHUX 3MiH 8micmy 3a6pyOH0-
H0YUX pevyoBUH 4acmo He 00380J1A€ iDeHMUiKysamu xapakmepHi Hac1ioKU 80EHHUX
0ill yepe3 HaKAAOAHHA NPOMUJIEXHUX 3a 8NUBOM hakmopie. Y 0arili cmammi Ha
OCHOB8i CynymHuKosux cnocmepexeHs Sentinel-5 Precursor 3a 2019-2024 pp. npo-
8€0eHO aHazi3 CMamucmu4yHoi cCmpykmypu ma eapiamueHocmi 3az2asbHo20 8micmy
Oiokcudy asomy (NO,), MoHookcudy syzneuto (CO), diokcudy cipku (SO,) ma popmarne-
Oe2idy (HCHO) 8 ammocgepHomy nosimpi ypbaHizosaHux patioHis. 3a mpu poku
8ilIHU 8cmaHo8s/1eHo nepesaxHe 3meHweHHA emicmy NO, ma CO, 3pocmaHHA SO,,
ma pi3Hi 3miHu HCHO, wo 8idobpaxarome Ak Hacniook pytHy8aHHA NPOMUC/I080CM,
mak i nosigy 000amkoeoi emicii yepes nepexio Ha MeHW eKoJ102i4Hi munu nasauea ma
pobomy ousenb-2eHepamopis. Ha ¢poHi 3miHU cepedHix NOKA3HUKi8, cmamucmuyHa
cmpykmypa po3no0iny 3HaqeHs 3anuwunaca 6es cymmesux 3miH 0na NO, ma CO,
npome i3 He3HAYHUM 3POCMAHHAM NOBMOPIBAHOCMI 000amHux gioxuneHs CO
8 iHmepsasni 0o +10. Bmicm SO, 3a3Has 3mMeHWeHHS N08MOpPO8AHOCMI 000aMHUX
i 8i0’€eMHUX 8iOXUJIeHb, WO YiMKO 8KA3YE HA 3MeHWeHHA 8apiamusHocmi 8 ammo-
cpepi. HCHO cmae meHw eapiamugHUM y 0iand3oHi 3Ha4YHUX 8i0xusieHb 8i0 cepeod-
Hb020 3 Oi/IbWOK NOBMOPIOBAHICMIO HE3HAYHUX 8adpiauyili 6/1u3bKUX 00 cepeoHix
3Ha4eHb. OmpumMaxi pe3ynemamu 00NO8HIOIMb NPOCMEXYBAHI 3MiHU 3a2a/1bHO20
8Micmy 3a6pyOHIOYUX PeYOBUH Y MICMAx 3a 4aC NOBHOMACWMABHO20 pOCilicbKo20
8MOpP2HEHHS, W0 € 8aXIUBUM 014 ikcayii Hacniokie 80eHHUX 0ili 8 yMo8ax HAKNa-
O0aHHA pi3HUX 3d 8NJIUBOM (hakmopis.

KniouoBi cnoBa: 3a6pyoHeHHA ammocgepu, 0ioKcud azomy, MOHOOKCUO 8y2/1eyto,
diokcud cipku, hopmansoezio, cmamucmuyHul po3nodisn

BCTYN

lNoBHOMacCLITabHe poCilcbke BTOPrHEHHSA Ha Te-
puTOpito YKpaiHu CTano HarbinbL pynHiBHOO BillHOO
Ha TepuTOpil €Bponu 3 yacis [pyroi cBiTOBOI 3 ornagy
Ha HaABHI PyMHYBaHHA, €KOHOMIYHi Ta couianbHi Ha-
cnipkn (Liadze et al., 2023; Scher and van den Hoek,
2025). [oBKinna Takox onMHMUNOCA Nif Katactpodiu-
HMM BMIMBOM BOEHHUX JilA, | B>XXe 3apa3 BUABMEHI Ta
npoaHani3oBaHi HaCNiAKM ANA YCiX NOro KOMMNOHEHTIB,
BKJTIOYAOUM BHYTPIWHI Ta MOPCbKi Boau (Jiang et al.
2025; Shumilova et al. 2023), rpyHTu (Filho et al., 2024),
atmochepHe nosiTpa (Malytska et al., 2024; Savenets
et al., 2023) Ta 6iopizHomaHiTTA (Gallo-Cajiao et al.,
2023).

AtmocdepHe NoBiTpA Yepes CBOIO AMHaMIUHY Npu-
pOay € OfHIEID i3 HaMBaXXUMX AN1A aHani3y KOMMNOHEHT

€eKOCNCTEM 3 MeTOI0 BUABMEHHA HACNiKiB BOEHHMX
ain. CknagHictb ¢ikcauii Hacnigkie nos’a3aHa 3 ABO-
Ma npuynHamu. lNepwa — He[oOCTaTHE MOKPUTTA Ha-
3€MHOr0 MOHITOPWHIY Yepe3 3araioM HefoCTaTHbO
WiNnbHY MepeXy CnocTepeXeHb 3a 3abpyaHEHHAM aT-
MOoChepHOro NoBITPA Ta PyHYBaHHA iHGPACTPYKTYpKr
y 6e3nocepeHi 6nm13bKOCTi 10 NiHiT poHTy. Jpyra —
HaABHICTb NMLIe MONAPHO-0POITaNIbHUX CYNYTHUKIB,
AKi HapatoTb iIHPpopMaLio NPo XimMiyHi cKnagoBi aTMo-
chepHoOro MoBITPA oAWH pa3 Ha Aoby. [lo BiAHOCHO
€ni304MYHNX CYyNYyTHUKOBUX CNOCTepPeXKeHb AOAAETbCA
e 1 BNINB XMapHOCTI, KON OTPUMaHHA NMOKa3HU-
KiB cTa€ B3arani Hemoxnmeum. Lli gBa dakTopu npu-
3BOAATb A0 TOro, WO NepeBa)Ha KiNbKiCTb HaCNigKiB
BOEHHUX AiN AnA aTMoCchepHOro NoBiTPA He MoXe
6yT1 3adikcoBaHoOI0.
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Hainepwi 3miHK, AKi B4anoca BUABUTW Yy NOYATKOBI
MicALi NOBHOMACILUTAabHOro BTOPrHEHHS, 3[iCHeHI BU-
KIOYHO Ha AaHMX CYyNyTHUKOBUX cnocTepexeHb (Ra-
domska et al., 2023; Zalakeviciute et al. 2022; Zhang
et al. 2023), i NnepeBakHO aHani3 CTOCYBaBCA JiOKCU-
ay asoty (NO,) AK Hanbinblw HaginHoro iHAMKaTopa.
Yepes geAakui yac 3'AaBUANCA nepui y3arajbHeHHA
Hacnigkie, Wo oxonBanu nepioan Ao 1-2 pokis
NMOBHOMACLUTabHOro BTOPrHEHHSA, 30KpeMa y npausx
Davybida (2023), lalongo et al., (2023), Jiadan et al,,
(2023); Malytska et al., (2024); Phan and Fukui, (2024)
Savenets et al., (2023). Togi » cTano 3po3yminum, Lo
HaMrofoBHILIVIM HacNiAKOM NOBHOMACLUTabHOrO BTOPI-
HeHHA AnA aTMOoCchepHOro NOBITPA CTaso 3POCTaHHA
NOBTOPIOBAHOCTI BUCOKUX KOHLEHTpaLin ogpasy nicna
pPakeTHMX yAapiB Ha GOHi 3arajibHOro 3MeHLeHHA BU-
KMAiB, 3yMOBIEHNX PYMHYBaHHAM MPOMNCIOBUX Nif-
NPUEMCTB Ta 3MEHLUEHHA KiNbKOCTi aBTOTPaHCNOPTY
y MiCTax i3 HabnvKeHHAM [0 NiHii dpoHTy. Po3wmpms-
cA i po3rnag 3abpyaHIoIUNX PEYOBUMH, 30KPEMa OXO-
nneHHAm moHookcugy syrneuto (CO), aepo3sonis, He-
NPAMO BifHOBMEHUX AAHWX TBEPAUX YACTOK N nNpu-
3eMHoro o3oHy (Jiadan et al. 2023; Malytska et al.,
2024; Meng et al.,, 2023; Savenets et al., 2023), a TakoX
napHUKoOBKX rasis (Bun et al., 2024).

He3Baalouu Ha HaABHI OLUiHKN CepefHix 3MiH,
BM/IMB BOEHHUX [l HE 3aBXAUN MOXHa ineHTndiKyBa-
TV AviWe 33 UMMKU NOoKasHMKaMu. AK npuknag, 4acto
CNOCTepIiraeTbCA HaknagaHHA NPOTUIEXKHMWX 3a BMK-
BOM UMHHUKIB. Hanpuknag, MoxKyTb 3pOCTaTh MOXKeXi
B eKoCucTemMax BHacnigok obcTpinie (ocobnmso no-
651113y NiHiT GPOHTY), WO 3yMOBIOTb 36iNblUEHHA
BUKUAIB 3a6pyAHIOIOUMX peyoBUH. MNpu LboMy, Hac-
NigKOM PYMHYBaHHA NMPOMUCIOBUX MifNPUEMCTB €
3MEeHLUEHHA BUKMAIB. Ha Ui pi3HOCTOPOHHI edeKTn
HaKlagaloTbCA 3POCTaHHA BUKMAIB Bif BUKOPUCTaHHA
Oun3enb-reHepaTopiB Ta nepexig Ha MeHL eKOsOriYHi
BMAN NanuBa, NpoTe 3MeHLWeHHA BUKWAIB Big aBTo-
TpaHcnopTy. MNpn ubomy Le Bce MoXe BigbdyBaTUCA
Yy MeXax OJHOro MiCTa Ym NMPOMUCIIOBOrO KacTepy.
AK HacnNiQoK, YacTo oLiHKa cepefHix 3MiH 6e3 aHanisy
3arafibHOI CTaTUCTUYHOI BapiaTUBHOCTI He J03BONIAE
UiTKO OCATHYTW HACTifKMN BOEHHWX Al A4na 3abpyaHeH-
HA aTMocdepHOro NoBiTpA.

3 ypaxyBaHHAM He[OCTaTHbOI yBarn fo BapiaTme-
HOCTi 3abpyaHIoIUNX PEYOBMH, METOI0 AaHOi po-
60T € BCTAHOB/IEHHS 3aKOHOMIPHOCTEN 3MiHUM CTa-
TUCTUYHOI CTPYKTYPU Ta BapiaTUBHOCTI 3arasbHOro
BMIiCTY 3a06pyAHIOIOUMX PEeUYOBUH B aTMochepi Haa
MiCTaMu Ta BenMKuMun TennoenektpocTaHuiamu (TEC).
Lle no3Bonntb BUABUTU Ti iHTEPBann y 3araibHOMY
po3nogini 3a6pyaHeHHs, AKi 3a3Hal0Tb HANCYTTEBILLINX
3MiH Ta 3MOXKYTb AOMOBHUTX aHani3 3MiH cepefHix
3HayeHb.

MATEPIANU
TA METOAU AOCNIAXEHD

HocnigxeHHA NpoBOAUANCE Ha OCHOBI AaHUX Cy-
NYyTHUKOBUX criocTepexkeHb npunagom TROPOspheric
Monitoring Instrument (TROPOMI) cynyTHuKa Sen-
tinel-5 Precursor (Sentinel-5P) 3aBaHTaxeHi i3 Coper-
nicus Data Space Ecosystem (https://dataspace.
copernicus.eu/explore-data/data-collections/sentinel-
data/sentinel-5p, faTa 3BepHeHHA: 23.09.2025). Oxon-
neHo asa nepiogn: 1 ciuHAa 2019 poky — 31 rpygHsa
2021 poky (ak 6a3oBui1 nepiog 40 NOBHOMACLITabHOro
BTOPrHeHHA) Ta 24 notoro 2022 poky — 31 rpyaHa
2024 poky (K nepiog nicna noBHomacwTabHOro BTop-
rHeHHs). AHani3 3aincHeHo ana giokcuay asoty (NO,),
moHookcuay Byrneuto (CO), giokenay cipku (SO,) Ta
dopmanbpgerigy (HCHO).

[na npoBedeHHA aHani3y NOYaTKOBi CyNyTHUKOBI
JaHi gpyroro piBHA apxiBauii (aHrn.: Level-2) 3aBan-
Ta)KeHi AK NPoAyKTN pexumy odnaiH (aHrn.: offline
(OFFL)) y opuriHanbHin NpoCTOPOBI po3aifbHin 3gaT-
HocTi 3,5%5,5 KM Oyno nepepaxoBaHo y perynapHy
CiTKy KoopauHat 3 Kkpokom 0,1°x0,1°. Lle po3sonwuno
CTBOPUTW YaCoBi pAAY | NOPIBHIOBATU AaHi Haf OfHa-
KOBUMUK KOMipkamu. DinbTpyBaHHA BUXIQHMX AAHUX
3[iNCHEeHO i3 iHAeKCOM AKOCTI AaHux (aHrn.: quality
assurance value) Ha piBHi 0.75.

Y mexax gocnifeHHa npoaHasnizoBaHo AaHi AnA
32 MmicT, cepep AKUX — ycCi ob6nacHi ueHTpu YKpaiHu,
BKJ/IIOYHO 3 TMMYaCOBO OKYMOBaHMMW TepuTopiamu,
7 iHWMX NPOMUCIOBMX MICT, @ TaKOXK 8 MOTY>KHUX
TennoBux enektpocTtaHuin (TEC), po3TawoBaHux Ha
TepuTopii YKpaiHy no3a BeMKUMMN MiCTamun (815 MOX-
nuBocTi ineHTUdiIKyBaT TEC AK €AnHE NOTYXHe IXe-
peno BMKKAiB). [Ina noganbworo aHanisy BCi micta
6ynun knacudikoaHi Ha rpynu. Knacudikauia o6’exTis
pocnigxkeHHa (mict Ta TEC) 3aiicHeHa Ha OCHOBI NMpo-
CTOPOBOI 6NM3bKOCTI 4O 30HM 6ONOBKX AilA, IHTEHCUB-
HOCTi 06CTPINIB, a TAKOXK aAMIHICTPATUBHUX Ta eHep-
reTUYHNX XapaKTepPUCTUK. YCbOro BUOKPEMIIEHO LWiCTb
rpyn:

lpyna 1T — micTa, Wo BNPOAOBXK NOBHOMACLUTAOHOI
BilHW 3a3HanM HaMeHLWworo 6e3nocepeaHbOro BU-
BY 3 60Ky 6oroBux gin. [lo ui€i kaTeropii BigHeceHO
HaceneHi NyHKTK, AKi He nepebyBanu nig okynawieto
Ta He 3a3HaBaNu CUCTEMATUYHUX 06CTpINiB (BiHHK-
usa, Kutommp, IBaHo-QpaHKiBCbK, JlyubK, J1bBiB, PiBHe,
TepHoninb, YepHiBui, XMenbHULbKUIA, Y>Kropog).

lpyna 2 — micTa, B AKNX 3adikcoBaHO eni3oanyHi
BUMAZKM 06CTpiNiB, ane 3arasibHa iIHTEHCMBHICTb BOEH-
HOro BM/IMBY € HUXKYOI NOPIBHAHO 3 rpynoto 3. Ciogun
HanexaTb: KponuesHmubKui, MonTtaea, lopiwHi MnasHi,
Yepkacu, YepHiris.

lpyna 3 — MmicTa, WO perynapHo 3a3HatoTb 06CTpi-
niB i3 60Ky pOCIiNCbKMX BiICbK, Monpwu Te, Wo 6e3noce-
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penHbo He NpunAraTb Ao NiHil dpoHTy. [lo uiei rpynu
BKNtoueHo: [JHinpo, Kuis, Kpusun Pir, Kam'aHcbke.

lpyna 4 — HaceneHi NyHKTW, po3TaLloBaHi B 6e3mno-
cepefHin 6nmnM3bKOCTi 4O 30HU aKTUBHMX GBONOBKX Ail,
O 3YMOBIJIIOE BUCOKMI PiBEHb 3arpo3 Aasa MUPHOro
HaceneHHs Ta iHppacTpyKTypu. [lo Uiel rpynn BigHe-
ceHo: 3anopixxa, Mukonais, Ogeca, Cymn, Xapkis,
XepcoH, CnoB’AHCbK, KpamaTopcbkK.

[pyna 5 — TMMyYacoBO OKymnoBaHi MicTa YKpaiHu,
O NPOTArOM 3HAUYHOrO Yacy nepebyBaloTb Nif KOHT-
ponem 36ponHuX cun pocincokoi depepadii. o uiei
KaTeropil HanexaTtb: [JoHeubk, JlyraHcbk, EHeprogap,
Mapiynonb, Cimpepononb.

lpyna 6 — TennoBi enekTpocTaHuil YKpaiHu, AKi
CTaHOBNATb KPUTUYHY €HEPreTUUHY iHOPaCTPYKTypy
Ta € BOXMBUMU O0’'€KTaMM 151 aHani3y B KOHTEKCTi
BM/IMBY BOEHHUX il Ha aTMochepHe 3abpyaHeHHA
nositpA. [lo uiei rpynu BxogAatb: 3miiscbka TEC, Byrne-
ripcbka TEC, BypwtnHcbka TEC, JobpoTsipcbka TEC,
NagwxuHcbka TEC, CtapobewiBcbka TEC, TpuninbcbKa
TEC, KypaxiBcbka TEC.

PE3YJIbTATU TA OBrOBOPEHHA

1. 3miHM 3aranbHOro BMicTy
3a6pyAHIoUYNX PeYOBUH Hag MicTamu

AHanis smicty NO, y nepiog, wWo nepegysas no-
BHOMacCLWTabHOMY BTOPrHEHHI0, AaB 3mory chopmy-
BaTW YABJIEHHA NPO TUMOBMUIA 6a30BMIA CTaH AKOCTI
aTMocdepHOro NoBiTpA Ha Teputopii YkpaiHu. CepepHi
3HauveHHA BmicTy NO, y gocnig»KyBaHun nepiog Konu-
Ba/NCA B Mexax Bif 2,9-3,2x 107> monb/m?2 (anda Takumx
micT, sk Cimbepononb, XepcoH, Mukonais) go 6,4—
6,8x10-> monb/m? (KpamaTopcbK, [JoHeubk, Kuis, Byr-
neripcbka TEC, Crapobewiscbka TEC, KypaxiBcbka
TEC). HamBuwwi KOHUeHTpaLii cnocTepirannca y Benu-
KMX MiCTax Ta y paioHax pPO3MiLLeHHA MNOTYXHUX Te-
NAOBUX €/IEKTPOCTAHLiN, WO CBiAYMTb NPO iX 3HAYHUI
BHECOK Y 3arajibHe aHTPOMOreHHe HaBaHTaXXeHHA Ha
atmocdepHe nosiTps.

CepegHin Bmict CO BapitoBaBCA B Aiana3oHi Big
0,327 monb/m? (Cimdepononb) fo 0,362 monb/m? (Ma-
piynonb). Y 6inbliocTi gocniax)yBaHUX MiCT KOHLEHT-
pauii CO nepebysanu B Mexax 0,332-0,345 Monb/Mm?,
LL|O BKa3y€E Ha BiAHOCHO OQHOPIAHUI po3nodin yepes
JoBwun yac icHyBaHHAa CO B aTMocpepHOMY MOBIT-
pi. 3aranbHni BmicT SO, 3MiHIOBaBCA B LWNPOKOMY
JianasoHi — Big 7,7x10~> monb/m2 (Opeca) po 4,7-
4,8x107% Monb/M? y palioHax po3TallyBaHHA Hali-
6inbluMX TENNOBMX eneKkTpoCTaHUil: Byrneripcbkoi
TEC, Crapo6ewiscbkoi TEC Ta Kypaxiscbkoi TEC, wo
UiTKO BigoOparkae BHECOK BeNIMKNX eHeproreHepyto-
ynx NiANPUEMCTB Y 3arajibHUIN piBeHb 3abpPyAHEHHA
atmocdepHoro nogiTpa. CepegHin Bmict HCHO konu-
BaBCA B Mexax Big 6,3x10~> monib/m?2 (TepHoninb) Ao

9,1-9,4x10~ monb/m? (micTa Cimpepononb, XepcoH,
EHeprogap).

Micna noBHomacwTabHOro BTOPrHeHHA, 3arab-
HUI NPOCTOPOBUI PO3MOAIN BMICTY 3a0pyLHIOI0UMX
peyoBMH dewo 3MiHUBCA. Tenep cepep [OCNiAXKYyBa-
HUX MicT, cepegHin BmicT NO, KonmBaBca y mexkax Bif
2,8-2,9%107°> monb/m? (XepcoH, Mukonais) go 5,9-
6,0x107°> monb/m2 (M. [loHeubK, M. KniB, palioH po3-
TawyBaHHA Crapobewwiscbkoi TEC). Bmict CO y noBiTpi
craHoBwB Big 0,318 monb/m? (Cimpeponosnb) Ao 0,339-
0,340 monb/m? (3anopixxsa, EHeproaap, [Hinpo). 3a-
ranbHuii BMicT SO, BapitoBaBCA y Mexax Bif 5,8x1074
mosnb/m? (Cimpeponons) go 3,8-3,9x107% monb/m?
(IBaHO-OpaHKiBCbK, bypwTtmHcbka TEC), Toai Ak ana
HCHO ctaHoBMB Big 6,8-6,9x107> monb/m? (JlyubK,
TepHoninb) go 9,6x10~> monb/m2 (Opeca).

AnAa po3ymiHHA NPOCTOPOBUX 3MiH CepefHbOro
BMICTY 3a6pyAHIOI0UMX PEYOBMH B aTMOCHEPHOMY MO-
BiTpi, Oyno npoaHanizoBaHO BiAHOCHI 3MiHN NOKa3HU-
KiB 33 YaC NOBHOMACLITAabHOro BTOPrHeHHs y 2022—
2024 pp. BigHOCHO nepiogy 2019-2021 (puc. 1). 3ara-
NIOM, 3MiHa cepefHiX 3HaueHb 3abpyAHIOIYMX pevo-
BVH B ypbaHi30BaHUX palioHax 3a Yac MOBHOMACLLUTA6-
HOro BTOPrHEHHA NoKasasia nepeBakHe 3MeHLUeHHA
BmicTy NO, Ta CO, nepeBaxHe 3poctaHHA SO,, Ta Bif-
CYTHiCTb ofHOHanpasneHux 3miH HCHO.

B ymoBax po60Tu 3 JaHMK CYMYTHUKOBOIO 30HAY-
BaHHA, NO, € HANTOUHILLNM NOKA3HUKOM, LLIO BUKOPUC-
TOBYETbCA Y MPAKTULi AK OCHOBHUI iIHAUKATOP 3MiHN
CTaHy AKOCTI aTMOCPepHOro noeiTps. Bxxe TMnosum
i HaronoweHnMm y nonepenHix JOCNiAKeHHAX Hacnig-
KOM MOBHOMACLITabHOro BTOPrHEHHA CTano 3MEH-
weHHA BMicTy NO, fo0 25% 3 Hambinbl iHTEHCUBHU-
MU 3MiHamK y Knegi, XapKoBi, MicTax no6nu3sy niHii
bpoHTY Ta Halbinbw BigAaneHOMy Bifi BOEHHUX Al
Yxkropogi (puc. 1a). 3meHweHHs NO, Bigobparkae uiT-
KW HacnifoK pyMHYBaHHA MPOMUCIOBUX Mignpu-
€EMCTB, @ Y NPUPPOHTOBUX MICT — LU N 3MEHLLEHHA
BMKMAIB Bify aBTOTPaHCNopTy. Ha Lbomy GpOHi BUHMKa-
I0Tb MUTAHHA WOJO iHTEHCMBHOIO 3meHweHHA NO, B
Yxkropogi, ae MMoBipHille 3a BCce Ma€ MicLie GpakTop He
NoB’A3aHNI i3 BOEHHUMW Jiamun. He3HauHe 3pocTaH-
HA NO, cnocTtepiranoca y okynosaHux JlyraHCbky Ta
Cimdpepononi, y Yepkacax, Kutommpi, XmenbHULbKO-
My, JlyubKy, Ta, HaniHTeHcMBHiwe y Cymax. 3poCTaHHA
BMmicTy NO, y Cymax NMOBIpHO NOB’'A3aHe 3i 3pocTaH-
HAM HagXOOXKeHHA a30TUCTUX CMOAYK CIPUUYMNHEHUX
NoCTiHMMM 06CTpiNnamm BignNoBigHOT MPOMUCIIOBOCTI,
npoTe Hapasi 6e3 HaABHMX JaHUX Mo 0b6CTpinam Ta
aKTyaJlbHUM BUKUAAM, TOYHI MPUYNHN BCTAHOBUTU
HEMOKNBO.

Bigomoto 3miHoto 3aranbHoro Bmicty CO, He noB'a-
3aHOI0 i3 BOEHHUMM AiAIMU, € perioHasibHe 3MeHLIEeHHA
BMICTY Ha 2-5%, L0 BijoOPa’Ka€TbCA | HA OCHOBI AAHNX
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Puc. 1. BigcoTtkoBa 3miHa 3aranbHoro Bmicty NO, (a), CO (6), SO, (8) Ta HCHO (2) B aTMochepHOMY NOBITPi Hag AOCNiAXKYBaHMI MiCTa-
MM 3a 2022-2024 pp. BigHOCHO 2019-2021 pp. Konip Bigobparkae TeHAEHLO 3MiH 4O 3pOCTaHHA (YEPBOHUI) UM 3MEHLUEHHSA

(6nakuTHKIA) BMICTY 3a6pyHIOIUYMX PEYOBVH

ana ypbaHizoBaHux parioHis (puc. 16). Cepep ycix mict
UiTKNIA BOEHHO-06YMOBJIEHNIA HACNIAOK NPOCNiAKOBY-
€TbcA nuwe ana Mapiynons (=8%), e 6yno 3HuLEeHO
OfHe i3 HANMOTYXHiLKMX NignpnemMcTs — “A3oBcTanb”.
Lia 3miHa CO 4iTKO BUPI3HAETbCA Ha 3arasibHOMY GOHi,
0CO6IMBO BPAXOBYOUM BIAHOCHO AOBMUI Yac iCcHY-
BaHHA AOMIWKN B aTMochepi Ta NOro ofHOpPIAHUIA
po3nogin.

3aranbHum Bmict SO, 3a JaHMMM CYNYyTHUKOBUX
CNnocCTepekeHb € AOCUTb CKTAagHUM ANA aHanily ye-
pe3 HN3bKy TOYHICTb BIQHOBNEHHA AaHNUX 30HAYBaH-
HA WOAO LbOro nokasHmka. Hessaxkaroum Ha 3HaYHi
noxubkm, cepepHa 3miHa BMicTy SO, 3a yac NOBHO-
MacCLUTabHOro BTOPrHEHHA € JOCUTb OLHOPIAHOK Ta
BKa3y€ Ha 3HayHe 3POCTaHHA HAaAXOAXXEeHHA BUKUAIB
B ypb6aHizoBaHux palioHiB (puc. 18). MNMpwn ubomy SO,
HagXoA4WTb y pe3ynbTaTi BUKOPUCTaHHA 6inbl 6pya-
HOro nanuBa Ha MiANPUEMCTBI Ta BHACNiAOK po6oTn
an3senb-reHepaTopiB. Y TOM e Yac po3paxoBaHi 3MiHY,
HanbinbLwi 3 AKX nepesuytots 100%, Manonmosip-
HO WO Bigo6GpaalTb peasbHi KiNbKiCHI 3MiHK, a €
HacNigKoM HaKomnuyeHHA noxmbok. Tomy, SO, BapTO

aHanisyBaTtu Auwe 3a 4ONOMOro0 AKICHOro aHanisy,
TOOTO BM3HAUYEHHSA 3arafibHUX TEHAEHLin A0 3pOCTaH-
HA UM 3MEHLUEHHA KOHLeHTpauin. Bapto Big3Hauntun
perioHanbHe 3MeHLwWweHHA BmicTy SO, Ha nepeBax-
Hin yacTuHi JJoHeubKoT obnacTi B mexax Big —33%
0 —55%. TakoX 3a¢ikcoBaHe 3MEHLIEHHA BMICTY B
EHepropapi, XepcoHi, Xapkosi Ta Cimpepononi. A Ha
3axopi TepuTopii YKpainm — y JlyubKy Ta Hag Jobpo-
TBipcbKoto TEC.

HCHO xapakTepusyeTbca HalbinbLl NpocTopoBo
Pi3HOMaHITHUMM 3MiHaMKN cepef AOCTiAXYyBaHNX 3a-
6pyaHIOUMX PevyoBUH (puc. 12). Monpu BUparkeHy
NoKanbHY CTPYKTYPY 3MiH, MPOCNiAKOBYETbCA TpU
perioHanbHi ocobnueBocTi. Mepla — ue 3poCcTaHHA
Bmicty HCHO Hap TepuTtopieto JoHb6acy Ha 4-10%.
Ipyra — ue 3pocTaHHA y [NepegkapnaTcbKoMy perio-
Hi, Wo cKknapae€ Big 2% 0o 7%, i HaNbiNbLL IHTEHCUB-
HUM 3pOCTaHHAM Hag [obpoTeipcbkoto TEC Ha 22%.
Y TOW e yac, NiBHIYHa Ta LeHTpanbHa YacTuHa lNpa-
BOOepeXHOi YKpaiHW XapaKTepusyeTbCA 3MeHLLEeH-
HAM HCHO makcumanbHo 8o -13% Hag TpuninbCbKoto
TEC.
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2. 3MiHM CTaTUCTVIYHOrO po3noginy
3arasibHOro BMicTy 3a6pyAaHI0OI0UNX PpeYOBUH
Anani3 3aranbHoro Bmicty NO, nokasas nepesa-

MKarouy TeHOEeHUil0 [0 3HWKEHHA cepefiHiX 3HayYeHb B
yCiX QOCNiAXKyBaHNX rpyrnax MiCT, 30Kpema Ansa rpynm
1 3MeHwWweHHA cknagae fo 24%, rpynu 2 — o 8%,
rpynu 3 — no 13%, rpynu 4 — go 20%, rpynu 5 — go
27%, Ta rpynu 6 — go 21% (puc. 1). He3saxkatoum Ha
3HMXKeHHA cepedHboro Bmicty NO,, 3aKOHOMIpPHOCTI
CTaTUCTUYHOIO PO3Modiny NepeBakHO 3anuWnANCA
6e3 3MiH (guB. puc. ,). Lle BKasye Ha Te, Wwo B yMOBax
3aranbHoro 3meHLweHHaA BMmicTy NO,, 6e3 3MiH 3anuwum-
NncA 3aKoHOMIpHOCTI dopMyBaHHsA ix Bapiauin. To6To,
NoBHOMAaCLUTabHe POCilicbKe BTOPrHEHHS NPU3Beno A0
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BM/IMB), NPOTE MEXaHi3M HaAXOOXKEHHA, LUKMIYHICTb
BVKMZIB Ta POSib METEOPOSIONIYHNX YMOB Y BiNlbLIOCTI
MicT 3anuwmnuca ctanumm gna NO,.

Ana geAknx MIiCT iCHYIOTb BUHATKN Y 3aKOHOMIp-
HocTi dopmyBaHHA posnoginy NO, B atmocdepi,
30Kpema ana Mmict Yxropopg, XepcoH, Mapiynonb Ta
EHeprogap (puc. 3). | xoua Ui micTa € BUHATKamMU, Npo-
Te 3aKOHOMIpPHICTb i3 NOYaTKOM MOBHOMACLUTABHOO
BTOPrHEHHA NPOCNiAKOBYETbCA NofibHa — Le 3poc-
TaHHA BapiatuBHoCTi BMicTY NO,, Wo BijobpaxKaeTbcA
y 6inbLWil “NNOCKOBEPLUMHHOCTI” CTaTUCTUYHOIO PO3-
NoAiNny Ta 3poCTaHHi NOBTOPIOBAHOCTI 3HayYeHb, WO
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Puc. 2. HanTtvnosiwmmn xapaktep CTaTUCTUYHOrO po3noainy 3aranbHoro BMmicty NO,, BlacTMBUIA Af1A KOXKHOI i3 LWeCTn NpoaHani3oBaHmX

rpyn mict/TEC
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Puc. 3. Hetnnosi 3miHKM cTaTcTUYHOrO po3noginy 3aranbHoro Bmicty NO, y micTax

nexaTtb B MeXax BigxuneHb Bif cepeaHboro Big -0.50
no-1o.

Cepep BKa3aHMX MICT — Halbinbll HETUMOBUM €
3miHa y dopmyBaHHi NO, B Yxropogi, agxe cepep
yCiX 4OCNiAXKYBaHNX MICT BiH pO3TalLOBY€ETbCA Handani
BiZl NiHii GPOHTY i 3a3HaB UM He HaIMEHLLIOro BMUBY
BOEHHUX Ain. OCO6MMBO Lie KOHTPACTYE i3 iHLWMK BU-
HATKaMn — XepcoHom, Mapiynonem Ta EHepropa-
pom. B ycix Tpbox micTax Bigbynocs 3HauHe 3MeHLUeH-
HA MPOMWCIOBOro BMPOOGHULTBA (Y OKpeMUX BUNag-
KaX — MOBHEe pPYMHyBaHHA MOTYXHOCTeN, AK “A30B-
ctanb”y Mapiynoni). Lle cnpuumnHmnno 3cys dopmum pos-
nopiny y 6ik Big'€éMHUX BigxuneHb HaBiTb 3a YMOBU
BMKOPUCTaHHA 3HAYHO MEHLLOro CepegHboro BMIiCTy
nepiogy 2022-2024 pp. MpoTe, ui Tpu micTa po3Ta-
LIOBaHi B 30Hi aKTUBHUX BOEHHMX BMJINBIB, 30Kpema
BMCOKOI YacToToto o6cTpinie. Ha popmi posnoginy
Len HacNigoK BinobparkaeTbCs “NNOCKOBEPLUNHHICTIO”
Ta PO3TArHEHHAM B3[0BX OCi abCLMC, TOOTO 3POCTaHHiI
BapiaTUBHOCTI TUX UM iHWWX BigXuneHb. Ha HaaBHMX
JaHUX MOACHUTU NPUYNHN 3MiH GopMKU po3nogdiny B
Y>Kropopi HeMOXNMBO 6e3 HaaBHOCTI iHdopmaLii no
3MiHi aKTMBHOCTI CTaliOHapHUX AXepen BUKKAIB Ta
3MiHax NOTOKY aBTOTPaHCMOPTY.

AHani3 3miH KoHueHTpauin CO y wecTn rpynax mict
3a nepiop 2022-2024 pokis nopisHAHO 3 2019-2022
pOKamMu1 NOKa3aB 3arafnbHy TeHAEHLiI0 [0 3HVKEHHA

piBHiB 3abpynHeHHA o 8% (puc. 1). Mpu ybomy Ba-
piaTMBHICTb 3HauYeHb AnA GinblWOCTi MICT ycix rpyn
3anMwmnnaca NpPakTUYHoO He3miHHoW. Ha ¢oHi 3meH-
LUEHHA cepefiHiX 3HaYeHb, 3@ YaC MOBHOMACLITabHOro
BTOPrHEHHA CMOCTEepPIiraeTbCA He3HayHe 3pOCTaHHA
NOBTOPIOBAHOCTI AOAATHUX BiAXUNEHb Y MeXax Bif
cepenHboro o 0,90 (puc. 4).

BUHATOK y BUABNEHUX 3MiHaX CMOCTEPIraeTbCA B
okpemux Mictax rpyn 1 (Hanbinbw BigaaneHi Big niHii
dpoHTY MicTa 3axigHoi YkpaiHu) Ta 6 (MicTa, 3 EAUHUM
nepesaxatounm pxepenom y surnagi TELL/TEC), pe 3a
NoOBHOMAaCLITAabHOro BTOPrHeHHA noyvano crnocrepira-
NOCA 3POCTaHHSA YaCTOTU 3HaYeHb, 6NM3bKUX A0 Bigmno-
BiHOro cepenHbOro (puc. 5). Npu Lbomy, NOBTOPIOBA-
HicTb BigxuneHb CO y “xBocTax” po3noginy ctana gewo
HPKYOIO, 3@ BUHSITKOM 3HAUHUX Bif'€MHUX BigXuneHb
Ta Tpuninbcbkoto TEC. Y 060x rpynax mMicT Lie CBiguuTb
npo 6inbL cTabinbHe popmysaHHA BMicTy CO. 3 ofgHiel
CTOPOHU, PYNHYBAHHA NPOMUCIOBUX NOTYXHOCTEN,
LLLO BUKOPUCTOBYIOTb TBEPAE MNaNIMBO Ta € OCHOBHUMM
axepenamu Bukngis CO, a TakoX HeperynapHicTb po-
60T1 Mana 6v NPM3BOANTM O 3BOPOTHOIO ePekTy —
3pOCTaHHA BapiaTUBHOCTI MOKA3HMKIB. 3 iHWOro GOKY,
HVXKYi KoHLeHTpauil CO MOXyTb NPU3BOANTUA O MEH-
LIOro BiAryKy Ha BM/IMB METEOPOSIONiYHMX YMOB, L0
pa3om i3 JoaaBaHHAM Ginbll PerynapHoOro BMKOPUC-
TaHHA HaceneHHAM MiYHOro omnaneHHA Ta Au3enb-
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Puc. 4. Hantunosiwmin xapakTep CTaTUCTUYHOIO PO3MoAiny 3aranbHoro smicty CO
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Puc. 5. HeTunosi 3miHM cTaTCTMYHOrO po3noginy 3aranbHoro BmicTy CO y mictax

reHepaTopiB NPU3BOAUTU O NOCUSIEHHA edeKTy CTa-
6inbHOCTi CO B aTMocdepi. MpoTe, Taki NpunyLeHHA
Hapasi BaXKKO apryMeHTyBaTu Ta JOBECTU 3 YpaxyBaH-
HAM HafABHMX AaHuWX. [Jo4aTKOBO BMHWKAE NMUTAHHA
3MiHWM PO3NOAINy came Hag MicTamu 3 NOTYKHUMM TEC/
TEL Ta y 3axigHuX parioHax YKpaiHu.

Cepep pocnifKyBaHuX 3a6pygHIOIOUNX PEUYOBUH
Hanbinbl OAHOPIAHI 3MiHM Y po3nodinax XxapakTepHi
ana SO, (puc. 6), He3Ba)aluM Ha pPi3Hi 3MiHK cepepn-
HbOrO BMICTY (puc. 1). BpaxoBytouu, WO BUCOKI PiBHi
SO, Hag Teputopieto YkpaiHu ¢opmytoTbca y mMicLax

aKTUBHOIO BUKOPUCTaHHA TBEPAOro nanvMea B Npo-
MMWCNOBOCTI, MOKa30BUMMU € 3MiHWN CepefHbOro BMIiCTy
Hap TEC. Tak, Ha 3MmiTBCbKil, BypLUTUHCBKIN, JTagnXun-
cbKin Ta Tpuninbcbkin TEC 3adikcoBaHO 3pOCTaHHA
piBHIB 3abpyaHeHHs Big 18% o 59%, Todi sk Ha Byr-
neripcbkin, JobpoTBipcbKin, CrapobeLiBcbkin Ta Ky-
paxiBcbKinn TEC — 3HM»KeHHA Bia 33% Ao 63%. Takmm
UMHOM, 3MeHLleHHA Hag TEC no6nusy niHii GpoHTy,
[e nepeBakHa KinbKictb TEC 6yna 3HULWEHA — YiTKO
nNpoABnAeTbCA 3HMWKeHHA SO,. Y Ton yac Ak TEC Ha
BiICTaHi Big NiHii pOHTY, HE3BaXKaloUM Ha 3HaYUHI pyi-
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HyBaHHSA, cepefHin BmicT SO, 3pic, WO BKa3ye Ha pi3ke
3MEeHLUEHHA BUKOPUCTaHHA rasy Ta nepexig Ha MeHL
€KOJTOriYHi TMNK Nanunsea. 3aranom, Ana yCix MicT Xapak-
Tep 3MiHW po3nodiny O4HAKOBUN — MOBTOPIOBAHICTb
AK OOAATHUX, TaK i Bif'EMHUX BigXUNeHb Bif cepefHix
3HaYeHb 3MEHLUWACA, WO BifOOPaXKa€E 3MEHLIEHHA
BapiaTMBHOCTI BMicTy SO, B atmocdepi.

3a yac NoBHOMaCWTabHOro POCifiCbKOro BTOPrHeH-
HA Ha TepuTopilo YKpaiHu, AnA ycCix [OCNiAXKYBaHUX
MICT XapaKTepHOK O3HAKOI0 CTasI0 3MEHLLEeHHA “XBOC-
TiB” po3noginy 3aranbHoro Bmicty HCHO Ta 3poctaHHsA
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NOBTOPIOBAHOCTI HE3HAUHMX Bapiauin 6An3bkux go
cepefHix 3HaueHb (puc. 7).

Y TOW e yac Anda MicT Ha Bigaani Big niHii GpoHTy
L 3MiHW € MeHLL BUpaxeHUMU (Hanpuknag, puc. 74, 6),
y NOPIBHAHHI i3 MicTamu, AKi abo yacTo nignagaioTb
nig o6¢Tpinum, abo po3TalloBaHi N06/M3Y NiHiT GPOHTY,
abo noTtpanunu nig okynadito (puc. 78, 2). Lle cBigumTb
npo Te, wo ¢opmysaHHA BMicTy HCHO 6yno 6inbLu
BapiaTMBHMM [0 MOBHOMACIITabHOro pociincbKoro
BTOPrHeHHs, TO6TO Bapiauii BMicTy dopmyBanuca 3a
6iNblUOT aKTUBHOCTI PiI3HOMAHITHUX [Kepen BUKUZIB.
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Puc. 6. Hantnnosiwmin xapaktep CTaTUCTUYHOrO PO3MOAiNy 3aranbHoro Bmicty SO,
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Puc. 7. Hantunosiwwi xapakTep CTaTMCTUYHOIO PO3MOoAiny 3aranbHoro smicty HCHO
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3 2022 poKy BapiaTUBHICTb 3MeHLuMNIaca, 0ocobnmao 3
HabNVKeHHAM 10 NiHiT GPOHTY, WO onocepeakoBaHO
MO>Ke CBifUMTX MPO PYNHYBaHHA YaCTUHW Nignpu-
€EMCTB, AKi Bukuganu HCHO.

BNCHOBKU

B yp6aHi3oBaHux paioHax 3MiHa cepefiHiX 3HaueHb
3araJibHOro BMIiCTy 3abpyAHIOI0UYMX PEYOBUH 3a nepiof
noBHOMacCLTabHOro BToprHeHHA (2022-2024 pp.) Bia-
HocHo 6a3oBoro nepiogy (2019-2021 pp.) nokasana
nepesBakHe 3MeHLwweHHA BmicTy NO, Ta CO, nepeBax-
He 3pocTaHHA SO,, Ta pi3Hi 3miHKM HCHO. 3meHLwweHHA
NO, pocArano 25% Ta HanyacTiwe cnocTepiranocs
y MiCTax 3i 3HaYHUMMK PYNHYBAHHAMU MPOMUCIOBOI
iHppacTpykTypu. 3meHwweHHA CO € perioHanbHUM i
He MOB’sA3aHMM i3 BOEHHUMU AiAMU, 338 BUHATKOM Ma-
piynons 3i 3pynHoBaHUM 3aBOAoM “A30BCTanb”. 3poc-
TaHHA SO, NMOBIpHiLle 3a BCe BKa3ye Ha MoABy A0-
[aTKOBUX [pKepen emicii, o Mmoxke OyTn NoB'A3aHUM
i3 MepexofoM Ha MeHLW eKONOriYHi TUNM nanvBea Ta
BMKOPWCTaHHA An3enb-reHepaTopis. Y TON Xe yac 3Ha-
YHe perioHanbHe 3MeHLeHHA [0 55% cnocTepiraeTbcA
Ha JJoH6aci. He3Baatoum Ha nokanbHicTb 3miH HCHO,
BUABNIEHO TPW pPerioHanbHi 0CO6IMBOCTI: 3pOCTaHHSA

BMICTYy Hag TepuTopieto [loHb6acy, 3poctaHHaA y Mepen-
KapnaTCbKOMY PerioHi, Ta 3MeHLUEeHHA Y NiBHIYHIN Ta
LleHTpanbHiln yactuHi NpaBobepexxsa.

HocnigeHHA CTaTUCTUYHOT CTPYKTYPM 3arasibHoO-
ro emicty NO, nokasanu BiCyTHICTb 3Ha4YHMX 3MiH 3a
BUHATKOM CepefiHiX 3HaueHb, Lo BKa3yeE Ha Te, WO Ha
bOHi 3aranbHOro 3MeHLeHHA BUKNIIB MEXaHi3M Haf-
XOIPKEHHA, LKIIUHICTb BUKUAIB Ta POSib METEOPOJIO-
FYHUX YMOB Y GiNbLIOCTI MICT 3anMLLMANCA CTaIMMMU.
MogibHi 3akoHOMipHOCTI € TNoBuMK | gna CO, npoTe
CroCTepiraeTbCA He3HayHe 3pOCTaHHA NMOBTOPIOBa-
HOCTI JOJaTHUX BiAXWUIEHb Yy MeXax Bif cepefHboro
fo +10. Ana SO, HalbiNbLL XapaKTEPHUM CTano 3MeH-
LLUEHHA NOBTOPIOBAHOCTI AK AOAATHUX, TaK i Big'€MHMX
BiXWNEHb, WO Bio6Gpaka€e 3MeHLLIEHHA BapiaTUBHOCTI
BMicTy B atmocoepi. Y Bunagky HCHO BusaBneHo 3meH-
LWeHHA “XBoCTiB” po3noginy 3aranbHoro smicty HCHO
Ta 3pPOCTaHHA NOBTOPIOBAHOCTI HE3HAUYHUX Bapiauin
6N1M3bKNX JO CePefHiX 3HaUYeHb.

OTpurMaHi pe3ynbrati € BaXNBMM JOMOBHEHHAM
[0 PO3YMiHHA 3aranibHOi 3MiHU AKOCTi aTMOCPepHOro
MOBITPA y MiCTax BHaC/ifoK NOBHOMaCLITabHOMO pociii-
CbKOTO BTOPrHEHHS, WO A03BONAE UiTKiwe dikcyBaTtu
3MiHM NPW HaKnagaHHi pi3HUX 3a BNMBOM daKTopIB.
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CHANGES IN THE STATISTICAL STRUCTURE
AND VARIABILITY OF POLLUTANTS TOTAL
CONTENT IN THE ATMOSPHERIC AIR

OVER URBANIZED AREAS AS A RESULT

OF THE FULL-SCALE RUSSIAN INVASION

The full-scale Russian invasion has led to numerous changes
in atmospheric air conditions. Estimates of average changes
in pollutant content often do not allow for the identification of
characteristic consequences of warfare due to the overlap of

Rybarczyk, Y., Lamb, B. (2022). War Impact on Air Quality in
Ukraine. Sustainability, 14(21):13832. https://doi.org/10.3390/
su142113832

Zhang, C,, Huy, Q,, Su, W,, Xing, C,, Liu, C. (2023). Satellite spectro-
scopy reveals the atmospheric consequences of the 2022
Russia-Ukraine war. Sci Tot Environ, 869:161759. https://doi.
org/10.1016/j.scitotenv.2023.161759

factors with opposing effects. In this study, based on Sentinel-5
Precursor satellite observations for 2019-2024, we analyzed
the statistical structure and variability of the total content of
nitrogen dioxide (NO,), carbon monoxide (CO), sulfur dioxide
(SO,), and formaldehyde (HCHO) in the atmospheric air of
urbanized areas. Over three years of war, we found a predomi-
nant decrease in NO, and CO levels, an increase in SO, and
mixed changes in HCHO, reflecting both the consequences
of industrial destruction and the emergence of additional emis-
sions due to a shift to less ecological fuel types and the opera-
tion of diesel generators. Against the background of changes
in mean values, the statistical distribution structure remained
largely unchanged for NO, and CO, though with a slight in-
crease in the frequency of positive CO deviations within +1o.
S0, levels showed a decrease in the recurrence of both positive
and negative deviations, clearly indicating reduced variability
in the atmosphere. HCHO became less variable in the range
of large deviations from the mean, with greater recurrence
of minor variations close to average values. The obtained re-
sults complement the observed changes in the total pollutant
content in cities during the full-scale Russian invasion, which
is important for fixation the consequences of warfare under
conditions of overlapping factors with opposing impacts.

Keywords: atmospheric pollution, nitrogen dioxide, carbon
monoxide, sulfur dioxide, formaldehyde, statistical distribu-
tion.
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TPEHAW 3MIH TEMMNEPATYPU NOBITPA
TA ATMOCOEPHUX OMAJLIB B YKPAIHI
3A JAHAMMU CNOCTEPEMEHDb TA
KNIMATUYHUX NMPOEKLIN CMIP6
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Y pobomi nposedeHo aHaniz mpeHoie cepeodHix piyHUX MA Ce30HHUX 3HAYeHb MiHi-
MasnbHOI, cepedHbOi ma MakcumanbHoi 006080i memnepamypu nos8imps, a Makox
PIYHUX | CE30HHUX CYyM amMOocgepHUX 0nadie Ha pezioHarbHOMY Ma HaUioOHATbHOMY
pigHsx 0115 080x nepiodia: 1946-2020 pp. (nepiod cnocmepexeHsb) i 2026-2100 pp.
(nepiod npoekyiti). Po3paxyHKu 8UKOHAHO 3 BUCOKOK NPOCMOPOBOI po30inbHicmio
(~10 Km X 10 Km), w0 3a6e3neyye MOXIUBICMb BUKOPUCMAHHA OMPUMAHUX pe3yJib-
mamig 0514 hopMyB8aHHA HAUIOHAMbHUX i pezioHanbHUx cmpameeili adanmayii 0o
KniMamuyHux 3miH. Jna icmopuyHozo nepiody sukopucmaHo 6a3y ClimUAd, cmeo-
peHy Ha ocHosi 0aHux 178 memeocmaHuyit Ykpainu. [ina malibymHeo2o nepiody,
PpO3pAxyHKU Npo8edeHO Ha OCHOBI ChOPMOBAHO20 CMAMUCMUYHO20 AHCAMOITIO KJ1i-
MAamuyHUX NPOEKYilt, ompuMaHux 3a 00NOMO20t0 27106a/1bHUX KJTIMAMUYHUX MoOe-
neti Hogoi 2eHepayii (CMIP6) Ha ocHosi 06HO8/1eHUX cyeHapiie 8uKUOi8 NAPHUKOBUX
2asie ma coyiasnbHO-eKOHOMi{4H020 po3sumky (SSP2-4.5 ma SSP5-8.5). Ompuma-
Hi pe3ynibmamu nokasyromes cmamucmuyHo 3HAYyWi 3MiHU memMnepamypHo20
pexumy Ha eciti mepumopii YkpaiHu Ak 0514 nepiody cnocmepexeHb, mak i 01a
MalibymHb020 nepiody 018 060X po32nAHYymMuUX cyeHapiie (0718 6Cix po3enaHymux
NOKA3HUKIi8 memMnepamypu nosimps, 8Cix Ce30Hi8 i poky). [HmeHcusHicme 3MiH 3a
cyeHapiem SSP2-4.5 € cniscmasHoro 3i 3miHamu, wo cnocmepizanucay 1946-2020 pp.,
mo0i Ak 3a SSP5-8.5 mpeHOu € cymmeso suwumu. 3MiHU pexumy onadie MeHW eu-
paXeHi, 3i 3MIHOIO 3HAKy Ha mepumopii YKpaiHu, i nepegaxHo cmamucmu4Ho He-

2 HayioHaneHul yHieepcumem 3HaYywi.
biopecypcie ma npupodo-

KopucmyeaHHsA YKpaiHu ClimUAd, CMIPeé.

BCTYN

CyyvacHi pocnigkeHHA Knimaty fefani 6inblue 3oce-
penXyTbCA Ha eKCTpeMasibHUX MOrogHUX NOAIAX,
TakUX AK XBWi Tensa 4m XOnoAdy, aHoMasbHi onagu
Towo (CigeHko, 2022). KnimaTnyHi NpoeKLUii BKasyTb
Ha noganblue 3pOCTaHHA YacTOTU Ta iIHTEHCUBHOCTI
Takmx nogin (Rummukainen, 2012), wo nos’a3aHo 3i
3MiHaMun y “xBocTax” po3noginis NMOBIpHOCTEN Kili-
MaTUYHMX NOKa3HUKIB. BogHouac 3MiHM Yy IX cepefHix
3HAUYEHHAX 3anulialTbca pyHAAMEHTaNbHOW CKNa-
[OBOIO KNiMaTnYHUX TpaHchopmauin. Came ToMy Koe-
bilieHTn NiHINHUX TPeHZIB y YacoBUX pAfax Takmx
NMOKa3HMKIB NPOAOBXKYOTb OYTV OOHVMM 3 OCHOBHMX
iHOMKATOPIB JOBrOCTPOKOBMX 3MiH KiimarTy.

BuBUeHHA TepMIYHOIO pexnmy Ta pexkumy aTmo-
chepHMx onagiB Ha TepuTopii YKpaiHu mae TpuBany
icTopito Ta WKpoKy 6idniorpadito. na petpocnekTus-
HUX NepiofiB fOCNIAXeHHA 6a3ylTbCA, NePeBaXKHO,
Ha CTaTUCTMYHOMY aHani3i YacoBUX PALIB METEOPONO-
riyHMX cnoctepexeHb (Hanpuknag, babiueHko Ta iH.,
2007; Ocagunn Ta iH., 2013; MapTasiHoBa Ta iH., 2022).

KniouoBi cnoBa: Ykpaita, memnepamypa nosimps, ammocgepHi onaou, mpeHou,

JocnigkeHHA ManbyTHIX 3MiH KniMaTy 3[iACHIOETbCA
nepeBaxHo 3a fonomoroto rnobanbHux (FKM) Ta pe-
rioHanbHUX KniMaTtuuyHux mogenen (PKM). 3okpema,
y npausax (3amdiposa Ta Xoxnos, 2020; ManuvubKa Ta
banabyx, 2020; Krakovska et al., 2021) npegcTtaBne-
HO OLiHKM MarByTHiX KNiMaTUYHMUX 3MiH B YKpaiHi Ha
oCcHOBI pe3ynbraTiB Nnpoekty CORDEX (Coordinated
Regional Climate Downscaling Experiment) Ta cue-
HapiiB RCP (Representative Concentration Pathways).
CORDEX — ue rnob6anbHa MiXkHapopfHa iHiuiaTnBsa,
METOI0 AKOI € 3[iNCHEeHHA ANHAMIYHOro AayHCKensiH-
ry 3a gonomoroto PKM pesynbtaTiB po3paxyHkis KM
ANA OCHOBHUX perioHanbHuX JomeHiB nnaHetn (Giorgi
and Gutowski, 2015). Ha nOTOYHMIA MOMEHT Yacy, B
pamkax iHidiatneu CORDEX 6yno 3gilicHeHO payH-
ckenniHr rno6anbHux mogenert CMIP5 (Coupled Model
Intercomparison Project Phase 5; Taylor et al., 2012).
Pe3synbratn gocnigeHb AeMOHCTPYIOTb OQHO3HaYHe
niAgBULEHHA NPU3eMHOI TeMmnepaTtypun B YKpaiHi fo
cepeanHmn XXI ctonitta — Ha 1,6-2,1°C nopiBHAHO 3
6a3oBuM nepiogom 1961-1990 pp. BapTo 3a3HaunTy,
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WO ANnA JOCNIOXKEHHA Ta NPOrHO3yBaHHA 3MiHW TeMm-
nepaTypHoOro pexumy B YKpaiHi TakoX YCMilWWHO BU-
KOPUCTOBYIOTbCA HaniBeMnipuyuHi mogeni (Boichenko
and Maidanovych, 2025), wo BUABNAOTb OAHO3HaYHI
NO3UTMBHI TPEHAM ANA NPU3EeMHOI TemnepaTypu no-
BiTPA.

MeTol0 LibOro AoChiAXKeHHA € aHaNi3 TPeHAiB ce-
penHix piuHUX i Ce30HHUX 3HaYeHb MiHiManbHOI (TN),
cepeaHboi (TG) Ta MmakcumanbHoi (TX) goboBoi Tem-
nepaTtypu nOBITPA, a TAKOX PiYHUX i CE30HHUX CYyM
atmocdepHumx onagis (RR) y perioHanbHOMY Ta Hauio-
HaJIbHOMY MPOCTOPOBMX MaclTabax. AHasi3 OXOMoe
ABa vacosi nepiogn: 1946-2020 pp. (nepiog cnocTtepe-
XeHb) i 2026-2100 pp. (Nepion KNIMATUYHUX NPOEKLilA).
[na nepworo nepioly BUKOpMUCTaHO 6a3y CiTKOBUX
yacoux pagis ClimUAd (Osadchyi et al., 2024), ctBo-
peHy YKpaiHCbKMM FigpOMeTeopOSIoriYHUM iHCTUTY-
Tom [ICHC YkpaiHu Ta HAH YKpaiHum Ha OCHOBI faHuX 3i
178 MeTeopONoriyHNX CTaHLUi HaLioHaNbHOT MOHITO-
PUHroBOT MepeXi. 111 ManbyTHbOro nepioay 3asyyeHo
KNiMaTUYHi NPOEKLUii HOBOI reHepauii — WwocToi pa3u
MixkHapogHoro ekcrnepumeHty CMIP6 (Eyring et al.,
2016). Lli npoekuii 6a3ytoTbcA Ha OHOBJIEHNX CLieHapiAX
BUKUAIB MAapHNKOBKX rasiB Ta Mofenen couianbHo-
€KOHOMIYHOrO PO3BUTKY, 06'€efHaHUNX y KOHLIenLito SSP
(Shared Socioeconomic Pathways; Riahi et al., 2017).
Y nopiBHAHHI 3 nonepenHboto dasoto (CMIP5), HOBI
mogeni CMIP6 BkntoyaoTb 6inbll CKNagHi Ta cyyacHi
bi3nyHi napameTpur3auii, 30KpemMa LWoAo NbOJOBOro
NoKpUBY, BOAAHOI Napu Ta xmapHocTi (Li et al., 2020).

Po3paxoBaHi kKnimaTuUyHi TpeHAW JaloTb 3MOTrY OHO-
BUTK Ta YTOUHUTW HaABHI Y HayKOBIl niTepatypi pe-
3yNbTaTh WOAO NPOCTOPOBO-YACOBOI MiHINBOCTI TeM-
nepaTypHOro pexk1umy Ta pexxnmy onagis Ha Teputopii
YkpaiHu. Ocob6rBO BaXKNUBUM € Te, IO BUKOPUCTAHHA
BXiQHMX JAHMX BUCOKOI MPOCTOPOBOI PO3LiNbHOCTI
(~10 Km X 10 KM) 1O3BOJIAE OTPUMATK AeTaNbHi OLiH-
K1 reorpadiyHnx ocobnmBOCTEN AK CMOCTEPEXEHMX,
TaK i NPOrHO30BaHUX KAIMaTUYHUX 3MiH. OTpuMaHi

pe3ynbrati MOXKYTb CTaTV HAYKOBUM NiAFPYHTAM AnA
pO3p06KYM AK HaLiOHaNbHOI, TaK i perioHaNbHUX CTpa-
Terin aganTauii 4o CyyacHMX i ManbyTHIX KNiMaTUYHKX
3MiH.

OAHI TA METOAM

ba3za paHux ClimUAd (Osadchyi et al., 2024; https://
www.uhmi.org.ua/data_repo/ClimUAd_Ukrainian_
gridded_daily) mictuTb ciTKOBi YacoBi pAgM YOTUPbOX
OCHOBHUX KNiIMaTUYHNX NapameTpiB: MiHIManbHoI, ce-
penHboi Ta MakCcMMasnbHOI JOH60BOI NPU3eMHOI Tem-
nepaTtypu NoBiTPA (Ha BMCOTI 2 M), @ TaKOX J0OOOBMX
cym aTMochepHuMx onagis. lNpocTopoBa po3ginbHICTb
cTaHoBUTb 0,1°x0,1° (NpnbnunsHo 10x 10 km). ClimUAd
[pO3p06IEHO HA OCHOBI CTAHLIMHUX CMOCTEPEXEHD i3
OOTPUMAHHAM BMMOT BCecBiTHbOT METeOpPONOriyHoI
opraHisauil Woao KOHTPOSI0 AKOCTI, roMoreHisauil
(Skrynyk et al., 2023) Ta npocTopoBOi iHTeprnonALii
(rpigiHry). CtaTUCTUYHe NOPIBHAHHA 3 iHWUMK Bigo-
MUMW KNIMaTUYHMMN NPOAYKTaMu, Takumn Ak ERAS5-
Land Ta E-OBS, 3acBigunno HagiliHiCTb Ta NPUAATHICTb
ClimUAd gna pocnigkeHb knimaty Ykpaitu (Osadchyi
et al., 2024; Skrynyk et al., 2025). lo6oBi gaHi 6yno
arperoBaHoO B CE30HHI Ta piYHi YacoBi pagun gnA aHani-
3y KNiMaTUYHKX TpeHmis 3a nepiog 1946-2020 pp. Kpim
TOro, faHi 3a 1985-2014 pp. BUKOPUCTOBYBan1caA ana
CTaTUCTUYHOI KOpeKLUil KiMaTUYHMX NPOEKLiN.

OuiHIOBaHHA TPEH[IB Y CE30HHMX i PIYHUX pAgAx
TN, TG, TX T1a RR gna nepiogy 2026-2100 pp. 34iMcHI0-
BaJIOCA Ha OCHOBI KNiMaTUYHUX MNPOEKLiN WocToi pasu
MixHapogHoro nopisHANbHOro ekcnepnmeHty CMIP6
(Eyring et al., 2016). LLlo6 miHimi3yBaTV BNAMB HEBK3Ha-
YyeHOoCTel, MPUTAaMAHHUX OKPEMUM FTO6aNbHUM KhiMa-
TUYHMM MOAENAM MPU MPOrHO3yBaHHI MabyTHbOro
KniMaTUYHOro curHany, 6yno cbopmMoBaHO CTaTUCTUNY-
HUIN aHCcamMbnb i3 geB’'ATK mopdenen. 3a3Haurmo, Wo
ona geakmx 3miHHMX (TN, TX) pani ogHiel 3 mogenen
6ynu BigcyTHi B peno3utopiax CMIP6. Cnncok BMKo-
puCTaHUX mopenen HaBeaeHo B mabs. 1. MogenbHi

Tabnuusa 1. Tno6anbHi knimaTuuHi mogeni (TKM) cpopmoBaHOro cTaTMCTMYHOro aHcambnio

. MpocTopoBa po3ginbHicTb
# KM Peanisauin (lon x lat) TN TG X RR
1 ACCESS-CM2 rlilp1f1 1,875° x 1,250° + + + +
2 BCC-CSM2-MR r2i1p1f1 1,125°x 1,121° + + - +
3 CMCC-ESM2 r1ilp1f1 1,250° x 0,942° + + + +
4  CNRM-ESM2-1 rlilp1f2 1,406° x 1,401° + + + +
5 GFDL-ESM4 r1i1tp1fi 1,250° x 1,000° - + + +
6 MIROC-ES2L r1itp1f2 2,812° x 2,790° aF F 4 aF
7  MIROC6 r1itp1fi 1,406° x 1,401° + + + +
8 MPI-ESM1-2-LR r1ilpif1 1,875° x 1,865° aF I aF F
9 MRI-ESM2-0 r1ilpifi 1,125°x 1,121° + + + +
lpumimka. “+ /-" 03Haya€ HaABHICTb/BIACYTHICTb AaHKX BignosigHoi KM y peno3suTapiax CMIP6.
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JAaHi, oTpuMaHi 3a fBOMa CLeHapiaMn KiMaTUYHnX
3MiH — SSP2-4.5 (nomipHum) i SSP5-8.5 (ekcTpemanb-
Hu1M), 6yno 3aBaHTaxeHo 3 pecypcy Copernicus Cli-
mate Data Store (https://cds.climate.copernicus.eu/).

3 ornAagy Ha Te, wo KnimatnyHi mogeni CMIP6 ma-
0Tb BiJHOCHO rpy6y NPOCTOPOBY PO3AiSIbHICTL Ta MO-
XKYTb MICTUTV CUCTEMATUYHI MOMWIIKW, ANA NigBULLEH-
Hsl TOYHOCTi MPOEKLi 6YyN0 3aCTOCOBAHO Npoueaypy
CTaTUCTUYHOIO AAyHCKeNNiHry Ta Kopekuii gaHmx. Ua
npouegypa rPyHTYETbCA Ha NMOPIBHAHHI cnocTepe-
XeHb i3 MOAeNbHUMM CUMYNALIAMN 33 iICTOPUYHNN
KanibpysanbHuin nepiog (1985-2014 pp.). Nepwmm
eTanom 6yno npoBefeHHA perpigiHry gaHux N'KM 3
METOI OTPUMAHHA NPOCTOPOBOI PO3AiINbHOCTI aHano-
riuHoi paHum cnoctepexeHHs (ClimUAd). Micns uboro,
y KOXKHili BY3J10Bil1 TOuULi, YN0 34iiCHEHO KOpUryBaH-
HA JAHWX Ta 1X CTaTUCTUYHUX PO3NOAINiB AnA npor-
HOCTMYHOrO Nepiofy Ha OCHOBI 3HanaeHNX daKTopis/
BiANOBIAHOCTEN ANnA KanibpysanbHoro nepiogy. Peani-
3aLilo 3a3HayeHoil nNpouenypu 6yno 34iiCHEHO Npor-
paMHumm 3acobamm: CDO — perpigiHr, meTogom 6ini-
HiHOT iHTepnonAuii (Schulzweida, 2021) Ta MBC — Ko-
peKLis, METOAOM KBaHTU/IbHOMO AefnbTa-BifobpaKeH-
HA QDM (Cannon et al,, 2015; Cannon, 2023).

BapTo 3a3HaunTK, WO onncaHa npoueaypa ctatnc-
TUYHOTO AayHCKEWNiHTY Ta KopeKLUii € fo6pe obrpyH-
TOBAHOIO 1A AaHWX TeMnepaTypu nositpa. [lna atmo-
chepHUX onafiB, MOAENbHI pe3ynbTaTu AKUX XapaKTe-
PpU3Yy0Tb KOMIPKU PO3PaxyHKOBOI CITKW, a He BY3/10Bi
TOUKU, Gi3NYHO 3MICTOBHILLMIA pe3ynbTaT 3a3BuYai
OTPUMYIOTb BUKOPUCTOBYIOUM 3HAYHO CKNagHiLWy i pe-
Cypco3aTpaTHily npoueaypy AMHaMIYHOrO JayHCKel-
niHry (3a gonomoroto PKM). lNpoTe BBaXaemo, Lo oTpu-
MaHi pe3synbtati gnAa RR MoxKHa BMKOpMCTOBYBaTuh
(AK MiHIMYM — AK NepLue HAaBNMKeHHS), BPaxoBYouu
O NOTEHUiMHI NOMWIIKN, CNPUYNHEHI BUKOPUCTAHUM
MeTOZIOM, € OAHOI0 NOPAZAKY i3 BXe HaABHMMU MNO-
MUKaMK NPUTaMaHHUMK BY[b-AKUM KNiMaTUYHUM
cumynauiam. Micna KopuryBaHHA aHMX KOXKHOI OKpe-
moi TKM, 6yno po3paxoBaHO cepefiHi 3a aHCambnem
peanisadii KnimatnuHmx npoekuin gna TN, TG, TX Ta RR,
AKi 1 6yNo BUKOPWCTAHO A1 PO3PaxyHKiB TpeHAiB ana
ManbyTHboro nepiogy (2026-2100 pp.). 3a3Haummo,
Lo ycepeaHeHHsA 3a aHCaMbieM 3HaYHO 3MEHLUYE Ya-
COBY BapiaTMBHICTb Ta MIHAMBICTb KNIMAaTUYHNX APO-
€KLiN, NpoTe AnA NocTaB/IeHOT METU — OUiHIOBaHHA
TPEeHAIB — € BUMNPaBAAHUM, OCKiNIbKM Oyae aaBatu
HaAiMHiWi ouiHKKM ManbyTHIX 3MiH TemnepaTypu Ta
onapis, AKi Mano 3anexaTtb Big MOMUIOK Y/ HEBU3Ha-
yeHocTi okpemnx N'KM.

KoeodiuieHTn NiHINHNX TpeHAiB y pAagax KaimaTtuny-
HUX MOKa3HKKiB O6yno po3paxoBaHo meToom CeHa
(Sen, 1968), AKMIA YaCTO BUKOPUCTOBYIOTb 3aBAAKN NO-
ro CTINKOCTI 4O MOXNBUX BUKMAIB y YaCOBUX pAZaX.

CratucTnyHy 3Hauywictb (npu a=0,05) po3paxoBaHuXx
NiHINHUX TPpeHAiB (MOHOTOHHWX 3MiH) 6yn0 BM3HaUYeHO
3a JonoMoroto ctatnctnkn ManHa-Kenganna (Mann,
1945; Kendall, 1975).

PE3YJIbTATU TA IX OBFOBOPEHHA

TpeHAan KnimaTU4YHMX 3MiH 3a nepiog cnocrte-
pexeHb. [1poCTOpOBUI PO3MOAIN PO3pPaxoBaHNX KO-
edilieHTIB NiHINHWX TPpeHAIB (WBMAKOCTEN 3MiHN) AnA
ce30HHMX i piuHux pagis TN, TG, TX ta RR gna nepiogy
1946-2020 pp. NpeacTaBneHo Ha puc. 1. 3 meToto no-
NerweHHA NOPIBHANBHOIO aHanily TpeHAiB po3paxo-
BaHMWX A nepiogiB cnocteperkeHHA (1946-2020 pp.)
Ta NporHo3yBaHHsA (2026-2100 pp.), BCi KapTu ix npoc-
TOPOBOro po3noginy 6yno npuseaeHoO A0 OfHi€l KO-
NbOPOBOI WKanu (OKpemo Ana Temnepatyp nosiTpA i
AnA aTMochepHUX onagis).

MpocTopoBuN Po3nNoain TPEHAIB MiHIManbHOI Tem-
nepatypm NoBiTPA Y BECHAHI MicALi € BIAHOCHO of-
HOPIOHMM 3 NepeBa)aktynM 3HaYEHHAM MOKa3HUKa
0,35°C/10 p ana 6inbwoi YacTMHU Teputopii YKpaiHu.
BuknoueHHAM € He3HauHiI 3a NnoLweto, KparHi 3axigHi,
niBHIYHO-3axigHi, NiBAeHHO-CXiAHI perioHun, fe weung-
KocTi 3miHn TN 3meHwytoTbca go 0,15-0,20°C/10 p.
HalHm»X4i NOKa3HMKM iIHTEHCUMBHOCTI 3POCTaHHA MiHi-
MaJsibHOI TeMnepaTypu NOBITPA 3a AOCIAKYBaHUN Me-
pioa nputaMaHHi niTHIM micauam. Ha 6inbliocTi Teputo-
pii 3MiHK onucyBanunca 3HayeHHAMK 0,25-0,30°C/10 p,
a Ha cxogi, NiBHIYHOMY cxofi Ta B KapnaTax BeMymHn
3HWXKyBanuca go 0,15-0,20°C/10 p. MNopgi6bHo #o niT-
HbOrO PO3MNoJiNny OTPMMAHO NOKA3HUKU 1 A8 OCiHHIX
micAuiB. BigMiHHICTb nonArae Tinbkmn y nokanisawii MiHi-
MaJIbHUX 3HAY€EHb LUBNAKOCTEN 3POCTaHHSA, AKi BOCEHN
30CepepXKeHi Ha 3axogi, NiBHIYHOMY 3axofi Ta y Kap-
natax. Hanbinbwi weuakocti 3poctaHHA TN oTpuma-
Ho AnAa 3umu. MakcnmanbHi weugkocTi (0,50-0,60°C/
10 p) NnokanisyTbCA Ha cxofi Ta NiBHIYHOMY cxopi Te-
puTopii, nosinbHiwe (0,25-0,30°C/10 p) nigBuLy€ETbCA
MiHiManbHa TemnepaTtypa y NiBAeHHUX perioHax Ta
y KapnaTtax. OuiHKa piyHMX YacoBMX pAZiB Nokasana
BifJHOCHO PiBHOMIiPHUI NPOCTOPOBUIN PO3MNOAIN WBUA-
KOCTi 3MiHM MiHIManbHOT TemnepaTypw, nepeBaatoui
nokasHuku (0,30-0,35°C/10 p), 3 okpeMnmmn ocepea-
Kamu NiaBuLLLEHNX 3HaUeHb TPeHAiB Ha NiBAHI Ta cxofi
Ta MiHIManbHMMW 3HaYEeHHAMK B KapnaTax.

Bnnue Ha po3nogin iHTeHCMBHOCTI 3pocTaHHA TG
CNPaBAKTb 3HAYHI LUBUAKOCTI 3MiH MiHIMasibHOI TeM-
nepaTtypu Ta iXx NMPOCTOPOBUIM PO3MNOAIN B3UMKY Ta
BiANOBIAHI NapamMeTpun MakcMmanbHOI TemnepaTypu y
BECHAHI Micaui. Hanbinbwi wenakocTi 3MiH cepeHboIl
TemMnepaTypu xapakTepHi AnA BECHAHUX Ta 3VMOBUX
MicAUiB, MaKCUMaribHi 3HaYEeHHA 3HaxoOATbCA B Me-
»ax 0,40-0,50°C/10 p. BecHoto BOHM cnocTepiraoTbcA
Y WMPOKIM CMy3i, LLIO 3 MiBAEHHOrO 3axofy Yyepes LeHTp
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TepUTOPIi CNPAMOBaHa Ha NiBHIYHUN CXid, a B3UMKY
BiAMIYalOTbCA Ha 3HAYHUX NnoLax B mexax Jlicocteny i
MoniccAa. BniTky Ta BoceHn KoedilieHTn TpeHAiB cepen-
HbOI TemnepaTypu gewo 3HuxytoTbca (0,20-0,35°C/
10 p), TaKOX ICHYIOTb BIAMIHHOCTI Y floKanisauii MiHi-
MaJsibHUX 3HauyeHb TPEHAIB: ANA NiTa — Le CXigHi perio-
HW, ANA OCeHi — 3axiA Ta niBaeHHWI 3axiA. Lsnakictb
3MiH PiYHMX 3HaYeHb cepefHbOl TemnepaTypu mae
BiJHOCHO O4HOPIAHUI MPOCTOPOBUN PO3MOLin Ta ne-
peBaxatoui nokasHukn — 0,20-0,30°C/10 p. Hanbinb-
wi wemgkocTi 3miH (0,40-0,60°C/10 p) makcumanbHoOI
TemnepaTypu NOBITPA OTPUMAHI A1A BECHAHMX MiCA-
uiB. MakcumanbHi 3Ha4YeHHA NOKani3yloTbCA B LIEHT-
panbHKX, NiBHIYHUX Ta NiBHIYHO-CXiQHUX perioHax.
Y niTHI mMicAui HaMBULi 3HAYEHHA TPEHAIB OTPMMaHi
AnA 3axifHWMX Ta NiBAEHHO-3axigHUX PerioHiB 3 Mak-
CMManbHUMU 3HAYEHHAMM Ha 3aKapnaTTi Ta Ha 3axoai
OpecbKoi o6nacri.

Y piuHOMY XOAi HaMHWKYi WBUAKOCTI 3MiH TX Big-
MiYaloTbCA B OCIHHI MiCALi 3 MAaKCMMaNTbHUMKW NOKa3HU-
kamm — 0,25-0,30°C/10 p Ha cxogi 1 niBHIYHOMY CXOfi.
31MoBi 3MiHM 6inbl 3Hauywi Ta gocaratoTb 0,40°C/
10 p Ha 3axogi niBHOMI 11 NiBHIYHOMY cxopgi. Ha npoc-
TOPOBMI PO3MOAIN 3HAYEHb iIHTEHCMBHOCTI 3POCTaHHA
MaKCMasibHUX TemnepaTyp, WO OTpUMaHi Npu oLiHto-
BaHHi PIYHNX YACOBUX PARIB 3HAYHO BMJIVHYMN 3aKO-
HOMIPHOCTI OTPUMaHI AnA BECHAHUX MiCALiB, ane 3Ha-
YEeHHA TPEeHAIB Y PiYHOMY BMMIpPi HMXK4i, B OCHOBHOMY
3MiHIo0TbCA Y Mexax 0,30-0,35°C/10 p. Pesynbraty
OUiHIOBAaHHA 3MiH TEPMIYHOrO PeXmnmy Npr3emMHOro
wapy nosiTpay 1946-2020 pp. BKa3yloTb Ha fOAATHI Ta
CTaTUCTUYHO 3HAuYLLi TPEHAW CepefHbOI, MiHIManbHOT
Ta MaKCMMarsbHOI TeMMepaTyp B MeXax JOCigKyBaHOI
TepuTopii. LeugkocTi 3poctaHHA TN, TG Ta TX 3MmiHt0-
0TbCA BMNPOAOBX POKY, @ HAaMBULWMM BYNN Y BECHSAHI
(TX, TG) Ta 3umosi (TN, TG) micAui. BapTo 3a3HaunTwy,
WO OTpMUMaHi pe3ynbTaTu CBiguaTbh NpPo NofibHiCcTb
XapaKTepUCTUK 3MiH, Wo BiabyBaloTbCA ANA 3IMOBO-
ro i BECHAHOrO Ta JIiTHbOro i OCIHHbOrO CE30HiIB, WO
BKa3y€ Ha MOXNUBICTb, y pasi nogibHoi noganbLioi
TpaHcpopmaLlii TEpMIYHOTO PeXMMY, BUOKPEMIIEHHSA
[ABOX TEPMiUYHNX CE30HIB BNPOAOBK POKY.

OuiHOBaHHA TpeHAiB YaCoBUX PARQIB CE30HHUX Ta
piuHMX 3HavyeHb RR nokas3ano HaABHICTb AK AoAaTHUX,
TaK i Bil'EMHUX TeHAEHLiN 3MiHM KNiIMAaTUYHOIO NOKa3s-
HMKa B YKpaiHi. Ha6inbL 3HayHi iHTEHCMBHOCTI 3poC-
TaHHA Ce30HHNX CYM ONnagiB OTPUMAHO AsIA BECHAHNX
micadis (17 mm/10 p) gna Kapnat Ta lNepenkapnarts,
npoTe Ha GiNbLUi YaCTUHI TePUTOPIT WBMAKOCTI 3MiH
ctaHoBMAn 5-9 Mm/10 p. OuiHIOBaHHA NiHIMHWX TPeH-
niB Tectom MaHHa-KeHpganna nokasano cTaTucTuy-
HY 3HauyLWicTb 3MiH ANA 6iNbLOI YaCTUHN TepUTOPIl.
Y RiTHI MicALi NpPakKTMYHO Ha BCi TepUTOPIl NepeBa-
Xanv TeHAeHUil 4O 3MEHLWEHHA CyM onagis, npoTe Ui

3MiHV NepeBaXHO He CTilKi Ta € CTaTUCTUYHO He3Hauy-
WKMMK. Y OCiHHI Ta 3MMOBWIA Nepioan JOMiHYBanu Jo-
[aTHI TpeHAN, TAKOX NepeBa)KHO CTaTUCTUYHO He 3Ha-
yyLwi, Kpim Kapnart, Nepepgkapnatta, Kpymy — BoceHw,
Ta NiBHIYHO-3aXiAHMX Ta MiBHIYHUX PEriOHIB — B3NMKY.
Mpun dopmMmyBaHHI YaCcoBUX PALIB PiYHMX CYyM Onagis
Ha OCHOBI C€30HHMX, NPOABUBCA MYNbTUMIKATUBHWI
epeKT i WBMAKOCTI 3pOCTaHHS KoedilieHTIB NiHIHNX
TPEHAIB CyTTEBO 3pocnn. AHani3 unx pAgiB BUABMB
OO[ATHI TPeHAM B Mexax yciel TepuTopil YKpaiHm. Mak-
CMManbHi 3HaYEHHA WBWAKOCTI 3POCTaHHA PiYHUX CYM
onagiB ctaHoBnATbL 21-49 mm /10 p B KapnaTax Ta
Kpumcbkunx ropax. Ha piBHUHHIN TepuTopii makcu-
MaJsibHi NPUPOCTY PiYHUX cym onagis 17-21 mm/10 p,
ane nepeBakaloui NOKA3HUKN B MeXax PerioHis, ge
3MiHM BU3HaHi

TpeHnau 3miH TemnepaTypu Ta onagis ans nepio-
Ay 2026-2100 pp. 3a gaHUMMN KNiIMaTUYHUX NPOEK-
L1 po3paxoBaHUX Ha OCHOBI cLieHapiiB SSP2-4.5 Ta
SSP5-8.5. BignosigHo go cueHapito SSP2-4.5 TpeHau
3MiH TN € npakTUYyHO OAHOPIAHO PO3nodineHMn nNo
TepuTopil YKpaiHW y TepMiHaX piYHOro ocepefHeHHs, i
MOKa3yTb TEMMNU 3pOCTaHHA BennunHoto 0,30°C/10 p.
MNpw ubOMy 3MiHM MiHIManbHOI TemnepaTypu NOBITPA
MaloTb HEOAHAKOBI TeHAEHLiT B pO3pi3i OKpeMux ceso-
HiB. 30KpeMa, Y 3MMOBI MiCALi pO3Kug cepegHbOoro npu-
POCTYy MiHIManbHUX TemnepaTyp € HanbinbwWnm — Bif
0,30°C/10 p Ha 3axoai Ta niBaHI YKpaiHn go 0,45°C/10 p
Ha niBHoui JTyraHcbKoi 06n1acTi, 3MiHIOIUNCh Y 3arasib-
HOMY HanpPAMKY “NiBAEHHUI 3aXig — NiBHIYHWI cxig'”
Y nepexifgHi ce30HM BigMivaTbCA 3MiHM Ha piBHI 0,25-
0,30°C/10 p 3 nopiBHAHO MeHWwuM npupoctom TN Ha
3axogi Ta B Kpymy BoceHu, i WBnawWmmM TeMnom 3poc-
TaHHA TN Ha KpaiHiln NiBHOYI Ta NPUOEPEXHUX paino-
Hax MOPiB HaBecCHi. BNiTKy TpeHaun 3MiH MiHiManbHOT
TemnepaTtypu € Tpiwkn Ginbwmnmn — Big 0,30°C/10 p
Ha 6inbLocTi TepuTopii go 0,35°C/10 p Ha 3akapnarTi,
OpewuHi Ta yactuHi Npurasos's.

3aranbHi 3MiHK cepegHbOI TemnepaTypu MNoBiTPA
nepesaxHo ctaHoBnATb 0,30°C/10 p, OKpPiM KparHbOro
3axofy Ta macmy KapnaTcbkux rip ge npupict senu-
YnHKN TG € Tpiwkn meHwnm — 0,25°C/10 p. Ana ocin-
HbOrO Ta 3UIMOBOI0O CE30HIB TeHAeHLUiT 3MiH TG maike
36iratoTbCs i3 TUMK, WO OTPUMAHI ANia MiHiManbHOT
TemnepaTypw, 3 Ti€l BIAMIHHICTIO WO ANA cepedHbol
TemnepaTtypu po3kua 3meHwyetbca go 0,10°C/10 p
(Big 0,30°C/10 p mo 0,40°C/10 p). Y BecHAHI micaui 3a-
XifHa YacTnHa YKpaiH1 Ma€ NpupicT cepegHboi TeM-
nepatypu Ha piBHi 0,25°C/10 p, a cxigHa — 0,30°C/
10 p. BniTky TpeHan 3miH TG 3miHtotoTbCA Big 0,25°C/
10 p Ha NiBHOUI, NiIBHIYHOMY CXOfi Ta YaCTKOBO B LiEHT-
pi Ykpainu go 0,35°C/10 p B OfecbKiin obnacri.

Po3noginu 3miH MakcMmanbHOI TemnepaTtypu xa-
pakTepn3yTbca BibLINMM PO3MaxoM BEIMUYNHN 3MiH
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TPEHAW 3MIH TEMIEPATYPW MOBITPA TA ATMOCOEPHWX OMALIB B YKPAIHI
3A JAHUMWM CMOCTEPEXEHD TA KNIMATUYHWX NPOEKLIN CMIP6

YNPOZOB>K BECHM, J1iTa, OCEHI, Ta y PO3pi3i PiYHNX 3MiH.
3aranom, 3rigHo 3i cueHapiem SSP2-4.5 BenununHa TX
3pocTaTme Ha 0,30-0,35°C 3a KoXHi 10 pokiB Ha 6inb-
LIOCTi TepUTOPIi, ane nepeBaXHO — Ha NiBHIYHOMY
cxopi, nisaeHHoMmy 3axopi Ta Kpumy. lNMpu ubomy B
KpuMcbKnx ropax Ta niBgeHHoMy y3bepexki Kpumy
€ TOUKMU, B AKNX NPOrHo3yeTbca npupict 0,40°C/10 p.
AHanoriyHi TeMnu 3poCTaHHA MakCUMAsIbHUX TeMne-
paTyp B LibOMYy paloHi ikCyoTbCA BOCEHM Ta HAaBECHI
(6inbl BMpaxeHo). Mpu ubomy reorpadiuHun po3no-
Jin TpeHAiB 3MiH Y Ui CE30HU CXOXUN, 3 MiHIMyMOM
y 0,25°C/10 p y KapnaTtax Ta cepeHbOI0 iIHTEHCMBHICTIO
0,35°C/10 p okpim nepeBakHO 3axofy (OCiHb) Ta ni.-
[OHsA (BecHa) YKpaiHwu. Y niTHI micsaui po3amax BeNYnHN
3MiH TaKuii e, OHaK PO3MOAiN Ma€ UiTky reorpadiuHy
HanpaBneHiCTb — 3POCTaHHA Y HAaNPAMKY 3 MiBHIYHOro
CX0Ay Ha niBAeHHUN 3axif. 30KpeMa, BeMUYnHa 3MiHU
TX ctanosutume Big 0,25°C/10 p B oKpemunx parioHax
Ha niBHoui YKkpaiHu go 0,40°C/10 p Ha KpaliHboMy niB-
JeHHomy 3axogi OgewHn.

BignosigHo fo npoekuin y3atnx KM 3a cueHapiem
SSP2-4.5 KinbKicTb piuHMX aTMOChEpHUX onagiB Hall-
6inbLue 3MiHIOETbCA Ha NiBHOYI YepHiriBwmHu Ta Cym-
LWMHKX, HA HEe3HAYHi NAoWi Ha MiBHOYI XapKiBLNHM,
Ta Ha liBgeHHOMy 6epesi Kpumy — fie MpOorHo3yeTb-
cA 36inbweHHA 3i weuakictio 9 mm 3a 10 pokis. Cra-
TUCTUYHO 3HauylLle 3POCTaHHA PiYHMX CYyM ONagiB Ha
5 mMm/10 p 3aranom GikCy€eTbCA Ha YCil NiBHIYHIN YacTy-
Hi JTiBoGepexxxa YkpaiHu. Mpu aHanisi 3mMiH ce30HHKX
CYM OragiB OTPMMAHO 3HauyLli BUCXiAHI TpeHan 3u-
MOBUX (3 FpyAHA MO NOTWI) onagis 3i 36iNblUeHHAM iX
KinlbkoCTi Ha 5 MM/10 p Maiixke Ha ycbomy JTiBobepexxi
(okpim TNpura3os’sa) Ta Ha 3axodi YKpaiHu. B okpemmx
parioHax Kapnar ix KinbKiCTb 3pocTatume B cepef-
HbOMYy Ha 9 Mm/10 p. BniTKy, HaBMaKy, po3paxyHKu
CBig4aTb NPO NPAKTUYHY BiACYTHICTb 3MiH (PKntomup-
CbKa, BiHHMUbKa Ta Ofgecbka o6nacTi, 3akapnaTcbKa
HW30BWMHa, YacTKoBo lNpura3os’a Ta Kpum) abo 3meH-
LLEeHHA KiNbKOCTI NiTHiIX onafis Big 3 (3aranom 3axigHa
yacTnHa YkpaiHu) go 7 mm/10 p (BHYTpIiWHA YacTuHa
Kapnar). Cnig 3a3HaunTK, WO TpeHam 3MiH CyM onagis
3a BepeceHb-INCTONaA, BiANOBiAHO O Henapamert-
puyHoro Tecty MaHHa-KeHganna, BUABUAUCH CTaTUC-
TUYHO HE3HauyLWMMN ANA BCiEl TepuTopil YKpaiHu. [Ina
nepiogy 6epe3eHb-TpaBeHb 3HAUYLLi 3MiHW Ha PiBHi
3pOCTaHHA Ha 5 Mm/10 p igeHTdiIKOBaHO AN niBaeH-
HO-CXigHOT YacTnuHm Kpumy Ta OKpemmnx Teputopin
Ha NiBHIYHOMY 3axoAi YKpaiHu. 3aranom npuv aHanisi
npocTopoBux Nonie TpeHais 3miH TN, TG Ta TX 3a chop-
MOBaHUM aHcambnem npoekuin CMIP6 MoxHa Buginu-
T HACTYMHi 0CO6MBOCTI: 1) HAABHICTb NPOCTOPOBOI
TeHAeHUil 4O NPUWBMNALWEHHA POCTY MiHIManbHOI Ta
cepefHbOi TeMnepaTyp Yy HanpAMKY 3 NiBAEHHOrO 3a-
XOAY Ha NiBHIYHUN CXig ANA 3UMOBUX MiCALIB; 2) MeHLU

BMIpaXkeHa nopfibHa TeHAeHLisl y 3BOPOTHOMY HamnpsimM-
Ky AnA cepefHiX Ta MakCMManbHUX TemnepaTtyp Y NiTHi
MicAui; 3) NoBinbHilwe Ta 6iNbLU WBMAKE 3POCTAaHHA Be-
nuunHu TX y Kapnatax i KpmcbKnx ropax, BignosigHo,
y MOPIBHAHHI 3 peLTO TePUTOPIi B NepexigHi Ce30Hu
(nepeBa)kHO BECHOI0). Y pexuMi onagis BURINAETbCA
TeHZeHLiA Jo X 36iNbLueHHs, 30e6inbluoro 3a paxyHoK
3MMOBOrO nepioay.

3a cueHapiem SSP5-8.5 ana nepiogy 2026-2100 pp.
OYIKYIOTbCA CYTTEBI CTAaTUCTUYHO 3HaYyLLi 3MiHWU Mi-
HiManbHOI, cepedHbOl Ta MaKCMMasbHOI TemnepaTyp
NOBITPA Ha BCiN Teputopil YKpaiHu. MNona Tpengis mi-
HiManbHOI TemnepaTypw NOBITPA BKa3yOTb Ha LIBUAKe
Ce30HHe MiaBULLEHHA Lboro napametpa. HaBecHi Ha
6inbLUif YaCTUHI TepUTOPIT OUIKYIOTbCA 3MIHM B MeXax
0,50-0,55°C/10 p, 3i wWBMAWNMKX 3MiHaMK Ha niBobe-
pexxi Ta MpuyopHomop'i. HeBenuki QinAHKM Ha cxo-
Ji Ta niBaoHi — 6nmn3bko 0,55°C/10 p, a B KpuUMCbKnx
ropax JiokasnbHi 3HauyeHHA cAaratotb 0,65-0,75°C/10 p.
BniTky nepeBakHi 3HaueHHA cTtaHoBnATb 0,70-0,75°C/
10 p, 3i WBNAWNMMK 3MiIHAMW Y YaCTUHI NiBAEHHWX pe-
rioHis, cxofy Ta 3akapnatta (go 0,80°C/10 p) i gewo
NOBINbHIWMMN NOKaNbHUMK 3MiHamu y lepegkap-
natTi (0,65°C/10 p). BoceHn NporHo3yTbca TpeHan
0,60-0,65°C/10 p, i3 NOKaNnbHUMM WBUAWNMY 3MiHAMN
Ha niBgHi Kpumy (0,70-0,75°C/10 p) Ta NoOBiNbHiWmM-
MU Ha 3axofi Ta BonuHi Ta yacTKoBO Ha NiBoGepexKi
(0,60°C/10 p). B3MKy NpOrHo3yeTbcA NOTENiIHHA 3 BU-
pakeH M rpafieHToM i3 NiBAeHHOro 3axofy Ha MiBHiy-
HUN cxig. Ha nepeBakHin YaCTUHI TepUTOPIl OUiKYHOTbCA
TpeHgn 0,65-0,90°C/10 p, i3 NOBINbHIWVMN TEMMaMK
nigsmweHHA TN y KapnaTtax, Ha 3akapnaTTi Ta MniBAHi
OpewwmHu, yactuHi Kpumy (0,60°C/10 p). Piunni TpeHa
TN nporHo3syeTtbca 6numsbko 0,65°C/10 p Ha 6inblLuii
YaCTUHI TePUTOPIT, 3 NOKANTbHUMM WBUALWNMI 3MiIHAMM
Ha cxogi Ta nisaHi Kpumy (0,70-0,75°C/10 p) i noBinbHi-
wumm y Kapnatax Ta 3akapnarTi (0,55-0,60°C/10 p).

MpocTopoBMin po3nogin TPeHAiB cepefHbol Tem-
nepaTtypu NporHo3yetbca nogioHum go TN, npoTe 3
6inblw OAHOPIAHMM XapaKTepoMm. HaBecHi TpeHau Ba-
pitotoTb 0,50-0,55°C/10 p, 3 NOKaNbHUMW LIBUALWNMMN
3MiHaMm Ha cxopi Ta B OgewmHi (0,60-0,75°C/10 p).
BniTky nepesaatoTb 0,70-0,75°C/10 p, i3 Makcnmyma-
mMu go 0,80°C/10 p Ha OgeLmHi Ta feLo NOBIMbHILLIMN
3HauyeHHAMM Yy KpmmcbKux ropax (0,70°C/10 p). BoceHn
NPOrHoO3ytoTbcA 3MiHM Ha 0,60-0,65°C/10 p, 3 NoKanb-
HAMW LWBMALLMMU 3MiHaMK Y KpMcbKnx ropax (0,70-
0,75°C/10 p) Ta nosinbHiwmmn y Kapnatax (0,55°C/
10 p). Baumky nepesarkatotb 0,60-0,80°C/10 p, i3 nepe-
BaXKHUMW MO TepuTopii 3HaYeHHAMN 0,65-0,75°C/10 p,
a piyHui TpeHa TG nporHosyeTbcsa 6nm3bko 0,65°C/
10 p, 3i wWBnAWMMM 3MiHaMK Ha cxogi (0,70°C/10 p)
Ta y KpMCbKKX ropax i NOBiNbHIWMMM Ha 3axoji
(0,60°C/10 p).
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CTpyKkTypa nonis TPeHAIB MakCMManbHOI Temne-
paTypu NPOrHO3yeTbCA AELO OAHOPIAHIWOL0, ane 3
OinbwrMy 3HaueHHAMU, HiXK ans TN Ta TG. HaBecHi
Ha 6inblWOCTi TepUTOPIl TPeHAN CKNnagaTb 6/M3bKo
0,60°C/10 p, 3i WBMAWVMN 3MiIHAMW Ha CXOAi, MiBHiY-
HOMY CXOfi Ta OKpemux niBaeHHUX perioHax (0,65-
0,70°C/10 p) i 6inbw noBinbHMMK Ha 3axogi (0,55°C/
10 p) Ta B Kapnatax (0,50°C/10 p). BniTky nepeBaxatoTb
TpeHamn 0,70-0,85°C/10 p, 3i cyTTEBMMM 3MiHAMM Ha
niBgeHHOMY 3axofi, NiBAHI Ta YaCTKOBO Ha MiBAEHHO-
My cxogi (0,80-0,85°C/10 p) i 6inbw NOBINbHUMMK NO-
KanbHO Ha niBHoui Ta B lNpura3os’i (0,70-0,75°C/10 p).
BoceHu ouikytotbca TpeHam B 0,70°C/10 p, i3 nokanb-
HUMW WBNAKUMM 3MiHamK Y KpnmcbKmx ropax (0,70-
0,80°C/10 p) Ta TPOXU HMPKUYNMM LIBUAKOCTAMMN Ha NiB-
AHi (0,65°C/10 p) Ta B Kapnatax (0,60°C/10 p). B3umky
TPeHAM Ha NepeBaXHill YaCTUHI TepuTopil CKnagaTb
0,70-0,75°C/10 p, 3i WBMAKMMN 3MiIHAMK Ha MNiBHOUI,
NiBHIYHOMY CXOfi, YaCTKOBO Yy LieHTpi Ta y [Nepeakap-
natTi (0,75°C/10 p) Ta 6inbl noginbHYMK y KapnaTax,
nofekyaun Ha ysbepexxi Kpumy ta B painoHi y3be-
pexxa AzoBcbkoro mops (0,50-0,65°C/10 p). Piunnia
TpeHA TX nporHo3yeTbca 6nmsbko 0,70°C/10 p, 3 geLwo
WBUALWMM 3PpOCTaHHAM TX B OKpemMMx parioHax Cxoay
(0,75°C/10 p) Ta NOKanbHUMM NOBINbHILIMKX TEMNAMK
3pocTtaHHA y KapnaTtax Ta Kpumy (0,55-0,60°C/10 p).

MNopiBHIOIOYM MPOCTOPOBI PO3MNOAINY TPEHAIB TEM-
nepatypu, MoxHa Big3Hauntu, wo TN i TG maioTb no-
LiOHY cTpyKTYpY nonis, npote TG popmye GinbLu ofHO-
pigHuin oH, Tofi AK TX OeMOHCTPYE e BULLY OfHO-
pigHiCcTb, pa3om i3 gewo GinbwrMn BennUMHamm 1
OKPEMUMU NOKaNbHUMN MaKCMMyMamu, 0Co65MBO B
NiBAEHHUX, FMPCbKMX Ta NprbepekHUX perioHax. Boa-
Houac TN 36epira€ HalBMpasHilli perioHasbHi KOHT-
pacTu cepen TPbOX TemnepaTypPHMX NOKA3HKKIB.

3a cueHapiem SSP5-8.5, TpeHaM cym aTMochepHUX
onagis NPOrHO3yTbCA 3 MOMITHOK CE30HHOIO Ta NPO-
CTOPOBOIO BapiaTUBHICTIO. HaBecHi Ha 6inbLuii YacTUHI
TepUTOPIT MPOrHO3YylTbCA AOAATHI TPEHAN KiNbKOCTI
onagis Ha piBHI 5 Mm/10 p 3i wBMAWUMM 3MiHaMK Y
Kapnartax (9 mm/10 p) Ta CTaTUCTUYHO HE3HAYYLUMM
3MiHamMK Ha NiBAHI Ta B HEBENMKI 30Hi Ha CXOAi KpaiHu
(6nm3bko 1 MM/10 p). BniTKy nepeBakatoTb HEBENUKI
3MeHLWeHHA — 6n13bko —3 Mm/10 p, 3i WBKMAWNMHA
3MiHaMu Ha 3axogi (-7 mm/10 p) i HaNWBUAWKMN Y
Kapnatax (-11..-19 mm/10 p). OKpemi niBaeHHI ginAH-
K1 EMOHCTPYIOTb oaaTtHui TpeHg (1 mm/10 p). Boce-
HWN TPEHAW € HEe3HAUYLLMMIW MO BCi TePUTOPIT KpaiHW.
B3umKy ouikyeTbcA Manxe ogHOpPIAHE 3PpOCTaHHA Ha
5 Mm/10 p 3 HaMWBMALWKMMN 3MiHAMW B panoHi Kap-
nat — 9 mm/10 p, Kpim NiBAEHHMX Ta NiBAEHHO-CXigHWX
perioHiB y AKX HEMa€E 3HauyLmx 3MiH. PiuHi TpeHgm
nepeBaXHO AEMOHCTPYIOTb CTaTUCTUYHO He3HauyLi
3MiHW. Pa3om 3 LM, Ha OKpeMunx AinAHKax Ha MiBHOYI

biKCyeTbCA 4OAATHUN TPEHS 3HAYYLLMX WBUALLMX 3MiH
(5-9 Mm/10 p), TOAi AK HAa HEBENVIKNX MiBAEHHUX AiNAH-
Kax — Big’emHui TpeHa (-3 mm/10 p).

BUCHOBKU

[nA ouiHBaHHA HaNPAMKY Ta WBUAKOCTI 3MiH
OCHOBHUX KNiMaTUYHUX NOKa3HWKIB B YKpaiHi AnAa ne-
piogy 1946-2020 pp. 6yna BMKopucTaHa 6a3a faHuX
ClimUAd, Aka € HOBMM NPOAYKTOM NpefCTaB/eHHA pe-
3ynbTaTiB METEOPONOTiYHNX CNOCTEPEXeHb B YKpaiHi 3
BMICOKOI MPOCTOPOBOIO PO3ZiMbHICTIO (~10 KM X 10 Km),
po3pobneHum B YKpIMI Ha OoCHOBI pekomeHaalill Ta
BuMor BMO. KnimaTuyHi 3mMiHK1 Ana manbyTHbOro nepi-
ony (2026-2100 pp.) 6yno oLiHEHO Ha OCHOBI aHCaM6-
JII0 MPOEKLiN KNIMAaTUYHMX NOKA3HMKIB PO3paxoBaHnX
3a gonomoroto KM HoBoi reHepalii (CMIP6) ana gBox
cueHapiiB SSP2-4.5 (nomipHwnin) Ta SSP5-8.5 (kopcTkmi).
BignosigHO 80 icHytoUMX pekomeHgauin, 4o AaHUX KIli-
MaTUYHMX Mogenen cdopmMoBaHOro aHcambno 6yno
3aCTOCOBAHO npoueaypy CTaTMCTUUYHOTO AayHCKen-
NiHry Ta KopeKLUii 3 MeToto 36inblUeHHA NPOCTOPOBOI
PO34iNbHOCTI AaHWNX Ta YCYHEHHA CUCTEMATUYHUX NO-
Munok. WWBmAKiCTb 3MiHW NPU3EeMHOI TemnepaTtypu
NOBITPA Ta KiNIbKOCTi onagiB ouiHBanaca niHiNHUMK
TpeHaamu, AKi 6yno po3paxoBaHo MeTooM CeHa, a ix
CTaTUCTMYHA 3HAYYLWiCTb BM3Havanaca CTaTUCTUKOIO
MaHHa-KeHganna.

Ona nepiogy 1946-2020 pp. OTPUMaHO JOAATHI TPeH-
AN OnA ycix YyacoBUX pAAIB NPU3EMHOI TemnepaTtypu
NnoBITPA Ha TepuTopil YKpaiHn. Hansuwi wemngKocTi
3pOCTaHHA TeMnepaTypwy NOBITPA NO BiAHOLWEHHIO A0
noyaTtky nepiogy XxapakTepHi AnA Ce30HHMX YacOBMX
pAagie. MiHimanbHa Temnepatypa (TN) makcMmanbHO
LWBMAKO 3pOCTaNna B3MMKY, MakcumarbHa (TX) — Bec-
Holo, cepefHi TemnepaTypu (TG), BignosigHo, 3 6inb-
WMKW WBUAKOCTAMM 3MiHIOBANINCA TaKoXK y 3MMOBO-
BECHAHUI nepioA. Ana koediluieHTiB NiHINHNX TpeHaiB
Ce30HHMX CyM OMafiB XxapakTepHa NpocTopoBa He-
O[HOPIAHICTb 3HAKY 3MiH. HanmBuLLi, CTaTUCTUYHO 3Ha-
UyLli MPUPOCTY CE30HHMX CYM OMnagiB BigMivaloTbCa y
BeCHAHI Ta 3uMoBi Micaui, 17 mm/10 p (KapnaTtu) Ta 5-
9 mm/ 10 p (3axig, NiBHiY, cxig. NiBAEHHWI CXifg PiBHUH-
HOT YaCTUHW YKpaiHu), BNiTKY NepeBa)asno 3MeHLIeHHsA
Ce30HHMX CyM OMagiB, ane Ui 3MiHN € CTaTUCTUYHO He-
3HAYYLWUMMU, AK | OCiHHI, KON BiAMIYAETbCA HE3HAUHE
3pOoCTaHHA. Y piyHOMYy BUMIipi nepeBakano craTuc-
TUYHO 3Hauylle 3pOCTaHHA CyM onagis ans Ginbloi
YaCTUHW TepUTopIl YKpaiHu.

Ins mainbyTHboro nepioagy (2026-2100 pp.) oTpu-
MaHi pe3ynbTaTi NOKa3yioTb, WO Npu BUKOPUCTaHHI
NOMIpHOro cueHapito SSP2-4.5 ouikyBaHi 3miHM no-
Ka3HMKIiB NpU3eMHOT TeMnepaTypu NnoBiTpA mMalTb
TEeHAEHUi0 [0 3pOCTaHHA ANA BCi€l Teputopii Ykpai-
HU: LWBUAKOCTI 3MiH MOKa3HMKIB HE3HaYHi, ane cTtatuc-
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TUYHO 3HauyLi. HalbinbLw BMCOKi C@30HHI MPUpPOCTL
ouikytoTbca ana TN y 3umosi micadi, a ana TX BecHolo
Ta BoceHu. 36inblieHHA cym onagis (5 mm/10 p) ana
LbOro CUeHapito OYiKyTbCA TiNbKM ANA 3UMOBUX MiCA-
LiB Ha 3axogi Ta niBHiYHOMY cxogi. B iHwWi ce30HM poKy
MOX/MBE He3HayHe 3MeHLWeHHA Cym onagis. Pe3ynb-
TaT! PO3PaxyHKiB AN1A »KOPCTKOro cueHapito SSP5-8.5
nokKasanu, Wo WBMAKOCTI 3pOCTaHHA TemnepaTypHMX
NOKa3HMKIB HaMBULWMMKN BYAYTb Y NiTHI Ta 3MMOBI
micaui (0,75-0,80°C/10 p) anA Bciei TepuTopii Ykpai-
HW. TiNbKN Y BECHAHUIN CE30H LWBUAKOCTI 3POCTaHHA
Temnepatypu 6yayTe nomipHumn (0,45-0,55°C/10 p).
3MiHa cym onagiB MaTMMe Ce30HHI BigMIHHOCTI, TaK Yy

3MIMOBO-BECHAHUN Nepiod 3a UMM CLeHapieEM OYiKy-
€TbCA 3POCTaHHA KiNbKOCTI onagis (mepeBa)Ho 5 mm/
10 p), TOAi AK BAITKY Ta BOCEHM CYyMW OMafiB 3MeHLUy-
BaTMMyTbCA Ha 3—7 MM/10 p. OTxKe, AK ANA CyyacHoro,
TaK i 4nAa ManbyTHbOro KNiMaTMYHOro nepiofis oTpu-
MaHi JofdaTHI TPeHAM 3MiH NPU3eMHOI TemnepaTypu
NOBITPA ANA BCi€l Teputopii YKpaiHu. 3MiHK cym onagis
MEHLU YiTKO BMParKeHi, anie CnocTepiraeTbCA 3arasabHa
TeHAEeHUiA 0 X 3MeHLUEeHHA Y NiTHbO-OCIHHIN nepiof
Ta 36iNbLIEeHHA Y 3MMOBO-BECHAHUN. AKLLO WBMAKOCTI
TaKUX 3MiH 6yyTb CTINKUMM, TO 3 YaCOM Lie MOXKe Npu-
3BeCTV [0 3MiHM CTaHZAPTHOrO ANA MOMIPHUX WNPOT
piyHOro posnoginy onagis.
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TREND ANALYSIS OF AIR TEMPERATURE

AND ATMOSPHERIC PRECIPITATION

IN UKRAINE BASED ON OBSERVATIONAL DATA
AND CMIP6 CLIMATE PROJECTIONS

This study presents an analysis of trends in annual and seaso-
nal averages of daily minimum (TN), mean (TG), and maxi-

mum (TX) air temperature, as well as in annual and seasonal
totals of atmospheric precipitation (RR), across both nation-
al and regional scales. Two time intervals were examined:
1946-2020, representing the period of observational data, and
2026-2100, representing future climate projections. All calcula-
tions were performed using high-resolution gridded datasets
(~10 km x 10 km), which provide a sufficiently detailed spatial
representation to support the development of national and re-
gional climate-change adaptation strategies. For the historical
period, the analysis relied on the ClimUAd dataset, constructed
from homogenized observations of 178 meteorological stations
across Ukraine and subsequently processed to ensure spatial
consistency and representativeness of the climatic fields. For
the future period, trends were estimated using a statistical en-
semble of climate projections obtained using new-generation
global climate models (CMIP6), based on updated scenarios of
greenhouse gas emissions and socio-economic development of
humanity (SSP2-4.5 and SSP5-8.5). Prior to trend analysis, bias
correction was applied to all model outputs using the Quan-
tile Delta Mapping (QDM) method, ensuring that systematic
deviations from observed climate conditions were effectively
removed. The results show statistically significant changes in
temperature patterns throughout Ukraine for both the observa-
tion period and the future period for both considered scenarios
(for all air temperature indicators considered, all seasons, and
the year). Under SSP2-4.5, the intensity of warming remains
broadly comparable to the trends observed in 1946-2020,
whereas SSP5-8.5 indicates a much stronger and more rapid
increase in temperature. Changes in precipitation are consider-
ably less pronounced, vary in sign across regions and seasons,
and are mostly statistically insignificant.

Keywords: Ukraine, air temperature, atmospheric precipita-
tion, trends, ClimUAd, CMIP6
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NMPABWUJIA AN1A ABTOPIB

Penaxuis xypHany “Meteoponoria. ligponoria. MoniTopurr poskinna”
npuiimae A0 Po3rnady opuriHanbHi, paxilue He ony6nikoBaHi HayKoBI CTaTTi 3 aKTyanb-
HUX MUTaHb TEOPETUYHOI Ta MPUKNAAHOI METEOPONOrii, KNIMATUYHMX | ifPONOriuHMX 0-
CiKEHb, 3AilCHEHHA MOHITOPUHTY BOA Ta aTMOCHEPHOro NOBITPA, a TaKOX MaTepiani
OKpeMIX JOCTIIXKEHb i3 CYMIXKHUX TeMaTuK, MOB'A3aHNX 3 BUPILLEHHAM BaXNUBIX
KNiMaTUYHIX, METEOPONOriYHNX Ta riAPONoriyHMX Npobnem, NUTaHb MOHITOPHHTY.
JpyKyloTbCA TakoX KOpOTKi NOBIZOMIEHHS, MaTepiany 3'i34iB | KOHGepeHuil, peLieH-
3ii Ha HayKoBi MoHorpadii. XypHan Apykye po6oTu B rany3i “npupogHuyi Hayku” 3a
cnewianbHicTio “Hayki npo 3emnt” (103).

Mopaki po peaakuii“Meteoponoria. ligponoria. MoHiTopuHr 4oBKinnA" pykonmcu
NPOXOAATb He3anexHe aHOHIMHe peLieH3yBaHHA. Pykonucu, wWwo He BignoBigaTb
npo¢inio XypHany, MatoTb HU3bKNIA HaYKOBO-TEOPETUYHMIA piBeHb ab0 AKI He NOBHOH
MipoIo BiANOBIJAIOTb NpaBUnam AnA aBTopis, MOXyTb OyT BiaxuneHi. ABTOpU HecyTb
MOBHY BiZNOBIZANbHICTb 32 TOUHICTb BUKNAAEHUX GAKTIB, LATAT, CTATUCTUYHUX LaHWX,
6ibniorpadiuHinx AOBIFOK, HaNMCAHHA reorpadiuHmx Ha3B, BNAaCHUX iMeH. [inA nybnikauii
B XypHani NpuitMaloTbeA PYKONUCI YKPaiHCbKO abo aHMNiCbKO MOBaMU.

Mybnikauia ctateii B xypHani 6e3onnatHa. (TaTTi NOAAKTLCA Ha CAIAT XKypHany
https://journal.uhmi.org.ua/ B enekTpoHHiit popmi.

BUMOTY 10 00OPMNEHHA PYKONIUCY

06car: opuriHanbHUX HayKoBUX CTaTeil — A0 15 CTOPIHOK (pa3om 3 pesiome, Ta-
6nuuAMN Ta iNKCTPATUBHUM MaTepianom), MeTo4oNoriuHuX, npobnemHuX i OrnAZoBUX
— He GinbLue 20 CTOPIHOK, KOPOTKUX NOBIAOMAEHb, peLieH3iil, MaTepianiB KoHepeHLii
i 3'i3q5iB — 5 CTOPiHOK.

Pykonuc rotyetbea y TekctoBomy pesaktopi Microsoft Word, wpndt — 12, intep-
BaJl MiX pagkamn — 1.

CTPYKTYPA CTATTI

1. IHOOPMALIIIHA YACTUHA.

1.1. Mictutb HactynHi no3uuii: inaekc YK (BupiBHIOBaHHA No NiBoMYy Kpato),
npi3BiLLe, MOBHICTIO iM'A Ta N0-6aTbKOBi aBTOPa (aBTOPIB) — HAMIBXUPHIM LWPUGTOM,
ORCID Ta E-mail koxHoro aBTopa (aBTopiB), Ha3Ba YCTaHOBM, e NpaLito€ aBTop(u), i3
3a3HaYeHHAM BiZlOMYOI NiANOPAAKOBAHOCTI (KypcuBOMm), anpecn, TenedoHa, — 3 BU-
PiBHIOBAHHAM M0 NPaBOMY Kpalo. fIKLL0 CTaTTA Ma€ Kinbka aBTopiB, T0 iM'A aBTopa ANA
NINCTYBAHHA N03HAYAETHCA 3iPOUKOI0.

1.2. HA3BA CTATTI HABOMTbCA BENUKAMM NITEPAMU.

1.3. Y Pe3tome (AHoTawii) BUKNaZaloTb NON0XKEHHA BIAMNOBIAHO O CTPYKTYpH
CTaTTi (MeTa, MeToAM AOCNIFKEHHS, pe3ynbTaTh, HOBIU3HA), 06CAT pe3tome yKpaiHCbKo
MOBOI0, AKLLIO CTATTA YKpaiHoMoBHa, — Bif 800 o 1800 3HaKiB, aHrNilicbKolo — He
meHLe 1800 3HakKiB 3 npo6inamu, AKLLO CTaTTA aHTNOMOBHA aHOTaLliA MOBUHHA MiCTUTH
He MeHwwe 1800 3HakiB (3 npobinamu).

1.3. KniouoBi cnoBa (He binblue 5-6).

1.4.Y cratTax, nigrotoBneHux ykpaiHCbKolo MOBOK, iMeHa aBTopiB (6e3 no 6atb-
KOBI), Ha3Ba YCTaHOBM, Ha3Ba CTaTTi, pe3ioMe Ta KNHoYOBi (0B JOLATKOBO HABOAATLCA
AHNINCHKO MOBOI.

2. TEKCTOBA YACTWUHA PYKOMHCY.

2.1. TeKcT cTaTTi Ma€ MICTUTM HACTYNHi pyOpUKIA:

o Bcryn ([letanbHa owiHKa akTyanbHuX Z0CiAKeHb i nybnikavii, Aki MicTuan npomix-
Hi pe3ynbTaty abo BapiaHTU PO3B'A3aHHA AaHoi npobnemu/Tematinku. BugineHna
acneKTiB, AKi foCi 3anMLWaloTbCA HeBupilueHumi. MeTa aaHoi nybnikauii, Aky He cnig
NNyTaTh 3 METO TeMaTUYHIX a0 AvcepTaLifiHUX AOCNIMXeHb B Linomy).

o Marepianu i MeToay (414 opuriHanbHuX cTareit).

o Pe3ynbTaTy Ta ix 06roBOpEHHA.

o BucHoBKM (nicyMOK pe3ynbraTiB y BifNoBiAHOCTI 3 MeToto poboTm).

2.2. Tabnuui, kapTorpadiunuii Ta inlocTpaTUBHMIA MaTepian HYMepyHTbCA, Ha HUX
pobnATbCA NocunaxHA B TekcTi. KinbkicTb intocTpaviit 3anexHo Big obcary cTarTi He
mae nepesuLysarty 10. Tabnuwi i3 3aronoBkom i NOpAAKOBUM HOMEPOM, PO3MILLYIOTb
ofpasy nicnA NocunaHHA Ha HX (nicna 3akinueHHa ab3auly). Cnig 3ano6iraTy rpomisakmx
Tabnuub Ta TabnuLb, 3aNOBHEHNX NKLLE NEPBUHHUMY JAHUMU.

leorpadiuHi KapTh i KapTocxeMu He MatoTb bYTU NepeHacuyeHUMI Hanucamu,
nepeTHaHHA Ha3B i Lup Henpunyctme. Mianucn Ha KapTax NOBUHHI f06pe unTaTUCh;
i} 3a3HaYaTi MacLTab Ta HABOANTY YMOBHI NO3HAYEHHA.

Bca rpadika mae 6yTu Komn'loTepHOt, BUKOHaHOI0 B 0fHOMY 3 Gopmaris: TIFF,
BMP, JPEG 3 po3ainbHictio He meHw 350 dpi.

PucyHku, rpadiku, cxemi Ta iH. 40AATKOBO NOAAIOTLCA OKpeMUMI (aiinamin.

3. BMOTX 10 OOOPMTEHHA NITEPATYPHIAX NOCUNTAHD.

3.1. bibniorpadiuni onmcu y cincky bibniorpadiuHmx nocunaHb HaBOAATS 3a bibnio-
rpadiuHum cTunem uuTyBaHHA APA stylereferences. https://apastyle.apa.org

3.2. [IKEPENA'Y CMUCKY BUKOPUCTAHWX AMKEPEN HE HYMEPYIOTb | TOLAKOTb 3A
ABETKOI0 3 a63awom (BigcTynom Big nisoro kpaio) 0,5 cm.

3.3. [lo cnucky He BKMOYaIOTbCA BILAHHA, onybnikoBaHi B pocilicbKiil enepauii
Ta 6inopyci nicna 2014 poky.

3.4. ina ctateit YKPAIHCbKO0 moBoto HaBoaATb [IBA cninckn BUKOPUCTaHNX Axe-
pen: CnucoK BUKOPUCTaHIX kepen MoBOt opuriHany (6ibniorpadiuni onucu nogaiots

3a Gibniorpadiunum crunem umutysanHa APA stylereference) Ta References — y ne-
peknagi aHrilcbKoio.

3.5. [Ina crateit AHITIACHKOI0 moBoto nogatoTb OfIUH ciucok BUKOpUCTaHNX fKe-
pen — References, y akomy 6i6niorpaciuuit onuc fxxepen He poMaHCbKUM LIPUGTOM,
a, HaNPUKNag, KUPUINYHUM, apabebkum, KUTAICbKUM TOLLO, HABOAATD Y Nepeknagi
aHIIACbKOK MOBOIO, 3a3HaYaloTb HaMpUKiHLi bibniorpadiuHoro onucy y KBaapaTHUX
JYXKax aHrniicbKolo MoBoto MoBY Axepena — [in Ukrainian], Towo.

3.6. Dopmart nocunaHHA Ha Axepena B TeKCTi BHyTPiLIHbOTEKCTOBI NOCUNAHHA
MOJAKTH Y KPYTANX BYXKKaX i3 3a3HAUEHHAM:

e Mpi3BuLYA aBTOPa (AKLLO aBTOP OAMH) abo nepLunx CNiB Ha3BM Npaui (AnA BUAAHD
6e3 aBTopiB), uepe3 Komy poky nybnikauii i, 3a HeobxigHOCTI, uepe3 KoMy CTOpiHOK
nicna ckopoueHHs "c." (ykp. moBoto) abo "p." (aHrn. moBoto). Ha3gy npaui MoxHa
CKOpOUYBaTH, @ MPONYyLLeHi C10Ba NO3HayaTh 3Hakom "Tpu Kpanku"): (Surname,
2023), (Surname, 2023, p. 123), (Surname, 2023, pp. 12-34), (Titleofthebook ...,
2023, p. 123), (Titleofthe ..., 2023);

npi3BuLLA CNiBaBTOpa (AKLLO aBTOPIB He OinbLue ABOX), pOKY BUAAHHA: (Surname 1
&Surname 2, 2023; Mpizsmwwe 11a Mpissuwe 2, 2023);

Npi3BULLA NIWLLE NepLIOro CMiBaBTOPa (AKLLO aBTOPIB NOHAZ ABOE), CKOPOUEHHA "'Ta
iH." abo "etal.", poky BugaHHsa): (Surname 1 etal., 2023; Mpi3guie 11a iH., 2023);
NPi3BYLLA Ta iHiLianiB aBTOPa, POKY BUAAHHA (AKLLO Y CTATTi € NOCUNAHHA Ha poboTn
aBTOPIB 3 0/IHAKOBUM Npi3BILLEM, onybAiKoBaHi Toro camoro poky): (Surname, N.,
2023);

npi3BULLA aBTOPA, POKY BUAAHHA NepLuoi poboTw, poKy BUAAHHA HACTYMHOI poboTK
(AKLLO CTaTTA MiCTUTb NOCUNAHHA Ha PoboTI 0HOTO aBTopa, OnybnikoBaHi B Pi3Hi
POKM Npi3BuLLe aBTOpa He ay6niooTb): (Surname, 2022, 2023);

Npi3BULLA aBTOPA, POKY BUAAHHA, MasOi NAaTUHCLKOT NiTepy NicnA oKy BUAAHHA
(AKWWO CTaTTA MICTUTb NOCUNAHHA Ha PoboTI ofHOO aBTOpa, ony6nikoBaHi Toro
camoro poky): (Surname, 2023a, 2023b, 2023c).

NMPUKNARU 0OOPMNEHHA BIBNIOTPAGIYHUX ONUCIB
(3a APA stylereferences)

KnuxKoBe BupaHHA:

Ocapuwmit, B.l., babiuenko, B.M., Habusaneup, t0.5., Ckpunnuk, 0.9. (2013). lunamika
Temneparypu nosiTpa B YKpaiHi 3a nepiof iHCTPyMeHTaNbHIX MeTeoPONOoriuHNX
cnoctepexeHb. Kuig: Hika-LlenTp.

Kamzist, Zh.S., Shevchenko, O.L (2008). Hydrogeology of Ukraine. Kyiv: Firmalnkos. [in
Ukrainian].

[inA eneKTPOHHNX KHUT 260 KHUT, AKi MalOTb eNeKTPOHHI Bepdii, HanpuKiHLi

6i6niorpadiunoro onucy 3asnavaiotb URL.

Kennett, B.L.N. (Compiler and Editor). (1991). “IASPEI 1991 Seismological Tables”. Biblio-
tech, Canberra, Australia. https://doi.org/10.1111/j.1365-3121.1991.th00863.x.

(1aTT4 B XKYpHani:

Camoiinik, M.C., MonuatoBa, A.B. (2017). Exonoriuki acnekTv BnAMBY NOMiroHiB TeepanX
no6byToBMX BiAX0AIB HA HABKONMLLHE cepefoBuLue. BicHuk MontaBcbKoi aepxas-
Hoi arpapHoi akademii, 1-2, 88-91. http://journals.pdaa.edu.ua/visnyk/article/
view/86/120.

Fraser, C.M., Kukuric, N., Dmitrieva, T., Dumont, A. (2023). Transhoundary water
cooperation under SDG indicator 6.5.2: disaggregating data top rovide additional
insight sat the aquifer level. WaterPolicy, 25 (11), 1015—1034. https://doi.org/10.2166/
wp.2023.026.

Marepianu koHdepeHuii, ony6nikoBaHi y 36ipHuKy matepianiB KoHde-
peHuii:

Pigulevskiy, PI., Shumlianska, L.A., Dubovenko, Yu.l., Svystun, V.K. (2019). The mantle
disruptions by P-waves velocity gradients analysis under East of Ukrainian Shield. 18t
Int. Conference on Geoinformatics: Theoretical and Applied Aspects. (13—16 May 2019,
Kyiv, Ukraine). (pp. 688—693). Otpumano i3 http://www.earthdoc.org/publication/publ
icationdetails/?publication=98574. https://doi.org/10.3997/2214-4609.201902151.

HopmartuBHo-npaBoBi akTy, cTaHpapTH:

Po3nopamxexna KabiHety MiicTpis Ykpaiku npo nepegauy inicHux MaiiHoBuX Komn-
NeKCiB fiepxaBHIX NiANPUEMCTB, YCTAHOB Ta OpraHisaviilt Ao chepy ynpasiiHHA
[NlepxaHoi cnyx6u reonorii Ta Haap. (2011). OTpumano 16 xoBTHA 2022 i3 http:/
zakon0.rada.gov.ua/laws/show/8102011%D1%80?test=XNLMf5x.qwJghgGwZio6d/
tNHI4Bgs80msh8le6

ABTopedepatn auceprauiii:

[Jarten, 0.0. (2019). GopmyBaHHA Boj00OMiHY Ta i10r0 MPOrHO3yBaHHA B yMOBaX TeXHO-
reHe3y Ha MeniopoBaHux Teputopiax BonuHcbkoro Monicca. ABToped. Auc. ... Kaua.
Tex. HayK: 06.01.02. IncTutyT BogHMX npobnem i meniopauii HAAH Ykpaitu, Kuis.

[ina KoxHoro Axepena notpi6Ho 3a3Hauatu DOI (3a HasBHOCTI).

[leTanbHi BUMoru Ta npuknagn opopmnenHs 6ibniorpadiuHnx onucis
MOXHa Takox noausuTuca y: Publication Manual of the American Psychological Asso-
ciation (APA), 7t Edition Ta y Mpuknagax opopmnenHs nocunanb 3a APA (71 ed.)
y CMCKY BUKOpUCTaHUX fkepen. https://apastyle.apa.org/products/publication-manual-
7th-edition.
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