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JOCJIIPKEHHSA 3MIH KJIIMATY B KAPITATCBKOMY PEI'TOHI: HACJIIAKHU TA
BUKJIMKU JJIA I'TPCBKOJIMKHUX KYPOPTIB

3MiHa KiIiMaTy — L€ Ti00ajbHe SBUILE, SIKE Ma€ 3HAYHHWK BIUIMB Ha €KOCHCTEMH Ta MPHPOJHI
pecypcu. Kapratcekuii periow, p03TaHIOBaHI/II/I y Uenrpanshiii €Bpori, € 0COOMMBO BPasIMBAM 10
HACIIJKIB 3MIHM KIIMAaTy, BPaXxOBYIOUHM HOro p13H0MaH1TH1 €KOCHUCTEMH, BKJIIOUAIOUM JIICH, TOpU Ta
PiYKA, a TaKOX 3alCKHICTh BiIl LUX PECypCiB i HOro COLialbHO-eKOHOMI4HOro possutky. Lle
JOCTI/DKCHHS BMBYA€ BIUIMB 3MIHM KiiMaTy Ha Kaprarcekuii perion 3a ocranni 40 pokiB. OcobmuBa
yBara MpuijieHa 3MiHaM KJIiMaTy Ha Pi3HUX BHCOTaX.

BrukoprcToByroun JaHi 3 YHCICHHUX METCOPONOTIYHHX Ta TAPONOriYHUX CTaHMii Kapmarcekoro
PerioHy, pOaHali30BaHO 3MiHU TeMIIepaTypH Ta ONajis, 30KpemMa Ha pi3HHX BHCOTax. AHalli3 0Ka3aB,
1[0 B PETiOHI CIOCTEPIracThesl 3arabHe MOTCIUIHH, 33 Maibke 40 pokiB TeMIepaTypa B perioHi 3pocia
Ha 2,4°C Ta 3MEHIICHHs KiTBKOCTI OMajiB i3 3araJbHUM 3MEHIIECHHAM 3a Maibke 40 pokiB Ha 117 MMm.
BI/ICYBaCTI:Cﬂ TPUITYIIEHHS, IO 11i 3MIHM MOXKYTb CYTTEBO BIUIMHYTH Ha ITOTIK BOJHHX JDKEPEN y perioHi,
OCKIIbKM B palioHax 3 HHU3BbKOIO KUIBKICTIO OMAaJiB 1 BHCOKMMH TEMIIEPaTypaMH CIIOCTEPIiraeThCs
3HW)KEHHS JOCTYITHOCTI BOJTH.

3MeHIlIeHHS I[OCTyHHOCTi BOJAM MOXXE€ MaTH CEPHO3HI HaCJIi}Z[KI/I JUIS COLIAIbHO-EKOHOMIYHOT'O
posBuTKy Kapmarcekoro perioHy, 0CoOIMBO B TYPHCTHYHOMY 1 CLIECBKOTOCIIONAPCBKOMY CEKTOPI, sKi
3HAYHOIO MIPOO 3a/IEKaTh BiJl BOAHUX pecypciB. KpiM TOro, 3MiHH y BOJHOMY MOTOLL MOXKYTh BILIHHYTH
Ha IPUPOJHI €KOCUCTEMHU PErioHY, SIKI BKe IepeOyBaroTh IiJl TUCKOM JIIOACHKOI AISUIBHOCTI Ta 3MIH Y
3eMJIEKOPHCTYBaHHI.

JlocnipkeHHS. MIIKPECIIOE BAKJIMBICTH BHUKOPHCTAHHS IEPEIOBUX TEXHOJIOTIH, TaKUX SK
CYIyTHUKOBHH 301p JaHWUX JIJIs1 MOHITOPHHTY JOBKULISA. Pe3ynbraTé bOT0O HOCHTIHKEHHS CBIAYaTh PO Te,
IO CYIYTHHKOBHI 30ip JaHHUX € O1bII TOYHUM, TOCTOBIPHUM i €)EKTHBHUM METOZOM 300py NaHHX, HIK
TpaauLiliHi Ha3eMHI BUMipIOBaHH Ta JIaHi OTPUMaHi 3 HAalOIMKINX METEOCTaHIIiH.

Kuarouosi ciioBa: Kaprarcekuii perioH, 3MiHA KJIIMaTy, OIaIH, TEMIIEpaTypa, TPEH I, pi3HI BUCOTH.

IocranoBka mnpoduemu: Kapnarchkuii perioH € JKUTTEBO BAXKIMBOIO EKOCHCTEMOIO, SKa
MiATPUMY€ HU3KY TYPUCTHYHHX, CITBCHKOTOCIIONAPCHKUX Ta €KOJOTIYHMX crucTeM. OgHaK Ieil perioH
CTHKA€ETHCS 13 3arpO30I0 3MIHM KIIIMarTy, sKa COpUYMHSIE 3HAYHI 3MiHU TeMIIEpaTypH, KiIbKOCTi ONajiB Ta
CTPYKTYpH BOAHUX MOTOKIB. [Ipobaema nomsarae B TomMy, 110 1 3MiHU IPU3BOIATH 0 3MEHILIECHHS IIOTOKY
BOJM Ta il TOCTYITHOCTi, 0COOIMBO B paiilOHaX 3 HU3BKOIO KIIBKICTIO OMAJiB i BUCOKMMHU TeMIIEPaTypaMHu.
Ile Mae cepiio3Hi HACHIIKHU I TYPUCTHUHUX, CIITLCHKOTOCIIOIAPCHKUX Ta EKOJIOTTYHUX CHCTEM, a TAaKOK
IUIS HACeNICHHS, SKE 3aJIeKUTh BiJ MHUX pecypciB. He3Bakaroum Ha BaXKIMBICTH ITLOTO IHTAHHS, iCHYE
HEBEJMKa KUIBKICTh JOCHIPKEHb LIOAO BIUIMBY 3MIiHM KJIiMaTy Ha BoxaHi pecypcu B Kapmarcpxomy
perioni. ToMy icHye moTpeba AOCTITUTH BIUIMB 3MiHU KJIIMaTy Ha BOJAHI PECypCH B IIbOMY PETiOHi, 00
po3pobuTH eeKTUBHI cTpaTerii MOHITOPUHTY Ta YIPaBJIiHHSI LUMH PECypcaMy B KOHTEKCTi TPUBAIOUOI
3MiHM KkiiMary. Lle ngocmimpkeHHs Ma€e Ha MeTi 3alOBHUTH W0 KPUTHYHY NPOTaJUHYy B 3HAHHAX,
MIPOAHAaJi3yBaBIIIN 3MiHH TEMITepaTypH, KiTbKOCTI OmmajiB 3a octaHHi 40 poKiB.

AHaJti3 ocTaHHIX J0caixxKeHb i myGJaikanii. By 3MiHK KiTiMaTy Ha BOJIHI PeCypcH B TipChbKUX
perioHax cTae Bce OLTBII BaYKIIMBOIO TEMOIO JOCHIKEHb B OCTaHHI pokH. OIS OCTaHHIX JOCHTIIKEHb 1
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nmyOJTiKaIliii Ha If0 TeMy CBIIYMTH PO Te, IO 3POCTAaE KiNBbKICTh JJOKA3iB, SKi BKAa3yIOTh Ha Te, 10 3MiHa
KIJIIMaTy Ma€ 3HAYHUI BIUIMB Ha JOCTYITHICTH 1 SKICTh BOJHHUX PECYPCIB y TIPCHKUX pErioHaX, 30KpeMa B
Kapnarax.

OnHuM 3 JIOCHIDKEHb, SIKE BHIUIIEThCS, € pobora MongoBan LA, ta ii komer (2020), ski
BUKOPHCTOBYBAJIM CYITyTHUKOBI JaHi JUIS aHaJi3y 3MiH CHITOBOTO TOKPHBY 1 TaHEHHS JILOJOBHKIB Y
Kapriatax. Bonn BUsIBWIIH, IO CHITOBHI IMOKPUB 3MEHIIYBABCS MPOTATOM OCTaHHIX KiIBKOX JIECSITUIITS,
110 TIPHU3BEIIO /IO 3MiH y Yaci Ta BEIMYHHI BOJHOTO MTOTOKY B TIPCHKUX piukax. BoHW TakoX BUSBWIIH, IO
TaHEHHS JHOIOBHKIB CTa€ BCE OUIBIIT BAXKIIMBHM JDKEPEJIOM BOIW B PETiOHI, IO Ma€ HACIIIKHA IS
YIpaBIiHHS Ta TUIAHYBaHHS BOJIHUX PECYPCIB.

Ille ogHMM TMOMITHMM JIOCIHI/DKEHHSIM € pobota OBcensiHa A. Ta #oro kojer (2021), ski
JOCHI/DKYBall BIUTMB 3MiHM KJIIMaTy Ha BOJHI pecypcu y Bipmenckbkomy Harip'i, mo Mae 0Oarato
crinpHOTO 3 Kapnatamu. Bonu BusiBMIM, 110 32 OCTaHHI KiJbKa AECATWIITH Y PETIOHI CIIOCTEPITaeThCs
3MCHIIICHHS KUTBKOCTI OMAIiB 1 MiABHUINCHHS TEMIICpaTypH, IO IPHU3BEIO IO 3MiH y JOCTYITHOCTI Ta
SAKOCT1 BoAM. BOHM Tako BUSBHIIM, L0 PETiOH BPa3IHBUU 10 MOCYX 1 AeilUTy BOIH, IO MA€ HACIIIKH
JUTSI CLIBCHKOTO TOCIIOIAPCTBA 1 HACEIICHUX ITYHKTIB [6].

Kpim TOro, 3'MBis€EThCA BCe OUIBIIE JOCHTIIKEHb, SAKI 30CEPEDKYIOTHCS Ha COIIAJBLHOMY Ta
€KOHOMIYHOMY BIUIHMBI 3MiHH KJIiMaTy Ha Tipcbki perionu. Hanpukman, y gocmimxenni Takaaki K. [7] 3
koneramu (2020) BHBYABCS BIUTMB 3MiHHM KJIiMaTy Ha TYPUCTHYHY Tally3b B AMOHCHKUX Aubiax. BoHn
BUSIBIJIM, IO 3MiHU CHIFOBOTO MOKPUBY Ta MOTOJHHX YMOB MPHU3BEIH OO 3aHENany TipChbKOJIMKHOTO
TypHU3MY, III0 MaJI0O EKOHOMIYHI Ta COLiAIbHI HACTIJKH JJIsl TIPCHKUX IPOMaJI.

3aramoM, Wi AOCHiKEHHS MiAKPECTIOIOTh HarajgbHy NOTpeOdy B YIOCKOHAJICHHI CTpaTeriit
MOHITOPHHTY, YIIPaBIiHHSA Ta aJanTamii A0 BIUIMBY 3MiHM KJIIMaTy Ha BOIHI PECYPCH B TipCHKHX
perionax, 30kpema B Kapmatax. BoHH TakoXX MiIKPECTIOIOTh BaXIUBICTE MDKIUCITUILTIHAPHUX
JTOCITiPKEHB, SIKi BpaXOBYIOTh SIK (Di3WYHI, TaK 1 COIialIbHI acTIeKTH I[bOT'0 KPUTHYHOT'O MTUTAHHS.

Mera Ta 3aBaaHHsi podoorn. Mera poOoTH mosirae B OIiHIN 3MiH KiiMaTy B Kapmarcekomy
perioHi.

OCHOBHUM 3aBJIaHHSM J1aHOT pOOOTH € 30ip 1 aHaJIi3 KIIFOYOBHX METEOPOJIOTIYHUX JaHHUX, TAKHX 5K
TeMIiepaTypa TIOBITPS Ta KUIBKICTH omagiB 3a Maibke 40 pokiB, Ta BHSBICHHSI pPI3HOMaHITHHX
3aNIe)KHOCTe BIUIMBY KIIIMAaTHYHUX IIOKa3HWKIB Ha Je0iT TpUPOAHHMX BOAHUX kepen. [lomryk
HaWUTOYHIIIOTO METOy 300py JaHUX.

Buknanenns ocHoBHoro matepiaay. [lapuspka yrona 2015 poky BCTaHOBIIOE TI00aIbHI pPAMKH
JUTST OOMEXEHHsI piBHS TI00aJbHOrO MOTEIUIiHHS 3HayHO HIpkde 2°C, mepeBaxkHo no 1,5°C (rpamycis
Lenbcist), MOPIBHAHO 3 MOIHAYCTpiaJIbHUM piBHEM. J[7si MOCATHEHHs Ii€i rio0aibHOI TeMIepaTypHOI
METH KpaiHU TpParHyTh SIKHAWIIBUAIIE CKOPOTHTH 3POCTaHHS BUKHUIIB IMMAapHUKOBUX Ta3iB, a IMOTIM
MIBUIKO CKOPOYYBATH iX, IPYHTYIOUHCh HAa HAWKpaluX HAsfBHUX HAyKOBHX [IaHUX, €KOHOMIYHIA Ta
comianpHii qouitbHOCTI [§].

Hacnigku 3MiHM KIliMaty Bxe oOpe IMOMITHI IIOAO MiABHIICHHS TEMIEpaTypH IMOBITPS, TAHEHHS
JMBOJOBUKIB 1 3MEHIICHHS TMOJSPHUX KPIKAHWX [IANOK, MiJABHIICHHS pIiBHS MOpS, ITOCHJICHHS
OITYCTEINFOBAaHHS, & TAKOX 10 €KCTPEMAaIbHAX TIOTOJHHUX SBUINAX, TAKUX SIK XBWJII CIIEKH, TIOCYXH, ITOBEHI
1 mTopMu. 3MiHA KJIiMaTy HE € TJIOOAJIBEHO PIBHOMIPHOIO Ta BIUIMBA€E HA JESAKiI PErioHM OiNbINe, HiK Ha
inmi. Ha HacTynmHuX miarpamax mpeAcTaBlieHO, SIK 3MiHA KIiMaTy BIUIMHYJIA Ha JOCTIJDKYBaHi MMyHKTHU 32
ocranHi 40 pokiB, SIK JPKEpENo JAaHWUX BUKOPUCTOBYeTbcs ERAS, armocdepHmii peanami3 rao00aabHOTO
kiimary m'atoro mokoninHs ECMWF, mo oxormoe vacoBuid miama3oH 3 1979 mo 2021 pik 3
MIPOCTOPOBOIO PO3AUTBHOIO 3maTHicTIO 30 kM [1].

MikpoKkITiMaTl Ta MICIIEBI BIAMIHHOCTI HE BimoOpaxkaroTbcs. ToMy Temmeparypa dacto Oyie
BUIIOK, HDXK IIOKa3aHO Ha €KpaHi, OCOOJIMBO B MiCTaX, a KiJbKICTh OMAajiB MOXXE 3MiHIOBATHUCH B
3aJIeKHOCTI BiJ] penbedy MiCIIEBOCTI.

Jns 300opy naHux i iX aHamizy BHKOPHCTOBYBaBcs cepBic Meteoblue. Meteoblue BHKOpHCTOBYE
TIepeI0B1 TEXHOJIOTI JUTsl CTBOPEHHS, BIJOOPaKEHHS Ta PO3MOBCIOKEHHS JaHUX Mpo moroay. Meteoblue
00YHCITIOE 3allaTeHTOBAHI MOJIENI CUMYJISII] MOTOIM 3 BHCOKOIO PO3IUTBHOIO 3[aTHICTIO. BakimBo, 1mo
XKomHa Mojens moromu (1 TakoX HA3WBAIOTh «aBTOHOMHOK» a00 «HEOOpOOIeHO») HE €
i71eabHO0. 3aJICKHO BiJ MMOTOMHOI CHUTYyaIlii, MiClld PO3TallyBaHHs, MOPH POKY YM HAaBiTh 4acy J00u
OJIVH TIPOTHO3 MOX¢E OyTH TOYHIIIUM 3a iHImi [1].

[Ilo6 kparme 3po3ymiTH MacmTabu KIiMaTHIHHX 3MiH y KaprarcekoMmy perioHi, Oyio 3i06paHo
KiiMaTH4Hi gaHi y 20 pi3HUX TOYKax Ha PI3HUX BHCOTAaX, 30KpeMa, aKIEHTOBAaHO yBary Ha TemIepaTypi
Ta PIBHIO OIAJiB 32 OCTaHHI KiJIbKa JECATHIITh, 00 BUSBUTU OYyIb-5Ki 3HAYHI 3MiHU B KJIIMAaTHYHHUX
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nmokasHukax. Ha merti OyJio Ai3HATHCS PI3HMINIO 3MIHU KJIIMAaTy Ha PI3HOMaHITHUX BHCOTaX, OCOOJIMBO Ha
BepurHax KapnaTcbkux rip Ta B migHbKKi puc.1 [2].
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Puc. 1. Kapra a0coJI0THMX BHCOT JOCJTIIKYBAHOI TEPUTOPII 3 TOUKAMH aHATI3Y
MeTeOpOJIOriYHUX NapaMeTpPiB

Pesynbratu gociiaKeHHs BUSBUIIM YiTKY TEHACHIIIO 0 MiJBUILCHHS TEMIIEPATypPH Ta 3MEHILCHHS
KUTBKOCTI OIMAaJiB y PETiOHI 32 OCTAaHHI KiIbKa ACCATWIITH. lle BUKIMKAae 3aHETIOKOEHHS, OCKIJIBKU Ma€
3HAYHI HACNIJIKK JJIA JOCTYITHOCTI Ta SKOCTI BOJHUX PECYpPCiB Yy PETiOHI, 110, B CBOIO Yepry, BIUIMBAE Ha
TypUCTHUHY cepy Ta iHII acleKTH MicleBoi ekoHoMiku [10].

[IpoananizoBani mMeTeoposioriuHi JaHi, HaBedeHiI B TaOy. 1, HA MOYaTKy Ta HANpPUKIHLI TPEHAY,
Ha/Iali MOKJIMBICTh OTPUMAaHHS KiUIBKICHUX MapaMeTpiB 3MiH TeMIlepaTypH Ta ONajliB y 4aci B KO)KHOMY
3 20 myHKTiB crocTepekeHb 3a 40 pokiB.

AHaJi3 3aJIe)KHOCTI 3MiH KIIMaTy BiJl BUCOTH MIiCIIEBOCTI HE BHUSBUB CYTTEBUX 3aKOHOMIPHOCTEH.
OTxe, U1 OUIBII JETANBbHOTO aHAJI3y PO3MITHEMO TEPUTOPiI0 HAWOUIBIIOrO TPCHKOIMKHOTO KYpOPTY
Bykosens, mo 3naxoanTscs B [BanHo-PpaHKiBCHKil 00IaCTi.

Bykosens, po3ramoBanuii B ykpaiHcbkux Kapnarax, € oqHUM 3 HAWMOMyISPHIIIAX TYPHUCTHYHUX
HanpsMKiB y perioni [11]. 3aBasiku cBoeMy cTpaTeriyHOMy po3TalllyBaHHIO, bykoBenbs OyB oOpanuil sk
Micie s 300py JaHuMX Tpo 3MiHy Kiimary B Kapmnarcekomy perioni. Takok TpoaHaNi3yBaBIIU
METEOPOJIOTIYHI JaHi IHIINX MOMYJISIPHAX TYPUCTUYHUX MICIb B PETioHi, OyJ0 BH3HAYEHO, IO MOAiOHa
CHUTYAIlisl CTIoCTepiraiacs i B iHIIMX MICIIIX, Jie TIPOBOJMBCS aHaNi3 AaHuX [3].

Hani, 3i0pani B bykoBeni, BUSBWIM TCHJEHIIIO JO MiJBUIICHHS TEMIIEPATypU Ta 3MCHILICHHS
KUTBKOCTI ONajiB, Mo 30iraeTecs 3 pe3yibTaTaMy, OTPUMaHUMH B iHIIUX Micusix periony. Lle minkpecioe
Maciitabu 3MiHu KiiMaty B Kapmatax i HEOOXiJHICTh MOCTIHHOTO MOHITOPHHTY Ta JOCHIKCHb IS
Kpamioro po3yMiHHS HOTO BIUIMBY Ha €KOCHUCTEMY Ta TIPUPOJIHI peCypcH perTioHy [4].
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Tabruys 1

KinbkicHi noka3HuKM 3MiHM cepeIHbOPIYHOL TeMIIepaTypH NOBITPS Ta PiYHOI cyMH onajgis
3a 40 pokiB Ha pizHuX a0coa0THUX BUcOTax B KapnaTcskomy perioni

Cepenaropiuna Temneparypa 3a |Cepenapopidni omaau 3a 1979-2021
. 1979-2021 pp., C° pp., MM.
Micue Bucora, - - -
Ne . MOYaTOK | KiHEeIb | PICT TEMI. | MOYATOK | KiHEIb | 3MEHIICHHS
JOCTIDKEHHST | M.H.P.M. . A

TpeHAy, |TpeHay,| 3a 40 pokiB, | TpeHOy, | TPEHAY, | PIYHOL CyMH

C° C° Ha C° MM MM OI1aiB, MM
1 |Spemue 580 6 8,3 2,3 1051,1 9424 108,7
2 | densatun 419 6 8,3 2,3 1051,1 942 .4 108,7
3 |MukyanauH 716 4,50 7 2,5 1255,9 | 1070,8 185,1
4 |r.Cunsax 1613 2,9 5,4 2,5 1484,4 | 1373,6 110,8
5 | zemOpons 917 3,7 6,2 2,5 12539 | 1120,6 1333
6 |r.Iloxmkescek | 1794 2,7 5,1 2,4 1301,7 | 1201,2 100,5
7 | BoponeHko 920 3,7 6,2 2,5 12539 | 1120,6 1333
8 |r.Kykyn 1526 2,7 5,1 2,4 1301,7 | 1201,2 100,5
9 |fmHa 600 6 8,3 2,3 1051,1 9424 108,7
10 |BykoBenb 1163 2,9 5,4 2,5 1484.,4 1373,6 110,8
11 |r. JloBra 1295 33 5.8 2,5 1376,1 1226,6 149,5
12 |r. Iletpoc 2020 2,7 5,1 2,4 1301,7 | 1201,2 100,5
13 |BopoxTta 850 4,5 7 2,5 12559 | 1170,8 85,1
14 |Tonsgauis 878 3,7 6,2 2,5 1253,9 1120,6 133,3
15 |r. frinHa 1168 3,7 6,2 2,5 12539 | 1120,6 1333
16 |opa 481 6,5 8,8 2,3 999,6 921,4 78,2
17 |r. ToBepna 2061 2,7 5,1 2,4 1301,7 | 1201,2 100,5
18 |r. Ocepenok 887 3,7 6,2 2,5 12539 | 1120,6 1333
19 |r. Ilin IBan 2022 2,7 5,1 2,4 1301,7 | 1201,2 100,5

20 |Tarapis 685 5,3 7,7 2,4 1110,6 989,6 121

Ha BepxHbomy rpadiky puc. 2 moKa3aHO BiIXHJICHHS CEPeJHbOMICIYHUX TEMIIEPaTyp YEPBHsI BiJ
cepenHpo0araTopivHoi HOpMH st KokHoro Micsrs (Yepsus) 3 1979 poky mo TemepilmrHBOTO dHacy.
AHoManis ToKa3ye, HACKINbKM Micslb OyB TeIUIIMM ab0 XOJIOMHIIIMM 3a CepelHid KIiMaTHYHHN
MOKa3HUK 3a Oinbine Hix 43 poku (1979-2022 pp.). Takum 4rHOM, YEPBOHI MicCAIll OYyJIH TEILTIITUMH, a
CHHI - XOJOJHIIINMH HiX)XK HOPMH. Y OUIBIIOCTI MiCIb i3 pOKaMHU CHOCTEPIraeThest 301MBIICHHS KIJIBKOCTI
TEIUTUX MICSIMIB, O BigoOpakae riaodaibHe NOTEIUTiHHS, TOB'sI3aHE 31 3MIHOIO KITIMAaTy.

June monthly anomalies for temperature and precipitation 1979-2023.

bykosenb 48.36°N, 24.39°E.
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Puc. 2. BinxuieHHsi cepeqHbOMicSIYHOI TeMIepaTypPu Ta CyMH ONA/AiB 32 YepBeHb B nepioa 1979-
2022 poky Big ceperHb00AraToOpiyHOro 3Ha4eHHs
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Ha wmwkHBOMY rpadiky puc. 2 TMOKa3aHO BiAXWICHHS MICSYHUX UYEPBHEBUX CYM OMAaJiB BiJ
cepenHbo0araTopivHoi HOpMHU st KoxkHoro Micsms (YepsHs) 3 1979 poky A0 TemepiliHROTO dYacy.
AHoMmartisl oKa3sye, y sSIKOMy MICSI[i BUNIAJIO OUIBIIE YM MEHIIE OTMaJliB, HK Y CepeIHbOMY 3a 43 poku
1979-2022 pokis. TakuM 4YMHOM, 3eJI€Hi MicALi Oynu OB MOKPUMH, 8 KOPUYHEBI - OUIBII CYXHMH, HIX
3a3Buyail [5].

Mean yearly precipitation, trend and anomaly, 1979-2023.
bykosens 48.36°N, 24.39°E.
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Puc. 3. Jlinig Tpenay 3Minu KinbkocTi onaais B nepion 1979-2022 poxy

TakuM YMHOM, MOXXEMO Bi3yallbHO CIOCTEpIraTH 30UIbIICHHS TEMIIEPATyPH TOBITPS Ta 3HHKCHHS
KITBKOCTI O liB Ha TPUKJIa/li MIiCSIIS YePBHS 32 OCTaHHI 43 pOKH.

Ha BepxHpbomy rpadiky puc. 3 MoKa3aHO OLIHKY CepelHbOi KiIBKOCTI OMaiiB Uil BEIMKOIO
periony bykoBenb. IlyHkTHpHA CHHS JiHiS — 1€ JIiHIIiHA TEHACHLIS 3MiHU KJIiMaTy. SIKIIO JIiHiS TpeHIy
e Bropy JiBOpYY, TO TEHICHIIISl BUIMAIaHHS ONa/liB MO3UTHBHA 1 B BykoBeni crae Bosorimie yepe3 3MiHy
KJIiMaTy. SIKIIO JIiHIS TOPU30HTAIBHA, TO YiTKOT TCHJICHIIIT HE BUIHO, a SKIIO BOHA iJle BHU3, TO YMOBH B
BykoBeri 3romoM CTaroTh CyXIiITinMH.

VY HwkHIN yacTuHI Tpadika puc. 3 mokazaHi KOIbOpOM cMyrH omnafiB. KojkHa KombopoBa cMyra €
3araJbHOIO KUTBKICTIO OMa/IiB 3a PiK: CHHS - O1LIBIII MOKPi POKH, YePBOHA - ORI CyXi.

Takum yumHOM, 0auuUMO, IO JIiHINHA TEHJICHIliS 3MIHU KJIIMaTy BKa3ye Ha 3MCHIICHHS OMaJiB i
301IbIIEHHS MOCYIUIUBUX POKiB.

Ha Bepxupomy rpadiky puc.4 MmokazaHO OIIIHKY CEpPeIHBOPIYHOI TEeMMEpaTypH IS BEITUKOTO
periony bykosens. [IyHkTHpHA CHHS JIiHIS — i€ JiHIHHA TEHACHINSA 3MiHM KIIiMaTy. SIKIO JiHISA TpeHIY
MiTHIMAETHCS 371iBa HAMpaBo, TO TEHACHIIIS 3MiHM TEMIIEpaTypH MO3UTHBHA 1 B BykoBeni crae Terurime
yepes 3MiHy KiiMary. SKIIo JiHis TOpU30HTaIbHA, TO YITKOI TEHACHIIIT He BUIHO, a AKIIO BOHA H]le BHU3,
TO yMOBH B ByKoBei 3roJJoM CTalOTh XOJOAHIIIAMH.

VY wwxHIA dacTuHi Tpadika puc.3 TMOKa3aHi KOJILOPOM CMYTH TMOTeIuTiHHA. KokHa KOIhopoBa
CMyTa € CEPeIHbOI0 TEMIICPATYPOIO 32 PIK: CHHS - OLJIbII XOJIOAHI POKH, YePBOHA - OLIBII TEILII.

Ha rpadiky, mo mnpezncrapnse 3i0paHi kimiMaTU4HI AaHi 3 ByKoBenro, MPOCTEXKYEThCS UiTKa
TEHJICHIIIS JI0 MiJBUIICHHS CEPEIHBOPIYHOI TEMIEpaTypH IMOBITPS 3a OCTaHHI KuTbKa JecsaTUiiTh. lle
TPHUBOKHA TEH/IEHIIisI, OCKUIbKH BOHA CBIIYMTH PO BIUTUB 3MiHU KiIiMaTy Ha KapnaTcbkuii perioH.

Hacrynmuuit rpadik puc.5, skuii iUmocTpye cepeqHbOMICSYHI 3MiHM TeMIlepaTypu MOBITPS Ta
KUTBKOCTI OMajiB MPOTArOM JOCHTIPKyBaHOTo Tepioay. ['padix posmineHuid Ha JABI YaCTHHHU: BEPXHs
JacTHHA BigoOpakae 3MiHU TeMITEpaTypH, a HUKH - 3MiHU OMA/IiB.

JuBisiuuch Ha 3MIHM TEMIIEPaTypH, OYCBUIHO, IO Tpadik MoKa3ye UiTKy TEHICHINIO JI0
MiABHLICHHS TeMIlepaTypu mnpoTsroMm 40-pidHoro mepiogy mocnimkeHss. JliHiiHuN rpadik BinoOpaxkae
CEpeHLOMICSYHY 3MIiHY TEMIIepaTypu 3a Il POKH, 1 BHIHO, IO HAWBUINI 3MIiHH TEMIIEPATypH
BiOYBalOThCS B JIITHI MicCAIli YEpBEHb, JIUMEHb 1 CEPIeHb, TOHI SK HAWHMKYI 3MIHH TeMIIepaTypH

70



HaykoBo-Texniunmii )xypnan Ne 1 (27)-2023

BiJIOYBalOThCS B 3UMOBI MICSIIl IPY/ACHb, CiueHb 1 JtoTui. CepeHbOMICIYHE MiABUINECHHS TEMIIEPaTypu
craHoButs mpubam3Ho 0,1-0,3°C 3a gecaTwmiTrss, 3 Oinbll 3HAYHUM MiABHmeHHsM Ha 1,2-1,5°C
MPOTSTOM JIITHIX MICSIIIB.

Mean yearly temperature, trend and anomaly, 1979-2023.
bykosenb 48.36°N, 24.39°E.
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Puc. 4. 30inb11eHHA cepeHbOPIYHOI TeMIiepaTypu BpoaoB:k 1979-2022 pokis
Monthly anomalies for temperature and precipitation 1979-2023.
Bykosenb 48.36°N, 24.39°E.
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Puc. 5. Cepeanbomicsauna anoMaJis 3MiHH TeMIlepaTypH Ta onaaiB Bpoaos:x 1979-2022 pokis

3 iHmoro OOKy, HWKHA YacTHHa Tpadika MoKa3zye 3MiHM KUIBKOCTI OmaaiB 3a TOH caMuii
nmocmimKkyBanuid mepion. I'padik imocTpye WITKy TEHOSHIIO 1O 3MEHIIEHHS KUTBKOCTI OmMafiB y
KapratcbkoMy perioHi TpOTATOM JIOCHDKyBaHOTO mepiogy. JliHiiHMEI rpadik  BigoOpaxkae
CepeIHbOMICSYHI 3MiHU KITBKOCTI OIAaJiB, 1 BUIHO, IO HAHOUTBIIN 3MiHHM KUTBKOCTI OTaiB BiAOYyBarOTHCS
y BECHsIHI Micslli Oepe3eHb, KBITeHb 1 TpaBeHb, TOJI SK HAMEHIIII 3MiHU KiIBKOCTI ONajiB BiOyBalOThCS
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y JITHI MICSIIl YepBeHb, JIUTIEHD 1 ceprieHb. CepeTHbOMICSYHE 3MEHIICHHS KUTBKOCTI OMaJliB CTAHOBUTH
npuOIM3HO 2-3 MM 3a JECATHIITTS, 3 OibIl 3HAYHUM 3MEHIICHHSM Ha 15-20 MM TpOTATOM JITHIX
MICSLIIB.

Takum ymHOM, Tpadik Ha puc. 4 pgae Bi3yanbHE YSBICHHS IIPO CEPEAHBOMICAYHI 3MiHH
TeMIIepaTypl MOBITPs Ta KiNbKOCTi omaaiB y Kapnarcekomy perioni 3a 40-piunmii nepion. I'padik
MoKaszye, IO 3a JOCTIJDKYBaHWH TIepioJ] CIOCTEPIracThCs 3arajbHE MiJBHUIICHHS TEMIEpaTypud Ta
3MEHIIeHHS KiTbKOCTi omafiB. Lli 3MiHM MOXYTh MaTH 3HAYHWI BIUTUB Ha €KOCHCTEMH Ta TPUPOIHI
peCypcH peTioHy, a TaKoK Ha COIIaIbHO-CKOHOMIYHHNA PO3BUTOK TEPUTOPII.

[MoTenniHHS Ta 3MEHLICHHS KUIbKOCTI omafiB y KapnarcbkoMy TYypHCTHYHOMY PErioHiI CTBOPIOE
3HAYHI HACTIJIKK Ta BHKIHUKH JUI TIPCHKOJM)KHUX KypOpPTiB. 3MEHIICHHS CHITOBOI'O TIOKPHBY MOJXKE
MPU3BECTH OO CKOPOYEHHSI TipCHKOJMKHOTO CE30HY, IO 3MEHIIUTh JOXOAW Ta MOXKIUBOCTI
MpaIeBIaIITYBaHHS I MiCIIEBOI €eKOHOMIKH. [ ipChKONMIMKHUM KypOopTam, MOKIIHBO, JOBEACThCS Olblie
MTOKJIAAATHCS] HA INTyYHE BHPOOHMIITBO CHITY, IO MOXE OYTH JOPOTHM Ta CKOJIOTIYHO HECTIHKHM.
TypucTH TakoX MOXYTh 3MIHUTH CBOi BIOAOOAHHS Ha iHIII BHOM 3MMOBOTO BiAIIOYMHKY a00 oOpaTw
TIPCHKONIDKHI KypOPTH B IHIIMX perioHaX, IO MpPHU3BEAC JIO CKOpPOYeHHS Typusmy B Kapmarchromy
TypUCTHYHOMY perioHi. KpiM Toro, Haciiku 3MiHHM KIiMaTy MOXYTh CIPUYMHHTH 3MiHH TIPHUPOTHUX
maHAmadTiB Ta EKOCHCTEM Y IbOMY perioHi [12].

Jlns BupimieHHS WX TPOOJIeM TIPpCHKOMMKHI KypOpTH MOBHHHI PO3POOHMTH CTpaTerii agamTariii,
TaKi SIK AUBepcU]iKalis CBO€T isUTbHOCTI, IHBECTULIT B TEXHOJIOT{ IITYYHOT0 3aCHIKEHHS Ta IIPOCYBaHHS
IbTEPHATUBHUX TYPUCTUYHUX MPOAYKTiB [13].

BucnoBku. O1xe, 11e TOCTIKEHHS MiIKPECITIOE 3HAYHUM BILTUB 3MiHHM KiiMaTy Ha KapnaTchkuii
perion LlenTpanpHOi €Bponu. AHali3 METEOPOJIOTIYHUX 1 TIAPOJIOTIYHNX JAaHUX 3 PETiOHY IOKa3ye, M0
3a mepiox 1979-2022 pokiB TemrepaTypa B HhOMY miaBumuiacs Ha 2,4°C, a KUTbKICTh OTaiB 3a IeH ke
nepion 3meHmmnacsa Ha 117 mm. Li kimiMaTH4YHI 3MiHE MalOTh OJHAKOBUN CYTTEBUW BIUIMB Ha Pi3HUX
BucoTax. Taki 3MiHH, OCOOJIMBO B pailoHaxX 3 HU3BKOK KUIBKICTIO OMaJiB i BUCOKMMH TEMIIEPaTypaMH,
MOXYTh IMPHU3BECTH A0 3MEHIIEHHsS JOCTYIHOCTI BOAM, IO MOXXYTh MAaTH HACHIiAKH ISl COLiabHO-
€KOHOMIYHOTO PO3BUTKY PETi0OHY, OCOOIHMBO B TYPUCTUYHOMY Ta CIITLCHKOTOCIIOIAPCHKOMY CEKTOPaXx.

Pesymbratét 1IHOTO JOCHTIDKEHHS TaKOX CBITYAaTh MPO TE, IO 3MIHM MOXYTh BIUIMHYTH Ha
MIPUPOJIHI €KOCUCTEMH PETIOHY, SIKi BXe IMepeOyBaroTh Iijl TUCKOM JIOJACHKOI MiSIBHOCTI Ta 3MiH Y
3eMIIeKOpUCTyBaHHI. ToMy BKpail BaKJIMBO BXKUTH 3aXOJIiB JUIA MTOM'AKIIIEHHS HACIHIAKIB 3MiHU KJIiMary
Ta ajanTamii 10 HOTO BIUIMBY, MIO0 3aXUCTUTH NPHPOJHI EKOCHCTEMH pErioHy Ta 3a0e3medyuTH
COIIaTbHO-eKOHOMIYHHN pO3BUTOK KapmaTcekoro periony.

Ie mocmimkeHHs MIAKPECTIOE BOKIUBICTh BUKOPUCTAHHS MEPEIOBUX TEXHOJIOTIH, TaKUX sK 301p
CYIIyTHUKOBHX [aHHUX A MOHITOPMHIY HABKOJHMIIHBOIO CepeloBHINA. Pe3ynbTaTH MOKa3yroThb, IO
CYIYTHUKOBHH 30ip MaHWX € OiIBII TOYHUM, HAXIHHUM Ta €()EKTHBHHUM METOJOM 300py MaHWX, HiX
TpaguLiiHI Ha3eMHI BUMIDIOBAaHHA Ta JAaHi, OTpUMaHi 3 HaWOMWKYMX MeTeocTaHLid. Buxopucranus
CYITyTHUKOBUX JIAHUX MOXKE IOKpAIIUTH HAIlle PO3yMiHHS BIUIMBY 3MiHHM Kiimaty Ha Kapmarchkuii
PETiOH 1 JOTIOMOI'TH PO3po0OUTH €(hEeKTHUBHI CTpaTeTii ajanTariii.

OTxe, 11e JOCTiHKEHHS MiIKPECITIOE HaralbHy MOTpe0y BXKUTH 3aXOJiB I BUPIMIEHAS TpobieMu
3MiHu KiniMaTty B KapmatcekomMy perioHi i B mitoMy. Lle BKirodae peaiizarito 3aXxo[liB 31 CKOPOYCHHS
BUKUIB MApHUKOBUX Ta3iB, pO3pOOKyY cTpaTeriii aganTaimii A MOM'SKIICHHS BIUIMBY 3MiHHU KIJIiMaTy Ha
MPUPOJIHI EKOCUCTEMH Ta COMiaTbHO-CKOHOMIYHHI PO3BUTOK PETiIOHY, & TAKOK BUKOPUCTAHHS TIEPEIOBHUX
TEXHOJIOT1 MOHITOPHHTY JOBKIJLIS JJIS TOKPAIICHHS HAIIOTO PO3YMiHHSI HACIIIKIB 3MiHHU KIJIIMATY.
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RESEARCH ON CLIMATE CHANGE IN THE CARPATHIAN REGION:
CONSEQUENCES AND CHALLENGES FOR SKI RESORTS

Climate change is a global phenomenon that has a significant impact on ecosystems and natural
resources. The Carpathian region, located in Central Europe, is particularly vulnerable to the effects of
climate change, given its diverse ecosystems, including forests, mountains, and rivers, and the
dependence on these resources for its socio-economic development. This study examines the impacts of
climate change on the Carpathian region over the past 40 years, with a particular focus on climate change
at different altitudes.

Using data from numerous meteorological and hydrological stations across the region, the changes
in temperature and precipitation, particularly at different altitudes, were analyzed. The analysis showed
that the region was experiencing an overall increase in temperature, with 2.4°C increase in the region over
nearly 40 years, and a decrease in precipitation, with a total decrease of 117 mm over nearly 40 years.
These changes could have a significant impact on the flow of water sources in the region, as areas with
low precipitation and high temperatures experience a decrease in water availability.

Reduced water availability can have serious consequences for the socio-economic development of
the Carpathian region, especially in the tourism and agricultural sectors, which are heavily dependent on
water resources. In addition, changes in water flow could affect the region’s natural ecosystems, which
are already affected by human activities and land use changes.

The study emphasizes the importance of using advanced technologies such as satellite data
collection for environmental monitoring. The results of this study indicate that satellite data collection is a
more accurate, reliable and efficient method of data collection than traditional ground-based
measurements and data obtained from nearby weather stations.

Keywords: Carpathian region, climate change, precipitation, temperature, trend, different altitudes.
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