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AxmyanvHa mema

Actual Subject

| MapyHsk €. O. 0000-0002-6743-6883

IHcTuTyT reorpadii HauionanbHoi akafemii Hayk Ykpainu, Kuis

HayxoBi 3806yTKK cniBpo6IiTHUKIB

DOI: https://doi.org/10.15407/ugz2026.01.003 & i

|.I'"'E

| YexHii B. M. 0000-0003-1430-9175

IncTuTyTy reorpadii HAH Ykpainu y 2025 poui

Y[1K 001.89:910.11:001.32(477)ITHAHY"2025"(045)

Meroro my6miKaliii € BUCBIT/IeHHA OCHOBHMX HAyKOBMX HamlpaljoBaHb IHcTutyty reorpadii HAH Ykpainn
3a HayKOBO-JOCTIHUMM poboTaMu, mposefieHnMy y 2025 p. Oco6mBy yBary npujiieHo MUTaHHAM OLHKM
BIUIMBIB Ha HaBKOJMIIHE CepefOBMINe, CYCHIIbHUM TpaHCOpPMALiAM Ha BCIX MPOCTOPOBUX PiBHAX, PO3-
HIMPEHHI0 MDKHAPOZHOTO CIiBPOOITHMIITBA Ta afamnTallil eBPOMEiCbKOrO JOCBINY 3 ypaXyBaHHAM peajiiit

POCiliCbKO-YKPaiHChKOI BilfHN.

Kniouosi cnosa: zeozpadisi, memooonozis, memoou, pexomenoauii, pociticoxa azpecist, 6naueu, HacmioKu.

¥ 2025 p. naykosui HanjionanpHol akageMii Hayk
Ykpainu npopoBxyBanu (HOpMyBaTU iHTENIEKTY-
anbHMIT QYHIZAMEHT Pe3MIbEHTHOCTI KpaiHu, pe-
rioHiB Ta rpomaj B yMOBaX BiliCbKOBOI arpecii
pocii. Tak, 6ynu ycmiurHuMy MDKAUMCHUIITIHAPHI
IOCTi/KeHHs, 1 o0 MigBUIeHHs 060pOHO3aT-
HOCTi YKpaiHu, i IIOmo IOLIYKy cTpaTerin ii pos-
BUTKY B YMOBAaX BillHU, HiJTPUMKN €BPONEIChKOI
inTerpanii. O4ikyBaHoO, 1IJ0 3Ha4YHA yBara MpUia-
nach imenTndikanii Ta oliHIOBaHHIO 30MTKIB s
€KOCHCTEM 11 aHTPOIIOT€Hi30BAHOI'O CEPENOBUIIA,
3okpeMa i 3 Bukopucranuam ['IC texHonoriii, y
Bi/ITOBIJHOCTI 3 TPEH/IOM JIifPKMTaMi3allil, a TAaKOX
HacTaHoB 3ejieHoi yroau €spormelicbkoro Coosy.
Brecok reorpadis O6yB cripsMoBaHUII Ha BJJOCKO-
HaJIeHHSA METOJIO/IOTiYHNX i METOAMYHUX ITigXO0/iB
OL|iHIOBAaHHSA TEPUTOPIil i3 3aCTOCYBAaHHAM Pi3HUX
TUIIIB IaHUX, HacaMIlepes, AMCTAHILIMHOTO 30H[Y-
BaHHA 3eMyi. PopMyBaInCh METOMKY OILiHIOBAH-
Hs BIUIMBY 0OJIOBUX [iiil Ha maHAumadTH, 1ecoBmit

IOKPUB Ta IPYHTU. Y KOHTEKCTi 3abe3ledeHHs
IIPOCTOPOBOTO PO3BUTKY aHa/li3yBajach €BOMIOLiA
IPOCTOPOBUX CTPYKTYP, 110 OXOIITIOBA/JIO IOHAJ,
cTopiuHmit nepioy; Tpancopmarii Micbkoi Mepexi
YkpaiHy, a TakoxX cydacHi TpaHcdopmanii Micbko-
ro IPOCTOPY, BUBYA/INCh OKpeMi acmekTy 3abes-
HeYyeHHs IPOCTOPOBOI CIPaBefMMBOCTI. Binbyscs
0OMiH [OCBiJOM B paMKaX ITOJIbCHKO-YKPaiHCHKOI
eKCIIepTHOI ITaTopMu 3 MPOCTOPOBOrO IIAHY-
BAHH:, OIHVM 3 Pe3y/IbTaTiB AKOIO CTAjI0 BU/IaHH:A
crinbHOI MOHOTpadii MO0 MirpariifHux mporecis
iy yac moBHoMacuITabHoi BiitHu. TpuBamu pobo-
TU 3 BIIPOBAJ[)KEHHS IPUHLMNIIIB €KOJIOriYHOIO I/Ia-
HYBaHH:, 30KpeMa 3 MiTPYMAHHA CeKTOPAIbHUX
MOMITUK 1 OCBITHBOIO INPOLECY, 3 YPaXyBaHHAM
MOJIITUKYM OKpeMUX KpaiH €Bponericbkoro Corosy,
Hacamrieper Himeuunnu. [luckycii B reorpagiunmx
Ko/ax (OKYCYBa/lIMCh TAaKOXK Ha MailOyTHbOMY Ha-
VK IIpO 3eMJII0 ¥ JOBTOCTPOKOBIIl IIepCIeKTUBI, AK
iHCTpYMEHTY IIPOCTOPOBOIO PO3BUTKY, 1110 30Pi€H-

LntyBaHHA:

MapyHsk €. O., YexHiii B. M. (2026). Haykosi 3806y Tku cniBpo6iTHUMKIB IHCTUTYTY reorpadii HAH Ykpainu y 2025 poui. YkpaiHcokul 2eoepa-
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€. O. Mapynax, B. M. Yexniti
HAYKOBI 3[0BYTKW CMIBPOBITHUKIB IHCTUTYTY FEOTPAGITHAH YKPAIHM Y 2025 POLL

TOBaHUII Ha 3a0e3le4yeHHs 30aTaHCOBAHOTO Mail-
OytHboro Ykpaiunu [I, 8].

HisanpHicTh IHCTUTYTY 3a TonepenHi 5 poKiB OT-
puMara BUCOKY OL[IHKY 3a pe3y/lIbTaTaMy Jep>KaHoi
aTecTallii HayKOBUX YCTaHOB Ta 3aKJ/IaJiB BUILOL
OCBITM B YaCTMHI IIPOBAJKE€HH:A TAaKUMM 3aKja-
flaMy HayKoBOI (HAayKOBO-TeXHIiYHOI) AifTbHOCTI
3a HayKoBUM HanpsamoM «CycninbHuii». IHcTuTyT
reorpadii HAH Ykpaiuu 6y/o BigHeceHo 1o rpynn
«A» (Haka3 MiHicTepcTBa ocBiTH i Haykm Ykpainu
Biz 27 gepBHA 2025 p. Ne 945).

¥ 2025 p. IHcCTUTYT IpOBOAYB JOCTI/PKEHHA 3a
11 HayKOBOZOCTITHUMM POOOTAMIL.

3a NPOEKTOM, L0 BUKOHYBABCs 32 IIPiOpUTET-
HUM HanpsAMoM « TeXHOIOTil KpUTUYHMX KOPUCHUX
KOIIa/JIMH, Hp06IIeMI/I XiMi4HOrO, papiallillHOTO Ta
6i0/10TiYHOTO MOHITOPMHTY CTaHy HOBKI/IIA Ta Jio-
ro BiTHOBNeHHs» Ha 2025-2026 pp. y Mexax 6ro-
mxeTHOI nmporpamu «IlifTpuMKa po3BUTKY npiopn-
TeTHUX HAIpAMIB HayKoBMX focmimkenb» (KIIKBK
6541230) Ha 2025-2026 pp. «O6’€0nanuii incmpy-
menmapiii naHoOwaPmnozo n1aHy6aHHA ma ouc-
Manyilino20 30H0Y8AHHA 3emi 0N KOMNIEKCHOT
ouinKu cmany 008KinnA Ykpainu 6 ymosax itinu
ma noeéoeHHo20 8i0HO6MeHHA» OyN0 po3pobie-
HO METOJOJ/IOTII0 OLiHIOBAHHA CTaHy €KOCHCTEM
i3 3acTocyBaHHAM 00’€JHAHOTO IHCTPYMEHTapii0
MaHAMA(THOTO IUIAHYBAaHHA Ta JUCTAHIIIHOTO
30HJyBaHHSA 3eMJli, 3 ypaXyBaHHAM MiKHapOJHOTO
Ta HaIioOHa/IbHOTO 0CBiny (wr.-kop. HAH Ykpai-
Hu €. 0. Mapynsk, akag. HAH Vkpainn JI.T. Py-
meHko, 4i.-kop. HAH Ykpainnu C. A. JlicoBcpknii,
B. M. Yexniit, L. B. I'ykanosa, P. O. Crnus, K. A. Ilo-
nmuBay, JI. O. €nxicrpaTtosa, O. A. AIOCTONOB Ta iH.).

3a rpantom HAH VYkpainn gocnigHUIbKUM 7a-
6opatopiam/rpynam monoaux Buennx HAH Vkpa-
IHM [11 IPOBENEHHA MOCIIKEHb 3a IIPiOpuUTeT-
HUMM HAalpAMaMM PO3BUTKY HAyKM I TEXHiKu
2024-2025 pp. (KIIKBK 6541230) «Pe3unvenm-
Hicmb ma nomenuian 6i0H06NEHH azpapHoi cPe-
pu mepumopianvrux zpomad Kuiecvrozo ITpuoi-
npoe’ss, uwo nocmpaicoanu 6i0 pociiicoxoi azpecii»
0y/10 OOIPYHTOBAHO KIIIOYOBi (aKTOPU CTiNIKOCTI
arpocdepu tepurtopianbHux rpoman KuiBcpkoro
[IpupHIIpoB’s, 10 MOCTpaXKAanu Bif pociiicbkoi
arpecii Ta BM3HAY€HO HAyKOBi 3acaju i OIpa-
LIJOBAHHA LUIAXIB IX IIOBOEHHOIO BigHOB/IeHHS [2]
(A. C. Kyunip, O. M. Jleit6eprok, B. M. IlIBaiiko,
B.I1. Monopuka).

3a IPOEKTOM, 1110 BMKOHYBABCs B paMKaX HayKo-
BO-J0C/ifHNX pobit Monopux yyennx HAH Vkpainn
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Ha 2025-2026 pp. «leonpocmoposa ouinka eniusy
6otiosux 0iil Ha necosuil nokpus Ykpainu (y mexncax
cmenoeoi 30Hu)» Oy/I0 OIPAIIbOBAHO METOIOIOTIO
OIiHIOBAaHHA BIUIMBY OOMOBMX [iilf HA HAyKOBY Ta
reoTyPUCTUYHY LIiHHICTD JIECOBO-I'PYHTOBMX PO3pi-
3iB, OOIPYHTOBAHO MOXX/IVBICTh BUKOPUCTAHHS 3a-
IIPOIIOHOBAHOI METOAVKY [IJI OLIIHIOBaHHSA BIIMBY
6oitoBrx Aiit Ha iHmi nprpopHi 06’extn (O. C. BoHu-
koBcpKuii, O. M. Jleiibepiok, B. M. IIBaiixo).

3a iHIIOI BiOMYOI0 TEMaTUKOIO, 3aTBepiKe-
Hotwo IIpesupiero HAH Ykpainm:

3a Temoro «Micvka mepexnca Ykpainu: 3pis ic-
MopuHHUX 3MiH i IX KapmozpadyeaHHs 3 mMemoro
niosuueHHs edpekmueHocmi pezioHanvHoz0 Po3-
8umxKy» BIleplle 3a OCTaHHI 125 poKiB, cCIMparo4nch
Ha JaHi IepenuciB Hace/IeHHA 1 aHali3 TOIOBHUX
YMHHUKIB BIUIMBY, Oy/I0 3MiiICHEHO MOCIifI>KeH-
Hs ocobnmuBocCTell (OpMyBaHHA MiCbKOI Mepexi
VYKpainu Ta BUABIEHO TEHAEHIII 3MiH B pO3ce/leHHi
MiCBKOTO HaCe/IeHH, 1[0 € OCHOBOIO /IS Mail0y THIX
pobir 3 BifHOB/IEHHA YKpaiHu Ta 3abe3nedeHHs il
MOBOEHHOTO pO3BUTKY [7, 9] (akaxm. HAH Ykpainn
JI.T. Pymenko, A.I Boukoscbka, O. M. Heﬁ[6ep}01<,
K. A.ITonuBay, M. M. Bumss Ta is.).

3a Temoro «/lanowadmu Yipainu 6 ymoseax
8iliHu: mpanchopmauii ma wnaxu 6i0HO6eH-
HA» OY/I0 OIPALbOBAHO METOJOJIOTII0 TOCTiKeH-
HA BIUIMBIB BOEHHUX il Ha MaHAmAdTH YKpaiHm,
IO IPYHTYETbCA Ha NMaHAMA(TO3HABYIN Ta aH[-
ma THO-eKOJIOTiuHiil iHTeprpeTariil BiTYM3HIHO-
ro Ta 3apy0iKHOTO HOCBify OLiHKY BIUIMBIB Bili-
Hy Ha joBKimna (B. M. Yexnin, JI. FO. Copokina,
O.T.Tony6uos, JI. M. Tumynsx ra in.).

3a rtemow «leomopgozenes ypbanizosanoi
npupoono-anmponozennoi cucmemu m. Kuesa y
nocmeoenHuil nepiod» 6yo 37iliCHEHO OLiHIOBaH-
HA penbedy Ta penbedOoyTBOPIOBATbHIX BifIK/IazliB
teputopii M. KieBa 111 €K0/10roopi€eHTOBaHOrO 10-
CTBOEHHOTO PO3BUTKY reomopgocucremn. Takox
Oy/10 mpoBeleHO BemMKoMacuTabHe Kaprorpady-
BaHHA penbedy ypbaHizoBaHoi reomopdocucreMn
teputopii M. KneBa Ak OCHOBM [/ IpOBefEeHHA
HPUK/IAJHUX iHXEeHepPHO-TeoMOp(dOIOriYHNX Ta
€KOJIOr0-reoMop(OJIOTiYHUX HOCIiIKeHb. YTOY-
HEHO CXeMy pailoHyBaHH:A ypboreomopdocucremMn
teputopii M. Kuesa 3a cTyneHeMm iH>XKeHepHO-Teo-
Mopdornoriunoro pusuky (P. O. Cnuns, A. B. Mato-
ko, O. b. barmer, O. C. bonukoscokuiir, M. JI. Au-
Tomyk, I. B. Pomanenko).

3a TeMol0 «Memoodonozis noemanHux pexoH-
cmpyxuiii nNpUPoOHUX yMO8 Pi6HUHHOT mepumopii
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€. 0. Mapynsax, B. M. Yexniil
HAYKOBI 3JOBYTKM CMIBPOBITHUKIB IHCTUTYTY TEOTPA®IT HAH YKPAIHI Y 2025 POLI

Yipainu y uemeepmunnomy nepiodi ma ii peaniza-
uist 6 2eoingopmauiiiniii cucmemi» 6yIo 3ailicHeHO
najieoreorpadivni iHTeprperanii pe3y/n1bTaTiB aHa-
TITUYHUX TOCTI/KEeHb 32 MaTepianaMu 00CTeXXeHb
apXeo/IoriyHNX Ta IHajeoreorpadiyHux mam sATOK
I/IsL BiITBOpeHHs maneoreorpaivHmx o6cTaHo-
BOK IIJIEMICTOLIEHY i TOJIOLEHY B MeXXaxX MOJEIbHUX
perioniB Tepuropii YKpaiHM 3 BUKOPUCTAaHHAM
cTBOpeHOl Beb-opieHTOBaHOI reoindopmariiiHoi
cucremu «Paleo web-GIS» (OK. M. MarsiimmnHa,
'A.C.Iyerkol, C.TI. Hopomkesuy, C. II. Kapmasu-
HeHKo, A. C. Kymnip).

3a Temor «PyHKUioOHANLHA CIMPYKMYPU3AUin
mepumopii Ykpainu ma ii 3minu 6 ymosax pociii-
cvkoi 8ilicbk060i iHmepeeHuyii» OYI0 po3poOIeHO
cxeMy (GYHKIIIOHaTbHO-TEPUTOPiaTbHOI CTPYKTY-
pusanii rocnogapcTsa i po3ceneHHa YKpaiHu Ta ii
TpaHcopMaliii B yMoBax OBHOMACIITAOHOI BIiIHIAL.
Takoxx 6y/70 ONpanbOBaHO METOAUKY BU3HAYCHHS
OCHOBHMX KOMIIOHEHTIB TepUTOpia/bHOI Opranisa-
il cycHiibcTBa 3 BUKOPUCTAHHAM 3ac00iB AUCTaH-
LifiHOrO 30HAYBaHHA 3eMili. Bupineno, cranom Ha
2022 p., 89 ¢dynkuionanpHux ypbaHi3oBaHMX Te-
puTOpin i 3miMiCHEHO IX TUIII3ALiI0 3a KpUTEpiaMM
4YJICE/IPHOCTI HACEN€HHA Ta IUIOLL, KIIBKOCTI Axep
KOHCOJiia1il, CIiBBiIHOIIEHHA HACENIEHHA Y HUX Ta
B MeXax ixHix cybypb6iit. O6rpyHTOBaHO PaMKOBi
peKOoMeHIalil 0/j0 BAOCKOHAIeHHA (YHKIIIOHA/Ib-
HOI crenjianizanil rocnogapcbkux LeHTpiB [4, 6]
([ IL. igrpymnnit, B. I1. Haripra, H. L. ITpoBoTap,
JI. O. €Enictparosa, O.A. Anocronos, C.O. Ocra-
neHko, B. B. boupap Ta in.).

3a temo «Memoodonozisi 3a6e3neueHHsT Po3-
6UMKY MepUumopianvHux zpomao Ha 3acadax
npocmopoeoi cnpasednuséocmi» Oyno 3[iICHEHO
aHaJIi3 pO3BUTKY TEPUTOPiaJIbHUX I'POMaJ, y BUMi-
pi IPOCTOPOBOI CIPaBEIMBOCTI 3 ypaXyBaHHAM
HAC/liIKiB BOEHHMX il B YKpaiHi. 3okpeMa 6yio
BUI3HAYEHO T'OJIOBHI YMHHMKI, AKi IPU3BEIN O II0-
IIMO/IeHHA IPOCTOPOBOI HeCIPaBe/IMBOCTI Mic/IsA
MOYaTKy ITOBHOMAcIITaOHOTO BTOprueHHs pd. Ta-
KOX Oy/I0 BUABJIEHO BiIMIHHOCTI B OLiHKax Ipo-
CTOPOBOI CIIPABEIIMBOCTI MEMIKAHIAMM 3aXiZJHOTO
periony YkpaiHmM BifTHOCHO PEeCIOHJIEHTIB 3 yCix
TepuTOpianbHUX rpomay Ykpaian [3, 5] (wr.-xop.
HAH VYkpainn C. A. JlicoBcbkuii, wi.-kop. HAH
Ykpainn €. O. MapyHnsx, L. B. I'ykanosa, A. A. Mos-
rosuit, C. A. IToxnanpkuii, O. JI. [lponosa, T. A. Ipn-
HIOK, I. B.ITaToka Ta iH.).

3a goroBopoM 3 MiHicTepcTBOM OCBiTH i Hay-
ku Ykpainu «Komnmexcrne nayxoee 0ocniosmenns
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KoHuenmyanizauii npocmopoeoi mpanchopmauii
Yipainu 6 ymosax eilinu ma no6oeHH020 8i0H06-
neHHa» OOIPYHTOBAHO METOAMKY TeMaTUYHUX
reoMop¢ooriYHNX Ta maneoreorpadiyHux mo-
CIIiIPKeHb, IPOBENEHO IMONbOBI reomopdormoriu-
Hi Ta maseoreorpadivni mocmimKeHHA B MeXax
OKpeMUX TepuTopianbHuUX rpomajy KuiBcbkoro
[TpupHinpos’s, sAki 3a3HamIM IOLUIKOJ)KEHb BHa-
CIij0K BoeHHUX Aiit. OXapaKTepus3oBaHO penbed,
penbedoyTBOpIOBaNbHI BifK/IaAM Ta IpoLecu
palioHiB jocmimKens, ix TpaHchopMalii BHACTITOK
BOEHHUX Jiill. Po3po6iieHo cTpyKTypy 6a3u maHux
MOHITOPMHTOBUX HOCIII)KeHb CTaHy penbedy Ta
I'PYHTOBOTO IOKPMBY, ITOIIKOIXKEHNX BHACTiIOK
BOEHHUX fill. CTBOpEeHO IIPOCTOPOBi 6asy faHuX
HaceJIeHUX IYHKTiB YKpaiHy, IO 3a3Ha/IN BillChKO-
BOTO BIIIMBY, BUSHAYEHO JIOrO BUAY M1 TPUBAJIICTD.
Ha ocnosi gaaux ACLED mifpaxoBaHO Ki/lbKicTb
MOl i CTBOpEHO cepifo KapT, sIKi BifoOpakaroThb
MaclmTaby Ta iHTeHCUBHICTb pyiiHyBaHb. BusHa-
YEeHO OCHOBHI YMHHUKM BIUIMBY BiJiHM Ha JIaH[-
madTy Ta iXx MexaHivyHi, pisuyHi Ta ximiuHi popmu
HNposABYy B MAHAMAQTI Ha PiBHI OKpeMUX KOMIIO-
HeHTiB Ta maHpmadry y ninomy. OnpanboBaHo i
y3araJbHeHO [OCBij BinOymoBM KpaiH, TepuTopis
AKUX B MMHYJIOMY ([a/IeKOMY 4M BiJHOCHO HeflaB-
HbOMY) Oy/Ia apeHOI0 BOEHHUX Jiif, 260 3a3HaBaa
6ombapnyBaHb i pakeTHUX o6CTpiniB. 3pilicHe-
HO POOOTU 3 PO3POOKM METOAMKM BUKOPUCTAH-
HA CynyTHMKOBOI iHdopmanii pma BU3HaYeHHA
¢yHKIiOHaIBHUX YpOaHi30BaHUX TEPUTOPIil, 5K
OCHOBHUX (popM TepuropianbHOl opraHizauii cy-
crminberBa (wi.-kop. HAH Ykpainu €. O. Mapynsx,
yI.-kop. HAH VYkpainn C. A.JlicoBcbKnii, akap.
HAH VYkpainu JI.I. Pygenxo, I.IL Iligrpymramii,
B. M. Yexsiit, P. O.Cnounsa, C.II. JlopomkeBny
Ta iH.).

[Tpotsirom 2025 p. cniBpobiTHUKK [HCTUTYTY
OTpMMAa/M CBiIOLTBA IIPO [Ep>KaBHY peecTpalliio
TaKMX 00’€KTiB ITpaBa iHTe/NIeKTyaTbHOI BTACHOCTI:

o 36ipka kapt 3 ommcom “Electronic atlas
«Ukraine. Cultural Landscape Heritage” (K. A. ITo-
nuBsay, B. C. Yabanwok, B. I. ITogsoiicbka);

« 36ipka kaprorpadiuHux TBOpiB «MexaHiuHMIT
BIUIB BOECHHUX /il Ha IPYHTOBUI IIOKPUB OPHUX
3eMe/Ib OKpeMUX TepuTopiasbHux rpomap Kuis-
cbkoi obmacti (ByyaHcbka, BenmumkogyuMepcpka Ta
Makapiscpka TT)» (A. C. Kymnip, O. M. Jleit6epiok,
B. M. IlIBaiiko);

» KOMIT'IOTepHa Imporpama «Be6-opieHTOBa-
Ha reoiHdopmaniiHa cucrema maneoreorpadiu-
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€. O. Mapynax, B. M. Yexniti
HAYKOBI 3[0BYTKW CMIBPOBITHUKIB IHCTUTYTY FEOTPAGITHAH YKPAIHM Y 2025 POLL

HUX pocmipkeHb Ykpainm» (JK. M. MarsiimnHa,
C.II. Jopomxesuy, C. IT. Kapmasunenko, O. B. Ma-
nibopa, 'A.C.Ipuenkol, A. C. Kyurnip);

 HayKoBi cTarTi «I[IpocTopoBa cipaBeMBicTh:
reorpadiyHa KOHI[eNTyamisanis B yMOBax Biii-
HU B Ykpaini» (€. O. Mapynsk, C. A. JlicoBcbknit,
L. B.I'yxanosa A. A. Mosrosuii, C. A. IloxAbknit,
O.B.Topmis) ta «IHKIIO3UBHICTD Ta eKONMOTivYHi
NpIOPUTETY MICBKOTO PO3BUTKY fAK CKJIaJJOBi KO-
CTi )XUTTA HaceNeHHs (IIPUK/Iagy MOLEIbHUX MiCT)»
(€. 0. Mapymnsxk, C. A. JlicoBcokuii, 1. B. I'ykanosa,
A. A. Mosrosuit C. A. TTOK/ISI[bKAIL,).

Inctutyr reorpadii HAH Ykpainu 6yB crmis-
OpraHizaTopoM MDKHAPOJHMX HayKOBO-IPAaKTNY-
HIUX 3aXOfiB, 10 NpoBoAuInch B 2025 p., 30Kpema:

o onnaiH-nopii «leoBarpa» y pamkax rmo-
6anbHol iHiniaTnBM MikHapogHoro reorpadiqto-
ro corw3y «GeoNight» (y cmiBnpani 3 YepHiBennb-
KM HalliOHaZbHMM YyHiBepcuteToM imeHi IOpis
®denpkoBnya);

» V MiXHapoHOI HayKOBO-IIPaKTUYIHOI KOH(pe-
pennii «[eorpadivyna Hayka Ta OCBiTa: HepCIEKTUBI
11 inHOBanii» (y cmiBnpani 3 YHiBepcuterom Ipuro-
pia CxoBoponu B Ilepescnasi);

o MixHapogHOTo ceMiHapy «EBpOIeCbKUIL
JIOCBifi PO3POOKM OCBITHIX IpOrpaM 3 eKOJIOrid-
HOTO IVIaHyBaHHA Ta IX BIPOBA/PKEHHA B YKpaiHi»
(y cniBnpani 3 bepmiHCbKMM TeXHIYHUM YHiBepcu-
TETOM);

o Mi>KHapOJHOIO HayKOBO-IIPAKTUYHOTO CEMi-
Hapy «Apxisu npupopu LlentpanbpHoi Ta CxigHol
€Bpom: Bif remasito fo aHTpomnoLeHy» (y criBmpa-
i 3 YepHiBeLIbKMM HalliOHAJIbBHUM YHiBEPCUTETOM
imeni I0Opisn ®enpkoBuya, Hanionanbaum npupop-
HUM TapKoM «XoTuHCbKuit» ta I'O «Hayka i npnu-
pona»).

HetanpHimre mpo ui 3axogu — Ha OQimitHNX
Be6O-cropinkax HAH Ykpainn Ta IHCcTHTYTY Teo-
rpadii HAH Vkpainn: https://www.nas.gov.ua/ Ta
https://igu.org.ua/

Y 2025 p. 3a yyacri HaykoBLiB [HCTUTYTY 6YI0
MiITOTOB/IEHO 1 BUMILIJIM B CBIiT TaKi BUJAHHS:

1. Komornicki, T., Wisniewski, R., Jakubowski,
A., Szejgiec-Kolenda, B. Maruniak, Eu. (2025).
Cross-border Mobility in Eastern European Union
Countries : External Shocks and Regional Resilience.
Published by Routledge. 300 p. ISBN 1032701757 /
9781032701752.

2. Mapynsaxk €. O., Hipyx A. I1., JlicoBcpknii C. A.
Ta iH. (2025). Ieoingopmauiiina cucmema 3 npocmo-
P06020 0UiHI06aHHA dezpadauii 006kinns Ykpainu
sHacniook pociticvkoi azpecii. ITig pen. €. O. Mapy-
HaK. K. 115 c. ISBN 978-617-14-0494-6.

3. Kpaxoscpknit C. (2025). Enexmponni amna-
cu: meHOeHUii po36UMKy ma mMemooono02is 00cui-
Oxmcerns. Tn-T reorpadii HAH Vkpainn. Kuis: TOB
«IIpinTTy>. 268 C. ISBN 978-617-8754-23-5.
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The purpose of the publication is to highlight the main scientific achievements of the Institute of Geography of
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to the issues of environmental impact assessment, social transformations at all spatial levels, expansion of inter-
national cooperation and adaptation of European experience considering the realities of the Russia-Ukraine war.
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[Ipupodruuo-eeoepagiuri 00CnioNHeHHs
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[HCTUTYT pUHKY Ta eKOHOMIKO-eKonoriuHNX AocnigxeHb HauioHanbHoi akagemii Hayk Ykpainu, Ogeca

BnavB KOHTPONbOBAHOro BUIyYeHHA CAaMOCafiHOI CONi
Ha BOAHO-CONboBUii pexxum KyanbHULbKOro AMMaHy

YK 556.5:551.468.6:504.05:661.422(477.74)(045)

Y poboTi KinbKiCHO OLiiHeHO HMOTEHL{IHWII BIUVIMB eKCIUTyaTalil BiffrOpOMKeHOro MaliilaH4dmKa /st 360py
camocafHol coimi Ha BOGHO-conboBmil pexxuM KysnpHunbkoro nuMany (Opmecbka o6macts). Pospobreno
Ta 3aCTOCOBAHO CE30HHY (TpaBeHb-)XOBTEHb) PEKYPEHTHY MOJe/lb BOLHO-COIBOBOTO OalaHCy 3 SIBHUM
«pe3epByapoM TBEpPJOi COMi» 3 BUKOPMCTAaHHAM HAaABHUX JaHUX cHocTepekeHb. Maiiganuuk momero 10ra
POSIJLIHYTO 5K JIOKa/IbHUIT BUIAPHUK 3 pobouoio rmnbyHow 0,25 M, [BOMA JITHIMY LMKIaMu pobOTH Ta
MOHIDKEHHAM PiBHA CTOBIIYMKA POIM B KOXXHOMY LUK 10 h,= 0,02 M 3 OJA/IbIINM ITOIIOBHEHHSIM POIIOI0
3 OCHOBHOI aKBaTODpii yepe3 BiIKpUTUMII NPOXiJ KO BUPiBHIOBaHHA piBHIB. [lokasaHo, IO 3a MPUITHATOrO
CLieHapil0 piyHe BWJIYYeHHs COJi CTAaHOBUTH O/M3bKO 11,0 TMC.T, 1O BiIOBila€ 3MEHILIEHHIO CepegHbOI
COJIOHOCT] BenuKoi akBatopii mpubmmusHo Ha 0,2 %o 3a pik 3a yMOB Hojadi MOpcbKoi Bogu ~10muHM® y
XOJIONHMI Ce30H. BusAB/eHO, 1m0 eeKT 3MillTyBaHHS IMIC/IsA KOXXHOTO LMKTY He € CAMOCTIIHUM YMHHIKOM
OIpiCHeHHS; 3MEeHILIEeHHsI COJIOHOCTI 3yMOBJ/IeHe caMe BUIyYeHHAM TBepaux cosneil. CHopMynboBaHO peKo-
MEeHJaNil 1[O/J0 Ce30HHOI eKCIUTyaTallil BiJOKpEeM/IEHOTO MalIaHYMKy Ta MiHimisanil pMsukis gns rigpo-
€KOJIOTi9YHOIO CTaHy JIMMaHy.

Kniouosi cnosa: KyanvHuupkuti 1uman; 600HUlL 6ananc; convosutl 6ananc; einepconomi 6000tiMu; camocaoHa

Cislb; 6UNAPOBYBAHHS; PeKypeHMHA MOOeb; 2i0poeKosioeiute yNpasiiHHAL.

AKTyanbHICTh TeMM JOCTi>)KEHHA

KyanpHUIIbKMIT TMMaH € YHIKaJIbHOIO TillepCOIOHO0
naryHHoto Bopioiimoro IliBHiuHO-3axigHoro ITpuyop-
HOMOP’sI 3 BICOKOIO peKpealiiiHO0 Ta 6anbHeoso-
riYHOI0 LiHHICTIO. YIPOJOBX OCTaHHIX NeCATUNITh
BOJIHO-CO/IbOBMII PEXXMM JIMMaHYy 3a3Ha€ 3HAYHOTO
AaHTPOIIOTEHHOIO Ta KJIiMaTMYHOIO BIIMBY: KaTa-
CTpodiuHO 3MEHIIYETbCS MPUIUINB TIPICHUX BOT, i3
BOZI0300pY, 3pOCTAIOTh BTPATU Ha BUIIAPOBYBAHHS,
3MIiHIOIOTbCS MOP(OMETPUYHI XapaKTePUCTHUKY Ta
36i1bIIyeThCA MiHepaisalisa porm fo piBHiB 350 %o

i Bume [1-2]. Y Takux yMOBaxX MOXK/I/IBE BUHECEHHS
COJIeil 3 OrOJIEHOTO JHA BITPOM i 3aconeHHs mpube-
pexxHux 3emens [3]. I[Tounnaroun 3 rpygus 2014 p.
Y XOJIO[JHUII Ce30H 3alpOBa/I)K€HO pPery/1bOBaHy I0-
Jady MOPCbKOI BOAM IS MiATPMMAHHA PiBHA /TMMa-
HY Ta IIOM sIKIIeHH: Jioro oconoHeHHs [2]. ITopava
MOPCbKOI BOAY PpO3INAAANAc AK TMMYACOBUIL BI-
MYILEHNII 3aXifi Ha Yac BifHOBJ/IEHH: IIOBHOL[IHHOTO
KVIBJIEHHS JIVIMaHy HpicHOIO0 Bofolo [4-5]. Ane moci
JKOTHUIL 3aXi/l 3 BiTHOBJIEHHA >KUBJIEHHA IIPiCHOIO
BOZIOI0 He OYB 3piiicHeHmit. ToMy mojaya MOpPCHKOI
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C. M. Cmenanenko
BMJIMB KOHTPONIbOBAHOIO BUNYYEHHA CAMOCAHOI COJTI HA BOIHO-COJIbOBUI PEXUM KYANbHWLIbKOTO IMMAHY

BOJM IIPOTATOM OCTaHHIX 11 poKiB 3a/1MIIa€ThCA OC-
HOBHUM JKepe/ioM 6aTaHCYBaHHS BOJHOTO PEXUMY
KyA/npHUIIBKOTO JMIMaHY, i 32 4ac TAKOrO eKCIUIya-
TALiTHOTO PeXMMY [0 TMMaHy HafAiIIIO Ipuoms-
HO 1,2-1,5 MJIH TOH MOPCBKOI COJIi, 110 BUK/IMKAE
00IpyHTOBaHI NOOO0BAHHA [6] 1I0[J0 HETATVBHOTO
BIUIVBY TaKOTO 30i/IbIIeHHS Ki/IBKOCTi cOi B IMMa-
Hi Ha 12-15 % Big crany 2014 p.

Pasom 3 TuM, B aKBaTopii MMMaHy iCTOPUYHO ic-
HYBa/I¥l COMEIIPOMMIC/IN, TOMY HayKoBLAMU [1-6] 3
II0YATKy OOTOBOPEHHS IPOEKTY IOfadi MOPCHKOI
BOJY B JIMIMaH IIPOIOHYETHCA BiJHOBJIEHHA KOH-
TPOMbOBAHOIO BUIYYeHHA CaMOCAJHOI COMli AK Off-
HOTO i3 MOTEHLITHUX IHCTPYMEHTIB YIIPaB/IiHHA CO-
nboBuM 6anancoMm KysanbHunbkoro mumany. OpHak
B HAyKOBIi1 JliTepaTypi JOCI HEMAE YKOMHUX KibKic-
HMX OLIIHOK MOYX/IMBOTO BIIIMBY Ha BOJHO-COIbO-
BIiT pexxM KysAnbHMIIBKOrO NMMaHy BiJHOBJIEHHSA
KOHTPOJIbOBAHOI'O BU/IyYE€HHA CaMOCAJHOI COJi Ha
BiflokpeM/IeHiit finAHLi (MaliIaH4YMKY) TMMaHY.

MerToro po60TH € KiNbKiCHE OL[iHIOBaHHS BIUIN-
By Ha BOJHO-CO/IbOBMIT pe>XXUM KysUIbHMIIBKOTO /M-
MaHy BifIHOBJIEHHSA KOHTPOJIbOBAHOIO BUIY4YEHHS
CaMOCa/JJHOI 32 PaXyHOK CTBOPEHH: BiJJOKPEMJIEHOI
minAHKM (MajlaHYMKy) YMOBHOIO IUtomero 10ra, 3a
JIOIIOMOTOI0 PO3PO6/IEHOI IBOCE30HHOI pEKypPEHTHOI
Mogieni (TpaBeHb—XOBTEHb) 3 ABHUM «pe3epByapoM
TBEPJOI COMi»; KiJIbKiCHE OLIIHIOBaHHSA BIUIMBY €KC-
IUTyaTanii BiATOPOJYKEHOro MalilaH4YMKa IIOLLEI0
10ra Ha combOBUIL Oa/IaHC Ta CepeHI0 MiHepaisa-
nito Kysanbanubkoro nmumany. OKpeMo pO3ITIIHYTO
iH)KeHepHY MOJie/Ib JIITHBOTO PEeXXUMY poOOTH Maii-
JAHYMKA 1 poJIb 3MIllyBaHHS POIM B IBOX BOJOVIMAX
ITiC/IA KOYKHOIO IMK/TY BUTYYE€HHs CAMOCAIHOI COJIi.

MeToau moCTimKeHHA
ITpu po3po6ui Mopeni kaneHgapHuit pik 6yo 1mo-
OIIEHO Ha f[Ba IHTErpajsibHi CE30HMU: XOIOLHUI
(Oct— May(1)) ta Termit (May(2) = Sep). Y xo-
JIOGHUI CE30H JJOMIHYIOTb IIPOLIECH ITOITIOBHEHHS
JIMMaHy BOJIOI0 — B HbOMY 30Ce€peJyKeHa Peryibo-
BaHa Ioflaya MOPCbKOi BoaM (Ipy/ieHb—KBiTeHb), a
TaKOXX OCHOBHA YaCTMHA aTMOC(EpHMX OmafjiB i
IPiCHOTO CTOKY 3 BO10360py. KOBTEHD Y I[bOMY IIO-
JiJTi JOCUTDH YMOBHO BiZTHECEHO IO XO/IOJHOTO IIepio-
Iy AK INEPEXifIHNII MiCALb IOYAaTKY CE30HY ITOIIOB-
HEHH IMMaHy BOJION0. Y TEIUINIi CE30H JOMiHYIOTh
BTpaTy Ha BUIIAPOBYBaHH:A, a YacTHHA IiBHIYHOI
MIJIKOBOJIHOI aKBaTOPii MOXKe IIePeCUXATH, L0 3MEH-
mye eeKTUBHY IUIOL]Y BUIIAPOBYBaHH:A. TpaBeHb
PO3INANAETbCA B MOJENi AK IMepexifiHMil: mepiia
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II0JIOBMHA TPABH:A BiJjHECEHA /IO XOTIOJHOIO IIEPiofy
(TpopioBXXeHHS MONOBHEHH:), a IPyTa MOTOBMHA —
710 TeIIoro nepiofy (I0YaTOK iHTEHCMBHOTO BMIIA-
POBYBaHH:A); OIIAM TPABHA MOAINEHO MOPiBHY MIX
UMY KPOKaMI.

JInsa pospaxyHKiB 3aCTOCOBAaHO CE30HHO-YCepe]-
HeHy 6anaHcoBy «box-Mopienb» (MOfieNb 30cepepKe-
HIX IapaMeTpiB), Y AKill BOZHO-COMbOBUI PEXUM
KysIbHMIIBKOTO JIMMaHY ONMUCYETbCA CUCTEMOIO
B3a€EMOJIIIOUNX pe3epByapiB. Y XONONHMII CE30H
JIMMaH PO3ITALAETbCA AK OJUH 3MilIaHUiI pesep-
Byap i3 XapaKTepHUMM CE30HHUMM IIPUTOKaMu/
BTpaTamMu. Y TeIUINII Ce30H CUCTEMA PO3I/IANAETD-
cA AK JIBa OKpeMi pesepByapi: OCHOBHA aKBaTOPiA
JIMMaHy Ta BiJOKpeMJIEHMII MalilaHYMK KepOBaHO-
IO BUJIYYE€HHS CaMOCaJgHOI COJli, po3fiineni IaM6010.
IIpoTAromM TEM/NIOro CE€30HY MaliJJaHYMK IIPALIOE
LUMKTIYHO 3a CXEMOIO «i30/1A1li —> BUIIAPOBYBAHHA
Ta KpyUCTalisalisd — BWIYYEHHA OCaPKEHOI COMi —>
KOPOTKOYaCHe CIIOJTy4eHHA 3 OCHOBHOIO aKBaTOPIEI0
IJIs1 BUPIBHIOBAHH:A PIBHIB», IiC/IA 9YOTO LYK IIOB-
TOPIOETbCs. MOJIeNb € PEeKypeHTHO0, TOOTO 3ajae
BiJOOpa’KeHHs «IepIINil CTaH CUCTeMM —> APYTUi
CTaH CUCTEMM» MK KOHTPOJIbHMMY MOMEHTAaMI PO-
Ky ()KOBTeHb — TpaBeHb — )KOBTEHb) i MOXKe 6araTo-
Pa3oBO 3aCTOCOBYBATUCH [I/IA MOC/IJOBHUX PIYHUX

; Ly NIRRT 74
Puc. 1. PosramryBaHHA 06’eKTa TOCTiKEHH
(3nimox 3 Google Earth [earth.google.com])
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LIVIK/TiB, 110 MO3BOJISE OI[IHIOBATHU SIK Ce30HHI 3MiHHU,
TaK i 6araTopiuHMIit TPEeH | CepefHbOI COTOHOCTI.

Ha BigMiHy Bif JeTanbHMX TifipofAMHaMidYHUX
grcenbHUX Mogpeneit (2D/3D), ski po3p’A3yIoTb
PIBHAHHA PyXy Ta IE€PEHECEHHA 3 MauM KPOKOM
4yacy i BiATBOPIOIOTb IPOCTOPOBY HEOZHOPiJHICTDH
(30kpema minxopis Ha 6a3i Delft3D-FLOW [7]), 3a-
IIPOIIOHOBAHA CE30HHA PEKYPEHTHAa CXeMa € IPOo-
30POI0 CIIPOLIEHOI0 KOHCTPYKLIEI IS IIBUJKOL
HepeBipKy ClieHapiiB BOJZHO-CONbOBOrO OalaHCy Ta
Ki/IbKiCHOI OLIIHKM BHECKY KEPOBaHOI'O BUTYYEHHS
camocagHoi cormi (4epe3 wieH G y piBHAHHI «pe3ep-
Byapa TBepfol comi»), a TAaKOX pOJIi 3MilllyBaHH:A
MI>X OCHOBHOIO aKBaTOPI€I0 Ta MailJaHIMKOM IIiC/IA
KO>KHOTO LMK/IY. TakuMm 4MHOM, NpMU3HAYEHHs Ce-
30HHOI PEKYpEHTHOI cxeMu — He 3aMiHa 3D-mMope-
JIIOBAHHS, a {HTerpajbHa OlliHKa MacITady edekTis
1 aHa/i3 BIVIMBY K/IIOYOBMX ITapaMeTPiB I iHXKe-
HEPHO-YIPABIIHCbKUX PillleHb.

Bukmrag ocHOBHOrO Martepiamy
3 OOIPYHTYBaHHAM HaYKOBMX Pe3yNIbTaTiB

Pation docniomceHHs
ma 11020 Xapaxmepucmuxu
3a OAHUMU 00CTIOHCEHD

Ky;mbHI/[ubKI/H?[ JIVMaH, pO3TalllOBaHMII HA IMiBHIY
Big M. Opeca, Bigoxpemnenuil Big YopHoro mops
HIAHVM IepecunoM. BiH HaleXUTb 00 BOJONM
i3 CMJIPHO BMPa)XEHOI0 CE30HHOIO MIiH/IMBICTIO PiB-
Hs, IUIOLII BOGHOTO JI3€pKajla Ta MiHepaisanii po-
nu (uB. puc. 1). Y pisHNX TiTepaTypHUX JpKepenax
IUIOIIIA aKBATOPIi IMMaHy Ta JIOr0 CepefHs INMOuHa
MOJAI0THCA 3 iICTOTHMMM BifMiHHOCTAMM. Tak, 3a 1a-
HyMM po6oTy [8] IIolIia aKBaTOpii TMMaHy 3a/IeXKHO
BiJl piBHA BOAU KOJIMBAETHCA B MeXKax 19-74 KM%, a
iioro cepenns riubuna (h,) OLiHIOETbCA B MEXaX 70
~ 1 M. Y TOIl >Xe Jac, 3a y3araJbHEHHAMUI p06iT [9,
10] xapakTepHmit iiarta30H BOJHOTO A3epKaia ayiMa-
HYy CTAaHOBUTH 25-60 KM%, a cepefH:A TOBILA BOOY He
nepesuinye npu6msHo 0,30-0,70 M; B OKpeMi poku
(ikcyerbcs BUIIAIaHHA COMENt B 0CaJl Ha JTHO.

UYepes TaKy MiHIMBICTh XapaKTEPUCTUK LA Ia-
pameTpusaii BOGHOro 6ajaHcy B poOOTi BUKOPU-
CTaHO JJaHi OCTAaHHBOTO KOMIIJIEKCHOTO 00CTEXKEHHS
Kysnpanmpkoro mimany 3a 2021 p. [2]: cepenns mio-
1I1a BOJHOI IIOBEPXHi NMMaHy A ~ 41,5 viH M2, Bu-
IIapOBYBaHHA 3 BOJHOI MOBepxHi Eg = 22,7 MiH M s
a CyMapHe Ha[IXO/KeHHA Bogu — 37,7 MIH M>, 30K-
pema: arMocdepHi omag — 19,8 MiH M°, MOpCbKa
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Bozia — 10,4 Mt M° Ta iHW IpUTOKM — 7,5 MJTH M.
3a Takux yMOB PiBeHb POIN Y JIMMaHI IPOTATOM
2021 p. 3pic Ha ~ 0,12 m.

3a3HauMMo, 110 HaBefleHa y [2] «cepemHA IIIoma
BOZIHOI MOBepxHi» (~ 41,5 kM) € piuHMM ycepep-
HeHHAM Ad 2021 p. Tomy y cuieHapHUX po3paxyH-
Kax JUIs TEIUIOTO Ce30Hy POKy B poborti jpomart-
KOBO BMKOPUCTaHO e(peKTMBHY IUIOIY A3epKaja
A ~ 39,65 kM, 110 Bin06pa>1<ae Ce30HHEe 3MEeHIIIeHHS
aKBaTOPii yepes MiTHE MificuXaHHs (IepeBa>KHO ITiB-
HiYHOI YaCTVMHU JIMMaHY).

OuiHioBaHHSA CONEBHECEHHS MOPCHKOIO BOJOI0
BIUKOHAHO 3a JaHMMu MoHorpadii [1]: y mepiop
22 rpypusa 2014 — 20 xBitHa 2015 p. 1o 1umany
Hagiitnto 10,109 muH M? MOpPCBKOI BOAU i3 cepen-
HbOIO MiHepaisaniero 13,43 r/mM®, o Bigmosimae
HaJXO[KeHHIo cojtelt Macoro 0,136 myH 1. [In4 cripo-
IIeHHs PO3PaxyHKiB Oy/ieMO BBaXKaTw, IO I[OpPid-
HO 70 Kys/IbHMIIBKOTO /IMMaHy 3 MOPCHKOIO BOJOIO
HaJIXOOUTb CaMe TaKa KiJIbKiCTb COJIi.

Brmme MiHepanisanii pony Ha BUIIapOBYBaHH:A
BpPaXOBaHO IapaMeTpuyHo [1]. Y 3arajpHOMY BU-
MAJKy [JIA TillepCOTOHMX BOJONMM iHTEHCUBHICTb
BUIIAPOBYBAHHA 3MEHIIYEThCA IMOPIBHAHO 3 IIpic-
HOIO BOJIOIO, 10 MOXKe OYTY OIMCAHO COMOHICHOK

nonpaskoro (f(S)):
E =E, Xf(S),

me 0 < f(S) < 1.

Y wmiit po6oTi Ak 6a30By BeMMUYNHY BUIIAPOBY-
BaHHA 3 BOJHOI IIOBEPXHI BUKOPUCTAHO 3HAYEHHA
Eg = 22,7 mnia M 3a MaTepiaJlaMy KOMIIIEKCHO-
ro obcrexxenss 2021 p. [2]. To6to E; Bu3Havae
edeKTUBHe BUIIAPOBYBAHHA caMe 3 TillepCOTOHOTO
KysIbHMLIBKOTO JIMMaHY; TOMY OKpeMe 4YlCe/IbHe
BBefieHHA f(S) no Ep He BUKOHYETHCH, MO0 YHUK-
HYTU IOfIBIIIHOrO BpaXyBaHH: CONOHICHOTO edek-
Ty. CoJlOHiCHA IIOIIPAaBKa MOXKE 3aCTOCOBYBATUCH
KOHLIENITYa/IbHO IIPY iHTepIpeTanil 9y T/IMBOCTI pe-
3Y/IbTATIB i IpY BUKOPUCTAHHI METOAVKM /1A iHIINX
poxkiB/creHapiis, konu E, OLiHIOIOTH 3a rifpomereo-
PpOIOriYHMMY JAaHVMU JJIA IPICHOI BOAM.

Xoua y pob6ori [7], ie 6y10 3acTOCOBaHO HeCTa-
nionapHy 3D mopens Delft3D-FLOW, nifkpecneHa
HAsABHICTh IIPOCTOPOBO-YaCOBOI HEOZHOPIJHOCTI
piBHA 1 MiHepasisalil ponu, a TAKOXX BaXXKIUBiCTb
ypaxyBaHHs MajauxX BOJOTOKIB i 3IMBOBUX OIlafiiB
IJ11 MOJENIOBAaHHA Tiffposoriunoro pexxumy Kysib-
HUIIBKOTO JIMMaHy, B 3allpOIIOHOBaHill B po6oTi
IH)KEHEpHIil MOieni po3paxyHKiB JJaHi aclleKTu He
BPaXOBYIOTbCA.
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Il Bu3Ha4eHHs 06’eMiB aTMOCepHIX OIajiiB
y Temnmit ce30H (p) BUKOPUCTAHO BifIKpUTi HOBifI-
KoBi KniMatu4Hi pagu ana M. Opeca. 3a kiniMa-
TUYHOI0 HOpMOIO (1981-2010 pp.), HaBefieHOWO Y
moBinkoBux maHux mna Opecn [11], micsauni cymn
OIaJiB y TEIUIMI CE30H CTAaHOBM/IN: TPaBe€Hb-Be-
pEeceHb CTAaHOBIATH BIANOBiAHO — 36, 49, 47, 39
i 41 mm. 1]i 3HaYeHHA BUKOPUCTAHO SIK OPiEHTUP
BEPXHbOI MeXI /I IMapaMeTpa P y ONTUMICTUYIHO-
My BapiaHTi. [l jomaTKoBoOI Bamifgalii 3ajy4eHo
He3a/JIeXKHUI arperoBaHmi KIiMaTu4Hu pecypc
[12], saxnit BKasye Ha piuHy cymy omafis ansa Ope-
cn 67M3BKO 467 MM Ta MaKCHMYM OIafiiB y YepBHi
(6m3bKO 53 MM).

Tax sAK y 11ii1 po6OTi Termit ce30H BUSHAYEHO AK
IpyTa MOTOBMHA TpaBHA-BepeceHb (May(2) — Sep),
a XOJIOJHUI — fK KOBTeHb-IIeplIa I10/IOB/HA TPaB-
HA (Oct - May(1)), omagy TpaBHS HOfi/IEHO IOPiB-
HY MDK XOTOJHVM i TermM Kpokamu (%2 MicsA4HOI
HopMmn). To6TO KTiMaTHYHa HOpMa OMA[iB IS Tell-
noro ce3oHy (May(2) - Sep) cTaHOBUTb O/IU3BKO
P =~ 194 mm.

TakyM 41MHOM, SAKIO BUSHAYNTY CepefHIo (Y Terl-
NIt Ce30H JieKi/IbKa OCTAHHIX pOKiB) e(peKTUBHY
IIJIONLY A3epKasia IMMaHy A ~ 39,65 kKM%, TO e 6yne
BifIIOBifjaTy cepeHbO-KIIMaTUYHOMY 06’ €My oma-
JiB Ha [I3epKaJIo JIMMaHy 3a TEIJINI CE30H

Pp =p x A ~ 7,69 Myt M.

KpiM K/1iMaTM4HOrO CLieHapilo omafiB Ipu MO-
TeMI0BaHHI TAKOXX MOXKHA TaKOXX BMKOPMCTOBYBa-
TU IECUMICTUYHMI CLIEHaPil Jjid TENIoro Ce30Hy
(May(2) —> Sep) 3 cymapHOI0 CyMOIO OmafiB (p™°)
I Terioro nepiogy = 150-170 Mm. ¥V npomy Bu-
naaky ana A = 39,65 KM’ TIOTIOBHEHHS AMMaHy
IIPICHOIO [OIIOBOX BOJOKI B TEIUIMII CE€30H Mae€
ckmagatu Pg ~ 5,95-6,74 mnH M.

IInst OWiHKM TeMIiB JIITHBOTO OCOJIOHEH-
HA JIMMaHy BMKOPMCTAHO J[laHi BUITApOBYBaHH:A
Ep = 22,7 myta M° 32 2021 p. [2]. 3a mpumymeHHAM,
1m0 90 % piYHOTO BUITApOBYBaHHA IIPUIIAJA€ Ha TeIl-
TUI Ce30H, OTPUMYEMO Eyarm ~ 20,43 MIH M.

IIpn A ~ 39,65 kM® Iie BiJTIOBiZjae eKBiBaleHT-
Hill TOBIIMHI IIApy BUIIAPY 3a TEIUIMIL CE30H
Lyarm = 0,515 M. Takum 4MHOM, I OpUIHATOL y
poborTi TpuBanocti Teroro cezony (May(2) - Sep,
A 138 n1i0) cepenHs IHTEHCUBHICTh BUIIAPOBYBaHHA
Ma€ CTaHOBUTH ~ 3,73 MM/H00Y.

I xomogHoro mepiogy (Oct—> May(1)) Tpu-
BaJTicTI0O ~ 227 Ai6 mpy NpUITHATUX HPUIYILEH-
HAX npumnajae Eggq ~ 2,27 MnH M°, mo Bifgmo-
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Biflae cepepnHill IHTEHCUMBHOCTI BUIIAPOBYBAHHA
~ 0,24 MM/100y.

3a TaKMX TeMITiB BUIIAPOBYBAHHSA y TEIUINIA CE30H
OZtMH LMK/ pOOOTH MaiiJaH4YMKa 3 IOHVDKEHHSIM PiB-
HA B hp = 0,25 M 10 by = 0,02 M (Ah ~ 230 Mm)
Ma€ OPi€HTOBHY TPUBATICTh ~ 62 f06u (6e3 ypaxy-
BaHHS OIAJIiB HA MaliJaHYMK Ta MOXXJIMBOTO 3MEH-
IIeHHsA BUIIAPY Yepe3 3pOCTaHH:A MiHepaisamnii), a
iBa LUK/ ~ 123 [o6m, 10 y3TOKYEThCA 3 MOX-
JIMBICTIO IBOLVIKJIOBOTO PEXVMY B MEXaX TEIJIOrO
CE30HY.

OTpuMaHi OLIIHKM BUKOPUCTOBYIOTbCA [LA Iiepe-
BipKU y3TO/PKEHOCTI JBOCE30HHOTO BOZHOTO OajaH-
cy. Y BUIIAJIKy, KO/IM NIPUIHATI y crieHapii nputoku/
BTpaTH He 3a0e3Ie4yl0Th BiITBOPEHHS CEe30HHUX
piBHiB/06’eMiB, mapameTpu p Ta (3a morpebu) Eg
YTOYHIOIOTBCS Y MeXaX, OOIPYHTOBaHMX CIIOCTEpe-
JKEHHSAMH Ta JIiTepaTypHUMU JaHUMIU.

Ocobnusocmi onucy cmamy 1umany
¥ 080Ce30HHill peKypeHmHiti cxemi

Y sanponoHoBaHiil JBOCE30HHIN PEKYPEHTHIl cxemi
CTaH cucteMn (JIMMaHY) Ha KiHelb ce30Hy k omucy-
€TbCA TPIiMIKOIO 3MiHHMX:

« 06’em Bogu V, (M%),

o Maca po3urHeHux coneit M, (1) Ta

* Maca corell y TBepioMy cTaHi (ocazm/camocan)
H, (7).

Cepenns MiHepanizanis ponu B muMadi (S,) Bu-
3HAYa€ThCA Ha KiHelb ce30Hy k SK

Sk = 1000 x Mk/Vk (%o), (1)

e M, Bu3Ha4eHO B TOHaX, V, — y M°.

Y Mexax KOXKHOro ce30Hy (Teroro abo Xomop-
HOTO) CIOYaTKy PO3PAaXOBYETHCS CIIPOLIEHNIT BOJ-
HUIT 6aTaHc:

Va=Vi+ ) Qu+P-E (2)

fie V, — 06’eM BOfY Y BOZIOVMI Ha KiHel[b pO3paxyH-
KOBOTO ce30Hy (M’); V,— 06’€M BOAM Ha IIOYATOK
cesony (m%); 2Q,,— cyma BCiX IpUIUIMBIB BOAM 32
ce3oH (M?). Lle MO>Ke BK/TIOYATH:
« MOPCBKMIT IIPUIUIMB/TIOfa4Yy (KaHa/IoM, IIITIO-
30M TOII0),
o piukoBUI1/0aTKOBUIT/fPEHAKHNIL CTIK,
o mif3eMHMII NpuUTiK (y 1iit po6OTi He BpaxoBy-
€ThCH),
« iHmI KOHTpoONbOBaHI HagxXomKeHH: (y Lill po-
00Ti He BpaXOBYIOTbC).

ISSN-L 1561-4980



12

C. M. Cmenatenko
BMNB KOHTPOJTIbOBAHOTIO BUNYYEHHA CAMOCAIHOT COJMI HA BOAHO-COJIbOBUI PEXIM KYANbHULIbKOTO MUMAHY

AHaJIOTiYHO pO3pPaXOBYETbCS BHECEHHS/BIUHOC
cosieN B IMMaHi 3a CE30H:

M; :Ml+Qseaxssea+QfXSf+szp’ (3)

me M; — pO3paxyHKOBa Maca COJIell y BOi Ha Ki-
Hellb Ce30HY 0e3 BpaxyBaHHsA (a3oBUX IepeXOfiiB
(BumajiHHA comi B ocaj ab0 pO34MHEHH:A ocany) i
TEXHOT€HHOTO BUTy4YeHHA (T); M; — Maca po3unHe-
HIIX CO/ell y BOJi B IMMaHi Ha ITOYaTOK Ce30HY (T).

Jami B cxeMi peasi3yeTbcs OIepaToOp OCa/lKEHHA
coreit, KMt 3abesredye IX po3fiilieHHs Ha po34n-
HeHy Ta TBepAy ¢asu:

M, = min(M,, Sgat X V3/1000),

G, = G; + AG. (4)

Tyt V, — o6’em Boau Ha KiHeup uukny (m°),
G, — maca TBeppoi (ocamxeHol) comi Ha KiHenb
nukinay (1), G, — Maca TBepfoi coji Ha IOYaTOK
nukiy (). Oneparop min(M;,Ssat x V,/1000) pe-
anisye Qisu4Hy yMOBY: PO3UMH He MOXKe MiCTUTH
comi 6inpie, HiX JOOIyCKa€ HaCUYEHHS:

o SKIIO M; < Sqat X V2/1000: crcrema HeHacw-
YyeHa, HiYoro He BUITAJa€, Tomi M, = M;.

e SKIIO M; > Ssat X V2/1000: cucrema nepena-
CMYeHa, «HAIIMIIOK» COJIell BUIIAla€ B Ocal,
T06T0 M; = St X V3/1000, po3unH «ob6pisa-
E€THCS» 10 MeXXi HaCMYeHHS.

AG — unpupict tBepmoi ¢pakuii comi Ha
OHI MalJaH4YMKy, AKUI BU3HAYAETbCA 4Yepes
max (0, M, — St X V5/1000) — omepaTop, sxumit
BM3HAYaA€ KiJIbKICTh COJIi, fIKa JOAATKOBO BUMAJiE B
ocayi 3a LIMKJI, ajie IuIIe KO B KiHIIi KPOKY CucTe-
Ma «IepecojieHa» BiffHOCHO HaCUYeHHST:

o SKIIO M; < Ssat X V2/1000, To6TO Coneit He
6inblie, HK MOXKe OyTV PO3YMHEHO IPY Ha-
CUYeHHI, TOAI pi3sHMIA Bif'€MHa a0 HY/IbOBA,
i HOBUIT OCaj] He yTBOPIOETHCS, TOOTO MPUPICT
TBeppoi comi = 0.

o SKIIO M; > Ssat X V2/1000, TO «HamIUIIoK»
COJIEll He MOJKe 3a/IMINATICA B PO34MHi i mepe-
XOIUTH Y TBepAY a3y, TOOTO Lell HaIUIIOK
momaeTbes no H:

AG = M, — M,. (5)

Hinenns Ha 1000 3a6esmnedye nmepexin M ofu-
HULSIMI MiHepanidanii B mpomine (%o) i KinbkicTio
CoJiell B TOHaX.

BemmunHa S, y MeXax Lii€i peKypeHTHOI Mofie-
i TPAKTYeThCA AK eQeKTUBHUIT MOPIr IOYaTKy iH-
TEHCUBHOT'O OCaJXXKEHHS caMocajiHol comi. Bpaxo-
BYIOYM IIO/IbOBI CIIOCTEPEXEHHS, AKi CBifiYaTh, 10

ISSN-L 1561-4980

YKPATHCbKUMI TEOTPA®IYHUI XYPHAJT - UKRAINIAN GEOGRAPHICAL JOURNAL

aKTUBi3alia camocajy BifOyBaeTbcs mpu MiHepa-
nisanii porn = 400 %o, y pospaxyHKaX NPUITHATO
6a30Be 3HaYEHHS Sgyr = 450 %o SIK KOMIPOMIC MiXK
«IIOPOTOM TOSABM» Ta «IHTEHCUBHUM PEXUMOM»
OCa>KEeHHSI.

ExcntyaTanis BUAIIIEHOTO B MeXaX TMMAaHY
MaVJaHYMKy MOJENIOEThCA AK JOMATKOBUI CTiK
ocamxkennx coneit (Gy,,,) i3 cucremMn y BUITIAAL BU-
TydeHHA dacTvHM comi H,(1), mo yTBopmaaca Ha
OHI MalilaHYMKa B Me€)KaX MallJaH4YMKa HallpUKiHI]
LUIKTTY, IiC/IA 4oTo TBeppa (a3a B MOJeIi Ha Iovar-
KY HaCTYIIHOTO IIVIK/Ty 3MEHIIYEThCA Ha BEMMYNHY

Gharv:
G2(2) = G2(1) — Ghary (7). (6)

Y uboMy [JOCTif>KeHHI S, 3aCTOCOBYETbCSA SAK
iHTerpa/sbHUII MmapaMeTp, IO BifOMBA€E MOYATOK
edeKTUBHOTO OcCa/pKeHHA 3a nepeBakanHsa NaCl
y CKlafji camocapy; i/ YMCIOBUX OLIIHOK BUKO-
PUCTaHO XapaKTepHi 1A KysUIbHULIBKOTO TMMaHy
3Ha4eHHA MiHepanisanii 300-380 %o y KiHLi Terto-
ro ce3ony [3, 6, 9].

Jlimmiii pexcum pobomu maildan4uxa
ma OUiHI0BAHHS 6NAIUEY eeKMy 3MIULYBAHHS

BigropomxeHnit MalilaHYMK POSITIAHYTO AK Ji-
JIIHKAQ, 110 130/TI0ETHCSA Ha ITOYATKY TEIUIOTO CE30HY
(May(2)) 3a MakCMMaIbHOI BOGHOCTI.

Y poboti nepenbadaerbes, o poboTa MaiigaH-
4nKa yMOBHOW miomeo A, = 10 ra (100 tuc. M?)
10 BUTYYEHHIO CAMOCA/IHOI COJi B TEIVIOMY CE€30Hi
3[iMICHIOETBCA Y IBa IMK/IN. Y KOXKHOMY LMKIIi BU-
IIAPOBYBAHHS 3HIDKYE IIMONHY POIY Ha MalilaHuu-
Ky J10 YMOBHUX h; = 0,02 M (10 Bifmosigae samum-
KoBomy 06’emy porn V; = Ay - hy = 0,002 man M)
IIiC/IA1 9OrO MaliJJaHYMK 3HOBY IIOIIOBHIOETHCA PO-
IIOK0 3 OCHOBHOI aKBAaTOpil 4epe3 BIGKPUTUIL IIPO-
xig mo BupiBHIOBaHHA piBHIB. Qinbrpaniitanmn/
iHinpTpaniiHMMy BTpaTaMy pomy 4epes Oropoj-
JKYBaJIbHI Ba/li B 33Jja4i HEXTYEMO.

OCKinpKM BUIIAPOBYBAaHHS He BUIYYa€e PO3UM-
HEHI COJli, COJIOHICTD Y MaliIaHYMKY 3POCTAE O MO-
MEHTY HaCM4YeHHA (TaKOXX MOK/IVBWIT TMYAaCOBIUII
edeKT ImepeHacM4eHHs, OHAK IiC/IA IOYaTKy YTBO-
PeHHA TBepfoi PppakLiil COTOHICTh 3MEHIIYETbCS
IO 3HAYEeHHA HACMYEHH:), a IOfajIbllle BUMIAPOBY-
BaHHA NPU3BOAUTD IO BUIIAJIHHA COJIEN Y TBEPHUIL
ocap. ITicna 360py MPaKTUYHO BCbOTO CaMOCATY
cori (To6TO B 3a/a4i BBOXKAETHCS, 110 TBepAa dasa
BITYYA€THCA 3 CUICTEMM); A POIIA, IO 3a/INIINIACh Y
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MaliJaH4YMKYy, IPY BIIKPUTTI IPOXO/Y 3MIlIyE€ThCA 3
OCHOBHOIO MacoOI0 BOAM B IMMaHi (puc. 2).

Yepes Te, M0 MaliJlaHYMK i30/1bOBaHUI Bif
OCHOBHOI YaCTUHM JIMMaHYy, AK IIPaBUJIO, BiH OCH-
ra€ Mopory ocajpKeHHs paHille, Hi)XK OCHOBHA aKBa-
TOpis, OCKI/IBKM B HbOTO HE HAa[XONATb JOMATKOBi
MiTHI PO3CONOHIOYI IPUTOKM (IIOBEPXHEBUI CTiK,
JIOKa/IbHI MiJPKMBJIEHHA), TOAi AK BUIAPOBYBaHHA
3[II/ICHIOETbCA 3 IIOBEPXHi AK MallaH4YMKY, TaK i
OCHOBHOI YaCTMHM JIMMaHy 3 OJHAaKOBOIO IIBUJKI-
cTI0. BBa)Ka€eThCA, 110 3MEHIIIeHHS MBUIKOCTI BU-
IapOBYBAaHHA 3 POCTOM CONOHOCTI [1] MoXKe e
YaCTKOBO KOMIIEHCYBATH L€ BUIIEPEKEHH, ajle He
3MiHIOE 10TO 3HAK.

TakuM 4MHOM, edeKT MalflaHIMKy 1A 360py
CaMOCA/IHOL COMi B MOJE/Ii IOJIATa€ y BUIYYEHHI
y TEIUIMI Ce30H IIEBHOI Ki/JIbKOCTi comi, 0 Haf-
XOJATh 3a piK O CUCTEMM 3 JBOX pe3epByapiB
(OCHOBHOI YaCTMHMU JIMMaHy Ta BiJOKpeM/IEHOTO
Maiianamky). ITicma nmeproro nukmry 36opy camo-
CajiHOi comi y MaJifjaH4YMKy 3MillyBaHHA 00 eMiB
pony OCHOBHOI YaCTUHY IMMaHYy Ta BiJOKpPEM/IEHO-
ro MalJaH4YMKy IPALO€ AK INPUTIK y MalilaHIMK
PO3YMHEHOI Yy BOJI COJI, AKa y KiHI}i IPyrOro uu-
KJIy TAKOXK BU/IyYA€THCA HA MailJaHYMKY Y BULTIALL
«TBEPHOI CaMOCaHOI COIi».

Bnnms excrmryaranii Bifropom>KeHOro Maii-
[aH4YMKa Ha COMbOBUII 6a/laHC OL[iHIOETHCS Yepes
BENIMYMHY TEXHOT€HHOI'O BUJIYYEHHA CaMOCaZHOI
com Gy,,(t) Ta cniBBifjHOIIEHHS 3arajbHOI PiuHOI
KiJIBKOCTi BUIy4€HOI 3 MallJaHYUKY CaMOCAaHOL
corni (G,.,,) 31 30BHIIIHIMI HATIXO/PKEHHAMM COJEN
y numaH. Y Ce30HHili peKypPEeHTHill MOCTaHOBII
Ghar () BXOIUTD y piBHAHHA (4) 114 «pe3epByapa
TBeP/Ol COMi» SIK YJIeH, 10 Oe3rnocepeHbO 3MEH-
LIy€e 3arajbHMI 3alac OCA[KEHNUX COJIENl y CUCTe-
Mi G

Gs(t+ 1) = Gy(t) + AG(t) — D(t) — Ghary(2)- (7)

Tyr:

G,(t) — maca TBepyioi cormi (camocaz/ocaj) Ha
novyatok umkiny; Gs(t + 1) — maca TBeppoi coni Ha
KiHenpb LMKITY.

AG(t) — npupict TBepnoi $hasu BIPOLOBXK 1-
K1y (KpucTasnisanis/ocagkeHH:A) BHACTIOK Iepe-
HACMYEHHs PO3YMHY Y TepMiHax piBHAHHA (4).

D(t) — po3umHeHHs TBEPAUX COJeil Hasaj y
porry npu pos30aBjIeHHi; y TaKOMy ClieHapil mis
MalijaHunKa npunyckaerbcst D(t) ~ 0, ockimbkn
BIUJTy9€HHsI CAMOCa/ly BUKOHYETHCS Ofpa3y IiC/IsI
[OCSITHEHHS1/TIepeBUIIEHHS S

sat®
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Gharv(f) — KepoBaHe TeXHOT€HHE BUIyYEHHS
TBeppoi cori (36ip camocafy 3 IHa MalijaH4YMKa) Y
TepMiHax piBHAHHA (6).

MakcuMabHe BUTydeHHS COMi 3a OAMH LMK/
KPOK (Geycle) OLIHIOETBCA 32 ¢dbopmyroro:

chcle ~ Sf X Vo — Ssat X V. (8)

Tyr:

Sf — cTapToBa MiHepanisalisa pony B MaiijaH-
YJIKY Ha [TI0YaTKY BiIlOBiTHOTO IUKITY.

I 1-ro umky npuitmaemo Sy = St.(May) (mi-
Hepaslisalis OCHOBHOI aKBaTOPil B MOMEHT 13071411,
106TO 200 %0). /151 2-TO LUKITY sz BU3HAYAETHCS
3MIITyBaHHAM 3a/IMIIKOBOI pony y Margan4nky (V,
3 MiHepasti3ali€, 61M3bKOI0 10 S, MiC/IsT KpUCTaTi-
3ar1ii) Ta mopuii pomy, 1o HaAXOAUTD 3 TMMaHy IIPK
nonosrenHi (Vo — V;):

sz = (Vr X Seat + (VO — Vr) X SL(mld)) /Vo. 9)

Tyr:

S;(mid) — minepanisaris pornn B OCHOBHiI aK-
BaTOpil HAa MOMEHT IIOIIOBHEHHA MK LIVMK/IAMMA.

V, — 06’eM pomnu Ha IOYATKy KOXXHOTO LUKy B
i30bOBaHOMY MaliJaH4YNKY (IIOBHE 3aIIOBHEHHA JIO
po6ouoi rmbunn). Y takomy cuenapii V, = 0,025
MJIH M°.

TTo6yTOK (V; X Ssat) — Lie Maca Conert, o 3aum-
IIAETHCS PO3UMHEHOIO Y 3a/IMIIKOBOMY 06’€Mi porn
IpM JOCATHEeHHi nopora HacudeHHs (V, = Ap X hy;
y TakoMy cueHapii V, = 0,002 min M ). Lro wactu-
HY coJlell He MOXXHa BWIYIUTU AK TBepAy ¢asy,
OCKi/IbKM BOHA 3a/IMIIAETbCA B PO3YMHI y 3a/IMIlI-
KOBOMY IlIapi pifinHu.

Y dopmyrni (9) posriagaeTbcsa Taka cxeMa 3Mi-
LIYBaHHA PONM MalJaHYMKy Ta pOIN JIMMAHY IIe-
pen mo4atkoM 2-ro umkiny. Ilicna saBepimenns 1-ro
LMKy 1 BUy4eHHA CAaMOCAaJHOI COMi MailJaHYMK
3a/IMIIAETHCA 3aIIOBHEHUM 3a/IMIIKOBUM 06 €EMOM
V. 3 BIICOKOIO COJIOHICTIO, IKY Y CHPOIIEHiil cXeMi
OPUITMAEMO O/M3BKOI0 [IO TIOpPOra HACMYEHHS S,
Hami MajilaH9MK IIOIOBHIOETHCA POIOIO 3 OCHOBHOI
aKBaTOpil 4yepes3 BiIKpUTHIL IPOXif 10 BUPIBHIOBAH-
Hs PiBHIB; Y LIbOMY 00’€M IOIOBHEHHS JOPiB-
Hioe (V,—V,), a itoro miHepasi3aris npuimMaerbcs
PIBHOIO COJTIOHOCTI IMMaHy B MOMEHT IIOIIOBHEHHSA
S;(mid). TIpumryckaeTbes mBUKe MepeMillyBaHHS
y MeXax MalijlaHuriKa (OfHOPiZHICTb 3a COJIOHi-
CTIO B KiHIIi TONTIOBHEHHS) i BificyTHICTD icToTHOTO
pO3UMHEHHA ocafy micnA 36opy (D ~ 0 11 KpOKy
«BVWJIy4eHHS —> IIOTIOBHEHH:»). 3a IMX IIPUITyIIeHb
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Puc. 2. lnnamika miHepanisanii pony Ha MalfJaH4MKy B 2-X IMK/IAX
(migBuIeHHS /10 Topora Hacu4YeHHs Sg,= 450 %o) i MOMEHT 3MilllyBaHHs1/TIOIOBHEHHS MIXK L{K/IaMI

CTapToBa MiHepajisalid 2-ro HUKIY BU3HAYAE€TbCA
AK MacoOBO-00’€MHe CepefTHE.

111 popmyna BigoOpaskae, 1[0 HABiTh PN «IIOB-
HOMY 3aIlOBHEHHI» o V| Ha MOYaTKy 2-TO LUKy
CTapTOBa MiHepasisanisd y MaliJaH4YMKy 3aBXOu
€ Buiioio 3a S;(mid) yepe3 HoMiLIKy 3aIMIIKOBOI
KOHI[eHTPOBaHOi poru 06’emom V..

Pospaxynok S, (mid) BMKOHY€ETbCS Ce30HHO-yCe-
pefHeHo boX-MOofeNIio, 3aCTOCOBAHOK 0 OCHO-
BHOI aKBaTopil TMMaHy B MeXaX TEIUIOTO CE30HY
MDK KOHTPONBbHMMMU MOMeHTamu May(2) - T ...
Yac T, BigmoBiZae MOMEHTY 3aBepllleHHA 1-To
VKT po60TH MarijaH4mka (Iicia JoBefeHHA po-
1M JI0 TIOpOra HaCMYeHHs Ta BUIYYEeHHsA camoca-
1y), mepep, ¥ioro mnomnoBHeHHAM. TpuBamictp 1-ro
UMKy f . OIHIOETbCA 3 BOJHOTO GamaHcy Maii-
flaH4MKa fAK 4ac, HeOOXimHMIl I/ BUIIApy IIapy
Ah = hy, — h;,BUKOPUCTOBYIOUN CEPEHIO iHTeH-
CMBHICTb BUIIAPOBYBAHHA TEIUIOTO Ce30HY (3a Ha-
HuMy 2021 p. ta/abo knimMatmuHux HopMm). [ami
IPUITYCKAEMO, IO Ce30HHI MOTOKM JI/I1 OCHOBHOI
akBaropii (E, P Ta HagXOM>KeHHs IIPiCHOI BOJM)
Ha Bifpisky May — T, ;4 IpOIOpIiiiHi YacTILi Yacy
f= teyde/ Twarm (M€ T\, — TPMBAICTD TEMIOTO Ce-
30HY 3a IIPUITHATOIO CE30HHOK cxeMolo). Topi s
OCHOBHOI aKBaTOpil IMMaHy MAa€EMO:

Viid = VMay +
fx (Z Qinyon T Pwarm — Ewarm) ,
M:nid = Myiay +
fx (Z Qingarn X Sin + Pwarm X Sp) )
(10)
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OCKinbKM IPOTATOM 1-TO LMKy y BUOpaHOMY
ClleHapil B OCHOBHIII aKkBaTopii 1MMaHy mopir S, He
JOCATAETHCA, Pa30BUIL NIepexifl «pO3UNH —> TBEpHa
¢asa» 114 1bOro pesepByapa He aKTUBYETbCA, 1 TORI

Sp(mid) = 1000 X M3/ Vinid- (11)

CaMe 11e 3HaYEeHHA MHifiCTaBIAETbCA Yy PoOpMyy
3MiLTyBaHHS ISt Sy, .

Ouinto8anHs iMoBipHUX MAcumMaoie
BUJYUEHHS CAMOCAOHOI COMi 8 MeNuti ce30H ma
11020 8N7IUBY HA CONMLOBULL PEHUM TUMAHY

Ak BXe BKasyBanocs BUIlLe, KOHTPOJIbOBAHE BUITY-
YEeHHsA CaMOCAaJHOI COJi pO3INANAEThCA AK OIUH i3
MOTEHUiIHNX iIHCTPYMEHTIB YIIpaB/liHHA COMbOBUM
6anmancom KysnbHuubkoro numany [1, 6]. 3acto-
CYEMO po3pobieHy MOfe/Nb I/ OLiHIOBaHHA JIMO-
BipHMX MacIITabiB BUITYYeHHs CaMOCaJHOI cOmi B
TEIVINI CE30H Ta JIOTO BIIMBY Ha COIbOBUI PEXIM
JIMMaHy. Y3arajibHeHi JaHi o0 BXigHUX IapaMe-
TPiB Ta IPUITYILIIEeHb, BUKOPUCTAHMX IIPYM PO3PAXYH-
Kax, HaBefieHi y mabn. 1.

Axmo npunmycTtuTy, 1[0 BUCOTAa CTOBIYMKA
pony B NMMaHi Ha IIOYaTOK TEIJIOTO CE30HY
hyay = 0,5 M Ta MiHepasisallis ponu 1MMaHy Ha
noyarky Terioro cesony Sp(May) = 200 %o, npu
K1iMaTu4Hin HopMmi omapiB (Pp ~ 7,69 MiH M ),
OTPUMYEMO 33 CE30HHOI0 PEKYPEHTHOI MOJIEIIIIO

SL(mid) ~ 293,6 %0'
3a TakuxX yMOB MiHepasi3allis ponu y MalijiaH-
YJKY Ha [OYATKy 2-TO IVK/IY POOOTH Ma€ CTaHO-
BUTH Sf, & 306,1 %0. Criff mifKpecamT, o pospa-
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Tabnvus 1. BUKopucTaHi npyn po3paxyHKax BXigHi napameTpu moAeni Ta NpunyLeHHA

Mapametp 3HauyeHHA JTxepeno / 06rpyHTyBaHHA

Y3rofxeHHs 3 piYHUM ycepefHeHHAM ANnA

EdekTMBHa nnowa f3epkana nvMmaHy y ~ 3965 km2 .

Tennuii ceso (A) ’ 2921 p. [2]-| AaHumm [8-10] 3 ypaxyBaHHAM
NITHLOTO MiACUXAHHA NNMaHy

PiyHe BMNapoBYBaHHA 3 BOAHOI MOBEPXHi 227 mH 3a maTepianamm KOMMIeKCHOro 06CTexeH-

numany (E,) ’ HA 2021 p. [2]

YacTka BMNApOBYBaHHA, WO MpunagaEe Ha 90 % MpunyLleHHs, AKe y3rogKyeTbca 3 po3pa-

TenIuin ce3oH ° XyHKamu, HaBegeHumu B [1]

TpwBanictb Tennoro ce3oHy (May(2) — Sep) ~ 138 ni6 IpUNYWERHA, AKe y3OIKYETHCA B LinoMy

3 KNIMaTUYHUMN OaHMU

06’eM [OLWOBOI BOAM, WO HAAINLWOB Ha
A3epKano N1MaHy 3a Tennuii ce3oH (P,)

KnimaTuuna Hopma == 7,69 MaH M
Mocywnuei ymosu = 5,95-6,74 MiH m>

KnimatunyuHi gaHi

06'em MOPCbKOI BOAY, L0 HAZINLWIOB 3a pik
Ao numany, Q.. Ta i MiHepanisauis, S,

22 10,2 MiH M Ta
~ 13%o, BiANoBigHO

3a maTepianamm KOMMIEKCHOTO 06CTeXeH-
HA 2021 p. [2]

06’em cToKy 3 Bogo360opy, Q; Ta oro MiHe-
panisauis, S¢

10 MnH M° Ta 2 %o BigNoBigHO

3a maTepianamy KOMMIEeKCHOro ob6CTexeH-
HA 2021 p. [2]

ConoHicTb OCHOBHOI akBaTopii Ha noyaTky

MpunyweHHs, wo 6a3yeTbca Ha NOMbOBUX

NonoBHEeHHs» (D)

200 %o .
Tennoro ce3oHy S, (May) JOCNiIKEHHAX
BucoTa cToBNUMKY ponu B NMMaHi Ha noya- 05m MpunyLeHHs, WwWo 6a3yeTbcA Ha AaHKx 6ara-
TOK TENNOro ce3oHy (hy,,) ' TOPIYHUX BOCNIIKEHD
[nowa BiAropoAXeHoro MangaHunka — 10ra [MpunyLeHHa NovaTKoBOI NAoLi ekcnepu-
«pe3epByapa TBepfoi coni», A, MeHTanbHOro ManAaHuNKy
[TouaTKOBMI Ta KiHLEBWI PiBHI CTOBMYUKY
. . . . MpunywweHHs, Wo 6a3yeTbcA Ha NONbOBUX
ponv y BiAropoaXeHoMy ManfaHuunKy hp 0,25 mTa 0,02 m BignoBigHO .
AOCNIAXKEHHAX
Tah,
EdekTmBHMIA nopir miHepanizauii ponu, npn
¢ . P P U'. ponv, np MpunywweHHs, Wwo 6a3yeTbca Ha NONbOBUX
[OCATHEHHI AKOrO MOUYNHAETLCA IHTEHCUBHE 450 %o .
. BOCNIAXKEHHAX
0CaAXeHHA caMocafiHoI coni, S,
|IHTEHCUBHICTb PO3YMHEHHA TBEPANX Conent IHTEHCMBHICTb PO3UMHEHHA TBEPAOrO 0caay
Ha3af y pony AnA KPOKYy «BUNYYEHHA — ~ 0 TOH npu MiHepanisauii ponu nicna 3milyBaHHA

6inblue 300 %o fyxe HU3bKa

XYHKU CBi[9aTh IIPO CYTTEBY Yy TAUBIiCTDb BEMMINHNA
Sf, A0 BUOGPAHOTO SHAYEHHS CePEHbOI ITTMONHY /-
MaHy Ha IIOYaTKy JTiTHbOro ce30Hy. Tak, AKIo:

hMay =0,70Mm — sz ~ 267,4 %o,
hMaY =0,40Mm — sz ~ 322,9 %o.

Y nocyumnusi poxkn npu Py ~ 5,95-6,74 Mnu M
MiHepaisalig poly B IMMaHi Ha [TOYaTKy APyroro
oKy po6otn mariganurka Sp(mid) mae ckmapa-
1 Bif 304,0 %o (mpm p™ ~ 170 mm) 1o 313,6 %o
(mpu p" ~ 150 Mm). ToMy y HOfA/IbIINX OLiHOY-
HUX pO3paxyHKax OymeMO BUKOPUCTOBYBaTu Oa-
3oBe 3HauenHs Sy (mid) = 300 %o, w0 BimmoBizmae
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3HAYEHHIO MiHepais3anii pony y MalilaH4uKy Ha
TOYATKy 2-TO LUKy pobotn S = 312 %o.

BukoHaHi 3a ONMCaHOI METONMKOI po3pa-
XYHKM IIpYM 3aJaHMX BXiIHMX IapaMmeTpax (muB.
mabn. 1) cBigyaTh, IO CyMapHe MaKCUMAaJIbHO
MOXX/IMBE BWJIYYEHHA CaMOCAJHOI COJMi 3 MalfiaH-
91KA (Gyarm) 3@ 2 VKN JIOTO poOOTU y TeIUINii
ce3oH (May(2) — Sep)

Gwarm = chcle(l) + chcle (2)>
OL[iHIETbCS pubmm3Ho B 11,0 Tnc. Ton (4100 T +
6900 T).

[l mopiBHAHHSA, Y BUOpaHOMY CLieHapii piuHe
30BHIIIIHE HAJXOIKEHHA COJell (3a YMOBM HafIXo-

(12)
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JUKEHHs 10 MMaHy 3a pik 10 MiH M® MOpChKOi
BOAIM COMOHIcTIO 13 %o Ta 10 MH M®> cr1abocononoi
IIPiCHOI BOIY COJIOHICTIO 2 %o 3 ITOBEPXHEBUX JKe-
peit) ctaHoBUTH 61m3bKO 150 THC. T coseit Ha pik.

BenmmunHa Gyarm € 9yTIMBOIO O BUOOPY IIO-
pora Hacu4eHHA S, Ta MiHepami3anii 0oCHOBHOI
aKBaTOPil IMMaHy B MOMEHT IIOIIOBHEHHS MiX
guknamu Sp(mid). Orxxe HaBegeHa OLjiHKa Ma€
IHTEpIpeTyBaTUCA AK OPi€EHTOBHA JI/IA IOPiBHAH-
HA 3 pIYHMM 30BHIIIHIM HAaJXOI KEHHAM COJEN 1
IJIA TIOTIEPENHbOI IepEeBIPKM CLieHapiiB KepOBaHO-
TO BUITY4YEHHA.

BucHoBKHI
3acTOCyBaHHA 3alPOIIOHOBAHOI IBOCE30HHOI PEKY-
PEHTHOI MofIe/i BOJHO-coMboBoro 6amancy Kysib-
HUI[PKOTO JIMIMaHY 3 IBHUM OOJTIKOM TBEPAMX COJIeN
IJIA KiIbKiCHOI OL[iHIOBAaHHA BHECKY KEPOBaHOTO
BIJIYeHHS CaMOCAJHOI COMi JJO3BOJISIE 3pOOUTHU
TaKi BCHOBKI:

o Ilpupopni kniMaTryni ymosu KysnbHuibKoro
JIMMaHy [JO3BOJISAIOTH pealisyBaTy €KCITyaTalliii-
HY cXeMy po6OoT! BiJOKpeM/IEHOTO MaliJJaHuMKY:
Yy TEIINII Ce30H MalJaHYMK MOXKe IIpalljoBaT y
2 UUK/IN: «3a[I0BHEHHA —> BUIIAPOBYBAaHHA/KPUCTa-
nizanis — 36ip coi — BiIKPUTTA MPOXOARY [0 BU-
PIBHIOBaHHA PiBHIB».

Y BubpaHoOMYy cleHapii piuHe 30BHIIIHE HaJ-
XO/KEHHA costell (3a YMOBM HaJXOIKeHHS [0 -
MaHy 3a pik 10 M/IH M> MOPCBKOI BOAM CONIOHICTIO
12 %o Ta 10 MtH M® c1a60COIOHOI IIPiCHOI BOpM CO-
NOHICTIO 2 %o0) BUIY4eHHA CaMOCAJHOI comi 3 Bif-
OKPEMJIEHOTO MailJaH4uKy moiero 10 ra moxe
nMIe 9acTKoBO (B Mexax 6-10 %) xoMmIeHcyBa-
T IpuTiK coneit. et edpekT HaKOMMYyBaTbHNI
i mposiBnseTbcsa B 6aratopivHoMy MacuiTabi. [Tpu
CepeIHbOPIYHIN COMOHOCTI pony B JMMaHi IpK-
6m3HO 260 %o edeKT BUTyYeHHA CaMOCaIHOI cori
Ha BilOKpeM/IeHOMY MalJaH4uKy mowen 10ra
MOJKe IIPU3BECTU [O 3HIDKEHHA CEepelHbOPiYHOI
COMOHOCTi MuMaHy Ha 0,2 %.

¥ pasi ycnilmHoil peanisanii IpOEKTy BUaI€H-
HsI CAaMOCAaJiHOIL COJIi 3 JIMMaHy 3 METOK 3HIVDKEHHS
JIOrO CepefHbOI COMIOHOCTI MOXKIMBO POSINIAHYTU
MacitabyBaHH: (IUIOIIa MalilaHuMKa/MaljaHau-
KiB 10 100-200 ra), 1110 Moyke HaOMMU3UTK OUiKyBaHy
KOMIIEHCAIIiI0 PiYHOTO MPUTOKY coneli fo 100 %.

o ¥ 1ioMy, BUIIy4€HHA CaMOCagHOI cori 3 Biflo-
KpeMJ/IeHOro MaiifaHumKa(-KiB) ZOLiIBHO PO3IIs-
JaTu AK OfIMH 3 MOXX/IMBUX peaJlbHUX €NEeMEHTIB
BOBIOCTPOKOBOIL cTparerii mMiATpMMaHHA CIPUAT-
JIMBOTO BOJHO-CONbOBOIO peXMUMy auMany. OmHak
Ile He BiIMiHsI€ HAYKOBO OOI'PYHTOBAHOTO BUCHOBKY
PO Te, L0 IONOBHEHH: Kys/IbHUIILKOTO IMMAHY
MOPCBHKOIO BOJOI0 € BUMYIIEHUM THMYaCOBUM 3a-
xogoM. BogHo4yac roloBHMM MeXaHi3MOM JIOBIO-
CTPOKOBOI CTpaTerii miATpUMaHHsA CIPUATINBOIO
BOJJHO-COJIbOBOTO PEXUMY NMMaHy Ma€ OyTH Bifi-
HOBJIEHHA [pKepesl IONOBHeHHA KysIbHULIBKOTO
JIMMaHy IIPiCHOIO BOJOI0 B 00CATaX He MeHIIe HiK
15 Myt M? 32 pik.

 JKopcTke [oTpMMaHH: €KOJIOTiYHIX BUMOT Ma€e
KpUTMYHE 3HAYEHHA J/IA peaisallii IPOEKTY, TaK AK
MalIaHYMK Ta MiIXOJAM 10 HbOTO 3HAXOMISAThCS B Me-
Xax TepuTopil npupopHo-3anosigHoro ¢pouny (Ha-
LiOHa/IbHUI NpUpORHNIT MapK «KyanpHUIbKUI»)
1 IepuIoi 30HM CaHiTapHOI OXOPOHMU KypOPTY fiep-
JKaBHOTO 3HaueHHs «KysSUIbHUIbKMIL TMMaH», TOMY
TEXHOJIOTi1 300py Ta BUBE3eHHSA CaMOCAHOI COi 3
MalilaH4YMKa MaloTh 3a0e3NeYnTy BifiCyTHICTB/HO-
ITyCTMME TeXHOT€HHE HaBaHTA)KEHHA Ha YHIKalIbHY
€KOCHCTeMY JIMIMaHy Ta IPUOePeKHNX TePUTOPIIL.

HoBusHua gocmimkenss

HoBusHa po60oTu mojArae y 3acTOCyBaHHI Ce30H-
HO-yCepeJHeHOI PeKypeHTHOI 6aaHCoBOi box-Mo-
fierti 3 ABHMM OOJIIKOM «pe3epByapa TBepHoi comi»
IJIA KiIbKiCHOI OLjiHIOBaHHS BHECKY KEPOBaHOIO
BUJIYYEHHS CaMOCAJHOI COMi Ha i30/IbOBAHOMY
MaiigaHuuKy (10 ra) y 3MiHy combpoBoro 6anaHcy Ta
cepefHbOl CONMOHOCTI ocHOBHOI akBaropii Kysib-
HULBKOTO NTMMAaHY.
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On the Impact on the Water-Salt Regime of the Kuyalnyk Estuary of Restoring Controlled
Harvesting of Self-Deposited Salt on an Isolated Platform
UDC 502.4:528.94(477.4)(292.485)(045)

The paper provides a quantitative assessment of the potential impact of operating an isolated salt-harvesting
platform on the water-salt regime of the Kuyalnyk Estuary (Odesa region, Ukraine). A season (May-Oct) recurrent
water—salt balance model with an explicit solid-salt reservoir was developed and parameterized using available
observational data. The 10 ha platform is treated as a local evaporator (working depth 0,25 m) operated in two
summer cycles; in each cycle the water level is lowered by h, = 0,02 m due to evaporation and then replenished
with brine from the main basin through an open passage until levels equalize. Under the adopted scenario, the
annual salt removal is ~11,0 kt, translating into an average salinity decrease of ~0.2%o per year for the main
water body given a cold-season seawater inflow of ~10 million m>. Post-cycle mixing does not, by itself, desali-
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nate the estuary; the net effect is driven by removing precipitated solids. Practical recommendations for seasonal
operation and risk minimization are proposed.

Keywords: Kuyalnyk Estuary; water balance; salt balance; hypersaline waters; evaporative salt precipitation;
recurrent model; management.
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Assessment of Heat Reduction Ecosystem Services

by Urban Green Spaces of Kyiv
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Abstract. An effective tool in combating Urban Heat Islands (UHI) manifestations is the development of
urban blue-green infrastructure (BGI). BGI, through its functioning, provides various ecosystem services
(ES), including heat reduction ES. This study aims to assess the heat-reduction ecosystem services provided
by BGI and by specific urban green spaces (UGS) within the city. In this study, we employ a spatially
explicit method for UHI assessment based on remote sensing of Land Surface Temperature (LST). We also
use open data on Kyiv city’s urban green infrastructure (BGI), including the ESA WorldCover 2020 land
cover map, the Copernicus Global Land Service Land Cover, and the OpenStreetMap database. The assess-
ment involves modeling the cooling function, determining its effectiveness, translating this effectiveness
into ecosystem service quantities, and exemplifying these with the case of the BGI of Kyiv.

The study’s results reveal that BGI cools surfaces by up to 16°C. The least efficient green areas, occupying
23-29% of the polygon area and having a perforation of 70-80 km/km?. Overall, Kyiv’s BGI provides heat
reduction ES at average (33% of cases) and above-average (30% of cases) volumes. 16.7% of green spaces

provide their maximum ES, while the rest require modifications to enhance efficiency.

Keywords: urban heat island (UHI), urban green space (UGS), blue-green infrastructure (BGI), ecosystem

services (ES), assessment.

Relevance of the research

According to the United Nations, by 2050, more than
65% of the world’s population will be concentrated
in cities [1]. Among the significant problems arising
from urbanization processes that lead to a decline in
the quality of urban residents’ lives, researchers iden-
tify the phenomenon of the urban heat island [2]. The
emergence of urban heat islands (UHIs), their spatial
characteristics, and the temperature differences they
produce are influenced by numerous factors, primar-
ily anthropogenic. These factors include the expan-
sion of built-up areas, atmospheric pollution, degra-
dation or reduction of green spaces, and more [3].
Ecological changes in urban ecosystems due to UHI
primarily result in decreased air and water quality.

Economic losses are attributed to increased energy
consumption for cooling indoor spaces. Most impor-
tantly, UHI leads to heightened heat stress and, con-
sequently, an increase in health issues among urban
residents, even contributing to higher mortality rates.
In the policies of the European community, the de-
velopment of urban blue-green infrastructure (BGI)
has been recognized as an effective tool for combat-
ing UHI manifestations. BGI comprises a network
of urban green spaces (UGS) (natural, semi-natural,
and artificial vegetation) and water bodies within
cities. During its functioning, BGI provides a wide
range of benefits to urban dwellers in the form of
ecosystem services, including heat reduction services
[4-5]. The mechanism behind this service involves
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natural shading, evapotranspiration, increased ab-
sorption and reflection of solar radiation, and more
[6-8].

The state of research on the issue

Existing scientific research has primarily focused on
assessing the ecosystem services provided by UGS,
specifically heat mitigation. These works mainly in-
vestigate temperature indicators within specific green
infrastructure elements [1, 9, 10] and the dispersion
of cooling effects from green spaces to adjacent areas
[2, 11-14]. Numerous studies also explore the uti-
lization of remote sensing and geospatial modeling
in UHI research. For instance, a study [2] analyzed
UHI characteristics using Landsat-8 surface tem-
perature data. The InVEST project offers modules
(tools) for analyzing urban cooling and UHI reduc-
tion [15]. In Ukraine, such studies have also been
conducted, particularly concerning the city of Kyiv
[3, 16].

The purpose of the research

Collectively, these studies indicate that the strength
and spatial extent of cooling effects depend on both
qualitative factors and quantitative metrics of green
spaces [1, 17]. However, there is insufficient cover-
age of assessing the cooling properties of the entire
BGI. Additionally, we did not identify research spe-
cifically addressing the assessment of cooling ser-
vices provided by small squares or building-associ-
ated UGS, despite their role as primary contributors
to cooling in densely built areas. The effectiveness of
the existing BGI in providing cooling services and
the extent of these ecosystem services remain open
questions. In our opinion, the assessment should re-
ly on quantitative and qualitative indicators of the
entire available infrastructure, accessible through
remote sensing data. Consequently, the goal of this
study is to assess the heat-reduction ecosystem ser-
vices provided by the entire existing BGI and specific
UGS within the city using remote sensing data.

Research methods

To analyze temperature distribution, a spatially ex-
plicit method for UHI assessment based on remote
sensing of Land Surface Temperature (LST) was em-
ployed [18].

The materials used for this study include:

o A series of multispectral satellite images ac-
quired by the Landsat-8 satellite from May to Sep-
tember for the years 2019-2022 [19-24]. Landsat-8
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data provide high-resolution thermal channel data
(B10) at 30 meters. Thermal infrared (TIR) remote
sensing data were used for LST modeling, with cloud
cover limited to 20% and additional masking of
clouds, cloud shadows, ice, and snow [25].

 OpenStreetMap database for identifying specif-
ic boundaries of UGS [26].

« ESA WorldCover 2020 land cover map product
based on Sentinel-1 and Sentinel-2 data, providing
land cover information at a resolution of 10 meters
[27]. These datasets help determine qualitative char-
acteristics of green spaces that OpenStreetMap data
might not identify.

The methodology of this study is based on the
premise that UGS provides its maximum ecosystem
services when it functions effectively. The effective-
ness of functioning depends on the UGS’ charac-
teristics. Among the indicators suitable for evaluat-
ing the provision of these services, the following are
notable:

o The area of the UGS. This parameter is crucial
for assessment, as it has been established that an av-
erage park of 6 hectares produces a noticeable cool-
ing effect. Large green spaces can also have a cooling
effect beyond their boundaries [9, 11]. A linear re-
lationship between the size of the UGS and the dis-
tance at which cooling occurs was established in [1].

« The type and distribution pattern of vegetation.
The presence of mature deciduous trees significantly
impacts temperature indicators [28].

Statement of basic materials

The calculation indicators for assessing these services
for urban BGI or individual green spaces are as fol-
lows: average surface temperature in model polygons
within the city (¢,,), average temperature in individ-
ual green spaces (f, ,), average temperature outside
the city (tsuburb), area of the green space (Sq o)> pre-
dominant type of vegetation (Type ,.,), proportion of
the area occupied by green spaces in the polygon (P,).
The assessment of ecosystem services provision for
cooling entails determining this service’s contribu-
tion from the entire BGI and the UGS separately. As
a result, the assessment should be conducted on two
spatial levels: city-wide and local.

The assessment algorithm for ecosystem services
provision for cooling involves the sequential com-
pletion of tasks:

1. Identify cooling effects from green spaces in
territories and simulate the “implementation” of this
function.
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2. Assess the effectiveness of the cooling func-
tion.

3. Convert the effectiveness values into cooling
ecosystem service quantities.

4. Determine the volume of the ecosystem ser-
vices.

To effectively accomplish these tasks, it is necessary
to define the modeling units. The “floating territori-
al assessment unit” hypothesis was implemented for
this purpose. It was determined that hexagonal poly-
gons are the most effective for GIS-based modeling.
The dimensions of the model polygons used to assess
the cooling function of green spaces in Kyiv were
determined using variography. Most topographical
surfaces exhibit a statistical nature when modeled
using regionalized variables, such as vegetation
change surfaces and microclimatic indicators. In
regionalized variable modeling, it is assumed that
the locations of the statistical surface are spatially
correlated. The empirical variogram of the statistical
surface’s locations quantifies the degree of statistical
correlation as a function of the distance between lo-
cations [29]. In modeling, the increasing variogram
graph begins to flatten at a threshold value (semi-
variance y ~ 2.534), and the distance h at which the
variogram levels off represents the range of increase,
or the radius of influence (rang). The value of rang
is the boundary at which the variance reaches a limit
and remains constant thereafter. Beyond its bound-
aries, the distance between locations becomes in-
significant, as they are independent at any distance
beyond the radius of influence. When modeling the
cooling function of urban green spaces using GIS
tools, the radius of influence indicates the range re-
quired for interpolation to encompass all locations
whose values are correlated. For example, in the Kyiv
territory, a correlation in values is observed between
locations within a coverage radius of 1325 m. There-
fore, for this study, hexagons of the appropriate size
were selected as model polygons.

For modeling the cooling function at the city-
wide level within the constructed model polygons
of the chosen size, the following steps are required:

1.1.1. Determine the average surface temperature
within the polygon (£,,).

1.1.2. Calculate the cooling function provided by
the BGI within the city, denoted as Coolingg,,. This
function is calculated similarly to determining the
manifestations of UHI effects, as in equation (1).

(1)

Cooling(BGI) = tplg — tsuburbs
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where Cooling ., is the cooling function performed
by BGI, t,,, — the average surface temperature with-
in the polygon, and ¢, — the average temperature
outside the city.

At the local level, to determine the realization of
the cooling function provided by each specific green
space, the following steps are required:

1.2.1. Determine the average surface temperature
within the UGS (tg_a).

1.2.2. Determine the contribution of each UGS
to the microclimate formation within the polygon

using equation (2):
)

where Cooling, , — the cooling function performed
by each UGS, 1, — the average surface temperature
within the polygon, £, , — the average temperature
within the green space.

The effectiveness of each UGS (or BGI) in per-
forming the cooling function is understood as its
influence on the overall temperature. Accordingly,
its determination at the city-wide level involves the
following steps:

2.1.1. Determine the polygon with the maximum
surface temperature — .

2.1.2. Establish the proportion of model polygons
occupied by vegetation — P..

2.1.3. The effectiveness of the cooling function
performed by BGI — Ecooling,, should be calcu-

lated using equation (3):

Cooling(&a) = tg 2 — tplg

3)

where Ecooling, is the effectiveness of the cooling
function performed by BGL, £, — the average
temperature within the polygon with the maximum
value in the city, £, — the average surface tempera-
ture within the polygon.

At the local level:

2.2.1. Determining the effectiveness of UGS in
performing the cooling function — Ecooling, , in-
volves identifying differences between the tempera-
ture indicators of individual UGS — ¢, , and the
minimum temperature within the green spaces of
the city — 1, as described by equation (4).

ECOOlil’lg(BGI) = tplg - tplg(max):

__a(min)?
(4)

where Ecooling, ,, — the effectiveness of the cooling

Ecooling, ,) = tplg — tg amin);

function performed by each individual UGS, ¢, , —

the average surface temperature within the green
SPaCe, Ly y(min) — the minimum temperature within
the UGS.
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Table 1. Data on average surface temperature
for a set of model polygons for the study area within the city and suburbs of Kyiv

min max mean median
Average surface temperature of the suburban area 22,976 41.875 33.780 34.003
Average surface temperature of the urban area 26.673 42.706 34.099 33.704
Table 2. Average surface temperature data
for green spaces within the city and a set of model polygons
min max mean median
Average surface temperature within green spaces 25.460 46.489 35.72 35.905
Average surface temperature of model polygons of the urban area 26.673 42.706 34.099 33.704

The next step should be the conversion of the
obtained cooling effectiveness values into quantities
of ecosystem services related to heat mitigation. The
formalization of calculation indicators, similar to
previous works [30-33], is based on the empirically
generalized desirability scale by E. Harrington [34],
which involves transforming (normalizing) all mea-
sured indicators (in this case, indicators of the cool-
ing function efectiveness Ecoolingy, Ecooling, ,,
into dimensionless values. This study employs a
function where 0 represents the lowest quality of a
UGS (or BGI) (minimal ecosystem services provi-
sion), and 1 represents the highest.

Implementation of the methodology

According to sections 1.1.1 and 1.1.2 of the
methodology, the study calculates the average tem-
perature within the constructed model polygons
using a series of images (Table 1) and the cooling
function performed by BGI (Fig. 1). Figure 1 re-
veals that in the northwestern, northeastern, and
southern parts of the city, within polygons fully
covered by tree vegetation of the BGI, the cooling
effect is most pronounced, and heat manifestations
are entirely absent. Over the major waterway, the
Dnipro River, which runs through the city center,
the temperature is even lower than the average tem-
perature outside the city.

At the same time, in polygons with maximum
urban development, surface temperatures exceed
the temperatures outside the city by more than 9°C,
which further emphasizes the impact of the BGI in
mitigating heat effects.

According to sections 1.2.1 and 1.2.2 of the meth-
odology, the indicators of average surface tempera-
ture — ¢, ,, and the cooling function in individual
green spaces of the city, Cooling, ,), were calculated
and mapped (Table 2, Fig. 2).
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This result confirms that the model polygons
with a large percentage of the area covered by green
spaces at the citywide level or individual large green
spaces at the local level are those whose functioning
neutralises the UHI (temperature difference is “0”
or “minus”). Also, Figure 2 shows that even within
the same landfill, the surface temperatures of green
spases are more than 10°C lower than the average
in the model polygon. At the same time, the tem-
peratures in some green spaces are higher by 10°C
than the average temperature in the polygon, which
indicates their different efficiency and is obviously
related to their characteristics.

The next step was to determine the effectiveness
of the cooling function. According to section 2.1.1
of the methodology, the maximum surface warming
in the model polygons of Kyiv — £, ..,y Was 42, 7°C

Using section 2.1.2 of the methodology, the per-
centage of areas covered by different types of green
vegetation — P, was determined. To establish the
relationship between the areas of green vegetation,
their types, and surface temperatures in the polygons,
a correlation analysis was conducted.

A correlation analysis was conducted to find the
relationship between the area of green spaces, their
type and surface temperatures in the model poly-
gons. This analysis indicates that there is a relation-
ship between these indicators. The correlation coef-
ficients between the average surface temperature in
the polygons and the percentage of the city’s tree and
total vegetation areas show a rather strong (- 0.57)
correlation between the area covered by vegetation
and surface temperature. Also confirmed that herba-
ceous vegetation has very weak correlation with tem-
perature (0.119). According to the results of the cor-
relation analysis, the influence of the Dnipro River
on the cooling processes in the city is noticeable. The
correlation coefficient in the distribution of surface
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Table 3. The volume of heat reduction ecosystem services

Ecooling g, ,°C Ecooling, ,, °C Assessment score Volume of ES EScooling
[-12,649 —-15811] [0—4,206) 5 maximum
[-9,961 —-12,649) [4,206 —7,780) 4 above average

[-5,850 —-9,961) [7,780 —13,248) 3 average
[-3,162 —-5,85) [13,248 — 16, 823) 2 below average
[0—-3,162) [16,823 —21,029] 1 minimum

Table 4. The volume of heat reduction ecosystem services, provided by BGl in Kyiv

The model polygons of the city

EScooling(BGl)

amount %

maximum 78 12
above average 192 30
average 210 33
below average 99 16

minimum 60 9
Total 639 100

Table 5. The volumes of heat reduction ecosystem services provided by green spaces in Kyiv

The model polygons of the city

EScooling(BGl)
amount %

maximum 8,914 16.7
above average 26,780 50.2
average 14,920 27.97
below average 2,588 4.85
minimum 0.28
Total 53,353 100

temperature and green space, taking into account
the cooling effect of the Dnipro water area, is — 0.43.

In the implementation of point 2.1.3 of the meth-
odology, the effectiveness of the city’s BGI was de-
termined as Ecooling(BGI). Given the proportion of
gray and green infrastructure areas and the compo-
sition of vegetation species, it is not surprising that
the BGI in the city, where it covers over 90% of the
area, significantly reduces surface temperatures. The
temperature difference can reach up to 16°C (Fig. 3).
However, for the majority of areas in Kyiv, with the
existing ratio of built-up and green spaces, the aver-
age cooling is around 3-5°C (Fig. 3).

As a result of the implementation of section 2.2.1
of the methodology, the efficiency of the functioning
of UGS — Ecooling, , it was determined that most
green spaces in typical urbanized areas differ from
the minimum temperature indicators by 16°C due to
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their characteristics (Fig. 4). We conducted calcula-
tions and observed a clear relationship between the
areas occupied by green spaces, their permeability
(perimeter-to-area ratio), and their effectiveness in
performing the cooling function. Most commonly, if
the green spaces occupy 0.23-0.29 of the polygon’s
area and have a permeability of 70-80 km/km?, they
are the least effective in cooling and differ from the
minimum value by 15-19°C. The most efficient cool-
ing occurs when the green spaces cover more than
90% of the area and have a permeability of up to
10 km/km?.

The next step in implementing the methodology
was to standardize the he cooling efficiency indica-
tors into dimensionless values, which will character-
ize the volumes of ecosystem services in mitigating
heat effects. The results of standardizing the indica-
tors are presented in Table 3.
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The cartographic representation of the modeling
results is presented in Fig. 5, 6. Specifically, Figure 5
illustrates the volumes of ecosystem services provid-
ed by the BGI within each polygon, while Figure 6 —
by the each UGS.

Conclusions

The methodology and remote sensing data presented
in this study were used to calculate the effectiveness
of the cooling function BGI in Kyiv. This effective-
ness was understood as the ability to reduce tem-
peratures compared to the most intensely heated
polygon in the city. The modeling results revealed
that the BGI of Kyiv, in its current state, can cool sur-
faces by up to 16°C. This cooling effect is most pro-
nounced in large forested areas and along the Dni-
pro River. The most effective cooling occurs in UGS
when they occupy more than 90% of the polygon
and have a permeability (perimeter-to-area ratio) of
up to 10 km/km?. By determining the efficiency in
this manner, it was possible to assess the volumes of
heat reduction ecosystem services (Tables 4, 5).

The urban BGI in Kyiv, in its current state, pro-
vides a significant level of heat reduction in most
cases, with 33% and 30% of the polygons show-
ing average and above-average levels, respectively
(Table 4).

The data in Table 5 demonstrate that among the
analyzed green spaces of the city, in 16.7% of cases,

they provide their maximum ES. At the same time,
it becomes evident that the rest of the areas require
changes to enhance their efficiency in cooling the
city.

The novelty of the study

The data obtained regarding the impact of the ur-
ban BGI on the mitigation of heat islands and indi-
vidual UGS on the microclimate formation in spe-
cific city areas represent valuable information that
can assist urban planners in minimizing the effects
of UHI throughout the entire city and in specific
districts. Additionally, identifying the effectiveness
of individual green spaces serves as a useful way to
demonstrate their role and value in combating heat
islands. This research also aids in identitying effi-
cient strategies for designing BGI and establishing
a sequence of managerial decisions to achieve the
greatest impact in combating heat effects. Undoubt-
edly, this is crucial for ensuring sustainable urban
development.

This work was conducted within the framework
of the project “Technology for geoinformation as-
sessment of ecosystem services providing by urban
green areas,” funded by the European Union’s exter-
nal assistance instrument to fulfill Ukraine’s com-
mitments under the European Union’s Framework
Program for Research and Innovation Horizon
2020.
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KuiBcbKuii HauioHanbHIi yHiBepcuTeT imeni Tapaca LleBuenka, Kuis

OuiHKa eKOCMCTeMHUMX NOCNYT 3 NOM AKLWEHHA BNAMBY OCTPOBIB Tenna,
110 HAaAATbCA MicbKUMM 3eneHnmu 3oHamu KueBa
YK 911.375.64:551.588.7:504.06(477.411)

Micbka cmHbo-3eneHa iHdpacTpykTypa (C3l) Hagae ekocuctemHi nocnyru (EM) 3 oxonopMeHHA (MOM'AKLWEHHA
BNAVBY «OCTPOBIB» Tenna). 06caru EN 3anexatb Big epektmHocTi C31 y BUKOHaHHI QyHKLIT oxonomkeHHA. MeTa
po6oty — ouiHuTth EMN 3 nom'AaKWweHHA BNAMBY «OCTPOBIB» Tenna, Wwo Hagae C3| micta 3aranom Ta okpemi MicbKi
3eneHi 30HK (M33) 30Kkpema. OujiHIOBaHHA BKKOYANO: MOAeNoBaHHA «PyHKLT OXONOAMKEHHA» | BU3HAUEHHA edek-
TMBHOCTI Ta obcaris ENM, wo Hagatotbea C31. 3'acoBaHo, Wwo B M. Knesi C3I oxonopxye nosepxHi fo 16°C. HaitmeHLw
ebeKTVBHUMMN BUABMIUCD 3€N€eHi HacafpKeHHs, WO 3aliMatoTb 23-29 % nnouli NoniroHy i mawTb neppopoBaHicTb
70-80 KM/KM’, a HalledeKTUBHILIMMM BUABMANCH Ti, WO 3alimatoTb 90 % nnouyi i3 neppopoBaHicTio Ao 10 Km/km>.
(3l 3a6e3neuye EMN 3 oxonopxeHHA B cepenHix (33 % BunaakKis) Ta Bule cepefHix (30 % Bunagkis) obcarax. 16,7 %
MiCbKIMX 3eNieHUX 30H HagatTb EMN B MakcumanbHux o6cArax, y Toi Yac AK iHWi noTpebytoTb 3axoAiB 3 NiLBULLEHHA
iXHbOT epeKTUBHOCTI.

Knroyoei cnoea: micbkuli «<ocmpie» menna; Micoki 3es1eHi 30HU; CUHbO-3€e/1eHa iHpacmpykmypa; ekocucmemHi nocsyau;
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Abstract. This study presents a comprehensive assessment of Azerbaijan’s wind energy potential, using the
Shorabad settlement in the Khizi district as a representative case study. The strategic importance of wind
energy in the context of the global energy transition and climate change is highlighted, and the natural and
geographical advantages of the area, as well as existing infrastructure opportunities, are examined. Analysis
of long-term datasets from NASA POWER (1981-2024), the Global Wind Atlas, and local meteorological
stations revealed an average annual wind speed of 5.46 m/s. This wind regime was further characterized
using statistical modeling based on the Weibull distribution. The spatial variation of wind speed, land
use, and proximity to the power grid was evaluated through GIS analysis. Energy yield modeling for the
Vestas V90-2.0 MW turbine indicates an annual generation potential of 2.9-3.50 GWh, corresponding to a
capacity factor (CF) of 0.20 under the prevailing wind conditions. Based on a conservative siting scenario
(25 km? area, accommodating approximately 54 turbines with a total capacity of 108 MW), the annual
energy production is estimated at 156.6-189.0 GWh/year, corresponding to approximately 0.55%-0.67%
of Azerbaijan’s annual electricity generation. The findings indicate that Shorabad possesses favorable char-
acteristics, including flat topography, limited vegetation, and proximity to existing infrastructure, which
collectively render it a suitable location for a wind power project (WPP).

Keywords: Wind energy; Shorabad settlement; Khizi district; GIS analysis; Weibull distribution; Renewable
energy.

Introduction global electricity production, or 2,494 TWh [2]. In

Renewable energy sources (RES), particularly wind
energy, have come to play an increasingly vital role
in the global energy mix. Global goals such as ensur-
ing energy security, combating climate change, and
reducing carbon emissions have made wind energy a
strategically important energy source. Over the past
decades, technological developments have increased
the efficiency of wind turbines and significantly re-
duced the cost of energy production. The global
installed capacity of renewable energy has reached
4,443 GW, with most of this growth coming from
solar (597 GW) and wind (117 GW) [1]. In 2024,
wind energy accounted for approximately 8.1% of

the global “clean energy” structure, wind energy ac-
counted for 14%, and, according to the International
Energy Agency, will grow at an annual rate of at least
17% by 2030, reaching 7,100 TWh [3].

Azerbaijan’s energy policy has become even more
relevant in light of commitments under the Paris Cli-
mate Agreement and the “green energy zones” estab-
lished in Karabakh and Eastern Zangezur. The coun-
try’s location on the western coast of the Caspian Sea
is characterized by strong wind currents, making it
one of the region’s countries with the most favorable
wind energy potential [4]. In particular, the Khizi
district and the Absheron Peninsula are character-
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Fig. 1. Methodological workflow of the study

ized by high wind speeds. According to hydrome-
teorological observations, the average annual wind
speed in these areas ranges from 5 to 8 m/s, which
is an optimal indicator for the efficient operation of
wind farms.

Shorabad, Yeni Yashma, and Sitalchay in the
Khizi district feature flat terrain, sparse vegetation,
and proximity to power and transport infrastructure.
These physical, geographical, and infrastructural
factors, particularly regarding transportation, wind
turbine installation, and connection to the existing
power grid, make the area a suitable location for
wind farm construction. Despite the presence of
operational wind farms in the district, the need to
develop additional projects remains pressing, both to
accommodate the country’s annual growth in elec-
tricity demand (~1.5%), expand energy infrastruc-
ture, and enhance the contribution of RES.

The main objective of this study was to assess
the wind energy potential of the Shorabad area
from a technical and economic perspective and
to justify the feasibility of a new WPP. However,
existing studies on wind energy development in
Azerbaijan exhibit several important limitations.
Modern, high-resolution wind data remain scarce;
the number of long-term meteorological stations is
limited; and site-specific assessments that integrate
infrastructure, environmental constraints, and tech-
no-economic feasibility remain lacking. In particu-
lar, despite the presence of operational wind farms
in the Khizi district, the Shorabad area has not
previously been evaluated using a comprehensive,
GIS-based, multi-source analytical framework. To
address this gap, the methodology adopted in this
study involved data collection, statistical process-
ing, GIS mapping, Weibull modeling, and economic
evaluation [5]. Figure 1 presents the study’s meth-
odological flowchart.

1(133)'2026

YKPATHCbKMI TEOTPA®IYHUI XKYPHAJT - UKRAINIAN GEOGRAPHICAL JOURNAL

Azerbaijan’s total electricity production in 2024
was 28.4 billion kWh. Of this production, 24.5 bil-
lion kWh (86%) was produced by thermal power
plants and 3.8 billion kWh (14%) by RES. Among
renewable energy sources, 5 wind farms (63.62 MW)
accounted for 50.9 GWh (0.2%). In terms of installed
capacity, the country’s total RES capacity is 1.8 GW
(21%) [6]. The projected total production for 2025
is 29.1 billion kWh. Currently, thermal power plants
are expected to produce 24.8 billion kWh (85.2%),
and RES are expected to produce 4.3 billion kWh
(14.8%). The contribution of wind energy to re-
newable energy is expected to increase to 85 GWh
(0.29% of total generation) and to 2.1 GW (22% of
the installed capacity of RES). Currently, three WPPs
operate in the Khizi district, and one is under con-
struction [7]. This demonstrates that the area already
benefits from established infrastructure and opera-
tional experience and that it is possible to fully uti-
lize its potential by increasing the number.

“Yeni Yasma” station—A wind farm with a total
capacity of 50 MW was built by the Azerbaijan State
Agency for Renewable Energy Sources in the Yas-
ma settlement of the Khizi district with 20 2.5 MW
turbines.

The “Yashma Baglari” wind farm has a design
capacity of 3.6 MW.

“Shurabad” wind farm, with a design capacity of
1.7 MW.

“Khizi-Absheron” wind farm—ACWA Power is
implementing a 240 MW project. The project covers
the villages of Chayli and Sitalchay and is planned
to be fully operational by the end of 2025. The plant
will generate approximately 907 GWh of electricity
per year, meeting the energy needs of more than
300,000 households [4].

There are both global and local studies on Azer-
baijan’s renewable energy potential. According to
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the 2016 Strategic Roadmap of the Ministry of En-
ergy, the country is planning to develop 350 MW of
wind power, 50 MW of solar power, and 20 MW
of bioenergy projects (Ministry of Energy, 2016) [8].
However, the share of wind power in electricity gen-
eration in 2024 was only 0.2% [6]. The renewable
energy potential of Azerbaijan was analyzed using
a systematic review, and opportunities for solar and
wind power were assessed [9]. The study highlights
the country’s strategy to transition from the oil and
gas industry to carbon-free energy but notes obsta-
cles, including a weak legal framework and a lack
of specialized expertise. Having sufficient potential
to increase the share of renewable energy supports
energy security and the Sustainable Development
Goals [10].

In previous studies, the Weibull distribution has
been widely applied to assess wind resources. For
example, the wind energy potential in Azerbaijan
was analyzed based on ERA5 (1940-2023) data. In
addition, 70 million hours of observations were an-
alyzed using Python to study wind characteristics at
24 locations using the Weibull distribution. It was
found that the coastal areas have high potential,
with an average wind speed of 8.01 m/s and a power
density of 628.5 W/m? in Baku [2].

Most techno-economic studies in the literature
are based on meteorological station or satellite data,
leading to an underestimation of wind energy po-
tential and weakening the reliability of economic
decisions [11]. In contrast, a study conducted in
the Bursa region of Turkey used real field measure-
ments (12 stations, 100 m altitude, 10-minute in-
tervals over 2 years) and evaluated Weibull distri-
bution, turbulence, and power density parameters.
The results show that the average monthly wind
speed varies in the range of 4.6-11.7 m/s, has a
high turbulence index (0.54), and the lowest LCOE
was achieved with the Goldwind turbine. This ap-
proach emphasizes the importance of considering
sector-specific measurements and alternative eco-
nomic analyses, such as LCOE, in both political and
economic decision-making processes [12].

Another article analyzed the wind energy po-
tential in Turkmenistan using wind speed statistics.
The average annual wind speed is 3-6 m/s, and in
May-July it is 5-6 m/s. Analysis of Disa A300, Terex
TW 600, and Direct Wind 900/52 turbines showed
that energy production is higher during this period.
The use of wind energy can improve social condi-
tions and lower prices. The results create a theoret-
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ical basis for government programs [13]. In anoth-
er investigation, an analytical expression for wind
power using Rayleigh, Weibull, and log-normal
distributions was obtained via mathematical trans-
formation and demonstrated that this method yields
more accurate results. In an applied study conduct-
ed on Pirallahi Island, the Weibull distribution was
found suitable for small-scale turbines, and the ca-
pacity factor was estimated at 44% [14].

Despite the growing body of international liter-
ature, most existing studies either focus on nation-
al-scale assessments or rely on single-source data-
sets. In contrast, site-specific hybrid assessments
that integrate long-term reanalysis data, high-res-
olution wind atlases, and GIS-based spatial con-
straints remain limited in Azerbaijan. Therefore,
this study addresses a clear methodological gap by
combining multi-source wind datasets with geospa-
tial modeling and techno-economic evaluation for a
previously underexplored area [15].

The study area includes the settlement of
Shorabad, located in the Khizi region of Azer-
baijan on the western coast of the Caspian Sea
(40°49°08 "N, 49°28°19 “E). Covering approximate-
ly 25 km?, it has a flat landscape, minimal vegeta-
tion, and a semi-arid climate. Being surrounded by
northerly and northeastern winds and located near
the Caspian Sea, it experiences optimal wind speeds,
with an annual average of 5-8 m/s [16]. Being near
transportation routes, electrical power lines, and ex-
isting wind farms enhances the technical feasibility
of developing wind energy, thereby qualifying it as a
case study site for assessing wind resources.

Materials and Methods

This study used a multi-stage approach to assess
the technical and economic potential of wind ener-
gy development using the Shorabad area as a case
study. Three turbine models were selected based on
their technical suitability for the local wind regime
and power characteristics. The selected turbines
include the Vestas V90-2.0 MW, Siemens Gamesa
SG 2.0 MW, and Nordex N100-2.4 MW. Among
these, the Vestas V90-2.0 MW turbine was selected
as the reference model due to its compatibility with
moderate wind speed conditions. The turbine op-
erates within a wind speed range of 4-25 m/s and
reaches its rated power at 12 m/s. The hub height
varies between 60 and 100 m, while the swept area
is 6,362 m?, determined solely by the rotor diameter
(90 m) and independent of hub height [14].
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Data sources

NASA POWER (1981-2024) datasets were analyzed
to obtain daily, monthly, and annual average wind
speed (m/s) and direction (°). For calculations, the
average wind speed for the area was determined
from long-term observations. As a result of the
analysis of climate data for 1981-2024, the average
annual wind speed for the Shorabad area is 5.46 m/s
[17]. Based on this indicator, the Weibull distribu-
tion (k=2.8, c=6.12 m/s) was applied. The Weibull
distribution is the most commonly used statistical
model in wind energy calculations, as it accurate-
ly describes the probability distribution of wind
speeds [18].

The data used in the study were obtained from
the following sources:

« Monthly average wind speed and direction da-
ta for the Khizi district of Azerbaijan for 2010-2024
were obtained from the Global Wind Atlas meteo-
rological resources.

« Field observations and photographs-visual ma-
terials (infrastructure, relief, and vegetation) were
collected by the author in 2025.

« Geographical Atlas of Azerbaijan (2018) and
other literature sources.

Energy Calculations

Turbine: Vestas V90-2.0MW

Hub height: 90 m

Swept area: 6,362 m* (depends on rotor diam-
eter only)

Cut-in speed: V ;=4 m/s

Rated speed: V. =12 m/s

Cut-out speed: V_ =25m/s

Average annual wind speed: V = 5.46 m/s

Standard deviation: o = 2.1 m/s

Weibull parameters (1):

—1.086
k = ( ) ~ 2.82,

1%
“Tirr(d)
where V is the mean wind speed, o is the stan-
dard deviation, and T is the Gamma function.
These parameters are used to determine the prob-
ability density of the wind speed according to the
Weibull distribution. Equation (1) shows a stan-
dard methodology for initial parameter estimation.
However, for the terrain-specific conditions of the
Shorabad area, the refined parameters k=~ 2.8 and

o

7
(1)
~ 6.13 m/s,
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c=6.12 m/s were used for all subsequent energy
calculations. These refined parameters were ad-
opted to better reflect terrain-specific wind condi-
tions and to reduce bias associated with standard
estimation methods in semi-arid, low-roughness
landscapes.

Probability density functions according to the

Weibull distribution (2):
k
\%
) ) &
c

(£) e (-

where V is the wind speed, k and ¢ are the Weibull
parameters, f (V) is the probability density of the
wind at speed V.

Annual Energy Production (AEP) (3):

E= [ (Ve Vi) POV V.

E & Ppyed X CF x 8760 hy/il
~ 2 MW X 0.20 x 8760 h ~ 3.50 GWh/il,

c

3)

where P(V) is turbine power on the speed-power
curve (kW); f(V) is the probability density function
of wind speed on the Weibull distribution; V and
V., are cut-in and cut-out speeds respectively; CF —
capacity factor (effective turbine operating rate).

GIS Analysis

GIS analysis was performed in ArcGIS 10.8:

« the wind speed of the area was interpolated in
a range of 200 m;

« distances to power lines, highways, and other
infrastructure facilities were determined;

« land use/land cover analysis was performed;

« the optimal location points of the turbines
were selected using a multi-criteria decision
support system (MCDA).

Turbine density calculation

For optimal turbine placement, a conservative tur-
bine spacing configuration (8D x 5D) has been ap-
plied in accordance with international standards,
where D represents the rotor diameter (90 m). This
approach minimizes aerodynamic shadowing be-
tween turbines and reduces energy losses. Accord-
ing to the calculations, each turbine requires an area
of approximately 0.324 km? (720 m x 450 m). As a
result, a maximum of 77 turbines can be placed on
a potential area of 25 km? However, given practi-
cal constraints (relief, infrastructure, environmental
factors), a conservative scenario of 54 turbines has
been adopted for the project.
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V. S. Yatsenko
122 TOWARDS A METHODOLOGY FOR STUDYING GLACIOLOGICAL CHALLENGES OF THE 21ST CENTURY IN EDUCATIONAL PRACTICE

Glacier du Mont Hiné e
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Fig. 3. Monitoring of the glaciers Glacier du Mont Miné, Glacier de Ferpécle, Zmuttgletscher, and Gornergletscher in the
Swiss Alps [24]

Fig. 4. Distribution of permafrost (in green) and glaciers (in blue), together with summarized statistical data on glaciers and
permafrost in the major river basins of the Hindu Kush Himalaya (HKH) [8].
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Mountain Glaciers

The Glacier Change portal [12] provides materials
for studying glaciers in Iceland, Scandinavia, and
the Alps. Students can explore collections of photo-
graphs and information on European glaciers. For
educational purposes, scientific research results,
works of art, photographs, and satellite images may
be used. In particular, the site presents data on
39 glaciers in Iceland, 38 glaciers in Norway, and
21 Alpine glaciers. Their study expands the scope
of research—from analyzing the impact of rising
air temperatures and decreasing snowfall on the
melting rate of European mountain glaciers to ex-
amining crustal uplift, increased volcanic activity,
sea-level rise, and effects on local tourism. Alpine
glaciers are the place of origin, development, and
popularization of glaciology, and they are recom-
mended as a starting point for desk work. For exam-
ple, Glacier Monitoring in Switzerland (GLAMOS)
systematically documents and monitors long-term
changes in glaciers in the Swiss Alps [7]. By study-
ing glaciers in the area of the Matterhorn (4478 m)
on the Swiss-Italian border, we can clearly see from
statistical data how climate change has affected
them (Fig. 3).

During the observation period (1880-2024), the
length of the glaciers under study changed from
886 to 3031 m. The platform recommends conduct-
ing a more detailed investigation of each observed
glacier. In the course of such desk-based work, it is
important to foster students’ social skills, includ-
ing the ability to interact, communicate, and work
independently.

The Hindu Kush mountain system in South Asia
plays a crucial role in the region’s natural and social
systems. Extending for 3500 km across eight coun-
tries, it is the source of ten major rivers that pro-
vide water resources for about 240 million people,
and nearly 2 billion when including river basins.
Mountain socio-ecological systems are exposed to
significant risks due to climate change. Accelerat-
ed glacier melting alters river runoff; precipitation
increasingly falls as rain under warmer conditions;
this affects drinking water quality through the ac-
celerated release of accumulated substances (mer-
cury, phosphorus, nitrogen) and reduces agricultur-
al yields in high-altitude areas [14, 11].

An important challenge remains raising students’
awareness of the cryosphere, which includes gla-
ciers, snow, permafrost, as well as lake and river ice.
Particular emphasis is placed on informing about
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the significance and impact of cryosphere changes
on ecosystems and society (Fig. 4).

Fig. 4 may serve as a starting point for research
aimed at developing fundamental understanding
of the cryosphere and glaciology. In particular, stu-
dents may explore the following questions:

» What is a mountain glacier and what is a mo-

raine?

» How does a glacier transport ice?

» Why do glaciers grow or shrink?

» What do glacier advance and retreat mean, and
which factors determine glacier length?

» What influences the rate of glacier retreat or
advance?

o Are glaciers reliable indicators of climate
change?

« What retreat trends are observed for Hindu
Kush-Himalaya glaciers, and could their dis-
appearance occur within the next decades?

» What do Himalayan glaciers reveal about cli-
mate change?

Ben Marzeion (Germany), Regine Hock (USA),
Brian Anderson (New Zealand), and others, ana-
lyzing a large dataset, concluded that the melting
of mountain glaciers (excluding the ice sheets of
Greenland and Antarctica) may contribute about
24 % of sea-level rise [25, 2]. According to them,
the greatest source of uncertainty in projecting
glacier mass at the end of the 21st century is the
lack of precise knowledge regarding future emis-
sion scales, similar to uncertainties in global mean
temperature changes. The projected global glacier
mass loss by 2100, compared with 2015, is estimat-
ed to correspond to 79-159 mm of sea-level rise
[ibid.].

The next stage of research conducted by teach-
ers with students may involve analyzing the risks
of floods and inundations along coastal zones and
river deltas, water resource deficits, biodiversity
and ecosystem loss, as well as impacts on tourism
and recreation. Such studies can also be carried out
in Ukraine, where glacial deposits in the Ukrainian
Carpathians resemble moraines of mountain gla-
ciers that once occupied weakly dissected massifs:
Chornohora (including Mt. Hoverla), Svidovets,
the Rakhiv massif, and the Chyvchyn Mountains
[26]. Many modern mountain lakes have glacial
origins—for example, Vorozheske (0.7 ha, 1460 m),
Herashaska (1.2 ha, 1577 m), Nesamovyte (0.3 ha,
1750 m), and others [26, p. 36]. Research may also
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Fig. 5. Methods for studying glaciological problems in geography courses in general secondary education institutions

include contemporary glaciological processes, such
as observing ice formation on lakes during the win-
ter season.

International Year of Glacier Preservation
(2025) is co-chaired by UNESCO and WMO, offer-
ing a variety of educational resources for students
and teachers. Among them:

Global Glacier Casualty List—a database for
studying glacier-related incidents (https://gla-
ciercasualtylist.rice.edu/?page=Page);

Ice School—an educational platform for stu-
dents and teachers (https://isskolen.dk/
wp/?page id=7477);

Glacier Change Portal—an information portal
on glacier changes (https://glacierchange.com/
en/);

Exploring Our Earth through Human and Sci-
ence—video-based learning materials (https://
www.undergroundchannel.dk/);

Climate Guide—a single access point for cli-
mate change information (https://climate-

guide.fi/frontpage);
Polar Portal—data on ice and climate in the

Arctic (https://polarportal.dk/forsiden/).

ISSN-L 1561-4980 YKPATHCbKWI TEOTPAGIYHWI KYPHAT

Based on the study’s results, we can develop a
methodology for studying glacial problems in geo-
graphy courses at general secondary education in-
stitutions (Fig. 5).

We have previously outlined the purpose, con-
tent, and methods of student research. Now, we will
focus on the research subjects and incentives for
these studies.

First, we will address the widespread use of digital
platforms, exemplified by research on mountain gla-
ciers. It is important to consider the various methods
of implementing this research. We recommend in-
corporating these activities more widely into educa-
tional programs, utilizing them as both a method and
a form of project-based learning. This could include
ecological and cultural festivals, as well as thematic
competitions at different scales—local (within com-
munities), regional (across united territorial commu-
nities), and national (Ukraine-wide).

Additionally, participation in international proj-
ects is encouraged. For example, the International
Year of Glacier Conservation in 2025 can serve as
a model for assessing students’ competencies in
geography education at the secondary school level.
These competencies, such as teamwork, communi-
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cation, and independent problem-solving, are valu-
able lifelong skills.

Conclusions

The launch of the Decade of Action for Cryosphere
Sciences (2025-2034) will encourage scientists and
educators to devote greater attention to issues of cli-
mate change, the melting of mountain and ice-sheet
glaciers, sea-level rise, and the increasing number
of “climate migrants” in the near future.

The substantiation of the presented research results
relates to the following key questions:

+ Glaciers as indicators of climate change, which
can be studied using traditional methods of work-
ing with sources of geographic information, includ-
ing teaching aids for teachers and students, online
platforms, and specialized websites. In education-
al practice, an activity-based approach is recom-
mended to enhance students’ understanding and
awareness of rhythmic processes in the geographic
environment.

o Applying methods of geology, paleomorphology,
and paleogeography in the educational process en-
ables students to understand glaciological processes
in an accessible way—from the formation of ancient
glaciations in Europe and North America to the
present-day melting of mountain glaciers. The con-
sequences of cooling or warming have catastrophic
impacts on biodiversity loss in specific locations, the
formation of modern landforms and landscapes, and
the use of cultural heritage by local communities.

o The importance of snow cover lies not only
in its impact on nature and the economy but also

in its potential as a subject of study for students in
general secondary education. This includes theoret-
ical exploration of the processes of snow, hail, glaze,
ice crust, blizzards, and heavy snowfalls, correlat-
ed with an understanding of the consequences of
global warming in different regions of the world,
particularly in Ukraine.

o Interactive methods of studying mountain
glaciers in Iceland, Scandinavia, the Alps, and the
Himalayas enable students to observe their retreat
and the resulting impact on shifting national bor-
ders. During desk-based research, it is essential to
foster students’ social skills, ability to collaborate
and communicate, as well as their capacity for in-
dependent work.

The novelty of the study lies in the develop-
ment of methodological foundations for studying
glaciological issues of the 21st century within edu-
cational practice, encouraging active involvement
of geography teachers and students in the Decade
of Action for Cryosphere Sciences (2025-2034).
The popularization of glaciological knowledge
can be achieved through interactive shows, exhi-
bitions, storytelling, excursions, visits to natural
history museums and scientific centers, and pre-
sentations of popular science books. These forms
of engagement stimulate children’s imagination,
foster interest in science through play and discov-
ery, and enhance scientific literacy, creative po-
tential, and critical thinking. They also promote
collaboration and peer learning, thereby shaping
a new type of scientific citizenship.
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€seeHis [saHisHa
CTELEHKO

Y Ui BECHAHI TPUBOXHI SHI MU LIMPO BITAEMO 3 OBINEEM
Hawy gopory Konery — €BreHito IBaHiBHY CTeLleHKO —
3aCTyMHWKa rofI0BHOTO pefakTopa «YKpaiHCbKOro reorpa-
diuHOro XypHany», 3aCyeHoro npauiBHUKa KynbTypu
YKpaiHu, noyecHoro uneHa YKpaiHcbKoro reorpadiuyHoro
ToBapucTaa. COTHI HayKOBLB i TMCAYI aBTOPIB NpaLb Pi3HO-
ro npodinio 3HatoTb ii AK JOCBifYeHOro dpaxisua-reorpada,
BYMOTTIMBOIO HayKOBOrO pefakTopa, OfHOrO 3 iHiliaTopis
CTBOPEHHA LiNIOl HU3KIM YKPAIHCbKUX EHLIMKNONeANYHUX Ta
HayKOBO-NEPiOANYHUX BUAAHD.

€BreHia IBaHiBHa Hapogunaca B M. ManuH MKutomup-
cbKoi obnacri. Cnepluy HaBuyanaca B ManmHCbKiln cemupiy-
Hin wkoni N2 3, a Hagani — B cepenHin wkoni N2 1. 3 Be-
JINKOKO MOBArol BOHA 3ragye CBOIX yUUTeNiB, AKi B TAXKI
MOBOEHHI POKU NPULLENIOBANAM YYHAM HANKpPaLLi MOACHKI
AKOCTI, NParHeHHA A0 3HaHb, A0 PO3BUTKY, aKTUBHOI rPpo-
MaAsAHCbKOI Mo3uLil.

Bubip mainbyTtHboro daxy 6yB nos’asaHuii 3 N0OOB't0
[0 MabOBHWYOI Npupoan lMonicbKoro Kpato Ta, HaneBHo,
3 poMaHTVKo npodecii reorpada. HaBYaHHA Ha reorpa-
diuHomy dakynbTeTi KiiBCbKOro iepaBHOroO YHiBepcuTe-
Ty imeHi T. T. LLleBueHKa, AKknin €BreHia IBaHiBHa 3akiHunna
3 BiA3HaKoto y 1958 p., — Lie He3abyTHI nekuii BUCOKoNpo-
deciliHMx BMKNafauiB, HayKOBWIA CTYAEHTCHbKUIA TYpPTOK,
MPaKTUKN.

lMicna 3aKiHYeHHA YyHiBepcuTeTy Leapa JonAa npuse-
na €. |. CreieHKo A0 LWONHO CTBOPEHOrO BUAABHULTBA —
[onoBHOI pefakLil <YKpaiHCbKOT pafAHCbKOT eHLMKIonesi,
LLO /1 BU3HAUM/IO FONOBHUIA BEKTOP Ti NoAanbLLoi pobotTn —
HayKOBO-pedaKLiiiHa pianbHicTb. TyT €BreHia IBaHiBHa Ha-
Oyna yHikanbHOro JoCBify 3 METOAVKM MiArOTOBKN eHLMK-
nonefnYyHNX BuAaHb Ta opraHisaLlii npovecy X CTBOPEHHH,
MPOWLLIOBLUM WAAX Bif MOMOALWIOTO pefakTopa A0 3aBidy-
Baua (BMPOAOBX Malke [ABOX LECATWNITb) pefakuii reo-
rpadii. €BreHia IBaHiBHa B3ANa y4acTb Y MiAroToBLi NepLoi
cepen pecnyonik konuwHboro CPCP ciMHaguUATUTOMHOI
«YKpaiHCbKOI paaaHCbKoi eHumknonegii» (1959-1968), da-
XOBUX €HLMKNONEANYHUX CIOBHUKIB, Tamy3eBuX eHLu-
Knonepiii i 6aratbox iH. BuAaHb. HabyTtuin gocsia, daxosa
MiZroToBKa, BUCOKI OpraHiaLiiHi 3gi6HocTi €. . CTelieHKo
MPOABUANCA NOBHOIO MiPOO Mif YaC CTBOPEHHA TPUTOMHOI
«[eorpadiuHoi eHumknonegii Ykpainuy» (1989-1993) — yHi-
KanbHOro 3a 3MiCTOM i CTPYKTYPOIO BUAAHHS.

MpofoBXEHHAM EHUMKNONeANYHOTO HanpAMy Lianb-
HocTi €. |. CTeleHKo CTana migrotoBka TPUTOMHOI «Ekono-
riyHoi eHumknonegii» (2006-2008), BuaaHHA AKoi 6yno
iHiLinoBaHO BceykpaiHcbkoto ekonoriyHoto nirot. AK Bif-
noBifanbHUin pegakTop, €BreHis IBaHiBHa cpopmyBana Ha-
NpAMU BUKNALEHHA 3MICTY BUAAHHA | BTiAMNA nigxig cTBo-
PEHHA KNacUUHOT eHLMKNOoNeAii i3 3aNyUYeHHAM LWNPOKOro
aBTOPCbKOro KONeKTBY.

[pyrui BaXnuBuii BeKTOp AiANbHOCTI €BreHii IBaHiBHY
MOB'A3aHNIA i3 3anoyaTkyBaHHAM Yy 1992 p. «YKpaiHCbKo-
ro reorpadiuHoro xypHany». Bigroai €. |. CreueHko 6yna
3aCTYMHUKOM TONIOBHOTO pefakTopa i HayKOBUM pefak-
TOPOM, NiKAyBanacA NpPo HAaMOBHEHHA XYpPHany HOBUMU
3HaHHAMK, 3[iMCHIOBaNa peparyBaHHA CTaTen, OMiKyBa-
f1aca BiANOBIAHICTIO Ny6niKawin Cyd4acHUM BMMOraMm TOLLO.
€BreHisn IBaHiBHa LLeAPO AINUTbCA CBOIMM 3HAHHAMM Ta [0-
CBifjOM, 0CO6/11BO 3 MONOAVMM HAYKOBLIAMMU.

€. |. CTeLieHKo Gpana akTMBHY yyacTb Y 3axofax YKpaiH-
CbKoro reorpadiyHoro ToBaprCTBa, 30Kpema o0 BLUAHY-
BaHHA Nam'aTi BULaTHUX reorpadis, CTBOPEHHA i1 pyHKLio-
HyBaHHA my3eto M. M. Muknyxo-Maknas.

A e €BreHis IBaHiBHa 6e3MeXHO BifAaHa CBOIl poau-
Hi N NOYYBAETbCA Jyxe LWAC/NBOI0 Y KON YOMOBIKa, JOHb-
KM, BHYKa, BHYYKM Ta NPaBHYyKa.

baratopiuHa nnigHa AisanbHictb €. |. CreueHko byna
Bifj3HaueHa aBoma lpamotamm BepxoBHoi Pagn YkpaiHu
(198312002 p.), y 2004 p. i1 6yno npucBOEHO 3BaHHA «3a-
CNYXXEHWI NpaLiBHIUK KyNbTYpy YKpaiHu». 3a BaroMuii 0co-
OMCTUIN BHECOK Y PO3BUTOK YKPAIHCHKOT XYpPHaNiCTUKM €B-
reHis IBaHiBHa 6yna HaropogxeHa unnomom i mepsannio
«He3sanexHicTb» HauioHanbHOI CRifKu XypHanicTis Ykpal-
HW, BiA3HaKot «30110Ta rinka» BceykpaiHCbKoi eKonoriyHoi
nirn, obpaHa NoyecHNM uneHoM YKpaiHCbKoro reorpadiu-
HOro TOBapuCTBa.

LLnpo BiTaemo €BreHito I1BaHiBHY 3 ii 3010TOK OCiHHIO,
0axa€emo 3AiiCHEHHA BCiX TBOPUMX 3aflyMiB, HEBUYEPMHOT
HacHarw, Wacta i MiLHOro 340poB'A B POAMHHOMY KOfli Ta B
KONeKTMBI 1l Wmpux apysis.

KonekTtus InctutyTty reorpadii HAH Ykpainn,
pepkKoneria «YKpaiHCcbKoro reorpagiuHoro
XKypHany»



A0 BIAOMA ABTOPIB

[Jlo po3rnagy penakuia «YKpaiHCbKOro reorpadiuHoro ypHany»
NpUIMaE NuLLe OpuriHanbHi, He ony6MikoBaHi paHilLe HayKoBI CTaTTi,
AKi BUCBITNIIOKTb aKTyasbHi MUTAHHS, L0 € NPeAMETOM JOCNILXKeHHA
NPUPOAHMYO- Ta CYCNiNbHO-reorpadiuHIX HayK, a TAKOX reorpadiuHoi
kaprorpadii, reoiHpOpMaTIKK, Kpae3HABCTBA Ta reorpadiuHoi OCBiT.
(ratTi, Wo He BiANOBiZAlOTb NPodiNto XypHany, B AKMX He MOBHOH
MipOt0 J0TPMMAHO peKoMeHaaLii Ana aBTopiB (AMB. CaliT XypHany),
BIXUNAKTHCA PeAaKLiiHOK KOMerieto.

[na ny6nikauii B XypHani npuiiMatoTbea pyKONMCK YKpaiHCbKo
Ta aHriicbkoto MoBamu. 060B’A3K0Ba BUMOra ANA aBTOPIB 3 YKpaiHu,
AKI HAACMNAKTb CTATTi AHIMINACHKOI MOBOK, — [0 pedaKLii noga-
€TbCA TAKOX NepeKnaz PyKonucy YKpaiHcbKoko MOBOK.

06car: HaykoBux cTateit — 14 cTopiHOK (pa3om i3 pesiome,
TabaMUAMI Ta iNCTPATUBHIM MaTepianom), ornALoBUX — 6—7 CTo-
PiHOK, iHpOpMmaLlii Ta peweH3ii — 3—4 cTopiHKku (Kr 12, MiXXpARKOBIIA
iHTepan —1,5).

CrpykTypa crarTi: iHgexc YK, npissuwe, im'a Ta no 6atbKoBi
aBTOpa YM ABTOPIB (MOBHICTIO YKPAIHCbKOK MOBOK Ta iXHA TPaHC-
niTepaLif aHrniiickkoo MoBow), ORCID aBTopa (aBTopiB), Ha3Ba
(TaTTi, pe3ioMe, KIoYoBi (10BA YKPAIH(bKOK Ta y nepeknaji aHr-
NilicbKoW (ANA HaykoBUX CTaTelt), TeKcT cTaTTi. CMUCoK nitepatypn
Ta Ha3Ba YCTaHOBY, [ie MPALOE aBTOp, — B OpUriHani Ta nepekna
aHIICbKOK MOBOK.

Y cTatTi MaloTb 6yTv BUINeHi PyOPUKN: «AKTyanbHiCTb Temu
DOCNiMKeHHA»; «(TaH BUBYEHHA MUTAHHA, OCHOBHI mpaui»; «MeTa
JOCTiIKeHHA»; «MeTogn nocnimxkeHHs»; «Buknag oCHOBHOro Mare-
piany 3 06rpyHTYBaHHAM HayKOBMX pe3ynbratiB» (Moxe byTi 3 mia-
pybpuKamu); «BucHoBKm».

Y pe3tome 06¢cArom He MeHLue 800 3HaKIB YKPaiHCbKOK MOBOK
Ta aHriiicbkolo — He MeHwwe 1800 3HaKiB MatoTb OyTU BUKNajeHi
MONOXEHHA BiANOBIAHO [0 CTPYKTYpU CTaTTi (MeTa, MeToAn Jocni-
[PKEHHSA, pe3yNbTaTi, HOBWU3HA) i HaBefeHi KMKYOBi (/10BA CTaTTi
(He MeHLe n'aTw).

CnucoK niTepaTypy nofa€Tbca 3 Hymepalli€lo 3a MOPALKOM
NoCUnaHb No TeKCTy, 0hopmMIEHUiA 3rifHO 3 TaKMI BUMOraMU: AnA
MOHorpadili — npi3BuLLA Ta iHiLianu BCiX aBTOpiB, MOBHA Ha3Ba

BUAAHHS, PiK, KINbKICTb CTOPIHOK; AN1A CTaTell Y NepioANYHIX BULAH-
HAX — Mpi3BULLIA Ta iHiLlianu BCiX aBTOPIB, MOBHA Ha3Ba NpaLj; Ha3Ba
KYpHany, pik BUSAHHA, CTOPiHKK, AKLL0 € — DOI.

Y cnucky nitepatypu ana gxepen He naTMHULE0 060B'A3-
KOBO [I01a€Tb(A aHIIOMOBHMUII NepeKnag (Npi3suLLa aBTOpiB —
y TpaHcniTepaLii).

MocunaHHA Ha Axepena B CTaTTi — Y KBaAPaTHUX AyKKax 3rifHo
3 HOMEPOM Y CINCKY MiTepaTypu.

Tabnuui, kaptorpadiunmit Ta iNKCTpaTUBHUI MaTepian Hymepy-
10TbCA, Ha HUX POBAATLCA NOCUIAHHA B TEKCTi.

Bca rpadika mae 6yT Komn'loTepHOK, BUKOHAHOKW Y UYOPHO-
6inomy BapiaHTi B oHomy 3 popmaris: TIFF, BMP, JPEG 3 po3ginbHicTto
He MeHw 350 dpi. 0608'A3k0B0O NoAaBaTH OKPeMO daiinn PUCYHKIB,
rpagiKiB, CxeM TOLLO B €N1eKTPOHHOMY BUTAIAZI.

KonbopoBi pucyHKu He NPUAMAIOTBCA, AKWO Le MUTaHHA
nonepesHbO He Y3rofpkeHe 3 pefaKLiei.

MpaBuna Habopy: TekcT cTatTi Habupaetbca B Microsoft Word
3 ycima dopmynamu it Tabnuuamu. Oainm NPUAMAKTLCA eNekTPoH-
HOI0 MOLLITOH.

ABTOpM BiANOBIAAIOTD 33 TOUHICTb BUKNAAEHNUX (aKTiB, LTaT,
CTaTUCTUYHUX JaHux, GibniorpadiuHnx [OBINOK, HAaMMCAHHA reorpa-
diuHNX Ha3B, BNACHUX iMEH.

ABTOpU MoAatoTb BiJOMOCTI NPO Cebe: npi3BuiLe, iM's, No 6arb-
KOBi, BUEHe 3BaHHA, BUEHWIl CTYMiHb, MicLe poboTy, Nocada, aapeca,
Tenedonu, E-mail.

(TatTi, WO HAAXOAATb 0 PefaKLil «YKpaiHCbKoro reorpadiuHoro
KypHany», peLieH3yloTbeA. TTpUIHATI fo ApYKy CTaTTi NPOXOAATL Hay-
KOBe Ta JliTepaTypHe pefaryBaHHs.

B3aemoBigHOCMHM aBTOPIB i3 pepaKuielo BperynboByTb(A
NMiuexsiitHum f0roBopom npo nepesauy aBTopcbKix npas (3pasok —
Ha CaliTi ypHany).

[ina HayKoBMX CTaTeii HaflAeTbCA UMPPOBUIi ineHTUI-
Katop o6'ekta — DOI (Digital Object Identifier) — yHiBep-
canbHe rinepnocunanHaA ana nowyky nybnikauiii B eneKTpon-
HOMY HayKOBOMY NpoCTopi.

CraTTi HapcunaTu Ha agpecy:
Penakuia «YkpaiHcbKoro reorpadiyHoro XypHany», IHctutyT reorpadii HAH Ykpainu, Byn. Bonogumupcobka, 44, Kuig 01054.
Ten. +38 (044) 234-04-92.
E-mail: geojournal@ukr.net; odiuinnnii cait )yphany: https://ukrgeojournal.org.ua
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MpoBigHuii HaykoBuil pegaktop 0. B. fopmis
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