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AHoTauif: BUKOHAHO aHanis reomopdonoriyHMX YMHHWKIB NaBUHOYTBOPEHHA B ropax
YepHiBeubkoi obnacti. 3a ponomoroto ArcGIS nposegeHo reomopdosoriyHni
aHani3 Ta BMAiNEHO KnacK IaBUHHOT Hebe3neku. NobyaoBaHo KapTocxemy naBUHHOT
Hebe3nekn Ons ripcbKMx TepuTopin YepHiBeubKoi obnacTi. BugineHo Teputopii 3
NiABMLLEHUM NAaBUHHMM PU3MKOM, 3aBasaKM [1C TexHonoriam o6paxoBaHi NAOLLi
TEPUTOPIN 3 NEBHUMW KacaMu NlaBMHHOI Hebe3neku. 34iMcHEHO onuc TepUTopil 3
HaMBULLMMM KNacaMu aBUHHOT Hebesneku.

1. BCTYN

CHiroBo NnaBMHOK Ha3MBaAlOTb PANTOBE 3PYLIEHHA BEJAMKUX MAC CHIry KPyTUMU FipCbKMMM
cXuiamu. BUHMKalOTb NpM NoOpyLeHHi CTIMKOCTI CHiry BHAcNifAoOK Pi3KMX 3MiH noroau (CunbHi
CHironaam, BiANWUIN, XyPTOBMHM TOLWLO) Yy KOMMAEKCi 3 ocobnmBoctaMn penbedy Ta MNiACTUNbHOI
noBepxHi (CTPIMKICTb CXMNiB, CTYMNiHb PO34Y/EeHYBAHHA TEPUTOPIl, XapaKTep POCAMHHOIO NMOKPMUBY
TowWwo). HaltyacTiwe CHiroBi NaBMHN BUHUKAOTb Ha CXMANAxX 3 KyTOM MOXuay noHag 15° Ta wapom
cHiry 230 cm. JlaBMHOHEBEe3NeYHMMN MOXKYTb BYyTM TAKOXK CXMAM TEXHOTEHHOro MOXOAMEHHA —
bopTa Kap’epiB, BiAKOCKM Hajd AOPOXKHIMWU BUiIMKamu Towo (MpuuieHko Ta iH. 2013). Ha yacTtoty
NaBUHOMNPOABY BM/AMBAIOTb iHWI YMHHMKMK, TaKi AK 3MiHM KNiMmaTy. AHTPOMNOreHHWI BMNAWB Ha
DOCNiAXyBaHiA TepuTopii MOCTiIMHO 3pPOCTaE (PO3BUTOK JICOBOrO, CiNbCbKOrO rocnojapcTsa,
peKkpeauii Ta TYPUCTUYHOI AiANbHOCTI, TPAHCNOPTHOI iHGPACTPYKTYpPU, pPo3byaoBa HaceNeHux
MYHKTIB) OXOMN/IOOYM HOBiI TepuTopii, WO TArHe 3a cobol 3POCTaHHA PU3UKIB Big, MPUPOAHIX
Hebe3neK. AIK pe3ynbTaT, iIHTEHCMBHE OCBOEHHA TPCbKMX PANOHIB, NiICOKOPUCTYBAHHA, XaoTUYHe
PO3LINPEHHA TePUTOPIi NacoBuLL, NPU3BOANTb 0 3POCTaHHA IaBUHHOT Hebe3dneKkn. CHirosi naBmMHK
€ Hebe3neyHUM CTUXiINHMM aBULLEM oA ntoaen, byaisens Ta iHPPaCTPYKTYpPHUX 06’EKTIB.
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3 Open Access. © 2023 M. HACTIOK, B. KOCOBAH, O. KATPUHIH
onybnikoBaHo y YepHiBeUbKOMY HaLLiOHaAbHOMY YHIBEPCUTETI

Lis poboTa niueH3yeTbcA BiANOBIAHO A0
CC BY-NC-ND I3 3a3HaueHHam ABTopcTBa — HeKomepuiiiiHa — be3 MoxigHux 4.0 MixkHapogHa

SIose

=Y MG MO



102 BicHuK YepHiBeubkoro yHiBepcutety : leorpadis, 2023, 845

Cepepn, CTUXIMHUX NPUPOAHIX rigponorivHnx Hebesnek Ha TepuTopii YKpaiHcbkux Kapnat
ocobaunBe micue nocigaroTb NAaBOAKM, CENEBI MOTOKM Ta CHiroBi NaBuHU. JocniarKeHHA NaBoOAKIB Ta
ceniB Ha TepuTOpii AAHOTO perioHy BUKOHaHI 6inbl AeTanbHO | npeacTaBaeHi B 6aratbox HayKoBumx
npauax. BMBYEHHA PU3MKIB BUHUKHEHHA CHIroBMX naBuMH noTpebye 6inbw peTanisoBaHoro
BMBYEHHA, 0c06/MBO 3 ypaxyBaHHAM PO3BUTKY cydacHux C TexHonorin.

daKTopu, AKi CNPUYMHAIOTb BUHUKHEHHA CHIFOBMX NIAaBMH MOKHA MOAINNTM HA NOCTIMHO Ajtodi
Ta 3MiHHi. o rpynu NOCTIMHO Aitounx PaKTOpiB MOXKHA BiAHECTU XapPaKTEPUCTUKY NiACTUALHOI
noBepxHi (reomopdosoriyHi): BiAHOCHa BMCOTA, KPYTM3HA CXMAIB, EKCMO3ULIA CXUNiB, KOHIrypauin
NOBEPXHi, WOPCTKICTb NoBepxHi. [lo rpynn 3miHHUX GaKTOpPiB BiAHOCATLCA METEOPONOriYHi YMOBM
(cHiroBMIA NOKpMB, iHTEHCMBHICTb CHironagy, A060BWI NpupIiCT CHiry, piaki onaau, BiTep,
TemMnepaTypHi yMOBM) Ta CTaH CHIroBOro Nokpuey (BucoTa, ctpaturpadis) (boxxunHckuit, loces 1987).

[ocniayKeHHA CHIroBMx naBuH B YKpaiHi OTpMMano cBoE€ BifobOpaXKeHHA Y HAYyKOBUX NpaLAx:
lpuubKiB Ta iH. (2016), MpuwieHKo Ta iH. (2013, 2014). Bnpoaos OCTaHHIX POKiB, B EBPOMNENCbKUX
KpaiHax Ta y MiBHiYHIK AMepuu,i, 3Ha4YHa yBara NPUAINAETLCA OLIHIOBAHHIO BNAUBY TonorpadidyHmx
YMHHWKIB Ha ¢dopMyBaHHA CHiroBux nasuH (Furdada, Vilaplana 1998; Maggioni, Gruber 2003;
Delparte 2008; Marana 2017; Biskupic, Barka 2010; Covasnianu et al. 2011; Voiculescu et al. 2016;
Kosova et al. 2022).

Ha paHuit 4ac mMoXKHa 3HalTK 6arato niaxoniB A0 aHanily PU3MKY CHIroBMX NaBUH 3a
aonomoroto iHcTpymeHTiB TIC. OCKiibKK BaXKnnBy poab Y GOPMYBAHHA CHIroBOi 1aBMHU BiAirpae
rpaBsiTaLlia, TOMYy BMHWKAE HEOOXiAHICTb Y AeTaNbHOMY BMBYEHHA YMOB MiACTUAbHOI NMOBEPXHI 3
BUKOPUCTAHHAM iHCTpyMeHTapito ArcGis.

TepuTopia gocnigKeHHA 3HaxoAUTbCA B mMexax BukHuubKoro (MytunbcbKa, CenaTMHCbKa,
KoHATUHCbKA, YcTb-MyTunbebKa, BukHUUbKA, bBeperomertcbka TepuTopiasbHi rpomasun) Ta
YepHiseubKoro (KpacHoinbcbka, Yyaencbka Ta CTOpOXKUHELIbKA TEPUTOpPIaNbHI rpoMaau) panoHis
YepHiBeubKoi obsacTi. Teputopis oxonatoe naouly 6amM3bko 1600 KM,

Penbed ripcbkoi 4YacTMHM YepHiBeubKoi 06nacTi HanexuTb A0 CepeaHbOoripHOro Ta
HU3bKOripHOro TUNiB. MNPCbKi XpebTn BUTATHYTI i3 NiBHIYHOrO-3axoAy Ha nNiBAeHHUN cxia. Ocobanso
napanesnbHiCTb i BUTATHYTICTb cnocTepiraetbca y CKnboBIM 30HI. XpebTu TpaBeH-TOMHATUK,
YioxenbKa-Ymumipka, PakoBa-LUypamMH — By3bKi, 6e3 Bigporis, MalOTb aCUMETPUYHI CXUAMK,
BiAAiNAOTbCA OAMH Big, 0AHOIO BY3bKMMW FMOOKMMKU A0/IMHAMK PiYOK BOA0360piB Yepemoluy Ta
Cipety, CyyaBu. JoNMHM rONOBHUX PiYOK, PO3TUHAIOTL FPCbKi XpebTn Bnonepex.

rMmbuHa eposinHoro posuneHyBaHHA TepuTopii Ginbwe 500 m. Y 3B’A3Ky i3 3HAYHOM
rMMOBUHOO Bpi3aHHA [O0NMHKU pidkM Yepemow, ranbuHa eposiiHOro po3yseHyBaHHA TepuTopii
6inbla B 3axigHin, i meHwa B MpucipeTcbKilt TepuTopii.

MiBHiYHA 4YacTMHaA KapnaTtcbkumx rip y YepHiBeubkin obnacti Hanexutb [0 [MOKYTCbKOro
TEKTOHIYHO-epO3iMHOro HM3bKOorip’'a. [AnAa HU3bKoripHnx Kapnat BUcOTa ripCbKux xpebTiB CTAaHOBUTD
800-1 000 m. Tipcbki xpebTn TyT pPO3YNEHOBAHI TYCTOK Mepexel NonepeyHuUx AO0JMH MAoTb
BUTNAL OKPYIIMX, KOHyconoAibHux, cTixkkonoaibHux rip (FepeHuyk 1978).

B panoHi c. POCTOKM HWU3bKOrip’A 3MiHIOETbCA CKMOOBMM cepeaHborip'aAM. ACMMETPUYHI
XpebTn MatoTb KpyTi Ta 06PMBUCTI NiBHIYHO-CXigHI CXMAK NiBAEHHO-3axXiAHI — 6inbw nonori i goBLwi.
BepwuHu rip TyT gocaratoTb Bucotm noHag 1 300 m.

MiBoeHHiwe c. JUXTUHeUb MNOYMHAETLCA HM3bKorip’a MyTunbcbkux Kapnat. Penbed
BM3HAYAETbCA HEBE/IMKMMWN KOHTPACTamMM BUCOT, OKPYINEHMMU NAOCKMMU BEPLUMHAMM Ha BUCOTI
850—950 m, a HamBuLLi ToYkM caratoTb 1 110 m. JJobpe BUpParKeHWA NaHLIOT HEBEIMKUX XpebTiB —
Mnocknii, MpebiHb, Puxka, Mopbuule, Cemakosa. HM3bKOrip'a 40CUTb 06e3nicHeHe, rycTo 3aceneHe.

Ha 30Hy HM3bKOrip’a HacyHyTa MacuMBHa CcKnagka xpebta MaKkcumeub. Xpebet
ACUMETPUYHUMN, LUIMPOKUIM 3 KPYTUM MNiBHIYHUM CXMAOM Ta NONOFMM MNiBAEHHUM.

M. HactioK, B. KocoBaH, O. KaTpuHiH.
MobypoBa KapT pusukKiB NaBUHHOI Hebe3neku 3a gonomoroto ArcGIS
Ha OCHOBi reomopd010riYHOro aHanisy AN ripcbKUX panoHiB YepHiBeubkoi o6nacTi
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MiBaeHHiWe 3HaxoauTbcA cMmyra fAN0BMYOPCHKOTO CepeaHborip’a 3 MAOCKOBUMYKAUMMU
xpebTtamu Ta rninbokMmn gonnHamu. FnbuHa eposiiHoro po3daeHyBaHHA nepesuye 500 m.

ApoBULbKe cepeHbOrip'a Mae HalbinbLui abcontoTHi BUcoTH (1 574 m). Tipcbki XpebTn TyT MacuBHi
3 BUPIBHAHO-BUNYKAMMU FPeBHAMM Ta KPyTUMM cxunamm (xpebtn Aposuus, TomHaTUK, FocToBelb).

[Jo naHoro macusy NpuaAra€ HeeBenuka 30Ha YneBUMHO-MapmapoCbKMX Fip, pO3TalloBaHa Y
BepxiB'i binoro Yepemowy, mix pidykamu lMepkanab Tta Caparta. Lle ckenacte cepeaHborip'a i3
rMMBUHOIO epOo3ilHOro po3ysieHyBaHHA cTaHOBUTbL A0 400 m (FTepeHuyk (Pea.) 1978).

TepuTopia AOCNIAKEHHA BKAKOYAE HEBENMKY YAaCTMHY BYKOBMHCBKOrO niarip’a 3 WUPOKMMM
TepacoBaHUMM AOJNHAMM.

HaliBuw,i BepwmHn KapnaTcbKux rip B mexax YepHiseubKoi obnacti sBucototo noHag 1 500 m,
ane 3a3Buyait BUCOTU cTaHoBAATL 800—1 100 m. HaliBMLLOIO TOYKOK AOCAiAKYBaHOI TepuTopii €
ropa fiposuuAa 1 574,4 m, a HaHWUKYOLO TOUYKOLO € pycno pivkm Yepemow 319,0 m.

2. MATEPIAZIU | METOOU
[AnAa BMKOHAHHA PO6GOTU BMKOPUCTOBYBABCA CYMYTHWKOBI 3HIMKM OTPMMAHi 3 6a3n gaHux
reonoriyHoi cnyx6u CLWA (USGS EarthExplorer), 3 npus’askoto B cuctemi kKoopguHat WGS-84.

Po3ainbHICTb CynyTHUKOBMX 3HIMKIB CTaHOBMTb 15 M x 15 M Ha nikcenb Ta NogaetbcAa B Gopmari
«GEOTIFF» ta «TIFF».

Cyny THHKOBI

3HIMKH
Landsat
(LC_L2SP 18402 SRTM
7_20200915)
Komipna
nepeknacndikaris Pactpose Pactpose Pactpose Pactpose
2 - - - ~
' DACTPOBOIO 300paxkeHHsA 300pakeHHs 300pakeHHs 300pakeHHst
pacty «IToxmm» «Bucora» «Kpususna» «OpieHTais cxXuisy

300paskeHHs

TIpHCBOEHHS KnacaMm
THTIB
3eMJIEKOPHCTY BaHHs

TIpncsoenns Tnnam
3€MJIEKOPHCTY BaHHsI
3HAYEHHA pl['}lll{)’
wopctkocti (Put)

Tepeknacudixais
pactpy
«IToxmm»

TIpucBoeHHs Kacam
3HAYEHHs PH3HKY
noxuny (Pn)

Tlepeknacudikawis
pactpy
«Bucora»

TIpICBOEHHS KlIacam
3HAYeHHs PH3HKY
Bicotn (Ps)

PacTp kpuBu3Hu B
niaHi

IMepeknacndikaris
pacTpy KpHBH3HIH B
niaHi

Ilpncsoenns knacam
3HaYeHHs PH3NKY
KPUBH3HM B MIaHi

Pactp kpuBu3HI B
npodii

Tepeknacudikauis
pacTpy KpuBH3HH B
npodini

IIpnceoenns knacam
3HaYeHHs PU3HKY
KPUBH3HH B npodini

Merteoponoriuna
iHpopmatis

TIpHCBOEHHS Kitacam
3HAYEHHs PU3HKY
(Po)

(Pxn) (Pxnp)

Kanekynsrop pactpy
JlaBunnuii pusuk (P/I) = (Peé + Po + Prna + Pknp) * Pu * Pn

Pactp PJ1
Tepeknacudixanis pacrpy PJI

KapTa pu3nkiB naBHHHOI HeGe3neki Ha OCHOBI
reoMop(oJIOriuHOro aHai3y

Puc. 1. Arroputm nobyaoBu KapT pUsuUKiB 1aBUHHOI Hebe3neku
3a gonomoroto ArcGIS Ha ocHOBi reomopdonoriyHoro aHanisy

TakoX BMKOPWUCTOBYBasaCb MeETEOPOJIOridyHa iHPopmalif, a came AaHi NPO WBWUAKICTb Ha
Hanpsam BITPY, 3a TPUAUATUPIYHUI nepiog (1991-2020 pp.), BU3HaYeHUt BMO cTaHZ4apTHUM, AKUIA
Big06parkae cydacHi KNiMaTUYHI ymoBM.

M. HactioK, B. KocoBaH, O. KaTpuHiH.
MNo6ynoBa KapT pu3MKiB NaBUHHOI Hebe3neKu 3a gonomoroto ArcGIS
Ha OCHOBi reomopd010riYHOro aHanisy AN ripcbKUX panoHiB YepHiBeubkoi o6nacTi
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FeomopdonoriyHmii aHani3 ripCbKMX PerioHiB 3 BUKOPUCTAHHAM iHCTPYMeHTapito ArcGlS, moxe
6yTM KOPUCHUI AN BUSHAYEHHA PU3UKY TAaBUHHOT Hebe3nekun TepuTopii YepHisewubKoi obaacri.

OcHOBHMMW reoMOpPdONOTIYHUMM YUHHMUKAMM CXOA4Y CHIrOBUX /IaBUH [AHOrO perioHy € BMCOTa
MiCLLEBOCTI, NOXMJI, EKCMO3MLiA CXUAIB, KPMBM3HA CXMJIiB Ta LWOPCTKICTb. [laHe AoCNiAXKeHHA BUKOHAHO
3a 4oNoMoro nporpamHoro nakety ArcGIS 10.2 Big, Esri Ta ioro moayns Spatial Analyst.
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Puc. 2. Kaptocxemu Knacis BUCOTH, MOXUIY, EKCNO3ULLiT Ta KPUBU3HU CXUNIB JOCNIAXKYBaAHOI TepUTOPii

3aranbHy cxeMy BUKOHAHOrO HaMM AOC/IAXKEHHSA MOXKHa BiA06pPasnUTM HACTYNMHUM YnHOM (puc. 1).
Mogeno BW3HAYeHHA PU3MKIB NABUMHHOI Hebe3nekn BKAOYAE B cebe OCHOBHI
reomopdonoriyHi ¢akTopM Ta 3 NEBHUMM 3MiHaMM NpeacTaBneHa B HaraTbox A0CNIAXKEHHSX
(TpuHbKiB Ta iH. 2016; Furdada, Vilaplana 1998; Maggioni, Gruber 2003; Biskupic, Barka 2010;
Covasnianu et al. 2011; Kosova et al. 2022). OckinbKM OCHOBHMMM aKTOpaMM € NOXUA Ta

M. Hacrtiok, B. KocoBaH, O. KaTpuHiH.
MobypoBa KapT pusukKiB NaBUHHOI Hebe3neku 3a gonomoroto ArcGIS
Ha OCHOBi reomop¢ONOriYHOro aHaNi3y ANA FiPCbKUX paitioHiB YepHiBeLbKoi obnacTi
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LOPCTKICTb Hamu Byna BUKOpUCTaHa opmysaa 1, Wwo 3HAWLWNG CBOE BUKOPUCTAHHA B HAYKOBMUX
npauax (Biskupic, Barka 2010).

NaBuHHUI pu3sunk (PN) = (Pg + Po + Pxnpn ) X Puy % Pp, (1)

Ae, PB—pusuk knacy Hebesnekn BMCOTa MicLEeBOCTi; Pw — pu3nK Knacy Hebesnekn WOopPCTKOCTI,
NoB'A3aHUIM i3 3eMNeKopUCTyBaHHAM; Pn —pu3mk Knacy Hebesnekn noxun; Po—pu3nK Knacy
Hebe3neKkn ekcnosuuia cxunis; PKNA — pu3KMK Knacy Hebe3nekn Kpumeu3Ha B NnaHi; PKnp — pusmk
Knacy Hebe3snekn KpnuBu3Ha B npodini.

3. PE3Y/IbTATU TA OBIOBOPEHHA

3a gonomoroto 3a A4oNomMoroto aHanisy nosepxHi ArcGis — Spatial Analyst cTBopeHo pacTpose
306paXKeHHA KNaciB BUCOTM A0CNIANKYBAHOI TePUTOPIi HA OCHOBI CYMYyTHMKOBOrO 3HIMKY ¢dopmaTy
SRTM. Ha ocHOBI pacTpy 3a gonomoroto iHcTpymeHTy Classify Raster, BuaineHo 7 Knacis BMCOT, Bipg,
200 m go 1 600 m, 3 Kpokom 200 m (puc. 2A).

Knacam BMCOTM HagaHo pi3Hi KoedilieHTH pu3nKy. Huxkye 600 M NPUCBOEHO HY/IbOBUIA
KoedilieHT pu3sunKky. Bucotn ao 600 m Le nepeBarkHO TepuTopii Nnepearip’a Ta A4onnHKU pidoK CiperT,
Yepemoul, MyTtuna ta Cyyasa. Ans teputopii Buwe 800 M NpucBoeEHO KoedilliEHTU PU3MKY Knacis
Hebe3neKkn. 3a pesynbTaTamu TiAPOMETEOPO/IONYHMX CNOCTEepPerKeHb, i3 36inblIEHHAM BUCOTU
36iNbLIYETLCA KiNbKICTb TBEPAUX ONAAiB 38 XON0AHWUM Nepios, POKY.

3 BMKOpUCTaHHAM moaynsa Spatial Analyst

™ iHCTpymeHTa Slope nobyaoBaHo pacTpose

30 300paxkeHHAs  noxuny  (KPyTU3HM)  cxunis.

BennumHa noxuay Ha pacTpoBoMy 306parKeHHi

B Halilt poboTi nojaeTbea B rpagycax (°). Ans

: [0CNiaXKyBaHOI TEPUTOPIT NOXWUA 3HAXOANTLCA B

10 AianasoHi Big 0° go 61,2°. Ha ocHoBIi pacTtpy, 3a

5 aonomoroto  iHcTpymeHty  Classify  Raster

BMAineHo 5 knaciB noxmny (KPyTU3HKU) cxunis, 3
Kpokom 15° (puc. 26).

Knacam noxuny (KpyTMsHW) HafaHO pi3Hi
KoediuieHTn pusmnky. Knacam 0°-15° ta >60°
HaflaHO HaMMeHWWIn  KoediLiEHT  PU3KKY,

nn3 nce OCKiNbKM ana cxunie go 15° HaBaHTaXeHHA

HEeAOCTAaTHbO BE/IMKE ANS CXOAXKEHHA CHIroBMX
A NIaBWH, a A[na  CXWNiB  KpyTusHowo >60° —
HEeZO0CTATHE CHIrOHAKOMUYEHHSA Yepe3 3HAYHU
. . noxun. Knacam 15°-30° T1a 45°-60° HagaHo
Puc. 3. NoBTOptoBaHicTb HanpAMY BITPY Ta WITUAIO 32

XOnOp,HVIVI nepioA, 3a pe3ysbTaTaMM cnocTtepexXeHb no BMLLI'MM Koed)ILI'IEHT pMSMKy. X HaM6InbLL'

BUAINEHO CXMAU KpyTU3HOW 30°—45°,

3 BuKopucTaHHAM moayna Spatial Analyst iHcTpymeHTa Curvature nobypoBaHi pacTposi
306paXKeHHA KPMBM3HM B NIaHi Ta KpMBM3HM B Npodini. 3a gonomoroto iHcTpymeHTy Classify Raster
BMKOHAHO nepeknacudikaLito pacTpoBmx 306pakeHb 3 BUAINEHHAM TPbOX KnaciB (onyKna, yBirHyTa
Ta piBHa MoBepxHA) Ta NPUCBOEHO KoedilieHTU PU3UKY KaaciB Hebedneku (puc. 2l). Onykna
NoBepXHA — Le OnyKni npurpebeHesi AiNAHKM, ANA AKMX XapaKTepHe 3HECEHHS CHiry, yBirHyTa
NOBEPXHA — LEe AOAMHWU Ta 3aMaAuHW, A€ CHIF akKyMy/oKTbCA, PiBHA NOBEPXHA — L& NepeBaKHOo
nepearipHi 4inAHKM Ta 3an/1aBu PivoK.

M3 nc

w
=]
(]

M. HactioK, B. KocoBaH, O. KaTpuHiH.
MobypoBa KapT pusukKiB NaBUHHOI Hebe3neku 3a gonomoroto ArcGIS
Ha OCHOBi reomopd010riYHOro aHanisy AN ripcbKUX panoHiB YepHiBeubkoi o6nacTi
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Tabauua 1. Knacudikauis ¢pakTopis naBMHHOT Heb6e3neku

dakTop He6e3nekn | Knacu dpakropy He6esneku | PusukK knacy He6e3nekun
0°-15° 1
15°-30°
Moxun 30°-45°
45°-60°
>60°
200-400
400-600
600-800
Bucota 800-1000
1000-1200
1200-1400
1400-1600
MiBHiyY
NiBHIYHNIN—CXia,
Cxig,
NisgeHHNN—CxXig,
Ekcnosuuisa cxunis NiBaeHb
NisgeHHNn—3axia
3axig
MNiBHiYHMIN—3axig
Mnocka noBepxHa
YBirHyTa noBepxHa
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YBirHyTa noBepxHa
KpususHa 8 npoodini PiBHa noBepxHs
OnyKna noBepxHA
JlicoBuii nokpwB

Tun 3emnekopucTyBaHHA Tpas’aHWUIA NOKPUB, YarapHWKK, ¢/r yripan, HaceneHi NyHKTK
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Besnici AinAHKM NacoBuLL, CiIHOKOCIB, CKeni

3 BMKOpuCTaHHAM Mmoayna Spatial Analyst iHcTpymeHTa Aspect nobyaoBaHO pacTpoBe
3006parKeHHA eKcnosuLii cxunis 3 KPOKom 45°, 1o Aae 3mory BUAIANUTU 8 KaciB eKCnosuLii cxunis
Ta NAOCKY TepuTopito (puc.2B). Cxunn 3 BiANOBIAHMM OPIEHTYBAHHAM 300parkyroTbCA
Pi3HMMKM KONbOPaAMMU.

Ona  HagaHHA K/aacam  eKcnosuuii  cxuniB  KoedilieHTIB pU3MKYy BMKOPUCTOBYBanacs
MeTeoposioriyHa iHGopmaLis (NOBTOPIOBAHICTb HAMpAMY BITPY Ta WTUMAKD 33 TPUAUATUPIYHWUIA
nepiog (1991-2020 pp.) NO MeTeoposOriYHiNn cTaHuii CenATuUH, AKAa € €EAMHOK B MeXax
AocnipgKyBaHoi TepuTopii (puc. 3).

3a gaHMMK cnocTepeXeHb MEeTeoponoriYHoi cTaHuii CenatmH nepeBaKatoTb BITPU MIBHIMHOMO Ta
NiBAEHHOro HaNPAMKY, Lo 6y10 BpaxoBaHO NPU HaZlaHHI PU3KMKIB ANA KnaciB ekcnosuuji cxunis (mabs. 1).

[na BU3HAYEHHA WOPCTKOCTI TepuTopii OyNo NpoaHanisoBaHO 3eMIEKOPUCTYBAHHA HA AaHIN
TepuTopii. OnAa uboro 3a Jonomorot moayna Spatial Analyst iHcTpymeHTa ISO Cluster
Unsupervised Classification onpaubOBaHO CynyTHUKOBMW 3HIMOK Landsat, BuaineHo 6 Knacis
TepuTopii, AKi 6ynn nepeknacudikoBaHi B 4 Knacu dakTopy Hebesneku (puc. 4). KoxkHomy Knacy
Hebe3neKkn HagaHO KoediLiEHTN PU3KKY KnaciB Hebesneku.

Tabauuga 2. O6uncneHi Knacu NaBUHHOI Hebe3neKkun

BuxigHi Knacu naBMHHOI Hebe3neku MNepeknacndikoBaHi KNacu BigHOCHOI NaBUHHOI Hebe3nekun
0-14 BiacyTHin
14-32 HuabKui
32-62 CepegHin
62 -90 Bucokuit
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PO3paxyHOK NaBWMHHOTO pPW3MKY BWMKOHAHO 3a pJonomorotw moayna Spatial Analyst
iHcmpymeHmy Raster Calculator. PacTpoBe 306paKeHHA pu3KKiB N1aBMHHOI Hebe3sneku (puc. 5), wo
Oyn0 OTpMMaHO B pe3ynbTaTi 0bpaxyHKYy Mae po3AinbHictb 15 m x15m B cuctemi KoopauHat
WGS-84. PactpoBe 300paxKeHHa i3 BUXiAHMMM Knacamu, nepeknacudikoBaHo i3 BMAINEHHAM
4 KnaciB BigHOCHOI NaBUHHOI HeHE3MEKN Ta OTPMMAHO KApTOCXeMy N1aBUHHOT Hebe3neKkun ripcbKoi
TepuTopii YepHiBewbKoi obnacti (mab. 2).

YMOBHI nozHadveHHnA:

B

[j CinosocH, TpEBa, cinbcoRorocnonapesk yriana
- Tpasa, CHHOKGCH, HarapHiKm

m HIM, nanoHnHK, BRCOROMIPHI TEPHTORIT

Puc. 4. NepeknacudikosaHi Ppakropu Hebe3anekn TepuTopii (LOPCTKicTb)
3a pe3y/bTaTaMu aHani3y CynyTHUKOBOro 3HiMKy Landsat

4. BUCHOBKU

MobypoBaHa KapTocxemMa BiAHOCHOI NaBWHHOI Hebe3neku pna Teputopii YepHiBeubKoi
06nacTi 403BONAE PO3LWMTU HALWi YABNEHHA MPO MOMK/IMBOCTI CXOAY CHIFOBMX NaBWH Ha AaHiW
TepuTopii. FfeomopdonoriyHMN aHani3 3 BUKOPUCTAHHAM MOXKAnBocTel ArcGIS € HOBUM AnA faHol
TepuTopii. MpoBeaeHe AOCNIAMKEHHA A3aN0 3MOry po3pobuTy KapTy PU3MKIB BiAHOCHOI NaBUHHOI
Hebe3nekn. [Mnowa TepuTopii 3 HU3bKOKW NaBUMHHOK Hebesnekow cTaHOBUTL 237 KM,
cepeaHboto — 15,4 km?, BUcOKow — 0,1 KmM>. CepegHA Ta BMCOKAa /NlaBUHHA Hebesneka LUe
nepeBakHO BiAKPUTI TepUTOPIi, BUCOKOTipPHi NacoBumLa, CIHOKOCHU, AiNAHKW BUPYOKM nicis.

B xoai pocnigKeHHA BMABNEHO, WO Halbinbw npobnemHMM MOMEHTOM € BiACYTHICTb
iHbopMaL,ii LWoAO 3eMNeKoPUCTYBaHHA ANA BM3HAYEHHA PU3MKY LWOPCTKOCTI. FeomopdonoriyHmi
aHani3 NaBMHHOI Hebe3neKkM NepcnekKTUBHUM € A1A HEBENMKUX TepuTopii, TpCbKux XxpebTis,
06’eAHaHMX TepUTOpiasIbHUX FPOMAZ, 3 BUKOPUCTAHHAM BiNbll AeTaNi30BaHNX CYyNYyTHUKOBUX 3HIMKIB.

M. Hacrtiok, B. KocoBaH, O. KaTpuHiH.
Mo6yaoBa KapT pu3MKiB 1aBMHHOI He6e3neku 3a gonomoroto ArcGIS
Ha OCHOBi reomop¢ONOriYHOro aHaNi3y ANA FiPCbKUX paitioHiB YepHiBeLbKoi obnacTi



108 BicHuk YepHiBeubkoro yHiBepcutety : leorpadin, 2023, 845

YMOBHI Nno3HaYeHHA:
BisHocHa napurna nefesnexa

- BincyTHa
:I Huaka
- Cepenus
- Bucoxa

Puc. 5. KapTocxema BigHOCHOI 1aBUHHOIT HeGe3neKu pocnipKyBaHoi TepuTtopil

MobyaoBaHi KapTOCXeMM PU3KUKIB NAaBMHHOI Hebe3nekn MOXKYTb BUKOPUCTOBYBATUCA
TEepUTOpiaibHMMKN TpOMagamMn ANA MNNAHYBAHHA CBOEI AiANbHOCTI, ANA BeAEHHA NicOBOro
rocnoAapcTea, TYPUCTUUYHO-PEKpeaLiMHOl AianbHOCTI a TaKoXK nigposginamun epraBHOI Cnyowu
YKpaiHu 3 Haa3BMYaHUX cuTyauii Ta [lepKaBHOi NPUKOPAOHHOI CAy»KOK YKpaiHu, Towwo.
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M. Nastiuk, V. Kosovan, O. Katrynin

The composition of avalanche hazard maps

with the help of ArcGIS on the base of geomorphological analysis
for the mountainous areas of Chernivtsi region

Keywords: avalanche hazard, relief, underlying surface, spatial analysis, GIS technology.

Annotation: An analysis of the geomorphological factors of avalanche formation in the
mountains of Chernivtsi region has been. With the use of ArcGis, a
geomorphological analysis has been carried out and classes of avalanche danger
were identified. An avalanche danger map for the mountainous territory of the
Chernivtsi region has been constructed. Territories with increased avalanche risk
have been identified, thanks to GIS technologies, the areas of territories with
certain classes of avalanche danger have been calculated. A description of the
territories with the highest classes of avalanche danger has been carried out.
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