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TeopeTndHO Ta eKCHEPUMEHTAIBHO IOKAa3aHa MOXIIMBICTH aBTOMATH3aLil IPONECY PO3paxyHKy PU3HKIB BiJ
eKCTpEeMalbHUX CHUTYyallil, OB ’s3aHMX 3 maBopkamu. OmmcaHi peanizoBaHi B CHCT€MaxX IPOTHO3YBAHHS i
MOZENIOBAHHS MOJJIMBHX HACHIAKIB HaI3BHYAHHHUX CHTYaIlil I[bOr0 THITy MiAXOAW IO OOYMCIICHHS 30H
3aToIieHs i3 3actocyBaHHsM [IC Ta 3ampomoHOBaHA NPHHIMIIOBO HOBA METOMOJIOTISI IIPOCTOPOBOTO
MOJIETIOBAHHS 30H 3aTOIUICHHS IIUISIXOM HOPiBHSHHS CTAaTUCTHYHOI IIOBEPXHI, MOOYJ0BaHO! Ha 0a3i KOHTYpIiB
3aTOIUICHHS PI3HOTO CTYIICHIO 3a0€3MEeYEeHOCTI Ta CTATUCTHYHOI IOBEPXHI JHHAMIYHUX ITOKA3HHUKIB PIBHIB MO
rifpornocrax, BUpaKEHUX Yepe3 MOKA3HUK 3a0e3MeIeHOCTI.
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BCTYII

Hunimnii piBeHb NPUPOJHO-TEXHOIEHHOT Oe3mekn YKpaiHW 3HAaYHOI MipOlo
00yMOBIIEHHI HaJAMIpHUMH TEXHOT€HHUMHU HABaHTAXCHHSMH Ha MPUPOAHE CEPEIOBUIIIC.
Haii6inpmoro TeXHOreHHOr0 HaBaHTaKEHHsI 3a3HAIOTH 1HAYCTPiajJbHO PO3BHHYTI KpaiHU.
[TpomucnoBi perioHu SBISIOTH COOOI0 30HH 3 HAA3BHYAHHO BUCOKHUM CTYIIEHEM PU3UKY
BUHUKHEHHS aBapiil Ta KaTacTpo() TEXHOreHHOTo MOXo[pKeHHs. Llei  pu3uK  MOCTilHO
3pOCTa€ BHACTIMOK MiJABUINECHHS 4YACTKM 3acTapiiMX TEXHOJOrid Ta oOJajHaHHS,
3HIDKEGHHS TEMITIB BIJHOBJICHHS 1 MOJIEpHI3amii BUPOOHUIITBA. 3HOC OCHOBHHX
BUpPOOHMYMX (DOHIIB yCiX Trajy3edl HapoAHOrO0 TOCHOAApCTBa YKpaiHHM CTAHOBUTH B
cepenaboMy 50%. IloreHuiiiHo Hebe3neuHi BUPOOHUIITBA MAaIOTh 3HAUYHY IUTOMY Bary B
CTPYKTYpi NPOMHCIOBOCTI YKpaiHH, Ha iX JONMI0 NMpHUMajgae Maibke TpernHa oOCATiB
BUITYCKY TMPOIYKLLIi.

3a yMOB €KOHOMIYHOT KpH3H 1 OpaKy KOIUTIB Ha MATPUMAaHHS TEXHOT'CHHOI Oe3MeKu
Oy)Ke TOBUIBHO 1 HECBOEYAaCHO 3iMCHIOETHCS OHOBIIGHHSA, a00 3aMiHa 3acTapiinx
OCHOBHHMX BHUpPOOHMYMX (OHIIB, piBeHb 3HOLIEHOCTI KOTPUX HAONMKAETBCA 0
KPUTUYHOro. Y 0araThOX BHIAJKaX AaHTPONOreHHA [isUIbHICTh CHOpHUSE TOMY, IO
MOTeHLiIHHO HeOe3neuHi 00'€KTH TOCIONApIOBAHHS 3 POKY B PpIK CTalOTh BCE OLIBLI
Bpa3NIMBUMHU JI0 Jii IpUpoIHUX (aKTOpiB, M0 30UIbIIye HEOE3MEeKy BUHUKHEHHS Ha HUX
BTOPHHHUX TEXHOI'CHHUX HaJ3BHYaiiHUX cutyauiid. [loennanns ¢axkTopiB TeXHOreHHOI Ta
npupoaHoi HeOe3nekn HaOarato 30UIBIIYIOTH PHU3UKHM BUHUKHEHHS HaJ3BUYalHHUX
CUTYyaIlill Ta TX HACIi/IKH.

ABTOMaTH3allil TpoOLeCY NPUHHATTA KEpIBHUX pilleHb B Taly3i YHOpaBliHHA
MPUPOAHO-TEXHOTCHHUMH HeOe3leKaMi € MPIOPUTETHUM HANPSIMKOM  BIIPOBAXKCHHS
iHpOpMaLiiHUX TEXHONOTIH y TMepeJoBUMX KpaiHax cBiTy. BBaxkaiounm Ha Te, WO OIS
OLIHKK TMepeBaXHOi OUIBIIOCTI  CHTyaliii Ba)JIMBO BpaxoByBaTH iX MPOCTOPOBE
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MOJOKEHHSI a00 PO3BHTOK y MPOCTOpi, CYTTEBY POJIb ISl yPsIOBLIB BCHOT'O CBITY
ChOT'OJIHI MTOYMHAIOTH BiNlIrpaBaTH TAKOX 1 3aCO0M BiJOOpPaXCHHs, MPOCTOPOBOTO aHATIZY
Ta MOICNIOBAaHHS MOXJIHMBOIO PO3BUTKY INPHUPOAHO-TEXHOTEHHHX HeOe3MmeKk i3
BUKOpHCTaHHIM Teoindopmaniitaux cucrem ([IC).

B ocranHi poku Mu 3ycTpiuaeMocs i3 30UIbIICHOI0 aKTUBHICTIO MPUPOTHUX SIBUII,
IO BUKIMKAIOTh HaI3BUYalHI cuTyawii. Y 3B’S3Ky 3 IMM OLIHIOBaHHA PHU3HKIB Ha
TEPUTOPIAX MiABHIICHOI NPUPOTHO-TEXHOTeHHOI Hebe3nmekn HalyBae 0COOIUBOTO
3Ha4yeHHS. He BHIagkoBO Lija HHM3Ka MDKHApOJHHMX IPOEKTIB, B SKHX OEpyTh y4acTh
Kpainu komumHboro PansHcbkoro Coro3y, HalileHa came Ha BHpILIEHHS MpobieMu
Y3TOKEHHSI METOJMYHOI Ta iH(popMaLiiHOi 0a3u po3paxyHKY PU3HKIB 3 MIKHAPOIHUMHU
craniapramy, 30kpema 3 ISO/IEC 31010 [7].

[IpoGnema BHUKOpHUCTaHHS TeOiH(OPMALIHHUX TEXHONOTIH Yy ramy3i OLIHKH Ta
YIOpaBIiHHS PU3MKaMH BHHHKIA HE BHMaJKoBO. IIpocTopoBwii xapakTep po3mominy Ta
PO3BUTKY OLIBIIOCTI NPUPOJHO-TEXHOTEHHHX HeOEe3NmeK BUMAara€ BKIIOYCHHS B
ITOPUTMH PO3PAaXyHKy PU3HKIB €IEMEHTIB MPOCTOPOBOrO aHalli3y MOKIMUBUX HACIiIKIB
CUTYyalild, M0 BHHUKAIOTh, OLIHKH XapakTepy MPOCTOPOBOrO PO3MOIINY Ta IIUIBHOCTI
HeOe3IeK 10 TepUTOoPil JOCIiHKEHb.

B naniii po6oTi BimoOpakeHO OCHOBHI IMiJIXOAM IIOJO OIIHKKA 30H 3aTOIUICHHS, SK
OCHOBHOTO €JIEMEHTY PO3PaxyHKy PHU3UKIB BiJ MaBOAKOBUX CHUTYALiH i3 3aCTOCYBaHHSIM
3ac001B MPOCTOPOBOro aHamisy i MonemoBanHs cyyacHux ['IC.

CYYACHI METOJH ITPOCTOPOBOI OIIHKA HACJIIKIB EKCTPEMAJIBHAX
ITABOJKIB 3ACOBAMMU I'IC

IIpocTopoBe MoeNOBaHHS TiAPOJOTTYHUX CUTyalid — OfHA 3 HaWOUIBII CKIaJIHUX
3aja4, Mo BUpinryroThes 3a gonomoror [IC. V mpormeci ii po3B’si3aHHS JTOBOJUTHCS
MOBHOIO  MIpOI0  BHKOPHCTOBYBaTH  SIK  BJAacHI  IHCTpyMeHTH  mpodeciiiHux
reoiH(popMamiiHUX cucTeM (CTBOpEHHS Mojeli penbedy, aHali3 MOXWIIB, OIIHKA IUIONI
BOJI0300py TOIIO), TaK 1 cHeniaibHi MPOOIEMHO-OPIEHTOBAHI AJITOPUTMH TiAPOIOTIYHOTO
MOJIETIIOBAHHS, 32 SKMMH PO3PaxoBYIOTh MAacIITaOM 1 IBUAKICTH MPOCYBaHHS MOBEHEBOI
XBHJI, €)EeKTUBHICTh BOJ03aXUCHHUX CIIOPYA, MPOTHO3 TIPOXIMIYHOTO PEKXUMY BOAOHM Ta
BOJOTOKIB 1 T.[I.

BpaxoByroun pgocBix 3acrocyBanHs [1C B ramy3i HOpOrHO3YBaHHS Ta OLIHKU
HACJIJIKIB HAJ3BUYaWHMX CHTYaIliif, 110 TIOB’S3aHI 3 PO3BUTKOM IIaBOJKIB, MOXKHA
BUIUTUTH KiIbKa TOJIOBHUX LUIAXIB MPOCTOPOBOI OI[IHKH, IO BHU3HAYAIOTHCS PIBHEM
HasBHOI BUXiAHOI iHpOpMaLii:

— HagBHICTH iH(OPMALil TUTBKH PO OKPEMi 3aTOIUICH] HaceeHi MyHKTH;

— HasIBHICTB ICTOPHUYHHUX JAHUX MPO KOHTYPH 3aTOIICHUX IUISHOK Mi Yac BiTOMHX
MAaBOJKIB Pi3HOI CTyIEHi 3a0e3Me4eHOCT];

— HasBHICTH JICTAIGHOT MOZIETi penbedy;

— MOXJIMBICTD 3aCTOCYBaHHS 3aC00IB TiIPOAMHAMIYHOIO MOAETIOBAHHSL.

PosrisiHeMo peTanpHilIE BKa3aHi MUIIXH IPOCTOPOBOI OLIHKH 30H 3aTOIICHHS.
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Hasenicmo inghopmauii npo okpemi 3amonieni naceieHni nyHKmu

Ilo Ginpmocti pivok VYkpainum iHQoOpMamis Mpo CTaH PO3BUTKY EKCTPEMajbHOI
MOBEHEBOI CUTYalii HAIXOIUTh caMe y BUTJIAl NOBIJOMJIEHb PErioOHaIbHOrO MiAPO3ILTY
MHC 3 nepenikoM BHOpaHMX HAacelEHHX IMYHKTIB, IO MOCTpaXKAaiu. SKIIO AN HBOro
piukoBoro OaceifHy He 3pOOJEHO TiAPONOriyHOI MOAEN, HE PO3PaxOBaHO KOHTYPIB
3aTOIUICHHS PI3HOTO CTYIEHIO 3a0e3MeueHoCTi 1 BiACyTHS AeTanbHa iHQOpMAaIis mpo
penbed, OMIHKY MOXIUBUX HACIHIIKIB 3aTOIJICHHS JOBOIUTHCS POOWUTH, Oa3yrO4HCh
BUKJIIOYHO Ha JaHi Mepeiky HaceneHUuX MyHKTiB. [Ipore, 3a 1omomMorowo mpocTopoBOro
anani3zy ['IC MOXXHO CYyTTEBO HOMOBHUTH KapTHHY PO3BUTKY CTHUXIHHOIO JINXa 1 OTpUMATH
HabaraTo MOBHIMIMHK Mepenik 00’ €KTiB, II0 MOXKYTh OCTpaXkaaTu. ns mporo:

— TPOBOAUTHCS BioOpakeHHS Ha3BaHUX HACEICHHUX ITYHKTIB Ha €JICKTPOHHIN KapTi;

— Oynyetbcst OydepHa 30Ha (MOMIFOH, MEXKi SKOTO PIBHOBIAJANCHI HA BHU3HAUCHY
BIICTAHb BiJ 00’€KTY) HAaBKOJO pIiKH, po3Mip SKOi Ha JyMKYy eKCIepTa BiANOBimae
Maciirabam CUTYyaIlii,

— BHOHMparOThCI 3aco0aMH MPOCTOPOBOIO 3alMTy BCi THIHM 00 €KTiB (HaceneHi
MYHKTH, IOPOTH, IPOMHCIIOBI 00’ €KTH, IOTEHLIITHO-HEOe3MeuHi 00’ €KTH 1 TepUTOPIi).

Hasaenicme icmopuynux O0anux npo KOHmMypu 3amonjieHux OUIAHOK Rnid uac
6i0omux nasooKie piznoi cmyneni 3ade3neuenocmi

Beenmenns Ttakux ganmx B ['IC jgae MoxnuBicTh BHOpaTH HAHOMMKYMA 10
OYiKyBaHOTO BiIOMHH CIeHapiii pPO3BUTKY NaBOAKOBOI CHTyallii Ta MpPOBECTH
MPOCTOPOBUH aHaNi3 Ha OUIBII AETaTbHOMY piBHI HaBiTh B YMOBaX BiJICYTHOCTI JaHHX
npo neranbHuil penbed. [lpm npomy piuka po3OMBa€TbCcs Ha YMOBHI 30HH BIUIMBY
KOXKHOT'O TiIpOINOCTa, KOHTYPH 3aTOIUICHUX OUISHOK PI3HOIO CTYIEHIO 3a0e3MeYeHOCTi
(U1 Hag3BUYAHHHUX CUTYallili BUKOPUCTOBYETHCS 1% 3abe3nedeHicT — piBeHb HalBUILIN
3a 100 pokiB, 2% - wmaiiBumiii 3a 50 pokiB, 5% - nHaiBumiii 3a 25 pokis, Ta 10% -
HaiiBumiii 3a 10 pokiB), oOYMCIeHI Ta HaHECEHI Ha MalepoOBHX KapTax EKCIepTaMH,
mUPYIOTbCS Ta Tepepi3aroTbess MO MeXax KOXHOI 30HM BIUIMBY. 3a JaHUMHU
NporHo3yBaHHs (Hanpukiaa, odimiHoro nporaosy Ykpl ML) HanaroTecs BioMocTi po
piBeHb, IO OYIKYEThCA HAa KOXKHOMY TizporocTi. KilachuyHUM MmigxoaoM HpH BHUpIIIEHHI
uiei nmpobiemMu € MoOyZoBa MOJNIrOHY 30HHM 3aTOIUICHHS HUISIXOM KOMOiHYBaHHS map
KOHTYpiB, IO B MEXKax KOXHOI 30HHM BiJMOBINANIBHOCTI TiAPONOCTAa Kpamie 3a IHIINX
BIJIMIOBIJIAIOTh PIiBHIO, IO MPOTHO3YEThCsA.  Peamizallii BKa3aHOI TEXHOJOTl MOXe
NpOBOAUTUCH 3acobamu BekTOpHHX I['IC 0e3 3amydyeHHS IHCTPYMEHTIB pPacTpOBOrO
aHamizy. IIpore, 3a paxyHOK TOro, IIO NPOXOMKEHHS MABOJAKOBOI XBWIJII 3BHYAHHO
BUKJIMKA€ TOMITHUH Tepernaj 3HaueHb 3a0e3MeYeHOCTi Ha CYCIAHIX TiIporocTax, TaKun
MiAX1A J03BONSE OTPUMATH TUIBKU CTYIIHYACTY KapTHHY PO3JIUBY, HAHOUIBLI CKAa4KH i
BIIXHJICHHS SIKOi BiJl p€aJIbHOCTI BHHUKAIOTh CaMe Ha MeKaxX 30H BiJ[IOBiIaTbHOCTI.

VY 3B’SI3Ky 3 MM, aBTOPOM CTaTTi y CBill 4ac 3ampoONOHOBAaHO MPUHIMIIOBO HOBUH
HiAXiZ 10 MPOCTOPOBOTO MOJENIOBAHHS, IO 0a3yeThCsl Ha MPOCTOPOBOMY CITIBCTaBJICHHI
CTaTUCTHYHHUX TIOBEPXOHb, ONHIEI0 3 SKHUX € IMOBEpXHsS 3abe3nmeueHocTi, molyIoBaHa
HIJISIXOM 1HTEPIOJIALIT KOHTYPIB Pi3HOTO CTYIEHIO 3a0€3MeYeHOCTI, iHILIO — CTATHCTUYHA
MOBEPXHS MPOTHO30BaHy CTaHy MiAWOMY BOAY IO TiApONOCTax, aje BHUpPakeHa HE B
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pIBHSIX, a TakoXk B 3a0e3neyeHocTi [1]. Takuii minxix OCHOBaHMIA Ha 3aCTOCYBaHHI 3aC001B
pacTpoBOro aHaji3y i Ja€ LTy HU3KY IIepeBar, TOJIOBHI 3 AKHX:

— He notpedye po30MBKH TEPUPUTOPIl Ta KOHTYPIiB 30H 3aTOMJICHHS HA YMOBHI 30HU
BiJINIOBITATBHOCTI T1IPOIIOCTIB;

— MOJEJIIOE 30HY 3aTOIUICHHS Bifpa3dy IO BCi JOBXHHI PIUKM 3 ypaxyBaHHSIM
TUTABHOTO YXUJTY IIOBEPXHI PiYKH, IO CIPOrHO30BaHO, O TiAPOIOCTAaX;

— He 0a3yeThcs Ha MPUIIYIICHHI MPO KYCKOBY OJHOPIMHICTH 3a0€3MEYCHOCTI B
MeKaxX 30H YMOBHOI'O BIUIMBY TiIPOTOCTIB, TOMY HE CTBOPIOE CTYIIHYATUX NEPEXOIIB 1 HEe
HAKOMUYY€e MOMUJIOK Ha MEXaX BKAa3aHHUX 30H,

— B3Ha4yHO MiAiMaEe OMEpaTHUBHICTh PO3PaxXyHKY B TOPIBHSHHI 3 BEKTOPHHUM
MIXO00M.

Hasaenicmo 0emanvhoi mooei penveghy

VY npoMy BUNAIKy pe3yibTyIOda TOYHICTH MPOCTOPOBOI OLIHKM ab0 MPOrHO3Y
BU3HAYAETHCS JCTAJBHICTIO Ta aKTYyaJbHICTIO MOAENi penbedy, a TAKOXK JIETalbHICTIO
iHpopMaLii mpo piBHI piYKM Ha ONIHIOBAHMH MOMEHT dYacy 3a pe3yJlbTaTaMu
TiIPOJIOTIYHOrO0 MOJAENIOBAHHA, HATYPHUX CIIOCTEpEXKEHb Ha TigpONocTax, JaHUMH
o(inifHUX TiOPOJOriyHMX MPOrHO3iB, iH(OpPMalLiel MPO iCTOpUYHI MakcUMyMHu abo 3a
JaHUMH ONepaTHBHUX MOBizoMieHb yeprosomy MHC.

KopekTHicTs Mozeni Mon0 SKOCTI TiAPOJIOriyHOrO MPOrHO3yBaHHA 0arato B 4OMY
3aJeKUTh TAKOX BiJ Tak 3BaHOI IUIMHHOCTI penbedy, sika 3amolirae yTBOPEHHIO
TUIECKaTHX JAUISHOK TMOBEPXHI y MICISX, A€ JaHi BiAcyTHi. B mpupomHux ymoBax Taki
IOUITHKK Maiike He ICHYIOTh. 3pO3yMino, HIO0 B MeXax LHMX JAUISHOK KOHTYp 30HHU
3aTOIUIEHHS MpoBecTH HeMoxiuBo. [lepeBiputu sixicte HasBHOI LIMP 3 mporo Goky
nocuTh mpocto. st mporo Tpeba 3poOMTHM aHami3 MOXWIIB, Ta 3BEPHYTU yBary Ha
IUISTHKY, B ME@XKaX SKUX MOXuJI nopiBHioe “0”.

He Gynemo BIaBaTHCS JIO TIOBHOTO IEPENiKy orepaiiii HeoOXimHUX ais moOya0BH
SKICHOI ¢ TOYKH 30py Timponorii [IMP, tTum Oinbire, mo enuHOi MeToAu ii CTBOpEHHH,
HAcKiMpKM  BigoMo, He icHye. Omxe cmig kopucryBatucs LIMP, moOGymoBanumun
crenianictaMu y I ramy3i Ta 3aBXOd 3a3A€Nerilb BU3HAYATH HEOOXiJHY TOYHICTh
Mozeni pensedy.

Moosrcnugicme 3acmocyeanus 3aco0ig 2iOpoOUHAMIUHO20 MOOENI06AHNA

B npoMmy Bunaaky MpOBOAWTHCS IETaJbHE MOJAECTIOBAHHA IMpolecy (OopMyBaHHS Ta
PyXy MaBOIAKOBOI XBHWJI 3 MOAAibIIMM po3paxyHkoM 3acobamu ['IC BomHoi moBepxHi
PIUKK Ta IUIOMII 3aTOIUIEHHS Ha OyIb-sIKMH MOMEHT yacy. Lle# Tum mpocTopoBoi OmiHKK
HANTOUYHIILINH, aje B MOBHIA Mipi peasi3yBaTu HOro MOXKYThb CHOI'OZHI TINBKH KpPAiHH, IO
MAalOTh JOCTaTHHO PO3BHHYTY Cy4acHY MEpPEeXY TiIpOMETEOpPOIOriyHOr0 MOHITOPHHTY Ta
BIJMOBiAHNHM TEXHOJOTTYHUH piBEeHb MPOrHO3YIOUMX cHCTeM. IIporHo3yBaHHS JeTalbHUX
KapT 3aTOIUICHb TEPUTOPii po3MilleHHX Ha Oeperax pidoK BHMAarae po3paxyHKY PiBHIB
BOIM, TIOB3JOBXHIX Ta TIONEPEYHUX YXWIIB PIBHI BOAM, a TaKOX IUHAMIKU
PO3IIOBCIO/DKEHHST IOBEHEBOT XBHJII a00 yAapHOI XBWII MPU NPOPHUBI BOJO-CTPUMYIOUHX
00’ekTiB. OOHUMH 3 HAHOUIBII Cy4acHUX METOJIB JJIsl PO3B’A3aHHS TAaKOro pony 3aaad €
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MaTeMaTHYHE MOJCTIOBAHHA 13 BUKOPUCTAHHSIM JABOBHUMIPHHX MOJEICH TigpOJUHAMIKH,
10 BPaXxOBYIOTh BCi BUIIIE ITEpepaxoBaHi GakTopu.

3acobu npocropoBoro MonemoBanHs ['IC y nboMy BUMaaKy BUKOPUCTOBYIOTHCS JUIS
OTPUMaHHS CTATHUCTHYHHUX TiJpOJOriYHO-KOPEKTHUX MOBEPXOHb peibedy Cylli Ta pycia
piUKM B MEXax AUISHKH JOCHTIDKEHB, SIKi MOTIM 00 €IHYIOTHCS B €JUHY CTATHCTUUHY
MTOBEPXHIO TePUTOPii. Po3paxoBaHi YMCIOBOIO MOJICILIIO PiBHI BOMH, TJIMOMHH, IIBUIKOCTI
Teuii Ta rpaHuULi 3aToIUIEHNX TepuTopii nepenarotbes y I'IC-cuctemy asst iHTEpaKTUBHOTO
BiJOOpa’keHHsI 3aTOMJICHUX TEPUTOPIl Ta AMHAMIKH PO3IOBCIODKEHHS IIOBEHEBOI XBUI, a
TaKOXX 3HA4YEHb 3MOJEIHOBAHMX BEUYMH Yy 3aJaHUX KOHTPOJBHHUX Toukax. Ha ocHOBi
PO3paxoBaHUX DiBHIB BOAM Ta BUKOPHCTOBYIOUH NIETAJbHY EIEKTPOHHY KapTy penbedy
OHa Ta OeperiB MICIIEBOCTi, a TaKOX BEKTOpHY KapTy TpaHHLb HACEICHUX IYHKTIB,
paiioHiB, By/IHIb, aBTOLUISIXIB Ta iH., CHCTEMa MIPOBOAUTH MPOCTOPOBHIA aHaIi3 TEPUTOPIil
1 BUZIa€ CIMCOK 3aTOIIEHUX 00’ €KTiB, IPOLIEHTHY YaCTHHY 3aTOIICHHS 00’ €KTa, TTMONHY
Ta TPUBAJIICTh 3aTOIICHHS.

Po3poOnena 3a BKa3aHUM NMPHUHLUIIOM CUCTEMa MOJIENIOBAHHS 3aTOMJICHHS Y MexXax
M. Kuea Oyna crBopena 3a 3aBmanHsiM PHBO Vkpainu rpynoio excnepTiB, B SIKY
YBIHIIIM MpaniBHUKKA IHCTUTYTY npoOiieM mMareMatmyHux MammH i cuctem (IIIMMC)
HAH VYxpainu (Marematnuna mozens) Ta Llentpy I'IC Ananituk (I'IC cxiagosa) y 2010
poui. Pospobnena cucrema Oyna mnepesaHa 10 BiAguly TiApOJOTiYHUX IPOTHO3IB
Vkpaincekoro [impomeruentpy (Ypk['ML]) ans  omepaTMBHOrO  MOAETIOBAHHS
3aTOIUIEHHS TOBEHEBMMH Bojamu Teputopii M. KueBa i mpumicekoi 30HHM. [nsa miel
TepuTOpii Biiepuie Oyno 00’enHaHO OaTUMETpU4HYy KapTy piuku [ninpo ta KaniBcekoro
BOJIOCXOBHILA, BUKOHAHY B YKpMopkaptorpadii, Ta cydacHy KapTy penbedy Oeperis
Huinpa, nounnaroun Bin nam6bu Kuiecekoi ['EC 1o M. YkpaiHka, BKIIOYHO i3 qjamOaMu Ta
HAaMHMBHUMHU JIUITHKAMH.

Hns 3amycky Mozeni HEOOXiZHO BKa3aTH TPHUBAIICTh PO3PaxyHKy 1 3alaTu
nporHo3oBaHi Butpatu KuiBcekoi I'EC Ta p.JlecHa, a Tako MpOrHo30BaHi piBHI BOIU Ha
KaniBepkit I'EC. Li mani MOXyTh OyTH OTpHMaHi SK 3a JOIOMOIOI0 TPaAHLIiHHOIO
NporHo3y Trigporpady BOXOMULIA Tak 1 3 BHKOpHCTaHHAM pospobienoi y INIMMC
oaHoBUMIpHOI rigposoriunoi momeni RIVTOX [8], 3acHoBanoi Ha piBHsHHAX CeH-
Benana. 3aBOsku HEBENMKIH PECypCOEMHOCTI OJHOBHUMIPHUX MOAENEH, BOHH MOXYTh
Oyt HamamToBaHi Ha Bechb BOmo30ip piukd, 30kpemMa Mmoxenbs RIVTOX Oyna
HaNalTOBaHA AJsl PO3paxyHKY IOBEHEBOI XBWJI IO BcboMy Oaceliny umimpa. Ilicns
PO3paxyHKy a TakoX B HOro mporeci MOKHa MEPErjsiHYTH iCTOpiro 3aToruieHHs (piBHI
BOJIM Ta ITUOMHK) MO BCiit 00IacTi MOIETIOBaHHsI, 30EpEKEHY 3 KPOKOM B OJHY TOJIHHY
(Puc. 1), abo y onHiii 3 KOHTPOJIBHHUX TOYOK, 3 KPOKOM y 15 XB.
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Puc. 1. BikHo BigoOpa)keHHsI MPOIECY MOJACNIOBAHHS (311iBa) Ta pe3ylbTaT aHali3y
3aTOIICHUX 00’€KTiB (crpana).

IMPOCTOPOBUI AHAJII3 HACJIAKIB HAJ3BUYAMHOI CHUTYALI,
MOB’SI3AHOI 3 TABOJKOM

OrmiHka HaCTiIKIB EKCTpEMalbHMX TMABOJKOBUX CHTYyallii BKIoyae B cebe
CTaHJapTHUH HaOip omeparlliil MPOCTOPOBOro aHaji3y, METOIO SIKOTO € BUSIBJICHHS 00’ €KTiB
(HaceneHi MyHKTH, JIOPOTH, YIS, TUISHKY 3a0yI0BH TOIIO), SIKi MOXKYTh OYTH 3aTOIUICHI
BHACIIIZIOK OYiKyBaHOI MOBEHi 200 MaBOIKY.

Ile 3Buuaiino :

— TepeniKk HaceeHUX MYHKTIB, IO MOTPAlHiId B 30HY 3aTOIUICHHS Ta OPi€EHTOBHO
KUIBKICTB JKUTENIB Y HUX,

— Tepenik MPOMHUCIOBHX MIANPHEMCTB Ta MOTEHLIHHO HeOE3MEeYHUX 00’ €KTiB, L0
MOTPAIWIN B 30HY 3aTOIUICHHS;

— KUIBKICTh KIJIOMETpiB aBTOMOOIIBHMX Ta 3alli3HUYHUX LUIAXIB, JIHINA 3B’S3Ky Ta
IHKEeHEepHUX KOMYHIKallil, 10 MOMNaiy B 30HY 3aTOMJICHHS TOLIO.

CyTTeBoO, O a1st poBeaeHHs npoctoposoro anaiisy I'IC e notpedye nonepeanoro
O3HAYeHHS B3a€EMOBITHOCHH 00’ €KTiB, 5K y 3Buyaiinux CYB/l. [lng BusHaueHHS 00’ €KTiB
a0o 1X yacTHH, 110 NONAJIM B 30HY 3aTOIUICHHS, JOCTATHRO 3aJIydUTH 3aCO0M aHAIi3y, SIKi
MOYEepProBO HaKJIaJalodi HIap MONIrOHIB 30HM 3aTOMJICHHS Ha IIapd BUOpaHMX THIIIB
00’€KTiB, BUSIBJIATH MPOCTOPOBI B3a€EMOBITHOCHHU 00 ’€KTIB, BIJICTHIAKYIOTh MEPECidCHHS
Ta CTBOPATH HOBI 00’€KTH (YacCTKOBO abO MOBHICTIO 3aTOMJICHI), TOPaxymTh 1X TUIONILY,
KUIBKICTh HaceleHHs, 0 MPOXHUBA€E B HUX TOLIO.

Pe3ynbraTi ananizy sSBISIFOTH COOOIO IIAPU KapTH, IO BMILIYIOTh 30HY 3aTOIUICHHS, a
TAaKOXK 3aToIUieHi 00’exTH Ta iX wacTuHHU. KpiM Toro, ¢opmyerscs TaOmums, B sKid
MiZipaxoBaHO 3arajibHi Ta 3aTOIUICHI IUIOLII HAceJICHUX IMYHKTIB, [OBKMHA 3aTOIUIEHHX
JIUISHOK JiHIN 3B 53Ky, EMEeKTPUYHUX MEPEX Ta iHKEHEpHUX KOMYHIKaliil Tomo. 3acobu
interpaunii 3 MS Office n103BoNsAOTE aBTOMAaTUYHO 3reHEpYBaTH, HANPHKIIAA, JOKYMEHT
Word, sixkuii BKIIOYHTH iHPOpMaIlito, HEOOX1IHY JUIs IPUHHATTS PillicHb

B ymMoBax HemoCTaTHHOTO PO3BUTKY MEpEXi TiIpOnocTiB, HANpUKIa, y 3aKapmarTi,
U AeTamizanii piBHEBOI MOBEPXHI PIKM 3aly4aeThbCcsl MOJEIb PO3PaXyHKY PiBHIB IO
rigponoriunux cTBopax. Tak s mporHo3yBaHHS HACTiAKiB MaBoAKiB B Oaceitni p. Tuca
it YIAC HC ©Oyno 3acTocoBaHO 3OBHIIMIHINA MPOOIEMHO-OPIEHTOBAHUI KOMILIEKC
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rinponoriunoro  momemoBanHs ~ LEVEL _TS_M,  pospobnenuit  crermiamictamu
YxkpHAI'MI. 3 #oro momomorow JaHi, OTpUMaHi MO TiAPONOCTaxX, JCTATI3yIOThCS IO
PO3pPaxyHKOBUX TiIpONOTiYHMX CTBOpax, PO3MILICHUX N0 piukax Oaceitny p. Tuca 3
IHTEPBAJIOM y 5 KM.

PO3PAXYHOK PU3UKY 3ACOBAMU I'IC

Ha >xanp, BUKOPUCTAHHS TAKOTO MOTY>KHOT'O IHCTPYMEHTY MPOCTOPOBOTO aHAIIZY, SIK
I'C y Oimpmocti BUMaIKiB OOMEXKYIOTH CTBOPEHHSIM KapTorpadiuHoi OCHOBU Ui
BiJOoOpakeHHsI 1 TpagiuHOro 3ICTaBIEHHS €NEMEHTIB, [0 3YMOBIIOIOTH PO3MOALT
HeOe3meKk Ha TepuTopii JOCHipkeHb. llpore, OIliHKa PU3UKIB € JIOCUTh CKIIATHUM
TEXHOJOTTYHUM HpPOLIECOM, SKUH TOTpedye OJHOYACHOIrO 3iCTaBICHHS IMPOCTOPOBOTO
MOJIOXKEHHS 0araTh0X YMHHHUKIB, 110 BU3HAYAIOTh PIBEHb HEOC3MEKH HA KOXKHIM JUISHIT
TepuTopii mochimKenb. ['padidyHe MOpiBHSHHSA KOHTYPIB PO3MOBCIOJKEHHS KOKHOTO 3
YUHHUKIB MOXE JIMIIE JaTh YSABY NPO iX NpUONMU3HE CIIIBBITHOIIECHHS y MPOCTOPi.
CropaBxkHii edeKkT MOXe JaTH JIMIIe BIPOBAKEHHS AaBTOMATHU30BAHOI CHCTEMH
KOMIIJIEKCHOT KUIBKICHOI OIIIHKM KOXKHOTO €IeMEHTY TepHUTOpii 3a OaraTbma KpUTEPIIMU
ogHovyacHo. CaMe Ha BHpILIEHHS MPOOJEeM TaKOro TUITy HaIliJIeHi 3ac00M MPOCTOPOBOTO
aHanizy ta moaemtoBanus ['IC [6].
Hamnpukian, ¢popMynna MOTEHIIHHOTO iHIUBIYaIbHOrO PU3KKY JKUTTEAISUTBHOCTI (1)
BiJI IpUPOJHUX HeOe3Mek, po3podiena A.JI. Paro3inum [5], BUTIIsae HACTYITHUM YHHOM:
Ris(F) = 2 ((Si/ Ti)-rs-Vti-Vsi-(1 / Ns)), (1)

Sxiio rg= NSi / Si - minbHICTD HACEIEHHS 30HU ypaxkeHHs Si, TO:

Ris(F) = X ((Nsi / Ti)-Vti-Vsi-(1 / Ns)),
ne: Si— miomra (30Ha), Mo 3a3Hana ypakeHHs 1-THM ypaxaroduM pakropom Fi;
Ti - wac, mpotsirom sikoro BinOyBasocs ypaxkeHHs akropom Fi;

NSi — KUTBKICTh HACEIICHHS 30HH YPaXKCHHS;

NS — KUIbKICTh HacelIeHHS PErioHy, CTOCOBHO SIKOT'O PO3PAaXOBYETHCSA PHU3HK;
Vi — ypa3nuBicTh HaceleHHs B Yaci;

VSi — ypa3nuBicTh HaceICHHS IO TEPUTOPIl.

SAx Oaummo, OimpmricTe QaxTopiB, MmO HEOOXimHI AN PpO3paxyHKy 3a LUM
aJTOPUTMOM, TaKi SK HIUTBHICTh 1 KUIBKICTh HACEIICHHS B 30HI YPa)KCHHS, ILIONIA 30HU
ypakeHHsI Ta iH. Hal3pyyHille OTPUMYIOTBCS 3a JOIMOMOIOK0 3ac00iB MPOCTOPOBHX
3amuTiB Ta mpoctopoBoro ananizy I'IC. Kpim Toro, pesynbraTi OLiHKH PU3UKIB 3py4HO
HaJaBaTH Yy BHUIVIALI KapT pHU3HKIB abo mapiB IU(POBUX KapT B BEKTOPHOMY Ta
pactpoBoMy (opMaTax, IO MOJNETIye iX KOMIUIEKCHY OL[HKY, 31CTaBICHHS Ta MOAAJBIIY
00poOKy. Bei 1i onepauii Halied eKTHBHILIE BUKOHYIOTH cydacHi anaiitnyni I'IC.

B Ham yac 3aranbHONPHUHHSATOI0 € agUTUBHA MOJENb TEPUTOPialibHOI OLIHKU
KOMIIJIEKCHOTO PH3HKY SIKa IHTErpye cyMmy Iu¢epeHiioBaHuX MOKOMIIOHEHTHUX PU3HKIB,
pO3paxoBaHUX OKpeMO Mo BHIax 3arpo3 [3, 4]. Came Ha peainizaliiro MOjeleiH BKa3aHOTO
TUIY OPI€EHTOBaHMM aHAMITUYHUH iHCTpyMeHTapiit cydacuux ['IC.
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OcHoBHa i/1es1 BIPOBAIXKEHHS re0iH(OpMaLiiHIX TEXHOJOT1H B MPOLIEC PO3PaXyHKY
PHU3HUKIB BiJ SBUIL, 10 MAIOTh IPOCTOPOBUI PO3BUTOK IMOJISATAE y 3iCTABICHHI KOMILJIEKCY
KUIBKICHHX Ta SIKICHUX XapaKTePHCTHK KOKHOT'O THUIY PU3UKY Ha MPOCTOPOBil OCHOBI. Y
pacTpoBOMY BHIIISII Taki MOJENI € Cy4acHOIO peastizaui€ro imei oOpoOku GaraTomMipHUX
YHCIOBUX MaTpullb. KOXKHUIA miKcens pacTpy B IbOMY BUIIAJIKy HECE BiANOBIIHE YHCIOBE
3HAUeHHS pU3HMKYy, ab0 KOJ Kiacy HeOe3neku, abo iHgekc mudepeHIiioBaHuX
MOKOMIIOHEHTHUX pU3UKIB [5], po3paxoBaHmx okpemMo 1o Buaax 3arpo3 [3, 4].
MOXTUBICTD TPU3HAYEHHS BaroBOro KOE(iliEHTY KOXXKHOMY (akTopy IMpH BHUKOHaHHI
JIOTIYHUX 1 MaTEeMAaTHYHUX Omepaliii MK I[apamMd Ja€ MOXJIHMBICTh JOJaTKOBOT'O
pETYJIIOBaHHSA BHECKY KOXHOTO THIYy PHU3UKY B 3arajbHANA PO3MOAUT IOKAa3HHUKY
KOMIIJIEKCHOT'O PU3HUKY IO TEPUTOPIT TOCITIHKEHB.

OmnH 3 HalmpocTimMX BapiaHTIB peanizalii MPOCTOPOBOTO  MOJENIOBAHHS
KOMITJIEKCHOTO PHU3UKY JO03BOJISE MPOBECTH TEOMETPUYHE HAKNaJaHHS PI3HMX IHapis,
npuiiMalouyd HasBHI B HHX HEOE3MEYHI AUSIHKA INOJO KOXHOTO THIY PH3UKY SIK
BUKJIIOUaloun (akTopu. ICTOTHUM HEIOMIKOM TaKOro METOAY HpW BCi MPOCTOTI i
JOCTYIHOCTi € OAHO3HAUYHICTh OEPKYBaHUX PE3YyJIbTATIB. ab0 «pH3HK €» ab0 «PHU3HKY
HeMa», 10 He 1a€ MOXKJIMBOCTI BpaxyBaTH Pi3HI CTYIEHI HEOE3EKH.

VY peanpHUX OLiHKax 3BUYalHO BUKOPHCTOBYETHCS BECh apceHal JIOTIYHUX 1
MaTeMaTHYHUX ONEPaTopiB, a TAKOK BaroBi KOE(ilIEHTH, HIO MOKa3yIOTh Bary KOXHOI
CKIagoBOi 10oA0 (OpPMYBaHHS 3arajJbHOrO IOKAa3HWKAa PH3UKY. SIK TOKa3ye mOCBif,
peaizaliio Takoro aJirOpUTMY, 3 OTJISIAY Ha BETUKY KUTBKICTh Tpajiallii y Mekax KOKHOTO
mapy 1 HeoOXigHicTe BHKOpHCTaHHS (YHKUIA KaprorpadiuHoi anreOpu, 3pydHilie
MPOBOAUTH B PACTPOBHX CHCTEMax. Y TaKOMY BHMAKY, 3aCTOCYBaBIIHM OIEpaLilo
MaTeMaTHYHOIO HaKJaJaHHA, MU OJAEPKUMO MaKCHMallbHI 3HAYEHHS pPe3yJbTYI0UOro
mapy B MiCUsAX 3 HaWBUIIMM KOMIUIEKCHMM pu3ukoM. Ha Puc. 2 mokazaHuil mpukian
peamizamii Mojmeni pO3paxyHKYy KOMIUIGKCHOTO — PH3HMKY Bil 3CYBHOI aKTHBHOCTI
(landslide.grd), inmexc pusuky skoi [5] 3miHrOeTbes Bim 1 mo 5 Ta Bim 3aTorUIeHHS
BHacmifok moseHi (flood.grd), iHaekc pusuky sKoi Ha maHii AiAHIN JOpiBHIOE ,,17 .

o[1]oJolo]olo0 ol1Jo]1]Jolo]oO o[2]of1JoJo]o0
1222101 olofojol1[0]1 12212121012
12212111 1T/o|1|ofo]1]0 2232121
0[1]5]5[5]5]1 olofjo]1lofo]l1 0|1 [5]6|5(5]2
o[1|5|s[s5]tiol|F+|[of1]olololololl=||o|2|5]|5]|5|5]0
ojt[1]1]1[1]1 olof1]ofo1]1 o211 [1[1]0
olo|tT]o[L]1]1 ojof1]olo[1]1 ojof2]ol1[2]1
landslide.grd flood.grd result.grd

Puc. 2. 3acrocyBaHHs omepamuii MaTeMaTH4YHOrO HAKJIaJaHHsS IOJO BH3HAYCHHS
KOMILIEKCHOTO (CyMapHOro) pU3MKY BiJl TBOX CKJIaJIOBHX.
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IIpocTpaHCTBEHHBIH XapakTep pAachpeleNieHnsl W PasBUTHSA  OONBIIMHCTBA — IIPUPOJHO-TEXHOTECHHBIX
omacHocTeldl TpeOyeT BKIIOYEHHS B alTOPUTMBI Paciera PUCKOB JJIEMEHTOB MPOCTPAHCTBEHHOTO AHAIHM3a
BO3MOJKHBIX TIOCIIEICTBUI CHTYAIlHi, OLCHKH [IPOCTPAHCTBEHHOTO PACIIPECICHHS U TUIOTHOCTH OMACHOCTEH
0 TEPPUTOPUH HCCIIeOBaHMiA. B maHHOi paboTe OTpaskeHbI OCHOBHBIEC MOIXO/BI K OLEHKE 30H 3aTOIUICHHS,
Kak OCHOBHOTO OJJE€MEHTa pacdera pPHCKOB OT MaBOAKOBBIX CHTYAlMil C TPUMEHEHHEM CpEICTB
TPOCTPAHCTBEHHOTO aHAIIM3a M MOAEIUpOBaHust coBpeMeHHbIx [ UC.

Kniouesvie cnoea: ouenka pucka, 30HBI 3aTOIUICHWs, MPOCTPAHCTBEHHBIH aHANM3, MPOCTPAHCTBEHHOE
MOJIEIMPOBAHHeE, Teorpapudeckue HHHOPMAITHOHHBIE CHCTEMBI.

Ischuk O. GIS for the risk assessment from extreme situations caused by floods / O. Ischuk // Scientific
Notes of Taurida National V. I. Vernadsky University. — Series: Geography. — 2012. — Vol. 25 (64). - Ne 1 —

P. 86-94.

The spatial distribution pattern and the development of the majority of natural and man-made hazards requires
the inclusion in the risk assessment algorithms of the elements of the spatial analysis of the possible
consequences of emergencies, analysis of spatial distribution and density of the hazards in the study area
boundaries etc. This article reflects the main approaches to the assessment of flood zones, as a basic element
of the calculation of risk of flood situations using tools of spatial analysis and modeling of modern GIS.
Keywords: risk assessment, flood areas, spatial analysis, spatial modelling, geographic information system.
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