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TO.I1. Cmapodyb, 0-p gis.-mam. Hayk, npogecop; AI1. Taspuce
(Hbeiccoriii depacasnuii yHieepcumem besnexit HeUmmeoisib HOCMI)

THIIIIOBAHHSA ITPOEKTIB HIJIBUINEHHS CTAHY BE3IIEKHA TEPATOPII
3ACOBAMH MATEMATHYHOT'O MO/IEJTIOBAHHS TOBEHE

PosrisinyTo mpolec iHimiamii NpoekTy IMiABMLICHHS cTaHy Oesnexkd Teputopil. Posrismyro
MeTOJI iHIIiaIii TPOSKTY 3 BHKOPHCTAHHIM MaTeMATHIHOTO MOJSTIOBaHHS. [IpoBe/ieHo OIHKY pe-
3YALTATIE KOMM IOTEPHOTO MOJSTIOBAHHS 3 BHKOPHCTAHHAM MPOTPAMHOTO KoMTIIekey ArcGlS, mo-
noMixkHOTO HporpaMuoro zabezneueHnd HEC-GeoRAS ta HEC-RAS Ha npuknaai Teputopii Kap-
MATCHKOrO perioHy — BoaaiHHA piukd Omip B piuky Crpuil B pafioni eMmt. Bepxae CHHBOBHIHE
CxoniBcbkoro paitory JIbBiBebkoi obmacTi. AnipoboBaHo Meton Jlendi, sk 3apepmaTnLHAH TpoIec
IS IHIIIAI] IPOEKTY.

Knrouosi crosa: daza iHimamii, TpoayKT MPOeKTY, MaTeMATHIHE MOJICTIOBAHHS, NMPOTPAMHE
3abe3TmeYeHHs, BUCOTA 3aTOTUICHHS

FO.II. Cmapodyo, A.II. Taspuce

HHHIIUHPOBAHHUE ITPOEKTOB INOBBIHNEHUA COCTOAHHUA BE3OITACHOCTH
TEPPUTOPHI CPEJCTBAMHA MATEMATHYECKOI'O MO/IE.THPOBAHHS
HABOJHEHHNH

PacemoTpen nponece HHHIHAIHE NPOEKTA TIOBBIINCHHS COCTOSIHUS 0e30IACHOCTH TEPPUTO-
puH. PaccMoTpeH MeTo/l HHHITHAIIHH IPOEKTA ¢ MCHOJIB30BAHHEM MATEMATHUSCKOTO MOJICIIHPOBa-
Hus. [IpoBedeHa OIleHKA KOMIIBIOTEPHOIO MOSIMPOBAHMA € HCIOJIb30BAHHEM IIPOIPAMMHOTO
koMIUiekca ArcGIS, BenomoratenbHoTo nporpammuoro obecneueHusi HEC-GeoRAS u HEC-RAS
Ha npuMepe Teppuropuu KapnaTckoro peruoHa — BhajgeHus pekd Onup B peky CTpelil B palioHe
nrt. Bepxuee Cunepunnoe Ckosieckoro padona JIbBoeckod oGmacTH. AnpoGHpOBaHO MeTO[
Jenbdu, kak zapepinaroui Nporece JUIsl HHUITHALMH TIPOSKTa.

Knroueevte ciosa: dhaza MHENIMAIIUY, TPOJYKT MIPOEKTa, MaTeMaTHYSCKOE MOJACTHPOBAHHE,
npoTpaMMHoe odecneueHue, BHICOTA 3aTOTUICHHUS

Y.P. Starodub, A.P. Havrys

INITIATION AREAS PROJECT INCREASE OF TERRITORIES STATE SAFETY
USING MATHEMATICAL MODELING OF FLOODS

The initiation process to raise the safety of project areas observed. A method for initiating
using mathematical modeling was observed. Utilizing of computer modeling sofiware ArcGIS, us-
ing complementary software HEC-GeoRAS and HEC-RAS in the example of the area village Ver-
hne Synyovydne, Skole district, Lviv region based on the proposed methodology was carried out.
Use of the Delphi method, as the final process to initiation of the project was proposed.

Keywords: faze of initiation, project product, mathematical modeling, software, flooding
height
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Beryn. Metonosorist yrpaBIiHHS MPOSKTOM MOKPAIIEHHS CTaHy Oe3IeKd TepUTopiil 3acTo-
COBaHa JIsl MiIBUILCHHS 3HAaHb, IHCTPYMEHTIB i METOIiB BUKOHAHHS POOIT IS 3aI0BOJICHHS BUMOT,
110 BUCYBAIOTHCS 0 MPOEKTY, a TAKOXK JO TPOIeCy MOJETFOBaHH BOAHUX 00’€KTiB. Takwmit mimxix
BHCYBa€ BUMOTY Pe3yJbTaTHBHOTO YIPABIiHHS MPOIeCaMi MOJISITFOBAHHS HAI3BUYAHAX CUTYAIIil
[1-3], ocHOBHY poTb B SIKOMY BiZIBOJISITH (ha3i iHIIIFOBAHHS TIPOEKTY.

KuTTeBUil LMK CKIIaJHOT COLIaIbHO-eKOHOMIYHOT CHCTEeMU Tiepeidayae HasiBHICTh MEXaHi-
3MY YNpaBIiHHA. ByIb-AKUH )KATTCBUI UK MTPOEKTY MOYMHACTBCA 3 iHiliaril mpoekrty. s icHy-
BaHHs CKJIQJIHOT CHCTEMH, TaKol K KpaiHa Yi perioH, HeoOxinHe 30epexeHHs mapaMeTpiB CHCTEMH,
10 caMme i 3/ifCHIOEThCS 3aBISIKY CKIIaJHOMY YIpariidHio. [Ipu mocusieHHi iHTerpamiifHux mpoie-
CiB y cydacHOMY MiHJMBOMY CEpelOBHII BaXXJIMBOTO 3HAUeHHS HaOyBae mpoOieMaThKa MOIIYKY
e(eKTUBHOT MOJelli MEXAaHI3MY YIPaBJIiHHS COLiaJbHO-€KOHOMIYHMMU CUCTEMAaMU 3 BUKOPHUCTaH-
HAM noprdenpHoro niaxoay. B 1o Mozenb BXOAUTH iHILIFOBaHHS MPOEKTY, SIK OCHOBHUIA 1 moyar-
KOBHI eTarn #oro XUTTEBOTO HUKITY [4].

Mera i 3aBnaHHs qocaigxenb. HeoOXiqHO TPOBeCTH iHIIiFOBaHHS MPOEKTY IiJBUILICHHS
cTaHy Oe3MeKH TepUTOopii, HA OCHOBI MOJETIFHUX PO3PaXyHKiB, BHKOPHCTOBYIOUM MaTeMaTHYHE MO-
JIeNTFOBaHHSI TIOBeHeH Ha MPUKIIAAi TepuTopii Bnamanus piuku Onip y piuky CTpuii, o 3HaXOAUTH-
¢ B CkoniBebkoMy paiioHi JIbBiBecbkoT 00nacTi.

Buxiiag ocHoBHOro marepiaJy. /I MoeIbHUX pO3paxyHKiB 0OMPaEMO TEPUTOPitO BIIaJaHHs
pixu Omip y piky Crpwif, mo va [Ipukaprarrti. Jjist 1iel TepuTopii aBTOpH TPOBEITH MOIETIOBAHHS TI0-
BEHi 3a JOIOMOT0IO TIPOrpaMHOro 3ade3neueHAs ArcGIS 3 BUKOpHCTaHHSIM IPOTPaMHOTO 3a0e3IeucH-
us1t HEC-GeoRAS ta HEC-RAS B pamMkax npoeKTy ITiBUIIEHHS CTaHy Oe311eKn TepUTOpiit.

OCHOBHUM TMOKa3HUKOM SIKICHOT OI[IHKM MO/JICJIFOBAHHS MOBEHEH Mpu iHiliamii mpoekTy €
rnubuna 3atorienns (hs). Ha ocHOBI 11b0T0 MOKa3HUKA MpOBEEHA MOPIBHSJIBHA OIlIHKA pe3yJibTa-
TIB MOJETIOBaHHS 3a JOIIOMOTOIO TpoTpaMHOTO Tiaxony (mporpamHi maketrn ArcGIS, HEC-
GeoRAS, HEC-RAS) Ta Ha 0CHOBi po3paxyHKOBOTO MaTeMaTUYHOTO MOJIEJIFOBaHHS.

[Ipu MonenroBaHHI MOBEHeW CXeMATWYHI MEPEeTHHH pycia piku MOKHA TIPEICTABUTH y BH-
TJISI/Ti TPUKYTHUKA (2) abo Tparmetii (0), SK MOKa3aHO Ha PUCYHKY 1.

» b ¢ b -
< > < >

hw

Ao

a 6
Pucynok 1 — Pospaxynrosi cxemu nepepizy piuku:
a — mpukymuuii nepepis, 6 — mpaneyieno0ionuii nepepiz [5]; ap— wiupuna ona piku, by, b — wupu-
Ha piku 0o i nio wac noseni, hy, h— enubuna pixu 00 i nio yac nogewi; h; — 2nubUHA 3aMoNJIeH s,
h,, — eucoma micyeeocmi

3a JaHUMM MOJEIIOBAaHHsA, IO MPOBOAMJIOCS 3 BMKOPHCTAHHAM IPOrPaMHOTO KOMILIEKCY
ArcGIS, monomibkraoro mporpamuoro 3abesnedenHss HEC-GeoRAS ta HEC-RAS, cxema nepepisy
piuku Ctpwmii, B paiioni cMT. Bepxune CunboBuaHe CKOJBCHKOTO paiioHy, OJM3bKa 0 TPUKYTHOT,
SIK TIOKA3aHO Ha PUCYHKY 2, IO MiATBEPIKYETHCS Bi3yaJbHUM aHAJi30M Li€T TEpUTOPIi.
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Pucynok 2 - Kpoc-cexyia piku Cmpuil, 3M00e1b08aHa 30 OONOMO20I0 NPOSPAMHO20 3abe3ne-
yennss HEC-GeoRAS 3 nanecenumu 8enuyunamu, HeoOXionumu O pO3PAXYHKY
(h;— sucoma 3amonnenns, hy,— eucoma micyesocmi, h— enubuna pixu nio yac nogeui,
by— wupuna piku 0o noseni, hy- enubura piku 00 noeni)

Ha pucynky 2 300paxeHa oqHa 3 0araTboX OTPUMaHUX iHTEPAKTHBHHX MOJENBHHX KpoOc-
cekuiif piku CTpuii, e To3Ha4YeHi OCHOBHI BeNMYWHH HEOOXiqHI U pO3paxyHKy IOBEHI HIJISIXOM
MaTeMaTU4HOTO MOJEIIOBAHHS.

Mu opiBHSIN PO3paxXyHOK BHCOTH 3aTOTUICHHS TEPUTOPIi ISl THIIOBOTO TPOQiito pycia pi-
ki [5] i pe3ynbTaTH iHTEPaKTHBHOTO MOJICIIOBAHHS BHCOTH 3aTOIUICHHS 3 BUKOPHCTAHHSAM TpOTpa-
mHoro komriekcy ArcGIS — HEC-GeoRAS — HEC-RAS [6].

KirouoBa BenuunHa — 11e BucoTa 3arorieHts (hs), sky moTpiOHO BH3HAYUTH /sl TIOPIBHSIIb-
HOTO aHalizy (pucyHok 3).

Vo
O ©®, ©
S . =0,5b.h _
0 7700 QO = VOSO
¢— J.F
Ducsaiae 2 Bong evanvg jgisdonii onaawmo oiongugaggg CTARES Ao¥rnren manumanity ga OCHOBI
6 305 4
v h3 zh_hM an h =0 h’%/hV)g—h 2, :Q0+
=00 1P 0 max

Sk BUJHO HA PUCYHKY 3, 0o (U, BUICUTa 3aTUTNTCHH S BU3HA

h3 =h- hM ; (D

Tyt MojienbHe 3HaueHHs — hy = 12,1 m.

['mubuHa piku migyac 3aTomjeHHs s AOBIUTbHOrO MpoQinio pycna pikd BH3HAYAETHCS 3
npuitHATO0 opmyoro [5] (300paskeHo Ha pucyHKY 3, 670K (5)).

VY Hamomy BHNAAKy Uil IPEICTABICHOTO TIepepi3y 3 OTPUMAHUX EKCIIEPUMEHTANBHHUX TaHUX
—bo =120 m, hp=1,9 M. Vo= 1,05 m/c — puitHsTe 3HaYEHHS [IBUIKOCTi BOJM B Pilli 10 TIOBEHI.

Qmax [M3/C] — po3xij Boau micns onanis. Orpumyemo —h = 15,28 m.

CymapHe 3Ha4eHHsl BUTPAT BOAHW /0 MoBeHi Qo i BIAMOBIAHUX BHTPAT BOJH B Pe3yibTaTi Mil-
HATTS PIBHS Ha MEBHY BHUCOTY 3a OJMHULIO Yacy (iHTeHCHBHICTB) J s 3amaHoi muiommi F rmicns
onajiB BU3HAUa€TLCS 3a (HOPMYJIOr0, 10 MOKa3aHa Ha PUCYHKY 3, Gsok (4), ne J=5,16 10° m/c,
F=8190 10° m” (3HaueHHs B3ATi 3 caiiTy JIbBIBCbKOro 00JaCHOrO YMpaBiiHHS BOJHUX peECypciB
JlepxaBHOTO areHTCTBa BOJHUX pecypciB Ykpainu, [7]).

OTxe, 3riqHo 3 pucyHKOM 3, 610k (4), Maemo

O = Op +42260,4 2 /c . @)
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Ha pucynky 3, 610k (3), 06’eM BUTpar Boau y pilli 10 MoBeHi Qy po3paxoByeMoO K J00YyTOK
IIBUJIKOCTI MPOXODKEHHS BOJM Ha TUIOLLY BOAHOTO IUIeca, Yepe3 sike BoAa MpoxoauTs [5], me Vo -
cepe/He 3HAYEeHHS IIBUIKOCTI BOAM B pilli Ha 1iii TepuTopil, Vo= 1,05 M/c y BUNaaky npuiHAITOT Ha
TIPaKTHIIi IUTOINi TPUKYTHOTO TIepepizy pycia pikm; Sy — IIIoIma TPUKYTHOTO Tiepepizy pycia piku 3
napamerpamu: mupuHa piku (bo) i rimbuna piku (hy) (3HaxomuThes 3a GOpMyIOI0, SIK HO3HAUYEHO HA
pucyHky 3, 6110k (2)).

OTKe, BpaXOBYIOUH eKCIIepUMEHTaNbHI Jani ms by i hy otpumyemo So = 114 M2, 3rinHo 3
dopMyn010 (2), Quax = 42434,7 M'/c.

TaxkuM 9MHOM, Ha OCHOBI OJIOK-CXEMH HMPEACTABICHOT HA PUCYHKY 3, 3HAYCHHs [NIMOUHY 3a-
TOIUICHHS PiKH, MO po3paxoByeThes 3a Gopmymoro (1), Take:

hy = 3,18 [m].

OTmxe, MOPIBHIOYM 3HAYEHHS BUCOTH 3aTOIUICHHS, 3TiHO 3 MPUAHATAM Ha TPaKTHUI MO-
JIeTfoBaHHAM Ha ocHOBI [5] (h,=3,18 M), i3 3HaUeHHsM, OTPUMAHUM Ha OCHOBI MPOTPaMHOTO 3a0e3-
neueHHss ArcGIS 3 BUKOpUCTaHHSAM AOTMOMiXHOTO mporpamuoro 3abesneueHHs HEC-GeoRAS Ta
HEC-RAS, poOumMo BHCHOBOK, 110 pe3yNbTaTh, OTPUMaHI JJIsl IepPIIoro, MPUHHATOrO Ha MPaKTHIIi,
1 Ipyroro minxoniB MOIENIOBAHHS MiNTBEPIKYIOTHCS, 110 JOBOIUTH Pe3yibTaT, MPECTaBIeHUN Ha
pucyHky 4. [Toxu0ka po3paxyHKiB MOJSTaE B HETOYHOCTAX BUMIPIOBaHHS TEOMETPUYHMX PO3MIpiB
PiKH MpH pi3HUX MOBHOBOJHUX CTaHaXx 1i B OKpeMi Mepiou yacy.

YMOBHi no3HaYeHHs

InnbuHa BoAHOI NoBepXHi
Bucora: 18

Huauna : 0.5

Pucynok 4 - Pesytomam po3spaxyHKy 3amonieHHs mepumopii nepemuny pycen pivox Cmpuii ma
Onip & Croniécokomy paiioni JIveiecokoi obnacmi

Ha pucynky 3 300pakeHO KiHIIEBHIA MPOIYKT MOJIETIOBAHHS 3 BUKOPUCTAHHAM ITPOTPaMHO-
ro 3abe3neueHHs ArcGlS, nonomikHOro nporpamuoro 3abesneueHHss HEC-GeoRAS ta HEC-RAS,
TepuTopii BnaainHs piuku Omip y piuky Ctpwmii B paiioni cMT. Bepxae CuaboBuaHe CKOJIBCHKOTO
paiiony JIbBiBCbKOT 061aCTi.

Lle MozentoBaHHs NPOBOAMIOCS ABTOPaMU CTATTi B paMKax iHillialii MpoeKTy MigBUINEHHS
cTaHy Oe3MeKH TepUTOpii. 3aTeNKHO Bi MOTPeOM 3alliKaBJICHUX CTOPIH i 3aMOBJICHHS CIOHCOPIB
MPOEKTY, TAHUH MPOJIYKT MOXKe BHIO3MIHIOBATHCS 3aJIEKHO Bijl HEOOXITHUX JTaAHUX.

[Ticns mpoBeneHHs iHIiFOBaHHS 32 TOTIOMOTOO 3alpONOHOBAHOT METOINKH, 3aCHOBAHOT HA
MaTeMaTUYHOMY MOJIEJIFOBaHHI, HEOOXiHO MPOBECTH aHOHIMHE aHKETYBaHHs €KCIEPTiB Yy IIiii ra-
Iy3i (He MeHIIe 5 yrozeit), o6 OTpUMaTH MOBHY i JOCTOBIPHY KapTHHY PIilICHHA IO iHII[IFOBAaHHS
npoekty. Bukopucranns metony Jlendi mae MOXIMBICTh OTPUMATH BiIKPHUTY i HEYyNepePKeHy Olli-
HKY Ta Bi[MIOBiob HAa 3alTUTAHHS, Y4 MOJKJIMBE i HEOOXilHE iHIliIOBaHHS MPOEKTY ITiIBUIIICHHS CTa-
HY Oe31eKH TepUTopiil.

BucHoBkH. Y pe3ynbTaTi IPOBEASHUX NOCITIKEHb OTPUMAHO TaKi BACHOBKH:

—  3ampoIOHOBAHO METOJ iHINiFOBaHHS MPOEKTY IiBUIIEHHS CTaHy Oe3IeKu TepHTopil 3 BU-

KOPUCTAHH;IM MaTeMaTHYHOTO MOJIEIIFOBAHHS TTOBEHEHN Ha TEPUTOPIL, IO TOCIIDKYEThCS;
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—  TIPOBESHO TOPIBHIILHY OIIHKY SKOCTi MOJSTIOBAHHS TOBeHeH Ha OCHOBI JJAHUX, OTPH-
MaHux nporpamMuuM xomiiekcoMm ArcGIS — HEC-GeoRAS — HEC-RAS 3 izyaiizauiero
Pe3VIIBTATIB, 3 PO3PAXYHKAMH Ha OCHOBI IAHHX, OTPUMAaHUX 3 eKCTICPHMEHTY,

— anpoSopano Meton endi, Mo J1ac MOKIMBICTH OTPUMATH BIIKPUTY Ta HEYIEPEKEHY
OIIHKY Ta BiAMOBITH HA 3alMTaHHSA, TH MOMUIMBE 1 HEOOXITHE HIITIFOBAHHS TPOSKTY MiJl-
BHITIEHHS CTaHY Ge3lmeku TepruTopil.
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