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AKTYanbHOCTb MOZEMPOBAHNS 30H MaKCMasbHOrO pasmBa Pek (30H 3aTOMeHYIs) My MPOBEAEHNN UHXEHEPHBIX U3bICKaHM ANl
MPOEKTVPOBAHUS 1 CTPOUTENLCTBA OOBEKTOB XO3SCTBEHHOM AEATeNlbHOCTH, Pa3paboTky MPOeKTOB PEKYIIbTUBALMM HAPYLLEHHbIX 3e-
Mefb B 30HaX HEMOCPEACTBEHHOIO BANSHIS BOLHbIX 0OBLEKTOB CBS3aHa C TeM, YTO B COBPEMEHHBIX YCII0BUSAX, MNP MOCTOSHHO PACTYLLMX
TpeboBaHusX K 6e30nacHoCTV 1 becrnepeboyiHOCTY PaboTbl MPOEKTIPYEMbIX COOPYXEHWUH, CyLLECTBYOLME METOAMKM OLEHKM ONacHo-
CTVI 3aTONNeHNS HE BCEraa AaloT YA0BAETBOPUTENbHBIN Pe3y/bTaT, YToDbI B MOTHON Mepe OLEHNTL HaNNYMe M OTCYTCTBUE PUCKA AN
POEKTVPYEMOro COOPYXKEHUS.

Llenb paboTbl: aHanm3 0Te4ecTBEHHOrO 1 3apybEXHOro OrbiTa MOAEMPOBAHYS 30H 3aTOMEHVS NPV MaKCUMarbHbIX YPOBHSIX BOAbI PEK
[T PaKTNHECKOro PeLLeHms 3a[1ay MHXeHePHOro MPOeKTPOBAaHWS, OLeHKa JOCTOMHCTB 1 HEAOCTaTKOB OCHOBHbIX MOAXO0A0B B MpaKTi-
Ke U3bICKaHvi, AeMOHCTPALMS BO3MOXHOCTEN OAHOMO U3 COCOBOB MOAEMPOBAHMS NPV PELLIEHN KOHKPETHON UHXEHEPHOM 33Aa4M.
MeToabL. [py NOAroTOBKE MCXOAHBIX AaHHbIX [/151 CO3AaHNs LnpoBOV MOAEM penbeda MPUMEeHsCS METOA aHam3a npoCTPaHCTBEH-
HbIX AaHHbIX [PV MOMOLLM FeOMHPOPMALIMOHHbIX CUCTEM, /IS PACYeTa MakCMabHOM 30HbI 3aTOMNEHNS — METOZ YACTIEHHOTO MOAEeNH -
[POBaHWS 30HbI 3aTOMNEHNS P. VIS 11 pacronoXeHHoM 1o nesomy bepery oTpaboTaHHOV KapbepHOU BbIEMKM B PaMKax Mpov3BOACTBa
paboT 1o MoAroTosKe MPOeKTa PEKYNbTUBALMM HaPYLLIEHHBIX 3eMeslb. HYUCIeHHOe MOAENMPOBaHIME BbIMONHAIOCH MPY MOMOLM MOAe-
smpyioiyen cuctembl HEC-RAS Bepcum 5.0.5.

Pe3ynbTarsl. [Ipov3seneH 0630p CyLIECTBYIOLEN MUPOBOV 1 OTEYECTBEHHOM MPAKTVIKV YACIEHHOTO MOAEAMPOBAHMS 30H 3aTOMeHNs
DeK Mpu peLLeHm 3aAa4 B 061aCT1 MHXEHEPHOro MPOeKTUPOBaHWS, npyuBeeHa COBCTBEHHas MOAESb PaCYeTHO 30Hb! 3aTOMMEHMS Ha
npuMepe y4acTka pekynbTrBaumum «MoxoBckoe nosie», noKasaH npyumMep OLEHKM BIMSHWS Ha PEKYbTBUPYEMbIN 0OBEKT py peanm3a-
Umu Hanbosee HeraTMBHOIo CLieHapus (BEPOSTHOE 3aTOMIEHME KapbEPHOV BbIEMKM B MEPUOL MPOXOXAEHNUS MaKCUMabHOro pacxoaa
B0kl 1 % 0becredeHHOCTI), OnncaHsl AOCTOMHCTBA U HEAOCTATKM MPUMEHEHWS Pa3HbIX MOAXOA0B Ha MPAKTYIKE.

KntoyeBble cnoBa:
[eonHGHOPMAaLMOHHbIE CUCTEMbI, YACTIEHHOE MOAENVNPOBAaHME 30H 3aTonnenus pek, 2D moaenpoBaHuve,
Unehposas Mogesb pesbeda, AaHHbIe AUCTAHLMOHHOIO 30HAMPOBaHWA 3eM1, Mogenvpyolme cncteMsl, HEC-RAS.

BeepeHue PasBuTue HayuyHO-TeXHHUYECKOTO IpOrpecca B

Ha ceroguamnmnii eHs MaTeMaTHYeCKOe MOJLEIN- 001aCTH NPOEKTUPOBAHUA U CTPOUTENLCTBA € Kak-
pOBaHNE SBJIAETCA OJHOM M3 CAMBIX HeTPUBHAJbHEIX  APIM I'OZOM BEIBOIUT JAHHYIO OTPAC/Tb Ha oee BBICO-
1 He YCTaHOBUBIIKNXCS OTPACIEH B TUAPOJOTHH, B TOM KU, HEBUJAHHBIH J0CeJIe TEXHUYECKUI YPOBEHb, 3a-
yncse W nHKeHepHOH. 110 cBoeil cyTm Mogenupoa-  CTBJIAf HMCIOIB30BATH BCE IEPEOBBIE JOCTUIKEHUA
HIE — 9TO CI0CO0 U3y4eHNs PeabHO cyllecTBylomux  HAYKM, TEXHUKH U HHKEHEPUH.
B IIPUPOJie ABJIEHUN 1 IPOIECCOB, UMEIOIIIX OTHOIIIe- OnHMM U3 BOXKHENIINX JTATIOB IPA IPOEKTHUPOBA-
HUe K OIpeJeJeHHOMY KPyTy IpoGJieM Wi 3ajad, a  HUM ABIAETCHA BBIIOIHEHHE PABIMYHOTO POAA MHIKE-
MOJeJIb — 9T0, B HEKOTOPOM pOJie, OTPasKeHue peajp-  HEPHBIX U3BICKAHUN, KOTOpPbIE COIJIACHO neﬁc'rBon:
HOCTH, YIPOIIEHHO® IIPE/ICTABIEHNE O PeaTbHOM My~  WIeMY 32KOHOAATENBCTBY ABJAIOTCA 003aTeNbHON
POIHOM IIPOIIeCcce, OIpeAeIeHHEIM 00pa3oM opraguso-  1aCThI0 'PaloOCTPOUTENBHON A€ATEIbHOCTH [3].
BaHHOE U CTPYKTYPUPOBAaHHOE 3HAHUE [1]. I/IHﬁceHeprIe U3BICKAHUA B OGHIBM cJIyuae IIpoBo-

O]IHaHO CJIEIIYeT CPa3y OTOBOPUTHCS, UTO HECMOTPSA JOATCA C IEJBI0 ITOJTYUeHN A HeO6XOﬂHMBIX 1 JocTaTou-
HA TO, UTO IIPAKTUYECKH /IS T000i MOLEJIN MOXKHO [T0-  HPIX MaTePUAIOB A IPHHATHA 000CHOBAaHHBIX IIPO-
[06paTh BEIMUYMHEI [IApPAMETPOB, YAOBJIETBOpAomux  CKTHBIX pemenuii. Takum 06pa3oM, pe3yJIbTaThl, IO~
PeIeHNIo, B GOJIBITIMHCTBE CIyYaeB aTH mapaMerpel He  JIYICHHDIC B pAMKaX NHAKCHEPHBIX M3BICKAHUM, SBJIS-
OyZyT YHABEPCAJILHBIMA U HE CMOTYT OBITh HpPAMO dK-  I0TCH (byHpamenToM, Ha KOTOPOM Oy/yT OCHOBaHbI BCe
CTPAIIOIMPOBAHEI HA MOJENb IPH M3MEHEeHWH cuTya-  IOCIeAYIOINNe IDOCKTHBIC PEINeHN, MeCTa pasMelre-
LN, B pesyJbTaTe PasIMYHOTO Poja OIINOOK ¥ IIO- HUA ILJIOIIAI0K CTp?I/ITeJILCTBa, B])I60p THUIIa U MaTe-
I'PELIHOCTE B M3MEePEHHbIX UM PACCUNTAHHBIX 1 Ipy-  PAAJIa KOHCTPYKIAL. TouHOCTS U Ka4eCTBO OIIpeIee-
HATHIX IJIS MOJEJIN JaHHBIX, & TAK:Ke HeBo3MOKHocT ~ HUA PA3JNUHBIX DACUETHBIX XapaKTePUCTUK IIPU
B IIOJTHOI Mepe OIHUCATh BCIO CJIOKHOCTb M MHOToak- ~ 9TOM 6}4&9'1‘ CYIIECTBEHHO BIMATH HA CPOKH 665”333'
TOPHOCTH IIPHPOJABI KAK HEKHUI KOHEUHBIH, CTPOro ge- ~ DUMHOU SKCIUIyaTAlMN 3NAHUM U COODYREHUU, HA
TePMIHUPOBAHHBIA HA0OP IPOCTPAHCTBEHHO-BpeMeH- OKOHOMUKY U, B KOHEUHOM MTOTe, Ha KUSHD JIIONEH.
HBIX IAPAMETPOB, HY OJIHA MOJIEJIb He MOKET OBITh pac- Hacrosmeii crarbeit DaccMOTPEHA TaKas OTPaclb
CMOTpEeHA KaK NCTUHHOE IPeJCcTaBaeHue mpupogsl [2].  HHHKCHEPHBIX H3BICKAHNN, KaK NHXEHEPHO-THAPOME-
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TEOPOJIOTUUECKNE MBBICKAHUA, OJHOM M3 OCHOBHBIX
3a/au KOTOPBIX, B YACTHOCTH, SABJIAETCSA 3a/aua oIpe-
JeJIeHUs pPa3Mepa PacyeTHOHN 30HBI 3aTOIJIEHUS IIPU
MaKCHMAJbHBIX YPOBHAX BOIBI 3aJAHHOW BEPOSATHO-
CTY TIPEBHITIEHNA.

IanHag 3a7aua MOKET OBITh PENIeHA PASINUHBIME
crocof0aMu, KaK YCTAHOBIEHHBIMU U O(DUIIMAIBHO Pe-
KOMEHIYEeMbIMU AeHCTBYIOINEe HOPMATUBHOU NOKY-
MeHTanueil [4], Tak ¥ MeTOJAMU YUCJIEHHOTO MOJEJIH-
POBAHUSA TUAPABIUKU OTKPBITHIX IIOTOKOB C MCIOJb-
30BAHMEM PA3IMYHOTO POZA MOJEIUPYIOIIIX CUCTEM.

Ian kpaTkuii 0030p IPAKTUKU KOMIIBIOTEPHOTO
MOJIeJINPOBAHUA 30H 3aToIIeHNA B Poccuu u 3a pyde-
JKOM, PacCMOTPeHA TaKasd MOJEJUDYIOIad CUCTEMA,
kax HEC-RAS (Hydrologic Engineering Center — Ri-
ver Analysis System) [5, 6], Ha mpumepe QyHKIOHA-
JIa KOTOPO aBTOPOM JJaHO KPATKOe OIMCAHIE IPOIIEC-
ca MOJeMMPOBAHUA PACUETHON 30HBI BaTOILIEHUSA HA
yuacTKe PeKyJIbTuBanuu « MoX0BCKOE 10Jie» Ha ITpej-
IIPOEKTHOW CTAauM MBBICKAHUH, OIMCAH OTEUeCTBEH-
HBIA ¥ 3apyOeKHBIM WHKEHEPHBIN ONBIT B JTaHHOMN
chepe, a TakKe TPOBELEHO CPABHEHNE OCHOBHBIX TH-
OB TIOJIXO/I0B C BBHIABJIEHWEM WX IOJOKUTEIbHBIX 1
OTPHUIIATENbHBIX CTOPOH.

0630p oTeyecTBEHHOI 1 3apyGexXHON NPAKTUKM
MOZJENNPOBaHMS PACHETHbIX 30H 3aTON/eHMs

B macrosiee BpeMs B 001aCTH HHAKEHEPHOR IMAPO-
Jloruu Kak B Poccum, Tak 1 3a py0esKoM CTaHOBATCS BCe
0oJiee TIOMYJIAPHBIMY PASJIUYHBIE CHCTEMBI [IJI MOJe-
JIIPOBAHUS TUAPABIUKY OTKPBITHIX TOTOKOB (PEK, Py-

YbeB, KaHAJIOB U T. 1.). [Ipu aHaIm3e mocIeIHUX cTaTei
1 MCC/IEOBAHMI B JAHHON 00JIaCTH aBTOPOM OBLIO OT-
MEUEHO, UTO B I[eJIOM MOJXHO BBIJEJIHUTD JBA OCHOBHBIX
IPUHIUIHAAILHEIX II0AX0A K PEIIeHMI0 MPO0IeMBI MO-
nequpoBaHusa 30H 3artomnenus: 1) TYMC-opuenTHpoO-
BaHHBIN, WU TEOMETPUUYECKIH, TI0IXO0]], OTPAKEHHBIN
B paboTax, Koraa opmMa KprBOi CBOOOLHOM TOBEPXHO-
CTH HAXOAMTCS IIyTeM IIPHUCBOEHMS 3apaHee PaCcCUMTaH-
HOM OTMETKY ypesa /I KaK[0T0 OTAeJLHOT0 CTBOPA, a
3aTeM MPOM3BOJUTCS JaJbHEMIIAA IPOCTPAHCTBEHHAS
MHTEPIOIAIIA dTHX OTMETOK BBIIIe MM HUMKE II0 Te-
YEHWI0 C YYeTOM YKJIOHA BOAHOH IIOBEPXHOCTH, U
2) cOOCTBEHHO I'MAPABINYECKUI MOAXO0[, KOraa MCKO-
MBbI€ OUEPTAHMS 30HBI 3aTOILICHIA OIPEAeIA0TCA IIy-
TeM PeIleHNs OLHO- U IBYMEPHBIX YPABHEHUI IBUIKE-
HUA KUTKOCTH, HAX0KIeHNA (POPMBI KPHBOH CBOOO-
HOIl [OBEPXHOCTH YMCJIEHHBIMU METOJAMU 1 HAJIOMKe-
HUS TTOJIYYE€HHBIX OTMETOK Ha HMEIOIIYIOCA IU(POBYIO
Mopens pesbeda (LIMP).

Teomempuueckuii nodxod. Ilpumepsl Tak Hasbl-
Baemoro I'MC-opueHTHPOBAHHOTO WU TeOMETpUUe-
CKOTO ITIOfIX0[a HAILIA CBOE OTPaKEeHWe B CTAThAX
[7-11]. ITogpo6HO X0UeTCA OTMETHUTE paboTy [7], THe
IMIPUMeHEeH KJACCUYeCKUU reoMeTPUUECKUH MOAX0 K
PEIIeHUI0 3a/jaud OIpeelieHus TPAHUI] PACUeTHOM
30HBI 3aTOIJIEHKs Ha mpuMepe p. Benoi cpegcrsamu
mporpaMMHOro Kommiekca ArcGIS myrem mocTpo-
eHus Habopa MI0CKOCTeH, KOTOPBIE B HEKOTOPOM IIPH-
OJIMKeHUH OMUCHIBAIOT IOBEPXHOCTD 3€PKAJIa BOALI, 1
HaXOMXKIEHNS ePeceueHn TaHHbBIX ILIOCKOCTEH C 10~
BepxHOCTHIO LIMP (puc. 1).

Puc. 1. IIpumep nonyienHoil 6 pabome [ 7] 30Hbl 3amonjerus

Fig. 1. Example of the flood zone obtained in [7]
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IleMoHCTpanusA MOJYYEHHBIX Pe3yJbTaTOB OCY-
IIIeCTBJIAETCA TIPU TOM cpefcTBamMu 3D BU3yanusa-
1uu, BcrpoeHHbIMY B makeT ArcGIS. B pabore [8] ana-
JIOTHYHBEIM 00pa3oM, HO IIPHU IIOMOIIM cucTeMbl «Ila-
Hopama ['MIC» Ha ocHOBe Tomorpagmueckoil CHEMKN
cosmaBajach nudpoBas MOLeab peabeda, B KOTOPOI
Ha OCHOBAHWM IIOCTOSHHOTO YKJIOHA BOJHOM IOBEpX-
HOCTH, TIOJIYUYEHHOT0 IIyTeM ee HUBEJUPOBKH CO3/IaBa-
JIUCh, U 3apaHee BBIYMCIEHHBIX PACUETHBIX YPOBHEH
BOJIBI CO3/IaBAJIaCh MOJIEJh 30HBI 3aTOILIEHUA B BUIE
HAKJIOHHOH IIJIOCKOCTH.

Hecko1bK0 ApyToii MOAXO K PelIeHn o TPo0IeMbl
HAXOKJeHWUA I'PAHUI] PACUETHON 30HBI 3aTOILIEHUA B
pPaMKax reoMeTPUUYEecKOro MeToja YAaJoCh Peasnso-
BaTh B pabdore [11], rae aBTOPHI UCIOIB3YIOT CIEYIO-
muit aaroput™m. Bo-mepmwix, momyuator IIMP ¢ wc-
nonb3oBanueM SRTM marputst [12], yrouHeHHO# pe-
3yJIbTaTAMU eJUHIYHBIX TPOMEPOB II0 PYCJIY U I0oiMe
(rax xax SRTM-MaTpuIia He COIEP:KUT OTMETOK B ca-
MOM PycCJIe), a TaK:Ke JaHHBIMU C JIOIIMaHCKHUX KapT.
Bo-BTOpBIX, PYCJIO PEKHU II0 BCEHl paccMaTpPUBAEMOIl
IIuHe pas3dMBaeTCs IOMePeYHbIMY CeUeHUAMHI Yepes
OTIpe/ieJIeHHbI MHTEPBAJ, [0 KasKJOMY 13 TaKUX ce-
YeHUH 3apaHee IIOJyYeHA OTMETKA PACUeTHOTO YPOB-
Hs BOZIbI, YPOBHU BOJBI MEXKIY CEUEHUAMY IT€PENAI0T-
s TI0 YKJIOHY BOJHOU moBepxHOCTHU. [lajee u3 moy-
YEHHBIX AOCONIOTHBIX OTMETOK PACUETHOTO YPOBHS
BOJIBI B IIPeZieIaX KayK/OT0 YUaCTKA BHIUUTAIOTCSA OT-
MEeTKM JTHA PyCJa U TOUMBI, B Pe3yJbTaTe Yero moy-
YaIOTCSA IIPOCTPAHCTBEHHO PacIpeeleHHbIe JaHHbIE O
rIyOMHAX BOJBI B IPEAIIOIaraeMoil 30He 3aTOILIeHN,
a [0 HYJIEBBIM 3HAUEHUSM 9TUX TJIYOMH IIPOBOJUTCS
Pe3YMBTUPYIOMNH KOHTYD I'DAHUIBI 30HBI 3aTOILIE-
HuA. TexHWUECKad peasusanusd TAHHOU METOAUKHI
ocyImecTBasnach apropamu npu momornu CAIIP Au-
tocad Civil 8D, cucremsl 6a3 gamubix MS Access u
pasanunbix I'MIC nakeTos. OueHKa BaJIUIHOCTH METO-
IVKX TPOBOAUIACH MyTeM CPABHEHWS IIOJYYEHHBIX
PaCUYeTHBIX 30H 3aTOIIEHUS C PeaybHO HAOJII0aeMbl-
MU Ha KOCMHUYECKMX CHUMKAaX. PesyJabTaThl TaKOTO
CpaBHEHUA MOKA3aJIM JOCTATOYHO BEICOKYIO JIOCTOBED-
HOCTb ITOJYYaeMbIX I'PAHUI] PACUETHHIX 30H 3aTOILIe-
HUA.

T'udpasauueckuii nodxod HamieJ CBoe IpPUMEHe-
Hue B padorax [13—18]. Tak, Hanpumep, B pabote [13]
OBLIO TPOM3BEIEHO MOJIEIMPOBAHYIE 30HBI 3ATOILIIEHU S
p. Kunpepra — neorit npuTox p. Kasanka (r. Kasaus)
Ha yvacTKe AauHOH okxoso 440 KM, HaxomdIieMcs B
8,3 KM OT yCThsl, C IeJIbI0 OLIEHKH ONACHOCTH 3aTo-
IJIEHUA U OIpejesaeHusa 0e30TMacHBIX [ KUJIOH 3a-
CTPOWKY MecT. Mojenupymwolrei cucTeMoi TPy 9TOM
0wt BeIOpaH mporpamMmusi kommieke HEC-RAS (Ri-
ver analysis system) Bepcuu 5.0.3, T03BOMAIOIINI pe-
IIaTh 3aJIavy THAPABIMUECKOTO MOJeJNPOBAHUS KPU-
BOIi CBOOOZHOM IIOBEPXHOCTH 1 30HBI 3aTOILJIEHMS JJIs
YCTAHOBUBINErOCS YW HEYCTAHOBHUBINErOCH peKUMa
IBUIKEHUS BOJBI MyTeM PEIeHUsS OJHOMEPHBIX WU
IBYMEDHBIX ypaBHeHWUN ABMKeHUA Kugroctu (1D n
2D mopenupoBanue), 160 X KOMOMHALIWY, B 3aBHU-
CUMOCTH OT 3ajauu. IIpu 5TOM IpaHUYHBIE YCIOBUS
MOTYT 3aaBaThCSA COBEPIIEHHO PA3JIUYHBIMU CIIOCO-
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0amMu, 4TO OUEHB PACIIKPAET BOSMOKHOCTY IIPUMEHE-
HuA MOJOOHBIX KoMILIeKcoB. B pabore [13] samaua
OIIpefieIeHUsA PACUETHON 30HBI 3aTOIIEHUSA OCYIIECT-
BasAgach myrem 1D MojesnpoBaHUA MPYW YCTAHOBWUB-
neMcs IBUKEHWM BOJBI, & B KAUECTBE TPAHUUHBIX
VCJIOBUH 3a/]aBaJIUCh PACUETHBIE PACXOMBI BOJBI Pas-
JINYHBIX BEPOSATHOCTEH IIPEBLIIEHN A, I KaK 01 13
KOTOPBIX UMCIEHHBIMH METOJAMU OBIIM IIOJYJYEHBI
MCKOMBIe I'PAHUIIL 30H 3aTOILIeHNs. B pesyibraTe aB-
TOpamMu OBLIM BHIEJNEHBI OTMACHBIE [/ 3aCTPOMKH, C
TOUKY 3PEHUS 3aTOIJIEHN, 30HbI.

Cpenu paboT MHOCTPAHHBIX ABTOPOB B HACTOSIIEE
BPEMS MMeeT BBICOKYIO IIOMYJIAPHOCTh TEMATHKA MO-
IeJIVpPOBAHMsA 30H 3aTOILIEHMS HA ypOAHMW3MPOBAH-
HBIX T€PPUTOPUAX, KaK, HAIpuMep, B padore [14], B
KOTOPOY 00'beKTOM MCCJIeI0BAHUA ABNANACH PeKa Lee
River B paitore Cork City (Ireland). B nanroM ciyuae
XapaKTepHO, UTO FOPOJCKAA TEPPUTOPUA PacroJsara-
eTcs B 5 KM oT yeTbsa pexu Lee River, koropas Bmajga-
eT B ATJIaHTMUYECKWH OKeaH, COOTBETCTBEHHO, IpU
pacueTe 30HBI 3aTOILIEHUS HEOOXOAUMO YUUTHIBATDH
npuiuBbl. Takum 00pasom, 3aTOMIEHNE TONMBIL B TTpe-
IeJlax Topojia MPOUCXOAUT C JBYX HATPABJIEHUH — Ty~
TeM IPUXO0JA HABOJOYHONU BOJHBI HEMOCPEACTBEHHO
II0 PeKe ¥ IyTeM IPUXO0/ia IPUIUBHBIX U IITOPMOBBIX
BOJIH CO CTOPOHBI ATJIaHTUKY. B mepuo mropMoB Ko-
JIMYECTBO JKUITKUX aTMOC(EPHBIX 0CATKOB PE3KO YBe-
JIUYNBAETCS U MUKOBBIM PacxXof BOIBI BO3PACTAET C
40 1o 500 ™*/c, a TpUIMNBHbIE ¥ BETPOBBIE BOJHBI, 10~
XO[AIINe A0 ropojia, umeoT BeicoTy g0 0,5 M. toT
KOMILJIEKCHBI IIPOIIECC HEPEAKO BHIBBIBAET JOCTATOY-
HO CHJIbHBIE HABOJHEHUS CO 3HAUMTENbHBIM (DUHAHCO-
BEIM y1epOoM. B cTarbe TakiKe IOKa3aHo, UTO pele-
HUe JaHHOH 3agaun 6yaeT s (GeKTUBHBIM TONIbKO IPH
ucnosb3oBanuu 2D mMonesnn, KoTopas peasmsyeT Um-
CJIEHHOE pelleHyre ABYMEPHON CHUCTEMbI ypaBHEHUI
Hasre—Crokca 1 Hanbosee afeKBaTHO OMUCLIBAET Xa-
paKTep ABMKEHUS KUIKOCTY NMPU BBIXOJE BOABI HA
TOMMY € YUeTOM JeHCTBUSA IPUINBHBIX U MIITOPMOBBIX
BoJH. TeXHUUECKU pellleHne JaHHO! 3a1auu IPOU3BO-
JILJIOCH B TPOTPAMMHOM KOMILJIEKCe COOCTBEHHOH pas-
paborku aBropos cratku [14] MSN_Flood (Multi-sca-
le nesting), KoTopeIil MO3BOJIAET IPU PaboTe C MPO-
CTPAHCTBEHHBIMU JAHHBIMU BHEAPSATH JETAJU BBICO-
KOT'0 pasperieHus B 6oJiee 00IIYIO IIPOCTPAHCTBEHHYIO
MOJI€JIb, YTO TI0 MHEHUIO aBTOPOB ABJIAETCA HauboIee
3()(PEeKTUBHBIM peIleHWeM [IJd MOAEJUPOBAHUA Ha-
BOZHEHWN Ha YypOAHM3WPOBAHHBIX TEPPUTOPHUAX, C
TOUKY 3peHMA TPeOOBAHUY K KOMIIBIOTEPHBIM MOII[HO-
CTSAM.

OCHOBHBIM BBIBOJIOM MCCJIEOBAHUS TOCTYIUPYET-
€51, YTO PACCMOTPEHHBIH MOAX0,] HATJIAIHO IOKA3hIBA-
eT TO, KaK UMCJIeHHBIE MOJEIN TOMOTAIOT JIYUIIIe [0~
HATh AUHAMUKY DACIPOCTpPaHEHUS HABOXHEHHH,
00s1aJa0T OOJIBIINM IIOTEHI[AAJOM JIJS IPOCTPAH-
CTBEHHOI0 ¥ BPEMEHHOTO aHa/lu3a HaBOJHEHU, a
TaK:Ke MOTYT CYIIeCTBEHHO 00JerduTh paboTy Ipu
ITAHUPOBAHUY MPOTUBONABOAKOBBIX MEPOIPUATUN 1
JMUKBUJAINYT UX TOCTENCTBUH.

B pab6ore kuraiickux KoJuter [15] moxasaHo peirie-
HUE 3a/]aU¥ I'UIPABINIECKOT0 MOJEIUPOBAHUA 30HBI
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3aTOIJIEHUS IPY I'MIIOTETHYECKOM IIPOPBIBE ILIOTHHBI
Bomoxpanuuiia Qingshan Reservoir. [lannoit pa6o-
TO# TIOKA3aHO, YTO IIPY MOJEIMPOBAHUY 3aTOILIEHHUH,
CBSIBAHHBIX C MPOPHIBOM IJIOTHH U 1aM0, U IBAKEHUN
0OJIBITIOTO TIOTOKA BO/IBI BHE PycJia PeK (Kak aTo 00bIU-
HO OBIBAET IPH HOJ00HEIX aBapusax) Harboree 000CHO-
BaHHBIM, IT0 MHEHWIO aBTOPOB PA0OTHI, SBJIAETC MIPH-
menenue 2D mMogeneil, Kak HanboJee afeKBaTHO OIK-
CHIBAIOIMX IIPOIIECC 3ATOILIEHUS IPU HeYCTaHOBHB-
IeMCA PeXXuMe [IBUKEeHUS JKUIKOCTH, a TaKiKe
JaOIUX BOBMOXKHOCTD TOJYUUTH TPOCTPAHCTBEHHOE
pacipefeeHye TIyOuH U CKOPOCTeH MOTOKA.

B crarse [16] mokasaH mpuMep COBMEITIEHU Mojie-
JIUPOBAHUS CTOKA U MOJYUEHUA MOJeu Tupporpada
1, COOCTBEHHO, TUAPABINYECKOT0 MOIeINPOBAHNS 3a-
NaHHOTO y4YacTKa PeKW B OOWH KOMILTeKc. [Ipu aTom
TUpaBInUecKas MOJeNb Oblia peajn3oBaHa B MOJe-
nupytomieii cucreme HEC-RAS. C Touku 3peHus pas-
pPabOTKY T'UAPABINYECKON MOJENN, B JAaHHON padoTe
OblIa m3yuyeHa paboTa TaK HA3BIBAEMOI CaMODETryJIu-
pytomieiicsa namos (self-regulated flood dam, SRFD),
KOTOpas Mpu3BaHa PeryJIupoBaTh CTOK B MEPHUO] ma-
BOJIKA, 4 M3JIUIIKY BOJBI COPACHIBATH B aBTOMATHYE-
CKOM peKIMe B HILKHUI Obed), U ee BIMAHUE Ha IIa-
BOJKOBYIO CHUTYyaIuio. Pe3ynbTaToM JaHHOH PabOTHI
SIBJISIETCS BBIBOJ O TOM, UTO PaspabOTKa MOMOOHBIX
KOMILTEKCHBIX CTOKOBO-THUAPABINUECKUX MOJeeit
ABJIAETCA NOCTATOYHO 3(PPEKTUBHEIM UHCTPYMEHTOM
TIpU PelieHuy 3a7au 10 BBIOOPY MecTa pasMeIneHus
Pa3IMYHBIX 3AIIUTHBIX WX BBHIIOJIHSIONAX PEryJiu-
PYIONTYI0 QYHKIINIO THAPOTEX HUUECKUX COOPY KEHMIT,
a TakKe [Js Iejeil BOJIHO-PECYPCHOrO ILIaHMPOBA-
HUS.

B pa6ore [17] zoBosbHO HOAPOOHO OCBEIleHA IIPO-
0emMaTuKa, TeOpeTUUYECKasd YacTh U METOJUKA MOJe-
JUPOBAaHUA 30HBI 3aToILieHuA peku Mamore river,
Iporekarleil Ha pasHuHe Llanos de Moxos B Bosu-
Buu. I'mapaBianueckas MOJeNb peann3oBaHa Ha 0ase
mogenupyiomeir cuctembl HEC-RAS, Bepcuu 5, a B
KauecTBe YMCJIeHHOW Mogenu Ovlia mpuuarta 2D mo-
nesb. OCHOBHOH IIPeAIIOCHLIKOM AJis BeIOopa 2D moze-
1 B JaHHON paboTe sABIgeTCA 000CHOBAHHBIN CChHI-
JIKAM¥ Ha COOTBETCTBYIOIINE Pa00ThI U UCCIeI0BAHUS
BBIBOJI O TOM, UTO JAHHAs MOJEJb 0ojiee aJeKBATHO
OIMCHIBAET MIPOIECC 3aTOILIEHNS IIPH BEIXO/I€ BOABI HA
noiimy. Tak:ke aBTOpaMu OTMEYEHO, YTO JOCTATOUHO
CepPBe3HBIN MoTeHnraI HMeIoT ru0puguse 1D-2D mo-
JleJiv, ONHUCHIBAIONINe KAK JBMKEHHe BOIBI B PYyCIe,
TaK ¥ JBUJKEHME BOJBI IIOCJIe ee BBIXOJa Ha IOUMY,
IpUYEM IJIS KaKJOTO U3 9TUX PEKMMOB HCI0Ib3YeT-
cs CBOI MeTOZ pacuera. PesynbratamMu maHHOH pado-
THI OBLT IeTaJIbHO TTOKA3aH MPOIECC 3aTOILIEHUs TOii-
MBI, TOJIYUeHbI TPAHUIIBI 30HBI 3aTOILIEHN, BPeMEH-
HbIe U IIPOCTPAHCTBEHHBIE €e XapaKTePUCTUKU, BBI-
[IOJTHEHA OIleHKA PUCKa JIJIA OJIM3JIesKanux TOPoJoB
Tpununan u Can-XaBbep, celaH aKIEHT HA BRICOKOI
a(h(eKTHBHOCTHY MOZOOHOTO MOAX0/Ia, & TAKIKe Ha BhI-
COKOM IOTeHI[Maje Mogenupymomei cucrembl HEC-
RAS, kar Hanbosiee JOCTYIITHOM 1 TIPK ATOM 001871210
Iel OCTATOYHO CePhe3HBIM (PYHKIIMOHAJIOM /IS pe-
IIIeHns MOA00HBIX 3a4aU.

B KoHTeKcTe pemieHnA HAYYHBIX 3a7ay LIMPOKO
IpUMeHSAeTCA IPAKTUKA MCIOJIb30BAHUSA HIPOABUHY-
THIX B (DYHKIIMOHAJIHHOM OTHOIIEHNN KOMMEPUECKIX
MOJeIUPYIONUX cucteM, Takux kak SMS (Surface-
water modelling system). Hcropuuecku, Ha 3ape
cBoero Bo3HnKHOBeHNA B 1980-x rr., kommiexke SMS
paspabaTsiBasicss KopmycoM BOEHHBIX MHXKEHEPOB ap-
vun CIITA u cocTosT u3 GOJIBIIOT0 YMCIA MOIYJIel,
HeoOXOIMMBIX /IS PeIlleHrs PasInuIHOr0 Poja 3a1ad,
CBABAHHBIX C TUAPABIMYECKHM MOJEIUPOBAHUEM
DEK, YCThEBBIX YUACTKOB PEK, MOETNPOBAHIEM BOJH
M T. ., B TOM YHUCJI€ ¥ MOAYJA IO MOJAEIUPOBAHIIO
peunoii ruppasauku HEC-RAS. BmociexcTsuu Ko-
MaHJIa paspaboTunkoB SMS mepelria B APYTyI0 KOM-
mauuio, a cucrembl SMS u HEC-RAS cranu passu-
BAThCA TAPAIETbHO, TIOCTETIEHHO TePSsA CXOACTBA 1
mpuo0peTas CBOM OTJIMYMTENbHBIE uepThl. Ha cerop-
HAIIHUN TeHb cucteMa SMS 10BOJBHO MINPOKO MPH-
MeHSeTCs JJIA MOJeJUPOBAHUA PEUHOM (MOPCKO#) I'ii-
IPABIUKY MPU PEIeHUN HAYYHBIX U IPAKTUUECKUX
3ajau, ©Mes MPU HTOM CBOU OUEBUIHBIE JOCTOMHCTBA
7 HeJIOCTATKH.

Tak, B pabore [18] myTeM UKMCIEHHOTO MOJEIUPO-
BaHMA M3yUaJach CXeMa TeUeHUH, KOTopas MOrja 651
CYIL[ECTBOBATH IIPU €OpPOCE JIeJHUKOBO-IOAIPYAHOTO
o3epa B Kypaiickoii KoToBuHe. X0TsS OCHOBHOH JIM-
HUel TaHHOTO HCCae0BaHUA ObLIO N3yUeHUe, Ha Oase
IBYMEPHOI KOMIBIOTEPHOM MOJEH, pacupeneaeHus
TeueHui, B KauecTBe MOOOUHOTO Pe3yIbTaTa ObLIa mo-
JyueHa TPAHUIA 30HBI 3aTOIJIEHWS, BHISBAHHAA THU-
TaHTCKUM BOJHBIM IIOTOKOM B PE3YJIbTATE OIIOPOIKHE-
Hua Yyiickoro u Kypaiickoro o3ep, ©MeBIIET0 MeCTO
OBITH B PAMKaX TEOPUHU AMII0BAATBHBIX TIOTOKOB. 11-
(hpoBas Mojeab pesbeda B JAHHOU paboTe cosmasa-
nach Ha 6ase SRTM maTpuibl, Ha 0CHOBE COBPEMEHHO-
ro penbeda mecTHOCTH. Il0JyUeHHBIE B pAMKAX JAH-
HOTO KCCJIEJOBAHUA Pe3YJIbTAThl aBTOPHI XapaKTepu-
3YIOT KaK IpeJBapuTeIbHbIE, OMHAKO COMOCTABJICHIE
STHUX Pe3yJIbTATOB C OpueHTaIuel gioH Ha gue Kypaii-
CKOY KOTJIOBMHBI, a TaK:Ke C pesyJabTaTaMu paHee
TIPOBEJIEHHBIX TAJEOTUAPOTOTUUECKUX DEKOHCTPYK-
U TOKA3aJI0 XOPOIIYI0 UX CXOAUMOCTbD.

Ilnsg 06oux mOAX0M0B 00beIUHAIONIM (HaKTOPOM
SIBJISIETCS TO, UTO OCHOBOH JJIS KAYECTBEHHOTO OIIpe-
IeJIeHUS TPaHUI] PACUETHOMN 30HBI 3aTOILIEHUS ABJIA-
erca rauecTBo mcxomuonr IIMP. Hepenko mma pere-
HUS 3a/1a4 OTIPe/IeIeHIA TPAHUT] PACUETHBIX 30H 3aTO-
IJIEHWSA HA JOCTATOYHO MPOTAKEHHBIX YUACTKAaX PEK
MCIIOJIB3YIOTCA TaHHBIE JUCTAHIIMOHHOTO 30HAMPOBA-
Husa semin ([133), rakue kak SRTM, LIDAR, ASTER
Global DEM u ap. MaTpuiisl BEICOTHBIX OTMETOK, 0~
JIyUeHHbIE 13 OTKPBITBIX MCTOUYHUKOB, JOJKHBI YTOU-
HATHCA MO JAHHBIM JIOKAJbHBIX ITPOMEPOB, TOIOTPA-
(pUUeCKUX CHEMOK JU00 KPYIHOMACHITAOHBIX KapT B
DYCJIOBBIX ¥ MOMMEHHBIX 00JIACTAX MCCIETYEMBIX BO-
TIOTOKOB.

B pabore [19], B wacTHOCTH, OIMCAaHA METOLMKA
yayumerus BbicoTHON MaTpuisl TanDEM-X mpu mo-
mom SAR (Synthetic-aperture radar) texmosoruu,
KOTODAs MO3BOJIAET MOJIYYaTh JaHHBIE 0 ()OPME 3eMHOM
TIOBEPXHOCTH IIPY ITOMOIIIY METO/IOB PaIOJIOKAIINY.
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B mesom KauecTBO CYNIECTBYIOIIUX HA CETORHSAII-
HUH JeHb IMU(POBBIX MOJeNel pejbed)a OMUCAHO BO
MHOTHX cTaThbaX. Tak, B crarbe [20] mpomsBeneHa
OIIeHKA KauecTBa U CPaBHEHWE TAaKUX TJI00AJBHBIX
IIMP, xax Aster GDEM u SRTM DEM, kotopas mo-
Kasana, uro 00e IIMP uMeroT Z0CTaTOYHO ITHPOKUI
pa3bpoc B TOYHOCTH JAHHBIX B 3aBUCUMOCTH OT CTeIle-
HU [epeceveHHOCTH pesibeda, HAIUYMS HJIUA OTCYT-
CTBHUA HAa KOHKPETHOM Y4aCTKe JPeBeCHO! PacTUTe b
HOCTH ¥ Ipyrux (GaxTopoB. B obmewm ciyuae piasa o6-
eMX MATPHI[ TPOCTPAHCTBEHHOE paspelleHue KoJe-
oserca ot 25 mo 30 M, a paspellleHre MO BHICOTHBIM
OTMeTKaM KoJiebsercs B cpegHeM oT 3 1o 10 M.

Takum 00pas3om, IIpu UCIIONb30BAHUY JIIOOBIX TJI0-
6anpabIX [IMP nsa mMomenmpoBaHUA pacyeTHBIX 30H
3aTOILTEHUS PeK, B 3aBUCHMOCTH OT IieJiell u 3ajad,
DYCJIOBBIE ¥ TIOMMEHHBIE YUACTKM DPEKOMEHIYeTCs
YTOUHATDH JOTOJHUTENbHBIMY TPOMEPAMU M CHEMKA-
mu. Ha mpakTuKe, Ipu pelieHny U3BICKATEIbCKUX U
MH/KEeHEePHBIX 3aja4, TIe TpedyeTcs JOCTATOYHO TOYU-
Haf OIEHKA YTPO3bl 3aTOILIEHUS MPOEKTHPYEMOTO
00BeKTa, pesbed THA W HMOMMBI TOJIMKEH ObITH 005132
TEeJBHO YTOUHEH IyTeM PYCJOBOH CHEMKHU U JeTasb-
HBIX Tomorpadmueckux pabor. Mcmomb3oBaHue [
mOJOOHBIX 3a/au TOJBKO JHUIIL I106anbHBEIX SRTM
niau Lidar mMaTpun HEKOPPEKTHO, TaK KAk IIOrpell-
HOCTB OTIPeJIeJIeHIS YPOBHS BOABI B TAKOM CJIyUae Mo-
JKeT JTOCTUTaTh TPex u 0o0jiee METPOB, UTO SBJISETCS
abCOJTIOTHO HempueMJIeMbIM. [[a pemeHus MHOTHX
HAYYHBIX 33724 ¥ HEKOTOPHIX IIPAKTUUECKUX, KOTJA
MOJIeJIIPYETCs IPOX0XK AeHIe 0COOeHHO O0IBIINX pac-
XOJI0B BOABI (HAaIIpUMep, IPHU IPOPhIBE ILJIOTHH BOJO-
XPAHWINI), TaHHAS MOTPEIIHOCTh He OyIeT MMeTh
3HAUEHMS, TaK KaK KauecTBO OTOOpaxKeHus peabeda
pycJia u IOofMBI TIPAKTHUECKH He OyeT BAUATH Ha OT-
METKY YPOBHA BOJBI IIPU TIPOXOKAEHUN KAaTacTpOhu-
YeCKOI'0 PacXo/ia BOABIL, a POJIb PycJia O6yeT urparth J0-
JIMHA PeKH Ju00 MHbIe OporpaduecKre SIeMeHTHI.

MogenupoBaHue pac4eTHOI 30Hbl 3aTONNEHUS
Ha NpUMepe y4acTka peKynbTUBALIMM HapyLUeHHBIX
3eMeb B 30He HeMoCPeACTBEHHOro BANSHUSA p. VHs

B macrosiei craTbe IpuBefeH cCOOCTBeHHBIN MPH-
Mep MOJeJUPOBAHUS PACUETHON 30HBI 3aTOILIEHU P.
WHs, BEIIOJTHEHHBIA aBTOPOM B PAMKaX IM'MAPOJIOrAYe-
CKOTo obecrieyeHus paboOT IO PEKYJIbTUBAIIUU Hapy-
IIIeHHBIX 3eMeJIb yuacTKka « MoxoBckoe mose» B Keme-
POBCKOIT 00J1aCTH.

Epamkue ceedenus o paiione pabom. MoxoBcKuit
YrOJbHBIN paspes Obl1 obpasosad B 2009 r. myrem
CIuAHUA TpexX puaranos (paspesos) Kommanuu — Mo-
xoBcKoro, Caprakunckoro u Kapaxkauckoro. Moxos-
CKoOe Tmojie (huimaia pPacloNOKeHO B IOr0-3alagHOi
yacTu Jlenunck-KysHenkoro paiiona B JIeHUHCKOM 1
CasITBIMAKOBCKOM I'e0JIOT0-IIPOMBIIILIEHHEIX PaffioHax
Kysuemkoro 06acceiiHa M HaXOJAUTCS B IeHTPATIHHOI
yactu ErosoBo-Kpacuosipckoro u BopucoBckoro me-
cropo:xkaenuii. [Tome muKBUAUPyeMOTO yuacTKa Ne 8
(FO:xHOE 3aMBIKAaHUE JIGHWHCKOW CHHKJIMHAJM) pac-
[I0JIaTaeTcsA B I0T0-BOCTOYHOM YacT JIEHWHCKOTO T'eo-
JIoro-sKoHoMHIUecKoro paitona Kysbacca. B Hemocpes-
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CTBEHHOH OJMBOCTH OT YYaCTKa PACIOJIOKeHA JKejies-
HOJOpOKHAA cTaHuA «MepeTby. Bamxkaiimumuy Ha-
CeJIeHHBIMU IYHKTaMM aBJAi0TCA: T. Iloawicaeso,
. Kpacuoropckuii, m. cr. Mepers, n.r.1. I'pamoren-
HO. B 2 KM BOCTOUHEE yIaCTKA MPOXOUT MIOCCEHHAA
nopora I kaTeropuu, coefuHAIIAA TOpoja JIeHUHCK-
Kysuenkuii u Bemoso. Yuacrox Ne 8 mpuypoueH K 10-
nuHe peku Mua. HauBbicimas abcosoTHas OTMETKA
penbeda B HacTosIree BpeMsa coctaBaser 220,4 m BC,
Haubosee Huskas 92,0 m BC (B KapbepHO# BEIEMKe).

KpaTkasi MaTemaTi4eckasi 0cCHOBa paboTbl AByMepHOW
mopenu (2D) HeycTaHOBUBLIETOCH ABUKEHUS

Mogens cTpousach € MCIOJH30BAHUEM MO~
pytomieit cucrembl HEC-RAS Bepcun 5.0.5 mo cxeme
2D MopenupoBaHus, MOAPOOHAS (PU3KKO-MATEMAaTH-
YyecKas 0OCHOBA pabOThI KOTOPOI 0YeHb AeTAIBHO O~
caHa B pykoBogcTBax K mporpamme HEC-RAS u nayu-
HBIX paborax [21-26]. Bribop Tuma mMozempyoIei
CHCTEMBI TIPOU3BO/IIICA ABTOPOM TI0 IPUHIIUIY COOT-
HOIEeHUA (PYHKIMOHAJBHOCTA X JOCTYIHOCTH IIPO-
IPaMMHOTO 00ecIieYeHus I IIMPOKOT0 KPyra moJIb-
soBateseii. IIporpammuoe obecmeuenne HEC-RAS
IIPEIOCTABIAETCSA HA YCIOBUY €TI0 CBOOOZHOTO PACIIPO-
CTpaHeHUs, HO B TO JKe BpeMs JaHHAS MOJENUPYIO-
masa cucTeMa SABJIAETCA MOMHOPYHKIMOHANBHON 1
IIPUTOLHON IJIA PEeIlleHNs MPaKTUUeCKUX M HAYUHBIX
3a/au 110 MOJIeTMPOBAHUIO PEUHOM TMAPABINKY.

IocraBnenHas 3ajaua pemanach IyTeM IpHIMeHe-
HUA TaK Ha3bIBaeMo# AByMepHOU Mogesau (2D mo-
JIeJib), KOTOpasA Peanusyer B cefe PelleHre TByMepHO-
ro ypaBHeHus Cen-Benana (pu oniiuoHaIbHOM yueTe
TypOyJIEHTHOTO MOMEHTa U cujibl Kopuoiamca) aubo
nByMepHoro ypaBHeHusa [uddysuoit Bonrsr (Diffus-
ion Wave equation). YpaBHeHUus «MeJKOW BOJBI» B
To#t (hopMe, B KOTOPOI OHM PeanusyiTCs B paccMa-
rpuBaemoit Mogenupyomei cucreme HEC-RAS, co-
CTOAT B 00IIEM CJIyUae U3 ypaBHEHM HEPa3PbIBHOCTH
1 ypaBHEHUH TMHAMUYECKOT0 PABHOBECHUS, KOTOPHIE
KPaTKO 3aTPOHEM HIKe.

YVpasuenue nepaspvigHocmu B muddepeHIIab-
Hoit popme umeeT Bup (1):

ﬁJr o(hu) N o(hv) N
ot oX oy

riae t — BpeMs; U U U — FOPU30HTAIbHEIE U BEPTUKAJIB-
HbIe KOMIIOHEHTHI CKOPOCTH; ¢ — TepeMeHHas, oTpa-
JKAI0INAs JOMOJHUTEIbHBIN IPUTOK /OTTOK JKIIKOCTH
Ha MOJIeJINPYEeMOM y4acTKe.

VYpasuenue (1), HO B HHTerpajbHOU (GopMe, IpU-
MeHsSeTCA B KOHTEKCTe MeToja pesbedHOi «cy0-ceT-
ku» (sub-grid bathymetry approach), ncnonssyemoro
B cucreme HEC-RAS [25]. Upmea mamnoro momxona
TpeacTaBageT co00H OmpeneseHHBIH KOMIIPOMIUCC,
IpY KOTOPOM BMECTO HEIIOCPEACTBEHHOTO MCIIONb30-
BaHUSA B PacueTax «TSIKeJIBIX» TaHHBIX 0 pesbede Bbi-
COKOT0 PaspelleHysa UCII0Ab3YIOT 00/IerYeHHEIN Ha0op
IIPOCTPAHCTBEHHEIX JaHHKIX (Cy0-ceTKa), HO C IpeaBa-
PUTEJIHHO BEIYMCICHHOM HA OCHOBE JaHHBIX BEICOKOTO
paspernenus TOMoJTHATEIbHON aTprOyTUBHOM HH(OP-
MaIueii, TaKoi KaK ITUAPaBINYECKUN paguyc, 00beM

q=0, 1)
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U CMOUYEHHBIN TepuMeTp. [leTanu BLICOKOTO paspelre-
HUSA TIPU 3TOM TEPAIOTCS, HO B CUCTEME OCTAETCSA BCS
HeoOxoxuMasg nHGOPMAIUA IJId TOT0, YTOOBI YMCIEH-
HBIMEM MeTOJaMU HalTH pellieHue 3afauy uepes ypa-
BHEHUE HEePa3PHIBHOCTH.

Ypasnenus Ounamuyeckozo pasrosecus. 3aKOH
HepaspBLIBHOCTHY B 00IIEM cJIyuae TJIACUT, UTO eCJIU Io-
PUBOHTANbHEIE MACIITAOR AKBATOPUY MHOTO MEHBIIIE
BePTUKATbHBIX, TO BEPTUKAJIbHBIE COCTABJIAIOIINE
CKOPOCTH MAJIbl ¥ UMY MOXKHO ITpeHe0Opeus. ¥YpaBHe-
uue HaBbe—Crokca 1y BEPTHKAJIBHOM COCTABJIAIO-
e CKOPOCTH MOKeT OBITh HCIIOJB30BAHO, UTOOBI
000CHOBATH, UTO JABJIEHUE CTPEMUTCA K THAPOCTATH-
YeCKOMY. B OTKpPBITOM pEYHOM IIOTOKE BO3JENCTBUE
aTMoc(eps! B Bue 0apOKJINHAUECKUX I'PALUEHTOB Jia-
BIIeHUA (IPY IIePeMeHHOHN IIJIOTHOCTH CPEIBI) U CHIIBI
KacaTeJIbHOT'0 HATIPSIKEHUA BeTPA ABJIAIOTCA HECYIIe-
CTBEHHBIMHU U VMU MOXKHO IpeHeOpeub. BepTukrab-
Hasf CKOPOCTH U ee IIPOUBBOHBIE COCTABISIONINE MO-
I'yT OBITh, TAKMM 00PA30M, MCKJIFOUEHbBI U3 YPaBHEHUI
(B oboux ciayuasx AJsd YpaBHEHUS HePasphIBHOCTU U
IUHAMUYECKOro paBHOBecus). Torga ypaBHeHUS
«MeJIKOII BOJIbI» IIpUHUMAIOT BUZ (2), (3):

ou ou ou

—+U—+V—=

ot ox oy
oH (ou &u)

—+V, +— |—-c,u+ fv,
ox ‘kax2 asz ! @)

ov ov oV
—+U—+V—=
ot ox oy

——g%+v(8—2v+a—zv\—cv+fu 3)
dy tLax2 ayZJ ! '

TJie U ¥ U — CKOPOCTH B [l[eKapTOBOI cucTeMe KOOP/IH-
HAT; g — YCKOpeHUe CBOOOJHOTO MaZeHNUsA; U, — K03~
()UIIMEeHT TOPU30HTATIHHON TYpOYJIEeHTHOH BASKOCTHU
HHUIKOCTH; ¢; — KOd((UIUEHT TOHHOTO TpeHud; R —
ruppaBiInUecKuii paguyc; f — mapamerp cuisl Kopuo-
Juca.

Ilna roro uTo6bl 3Q)PEKTUBHO MCIOJIH30BATH UK~
CJIEHHBIE METO/IBbI PEeIlIeHN s, TEPPUTOPHUA PasdUBaLTCH
HA MHOKECTBO He TIePEKPHIBAIONIUX APYT APYTa MOJIH-
TOHOB, 00Pa3yIONINX CETKY. Y AJTOPUTMa PEIIeHUI
HET CTPOTMX BHYTPEHHUX OT'DAHUYEHUI B OTHOIIIEHIH
KOJIMYEeCTBA CTOPOH /I MOJUTOHANBHBIX fUeeK CeT-
KU, ofHaKo paspadorunkamu cuctreMbl HEC-RAS s
VIIYUIIeHuA TPOU3BOJUTEIBHOCTH U 3(Q(PEKTUBHOTO
MCIIOJIb30BaHUA pecypcoB mamaru IBM aTo kosmue-
CTBO HAaMEePeHHO OBLIO0 OIPAHUYEHO J0 BoCbMHU. B cmty
TOT0, UTO B PACUETAX UCIIOJb3YeTCS BTOPOI MOPALOK
IIPOU3BOJHBIX, a TaKkKe u3-3a AuddepeHINATBLHON
IIPUPOABI B3aMMOCBA3EH MEKIY II€PeMEeHHBIMHU, T0-
TIOJTHUTENIHO K PETYJIAPHON CETKe SAUeeK B CHCTEMeE
MCIIOJIB3YETCSA TyOIUPYIONAsd CETKA, KOTOPAS CIYKUT
IJISL TOTO, YTOOBI YMCIEHHO PeInaTh Jud)hepeHITnaInb-
Hble ypaBHeHUA. [[y0IupyroInas ceTKa TaKkiKe OXBa-

Puc. 2. I[ugposas modenb penveda yuacmra peku u npuezaiouseii ompadomannoll kapbeproil gvlemiu yuacmra Ne 8 «Moxo8cr020 noas»

Fig.2. Digital elevation model (DEM ) of the simulated section of the river and adjacent abandoned quarry excavation of section No. 8 of

«Mokhovskoe pole»
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Puc. 3. Ilonoxenue pacuemuoii 2D cemxu aueex na paccuampusaemol L[[MP (noxasana 6 sude 3axpawienHol (huoremosvli y6emom 06iacmu,
pasdenenHoil Ha AuellKy )

Fig.3. Position of the calculated 2D grid of cells on the considered DEM (shown as a violet-colored area divided into cells)

Puc. 4. 3onbvt koapuyuermos wepoxosamocmu 018 pasauiHvlx yuacmios (Manning’s regions), 01 pycao8oil yacmu nomoxa u Kapbeproi
BbleMKU

Fig.4. Zones of roughness coefficients for various sites (Manning’s regions ), for the channel part of the stream and quarry excavation
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TBIBAET BCI0 PACCMATPUBAEMYIO TEPPUTOPUIO M CIY-
JKUT [ OTIPEIEIEHUS COOTHOIIICHMS MeXIY Y3IaMu
IyOIupyIoIell CeTKM U SueiiKaMu OpIUHAPHOM ceT-
KU, a PAaBHO U MEK]Y SUefKaMu JyOIUPYIOIIell CeTKI
U y3JIaMu peryaapHoi ceTku. Cxema rubpugHOn [uc-
Kperusaiuu, peanusopantnasd B HEC-RAS, coegunser
B ce0e MCII0Nb30BaHNE METONOB KOHEUHBIX PAasHOCTEM
1 KOHEUHBIX 00'5EMOB.

Memodukra cosdanus u Hacmpoliku modenu.
B nepgy1o ouepens, mpu momormu 'MC makera SAGA
GIS u CAIIP Civil 3D 6bL1a mogroroseHa mugpoBas
MOJIeJb pesibeda nccaeyeMoro yuacTKa peKy Ha 0ase
MaTepHaIoB a3pohOTOCHEMKY U TPOMEPOB B PycCJIe pe-
KU U B 3aTOIJIEHHBIX TOPHBIX BhIpaboTKax (puc. 2).

[Monyuennasa [IMP 6bira mMmopTupoBaHa B Moje-
aupytomyio cucremy HEC-RAS Bepcun 5.0.5 ¢ momo-
IIBI0 BCTPOEHHOM B CHCTEMY IIPOTPaMMBI IO paboTe ¢
I'"IC garusiMu RAS-Mapper, /e ¢ IOMOIIbI0 HHCTPY-
meHTapus Geometric data ma nudposyio Mozens pe-
nneda OblTa HaHeceHa pacueTHas cetka 2D sueek
(puc. 3), 3amaHbl TapaMeTPsl K0a(D(UIIMEHTOB HIepo-
X0BaTOCTH PYCJIOBOI YACTH TOTOKA U YIaCTKA Kaphep-
HOIl BeleMKH (puc. 4).

IIpuuem, aia 3agaHuda KOd(Q(UIMEHTOB MIEPOXO-
BATOCTH, OTJEJbHO I YUaCTKA pycja M KapbepHOM
BBIEMKH, MCIIOJdb30Bamach (pyHxmusa Manning’s re-
gion, KoTopas peajusyeT BBeJieHIe TTAPAMETPOB IIepo-
XOBATOCTH B TPAHUIIAX 3aJAHHOM I'PAHUIIEI (PETHOHA).
IMonpobHas nHpopManus Mo BEIOOPY KO3P(UIIMEHTOB
IIIePOXOBATOCTHY PYCEJI, IIOMM 1 APYTUX MOBEPXHOCTEN
ImpejcTaBieHa B pyKoBojcTBe [27]. B paccmarpuBae-
MOt MOZIeJTH JIJIST PYCJIOBOI UAaCTH BOJLOTOKA OBLI 3a1aH
Koa(pummenT mepoxoparocTu, paBHbIid 0,025 (ecre-
CTBEHHBIE 3eMJISHEIE PYCJIa), IJII KapbePHOH BRIPadOT-
Kz — 0,065 (4T0 COOTBETCTBYET CKAMUCTHIM U ITOPOIKI-
CTBIM pycjaM ¢ OOJBIIMME YKJOHAMH), IJIA BCEX
OCTAJIBHBIX OT/EIHHO He BhILeIeHHbIX obaacTei — 0,06
(sKBUBANIEHTEH CHJIBHO 3aPOCIIMM OfMaM PeK ¢ 3apo-
CIAMU KYCTAPHUKOBOM PACTUTENBHOCTH]).

BxodHble danuble O modenu (HaLAIbHBLE YCLO-
eus ). B cBasu ¢ Tem, uto B 11 KM BEIIIE paccMaTpuBa-
€MOT0 yUacTKa paciojio:keHo BemoBckoe BogoxpaHu-
quie, — cTok p. Ha saperyauposan. Ilo ma(popma-
muu Kysbacckoro ¢puimana OAO «Kysbaccarepro»
«Bemosckag 'POC» — BemumHA pacueTHOTO pacxona
Bozel 1 % obecmeueHHOCTH TpU cOPOCE 13 BOTOXPAHU-
nuina cocrasusger 315 m*/c.

Ha yuactke p. ua oT Hm:KHero 0beda IMIOTUHBI
JI0 MCCJIEYEeMOTO yUacTKa MMEeeTCsA JIUIIb OMH OTHO-
CUTENHHO KPYIHBIA MIpUTOK — p. Bauar, Koropas Bma-
JaeT cjeBa Ha 538 KM OT YCThS M MMEET PacueTHYIO
IT0Ia b Bogochopa, pasuyo 1720 xm® [28].

ITpu paspaboTKe MO/ aBTOPOM OBLI TPEII0KeH
CIleHApHH, IpY KOTOPOM IHK I0JIOBOAbA Ha p. UHA,
(hopMUPYIOIIHIiCS ¢ BOLOCOOPHOII mIouaay Huke Be-
JIOBCKOT'O BOJOXPAHWUIIMUINA, COBIIAJAET C €r0 MaKCH-
MaJabHBIMA TomyckaMu 1 % BepOSTHOCTH MpEeBbIIIIe-
uusa. Takum oOpasoM, pacueTHbIil pacxox 1 % obecie-
YyeHHOCTH P. VIHA Ha paccMaTpuBaeMoM yuacTKe Oyaer
CKJIa[BIBATHCS 13 PACUETHOTO pacxoza Bogsl 1 % obec-
IIeYeHHOCTH Ha cOpoce BesoBCKOro BOZOXpaHUIAINA U

pacxoza Bogsl 1 % obecmeuenHocTu p. bauar B ee yc-
TheBOM vactu. Tak Kak miad p. iHa B romoBoM xofe
BOJHOTO Pe:KrMa HaubOJIbIITNe BeMUUNHBI CTOKA (op-
MUPYIOTCS B IEPUOJ BECEHHETO0 MOJI0BOAbS, PacueT 6y-
IeT TIPOM3BOAUTECS V1A (Das3bl BECEHHETO TIOJOBOIbA.
PacuerHble MaKkcHMaIbHbIE PACXOIBI BOIBI BECEH-
HEro I0JIOBOAbS OIpPedeJeHHBI COrJIacHo m. 7.28
CIT 33-101-2003. PesynbTaThl pacyeTa MAaKCHMAIbHBIX
PacxXoJI0B BeCEHHETO MOJI0BO b PHBe/ieH B Ta0iL. 1.

Tabruya 1. Pesyivmambl paciema MaKCuMaIbHbLX pacx0do8 600bl
8ecennez0 noa0800bs, M’/

Table 1. Results of calculating the maximum water flow in spring
high water, m*/s
OGecreueHHOCTD pacxoja, %o
B Pacxog Bogel, M*/c
SOtAOTOKH Occurrence of water flow, %
reams Water flow, m*/s
1 2 3 5 10
p. Bauar
the Bachat river 267 245 228 206 178

Takum 06pasoM, CyMMapHBIiA pacxof BoAsl p. MHA
1 % obecmeueHHOCTH IIPH IIPEIJIOKEHHOM He0JIaro-
TIPUATHOM CIIEHAPUY HA PACCMaTPUBAEMOM YUacTKe, C
YUYeTOM TOMYCKOB ¢ BeJOBCKOTO BOXOXPAHWJIUINA U
MaKCHMAaJIbHOTO CTOKa p. Bauart, cocraBut 582 m*/c.

B rauectBe rupporpada, 3a1aBaeMoro B MOJeJIH,
OBLI IPUHAT TUAPOTPad), CMOEIMPOBAHHEIN [0 METO-
nuke, onucannoi B CIT 33-101-2003. B xauecTse ru-
nporpada-Mojesu MPU ATOM MCIIOJB30BACA Peanb-
HbIH rugporpad p. HA mo faHHBIM BOJOMEDPHOT'O II0-
cra 1. Jlennnck-Kysuenxuii 3a Hambosee MHOIOBOJ-
Helit 1966 r. [29]. Beibopka rugporpada-Momesu ocy-
IIeCTBJISAIACH ABTOPOM 13 UMEIOIITIXCS B 70 PACIIOPS-
JKeHMM JaHHBIX 3a mepumof Halmomenuit ¢ 1962 mo
2005 rr. Bwibop rumgporpada-momenu 00yCJIOBJIEH
TeM, UTO FHUAPOJOrMUeCKHUil mocT B I. JleHuHcK-Ky3-
HEITKUN PACIlOJIOKEeH HUKe DeJIoBCKOTO BOJOXPaHM-
JIVINA ¥ HAWJTYYIIAM 00pa3oM OIIMCHIBAET PEIKUM CTO-
Ka Ha JaHHOM yuacTKe peku. CMO/IeTMPOBAHHBIN U 3a-
TaHHBIN B KAauecTBe OJHOTO M3 TPAHMWYHBIX YCJIOBHI
ruaporpad) BeCEHHETO MOI0BOAbS TIOKA3aH Ha PHC. J.

Kanubposra modenu u epanuuHvie ycrosus. B xa-
YyecTBe TPAHMYHBIX YCJIOBUH IO pycay peku MHA Ha
BXOJHOM CTBOpe OBbLI 3aflaH DPACUeTHBIH rumporpad
CTOKA, 8 Ha 3aMBIKAIOIIEM — YKJIOH BOJHOM TOBEPXHO-
CTH, Ha TaHHOM yuacTKe coctaBisaiomuii 0,0002 (0,2
%o). Tak:ke B KauecTBe TPAHUYHOTO YCJIOBHUA ObLIA
3aJlaHa CYIECTBYIOIAA 3alTUTHAA JaM0a, TIOCTPOEH-
HA{ C IIeJIBI0 BAIUTHI TOPHON BEIPAOOTKY OT 3aTOILIE-
Hud Bogamu p. Uua (puc. 6).

KanuOpoBka Mozie i mpons3BOAMUIACE 10 N3MEPeH-
HOMY Pacxojy 4 YpOBHIO BOAEI p. VHs, cpaBHEHUIO 13-
MepeHHBIX TaHHBIX C TTOJYUEHHBIMHU TI0 MOJENHU B O]
HOM ¥ TOM K€ CTBOpe U IMOA00PY TaKuX Ko uinen-
TOB LIIEPOXOBATOCTH, IIPX KOTOPBIX IIOJIyUaeMasd B pe-
3yJIbTaTe MOJEIUPOBAHUS OTMETKA YPOBHS BOABI OV-
IeT Kak MOKHO OJMIKe K M3MePEeHHOW MpU TaHHOM
pacxojfie Bogbl. BeoencTBue Takoi KaaubpoBKY aBTO-
DOM TOJTYUeHBI Pe3yIbTATH, IPUBEAEHHBIE B Ta0I. 2.
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Puc. 5. Hcnoavsyemulil 014 eudpasauieckoi sodenu cmodesuposartbli 2udpozpad noiosodss p. HHA Ha paccuampueaemom yuacmie

Fig.5. Modeled hydrograph of the Inya river flood in the area under consideration used for the hydraulic model

Puc. 6. 3adannas 6 Kavecmee 2paHUYH020 YCIO0BUS CYUECMBYIOWAL 3aWUMHAA 0ania (noka3ana cepol unuel)

Fig. 6. Existing protective dam (shown by the gray line) defined as a boundary condition

Kax ciegyer us pesyJbTaToB CPABHEHMS, PACXOMK-
JIeHre CMOJIETUPOBAHHBIX BEJIMYKMH C PEANbHO HAOJIHO-
JIeHHBIMH ypoBHAME coctaBuio 0,23 M. Crout mpu-
HATH BO BHUMAHHe, YTO U3MEPEHHe PACX0/a BOALI IIPO-
u3BoIoch 16.05.2018 r., Ha crazie moI0BoAbS, II09TO-
MY Ha KAUeCTBO CMOJEIMPOBAHHON BEJIMUMHEI YPOBHS
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CHUJIBHO BIusAeT KauecTBo ucxomguoi [IIMP. ABTopom ObI-
JIO CZIeJIaHO IIPE/TIOJIOMKEHME O TOM, UTO IPH CYIIEeCTBEH-
HO OOJIBIIIMX PAcXofaX BOMBI, TAKMX KAK PaCUeTHBIN
1 % pacxon, BIusHIe MeJIKUX apTe)akToB 1 HETOUHO-
creit ucxomuoit IIMP Gyzer urpaTh Bce MEHBINYIO POJIb
110 Mepe HapacTaHWs PACX0fa BOABI ¥ SHEPIMHU MTOTOKA.
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Tabruya 2. Pesynbmambl cpagHerUs cMO0eIUPOBAHKLY PAcX0006 U
yposHeil 800bL ¢ peabHO HAOLI00eHHbLMU

Table 2. Results of comparison of the modeled water flow and wa-
ter levels with those actually observed
Ormerka OrmeTka cMozeny-
Pacxon Bozs Pacxoz Bogs
oGOt HAa0JII0IEHHOT0 erozeubo. | POBAHHOTO YDOBHS
. Hg ypoBHS Bogsl, M BC A . p3 Bogsl, M BC
HBIH, M*/C k of the ob BaHHBIH, M*/C K of th a4
Observed wa- Mark of the obser- Modeled wa- Mark of the mode-
ter flow, m'/s ved water level, m ter flow, m/s led water level, m
’ BS ’ BS
10,94 176,48 10,94 176,61

B xauecTBe pesy/abTaTa pacueTOB OBLIN IIOJYUEHEI
cJIeyIoIe TaHHbIe:

+ ruaporpad CTOKa B 3aMbIKAIOIIEM CTBOPE C YIETOM
ero TpaxchopMaIdu U IIOTE€Pb YaCTH CTOKA NPH
IepesauBe uepes 3allUTHYI0 JaMO0y B KapbepHYIo
BBIEMKY (OIpeNesIAINAXCa KaK PasHUIA MEXKIY
PacxooM BOJBI, VIIEAIINM B TOPHYIO BEIPA0OTKY,
1 HAUaJbHBIMU yCJI0BUAME) (puc. 7);

*  MaKCHUMAaJbHAd 30HA 3aTOIIEHNA p. VHA 1 mpue-
raolnei K Helt 0TpaboTaHHON KaphepPHOIl BHIEMKU
(puc. 8);

*+ pacyeTHOe IoJie IJIyOMH MOTOKA U KapbepHOU BhI-
eMKu (puc. 9);

*  pacmpefieieHVe HAlPABJICHUN TEUEHUA U PaCUeT-
HOe T0Jie 3HAUEHWH CKOPOCTeH IIOTOKA € JIOKAJIH-
3alyeil 30H IepenBa BOAbI Yepes 3alUTHYIO JaM-
0y (puc. 10).

IIpu moBEIIIIEHNK PACXOAO0B 1 YPOBHEH BOJBI B PeKe
Wusa Ha paccMaTpruBaeMOM YUacTKe U BBIXOJE ee 13 Oe-
PEroB IIUPUHA TOTOKA YBEJIMYMBAETCS JI0 TeX TI0P, TTOKa
C IPaBOii CTOPOHEI PeKa He YIIPETCs B KOPEHHOH Oeper, a
cJieBa B JaMO0y, 3aIMIIAIOITYI0 OTPA00TAHHYIO Kaphep-
HYIO BBIPaOOTKY OT IOMAJaHusa PeUHbIX Bof. [lajee mo-
TOK JBIJKETCA B YCJIOBHUAX €r0 CTECHEHUd, IPU 9TOM
BO3PACTAIOT CKOPOCTHY U YPOBHY Bofibl. Tak, Hampumep,
B pabore [30] ObL1a mpomsBeeHa OreHKa d()HEKTUBHO-
CTU TPOTHBOIABOAKOBOM 1aMObI Ha peke ToMb B paiioHe
r. Me:xgypeuencka. MogenupoBanme ruapoJioruye-
CKUX IIPOIIECCOB IPOM3BOMIOCEH C IPUMEHEHIEM IIPO-
rpamMmMHOro Komiuiekca «Rivers (aBr. B.B. Benukos u
1p.) u ITUC-rexHomoruii, Pe3yIbTaToM OIEHKHN ABUICT
BBIBOZ O TOM, UTO IOBBHIIIEHNE YPOBHS BOABI 3a CUET
CTECHEHW KUBOTO CEUEHNS MOTOKA TEJIOM JaMOBI IpH
ee HapaluBaHUK MOKeT nocTurath 0,5 M.

B paccmarpuBaemoit Mozes I pacueTHON 30HBI 3a-
TorIeHusA p. VIHA HA yUaCTKe PeKYJIbTUBAIMY BHISAB-
JIEHBI 1B 30HbBI, B KOTOPBIX BO3BMOJKEH IIE€PEJIUB BOJIBI
B €MKOCTh OTPa0OTaHHOW KapbepHON BBHIEMKU IIPU
PacCMOTPEHHOM cIleHapuu. [[aHHbIE 30HBI BHIABJIEHBI
TIOCPEICTBOM JIOKaIM3anuu objacreil B Tpejgenax
naMObI, TJie PesKo BO3PAcTaloT CKOPOCTH IIOTOKA U
BEKTOpa HaIpaBJeHUN TeueHWS MEHSIOT CBOe Halpa-
BJIeHVE Ha OPTOTOHAJIBbHOE K Jamoe.

[TpeBbimeHre pacyeTHBIX OTMETOK YPOBHSA BOZBI
Hajg rpeOHEM JaMOBLI IIpU IepeJInBe YKJIAIbIBAeTCS B
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Puc. 7. T'udpozpag cmoka 6 3ambikaloues cmeope ¢ yuemom ezo mparcHopMayuy u nomeps ¥acmu cmoxa npu nepesuge yepes 3auummyio 0am-
0y 6 0Mpadomannyio KapbepHylo GbleMiKy
Fig.7. Flow hydrograph at the outflow cross-section taking into account flow transformation and loss during overflow through the protective

dam into the abandoned quarry
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Puc.8. Makcumanvras 3ona 3amonaenus p. Una (cunuil ygem ) u npunezaioujeil k Hell ompabomaHHoil KapbepHoil eviemku (20ay00l ysem )

Fig.8. Maximum flood zone of the Inya river (blue color) and the adjacent quarry excavation (light blue color)
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Puc. 9. PacuemHuoe noae eay0uH npu MakcumaibHoM yposre 600b. p. {1 U 8 KapbepHoll BbleMice

Fig.9. Calculated depth field at the maximum water level of the Inya river and in the quarry excavation area
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3JoHEl NePenvea BOAbl UePe3 AaMBY

e ] =
2 -

Puc. 10. Joxanusayus 301 nepesusa 600b. uepes sauumuyio 0amoy u pacnpedesenue HanpasieHuil medeHuil (Oervie JUHUL ), CKOPOCTLHVLY BeK-

mopos (uepHvle cMpelku ) 8 niaxe

Fig. 10. Localization of zones of water overflow through a protective dam and distribution of directions of flows (white lines ), velocity vectors

(black arrows) in plan

0,10-0,20 M oT oTMeTKY ee rpedHs. OTHAKO 3TOTO MO-
3KeT OBIT JOCTATOUHO, YTOOBI 34 IIEPEJUBOM II0CJIEL0-
BAJI Pa3MbIB U TPOPHIB 3eMJIAHOH n1aM6sl. I1o 1BYM BbI-
SBJIEHHBIM yYaCTKaM PEKOMEHJOBAHBI MepPOTPUATH
TI0 VKPEILIEHWI0 OTKOCOB U TIO/ICHITTKE JaMObI Ha BCEM
TIPOTSAKEHUN.

B 3akJioueHre CTOUT OTMETUTD, UTO MOJEIUPYIO-
mas cucrema HEC-RAS mokosenns 5 mokasaia ceds
B JIOBOJILHO BBITOJTHOM CBeTe II0 CPABHEHUIO C BepCHUs-
MU Ipensiayinero moxkojaeHus 4. OcobeHHO 3aMeTHEI
VIyUIIeHns B IIaHe Peajusalyy aIrOPUTMOB pacue-
ta u uHTEp(eiicos B padbore ¢ 2D mogenamu. C Henas-
Hero BpeMeHu B QpyHKIMoHAJ Bepcun 5.0.5 mobaBie-
HBl MHCTPYMEHTHI MOJEeNUPOBAHUA U yUeTa Pasany-
HBIX THIPOTEXHUYECKUX COOpY:KeHWU (mamb, BOmO-
IPOMYCKHBIX COOPY:KeHui u ip.) B 2D pexxume, 4To B
OOJIBIIMHCTBE CJIYUaeB MO3BOJISET BOOOIIE 0TKA3ATHCS
or ucnoabzoBanud 1D monenuposanusa. Pabora B pe-
sume 2D mMopmenupoBanusa mosBoaser, umesa L[[MP,
BHOCUTD B Hee KOPPEKTUPOBKY ([00aBIAThH pesy/ibTa-
TBI PYCJIOBHIX cheMoK B IIMP, cHaATyio 6e3 pesnbeda
pyciia peKu), BCTpAauBaTh HAMPAMYIO B MIOBEPXHOCTD
HOBBIE O0BEKTHI (IPOEKTHPYEMble AaMObI, OTBAJIEI,
IPOMILION[AAKHM MK TOPHEIE BRIPAOOTKM), J0OABIATE
B MOJIeJIb THAPOTEXHUUECKUE COOPYIKEHWS, YUUTHI-
BaTh KO3((UIMEHTH IIePOX0BATOCTH B BUIe 00Ja-
creit (moguroHoB). B KauecTBe MOMOJHUTEIHHBIX MH-

CTPYMEHTOB, 00JervYaoIiux paboTy u IpeacTaBIeHne
DEe3YJIbTATOB, CTOUT OTMETHUTb BO3MOKHOCTH H00aBIIe-
HUA PA3JIMYHBIX PACTPOBBIX U BEKTOPHBIX CJIOEB,
CIIYTHUKOBBIX CHUMKOB U KapT, MHOTHE M3 KOTOPBIX
IOCTYIIHBI B OHJIANH OMOIMOTEKE, a TaK:Ke BO3MOMK-
HOCTB OBICTPOTO BHIUEPUUBAHUSA TPOAOIHHBIX 1 TOTIE-
PEUHBIX MPo(duUIeH ¢ HaHECEHNEM PACUETHOTO YPOBHA
BOJBI 10 3aJaHHBIM II0JI30BATEIEM HATIPABICHUAM U
T. 1. I3 QYyHKITMOHANbHBIX HEJJOCTATKOB MOKHO OTMe-
TUTH OTCYTCTBUE UCTUHHOW 3D BUByanusanuu, CuiIb-
HYI0 YYBCTBUTEIHHOCTH K HEKOPPEKTHO 3a/JAHHON Be-
JUYNHEe PACUETHOH AYEHKM W BPEMEHHOTO IIara Ipu
OTCYTCTBUU 00PATHO# CBA3U C II0Jb30oBaTeeM (Ipo-
rpaMMa He JacT 3HaTh, UTO 3HAUEHUA [000DAHEI He-
BEPHO), YTO MOJKET IaBaTh 3HAYUTEIbHBIE TIOTPEITHO-
CTH, B CBA3M C UeM Heo0xopuMa 00A3aTebHaA KaJIu-
OpOBKA MOJIEJIV 110 HMIIUPIYECKHU TOJTYUEHHBIM T1apa-
MeTpaM, a TaKiKe OIPeNeeHHbIH OMBIT PAOOTHI C TaH-
ueiM I10.

BbiBOAbI

1. ABTOpPOM OTMEUEHO, UTO IIPU PEIIEHNN 3a7aUN MO-
IeJITPOBAHUSA PACUETHBIX 30H 3aTOIIEHUA PEK B
MHUPOBON ¥ OTEUECTBEHHOW MHKEHEPHOW W HAyY-
HON TpaKTWKe Haumbojee pPaclpoOCTPAHEHHBIMU
HOJXOJaMU ABJIAIOTCA 2eoMempuyieckuil u eudpa-
BILUYECKUIL.
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. 0ba paccMoTpeHHBIX m0AX04a 3(P(HEeKTUBHO pela-

I0T 3ajavy MOJeJIMPOBAHUA 30H 3aTOIIJIEHUA, HO
NMEIOT OIIpeieJIEeHHbIE OTPaHNYEeHN A 110 NCII0JIb30-
BaHMUIO.

. Teomerpmueckuit mOAX0 MOKET OBITH MCIIOJIB30-

BaH IIPW PeIleHNN PacCMaTPUBAeMO 3afavm, Of-
HAKO [aeT YIOBJIETBOPUTEJbHEIE pe3yJbTaThl
JIUINH B Y3KOM CIIEKTDe 3a/]a4 ¥ IMeeT CyI[eCTBeH-
HbI€ OTPaHNYEHNA 110 IDUMEHEHNI0, HEe YUNTBIBAET
PeaabHBIX (bI/IBI/I‘{eCKI/IX IIPOIECCOB IIPU ABUMKEHNN
moTOKa (K09(D(PUIMEHTH IIEPOXOBATOCTH, BHA3-
KOCTH KUTKOCTHU, CUJIBI MHEPIIWH U T. [I.), OXHAKO
MeHee IIPUXOTJIMB B OTHOIIIEHNHN MCXOAHBIX OaH-
HBIX 1 BBIYVCJ/IUTEJIBHBIX MOU.IHOCTeﬁ.

. TmapaBinyecKkuil MOIX0A MOKET OBITh MCIIOJIB30-

BaH IIPH PeleHny 6oJiee IMIPOKOTO CIEKTPa 3a4ay
MOJEeINPOBAHUA, OH HauboJee TOYHO ONUCHIBAET
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APPLICATION OF COMPUTER MODELING METHODS OF FLOOD ZONES AT MAXIMUM DESIGN
WATER LEVELS FOR SOLVING PROJECT TASKS IN THE DISTURBED LANDS RECULTIVATION
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The relevance of modeling zones of maximum flooding of rivers (flood zones) during engineering surveys for design and construction
of economic activity objects, development of projects for the disturbed lands recultivation in the zones of direct impact of water bodlies
is related to the fact that under current conditions, with ever-increasing requirements for security and business continuity of the projec-
ted facilities, the existing methods for assessing the risk of flooding do not always give a satisfactory result in order to fully assess
whether there is a risk for the projected facility or not.

The main aim of the research is to analyze domestic and foreign experience in modeling flood zones at maximum river water levels for
practical solution of problems of engineering design, to assess advantages and disadvantages of the main approaches in the practice of
surveys, to demonstrate the possibilities of modeling method for solving a particular engineering problem.

Methods. The method of spatial data analysis for creating a digital terrain model via geoinformation systems was used for preparing ini-
tial data,; the method of numerical simulation of the Inya river flood zone and the abandoned quarry excavation located on the left bank
as part of the works on preparation of the project for the disturbed lands recultivation was used to calculate the maximum flood zone.
Numerical modeling was carried out using HEC-RAS simulation system, ver. 5.0.5.

Results. The author has carried out the review of the existing worldwide and domestic practice of numerical modeling of flood zones
for rivers when solving the problems in the field of engineering design. The paper introduces the author’s own model of the calculated
flood zone on the example of the recultivation site «Mokhovskoye pole». The example of assessment of the impact on the recultivated
object when implementing the most negative scenario (probable flooding of the pit in the period of the maximum water flow of 1 % oc-
currence) was shown, the advantages and disadvantages of applying different approaches in practice were described.

Key words:
Geoinformation systems, numerical modeling of the flood zones of rivers, 2D modeling,
digital elevation model, remote sensing data, modeling systems, HEC-RAS.
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