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3JIEKTPOHHAS MOJXEJD 3ATOILIEHMSA BOJITO-AXTYBUHCKOM
MMOMMBI IPH PAIIMYHBIX THAPOI'PA®AX CIIEHUAJIBHOTO
BECEHHEI'O MOIYCKA BOJDKCKOH I'C H BOMOCHABXEHMH
PYKABA AXTYEA HA OCHOBE TEXHOJIOI'H#A
TEOMH®OPMAIMOHHBIX CUCTEM *

C.C. Xpanos, A.B. Xonepcxos, M.A. Epemun, [|.B. I'ycapos,
A.B. ITnsxun, O.B. @ununnos, J.B. 3onomapes, H M. Kysomun

Co3nana MH(OPMAITHOHHAA CHCTEMA 1A MOJETHPOBAHHA IMHAMHMKHA ¥ 00NacTel 3aTomeHHs
ydacTka Bonro-Axry6uHcxoii noiimel. Ha ocHOBE NpOBEJEHHOTO THCIIEHHOTO MHAPOAHHAMUYECKOTO
MOJENHPOBAHHA H CTATHCTHYECKOH 00pabOTKH AAHHBIX IHAPONOrHIECKOT0 MOHHTOPHHIA 32 TIEPHOA
20012006 IT: OpeneneHsI napaMeTpsl, BIMIONIHE Ha 3aToneHre Bonro-AxTyOHHCKOH NOHMEI (BAII)
1 Bofoobecne4eHHOCTE pykaBa AxTyGa. PaspaboTaHbl ABe MaTeMaTHY€CKHE MOJEIH, BXOAAUIHE B CO-
CcTaB mporpaMMHOro koMruiekca Feonnpopmarmonnoi cuctemsl BAIT 1 oGecneqnBalomye BOIMOX-
HOCTh TOCTPOEHHA KAPTHI 3aTOTLIEHHA B 3aBHCHMOCTH 0T opMBbl ruiporpada i napaMeTpoB, BIHAIO-
IHX Ha 3aTOTUIEHHE.

Beenenme

DKOJIOrHYECKOe ToNoxkeH e ¢ Bonro-AXTyOuHCKO#M n0iiMoii oueHb ciokHoe. B nocneiHue roapi B
pe3syinbTaTe HecOOMIONEHHS IKONIOrHIecKoro pexuma copoca Bosl BOIDKCKMM rHAPOY3NIOM HMEKOTCH
OCHOBaHHA NOBOPHTE 0 KaracTpoduueckoi curyauuu. B 2006 1. u3-32 ManoBofiba Ge3 Baark oCTaluch
90 % 03ep ¥ €PHKOB, YPOBEHb MOA3EMHBIX BOJI CYIIECTBEHHO CHU3MW/ICA. BMECTO HEOOXOMMMBIX 120 mMun-
JIMOHOB KYGOMETPOB BO/IbI B NABOJIOK Yepe3 IUIOTHHY COPOCHIIH MOYTH B ABa pasa MeHbiue. [Tonosuna
M3 TPEXCOT BOJHBIX 0OBEKTOB Mo¥MBbI (03€pa, EPHKH, MPOPAHBI, HIIbMEHH, KYITYKH, TIOJIOH) BBICOXJIH.
TToitMa Kak eTOCTHAA IKONOTHYECKas CHCTEMA MOXKET [OBTOPHTEH Cyns0y ApaibCcKoro Mops.

3ajaua OMMCaHMA AMHAMHKH MOBEPXHOCTHBIX BOJ OTHOCHTCA K YHCITY KJIacCH4eCKHMX Mpoliem
rupponuHamukH [1]. OTMETHM ycriexy B OCTPOEHHH THAPOIMHaMUHeCcKHX Moaeneii Kacruickoro 2L
YepHoro, barruitckoro [3], Azosckoro mopeii [4], pana Bopoxpasmnmi [5]. Hmeiorca paHbie OTIH-

® C.C. Xpanog, A.B. Xonepckos, M.A. Epemun, JI.B. T'ycapos, A.B. IlnakuH,
O.B. ®ununmos, [1.B. 3onotapes, H.M. Ky3pmus, 2007-2008

* PaboTa BLIONHEHA B pamMKax rpanTa Bonl'V (Ne 34-2007-a/Bonl V) u TK Ne 2.1-1/07 ot 17.09 2007 .
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KOMIIBIOTEPHOE MOJAEJIHUPOBAHHE

4Hs NIPH MOJIEMPOBAHHH KPYMHBIX BOJOEMOB (MOps W 03epa) M pedHbix cucTeM. OTMETHM, 4TO B
BOJIOEMaX PEYHOro THIIA CTPYKTYpa TeUEeHHs, OCOOSHHO B HECTALMOHAPHBIX pexkumax, hopmupyercs,
npexe Beero, Mo BIMSHUEM CIOKHOTO penbeda qHa. Ocobast CNOXKHOCTE PH OMHCAHWH HECTAIHO-
HapHOTO TeYEHHMs U3-3a M3MEHEHHs oObeMa cTOoKa o0yc/ioBieHa HalW4yuMeM TPaHHIb! «BOLa — CYXOe
JTHO®, KOTOpas NMepeMeIaeTcs o Mepe H3MEHEHUs BhICOTH JKHIKOCTH.

i Kracouperarop 1000tk 100 gMammE

A

TEAPCFPATIR
(UAPGFPAPURA (PEALED )
T4 APC TEXHUUECKKE E00PLKEHUA
TFAHMILE W DTPAXDEAUA
IPUHTH U IABOBLIE NOVPOBL!
LOPCXHAR CETH
AOFINHEE COOFYXEHUA
FNOAHRRIME JHAKH
KEMbIEOBSIE MAHTPOBRE SAPOCHM
KEAPTANL (HED SHOPOIHEE!
MATEMATHHECRAR DCHDS4
HABAHIR W N0 ANACH
| HACEMEHHBE YHKTE
HACE MEHHEE NUHKTE! KBAPTANK)
5| HACENEHKLE NUHKTBHCTPOEHIE)
HACBINM BHEMKY 3CTAKA TS
SELEKTE: AR KAPTOWINAHMA
NFOMBINEH 1 COLMAIBHSIE OEEXT :
PACTHTEIBHOCTS :
PACTHTE LHOCT b (3ARKBLAL TAKLIP E
PENEED CHUW

Puc. 1. dparMeHT 21eKTpOHHOH KapTsl TOnOrpadpuieckoii ocHoBbI MacmTada 1 : 100 000 (muct M-38-114)

Heanto paboTbl ABIAETCA CO3AaHHE NIEKTPOHHOH (MaTeMaTHYECKOW) MOJENH IS MporHosa
JMHAMMKH 3aTOIUIeHHs Bonro-AXTyOHHCKOH NOHMBI Ha OCHOBE TEXHOIOTHH Te€OMH(OpMAalIMOHHBIX CH-
cteM (nanee — nporpamMmMHubi komrmexe I'HC BATT), B 3aBUCHMOCTH OT pexXuMa NpoXoKIeHHS BObI
uepes cteop Bomkcekoit 'DC. Onpenenenue sxonornyecku Haubonee 3¢ PeKTHBHEIX pexXUMOB cOpoO-
ca Boael Bomkckoi ['DC, obecneduBaloldX cOXpaHEHHE H BOCCTAHOBJIEHHE BOJAHBIX OOBEKTOB W
TIPUPOHBIX KOMIUIeKkcoB Bonro-AxTyOuHckoii noiimel (BAIT). B ocHOBe Moaeu niexkart JaHHbIE TH/-
ponoruueckoro MoHuTopuHra BAII 2001-2004 rr., nofyueHHble B pe3ylbTaTe MHOTOJIETHUX UCCIIe-
nosaHuii [6; 7).

Paszpaborka makera Kaprorpaguyeckoii 0CHOBbI MOJeTHPYEMOF0 y4acTKa
Boaro-Axty6nnckoi noiimel B macmrade 1 : 100 000 ons HaHeceHHs rpaHHL 3aTOIIEHHS

B kauyecTBe kaprorpaduueckoif ocHOBBI MonenupyeMoro ydactka BAII ucnone3yiores: Tomo-
rpaduueckas ocnosa B Macirade 1 : 100 000, undposas moaens penabeda, pacTpoBbie KapThl, TeMa-

e 202 C.C. Xpanos, A.B. Xonepexos, M.A. Epemun u 0p. DNeKTPOHHAA MOJIEE 3aTOTIEHHS




e KOMIIBIOTEPHOE MOJAEJHPOBAHHE

THYecKHe KapThl, co3annbie cpeacreamu THC «Kapra 2005» u «ArcGIS». Ilpumep otobpaxkenus
aneKTpoHHO# Tonorpaduueckor kapTel Gopmara SXF B 'MC «Kapra 2005» u crannaprHblii cocras ee
CJI0EB NPHBEJICHbI HA PHCYHKe 1.
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Puc. 2. Marpuna BICOT, IOCTPOEHHAsA HA OCHOBE BEKTOPHOM KapThl penbeda yyactka BATI
BOmH3M Bomkckoit 'OC

JMHaMuKa NOBEPXHOCTHBIX BOJ JOJIKHA MOJIHOCTBIO ONpPENENAThCA 0COOEHHOCTAME penbeda
KOHKPETHOH MECTHOCTH. /{114 aleKBaTHOrO ONMHCAHHUA TeYeHHA HeOOXOAMMO MOCTPOUTH KayeCTBEH-
HYIO aKTyanbHyro mofensb peabeda. [Ipu coznannm MarematHueckod mMoaenu penbeda ucnonb3osa-
JIMCh CHCTEMBI OLMpOBKH pacTpoBbiX H3oOpaxkenuit GeoMapBuilder [8] u Easy Trace PRO, ¢ nomo-
LULIO KOTOPBIX MOANOTOBNEHB! JaHHbIE 1A MOocTpoeHus penabeda MecTHocTH. Ha ocHoBe nmonyues-
HbIX nanneix cpencreamu F'MC «Kapra 2005» noctpoeHs! BeKTOpHBIE KapThl penbeda Monenupye-
moro yuyactka BAII ¢ HaHeceHHBIMM TOPM30HTANIAMH M OTMETKaMH BhICOT. Bce 06BEKTH MMEIOT
3D-metpuky — koopauHatsl (X, ¥) u abcomornyio Beicoty (H). 1o faHHbIM BEKTOPHBIX KAPT pelibe-
¢a cpencrsamu 'HC «Kapra 2005» noctpoeHs! unudpoBsie MoenH penbeda (MaTpuip! Beicor MTW),
HCNONb3yeMble MPH pacyeTax 30H 3aTOIUIEHHs C pa3pelleHyem (pasMepoM temenTa) 20 M (puc. 2).

[IpuBenemM nepeyeHb CO3AAHHBIX TeMaTHYeCKHX OJIOKOB M COCTaB TEMaTHYECKHX CJIOEB
nonb30BaTeNbCKOH KapTel: I'naporpaduyeckas cerb (Epuku. Bonotoku. Pexu. O3zepa); 'mapono-
ru4eckHid MOHHTOpPHHI (MakcuManbHas ¥ cpeaHas rnybuna. lllupuna BoaHoro o6bvekra. Obmas
TUIOIIA/Ib CEYEHHS H TUIOIAAb KHBOro ceyeHus. Temneparypa Boabl Ha noepxHocTH. CKOpocTh
TeueHHA. CTok. YpoBeHb BOABl. TOUKH MOHMTOpUHTa); AAMUHHCTpaTHBHOe aenenue (HaceneH-
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KOMIIBIOTEPHOE MOAEJHPOBAHHUE

Hble YHKTHI. [locelikoBbIe YepThl HaceneHHBIX MyHKTOB. CelbCKOXO3AHCTBEHHbIE TIPENTPHATHS.
I'pannusl padionos. I'panuna. Cenbekue aAMMHHCTPALMH. Oxotoxossitctsa); TpancnoprHas (Jopo-
ri. TpancekTsl); Pexpeaunonnas (Ilpoextupyemblie 06beKThI pPeKpeaMoHHoi HHBPaCTPYKTYpHI.
CanoBoaueckue Tosapumectsa. TypmapwpyTel. CyluecTByomHe 06beKThI PEKpeallHOHHON HH-
pactpykrypsi); Mikenepuas (Toueunsie 00bekTbl HEKeHepHOM MHMPacTpyKTYpb!. JInHelHbIE 06Bek-
Thbl HHXXEHEPHOH HH(PACTPYKTYPBI).
Ha 0cHOBE IpoBeIeHHOr0 YHCIEHHOTO MHAPOAMHAMUYECKOTO MOIETHPOBAHHS U CTATHCTHYEC-
KOit 06pabOTKH NaHHBIX THAPOIOTHHECKOTO MOHMTOPHHTA ONPE/Ie/IeHbI [lapaMeTphl, BIUAIOLIHE HA
3atonnenue Bonro-AxtybuHckoii moliMel B BogoobecneueHHOCTs pykaBa Axty6a: 1) rpa¢uk no-
~myckoB Bomkckoit 'DC (06bem, xapaktep, THTENBHOCTS U (asa chpoca) — ruaporpad Bonru B
cTBope I1oTHHEI Bomkekod I'9C; 2) penbed mogennpyemoro yuactka BAIT; 3) ocobennocTu nop-
CTHIAFOIIEH MOBEPXHOCTH — [IEPOXOBATOCTh MOBEPXHOCTH (MPHIOHHOE TPeHHE), CBOMCTBA MOYBO-
TPYHTOB (BIXKHOCTb, TEMIEPATYPa, 3GGEKTUBHOCTD BIUTHIBAHHUA); 4) THAPOIOTHYECKOE H METEO-
POJIOTHYECKOE COCTOSIHUE [TOWMBI Ha MOMEHT MOACTHPOBAHHUA 30H 3aTONJICHHS — HAMOJIHEHHE BOJI-
HBIX 00BekTOB BAIL, Temnepatypa okpyskaromieii cpe/ibl, HalM4He/OTCYTCTRHE JIENOBBIX H CHEX-
HBIX 00pasoBaHMi, Temnepartypa cOpackiBaeMoii BOAB uYepes crBop mnoTHHE! Bomkekoit ['DC.

Pa3paborka maremaTnueckoii MOMe/Nn 15 NOCTPOEHHS KAPTHI 3aTONIEHHS
B 3ABHCHMOCTH OT (opmbl rHAporpada u APyrux napaMerpos

J1HamMuKa MOBEPXHOCTHOIO CIOS HIKOCTH OITMCHIBAETCA CHCTEMOIR ypaBHeHuH byccunecka —
Cen-Benana:

oh oShu ohv ~

C e Y

Ot ou  Ou o wu' +v' ot
PR s e a4 . e P = "
ot ox dy ©ox C’h ph @

Q, 0y

o ov  ov og wWu'+v* T,

U AV _—t+ g+ fut ge——— 2= ), (3)

ot Ox oy & C*h ph
rae h(x, y, 1) — ty6una )uakocTH; u(x, y, 1), ¥(x, y, 1) ~ TOPU3OHTAIBHBIE KOMIIOHEHTHI BEKTOpa
CKOpOCTH, YCPEIHCHHBIE 110 BEPTHKAIIBHOH koOpauHate; b = b(x, y) — ypoBeHs aHa Bogoema; ((x,
¥, 1) =h+ b — ypoeeHb cBOGOJHOMN MOBEPXHOCTH KHAKOCTH; g — YCKOPEHHE CBOGOAHOTO naje-
Hus; f = 2Qsin® — napamerp Kopuonuca; Q - yriosas ckopocts Bpamenns 3emiu, © = O(x, y)—
reorpapudeckas WHPOTA; P — MIOTHOCTH Boabl; C — koodduuuent 1lesu; 7, T,~ KOMIIOHEHTHI
WIP?, rae W — CKo-
pOCTh BeTpa; 0, — MUIOTHOCTh aTMochepbl; N, — MapaMerp, 3aBUCALIMIA OT COCTOSHHA BOIHOM

BEKTOPA HAaNpsKeHWs TPEHHs BETpa, /18 KOTOPHIX MOXHO IPHHATH 7 =C,p,

NOBEPXHOCTH, O(x,y,t,h) — QYHKUAA MCTOUHHKOB H CTOKOB XkHaKocTH. DyHKUMa b(x, y) onpenens-
€T pesibed) MECTHOCTH.

Hist YMCIEHHOTO HHTEr PUPOBAHKA CHCTEMbI YPABHEHHHT HCTIOTB30BAIIM METOI, ONHCAHHBI B pabo-
Te [9], KoTOpEIH OCHOBaH Ha MOAXOMNE, H3AKEHHOM B [10].

Jlis ananu3za NOCTPOCHHOH MATEMATHYECKONH MOENH ObLIM NPOBEICHBI CleAYIOLIHE pacueTsl;
1) MezUTeHHBLH NpoLiece TOATONNEHHS; 2) aBapHIHbIH (MHTEHCHBHDII) PeKMM 3aToruieHus. B nepeom

204 C.C. Xpanos, A.B. Xonepcxos, M.A. Epemun u 0p. DNeKTpOHHAS MOIENb 3aTOMIEHHA




KOMIBIOTEPHOE MOJAEJHPOBAHHE

Clly4ae 3a/1aralioCh HE3HAYHTEJIbHOE IIPEBLILICHHUE TeMIIA MPOX0/Ja BOABI YEPE3 CTBOP ILTOTHHBI Hall

CTALMOHAPHEIM TEMNOM /(. /= +AY Ay << . OTMeTHM, 4T0 3Ha4eHHe A
COOTBETCTBYET YBENMYEHHIO YPOBHSA BOABI B Bonre BOMM3H nOTHHB Ha Ak OTHOCHTEIIBHO YPOB-
HS BOJIBI TIPH CTALHOHAPHOM I/IAHOBOM TIPOXOAE Yepe3 MIOTHHY. 15l CTallHOHAPHOTO YPOBHS BOIBI

B Bosre BOnu3yu nnoTHHBl NpHHATO 3HavYeHHe -10 M B Banruiickoii cucreme BeicoT. Pacyerst npo-

BOIWJIKCE IpH CJIEAYIOIHX 3HA4YEHUAX mapaMeTpos: 1) AV max = 2 - 10°M/c uma Ah__ = 0,5 m;

ax

DAV =4-100w/cumAh_ =1m;3)AV _ =6-10°m¥/cunu Ah__= 1,5 m (puc. 3). B ciyuae
max max max max

aBapuiinoro cbpoca 3afaBaoch CYIECTBEHHOE MPEBbIIIEHHE TEMITA IIPOXO/A BOJBI Yepes CTBOP Mo-

THHBI HaJl CTALMOHApHBIM TemnioM V', 1o ecte V' >> V' | PaccMOTpeHHblii aBapHifHbIi peknm
COOTBETCTBYET YaCTUHHOMY HJIM MOJIHOMY pa3pyIleHHIO IWIOTHHE [11].

h(x.y), t=150.0 mun

45 kM

30 kM

15 kM

0 kM
0 &M

Puc. 3. Pacripenenesue h (rryOMHBI BOJIbI) B MOZIENH 3aTOILIEHHSA B ciiyyae Ah = 1,5M

B nonosnseHne Kk ruApOAMHAMHYECKON HECTAMOHAPHON MO/IEITH IBIDKEHUS XKH/IKOCTH pa3pabora-
Ha KBa3HCTAlIHOHApHAs MOJENb 30H 3aTONJIEHHS, OCHOBAHHAS HA Pe3y/IbTaTax T’HAPOIIOrHYECKOro Mo-
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nuropunra BAIL ITocTpoenue 30H 3aTOTICHHA B pAMKax IAHHOM MOJIENH OCYIECTBIIETCA CPEeACTBa-
mu [UC «Kapra 2005» (BcTpoeHHbIe NpHIOKeHHs). B ocHOBE 3THX IPHIIOKEHHI JIexKaT CepTURHIAPO-
BAaHHBIE METOMHKH. B KadecTBe MCXOMHBIX JAHHBIX JUIsi TOCTPOCHHA 30H 3aTOMIEHHS CPEACTBAMH I'ncC
«Kapra 2005» HCTIONB3YIOTCS 3HA4Y€HMA YPOBHEH BO/IbI B KOHTPOJIHBIX TOUKAX UIPOTIOTHYECKOTO MO-
uuropunra BATI (runponoradyeckue nocThl, TOUKH Habmofaenus ). B paMkax 1aHHO#M MOJIETH BO3MOMKHO
TIOCTPOEHHE 30H 3aTOIUIEHNA B PA3THYHbIC PUKCHPOBAHHBIE MOMEHTEI BPEMEHHU {(KBa3HCTALIHOHAPHOCTB)
O JNaHHBIM HabJIONEeHHH, a TaKoKe TOCPeACTBOM 3alaHus TeMIIa IPOX0oa BOABI Hepe3 CTBOP MIIOTHHLI
Bomxkcekoit I'3C (puc. 4).
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Puc. 4. Pactipenienenyie BOJBI B KBA3MCTALMOHAPHOH MO/ 3aTOTIEHHISA

CBsi3b MeX/Ty TEMIIOM NPOXOIA BOABI Yepe3 CTBOP IUIOTHHBI U 3HAYSHUAMH YPOBHEH BOABI B
KOHTPOJBHBIX TOYKAX FHApONOrHyeckoro MonuToputra BAII onpeneiena myrem cTaTHCTHYECKOH 00-
paBOTKH JaHHBIX THAPONOTHYECKHMX HabII0IeHHH Ha OCHOBE BBISBIEHHOH MaTeMaTH4eCcKOH 3aBHCHMO-
cri. JIaHHBIH NMOAXO MO3BONAET HOCTPOHTE TPAHKLIBI 30HBI 3aTOIUICHAA C yKa3aHHEM MIMPHHDL 3TOH
IPAHMIB! K BEPOATHOCTH 3aTOIUICHHS TEPPHTOPHH.

206 C.C. Xpanos, A.B. Xonepcros, M.A. Epemun u Op. DNeKTPOHHAA MOZENb 3aTOMICHHA
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Summary

THE COMPUTER MODEL OF FLOODING OF VOLGA-AKHTUBA
BOTTOMLAND AT THE DIFFERENT HYDROGRAPHS SPECIAL SPRING WORK
BY THE VOLZHSKIY HYDROELECTRIC POWER STATION AND WATER SUPPLY

OF THE SLEEVE AKHTUBA ON THE BASIS OF GEOINFORMATION
TECHNOLOGIES AND SYSTEMS

S.S. Khrapov, A.V. Khoperskov, M A. Eremin, D.V. Gusarov,
A. V. Plyakin, O.V. Filippov, D.V. Zolotarev, N.M. Kuzmin

The information system for simulations of dynamics and fields of flooding of the Volga-Akhtuba bottomland
is created. On the basis by our numerical hydrodynamic modeling and statistical data processing of hydrological
monitoring for phase 2001-2006 years the parameters influencing to flooding Volga-Akhtuba area are calculated.

| Two mathematical models included in a composition of soft of an information systems and providing a possibility
} of build-up of a flooding maps depending on the shape of the hydrograph and other parameters.
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