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AHHoTauuA. [laeTcA onrcaHne MaTeMaTMYeCKo Mogeni rmapoanHaMmuky LinMnsHckoro BofoXpaHunmLLa. B MenkoBogHbIx
paiioHax TeYeHUs ONMCaHbl YPaBHEHAMU MENKON BOADI, @ B NyOOKOBOAHbIX palioHax Kak ypaBHEHWUAMU MeNKOI BOfbI, Tak
1 TPEXMEPHDBIMM YPABHEHNAMU [BUKEHNA HECKMAEMON BA3KOW XNAKOCTU. 3afaua peLuaeTca KOHEYHO-Pa3HOCTHBIMU METO-
[aMi Ha PaBHOMEPHOI Pa3HOCTHOI ceTKe. PacueTbl NPOBOAUANCH NPU PA3fIMYHBIX YPOBHAX HANONHEHUA BOLOXPaHUIMLLA.
Bbinu nomnyyeHbl KapTUHbI TEUEHUI NPU Pa3NNYHBIX YPOBHAX HANONHEHUS BoJoXpaHUnuLa. [ina neproaa sKCne[uLMOHHbIX
nonesbIx paboT B Mae 2019 Ha [MprnaoTMHHOM Nnece NPOBeAeH pacyeT FMAPOAVHAMMKI MO BETPOBbIM JaHHbIM, MOYYeHHbIM
Ha [JaHHbI NePUOA, 1 BbINOMHEHO CPaBHEHVIE C Pe3yNbTaTamu NoeBbIX U3MepeHuin TedeHuin. CpaBHeHe NoyUYeHHbIX Pesyrb-
TaTOB YMCIEHHOTO MOZENMPOBAHMA CO CXEMOW MOBEPXHOCTHBIX TEUEHUI, M3MepEeHHbIX C 6opTa CyHa, OBHaPYKMBAIOT BbICOKYHO
L0110 CXOAMMOCTY PacUeTHbIX U HaTYPHbIX AaHHbIX. [loNyyeHHble OLEeHKI Pe3ynbTaToB MOLENMPOBaHMUA NO3BONAKT NepenTy
K 3afjaye NPOrHo3npoBaHUa HeBNaronpuATHLIX MMLPOMETE0PONOrMYeckIx 06CTaHOBOK B LiMnaHCKom BofoXpaHuauLye,
HECYLLIMX PUCK HapyLLeHnsa paboTbl Bofo3abopoB r.BonrofoHcKa, pacnonoXeHHbIX B K0XKHOW YacTu [MprnnoTrHHOro nneca.

KnioueBble cioBa: MaTemMaTMyeckan MOLefb, YPaBHEHVA FMAPOANHAMIKM, YPEe3 BObI, BbIUUCIUTENBHDIN SKCNEPUMEHT.

LIuMnsHCKOE BOLOXpaHMINIILe, 00pPa30BaHO IJIO-
tuHoi Inmnsinckoit IAC (1952 r.) Ha p. [on Ha Tep-
putopuu Pocrosckoit n Bonrorpazckoit o6mactsax PO.
OHo sB/IA€TCA OTHUM U3 KPYIIHENMIINX UCKYCCTBEHHBIX
BOJ0EMOB CTEIHOJ 30HBI fora Poccun. ITnomans BogHo-
ro sepkana 2702 KB. KM IIp¥M HOPMa/labHOM IOJIIOP-
HOM ypoBHe 36 M. O6'beM IIpy HOPMaJIbHOM HOATIOpe
23,75 Ky6. kM. [ImmHa 6eper030171 uHUM 641 KM, JanHa
ot LlumnsAnckoit nnotunsl o I. Kanay-Ha-Jlony 180 ku,
cpefHAA mupuHa 14,9 KM, MakcMManbHas MIMPUHA
38 kM (Ha TpaBepse ycTbs p. Linmia), cpennsas rybuHa
8 M, HanbonbInas rryouHa 35 M. B 1enom penbed noxa
BOJOXPaHIINIIA BeCbMa I3MEHYNB. ITO CBA3AHO C TEM,
YTO aKBATOPM:A BOJOEMa 3aHMMAET He TONBKO IIOIAlh
pycna u moitmbl JloHa, HO U GOJIBIIYIO YaCTh HAZIION-
MEHHbIX Teppac. I10sToMy B IIpefiesiax OFHOTO U TOTO XKe
y4acTKa ITyOMHBI 3aMETHO M3MEHSIOTCA B 3aBYCHMOCTH
OT pacIpefie/ieHNs pas3IMYHBIX 3JIEMEHTOB pebeda
Ha JIHe BOJOXpaHMINIA. Tak B OTHeNbHBIX palioHaX
DIy6MHa MOXKeT HocTurath 20-25 MeTpoB (cTapoe pycio
Ilona), 1 B TO e BpeMs B paitoHe BonrogoHcka 1 ycTbs
peku Lnmma rry6una coctasnser 0,5-2 M.

3Ha4MTeNbHO BO3POCIIasA aHTPOIOTeHHasA HarpysKa
Ha [IuMIAHCKO€E BOJOXPAaHMINIIE, MHTEHCUBHOE CY/I0-
XOJICTBO U CBSI3aHHOE C HMM 3arpsA3HEHNe BOJOEMA,
0T6OP BOJIbI Ha IPOMBILIEHHbIE 11 CETTbCKOXO3ICTBEH-
HbI€ 1]e/1Y, MHOTOJIETHSSI MaJIOBOJHOCTD 1 APYTHe pak-
TOPBI OKa3bIBAIOT HEraTVBHOE BJIVISAHME Ha OMOIeHO3
BOJJOXPaHIWINIIA. YMEHbIIIeHe [TyOMHbI BOJOXPaHIIIN-
1a BeféT K 60/1ee MHTEHCUBHOMY IPOTPEBAHMIO BOJBI,
4TO CO3Ja€T OIAarONpUATHbIE YCIOBUA IS PA3BUTHA
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cuHe-3eN€HbIX Bofiopocneit. Ecmm x aToMy 106aBuUTh
HeO/IaronpusATHyI0 MeTeOPONOTNYeCKYI0 00CTaHOBKY,
TO MOTYT BO3HMKATh CUTYaLUN, KOTZIa BOSHMKAET OIlac-
HOCTb >KM3HEJeATe/IbHOCTH OIIpefle/IeHHbIX PErMOHOB.
Tax npy IpoJoO/KNUTENBHOM JIEJiICTBYA BETPOB BOCTOY-
HOTO HaIlpaB/IeHM BO3HMKAaeT ONAaCHOCTb 3aCOpeHNs
¢dbunprTpoB Ha Bofo3abope r. Bonmrogoncka [1].

B HacTosmIee BpeMs Ha 30HBI METKOBOAbS (TO 6 M
DIyOMHBI) IPUXOANUTCA CBbIlle 12-15 % Bcelt IIommaam
LIMMIAHCKOTO BOJOXPaHU/INIIA, TIO3TOMY /ISl YMCIIEH-
HOTO UCCTIefIOBaHMA TUAPOAHAMUKI BOSOXPAHUINIIIA
UICTIO/Ib3YeM IBYXC/IOMHYI0 MaTeMaTU4eCKyl0 MOJIeNb
ruApOU3NIECKX MPOLECCOB B BOJOEMAX C OOMBIION
HEOJHOPOJHOCTBIO ITyOuH [2].

B obnmacTu, oxBaTbIBaIIeil Bce BOJOXPaHMINIIE,
BBOJIMTCA PaBHOMEPHasA II0 BCEM HaIIPaB/IeHMAM pas-
HOCTHAs CeTKa C COOTBETCTBYIOUMMY maramu h, h,
h,. lIpamMoyTONbHAs Pa3HOCTHAS CETKa BHIOMpaeTcs
¢ maroM 170 M 1o ropusonTany u 0,5 M 110 BepTUKaIN
pasmMepa, 4TO JaeT KonudecTBo Ag4eek 300x799x52.
ITocne mHpeKCcaUMN AYeeK KOMMYECTBO HEM3BECTHDIX
B PacyeTHON 00/1acTy [/ KaX/JOr0 MICKOMOTO ITapaMe-
Tpa 3aBUCUT OT pacCMaTpPMBaeMOro ypesa Bogbl. Uncio
HEM3BECTHBIX [/I METKOBOLHOTO 1 ITy6OKOBOJHO-
IO C/I0€B B 3aBMCUMOCTI OT YPe30B BOJbl IIPUBENEHO
B Tao. 1.

Hanuune 60/1b110T0 YncIa HEM3BECTHBIX IPefb-
ABJIAET BBICOKME TPeOOBAHNUA KaK K BBIUMC/IUTETbHON
CHICTeMe, TaK M K IaKeTaM MCIONb3yeMbIX IPOTpaMM
pelLlIeHNs CUCTeM JIMHEHbIX aIre6pandecKux ypaBHe-
HuIL. [lTaHHbIE CHCTEMBI YpaBHEHUI UMEIOT CUJIBHO pas-



[e0MH$OPMALIMOHHBIE TEXHONOTUM 11 KOCMINYECKMI MOHUTOPUHT

PEXEHHYIO CTPYKTYPY, IIO3TOMY IPEANOYTEHNE OT/A-
eTCs TeM TaKeTaM, KOTOpble XpaHAT U 06pabaTbIBaoT
TOJIbKO HEHY/IEBble 3/IEMEHTHI IIOy4YaeMbIX MaTpPUILI.
Yncnennas peanmsanusa NOCTaBIEHHON 3a4a9y IPO-
U3BOAM/IACH Ha MHOTOIIPOLIECCOPHBIX BHIYMC/IATEND-
HBIX CUCTEMAX B L[EHTPEe KOIEKTUBHOTO IOIb30BAHNA
«BpIcoKonponsBouTenbHble Bhruncaenus» K0xuoro
denepanpbHOro yHUBepcuTeTa. [ pemeHnsa cucTeM
JIVIHEJTHBIX a/re6panyecKyx ypaBHeHIl, 0Ty YalolX-
CA TIPU AUCKPeTU3AINM VICXOFHBIX M depeHIaTbHbIX
ypaBHEHNII, VICIIONIb30BaIacCh OMOMMOTEKA apaIie/b-
HBIX IOATIpOrpaMm Aztec.

Ta6. 1. Y1c1o Hen3BeCTHBIX /1A METKOBOTHOTO
cnos I v rmy6oxkoBogHOTO 1051 11
VISl pasTUYHbIX YPE30B BOJBI

Vpes, m Coit 1 Coin I1
31,4 64000 750000
32,9 68000 940000
34,1 72000 1100000
34,4 74000 1140000
35,7 78000 1300000
36,0 78000 1400000

[lns mepmopa 9KCHEAVIVIOHHBIX MONEBBIX paboT
24-25 mas 2019 =Ha [IpunjoTMHHOM Iijiece IPOBeeH
pacdeT TUPOAVHAMMKY 110 BETPOBBIM JaHHBIM, IOMY-
YEHHBIX Ha JAaHHBI [IEPUON 1A CPABHEHUA C PE3Y/b-
TaTaMM IOJIEBBIX M3MEPEHMI TeYeHUI. Ype3 BOMbI
cocTtaBnAn 34,4 M. BerpoBas cuTyaumsa cnoXxunach
TaKyM 06pa3om, YTO B IIepBoIt 1o7I0BMHe Hs 24.05.2019
HaIpaBjIeHNe BeTpa ObUIO I0r0-3aMaiHbIM, HO BO BTO-
POJi TIOJIOBMHE IHSA HaIllpaBJIeHVe CMEHMIOCh Ha BOCTOY-
HOE VI CEBEPO-BOCTOYHOE J TAKMM OCTABAJIOCh 0 KOHIA
mHA 25.05.2019. Ilona ckopocTell BHIBOAUINCD Yepe3
Ka)X[IblJ1 Yac pacyeTHOTO BpeMeHM. Orpak/ieHHas 30Ha
B I0TO-BOCTOYHOM yacTy IIpunmoTnHHOrO mjeca coot-
BETCTBYET OX/IaJINTeIbHOMY BogioeMy Pocrosckoit ADC.

CpaBHeHIe IONTy4eHHBIX Pe3yIbTaTOB CO CXeMOI
IIOBEPXHOCTHBIX T€YEHMIA, IIOCTPOEHHOI 110 pe3y/IbTa-
TaM TOJIEBBIX PabOT, BRIOMHEHHBIX BecHOIT 2019 ropa,
0OHAPY>KMBAIOT BBICOKYIO JJO/I0 CXOAVMOCTH pacyeT-
HBIX M HATYPHBIX JaHHBIX.

KapTuHa paccyuTaHHOTO IOBEPXHOCTHOT'O TEYEHMs,
COOTBETCTBYIOIasA BpeMeHu 24 Mas 2019 18 yacos, n3o-
6paxxena Ha Puc. 1.

ITony4yenHble OLIEHKN PE3yIbTAaTOB MOJENNPOBA-
HIA TIO3BOJIAIOT NEPENTH K 3ajade MPOrHO3UPOBAHNA
HeO/TaronpyATHBIX IUPOMETEOPOTOTNYECKIX 00CTaHO-
BOK B I[MM/IAMHCKOM BOJOXpaHM/IMNIIE, HECYLIUX PUCK
HapylIeHns paboTsl Bogo3abopos r.Bonrogoncka, pac-
MIOTI0’KE€HHBIX B 10)KHOI YacTy IIpunmoTnHHOro mneca.

Kpurudyeckn HU3KMit ypes BOABI HabIIOmaN-
cst 22-26 cents6ps 2015 roga, Korga oH ObII paBeH
31,37 M [3]. B aTto Bpems mpeobnajjanu BeTpa BoC-
TOYHOT'O ¥ CEBEPO-BOCTOYHOTO HAIPABIEHMIT CUIION
2-4 m/c. Ha Puc. 2 mpuBeieHa paccuMTaHHas IO MOJIE/N
KapTuHa TedeHnA B LIMMIAHCKOM BOJOXpaHMINILE
Ha 24 centa6ps 2015 ropa. [IpencraBnenHas KapTuHa
HOATBEP>KIAeT BO3SMOXKHOCTD 3aCOPEHMA BOZI03a00pa I.
BonropoHcka npy laHHOI BETPOBOI CUTYaIUH.

MHoroneTHIEe MeTeOpOIOrNyecKyie HabIIoeH s
3a BeTPOBOJI cuTyauueit Ha IIpunnoTnHHOM Itece ycra-
HOBIIY, 9TO Hanbosiee YacTbIMMU SABJIAIOTCA BeTpa BOC-
TOYHOTO ¥ 3aIIaJHOTO HaIlpaB/IeHnit [4].

Puc. 1. [Ipepnonaraemoe TeyeHne
Ha MoMeHT 18:00 24 mas 2019 ropa

Puc. 2. Teyenns B LIuM/IsTHCKOM BOJOXpaHMINIIE HA MOMEHT 24 ceHTs6ps 2015 rofa.
O6osHayenns: I - cyura; 2 - ypes 36 M; 3 - ype3 31,4 M
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IIpoBeeHHbIe ¢ NOMOLIBIO MAaTEMaTUYECKON
MOJIe/IV PACYeThl TIOKA3a/IM, YTO P AENCTBUU BOC-
TOYHBIX J CeBEpPO-BOCTOYHBIX BETPOB HOPMUPYIOT-
Csl TeYeHMsI BJIOJIb JINHHOM OCH, YTO B CBOK OdYe-
pelb B YCIOBUAX MHTEHCUBHOTO IIBETEHUA MOXET
HPUBOJAUTD K CKOIJIEHNIO QUTOIIAHKOTHA B 30HE
BO/103a00poB I.BonrogoHcka, Kak 9TO IPOU3OLIIO
B oKTs16pe 2009 roma [1]. [Ipuvyem ato cupaBef-

NTVBO JJIs1 pa3HBIX OTMETOK YPOBHS, 3a/I0’KEHHBIX
B MOJI€EIb.

Paboma ewnonuena npu GuHaHco8ol noo-
depxxe PODI u PI'O 6 pamkax HayuHozo npoexma
Ne 17-05-41145 PI'O_a «V3yuenue mpaxcopmanuu cpe-
0vt u 6uomot L{umnsmnckozo sodoxpanunuw,a u Husxcrezo
JloHa 6 ycnosusax usmeHeHUs KIUuMama»
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NUMERICAL STUDY OF CURRENTS IN TSIMLYANSK RESERVOIR
AT DIFFERENT LEVELS OF RESERVOIR FILLING
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Abstract. A description of the mathematical model of the hydrodynamics of the Tsimlyansk reservoir is given. In shallow
water regions, the flows are described by the equations of shallow water, and in deep-water regions by both the equations
of shallow water and the three-dimensional equations of motion of an incompressible viscous fluid. The problem is solved
by finite difference methods on a uniform difference grid. The calculations were carried out at different levels of reservoir
filling. A comparison of the results obtained with the surface currents scheme constructed based on the results of field work
performed in the spring of 2019 is carried out. The pictures of currents were obtained at different water edges. For the period
of expeditionary field work in May 2019, hydrodynamics was calculated on the near-dam site using wind data obtained for
this period and compared with the results of field measurements of currents. Comparison of the obtained results of numerical
modeling with the scheme of surface currents measured from the research vessel reveals a high proportion of convergence of
the calculated and field data. The obtained estimates of the modeling results allow us to proceed to the problem of predicting
unfavorable hydrometeorological conditions in the Tsimlyansk reservoir, which carry the risk of disrupting the operation of
the water intakes of Volgodonsk located in the southern part of the near-dam site.

Keywords: mathematical model, hydrodynamic equations, water edge, computational experiment.
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