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b.I'' MEXTUEBA

Nuctutyr Kocmuueckux Uccnenosanmii [lpupoansix Pecypcos, AsepOaiimkaHckoe HAMOHATBHOE AIPOKOCMHUYECKOE areHTCTBO

MOJAEJIMPOBAHMUE IMTPOIECCA CBPOCA TAMKHUPCKOI'O
BOAOXPAHUJINIIA

Cmambs nocesaweHa 2udposo2uveckomy ModeauposaHurw 00H020 U3 KpynHulX 8000XpaHuauw AsepéatioxcaHa —
Ilamkupckozo sodoxpanuauwa. I[lokazaHo, Ymo 800HblEe Pecypcbl U2parwm 0co60 8AXCHYH pOJib 8 IKOHOMUKe 3moll no
npeumywecmay azpapHoti cmpatsl. Onucslearomcs xapakmepucmuku eodoxparuauwa. Ilpueodumess mamemamuyeckas
Modeav eudpozpaga 8000XpaHUAUWAC yyemoM 8nadarnwjux 8 Hezo pek. [lis amozo cocmaeseHa u pewleHa cucmemda
dudpeperyuanvhuix ypasHeHuil. JaHbl oyeHKu npoyecca cépoca 8 d8yx pexcumax. B HopmasvHoM pedcume c6poc 800bl
n/aaHupyemcsi 3apaHee u KOHmMpoJaupyemcsi onepamopoM. Bmopoii pexcum eo3Hukaem npu HapyweHuu HOPMA/AbHBIX
ycaosuil. Hanpumep, oH Mojcem 803HUKHYMb Npu paspyueHuu 8000xpaHuauwd. Pezysemamel uccaedosanus npusodsamcsi
8 gude mabauy u duazpamm.

Kaiouesvle caoga:lllamkupckoe sodoxpaHuauuje, 2udposio2us, ModeauposaHue, npoyecc copoca
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THE MODELING OF DISCHARGING PROCESS OF SHAMKIR RESERVOIR

Given the geographical location of Azerbaijan, where the role of water resources for the country's economy is becoming
increasingly important. Integrated water resources management is an urgent issue in terms of perspective development of irrigation
agriculture, water supply, electricity generation, industry and other sectors' needs.

Since Shambkir, Yenikend, Mingachevir, Varvara and other water reservoirs, which play an important role in ensuring the country's
water, food and energy security, have long been exploited, there has been a need for predicting and evaluating existing problems in these
watercourses and predicting negative technogenic processes.

The article is devoted to the hydrological modeling of one of the largest reservoirs of Azerbaijan - the Shamkir reservoir. The
characteristics of the reservoir are described. Using the satellite images with a resolution of 30 m made by Landsat-TM in June 2017, a
cartographic representation of the territory near the Shamkir reservoir is given. On the basis of hydrographic indices, the regime of
volumetric deforestation of the basin of the Shamkir reservoir was studied.

Using Geographic Information Systems (GIS) technology, the area around Shamkir water reservoir was examined based on space
imagery and topographical data. The Spatial Analyst module of ArcGIS 10.2 software was used to analyze the process. As a preliminary data,
Azerbaijan's 1: 100000 scale geographical map, updated digital topographical maps and infrastructure data base were used. The DEM-
model of Shamkir reservoir is given.

The math model of the hydrograph of the reservoir was building taking into account the flowing rivers. A system of
differentialequations was compiled and solved. Discharging process of reservoir was examined in two modes. First mode is
using in normal conditions. Water discharge is planned in advance and is controlled by the operator. The second mode is the
violation of normal mode. For example, the discharge of water is not planned and occurs when the reservoir is destroyed.
Estimations of discharging process both in normal mode and in case of its violation are given.
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B HacTosee BpeMs akTyaIbHOCTh HCCIICOBAaHHUNA B 00IACTIX, CBA3aHHBIX ¢ Tpo0IeMaMi BOIHBIX PECYpCOB,
Ype3BBIYAHO BEICOKA. B OTHENbHBIX Teorpaguyeckux apeanax HaOomaeTcs AeHUIUT BoAbl. Takke MMeeT MEeCTOo
KaueCTBEHHOE HCTOILEHNE TPaJUIMOHHBIX MCTOYHHKOB BOJHBIX pecypcoB. Hecmorps Ha To, uto A3sepOaiiikan
SBJSIETCS OTHOCUTEIBHO Ooraroidl BOJHBIMH peCypcaMH CTpaHOH, OOJbLIyI0 HpoOiieMy 34ecCh HpPENCTaBISIET
HEpaBHOMEPHOCTh paclpe/ieJIeHUs BOIbI B 3aBUCUMOCTH OT BPEMEHH rona. JleiicTBUTENbHO, OOBIIMHCTBO TOPHBIX
pek, Oepylux cBOe Hadalo Ha FOXKHBIX CkioHax Manoro KaBka3sa, BECHOW pa3iMBaIOTCs, HEKOTOPBIE MTOPOXKIAIOT
celeBbIe IIOTOKH, a B IPYroe BpeMs T'0/1a IePEeChIXaroT.

B memsx perynampoBaHHS pacxola BOJHBIX PECYpPCOB CTpaHbl co3laHbl Oonee 60 BomoxpaHwnwml. 4
Bopoxpanmwnmuma  (IIlamkmpckoe, Enmkenackoe, MuHreuaypckoe u  BapBapckoe),  pacroyioKeHHBIE
TIOCIICI0BATENBHO 110 TEUCHHIO Pk Kypa) COCTaBISIOT KacKaz ¢ oOuM o6beMoM B 16,5 mita. M (puc.1).

C nmpyroit cTtopoHsl, Tepputopus AzepOaiipkaHa pacrojio’keHa B aKTUBHOM celicMHUYecKol 30He. Bragmna
Kypsl, B TOM uncie Hu3MeHHOCTH ['aHbIT, Alpbrdail, AmkuHoxyp, Jxelpanrens u Kypa-Apakc, SBISIOTCS OJTHOM
U3 ISITH TEKTOHWYECKUX 30H AszepOaimkaHa. Apeaj JIaHHOTO HCCIEJOBAaHMS OTHOCHTCS K CEHCMHUYECKOH 30HE
Kypsl. Ha a1oii Tepputopuu 3a nocieaune 100 et 6buto 3adukcrpoBaHoso 12 TOTYKOB ¢ MHTEHCUBHOCTBIO 6-7
OamtoB. Kak M3BeCTHO, BOJOXPAHIUIUINA BMEIIAIOT MIJUTHAP,IBI KYOMYECKUX METPOB BOABL. Bo BpeMs paspyieHus
BOJIOXpaHWIMINA(WIN B pexuMe cOpoca) OrpoMHBIE Macchl BOJBI B T€UE€HHE KOPOTKOTO MEpHO/a BPEMEHH MOTYT
3aTONUTh OONBIIyI0 TeppuUTOopuio. [losToMy mpoduiIakTHdecKHMe Mepbl II0 KOHTPOJIO 32 COCTOSHHEM
BOJIOXPAHWIHIL BCeraa OyIyT OCTAaBaThCS AaKTYalbHBIMH.JTH MEPONPHUATHS [OJDKHBI BKJIFOYATh MPOBCICHUE
BCECTOPOHHHUX HCCIICIOBAHUN THAPOTEXHUYECKUX COOPYKEHHH, a TakKe KOMIBIOTEPHOE THIPOJIOTHIECKOE
MOJICITUPOBAHIE PA3TUYHBIX CUTYAITHH.

T'mopomornyeckoe  MOIENHPOBAaHME €CTh  YNPOIIEHHOE  KOHIENTYaJbHOE TMPEACTAaBICHHWE  YacTh
THIPOJIOTHYECKOTO IMKJIA WM HWCIOJB3YeTCs B OCHOBHOM [UI aHajlW3a PEXUMOB pabOTHl BOJOXpAHIUIHINA H
MIPOTHO3MPOBAHUS BO3MOXKHOTO Pa3BUTHS COOBITHH B pasziaMyHBIX cUTyarusx. OcoOblii WHTEpec MpeaCcTaBiseT
pexxuM cOpoca, KOTOPBIH MOYKET BO3HUKHYTH IIPH MEPETIOTHEHUN eMKOCTH WM €€ pa3pylIeHus.
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Puc.1. Kackan Bogoxpanusmi Ha pexe Kypa. 1 — lllamkupckoe, 2 — EHnkenjckoe,
3 — Munreuaypckoe, 4 — Bappapckoe BoJ0XpaHH/IHINA

IMamkupckoe BogoxpaHmnuiie Haxogurcs B TaysckoMm u IllaMxupckoM pailoHax B CpeaHEM TE4EeHUHU
pexuKypa.Ono oxBaTtbiBaeT pgonuHy pekun Kypsl or ucroka Toyswait no IHamkupuait. Kpome Kypsl,
BOJOXpaHMWINIIE NHUTaeTcs Bojamu Toysuait , 3eamuail, Yanpuail u [lamkupuail. [llaMkupckoe BOOOXpaHUIHIIE
neicTByer35 net, nmeet wionians 116 xB. kM. Ero BMecTuMocTh cocraBisier 2,7 Ky0.KM a MakCUMallbHas ITyOHHa
paBHa70 M. Ha puc. 2 nokazano n3o0paxeHre BOJIOXPaHWIHUIIA, TIOyUYeHHOE ¢ moMoInkio cnyTHika LANDSAT-8.

(40°56118°N,046°07 24°E)  Options  Ovelays

Puc. 2. CnyrHukoBblii cHuMokIIIaMKHpCKOro BoAOXpaHHIHINA.

Bricota Boxmel mpu HOpMalbHOM ypoBHe obObema Illamxupckoro BogoxpaHmmumapaBHa 158 M, a mpu
meptBoM— 143,5 M. Ha Illamkupckoit I'DC BrelpabaTeiBaeTcst camblii OONBIION 00BEM THIPOIHEPTHUHB
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Aszepbaiimkane. 3MMOW BOZOXpaHWIHIICHE 3aMEP3aeT, TEMIIEPAaTypPaBOIbIBXOJIOIHBII EPUOABPEMEHH JOCTUTAET 5-
10rpanycos, a netom 22-27 rpagycos.

XapakTepHoil ocobeHHOCThIO [IlaMKHPCKOTO BOJOXpaHWIMINA SIBISETCS TO, YTO 37IECh B IIEPBYIO O4Yepellb
coOMpaIOTCs BCE OTXObI aJUIOXTOHA, nepeHocumMble Kypoii n e€ ocHoBHBIME npuTokaMu.lIpo3padHocTs BOJBIIO
mpudry Mexay 3-25, KOJIMYECTBO B3BEIICHHBIX BellecTB B BogHoil Macce 70-350 wmr/murp. KommuectBo
PacTBOPEHHOTO KHCIIOPOJa B BOJAE JOCTaTOYHO BEIHKO, 10 70-95%, a oOmmii rpajyc MUHEpAIM3allMi COCTABIISET
ot 500 mo 800 mr/mmutp. Macca BOIbI MEHSETCS HECKOJBKO pa3 B rof. EE Mcmoip30BaHHEMHOTOLIEIEBOE H HMEET
OospIIOE 3HAYEHHE B TMAPOIHEPTETHKE, OPOIICHUH, PHIOONIOBCTBE MBOAOCHAOXKEHUH. [IpOBOISTCS peryisipHble
THIPOMETEOPOTIOTNIECKUE HAOIIOICHHS.

C nomomrsio mporpammbl ArcGIS 10.2 u momynst Spatial Analyst Mo KOCMHYECKHUMCHHMKAM MOYKHO
MOJICTIPOBAaTh JI000E€ COCTOSIHHE BOJOXPAHUIMINA, OMPENEIUTh TPAaHHUILBIBOJIOpa3/ena, OacceiiHa M T.J.,MOKHO
n3y4ath HaBojHeHHe peku Kypa, oOpasyeMble M3MEHEHHsI B BOJOXPaHWIINIA,a C Hcnoib3oBanneM DEM-monenu
MO>KHOONpEAETATh YpPOBEHb BOAbl B Bomoxpanunumie. Ha puc. 3 mpusBenena DEM-mogmens Ilamxupckoro
BOJIOXPaHMJIMIIA

Puc.3.DEM mopens LlaMkHpcKoro BOAOXpaHUIMIIA

IMamkupckoe, Enukenackoe, Munredaypckoe u BapBapckoe BOZOXpaHMIMINA PACIONO0XKEHBl HAa Pa3HBIX
BBICOTAX HaJ YPOBHEM MOpSI M COCTaBIISIOTCTYIIEHYATyl0 (KacKaJgHylo) BoxoeMKocTh./lyisi uccnenoBaHus
rugporpadUIECKUX MPOLECCOB HA KaCKaJHOM BOJIOXPAaHIINIIE HEOOX0IMMO HCCIIEIOBAThH KaXK/I0€ BOJOXPAHUIINILE
OTZAEIBHO C COXPAaHEHHEM II0CIIEI0BATEIbHOCTH.

[IpuanMas B BHMMaHHE OpPOTpadUUECKyIOXapaKTEPHCTHUKY BOJOXPAHWINING, MAaTEMaTHYECKyI0 MOJEIb
MOJKHO CXEMaTHYECKH IIPEACTaBUTh,KaK [TOKa3aHO HAPHUC. 4.

E,

X4 Xz Ka

Puc. 4. Cxemama remaTuyeckoii Mogean IlllaMmkupckoro BogoxpaHuinma
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3nech Wi— aKKyMyJSIOUsl BOAHOM MacChl B BOJOXPAaHWIMIIE,X, X|, X;, X3 — BOJa, IOCTyHaromas B
Bojoxpanumine u3 pek Kyperl, [llamkupuas, ToBy3uas u 3asmuas,E - Boga, morpebisiemas U3 BOZOXpaHMIIMIIA C
LECJIIBO OpOIHeHI/IH, a Y1' BOJIHas MacCcCa, BBIXOJA11as U3 BOHOXpaHI/IHI/IIHa B C,Z[I/IHI/IIIy BpeMeHI/I[l].

KI/IHCTI/IKO-MaTeMaTI/I‘IeCKaH MOJACJIb Hpouecca HpI/IBOL[I/ITCﬂ HHXC

dw,
—=X+Xx +x,+x;—E -y,
dt

OyHKIMIO Y|, XapaKTepPHU3YIOIIYI0 IPOMYCKHYIO CIIOCOOHOCTh BOJOXPAaHWJIMIIA, MOXKHO INPEICTaBUTh, KaK
(HhYHKIHIO aNIPOKCHMAITUH B BUAE:

— W
V= 181 (e —1)

3mechbou U B1—XapaKTEPUCTHKH CTOKOBOTO 3JICMEHTA, MPEIIOKCHHBIC N3BECTHBIM CIICIUAIUCTOM B 00JacTH
MareMaTuieckoro mojenupoBanusi B ruaposorun 10.b.BunorpamoBeiM[2]. Ho mis mpakTHUECKUXBBIYUCICHUN
JOCTaTOYHO MPHUHATH TUHEWHYIO alllPOKCHMAINIO:

n=kw
3neck k|- mocTostHHASI, XapaKTePU3YIOIIasi MPOITYCKHYIO CTIOCOOHOCTHBOIOXPaHIIIHIIIA.

Takum o0Opa3om, ruaporpaduueckuii mnpouecc I[laMKUPCKOro BOJOXPAHWIUINA MOXET OBITh OIHCaH
CHCTEMOM:

aw, =x+x,+x,+x,—E, —
i 1 2 3 1= N (1)
n=kw

IIput=ty, w=w, u X;=x+6,3 noayuyum
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OcHoBHbIe BbIBOABI.J[aHBI OLEHKU(PYHKINH W 332 BpeMsit=36 MHUHYT B COOTBETCTBHHU C IIOCTOSHHOH kB
Tabyimie 1, 1 B COOTBETCTBUH C NepeMeHHOiik; B Tabmuie 2.Bo BpeMsi BBIYUCICHUs OBUIM MPUHATHI CIEAYIONINE
3HAYCHHUS:

.‘3 .-'{3 Wi .“:3
[ [ [ [

Tab6m. 1.
Onenka rmporecca HOPMAaIbLHOTO w (Mg)
pexxmMa cOpoca oObema (3HaUCHHE
kimocTosaHO,k1=0,001) 1,6E+09
3 1,4E409 —+
t, cex W, MJIH.M
0 1418 1,2E409
240 1121 1,0E+09
480 882
960 546 6,0E+08
1200 429
1240 338 4,0E+08
1680 266 2,0E+08
1920 206 0,0E"‘OO T T T T T T
2160 164

0 600 1200 1800

Puc.5.I'paduk nporecca coOpoca o0bemMa MPUIOCTOSTHHOKK; .
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Tabmn.2.
Ouenka  mpomecca  cOpocanpu w (M?’)
HApYIIEHHH HOPMAJIBHOTO peXHMa
(3naueHue kHEe MOCTOSIHHO) 1,6E+09
t,cexk | ki, cex’ | w, o’ LAE+09
0 0 1418 1,2E4+09 ——
240 0,0013 1043
480 | 0,0017 | 630 1OE+09
720 0,002 338 8,0E+08
960 0,002 209 6,0E408
1200 0,002 129
1440 [ 0,002 80 4,0€+08
1680 0,002 49 2,0E+08
1920 0,002 31
2160 | 0,002 19 0,08+00 T T T T t(cek)
0 600 1200 1800
Puc. 6. I'pacduk nporecca copoca odbeMa pu iepeMeHHoH k;
3akioueHne

Hcnone3yss KOCMHMYECKHE JlaHHBIE, CMOJEIMPOBAaH pexuM oO0beMHOro onopoxenus Ilamkupckoro
BOJOXPAaHUIINIIA.
J1st 3TOr0 MOCTpOCHA MaTeMaTHYECKask MOAENb THAPOIOTHIECKOTO PEXXNUMA, PEIIeHa MOTydIeHHAs! CHCTEMA
muddepeHInaNbHBIX YpaBHEHUH, Pe3yIbTaT aHATUTHIECKH UCCIIEI0BaH.
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