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I Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFb! XUMUS FBUIBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mylieci (ITexun, Keitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
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© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.

3



I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
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sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32
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© MLA. Li, T.T. Ibrayev*, N.N. Balgabayev, B.S. Kali, D.A. Toleubek, 2023
Kazakh Scientific Research Institute of Water Economy, Taraz, Kazakhstan.
E-mail: limarina76@mail.ru

SIMULATION AND OPTIMIZATION MODELING OF WATER USE
MANAGEMENT IN IRRIGATION SYSTEMS

Marina Li — Candidate of Technical Sciences, leading researcher of The Kazakh Scientific Research
Institute of Water Economy LLP, Taraz, Kazakhstan
E-mail: limarina76(@mail.ru, https://orcid.org/0000-0002-8880-5705;
Tursun Ibrayev — PhD, Deputy Director for Research of The Kazakh Scientific R esearch Institute of
Water Economy LLP, Taraz, Kazakhstan
E-mail: kiwr-t@mail.ru, https://orcid.org/0000-0002-1450-5275;
Nurlan Balgabayev — Doctor of Agricultural Sciences, Research Director of The Kazakh Scientific
Research Institute of Water Economy LLP, Taraz, Kazakhstan
E-mail: balgabayev@mail.kz, https://orcid.org/ 0000-0001-8127-7981;

Birlik Kali — 3™ category constructor, Kazakh Scientific Research Institute of Water Economy LLP",
Taraz, Kazakhstan
E-mail: kalib22@bk.ru, https://orcid.org/0000-0002-0031-5518;
Dias Toleubek — 3™ category constructor of the Kazakh Scientific Research Institute of Water Economy
LLP
E-mail: dias.toleubek@bk.ru, https://orcid.org/ 0009-0004-5848-5773.

Abstract. In Kazakhstan, agricultural water consumption accounts for more than
65 % of all water consumption in the country. Irrigation of agricultural crops requires
15-16 km3 of water annually. According to the hydrogeological information of the
Committee of Geology of the Ministry of Industry and Infrastructure Development
of the Republic of Kazakhstan, there is a proven reserve of groundwater balance
equal to 15.83 km?/year, of which 8.73 km?®/year is renewable and can be used for
irrigation. Sustainable development of the regions is possible on the basis of modern
water resources management technologies, which will ensure the optimal use of water
resources, high quality of water distribution and efficiency of decisions. The complex
functional structure of water use process management in irrigation systems is a practical
implementation of the processes and functions of water distribution management. A
simulation-optimization model for planning and operational management of water use in
irrigation systems is a logical and mathematical description of an object that can be used
for experimenting on a computer in order to design, analyze and evaluate the functioning
of a water body. The simulation — optimization model has been developed for water
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use management at the pilot site of the irrigation system — the Tasotkel main canal.
The pilot site is located in the basin of the River Shu. Geological structure is made up
of rocks of different ages - from Precambrian to Quaternary deposits. Upper Quaternary
deposits in the Shu River valley, as well as in the western part of the Betpak-Dala
plateau, are represented by very characteristic yellowish-brown sandy loams and loess-
like loams, locally enriched in sandy and pebbly material. An accumulative type of relief
is distinguished, characterized by slight surface slopes and the presence of several river
terraces, which i1s associated with the manifestation of various erosion-accumulation
formation cycles. The methodology for planning and operational management of water
use in irrigation systems, developed on the basis of a simulation-optimization model, is
designed to improve the efficiency of managerial decision-making.

Keywords:  Agricultural water consumption, management technology,
hydrogeological information, geological structure, simulation-optimization model

Acknowledgment. This study was funded by the Ministry of Agriculture of the
Republic of Kazakhstan (BR 10764920).
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E-mail: limarina76@mail.ru

CYFAPY )KYWUEJEPIHJIET'T CYJbI MAWJAJAHYIbI BACKAPY/IbI
UMUTALUMUSLIBIK-OHTAMJIAH/IBIPY APKBLIbI MOJAEJJIEY
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Annoranus. KazakcTania aybulmapyamibUIbIK CyAbl TYTBIHY eJieri OapiblK cy
TYTBIHYABIH 65 %-IaH acTaMblH Kypaiasl. AybUl MIapyallbUIbIFel JAKbUIAAPBIH Cyapy
YLIiH b1 caiibiH 15-16 kM3 cy kaxet. Kazakcran Pecnybnukacsl MHIycTpus koHe
WHPPAKYPBUIBIMABIK JaMy MUHHUCTPIIr ['eoorus KOMHUTETIHIH THAPOTEONIOTHSUIBIK,
akmaparbl OoibiHIIA 15,83 kM*/KbUIbIHA TeH OapiaHFaH JXep acThl CyJIapbIHBIH
OamaHcbl Oap, OHBIH 8,73 KM’/KBUIbl >KaHAPTBUIATBIH JKOHE CyapyFa MaiiianaHyra
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Oonazapl. OHIpAEpHiH TYpaKThl JaMybl Cy peCypCTapblH OHTAMIIBI TMaiifanaHymbl,
Cymbl OemyliH >KOFapbl CalachlH JKOHE KAOBUIMaHFaH IISHIMJCPIIH THIMIUIICH
KaMTaMachl3 €TETiH 3aMaHayd Cy pecypcTapblH 0acKapy TeXHOJIOTHsUIApbl HeTiiHzae
MyMKiH Oomagel. Cyapy ikylenepiHae cyasl NaiijanaHy HpoueciH OacKapyablH
KemeHaAi (QyHKUMOHANIBIK KYPBUIBIMBI CyIbl Oenmydi OackapynblH HpouecTepi MeH
(GyHKIMSITAPBIH ic XKY31HIE )Ky3ere acblpy 0oibin Tadsu1aasl. Cyapy sxyHenepine cyasl
naiiananynel >Kocmapriay »oHe Kemel OacKapyAblH HMHUTALUSIIBIK-OHTaWIaHABIPY
MoZieTi cy OOBEKTICIHIH KYMBIC iCTeyiH jkolainay, Tangay *oHe Oarajay MaKcaThIHIa
KOMIBIOTEpE TIXKipuOe xacay YIIiH HaiJalaHbUTybl MYMKiH OOBEKTiHIH JIOTUKAIBIK-
MaTeMaTUKaIBIK cunarTaMackl Oonbin Tabbutagbl. Cyapy sKyHeciHiH TaxipuOenik
yuackeci — TaceTken MarucTpaiabAbIK KaHAJIBIHAA CyAbl MaliAananyabl 6ackapy YLIIH
AMUTAIVSUTBIK-OHTAMIaHABIpY Mozei 93ipaceH . [IMIoTThIK anaH e3¢HHIH anaObiHaa
opHanackaH. 111y, OHBIH T€ONOTUSIIBIK KYPBUIBIMBI OPTYPIIi KacTaFbl Tay KBIHBICTAPHI
— keMOpuiire neiinri ke3eHHEeH TOPTTiK werinainepine aeiin Ly e3eHi ankaObHAAFbI
KOFaprbl TOPTTIK LIETiHAiNepi, conaaii-ak bermak-Jlana ycripriHig Oatbic Oemirinae
OT€ TOH CAapFBI-KOHBIP KYMJBl Ca3laKTapMEH >KOHE MKEPriliKTi KYMABI >KOHE
MaJTarac MaTepualiMeH OalbITBUIFaH JIeCC Topi3Ai ca3makTapMeH YChIHBUIFaH. JKep
OeTiHiH Mmamaybl OeTKeWIepiMeH XoHe OipHelle e3¢H TeppaccallapblHbIH OONybIMEH
CHUIATTaJaThlH pelabeTiH aKKyMYJSIIUSIIBIK TYPl epeKIIeneHe i, Oy1 apTypiii Spo3usi-
AKKyMYJISIIUSUTBIK KANbINTACY HUKIAEPiHiH KopiHiciMeH OaitnanbicTbl. UMUTAIUSIIBIK-
OHTAMNMaHIBIPDy MOJENi HeTri3iHAe O3IpJeHIeH HPPUTALMIIBIK JKyielepaeri cyasl
naiananynel Kocmapiiay >KoHe >Kelesl Oackapy onicTeMeci Oackapy IIeIliMaepiH
KaObUIIay THIMIUTITIH apTTHIpyFa apHaJFaH.
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Annoramus. B KazaxcraHe cenbckoX03HCTBEHHOE BOIONOTPEOIIEHHE COCTABIISET
bomee 65 % Bcero BogomoTpedIeHNs B cTpane. [t opomeHus CexbCKOX03SiCTBEHHBIX
KyJlIbTyp exerogHo tpeOyercs 15-16 km® Bombl. ComacHO T'MAPOTreOIOTHYECKOM
nHpopmaru Komutera reonornn MuHHCTEPCTBA MHIYCTPUH U UHPPACTPYKTYPHOTO
pasButus PK, nmeercs pasBemaHHbIl 3amac OanaHca MOJ3EMHBIX BOJ, paBHBIA 15,83
KM>/TOJI, 3 KOTOPEIX 8,73 KM>/TOI — BO30OHOBIIIEMBIE, HX MOXKHO MCITOJIB30BaTh Ha
OpOIIICHHE. YCTOMYNBOE Pa3BUTHE PETHOHOB BO3MOXXHO Ha OCHOBE COBPEMEHHBIX TEX-
HOJIOTUH YTIpaBIICHUS BOJHBIMHU PECYpPCaMM, YTO OOSCHEUUT ONTHUMAIIBHOE HCIIOJNb-
30BaHHE BOJHBIX PECYPCOB, BHICOKOE Ka9€CTBO BOMOPACIIPEIEIICHUS U OTIEPATHBHOCTh
MIPUHAMAaEMBIX pemreHni. KomrexcHas (yHKIMOHANBHAs CTPYKTypa YIpaBICHUS
TEXHOJIOTUYECKUM TIPOIECCOM BOJOIIOJIB30BAHMSI Ha OPOCUTENBHBIX CHCTEMax
MPEJICTABIICT COO0M MPAKTHYECKOE BOIUIOMICHUE MPOLIECCOB U (PYHKIUI yrpaBiIeHUs
BozopacnpezaeneHueM. IMUTaImOHHO-0NITUMHU3aIMOHHAS MOJIEINb JUIS JIAHUPOBAHUS U
OTIEPATHBHOTO YIIPABIEHHS BOAOIOIH30BAHNEM HA OPOCHUTEIHHBIX CHCTEMAX SBISETCS
JIOTUKO-MaTeMaTH4YeCKUM OIMCaHUEM 00bEKTa, KOTOPasi MOXKET ObITh UCIIOIb30BaHA /IS
SKCIIEPUMEHTUPOBAHUS Ha KOMIBIOTEPE B IENAX MPOSKTUPOBAHUS, aHAIN3a U OLICHKHU
(DYHKIIMOHMPOBAHHUA BOTHOTO OOBEKTa. MHUTANMOHHO-ONTHUMU3AIMOHHAS MOJEIb
paspaboTaHa AJisl yIIpaBlIeHHUs BOAOMOIH30BAHNEM Ha MAJIOTHOM Y4acTKe OPOCUTEIHHON
cucteMbl — TacOTKEIbCKUI MarucTpalbHbId KaHall. [TUIOTHBIN yd4acTOK pacnoyiokeH
B Oacceiine p. llly, reojoruueckoe CTpOSHUE KOTOPOM COCTABIISIOT Pa3HOBO3PACTHBIC
MOPOJIBI — OT JOKeMOPUHCKUX 10 YETBEPTUYHBIX OTIOXKECHHUU. BepxHeueTBepTUUHbBIC
omnoxkeHus: B nmonmuHe peku llly, a taxke B 3amamHoil wactm twiato bermak-Jlama
MIPEICTABIICHBI OYCHD XapaKTEPHBIMHU KEITOBATO-OyPBIMU CYTIECSIMHU U JIECCOBUTHBIMU
CYIJIMHKaMHM, MECTaMH OOOTalllcHHBIMU TI€CYaHbIM U TaJCYHBIM MaTepHaJIOM.
Boigensiercs akKyMydaSTHBHBIH THI penbeda, OTIMYAOIIUNACA HE3HAYUTEIbHBIMU
YKJIOHAMH IIOBEPXHOCTHU U HATMYHEM HECKOJIBKUX PEUHBIX TePPAC, YTO CBA3AHO C ITPOSIB-
JIEHUEeM DPAa3InIHBIX APO3NOHHO-aKKYMYJISTHBHBIX ITUKIOB OOpa3oBaHus. MeTomnka
IJIAHUPOBAHUSA W OIEPATHBHOTO YIIPABIICHUS BOOIOJB30BAHIEM HAa OPOCHUTEIBHBIX
cUcTeMax, pa3paboTaHHas Ha OCHOBE MMHTAIIMOHHO-ONTUMH3AIIMOHHON MOJIEIH, TTPE/I-
Ha3HadeHa JIJIs MOBbIMeHUs 3)()EeKTUBHOCTH IPUHSTHS YIIPABICHYSCKUX PEIICHUI.

KuioueBble c10Ba: ceIbCKOXO3SIIICTBEHHOE BOAOTIOTPEOICHNE, TEXHOIOTHS YIIPaB-
JICHUsI, THAPOTEOIOTHYECKass HHPOPMAITHS, TEOIOTHYECKOE CTPOSCHNUE, UMUTAITMOHHO-
ONTHUMH3AIMOHHAS MOJICIb

Introduction

InKazakhstan, agricultural water consumption accounts formore than 65 % ofall water
consumption in the country. Irrigation of crops requires 15-16 km® of water annually.
Of this, 12 km? are used in four regions in the south of the country, where irrigated crops

122



ISSN 2224-5278 3.2023

are grown on an area of 1.25 million hectares (97 % of the water withdrawal). Losses
from the volume of water withdrawal, which are primarily associated with the poor
technical condition and unsatisfactory operation of irrigation systems, are about 3 km?
(Water security of Kazakhstan: status, problems and recommendations, 2019).

According to experts, water consumption in Kazakhstan will increase by 56 % by
2040 and amount to about 25 km® per year, and the shortage of water resources may
reach 12 km?® per year (How Kazakhstan can avoid a water crisis, 2023).

According to the hydrogeological information of the Committee of Geology of the
Ministry of Industry and Infrastructure Development of the Republic of Kazakhstan,
there is an explored reserve of groundwater balance equal to 15.83 km3/year, of which
8,73 km’*/year can be used for irrigation (Groundwater Resources of Kazakhstan, 2015).
However, for the use of groundwater, it is necessary to confirm their reserves, by the
protocols of the State Commission on Mineral Reserves, the validity of which has
expired almost everywhere and their reassessment is required.

Irrigation of crops on existing irrigation systems is not effective enough due to not
only the low technical condition and equipment with modern technologies but also the
lack of quality management of water use and water distribution processes along the
entire length of irrigation canals (Ibrayev, 2022; Li, 2018; Ibrayev, 2022). Sustainable
development of the regions is possible based on modern water resources management
technologies, which will ensure the optimal use of water resources, high quality of
water distribution, and efficiency of decisions.

Materials and research methods

Evaluation of the efficiency of water resources use and analysis of the technical
condition of irrigation systems are based on materials from the operational indicators
of irrigation systems, reports from previous studies, and reconnaissance surveys of
water bodies (Creation of water allocation management in irrigation systems based on
hydrological information, using water resources formation in river basins: Research
report (interim), 2021). Based on the research work carried out, a general approach to
the development of an integrated functional structure for managing the technological
process of water use in irrigation systems was formed, and a method for planning and
operational management of water use in irrigation systems was developed based on a
simulation optimization model. Amethodology for planning and operational management
of water use in irrigation systems based on simulation-optimization modeling has been
developed, which makes it possible to ensure the reliability and efficiency of managerial
decisions and the rational use of water resources.

The main stages in the development of a structure for managing the technological
process of water use were: the analysis of information flows; the choice of control
criteria. In the first stage, the materials of the conducted studies in the subject area were
used (collection of data on the objects of study, collection of hydrological information).
In the second stage, possible options for managing the technological process of water
use were considered, indicators were determined, according to which various options
were compared and the most optimal one was selected.

Widely used methods of scientific research are used, which are well-known ways
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to achieve the goal of research work, allowing to obtain specific results clearly and
efficiently (Getachew Belaineh, 1999; Ivanova, 2017; Agbortoko Bate Ashu, 2021;
Mohammad Reza Nikoo, 2022; Haacker, 2019; Georgiou, 2008).

Main results and analysis

The complex functional structure of water use process management in irrigation
systems is a practical implementation of the processes and functions of water distribution
management (Figure 1).

[ Technobogical process of waler distribastion
) i | S
Measunng Actuating Trcking svsiem
Irans<dneers miec hanism T )
[ Operator ] By [ Controd devices ]
I ASM TP - Water distribution meanagenyent mfomuation system 1

Fig. 1 - Comprehensive functional structure for managing the technological process of water use

The developed structure includes:

— measuring transducers designed to measure the specified parameters and transfer
them to the water resources management information system, which is the controlling
body of the system;

— an actuator is an electric drive with mechanical units - gearboxes and screws, the
task of which is to set the sluice gate mechanisms in motion by a signal from the control
system to move the shutoff valve (hydraulic seal) up or down, respectively, opening or
closing the gate;

— a tracking system designed to control the position of the shutter, using the
information received by the control system to calculate the throughput of the sluice gate
at the corresponding position of the shutter;

— control device, which is an electronic device with a processor unit that executes a
user program (programmable logic controllers or industrial computers);

— water distribution management information system, which is a software product
designed to collect and manage the water distribution system.

The main functions of the information system for managing water resources:
collecting information from the control device of the executive mechanism; inputting
the calendar plan of water consumption; viewing information about current and
accumulated parameters from measuring transducers; viewing diagnostic information
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on the health of various equipment. At the same time, a complex functional structure
for managing technological processes of water use ensures an increase in the efficiency
of the technological process by the chosen optimality criterion for given technological,
economic, and other production constraints.

A simulation-optimization model for planning and operational management of water
use in irrigation systems is a logical and mathematical description of an object that can
be used for experimenting on a computer to design, analyze and evaluate the functioning
of a water body (Modeling dynamic management of water distribution in the channels
of an open irrigation network, 2015).

A mathematical model is commonly understood as a set of relationships — equations,
inequalities, logical conditions, operators, etc., that determine the characteristics of
the states of the modeling object, and through them the output values of the reaction
parameters, depending on the values of the parameters of the original object, input
actions, initial and boundary conditions, as well as time.

The simulation-optimization model (hereinafter referred to as the Model) was
developed for water use management at the pilot plot (PP) of the irrigation system -
the Tasotkel main canal (TMC), which administratively is part of the land use of the
Shuisky district of the Zhambyl region and is located 5—10 km northwest of the city of.
Shu (Figure 2).

Fig. 2 - Layout of the plot

The pilot site is located in the basin of the river. Shu, whose geological structure is
made up of rocks of different ages - from Precambrian to Quaternary deposits. Upper
Quaternary deposits in the Shu River valley, as well as in the western part of the Betpak-
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Dala plateau, are represented by very characteristic yellowish-brown sandy loams and
loess-like loams, locally enriched in sandy and pebbly material. The thickness of the
entire stratum here reaches 50 m. Undivided Upper Quaternary and modern deposits are
common on wide plains. Within the Moiynkum desert, these are eolian sands overlying
rocks of various ages — from Upper Neogene to modern, which indicates the processes
of winding and accumulation over a relatively long period. In addition to eolian
sands, in the river valley, as well as on the slopes of the foothills and intermountain
depressions, young Quaternary formations are widespread. Genetically, they are
more often represented by alluvial, alluvial-proluvial and deluvial-proluvial deposits.
Lakeside areas, usually consist of sandy clays and silts (Scheme for the integrated use
and protection of water resources of the Shu river basin with tributaries, 2017).

Within the river basin Shu, on the PP, an accumulative type of relief is distinguished,
characterized by slight surface slopes and the presence of several river terraces, which is
associated with the manifestation of various erosion-accumulation cycles of formation.
River floodplains are developed everywhere and rise above the water's edge by 0.5-1.0
m.

The lining of the TMC canal is prefabricated-monolithic, there are 12 water outlets,
8 siphons, and 2 storm drains. At the beginning of the TMC canal and inter-farm canals
TBKh-1 and TBKh-2, there are head gauging stations with measurement of water
flow along a fixed channel, as well as a hydrometric network of posts, and graduated
hydraulic structures.

The basis of simulation modeling is the logical analysis of elementary processes
in the system and the imitation of the phenomena that make up the process under
study while maintaining their logical structure and sequence in time. In the Model,
new algorithms have been developed that implement the functional tasks of water
intake for water distribution in conditions of water scarcity in the example of TMC.
The model is implemented in the Microsoft Excel spreadsheet program in the VBA
macro programming language (Visual Basic for Application) and consists of 1 main and
several additional Excel sheets interconnected by links and calculation formulas.

The algorithm for constructing the Model for the existing irrigation system includes
the following steps (Figure 3):

1 - Choice of channel, culture;

2 - Determination of the decade distribution of irrigation norms for agricultural crops;

3 - Plotting hydro module;

4 - Construction of a linear scheme of the irrigation network;

5 - Determination of the efficiency of irrigation network channels;

6 - Determination of the values of costs for the calculated sections.
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Fig. 3 - Algorithm of computer technology for planning water use

The planned scheme of the irrigation network is the source material for constructing
longitudinal profiles and cross-sections of channels of various orders included in it, the
number of which is determined depending on the tasks of simulation modeling (Figure

4).
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Fig. 4 - Planned scheme of the TMC irrigation network

The final calculation listing of the program is “rashod”, in which the calculations of
the ten-day, maximum, and forced water flow for each TMC channel are carried out.
The formation of various calculation scenarios is based on water supply schedules for
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sections (applications of water consumers), the estimated year of flow availability, and
the operating mode of irrigation canals.

Thus, the Model is a computer program implemented using a set of mathematical
tools that allow the creation of analogous processes in the computer memory, with the
help of which it is possible to conduct a targeted study of the structure and functions of
a real irrigation system in its “simulation” mode.

The methodology for planning and operational management of water use in irrigation
systems based on a simulation-optimization model is a specialized software package
designed for information technology support in solving the following interrelated tasks:

— collection, processing, and storage of the necessary technical data, as well as
information about the farms-water users of the irrigation system;

— automation of the technological process of compiling and calculating the intra-
seasonal ten-day distribution of the irrigation norm of crops based on the composition
of water users, the structure of sown areas;

— automation of the technological process of calculating the efficiency of channels,
maximum and forced costs in channels;

— exchange of information on the planned indicators of work with higher, related, or
interested organizations;

— collection, processing, and storage of information on the actual performance of the
irrigation system,;

— automation of operational reporting on the water management activities of the
irrigation system.

The considered scenarios for the operation of TMC and its water outlets showed
that with an increase in the estimated year of flow supply (50%, 75%, 95%), the main
indicators of the Model change automatically depending on the water availability of the
year and are:

— Decade irrigation norm for fields - 10490.2 m3/ha - 11588.5 m3/ha - 13598.4 m3/
ha, respectively;

— Maximum flow - 19.5 m3/s - 21.1 m%/s - 24.7 m3/s, respectively.

When a situation arises in the irrigation network, in which one of the channels does
not work, the costs transferred to other channels also change automatically, according
to the new conditions.

Conclusions

An integrated functional structure for managing technological processes of water
use will increase their efficiency, in accordance with the chosen optimality criterion for
given technological, economic, and other production constraints.

The developed simulation-optimization model for planning and operational
management of water use in irrigation systems, implemented using a set of mathematical
tools that allow you to create analogous processes in computer memory, allows you to
conduct a targeted study of the structure and functions of a real irrigation system in its
"imitation" mode, to optimize some its parameters.

The methodology for planning and operational management of water use in irrigation
systems, developed based on a simulation-optimization model, is designed to improve
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the efficiency of managerial decision-making. The use of simulation modeling of
production activities in the field of water use allows, on the one hand, to evaluate the
quality of the decision made on the model, and on the other hand, it can be a means of
improving the skills of operational personnel.
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