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Anoamna
O.F. Ocnant, M.E. Mancypoea®, E.X. Kaxumoicanos
'0n @apabu ameinoazel Kasax ¥immuix Yuusepcumemi, Anmamol
BOJIKAY 9AICIHE HET'I3AEJTEH CY KOPBIHBIH TUIMAI YJIECTIPIIYIHIH
I'MBPUATI YJT'ICIH KYPY

1

Cy pecypctapblH THIMII TaiiganaHy MonemiH Kypy Kazakcran yImiH MaHBI3IBI TamchlpMa OOJBII TaOBIIAJIBL
PecniyOnukaHBIH JKep YCT1 CyJIapbIHBIH JKapTHICHIHA KYBIFHI (44,9 Tekire KM) KepIii elaepiH ayMarslHaH KeJlil TyCeIi.
CapanmbsutapIbIH HiKipiHIIe, KOpIi exepaiH ¢y adysl MeH el ©3¢HAEPiH/eT] CYy CallachIHbIH HaIapiaybl SKOJOTFSUTBIK
amatka okexryi MyMKiH. OcbIFaH OaifTaHBICTHI QJIeMIe COTTI MalJaaHBUIATHIH TPAaHCIICKapaIbIK ©3¢H OacceHaepinme
Cy pecypcTapbiH THIMII 06Ty MOJENbACPiH TaIay JKOHE TaIKbUIAy ©3€KTi MemiM O0Iabl.

byn wmakanmaga TpaHCIIEKapalblK ©3eHIEepre KOJJAHBUIFAH TPAHCIICKAPAIbIK ©3EHJAEPAIH Cy pecypcTapsl
poOIeMaapbiH MISITY/IIH THIM/I MOJEITBACP] MCH JKOJAPHI KAPACTHIPBLIAIBI, dKOHE OCHI MOJICIBICPIIH HET131HIe eIIIH
TpaHCLIEKapaJIbIK 63€H IepiHe KOJIAaHBUTYbl MYMKIH TMOPUATI MOJIENIb KYPBUIFaH.

Tyiiin ce3aep: TpaHCIIEKapalbIK ©3€HAED, 00IKAY MOJIENi, «CYp KacKbIp» THIMALIIr, THOPUITI MOJEIIb.

Abstract
DEVELOPMENT OF A HYBRID MODEL FOR THE EFFECTIVE DISTRIBUTION OF WATER
RESOURCES BASED ON A PREDICTION MODEL
Ospan A.G. !, Mansurova M.E. !, Kakimzhanov Y.Kh.!
Al-Farabi Kazakh National University, Almaty

The development of a model for the effective use of water resources is one of the priorities of Kazakhstan. About half
of the Republic's surface water (44.9 cubic km) comes from the territory of neighboring countries. According to experts,
the increasing water intake by neighboring countries and the deterioration of water quality in the country's rivers can lead
to an environmental disaster. In this regard, the analysis and discussion of models for the efficient allocation of water
resources in transboundary river basins, which are already successfully used in the world, will be an urgent solution.

This article discusses effective models and ways to solve water resources problems in transboundary rivers that have
already been applied to transboundary rivers, and based on these models, a hybrid model is built that can be applied to
transboundary rivers of the country.

Keywords: transboundary rivers, projection pursuit model, prediction model, gray wolf optimization, hybrid model.

Beenenue

[IpoGiiema HexBaTKM TPECHOW MUTHEBOW BOABI ¢ 20 Beka paccMaTpHBaeTCs Kak riiodaibHasi mpodiieMa
coBpeMeHHOCTH. HacesieHne miiaHeThl CTPEMUTEIbHO PACcTET U TIPU 3TOM BO3pacTaeT MOTPEOHOCTh B YUCTOM
nuTheBoi Boze [1]. [loutu Bce KpymHbIe peku Ha 3emiie ABISIOTCS MPAHCZPAHUYHBIMU, TO €CTh TPOTEKaeT
xoTs ObI yepes nBe cTpansl [2]. s Kazaxcrana ncronb3oBaHHe BOJHBIX PECYPCOB TPAHCTPAHUYHBIX PEK -
3TO 0c00ast W JTOCTATOYHO Cephe3Hasl TeMa. 3a MmocieAHne 15 neT HaOmomaeTcss TEHACHIUS COKpAIleHUs
€CTECTBEHHBIX pecypcoB MoBepXHOCTHHIX BOJ Kazaxcrana [3]. o omleHKam SKCIIEPTOB, YBEITHMUNBAIOIIIHIACS
B0/103200p COCETHUMHY CTPAaHAMH IPUBEIET K HAPYIISHUIO CIIOKUBIIIETOCS PeKUMAa BOJIOCHA0XKEHHUS ¥ CHITLHO
YAapUT 110 TPOMBITINIEHHOCTH U CETHCKOMY XO3SHCTBY CEBEPO-BOCTOUHBIX M IIEHTPANBHBIX oOnacteit PK [4].
B cBsi3u ¢ 3TUM yenvp NAHHOW CTaTbU — 3TO aHAM3 M OOCYXKAEGHUS MOJEJel, KOTOpPBIE PEaln30BBIBAIOT
a¢(dekTUBHOE pacrpezie/icHHe BOJHBIX PECYpPCOB Ha BOAOCOOPHBIX OacceliHax, 3ajaya — Ha OCHOBE 3THUX
MojieJIel TOCTPOUTh THOPHIHYIO MOJIEINb, KOTOPYIO BO3MOXKHO Oy/I€T MPUMEHSTH JIJIsl BOIOCOOPHIX OacCeitHOB
Kazaxctana. B 310#i cTaThe MBI PACCMOTPHUM CIICTYIOIINE MOJICIIH:

1) pervoHanbHas KIMMaTHYECKas MOJEIb B COUYETAHHH C (PU3MUYECKOW THAPOIOTHUECKOW MOAEIBIO
(WEHY-Watershed Environmental Hydrology Model);

2) UHTErpHpOBaHHAs MOJEINb paclpe/ieIeHHs BOJHBIX PECYPCOB HAa OCHOBE MOJICIIH IIPOrHO3UPOBAHUS U
MOJIeH OnTUMH3anun «cepbiit Bosk» (PPMGWO - Projection Pursuit Model and Gray Wolf Optimization).

Ha ocHoBe 3TuX BbllIEyKa3aHHBIX MOJIeIe B JaHHOW CTaThe MOCTPOEHA TMOPUIHASL MOZEIIb, COCTOSILAS
n3 moxeneit WEHY u PPMGWO.

MeToapl ucciae10BaHUA

2.1 Pecuonanvhas KIUMamuyeckdas MOOelb 8 COYeMmAaHuu ¢ Gu3uueckol 2UOPOa0SUHECKOU MOOEIbO
(WEHY-Watershed Environmental Hydrology Model).

[TepBEIit MeTOM 3TO - MOJAETs THAPOJOTHH BomocOopa okpyxatomieit cpensl (WEHY), koropas Gputa
MpUMEHEeHa Jia BogocOopHOU pekn Tao. [lo momydeHHBIM pe3ynbTaTaM MOXKHO YBHUIETHh YTO 3Ta MOJEINb
YCHENHO NPUMEHSETCA Ha CEFOJHSAIIHNMN JEHb A7 OLIEHKH M aHaJIN3a paclpeieeHNus BOIHBIX pECypCoB Ha
peke Tao [5]. Mogens WEHY Obiia peanu3oBaHa Ha ocHOBe MH(opMmanuu o Tororpaduu, Kotopas Obuia
MOJTyYeHa U3 TJI00aTbHBIX CITyTHUKOBBIX JaHHBIX (Pucynok ).
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‘. Jannbte r1o6aaproro peanaausa (ERA -20C)
| (IIpocTpancTeennoe paspemenue 1.25 ceTku)

VaeHpmenne MacmTasos

Armocoeprbiii MoIYb (PerroHaTEHAT MOTENE THIPOKTHMATE)

Hcroprueckue aryocdepHble TaHHbIE
(TIpocTpancTBenHOE paspemenne: 9 KM CETRH) ‘

Bxoassie JanHbIE
[Ocar:;a_. TEMIIEPATYPa BOSIYX4. CKOPOCTD BETPa, OTHOCHTEIBHAL ]

ENI3ZHOCTH, KOPOTROS0IHOBCE H JTHHHCEONHOBO0S HITVIEeHHe H T.0

WEHY mozeas
(Mozeas ruzpoorun sozoctopa)

[ Mozeas npouecca 3eMHOH NOEEPXHOCTH J

WEHY-WRF

[ Mozeas ropsoro cKIoHa ]

[ TloToxoBas MoJeIb MAPUIPYTOE MePENIeTeHHH ]

H BeIxoaHbIe JaHHBIE

ITosepxmocTHELE CTOK ¢ BoZocSopa

PeROHCTPYRINSA [HAPOIOrHYECKHX JAHHBIX
(1970-2019)

Pucynox 1. Cxemamuuecxoe onucanue mooeru WEHY

BxoHO0# nHpOpMaIueid s MOJIeN I THAPOKIMMATA SBIISIOTCS TII00aNbHbIE JaHHBIE TOBTOPHOTO aHAIIN3a
(ERA-20C) [6], xoTopble 3aTeM THHAMHYECKH YMEHBIIAKOTCS C MOMOIIBIO PErHMOHAIBHON KIMMATHIECKOU
Mozenu [7], a 3aTeM BBOIATCS B THAPOJOTHYECKYIO MOJIENb ISl PEKOHCTPYKIMU THAPOIOTHUECKHUX TAHHBIX
[8]. Armocthepubie manubie [9] coctosT u3 manHbXx ERA-20C [10] moBTOpHOTO aHagm3a B yMEHBIIEHHOM
MacmTabe C BOCEMBIO Pa3IMYHBIMU TEpEeMEHHBIMU: [) ocadku, 2) memnepamypa 6030yxa, 3) cKopocmb
sempa, 4) KOpomKogonHogoe usznyueHue, 5) OIUHHOB0IHOB0e u3iyueHue, 0) OasieHue, 7) KOapduyuenm
cemewenust, 8) evicoma ceonomenyuana [11].

Hcnonb3ys mozens WEHY, MOXHO BOCCTaHOBUTH THMJPOJIOTHYECKHE JAHHBIE IO BOJOpa3eNy,
OCHOBBIBASICh HA MX BXOJHBIX JIAHHBIX, TIOJYUYEHHBIX B PE3yJIbTATE MOCTPOCHUS MOJEIU HCCICIOBAHUS H
nporrosupoBanuss noroasl (WRF-Weather Research and Forecasting Model). OrkanubpoBanHas u
npoBepeHHast mojienib WEHY MoskeT ObITh MCTIONIb30BaHa JIJIsl MPOTHO3UPOBAaHUS Oy IyIIero BOJIOCHAOXKEHHUS
u3 BojocOOpa TOa arMocepHBIMH BXOJAMH W3 OyIylNIMX KIAMATHYSCKUX MPOTHO30B TIIO0ATBHBIX
KIIUMATHYECKUX Mojeneil. Hapsiy ¢ peKOHCTPYKIMEeH JaHHBIX 3TOT MOJAXO MO3BOJSIET MOJCTHPOBATH
COOTBETCTBYIOIIHE aTMOC(EpHBIE ¥ THAPOIOTUYECKUE TIEPEMEHHBIE, MO3TOMY aHAalIHM3 THUX TMEPEMEHHBIX
MOJKET BBISIBUTH NPUUMHBI COOOIIAEMBIX PE3yJIbTaTOB, XOTS ONpeJelieHHe NMPUYMHHO-CIECTBEHHON CBS3U
MOKET OCJIOKHSATHCS HEJIMHEHHOCTHIO aTMOC(EPHBIX U THAPOJIOTHUECKUX MpolieccoB. Hakoner, uTo He MeHee
Ba)KHO, PE3yJbTAThI TOTO UCCIIEIOBAHUS UMEIOT TOYHOE BPEMEHHOE pa3pelieHne (€KedacHo), MPHI0KEeHUE
MOJKET OBITh MCTIONB30BAHO JUISI OIIEHKH THIPOJIOTUIECKUX PHCKOB, TAKUX KaK HABOJHEHHS U 3aCyXH.

2.2. Unmeepuposannas moodenv pacnpedenerus 800HbIX Pecypcos Ha OCHO8e MOOeU NPOSHO3UPOBAHUS U
onmumuzayuu «cepulii 6onk» (PPMGWO- Projection Pursuit Model and Gray Wolf Optimization).

Btopoit wmeTom — WHHOBAIMOHHAS WHTErpupoBaHHas wMoaens PPMGWO mis  onrtuvmsanum
WCTIONIb30BaHMS BOAHBIX PECYPCOB B TPAHCTPaHUYHOM PEYHOM OacceliHe, KOTOpasi MHTETPUPOBaHa C IOMOIIBIO
Moyenu nporHosuposanust (PPM) [12] u moaenu ontumusarmu «Cepbiii Boky» (GWO) (Pucyroxk 2).
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l ﬁomszmm_ pacnpeleIeHus BOIHBIX P“’Pc“ |

Bxoaszie asmasie (13 mapaverpos)

[’-Iu::exx-z.:xc:a macernesnz, BBIL nnomazs. xosdduumesT yplanusant T.:]

IpoempoEasue EEICOROPAMEPHED JEHHED & EHIKODIMEPHES

PPM (yoxeas nporHo3HpOBaHHS)

1. Ouenra pasMepHOCTH TaHHBIX.

2. TlocTponTs GYHKUHIC HHIHRATOPA NPOSKIHH,

3. TocTpouTs HeTeEY 0 PYHKUHIO NPOEKIHH.

4. OnTuMH3HPOBATE GYHRIUMIO HHIHKATOPA NPOEKLHH.
5. PacCYHTATH CTOHMOCTD NPOSKUHH.

WO

¥
¥

GWO - Onramasanas "Ceprii soar”
) (RmacTepHOS AHISPCTEO, ORPYEEHIS HSPTELL OXOTHHYES NOBSISHNE)

PPM(

Plea«lnsam ymozeau PPMGWO

[Illar 1: TocTponTs cacteny nomsa‘refxeé]

Iar 2: OnpenesTs HeAesyI0 Q\'nwmo

 lar 3: Hempanusaposars DapaMerps:. &——————
Iar 4: Yepes GWO moayauTs NOTOXKeHHS KePTBH. <«

Ilar 5: Yepes anropary PPM onpezemsTs
cIpeneenHe KOTHIeCIBa EOTEL

Brixoassle 3aRHEIE
{OTHYEeCTRa BOJBI KaIoro SioKa VIIPasTIeHHR

KonrpacTssiit anaaus aaropursia PPMGWO |
C 3TATOHRBIM 3HaYeHHeM Daccefina |

v

‘PesyabTaT NpoeKUNH B AHATHS

Pucynox 2. Cxemamuuecxoe onucanue mooeau PPMGWO

Mogens PPMGWO mnpepnHazHadeHa il ONTUMH3ALMM  PACHpPENETICHUST BOJHBIX PECYpCOB B
TpPaHCTPAaHWYHBIX PeUHbIX OaccelHax. DTo Uccieq0oBaHNe IpUMeHsIcs K Oacceiiny peku CyHxya u 25 6J10K0B
YIpaBIEHYs B Ka4ecTBE MPUMEPOB, NpuHUMasd Mozaeiab PPMGWO, npemnoxkeHHy0 B 3TOM HCCIEIOBaHNH,
JUIsL pactpe/ieieHus] KoJMuecTBa BOJIbl. B 3TOM MccnenoBanum BeIOMparoTes 15 mokaszareneit pacpeneneHust
BOJIHBIX PECYpPCOB B TPAaHCTPAaHMYHBIX PEUHBIX OacceiiHax U PErHMOHax, YTO COrJlacyeTcs ¢ peaabHocThio [13].

OcHoBHOll npuHIMN Mojenu PPM - mpoernupoBaTh BBICOKOpa3MEpHBIE JaHHBIE B HHU3KOpa3MEpHOE
MOJIITPOCTPAHCTBO Yepe3 OIPe/IeSICHHYI0 KOMOMHAIUIO, OTPaXKaTh CTPYKTYPY WM XapaKTEPUCTHKH UCXOIHBIX
BBICOKOPa3MEPHBIX JIaHHBIX ITyTEeM MHHUMH3AINN HHAEKCA MPOSKIIUHN U aHAIM3UPOBATh CTPYKTYPY JIaHHBIX B
HU3KOPa3MEPHOM IPOCTPAHCTBE, YTOOBI PEAIN30BAaTh 1I€Ib U3yUCHHUS U aHAJIM3a JaHHBIX OOJIBIINX Pa3MEPOB.
PPM MOXeT HCIIONIB30BaThCS NPU PACIIPEACIICHUN KOJIMYECTBA BOJBI, & IPOLEAYpa €ro alropuTMa COCTOUT
n3 5 maros.

Onrumuzatop «Cepsiit Bosik» (GWO) — 3T0 HOBEHIIN#T HHTEIUIEKTYa IbHBIH aITOPHUTM ONTUMHU3ALUH CTaH,
KOTOPBIH peayinzyeT 0OBeKTHBHYIO ONTHMU3ALMI0, IMUTHPYS Takue JeHCTBHUS CEpOro BOJIKA B CTae, Kak: 1)
KiacmepHoe 1udepcmeo; 2) OKpyiceHue dcepmenl; 3) oXomuuuve nogeoenue. ITOT AITOPUTM UMEET TaKue
MPENMYIIECTBA, KaK OBICTpas CKOPOCTb CIUSHUS, IIMPOKHE BO3MOKHOCTHU TII00ATFHON ONTUMHU3AIUH U T. 1.
WnterpupoBannsiii anroputM moaeinn PPMGWO paspabortan myreM aHanu3a aTpuOyTOB MHOTOLIEIEBOM
mozenn PPM u anropurma GWO. Iporenypa peanusamnuu Bogopacipeaenenus moaenu PPMGWO cocrout
n3 5 maroB. OueBumgHo, uto Momenb PPMGWO yuuThIBaeT Kak 3SKOJOTHYECKYIO CIPaBEJIMBOCTD
MIPOMBIIIUIEHHO Pa3BUTBIX TOPOJOB, TaK M YCTOWYMBOE pa3BUTHE CEJBCKOXO3AHCTBEHHBIX T'OPOOB.
PesynpTaThl MOIENUPOBAHUS TOKA3BIBAIOT, YTO KOJMYECTBO BOABI, KOTOPOE MOXET OBITH PacHpeieieHo BO
BCEX KOHTPOJISIX, IEMOHCTPUPYIOT OOIIYIO TEHJICHIIHIO K YBEIIMYEHHUIO TIPU Pa3yMHOH 1 paBHOMN dKCILTyaTaluu
Y UCIIOJIb30BAaHUM BOJIHBIX pecypcoB [14].

2. 3 I'ubpuonas modenwv na ochose mooderei WEHY u PPMGWO.

[poananu3uporar aBe 3(HEKTUBHBIE MOJEIH JJIS PELICHUS MPOOJieM BOAOCOOPHBIX 0acCEHHOB, MBI
MOXKEM TIOCTPOUTH MOJEJb, KOTopas OyaeT NpUMEHEHa M BOJHBIX PECYpPCOB TPAHCTPAHMYHBIX PEK
Kazaxcrana (Pucynok 3).
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onm::lanﬂue >

P [100aTbHEe JaHHERe THIPOKTHMATA | Toxasarems pacnpedeqeHnd EOQEEIX
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Pucynok 3. Cxemamuuecxoe onucanue eubpuonoii mooenu na ocvose modeneti WEHY-WRF v PPMGWO

OcoOCHHOCTBIO ATOW MOJIEITH SBJISETCS TO, YTO 31€Ch PACCMATPUBAIOTCS KaK IJI00AIbHBIE KIMMAaTHYECKUE
BIMSIHUST Ha OaccefiH pekd, TaKk W HCIOJb30BAaHWE BOJHBIX PECYpCOB JJs Pa3HBIX Lesei
(ceNbCKOXO03SMCTBEHHAS eATeIbHOCTD, ypOaHu3alus 1 T.1.). B mepBoii yactu rubpuanoi mogenu (WEHY-
WRF) MBI ucrions3yemM atMochepHbIe, THAPOIOTHYECKHE U KITMMaTHIecKue nanubie ¢ 1970 T., ¢ MOMOIIIBI0
KOTOPBIX MBI MOYKEM YBUJIETh CTATUCTUKY OCAJIKOB, TasHHE JICTHUKOB, N3MEHEHUE KIMMATUIECKUX JTaHHBIX,
4TO HamNpsMYIO BIUSET Ha O0BbEM BOABI B pevyHOM OacceliHe, TaKKe OTKAIMOpOBaHHBIC JaHHBIC
THAPOIOTUYECKOI MOJIETTH MOTYT OBITh HCIIOJIb30BAHBI JIISI IPOTHO3UPOBAHHMS Oy IyIEro BOJIOCHAOKEHHUS 13
BomocOopa moJ arMocepHBHIMH BXOJaMH H©3 OyAyIIMX KIMMAaTHUYECKUX TMPOTHO30B TIIOOANBHBIX
KIIMMaTH4ecKuX Mojenel. Ilocie mocTpoeHus THAPONIOTHYECKOW MOJENU Ui TPAHCTPAHWYHBIX PEK, IO
MOJTYYCHHBIM pe3yJibTaTaM OyIeM Pean30BbIBaTh BTOPYIO 9acTh rubpuaHoi mogenu (PPMGWO).

Bo BTOpOif 4acTH MOzeNM MBI BHIUM, YTO 3/1€Ch BBIOMPAIOTCS ITOKA3aTeNH, KacaloIUecs YeIOBEYECKIX
(aKTOpOB, TAKUX KaK SKOJIOTHYECKOE COCTOSHUS UCCIEAYeMOi 00acTH, IIOMAAb CEIbCKOXO03SIHCTBEHHOM
MPOMBIIIJICHHOCTH, YUCIIO HaceleHHusi, 00beM MOTPeOICHUs] BOABI M T..I., YTO TO3BOJSET MOIY4UTh Oosee
TOYHBIA PE3yJIbTaT ¢ MHHUMAIBGHBIM OTKJIOHEHHEM OT JaHHBIX OOJNBIINX Pa3MEpOB, TAKKE KOHTPOJIUPYET
Pa3syMHYIO 3KCIUTyaTalldi0 BOAHBIX pecypcoB, 3(dekTUBHOE MOBBIIICHHE KO3 UIIMEHTa TOJIE3HOrO
WCTIONb30BAaHMUS  BOJHBIX PECYpCOB W  yBeNWYCHHUE KOI(POUIMEHTa MOBTOPHOTO  HCIIOJIH30BaAHUS
MPOMBIIIJIEHHOH BOJIBI B OyXyIeM.

Tak kak pecypchl BOJbI 0acCEHHOB TPAHCTPAHUYHBIX PEK HANPSIMYIO 3aBHCHUT M OT HIPUPO/IHBIX SBICHHUN, U
OT JICWCTBHIA YeJIOBEKa, pa3yMHBIM Oy/IeT UCIIOJIb30BAHUE JIBYX MOJIeNei, TPUMEHsISI TOJIBKO T€ UX JaHHBIE U
MPOLIECCHI peaTH3aliH, YTO OYAyT MaKCUMAIBEHO 3 (QEKTUBHBIC IS PELICHHS IPO0JIeM TPaHCIPAHUYHBIX PEK
CTpaHBI.

Oo6cyxnenusi. B nccrnenoBarenbckoil paboTe UMEIOTCS Psill CIa0bIX MECT, OJIMH M3 HHUX - a0CTpaKTHOE
MpeJcTaBJIeHUe CO3/1aBaeMOI MOJIENH, T.€. Ha MPaKTHKE ellle He MPUMEHsUIach JaHHas THOpHIHAS MOJIEIb.
Taxoke 31ech OyayT mpoOJIeMbI IO BOCCTAHOBJICHUIO JaHHBIX pek Kasaxcrana. Ilo aToif mpuumHe cienatsh
BBIBOJI, YTO MOJIeJIb OyJeT ycIlellHa PUMEHEeHa JUIsl TpaHCTpaHWYHBIX pek Kazaxcrana Oyner HeBepHO. B
JanpHeleM Oyner pa3paboTaHa mporpamma Jjisi THOPUAHOW MOJENH, KOTOpas CMOMKET IOKaszaTh ee
NPUMEHHMOCTb JUISl peK cTpaHbl. [10 TaHHOM cTaThe 1eNb TOCTUTHYTA, CACTaH aHAIM3 MOJIeNIel, 1 Ha OCHOBE
HUX co3JaHa TuOpuaHas Monenb. [lepcrieKTHBBI HanbHEHIIMX HCCIeJOBaHUM OyAyT CBSA3aHBI TENEph C
peanmzanyeit 3Toi THOPUAHON MOAEIH.

BriBoasl. [1o nmomyyeHHBIM pe3ybTaTaM C/IeaH BBIBO, YTO MOCTPOSHHAs THOpUIHAS MO B OyAyIieM
OyzeT ycrneuHa NpuMeHSThCS IS pereHns npobiem aedunura Bog crpansl. Tak kak moxens WEHY-WRF
YCIIENIHO TTpUMeHsieTcst 1uist BogocOopHoi pexu Tao ¢ 2018 r., a monenns PPMGWO st pexn Cynxya u ee 25
610k0B ¢ 2015 T., eCTh TIPEAIONOKEHNE UTO, ITH MOJIENIN O0BEIMHUBIINCH, TOKAXYT HAWITYUIINH pe3ysIbTar.
B nanpHelimem Hama 3aj1a4a peajyn3oBaTh MPUBEICHHYIO BBIIE THOPUIHYIO MOJENb B mporpamme Python,
UCTIONB3YSl aKTyallbHble JaHHble TpaHCTpaHWUHBIX pek Kaszaxcrana. [moOanmbHble nanHbIE OYyAyT
BOCCTaHOBJIEHBI C TOMOIIBbI0 TiporpamMmbl Google Earth Engine, koropsiit umeetr Habop manubix Data Set ¢
1970-x rr. [Ipu 3aBepiieHHH 3TOH HCCIENOBATENbCKOM pabOTHl THOpUAHAS MOAETL B OyAyIIEM MO3BOJIUT
MOKa3bIBaTh U3MEHEHHUSI 00beMa BOJBI PeK, MPOrHO3UPOBATH U YIPABIATH HEONIAarONpUSTHBIMU SIBICHUSIMH,
KaK 3acyxa, 3arps3HEHUs M T.JI., TAKXKe JIEMOHCTPHPOBATH Pa3yMHYI0 U I(PQPEKTHBHYIO IKCILUTyaTaIHIo
WCTIOJIb30BaHHS BOJTHBIX PECYPCOB.
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'Kazax ynmmuix kuiz0ap nedazoeuxanvix ynugepcumemi, Anmamol . Kazaxcmarn

INNEJATOT'MKAJIBIK 3EPTTEYJIEPAE LU®PJIBIK BIJIIM BEPY
TEXHOJIOTUAJIAPBIH KOJIZAHY

AHxoamna

Makana TneaarorukaiblK 3epTTeynepAe IMUQPPAbIK OiliM Oepy TEXHOJOTHSUIApBIH KOJJIaHy MocelesepiHe, aTtam
alTKaH/a Ka3ipri UG pIIBIK TEXHOJIOTHSIIAPIBIH MYMKIHIIKTEPiH 3epTTeyTe, OJIapabl KOJIIaHyIbIH MaKCATThIIBIFBIH )KOHE
o3ipiiey MeH MaljanaHy OaFbITTapblH CHIIATTayFa apHaJlFaH. 3epTTey KbI3METiHAEe UQPIBIK TEXHOJOTHSIAPIbI
maiiianany OJJIEKTPOHABI OKBITYIBIH TYpPJl HBICAHAAPBl AapKbUIBI JKy3ere aceipbuiaabl. Lludpieik Oimim  Oepy
TEXHOJIOTUSUIAPBIH TAaiilaiaHa OTBIPBII 3EPTTEY JKYMBICTAPBIH YHBIMIACTBIPY MEH JKYPri3yAe TYpJli aKmapaTThIK
TEXHOJIOTUSUIAP KOJAaHbLIa el KoFaM emipiHiH 0apIIbIK cananapblHaa MUPPIaHIbIpYABIH KaPKBIH/IBI JaMybI IIeIaroruka
CaNaCBIHIAFBI 3ePTTEY KYMBICBIHBIH YIBIMIACTHIPELTYBI MCH OHBIH CallachlH )KaHA JCHICHre KoTepyre MyMKIHIIK Oepeti.

Hudpnslk TexHOJIOTHAIAPAB OLTIM Oepy KbI3METIHIH Kypaibl peTiHIE KOJIAHY IeNaroTHKANbBIK >KaFIaiinap/sl
FBUIBIMH-3€PTTEY MCH OJapbIH MaHBI3bI OOJBIN CaHANAAbl. ATaFaH MOCEIICHI 3epTTey OHBIH MaKCaTThl OaFBITTapbIH
icKe achIpy Ke3iHJe OaphIHIIA BIKIAJ €TeTiH XKaFgaiaapAbl aHBIKTay KaKETTITIriHEH TybIHAAM OTHIP.

Tyiiin ce3aep: NearoruKabIK 3epTTeyIiep, MMGPILIK OiTiM Oepy, MU(PIIBIK TEXHOIOTHSLIAP, IMMPIIBIK aKIapaTTHIK OpTa.
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