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2 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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

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

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0acbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

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

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX 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, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

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

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
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

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H = 20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11
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Abstract. The article provides an attempt to make scenario forecasts of the Yertis
river flow (v. Boran) based on combined statistical modeling of the river flow and
atmospheric precipitation. Forecasting by the canonical expansion method makes it
possible to forecast not only the annual runoff, but also its distribution within the year by
the monthly time intervals, as well as the possibility of making a forecast with any time
period from one year to several years, depending on the period time of meteorological
forecasts, taking into account possible climate changes. To check the quality of the
modeling, the obtained simulated data of mean precipitation and runoff, coefficients
of variation and asymmetry, auto and cross-correlation were compared with the actual
data. Results of checking statistical modeling for the hydrological station of the Ertis
River — p. Boran showed that the deviation of modeled data from actual data on annual
and vegetation runoff in high-water years is 20-23 %, in average-water years it is 3—4
%, and in low-water years — 29-33 %. Consequently, the canonical expansion method
can be used to assess changes in river runoff under conditions of current climate change,
as well as for the future prospective. According to the estimates obtained on the river.
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Ertis — s. Boran in general is expected to increase annual flow by up to 10% of normal
flow.

Keywords: monthly flow, flow hydrograph, precipitation, temperature, statistical
modeling, canonical expansion, long-term forecast of the river runoff, climatic scenarios
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Annoranusi. Makanana Epric e3eni-bopaH a. rusponorusibix 6ekeTi MbIcalibIHIa
AiIBIK aFbIHABl MEH JKayblH-LIAIIBIH MOHJAEPIH KaHOHIBIK JKIKTEY OficCi apKbLIbl
OiprecTipe CTaTUCTUKAIBIK MOAEIBICY MYMKIHIIUIIT KepceTiireH. KaHOHABIK JKiKTey
O/iciH KOJJaHa OTBIPBII OOJKAy TEK JKbUILABIK aFblHABI FaHa €MeC, COHbIMEH Oipre
OHBIH JKBbUJI ILIIHAE TapanyblH Ooikayra, COHAal-ak Oip KbulgaH OipHeLIe >KbUIFa
JeHiHT1 Ke3 KeNTeH YaKbITKa METEOPOIOTHSIBIK OOKaMIapAblH OpbIHAATY Mep3iMiHe
0alIaHBICTBl KJIMMATTBIK ©3TepicTepli ecKepe OTBIPBIT OonkKaM jkKacay MYMKIHIITiH
Oepeni. MoaenbaeHTeH KaTap/blH CanachlH TEKCepy MaKcaThbIHIa OakbUIaHFaH >KOHE
MOJICTIbICHI€H MOHJIEP/iH, SIFHU OpTallla MOHJEpi, aCCUMETPHS JKOHE Bapualys, aBTo
KOHE e3apa Koppensiuus Kod(pQHUUUEHTTepi calmblCThIpbULAbl. EpTic e3eHi - bopan
a. THUIPOJIOTHSUIBIK CTAHIMACHI OOWBIHIIA CTATHCTUKAIBIK MOJICIBACYAl TEKCEpy
HOTHXXeJIepi ColKec IKBULABIK JKOHE BEreTalus Ke3eHiHJe MOAEIbICHICH MAJliMETTED
OaKkbUIAaHFAH MATIMETTEPICH aybITKYbl Cybl MOJ >Kbuiaapbl 20-23 %, oprama cyisl
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xbutaapel 3—4 %, an cysl a3 xeuigapaa 29-33 % kyparaH. SIFHH, KAaHOHIBIK KIKTEY
OJIiCiH ©3€H aFbIH/IBICHIH KIMMATTBIH ©3TepyiHiH 9pTYPIi CLHeHapHiIepl Heri3iHae y3aK
Mep3iMIi Oomkay yIIiH Konganbuiabl. JKammel ansiHFaH Oomkamaapra coiikec Epric
e3eHi — bopan a. OolibIHIIA )KBUIABIK aFbIHABIHEIH 10% neifin ecyi kyTinmyne.

Tyiiin ce3mep: aliIbIK aFbIHABI, aFBIHIBI TUAPOTPAdBI, JKaybIH-IIALIBIH,
TEeMIIepaTypa, CTATUCTUKAIIBIK MOACIb/ICY, KAHOHABIK JKIKTEY, ©3€H aFbIHbICBIHBIH
y3aK Mep3iMi 00JKaMbl, KIIMMATTHIK CIICHAPHIAIIED.
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AnHoTaumus. B crathe mokazaHa BO3MOXKHOCTb COBMECTHOIO MOJEIHUPOBAHUS
3HAYCHUH MECSYHOTO CTOKa M aTMOC(EpHBIX OCaIKOB C METOIOM KaHOHHYECKOIO
pa3oKeHUsT Ha TMpuUMepe ruaponoruueckoro mnocra p. Epruc — c. bopan.
[Iporuo3zupoBanue METOJOM KAaHOHHUYECKOTO pAa3IOKEHUS JaeT BO3MOXKHOCTh
COCTaBJICHHS MPOTHO3a HE TOJIBKO FOI0BOTO CTOKA, HO U €0 pacIipeieICHUsI BHYTPU roaa
[0 MECSIYHBIM MHTEpBajaM BPEMEHHU, a TaKKE BO3BMOXKHOCTb COCTABJICHUS IMPOrHO3a
0001 3a0JIarOBPEMEHHOCTH — OT OJTHOTO TO/Ia JIO HECKOJBKHUX JIET, B 3aBUCUMOCTH
OT 3a0JIaTOBPEMEHHOCTA METEOPOJIOTMYECKUX IPOTHO30B C YYETOM BO3MOMKHBIX
U3MEHEeHUH kiuMata. /{15 mpoBepKu KauyecTBa MOACIUPOBAHUS, MTOYUCHHBIC TaHHBIC
CPEIHMX 3HAYCHHI OCAJIKOB M CTOKa, KOA(P(PHUIIMESHTHI BApHALIUU H ACUMMETPHUH, aBTO U
B3aMMHas KOPPEJISIIUS CPABHUBAIKCH C (PaKTHUECKUMHU TaHHBIMU. Pe3yabTaThl MPOBEPKU
CTAaTUCTHUYECKOTO MOJICTUPOBAHUS IO TUAPOIOTHUYEeCKOMY TOCTY peku Eptuc — c. bopan
[OKa3aJIi, YTO OTKJIOHEHUE CMOJICIIMPOBAHHBIX JaHHBIX OT (DAKTUYECKUX I10 TOJ0BOMY
U BEreTallMOHHOMY CTOKY B MHOTOBOJIHEIE rofibl cocTaBisieT 20—23 %, B CpeIHEBOAHbIC
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roanl coctaBisieT 3—4 %, a B ManoBoaHbIe roabl — 29-33 %. CienoBarelibHO, METOI
KaHOHHMYECKOTO Pa3IOKEHHUsl ObLT MCIIOJIb30BaH ISl IPOTHO3UPOBAHUS CTOKA PEKH Ha
JOJITOCPOYHYIO MEPCIEKTUBY Ha OCHOBE PA3IMUYHBIX CLIEHAPUEB U3MEHEHUS KIMMAaTa.
CornacHO oTy4eHHBIM OlleHKaM Ha p. Eptuc - c. bopan B iesioM oxkuaeTcst yBenudeHue
rogoBoro ctoka 10 10 % oT HOpMBI CTOKA.

KaroueBbie ciaoBa: MecsyHbIH CTOK, THaporpad CTOKa, OCallKH, TeMIIeparypa,
CTaTUCTUYECKOE MOACINPOBAHNE, KAHOHUUECKOE PA3JIOKEHUE, TOITOCPOUHBINA TPOrHO3
PEYHOrO CTOKA, KIMMAaTHUYECKUE CLICHAPUH.

Introduction

Yertis river basin is a strategically important water basin for the economic
development of Kazakhstan, which is sharing its waters with the People's Republic of
China and the Russian Federation. In modern conditions of regional climate changes,
as well as dependence from the water policy of neighboring countries and possible
increase in water demand, it is more necessary than ever to assess the future condition
of renewable water resources of the Yertis transboundary basin. In the current cycle
of water availability (from 1974 to 2015), the total natural resources of river runoff
of the Yertis river basin make 36.1 km?, of which the local resources are 26.8 km’,
inflow from China is 10.6 km?, outflow to China (rivers Kaba and Belozek) is 1.36
km?®. In addition, the lower reaches of the river Yertis are located on the territory of
the Russian Federation, and the outflow from the Republic of Kazakhstan to Russia in
natural conditions makes 30.5 km®. The total factual resources of the river runoff of the
Yertis river basin make 29.4 km?, of which the local resources are 26.5 km?, the inflow
from the PRC is 8.32 km’, the outflow to the PRC (rivers Kaba and Belozek) is 1.36

km?, outflow to the Russian Federation is 23.7 km® (Alimkulov et.al., 2019).

To substantiate the measures for guaranteed water supply to the population of the
country and to the sectors of the economy, it is necessary, first of all, to get prognostic
estimates of water resources for the future prospective of several decades. Until now,
the methods of such assessments have been based on the results of statistical analysis
of the data of long-term observations of the characteristics of river runoff under the
assumption of stationarity of their long-term changes. In connection with the ongoing
and expected climatic changes, it is required to develop the new approaches for the
assessment of water resources in the future (Wood et.al., 2004; Leonov, 2010). More
or less those requirements are met by the method of predictive estimates of river runoff
resources based on the forecast of meteorological characteristics using the models of
the general circulation of the atmosphere and ocean. Prospective changes in water
resources are assessed by the prognostic dependences of the river runoff from the
climatic characteristics (forecasted values of precipitation and air temperature). Most
of the scientists accept and use these models (Climate Change, 2014: General Report,
2014; Davletgaliyev et.al., 2017; Riahi et.al., 2011).

The use of models of the general circulation of the atmosphere and ocean for
prognosis river flow scenarios at the same time face a number of unaccounted features
of the modeling itself. The affirmation that climate warming is due to the anthropogenic
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factors has also different opinions (Leonov, 2010; Kauppinen, et.al., 2014; Zharkova
et.al., 2015; Yusuke et.al., 2019). Unfortunately, the current level of the development of
science does not yet allow us to develop a reliable forecast of river runoff, we can only
talk about possible "scenarios" or "scenario forecast". There is no doubt that models
of the general circulation of the atmosphere and ocean will develop, and the use of
method for predicting changes of the river water resources in the long term based on
ensemble averaging together with other accepted approaches (statistical modeling, HBV
modeling, etc.) is the main from methods of forecasting of the river flow.

In the modern world, among the variety of forecasting methods, the important value
has hydrological data modeling. Modeling is a mathematical tool that allows us to
investigate the processes occurring in the natural environment. There are two types
of hydrological models: models based on statistical data, they study the data using
mathematical and statistical tools, indicators are provided into the input; the behavior of
the system, dependencies, laws describing the phenomenon under the study are obtained
at the output. The second type of models is built on the basis of laws already known
to science, at first the model can be developed on the arbitrary set of data, and then it
can study the real processes. These models can be used for forecasting, setting possible
values of the parameters at the input, and obtaining the system response at the output.
The first type of models is referred to stochastic modeling; the second is to deterministic
one (Kuzin et.al., 2014; Davletgaliyev et.al., 2020).

In this work, the long-term forecast of river runoff was carried out using a statistical
model with the canonical expansion method, which is a universal system for analyzing
of the casual processes. The task was to assess the possibility of its application for long-
term forecasting of hydrological characteristics. Forecasting by the canonical expansion
method makes it possible to forecast not only the annual runoff, but also its distribution
within the year by the monthly time intervals, as well as the possibility of making a
forecast with any time period from one year to several years, depending on the period
time of meteorological forecasts, taking into account possible climate changes.

Research object

The river Yertis is the largest river in Kazakhstan, which flows through the territory
of three independent countries — the People's Republic of China (618 km), the Republic
of Kazakhstan (1698 km) and the Russian Federation (1964 km). The catchment area of
the river is 1643 thousand km? (Surface water resources of the USSR, 1969).

The sources of Yertis are located on the border of Mongolia and China, on the eastern
slopes of the Mongolian Altai ridge. From China, with the name of Kara Yertis, it
enters Kazakhstan, passes through the Zhaisan depression and flows into the Buktyrma
reservoir. Many rivers from the Rudnyi Altai, Tarbagatai and Sauyr ridges flow into the
Buktyrma reservoir (formerly Lake Zhaisan). Having significantly increased its water
content, Yertis flows out to the northwest through the Buktyrminskaya hydroelectric
power station to the Ust-Kamenogorsk reservoir located behind it. After passing through
the Ust-Kamengorsk hydroelectric power station, Yertis enters the Shulbinskoye
reservoir. Downstream is the Semey town. In this section, Yertis receives the flow of its
largest right-bank tributaries - rivers Buktyrma, Oba and Ulbi (Surface water resources
of the USSR, 1969).
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The structure of the hydrographic net of the Upper Yertis basin, belonging to the East
Kazakhstan region, is conditioned by the complex relief, latitudinal and vertical zoning,
and various climatic conditions. The features of the relief of the territory of Yertis basin
are determined by the inclusion of the large orographic units in its composition: Rudnyi
and Ontustik mountains of Altai, Sauyr-Tarbagatai, Shyngyztau, Kalba ridge, as well
as the hummocky terrain region of the Kazakh folding country and the lowland of
Priyertissie (Surface water resources of the USSR, 1969).

Geographical research in the area under consideration was carried out as early as
the 18th century. By the end of the 19th century, in connection with the colonization of
areas adjacent to the construction sites of the Siberian Railway, it became necessary to
systematically study this area. In particular, it was connected with the search of water
supply sources. The conducted expeditionary studies were of hydrographic nature and
were accompanied only by episodic measurements of water discharge.

The first gauging station in the Upper Yertis basin was opened on Yertis river on
October 29, 1899 near the city of Ust-Kamenogorsk and it is still in operation. In 1909,
on the river Kaldzhir near the village Chernyayevka, another gauging station was opened,
which was functioning until October 2005. The main number of the gauging stations
was organized in the 30s of the XX century. Currently, about 30 gauging stations are
considered active. The rest of them were closed at various times. The observations of
the considered cross-section of Yertis river - v. Boran have been conducted since 1938.

The water resources of Yertis river are of great importance for the economy and
health of the population of the large industrial region of Kazakhstan, which includes
three regions: East Kazakhstan, Pavlodar and Karaganda, with a total area of more than
836 thousand km?. The river provides water to the population and economy not only
within its basin, but also through the K. Satpayev Canal (KSC), the inter-basin transfer
of a part of the flow to the vast territory of low-water Central Kazakhstan is carried
out (Basin plan for integrated water resources management and water conservation for
the Irtysh river basin of the Republic of Kazakhstan, 2006; BI activity report for 2015,
2016).

The use of river flow of the Yertis basin dates back to the mid-1950s in the upper part
of the basin in the territory of PRC, but until the 1990s, water management activities in
the basin did not significantly affect the river flow. Serious measures for the development
of water resources originate from the second half of the 1990s in order to provide water
to the region of an oil field near the Chinese city of Karamai (Basin plan for integrated
water resources management and water conservation for the Irtysh river basin of the
Republic of Kazakhstan, 2006; BI activity report for 2015, 2016). For the statistical
modeling on the basis of the canonical decomposition of runoff and precipitation, the
reconstruction of the series of natural annual runoff of Yertis river — v. Boran by the
method of hydrological analogy was carried out (the chosen calculation period was
1960-2015) (Determination of the main calculated hydrological characteristics, 2004).

Research methods

A number of works (Pugachev, 1962; Busalayev et.al. 1973; Davletgaliyev, 1991;
Frolov et.al. 2014; Davletgaliyev et.al., 2019) were devoted to the issue of modeling
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hydrographs of monthly runoff, including their group modeling. The advantages and
disadvantages of those methods were discussed in (Davletgaliyev, 1991). However, those
works did not consider the possibility of their application for the combined modeling
of monthly runoff and runoff-forming factors. Close to the idea of this work, the studies
were carried out in the work (Davletgaliyev et.al., 2019), where runoff factors are taken
into account on the basis of physical and mathematical model of runoff formation,
developed at Water Problems Institute of the Russian Academy of Sciences. However,
the advance time of such forecasts is limited (Kuzin et.al., 2014) and does not take into
account possible changes in runoff-forming factors as a result of global climate change.

By solving a number of water management and hydrological tasks, there is a need for
combined statistical modeling of not only runoff values, but also runoff-forming factors,
in particular precipitation and air temperatures. Such a task may arise by predicting river
runoff taking into account possible climate changes.

Obtaining a set of realizations of flow hydrographs and flow-forming factors can
be considered as a task of modeling casual vectors and processes specified in a finite
time interval. Modeling can be performed by the method of conditional distributions,
for which the multivariate distributions of the process must be known. The question of
choosing multivariate probability distributions has not been finally resolved. Therefore,
from a practical point of view, the methods of obtaining possible realizations of a casual
process within the frames of the correlation theory turn out to be more acceptable
than within the frames of multivariate distributions. In this case, the task of modeling
processes other than normal is reduced to modeling normal processes with a subsequent
transition to the original distribution law. Normal processes are uniquely specified by the
matrix of correlation moments and, therefore, their modeling within the frames of the
correlation theory is equivalent to modeling by specified multidimensional distributions.
From this point of view, the canonical decomposition could be the best method for
statistical modeling of the runoff process. It allows characterizing a casual process by
the set of independent casual values and non-casual functions. The method is optimal
in the class of linear transformations. In fact, here we have decomposition by natural
orthogonal components (main components method) (Kuzin et.al., 2014; Pugachev,
1962; Busalayev et.al., 1973; Davletgaliyev, 1991; Frolov et.al., 2014; Davletgaliyev
et.al., 2019).

An important advantage of the canonical expansion method is the possibility
of its generalization for modeling of interconnected hydrometeorological series
simultaneously in several sections (Davletgaliyev et.al., 2020; Pugachev, 1962). The
modeling task is reduced to modeling random vector functions.

The canonical expansion of random vector functions is obtained by a natural way by
generalizing the formulas of the one-dimensional case. For this, as shown in (Pugachev,
1962), it is enough in the corresponding relations to replace the argument ¢ by the set
of arguments # and enter the number of the components of the random vector function.
Then the expansion of the random vector function is given by the following formula:

O,(t,)=my(t,)+ 2. > ot W,, (i.0=1..N) (1)

i=l v=l
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where

; 1 -1 M v—1 ; ; ;
p0,) = [varﬂ)—zzD;%;?w;ﬁ)(rﬂ)—zaws,;ovw;zap} @
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- auto- and cross-correlation functions;

i—

. M > M . . >
DY =K, (t,0,)- 2. > DX @) - > b0 [pl ) 3)

k=1 m= m=1

- dispersion of random coefficients V;
Kii (t+1,) — correlation and cross-correlation functions of vector random function Q,
(1), M- number of calculated intervals a year (months, decades).
Here:

u>v, = vel, ve 20 M (with (=i);

=12, M =i, i 2, N (with £>i).

Writing expression (1) for centered functions, multiplying both sides of the resulting
equation by V and performing the mathematical expectation operation, and also taking into
account the properties of random correlated coefficients, we obtain coordinate functions
of the first component Q (t) and its cross-coordinated function with other components.
Further, taking into account the difference between the canonical expansion of the
components Q,(t), Q,(t), ... .. Q,(t) from Q,(t), we determine the canonical expansion of
the second component Q,(t) and obtain a formula for the correlation functions Q,(t) and
its cross-correlation function with the other components Q,(%),...., Q(t). This formula
determines the auto- and cross-coordinate functions of the component Q (t). Continuing
this process, we construct in turn the canonical expansion of all components of the
random vector function 0, (7).

If we consider the monthly amount of precipitation as the main flow-forming factors,
then the canonical expansion formula (1) for two random functions in relation to this
task can be written in the form

0 (1) =my()+Y ol OV, (4)
S 1) (1) g (2) (2) (5)
P@t)=m, )+ 2 on WV, + D 0 0V,?,

v=l v=l
where mQ(t), mp(t), is mathematical expected value of components Q(t), P(t);
V., v,® - uncorrelated random values which mathematical expectations are equal

to zero; ¢.»(t) — the mutual coordinate function Q(t) with the component P(t); coi?(f) -
same with the component P(t). Here Q(t) means flow, P(t) — atmospheric precipitation.

Coordinate functions ') (¢), @3 (f) and variances of random variables are

calculated by the formulas given in (Davletgaliyev S.K., 1991), where the possibility of
the canonical expansion method for group modeling of runoft hydrographs is considered.
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Functions ¢}, @'}, p? are determined from (2) byi=1, /=1;i=1, /=2;and i

=2,0=2.

Statistical modeling of monthly runoff and precipitation was performed according to
the formula (4). It follows from it that first is constructed a canonical expansion of the
flow of the first component Q(t), as in the case of a one-dimensional expansion, then

by the values @5 (#), '3 () is canonical expansion of the second component P(t).

Modeling can be performed in the same way as in the case of group modeling of monthly
runoff by the canonical expansion method. The algorithm for combined modeling of
runoff, precipitation and air temperatures is detailed in (Davletgaliyev, 1991).

Results and discussion

Let us consider the possibility of making a forecast of the hydrograph of the monthly
runoff of Yertis river on the basis of the modeled series of runoff and runoff-forming
factors. To test the model, we used the monthly mean values of river runoff and monthly
values of atmospheric precipitation as a runoff-forming factor observed at meteorological
stations located near the hydrological gauging stations under consideration. The length
of the modeled series is 500 years, which is considered sufficient for rivers with the
coefficients of correlation no more than 0.50-0.60. In all cases, the distribution law

of monthly runoff and precipitation was chosen according to Pearson’s criterion 7°.
The quality of the model, as noted above, is assessed by the degree of correspondence
between the parameters of the original and modeled series. This requirement is met in
all cases.

In this task, the average monthly water discharge of Yertis river — v. Boran and data
of atmospheric precipitation at meteorological stations (MS) Kurshim and Zaisan for the
period 1960-2015 was used as the initial data. Comparison of the statistical parameters
of average monthly water discharge and atmospheric precipitation for the observed and
modeled series of the river Yertis - v. Boran and MS Kurshim and Zaisan are shown in
Table 1. The last column of the table shows the characteristics of the annual values of
runoff and precipitation, obtained from the observed and simulated monthly values of
runoff and precipitation.

Table 1 - Statistical parameters of average monthly stream flow and precipitation for the observed (1st
line) and modeled (2nd line) series (n = 500) river Yertis - v. Boran and MS Kurshim and Zaisan

Charac- Months

teristic | I | 1| m [ v [ v [ vi [vn|vin] X [ X | x1[xm] Year
stream flow

O.mys 6316081689 [230.3[726.8 |11218]695.6428.5[271.1 [191.7] 115.5]72.4]337.0

63.8 [61.1] 69.8 |233.9]726.4 | 1119.5]692.5|423.2|264.1 | 184.8| 111.2|69.5|337.5
0.170.13] 0.23 | 0.29 | 0.27 | 0.32 | 0.34 | 0.25 | 0.38 | 0.61 | 0.62 |0.31| 0.22

O 01700031023 | 031 | 029 | 033 | 034 | 022 | 035 | 057 | 058 [028] 021

1 15| 2 | 4 1 1 1 6 | 6 | 55 |5] 2
S T 3 4 1 1 1 5 5 4 | 4 | 5] 2
r 1006]0.17[0221-0.03 [-0.22 [ 0.07 [-0.01[-0.02 0.06 [-0.02]-0.030.11]-0.06

0.08(0.20| 0.23 | -0.11 | -0.27 | 0.09 |-0.02 | -0.08 | 0.01 |-0.08 | -0.11 | 0.09] -0.01
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Precipitation
o 15:6[129T 152244 [ 346 [ 282 [365 [ 22,1 [ 23,1 [29.9 [ 27.3 [21.1] 29
’ 14,6 | 12,2] 147 | 243 | 355 | 282 | 374 | 21,7 | 23,0 | 30,1 | 27,0 | 19,8] 289
oy 0660551068 0.58 [ 061 | 0.57 [0.54 [ 0.59 [ 0.62[0.50 | 043 [0.53] 0.20
0.67 056 0.69 | 0.56 | 0.62 | 0.57 | 0.51 | 0.61 | 0.61 | 0.49 | 0.43 [0.56] 0.20
2 [ 3] 3 | 2 1 2 1 1 2 1 U 1] 1
A N R R I 1 2 1 1 2 1 T 1] 1
n [0.12]003]-0.03] 003 [-0.16 [ 012 [-0.07 | 0.06 [-0.02] 0.08 [ 0.02 [0.10]-0.09
0.08[0.02]-0.03 | 0.01 | -0.12 | -0.16 | -0.05 | 0.01 | -0.05 | 0.09 | 0.08 | 0.06| -0.09

This table shows a good agreement between the mean and the coefficients of variation
of monthly runoff and precipitation values by the duration of the modeled series n=500
years. The discrepancy between the observed and modeled values of the asymmetry
coefficients of the first-order autocorrelation lies within the accuracy of calculating of
these parameters. The canonical expansion model also reproduces well the correlation
and cross-correlation matrix of the initial and simulated data. Comparison of the
observed and modeled data of the cross-correlation matrix of runoff and precipitation
showed good results (Table 2). Comparison of observed and modeled data of the cross-
correlation matrix of runoff and precipitation also showed good results as in the Ile river
basin (Davletgaliyev et.al., 2019).

Table 2 - Cross-correlation matrix of average monthly water discharges and monthly precipitation for
the observed (1st line) and modeled (2nd line) series (n = 500)

month I 11 111 1\ \ VI VII VIII 1X X XI XII
I 0.15 {-0.06|-0.15| 0.21 | 0.46 | 0.16 | 043 | -0.11 | -0.01 | 0.03 -0.04 | -0.08

0.14 {-0.04|-0.20| 0.23 | 0.42 | 0.11 0.28 |-0.09 | -0.10 | 0.00 | -0.03 | 0.00

I -0.191 0.02 | -0.34 [ -0.90 | 0.92 | 0.81 0.50 0.13 | 0.31 0.48 0.17 | -0.33

-0.2710.04 |1-0.21-0.74| 0.98 | 0.54 | 0.61 023 | -0.15| 0.56 0.21 | -0.08

1 0.05 {-0.07|-0.08|-0.05|-0.14 | -0.11 | -0.15 | -0.14 | -0.09 | -0.44 | -0.14 | -0.04

0.03 {-0.06|-0.07| 0.03 | -0.12 | -0.13 | 0.04 | -0.12 | 0.01 | -0.34 | -0.14 | -0.01

v 0.01 {-0.01| 0.01 | 0.05 | -0.04 | -0.04 | -0.04 | 0.02 | 0.00 | -0.02 | 0.00 | -0.01

0.01 |-0.01] 0.01 | 0.04 | -0.02 | -0.02 | -0.02 | 0.01 |-0.01 | -0.01 0.01 | 0.01

v 0.01 { 0.00 | 0.00 | 0.00 | 0.01 | 0.00 | -0.01 | 0.00 | -0.03 | 0.01 0.00 | 0.01

0.01 { 0.00 |-0.01] 0.00 | 0.01 | 0.00 | 0.00 0.00 |-0.03 | 0.01 -0.01 | 0.01

VI 0.01 { 0.01 ] 0.01 | 0.01 | 0.03 | 0.01 0.01 0.01 | 0.00 | -0.01 0.01 | 0.00

0.01 { 0.01 ] 0,01 | 0,01 | 0,03 | 0,01 0,01 0,01 | 0,00 | -0,01 0,01 0,00

VII 0.01 | 0.01]0.01 [-0.02| 0.03 | -0.01 | 0.02 0.03 | -0.01 | 0.01 0.00 | 0.02
0.00 | 0.01 | 0.01 [-0.02 | 0.04 | 0.00 | 0.02 0.03 | 0.01 0.02 0.00 | 0.02

VIII 0.05 1 0.01 ] 0.03 |-0.06 | -0.01 | 0.00 | 0.10 0.08 |-0.06 | 004 | -0.03 | 0.01
0.05 | 0.01 | 0.03 |-0.05|-0.03 | 0.00 | 0.07 0.07 | -0.06 | 0.04 | -0.04 | 0.01

X 0.05 1 0.00 | 0.07 | 0.06 | -0.03 | -0.04 | 0.01 0.03 |-0.07| -0.12 | 0.00 | 0.04

0.04 1 0.02 ] 0.05 | 0.05 | -0.08 | -0.03 | 0.03 0.01 |-0.03 | -0.11 | -0.01 | 0.01

x 0.02 { 0.04 ]-0.07| 0.13 | -0.05 | 0.05 | -0.20 | 0.01 | 0.13 0.10 0.07 | 0.07

0.03 10.021-0.03] 0.05 | -0.02 | 0.03 | -0.10 | 0.01 | 0.04 | 0.04 0.03 | 0.04

XI 0.04 [-0.06]-0.02]-0.23 | 0.56 | 0.37 | 0.44 042 | -0.68 | 0.10 0.15 | 0.37

-0.09|-0.15] 0.04 |-0.21| 0.18 | 0.08 | 0.40 0.16 | -0.21 | -0.01 0.08 | 0.01

XII 0.29 {-0.08] 0.29 | 0.16 | 0.11 | -0.40 | -0.32 | -0.21 | 0.04 | 0.03 0.06 | 0.25
0.18 [-0.03] 0.03 | 0.06 | 0.12 | -0.08 | -0.05 | -0.12 | -0.04 | 0.22 0.06 | 0,24
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Also, to check the simulation results, the obtained simulated data was compared with
the actual data for the different by water content years and the solution of the problem
was verified using the example of data for 1969 (high-water year), 1982 (low-water year)
and 1985 (average water year) (Table 3). For this purpose, the following parameters were
selected from the actual observation data for those years: average annual precipitation,
average precipitation for the vegetative period, annual runoff, runoff for the vegetative
period. From the variety of simulated precipitation data, using the analogy method,
we select approximate values by the ordinal number of realization and, using these
numbers, we determine the corresponding to them hydrograph of the monthly runoff. As
noted above, in the simulated series the values of runoff factors corresponding to their
actual or modeled values can be represented by several realizations and the averaged
value of the monthly runoff hydrograph should be taken as the simulated values.

Table 3 - Table of verification data Yertis river - v. Boran

No. of the Precipitation Runoff
. Annual
corresponding o for the Annual for the
. Year | precipitation, . .
simulated Mm vegetative runoff, vegetative
hydrograph period, mm m?/s period m%/s
1 2 3 4 5 6
High-water year| Ne 19, 28, 308, 398 245 496 805
343, 382, 449 1969 397 196 383 640
Deviation, % T 0.20 20 23 21
A 2 1 1
verage water Ne 85. 151, 220, 80 60 339 59
year 325341378, 472 1985 281 173 350 613
Deviation, % T 0.20 8 4 4
Low-water year | Ne 73, 89, 205, 215 116 195 328
256,350, 376. 446 1982 213 107 252 436
Deviation, % T 0.80 8 29 33

Note: the numerator is the actual data, the denominator is the simulated value

As for the year 1969, based on actual runoff and precipitation data, six hydrographs of
monthly runoff were selected with the corresponding number of the modeled series 19,
28,308, 343, 382 and 449. The deviation of the simulated annual runoff from the actual
data is 23 %, and the runoff for the vegetative period is less than the simulated runoff
by 21 %. The difference between the simulated and actual data (annual and vegetation
flow) in the average water year (1985) does not exceed 5%, and in the dry year (1982)
this indicator for the vegetation year is 33 %. To illustrate the simulation results, Figure
1 shows a comparison graph between simulated and measured runoff hydrographs.
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Figure 1 - Hydrographs of the monthly runoff of the river Yertis - v. Boran: a) - high-water year
(1969); b) - average year (1985); c¢) - dry year (1982) - observed data; --- simulated data

Thus, the runoff and precipitation series modeled by the canonical expansion method
have parameters close to the parameters of the actual data, and keeps the auto — and
mutual-correlation matrix which are in the original series. Consequently, the canonical
expansion method can be used to assess changes in river runoff under conditions of
current climate change, as well as for the future prospective.

The modeled values of runoff-forming factors can be used to produce scenario
forecasts of runoff hydrographs based on forecast data of meteorological factors. The
advance time of such forecasts can be several decades of years, depending on the
advance time of meteorological forecasts, produced taking into account possible climate
changes.

For the forecast of the river flow in the long term based on various climate change
scenarios, as input parameters were used the precipitation values, which were modeled
for the future prospective using the global climate models according to the fifth IPCC
report. Despite the skeptical assertion that the models of the general circulation of
the atmosphere and ocean contain simplified calculation schemes for forecasting, it
should be borne in mind that the leading scientific centers of world hydrometeorology
are constantly improving the developed models; therefore this approach is one of the
most promising. CMIPS5 is based on calculations of the climate of the 20th century
by specified in accordance with the observed concentrations of greenhouse gases and
aerosols, as well as scenario calculations of the climate of the 21st century, taking
into account a new group of scenarios of anthropogenic emissions — the so-called
Representative Concentration Pathways (RCP). For the Fifth [IPCC Report, the scientific
community identified a set of four new scenarios, these four RCP include one emission
reduction scenario that assumes a very low level of impact (RCP2.6); two stabilization
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scenarios (RCP4.5 and RCP6.0) and one scenario with very high levels of greenhouse
gas emissions (RCP8.5) Their detailed description can be found in works (Climate
Change, 2014: General Report, 2014; Riahi et.al., 2011).

The input meteorological data were used for three periods: 2030, 2040, 2050 for two
scenarios RCP 4.5 and RCP 8.5. Period of 1981-2000 was taken as the base period.
Using the simulated forecasted precipitation values obtained by the canonical expansion
method, there were selected those values that are closest to the values obtained by
the climate model for 2030, 2040, 2050 under two scenarios RCP 4.5 and RCP 8.5.
The expected precipitation values in the simulated series can correspond to several
realizations; from several obtained sample values was made averaging, i.e. forecasted
precipitation values for the certain year are obtained (2030, 2040, 2050).

By the numbers of the predicted precipitation values obtained above were found the
numbers of the corresponding runoft hydrographs. In this case, the forecast data can
be presented in the form of a set of hydrographs, which are subject to averaging. The
values of the averaged hydrograph are taken as scenario values of the future condition
of the monthly river flow. Scenario forecast values of monthly runoff, as well as its
changes from the base runoff of the Yertis river - v. Boran are provided in Table 4.

Table 4 - Change in monthly flow of the river Yertis - v. Boran by the various climatic scenarios for
the future til 2030-2050.

| Period | I I | I 1\% \4 VI | VII | VIIT | IX X XI | XII

Base period (1960-
2015) 62.7]60.6 | 69.5 | 220.4 | 719.8 | 1125 |711.3|422.9(267.9|186.9 | 111.8 | 70.9
2030 [68.5]64.4|73.7|275.1|798.3 |1132|728.4|407.6|224.6|145.0 | 88.6 | 66.1
RCP4.5 | 2040 |63.2(59.4|64.7|234.5| 710.7 | 1055 |683.2|456.2|277.8|223.1|137.4]| 80.2
2050 [69.6]|64.7]70.3|252.4|702.0 | 1102 |817.6[435.2(227.9]|162.1]100.7 | 59.8
2030 [70.5|64.4|73.8]|275.0|929.2 | 1105|590.1|411.9(236.5|155.4| 93.4 | 70.2
RCP8.5| 2040 |70.8|67.3|82.9|277.8| 797.1 | 1093 |675.5(408.6|242.9|164.5|101.4| 85.9
2050 [69.6|64.7|70.3|252.4|702.0 1102 |817.6|435.2(227.9|162.1|100.7 | 59.8
2030 (9263 ] 6.1 | 248 | 109 | 0.7 | 2.4 | -3.6 |-16.2|-22.4|-20.7 | -6.7
Y%o* 2040 [ 08 |-21|1-69| 64 | -13 |-63|-39| 79 | 3.7 | 194 | 229 | 13.1
2050 [109] 6.7 | 1.2 | 145 | -2.5 | -2.1 | 149 | 29 |-149]|-13.3| -9.9 |-15.6
2030 [12.4] 62 ] 62 | 248 | 29.1 | -1.8 |-17.0| -2.6 |-11.7]|-16.9 | -16.5| -1.0
%* 2040 [12.9]11.0|193] 26.1 | 10.7 | 29| -5.0 | -34 | -93 | -12.0| -9.3 | 21.2

2050 [109] 6.7 | 1.2 | 145 | 25 | -2.1 | 149 | 29 [-149|-13.3| -99 |-15.6
* Changes in monthly flow from the base period (1974-2015), %

Analysis of the results obtained using climatic scenarios shows that under both
scenarios, by 2030 and by 2050, an increase in runoff of the river Yertis — v. Boran is to
be expected mainly from January to May from 1 % to 29 %, and the decrease in runoff
mainly in the second half of the year up to to 23 %. The largest increase is expected up
to 29 % in May by 2030 under the RCP 8.5 climate scenario, and the smallest decrease
by 23 % in October by 2030 under the RCP 4.5 scenario.

Figure 3 shows changes in the annual and vegetative season runoff of the river Yertis
- v. Boran from the base period (Figure 2).
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Figure 2 - Change in the annual (a) and vegetative season (b) runoff of the river Yertis - v. Boran by
the various climatic scenarios for the future until 2030-2050.

According to the obtained estimates, for the river Yertis - v. Boran as a whole is
expected insignificant increase of the annual runoff from the norm (335.9 m¥/s) in all
forecasted years up to 2 % and will be in the range 0f 337.1-339.6 m?/s. In the vegetative
season the runoff under the RCP 8.5 scenario is expected to increase up to 3 % from the
base period, but under the RCP 4.5 scenario in 2040 a slight decrease in runoff up to 2
% is expected.

Conclusion

The results of statistical modeling showed that the series of runoff and precipitation
modeled by the canonical expansion methods have parameters close to the parameters
of the observed parameters. Results of verification data for the section of the river
Yertis - v. Boran showed that the deviation of the simulated data from the observed
data for the annual and vegetative season runoff in high-water years is 20-23 %, in
middle-water years is 3—4 %, and in low-water years is 29-33 %. Thus, the runoff and
precipitation series modeled by the canonical expansion method have parameters close
to the parameters of the actual data, and retains the auto — and cross-correlation matrix
inherent to the original series. Consequently, the canonical expansion method was
used to predict the river flow for the long term prospective based on various scenarios
of climate change. In general, as for the section of the river Yertis — v. Boran, it is
expected the slight increase in the annual runoff, and the analysis of the obtained results
of assessed possible changes in the intra-annual runoff distribution shows an increase
in runoft during the flood period up to 30 % under the climate scenario RCP 8.5, and a
decrease in runoff mainly in the second half of the year up to 25 % under the scenario
RCP4.5.
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