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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, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KauecTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J]aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH IesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTsAX oOpa3oBaHMS M HAyKH,
COLMANILHOM 3aIlUTHI, KYJIBTYPBI, 31paBooXpaneHus u cnopra, Gonp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHu0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MPeANPUHUMATENILCKUE HaBBIKK. Tak, Ha coOmelCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
06110 BeIzIeneHo Oosee 200 rpanToB. [y moiep KKy TadaHTIMBBIX 1 MOTUBHPOBAaHHBIX
nereii @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HAa 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«XanpIKk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE HA BOCIIMTaHUE (UHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX1aH CTPaHBI.

HeobOxonumyto momois @oHx «Xanblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS 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 KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @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 COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHch yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) 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€0102Us, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAILIK 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 ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBernHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) 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 HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanbHas akanemus Hayk Pecryonuku Kazaxcrany, 2024
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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

ZHOLTAEV 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

AGABEKOYV 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

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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Abstract. The article presents trends in the hydrologic regime of the transboundary
river Zhaiyk, and the in the context of anthropogenic and climatic changes. The water regime
of rivers is characterized by reduction spring floods and increase the frequency of low-water
runoff, especially in winter. The increase in winter runoff likely occurs as a result of climate-
caused temperature and precipitation changes. Increasing average annual air temperature are
evident both within seasons and from year to year between 1940 and 2019. The changes in
runoff and water regime of transboundary Zhaiyk River basin have resulted in decrease in the
annual and forecast reduction in river flows for future uses.
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AnHoTtanus. byn Mmakanana JKalbIk TpaHCIIIEKapAIBIK ©3CHIHIH CYJIBUIBIK PeKUMIHIH
e3repy YpAicTepl >KOHE OHBIH IIAPTTHI-AHTPOIIOTCHIIK ©3TepICTEp JKaFmalbIHAAa TapaTybl
KOpCETUIreH. 3epTTey >KYMBICH aFbIHABI MIaMAachiHBIH 80 JKBUIABIK YaKbBIT KE3EHIHICTI
MOHJIEPIH TMaiagaHa OTBIPBIN, JEPEKTepIl TaIAAyAbIH CTAHIAPTTHl CTATHCTHKAIBIK
omicTepl HETi3iHIAE KYPri3inai. AFBIHABI MapaMeTpiepiHiH KOIDKBIABIK KYpICl apTypil cy
(hazaymapeIH ecKkepe OTBIPHIN, 3 YaKbIT Ke3eHIHE KapacThIpbUTaabl. 3epTTENCTiH 63CHICPIIH
CYJIBUTBIK PEKUMI KOKTEMT1 CY TaCKBIHBI aFBIHABI YIICCIHIH a3ai0 yIepiciMeH jKoHE caballbIK
KE3CHHIH, acipece KbICKbI ca0asIblK Ke3€H aFbIH/IbI YJICCIHIH apTybIMEH cunaTTanabl. KbICKb
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aFBIHJIBICBIHBIH TYPAKTHI TYP/Ie TOMEHCYi OallKanaThIHBIH aliTyFa MYMKIH/IIK Oepe/ti.
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pacripefieficHuss B KOHTEKCTE aHTPOIOT€HHO OOYCIIOBICHHOM TpaHC(HOpPMALUK BOJHOTO
pekuma. McciaenoBanusi MpoBeeHbl Ha OCHOBE CTAHAAPTHBIX CTAaTHCTHUECKHX METOJOB
aHaJIM3a JaHHBIX C UCIIOJIb30BaHUEM 3HAYCHNUH BETMUMH cTOKA 32 8§0-JIeTHUII Tepro.I BpEMEHH.
MHoroneTHsisi TuHamuKa mapameTrpoB croka (1940-2019 rr) ¢ yderom ¢a3 pa3nuaHON
BOJIHOCTH pacCcMaTpUBAIOTCS B 3-X BPEMEHHBIX ITEpHOAAX. Y CTAHOBJIEHO, YTO BOAHBIN PEXKIM
HCCIIEIyeMbIX PEK XapaKTEepHU3yeTcsl TeHACHIUEH COKpAILCHHUs 0N BECEHHETO IOJIOBOBS
W YBEIWYCHHUS IO MEXKEHHOIO CTOKAa, OCOOCHHO 3MMHEro. YBEJINYEHHE 3MMHEr0 CTOKa
MPOMCXOANT B PE3YJIbTATE KIMMAaTH4YECKH OOYCIIOBICHHOTO M3MEHEHHMS, MPOSBISIOLIETOCS
B YCTOWYMBOH TEHIEHIMU YBEIMYCHHUS CPEIHEMHOTOJICTHEH TeMIepaTypbl BO3AyXa Kak
BHYTPH CE30HOB, TaK U U3 TOAa B roJl. AHTPOIIOTCHHOE BO3JCHCTBUE B BUJIC PEryJIMPOBAHMUS
CTOKa MHXCHEPHBIMU COOPY>KEHUSIMH, B YACTHOCTH, B 30HE (JOPMHUPOBAHUSI PEUHOTO CTOKA
(BepXOBbsI) KapAMHAJIBHO TPaHC(HOPMHUPOBAIM BOIHBIN PEXHUM. BbISBICHHBIC TEHACHLUUHU
M3MEHEHUS MT0Ka3aTeNell BEIMYMH CTOKA ¥ BOJHOTO PEeXKUMa OacceiiHa TpaHCTPaHUYHOM peKn
JKaifbIK HO3BOJISAIOT yTBEPKAATH O IPUHSBLIEM XapaKTepe YCTONUNBON TEHICHIIMN CHUKECHHUS
BOJIHOCTH peK OacceifHa M COKPALLIEHUS] pEYHOI0 CTOKA B OyIyIIeM.

KioueBbie ci10Ba: BHYTPUTOJOBOE paclpelesicHHe, BOJHBIA PEKUM, MEKCHb,
MOJIOBOJIHBIN CTOK, TpaHC(OPMALHsI CTOKa, peka Kaibik

Introduction

Previous research devoted to the water regime study (Kireyeva et al., 2018), changes
in river runoff (Magritskiy et al., 2018) and intra-annual distribution of runoft (Sivokhip et
al., 2020) under the conditions of modern runoff formation, has found changes in the water
regime and distribution of river runoff. If we consider a more global context, changes in the
hydrological cycle are reported at the regional level in the context of climate and environmental
change, and is one of the 23 unresolved issues in the article (Giinter et al., 2019). Studies
(Botter et al., 2010) note that river flows observed downstream of regulated (constructions)
structures in the watershed show lower average runoff values. In the work (Xingming Hao et
al., 2008), the incorrect distribution of the water resources of the rivers leads to the negative
effects in the ecosystems of the lower reaches. Thus, studies for determining trends in runoff
values are of the greatest importance (Gumus et al., 2022).

In view of this, the need to have knowledge of the current state, trends of change
and distribution of river flow becomes the most relevant, especially for the transboundary
watercourses.

The most difficult task is to determine changes and distribution of runoff values in
the context of climatic and anthropogenic impact factors. In most cases (Galperin, 2020),
calculations of the river flow distribution and impacts, a series of observations are taken and,
divided into 2 periods: “conditionally natural”, meaning climatic and “anthropogenic”.

However, many studies do not properly pay attention to the fact that river receives
runoff at all stages and, in the same accepted conditional periods is under the certain climatic
influence and with more or less degree (share) of influence in a certain river basin and in its
various climatic regions of location.

Global warming is an obvious reality. Already at the beginning of the 20th century,
there were trends in increase in the value of surface air temperature. At the same time, the
clear significant warming began in the first half of the 1970s (Drozdov, 1992). The greatest
changes in air temperature occurred in parts of the continents between 40° and 70° N. latitude.
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(Dolgikh, 1999). Kazakhstan is also located in this sector of Eurasia.

In Kazakhstan, the increase in air temperature is more intense than the average for the
planet (Galperin, 2012).

The second half of the 20th and early 2 1st centuries is characterized by directed climatic
changes. This is reflected in the factors of river runoft formation and their hydrological regime.
The main factors in the formation of runoff, which are most subjected to changes, in contrast
to the relief, geological structure, nature of water sources are meteorological characteristics
such as air temperature and precipitation. In addition, the assessment of modern changes in
climatic characteristics makes it possible to assess river runoff in relation to those changes.
Under the conditions of climate change, the uneven distribution of water resources across the
territory of Kazakhstan, including in the western part of the country is getting worse (Dostai,
2014; Medeu, 2015; Shiklomanov, 2008).

While the problem of global climate change and its consequences has been analyzed
in detail by scientists, the changes in the hydrological regime of rivers, in particular the rivers
of Kazakhstan have not remained unnoticed.

The hydrological regime of rivers is quite sensitive to climatic fluctuations; therefore,
studies of the hydrological regime characteristics, as well as their changes, in addition to
practical interest from various economy sectors that are associated with the use of rivers are of
great importance for hydrologic science.

The object of the present study is the Zhaiyk River, located in the center of the
Eurasian continent and, conditionally dividing Europe and Asia. This watercourse originates
in the southern spurs of Ural Mountains at the altitude of 640 m above sea level and flows into
the Caspian Sea. The length of the river is 2534 km with a catchment area of 231,000 km?.
The Zhaiyk River is transboundary watercourse that flows through the territory of 2 countries:
Russia (1450 km) and Kazakhstan (1084 km). The Zhaiyk-Caspian water economy basin is
located in the Northern Hemisphere, at middle geographical latitudes. Significant distance
of territories from the oceans and high mountain systems determines the continental climate
(Alimkulov, 2019).

Catchment area and its length is one of the largest rivers in Europe and is the main
river of the Caspian region in the Republic of Kazakhstan (figure 1).

Lower reaches of the transboundary river Zhaiyk are found in Kazakhstan. The largest
tributary of the Zhaiyk River in terms of water content is the Sakmara River (Russia). Its
average water content is almost 1.5 times higher than the water content of Zhaiyk itself. The
main source of river is snow reserves from the cold period of the year; the share of rain runoff
is insignificant. According to the conditions of the water regime, up to 90 % or more of the
runoff occurs in the spring, which is actually the predominant one.

In addition, depending on the conditions of the year, more than 80 % of the river
runoff is formed on the territory of the neighboring country (Russia), which is 325 m’/s or
9.29 km® per year.

In the territory of Russia (upper reaches) 1,649 water economic constructions have
been built with a useful capacity of 3,948 million m* or 3.9 km? per year, and the total
accumulated volume of water in reservoirs far exceeds their useful capacity.

In the territory of Kazakhstan (downstream) there are 2 reservoirs of long-term
regulation with a useful volume of 480 million m?® and 36 small reservoirs, of which only 12
reservoirs with a capacity of 10 million m?. For this reason, the Zhaiyk transboundary river and
its water regime is completely regulated by engineering structures, located mainly in Russia.
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Thus, the observed dynamics of the transboundary runoff of Zhaiyk River is integral
indicator of water economy activities in the upper reaches of the basin.

In recent decades, the intra-annual runoff of the transboundary river and its
redistribution over time has undergone significant transformations, and the water regime has
also changed.

Research to identify patterns of intra-annual distribution of river flow and changes in
the water regime, from the point of view of applied hydrology, is of great practical importance,
focused on the ensuring and rational (efficient) use of available resources.

Under natural climatic conditions, the distribution of river runoff during the year season
has a certain regular feature and depends mainly on the source of supply of the catchment part
of the basin and on the influence of the ratio of hydrometeorological elements in the form of
climatic factors of runoft formation. Thus, the duration of the flood runoff varies by the year
seasons and is not the same everywhere. This pattern, of course, complicates the use of water
resources.

At the same time, under the conditions of the anthropogenic factor, hydraulic and other
water economic structures determine the direct impact to the processes through engineering
regulation and redistribution of river flow in time and space.

In other words, the entire catchment area of transboundary Zhaiyk River basin, with
some exceptions, one way or another, belongs to the territories of economic development
or is under the influence of any other type of anthropogenic activity that has a certain or
indirect pressure to water resources, which significantly reduces water supply and disturbance
of surface runoff (Fig. 1).

Figure 1. Basin of the transboundary river Zhaiyk

The purpose of the present studies is to determine the trend of changes in the
water regime and distribution of the transboundary Zhaiyk River runoff, as well as modern
transformation of runoff values in the water regime in terms of climatic and anthropogenic
factors affecting the river runoff formation.
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Materials and methods

The study of the water regime and intra-annual distribution of runoff and their
quantitative characteristics are based on statistical methods of analyzing of the observed data
of the river runoff values and representative hydrometeorological elements of the considered
basin (air temperature and precipitation). According to the characteristic condition of the
studied object water regime, the following phases were considered: winter low water, summer-
autumn low water and floods, as well as annual values of flood volumes, maximum runoff and
duration of flood runoff.

When reconstructing the discharge using runoff observation data for more than 6 years,
the method of hydrological analogy was used along with, the relationship between runoff and
meteorological elements, primarly precipitation. The analogue point, the main criterion is the
synchronism in the fluctuations of the river runoff of the calculated cross-section and analogue
cross-section which is expressed through the coefficient of pair or multiple correlation (MSN,
2006; Vladimirov, 1990).

The series of annual runoff for the period 1940-2019 were reconstructed. When
restoring the series of annual runoff, all information on the state at hydrological gaging
station, on water management measures upstream of the measurement cross-section which
affected the regime of water flow in the river was taken into account. The change in the runoff
formed on the territory of the Republic of Kazakhstan was observed mainly since 1975, not
counting the runoff of the large transit river Zhaiyk, which was subjected to change since
1957-1958 on the territory of the Russian Federation (in connection with the construction of
the Iriklinskiy reservoir with a useful capacity of 2,160 million m?) (Arystambekova et al.,
2017). Reconstruction of the natural value of the annual runoff of Elek River - Aktobe city and
Elek River -Shelek village was made from 1975 to 2019, taking into account the influence of
Kargaly and Aktobe reservoirs. Change in the annual flow of the Zhaiyk River-Koshim village
was assessed from 1957 to 2019, taking into account the influence of the Iriklinskiy reservoir
(Davletgaliev, 2011).

Trends in changes during flood periods use, runoff data for the flood period along
the river Zhaiyk and its main tributaries was restored. Spring high water is a characteristic
feature of the annual water regime of the flat rivers of Kazakhstan due to the rapid melting
of the snow accumulated during the winter. By the relatively short duration of floods, the
runoff for this period makes up to 80-90 % of the annual runoff (Arystambekova et al., 2019;
Arystambekova et al., 2017). Therefore, there is a close relationship between the flood runoff
and the annual runoff, and the annual runoff of this river can be taken as the main analogue for
restoring the spring runoff.

Certain conditions are accepted into the calculated statistical data within the frames
of 3 temporary transition periods of the runoff regime, which could most sensitively react to
the various influencing factors and contribute to the identification of certain patterns in certain
changes: 1) from 1948 to 1973 - undisturbed (natural) runoff regime ; 2) from 1974 to 1998
- anthropogenically disturbed runoff regime with moderate climate change; 3) from 1999 to
2019 - anthropogenically disturbed runoff regime with significant climate change.

To achieve the goals of the research and identify the features of changes, the runoff
values were reconstructed, including the phases of the water regime for the undisturbed
(natural) period of time with duration of 80 years of statistical series (1940-2019) so that the
simulated runoff values would exclude anthropogenic impact factor in analytical processing
of results.
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Results and discussion

Based on the observed (actual) data for the flood runoff, a statistical analysis of the
data was carried out to identify trends in their changes: by the values of the runoff volumes,
maximum flow rate and duration of the flood runoff. Statistical analysis of the data shows that
since the 1970s there has been decrease in both - flood volumes and maximum discharges.

However, in the duration of the flood runoff in recent years, some increase in time
has been recorded. This could be a transformation of the water regime of the transboundary
Zhaiyk River due to the impact of hydraulic structures (reservoirs), however, this trend is
also observed in the other studied rivers of the basin that do not have regulatory reservoirs
(structures). These trends in the change and intra-annual distribution of flood runoff are
explained by climatic factors of influence (Fig. 2).
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Figure 2.1. Annual flood volumes of the main hydrological posts of the Zhaiyk river basin, mill m?
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Figure 2.2. Maximum discharges of the main hydrological posts of the Zhaiyk river basin, m*/s
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Figure 2.3. The duration of floods of the main hydrological posts of the
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The dynamics of changes in the intra-annual distribution of the runoff of the
transboundary Zhaiyk River and its main tributaries in the limits of Kazakhstan over the long
period of time is illustrated (Fig. 3).

The determined characteristic periods - so-called phases of the water regime in
statistical data are associated with hydrological phenomena on watercourses in the form of
seasonal or long-term fluctuations in runoff, respectively, in the work they do not strictly
coincide with the calendar seasons of the year.

Based on that, for the studied object was chosen the spring phase of the water regime
April to June (spring, IV-VI), this is the season of the spring flood. The summer-autumn season
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is from July to November (summer-autumn, VII-XI), in this period there is a low flow. The
winter season is from December to March (winter, XII-III), since in this period of time the ice
phenomena is observed on the rivers.
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Figure. 3. Change in the share of river runoff by seasons

A comparative analysis of statistical data of monitoring sites in the frames of
transitional periods of runoff, it can be observed the following: 1). Transboundary river Zhaiyk
— Koshim village, the share of winter and summer-autumn runoff increased linearly by 6.0 %
and 6.4 %, respectively, but the share of spring runoff decreased by 12.4 %.

2). Elek River - Aktobe, the share of spring runoff for the entire period under review
decreased by 23.1 %, while the share of winter and summer-autumn runoff increased by 7.6 %
and 15.6 %, respectively; 3). Or River — Bogetsay village, share of spring runoff for the period
from 1974 to 1998 compared with the previous period (1948—1973) increased by 7.4 %, the
share of summer-autumn and winter runoft decreased by 1.1 % and 6.3 %, respectively. In
the last period (1999-2019), compared with 1948—1973, the share of summer-autumn runoff
increased by 5.3 %, the share of spring runoff decreased by 5.0 %, but the share of winter
runoff remained unchanged; 4). Big Kobda River — Kobda village, share of spring runoff
for the last period (1999-2019) compared to 1974—1998 decreased by 9.8 %. The share of
summer-autumn and winter runoff increased by 3.1 % and 6.5 %, respectively.

The reconstructed values of natural (climatic) runoff for the entire period of research
from 1940 to 2019, including flood and low water runoff, are graphically visualized in relation
to 2 climatic characteristics, such as: air temperature and precipitation (Fig. 4)
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Comparative statistical analysis of reveals that the trend direction of changes in
precipitation tends to slightly decrease in quantitative indicators or is within the normal
range, and vice versa, air temperature has clear tendency to increase.

Trends in changes in the volumes of flood runoff of the transboundary Zhaiyk River
and its main tributaries in the limits of Kazakhstan are presented in Table 1.

Table 1. The trend of changes in the volume of floods of Zhaiyk river and its main tributaries.

Flood volume Flood volume
) (observed), period, Changes, in (reconstructed), period, Changes, in
River- million m? million m?
hydrological
station 1940- | 1974- | million | 1940- e 0
1973 2019 m’ % 1973 1974-2019 | million m %
Elek - Shelel | 5 626 | -524 | 456 | 1150 715 -435 378
village
Elek -
Aktobe city 537 259 -278 -51,8 537 373 -164 -30.5
Shyngyrlau
- Kentubek 123 76 -47 -38,2 123 88 -35 -28.5
village
Shagan -
Kamennyi 211 177 -34 -16,1 211 201 -10 -4.7
village
Derkul -
Taskala 21 17 -4 -19,0 21 21 0 0.0
village
Derkul - 104 71 33 | 317 | 104 109 5 4.6
Beles village
1958- - 1940-
; é?‘;‘;’y 2019 m’fé’f" % 1957 | 1% i’j 019\ ittion m? %
] . . )
Zhaiyk -
Koshim 9740 6129 -3611 | -37,1 9740 7918 -1822 -18,7
village
Zhaiyk -
Makhambet 8127 5323 -2804 -34,5 8127 6733 -1394 -17,2
village

Based on these results, the common features of climate change are expressed in
increase in air temperature throughout the basin of the transboundary Zhaiyk River and
statistically insignificant, multidirectional trend in annual precipitation.

Conclusions

Global and regional influence of climatic phenomena and anthropogenic factors have
contributed to a significant reduction and transformation of river flow.

In the phases of the water regime and intra-annual distribution of runoff, there were
shifts towards an increase in the winter and summer-autumn shares of the runoff, on the
contrary, the volumes of the flood runoff decreased. A change in runoff regime and climate
between 1974 and 2019 show, more frequent spring flooding, while the annual runoff decreased
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to 65-75 % (with the exception of Or River).

In the regulated watercourses of the Zhaiyk River basin, the volumes of flood and
maximum runoff have decreased. The dates of the beginning and end of the flood have shifted
to earlier dates.

There was a transformation of the summer-autumn low water period with floods,
starting after the end of the flood (in May-June) and ending after the freezing of the rivers (in
November-December).

Several factors contributed to increase in the volumes of the summer-autumn low-
water runoff (with the exception of the Or River), its share is 15-25 % of the annual runoff.

The summer-autumn low water phases of Zhaiyk River water regime increased in
time and became longer by 14—16 days, the duration of the winter low water period decreased.

The trends of the transboundary river Zhaiyk basin, taking into account determined
anthropogenic factors of influence to the climate change, allow us to state that there is a stable
trend towards a decrease in the water content of the rivers in the basin and reduction in river
runoff in the future.
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