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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 results of the study of fluctuations in the level of Markakol Lake under
the influence of climate change are considered. Markakol is one of the high—altitude lakes of
Kazakhstan, into which several relatively large rivers flow, including the Urunhaika River, and
the Kalzhir River flows from the lake. Lake level Markakol and the flowing river are considered
as the main components of the water balance of Markakol Lake. Based on statistical analysis,
regression models of levels depending on air temperature are obtained. It has been established
that the average monthly values of the level in Markakol Lake, in the period from April to
November, have a close correlation with the air temperature at the level of 0.60. The average
seasonal level of the summer period of the Kalzhir River (near the village of Chernyaevka)
has an inverse correlation with the average monthly temperature in May, at minus 0.65. This
is due to the evaporation process, which directly depends on the temperature background of
the intermountain depression (graben) in which the lake is located. The obtained regression
equations allow us to estimate fluctuations in water levels. The inflow of water into the lake
will increase by 0.2 % on average with a projected increase in air temperature at 0.25 °C/
decade, and the outflow from the lake will decrease by about 3 %. It will also be necessary to
build an evaporation model for the final assessment of changes in the level of Markakol Lake
under the influence of changes in air temperature. A more detailed analysis of the components
of the water balance indicates a decrease in the water level in the lake by 0.266 %. In the end,
in general, the water level in the lake is expected to drop by no more than 0.1 % per decade.
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Annortamus. KimumarTelH e3repyiHiH ocepiHeH Mapkaken KeliHiH JeHrediHig
ayBITKYBIH 3epTTey HOTHXKeNepi KapacThIpbuiasl. Mapkaken — Ka3akCTaHHBIH OHWIK TayJbl
KeJiZiepiHiH Oipi, oFaH OipHelIe canbICTRIpMalibl TYPJE ipi ©3eHAEp, COHBIH ilIiHAe Y pyHXaliKa
©3¢HI Kysiabl koHe KeljeH Kamkelp e3eHi arbll IIbIFafgel. Mapkakel Keji MeH aFblIl
KaTKaH ©3¢H JeHreiii Mapkakeln KeliHiH cy OaJaHCHIHBIH HETi3ri Kypamjaac Oeiri peTiHme
KapacTeIpbutafpl. CTAaTHCTUKANBIK Tajjay HeTi3iHae aya TemIeparypachlHa OailaHBICTHI
JCHISHIIepIiH PEeTrpecCHsUTbIK  MOJENbJepl albIHABL. MapKakenl KeJiHAeri JAeHreHIiH
opTala aibIK MOHAEPI coyip MEH Kapalla aiapbl apalbIFbIHIA aya TeMIlepaTypachiMeH
0,60 neHreifinme THIFBI3 KOppessiusra we. Kamkplp e3eHiHIH jXKa3rbl Ke3eHIHIH opTaiia
MayCBhIMIBIK JieHTeli (UepHsieBKa aybUIBIHBIH MaHBIH/A) MaMbIp albIHIAFbl OpTalla anibIK
TeMIIepaTypaMeH Kepi Koppensanusiblk Oaimaneicka we, mMuHyc 0,65 neHreitinme. by
OyiaHy TIporieciHe OalaHBICTHI, OJ KOJI OpHAJacKaH Tay apajblK JIEMPEeCCUsSHBIH (Tpa0eH)
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TeMIeparypaiblk (OHBIHA Tikenel OailaHbICThl. AJIBIHFaH perpeccust TEHAEYIepi cy
JICHI'eHiHiH aybITKyblH Oaranayra MYMKiHAIK Oepeni. Aya temmeparypacbiHblH 0,25 °C/
OHXBUIIBIKTA OOJKaMIbl ecyiMeH kejre cy arbiHbl opTa ecemreH 0,2 % apraabl, KejneH
ary mamamMeH 3 % temenaeiai. Connmaii-ak, aya TeMIeparypachblHbIH ©3repyiHiH ocepiHeH
Mapkaken KeJiHiH JIeHTeHiHiH e3repyiH TYNKLUTiKTI Oaramay yIIiH OylaHy MOJIETIH KYPY
KakeT Oomanel. Cy OalaHCHIHBIH Kypampaac OeNIKTepiH erkKeh-TerKewsi Tajjay Kelmieri
cy neHreiinin 0,266 % TemeHmeyiH kepceTeli. KOpBITBIHABUIAN KENTeH/Ie, >KaJIIbI
anranna, omKbuIIbIKTa 0,1 % acmailTeiH Kenje cy JeHreHiHIH TeMeHJeyi KyTiTyre.

Tyiiin ce3aep: ko1, cy ICHIelii, KTUMATThIH ©3repyi, Cy OaaHchl, 0yIaHy, TeMIeparypa
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AHHOTauus. PaccMOTpeHBl pe3ynbTaThl MCCIEIOBAaHMUs KOJeOaHWH YPOBHS o3epa
MapkakoJib 1o BIUSHUEM U3MEHEHHsI KIIMMaTa. MapKakoib — OIHO U3 BBICOKOTOPHBIX 03€p
KazaxcraHna, B KOTOpoe BIIa1aeT HECKOIBKO OTHOCUTEIBHO KPYIHBIX PEK, CPeIU KOTOPBIX PeKa
VYpyHxalika, 1 BBITEKAeT U3 03epa peka Kamxup. YposeHbs o3epa Mapkakoib U BBITEKaroIen
PEKH paccMaTpUBAIOTCS KaK OCHOBHBIC COCTABJISIOIINE BOAHOrO OaaHca o3epa MapKakoJb.
Ha ocHOBe cTarucTHYecKOro aHajlu3a MONYyYeHbl PErPECCHOHHBIC MOJENHM YpPOBHEH B
3aBHCHMOCTH OT TEMIIEPATYPBI BO3AyXa. Y CTAHOBIEHO: CPEIHEMECSUHBIE 3HAUEHHS YPOBHS B
o3epe MapkakoJib B IEPHOJ C anperisi 10 HOSIOPb UMEIOT TECHOTY KOPPEISALIUH C TEMIIEPaTypOi
Bo3ayxa Ha ypoHe 0,60. CpeqHece30HHBINH YpOBEHb JIeTHero nepuoja pexu Kamkup (y cena
UYepHsieBKa) UMEET OOPaTHYIO KOPPEISIMOHHYIO CBSI3b CO CPEAHEMECSIUHON TeMIIepaTypou
B Mae Ha ypoBHe MuHyc 0,65. DTO CBA3aHO C MPOLECCOM HCHApEHUs, KOTOPOE HANPAMYIO
3aBHUCHUT OT TEMIIEpaTypHOro (oHa MEKTOpHOH BHaguHbI (rpabeHa), B KOTOPOM HaXOOUTCS
o3epo. [TonydeHHble ypaBHEHUs perpeccuy MO3BOJISIOT OLIEHUTH KOeOaHusl ypOBHEH BOJIBI.
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[Ipy mporHo3upyemMoM pocTe Temreparypsl Bozayxa Ha ypoBae 0,25 °C/aecstunerne
MPUTOK BOJBI B 03€p0 B cpeaHeM yBennuutcs Ha 0,2 %, OTTOK U3 03epa MPUMEPHO CHUBUTCSA
Ha 3 %. Tarxke moTpedyeTcst MOCTPOSHNUE MOJISIA UCTIAPEHUS /Il OKOHYATEIhbHON OLEHKU
M3MEHEHUs] YPOBHA 03epa MapKakoib TOJ| BIMSHUEM H3MEHEHUs TeMIIepaTyphl BO3AyXa.
Bonee neranbHBIN aHATU3 COCTABIISIONIMX BOJHOTO OajaHca yKa3bIBaeT Ha MaJCHUE YPOBHS
BOJbI B 03epe Ha 0,266 %. B koHeuUHOM UTOTrE, B LIEJIOM, OKUAACTCS MaICHUE YPOBHS BOJIbI B
o3epe He Oonee 0,1 % 3a necarunerue.

KiroueBbie ciioBa: 03epo, YpOBEHb BOJIbI, M3MEHEHHE KJIMMaTa, BOAHBIA OanaHc,
HCTIapeHue, TeMIepaTypa

Introduction

As a result of global warming and intense climate change in recent decades, the
intermittence of temperature regime in lake ecosystems is observed (Li et al., 2013; Scapozza
& Patocchi, 2023; Wrzesinski & Plewa, 2016). In addition, the chemical composition and
biological balance are subject to changes, which can lead to eutrophication of the lake (Zhang
et al., 2018). Based on the results of forecasting changes in air temperature, this study assesses
changes in the components of the water balance which are the leading factors determining
the lake level regime when precipitation amounts change against the background of rising
temperatures. By the direct analysis of the relationship between air temperature and water
level we can see directly proportional relationship between the increases in water level
(accompanying warming) due to the melting of glaciers that feed the rivers in the lake’s
catchment area (Nam et al., 2023; Zhang et al., 2024). However, increase in temperature also
has a reverse mechanism of influence through evaporation. In addition, precipitation amounts
have tended to decrease over the past 40 years (Guan et al., 2022; Salnikov et al., 2023;
Voyevodina et al., 2022). Comparison of the relationship between air temperature and water
level and the sum of the water balance components turns out to be more objective in the second
case. And that is more fully reflecting the existing picture. In addition, it is required to take into
account the existing outflow from the lake, which is inversely related to temperature. Based
on multiple statistical relationships, prognostic equation for the water level in the lake was
obtained based on the water balance components, taking into account temperature changes.

Materials and research methods

Markakol Lake is tectonic and is the second largest lake in Ertis River basin, located in
Southern Altai between the Kurchum and Azutau ridges in the deepest part of the graben at the
altitude of 1449 m, itsareais 449 km?(Figure 1). The length of the lake is 38 km, the widthis 19km,
the surface area is 455 km?, the average depth is 14 m and the greatest is 24 m. The large number
of tributaries inflowing the lake (Musakulkyzy & Madibekov, 2016; Volokitina et al., 2021).

The following rivers inflowing Markakol Lake: Zhirelka, Elovka, Matabay, Tikhushka,
Topolevka, Urunkhaika. Kalzhyr River flows out of the lake and inflows Ertis River. As aresult of
climate change (increase in temperature and precipitation) the lake ecosystem will be subjected
to fluctuations in the level and to the influence of nutrients, which will lead to eutrophication
of the reservoir and river ecosystem, which determine the lake water balance (Madibekov et
al., 2024; Madibekov et al., 2018). To analyze the current state of the ecosystem, the following
data was used: water levels of Markakol Lake and Kalzhyr rivers, air temperature and humidity
according to observations data of Markakol weather station and calculated evaporation values.
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Figure 1. Rivers net in the area of Markakol Lake

Results.

The studies of this work are based on the study of the climatic features of Markakol
Lake ecosystem. The obtained results described by climatic characteristics are taken as
initial conditions, which are subject to changes that determine the expected fluctuations
of the ecosystem under the global warming influence. According to expert estimates
(Masson-Delmotte et al., 2022; Dvorak et al., 2021), in the period 2020-2040 the average
air temperature on the planet will increase by 0.5 °C. By including this magnitude of
changes in the climate system into the calculations, it is possible to approximately
estimate the conditions under which the natural environment will continue to exist.

As a result of the analysis, the correlation coefficients between air temperature and
water levels were obtained. Average monthly water level values of Markakol Lake in the
period from April to November have a close correlation with air temperature at the level
of 0.60. The average seasonal level of the summer period of Kalzhyr River (near the village
of Chernyayevka) has an inverse correlation with the average monthly temperature in May
at the level of minus 0.65. These correlation coefficients characterize a linear trend, which
does not always describe the existing relationship between values that are indirectly related
to each other. The relationship between quantities could be approximated by curves that
have more complex equations described by power, exponential and logarithmic functions.
When choosing nonlinear approximating functions, the closeness of the correlation
relationship can be higher compared to linear equations. The nonlinearity of the correlation
relationship can be caused by strong relief dissection, remoteness of meteorological
stations, inertia of processes forming the water balance and by a number of other factors.

The temperature background characterizing these correlations determines the melting
of glaciers, which in turn feed the rivers flowing into the lake. For the Markakol Lake,
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the period of formation of the main flow is from April to November inclusive. In April
in average observed the temperature transition through 0 °C, which is not reflected in the
average monthly data. The influence of temperatures to the water level in November is not
entirely explainable. Average temperature in November in 19832022 was -8.2 °C (Appendix
Table 3). By excluding November temperatures from the calculations, there is a drop in the
temperature-level correlation by 6 %. Probably, there is an inertial mechanism for the release of
groundwater feeding the Markakol Lake. Part of the underground flow from the heated layers
of the earth continues to contribute to Markakol Lake level although the average monthly air
temperatures in November are negative. Or it could be that the entire catchment area of the
Markakol Lake functions with a certain degree of inertia. At the same time, the hydrological
observationstation in the village of Urunkhaika is located in the coastal zone of Markakol Lake.

In summer, the average level of Kalzhyr River (flowing from the lake) is in inverse
correlation with May average monthly air temperatures at the level 0of 0.65-0.69 (Table 1). The
negative nature of the correlation is probably due to the fact that by increase of air temperature
increases also the evaporation, which reduces the lake level. As the lake level decreases, the
outflow from it decreases. The maximum level in Kalzhyr River is observed in May-June. At
the beginning of summer, the high level of the lake becomes the initiating factor for increased
outflow of water from it. Thus, there is a dynamic factor of the lake water pressure to the
Kalzhyr River flow volumes. The hydrological measuring station on the Kalzhyr River is
located in the village of Chernyayevka at the distance of more than 65 kilometers south of the
Markakol Lake coastline. Along the entire course of the river there is inflow to the Kalzhyr
River, which reduces the statistical relationship between temperature and outflow level.

Some characteristics, correlations and regression equations linking air temperature
with the levels of Markakol Lake and Kalzhyr river are presented in Table 1.

Table 1. Characteristics of statistical relationships between air temperature (¢ °C) and water levels (4 m) in the
Markakol Lake (¢, # April-November) and Kalzhyr river (¢ May, #* June-August).

Correlation
coefficient
Observation period : Trend type Regression equation
Linear Trend (degree)

r r*
Markakol Lake Polynomial _
(1983-2022) 0,6066 | 0,6127 2) Iy = 0,02547  +0,96841,  + 149,53
Kalzhyr River Polynomial B o = 004892, - 1,12168, + 9,8557¢ -
(1983-2005) -0,6544 1 -0,6958 (4) 44,361, + 124,12

As can be seen from Table 1, by using a power-law trend, there is an increase in the
closeness of the connection with increasing degree of the polynomial trend, which makes
it possible to use the obtained regression equations with higher reliability for the natural
processes modeling.

Increase in temperature can have a dual meaning. On the one hand, increase in air
temperature increases evaporation (Buis, 2022). At the same time (Zhu et al., 2022; Kumar
etal.,2022; Lietal., 2013; Serikbay et al., 2023), increase in the thermal background leads to
increase in the melting of glaciers that feed the rivers inflowing Markakol Lake. This factor
works in relation to the Markakol Lake, where there is a direct connection between rising
temperatures and rising water levels. In Kalzhyr River which flowing out of the lake, there
is a decrease in level as the temperature rises. Most likely this happens because decrease in
the level of Markakol Lake itself leads to decrease in outflow through the Kalzhyr River. By
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prognosis of the lake level depending on temperature changes it becomes necessary to analyze
the elements of the water balance of both - Markakol Lake itself and the water balance of the
rivers feeding this reservoir. It is also important to analyze the water regime of the Kalzhyr
River taking into account climate change (temperature rise and changes in precipitation).

The main elements of the lake’s water balance are inflow and outflow of rivers
feeding the lake (level), amount of precipitation and evaporation from the water surface.
Since evaporation from the water surface can be considered as the maximum accepted by
unlimited moisture reserves, it can be considered as evaporability. Secondary (implicit)
elements of the water balance can be considered: groundwater outflows, dew formation
and economic activity (anthropogenic factor). Industrial economic activity is prohibited in
the territory of the Markakol Lake Nature Reserve, as it belongs to Specially Protected
Natural Areas. Outside this reserve, water intake from the rivers that feed the lake is
possible (Biological substantiation..., 2021). Illegal fishing activity, in isolated cases,
primarily affects the biological component of the entire ecosystem of the lake (Wang
et al.,, 2023). Chemical pollution of the lake is determined by such substances as: Zinc
(Zn), Copper (Cu), Polychlorinated biphenyls (PCBs) (Madibekov et al., 2024).

This study, covering the period 1983-2022, considers such elements
of the water balance as the amount of precipitation and evaporation from the
surface of the lake, according to the data of meteorological station “Markakol
Reserve” 48°48.402°N, 85°50.778°E; 1500 m above sea level. Evaporability was
determined by the formula of N.N. Ivanov (Khromov and Mamontova, 1974):

E_=0,0018 x (25 + £)> (100 — ) (1)

where, E — evaporability in mm. 7 — air temperature °C. f— relative humidity in percent.
Next, a multiple regression equation was obtained for the Markakol Lake:

h, .=—0,0565E

VX

+0,0713R , , + 165,691

mlIV-1X IV-IX

)

where, h, . — average water level in meters (June-October). E — evaporability
in millimeters (April-September), is the sum of the water layers evaporating from the lake
water surface. R, — amount of precipitation in millimeters (April-September). Overall
multiple correlation coefficient » = 0,7139. The amount of precipitation taken during
the period April-September determines the runoff of the liquid part of precipitation.

The volume of meltwater was not estimated in this study due to the lack of data,
although this value is the most important component of the runoff feeding Markakol Lake.
This fact probably significantly reduces the closeness of the multiple correlations. The time

series of precipitation amounts for the period April-September is presented in Figure 2.
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Figure 2. Annual precipitation amounts for the period April-September, weather station “Markakol Nature
Reserve”

As can be seen from Figure 2, over the forty-year period there is a
slight downward trend in precipitation amounts in April-September. The
rate of decline is approximately 2 % over 40 years, or -0.5 %/decade.

The evaporability value calculated using formula 1 is provided in Table 2 for the
warm period (April-September), at the boundaries of which a temperature transition through
0 °C is observed. Positive temperatures determine the state of evaporation from the ice-
free water surface, the appearance of which also indicates an increase in the energy of
the solar radiation ranges responsible for evaporation (Buis, 2022; Nyssanbayeva et al.,
2019). Maximum evaporation from the surface of the lake occurs in the summer months
against the background of high air temperatures and warming of the water surface.

Table 2. Amount of evaporation (evaporability) from the surface of Markakol Lake during the warm period,

mm.

Year April May June July August September October
1983 33,94 42,23 88,85 94,07 89,10 61,73 39,24
1984 20,41 62,61 | 68,56 83,36 112,65 73,07 35,64
1985 27,90 58,35 74,58 97,73 88,25 79,46 29,53
1986 28,17 65,92 75,39 118,14 86,47 84,93 36,85
1987 21,04 | 9565 | 75,13 108,40 112,23 70,27 14,94
1988 22,90 48,27 93,75 82,12 75,31 79,25 32,45
1989 29,22 73,57 90,95 111,17 135,26 74,19 37,01
1990 34,11 83,19 134,43 82,34 86,89 89,68 47,22
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1991 31,79 83,07 | 104,30 104,98 86,09 93,79 45,53
1992 26,08 65,40 81,21 101,59 61,41 54,43 51,63
1993 23,11 52,76 80,60 82,96 82,39 70,68 44,78
1994 24,02 58,71 119,90 111,98 92,23 67,50 42,12
1995 39,02 50,56 | 102,39 104,73 82,67 98,32 46,32
1996 25,16 80,80 | 105,98 111,14 125,06 68,21 37,95
1997 73,58 74,71 121,85 125,19 120,73 132,42 100,83
1998 24,62 69,73 118,10 105,34 145,04 97,40 50,20
1999 32,59 97,65 97,62 108,41 123,93 63,69 53,79
2000 62,12 61,46 84,61 117,35 123,73 118,42 -
2001 25,30 79,79 111,91 90,46 100,90 70,99 44,82
2002 29,74 69,58 87,70 92,57 112,82 108,99 52,81
2003 22,40 77,62 111,38 71,00 103,98 94,63 55,78
2004 35,34 96,20 | 124,22 96,56 99,56 88,36 57,40
2005 33,20 73,08 89,62 99,48 90,79 100,32 68,08
2006 37,41 86,26 | 108,79 98,34 115,17 108,30 44,37
2007 67,63 65,22 85,27 74,38 101,36 99,53 45,23
2008 40,69 100,70 | 128,62 140,70 134,80 68,12 45,27
2009 43,08 76,53 73,42 107,75 102,94 68,58 51,19
2010 26,54 53,98 | 100,42 94,09 114,88 103,74 60,12
2011 36,63 85,15 84,75 119,54 110,84 127,77 63,26
2012 58,87 85,79 94,09 96,00 102,97 92,27 36,93
2013 34,46 63,04 74,15 70,17 64,86 87,21 50,39
2014 46,47 90,79 97,66 97,69 116,65 94,58 22,86
2015 25,10 74,21 98,78 108,82 132,39 61,34 48,12
2016 37,87 74,08 77,53 74,35 106,33 79,79 18,35
2017 37,28 87,08 97,47 111,56 109,56 72,90 41,83
2018 39,48 52,85 | 125,13 108,63 95,66 71,18 47,12
2019 36,81 65,47 88,84 100,15 112,07 71,30 52,44
2020 60,31 110,96 | 101,85 83,74 93,20 69,82 39,14
2021 32,43 96,44 96,07 111,91 105,18 92,48 41,39
2022 45,04 109,07 | 114,77 105,78 115,39 111,45 51,06
Note: «-» —no
data

Equation 2 includes evaporation and the amount of precipitation; the calculation of the
first term includes temperature and relative humidity, which is also a function of temperature.
By increasing the average of a series of available temperatures by the projected change of
0.25 °C/decade, we obtained modified value of evaporation taking into account expected
warming. The amount of precipitation for the period April-September, by years, is shown in
Figure 2. The magnitude of changes in precipitation amounts, as already noted, is taken at
the level of -0.5 %/decade. By adding this value to the average for the decade, we change the
average amount of precipitation for the decade. Taking into account the changes made, an
average decrease in level in the Markakol Lake was obtained (according to equation 2), which
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averages 0.48 %/decade, against the background of increase in evaporation of 0.625 %/decade.
The decrease in Kalzhyr River level will be about 3 %/decade. Thus, in general, there will
be decrease in water levels, decrease in precipitation amounts and increase in evaporation.
Discussion
Initially, thestatisticalrelationshipbetweenairtemperatureand waterlevel (Markakol Lake)
was considered for the period April-November. Monthly average pairs of values were compared
overfortyyearsofresearchfrom1983-2022. TheresultofthesecomparisonsispresentedinFigure3.

250 Height m
200 + 2 s
‘e o * *
* * *
100
50
u | 1 L
-20 -10 0 10 20

Temperature °C

Figure 3. Distribution of average monthly pair values air temperature-water level (Markakol Lake) for the period
April-November, 1983-2022. Trend equation and the closeness of the correlation are shown in Table 1

Increasing the temperature by average ten-day value of 0.25 °C, the average level in
the Markakol Lake was recalculated using the trend equation, it turned out to be 0.2 % higher
compared to the average initial value.

According to the regression equation obtained for the Kalzhyr River (Table 1), the
average air temperature in May determines the summer level of water flowing from the
lake. With an increase in average air temperature in May by 0.25 °C/decade, the decrease
in outflow partially (by 3 %/decade) compensates the decrease in losses due to water inflow.
Loss of moisture from the surface of the lake will occur due to increased evaporation as the
temperature rises.

Taking into account all the elements of the lake’s water balance available for analysis, a
multiple correlation equation was obtained in which the water level at Markakol Lake / (April-
September) is considered depending on the amount of precipitation R (April-September),
evaporation Em (April-September) and water level in Kalzhyr River 4* (April-September)
flowing out of the lake:

h..=0,1289R

IV-IX

+0,2109E

m IV-IX

+0,1656A" , . + 129,972 3)

IV-IX IV-IX

The multiple correlation coefficientr, for this equationis 0.6509. Equation 3 was obtained
from relatively continuous data series characterizing the time period 1995-2005. Further,
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taking into account the existing trend of changes in precipitation amounts -0.5 %, the average
precipitation amounts were reduced by this amount. By calculating evaporation (according to
equation 1) and water level in Kalzhyr River (Table 1), average temperatures were included
in the calculations, taking into account a projected increase of 0.25 °C/decade. Increase in
evaporation of 0.625 %/decade is also critical element of the water balance, reducing the
water level in the lake. To compare the average level at Markakol Lake mouth and recalculated
level taking into account climate change, there was obtained expected level decrease (minus
0.266 %). In total, decrease in outflow through the Kalzhyr River by 3%/10 years, decrease in
precipitation during periods of positive temperatures and increase in evaporation will ensure
decrease in the lake water level by 0.66 %, compared to the lake level calculated using the
temperature-level model. This can be considered as more multifactorial forecast by analyzing
more components of the water balance. Despite the general trend of rising water levels of
Markakol Lake, with increasing temperatures there are more reasons to consider decrease in
lake level as the most likely scenario. This is indicated by more comprehensive analysis of the
water balance components: amount of precipitation, evaporation and decrease in the level of
melt water. Decrease in Kalzhyr River level, which is a tributary of the Ertis River, looks clearer.
Conclusion
All possible fluctuations in the components of the lake’s water balance are based on
global warming value of 0.25 °C/decade. In the analysis, this value was added to the average
characteristic without progressive increase over time, just as in the case of precipitation trends.
In addition to adding temperature to the average calculated characteristics, we also
analyzed for forty years (1983-2022) the own trends in precipitation amounts for the
period April-September and average monthly pairs of air temperature-water level values
at Markakol Lake for the period April-November. Increase in the trend of the lake water
level taking into account climate warming will be compensated by decrease in precipitation
amounts in the April-September period and by increase in evaporation in the same season.
The increase in evaporation is estimated at 0.625 %/decade. Warming will not only lead
to increase in air temperature, but also the surface water temperature experiencing increase
will contribute to increase in the supply of moisture from the lake surface to the atmosphere.
Precipitation amounts for the April-September period had a general decreasing
trend of -0.5 % per decade. This trend value was included in the calculations when
analyzing the water balance of Markakol Lake. During the analyzed period 1983—
2022 in the season of positive temperatures, precipitation amounts decreased by 2
%. This decline is the predominant factor determining lake levels in the near future.
Taking into account the expected climate change (Dvorak et al. 2021), decrease in
precipitation against the background of increased evaporation and decrease in outflow
from the lake, the water level in the lake is expected to decrease by minus 0.266 %.
The level of the Kalzhyr River is influenced by the dynamic factor: the high-water level
in the lake determines the high-water flow from it. Thus, decrease in the lake water level will
lead to the shallowing of the Kalzhyr River by 3 %. This will reduce the flow into Ertis River.
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