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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. This article presents the results of an integrated water quality assessment
of Markakol lake. The adopted integrated water quality index is a mathematical tool used
to transform the complex influence of large multi-parameter water quality indicators into
unambiguous indices, to facilitate informing the public and legislative decision makers, to
establish a common reference system of the water body. Integral assessment of water quality of
Lake Markakol was carried out according to physico-chemical and toxicological parameters,
which is based on already existing developments, but due to a number of objective reasons
it is extremely simplified, contains limited data, was made using values of pH of water, total
mineralization, total water hardness and the complex index of water pollution (CIWP, )
taking into account the hazard class, based on groups of toxic ingredients on the signs of the
hazard class. The optimal parameters selected for the integral assessment, although limited,
the resulting assessment for each parameter is representative. Conducted integral assessment
of water quality of Markakol lake by hydrochemical and toxicological indicators shows that
the water generally meets regulatory requirements and refers to class 1 (conditionally clean).

Keywords integral coefficient, water quality, number of ions, mineralization,
alkalinity, hardness
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AunHoTamus. Makamanma Mapkaken KeJliHIH Cy carachlH WHTErpaiapl Oaramay
HoTmkenepi kentipinred. Cy camachlHBIH KaOBUIAAHFAH WHTETPANIBIK KOPCETKIII Cy
CamachIHBIH YJIKCH KON TapaMeTPITIK KOPCETKIMMTEPiHIH Kypmenai ocepiH Oip MoHII
WHAEKCTEpre TYPJICHAIPY, XalbIKThl JKOHE 3aHHAMANBIK MIemIiMep KaObUlaaymIbuIapisl
xabapmap eTyzi KeHUIIETY, ¢y 0OBEKTICIHIH JKali-KYHIH eCenTeymiH OiphIHFail )KyHeciH KYpy
VIIiH TaiigalaHbUTaTEIH MaTeMaTUKAIBIK Kypasl OoJbI TaObuTambl. MapKakesl KeJliHiH Cy
carmachlH MHTETrpaiabl Oaranay (U3UKa-XUMUSIIBIK KOHE TOKCHKOJOTHSUIBIK KOPCETKIITep
OOWBIHIITA JKYPTi3inmi, o1 OYpeIHHAH Oap o3ipieMesepre HeTi3fenreH, Oipak Oipkarap
00BEKTHBTI cebenTepre OaMIAHBICTHI OTE SKCHUINCTUITEH, MICKTEYIl IEPEeKTep KOJIEMiH
KaMTHUIbI, CynbH pH MoOHIEpiH, Kalmbl MUHEpPAIIaHYbIH, CYJBIH Kbl KaTTHUIBIFBIH J)KOHE
CYIBIH JacTaHYyBIHBIH KetneH i naaekcid (K13B) malimanana oThIpHIT OPBIHAAIIBL. KaYITTITIK
KJIAaCHIHBIH Oenrinepi OOHMBIHINA YRl WHTPEIUEHTTEP TONTApbIHA HETI3ACNTeH KayINTiTiK
KJ1achel. IaTerpanmpl Oaranay yIIiH TaHIaJIFaH OHTAMIBI TapaMeTpIep MeKTeyTi O0TFaHbIMEH,
op mapameTp OOWBIHINA aNbIHFAaH OaFra oKiImi OO’BIM TaObUTAmbl. [ MAPOXUMUSIIBIK JKOHE
TOKCHKOJIOTHSIITBIK, KOPCETKIMTEep OOWBIHIITA Mapkakesl KeJiHIH Cy camachlHa KYpTi3iireH
WHTETPANIABIK Oarayay CyIbIH JKalllbl HOPMATHBTIK TajanTapFa COMKeC KENETIHIITiH JKOHE
1 -CBIHBITIKA JKaTaTBIHABIFBIH KOpceTe i (MapTThl TYPHIe Tasa).

Tyiiin ce3aep: HHTETPAIIABIK KOIPDHUIIUEHT, Cy Carachl, HOHIAP CaHbI, MUHEPAIIAHY,
CUITUTIK, KATTBUIBIK

Kapocotnanovipy: JKymoic KP BFM Foinoim komumeminiy KapoicolivlK KOA0AYbLMeH
opvinoanovl (NeAII14870595 epanmer «Mapkaken koniniy ¢y OpmacebiHbly MUKPO - JiCoHe
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AnHoTanus. B crathe mpeacTaBieHbl pe3yabTaThl HMHTETPATHLHONW OIIEHKH KadyecTBa
BOJIbI 03epa Mapkakosib. [IpUHSTHIM MHTErPAIbHBIN ITOKa3aTellb KaueCTBA BOJIbI TPEACTABISET
co00lf MaTeMaTWYeCKU HWHCTPYMEHT, HCIONB3YEeMBIH I TPeoOpa3oBaHUS CIOXKHOTO
BIHMSIHUS OOJBIIMX MHOTOMapaMeTPUYECKUX TOKaszaTeliell KauecTBa BOJBI B OIHO3HAYHBIC
WHAEKCHI, 001er4eHns WH(OPMHUPOBAHHS HACEICHNUS 1 JTUI], TPHHUMAIOIIIX 3aKOHOIATeTbHbIS
pelIeHus, Co3/1aHnsl €MUHON CHCTEMBI OTCYETa COCTOSHUS BOIHOTO 00bekTa. MHTerpanpHas
OIIEHKa Ka4ecTBa BOABI o03epa Mapkakoilb MPOBOAWIACH TO (DHU3UKO-XUMHUYECKUM U
TOKCHUKOJIOTUYECKHM TIOKa3aTeNsiM, KoTopas Oasupyercs Ha YyKe CyMIEeCTBYIOIINX
pa3paboTKax, HO B CHITY psifia OO bEKTUBHBIX MPUYUNH SIBIIAETCS KpaliHe YIIPOIIEHHOM, COIEPKHUT
OTpPaHUYCHHBIH 00hEM JaHHBIX, BBITIOJIHEHA C UCITOJIB30BaHUEM 3HaueHU pH BoabI, 00mIeiH
MUHEpAJTH3aIH, 00IIeH )KECTKOCTH BOIBI M KOMILIEKCHOTO WH/IEKCA 3arPS3HEHHOCTH BOIBI
(KHN3B) ¢ yueToM Kitacca OIMacHOCTH, OCHOBAaHHOTO Ha TPyNIaX TOKCUIHBIX HHTPEINCHTOB
IO TIPU3HAKaM KJ1acca onacHocTH. OnTHManbHbIe ITapaMeTphl, BERIOPaHHbIE 11 HHTETPaTbHON
OIIEHKH, XOTSI M OTPaHWYEHBI, HO TIOJY4YEHHAs OIEHKA MO0 KaKIOMY TapaMeTpy SBISETCS
npeacraBuTeNbHOM. [IpoBeneHHas nHTerpaibHas OlleHKa KayecTBa BOJIbI 03epa MapkakoJib
M0 THAPOXUMHYECKHM M TOKCHKOJOTHMYECKHMM TOKa3aTessiM IOoKa3aja, YTO BOJa B IIEJIOM
COOTBETCTBYET HOPMAaTHBHBIM TPEOOBAaHMSAM M OTHOCUTCS K 1 Kitaccy (yCIIOBHO YHCTas).

KiaioueBble ciaoBa: WHTErpajbHBIN KOA(PHUIMEHT, KadeCTBO BONBI, KOJMYECTBO
WOHOB, MHHEPAJIN3aLs, IET0YHOCTb, KECTKOCTh

@Dunancuposanue: Paboma evinonnena npu ¢unancosoti noodepiicke Komumema
nayku MOH PK (epanm Ne AII14870595 «Monumopune cocmosinus u OYeHKd YPOGHL
3aepA3HeHUs MUKPO- U MAKPONIACMUKOM 800HOIL cpedbl 03epa Maprakonvy).
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Introduction

Markakol lake is of significant importance as a natural resource, ecosystem and object
of scientific research. Its conservation and sustainable use play an important role in maintaining
the biodiversity, ecological balance and economic development of the region. It is surrounded
by dense forests, since the lake is located in a mountainous area, the lake shores are partially
cut by steep slopes, and in some places are covered with meadows. The lake is rather deep, in
some places it reaches 25 meters and is considered one of the largest lakes of Altai, it is located
relatively high, almost 1.5 km above the sea level, so scientists refer it to the lake of Alpine
type. Markakol resembles the great Baikal in its natural and climatic characteristics, it has the
same fresh and very clean water, so it is sometimes called the younger brother of the legendary
lake (Markakol — mesto sily, 22.07.2019).

The lake and its adjacent territories are part of the Altai-Sayan ecological region.
According to the Decree Ne 365 of the Council of Ministers of the Kazakh SSR dated August
4, 1976 to preserve and study natural complexes of the southern part of the Altai Mountains,
to develop methods of restoration of black taiga biocenoses, to study ecology and dynamics
of the number of fish in Markakol lake. Due to its unique landscape and biodiversity, the
territory of Markakol reserve is protected as a key area of the International program of Global
Environment Facility (GEF), United Nations Development Programme (UNDP), World
Wildlife Fund (WWF), Nature And Biodiversity Conservation Union (NABU) and German
agency for technical cooperation (GTZ) for conservation of the Altai-Sayan biologically diverse
ecological region and is included into 200 priority global ecological regions determined by the
International organization “WWF Living Planet” (Official website of RSE “Markakol State
Nature Reserve”). Kazakhstan, as a party of the Convention on Conservation of Biological
Diversity (Rio de Janeiro, June 5, 1992), approved by the Republic of Kazakhstan on August
19, 1994, Ne 918, has its own commitments to the conservation of biological diversity (On
the approval by the Republic of Kazakhstan of the Convention on Biological Diversity,
19.08.1994). At the 34th session of the International Coordinating Council of the Man and
Biosphere Program the Markakol reserve was accepted into the World Network of Biosphere
Reserves of UNESCO. All of the above mentioned demonstrates the attention of the world
community to the issues of preserving the biological diversity of Kazakhstan as a whole and
Markakol lake in particular.

However, different countries, in their own way, need tools for assessing water quality.
The work (Tampo et. al., 2023) discusses the categories of water quality indicators their use
and scope in West African countries. But do not have biotic and physico-chemical water
quality indices specific to the areas of West Africa.

The study (Labib et. al., 2023) aims to evaluate water quality monitoring data. Among
the 13 indices used in this study to determine water quality in East Harbor, 6 are dependent on
physical and chemical variables and the remaining 6 are biological.

Physical qualities, sanitary and bacterial indicators, as well as the chemical composition
of water are considered the main criteria for the suitability of water used (Kumar et. al.,
2023). Physical properties include temperature, odor, taste, color, and turbidity. Chemical
composition tells the content of chemical elements in the form of impurities: the number
of ions, mineralization, alkalinity, hardness, pH level. In a sanitary-bacteriological study,
attention is paid to the number of bacteria, Escherichia coli, toxicity and radioactivity.

The water in the lake is clear and clean (Markakol — mesto sily, 22.07.2019). The
purity of water in the lake is due to the fact that Markakol is a flowing body of water, and in its
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southern parts, the bottom can be seen up to 7 meters deep. The large flow of tourists in recent
decades and the rich aquatic world of the lake has always attracted attention. Subsequently
found in freshwater ecosystems heavy metals and organic matter, can contaminate aquatic
biota, cause physical damage and enter the food chain. Currently, there is very limited data on
pollution in a remote lake, with state monitoring sampling done only once a year. Even remote
from civilization, the clear lake has been severely affected by human encroachment and toxic
substances can enter with atmospheric precipitation even in remote protected areas. The
work shows that many European mountain lakes remote from industrial centers (in Scotland,
Southern Norway, and the Alps, Pyrenees and Tatras) are acidified, polluted with heavy metals
(HM), pesticides and other substances due to transboundary transport of polluted air masses
from industrialized centers. Formation of water quality of such lakes occurs mainly due to
atmospheric precipitation, with which pollutants arrive. Also, low water temperatures and
their ultraprecious nature cause weak self-purification ability of water bodies. On this basis,
lake water quality assessment becomes relevant and necessary for early detection of aquatic
habitat degradation and general disturbances in the aquatic ecosystem (Madibekov et. al.,
2018).

Materials and research methods

Man uses water in many spheres of his life. Water sources are evaluated according
to various hygienic characteristics, the most important among which are the following: water
quality, its exposure to anthropogenic (social) and natural factors, as well as the sanitary
reliability of the source, that is, its resistance to anthropogenic and natural factors. Water
source is characterized by properties of water and its composition. Data on the composition
and requirements of water consumers form the basic requirements for water quality. Each
object has certain quality values, and the type of use - quality standards. The quality control
of used water is understood as its compliance with the main characteristics of the water source
to the existing standards.

The great diversity of the composition of natural waters does not allow applying
generally accepted norms in a number of places. As a consequence, sometimes local norms
corresponding to the average composition of waters widespread in the area are used. There are
relatively many such norms of local importance. Proposed at different times by a number of
organizations and individual specialists, they are based mainly on observations of the quality
of waters used in a particular locality.

Water quality standardization is to establish a set of allowable values of indicators
of composition and properties within which public health, favorable conditions of water use
and environmental wellbeing of water body are reliably ensured. Water quality class — water
quality level established in the range of numerical values of properties and composition
characterizing its suitability for specific type of water use.

Each of the water quality indicators in isolation cannot serve as a measure of water
quality because it does not allow to judge the values of other indicators, although sometimes
indirectly related to some of them. The result of water quality assessment should be some
integral indicators that encompass the main indicators of water quality for use, and simplified
tools for water quality assessment are needed for the safe management of water resources.

An integrated water quality indicator should be a mathematical tool used to convert
the complex influence of large multi-parameter water quality indicators into unambiguous
indices that simplify the expression of water quality status (Agbasi and Egbueri, 2022).
It is useful to facilitate informing the public and legislative decision makers to establish a
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common reference frame for different water bodies (Xu et. al., 2014). Despite the efforts
and ongoing discussions of indices around the world, it is extremely difficult to develop a
universally acceptable general water quality index (Bordalo et. al., 2014). On this basis, in
the development of criteria for assessing the water quality of Markakol lake, the task is to
determine the criteria to assess the quality of lake water in relation to the territory, the resource
of which is determined (Ismailova, 2015). Thus, the integral assessment of water quality of
Markakol lake was carried out according to physico-chemical and toxicological parameters.
Such assessment is based on the existing developments, but due to a number of objective
reasons it is extremely simplified, contains limited data, which in turn is representative for
each indicator. Integral assessment of water quality of Markakol lake was made with the use
of values of pH of water, total mineralization, total hardness of water and the complex index
of water pollution (CIWP, ), taking into account the hazard class, based on the group of toxic
ingredients on the signs of the hazard class.

Thus, an integral assessment of hydrochemical parameters, taking into account the
importance of each indicator, where the application of the integral assessment of water quality
of water bodies is based on the use of private assessments of individual indicators of water
composition and properties to obtain a comprehensive assessment of water quality as a single
number and transition to a dimensionless indicator (Romashova, 2013).

A separate block is the assessment of the quality of water bodies according to
toxicological indicators, since toxic pollution is one of the most dangerous manifestations of
anthropogenic impacton aquatic ecosystems, leadingto the poisoning ofthe aquatic environment
and its inhabitants (Ismukhanova et. al., 2022). Toxicants usually enter water bodies with
wastewater and atmospheric precipitation. When toxic pollution is detected, assessment of
water quality is carried out on the basis of data on changes in individual parameters and
the frequency of their excess in relation to the established standards - Maximum Allowable
Concentration (MAC). In our work, assessments of water quality were made according to
the class of danger, according to the methodological recommendations given in (Burlibayev,
2012).

Each element was evaluated by water use norms and an integral coefficient (6) and
degree of importance was assigned to them. According to the degree of importance for water
use, total salinity was evaluated as follows - 5, total hardness - 4, CIWP, -3, pH - 2.

In view of the fact that the classification characteristics of mineralization are of great
variety (ST RK GOST R 51232-2003, 2008; Cherkinsky, 1965; Nikanorov and Yemel’yanova,
2001; Burlibayev, 2012; Sanitarnye pravila, 2015; Alekin, 1970), in accordance with the
requirements of different types of water use for evaluation, the classification was adopted by
the approved order of the Chairman of the Committee on Water Resources of the Minister of
Agriculture of the Republic of Kazakhstan dated November 9, 2016 Ne 151 (On approval of
the unified system of water quality classification in water bodies, 2016), the adopted integral
coefficients for total water salinity are given in Table 1.

Table 1 - Water quality class by salinity and integral coefficient

Mineralization Integral
. coeffi-
Water quality classes classifi- .
mg/1 " cient
cation 51
Conditionally clean <1000 fresh 5
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. mildly
Good quality 1000 salty 4
Satisfactory 1300 )
- brackish
Not satisfactory >2000

Along with the total mineralization the hardness of water is of great importance,
determined mainly by the content of bicarbonates, sulfates and chlorides of calcium and
magnesium. Water with a total hardness of more than 7 mg-eq/l has unfavorable hygienic
properties. Soap foam does not form well, and in connection with this water is unsuitable
for washing and washing. Meat, vegetables and pulses are worse boiled in hard water. Large
economic losses are associated with the use in industry and thermal power industry water with
high removable hardness, as in boilers and pipes during boiling scale is formed as a result of
the transition of bicarbonates into insoluble carbonates (Cherkinsky, 1965). Depending on the
hardness value, the following gradations of natural waters can be distinguished, which are
shown in Table 2.

Table 2 - Water quality class by hardness and integral coefficient

Hardness Integral
. coeffi-
Water quality classes classifi- .
mg-eq/l " cient
cation 5
Conditionally clean <1,5; 1,5-3,0 very soft 5
. medium-
Good quality 3,0-6,0 hard 4
Satisfactory 6,0-9,0 hard 3
. very
Not satisfactory >9.,0 hard 2

According to the requirements for the quality of drinking water, the presence of
harmful impurities in excess of their natural content is unacceptable (Alekin, 1970). Therefore,
the calculation of a complex index of water pollution (CIWP, ), taking into account the class
of danger are based on indicators characterizing different degrees of danger of chemical
compounds for humans, depending on the toxicity, cumulative, ability to cause long-term side
effects in relation to the limiting indicators of harmfulness. According to the methodology
(Burlibayev, 2012), heavy metals and nutrients exceeding the norm were taken into account
when calculating the CIWP, _ (Table 3).

Table 3 - Water quality class by CIWP, and integral coefficient

CIw,c Integral
Water quality classes classifi- coeffi-
value . cient §
cation 3
regulato-
Conditionally clean <2,0 g 5
ry-clean
Good quality 2,1-6,0 moderate 4
. high
Satisfactory 6,1-10,0 3
profile
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Not satisfactory

>10,1

extreme-
ly high
levels of

contami-

nated

The chemical composition of natural waters is a complex set of mineral and organic
substances in different forms of ionic-molecular and colloidal states. Hydrogen ions (pH),
being in natural waters in very small amounts, but playing a very important role in chemical and
biological processes occurring in natural waters, occupy a special position. The classification
according to pH value according to (Tshai et.al., 2001) is given in Table 4.

Table 4 - Water quality class by pH value and integral coefficient

pH Integral
Water quality classes . . coefficient

value classification 5

4
. weakly

Conditionally clean 7,5-8,5 . 5
alkaline
. neutral,

Good quality 6,5-7,5; 8,5- alkaline 4

slightly acidic,

Satisfactory 5,0-6,5; 9,5 strongly 3
alkaline

Not satisfactory <3; 3,0-5,0 s.trf)ngly 2

acidic, sour

In accordance with the accepted integral coefficients and assigned degrees of
importance, the integral characteristic (S) for the lake is calculated according to the following

formula:

lake, which is an integral characteristic of water for use (Table 5).

5= 551 + 462"‘363 + 264
9, - integral coefficient of total mineralization;
9, - integral coefficient of total hardness;

9, - integral coefficient of CIWP, ;
9, - integral coefficient of pH.
According to the results of calculations, we determine the quality class of water in the

Table 5 - Water quality class by integral characteristic

(M

Water Lalit Integral Estimates of

quattty Mineralization Hardness CIWP pH coefficient the integral
classes he ;

S coefficient

Conditionally 25 20 15 10 70 57-70
clean
Good quality 20 16 12 56 43-56
Satisfactory 15 12 42 29-42
Not satisfactory 10 8 28 <28
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The resulting integral characteristic of water makes it possible to assess the pollution
and quality of surface waters, condensing the original information on a wide range of the most
informative hydrochemical parameters, including heterogeneous in their properties, in order
to obtain a single-valued assessment.

Results

According to the results of analysis of available monitoring data (2000-2020) of the
State observation network “Kazhydromet” water of Markakol lake is ultra-pretty, general
mineralization varies from 38.7 (2010) to 116 mg/l (2002), general hardness 0.44-1.17 mg-
eq/l, very soft. Changes in total salinity and water hardness for the period 2000-2020 is shown
in Fig. 1.
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Figure 1 - Dynamics of total mineralization and hardness of Markakol lake water
According to the ionic composition, the water of Markakol lake belongs to the
hydrocarbonate class of the calcium group (Fig. 2). Relatively high values of lake water
salinity - 111 and 119 mg/l were in 2002 and 2008 respectively. The water salinity for the lake

as a whole ranged from 38.0 to 93.0 mg/1.
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Figure 2 - Dynamics of the ion-salt composition of Markakol lake water
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According to the approved unified system of water quality classification in water
bodies of the Republic of Kazakhstan (On approval of the unified system of water quality
classification in water bodies, 2016), the water of Markakol lake belongs to the “very good”
class and is considered suitable for all types of water use. However, the use of excessively
demineralized (soft), and especially distilled water is also unfavorable for the body. Such
water has reduced taste properties. Its prolonged use for drinking disturbs regulation of water-
electrolyte balance, causes increase of electrolytes content in blood serum and urine with
their accelerated excretion from the body, decrease of osmotic resistance of erythrocytes,
changes in cardiovascular system. According to scientists, water with a total mineralization of
less than 100 mg/I is not recommended for drinking purposes (Alekin, 1970). On this basis,
according to the developed integral assessment lake water is estimated conditionally pure, and
are assigned integral coefficients to the total mineralization and water hardness - 5, degree of
importance 5 and 4, respectively.

The general and basic requirement imposed on drinking water is the unconditional
absence in it of chemical compounds harmful to the human organism (Alekin, 1970). Taking
into account the maximum compliance with the requirements of various water consumers
(water users), groups of pollutants (heavy metals and nutrients) were involved in the calculation
process to calculate the CIWP. To strengthen the role of pollutants in determining their level
of impact on water potential, the calculation of the water pollution index (CIWP, ) was based
on a list of polluting ingredients according to their hazard class. It should be emphasized that
the complex index of water pollution is determined only with the ingredients that exceed their
own MAC. For the period from 2000 to 2020, exceedances of standards were recorded for
copper from 1 to 7 MAC (2002), ammonium nitrogen from 2010 to 2013 from 1.7-7.5 MAC.
The dynamics of concentrations of nutrients and heavy metals in water from 2000 to 2020 are
shown in Fig. 3, 4.

mg/
3.
2.5 1
24 BNH:
INO:
IRE
NOs
11 B Pros
0.5
0 I- I- T
2000 2001 2002 2010 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 3 - Dynamics of the concentration of nutrients in the water of Markakol lake
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Figure 4 - Dynamics of concentration of heavy metals in the water of Markakol lake

Established by numerous medical-biological and sanitary-epidemiological studies of
the predominant health effects of the polluting ingredients of the first and second classes of
danger in the water of Markakol lake within normal limits. CIWP, of Markakol lake refers to
the normative clean class, and is based on the fact that the level of pollution on average meets
the criterion of <1 (Fig. 5). According to calculations, in many cases of CIWP determination,
concentrations of many pollutants in the lake water are equal to their MAC criteria or the
absence of multiplicity of exceeding of MAC is fixed. Integral coefficient by CIWP, —of
Markakol lake is equal to 5, the hazard degree to 3.
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Figure 5 - The dynamics of the complex index of water pollution by hazard class of Markakol lake

Hydrogen index of lake water varies from neutral - 7.2 (2010) to slightly alkaline -
8.0 (2013), according to the average long-term pH value of Lake Markakol water (Fig. 6) is
characterized as slightly alkaline, and is assigned an integral factor - 5, degree of importance
- 2.
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Figure 6 - Dissolved oxygen content and pH of Lake Markakol

According to the considered data of ecological monitoring of RSE “Kazhydromet”,
the concentration of dissolved oxygen in water varied within insignificant limits from 8.73
to 12.8 mg/l, water saturation with oxygen averages 89 %, which favorably affects the vital
activity of aquatic organisms. The results of the developed integral assessment of water quality
of Markakol lake by physicochemical and toxicological parameters are given in Table 6.

Table 6 - Water quality class by integral characteristic

Parameters Value Integrlal . Level of Integrql . Water quality
coefficient importance characteristic class
Mineralization 76.4 5 5
Total hardness 0.67 5 4 1
CIWP with the 70 (conditionally
hazard class 0.53 > 3 clean)
pH 7.5 5 2
Conclusion

The pH value in the water of Markakol lake during the studied periods varies from
neutral to slightly alkaline reaction. The oxygen regime of the lake is favorable for the life
activity of flora and fauna.

Biogenic compounds in the lake water with insignificant excesses were present in
the studied years. According to the presence, quantity and ratio of nitrogen compounds in the
water it is possible to judge about the degree and duration of water pollution by products of
organic origin. According to the ionic composition, the water of Markakol lake belongs to
the hydrocarbonate class of the calcium group. In general, the lake water is fresh, with minor
fluctuations, the exception is 2010, when the mineralization of water was low - 38.0 mg/l, this
is probably due to the abundance of precipitation in the area, which led to an increase in the
volume of water in the lake.

The results of the analysis of the literature, scientific and project data allows to
conclude that in recent decades the lake ecosystem has been experiencing a number of adverse
factors, which include pollution by animal wastes, chemical and toxicological pollution of
water and soil, overfishing, poaching of salmonid fish inhabiting it, invasion of alien species
(Proceedings of the Institute of Hydrobiology and Ecology, 2017; Biological rationale for the
program, 2021).
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Based on the conducted integral assessment, we can conclude that the hydrochemical
and toxicological regimes of Markakol lake generally meet the regulatory requirements and
belong to class 1 (conditionally clean).
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