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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

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

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



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

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

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

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

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

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

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

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

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

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

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

FplabiMu XaTiibl

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© «Kazakcran PecnyOnukachiHBIH ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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I'naBHBbIii penaxkTop

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

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

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

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

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

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

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

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

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

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

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H =19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

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

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

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

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

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

© POO «HanmonanwsHas 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

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H =32

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

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

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

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

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

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

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

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11
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Abstract. The article presents ecological and limnological studies of the ecosystem
ofthree sources of the Lake Inder for the periods 2013-2023. Of the salt dome landscapes
of the Caspian lowland, the largest is the Inder salt dome region, which includes the
karst Inder Mountains. The Inder lakes are represented by an ellipsoid shape with an
area of 115 km? and a water cut of — 23 m below sea level. Along the northern coast of
Lake Inder there are more than 50 springs, which are grouped into three most significant
spring tracts — Tilepbulak, Tuzdybulak and Ashytuzdybulak. Samples of salt solutions
were taken from the springs of three springs and studies were conducted to study the
hydrochemical composition and content of heavy metals. A comparative analysis of
the hydrochemical composition showed that the salt solution of Lake Inder belongs to
the sodium chloride and calcium sulfate and magnesium sulfate types. The content of
sodium cations in the brines exceeds 89 to 545 times; calcium from 2.7 to 7.4 times;
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magnesium cations from 3 to 2628 times in 2023. Among the anions, chloride anions
exceed from 16.6 to 105 times; sulfate anions from 1.5 to 101 times. It should be noted
that chlorine anions and sodium cations mainly predominate. Thus, the salts of the
sources are mostly chloride, except for the source of Tilepbulak. For all the studied
heavy metals, no MPC exceedances were observed at all sources of Lake Inder, except
for chromium, the content of which in all sources in 2013 exceeded from 5 to 7.5 times.
For all other heavy metals, such as copper, zinc, lead, cadmium and manganese in all
periods of research at all three sources.
Keywords: ecological and limnological studies, sustainability of Lake Inder,

hydrochemical composition, content of heavy metals, chlorine anions; sodium cations
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AnHoramusa. Makamana 2013-2023 sxpurmap apanbeiFbiHna VHAep KemiHIH yIn
KO3iHIH KOXKYHeCciHe IKOIOTHIBIK-TMMHOIIOTHSUIBIK 3epTTeyiep kyprizinai. Kacnmii
MaHbl OWIATHIHBIH TY3Abl KymOe3ai NaHamadTTapblHbIH iMniHAeri eH yikeHi-KyH
coyneci tycerin Munep TaynapbiH KaMTUTBIH MHAep Ty3nel kymOe3ni aynansl. Munep
kesaepi 115 kM? 3UIMICOUATHI MIMIIHMEH JKOHE TEHi3 JeHreiineH -23 M TOMEH Cy
OWBIFBIMEH YCBIHBUIFaH. MHOEp KeNiHiH CONTYCTIK jkarajaybiHga 50 — aeH actam
Oynak Oap, onmap €H MaHBI3Ibl Yl Oyiak TpakrarbiHa-TinenOynak, XKy3miOyiak
XKOHE AIIBITY3IBIOYIAKKA TONTACTBHIPBUIFaH. YII KO3/eH ajblHFaH OylakrapaaH
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TY3 epITIHIUIEPiHIH ChlHAMaJapbl AJNbIHBIN, THAPOXHUMHUSIIBIK KypamMbl MEH aybIp
MeTalAapIblH KypaMblH 3epTTey OOMBIHIIA 3epTTeysep KYprizinai. ['mapoXuMusuibK
KypaMmbl OOMBIHIIIA XKYPri3iIreH caablcThipMalbl Tasaay Munep kemiHin Ty3b! epiTinaic
XJIOpUJI-HATPUN KOHE Cyab(ar-KajblHid JXKoHE Cyab(haT-MarHuii TYpiHE KaTaThIHBIH
KepceTTi. Ty31bI epiTiHAIIep IiH KYpaMbIH1a HaTpUii KaTHOHIAPBIHBIH MeJiepi 89-nan
545 ecere neitin; kanpumii 2,7-1eH 7,4 ecere neilin; Marauii kKatnoHAapsl 2023 sKBUTBI
3-teH 2628 ecere AciiH. AHHOHIAp apackIHIA XJIOPHI aHHOHIaps! 16,6-m1an 105 ecere
nerin; cynmbdar annonmapsr 1,5-ter 101 ecere aeitin. Alita kKeTy Kepek, HeTi3iHEH XJI0p
AHUOHIAPHl MEH HATpHWi KarhoHAapbl OachkiM. OchImaiiima, Ke3IepmiH POCCOIAaphI
TumenOynak ke3iHeH Oacka XJIOpHIKe karanbl. MHmep KemiHiH OapibIK Ke3mepiHae
3epTTereH oapiblK aybip MeTanaap oowbiHma 2013 sKbuUTbl OAPIIBIK KO3Aeperi Kypambl
5-teH 7,5 ecere neiiin acarsid XpomHaH 0acka [IIPK aceim kety OalikairaH oK. MEbIC,
MBIPBIIII, KOPFACBhIH, KaJIMUI JKOHE MapraHel CHSKTBI OapiblK Oacka ayblp MeTajuap
YIIiH OapibIK YII 3epTTey Ke3eHIHIe.

Tyiiin ce3mep: 3KOJOTUSIIBIK-OMOJIOTUSIIBIK 3epTTeyiep; MHIep KeuiHiH Typak-
TBUIBIFBI; TUAPOXUMUSUIBIK KYpambl; ayblp METalAaplblH KYpaMbl; XJIOp aHHOHIAPHI;
HaTpHil KaTHOHJAPHI
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AHHoTamusa. B craree npoBeneHBI 3KOJIOTO-JIMMHOJOTHYECKHE HCCIIEAOBaHUS
9KOCHCTEMBI TpeX HCTOYHMKOB o3epa Muaep 3a mepuomsr 2013-2023 romsl. U3
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COJITHOKYNOJNBHBIX JangmapToB [Ipukacrnuiickoii HU3MEHHOCTH CaMbIM KpPYIHBIM
sBisieTcss MHIepCKUid CONITHOKYIOJBHBIM PaiiOH, BKIIIOYAKOIIMM 3aKapCTOBAHHBIE
Wnnepckue ropsl. MHaepcKkue o3epa npeacTaBieHbI JTUIICOMTHON (OPMOIA IITOIAABI0
115 kM2 u ype3om Boabl -23 M HUKE YPOBHsI MOpsl. Bionb ceBepHOTo modepeskbs o3epa
Wnnep pacnonaraercsa 6osnee 50 ponHUKOB, KOTOPBIE CIPYIIHUPOBAHEI B TpU Hanbosee
3HAUUMbIE POIHUKOBBIE ypouuina — TunenOynak, Ty3apiOyiaak U AMIBITY31bIOYIAK.
C pOIHMKOB TpEX MCTOYHHKOB OBUIM B3SITHI MPOOBI COJIEBBIX PACTBOPOB U MPOBEACHBI
HCCIIEZIOBAaHU IO M3Y4YEHHE THIPOXMMHYECKOTO COCTaBA M COJAEPIKAHUS TAKEIbIX
MeTaioB. IIpoBeneHHBIN CpaBHUTENBHBIM aHAIN3 MO TUAPOXUMHYECKOMY COCTaBy
MoKa3aj, 4To COJeBON pacTBop o3epa MHpaep OTHOCHTCS K XJIOPUAHO-HATPUEBOMY
U Cynb(aTHO-KAIBIHEBOMY M Cyib(aTHO-MarHueBOMy THIy. B coctaBe pacconos
MPEBBIMIAIOT COACPKAHNE KaTHOHOB HaTpus oT 89 no 545 pas; xanbius ot 2,7 1o 7,4
pa3; KaTHOHOB MarHus ot 3 g0 26—28 pa3 B 2023 roxy. Cpeau aHHOHOB IPEBHIIIAIOT
aHMOHBI XJ10puAa ot 16,6 1o 105 pa3; annonos cyabdara ot 1,5 10 101 pa3. Heobxonnmo
OTMETHUTh, YTO B OCHOBHOM INPEOOIaJar0oT aHUOHBI XJIOpa M KaTHOHBI HaTpus. Takum
00pa3oM pOCCOIbl MCTOYHUKOB B OOJNBLIMHCTBE OTHOCSTCS K XJIOPUAHBIM, KpOMe
ncrounnka TunenOynak. [lo BceM wnccienoBaHHBIM TSDKEJBIM MeETaljaM Ha BCeX
nctouHnkax osepa Muaep npessimenuit I1JIK nHe HaOmiomanoce, Kpome Xpoma,
cojiepKaHHe KOTOpOro Bo Bcex McToyHMKax B 2013 roxy mpesblmano ot 5 g0 7,5 pas.
[To Bcem ocTanbHBIM TSAKETBIM METaJJIaM, TaKUM KakK, Me/lb, LINHK, CBUHEL], KaIMUN 1
MapraHell BO BCE NEePHObI UCCIETOBAHNI Ha BCEX TPEX UCTOUHHUKAX.

Ki1ioueBble ciioBa: 5K0I0T0-OMOJOTMYECKUE HUCCIIEIOBAHUS; YCTOMUMBOCTE 03€pa
Wnnep; ruipoXuMUYeCKUil COCTaB; COiep KaHue TSKENBIX METaJIOB; aHMOHOB XJI0Pa;
KaTHOHOB HaTpHs

Introduction

Sustainable development should be equally aimed at the survival of mankind and
the preservation of nature. The first means the possibility of constantly maintaining
balanced development, in which our descendants would have no less opportunities
than the current generation to meet their needs in natural resources. The second means
preserving the biosphere as the natural basis of life on Earth, preserving its stability
and natural evolution. The geological environment is a system of extreme complexity
and, in comparison with other components of the environment, has some features that
determine the specifics of geoecological forecasts, the most important of which are:

- Irreversibility of processes caused by external influences (complete and partial). The
restoration of the state and structure of the geological environment after their violations
can be said with a certain degree of conditionality only in relation to groundwater, partly
soils.

- Inertia, i.e. the ability to withstand the action of external factors for a certain time
without significant changes in its structure and condition.

- Time-varying dynamics of the formation of polychrony components. The rock
component, which has been formed mainly for many millions of years, is in equilibrium
(mainly static) with the environment, the gas component is more dynamic, the
intermediate position is occupied by soils.
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- Low ability to self-regulate or self- repair compared to the biological component
of ecosystems.

Atyrauregion is characterized by difficult natural and climatic conditions. It is located
in a semi-desert zone with a sharply continental climate. In this regard, the organization
of a new health resort in Atyrau region is of great importance for the improvement of
the population of the region. The region has the necessary mineral resources for the
organization of a resort sanatorium in the village of Inderbor. Rapa Lake. Inder has a
long history of study (Yessenamanova et al., 2020).

Limnogenesis is generally understood as the emergence and consistent transformation
of continental water bodies of delayed runoff - lakes in connection with natural and
anthropogenic factors (Salamov et al., 2019).

Concentrations of carbonates, sulfates and alkali metal chlorides in reservoirs of the
arid zone can be very high. This ensures the stability of the life of carbonate-sodium,
sulfate and chloride lakes. According to G.A. Maksimovich (Bayanova et. al., 2014),
sulfate and chloride lakes with a halotrophic type of limnogenesis predominate. The
halogenation of the arid zone depends on the geological substrate and is characterized
by significant variability.

Therapeutic mud of salt lakes is formed under certain geological conditions. Brines
accumulated on low-lying areas of the earth, fed by precipitation and other various water
sources, mainly in arid conditions, evaporate and form various mineral salts in some
parts, and therapeutic silt mud accumulates under them for a long time (Yessenamanova
et al., 2020).

One of the largest salt dome landscapes of the Caspian lowland is the Inder salt
dome area (Yessenamanova et al., 2021). The formation of the Inder salt dome area
is associated with two large salt domes — Inder and Zhaman-Inder, between which is
located one of the largest in the Caspian depression Inder compensatory (depressed)
mulda, the deflection of which is at least 500 m at the speed is about 1 mm per year. From
a physical and geographical point of view, the Inder salt dome district is distinguished
as a separate landscape district within the Ural-Emben flat desert province (Tauova et
al., 2022). Like the five largest salt dome landscapes of the Caspian Basin, the Inder
salt dome region is a paradynamic interface consisting of heavily karst Inder Mountains
corresponding to a large diapir uplift, and a large ellipsoid-shaped Inder Lake with
an area of 115 km? and a water cut of -23 m below sea level. Mainly meltwater and
rainwater, springs and groundwater coming from the Inder Mountains feed the lake. The
lake stretches from northeast to southwest. Its northern and western shores are steep and
precipitous, reach a height of more than 20 m, and are cut by short slit-like and trough-
shaped logs and ravines. Near the northern shore of the lake in the ravines there are
springs with mineral waters, the total number of which reaches 80, of which Ashe-Bulak
— on the northeastern shore of the lake - is used for balneological purposes. The average
annual flow rate of the sources is 78.2 /s, varying widely (33—144 1/s) (Yessenamanova
et al., 2020). The northern shores are composed of gypsum overlain by Quaternary
deposits. Two streams Belaya Rostosh and Aksai flow into the lake from the northwest,
which reveal Jurassic and Cretaceous deposits. The eastern and southern shores are flat,
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cut through by wide beams. The karst field of the Inder Mountains is the largest in the
Caspian lowland. The total number of karst forms reaches 5,000. The density of surface
karst forms reaches 200—300 manifestations per square km. The total amount of surface
reduction due to karst processes is 1.87 mm/year (Kanbetov et al., 2023). There are
four types of sinkholes — saucer-shaped, cone-shaped, ponor-shaped and well shaped.
Saucer-shaped funnels, widespread everywhere, but most often along the periphery of
the Inder Mountains, reach a diameter of 10-15 m and a depth of 2—3 m. The cone-
shaped funnels are up to 20 m deep and 30-40 m across. The funnel-shaped funnels
have a cone-shaped shape with a narrow slit (ponor) in the bottom, which serves as a
drainage channel. Karst wells are peculiar — with small sizes (up to 5 m in diameter),
their depth reaches 15 m (Seitov et al., 2021). There are separate karst depressions and
sinkholes to the south and southeast of Lake Inder. The morphological structure of the
Inder salt dome landscape is complemented by a two-tiered lake terrace stretching along
the southern and southwestern shores of the lake (Issayeva et al., 2022). The terrace is
also fragmentary along the northern and eastern shores. The lower tier of the terrace is
located at a height of 1-1.5 m above the water edge in the Inder, the upper one is 7-8
m. It is obvious that the abruptness of the shores of Lake Inder, as well as on other lake
depressions (Baskunchak, Elton, Aralsor) associated with compensatory mulds, has a
tectonic conditionality. The surface of the Inder salt dome directly under the northern
shore is inclined at an angle of 850, and within the Inder Mountains — by 15-300 . The
Inder denudation karst upland is obviously a relic of the ancient peneplene, which,
under the influence of salt tectonics, was first raised and eroded, and then underwent
karst-denudation dissection with the formation of various micro- and mesoforms of
the relief (Issayeva et al., 2022). The salt dome geosystems of the Caspian lowland are
characterized by a pronounced geochemical contrast between paragenetic conjugations
within the landscape catenae "the area of salinization (gypsum caprock) — the area of
accumulation (salt lakes, sores)".

Along the northern coast of Lake Inder there are more than 50 spring outlets of
sodium chloride composition with high mineralization. The spring outlets are grouped
into three most significant spring tracts — Tilepbulak, Tuzdybulak and Ashytuzdybulak.
The largest tracts are Tilepbulak (3 hectares within Lake Inder) and Tuzdybulak (25
hectares, including 5 hectares within the Inder Mountains and 20 hectares within Lake
Inder). Therapeutic mud is available on the northern coast of Lake Inder. These mud
accumulate at the outlets of the large Tuzdybulak, Telepbulak and Ashybulak springs.
The therapeutic mud outlets associated with the Telepbulak source are approximately
200-250 m long from west to east, up to 60 m wide from north to south with an apparent
power of 17 cm. The dimensions of the mud outlet associated with the Ashbulak source
are 200 m long, 10m wide and 10 cm thick. The length of the mud outlet at the Tuzbulak
source is 210 m, width from 54 to 74 m, thickness 10-20 cm. The therapeutic mud
outlets associated with the Telepbulak source are approximately 200-250 m long from
west to east, up to 60 m wide from north to south with an apparent power of 17 cm. The
dimensions of the mud outlet associated with the Ashbulak source are 200 m long, 10m
wide and 10 cm thick. The length of the mud outlet at the Tuzbulak source is 210 m,
width from 54 to 74 m, thickness 10-20 cm (Akhmedenov, 2020).
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Materials and methods

The work used methods of comparative analysis of data on the hydrochemical
composition of salt brines of Lake Inder, based on the results of research conducted in
different years from 2013 to 2023. All the results were compared with the normative
documents GOST 26449.1-85, ST RK 1015-200, SanPiN 2.1.4.1074-01 and RD
5224.365-2008 (GOST 26449.1-85, 1987; ST RK 1015-200, 2000; SanPiN 2.1.4.1074-
01,2001; RD 5224.365-2008, 2008).

According to the ratio of anion concentrations in water, its bicarbonate, sulfate
or chloride nature is determined, and magnesium, sodium and calcium water are
distinguished by the predominant cation. All ions, even in insignificant concentrations,
have an impact on the consumer qualities of the aqueous solution. According to these
criteria, four types of waters are distinguished:

Type I: HCO*>Ca * + Mg ** (alkaline, soft waters; salt composition is represented
by Ca(HCO,),, Mg(HCO,),, NaHCO,, Na,SO,, NaCl);

Type II: HCO * <Ca ** + Mg ** <HCO * + SO, * (waters of most rivers and lakes of
low and moderate mineralization containing Ca(HCO,),, Mg(HCO,)?, CaSO,, MgSO,,
MgCl,, NaCl);

Type III: HCO * + SO4 > <Ca ?* + Mg ?*, Cl —>Na (waters of seas, oceans, salt lakes
containing Ca(HCO,),, Mg(HCO,),, CaSO,, MgSO,, MgCl,, NaCl);

Type 1V: acidic with a complete absence of bicarbonate ions (swamp, volcanic,
acidic wastewater) (Shcherbakov 1. A., 2021).

More than half of all components dissolved in seawater, namely 55 %, is chlorine ion.
Taking into account the constancy of the salt composition, it is possible to determine the
concentration of chlorine (chlorinity) in a sample of seawater, then calculate not only
the total concentration of salts (salinity), but also the mass fraction of each of the main
ions. This principle is based on the most common argentometric method for determining
salinity in the first half of the last century, so named because it uses a solution of silver
nitrate as the main chemical reagent. The relationship between salinity and chlorine
content was determined at the end of the 19th century by a special commission of the
International Conference on the Study of the Seas and is expressed by the equation

S%o = 0.030 + 1.805C1%o (1)

The presented ratio is often called the Knudsen formula, after the chairman of the
commission. When determining the chlorinity by the argentometric method, the content
of all halogens present in seawater is eventually obtained, that is, the sum of chlorine,
bromine and iodine ions, but the amount of chlorine in this amount is 99.9 %.

The Knudsen formula and the tables compiled according to it were used to determine
salinity by oceanologists around the world for more than sixty years, until in 1963 a
new, more compact ratio between salinity and chlorine was proposed (Gladkov, 2021):

S = 1.80655C1%o Q).
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Results

Along the northern coast of Lake Inder there are more than 50 spring outlets of
sodium chloride composition with high mineralization. Spring outlets are grouped into
three most significant spring tracts — Tilepbulak (49.6 g/, in the amount of 1.2 1/s),
Tuzdybulak (66.4 g/, in the amount of 2 1/s) and Aschytuzdybulak (52.3 g/1, 0.05 1/s)
(Petrishchev, 2012). The largest tracts are Tilepbulak (3 hectares within Inder Lake,
about 1000 visits per year, about 100 mud baths) and Tuzdybulak (25 hectares, including
5 hectares within the Inder Mountains and 20 hectares within the Inder Lake, about
5,000 visits per year, about 50 mud baths). The springs are either poorly captioned
(Tilepbulak), or completely devoid of any equipment (Tuzdybulak and Ashytuzdybulak).
In the spring waters of Tilepbulak, Aschytuzdybulak and Tuzdybulak, the formation
of feeding aquifers is associated with the halogen-sulfate thickness of the Inder salt
structure (Table 1) (Kenzhegaliev et.al., 2018; Petrishchev et.al., 2017).

Table 1 - Hydrochemical composition of the waters of the Inder upland springs in the period from
2013 to 2023, mg/l

Place of Year of |Na+ K+ Ca2+ | Mg2+ | Cl- SO4- |HCO3 |mine- |dry

selection selection - raliza- |residue
tion

Source 2013 22997 |500 1499 |[358 36868 4096 153 66395 | 66496

Tuschibulak 2017 28680 |650 |1300 [530 |29050 |20077 |153 76400 | 78808
2023 8.89 2,64 |714 |1399 |[5814 |[736.6 [262.3 |- -
Source Ashy- 2013 17831 |500 |1325 [360 |28080 |4382 |140 57700 |52424
tuzdybulak 2017 21697 |536 |1250 [348 |25900 | 10841 |140 52348 |59406
2023 9.34 2.64 620 |1315 [15893 |1996.4 |366 - -

Source 2013 18280 400 [198 |96 26000 |[4462 |288 49580 | 49654

Tilepbulak 2017 109141 | 1420 |7580 [150 | 11900 |50816 |292 260200 | 281000
2023 9.56 3.19 720 |1412 |6452 |809.5 (2623 |- -

MPC 200 1500 [180 |50 350 500 350 1000

In these three springs, the hardness values significantly exceed the MPC. The water of
these springs belongs to the group of very hard waters. The values of chlorides, sulfates
and dry residue also exceed the MPC. The ammonium content in the Aschytuzdybulak
spring exceeds the MPC by 1.8 times. In other springs, the concentration of ammonium
is within the limits of norms. By mineralization, the water of the Tilepbulak spring
belongs to the type of highly saline waters. The water of the Aschytuzdybulak and
Tuzdybulak springs belongs to the type of brines. According to the chemical type of
water of these springs, they belong to chloride. The springs on the shore of Lake Inder
represent a hydrogeochemical anomaly, which is associated with the migration of
brackish waters of the quaternary aquifer through halogen-sulfate deposits lying near
the northern side of the Inder Depression.

Using the Knudsen formula (formula 2), we will find the ratio between salinity and
chlorine content for all sources for the period from 2013 to 2023, the data obtained are
presented in Table 2.
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Table 2 - The ratio between salinity and chlorine content at the sources of Lake Inder for the period

from 2013 to 2023
Place of selection Year of selection Cl- S%o
Source Tuschibulak 2013 36868 66,6
2017 29050 52,48
2023 5814 10,5
Source Ashytuzdybulak 2013 28080 50,7
2017 25900 46,79
2023 15893 28,71
Source Tilepbulak 2013 26000 46,97
2017 11900 21,5
2023 6452 11,66

The content of heavy metals (copper, zinc, lead) in the studied waters of the springs
is within the established norms (Table 3).

Table 3 - The content of heavy metals in the water of the Inder upland springs in the period from 2013
to 2023, mg/1

Place of selection | Year of |Cu, mr/n |Zn, mr/n | Pb, mr/n Cd, mr/n Cr, Mr/n | Mn, mr/n
selection
Source 2013 0,15 0,011 0 0,0023 3,77 0,15
Tuschibulak 2017 0,00064 |0,00052 |<0,0002 <0,0002 H/1T H/1
2023 <0,0005 |<0,1 <0,002 <0,0001 <0,005 |<0,002
Source 2013 0,12 0,02 0 0,002 2,90 0,09
Ashytuzdybulak 2017 0,00056 |0,00064 |<0,0002 <0,0002 H/TI H/NT
2023 <0,0005 |<0,1 <0,002 <0,0001 <0,005 |<0,002
Source Tilepbulak |2013 0,10 0,03 0 0,001 2,46 0,14
2017 <0,0005 |<0,0005 [<0,0002 <0,0002 H/1 H/1T
2023 <0,0005 |<0,1 <0,002 <0,0001 <0,005 |<0,002
MPC 1.0 5.0 0.03 0.001 0.5 0.1

The content of cadmium in the water of the springs Aschytuzdybulak and Tuzdybulak
exceed the established norms by 2 and 3 times, respectively. The concentration of
manganese in the water of the Aschytuzdybulak and Tilepbulak springs exceeds the
established norms by 1.9 and 5.4 times.

Discussion

The main sources of salt nutrition are lakes Inder are salt springs located in its northern
part. Two groups stand out among them: the north-western White Wasteland with
microlocks, Tilepbulak springs and the north-eastern — Aschytuzbulak and Tuschibulak
springs (Yessenamanova et al., 2020). The study of the chemical composition of the
mineral springs of the Inder salt dome region showed that, despite the simple chemical
composition (a sharp predominance of sodium chloride) and high mineralization, they
are not so monotonous (Table 1). By mineralization, the water of the Tilepbulak spring
belongs to the type of highly saline waters. The water of the Aschytuzdybulak and
Tuzdybulak springs belongs to the type of brines. According to the chemical type of
water of these springs, they are chloride. The springs on the shore of Lake Inder represent
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a hydrogeochemical anomaly, which is associated with the migration of brackish waters
of the quaternary aquifer through halogen-sulfate deposits lying near the northern side
of the Inder depression.

Figure 1 shows a bar chart of the hydrochemical composition of the Tuschybulak
source of Lake Inder in the period from 2013 to 2023.

Source Tuschibulak
40000
20000 I I I
2013 2017 2023

HNat+ WK+ mCa2+ = Mg2+ mCl- mSO4- mHCO3 -

Figure 1. Analysis of the results of the hydrochemical composition of source Tuschibulak of Lake
Inder for the period from 2013 to 2023

As can be seen from the bar chart in Figure 1, in 2013 and 2017, the Tuschybulak
source showed an increased content of sodium cations (22997 and 28680 mg/l,
respectively, 115 and 143 MPC). Calcium cations (500 and 650 mg/l — 2.7 and 3.6
MPC, respectively) are the next in terms of the content of cations at this source in 2013
and 2017. Potassium ions are in third place in terms of cation content (500 and 650 mg/I,
respectively, in 2013 and 2017). In last place are magnesium cations with a content of
358 and 530 mg/1 (7.1 and 10.6 MPC) in 2013 and 2017. Studies of the hydrochemical
composition of the Tuschybulak spring water in 2023 differ, where the highest values
are characterized by magnesium cations of 1399 mg/l (28 MPC), followed by calcium
cations of 714 mg/l, while the contents of sodium and potassium cations are minimum
8.89 and 2.64 mg/l, respectively. According to the anion content in different years at
the Tuschybulak source, chlorine anions are the maximum, the content of which are
36,868, 29050 and 5814 mg/l, respectively, the highest value was observed in 2013
and the minimum in 2023. In second place are data on the content of sulfate anions,
the maximum content of which at the Tuschybulak source was noted in 2017 at 20077
mg/l, then in 2013 at 4096 mg/1 and in 2023 at 736.6 mg/I. For bicarbonate anions, we
note minimum values compared to other anions and their amount in 2013 and 2017 is
the same as 153 mg/ kg, and in 2023 it is higher and amounts to 262.3 mg/ kg. Thus,
sodium chloride salts predominate at the Tuschybulak source in 2013 and 2017, and
magnesium chloride salts in 2023. At the same time, the content of chloride ions in
all years exceeds the MPC almost more than a hundred times in 2013 and 2017 and
more than sixteen times in 2023. According to the mineralization and dry residue at
the Tuschybulak source, there is also an increased content of more than 60-70 times
according to 2013 and 2017, which indicates an increased total salinity, that is, that the
substances in the ode are in the form of salts.
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Figure 2 shows a bar chart of the hydrochemical composition of the Aschybulak
source of Lake Inder in the period from 2013 to 2023.

Source Ashytuzdybulak
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Figure 2. Analysis of the results of the hydrochemical composition of source Aschybulak of Lake
Inder for the period from 2013 to 2023

The data from bar chart 2 show that sodium ions at the Aschytuzdybulak source for
cations in the period from 2013 to 2023 are the maximum in 2013 and 2017, which
amount to 17831 and 21697 mg/l (89 and 108 MPC), respectively, whereas in 2023
its content is minimal and amounts to 9.34 mg/I. In second place in 2013 and 2017 are
calcium cations with a content of 1325 and 1250 mg/1 (7.4 and 6.9 MPC), respectively,
and in 2023 620 mg/l, which also corresponds to the second place in terms of cation
content in 2023. Potassium cations are next in terms of cation content, which in 2013
and 2017 amounted to 500 and 536 mg/l, respectively, but in 2023 the potassium content
is the lowest and amounts to 2.64 mg/l. In the last place in terms of cation content
in 2013 and 2017 are magnesium cations, the content of which varies from 360 and
348 mg/l (7.2 and 6.9 MPC), but in 2023 the magnesium content is higher than the
content of all cations and is 1315 mg/l (26 MPC). In terms of the anion content at
the Aschytuzdybulak source, chloride ions predominate in all years, which amount to
28080 and 25900 mg/l, respectively (80 and 74 times higher than MPC), whereas in
2023 their content is 15,893 mg/l (45 times higher than MPC). The content of sulfates
is diverse and amounts to 4382 mg/l in 2013 (8.7 times higher than MPC), 10,841
mg/l in 2017 (21 times higher than MPC) and the minimum value is typical in 2023 of
1996.4 mg/1 (about 4 MPC). The lowest values are typical for bicarbonate anions, the
content of which is 140 mg/l in 2013 and 2017 and 360 mg/l in 2023. Thus, in 2013
and 2017, sodium chloride salts predominate at the Aschytuzdybulak source, and in
2023-magnesium chloride, salts predominate. According to the mineralization and dry
residue data at the Aschytuzdybulak source, according to available data from 2013 and
2017, the maximum permissible concentration was also exceeded more than fifty times,
which indicates a high salt content in these solutions.

Figure 3 shows a bar chart of the hydrochemical composition of the Tilepbulak
source of Lake Inder in the period from 2013 to 2023.
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Source Tilepbulak
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Figure 3. Analysis of the results of the hydrochemical composition of source Tilepbulak of Lake
Inder for the period from 2013 to 2023

According to the bar chart in Figure 3, data on the source of Tilepbulak in the period
from 2013 and 2023, we note that there are differences in cations, so in 2013 and 2017,
the contents of sodium cations were exceeded, and the minimum values are typical for
magnesium cations. In 2023, the maximum values are typical for magnesium cations,
and the minimum values for potassium cations. If we consider for each cation, the
content of sodium cations in 2017 is the highest in all years and even in all sources and
is 109141 mg/1 (545 MPC), then in 2013 it is 18280 mg/l (91MPC), and in 2023 it is only
9.56 mg/I. In terms of potassium content, the maximum value is typical in 2017 — 1420
mg/l, in the second place in 2013 - 400 mg /kg and the lowest value is characterized
in 2023 - 3.19 mg/l. In terms of calcium cation content, the maximum amount is also
typical for 2017, with 2023 in second place with 720 mg/l (4 MPC), and the minimum
in 2013 — 198 mg/l. The content of magnesium cations is characterized by a maximum
value in 2023 of 1412 mg/l (28 MPC), then in 2017 of 150 mg/l (3 MPC) and in last
place in 2013 with a value of 96 mg/l. Various data are also available on the content of
anions, so in 2013 and 2023 chloride anions predominate, and in 2017 sulfate anions.
The most minimal are the anions of hydrocarbonates. For chlorides, the maximum
values are typical in 2013 of 26,000 mg/l (74 MPC), then in 2017 of 11900 mg/1 (34
MPC) and the minimum in 2023 of 6452 mg/l (18 MPC). For sulfates, the maximum
values are typical for 2017 of 50,816 mg/1 (101 MPC), in second place in 2013 of 4462
mg/l (8.9 MPC), in last place the content of sulfates in 2023 (1.6 MPC). The content of
hydrocarbonates is minimal and almost equal for all years (288, 262.3 and 350 mg/1).
Thus, sodium chloride salts prevailed at the Tilepbulak source in 2013, sodium sulfate
in 2017 and magnesium chloride in 2023. According to the mineralization content and
dry residue, according to the data of 2013 and 2017, the maximum content is typical in
2017 and is more than 260 MPC, and in 2013 49 MPC.

By determining only the salinity, it is possible to calculate the concentration of any
basic ion of seawater. The solubility of gases depends on salinity and temperature.
According to salinity and temperature, the density is calculated, the distribution of
which determines the movement of water masses (Anwar et.al., 2023).

The distribution of salinity in the surface layer of the ocean (excluding seas) is
zonal. The lowest salinity values are observed in the polar regions, which is due to the
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melting of ice, and for the Arctic Ocean — also by continental runoff, and in the narrow
equatorial zone, which is explained by a positive freshwater balance (precipitation
prevails over evaporation). The highest salinity is observed in subtropical zones around
20° north and south latitude (Deih et.al, 2023).

The distribution of salinity in the seas is characterized by significant fluctuations
due to the influence of river flow and climatic conditions. For example, in the Caspian
Sea, the salinity in the middle part is about 13 % , and in the Kara-Bogaz-Gol Bay, the
salinity reaches 300 % (Muhammad et.al., 2023).

The change in salinity along the vertical ocean is much more complicated than on
the surface, and is associated with the distribution of water layers depending on density.

The bar chart in Figure 4 shows the data on the ratio between salinity and chlorine
content for all sources for the period from 2013 to 2023, calculated using the Knudsen
formula.

S%o

100
50 I

Tuschibulak  Ashytuzdybulak  Tunenfynak

H2013 m2017 m2023

Figure 4. The ratio between salinity and chlorine content at the sources of Lake Inder for the period
from 2013 to 2023

The bar chart in Figure 4 shows the calculated data of the ratio between the salinity
and chlorine content of the sources of Lake Inder for the period 2013-2023. In 2013,
the salinity data are maximum at the Tuschibulak source and equal to 66.6 %, at
other sources they are about 50 %. In 2017, salinity data were also increased at the
Tuschybulak source and amounted to 52.48 %, at the Ashytuzdybulak source these data
were close and amounted to 46.79 %, and at the Tilepbulak source they were lower and
amounted to 21.5 %. In 2023, the highest values were typical for the Ashytuzdybulak
source and amounted to 28.71 %, the second place was taken by the Tilepbulak source,
where salinity indicators amounted to 11.66 % and the lowest at the Tushybulak source,
which were equal to 10.5 %.

The results of the analysis of the gross content of heavy metals in soil and plants
showed the following results (Table 2). The presence of heavy metals is due to the fact
that the landscape diversity of the Inder upland is affected by mining activities. The
Inder borate deposit, discovered in 1934 and developed since 1964, is being developed
here. Heavy metals, in particular copper, enter the soil due to man-made dispersion in
various ways.

Figure 5 shows a bar chart of the heavy metal content in the Tuschybulak source.
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Figure 5. The content of heavy metals in the Tuschibulak source of Lake Inder for the period from
2013 to 2023.

According to the bar chart in Figure 5, we can estimate the content of heavy metals
at the Tuschibulak source in the period from 2013 to 2023, where there are no MPC
exceedances for all heavy metals, except chromium. The copper content in all periods
does not exceed the MPC and ranges from 0.00054 in 2017 to 0.15 mg/l in 2013. The
zinc content also does not exceed the MPC and ranges from 0.00052 in 2017 to 0.1
mg/l in 2023. The lead content does not exceed the MPC from 0 in 2013 to 0.002 mg/I
in 2023. The cadmium content does not exceed the MPC and ranges from 0.0001 mg/1
in 2023 to 0.0023 mg/1 in 2013. The chromium content was not determined in 2017, in
2023 it does not exceed the MPC and is less than 0.005 mg/ I, and in 2013 it is 3.77 mg/1
and exceeds the MPC by 7.5 times. The manganese content also almost does not exceed
the MPC and ranges from 0.002 to 0.15 mg/I.

Figure 6 shows a bar chart of the heavy metal content in the Aschytuzdybulak source.

source Aschytuzdybulak
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Figure 6. The content of heavy metals in the Aschytuzdybulak source of Lake Inder for the period
from 2013 to 2023.

According to the bar chart in Figure 6, we can estimate the content of heavy metals
at the Ashtuzdybulak source in the period from 2013 to 2023, where there are no MPC
exceedances for all heavy metals, except chromium. The copper content in all periods
does not exceed the MPC and ranges from 0.00056 in 2017 to 0.12 mg/l in 2013. The
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zinc content also does not exceed the MPC and ranges from 0.00064 in 2017 to 0.1
mg/l in 2023. The lead content does not exceed the MPC from 0 in 2013 to 0.002 mg/I
in 2023. The cadmium content does not exceed the MPC and ranges from 0.0001 mg/1
in 2023 to 0.002 mg/l in 2013. The chromium content was not determined in 2017, in
2023 it does not exceed the MPC and is less than 0.005 mg/l, and in 2013 it is 2.9 mg/I
and exceeds the MPC by almost 6 times. The manganese content also almost does not
exceed the MPC and ranges from 0.002 to 0.09 mg/1.
Figure 7 shows a bar chart of the heavy metal content in the Tilepbulak source.
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Figure 7. The content of heavy metals in the Tilepbulak source of Lake Inder for the period from 2013
to 2023.

According to the bar chart in Figure 7, we can estimate the content of heavy metals
at the Tilepbulak source in the period from 2013 to 2023, where there are no MPC
exceedances for all heavy metals, except chromium. The copper content in all periods
does not exceed the MPC and ranges from 0.0005 in 2017 to 0.1 mg/l in 2013. The zinc
content also does not exceed the MPC and ranges from 0.0005 in 2017 to 0.1 mg/l in
2023. The lead content does not exceed the MPC from 0 in 2013 to 0.002 mg/1 in 2023.
The cadmium content does not exceed the MPC and ranges from 0.0001 mg/1 in 2023 to
0.002 mg/1 in 2013. The chromium content was not determined in 2017, in 2023 it does
not exceed the MPC and is less than 0.005 mg/l, and in 2013 it is 2.46 mg/] and exceeds
the MPC by almost 5 times. The manganese content also almost does not exceed the
MPC and ranges from 0.002 to 0.14 mg/1.

Conclusion

A comparative analysis of the hydrochemical composition showed that the salt
solution of Lake Inder belongs to the sodium chloride and calcium sulfate and magnesium
sulfate types. In the composition of brines, according to the MPC, the content of sodium
cations exceeds from 89 to 108 times at the Aschytuzdybulak source, 115-143 times
at the Tushybulak source and from 91 to 545 times at the Tilepbulak source; calcium
from 2.7 to 3.6 times at the Tushybulak source, 4 times at the Tilepbulak source and
from 6.9 to 7.4 times at the Aschytuzdybulak source; magnesium cations from 3 times
at the Tilepbulak source to 7-10 times at the Tuschybulak and Ashytuzdybulak sources
in 2013 and 2017 and 2628 times in 2023. Among the anions, chloride anions exceed
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from 16.6 to 105 times in the source of Tushybulak, from 45 to 80 times in the source
of Aschytuzdybulak, from 18 to 74 times in the source of Tilepbulak; sulfate anions
from 1.5 to 40 times in the source of Tushybulak, from 3.9 to 21 times in the source of
Aschytuzdybulak and from 8.8 to 101 times in the source of Tilepbulak. It should be
noted that chlorine anions and sodium cations mainly predominate, but this is not typical
for all sources and in all periods. For example, in 2013 and 2017, sodium chloride salts
prevailed at the Tushybulak source, and in 2023 - magnesium chloride salts; in 2013 and
2017, sodium chloride salts predominated at the Aschituzdybulak source, and in 2023
- magnesium chloride salts; in 2013, sodium chloride salts prevailed at the Tilepbulak
source, in In 2017 - sodium sulfate, and in 2023 - magnesium chloride. Thus, the salts
of the sources are mostly chloride, except for the source of Tilepbulak.

Depending on the total mineralization and dry residue, it can be concluded that all
sources belong to mineralized brines.

Calculated using the Knudsen formula, the data on the ratio between salinity
and chlorinity show that the maximum values in 2013 and 2017 are typical for the
Tuschybulak source, and the minimum values for the Tilepbulak source, whereas in
2023, increased salinity data are typical for the Ashytuzdybulak source, and low values
for the Tuschybulak source.

For all the studied heavy metals, no MPC exceedances were observed at all sources
of Lake Inder, except for chromium, the content of which in all sources in 2013 exceeded
from 5 to 7.5 times. For all other heavy metals, such as copper, zinc, lead, cadmium
and manganese, no exceedances were recorded at all three sources of Tuschybulak,
Ashytuzdybulak and Tilepbulak during all periods of research.
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