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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
coobwecmsa.



KAWMBIFBIMABIABIK, KOFPBI
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CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIICHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH OesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMsS U HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHTe.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30BaHuI0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB MU «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 COoOelCTBHE MajoMy OHM3HECY HIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TadaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HA 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 HOAICPHKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4eOHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKUX ILKOJ 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
«Xanplk» 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
JOJDKHO OKa3aTh CYIIECTBEHHOE BIIHMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX/1aH CTPaHBI.

Heob6xonumyto momors @oHx «Xanbk» 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

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

FruibiMu xaTmisl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FBUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

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

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIPOTEOJIOTHS 5KOHE T€0IKONIOTHSI HHCTUTYTHIHBIHY AupeKTopsl (AnmMarsl, Kazakcran) H =2

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

CHOY [Iaunen, Ph.D, kaysiMaacteipeutran npogeccop, Hebpacka yausepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH JqupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MypaxxailbIHbIH JKep Typajibl FBUIBIMIAp OediMiHze
MIeTPOJIOTHS XKSHE Taiiiaibl Ka30aiap KeH OpBbIHAPBI CalachIHAAFbl 3epTTeyiiepain kerekurici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBu4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPEI, HaHcn yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH ITun, Ph.D, KpITaii reoorusuiblk KOFaMbIHBIH Tay T€0JIOTHSICH KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAIIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3sen TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPbUIFAH IPOPECcCOphI
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii OMHIbeBUY, TI'COJNOIHMS-MUHEPATIOIUs FBUIBIMIAPBIHBIH JIOKTOPBI,
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 matepuaniap XUMHUSICbI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3neH TeXHUKaNIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBLUIFAH PO eCCOphI
([pe3nen, bepiun) H =20

CEMTMYPATOBA Dieonopa FOcynoBHA, reoiorns-MHHEPANOT s FHUIBIMAAPBIHBIE IOKTOPBI,
mpodeccop, KP ¥FA koppecnionaent-myteci, K.M. Carnaes arbinarbl [ €0n0orust FoUIbIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

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

®OPATTUHMU MMaono, Ph.D, bukokk Munan yHUBepCHTETI KaybIMIACTBIpBbUIFaH podeccops! (MuiaH,
Wramus) 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 KydJTiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apobl A1y HCIHE OAAPObIH KOCLIHObLIAPHIHbIY MEeXHOIOSUACHL.
Mep3iMAimiri: xKpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'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 ecrectBenHo 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 «HammonanbsHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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Editorial chief

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

Scientific secretary

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

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

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

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

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

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

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

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

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

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

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

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and
technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420,
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies
for extracting metals and their connections.
Periodicity: 6 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2023

7




ISSN 2224-5278 5.2023

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 5. Number 461 (2023), 3544
https://doi.org/10.32014/2023.2518-170X.329

YJK 556.114

© MLR. Aktayev'", T.SH. Toktaganov?, L.Kh. Akbayeva'. O.N. Lyakhova?, 2023
'L.N. Gumilyov Eurasian National University. Kazakhstan, Astana;
Z«Institute of Radiation Safety and Ecology» branch of National Nuclear Center
of the Republic of Kazakhstan. Kazakhstan.

E-mail: medet_aktaev@mail.ru

RESEARCH ON THE CONDITIONS OF WATER FORMATION IN
RADIATION-HAZARDOUS SITES OF THE SEMIPALATINSK TEST POINT

Aktaev M.R. — PhD doctoral student, Department of Management and Engineering in the field of
environmental protection, specialty «D087-Technology of environmental protection» of the Eurasian
National University. L.N. Gumilyov

E-mail: medet_aktaev@mail.ru. ORCID ID 0000-0003-0651-630X;

Toktaganov T.Sh. — Engineer, branch «Institute of Radiation Safety and Ecology» National Nuclear
Center of the Republic of Kazakhstan

E-mail: tokta94@gmail.com. ORCID ID 0000-0002-8491-084X;

Akbayeva L.Kh. — Associate Professor L.N. Gumilyov Eurasian National University

E-mail: akbaeva659@mail.ru. ORCID ID 0000-0002-2192-454X;

Lyakhova O.N. — Head of Department, branch «Institute of Radiation Safety and Ecology» National
Nuclear Center of the Republic of Kazakhstan

E-mail: lyakhova.oxana@gmail.com. ORCID ID 0000-0001-6241-0492.

Abstract. The article addresses research findings of the relationship between ground
and surface waters in radioactively contaminated areas of the former Semipalatinsk Test
Site. Research proved that contamination of the Shagan water could have occurred due
to the entry of contaminated ground water from the «Balapan» site. It was found that
water contamination in the «Atomic Lake» is unrelated to the entry of ground water, as
previously suggested. There is no water exchange process at the «Telkemy site between
ground and surface waters. Research was conducted using an isotope hydrology
technique by analyzing ratios of stable isotopes deuterium and oxygen-18. The isotope
hydrology technique applied has demonstrated its efficiency and applicability in solving
the task set.

Keywords: isotope hydrology, radioactive waters, nuclear test site, tritium, water
exchange processes
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AnHorauus. Makanana Oypeiarsl CeMel OTUTOHBIHBIH paAualusIMeH JacTaHFaH
ayMaKTapbIHJIAFbl JKEp acThl JKOHE JKEep YCTI CyJapbIHBIH apaKaTbIHACBIH 3EepPTTEY
HOTHXeNepi OepiireH. 3eprrey HoTwxkecin/e [llaran ©3¢H CybIHBIH J1acTaHybl bananan
YYaCKECIHEH ep acThl CyJapbIHBIH KeJIyl HOTIDKECIHIC Taiga OOoiybl JQJCIACH/II.
«ATOM KeJ1i» CYbIHBIH JIJACTaHYbI OYPBIH OOIDKAHFaH/IaM )KeP aCThI CYJIaPbIHBIH TYCYIMEH
0ailJIaHBICTBI €MECTIr aHbIKTANbL. «TelKkeM» ydacKeciHZe Kep acThl cyJjapbl MEH
JKep YCTI CyNapbIHBIH apachlHAa Cy amMacy Mpoleci )KypMEHTiHI aHBIKTAIABL. 3epTTey
M30TONTHI THAPOJIOTHUS ICIMEH JeHTepuii MeH OTTeri-18 TypakThl M30TONTAPBIHBIH
apaKaThIHACKIH TAJIAAY apKbUIbI )KYPTi3uial. M30TONTHIK THIPOIOTUSHBIH KOJIaHOaIIbI
9/1iCi MACeJICHI HICTIY/Ie ©31HIH TUIMIUIITIH KOHE KOJIaHy MYMKIHITIH KOPCEeTTI.

Tyiiin ce3mep: H30TONTHIK THAPOJOTHS, PaJIUOAKTUBTI CY, SIAPOJIBIK ITOJIUTOH,
TPUTHH, Cy aJIMacy IporiecTepi
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AHHoTanms. B crarbe mpeacTaBlieHbl pe3yJbTaThl UCCIIEAOBAaHHUS B3aWMOCBS3EH
MEX1y TOJ36MHBIMH W TIOBEPXHOCTHBIMH BOJAMHU Ha DPaaUAIlMOHHO-3arPS3HEHHBIX
ydgacTkax ObiBIiero CeMHUIIaJaTHHCKOTO HCIBITATeILHOTO TMONHTOoHAa. B pe3ymbrare
WCCIIEZIOBAHUS TIOATBEPKACHO, YTO 3arps3HEHHE TEXHOTEHHBIMH PaJIMOHYKIHIaMHU
Box p. lllaran mpoucxomuT BCieACTBHE MOCTYIUIEHHUS TMOA3EMHBIX BOJI CO CTOPOHBI
mwiomanku «bamamany, TJAe TNPOBOAWINCH IIOJ3EMHBIE S/IEPHBIE HCIIBITAHMUA.
OmnpezeneHo, 4To 3arps3HEHNE BOJ «ATOMHOTO 03epay» HE CBA3aHO C MOCTYIUIEHHEM
MOJI3EMHBIX BOJ], KaK Tpearnonaragoch panee. Ha ruromazke «Teapkem» OoTCyTCTBYeT
poriecc BOA00OMEHa MEX 1y ITOJ3EMHBIMH U TOBEPXHOCTHBIMU BoiamMHu. MccnenoBanme
MIPOBOJIMJIOCH C HWCIOJB30BAHMEM METO/a W30TOMHOW THAPOJOTHM ITyTeM aHaju3a
OTHOIICHUH CTaOMIBHBIX M30TOMOB JielTepust U Kuciaopona-18. [IpuMeHeHHBIH MeTO
W30TOIHOW THAPOJIOTHUH TIOKa3al CBOIO 3()(EKTHBHOCTD M IPUMEHUMOCTh B PEIICHHH
[IOCTABJICHHOM 3a/1a4H.

KuroueBble cjioBa: HM30TONMHAs THAPOJIOTHS, PaJHMOAKTUBHBIE BOJBI, SAEPHBIN
MOJIMTOH, TPUTHH, TIPOLIECCHI BOTOOOMEHA

Introduction

Currently, an isotope hydrology technique is one of direct techniques to obtain
information on the origin and the condition in which different water types are formed.
The technique is underlaid by research into the ratio of stable isotopes oxygen and
hydrogen in water studied. Numerous papers written in many regions worldwide
show that the task to investigate water origin is solvable by means of this technique
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(Joussaume et al., 1984; Delavau et al., 2017; Marx et al., 2021; Montanari et al., 2012;
Dubinchuk et al., 1989; Bugai et al., 2010).

Within the former Semipalatinsk Nuclear Test Site (further on STS), there are a
number of water bodies that are characterized by the elevated content of man-made
radionuclides and differ in a complicated formation mechanism (Subbotin et al., 2013;
Larionova et al., 2017; Aidarkhanova et al., 2018; Gorbunova et al., 2012; Aidarkhanov
et al., 2012; Subbotin et al., 2020). The main of these are common at the «Balapan»
and «Telkem», which have surface waters from the Shagan riv. and an artificial water
reservoir «Atomic Lake» as well as a number of underground aquifers with ground and
fracture waters.

The «Balapany site (Fig 1), a 780 km? area, located in the southeastern STS part, was
used for underground nuclear explosions in boreholes. A total of 105 nuclear tests up to
150 kt were conducted here including the first excavation explosion in the former USSR
with soil ejection as part of the experiment to make an artificial reservoir (Logachyov
et al., 2001; Lukashenko et al., 2009). As a result, a crater of about 100 m deep and 400
m diameter was formed at the junction of the Shagan and Aschysu rivers, which was
subsequently filled up with water and named as the «Atomic Lake» (Akhmetov et al.,
1994; Ptitskaya et al., 2003).

Two underground nuclear explosions with soil ejection were conducted at the
«Telkem» testing site: a single explosion Telkem-1 and a multiple one (consisting of
three linearly arranged charges) — Telkem-2 (Myasnikov et al., 1970; Lukashenko et al.,
2011). As a result of excavation explosions, craters named as Telkem-1 and Telkem-2
were formed and filled up with flood water afterwards.
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Fig 1. Map of objects of interest

Earlier research undertaken at the «Balapan» site allowed the definition of the level
and pattern of the distribution of man-made radionuclides in water of the «Atomic
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Lake» and the Shagan riv. as well as in ground waters. Data on the depth distribution
of man-made tritium and strontium in water were obtained for the «Atomic Lakey.
Minima were registered at 10 m deep, maxima — at a depth of 60 to 80 m (Aktayev et
al., 2017; Aktayev et al., 2021). In surface waters of the Shagan riv., 5 km away from
the «Atomic Lake» downstream, sections of abnormally high tritium values reaching up
to 350,000 B/l are localized. Tritium values in ground and fracture waters were 35,000
and 450,000 Bq/l, respectively (Aktayev et al., 2021). Strontium and tritium with the
activity concentrations of up to 150 and 50 Bqg/l were revealed in water of craters at the
«Telkemy site (Lukashenko et al., 2014).

Thus, earlier research made it possible to reliably determine radioactive contamination
of ground and surface waters. However, conditions in which water bodies themselves
were formed and their possible relationships were not studied.

The analysis of available data showed that contamination of STS water bodies with
radionuclides can be due to the mutual influence of surface and ground waters. For
example, ground waters developed within nuclear test locations may contribute to ground
water contamination. In turn, surface waters may affect ground water contamination
with radionuclides owing to water exchange processes. In this regard, in order to study
water exchange processes, the following work was performed in areas of interest:

* Definition of the influence of ground waters at the «Balapan» site on the «Atomic
Lakey.

* Assessment of relationships between ground waters of the «Balapany site and those
of the Shagan riv.

» Assessment of the entry of surface waters from the «Telkem» site into ground
waters of the adjacent area.

Materials and methods

Waters of the Shagan riv. and the «Atomic Lake» as well as ground and fracture
waters were research objects at the «Balapan» site. At the «Telkem» site, research into
surface waters of the Telkem-1 and Telkem-2 craters as well as into ground waters of
the adjacent area was conducted.

Sampling. Water from the «Atomic Lake», the Telkem-1 and Telkem-2 craters was
sampled at different depths at centers of water bodies. In the Shagan riverbed, water
was sampled from various contaminated sections of the river at a distance of 2.6 km,
2.8 km, 5.1 km, 5.2 km, 5.3 km, 14 km, 28 km, 50 km and 110 km downstream from
the «Atomic Lake». Ground waters were sampled from monitoring boreholes located in
adjacent areas of the «Balapan» and «Telkem» sites.

Laboratory analysis. Ratios of stable isotopes 2H/'H and '30/'°O were measured with
a highly sensitive laser spectrometer LGR 912-0008 in the branch «Institute of radiation
Safety and Ecology» RSE NNC RK. The international standard «VSMOW-2» (Vienna
Standard Mean Ocean Water) was sued as a calibration standard. The accuracy of *H
and "®O determination was + 0.5 %o and 0.1 %o, respectively.

Office studies and interpretation of findings were carried out according to
conventional rules of isotope hydrology. For the analysis of different types of water,
all measurements were plotted as the 8'*O+6”H ratio. This diagram reflects a regular
distribution of deuterium and oxygen in precipitation — as sources that form all types
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of water and is called a Global meteoric water line (further on GMWL) (Craig 1961;
Dansgaard 1964; Rozanski et al., 1993; Vasilchuk et al., 2010; Toktaganov et al., 2018).

Results and discussion

Definition of the influence of ground waters at the «Balapany site on the «Atomic
Lake». Recharge zones were assumed to exist at the bottom as one of possible
contamination mechanisms at the «Atomic Lake» water body. Contaminated ground
waters entered from cavities of «warfare» boreholes located in the territory of the
«Balapany site through these zones (Subbotin et al., 2011). To clarify this assumption,
the analysis of the isotopic composition of all types of water was carried out including
ground and fracture waters that are common in potential sections of the contaminated
water entry.

All results obtained for isotopic values of ground waters and the «Atomic Lake»
were plotted on the diagram of the 3'*O+6*H ratio (GMWL). Results are presented in
the figure (Fig 2).
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Fig 2. The ratio of stable isotopes of ground waters and water of the «Atomic Lake»

According to the analysis, the isotopic composition of the «Atomic Lake» is
essentially different from that of ground waters at the «Balapan» site. The content of
stable isotopes of ground waters varies from -14.5 to -20.5 %o for '*O and -109.0 to
-139.5 %o for °H, which is regarded as «light». The content of stable isotopes in water of
the «Atomic Lake» over the entire observation period varied from -1.9 to -7.2 %o for 'O
and -35.0 to -61.2 %o for *H, which is regarded as relatively «heavy».

According to the comparative analysis, there is no water exchange between ground
waters of the «Balapan» site and waters of the «Atomic Lake». This suggests that
contamination of «Atomic Lake» waters with radionuclides is attributed to other
processes related to leaching of radionuclides from contaminated soil in the dump rather
than to the entry of ground waters from locations of nuclear tests at the «Balapany site
according to (Aktayev et al., 2021).

Assessment of the relationship between ground waters of the «Balapany site and the
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Shagan riv. Environmental compartments were previously revealed to have the elevated
content of man-made radionuclides in the vicinity of the Shagan riv. in soil, bottom
sediments and plants as well as their contamination mechanisms identified (Timonova
al., 2020). Underflow waters flowing out of the «Atomic lake» and passing though
radioactively contaminated soils in the dump were found to be a contamination source
of surface waters of the Shagan riv. in the riverbed section of «2 km» (Aktayev et al.,
2021). At the same time, downstream in the «5 km» area, the contamination source
was linked to the entry of fracture waters from the «Balapan» site (Genova al., 2010;
Yesimbekov al., 2013). To refine the relationship between ground and surface waters,
the analysis of the isotopic composition of waters at the «Balapan» site and the Shagan
riv. was carried out. The results are presented in the figure (Fig 3).
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Fig 3. Ratios of stable isotopes for ground waters and the Shagan riv. waters

The content of stable isotopes in surface waters of the Shagan riv. varies widely -
from -7.5 to -14.4 %o for *O and -70.3 to -113.6 %o for ?H. The content of stable isotopes
in ground waters varied from -14.4 to -20.5 %o for '*O and -111.7 to -139.5 %o for 2H.
The data analysis showed that waters of the Shagan riv. are in the zone, which exhibits
mixing of ground and surface waters. This is evidenced by identical values of stable
isotopes in ground and surface waters sampled from the «5.0 km» area.

Thus, the radioactive contamination of the Shagan riv. waters due to the entry of
ground waters from the «Balapan» site into the riverbed has proved true.

Assessment of the entry of surface waters from the « Telkem»y site into ground waters
of the adjacent area. According to available data, craters near the «Telkem» site are
drainless. However, in order to control the variation in the level of radioactive waters and
their subsequent entry into ground waters of the adjacent area, monitoring observations
are carried out (Lukashenko al., 2016). In this regard, the isotopic composition was
analyzed to assess the relationship between surface and ground waters. The results are
depicted in the figure (Fig 4).
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Fig 4. Ratio of stable isotopes for surface and ground waters of the «Telkem» site

The analysis of findings showed that the content of stable isotopes in water bodies of
«Telkem-1» and Telkem-2 is essentially different from the one in ground waters varying
from —1.4 to -5.1 %o for 80 and —47.2 to -60.2 %o for 2H. The content of stable isotopes
in ground waters of the adjacent area varied from -19.0 to -24.8 %o for '"*O and -115.9
to -140.4 %o for *H.

Based upon outputs it was found that there is no water exchange between ground
and surface waters at the «Telkem» site, hence, no migration of radionuclides to ground
waters is expected.

Conclusion

A technique to research into the origin and conditions of how waters are formed
demonstrated its efficiency under conditions of the former Semipalatinsk Test Site and
was helpful to establsih the cause of contamination at objects on interest objectively.

The water body «Atomic Lake» was found not to be recharged by the entry of any
ground waters from the «Balapan» site. The radioactive contamination of the «Atomic
Lake» waters is solely related to the leaching of radionuclides from soils in the dump of
the explosion crater.

A surface and ground water exchange section was discovered in the Shagan riverbed
at a distance of 5.2 km from the «Atomic Lake». The hypothesis for the contamination
of surface waters of the Shagan riv. with radionuclides due to the entry of contaminated
ground waters from the «Balapan» testing site proved true.

There is no water exchange between surface and ground waters at the «Telkem» site.
Findings showed that these craters can be regarded as drainless water bodies, which
are only recharged by precipitation. Consequently, man-made radionuclides are not
expected to migrate from surface waters to ground waters.
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