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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 ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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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 «HammonanbHas 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

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. Near the ore deposits as well as in adjacent territories near enterprises and
areas for storing raw materials and waste during the enrichment and processing of heavy
metals, there are zones of accumulation of high concentrations of substances involved
in the technological process of metallurgical production. To control the negative impact
to the environment, to reduce negative consequences, it is required to monitor and carry
out environmental protection measures aimed at preserving the acceptable properties of
the habitat of various types of organisms in the soil, water and air. The harmful impact
of human economic activity to the nature can be remote both in time and in space. This
is due to a number of factors: the persistence of the processes of impact to the nature
caused by the dynamics of biogeocenoses, the resistance and adaptation of the ecosystem
to negative impacts, the effects of summation and migration of pollutants, etc. Studies
of heavy metal contamination of snow cover and soil were carried out by taking soil
and snow samples for atomic sorption spectrometry. When assessing the distribution
of pollutant concentrations,the maps of contamination of Ile River delta territory by
Copper (Cu), Zinc (Zn), Lead (Pb), Nickel (Ni), Cobalt (Co), Cadmium (Cd) were
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created. This made it possible to clarify the mechanism of transport of pollutants and
identify areas of accumulation of heavy metals in snow and soil. Based on the results
of the analysis, were made the conclusions about participation of heavy metal deposits
in the emissions of substances accumulated in the lithosphere. This is confirmed by the
relative location of emission sources and pollutant accumulation zones. Transfer over
land occurs over longer distances compared to air trajectories crossing the waters of
the Lake Balkash. Research results can be taken into account for the development of
environmental protection measures.
Keywords: contamination, copper, zinc, lead, nickel, cobalt, cadmium.
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Annorauusi. KeH OpbIHIApbIHBIH JKaHbIHIAA, COHJAW-aK KOCIIOPbIHAAPABIH
JKaHbIHJA >KOHE ayblp MeTangapAbl OalbITy >KoHE eHJAey Ke3iHJe IIWKi3aT MeH
KaJBIKTapbl CaKTayFa apHaJFaH ayMakTap MaHbBIHIAFbl iprejec aymakrapia
METAJUTYPrHsJIBIK  OHAIPICTIH TEXHOJOTHSUIBIK MPOIECiHE KATBhICAThIH 3aTTapAblH
JKOFapbl KOHLEHTPALMSICHIHBIH >KMHANY aiMakTapbl Oap. Kopriaran oprara Ttepic
ocep eTyai OakpuIay, KaFbIMCBI3 CalJapAbl a3alTy YLIIH TONBIPAKTAFbI, CyNaFrbl KOHE
ayajarbpl 9p TYpJIi OpraHM3MIEPHiH TipLIUIIK €Ty OPTACHIHBIH KOJaWjbl KaCHETTEpiH
cakTayfra OarbITTalIFaH KOpIIaraH OpTaHbl KOpFay LIapaiapblH OaKbLIay KoOHE JKYprizy
Ka)XeT. AZJaMHBIH [IapyallbUTbIK KbI3METIHIH TaOUFaTKa 3USHIIBI 9cepi yaKbIT OOMbIHIIA
Ia, KEeHICTIKTe Jie anbic Oomybl MyMKiH. byn Oipkatap dakropnapra OailaHBICTBI:
OMOTreoeHO3AapAblH JMHAMUKACHIHAH TYBIHAAFaH Ta0UFaTKa acep eTy MPOLEeCTEePiHiH
CaKTallybl, SKOXKYHEHIH XKaFbIMCBI3 9cepiepre TO3IMIUIIrT MeH OeiiMaenyi, JacTaybl
3aTTaplblH KOCBHIHIBICHI MEH MUTPALMSACHIHBIH 9cepi oHe T.0. Kap >KaMbUIFBICHI MEH
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TOMBIPAKTHIH ayblp METaJAapMEH J1acTaHybl aTOMIBIK COPOLMSIIBIK CHEKTPOMETPHS
YLIiH TOMBIpaK MeH Kap YJTUIepiH amy apKbUibl sKyprizingi. Jlacraymer 3arTapabiyg
KOHIEHTPALUSCHIHBIH TapalyblH Oaranay Ke3iHzae lne e3eHiHIH aTblpaybl ayMarbIHBIH
Meic (Cu), Mbipein (Zn), kopracbiH (Pb), Hukens (Ni), kobanst (Co), kagmuii (Cd)
OolibIHIIIA JTacTaHy KapTanapbl »kacainabsl. by nmacraymibl 3aTTapblH TachbIMajlaHy
MEXaHHM3MiH HaKTbUIAyFa XOHE Kap MEH TOIBIPAKTa ayblp METajlapAblH >KUHATY
aiiMaKTapbIH aHBIKTayFa MyMKIiHIIK Oepai. Tannay HoTHkenepi OoiibiHIIa TUTOChEepaaa
KMHAKTAIFaH 3aTTapblH MIbIFAPbIHABUIAPBIHA ayblp METall KeH OpPBIHAAPBIHBIH
KaTBICYBI TYPaJlbl KOPBITBIHIABLIAP Kacalabl. By sMuccHs Ko3AepiHiH )KHE JacTayIlbl
3aTTaplblH KMHAIY aiMaKTapblHBIH CaJbICTHIPMAajbl OpHAJAaCybIMEH pacTaslajbl.
Bankam xesiHiH CYbIH KECIN OTETiH 9ye TPaeKTOPUSIIAPBIMEH CABICTBIPFAHIA KYPIIBIK
apKBUIBI ©TY Y3aK KaIIBIKTHIKKA JKypeli. Kopiaran opransl KOpray [apajiapbiH a3ipiey
YLLIiH 3epTTey HOTHXKEJEPiH ecenKe aimyra 0omabl.
Tyiiin ce3nep: nactany, MbIC, MBIPBIL, KOPFaChIH, HUKENb, KOOATBT, KaIMHU.
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AunHoTanusi. AHHoTanus. BOIM3uM MeCTOpOXAEHHWH pyH, a Takke Ha CMEKHBIX
TEPPUTOPHSIX, PACIIOJIOKECHHBIX PAIOM C TNPENNpUSTHIMH W 30HAMH XpaHEHUs
CBIPbS M OTXOIOB B Mpolecce OOOrameHHus M MepepadOTKU TSDKENBIX METajlloB,
CYLIECTBYIOT 30HBI HAKOIMJIEHWsI BBICOKMX KOHLEHTpAlMil BEIIECTB, YYacTBYIOIINX
B TEXHOJOIMYECKOM IpOILeCCe METAJLTypruueckoro mpousBojacTBa. s KoHTposs
HEraTUBHOTO BO3/EHCTBUS Ha OKPY’KAIOIIYIO CPENY, C LIEJIbIO YMEHBIIIEHNsI HETaTHBHBIX
MOCIECTBUN, HEOOXOIUMO OCYIIECTBISITH MOHUTOPUHT M MPOBOAMTH MEPONPHUSTHS
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[0 OXpaHE OKPYKAIOIICH Cpe/bl, HANpaBJICHHBIE HA COXPAaHCHHE MPUEMIIEMbIX
CBOWCTB cpe/ibl OOMTaHMs PA3IMYHBIX BUJIOB OPraHM3MOB B IMOYBE, BOJC U BO3AYyXE.
BpenHoe BO3neiicTBHE 3KOHOMUYECKOU JESTEIBHOCTU YEIOBEKa Ha MPHUPOAY MOXKET
OBITh OTHAJICHHBIM KaK BO BpPEMEHH, TaK U B IPOCTPAHCTBE. DTO OOYCIIOBJICHO
psaoM (aKTOpPOB: YCTOHYHMBOCTBIO MPOIECCOB BO3CHCTBUS HA TIPUPOJY, BHI3BAHHBIX
JIMHAMHKOM OMOTe01IE€HO30B, CONPOTUBICHUEM U aJalTallueil IKOCUCTEM K HETaTUBHBIM
BO37ICHCTBUSAM, 3P ekraMu CyMMUPOBaHUS U MUTPAIIMK 3arPSI3HUTEIICH U TaK Jlajiee.
HccnenoBanust 3arpsi3HEHUS] CHEXXHOTO TMOKPOBAa W TOYBBI TSKEIBIMA METaUIaMU
MIPOBOJIMIIMCH TTyTeM B3SITHS OOpa3lOB MOYBBI M CHEra JUIsl aTOMHO-COPOIIMOHHOMN
cnekTpomerpun. llpu oreHke pacrpeeieHns KOHIICHTPAIMU 3arpsi3HUTENICH ObLIH
CO3JIaHbI KapThI 3aTrPS3HEHUS TEPPUTOPHUH eHbThI peku Mite meapto (Cu), uaKOoM (Zn),
ceuHIIOM (Pb), Hukenem (Ni), kobansrom (Co), kagmuem (Cd). DTo MO3BOIHUIO yTOUHUTH
MEXaHU3M TIEPEMEICHUSI 3arpsA3HUTENICH M BBISIBUTH 30HBI HAKOIUICHUS TSIKEIIBIX
METaJJIOB B CHETY U mouBe. Ha ocHOBE pe3ysbTaToB aHayM3a ObUIM CIIETaHbI BBIBOIBI
0 BKJIaJIC MECTOPOXKICHUN TSDKENBIX METAJJIOB B BBIOPOCHI BEINECTB, HAKOTUICHHBIX
B jutocdepe. DTO MOATBEPKIACTCS OTHOCHUTEIHHBIM PACIOJIOKECHUEM HCTOYHHKOB
BBIOPOCOB U 30H HAKOIUICHUs 3arpsisHuTeei. [lepenBrmkeHne o cyuie mporucxoauT Ha
OOJIBIIINE PACCTOSIHUS TI0 CPABHEHUIO C BO3IYIIHBIMU TPACKTOPUSIMHU, TICPECEKAOIIUMHI
BoJbI 03epa banxaii. PesynbraTel ucciieoBaHuil MOTYT OBITh YYTCHBI TIPU Pa3padoTKe
Mep 0 OXPaHe OKPYKAOIIEH CPeJIbl.
KuaroueBbie ci10Ba: 3arpsisHEHUE, Me/lb, IMHK, CBUHEII, HUKEIb, KOOAIBT, KaMHIA.

Introduction. After studies of heavy metal contamination in the soil and snow cover
of the Almaty agglomeration carried out in 2018-2020, over the next three years in
the Laboratory of Hydrochemistry and Environmental Toxicology of the Institute of
Geography and Water Security, sampling was carried out in the delta of Ile River and in
the southern coast of the Lake Balkash, on territory of the State Natural Reserve “Ile-
Balkash” (hereinafter referred to as the SNR “Ile-Balkash™). In this way, systematic
coverage of environmental monitoring studies is realized in the entire area of Almaty
region.

The high level of pollution in the study area is due to the presence of large enterprises
located in adjacent regions. The transfer by air and deposition of heavy metal particles
onto the surface of soil and snow cover is the main mechanism for the distribution of
pollutants. In addition, certain concentrations of heavy metals are present in precipitation.
Samples of which were also taken along with samples of soil, water and snow cover.
During the sampling, the concentrations of substances such as Copper (Cu), Zinc (Zn),
Lead (Pb), Nickel (Ni), Cobalt (Co), Cadmium (Cd) were determined. Along with the
content of these pollutants, the concentration of polychlorinated biphenyls (PCBs) was
also measured. A broad comprehensive study of quantitative and qualitative indicators
of the characteristics of the chemical composition of atmospheric precipitation, snow
cover and soil in the territory of Ile River delta and Ile-Balkash state natural reserve is
being studied for the first time. However, studies of heavy metal pollution of the coast
of Lake Balkhash have already been carried out by some scientists. Thus, since 2018, a
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consistent study of the distribution of the level of heavy metal contamination of snow
cover and soil has been carried out throughout the Almaty region.

The physiological activity of copper is associated mainly with its inclusion in the
active centers of oxidation-redox enzymes. Excessive concentrations of copper have
adverse effects the plant and animal organisms. By people this is accompanied by fever,
irritation of the mucous membranes, dysfunction of the liver and kidneys; brain damage.
Emissions of copper into the environment are caused by its mining and the activities
of enterprises using this substance in their technological process (Illarionova Ye, et.al.,
2016, Tapiero H, et.al., 2003; Northey S., et.al., 2013, Leiva Gonzalez, J, et.al., 2022).

Zinc is one of the active microelements that influence the growth and normal
development of organisms and also plays an extremely important role for human
immune homeostasis. At the same time, many zinc compounds are toxic, primarily
its sulfate and chloride. Excess zinc in the human body reduces immunity and causes
disruption of the internal organs and reproductive system. (Illarionova Ye, et.al., 2016,
Khlebnikova A, et.al., 2013, Wessels I, et.al., 2017; Prasad AS. et.al., 2008). Atmospheric
zinc is generally associated with vehicular emissions and anthropogenic deposition of
cadmium mainly occurs through coal burning, non-ferrous metal production and other
industrial processes, as indicated by numerous previous studies, including (Guanghong
Wu, et.al., 2016).

Cadmium is a toxic and cumulative element. Cadmium poisoning causes damage
to the cardiovascular system, bone tissue, respiratory system and internal organs of a
person (Cheng, K, et.al., 2014, Illarionova Ye, et.al., 2016). Metallurgy, electroplating,
mining and processing of materials containing it, as well as the combustion of solid
and liquid fuels are sources of this substance entering the atmosphere (Cheng, K, et.al.,
2014, Ivut, 2021)

Cobalt is required for various forms of life. For example it is known as an essential
component of vitamin B12. Cobalt is chemically similar to zinc, so the absorption and
excretion processes characteristic of zinc are also characteristic of cobalt. Cobalt is a
relatively low-toxic element. However, in high doses it reduces the ability of the thyroid
gland to accumulate iodine, causing goiter disease (Gonzalez-Montafia JR, et.al., 2020,
Klaudia Jomova, et.al., 2022, Nikanorov, 2001).

Nickel is one of the rare elements; in natural conditions it is found mainly in the form
of compounds with arsenic or sulfur. It has an impact to the nervous system, appearance
of cancer, decreased immunity, and depression of the cardiovascular system (Singh R,
et.al., 2011, Fazlutdinov, 2017, Robert A. Goyer, 1990).

Lead poisoning damages the hematopoietic and nervous systems, kidneys and bone
tissue. [lllarionova Ye, et.al., 2016]. Main anthropogenic sources of lead emissions:
fossil fuels, metal mining and processing; mining activities, waste burning and recycling,
combustion of leaded gasoline (Singh R, et.al., 2011, Jaishankar M, et.al., 2014, United
Nations Environment Programme 2010).

The content of heavy metals in soil and snow cover is determined by anthropogenic
emissions and the possible natural presence of these substances in the lithosphere. The
transfer of heavy metal particles in the atmosphere occurs under the influence of wind,
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which picks up emissions from industrial enterprises. In addition, pollutants can be
transported to the soil surface by streams of rain and melt water, as well as river flows.
The migration of pollutants in the bowels of the earth under the influence of groundwater
is also not excluded. Emissions of materials containing heavy metal impurities onto
the soil surface are also one of the factors of environmental pollution. Analysis of the
relative location of the source and zone of maximum concentration of emissions allows
us to assess and forecast further conditions for the accumulation of pollutants in a certain
area experiencing anthropogenic load.

Materials and main methods. This section should contain a description of the
materials and work progress, as well as a detailed description of the methods used.

In2021, 69 samples were taken to measure the content of heavy metals in precipitation,
water, soil and snow cover. A year later, the number of samples was increased to 152.
Samples were first taken at 52 points throughout the territory of the Ile-Balkash state
natural reserve, later the number of sampling sites increased to 56. Initially, in 2021,
only in 13 points of the considered territory was possible to collect snow samples (Table
1). The relatively small number of sampling points was due to intense snowmelt during
the expedition period of work. The time between snow and soil sampling periods did
not exceed 30 days in 2021. In 2022 in general, the entire period of sampling snow and
soil was 2.5 months. The same time period was used in 2023.

The content of heavy metals in the samples was determined by the flame atomic
absorption spectrometric method with preliminary processing of the samples using AA-
7000 atomic absorption spectrophotometer from Shimadzu (Japan). Atomic absorption
spectrometer with a hollow cathode lamp was used for the corresponding metals to
correct the coefficient of non-specific absorption and with a nozzle burner operating
on acetylene-air mixture [Felenberg, 1997]. A method of atomic absorption analysis
based on the property of metal atoms to absorb in the basis condition light of certain
wavelengths, which they emit in an excited condition. The resonance line required
for absorption is most often obtained from a lamp with a hollow cathode made of the
element being determined (Guidance Document 52.04.186-89, Sanitary Rules and
Norms 07.28.10, Hygienic Standards 2.1.5.1315-03).

In addition to the content of heavy metals and polychlorinated biphenyls, the
following were also determined in the samples: suspended substances, pH acidity,
organic substances (by permanganate oxidation) and mineralization.

The content of heavy metals in snow cover and soil is provided in Tables 1 and
2, respectively. The tables provide extreme and average values of heavy metal
concentrations for the specified number of sampling points. The number of sampling
points is given in the second row of each table.
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Table 1. Content of heavy metals in snow cover in the territory of "Ile-Balkash” State Natural

Reserve.
202.1 2022 202.3 MPC
Metal 13 points 56 points 56 points
Min. | Avg | Max. | Min. | Avg | Max. | Min. | Avg | Max. f, h.
pg/dm?

Copper Cu 1,0 | 64 | 11,4 | 0,1 7,1 17,4 1,0 7,4 16,6 1,0 [ 1000
Zinc Zn 14,2 |1 20,7 | 350 | 10,0 | 18,6 | 53,5 8,3 14,1 | 63,1 | 10,0 [ 1000
Lead Pb 14,1 | 16,9 | 18,8 | 12,0 | 152 | 183 8,9 139 | 17,2 | 10,0 30
Cadmium Cd | 0,2 | 3,5 13,3 0,0 3.3 12,2 0,0 6,0 19,1 5,0 1,0
Cobalt Co 17,4 | 572 | 853 | 174 | 71,5 | 109,6 | 20,6 | 582 | 90,2 | 10,0 | 100
Nickel Ni 17,2 | 40,5 | 62,1 | 19,1 | 40,6 | 79,0 79 | 494 | 93,9 | 10,0 | 100

Note. Min. — Minimum, Avg. — Average, Max. — Maximum values accordingly. MPC — Maximum
Permissible Concentration. f — fishery. h. — household.

As can be seen from Table 1, over the past three years, the most acute situation
has been with contamination of the snow cover with copper and cobalt. There is ten
times excess of fishery permissible concentrations. In 2021 and 2022 zinc, nickel and
cadmium were present in concentrations exceeding fishery permissible concentrations
by 3-9.3 times. Lead emissions in snow cover did not exceed a two times value over the
entire three-year study period. The maximum nickel concentrations in the last year of
research at some sampling points exceeded the MPC by almost ten times.

Table 2. Content of heavy metals in the soil in the territory of the State Natural Reserve “Ile-Balkash”.

2021 2022 2023 Gross | Background
Metal 52 points 56 points 56 points MPC | value.
Min. | Avg | Max. | Min. | Avg | Max. | Min. | Avg | Max. |Value Clarke
mg/kg
Copper Cu | 6,1 |129]260| 1,7 | 7,5 15,8 1,1 3,5 17,2 3 47
Zinc Zn 7,8 |16,1| 75,1 | 2,6 | 9,9 | 107,5 1,3 3,9 17,6 23 83
Lead Pb 8,0 [11,8] 159 ] 3,0 | 4,6 7,1 2,7 3,7 6,0 32 16
gf‘idm‘“m 09 [38]65]002]062] 141 | 02 [ 09 | 20 2 0.13
Cobalt Co | 6,7 |13,7]20,6 | 0,3 | 144 | 225 2,4 6,7 13,6 5 18
Nickel Ni | 11,3 [15,7] 22,2 | 04 | 4,1 11,6 3,2 6,4 10,1 4 58

Note. The same as for Table 1.

To determine the distribution of heavy metal contamination on the soil surface,
samples were taken no later than two months after the snow cover melted. During
the study, a correlation analysis was carried out between the concentrations of heavy
metals in the snow cover and in the soil, completely for 2022 and 2023. The initial
period of 2021 was partially involved in the analysis; the points for which there were
concentrations of substances in the snow cover were taken. Each of the two compared
concentration values characterized each certain sampling point, and thus assessed the
continuity of the pollutant entering the soil after snowmelt. The assumption that soil
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contamination corresponds to the distribution of heavy metal contamination in the snow
cover and is a consequence of snowmelt is largely not supported by the correlation,
which does not exceed 35% (corresponding to cadmium in 2022). For nickel in 2021,
there was an inverse correlation between the spatial distribution of snow cover and soil
contamination. And the value of this inverse correlation reached minus 39.6%. Thus,
we can conclude that there is a significant migration of heavy metals in the lithosphere
caused by meltwater. The predominance of sandstones in general causes significant
migration of pollutants in the upper soil layers. The difference in the distribution of
spots of maximum concentration of heavy metal pollution may also be due to different
distances between the deposition zones of pollutant emissions and turbulent transport
in the atmosphere.

Table 2 shows the extreme and average values of concentrations of heavy metals in the
soil for the territory of the "lle-Balkash" State Natural Reserve. During the entire period
of research, copper and nickel several times and zinc, cadmium and cobalt periodically
have concentrations exceeding the permissible gross values in soils. In 2021-22, the
zinc content was 3-4 times higher than the maximum permissible concentration. Also,
a difficult situation is typical for cobalt, when during the entire period of research the
maximum concentration values were 3-4.5 times higher than the permissible values.
Lead emissions for the entire three-year period did not represent critical values for the
content in the soil.

Results. Based on the sample measurements, maps and diagrams of the distribution
of heavy metal concentrations in the snow cover and in the soil were created for the
territory of the "lle-Balkash" State Natural Reserve. The distribution of areas with the
maximum content of heavy metals leads to the need to search for sources of emissions
in the considered area. Also, when studying emissions of pollutants, an important aspect
is to determine the mechanism of particles transfer. In general, the transfer mechanism
can be divided into three stages:

- raising particles to the transfer height.

- transfer of particles by air flow at the level of “convection”.

- deposition of pollutant particles in the deposition zone (zone of maximum
concentration).

As a accompanying mechanism of soil surface contamination, it is necessary to take
into account the transfer of pollutants by melt water. This will require a number of
additional works and studies.

Sources of emissions of pollutants are deposits of heavy metals, places of their
extraction and processing, as well as waste storage areas of metallurgical enterprises
and industries using heavy metals. Therefore, the most important thing is to identify
the pattern of movement from the source to the area of deposition of the pollutant. A
particular difficulty in identifying the movement of pollutants is the presence of several
sources of pollution located in different directions from the considered territory. In
this case, the identification of areas with maximum pollutant concentrations may not
be accurately determined. Also, the situation with the analysis of the distribution of
pollutants is worsened by the need for additional research of the migration of heavy
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metal particles connected with melt and groundwater. As can be seen from Figures 1-6,
the zones of maximum concentration of different metals change position both within one
year and in different years. Most likely, this is influenced by meteorological conditions
that determine the height at which pollutants are transported.

Copper pollution primarily affects the southern coast of Lake Balkash, the western
coast of Ile River delta and the central part of the Sary-Esik-Atyrau desert territory. On
the southern shore of Lake Balkash copper particles accumulate when carried by the
wind from the opencast mine and Shagala deposit; Zhamantuz, Sokyrkoy Kaskyrkazgan
and Sayak-4 deposits, copper ore deposits located between the village of Gulshad
and Mystobe deposit, also from the Karatas group of deposits and enterprises in the
cities of Balkash and Kounrad. The western coast of the Ile River delta accumulates
copper particles in the lithosphere, due to its proximity to the Rodnikovoye deposit.
This deposit, as well as the Aktas deposit (26 km north-west from the village Sayak)
is a source of emissions of all six heavy metals studied for the territory of Ile River
delta and "Ile-Balkash" State Nature Reserve. Along with this, to copper pollution can
contribute deposits such as Zhaisan, Shatyrkol and Taskuduk located to the southeast
from the village of Khantau, near which there may be copper deposits in the soil. In
the eastern part of the considered territory, copper accumulations in the soil and snow
cover arise due to wind transfers from the Tekeli industrial hub (mining plant + tailings
dump), Taldykorgan battery plant and Kokshiyel and Koksay deposits. Considering the
configuration of the distribution of the copper concentration field in the soil and snow
cover, we can assume the presence of copper deposits to the west from the settlement
of Ushtobe.

Zones with high zinc content in the snow cover and soil of the southwestern part of
considered territory arise due to the transfer of ore particles from Kuyazbai, Tolekol,
Druzhnoye, Gagarinskoye, and Rodnikovoye deposits by air masses. They are located
to the east from Khantau Range, between the settlements of Shokpar and Aksuyek. At
a distance of 40.5 km to the west from the village Shyganak, the Buryltas lead-zinc
deposit is located, which is also a source of emissions of zinc, lead and cadmium into
the lithosphere of Ile River delta, as well as the Zhamantuz deposit and enterprises
of the city of Balkash, industrial waste from enterprises in Taldykorgan region of the
Zhetysu region, along with zinc emissions from the Kokshiyel deposit. Unidentified
source of zinc emission is located northwest from the village of Akshiy of Ileysky
district of Almaty region. Since there are no enterprises in the area of this settlement, it
can be assumed that there is a natural source of zinc emissions, it is the accumulation of
minerals containing this chemical element.

The lead content in the snow cover and in the soil across the territory of "lle-
Balkash" State Natural Reserve is determined by emissions from the Balkhash plants
(copper smelting and processing of non-ferrous metals), from the Zhamantuz and Aktas
deposits, located on the northern coast of Lake Balkhash. The southwestern part of the
territory of "lle-Balkash" Sate Nature Reserve accumulates emissions from the lead-
zinc deposits Kuyazbay, Tolekol, Druzhnoye, Rodnikovoye, Buryltas and possibly from
Gagarinskiy, located in the foothill zone at a bigger distance compared to other sources
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of emissions. In the eastern part of the study area, lead accumulation in the snow cover
and soil is observed to a lesser extent. This area may be subject to the accumulation of
emissions from the Taldykorgan battery plant, Tekeli deposits and tailings dump. The
territory t50 the north from the village Ushtobe may contain deposits of lead ores.

Nickel contamination of the snow cover occurred in 2021 on the northwestern side
of the study area. It can be assumed that the source of pollution was industrial emissions
from the Balkhash non-ferrous metals processing plant. Starting from the warm period
of 2021 and in the next two years of research, the north-eastern part of the considered
territory of "lle-Balkash" State Nature reserve has been subjected to the incoming of
heavy metals from the Aktas deposit. In the soil of the southern and southwestern parts
of Ile River delta the high nickel content, which occurred in certain periods is due to
emissions from the Rodnikovoye deposit. The absence of significant number of nickel
deposits and volumes of emissions from enterprises on the territory adjacent to the
territory of "lle-Balkash" State Natural Reserve territory necessitates the search for
potential locations of ores and minerals containing heavy metals. That is, undiscovered
deposits and ore zones that create emissions of heavy metals should be studied for the
existence and determination of the possibility of participation in the transfer of pollutants
by air and in the migration of chemical elements in the soil. Among the potential areas
for searching for nickel deposits, three areas can be distinguished: to the north from
the village Ushtobe; western and northwestern areas adjacent to the village Gulshat;
territory between the Kaskyrkazgan and Aktas deposits.

The rare presence of cobalt in rocks reduces the possibility of determination of the
migration of contaminants of this substance. The southern and southwestern part of Ile
River delta is exposed to pollution from the Rodnikovoye and Taskuduk deposits. Also
possible source of cobalt emissions is the area to the north from the village Ushtobe,
which is confirmed by the distribution of the concentration field of this element. South
shore of the lake Balkash is subjected to pollution from Aktas, Sayak-4 deposits and
enterprises of Balkash city.

The most difficult thing is to find and analyze the sources of cadmium incoming into
the environment, since it is not an independent substance present in rocks at a particular
deposit. As an accompanying element, cadmium is present in zinc-containing rocks
and minerals. Southern and southwestern side of Ile River delta is a deposition area for
cadmium transferred from the Rodnikovoye and Buryltas deposits. The northeastern
and eastern parts of the territory of [le-Balkash State Natural Reserve receive cadmium
emissions from the Aktas deposit and Tekeli tailings dump. Possible zinc deposits to
the northwest of Sary-Shagan village may contain cadmium in the form of different
compounds.

As can be seen from Figures 1-6, at certain points in time, the southwestern part of
Ile River delta has zones of deposition of different metals. It is possible that emissions
from vehicles when driving along the Almaty-Astana highway contribute to the
pollution of this area of the territory. Similar studies have been conducted in the United
States [Reynolds R, et.al., 2020], but at much closer distances between high pollutant
concentrations zones and heavily trafficked roads.
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Discussion. According to research of Tilekova and co-authors, in 2009-14, the
territory under consideration was characterized by a mosaic content of chemical
elements (Tilekova Zh, et.al., 2015, Ismukhanova L., et.al., 2022, Madibekov
et.al., 2021, Amirgaliyev, et.al., 2019), this situation also occurs in the last three
years of study. In the soils of the region, the maximum amount of cadmium is
26.4, copper is 8.6, lead is 11.8, chromium is 9.2, nickel is 5.4 times higher than
the permissible concentration.

A decade later, copper by 17.4 and nickel by almost a dozen times exceeded
the permissible concentration in some years of the entire research period and
zinc, cadmium and cobalt in soils had concentrations exceeding the permissible
gross values by 6.3, 3.8 and almost 11 times, respectively. Lead had the lowest
concentrations among heavy metals, no more than 2 times.

A comparison of the results of the two works made it possible to partially
assess changes in the level of soil contamination by heavy metals over the ten-
year period. During the analysis, deposits and enterprises that are sources of
emissions were mapped to assess the possibility of movement of heavy metal
particles. For some sources, the wind direction was not always predominant, but
part of the time there were wind directions towards the pollutant deposition zones.
The movement of heavy metal emissions above the soil surface occurs over a
longer distance, compared to the transport of pollutants by air flows crossing the
waters of Lake Balkash. The temperature difference between land-water and the
temperature distribution along the height above the water surface are restraining
mechanisms for moving air masses carrying heavy metal particles. Thus, when
pollutants are transported over the surface of water body, the deposition of the
pollutant occurs at a closer distance from the source than the transfer of the
same substances over the soil surface. It is possible that the transfer distance also
depends on the particles size.

Conclusion. Over the past decade, the chemical element that has a leading
position in terms of maximum concentrations of pollutants has changed. The
assumption about the exclusive role of metal mining and processing enterprises as
sources of emissions is disproved by the presence of deposits located sometimes
in greater proximity to the study area, in comparison with factories to which
were assigned the main part of the attributed heavy metal emissions. Despite the
fact that some of the deposits are of closed type, the source of pollution is that
portion of the mined ore that subsequently rises to the surface of the earth for
subsequent transportation and processing.

Different heavy metals from the same emission source can be transported
over different distances. This is confirmed by the mosaic distribution of the
emission concentration zones themselves and by the distribution of zones with
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different pollutant concentrations. A shift in zones of maximum concentration
of heavy metals was revealed during the transition from snow cover to soil,
which is caused by the different wind speeds and by the migration of pollutants
with melt water. The nature of distribution and configuration of zones with
different pollutant concentrations indicates the direction of the location of the
emission source relative to the heavy metal deposition zones. The configuration
of zones with maximum pollutant concentrations has an elongated shape along
transporting wind directions [Madibekov A., et.al., (2018)], with lateral (and
partially edge) distributions of zones of lower pollutant concentration.

Emissions are not always transported in the direction of winds with maximum
frequency. The transfer of heavy metal particles above the soil surface over a
longer distance, compared to the transfer of pollutants crossing the water surface
of Lake Balkash, occurs due to more homogeneous conditions of the movement
of air flows over the land. Circulating air flows in the coastal zone weaken the
wind flows carrying heavy metal particles through water spaces.

Further research can be directed to the study of the mechanism of transport of
heavy metal particles under different air movement conditions. Also, this study
can serve as a basis for regulations on the implementation of environmental
protection measures at mines and heavy metal deposits in areas adjacent to the
territory of the “Ile-Balkash” State Natural Reserve.
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