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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. This article examines the concentrations of heavy metals in soil and water
samples taken in cities and districts of Central Kazakhstan and examines the results of
studying the territorial features of the impact of technogenesis on the environment. The
ecological condition of the territory of Central Kazakhstan is largely due to anthropogenic
factors, which often exceed the ecological capabilities of the environment, disrupt its
normal functioning, which has a negative impact on human existence. In the course of
the work, a study of the elemental composition of the soil was carried out, assessment
and monitoring of the quality of surface waters in the territory of the Karaganda region
were carried out according to the Unified System of Classification of water in water
bodies, statistical processing of the obtained results was conducted using parametric
methods of analysis. The study period was 10 years, from 2011 to 2021. As a result of
the study, mercury pollution in the Nura River was noted, with the average mercury
content in the amount of 15.137 mg/dm? exceeding the MPC by 30.2 thousand times.
The cities of Karazhal, Priozersk, Saran, Satpayev, Shakhtinsk, Topar township and all
rural territories are classified as favorable zones, the cities of Balkhash, Zhezkazgan,
Karaganda, Temirtau are considered unfavorable risk zones. Industrial enterprises of
the mining and metallurgical industry of Kazakhmys Corporation LLP, Arcelor Mittal
JSC, Balkhash Mining and Metallurgical Combine pose a threat to environmental
objects, therefore, effective policies are required to mitigate the effects of environmental
pollution. Measures to prevent the negative impact of technogenic factors on the health
of the population, as a limiting link for the further development of the economy, are
important for the Republic of Kazakhstan.
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Annoraunus. by makanaga Opransik KazakcTaHHBIH KaJlaJapbl MCH ayIaHIapblHAH
QJIBIHFaH TOIBIPAK TICH Cy ChIHAMAlIAPbIHJAFbl ayblp METAIIApAbIH KOHIIEHTPAIHSCHI
3epTTeNiN, TEXHOTCHE3/IH KOpIIaFraH OpTara JCEepiHiH ayMaKTBIK epeKIIeTIKTepiH
3epITey HOTHXKeNepi KapacTelpbuirad. Opraiblk KaszakctaH TeppUTOPHSICHIHBIH
9KOJIOTHSUIBIK KaF/Ialiibl KoO1Hece KOpIIaraH OPTaHbIH KOJOTHSIBIK MYMKIHIIKTEpiHEH
achIll TYCETIH, OHBIH KaJBINTHI KbI3METIH Oy3aThIH, aJaM TIpLIUIriHe Kepi 9cepiH
THUTI3€TiH aHTPONOTeHIIK akTopapra OaitnanpICThI. JKyMbIC OapbICBIHIA TOMBIPAKTHIH
ANIEMEHTTIK KYpaMbIH 3epTTey KYprizinni, Kaparanabl oOnbIckl aymMarbiHIA JKep OeTi
CyNapbIHBIH CarachlH Oaraliay JKOHE MOHHMTOPHHTICI Cy OOBEKTiIepiHIeri CYIbIH
OipbIHFal XKIKTEY JKyieci OOWBIHIIA )KYPTi31I1, aJIbIHFAH HOTHXKEJIEP/li CTATUCTHKAIIBIK
OHJICY TajJaylblH IMapaMeTpPIiK OIICTepPIH KOJNJAaHy apKbUIbl JKy3ere achIPbUIIbL.
3eprrey keseHi 10 sxbur, 2011 xburman 2021 kputFa JCHIHTT apalibIKThl KaMTH/IBL.
3eprrey HoTmkeciHIe Hypa e3€HiHIH ChIHANTHIK JIACTAHYbI aHBIKTAJJbI, ChIHAITHIH
oprata mejiepi 15,137 mr/am® menmepinge [IIPK-gan 30,2 MbIH ece ®Korapbl OOJBIIT
tabbutabl. Konaiiner aiimakrapra Kapakan, [Ipuosepck, Capan, Corbaes, [llaxTuHck
Kananapsel, Tonap aybuibl )KoHE OapIBIK aybULIBIK €I MEKEHAEP, KOJIAChI3 ToyeKe
aiimakTapbiHa bankam, JKeskasran, Kaparauapl, Temipray Kajganapbl *KaTKbI3bUIIbI.
Tay-keH MeTa/ulyprus ©OHEPKOCIOIHIH ©HEpKACINTIK KacimopbeiHaapbl «Ka3zakMbic
Kopmopamuscery XKIUIC, «Apcemop Mutran» AK, bankam Tay-keH MeTauTyprusiIbiK
KOMOHWHATBI KOPILIaFaH OpTaFa Kayil TOHAIPe/Il, COHIBIKTaH KOpIlIaFaH OPTaHbIH JIACTaHY
cajIapbIH KymMcapTy OoMbIHIIA THIMJI cascaT KaxeT. Kasakcran PecrnyOnukach! yiid
9KOHOMUKAHBIH O/IaH 9pi IaMYBIH TeXKeyIlli PaKTop peTiH/e TEXHOTeHIIK (pakTopIapabIH
XaJbIK JCHCAyJIBIFbIHA Kepl 9CepiH OONAbIpMay KOHIHJIET] IapaiapIblH MaHbI3bI 30D.

Tyiiin ce3mep: reorpadusi, ayslp METaAap, ChIHAIIICH JJACTAaHY, TOIBIPAK, Kep OeTi
CyJapbl, TeXHOTeHe3, ypoanaany, Opransik KazakcraH, eHepKacill KaCIOPBIHIaPhI
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I'EOI'PAONUYECKHUE ACITEKTbBI BIUAHUSA TEXHOI'EHE3A HA
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AHHoTaumus. B 3TOl crarbe WCCenyloTCsi KOHIUEHTPALUUU TSHKEJIBIX METAJIOB B
po0ax MOYBBI U BOJAHBIX 0OBEKTOB, 0OTOOPAHHBIX B TOpoJaxX U paiioHax lleHTpabHOTO
Kazaxcrana u paccMOTpEHBI pe3yIbTaThl U3yUeHHsI TEPPUTOPHAIBLHBIX 0COOEHHOCTEH
BIMSHMSI TEXHOTEHE3a Ha OKPYXKAIOIIYyI Cpery. OKOJIOIMYECKOe COCTOsSHHE
tepputopun LlenTpansHoro KaszaxcraHa B 3HAYMTENbHOW CTENEHHM OOYCIOBICHO
AQHTPOTIOTEHHBIMHU ~ (paKTOpPaMH, KOTOpPble HEPEAKO IMPEBBIIIAIOT 3KOJOTHYECKHE
BO3MOYKHOCTH OKPY’KalOIIeW Cpeipl, HApYIIaloT ee HopMajbHOe (YHKIIMOHHPOBAHNE,
YTO OKa3bIBAET HETaTUBHOE BIMSIHHME Ha CYIIECTBOBaHHME YeloBeKa. B xome paboThI
OBLIO MPOBEICHO MCCIIEOBaHUE AIIEMEHTHOTO COCTaBa IMOYBHI, OLIEHKA 1 MOHUTOPHUHT
Ka4ecTBa MOBEPXHOCTHBIX BOJ Ha TeppuTopuu KaparanauHCKOM 00JIaCTH TPOBOIUIINCH
no EnuHON cucTeme KiacCU(pHUKALWMU BOIBI B BOAHBIX OOBEKTaX, CTATUCTHYECKAS
00paboTKa MOIYYEHHBIX PE3YyJIbTaTOB MPOBEIEHA C MPUMEHEHHEM MapaMeTPHUYECKUX
MeToA0B aHanu3a. Mccaenyembiit nepuoa coctasui 10 ser, ¢ 2011 no 2021 roasi. B
pe3yibTaTe MpoBEICHHOTO UCCIIEI0BAHUS OTMEUEHO PTYTHOE 3arps3HeHue B pexe Hypa,
cpeaHee coiepkaHue pTyTu B konmdectse 15,137 mr/nm? ¢ mpeswsimenuem [1J1K B 30,2
ThICsTY pa3. K GnmaronpusTHEIM 30HaM oTHeceHbI ropona, Kapaxain, [Ipuozepck, Capans,
Carnaes, [llaxtuHck, mocenok Tomap u Bce CeNbCKUE TEPPUTOPUH, K HEOIaropUsTHBIM
30HaM pucka — ropoja banxam, JXeskasran, Kaparanna, Temupray. [IpomblnuieHHbIE
MPEeINpUATHS ~ TOPHOMOOBIBAIOIIEH W METANTYPTUYECKOH  MPOMBIIUIEHHOCTH
TOO «Kopnopauust Kazaxmbic», AO «Apcenop Mutran», banxamickuii ropHo-
METaJLUTyprHYeCKU KOMOWHAT MPEJCTABISIOT YIPO3y Ui OOBEKTOB OKpYXKarolieh
Cpelbl, COOTBETCTBEHHO TpeOyroTcs APPEKTUBHBIC TMOJUTHKH [0 CMITYCHHIO
MIOCJIEZICTBUI 3arpsi3HEHHS OKpY KaloIiel cpeibl. Mepsl peoTBpaIlieHus] HEraTUBHOTO
BIIMSTHHSI TEXHOTEHHBIX (DaKTOPOB Ha 3/I0POBBE HACEIIEHUS, KaK JUMHUTHPYIOIIETO 3BEHa
JUTS TalbHEHINero pa3BUTHS SKOHOMHKH WMEIOT Ba)KHOE 3HaueHWe uid PecmyOnmuku
Kazaxcran.

KamoueBbie cjioBa: reorpadusi, TsKEIbIE METalUIbl, PTYTHOE 3arps3HEHUE,
M0YBa, MOBEPXHOCTHBIE BOJBI, TEXHOTEHE3, ypOanuszauus, Llentpanbubiii KazaxcraH,
MIPOMBIIIICHHBIC PEATPUATUS
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Introduction

According to the Global Burden of Disease, Injury and Risk Factors Study,
environmental pollution causes 9 million deaths per year worldwide due to
industrialization and urbanization, combined threats of pollution with hazardous
chemicals, climate change and loss of biodiversity (Fuller et al., 2022; Zhang et al.,
2010). Global warming, greenhouse effects, climate change, limited natural resources
and their significant consumption lead to damage to the opportunities of future
generations (Lafakis et al., 2019; Berrang-Ford et al., 2021; Pascal et al., 2022). There
are three types of environmental pollution: water, air and soil pollution (Anderson,
2017). The soil is actively exposed to anthropogenic pollution, which gets heavy metals,
due to their widespread use in industrial production, poisoning it and forming areas
of landscape pollution and high toxicity to living organisms (Boltunova et al., 2017;
Zharikova, 2021). Heavy metals include more than 40 elements of the periodic system
of Mendeleev D.I. with an atomic mass of more than 40 atomic units: V, Cr, Mn, Fe, Co,
Ni, Cu, Zn, Mo, Cd, Sn, Hg, Pb, Bi, etc. According to N. Reimers’s (1990) classification,
metals with a density of more than 8 g/cm?® should be considered heavy (Dzhuvelikyan
et al., 2009).

The urbanization of territories is characterized by the growth of various types of
industrial production and the concentration of population in cities. This process over
time causes anthropogenic pollution of the environment due to harmful emissions from
industrial enterprises and, in this regard, affects the formation of the health of people
living in an industrial region. As a result, the environment begins to change under the
influence of constant human economic activity. New artificial biogeochemical provinces
are emerging around large industrial enterprises. In each specific case, the level of
pollution in these territories is determined by the development of various industries, the
initial and resulting product, the peculiarities of natural and climatic conditions and the
attitude of people to production (Battakova et al., 2022). The mining industry has health
risks due to the adverse effects of toxic metals, dust, explosives and gases, water, soil
and air pollution with heavy metals, loss of arable land, and therefore, this production
should take seriously corporate responsibility, sustainable development goals, health
and safety assessment, and respect for the rights of local communities (The Lancet,
2019). In particular, adverse effects of anthropogenic factors on soil characteristics were
identified; various chemical elements entering the soil can be retained in it for a long
time due to the formation of poorly soluble forms, as well as being activated and turning
into mobile forms, and the soil cover deposits heavy metals or becomes a secondary
source of pollution (Biryukov et al., 2014).

The territory of Kazakhstan is diverse in terms of climate conditions, the nature of
environmental pollution due to the activities of large petrochemical, metallurgical, heat
and power enterprises, the chemicalization of agriculture, everyday life, urbanization and
urban growth, the peculiarities of the demographic situation and public health. To date,
493 deposits have been identified in Kazakhstan, which contain 1225 types of mineral
raw materials. Kazakhstan ranks first in the world in proven reserves of zinc, barite and
tungsten, and second in proven reserves of silver, lead and chromites (Grebeneva et al.,
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2018). There are the following sources of environmental pollution in the Republic of
Kazakhstan. The territory of Central Kazakhstan is polluted by emissions from ferrous,
non-ferrous metallurgy and coal mining enterprises. There is a risk of soil contamination
with heavy metals near the ore mining at the Temirtau metallurgical plant and the
Balkhash mining and metallurgical plant. Sources of increased risk of mercury pollution
are represented in Temirtau, the former Karbid plant and the Pavlodar Chemical Plant.
Currently, measures are being taken to clean up the Nura River, in Pavloda,r it was
noted that mercury is located between two clay layers, as a result of which cleaning
of the territory is not advisable. The consequences of the development of oil and gas
fields in the Caspian region, covering the West Kazakhstan, Atyrau and Aktobe regions,
are associated with the contamination of soil, reservoirs, and, ultimately, drinking
water with oil hydrocarbons. In addition, emissions of chromium-containing dust are
recorded during the extraction of ores and processing of chromates at the enterprises
of Aktobe city. Harmful effects are caused by emissions of lead-zinc and titanium-
magnesium plants in the East Kazakhstan region, industrial waste of phosphorus and
lead enterprises of the South Kazakhstan region. In the city of Ekibastuz, the largest
amount of coal is burned at the thermal power plant to generate electricity, releasing
heavy metals into the atmospheric air. Technogenic and anthropogenic impacts on the
biosphere cause complex processes leading to the degradation of the ecosystem and
changes in the health of the population (Likhodumova et al., 2008). Water quality is one
of the most important characteristics and the study of the factors of pollution of water
bodies due to the operation of industrial production and other sources is relevant for
Kazakhstan (Berdenov, 2017 a; Berdenov et al., 2022 b).

The purpose of the study is to investigate the soil cover for pollution by heavy metals
(As, Pb, Cu, Cd, Zn, Cr) and surface waters according to the physical and chemical
parameters of the territory of Central Kazakhstan.

Hypothesis - assessment of the state of the environment of Central Kazakhstan in
terms of the quality of soil covers and water environments identified pollution of the
territory and the adverse impact of environmental factors of production and technogenic
load.

Research object and methods

The study of the elemental composition of the soil was carried out in the industrial
center of Central Kazakhstan — Karaganda region. The study period was 10 years, from
2011 to 2021. It should be noted that on June 8, 2022, according to the decree of the
President of the Republic of Kazakhstan, in accordance with Article 9 of the Law of the
Republic of Kazakhstan "On the Administrative-territorial Structure of the Republic
of Kazakhstan", it was decided to form the Ulytau region with the administrative
center in the city of Zhezkazgan by separating Zhanaarka, Ulytau districts, the cities
of Zhezkazgan, Karazhal and Satpayev from the Karaganda region (Reference control
bank, 2022). Thus, the Karaganda region is located in the central part of the republic,
the area of the territory is 239,045 km?, and the administrative center is the city of
Karaganda (Unified ecological Internet resource, 2011). The Ulytau region was formed
on June 8, 2022, the area of the territory is 188,936.61 km?, and the administrative
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center is the city of Zhezkazgan. The ecological condition of the territory of Central
Kazakhstan is largely due to anthropogenic factors, which often exceed the ecological
capabilities of the environment, disrupt its normal functioning, which has a negative
impact on human existence. Measures to prevent the negative impact of technogenic
factors on the health of the population, as a limiting link for the further development of
the economy, are important in the Republic of Kazakhstan (Kurolap, 2006; Filatov et
al., 2010).

Assessment and monitoring of soil contamination with heavy metals in the cities
of Abay, Balkhash, Zhezkazgan, Karaganda, Karazhal, Priozersk, Saran, Satpayev,
Temirtau, Shakhtinsk, Topar township; in the districts of Abay, Aktogay, Bukhar-
Zhyrau, Zhanaarka, Karkaraly, Nura, Osakarov, Ulytau, Shet of the Karaganda region
were carried out on the basis of the materials received from the National reports on
the state of the environment and on the use of natural resources of the Republic of
Kazakhstan, annual reports of the branch of RSE "Kazhydromet" in the Karaganda
region, information bulletins on the state of the environment of the Karaganda region of
the Ministry of Ecology, Geology and Natural Resources of the Republic of Kazakhstan,
laboratory data of the Karaganda branch of the Republican State Enterprise "National
Center of Expertise" of the Committee for Sanitary and Epidemiological Control of
the Ministry of Health of the Republic of Kazakhstan. At key points, soil sampling
was carried out to determine arsenic, lead, copper, cadmium, zinc, and chromium. Soil
sampling was carried out in accordance with GOST 17.4.4.02-84 «Soil sampling for
chemical analysis». The study period for the analysis of the obtained indicators of the
geography of the impact of technogenesis on the accumulation of heavy metals in the
soils of the Karaganda region was from 2011 to 2021.

The assessment and monitoring of surface water quality in the territory of the
Karaganda region were carried out according to the Unified Classification System of
Water in water bodies approved by Order No. 151 of the Chairman of the Committee
on Water Resources of the Ministry of Agriculture of the Republic of Kazakhstan dated
November 9, 2016.

Statistical processing of the obtained results was carried out using parametric
analysis methods, to test hypotheses about the parameters of certain distributions of
the general population, the Student's t-criterion (t-criterion of difference) is calculated,
which allows us to find the probability that both averages belong to the same population.
If this probability p is below the significance level (p<0.05), then the samples belong
to two different populations, and using the t-criterion, two cases can be distinguished.
The null hypothesis (H0) is reduced to the assumption that the difference between the
general parameters of the compared groups is zero and the differences observed between
the sample characteristics are not systematic, but exclusively random. If one sample is
drawn from a normally distributed population with parameters 1 and Sx1, the other
from a population with parameters 2 and Sx2, then the null hypothesis comes from the
fact that 1= and Sx1 = Sx2, i.e. 1-2=0 and Sx1- Sx2=0. To test the accepted hypothesis
and the reliability of the estimation of general parameters based on sample data, values
and reliability criteria are used, which allow in each case to identify whether the sample
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indicators satisfy the accepted hypothesis. The distribution functions of these quantities
are summarized in special tables, which contain the values of the function for different
numbers of degrees of freedom R or sample size # and significance levels . When testing
statistical hypotheses, the following significance levels were taken: 5% (probability of
an erroneous estimate p<0.05), 1 % (probability of an erroneous estimate p<0.01), 0.1
% (probability of an erroneous estimate p<0.001).

Results and discussion

The analysis of the characteristics of the soil cover for the period from 2011 to 2021
showed significant differences in the territory of the Karaganda region (Figure 1). The
most polluted soil is in the city of Balkhash, the concentration of lead was 649.463 mg/
kg exceeding the MPC by 20 times, copper — 98.268 mg/kg exceeding the MPC by 33
times, cadmium — 14.409 mg/kg exceeding the MPC by 28 times, zinc — 295.309 mg/
kg exceeding the MPC by 12 times, chromium — 8,5009 with an excess of MPC by 1.4
times (Table 1).

65° 79" 75°
Central Kazakhstan
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Figure 1. Map of heavy metals content in the soil of Central Kazakhstan, period 2011-2021.

Table 1. The content of heavy metals in the soil (mg/kg) by cities and townships of the Karaganda
region, the period 2011 to 2021.

Indicators /Statistics As Pb |Cu Cd Zn Cr

MPC 2 32 3 105 23 6
Abay

Minimum 0 0,0021 0,0012 0 0,1 0

Maximum 0 0,0036 0,0051 0 0,5 0
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Mean [0 0,0027 0,003 o 0,218 [0
Balkhash
Minimum 0 178.,4 38,8 33 74,2 1,31
Maximum 0 1306,7 185.4 32,7 348,6 11,6
Mean 0 649,463** | 98,268** |14,409** |295309** |8,5009*
Zhezkazgan
Minimum 0 80,9 9,46 1,02 26,9 1,09
Maximum 0 461,3 84,6 6,53 197,5 6,45
Mean 0 216,034%* | 50,241%* |3,273* 138,790** | 3,761
Karaganda
Minimum 0,033 24,6 3,2 0,2 20,9 0,33
Maximum 0,35 38,9 5,9 0,5 28,3 1,82
Mean 0,098 31,101 4,758%* 0,326 25,072* 0,81
Karazhal
Minimum 0,0353 0,0111 0 0 0 0
Maximum 0,519 0,236 0 0 0 0
Mean 0,1226 0,0581 0 0 0 0
Priozersk
Minimum 0 0 0 0 0 0
Maximum 0,00104 |0,0154 0,0057 0 0 0
Mean 0,00093 10,0137 0,0049 0 0 0
Saran
Minimum 0 0,0111 0 0 0 0
Maximum 0 0,0931 0 0 0 0
Mean 0 0,0225 0 0 0 0
Satpayev
Minimum 0 0,002 0,0011 0 0,1 0
Maximum 0 0,0032 0,0057 0 0,5 0
Mean 0 0,0026 0,0027 0 0,2636 0
Temirtau
Minimum 0 37,01 0 0 26,4 1,2
Maximum 0 52,8 6,2 0,74 37 5,3
Mean 0 42,71* 3,7218 0,5772 32,2909* 3,0127
Topar
Minimum 0 0,001 0 0 0 0
Maximum 0 0,073 0 0 0 0
Mean 0 0,01048 0 0 0 0
Shakhtinsk
Minimum 0,0002 0,0001 0,001 0 0,1 0
Maximum 0,028 0,028 0,0051 0 0,9 0
Mean 0,0055 0,0067 0,0024 0 0,3727 0

Note — *p<0.05 when compared with the comparison group (Topar township), **p<0.01

An excess content of heavy metals was noted in Zhezkazgan in all soil samples taken
in various districts of the city, the average lead content was 216.034 mg/kg exceeding
the MPC by 6 times, copper — 50.241 mg/kg exceeding the MPC by 16 times, cadmium
—3.273 mg/kg exceeding the MPC by 6 times, zinc — 138.790 mg/kg with an excess
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of MPC by 6 times, chromium — 3.761. The highest indicators were also found in
Karaganda in terms of copper - 4.758 mg/kg, zinc - 25.072 mg/kg and in Temirtau the
content of lead was exceeded - 42.71, zinc - 32.2909.

In other cities of the Karaganda region of the Republic of Kazakhstan, the
concentration of all detectable pollutants in soil samples does not exceed the maximum
permissible concentrations. Thus, in the city of Abay, the average content of lead in the
soil was 0.0027 mg/kg, copper - 0.03 mg/kg, zinc 0.218 mg/kg; in the city of Karazhal,
the average content of arsenic in the soil was 0.1226 mg/kg, lead - 0.0581 mg/kg; in
Priozersk, the average content of arsenic in the soil was 0.00093 mg/kg, lead - 0.0137
mg/kg, copper 0.0049 mg/kg; in the city of Saran, the average lead content in the soil was
0.0225 mg/kg; in the city of Satpayev, the average content of lead in the soil was 0.0026
mg/kg, copper - 0.0027 mg/kg, zinc 0.2636 mg/kg; in Topar, the average lead content
in the soil was 0.01048 mg/kg; in Shakhtinsk, the average content of arsenic in the soil
was 0.0055 mg/kg, lead - 0.0067 mg/kg, copper - 0.0024 mg/kg, zinc 0.3727 mg/kg.

In soil samples taken in various rural areas of the Karaganda region, it was noted that
the concentration of heavy metals in the soil is within the permissible limits (Table 2).

Table 2. The content of heavy metals in the soil (mg/kg) by districts of the Karaganda region,
the period 2011 to 2021.

Indicators /Statistics As Pb Cu Zn
MPC 2 32 23
Abay district 0 0 0 0,1
Aktogay district 0 0 0 0
Bukhar-Zhyrau district 0 0 0 0
Zhanaarka district 0 0,2496 1,18 1,09
Karkaraly district 0 0,1707 0,1024 0,52
Nura district 0 0,1 0,1 0
Osakarov district 0,12 0,1095 0,0742 0
Ulytau district 0,15 0,8 0 0
Shet district 0 0 0 0

Mean value

It follows from the above that as a result of the assessment of the soil condition of
cities and towns of the Karaganda region, it was revealed that in the cities of Balkhash,
Zhezkazgan, Karaganda, Temirtau, the unfavorable environmental situation in terms of
heavy metals pollution.

The accumulation of heavy metals in the soil in these cities is explained by the fact
that the majority of industrial enterprises of the mining and metallurgical industry of
Kazakhmys Corporation LLP, Arcelor Mittal JSC, Balkhash Mining and Metallurgical
Combine are located nearby. The main technogenic sources of heavy metals are: non—
ferrous metallurgy - lead, zinc, copper, mercury, manganese, antimony, tungsten, cobalt,
cadmium; ferrous metallurgy — nickel, manganese, lead, copper, zinc, tungsten, cobalt;
energy — arsenic, antimony, selenium; petroleum industry — lead, copper, nickel, zinc,
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manganese; coal burning — antimony, arsenic, cadmium, chromium, molybdenum; oil
burning — arsenic, lead, cadmium.

There is a classification division of heavy metals into 3 hazard classes: Class 1
(especially toxic) — arsenic, cadmium, mercury, selenium, lead, zinc; Class 2 (toxic) —
boron, cobalt, nickel, molybdenum, antimony, chromium, copper; Class 3 (low-toxic)
— barium, vanadium, tungsten, manganese, strontium. Accordingly, we found six heavy
metals - arsenic, lead, copper, cadmium, zinc, and chromium, four of them belong to the
1st hazard class and are especially toxic.

That is, heavy metals are dangerous environmental pollutants, industrial emissions,
the development of technogenesis, urbanization and motor transport are the cause of
the accumulation of various toxic substances in the surface layer of soils of urban
landscapes. At the same time, the impact on the natural environment is cumulative and
can last for years, resulting in a deterioration in the comfort of the habitat, the health of
urban residents, and food security.

The analysis of the characteristics of water quality in water bodies in the territory
of the Karaganda region for the period from 2011 to 2021 showed an unfavorable
environmental situation of pollution in the cities of Balkhash, Zhezkazgan, Temirtau,
Nura district, Ulytau district, Bukhar-Zhyrau and Abay districts (Table 3).

Table 3. Water quality assessment of water bodies in Central Kazakhstan, mg/dm?,
period 2011 to 2021.

Name of the water Water quality class Parameters Concentration
body mg/dm? Mean value
Nura River 4t class Copper 3,06
Nura district Mercury 15,137
Magnesium 37,4
Manganese 5,55
Phenols 0,0011
Samarkand Reservoir 4% class Copper 3,37
Temirtau Magnesium 32,8
Iron 1,186
Kengir Reservoir 4" class Copper 3,22
Ulytau district Magnesium 50,6
Manganese 3,04
Mineralization 1614,3
Sulfates 566
Kara-Kengir River not standardized (>5™ class) | Magnesium 53,51
Zhezkazgan Ammonium ion 12,1
Calcium 207
BODS5 6,56
Chlorides 364
Mineralization 21772
Lake Balkhash not standardized (>5" class) | Copper 8,26
Balkhash Magnesium 73,557
Mineralization 2421
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Sokyr River not standardized (>5" class) | Copper 2,53
Bukhar-Zhyrau Magnesium 36,697
district Manganese 3,8102

Ammonium ion 2,61
Sherubaynura River | not standardized (>5" class) | Copper 3,81
Abay district Manganese 0,131

The Nura River originates in the Karaganda region and flows further through the
Akmola region, begins in the Keregetas mountains and flows into the Korgalzhinsky
system of lakes connecting with the large Tengiz lake. The water temperature is noted
within the range of 0-25.3°C, the pH value is 7.99, the concentration of oxygen dissolved
in water is 8.63 mg/dm?, BODS is 2.13 mg/dm?. Mercury contamination was detected,
in all samples taken on the Nura River, the average mercury content was 15.137 mg/
dm?, exceeding the MPC by 30.2 thousand times. Mercury pollution of the Nura River
is associated with the activities of the acetaldehyde production of the former production
association "Carbide" in Temirtau. Since mercury is a highly toxic chemical element,
this pollution causes concern of high environmental risk and damage to public health, as
residents of coastal villages of the Nura district graze cattle on coastal land, grow crops,
and use water for irrigation. The concentration of copper content is 3.06 mg/dm?® with
an excess of MPC by 3 times, manganese — 5.55 mg/dm? with an excess of MPC by 55
times, magnesium — 37.4 mg/dm?, phenols — 0.0011 mg/dm?*. The Samarkan reservoir
is located on the Nura River, the water temperature is in the range of 0-25.0 °C, the pH
value is 8.08, the concentration of oxygen dissolved in water is 8.92 mg/dm?, BODS is
2.13 mg/dm?. The average content of copper is 3.37 mg/dm?, exceeding the MPC by 3
times, iron - 1.186 mg/dm?, exceeding the MPC by 3.9 times, magnesium - 32.8 mg/
dmd.

The Kara-Kengir River is the right tributary of the Sarysu River, the water
temperature is noted in the range of 0-25.2 °C, the pH value is 7.48, the concentration of
oxygen dissolved in water is 5.65 mg/dm?, BODS - 6.56 mg/dm*. The average content
of magnesium is 53.51 mg/dm?, ammonium ions - 12.1 mg/dm?, calcium - 207 mg/dm?,
chlorides - 364 mg/dm?, mineralization - 2177.2 mg/dm?®. The Kengir reservoir in the
Ulytau region is located on the Kengir River, the water temperature is in the range of
0-24.4 °C, the pH is 7.45, the concentration of oxygen dissolved in water is 7.28 mg/dm?,
BODS is 2.40 mg/dm?. The average content of copper is 3.22 mg/dm?, exceeding the
MPC by 3 times, manganese - 0.1 mg/dm?, exceeding the MPC by 30 times, magnesium
- 50.6 mg/dm?, mineralization - 1614.3 mg/dm?, sulfates - 566 mg/dm?.

In Lake Balkhash, the water temperature is within 12-26°C, the pH is 8.52, the
concentration of oxygen dissolved in water is 7.96 mg/dm?, BODS is 1.40 mg/dm?. The
average content of copper is 8.26 mg/dm?, exceeding the MPC by 8 times, magnesium -
73.557 mg/dm?, exceeding the MPC by 1.8 times, mineralization - 2421 mg/dm?°.

The Sokyr River flows through the territory of the Bukhar-Zhyrau district, the
water temperature is noted in the range of 0-27.2 °C, the hydrogen index is 8.01, the
concentration of oxygen dissolved in water is 8.36 mg/dm?, BODS is 2.77 mg/dm?®.
The average content of copper is 2.53 mg/dm?, exceeding the MPC by 2.5 times,
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magnesium - 36.697 mg/dm?, manganese - 3.8102 mg/dm?, exceeding the MPC by 38
times, ammonium ions - 2.61 mg/dm?3,

The Sherubaynura River is a right-bank tributary of the Nura River, flows through
the territory of the Abay region, the water temperature is noted within 0-26.0 °C, the pH
value is 7.91, the concentration of oxygen dissolved in water is 8.33 mg/dm?, BODS is
2.61 mg/dm?*. The average content of copper is 3.81 mg/dm?, exceeding the MPC by 3.8
times, manganese is 0.131 mg/dm?.

According to the Unified Water Quality Classification System in water bodies, there
are 5 classes of water from a high to a low level of water quality, which are characterized
according to the concentration of these indicators:

Class 1 is characterized by water, which is recommended for all types of water use,
is of high-quality water;

Class 2 defines water that can be used for all types of water use, except for household
and drinking purposes. In order for the water to be suitable for household and drinking
purposes, simple water treatment methods are required;

Class 3 water is suitable for recreation, irrigation and industry. In order for the water to
be suitable for household and drinking purposes, more effective methods of purification
are required. Water of this class is not recommended for breeding salmon fish.

Class 4 water can only be used for irrigation and industrial water use, including
hydropower, mining, hydrotransport. In order for the water to be suitable for household
and drinking purposes, intensive water treatment is required. Water of this class cannot
be used for recreational purposes.

Class 5 water is low quality water. It is suitable only for hydropower, mining,
hydrotransport.

Thus, assessing the quality of water bodies in the territory of the Karaganda region,
the characteristics of a high level of pollution in the city of Balkhash on Lake Balkhash,
the rivers Sokyr of Bukhar-Zhyrau district, Sherubainura of Abay district and a moderate
level of water pollution in the rivers Nura, Kara—Kengir, Samarkan reservoir of Nura
district, and Kengir reservoir of Ulytau district were established.

Conclusion

As a result of the study, it can be concluded that the geography of the influence of
technogenesis on the accumulation of heavy metals in the soils of the Karaganda region
ranked the territories as follows: the favorable zones include the cities of Karazhal,
Priozersk, Saran, Satpayev, Shakhtinsk, Topar township and all rural areas, unfavorable
risk zones include the cities of Balkhash, Zhezkazgan, Karaganda, Temirtau. These are
industrial and urbanized cities of Central Kazakhstan, which require effective policies
to mitigate the effects of environmental and industrial pollution. The concentration
of pollutants in the water bodies of Central Kazakhstan reveals the excess of the
maximum permissible concentrations in the same territories as the cities of Balkhash,
Zhezkazgan, Temirtau. Mercury pollution in the Nura River has established an average
mercury content of 15.137 mg/dm* with an excess of MPC by 30.2 thousand times.
This unfavorable indicator should be considered by local executive bodies as a level of
intervention and is recommended for use in taking measures to immediately correct the
situation.
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