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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 xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX 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, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

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

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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Zh.G. Berdenov', R.Z. Safarov', E.Kh. Mendybaev?, Zh.K. Shomanova?,
D.C. Ilies*

'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan;
K. Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan;
*Pavlodar Pedagogical University, Pavlodar, Kazakhstan;
*University of Oradea, Oradea, Romania.

E-mail: berdenov-z@mail.ru

IMPACT OF TECHNOGENIC FACTORS ON SURFACE WATER OF
THE ILEK RIVER BASIN

Abstract. The article presents the general scope of anthropogenic factors that
negatively affecting the geosystems of the Ilek river basin. The paper considers
the hydrochemical investigations of the Ilek river and large tributaries as a result
of expeditionary observations for 2021. Natural and technogenic factors that
have been affecting the geosystems of the Ilek river basin for many decades
have been identified. Paper reveals its dependence with the elements of the
technosphere based on the results of chemical analyzes of surface water samples
from key areas. The research showed the relations between development of
industry and technogenic load of the basin’s geosystem. In the upper part of the
Ilek basin, there is a high content of copper and zinc in surface waters. Pollution
in this area belongs to the second hazard class. The exceeding of MPC in some
places reaches 40-45 times, since the territory of the basin is located in close
proximity to the large junction railway station Kandagash. In the middle reaches,
the Aktobe plant of chrome compounds (APCC), Aktobe ferroalloy plant of TNK
Kazchrome JSC (AFP) are also threatening for the waters of the basin, which
intensively pollute river waters with the hexavalent chromium compounds from
accumulations, the chrome-containing sludge of APCC and slags of the AFP.
The research established contamination of the tributaries of the Ilek river of the
first and second order, in the northeastern part of the basin, with heavy metals
as a consequence of the mining industry and geological exploration. The water
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pollution index (WPI) of the Ilek river and large tributaries has been calculated.
The calculated WPI value is in the range of 2.5-11.

Key words: Ilek river, technogenesis, river basin, hydrochemical indicators,
geoecological state.

JK.I'. bepaenos', P.3. Cadapos!, E.X. Menanioaen?, JK.K. IlllomanoBa?,
J.K. Wauemr*

JI.H. T'ymunes areinaarsl Eypasust ynTTeiK yHuBepcuteTi, Acrana, Kazakcran;
’K. )KyOaHOB aTbiHIaFbl AKTOOC OHIPIIK MEMIICKETTIK YHUBEPCHUTETI,
Axrebe, KazakcraH;

[laBnomap nemarorukaiblK yHuBepcuteti, [laBmogap, Kaszakcran;
*Opans ynusepcureti, Opassi, PyMmbiHuS.

E-mail: berdenov-z@mail.ru

NJIEK ©3EHI AJIABBIHBIH KEP YCTI CYJIAPBIHA
TEXHOTI'EHAIK ®AKTOPJTAPIABIH 9CEPI

AnHoTtamusi. Makanana Miek e3eHi amaObIHBIH Te€OXYHelepiHe Tepic acep
€TeTIH aHTPOIOTeHIK (aKTOpIapAbIH >KalIbl CHekTpi OepinreH. Makanana
2021 >xpurFa apHAIFaH OSKCHETUIMSUIBIK Oakpulaynap HoTHkeciHae Wiek
©3€HI MEH ipl cajaJapbIHBIH THIPOXUMUSUIIBIK 3€pTTEYyNepi KapacThIPhUIFaH.
Kenreren onnaran xwuigap 6oiibl Miek e3eHi anaObIHBIH TeOXKYHeTepine acep
€TKEeH TaOWFW JKOHE TEXHOTEHJIK (akTopiap aHbIKTaIAbl. Makangaaa Herisri
allMaKTap/iaH aJIbIHFaH ChIHAMAJIap/IbIH XUMMSUIBIK TaJ11ay/IapbIHbIH HOTHKETEepl
HETI31HJIe JKep YCTI CyJapbIHBIH KYHi TexHocdepa 37IeMEeHTTepiHe TOyeIiIir
KOpCeTUIreH. 3epTTey OHEPKACINTIH JamMybl MEH ©3€H ajalObl reoKyHeciHiH
TEXHOTCHJIIK XKYKTEMECIHIH apachlHAarbl OalIaHbICThl KepcerTi. Miek e3eHi
anaObIHBIH JKOFApFbl O6JIriHAE Kep YCTI CylapblHIa MbIC TE€H MBIPBIILITHIH
KOFapbl KOHLEHTpauusachl Oaiikanazbl. byn aliMakThIH JacTaHybl eKIHIII
KayINTUTIK KJIachklHA jKaTaabl. ©3eH anaObIHbIH ayMarbl KaHablaramn Temip ko
CTAHLUSACBHIHBIH 1pi alipbIFbIHA KAaKbIH OpHAJACKaHJBIKTaH, KeiOip xepruepre
IPK-man acem kery 40-45 ecere sxeremi. Oprama MoHAe AKTeOe Xpom
KocerHAbUTapH 3aybIThl (AXK3), «Kasxpom T¥K» AK Axkrebe deppokopsiTia
3aybITHl (AD3) Kypambiaaa xpom 6ap AXK3 miaMbIH )KHHAKTAFBIIIITApAAH aJIThI
BAJIEHTT1 XPOM KOCBIH/IbLIAPBIHBIH koHEe AD3 Ky )KUHAFbIIITAPbIHBIH KAPKbIH/1bI
JacTaHyblHa OalaaHbICTBl OaccelH cynapblHAa Kayilm TeHJipeai. 3eprrey
OapbIChIHIA Tay-KEH OHEpPKACciOl MEH TIeoNIOTHSUIBIK Oapiiay *KYMBICTAPbIHBIH
HOTIKECiH/Ie 0aCCeMHHIH CONTYCTIK-IIBIFBIC OOJITiHeT! OipiHII XKoHE eKiHII
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peTTi UIek e3eHiHiH calalapblHBIH ayblp METAIJAPMEH JaCTaHybl AaHBIKTAJIIbI.
Nnex e3eH1 MEH HET13T1 cananapbelHbIH CyIbIH TacTany uuaekci (WPI) ecenreni.
WPI ecenrrenren moHi 2,5-11 nuanazoH apajibiFblHIa OPHAIACKAH.

Tyiiin ce3mep: Miek e3eHi, TeXHOreHe3, ©3€H analbl, THUAPOXUMHSIIBIK
KOPCETKIIITEpP, T€OIKOIOTUSIIBIK JKaF1ai.

7K.I'. bepnenos', P.3. Cajapos!, E.X. Menanioaen?, JK.K. lllomanoBa?,
J.K. Wauemr*

'EBpasuiickuii HalmoHanbHbIi yHuBepcuTeT uM. JI.H. I'ymuresa,
Acrana, Kazaxcran;
2AKTIOOMHCKHIA PErHOHANBHBIN TOCYIapCTBEHHBIN YHUBEPCUTET
um K. XKybanosa, Akrob6e, Kazaxcras;
‘[TaBnomapckuii megarorndeckuii yausepceurer, [laBnonap, Kazaxcran;
“Yuusepcuret Opas, Opans, PyMbiaus.
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BJIMAAHUE TEXHOI'EHHBIX ®AKTOPOB HA IIOBEPXHOCTHBIE
BOJIbl BACCEHHA PEKH WIEK

AHHoTanusi. B craree mnpejacraBineH OOLIMN CIEKTP AaHTPONOTEHHBIX
(haKTOpOB, HETAaTUBHO BIIMSIONINX HA Te0CUCTEMBI OacceitHa peku Miek. B ctaTbe
paccMaTpuBalOTCsl THAPOXUMHUYECKUE UCCIENOBaHMUA peku Miek m KpymHbIX
MIPUTOKOB KaK pe3ynbTaT AKCIEAMLIMOHHBIX HaOmoneHuit 3a 2021 rox. beumm
BBISIBIICHBI MTPUPOAHBIE M TEXHOT€HHBIE (DAKTOPBHI, BIMSIONIUE HA TEOCHCTEMBI
OacceiiHa pexku WMnexk Ha MNpOTSHKEHUMM MHOTMX JecATuieTuid. B crarbe
pacKpbIBaeTCsl 3aBHUCHUMOCTb COCTOSIHUSI TOBEPXHOCTHBIX BOJl OT 3JIEMEHTOB
TeXHOC(EpHI, BISIBIIEHHASI HA OCHOBE PE3y/IbTaTOB XUMUYECKHX aHAJIN30B IIPOO,
OTOOpaHHBIX U3 KIIOUEBBIX y4acTKoB. MccienoBaHue MoOKaszajao B3aWMOCBS3b
MEX/1y Pa3BUTHUEM IIPOMBILIUIEHHOCTH M TEXHOTEHHOM HAarpy3Koi Ha FE0CUCTEMY
Oacceiina. B BepxHeil yactu OacceifHa pexu Miexk B MOBEPXHOCTHBIX BOAAX
HaOTIOaeTCsl BRICOKOE COAEP KaHNE METU M IIMHKA. 3arpsi3sHEHUE B ATOM 001acTn
OTHOCHUTCSI KO BTOpomy kiaccy onacHOCTH. [IpeBbimenue I1/IK B HekoTOpbIX
Mectax gocturaet 40-45 pas, Tak Kak TeppuTOpUs OacceiiHa pacroyiokeHa B
HEMOCPEICTBEHHOM OJIN30CTH OT KPYIHOM Y3JI0BOH 5K€1€3HO10POKHOM CTAaHLIUU
Kanparam. B cpennem TteueHnn AKTIOOMHCKUH 3aBOJ XPOMOBBIX COETUHEHUIN
(A3XC), Axtiobunckuii 3aBoj (eppocmnaBoB AO «THK Kaszxpom» (A3D)
TaK)Ke MPEACTABIAIOT yrpo3y g Boja OacceilHa, B CBA3M C HMHTEHCUBHBIM
3arpsiI3HEHUEM COEIMHEHUSMHU IIECTUBAJICHTHOIO XpoMa W3 HaKOMUTENlen
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xpomconepxkaimiero nuiama A3XC u 3onouamonakonureneid A3D. B xone
ucclieloBaHKs ObIIIO YCTAaHOBIJIEHO 3arpsi3HEHHE IPUTOKOB peku Mitek nepBoro u
BTOPOTO MOPSIJIKA B CEBEPO-BOCTOUHON YacTh OacceiHa TSHKEIbIMU MeTalulaMu
B pe3yJbTare TOPHONOOBIBAIOIIEH MPOMBIIIEHHOCTH U T'e0J0ropa3Bed0vHbIX
pabot. beui paccuntan nuaekc 3arpszuenus Boasl (WPI) pexu Mnek u kpynHbIx
nputokoB. Paccunrannoe 3nauenue WPI naxoaures B nuanasone 2,5-11.

KuaroueBble cioBa: pexa Miek, TeXHOreHe3, pedyHO OacceilH, THAPOXH-
MHYECKHE MTOKA3aTeIN, Fe0IKOIOTNYECKOE COCTOSTHHE.

Introduction. Technogenesis is an internally natural process that changes
under the influence of external factors to a certain extent (Berdenov et al., 2015;
Dubey et al., 2021). At present, technogenesis is a practically uncontrollable
process in a global aspect. In general, it is not subject to the mind and will of
people at a modern geological moment. The process takes place at different
hierarchical levels, which conditionally can be distinguished by local, regional
and global levels. Local processes, in the course of which human often deliberately
intervenes and changes their direction, are more studied. Technogenesis at the
regional and global levels occurs mainly spontaneously. Artificial improvements
to the biosphere at the local level can often contribute to regional and global
destruction of the environment and human degradation against the human’s
original intention (Lavrusevich, 2010). The study of the relationship between
technogenic processes at different hierarchical levels is still poor (Dzhanaleyeva
etal., 2017).

The development of technology and modern technical capabilities of society
became one of the main reasons for modern forms of technogenesis. Human
engineering activity has a great influence on exogenous processes, first of all, on
the river network and erosion (Beketova et al., 2019). Artificial feeding of rivers
is used due to the transfer of water from one river to another and the redistribution
of the river flow in time. Dams, sluices and canals lead to regulation of both flow
rates and erosional activities of rivers. The idea of the so-called equilibrium curve,
widespread in modern geomorphology, for the most part loses its meaning for
regulated rivers. An important factor is the geoecological state of surface waters.
Surface waters are one of the most important components of the environment
and their condition often has a decisive impact on the ecological situation in the
region (Krabbenhoft & Kashian, 2020).

The state of surface water and river streams serves as an important characteristic
of the geoecological situation of the catchment basins. The knowledge of the
chemical composition of waters and its changes is a prerequisite for identifying
the mechanisms and scales of interaction between the components of the natural
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environment and for an objective geoecological assessment of the region’s
territories (Ozgeldinova et al., 2021; Ramazanova et al., 2019).

The choice of the territory is based on more than a century and a half history
of anthropogenic influence on the surface waters of the Ilek river basin (Aktobe,
Kazakhstan). For 70 years, the surface waters of the Ilek river basin have been
polluted with boron, for more than 50 years - with chromium. For more than
150 years in a row, sewage waste not only from industrial enterprises, but also
from all settlements of the region has been discharged into the river channel
(Berdenov, 2017).

Study area. The study area belongs to the Zhaiyk-Caspian water basin.
The Ilek river with tributaries of the first order, which flows into the river
Zhaiyk (Ural) and further into the Caspian Sea form the hydrographic network
(Dzhanaleeva, 2010). The Ilek river is a left tributary of the Zhaiyk river (Ural),
formed by the confluence of the Karaganda (left component) and Zhaiyk (right
component) rivers, 8 km north of the Kandagash railway station. It flows into
the river Zhaiyk from the left, 1085 km from its mouth that is located in the
Orenburg region. The total length of the river is 623 km (from the source of the
Zharyk river, 699 km), the catchment area is about 42 000 km? (Fig. 1). The river
has a two-sided floodplain; the width in the middle course varies from 0.4 to 1
km. The tortuosity coefficient along the length of the river varies insignificantly
and averages 1.5. The banks are steep in places, composed of loam and sandy
loam. The bottom is sandy and sandy loam, in some areas sandy-pebble and
loamy, in places slightly silted (Abdullin, 1994).
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Figure 1. Hydrographic network of the Ilek river basin (created by the author on the ArcGis
program)
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The length of the river in the studied Aktobe region is 257 km. Main tributaries
include: the right side — Koktyube river (length 38 km), Tabantal river (length
56 km), Kargala river (length 114 km), and the left side — Sazdy river (length
40 km), Tanybergen river (length 58 km), Aksu river (length 42 km). In addition
to the above, the river receives a number of other tributaries, 20 to 30 km long,
and many small dry gullies in summer (Berdenov et al., 2016). The catchment
is located on the western spurs of the Mugodzhar mountains and the Dzharyk-
tau mountains, characterized by a highly dissected relief. The tributaries form
a rather dense hydrographic network. The hydrotechnical structures on the Ilek
river include the Aktobe, Kargalinskoye and Sazdinskoye reservoirs, which are
artificial reservoirs of long-term filling with seasonal drawdowns of the water
level (The Actual State of Water Resources in the Aktobe Region in 2012:
Information and Analytical Report, 2012).

One of the main natural factors that ensure the removal of the products
of technogenesis from geosystems is the hydrological and hydrogeological
factor that appears during the period of intensification of the activity of water
flows, since their chemical composition has a direct effect on living organisms
(Nizovcev, 1999).

Materials and research methods. Traditional methods of geographical
research were used during the collecting and analyzing materials (observation,
mapping, and geochemical analysis of surface water samples) (Safarov et al.,
2020). In course of the studies, the temperature regime of the river, one of the
important environmental indicators, was measured. Surface water temperature is
the result of several simultaneously occurring processes, such as solar radiation,
evaporation, heat exchange with the atmosphere, heat transfer by currents,
turbulent mixing of water, etc. Water temperature is the most crucial factor
affecting physical, chemical, biochemical and biological processes. The oxygen
regime and the intensity of self-purification processes largely depend on the
water temperature (Ben-Said, 2021).

Animportantindicator ofthe ecological state ofareservoirunder anthropogenic
impact is the concentration of biogenic elements in the water. This primarily
refers to mineral compounds of nitrogen and phosphorus, as the most easily
assimilated form by phytoplankton (Yuan et al., 2020). The biogenic elements
are characterized by seasonal variability; their content in water is closely related
to the vegetation of phytoplankton. In this connection, with a decrease in the
biomass of phytoplankton, the concentration of phosphorus increases in winter,
and on the contrary, the content of phosphorus consumed by phytoplankton
decreases in summer (Dezsi et al., 2014; Ilies et al., 2018; ST RK GOST R
51592-2003 “Water. General Requirements for Sampling”, 2003).

Sampling of surface water was carried out in accordance with ST RK GOST
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R 51592-2003 “Water. General requirements for sampling” (Chibilev, 1992).
The sampling was conducted at 10 key areas (Fig. 2 Map of keys with a table by
coordinates): from the source to the mouth of the Ilek river samples were taken
in large tributaries of the Ilek river to identify the concentration of dilution by the
waters of the tributaries. Water analyzes were carried out in the laboratories of the
RSE «Kazhydromet» (Aktobe, Kazakhstan), as well as in the laboratory of LLP
«IST-ECO». Based on the results of chemical analysis, the water pollution index
(WPI) of the surface waters of the tributaries and the main channel of the Ilek
river was calculated. This index is a typical additive coefficient and represents
the average share of exceeding the MPC (maximum permissible concentration)
for a strictly limited number of individual ingredients. Calculated according to
the formula 1.

WPI == s ?_le;Ci (1)

Ci— component concentration (in some cases, the value of a physicochemical
parameter);

n — number of indicators used to calculate the index, n = 6;

MPC, — the established value of the standard for the corresponding type of
water body.

R g - =7 + Map of surface water |
\ sampling sites

Alge . J

¥ Water sampling location

Regional center Rivars

District center & Lakes
settleament 2 Reservoirs

, Kandiagash

Figure 2. Map of key sites (surface water sampling sites).

Results and discussion. The Ilek river basin is located in mining areas. The
specificity and intensity of the flow of chemical elements into watercourses
change dramatically in the mining and processing areas. In the immediate
vicinity of the enterprises, surface and underground waters change their chemical
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composition under the influence of technogenic load. They accumulate sulfates,
heavy metals and other components, acidity changes. Acidic waters have an
increased content of mobile forms of metals and promote their migration into
conjugated environment (Mendybayev et al., 2015; Stoica et al., 2018).

In the Ilek river basin, association of natural and technogenic elements that
function as a single system form a special natural and technogenic geosystem.
The technogenic component of the subgeosystems of the studied areas of the
basin has a long history of formation, therefore, understanding the conditions for
the integration of the environment and the elements of the technosphere is very
important (Berdenov, 2017; Berdenov et al., 2016; The Actual State of Water
Resources in the Aktobe Region in 2012: Information and Analytical Report,
2012).

Natural-historical processes of territory pollution have been studied in detail
in historical documents and summaries (Information and Analytical Report
on the Control and Law Enforcement Activities of the Aktobe Environmental
Inspectorate for 2010, 2011; Nuryshev & Omarov, 2007).

Aktobe as business and cultural center was founded in 1869 on the banks
of the Ilek river (Stoica et al., 2018). The main large settlements are located
mainly near water bodies, which leads to water pollution with household waste,
waste from animal husbandry and industrial production. Currently sources of
water pollution are industrial enterprises and public utility facilities (Nuryshev
& Omarov, 2007; 1. Suleimenov et al., 2022; I. E. Suleimenov et al., 2017). The
main polluting enterprises are: Aktobe Plant of Chromium Compounds (APCC),
Aktobe Ferroalloy Plant of Kazchrome Corporation JSC (AFP), Alga Chemical
Plant named after Kirov (in Alga) shutdown large chemical production, «Aktobe
CHP», «Akbulak», «Aktyubrentgen» JSC, «Aktobe Oil Equipment Plant» JSC,
alcoholic beverages production «Geomy» LLP, «Omirbek» LLP, «Bakhtiyar» LLP,
mining enterprises the northwestern part of the large tributaries of the Ilek river:
«Aktobe Temir VSy», «Kyzyl-Kain Mamyt» (Information and Analytical Report
on the Control and Law Enforcement Activities of the Aktobe Environmental
Inspectorate for 2010, 2011).

The general scope of anthropogenic factors affecting the Ilek river basin
is wide enough. Below the main types of technogenic impact determining the
current ecological state of the Ilek basin is presented.

Influence of traffic intensity of vehicles.

According to the results of the analysis of a water sample at the 4th key
site (Table 1), the close proximity to the location of the large junction station
Kandagash near the source of the Ilek river, as well as the location of deposits
of building materials (sand, clay), determined the excess of the MPC for such
elements as Pb, Zn, Fe. Additionally, the Sazdy river, the left bank tributary of

44



ISSN 2224-5278 5.2022

the Ilek river, and the Sazdy reservoir contain Pb more than 7 times exceeding
MPC (Table 2). Obviously, this is due to the close location of the airport of the
city of Aktobe. The close proximity of the Sazdy reservoir increases the area
catching the deposited micro pollutants.

Table 1 - Average concentrations of pollutants in the Ilek river (based on samples from key
sites studied in 2021)

Chemical elements (exceeding maximum

Probable sources permissible concentration / times)

Sampling location

of technogenesis ™57 T Tpb | Fe | Ni | BODS | PO, | I
I}{E%T;ks (;itjgf of Transport hub,
>, deposits of - - | 13109]04] - | 1,75 | 1,1 | 2,5
(Kandagash village, building materials
Alga city) key 4 &
Ilekrl\{er, key 3, near Cht?mlcal industry, 20| - [13]oalos]| - | 197 | 10 3
Alga city agriculture

Ilek river, key 2, in | Metallurgical
Aktobe, after the industry: APCC,

confluence with the | AFP, KazChrome, 13.813.85) 8 | L111,012,51 0,65 | 1,0 ) 11

Zhenishke river KazZink

Ilek river, key 1, Melons and

Aktobe, after the gourds, air 10,1 - | 11 |1,110,3( - 0,5 0,3 7
Aktobe reservoir transport

i‘;kvrilg:; k(fgl\sd; ‘rltflakr Agriculture 10 22]6 (04| - [12] 1,70 | 05 | 5.5
Note: "-" - values within normal limits

Activity of the mining enterprises.

The mining industry in the eastern part of the basin, confined to the Kargaly
river, the right-bank tributary of the Ilek river, plays a special role in the pollution
of the basin. The long-term development (since 1921) of primary ore and placer
nickel, iron ore and copper deposits had a significant impact on the formation
of the modern landscape of the region. Exploration surveys of raw materials
covered about two-thirds of the territory of the Kargaly district of the Aktobe
region, where most of the left-bank tributaries of the Ilek river are located (77%).
Such as the Zhaman Kargaly river, the Zhaksy Kargaly river, the Kosistek river,
the Kuagash river, the Tabantal river, the Kokpekty, the Tarangul river, etc. The
territory of the Kargalinsky district of the Aktobe region is characterized by a
half-century period of the removal of ore and their accompanying elements to the
day surface, which lead to a violation of the natural, biological, hydrogeological
and geochemical equilibrium. Violation of biological balance is manifested in
the destruction of aquatic and near-aquatic landscapes. The floodplain terraces
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of the rivers Kosistek, Karabutak, Kuagash, Kokpekty are practically heaped up
with overburden dumps of the Kyzyl-Kain-Mamyt mine. The results of chemical
analysis on the left-bank tributaries of the Ilek river showed a significant excess
of MPC for such elements as Cu, Pb, Fe, Zn, as well as exceeding of MPC for
BODS, nitrite and ammonium ions (Table 2).

Obviously, this is related with the mining industry. Overburden rocks from
geological exploration works are located near the Kuagash river (Badamsha
village, Nikeltau village). The Velikhovskoe South and Velikhovskoe North
iron deposits with large dump areas are located near the Kosestek river. A large
excess of carbonate ions and copper is observed in the Zhaman-Kargaly river.
Apparently, this is associated with the Novorossiysk limestone deposit, as well
as large copper deposits near the village of Akzhar (formerly Novorossiysk
village), Priorskoe deposit (pyrite ores, 1967), deposit “50 years of October”,
Avangard deposit. Exceeding of MPC for nitrogen, nitrite, and ammonium
ions is observed in the Zhaksy-Kargaly river (Table 2). This is due to economic
activities in the Kargalinsky district, near the village of Shamshi Kaldayakov
(formerly Aleksandrovka), the village of Petropavlovka (irrigated agriculture:
Tore Agro LLP, Kargala Agro Product LLP, Patsaeva LLP, Tabigat + LLP).

Table 2 - Results of chemical analysis of surface waters of the tributaries of the Ilek river,
2021 (mg/dm?)

Index Sazdy Kuagash | Kosistek Zhaksy Zhaman Aksu river,
river, river, river, Kargaly Kargaly |near the Martuk
near near the near the | river, near the | river, near | village, before
Aktobe | Badamsha | Kosistek |Petropavlovka | the Akzhar | the confluence
city village village village village with the Ilek
river

Turbidity 1,3 2,8 1,03 0,88 1,4 0,1

Oxidi- 3,5 2,1 1,9 1,1 1,8 0,9

zability

pH 7,7 8,1 8,4 7,1 8,0 7,0

Total 6 5,8 5,9 5,4 5,5 2,5

hardness

Ammonia 0,14 not detected 0,2 0,4 0,3 -

Nitrite 0,004 0,002 not not detected - -

detected
Nitrates 38 30 46 49 30 32
Fe not 0,02 0,3 0,08 0,05 not detected
detected

Cu 0,34 0,54 0,24 0,18 0,5 -

Crl 35 72 58,2 45,5 52 40,4

F- 0,5 0,2 0,12 0,1 1,0 not detected

Industry impact.
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During the second half of the last century, the waters of the Ilek river were
heavily polluted by heavy metals, phenols, boron, organic matter, phosphates,
sulfates and other components. The main sources of pollution were the largest
enterprises: Aktobe Chemical Plant named after S.M. Kirov (Alga), which ceased
its activities in 1996; Aktobe Plant of Chromium Compounds (APCC), Aktobe
Plant of Ferroalloys of TNK Kazchrome JSC (APF), which accounted for about
85% of all pollutants coming from wastewater discharges. In the area of large
industrial hubs, the maximum permissible concentration for the main polluting
components was exceeded many times resulting in the WPI of the Ilek river after
the city of Aktobe varies from 7 to 10. The waters belong to «class 6», which is
considered very dirty. Table 1 shows the increase of the WPI from the source to
the city of Aktobe depending on the location of the source of technogenesis near
the Ilek river This is also associated with the confluence of tributaries with their
own water concentration. The maximum WPI is observed in the city of Aktobe,
after the confluence of the Zhenishke river into the main channel of the Ilek river.
This is mainly due to the location of the industrial zone (Aktobe plant of chrome
compounds (APCC), Aktobe ferroalloy plant of TNK Kazchrome JSC (AFP)
etc). Due to the dilution of surface waters by the tributaries of the Tanybergen,
Zhamansu, Aksu rivers, WPI decreases along the mouth near the Martuk village
(closer to the border of Russian Federation).

Table 2 shows the differences in water pollution indicators in samples from
different tributaries. These differences correlate with the economic activities of
settlements near rivers.

Water migration of elements mainly occurs during periods of snow melting
and after rare heavy rains, when numerous dry channels are filled with water.
In addition to the above external factors, the hydrochemical indicators of the
river are significantly influenced by the processes occurring directly in the river
waters (sedimentation, complexation, oxidation or reduction of elements, etc.).

Conclusion. The study ofthe surface waters ofthe Ilek river and large tributaries
showed the relations between development of industry and technogenic load of
the basin’s geosystem. Sludge collectors of industrial enterprises pose a high
danger. In the upper part of the Ilek basin, there is a high content of copper and
zinc in surface waters. Pollution in this area belongs to the second hazard class.
The exceeding of MPC in some places reaches 40-45 times, since the territory
of the basin is located in close proximity to the large junction railway station
Kandagash, created in 1928 as part of the Aktobe district.

In the middle reaches, the Aktobe plant of chrome compounds (APCC),
Aktobe ferroalloy plant of TNK Kazchrome JSC (AFP) are also threatening for
the waters of the basin, which intensively pollute river waters with hexavalent
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chromium compounds from accumulations, chrome-containing sludge of APCC
and slags of the ferroalloy production of AFP.

The third, no less significant problem is the mining industry in the right bank
of the Ilek river basin. Mining enterprises have rather large mining allotments
in use; therefore, the load from them on the environment and on surface
waters is also commensurately great. The analysis of the consequences of the
development of technogenic processes is very difficult for the reason that a chain
of subsequent natural events can accompany the technogenic beginning itself.
Withdrawing huge masses of rocks with minerals, they are being introduced into
the geological environment that has been forming for millions of years. This
leads to a weakening of rock pressure inside the stressed massif; the formation of
cavities for the oxidation of natural agents; the formation of ground sinkholes on
the day surface; intensification of soil erosion; violation of the primary natural
conditions of the environment. The data of hydrochemical monitoring of water
bodies in the basin are not only the basis for assessing the quality of surface
waters, but also serve as an objective indicator of the geoecological state of the
geosystems of the entire basin.
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