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B 2016 rogy nng pa3BUTHS W YIy4IICHHS KadyecTBa KM3HU Ka3axXCTaHLEB
ObUT co3maH 4dacTHEIM biarorBoputenpHbI (pora «Xanaelk». 3a TOIBI CBOEH
JEeSTENBbHOCTH Ha peaju3aluio OJIarOTBOPHUTENBHBIX INPOEKTOB B 00JACTIX
o0pa3zoBaHUsl M HAayKH, COIMAIBHOW 3aIlUTHI, KyJIbTYpPbI, 3[PaBOOXPAHEHUS H
criopta, ®ouHx BeIACTHI Oosiee 45 MUIIHAPIOB TCHTE.

Ocoboe BHumanue bnaroTBopuTenbHbld GOHI «XaJblK» yAENseT
o0Opa3oBaTeNbHBIM MPOrpaMMaM, CYUTAsl OTO HANPABICHUE OJJHUM U3 KITFOUEBBIX
B cBOoel nestenbHOCTH. OKa3pIBasi MOAAEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@DoHJ BHOCUT CBOU MOCUIIBHBINA BKJIaJ B Pa3BUTHE Kau€CTBEHHOTO 0Opa30BaHUA
B Kazaxcrane. Tem cambpiM cmocoOCTBysS POCTYy 4YHCIa JOAeH, CIOCOOHBIX
MEHATHh JKU3Hb B CTpaHe K JydylleMy — HOpo(ecCHOHAJOB B pPa3IMYHbIX
chepax, MOTEHIUATbHBIX JHICPOB U «BEIUKUX YMOB». OIHON W3 3HAYMMBIX
vHMIHATHB (oHAa «XalbIk» B 00pa3oBaTelnbHOM chepe cran npoekr Ozgeris
powered by Halyk Fund — mepBslii B cTpane OM3HEC-UHKYOATOp AJIS yHaIIUXCS
9-11 xnaccoB, KOTOpBIH MOMOTAaeT pa3BUBaTh HEOOXOAMMBIE B COBPEMEHHOM
MHUpE TpelNpUHIMATEeIFCKHEe HAaBBIKU. Tak, Ha coIelCTBHE MaloMy OH3HECY
LIKOJIBHUKOB ObUT0 BeIAENeHO Oosiee 200 rpanToB. {15 mOAEp KK TaJaHTINBbBIX
U MOTHUBUPOBAaHHBIX JeTeil DOHII HEOAHOKPATHO BBIACISI IPAHTHI HAa O0y4YeHHE
B MexayHaponnoi mrkoie «Mupacy u B Astana IT University, a Takke momor
Ka3aXCTaHCKUM HIKOJIbHUKAM IPUHATH y4acTHE BIIpeCTHKHOM KOHKypce «USTEM
Robotics» B CIIIA. ABTOpcKue paboThI B paMKax MpoekTa « TamiMrepy, KOTopoMy
@DoHJ OKa3ad MOALEPHKKY, JETIM B OCHOBY y4e€OHOM NmporpamMmsl, yueOHUKOB U
y4e0HO-METOINYECKUX KHUT 1o mpeameTy «OCHOBBI MpealpuHUMATENbCTBA U
OousHecay, npenogaBaeMoro B 10-11 kimaccax Ka3axCTaHCKUX IIKOJI M KOJUTSIIKEH.

IToMrMO mOMOINM MIKOJIBHUKAM, ydamuMcs Koyuteqked u cryneHram doun
CUMTaeT BaXKHBIM BHECTH CBOM BKJIAJ B MOBBIIIEHNUE KBATU(PUKALKUU I1€1Aar0roB,
COBEPIICHCTBOBAaHUE WX 3HAHHWI W HABBIKOB, MOCKOJIBKY HMEHHO OHH SIBISIOTCS
MIPOBOJHUKAMH 3HAaHWH OydyIIMX IMOKOJICHWM Ka3zaxcTaHieB. [lpw mommepikke
®onpma «Xanblk» B KKHOU CTOJHUIE OBUT OPraHW30BaH €KETOAHBIH TOPOICKOM
KOHKYpc neparoroB «Almaty Digital Ustaz.

BaxHOI MHUIIMATUBOW CTal peasnu3yeMblil TPOEKT MO OOy4YEeHUI0 OCHOBAM
(MHAHCOBOW TPaMOTHOCTHU IpemnojaBaTesied U3 BocbMu obnactell Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BJIMSHUE Ha BOCHHTaHHE (DUHAHCOBOM
IPAaMOTHOCTH M IPEANPUHUMATENBCKOIO MBIIUIEHHS Y HOBOI'O IOKOJICHHS
rpakJaH CTPaHBbI.

Heobxonumyto momoms @oHj «Xanblk» OKa3blBa€T U TEM, KTO 0COOCHHO
OCTPO B HeHl HyXnaercsi. B pamkax conuanbHON 3alIMTHl HACEJICHUS aKTHBHO
MPOBOAMTCS paboTa Mo MOAAEepKKe JeTel, ocTaBImIMXCs 0e3 poauTenel, AeTei u
B3POCIIBIX U3 COIIMATBHO YA3BUMBIX CIIOEB HACEJICHHS, JIIOJEH C OTpaHUIEHHBIMHU




BO3MOXHOCTSIMH, & TAK)KE 00CCICUCHHUIO HYKIAIOIIMXCS COIUATbHBIM JKHIbEM,
CTPOUTENHCTBY COMMATBLHO BAXKHBIX 00BEKTOB, TAKUX KaK JETCKUE CaJlbl, TETCKUE
IJIOIIAIKU U (DU3KYIBTYPHO-03/I0POBUTEIIHHBIC KOMILICKCHI.

B xomuiky no6psix aen @onaa « Xaabik» MOKHO J00aBUTh OKa3aHUE ITOMOIIIH
JIETCKOMY CIIOPTY, KyZla OTHOCHTCS MOAJIEPKKa B PA3BUTHHU JIETCKOTO yTOOIa 1
Kapare B Hamel cTpaHe. JKu3HeHHO BaXXHYIO TOMOIIb biaroTBoputenbHbIi HOH
«XamnpIk» OKa3aJl HalllUM COOTCUYECTBEHHHUKAM BO BpeMsl HEIaBHEH MaHIESMHUU
COVID-19. Torna, B pasrap Tsxenoil 60ppObI ¢ KOpOHABHPYCHON MHpeKmmeit
®onp BeIICHUI CBBIIE 11 MUIITHAPAOB TEHI'e HA TPHOOPETEHUE HEOOXOAMMOTO
MEIHUITMHCKOTO 00OpYIOBaHUS M JOPOTOCTOSIIUX MEAUIIMHCKHX IMPEenaparos,
aBTOMOOWIIE CKOpOW MEAMIIMHCKON TIOMOIIMM M CPEACTB 3aIlUTHI, aJpPECHYIO
MaTepHaIbHYI0 TTOMOIIh COIUANBHO YSI3BUMBIM CIIOSM HACEJICHUS U JICHEKHbIC
BBIIUIATHI MEAUITUHCKUM PAOOTHUKAM.

B 2023 roay Hapsany ¢ OpyrMMU NPOEKTaMU, HALlEJICHHBIMU HAa MOBBILICHUE
0JIarOCOCTOSIHUSL Ka3axXCTaHCKUX rpaxaaH @OoHI penmur yaenuTh 0coboe
BHHUMAaHUE HAYKe, TOCKOJBKY OHA SIBIISICTCS 9acCThIO OOIIECTBCHHOMN KYIBTYPHI, a
YPOBEHb €€ pa3BUTHUA ONPEAENsieT YPOBEHb PA3BUTHS rOCYIapCTBa.

I[Monnepxka @oHIOM BBINYCKa XypHanoB HamuoHanbHONH AkamemMuu Hayk
PecnyOnmkn KazaxcraHn, KOTOpbIe BXOAST B MEKIYyHapoAHbIe GOHABI Scopus u
Wos U B KOTOPBIX MYONHKYIOTCS CTaThll OTEYECTBEHHBIX YUEHBIX, TOKTOPAHTOB
Y MaruCTPaHTOB, a TAKXKE HAYUHBIX COTPYAHHKOB BBICIINX YYCOHBIX 3aBEICHUI
U HAy4YHO-MCCIIEI0BATEILCKUX MHCTUTYTOB Hallleil CTpaHbl ABJIAETCS HE MEHEE
3HauYUMBIM BKJIajoM DoHa B pa3BUTHE Ka3aXCTAaHCKOTO OOIIECTBa.

C yBaxeHnueM, birarorBoputenbHbI QoHI «XaTBIK»!




I 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.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 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 UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHS FEUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FeUTBIM akanemusichy PKB-niH npesunenTi, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTall3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupektops! (Anmarsl, Kazakcran)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxsiT Hapukaiiyabl, TeXHHKa FBUIBIMIApPBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHIaFBI 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 ¥T'A» PKB Xa6apaapsl. I'eosiorus skoHe TeXHUKAJIBIK FbLIBIMIAP CEPHACHD.
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ISSN 2224-5278 (Print)
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesunertT POO «HaunonansHol akagemun Hayk Pecryonmkn Kasaxcran», reHepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaimu3a U anekTpoxuMun uM. J1.B. Coxonbckoro» (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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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

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

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

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

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

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

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

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

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

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

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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Abstract. To conduct a qualitative and quantitative assessment of surface waters
in the catchment areas of the lower reaches of the Syrdarya River, research bases have
been created for the hydrological posts of Shardara, Kyzylorda and Kazaly based on the
annual report «Aral-Syrdarya Basin Inspectorate for the Rational Use and Protection
of Water Resources» of the Water Resources Committee Ministry of Geology, Ecology
and natural resources of the Republic of Kazakhstan in the period 1996-2020 and
used integral hydrochemical indicators of the water pollution index, the coefficient of
maximum water pollution, the coefficient of maximum permissible water pollution and
the Shannon trophic index , taking into account the regulatory criteria for maximum
permissible concentrations for fisheries water use. The obtained results show that in
modern conditions of the catchment areas of the lower reaches of the Syrdarya River,
despite the quantitative indicators of water quality for all indicators, it has a negative
trend, does not meet regulatory requirements, since pollution varies from the level from
«polluted» to «moderately polluted», in general, not suitable for drinking water supply,
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and the ecological situation changes from «eutrophic» to «mesotrophicy», indicating,
as a rule, the degree of influence of anthropogenic activity is within the limits of
uncontrolled and unaccounted for consequences ( deterioration in the quality of water
and land resources, as well as agricultural products)., which has become the reason for
the impossibility of fulfilling the environment-forming and ecological functions of the
surface waters of river basins.

Keywords: surface water, pollutant, river basin, water quality, hydrochemical
indicators, assessment, ecological state
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Annotanus. Celpaapysi ©3¢HiHiH TOMEHT1 aF bICBIHAF bl CY )KHHAY aaObIHBIH Kep YCTi
CyNapbIHa canaiblK )KoHE CaHAbIK Oaranay >Kyprizy yiin Kazakcran PecnyOnukachIHbIH
reoJIOTHsI, OJKOJOTUSl KoHe Taburu pecypcrap MuHHCTpairinig Cy pecypcrapsl
KOMUTETiHIH «Apan-Ceiprapusi anabbIHbIH Cy pecypcTapblH THIMII MaiiajiaHy >KoHe
KOpFay WHCHEKIMSICBIHBIHY 19962020 >KbpUigap apajiblFbIHAAFbl JKBULABIK eceOi
oorieiama Illapnapa, Kei3putopa xone Kazanbl THIpONIOTUSIBIK OeKeTepiHi OOWbIHIIA
3epTTey KOpbl KYPBUIFaH KOHE Cy/AbIH JIAaCTaHy OeNriCiHiH MHTETPaIIbIK TUAPOXUMHUSITBIK
KOPCTEKIIITEPi, CY/Ibli JTACTAHYBIHBIH INEKTEITeH KOPCETKIllli, CYIbIH JIACTAHYBIHbI
LIEKTENTeH-MYMKIHIIUTK KepceTkimi jxoHe IlleHHOHBIH TpoduKanblK OenriciHig
HeTi3iHJe, OanblK MapyallblIbIFbIHA CY/IBI NTallanaHy YIIiHPYKCAT eTiIreH MEeKTeIreH
KOHPBITHAKTaPAbIH MOJIIEPIIK CBIHBIKTAPBIHBIH €CKPE OTHIPHII KYPri3iireH. ANbIHFaH
HoTmxkenep Chlpapus ©3eHiHIH TOMEHT] aFbICHIHBIH Cy JKUHAY ajJKalnTapbIHbIH Ka3ipri
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KaraaibIHAa OapIbIK KOpCEeTKIMTep OOMBIHIIA Cy canachblHbIH CaHIBIK KOPCETKIIITepi
OolibIHIIA ©3repy OaFbITBIHBIH TEPIC EKSHIIITH KapaMacTaH, MeJIILEepIIeHTeH TalanTapra
cail KeMMEWTIHIH KepceTeai, oMTKeHi jacTaHy ACHIeli «lacTaHFaH» MEH «opTalia
JacTaHFaH» apalibIFbIH/Ia OOJTFaH/IBIKTAH aybl3 CYMEH KaMTaMachl3 €Ty YILiH KapaMChI3
OO0JIBIN TaOBLIABI, Al SKOJIOTHUSIIBIK JKaFdalbl — «IBOTPOPTBUIBIKTAH» «ME30TPOPTHI»
JeiiiH ©3TepeTiHIIKTeH, OYJ, 9JeTTe, aHTPOMOIeHAIK OPEKETTIH acep eTy Adpexeci
0aKkbUIaHOANTHIH KOHE ECKPEIIMEHTIH LIeKTep/ie eKeHiH (Cy KHE JKep peCypCTapbIHbIH,
COHJali-aK aybUl INApyallbUIBIFBl OHIMJIEPiHIH CalachblHBIH Hallapiaybl) KOpceTei,
an Oyn1 e3eH/ep ajnaObIHBIH JKep YCTi CyJAapblHBIH KOPIIaFraH OPTaHbl Kypayllbl KOHE
9KOJIOTHSUTBIK KbI3METEPiH OpbIHAy MYMKIHIITIMHEH alibIPbUTYbIHBIH HET13T1 cangapsl
0oJIbIN TAOBUIAEI.
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AHHoTammsa. [ld npoBeneHUs KayeCTBEHHOH M KOJIMYECTBEHHONW  OIIEHKH
MOBEPXHOCTHBIX BOJ B BOJOCOOPHBIX TEPPUTOPHAX HU30BbSX pekr ChIpAapby CO3IaHbI
0a3bl nccnenoBaHus Mo ruaponornueckuMu nocramu Llapaapa, Keizpumopna u Kazanst
Ha OCHOBE €XErofHoro otyera «Apano-CelpaapbuHcKas O0acceiiHoBass HHCIEKIHS MO
paloHaIbHOMY MCIIOJIb30BaHUIO M OXpaHEe BOJIHBIX pecypcoB» KommureTa BOIHBIX
pecypcoB MUHHCTEPCTBO T'€OJIOTHS, SKOJOTHS M MPUPOTHBIX pecypcoB PecryOmuku
KazaxcranBnepnosn1996—2020ro10BHHCIIONB30BaHBI MHTET pAJIbHBIETHAPOXUMHUECKHE
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MOKa3aTeNy MHAEKCA 3arpsI3HEHUs BOABI, KOA(GGHUIKEHTa NMPEAETbHOMN 3arpss3HEHHOCTH
BOIbl, KO3(uIMeHTa npeaenpHO-I0MyCTUMON 3arpsi3HEHHOCTH BOABI M HHJIEKCA
TpodHOCcTh llleHHOHA, ¢ y4eTOM HOPMATHBHBIX KPUTEPHEB MPENEIbHO IOMYCTUMBIX
KOHLEHTPALUH AJIs1 PpIO0X03HCTBEHHOTO BOAOIONB30BaHus. [lomydeHHbIe pe3yabTaThl
MOKA3bIBAIOT, YTO B COBPEMEHHBIX YCIIOBHSAX BOJOCOOPHBIX TEPPUTOPHSIX HH30BBIX
pexu Celpaapbu, HE CMOTPSI KOJIMYECTBEHHbIE MOKA3aTeNld KauecTBa BOABI 0 BCEM
WH/IMKAaTOPOM HMEET OTPULATEeNbHBIN TPEH/I, HEe 0TBEYAeT HOPMAaTUBHBIX TpeOOBaHUS,
TaK Kak 3arpsi3HEHHOCTh U3MEHSIETCS OT YPOBHS OT «3arps3HEHHas» 0 «yMEpPEHHO-
3arpsi3HEHHAsD, YTO HE MPUTOAHBI JUIS MUTHEBOTO BOJOCHAOKEHHS, @ KOJIOrHYeCKast
COCTOSIHHSI — OT  «OBOTpodHAas» 10 «Me30TPOQHAs», CBHICTEIBCTYIOLIET0, Kak
MpaBUJIO, CTEIHU BIUSHUS AHTPOIOIEHHOM AESITEIbHOCTH HAXOAUTHCS B Ipenenax
HEKOHTPOJIHMPYEMbIX M HEYYUTBBIBAEMBIX MOCIEACTBUH (yXyAIIEHHE KadeCTBa BOJBI
U 3€eMEJbHBIX PECYpPCOB, a TaKXKe CEIbCKOXO3SIMICTBEHHBIX MPOAYKIMH), KOTOpbIE
CTaJl0 IPUYMHON HEBO3MOKHOCTH BBIIIOJHEHHUS CPENO000Pa3yIOIINX U IKOJIOTHYECKUX
(YHKIMH TOBEPXHOCTHBIX BOJ PEYHBIX OACCEHHOB.

Ki1ioueBble cj10Ba: IOBEPXHOCTHAS BOJA, 3arPs3HSIONIAs BEIIECTBA, OacCeiH peKH,
KadyecTBa BOJbI, THAPOXUMHUECKHE MTOKA3aTEeIH, OLIEHKA, SKOJIOTHYECKasi COCTOSTHUS

Introduction

To ensure the safe water management activities of the catchment areas of the basin
of any river and the management of their water resources, it is necessary to systematize
objective information about the hydrological and geochemical regime, which allows
predicting changes in water quality on a spatio-temporal scale, since the main natural
function of river basins is runoff formation, that is, it is a spatial the basis of population
and nature management, where the solution of geoecological problems is carried out
in the aspect of the triad of ecology ( ensuring the quality of the human environment
), economy ( increasing the purchasing power of society ) and society ( improving the
welfare of the population ).

The solution to this problem, especially in the lower reaches of river basins, which
are zones of hydrochemical runoff storage, formed as a result of natural and «hard»
economic activities in the upper reaches and middle reaches of any rivers, requires a
monitoring system, the data of which serves as spatio-temporal forecasting of water
quality for making management decisions in water management activities, allowing the
development of programs for the development of the catchment area and the assessment
of the ecological state of river basins.

The purpose of the study is to study the formation of the hydrochemical regime of the
catchment areas in the lower reaches of the Syrdarya River in order to assess the quality
of water and the ecological state in order to identify their cause-and-effect relationships
within the framework of modern «hard» anthropogenic activities of nature management.

The object of the study is the catchment areas of the lower reaches of the Syrdarya
River, which perform important environmental and environmental functions, within
which it is possible to comprehensively assess the quality of water formed in the
conditions of «hard» economic activity in the upper reaches and middle reaches of
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the river basins and used to organize the territorial development of the Turkestan and
Kyzylorda regions of the Republic Kazakhstan (Mustafayev, 2012).

The Syrdarya River is formed at the confluence of the Naryn and Karadarya rivers,
the sources of which lie in the Central Tien Shan and on the southwestern slope of the
Ferghana Range.

The Naryn River is formed from the confluence of rivers of glacier-snow nutrition,
by chemical composition they belong to the hydrocarbonate class of the calcium group,
with a total mineralization of 141,0-428,0 mg/I.

The Karadarya River is formed from the confluence of small rivers and all its
tributaries of glacier-snow nutrition, in terms of chemical composition they belong to
the hydrocarbonate class of the calcium group, with a total mineralization of 172,0—
574,0 mg/1.

The Syrdarya rivers, formed at the confluence of the Naryn and Karadarya rivers, the
emerging mountain systems of Central Asia with tributaries of the Akbura, Aravansay,
Isfairamsay, Shakhimardin, Akhangaran, Chirchik, Keles and Arys, for thousands of
years provided high-quality drinking water to the population of the Naryn, Jalal-Abad
and Osh regions of the Kyrgyz Republic, Sughd region of the Republic of Tajikistan,
Andijan, Namangan, Fergana, Tashkent, Dzhezak and Syrdarya regions of the Republic
of Uzbekistan and Turkestan and Kyzylorda regions of the Republic of Kazakhstan. At
present, as a result of «hard» anthropogenic activities related to the regulation of flow,
the use of water resources and uncontrolled collection of wastewater from industrial
facilities, domestic water supply and agriculture, the catchment area of the Syrdarya
River basin, as a water body, has lost its ecological properties for drinking water supply,
which requires a careful study of the process of formation of their hydrochemical regime
on spatio-temporal scales in order to determine and assess the development of the
potential risk of pollution of surface waters under different types of nature management.

Materials and research methods

To create a research base for potential sources of technogenic pollution, the multi-year
annual report «Aral-Syrdarya Basin Inspectorate for the Rational Use and Protection of
Water Resources» of the Committee for Water Resources of the Ministry of Geology,
Ecology and Natural Resources of the Republic of Kazakhstan, covering the period
1996-2020.

The concentrations of the studied ingredients in the composition of the river waters
of the main tributaries of the Syrdarya River forming the upper reaches and the middle
course, that is, the runoff formation zones (FFS) are presented in Table 1, which show
that in the Naryn, Karadarya, Akhangaran, Chirchik and Keles rivers, the quantitative
values of ammonium nitrogen (IVH4), nitrite nitrogen (N@,), nitrate nitrogen
(NO3), total iron (Fe), copper (Cu), zinc (Zm), mercury (Hg), lead (Ph), fluorine
(F), aluminum (Al), manganese (Mn), COD is lower and BQD¢ above the maximum
permissible concentration (M PC;), which confirms the quality of water corresponds to
the classification of «clean water».
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Table 1 - Indicators of the hydrochemical composition of river waters of the tributaries of the Syrdarya
River (average for 2000-2020)

Ingredients, mg/1 MPC |Rivers in the catchment area of the Syrdarya river basin

Naryn Karadarya | Akhangaran | Chirchik |Keles
Mineralization, mg/1 1000,0 | 135-360 | 180-400 130-520 110-240 360
BOD 3,00 4,5-6,0 3,7-6,7 4,0-7,0 2,7-9,5 6,8-7,8
COD 15,0 0,5-1,6 0,3-2,3 1,4-2,6 0,5-2,2 1,0-1,8
Ammonium nitrogen (V&) | 0,39 0,06 0,08 0,03 0,02 0,03
Az 0 t nitrite (N 0-) 0,02 0,006 0,015 0,021 0,100 0,080
Nitrate nitrogen (W dz) 9,00 1,31 1,06 0,88 1,19 0,90
Iron total (Fe) 0,30 0,025 0,030 0,030 0,110 0,030
Oil products 0,05 0,02 0,02 0,05 0,06 0,04
Copper (C1) 1,00 5,05 2,80 1,95 3,15 3,95
Zinc (Zn) 10,0 134 4,8 9,50 8,20 6,05
Mercury (Hg) 0,01 - - 0,13 0,08 -
Lead (Pb) 10,0 1,51 0,38 2,84 6,30 0,06
Fluorine (F) 0,75 - - 0,45 0,08 0,36
Aluminum (Al) - - - 0,40 3,50 3,45
Manganese (J’,f”) 10,0 5,25 3,35 6,05 3,30 0,55

At the same time, the indicators of the hydrochemical composition of surface waters
in the lower reaches of the Syrdarya River presented in Table 2, according to long-
term data from the hydrological posts of Shardara, Kyzylorda and Kazaly, show that
the quantitative values of the ingredients under consideration are several times higher
than the maximum allowable concentration (M FPC;), which are due to discharges highly
mineralized return waters of industrial facilities, domestic water supply and collector-
drainage waters of irrigated lands in the zone of intensive runoff consumption (IPWS)
into the riverbed (Figure 1).

Table 2 - Indicators of the hydrochemical composition of the surface waters of the Syrdarya River

Years Ingredients, mg/1
pH |C, |BIOK, |NO, |NO, |NH, |Ca Mg [so, |¢
1 2 3 4 5 6 7 8 9 10 11

Hydrological post Shardara
1996 7,50 | 1400 1,68 0,09 | 12,0 0,12 142,0 | 87,0 | 650,0 | 152.0
1997 7,40 | 1508 2,00 0,08 | 16,0 0,10 1450 | 70,0 | 700,0 | T4L0
1998 750 | 1484 3,00 0,04 | 185 0,25 140,0 | 63,0 | 680,0 | 126.9
1999 730 | 1243 3,10 0,09 | 114 0,22 120,0 | 65,0 | 685,0 | 1652
2000 740 | 1303 3,25 0,11 17,0 0,14 93,0 | 64,5 | 6900 | 117.0
2001 720 | 1350 3,44 0,12 | 150 0,15 97,0 | 650 | 500,0 | 1350
2002 7,50 | 1300 2,80 0,10 | 14,0 0,30 102,0 | 66,0 | 570,0 [ 125.0
2003 | 850 | 909 2,80 0,19 5,0 2,01 1052 | 66,9 | 472,0 | 851
2004 7,60 | 988 0,92 0,041 | 1,06 0,03 120,0 | 70,5 | 519,0 | 880
2005 7,70 | 952 2,40 0,013 | 1,02 0,06 1140 | 73,9 | 527,0 | 109.5
2006 720 | 1080 1,40 0,040 | 23,2 0,04 | 200,0 | 45,7 | 296,0 | 1240
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2007 720 | 1086 1,42 0,033 | 7,60 | 0,70 | 200,0 | 458 | 297,0 [ 1210
2008 720 | 1091 1,40 0,025 | 750 | 060 | 200,1 | 45,7 | 296,0 | 122.0
2009 720 | 1086 1,42 0,032 | 750 | 0,70 126,0 | 45,7 | 296,0 | 1210
2010 8,09 | 1020 1,82 0,037 | 1,70 | 0,05 134,0 | 55,6 | 457,0 | 865
2011 8,02 | 1052 1,68 0,032 | 1,80 | 0,06 129,0 | 57,3 | 428,0 | 100.1
2012 8,20 | 1070 1,61 0,030 | 2,10 | 0,23 132,0 | 602 | 3290 | 1315
2013 8,19 | 1042 1,70 0,028 | 1,59 0,56 132,0 | 65,9 | 458,0 | 82.4
2014 8,00 | 918 3,00 0,020 | 1,60 0,56 116,0 | 63,1 | 188,0 | 1210
2015 8,03 | 744 2,14 0,030 | 3,50 0,57 92,5 | 61,0 | 3440 | 161,0
2016 8,05 | 1111 2,28 0,032 | 223 0,02 131,0 | 59,9 | 461,0 | 1974
2017 7,80 | 940 1,10 0,004 | 790 | 040 | 1300 | 853 | 511,4 | 887

Continuation of table 2
1 2 3 4 5 6 7 8 9 10 11

2018 8,04 | 960 | 1,97 0,098 | 3,40 | 030 128,0 | 60,5 | 4795 | 90,0
2019 760 | 913 | 1,80 0,090 | 7,80 | 0,14 110,0 | 63,6 | 497,0 | 983

2020 | 7,80 | 938 | 1,60 0,100 | 6,40 | 0,30 122,7 | 69,8 | 496,0 | 923

Hydrological post of Kyzylorda

1996 730 | 1373 | 2,50 0,110 | 534 | 0,58 56,5 98,3 | 596,0 | 195,0
1997 7,00 | 1346 | 2,20 0,100 | 4,45 | 031 1062 | 933 | 5728 | 1193
1998 730 | 1337 | 2,60 0,018 | 5,50 | 036 109,0 | 73,9 | 5402 | 1274
1999 720 | 1331 | 2,50 0,020 | 510 | 0,32 75,5 97,0 | 583,3 | 1134
2000 730 | 1394 | 2,20 0,040 | 8,00 | 038 95,3 633 | 4446 | 1338
2001 7,10 | 1595 | 2,96 0,040 | 6,60 | 0,50 1332 | 80,5 | 573.,0 | 176,2
2002 720 | 1289 | 2,66 0,083 | 7,18 | 0,43 91,1 853 | 466,8 | 1232
2003 733 | 1275 | 235 0,034 | 817 | 033 82,2 62,9 | 4263 | 126,8
2004 | 720 | 1512 | 2,66 0,115 | 7,69 | 0,40 99,7 68,3 | 496,0 | 97.8

2005 702 | 1319 | 3,14 0,021 | 4,64 | 035 89,6 | 82,4 | 5854 | 1441
2006 720 | 1208 | 1,97 0,020 | 3,15 | 025 1056 | 62,6 | 5034 | 1252
2007 718 | 1028 | 2,15 0,036 | 624 | 0,24 90,4 | 51,4 | 4084 | 146,7
2008 725 | 1136 | 2,12 0,087 | 2,94 | 0,29 87,1 47,7 | 4362 | 11838
2009 720 | 1361 | 1,88 0,019 | 325 | 037 99.4 | 509 | 452,4 | 181,9
2010 7,15 | 987 | 2,16 0,020 | 5,00 | 0,19 89,8 39,1 | 3802 | 1837
2011 725 | 1194 | 2,00 0,020 | 2,85 | 0,28 91,1 80,2 | 411,5 | 156,0
2012 720 | 1287 | 2,00 0,020 | 3,78 | 0,23 850 | 66,9 | 4725 | 64,1

2013 7,17 | 1061 | 2,00 0,073 | 5,19 | 020 98,5 60,9 | 590,5 | 166,5
2014 720 | 1235 | 1,17 0,046 | 3,55 | 030 108,2 | 558 | 4485 | 1294
2015 720 | 1120 | 2,40 0,055 | 445 | 0,32 99,5 445 | 3255 | 1455
2016 720 | 1200 | 1,10 0,046 | 4,40 | 030 1050 | 434 | 5354 | 110,0
2017 720 | 1490 | 1,10 0,018 | 570 | 0,40 1240 | 38,0 | 3540 | 158,0
2018 7,80 | 1133 | 1,14 0,048 | 7,94 | 0,01 95,3 432 | 3958 | 1202
2019 720 | 1340 | 1,08 0,008 | 0,12 | 0,02 40,1 422 | 3824 | 1240
2020 | 740 | 1321 ] 1,10 | 0025 | 460 | 0,10 86,5 41,1 | 3774 | 1341

Hydrological post Kazaly

1996 720 | 1497 | 2,16 0,15 2,15 | 0,60 64,0 | 972 | 4002 | 1064
1997 743 | 1489 | 2,99 0,12 8,80 | 0,60 1358 | 87,7 | 663,0 | 2153
1998 732 | 1594 | 3,09 0,10 574 | 0,42 119,6 | 90,4 | 606,5 | 145,0
1999 7,70 | 1568 | 3,10 0,05 9,90 | 0,64 101,4 | 749 | 5750 | 1707
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2000 7,54 [ 1550 | 3,10 0,07 10,5 | 0,50 1229 | 66,3 [ 5746 | 1575
2001 7,58 | 1816 | 3,18 0,06 114 | 048 1384 | 993 | 633,8 | 1844
2002 7,54 | 1547 | 3,19 0,055 | 12,1 | 045 1046 | 812 | 6164 | 117,1
2003 7,55 | 1545 | 3,16 0,077 | 143 | 046 102,3 | 749 | 6240 | 1208
2004 7,70 | 1568 | 3,00 0,064 | 156 | 0,49 1044 | 69,8 | 621,6 | 1146
2005 6,95 | 1640 | 3,53 0,023 | 6,01 | 0,38 110,0 | 114,1 | 6143 | 143,0
2006 720 | 1426 | 2,24 0,022 | 3,94 | 0,23 132,0 | 88,7 | 412,8 | 203,5
2007 7,19 | 1461 | 2,52 0,038 | 10,0 | 0,29 107,3 | 80,3 | 513,3 | 159,1
2008 720 | 1376 | 2,26 0,033 | 498 | 0,29 1250 | 49,4 | 508,8 | 126,5
2009 721 | 1467 | 1,98 0,021 | 4,69 | 0,38 103,5 | 47,4 | 4603 | 138,9
2010 720 | 1220 | 2,16 0,037 | 503 | 0,38 30,0 | 449 | 406,6 | 1134
2011 720 | 1459 | 1,92 0,010 | 3,30 | 0,39 1160 | 943 | 4247 | 1524
2012 720 | 1459 | 1,92 0,010 | 3,30 | 0,39 1160 | 943 | 4247 | 1524
2013 725 | 1460 | 1,92 0,000 | 0,03 | 0,39 16,0 | 94,7 | 4247 | 1524
2014 7,15 | 1400 | 1,02 0,044 | 1,00 | 0,33 1455 | 60,0 | 4850 | 180,0
2015 7,15 | 1310 | 1,00 0,060 | 2,10 | 0,40 133,0 | 53,0 | 3543 | 164,0
2016 720 | 1320 | 1,00 0,044 | 2,20 | 0,39 133,0 | 42,1 | 5202 | 175,0
2017 722 | 1355 | 1,00 0,055 | 3,40 | 0,25 133,0 | 450 | 1550 | 133,0
2018 7,50 | 1420 | 1,02 0,080 | 2,20 | 0,01 89,5 35,5 | 3450 | 1205
2019 7,50 | 1420 | 1,20 0,008 | 021 | 0,02 48,3 335 | 3228 | 1222
2020 740 | 1398 | 1,10 0,048 | 1,90 | 0,10 90,3 38,0 | 2743 | 1252

As a result of the intensive development of irrigated agriculture, irrational use of
water, as well as the regulation of flow in all states located in the catchment areas
of the river basin, until 1985 there has been a positive trend and a trend towards an
increase in the volume of return water, and since 1995, despite the ongoing decline in
agricultural and industrial production , contributing to the reduction of discharges, the
chemical composition and salinity, especially in the lower reaches of the Syrdarya River,
practically remains several times higher than the maximum permissible concentration
for fishery and domestic water use (Figure 2).

As can be seen from Table 1 and Figures 1-2. The chemical composition and
mineralization of the Syrdarya river basin in spatio-temporal scales, until 1960, was
largely formed under the influence of natural factors, and since 1961, directly under
the influence of anthropogenic factors and until 1985, it has a positive trend, and since
1986, despite the negative trend, a tense trend has been maintained. the situation in
terms of safe supply of drinking water to the population.

The main pollutants enter the lower reaches of the Syrdarya River with wastewater
from enterprises of the chemical, oil refining, machine-building industries, non-ferrous
metallurgy and domestic water supply, where ammonium nitrogen (NHy), nitrite
nitrogen (NQ,), nitrate nitrogen (N03), copper (Cu), zinc (Zn), mercury (Hg), lead
(Pb), fluorine (F), aluminum (Al), manganese (Mn) and petroleum products (Table 1).

164



ISSN 2224-5278 4.2023

18

- ¥ = |0.035hx |+ 85,041
- K = 0.,041
E 14 — i - M \“; '\\ F—
a \

12
2 ~ b =|-0Jo2dx { 61217

Ef = ORs51

: 10 i W R A 3
E s - =T - = |=
z s = D.0382fk - [74 014
E & |- gl2Gpa
2 ¥+ 0.0079k +|17]884 v = -0]01)3d + 23 601
3o, R:{ olosh7 B - 0.po2k

5 A L

o]

1995 2000 2005 2010 2015 2020
—-—1 —-—2 —e—3 —e—4 —-—5

Fig. 1 - Disposable volume of return waters of the Syrdarya river basin in the context of Central Asian
countries and Kazakhstan in the period (1 - Kyrgyzstan; 2 - Tajikistan; 3 - Uzbekistan; 4 - Kazakhstan;
5 - Syrdarya river basin)
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Fig. 2 - Dynamics of mineralization of surface waters in the Syrdarya river basin (hydrological post: 1 -
Kal; 2 - Bekabad; 3 - Nadezhdinsk; 4 - Shardara; 5 - Kyzylorda; 6 - Kazaly)

At the same time, it should be noted that the process of formation of ionic runoff, as
a product of mineralization and surface runoff in the catchment areas of the Syrdarya
river basin, obeys the law of vertical zoning, that is, their quantitative value increases
from the runoff formation zone (mountainous) to runoff magnification (desert), which
requires the need for their regulation to ensure water security of the population.

The spatio -temporal positive trend of mineralization and all chemical pollutants
of surface waters of the Syrdarya river basin downstream is due to the large-scale
development of industry and agriculture in the zone of intensive runoff consumption
(ZIRC) and remains largely unsatisfactory up to the delta and the confluence with the
northern Aral Sea (Figure 2).
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The research methodology consisted in selecting the main components of the
chemical composition in the waters in the riverbeds and assessing their quality, taking
into account the normative indicators of maximum permissible concentrations (MFC;),
of pollutants for a reservoir of fishery water use and potential sources of pollution.

To assess the water quality of surface waters of river basins, there are a large number
of integral indicators, among which the proposed integral indicators by V.P. Emelyanova,
G.N. Danilova, I.D. Rodziller (1980), A.F. Alimova (1990), N.G. Bulgakov, V.G.
Dubinina, A.P. Levich, A.T. Terekhina (1995), T.I. Moiseenko (1995), A.D. Kalikhman,
A.D. Pedersen, T.P. Savenkova, A.Ya. Sukneva (1999), M.Zh. Burlibaeva (2012), H.
Gharibi, A.H. Mahvi, R. Nabizadeh, Arabalibeik H., Yunesian M., & M.H. Sowlat,
(2012), W. Ocampo — Duque, C. Osorio, C. Piamba, M. Schuhmacher & J.L. Domingo
(2013), which is one of the modifications of the water pollution index (), representing
the average multiplicity of pollutant concentration () above the maximum allowable
concentration () of the established value for the corresponding type of water body:

WPI; = 3{'[(C;/MPC)/N], ©)

where N is the number of indicators used to calculate the index.
To assess the quality of water resources and the ecological state of aquatic ecosystems
in the practice of water management in the Russian Federation, methods based on the

use of complex indicators by V.V. Shabanova (2009), based on the water pollution index
(WPL):

LPF; = (1/N) ¥¥(C;/MPC;)) — 1 = WPI; — 1. ()

On the basis of the development of natural-scientific representations and deepening
of the concept of aquatic ecosystems known in geoecology, based on natural laws
«Everything is connected with everything» and «Physical-chemical unity», as well as
the properties of «Nonlinearity of natural processes», (Mustafaev, 2022) formed new
directions in assessing the quality of surface waters in river basins by constructing a
logistic regression model:

MPPC; = WCR,; - LPF; = (Wep/W;) - (1/N) - B4 [1 — exp(—WPI)], (3)

where MPPC; — is the coefficient of the maximum permissible pollution of surface
waters of river basins; WCR,,,; - coefficient of water content of river basins; LPF; -
coefficient of water pollution in river basins; I}, - average long-term flow volume, km?*;
W; - the actual volume of runoff, km®.

At the same time, it should be noted that the coefficient of water content (WCR,4;)
and the coefficient of limiting pollution (LPF;) are a parameter (coefficient) of quantity
and quality, characterizing the action of the activity of water consumption and the
transformation and metabolism of river basins, and their combination, namely the
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coefficient of maximum permissible concentration (MPFC;) allows you to determine
the simultaneous action of the activity of two natural processes with high accuracy and
reliability, which meets the requirements for the method for determining the quality of
river surface water pools.

Assessment of the ecological state of the catchment area of the Syrdarya river basins
was carried out using the Shannon trophic index (Shannon, Warren Weaver, 1949):

H; = = X(n;/N) - In(n;/N), (4)

where H - is the species diversity; 1; - number of individuals of each species in all
samples; V- the total number of individuals of all species in all samples), which are
determined on the basis of its relationship with the index om water pollution (WPI,),
coefficient of limiting water pollution (LPF;) And a classification was developed
according to the coefficient of maximum permissible water pollution ( M PFPL;) according
to the classification tables of water quality (Table 3 ).

Based on the construction of graphs of the relationship between the relative values
of the Shannon trophic index, taking into account the probabilistic distribution of the
runoff volume and the modular coefficient (Table 3), using the Microsoft Excel program,
systems of logarithmic and exponential equations were obtained:

- dependence of the Shannon trophicity index (H;) on the water pollution index
(WPI,): H; = 1.8467 -WPIZ™** correlation coefficient Ri=0.9904;

- dependencies of the Shannon trophicity index (f,) on the limiting pollution
coefficient (LPF,): H; = 3,06 exp[—0.23 (LPF; + 2)], correlation coefficient Ri=
0.8500;

- dependence of the Shannon trophicity index (H;) on the coefficient of maximum
permissible pollution (MPPC;): H; = 2.9709 - exp(—1.039 - MPPC;), correlation
coefficient B ;= 0.9768.

Table 3 - Classification of water quality and the state of water resources according to hydrochemical
and hydrobiological indicators

Index Water quality class
I I 111 v \% VI

WPI. <0,2 0,20-1,0 1,00-2,00 2,00-4,00 | 4,00-6,00 >6,00

L
LPE. =.0.80 -0,8-0,0 0,0-1,0 1,0-3,0 3,0-5,0 >6,0

i 2
MPPC. <0,16 0,16-0,32 0,32-0,48 0,48-0,64 | 0,64-0,80 >0,80

L

H 3,06-2,30 |2,30-1,89 1,89-1,52 1,52-1,25 1,25-1,11
water quality | very clean clean moderate polluted | polluted ‘ dirty very dirty
trophy oligotrophic mesotrophic eutrophic Hypertrophic

Thus, the study of the hydrochemical regime and the ecological state of the catchment
area in the lower reaches of the Syrdarya river basin, which are under «hard» technogenic
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loads, using statistical relationships between hydrological and hydrochemical indicators,
allows us to get a general idea of the processes of water quality formation in the region
and has the most important scientific and practical importance in the development of
environmental protection measures.

Research results

Hydrochemical assessments of the quality of surface waters and the ecological state
in the lower reaches of the catchment area of the Syrdarya river basin were carried out
on the basis of the use of the water pollution index (WFPI;), the coefficient of maximum
water pollution (LPF;), the coefficient of maximum permissible water pollution
(MPPC;) and the Shannon trophicity index (H;) and the normative criteria for maximum
permissible concentrations (M PC;) of pollutants for fishery water use (Table 4).

Table 4 - Relative values of the concentration of chemicals in surface waters (£;) to their maximum
allowable concentration (MPL;) for fishery water use

years |Relative values of the concentration of chemicals in surface waters Water quality
| (C;) to their maximum allowable concentration (MFC;) for fishery water use indicators
€, |No. |NO, |NH, |Ca Mg 50, C WPI; | LBF; | MPPC;
1 2 3 4 5 6 7 8 9 10 11 12

Hydrological post Shardara
1996 |1.400|4.500 |1.333 |0.308 |0.789 2.175 6,500 0.507 |2.189|1.189|0.696
1997 [1.508 |4.000 |1.778 |0.256 |0.806 1,750 7,000 0.470 ]2.196 | 1.196 | 0.696
1998 | 1.484|2.000 |2.056 |0.641 |0.778 1.575 6,800 0.423 |1,970|0.970 | 0.708
1999 |1.243 14.500 |1.267 |0.564 |0.667 1.625 6,850 0.551 |2.158|1.158 |0.695
2000 |1.303|5.500 |1.889 |0.359 ]0.517 1.613 6,900 0.390 [2.309|1.309 |0.675
2001 |1.350{6.000 |1.667 |0.385 |0.539 1.625 5,000 0.450 |2.127|1.127|0.681
2002 {1,300 |5.000 [1.556 |0.769 |0.567 1,650 5,700 0.417 [2.120 |1.120{0.703
2003 |0.909 |9.500 | 0.556 |5.154 |0.584 1.673 4,720 0.284 |2.923|1.923]0.689
2004 |0.988|2.050 |0.118 |0.077 |0.667 1.763 5.190 0.295 |1.3940.394|0.531
2005 {0.95210.650 |0.113 |0.154 |0.633 1.848 5.270 0.365 |1.248 |0.248 | 0.494
2006 |1.080(2.000 |2.578 |0.103 |I1.111 1.143 2,960 0.413 |1.424|0.424]0.648
2007 |1.086|1.650 |0.844 |1.795 |I1.111 1.145 2,970 0.403 |1.376|0.376 | 0.688
2008 |1.091|1.250 |0.833 |1.538 |1.112 1.143 2,960 0.407 ]1.292]0.292|0.670
2009 |1.086|1.600 |0.833 |1.795 |0.700 1.143 2,960 0.403 |1.315]0.315|0.666
2010 {1.020|1.850 |0.189 |0.128 |0.744 1,390 4,570 0.288 [1.27210.272|0.536
2011 |1.052|1.600 |0.200 |0.154 |0.717 1.433 4.280 0.334 |1.221]0.221|0.540
2012 |1.070|1.500 |0.233 |0.590 |0.733 1.505 3.290 0.438 |1.170|0.170 | 0.588
2013 |1.042|1.400 |0.177 |1.436 |0.733 1.648 4,580 0.275 |1.411 ]0.411|0.610
2014 |0.918 |1.000 |0.178 |1.436 |0.644 1.578 1,880 0.403 |1.005|0.005|0.576
2015 |0.744|1.500 |0.389 |1.462 |0.514 1.525 3.440 0.537 |1.264|0.264 | 0.620
2016 |1.111 |1.600 [2.478 |0.051 |0.728 1.498 4.610 0.658 |1.592]0.592|0.650
2017 0.940{0.200 | 0.878 |1.026 |0.722 2.133 5.114 0.296 |1.4140.414{0.583
2018 {0.960 |4.900 |0.378 |0.769 |0.711 1.513 4.795 0.300 |1.791 0.791 | 0.625
2019 |0.913 {4.500 |0.867 |0.359 |0.611 1,590 4,970 0.328 |1.767|0.767 | 0.624
2020 |0.9385.000 |0.711 |0.769 |0.682 1.745 4,960 0.308 |1.8890.889(0.653
Continuation of table 4

1 ] 2 [ 3] 4] 5] 6 [ 7] 8] 9 1w n | 12]
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Hydrological post of Kyzylorda
1996 |1.373 0.314 [2.458 |5,960 [0.650 |5,500 [0.593 |1.487 |2.292 |1.292 0.703
1997 |1.346 0.590 [2.333 |5.728 |0.398 |5,000 [0.494 |0.795 |2.086 |1.086 0.668
1998 | 1.337 0.606 |1.848 |5.402 [0.425 [0.900 [0.611 [0.923 |1.507 |0.507 0.629
1999 |1.331 0.419 [2.425 |5,833 |0.378 | 1,000 [0.567 |0.821 |1.597 |0.597 0.616
2000 |1.394 0.529 |1.583 |4,446 |0.446 |2,000 [0.889 [0.974 |1.533 |0.533 0.673
2001 | 1.595 0.740 [2.013 |5,730 |0.587 2,000 [0.733 |1.282 |1.835 |0.835 0.717
2002 | 1.289 0.506 [2.133 |4.668 |0.411 |4.150 [0.798 | 1.103 |1.882 |0.882 0.692
2003 | 1.275 0.457 [1.573 |4.263 [0.423 |1.700 [0.908 |0.846 |1.431 [0.431 0.649
2004 | 1.512 0.554 |[1.708 4,960 [0.326 |5.750 [0.854 |1.026 |2.086 |1.086 0.688
2005 |1.319 0.498 [2.060 |5,854 |0.480 |1.050 |0.516 |0.897 |1.584 |0.584 0.628
2006 |1.208 0.587 [1.565 |5.034 |0.417 |1.000 [0.350 |0.641 |1,350 |0.350 0.584
2007 |1.028 0.502 [1.285 |4.084 [0.489 |1.800 [0.693 |0.615 |1.312 |0.312 0.616
2008 |1.136 0.484 [1.193 |4.362 |0.396 |4.350 [0.327 |0.744 |1.624 |0.624 0.608
2009 |1.361 0.552 [1.273 |4.524 |0.606 |0.950 [0.361 [0.949 |1.322 |0.322 0.608
2010 ]0.987 0.499 [0.978 |3.802 [0.612 |1,000 |0.556 {0.487 |1.115 |0.115 0.565
2011 | 1.194 0.506 [2.005 |4.115 [0.520 |1,000 [0.317 |0.718 |1.297 |0.297 0.596
2012 | 1.287 0.472 [1.673 |4.725 |0.214 | 1,000 |[0.420 |0.590 |1.298 |0.298 0.565
2013 | 1.061 0.547 |1.523 |5.905 |0.555 |3,650 |0.577 |0.513 |1.791 |0.791 0.637
2014 |1.235 0.601 [1.395 |4.485 [0.431 [2,300 [0.394 |0.769 |1.451 [0.451 0.627
2015 | 1.120 0.553 [1.113 |3.255 |0.485 |2,750 [0.494 |0.821 |1.324 |0.324 0.625
2016 | 1,200 0.583 [1.085 |5.354 |0.367 |2,300 [0.489 |0.769 |1.518 |0.518 0.616
2017 | 1,490 0.689 [0.950 |3,540 [0.527 ]0.900 [0.633 |1.026 |1.219 |0.219 0.621
2018 | 1.133 0.529 |1.080 |3.958 |0.401 |2,400 |0.882 |0.026 |1.301 |0.301 0.573
2019 |1.340 0.223 [1.055 |3.824 [0.413 |0.400 |[0.013 |0.051 |0.915 |-0.085 0.412
2020 |1.321 1.250 |0.511 |0.256 |0.480 |1.028 [3.774 |0.447 |1.133 |0.133 0.554
Hydrological post Kazaly
1996 | 1.497 7.500 [0.239 |1.538 |0.356 |2,430 [4.002 |0.355 |2.240 |1.240 0.658
1997 |1.489 6.000 [0.978 |1.538 |0.754 |2.193 [6.630 |0.718 |2.538 |1.538 0.764
1998 | 1.594 5.000 [0.638 |1.077 |0.664 |2.260 [6.065 |0.483 |2.223 |1.223 0.710
1999 | 1.568 2.500 [1.100 |1.641 [0.563 |1.873 |5,750 |0.569 |1.946 |0.946 0.736
2000 |1.550 3.500 |1.167 |1.282 |0.683 |1.658 |5.746 |0.525 |2.014 |1.014 0.735
2001 |1.816 3.000 [1.267 |1.231 |0.769 |2.483 [6.338 |0.615 |2.190 |1.190 0.766
2002 | 1.547 |2.750 |1.344 |1.154 |0.581 |2.030 |[6.164 |0.390 |[1.995 |0.995 0.722
2003 |1.545 3.850 |1.589 |1.179 |0.568 |1.873 |6.240 [0.403 |2.156 |1.156 0.733
2004 | 1.568 3.200 [1.733 |1.256 |0.580 |1.745 |6.216 |0.382 |2.085 |1.085 0.734
2005 |1.640 1.150 [0.668 [0.974 |0.611 |2.853 |6.143 |0.477 |1.815 |0.815 0.672
2006 |1.426 1.100 [0.438 [0.590 [0.733 |2.218 |4.128 |0.678 |[1.414 |0.414 0.639
2007 | 1.461 1.900 |1.111 [0.744 [0.596 |2.008 |5.133 |0.530 |[1.685 |0.685 0.692
2008 |1.376 1.650 0.553 |0.744 |0.694 |1.235 |5.088 |0.422 |1,470 |0.470 0.632
2009 | 1.467 1.050 [0.521 [0.974 |0.575 |1.185 |4.603 |0.463 |1.355 |0.355 0.618
2010 |1.220 1.850 |0.559 |0.974 |0.167 |1.123 [4.066 |0.378 |1.292 |0.292 0.591
2011 | 1.459 0.500 |0.367 | 1,000 |0.644 |2.358 [4.247 [0.508 |1.385 |0.385 0.608
2012 | 1.459 0.500 [0.367 |1,000 |0.644 |2.358 [4.247 |0.508 |1.385 |0.385 0.608
2013 | 1,460 0.200 [0.003 |1,000 |0.644 |2.368 [4.247 |0.508 |1.304 |0.304 0.544
2014 |1,400 |2.200 |0.111 |0.846 |0.808 |1,500 |4,850 |0.600 |1.539 |0.539 0.637
2015 | 1.310 3.000 [0.233 |1.026 |0.739 | 1.325 |3.543 |0.547 |1.465 |0.465 0.647
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2016 |1.320 2.200 [0.244 | 1,000 |0.739 |1.053 |5.202 | 0.583 |1.543 |0.543 0.635
2017 |1.355 2.750 10.378 |0.641 |0.739 1.125 1,550 |0.443 |1.123 |0.123 0.601
2018 | 1.420 4.000 [0.244 10.026 |0.497 |0.888 [3,450 |0.402 [1.366 |0.366 0.533
2019 |1.420 0.400 |0.023 ]0.051 |0.268 |0.838 |3.228 |0.407 |0.829 |-0.171 0.407
2020 |1.398 2400 [0.211 |0.256 |0.502 |0.950 |2.743 |0.417 |1.110 |0.110 0.545

Preliminary estimates of the water pollution index (WPI;), characterizing the
multiplicity of exceeding the normative excess of the concentration of the studied
ingredients in the sections of the hydrological station located downstream of the
Shardara reservoir in the zones of the border of the Republic of Uzbekistan and the
Republic of Kazakhstan, showed that over the period 1996-2020, the mineralization of
surface waters changes (C,) — 0,744-1,400, nitrite nitrogen (N0,) — 0,200-9,500, nitrate
nitrogen (N0O3) — 0,113-2,518, ammonium nitrogen (WH,) — 0,077-1,795, calcium (Ca)
- 0,517-1,112, magnesium (M g) — 1,143-2,175, sulf ata (50,) -1,880-7,000, chlorine
(1) — 0,284-0,507.

In the section of the Kyzylorda hydrological station, located in the middle between the
Shardara reservoir and the Small Aral, for the period 1996-2020, the mineralization of
surface waters changes (C;) —0,987-1,512, nitrite nitrogen (N05) — 0,200-7,500, nitrate
nitrogen (N0O3) — 0,511-2,458, ammonium nitrogen (NHy) — 0,256-5,960, calcium (Ca)
—0,214-0,650, magnesium (M g) — 0,400-5,500, sulfates (50.) — 0,013-0,908, chlorine
(C)—0,051-1,487.

In the alignment of the Kazaly hydrological station located in the Malago Aral zone,
the lower reaches of the Syrdarya River, for the period 1996-2020, the mineralization of
surface waters changes (C,) — 1,220-1,816, nitrite nitrogen (N0;) — 0,200-7,500, nitrate

nitrogen ( NGE) —0,003-1,733, nitrogen ammonium (NHz) — 0,051-1,538, calcium (Cea)
- 0,167-0,808, magnesium (Mg) — 0,838-2,853, sulfates (§0,) -1,550-6,630, chlorine
(CI) - 0.335-0.718.

To identify the trend in water quality indicators, that is, the water pollution index
(WPI,), coefficient of maximum water pollution (LPF;), coefficient of maximum
permissible water pollution (M PPC;) and Shannon’s trophic index, all calculations and
plotting using a linear trend in were made in the Microsoft Excel program (Figures 3-6)
show that for the considered 1996-2020 there is a negative trend in general characterizing
the improvement of water quality in the lower reaches of the Syrdarya River.
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Figure 3 - Graph of changes in water quality indicators in the Shardara hydrological stations in
the lower reaches of the Syrdarya River (ordinate - water quality indicators; abscissa - years; 1 - water
pollution index (WFI;); 2 - coefficient of maximum water pollution (LPF;); 3 - coefficient of maximum
permissible water pollution (MPFPL;) for 1996-2020 and their linear trend
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Figure 4 - Graph of changes in water quality indicators in the hydrological stations of Kyzylorda in

the lower reaches of the Syrdarya River (ordinate - water quality indicators; abscissa - years; 1 - water

pollution index (WFI;); 2 - coefficient of maximum water pollution (LFF;); 3 - coefficient of maximum
permissible water pollution (MPFPC;) for 1996-2020 and their linear trend

Water quality assessments carried out using integral hydrochemical indicators of the
hydrological stations of Shardara located below the Shardara reservoir show (Table 4
and Figure 3) that over the period under review 1196-2020, the water pollution index
changes WFI;) — 0,913-2,189 (from clean to contaminated), coefficient of maximum
water pollution (LPF;) — 0,414 -1,196 (from moderately polluted to polluted) and
coefficient of maximum permissible water pollution (MPPC;) -0,531-0,708 (from
polluted to dirty).

In the section of the Kyzylorda hydrological station located in the middle of the
Shardara reservoir and the Small Aral in the lower reaches of the Syrdarya river basin
for the period under review 1996-2020, the water pollution index (WPFI;) —0,915-2,292
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(moderately polluted to polluted), coefficient of maximum water pollution (LPF)
- 0,219-1,292 (from moderately polluted to polluted) and coefficient of maximum
permissible water pollution (M PPC;) — 0,412-0,717 (from moderately polluted to dirty)
(Table 4 and Figure 4).

In the closing hydrological posts of Kazaly located in the zone of the Small Aral
in the lower reaches of the Syrdarya River for the period under review 1196-2020,
the water pollution index changes (138;) — 0,826-2,538 (from clean to contaminated),
coefficient of maximum water pollution (LPF;) — 0,123 -1,538 (from moderately
polluted to polluted) and coefficient of maximum permissible water pollution (MPPC;)
—0,407-0,766 (from polluted to dirty) (table 4 and figure 5).
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Figure 5 - Graph of changes in water quality indicators in the Kazaly hydrological stations in the
lower reaches of the Syrdarya River (ordinate - water quality indicators; abscissa - years; 1 - water
pollution index (WEI;); 2 - coefficient of maximum water pollution (LFF;); 3 - coefficient of maximum
permissible water pollution (MEFPLC;) for 1996-2020 and their linear trend

The studies carried out to assess the quality of water using integral hydrochemical
indicators in the catchment areas of the lower reaches of the Syrdarya River made it
possible to draw the following main conclusions about the quality of surface waters,
in general, according to the standards for the maximum permissible concentration of
harmful substances of fishery water use, they are not suitable for drinking water supply
to the population and for irrigation agricultural crops that ensure the food security of
the region.

An assessment of the ecological state of the catchment areas in the lower reaches
of the Syrdarya River using the Shannon trophic index in the context of hydrological
stations under conditions of «hard» anthropogenic activity showed that in the Shardara
section their quantitative values vary from 1.430 to 1.858, in Kyzylorda - from 1.4355 to
1.837 and Kazaly - from 1.356 to 2.009. Consequently, the ecological state of the lower
reaches of the Syrdarya River for the period under review 1996-2020 changes from
mesotrophic to evotrophic stages, where the degree of influence of anthropogenic activity
is within the limits of uncontrolled and unaccounted for consequences (deterioration of
the quality of water and land resources, as well as agricultural products (Figure 6).
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Structural and system analysis of the formation of the hydrochemical regime of the
watershed in the lower reaches of the Syrdarya River showed (Tables 1-4 and Figures
1-6) that the main sources of water pollution are highly mineralized return waters
coming upstream of the Shardara reservoir from the territories of neighboring states of
the Kyrgyz Republic, the Republic of Tajikistan and the Republic of Uzbekistan, which
make up about 50 % of the available water resources of the Turkestan and Kyzylorda
regions of the Republic of Kazakhstan.
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Fig. 6 - Graph of the change in the Shannon trophic index in the lower reaches of the Syrdarya River
(ordinate - Shannon trophic index; abscissa - years; hydrological station: 1 - Shardara; 2 - Kyzylorda; 3 -
Kazaly) for 1996-2020 and their linear trend

To identify the cause-and-effect relationships of the formation of the hydrochemical
regime in the catchment areas of the lower reaches of the Syrdarya River, we write the
expression for the hydrochemical balance below the Shardara reservoir:

Wiwi * Cowi “ ki = Wi - Coypy + Woy; - Crwi, (5)

where W;,,; - the available volume of water resources of the Syrdarya River below

the Shardara reservoir, km3 ; Ciwi- salinity of surface waters of the Syrdarya river below
the Shardara reservoir, g/l; W,,.;- the volume of water of the incoming surface waters of
the Syrdarya River above the Shardara reservoir, km3 ; Csi— salinity of surface waters
of the Syrdarya river above the Shardara reservoir, g/l; W,.,;- the volume of incoming
return waters the channel of the Syrdarya river above the Shardara reservoir, km3 ; C,.,,.;
- salinity of return waters of the Syrdarya river bed upstream of the Shardara reservoir,
g/l; k- coefficient of water self-purification of the Shardara reservoir.

If the hydrochemical balance equation is solved with respect to the salinity of the
surface waters of the Syrdarya River below the Shardara reservoir, then we obtain the
following expression:
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Ciwi = Wswi * Cswi + Wrwi * Crwil /Wi~ ki (6)

As can be seen from equations (5), the salinity of the surface waters of the Syrdarya
River below the Shardara reservoir ( Cy,,.;) ensuring the safety of the life of the population
of the Turkestan and Kyzylorda regions of the Republic of Kazakhstan directly depends
mainly on the volume of incoming return waters, the bed of the Syrdarya River above the
Shardara reservoir (W) and their salinity (), what should be taken into account in
the regulation and management of water resources in the catchment area of the Syrdarya
river basin at the interstate level.

Conclusions

The results of hydrochemical analysis and study of the ecological state of the
catchment area in the lower reaches of the Syrdarya River in accordance with the
maximum permissible concentrations of pollutants at the hydrological posts of Shardara,
Kyzylorda and Kazaly using long-term annual reports of the «Aral-Syrdarya Basin
Inspectorate for the Rational Use and Protection of Water Resources» of the Committee
Water Resources Ministry of Geology, Ecology and Natural Resources of the Republic
of Kazakhstan, based on the water pollution index, the maximum pollution coefficient,
the maximum permissible pollution coefficient and the Shannon trophic index showed
that for the period under review 1996-2020, all estimated indicators have a negative
trend, where the quality waters change from «polluted» to «moderately polluted», in
general, not suitable for drinking water supply, and the ecological situation changes
from «eutrophic» to «mesotrophic», indicating, as a rule, the degree of influence
of anthropogenic activity is within the limits of uncontrolled and unaccounted for
consequences ( deterioration in the quality of water and land resources, as well as
agricultural products).

In general, potential pollutants of surface waters in the lower reaches of the Syrdarya
River are the incoming highly mineralized return waters of industrial facilities, domestic
water supply and collector-drainage waters of irrigated lands from the territory of the
Kyrgyz Republic, the Republic of Tajikistan and Uzbekistan, which make up about 50 %
of the available water resources downstream of the Shardara reservoirs, which became
the reason for the impossibility of fulfilling the environmental and ecological functions
of the surface waters of the river basins, which ensure the water and food security of
the population of the Turkestan and Kyzylorda regions of the Republic of Kazakhstan,
where a triple natural and technogenic impact occurs, that is, «moderate pollution» of
surface water, «the rise of highly mineralized groundwater» and «air pollution by fine
salt dust on the dry bottom of the Aral Seay.
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