ISSN 2518-1483 (Online),
ISSN 2224-5227 (Print)

2024 o2

£ 7hﬁ 3 K,Al;II:IF'i:lIMAhII\bIK, KOFPbI
«KA3AKCTAH PECITYBJTHKACHI % I I A I—YK

¥YJITTBIK FbIJIBIM CHARITY FOUNDATION
AKAJEMHSACHI» PKB

«KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIJIBIM AKAJAEMUACHI» PKb
«XAJIBIK)» KK

BASTHIAMAJIAPBI

TOKJIAJIbI

POO «<HAIITMOHAJIBHOM
AKAJIEMHU HAYK PECITYBJIMKH KA3AXCTAH»
YD «XAJBIK)

REPORTS

OF THE ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN
«Halyk» Private Foundation

PUBLISHED SINCE JANUARY 1944

ALMATY, NAS RK



KAMBIPBIMABIABIK, KOPbI

HALYK

CHARITY FOUNDATION

b «XAJBbIK)»

B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBA )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHbIH HOHT « XaTbIK». 3aTOIBI CBOCH eI TETHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001ACTSIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] U cnopra, POoHA BBLACTHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuManue bnarorBopurensheiii  GoHA  «XadbIK»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@®oH1 BHOCUT CBOW MOCHJIBHBINA BKJIaJ B pa3BUTHE Kaue€CTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem cambiM crmocoOCTBYSl pOCTy 4YHcia JIIOf#EH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIOB B pasMUHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BETUKUX YMOB». ORHON M3 3HAYMMBIX WHHULIMATUB
¢donaa «Xanslk» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsiii B cTpane 6usHec-nHKyOaTop utst ydamuxcs 9-11 knaccoB, KOTOpBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIEC B COBPEMEHHOM MHpE MpeIIpUHIMATEIbCKHE
HaBbIKU. Tak, Ha coelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosee
200 rpanrtoB. g noanep:KKW TaJaHTIMBBIX U MOTHUBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI IPAaHTHI Ha 00yueHue B MextyHapoqHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmkHoM kKoHkypce «USTEM Robotics» B CLIA. Atopckue
paboTsI B pamkax npoekTa « Tamimrepy, koropomy DoHJ 0Ka3all NOAICPKKY, JICIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4€OHO-METOIMYECKUX KHHI IO
npeameTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3Hecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM HIKOJIBHUKAM, YYalIUMCsl KOJUIeIKeld u cryneHTam DoHp
CYUTAET BOXHBIM BHECTH CBOH BKJIaJ B MOBBINICHUE KBAJIM(HUKALNUU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyAyIIMX IMOKOJICHMH Ka3axcTaHueB. [Ipu mommepikke
doHma «Xanblk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxxHoil MHMUIMATHBOM CTasl peaju3yeMblii MPOEKT M0 OOYYECHUIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl M3 BochbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (UHAHCOBOH
IPaMOTHOCTH M NIPEAIPUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xalblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JIETCKOMY CIIOPTY, Ky/la OTHOCUTCS MOJJICPKKa B Pa3BUTHM JETCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEeHHO BasKHYIO ITOMOIbL biiaroTBOpUTeIbHbIN (GOHIT
«XanpIK» OKa3aJl HallUM COOTEYECTBEHHMKAaM BO BpeMsl HEAaBHEH MaHIEMUU
COVID-19. Torna, B pasrap Tsbkenoil 0opsObl ¢ KOpOHaBHUpPYCHOW MHQeEKuuei
®onpx Bbtennn cBbimie 11 MWIIMAapIOB TEHTe Ha MPHOOpETeHHEe HEOOXOIUMOro
MEIUIMHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEIWLHUHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEIACTB 3aIlUTHI, aJpPECHYIO
MaTepranbHyl0 MMOMOIIb COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJULIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsiny ¢ OIpyruMH MpPOEKTaMH, HALICIECHHBIMH Ha MOBBILICHUE
01aroCcOCTOSHUS Ka3aXCTaHCKHUX IpaskaaH DOoH peLn yIeIuTh 0c000e BHUMAaHHUE
HayKe, TOCKOJIbKY OHa SIBJISIETCSl 4YaCThIO OOIIECTBEHHOM KYJIBTYPHI, & YPOBEHb €€
Pa3BUTHS ONPEACISICT YPOBEHD PA3BUTHUS TOCYIAPCTBa.

[Honnepxka @oHIOM BbIMycKa >XypHanoB HamuonanbHOH AKaneMuu Hayk
PecnyOnmukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus U
Wos 1 B KOTOPBIX IYOJIHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTpPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YEOHBIX 3aBEeICHHI
W HayYHO-HCCIIEIOBATENbCKAX MHCTHUTYTOB HAIICH CTpaHbl SBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM PoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBa.

C yBa:kenuem,
BbaarorBopurenbHblii ®oHa «XaabIK»!
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BAC PEJAKTOP:
BEHBEPUH Banepuii BacuibeBny, MeIuIMHA FUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran Pecryonukacer [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTaIbIFBIHBIH - IUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIOUAJBIK AJKA:

PAMA3AHOB Tinexka6b11 CoouTYIbI, (6ac peNaKTOpABIH OpbIHOAcaps!), GH3HKa-MaTeMaTHKa FhUIBIMIAPBIHEIH
Jnoktopsl, ipodeccop, KP ¥FA akanemuri (Anmvarel, Kazakcran), H =26

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac permakrtopasiH opbiHOacapel), mnpogeccop, KP  YFA
KoppecroHaeHT-Mmy1reci, Ph.D OHoXuMust jKoHE MOJIEKYIAbIK TeHETHKA caaachl OOMBIHINA YIITTHIK OHOTEXHOIOTHS
opranbrbiHbH 0ac aupekrops! (Hyp-Cynran, Kasakcran), H =23

CAHI'-CY Ksak, PhD (6uoxumust, arpoxumust), npodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUTBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimuixrepiH HIKeHEpIiK jKyHenepi FHUIBIMU-3ePTTEY OPTabIFBIHBIH 0ac FHUIBIMI
Kpi3MeTkepi, ([]puon, Kopes), H =34

BEPCIMBAEB Paxmerkaxbl Eckenipy/bl, Ononorus reUIBIMAAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
axagemuri, Eypasus ynrteik yausepeunreri. JLH. l'ymunes (Hyp-Cyiran, Kasakcran), H= 12

OBUEB Pygar, TexHuka FbUIbIMIApbIHBIH JOKTOpbI (Onoxumus), npodeccop, Cankr-IlerepOypr MEMIIEKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaMIaHABIPY» Ka(eapachIHBIH
menrepyiuici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIHNH Bstuectas HoranoBmu, MeauiHa FBUIBIMAAPBIHBIH JTOKTOPBI, Ipodeccop, KP ¥YFA akanemuri,
«PERSONA xaJbIKapasblK KIMHUKAJIBIK PEMPOIYKTONIOTUsl OPTANIBIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, Owomorust FbUIBIMAAPBIHBIH —JOKTOpBL, —mpodeccop, Yysamr
pecryOniKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipatkepi, «UyBail MEMJICKETTIK arpapiiblK yHHUBepCHTETD Denepanabik
MEMJICKETTIK OIO/DKETTIK JKOFaphl OimiM Oepy Mekemeci AKYyLIEpIK oHE Teparus KaeIpachlHbIH MEHIEPYILICi,
(YeGokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkina Xamaap yHUBEPCHTETIHIH IIBFbIC MeuIMHa (axyisreTi, [Ibreic
MEIUIMHACKI KOJUTeKiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

HIENETKHWH Urops AsiekcanIpoBHY, MEIHIIMHA FEUTBIMAAPBIHBIH JOKTOPbI, MOHTaHa ITAThI YHUBEPCUTETIHIH
npodeccops! (Monrana, AKII), H=27

KAJIAH/IPA IIberpo, PhD ({pusuka), HAHOKYPBUIBIMIBI MaTepUaIIap bl 3ePTTEY HHCTUTYTBIHBIH TPOGECccopb
(Prv, Utamus), H =26

MAJIBM Amnna, dapmaneBTrKa FEUIBIMAAPBIHBIH JOKTOPSL, Ipodeccop, JIIoOMMH MenuimHa yHUBEPCHTETIHIH
(apmanepTika daxyasTeTiHiH AekaHsl (JIoommn, [onsma), H =22

BAUMYKAHOB [lacran Acbl16eKy.Ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH T0KTOpBL, KP ¥FA koppecron-
JIeHT Myteci, "Mail mapyanibuibFbl KoHE BeTePUHAPHS FHUIBIMU-OHIIPICTIK opTaibibl" JKIIC man mapyarbuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSHY Uon MuxaiiioBuy, (hr3nka-MareMaTHka FbUIbIMIAPBIHBIH JJOKTOPBI, akaieMuk, Momjosa Feuibiv
AKaJIeMISICBIHBIH TIpe3ueHTi, MooBa TexHUKaIbIK yHIBepcuTeTi (Kummues, Monnosa), H = 42

KAJIMMOJIJAEB Maxkcar Hypominyibl, Qusnka-MaTeMaTHKa FhUIBIMAAPBIHBIH JOKTOPEI, Tpodeccop, KP
YFA axanemuri (Anmvarsl, Kazakcran), H="7

BOLIKAEB Kyanraii Arasbiyjibl, Ph.D. Teopusnbik xoHe sSaponblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak yinrTeik yHEBepeuTeti (Anmvarst, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIporbIk FeuibMaap HHCTHTYTHI (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:xaHy/bl, (U3MKa-MaTeMaTHKa FBUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
¢huzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbimars! Kasak yiTTeik yauBepeureTi (Anmars, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, (r3Hka-MareMarnka FbUIBIMIAPBIHBIH JOKTOpbI, YkpamHa YFA
akazemuri, KoimanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpauna), H=15

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTreMaTHKa FhUIBIMAAPBIHBIH JIOKTOpBI, mpodeccop, KP ¥FA
axanemuri, on-Dapabu arempars! Kazak yiTTeik yauBepenteti (Anmarsl, Kasakeran), H=5

XAPUH Cranncnas HukonaeBnu, (usnka-mMareMarvka FhUIBIMIApBIHBIH JOKTOPEL, mpodeccop, KP YFA
axangemuri, Kasakcran-bpuran texuukansik yHuBepeuteti (Anmarsl, Kasakcran), H= 10

JABJIETOB Ackap EpOynanoBuy, ¢u3nka-MareMarika FhUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akaziemuri, an-Oapadu arsiHaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H =12
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TOKJAJIBI 2024 o2
HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

TJIABHBIMA PEJAKTOP:
BEHBEPHH Bauepuii BacuiibeBu4, TOKTOp MEIMIMHCKUX Hayk, mpodeccop, akanemuk HAH PK, mupexrop
MemuumHckoro eHtpa YipasneHust jienamu [pesunenta Pecrryonuku Kasaxcran (Anvarst, Kasaxcran), H= 11

PEJAKINUOHHASA KOJIJET US:

PAMA3AHOB Tiekkagya CabuToBUY, (3aMECTHTEIb IIABHOTO PENAKTOPA), JOKTOP (DPH3MKO-MaTeMaTHuecKuX
Hayk, npodeccop, akagemuk HAH PK (Anvarsl, Kasaxcran), H =26

PAMAHKYJIOB Epian Mupxaiinapsud, (3aMeCTHTENb NIABHOTO PEIAKTOpa), npodeccop, WieH-KOpPEeCIOHIeHT
HAH PK, Ph.D B obnact OHMOXMMHM ¥ MOJEKYJISIPHOW TeHETHKH, [eHepaibHblid aupextop HarmoHanbHOTO IIeHTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHTI'-CY KBak, nokrop ¢unocodun (Ph.D, Gnoxnumusi, arpoxumus), mpodeccop, IIaBHbIi HayqHbIiT COTPYITHHIK,
HayuHo-uccnenoBarebekuil LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-UCCIe0BaTeNbCKU HHCTUTYT
ouonayku u ouorexnonoruu (KRIBB), (I»4on, Kopest), H = 34

BEPCUMBAEB Paxmerka:u MckeHIHPOBHY, TOKTOp OHONOrHYECKUX Hayk, mpodeccop, akanemuk HAH PK,
Eppasuiickuii HarmoHanbHblii yausepcurer um. JLH. T'ymunesa (Hyp-Cynran, Kazaxcran), H= 12

ABUEB Pydar, noxrop TexHHYeCKHX Hayk (Omoxumirs), mpodeccop, 3aBemyronmii xkadenpoit «OnTHMusarms

XUMHYECKOW 1 OMOTEXHONIOTYECKOl anmaparypb», CaHkT-IletepOyprekuii rocy1apCTBeHHbIN TEXHONIOT MYECKUI HHCTH-
TyT (Cankr-IlerepOypr, Pocerst), H = 14

JIOKIIIUH Bsiuecia HoraHoBu4, JOKTOp MEIMIMHCKHX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIMHIYECKOro neHTpa penponykroioray «PERSONAY (Amvarst, Kazaxcran), H=8

CEMEHOB Buiagumup I'puropbeBud, JOKTop OHOIOrHYECKUX HAyK, MPOQEccop, 3aciTy KeHHbIN e Te b HayKH
Yysarckoii PecryOnuku, 3aBeyroriiii kadenpoit Mopdosoriu, akyiepeTsa 1 tepaniu, OeaepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTelbHOE YUPEXKICHHE BBICIIEro oOpazoBaHmst «UyBamICKMil TOCYNApCTBEHHBIN arpapHbIi
yauBepcuter» (Yebokcapsl, Uysarickas Pecryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Komtemka BocTouHOH MemuimHbl Xamaapaa anb-Majpkusa, (hakyisTeT Boc-

TOYHOM MeanIHbl YHuBepcuTera Xamuapaa (Kapauu, [Takucran), H=21

MIENETKWH Hrops AnekcaHapoBHY, IOKTOP MEIMIMHCKUX HayK, podeccop YHUBepcHTeTa mtara MoHTaHa
(CILIA), H=27

KAJIAH/IPA Iserpo, roxrop ¢unocoduu (Ph.D, dhusuka), npodeccop UHCTHTYTA 10 M3yUCHHIO HAHOCTPYKTY-
pupoBanHbIX Marepuaios (Pum, Utams), H =26

MAJIBM AnHa, 1okTOp (hapMareBTHIecKUX Hayk, Ipodeccop, ekaH (apMareBTHdeckoro haxynsrera JIroomm-
CKOro MeJMIMHCKoro yHuBepeutera (JIro6mun, [Monmbnra), H = 22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECHIOH/ICHT
HAH PK, maBHblit HayuHbIH COTpYIHUK JlenapraMeHTa »KUBOTHOBOJICTBA M BeTeprHapHOi Meuimubl TOO «HayuHo-
TIPOU3BOICTBEHHEII LIEHTP KUBOTHOBOZCTBA U BeTepunapminy (Hyp-Cyirran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBud, 10KTOp (GU3HMKO-MaTeMaTHueCKUX HayK, aKaJIeMUK, PE3UICHT AKaeMUU HayK
Moniobl, Texuuueckuii ynusepcurer Monioss! (Kumimnes, Moiosa), H =42

KAJIMMOJIJAEB Maxkcat HypaanioBud, TOKTOp (pU3HKO-MareMaTHIecKHX Hayk, IIpodeccop, akagemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOLIKAEB Kyanraii ABraszpieBuy, noktop Ph.D, npenonaaresb, 101EHT Kadenpbl TEOPETUYECKOM U SIePHOM
m3uku, Kasaxckuii HalMOHaIBHBINA YHUBEpCHTET MM. ainb-Dapabu (Anmmarel, Kasaxcran), H= 10

QUEVEDO Hemando, nipodeccop, HarmonansHeiii aBroHomHbIH yHUBepcHTeT Mekcuku (UNAM), UHcTutyT
sinepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar A6:kanoBHY, TOKTOP (PH3HKO-MaTeMaTHICCKUX HayK, Ipodeccop Kaheapbl TEOPETHIESCKON i
snepHoit pnsnku, Kasaxcknii HarpoHanbHbIH yHHBepcHTeT nM. anb-Dapabu (Anmvarer, Kasaxcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, JOKTOp (H3HKO-MareMaTH4ecKuX Hayk, akagemMuk HAH VkpauHer,
VHCTHTYT NPUKNIaHOM MaTeMaTHKy 1 MexaHuky (JloHenk, Yikpauna), H=5

TAKUBAEB Hypraan JKa6araeBud, JoKTop (U3HKO-MaTeMaTHICCKHX Hayk, mpodeccop, akanemuk HAH PK,
Kazaxcknii HaMOHAIBHBIN yHHBepeHTeT UM. anb-Dapadut (Anmmarsl, Kasaxcran), H=15

XAPUH CrannciaB HukonaeBH4, TOKTOp (pH3HKO-MaTeMaTHUeCKHX Hayk, Ipodeccop, akagemuk HAH PK,
Kazaxcrancko-bpuranckuit Texanueckunii ynusepeuret (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpoOynanoBud, 1OKTOp (U3MKO-MareMaTHdecKux Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHBIN yHHBepcHTeT M. anb-Dapadu (Aymarsl, Kasaxcran), H=12

Hoxaaasl HannonanbHoii akagemuun Hayk Pecnyosmuku Kazaxceran»
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Abstract. Nowadays pollution of water bodies is an urgent problem. The
natural regime of water is disturbed by dumping of wastes on Almaty water bod-
ies. There is also a high share of river water pollution by pipe runoff, domestic
wastes, industrial wastes. The purpose of this work is to determine the level of
chemical pollution of Almaty rivers. Therefore, the study of water pollution of the
main rivers that provide water supply to the city of Almaty is an urgent issue. The
rivers Bolshaya Almatinka and Malaya Almatinka flow through the city, as well
as their tributaries - Esentai (Vesnovka), Ak-Kayin, Remezovka, Zharbulak (Ka-
zachka), Karasu, Kargaly (Kargalinka). The river Esentai flows into the Bolshaya
Almatinka, then flows into Kaskelen, the river Malaya Almatinka flows into the
Kapshagai reservoir. In accordance with the goal set, the objectives of the study
were determined. The rivers Bolshaya Almatinka, Malaya Almatinka and Yesen-
tai were the object of the study. The study revealed different levels of pollution
by chemical substances. Monitoring on heavy metals of sources of household and
drinking water supply of Almaty city was carried out. In the research laboratory
on quality assessment and food safety of Almaty Technological University wa-
ter samples were taken from the rivers Bolshaya Almatinka, Malaya Almatinka
and Yesentai. Organoleptic properties of the composition of the selected samples
were determined and heavy metals were detected. Heavy metals from river water
samples were determined using spectrophotometer KFK 3.01. As a result of the
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research, heavy metals in the rivers of Almaty city were identified and their dy-
namics and degree of accumulation in certain periods of time were studied. The
rivers of Almaty while flowing through the territory of the city had significant
chemical pollution exceeding MPC.

Keywords: water pollution index, heavy metals, MPC, average concentra-
tion, organoleptic properties
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Annoramus. Kazipri yakpitta cy OOBEKTUIEpiHIH J1acTaHybl — ©3€KTi
Macene Oosbin  TaObuiaabl. CyablH TaOWFM PEXKMMI  KaJJAbIKTapJbsl AJIMaThl Cy
OObeKTiJIepiHe  Tery  JKOJNbIMEH  Oy3bpUiagpl. ©3eH  CynapblHbIH  KyObIpiap
arbIHBIMEH, TYPMBICTBIK KaJITLIKTaPMEH, OHEPKACINTIK KOCIITOPBIH AP IbIH
KaJIZIBIKTaphIMEH JIACTaHy YJIeCi 7€ JKOFapbl. ByJl KYMBICTBIH MakcaTbl AJIMAThI
©3CHJICPIHIH  XHMUSUIBIK ~ 3aTTapMEH  JIaCTaHy  JIOPSKECIH  aHBbIKTay  OOJIbII
taObutapl. COHJIBIKTAaH AJMaThl KajlaChlH CyYMEH KaMmMTamachl3 eTeTiH Herisri
©3CHJICP CYBIHBIH JIaCTaHybIH 3epTTEy 63eKTi Macesie Oonbin  TadbLIaabl. Kana
apkbUIbl  YikeH AusMmathl koHe Kimni Asmarel e3eHuepi, COHmal - aK oJapiblH
cananapbl-Ecenraii (BecnoBka), Ak-KkaiibiH, Peme3oBka, KapoOynak (Kazauka), Kapacy,
Kapraner (Kapranbl) e3enjepi arbin eTeni. EceHTall e3eHi YikeH AJiMaTbiFa, OJaH
opi Kackenen e3enine kysaael, Kimi Anmarer e3eni Kammaralh cy KoWMachiHA
KysiJbl. 3epTTey HbICaHbl peTiHae Yiken Anmarel, Kinn Asnmartel sxkoHe Ecenrtaii
e3eH/iepl 00kl 3epTTey XUMHUSUIIBIK 3aTTap/blH JIACTAHYBIHBIH OpPTYPJl JACHIeiepin
aHbIKTabl. KoOWbUIFAH MakcaTKa CoOHKeC 3epTTey MIHIETTepl aHBIKTAJIIbl. AJIMAThI
KaJlaChlH IIapyallblUIbIK-aybl3 CYMEH KaOJbIKTay KO3JEpiHIH ayblp MeETaaaphbl
OOMBIHIIIA MOHUTOPUHT JKYPIi31IIi.
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AnMaThl  TEXHOJIOTHSUIBIK ~ YHHMBEPCHUTETIHIH TaMaK ©HIMJEpIHIH camachkl MEH
Kayinci3girin ~ Oarajiay  JKOHIHJErl  FBUIBIMH-3€pTTEY  3epTXaHachiHua  YJIKCH
Anmartel, Kimi Anmarer xoHe EceHTall e3eHIEpiHIH CyJapblHBIH ChIHAMATAPhI
aJbIHABL.  IpiKTeNreH ChlHAMajap KYpPaMblHBIH OPTraHOJICIITUKAIBIK  KacHeTTepi
aHBIKTAJIBIN, aybIp METaJiap aHBIKTAIAbI. O3¢H CyJapbIHbIH ChIHAMAJApbIHAH aybIp
metaiaap (Fe, Cu, Zn) KOK 3.01 criekrpohoTOMETp KypajibIHbIH KOMETIMEH aHBIKTAJIJIbI.
3epTTey  HOTHXKECIHIE AJMAaThl  KaJaChIHBIH  ©3CHJIEPIHIAE  ayblp MeTajjaap
aHBIKTAJI/IBI, COHJAW-aK OJIApJAbIH Oenrim Oip YakbIT Ke3eHJICePIHIEr! >KHHAKTATYbI
JIOpeXeci MEH JMHAMHUKAChl 3epTTeNl. AJMaThl ©3CHJIEepl Kaja ayMarbl apKbLIbI
arpi xaTKaH ke3ae [IIPK-nan acaTein aliTapiabIKTail XUMUSUTBIK JTACTAHyFa He OOJIIBI.

Tyiiin ce3mep: CyIblH JactaHy HWHJIEKCI, Cy CallachlHbIH KOPCETKIIli, aybIp
metaiaap, [IIMK, opraiia koHIeHTpal¥sl, OpraHOJCI TUKAJIBIK KACUETTEP

KapotcvLnanowvipy: byn zepmmey coipmybl Kapr#CbLIAHObIPYObL ANEAH HCOK,

Anevic:  Aemopnap Kascemmi 3epmmeynep icypeizeeni  yuwiin Anmamol
MEXHONOSUSILIK VHUBEPCUMEMIHIK MAMAK OHIMOEpiHiH canacel MeH Kayincizoi-ciH
bazanay 3epmxaHacbiHbIY Kbl3MemKepiepiHe angblcbli 0ildipeoi.

Mpyooenep kakmuizoicol: Myooenep KaKkmulablCbl HCOK.
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AnHoTtanus. B HacTosmee Bpems 3arps3HEHHE BOIHBIX OOBEKTOB SIBISIETCS
aKTyaJdpbHOW TpoOsieMoii. EcTecTBEHHBINM pekMM BOABI HApyIIaeTCs IyTeM cOpoca
OTXOJIOB Ha aJIMATHHCKHE BOJHBIE OOBEKTHI. BRICOKA Takke OIS 3arps3HEHUS PEUHBIX
BOJ CTOKOM TpyO, OBITOBBIMH OTXOJaMH, OTXOJAMH IPOMBINUICHHBIX TPEAIPUATHIH.
Lenpro maHHO paboTHI ABISETCS ONpe/ieNieHHe YPOBEHb 3arPA3HEHHOCTH XUMHYECKUMHU
BEIIeCTBAMU peK AJIMaThl, TaK KaK WM3y4YEHHWE 3arps3HEHHs] BOJBI OCHOBHBIX DEK,
o0ecrnednBaoONMX BOJOCHAOXKEHNE TOpOoJa AJIMATHI, SIBIISETCS aKTyaJIbHBIM BOIIPOCOM.
Uepes ropoj nporekaroT peku bonbiias Anmatuaka 1 Manas ATMaThHKA, a TakKe UX
nputoku — Ecenraii (BecnoBka), Ak-Kaiinn, Peme3oBka, XKapoynak (Kazauka), Kapacy,
Kapransr (Kapranuaka). Pexa Ecenraii Biagaet B boibiryto ATMaTHHKY, Jajee BIIaaa-
et B KackerneH, peka Manass AnmMaTtrHKa BriagaeT B Kammaratickoe BogoxpaHu-yumiie. B
COOTBETCTBHH C TIOCTABJICHHOW IENBI0 ONPE/IeNIEHBI 3a]Ja9l UCCIIE0-BaHHs.
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B kauectBe oObekTa wuccienoBaHus ObuUiM pekd  bosbimias AnmaTtuHka, Maas
Anmarunka u Ecenraii. MccnenoBanue BBISIBUIIO pa3iUYHbIE YPOBHM 3arps3HEHUS
XUMUYECKUMHU BellecTBaMU. lIpoBeeH MOHHUTOPHHT TIO TSDKE-JIBIM — MeTaiaM
HCTOYHUKOB XO3SHCTBEHHO-IIUTHEBOTO BOJOCHAOKEHUS ropo-aa Ajmarel. B HaydHO-
HCCIIEOBATEILCKON J1Ta0OpaTOpUX MO OIIEHKE KadecTBa W 0OE€30MaCHOCTH MHUIIEBBIX
MPOJYKTOB AJIMATMHCKOT'O TEXHOJIOI'MYECKOr0 YHHUBEPCHTETa ObLIM OTOOpaHBI MPOOBI
BoA pek bombmoit Anmatunkm, Mamoii Anmatunku u Ecentait. OmpeneneHsl
OpraHOJICTITHYECKHE CBOMCTBA COCTAaBa OTOOPAHHBIX IMPOO W BBISBICHBI TSHKEIIBIC
MeTautbl. TspKenble MEeTauThl U3 MPO0 PEUHBIX BOJ OMPEACISIN C MOMOIIBIO Mpubopa
cnektpodoromerpa KOK 3.01. B pesyibrare HUCCIEAOBaHUN BBISIBICHBI TSHKEIIBIC
METaJUTBl B PeKax T. AJIMaThl, a TAK)Ke M3yUeHa MX TUHAMUKA U CTETICHb HAKOTUICHUS B
OTIpeJICIICHHBIC TEPUOAbl BpeMEHH. Peku AnMaTsl Hpu OPOTEKAHUU 10 TEPPUTOPUU
ropojia UMeJU 3HaYUTeIIbHOE XUMHIUECKOe 3arpsi3Henue, mpesbimatomiee [1JIK.

KuioueBble cjioBa: WHACKC 3arps3HEHUS BOXBI, TspKenable MeTamnsl, [TK,
CpEIHSsI KOHIICHTPAIUs, OPTaHOJIEITHUYECKIE CBOMCTBA

duHAHCHPOBAHUE: JaHHOE WCCIEAOBAHME HE IOJYyJaJ0  BHEIIHETO
(uHaHCUPOBAHUSI.

BaarogapHoCTh: aBTOPBI BBIPAXAKOT CBOKW OJIAr0JapHOCTh COTPYIHHKAM
J1a0OPaTOPUU OIICHKH KayecTBa U OE30MMaCHOCTH MUIICBBIX MPOAYKTOB AJIMATUH-CKOTO
TEXHOJIOTUYECKOTO YHUBEPCUTETA aHATH30B.

Kondaukt nHTEpecoB: KOH(IMKTa HHTEPECOB HET.

Introduction

At the modern stage of urbanization, which is becoming global, water
occupies a special place and importance in the normal functional activity of
humans, living organisms and living things. Unfortunately, most of the
particularly voluminous water reserves in the hydrosphere (the volume of the
hydrosphere is 2.2 times larger than the lithosphere) are sources of water
unsuitable for human consump-tion. This situation, which today poses the
problem of fresh water to mankind as a global problem, it is predicted that in the
coming decades most of the world’s pop-ulation may face the problem of fresh
water. The qualitative changes in climate, water in rivers, lakes are now creating
global scale problems. The southern capital with a population of more than 2
million people, an industrial center, is one of the most beautiful cities. These
waters are used in industry and institutions, houses and apartments and contain
various elements, chemicals, metals, petroleum prod-ucts, detergents. Currently,
the agglomeration of Almaty city is among the most ecologically disadvantaged
areas of the Republic of Kazakhstan, where all natural

155



ISSN 2224-5227 2.2024

environments are highly polluted with toxic chemical substances of soil, water,
vegetation, and atmosphere. In the restoration of the ecological state of the city,
special attention is paid to small rivers of Almaty city, as they are a true natural
filter, as well as used as the main source of water in water supply zones, hydro-
power, recreation. Water from the rivers of Almaty city is characterized by high
levels of pollution, especially heavy metals. There are 22 river and 4 artificial riv-
er reservoirs in Almaty city. There are 1252 objects located in the water protection
zone of the rivers of Almaty. It was found that 1090 residential houses, 27 cafes,
20 stores, 5 wind farms, 45 garages, 26 enterprises and organizations are located
in them. Air pollution negatively affects the health of citizens, soil crust, flora and
fauna, surface and underground water. Therefore, the level of bacteriological pol-
lution of Almaty’s rivers has reached a high level (Zamora—Ledezma et al. 2021).
The total length of river channels is 220.8 km, total area of water bodies —1116
hectares. The largest rivers of Almaty are: the Big Almaty River, the Small Al-
maty River, further the Yesentai River. The sources of water supply of the city are
surface sources — Big and Malo-Almaty lakes, underground sources — Almaty,
Talgar, Malo — Almaty fields. It is established that in the river Malaya Almatinka
copper is 2.5 times higher, phenol is 2 times higher. The content of lead is about
1.1 MPC, and the content of other heavy metals is below MPC. In the Yesentai
River, the maximum permissible concentration (MPC) of copper is 3 times higher.
The Malaya Almatinka River runs along the northern side of the Zailiyskiy Alatau
ridge, belongs to the basin of Lake Balkhash, the catchment area of which is 118
km? and reaches 710 km? at its confluence with the Kaskelen River (Bolisetty et
al., 2019; Kumar et al., 2019; Review, 200; Enrique, 2007).

According to the latest data, the level of pollution of the water protection
zone of Almaty rivers with heavy metals has reached a high level. For example,
on the rivers Bolshaya Almatinka and Yesentai the permissible maximum high
concen-trations of copper have reached 3 times, on the river Malaya Almatinka
— 2.5 times, phenol — 2 times. The dynamics of presence and level of
accumulation of heavy metals (Cd, Pb, Cu, Zn) in the mentioned rivers in the
period from 2021 to 2022 were studied and it was found that they are present in all
three. For example: copper increased from 11 to 12 MPC in all years. Lead
pollution was noted in the river Malaya Almatinka (1.1km), Bolshaya
Almatinka (1.9km). The content of other heavy metals was below MPC
(Alzhanova, 2003; Water resources of Kazakhstan in the new millennium, 2007,
Sall, 2020; Kilaru, 2009; Kiran, 2022; Fu, 2020).

The ways of getting into the hydrosphere of heavy metals from the water
environ-ment polluted by man are different. Heavy metals include elements with
metallic properties and relative atomic mass above 50. Another criterion is
density equal to or greater than the specific gravity of iron (7.8 g/cm?). The
most dangerous elements are: chromium (51.9); nickel (58.7); cobalt (58.9);

copper (63.5); zinc
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(65.4); arsenic (74.9); cadmium (112.4); mercury (200.6); lead (207.2).
The chemical composition of water also affects the living organism. It is
estab-lished that natural waters can contain various trace elements (iodine,
bromine, flu-orine, selenium, strontium, molybdenum, cobalt, etc.). Possessing
high biological activity, they determine the normal course of many
physiological and metabolic processes in the human body, participate in
mineral metabolism and as catalysts of various biochemical reactions affect
the overall metabolism. Micronutrients enter the human body from the
external environment, their amount in the body directly depends on the
presence in the soil, water, plants, etc. Deficiency or ex-cess of certain trace
elements in water and food products can lead to the violation of various
functions and diseases. In addition to trace elements, the human body is
affected by a large number of different salts in water. Thus, highly mineralized
water contributes to the increase of hydrophilicity of body tissues, water retention
in the body (Shakhawat et al. 2016). The taste of water compared to pure drinking
water has 4 senses of taste (sweet, bitter, salty, sour). The other senses are
related to taste. They are sweet, metallic, chlorine, ammonia and others. The
evaluation of odor and taste is determined on a 5-point scale. Odors and
unpleasant tastes are intensified at high temperature (Alimkulov et al., 2016;
Water resources of Kazakhstan: assessment, forecast, management, 2012;
Dostai, 2012; Dostai, et al, 2012; Qasem et al, 202I).

Water odor is one of the sensitive indicators of water quality, the change of
which indicates pollution. In addition, a slight degree of water pollution can
be deter-mined by changes in odor, which exceeds the sensitivity of the
developed chem-ical methods of investigation (Dostai et al., 2012). The odor
of water is related to the presence of odorous substances in it through various
currents. Almost all liquid organic substances give water a characteristic odor
of dissolved gases, or-ganic suspensions, and mineral salts. Odors can be natural
(swamp, sulfur, rotten) and artificial (chlorine, phenol, oil, etc.) (Kenshimov et
al., 2005; Posthuma et al., 2019).

To determine chromaticity, the water under test is compared with artificial
stan-dards prepared from a mixture of potassium chloroplatinate and cobalt
chloride (platinum-cobalt scale) or potassium bichromate and cobalt sulfate
(chromium-co-balt scale). The coloration of water corresponding to the
coloration of a solution that contains 0.1 mg of platinum in 1 ml is called the
degree of chromaticity.
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Table 1. Color scale of drinking water

Name of color category Water color, degrees
Very small Up to 25
small 25-50
medium 50-80
high 80-120
very high over 120

Materials and methods

To conduct the study, locations for collecting water samples with different
assumed degree of pollution are selected. Water samples for heavy metal content
in the Yesentai River were taken in 2 locations along the riverbed, at its intersec-
tion with Al-Farabi Avenue (No. 1) and Ryskulov Street (No. 2). On the Bolshaya
Almatinka River were used data from 3 points: No. 1-9.1 km above the city, No.
2-0.5 km below the AHBK discharge, No. 3—0.5 km below the city. Water sam-
ples of the Malaya Almatinka River were analyzed for heavy metals content at 3
points: No. 1-0.5 km below the Mekhkombinat discharge, No. 2-2.0 km above
the city, No. 3-—4.0 km below Almaty city. In discussion and analysis of the data-
base on heavy metal pollution of Almaty rivers.

Complex indicators of drinking water quality are characterized by certain
attributes. Physical indicators of drinking water quality include temperature, taste,
odor, turbidity and color. They determine the organoleptic quality of water. Chem-
ical indicators are characterized by the chemical composition of water. The nature
of odor was determined by the perceived odor (soil, chlorine, petroleum product,
etc.) and the odor was evaluated according to the point system and intensity. The
following indicators were found in the samples studied: in the samples of the large
river Almaty odor intensity — no odor, the nature of odor manifestation — not
observed, odor intensity score — 0-1 point. From the samples of the Esentai Riv-
er odor intensity — weak, the nature of odor manifestation — weak grass-soil,
odor intensity score — 2 points. In the samples of the Malaya Almatinka River
odor intensity — weak, the nature of odor manifestation —weak grass-soil, odor
intensity rating — 2 points. Water color was determined by photometric method
by comparing the investigated water sample with distilled water. The color of the
water sample of the Yesentai River is 18.88 degrees, which does not exceed the
index according to SNiP 2.01.14-83 for drinking water. The color of the water
sample from the Malaya Almatinka River is 19.60 degrees, which does not exceed
the SNiP 2.01.14-83 for drinking water.

The Bolshaya Almatinka River (1.9 km) flows through mountainous, plain
and transitional uplands. The watershed is considered to be a mountainous zone,
which makes up 46 % of the river’s territory. Water purity in this zone is at an
average level.

Water transparency was determined by photometric method, comparing
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the water sample with distilled water.

The color is determined by comparing the test sample with reference wa-
ter. Table 1 presents a special color scale of drinking water. Turbidity of water
determines the composition of fine suspension of insoluble particles, also — the
presence of sediment, measured in microns and millimeters; determined after fil-
tration of the sample by suspended, coarsely dispersed substances and dried resi-
dues — transparency is measured mainly visually by the level of turbidity of the
water column. Turbidity is determined photometrically, depending on the quality
of the light beam passing through it.

Water pollution index, as well as other indicators, are of great scientific,
theoretical and purely practical importance. They are the main diagnostic method
to identify the fact of pollution and its quantitative measure. Thanks to this, it is
possible to understand whether the water can be used, for what specific purposes,
and whether it is necessary to take measures for the ecological rehabilitation of
the water body.

Samples were taken from different points of rivers, and a complex quality
indicator — water pollution index (WPI) — was determined on the example of
rivers (Bolshaya Almatinka, Malaya Almatinka and Yesentai) taken for studying
surface water quality. WPI is one of the most important characteristics of water. It
is the average ratio of the concentration of a particular pollutant to its MAC. WPI
quantitatively shows how polluted the water in a river is.

“Very clean” waters are class I (WPI less than or equal to 0.3), “clean”
waters are class II (WPI 0.3 to 1), “moderately polluted” waters are class IIT1 (WPI
1 to 2.5), “polluted” waters are class IV (WPI 2.5 to 4), “dirty” waters are class V
(WPI 4 to 6), “very dirty” waters are class VI (WPI 6 to 10), and “extremely dirty”
waters are class VII (WPI greater than 10).

For this purpose, samples were taken at certain intervals and measure-
ments were carried out in accordance with the adopted methodology. As a result,
a specific value is obtained, depending on which the degree of surface fresh water
pollution is judged.

The assessment is carried out in accordance with the requirements of the
guiding document RD 52.24.643-2002. This document specifies methodological
principles and instructions for assessing the degree of pollution of surface waters
of a particular water body (natural or artificial).

According to the methodology, sampling is carried out with subsequent
analysis and identification of the fact of exceeding the MPC, for example, for
iron content. The degree of exceedance is determined, e.g. 4.3 more than the es-
tablished MPC norm. The number of cases per year or other period when these
violations were detected is determined.

As a result, the water is assigned a certain class and discharge. The best
grade is “conditionally clean”. Such a liquid does not contain substances with
concentrations exceeding the MPC.
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However, its purity cannot be 100 % guaranteed due to unforeseen factors
(e.g. acid rain, sewage discharge).

The formula and methodology for calculating WPI depends on the water
being studied, in this case for surface freshwater. In any case, the WPI is calcu-
lated taking into account data on a strictly limited number of pollutants. For ex-
ample, determine the exceedance of MPC for 10 components and work only with
these data, calculating their arithmetic mean.

In the case of surface water, the index is calculated according to the fol-
lowing formula:

WPI= (S50 )/6

As can be seen from the formula, the WPI measurement is carried out in
several steps.

Determine the concentration of a specific pollutant Ci. Divide the obtained
value by the MPC of this component (described in regulatory documents). Obtain
the sum of such divisions for each pollutant from i=1 to n (the number of deter-
mined substances is always strictly limited, in this case is 6). Then divided by 6,
i.e. the total number of pollutants (n = 6).

Heavy metals were determined in the Research Institute of Food Safety
ATU, which has methods of analysis (electrochemical and spectrometric) and the
necessary equipment for water quality control. Heavy metals from river water
samples were determined using a spectrophotometer KFK 3.01.

Results and discussion

The level of pollution of the river Bolshaya Almatinka in 2021, as shown
in Table 2, is 1.43 (3 class), ie has an average level of character. In 2022, this
indicator is 1.57 (3 class), we can observe an increase in pollution level.

Table 2. Pollution level of the Bolshaya Almatinka River 2021-2022

Name of water | Water Pollution Index (WPI) - water The content of pollutants exceeding MAC
object quality characteristic for 2022
average multiplicity
2021 2022 impurity  concentration, of MAC
mg/l increase
Bolshaya
1,43
Almatinskaya G cl) 1,57 Cu (1D 0,4 0.9
River L (3cl)
medium contaminated
contaminated Fe (I11) 0,8 1,1
Pb (IV) 0,9 1,0
cdn 0,10 0,4
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Figure 1 - Level of water pollution by impurities in the Bolshaya Almatinka River

As a result of the photometric study the following indicators were ob-
tained: the transparency of water samples from the Bolshaya Almatinka River is
2.42 ml/dm?, which corresponds to SNiP 2.01.14-83 2.5 ml/dm®. Transparency of
water samples from the Yesentai River is 2.45 ml/dm?, which corresponds to SNiP
2.01.14-83 2.5 ml/dm°’. The transparency of water samples from the Malaya Al-
matinka River is 2.5 ml/dm?, which corresponds to SNiP 2.01.14-83 2.5 ml/dm?.

Heavy metals were detected in the composition of the studied surface wa-
ter samples. The content of heavy metals in the samples taken from the research
objects is presented in the table (Table 3). The danger of water pollution by these
elements is associated with the fact that heavy metals in water are not detected
organoleptically, i.e. are not noticeable by taste, smell and color.

Table 3. Average content of heavy metals in water of Almaty rivers

Quantity of pollutants compared to MAC,

Name of water object 2022
Heavy metals Average MAC concen-
tration, g/l
Pb 0,001
Cd 0,005
Average water index As 0,001
of Almaty rivers Al 0,004
Cu 0,001
Fe 0,001

The content of copper and iron from impurities in terms of pollutants rais-
ing MAC for 2022 is equal to 0.0049 and 0.0080 mg/l. The multiples of MAC
elevation are equal to 4.9 and 1.1. Lead content is 0.00087 mg/l and cadmium
content is 0.0010 mg/l, the MAC uplift multiples are 1.0 and 0.4. The content
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of arsenic is 0.0012 mg/l. Only concentration of some chemical substances in
waters of rivers Bolshaya Almatinka, Malaya Almatinka and Yesentai increases
from MAC. The concentration of cadmium in the sample of the river Bolshaya
Almatinka is 0.0061+£0.003 mg/l and increased 6 times the MAC. On the con-
centration of copper in all samples under study exceeds the MAC level in the
sample of the river Bolshaya Almatinka copper content is 0.0201+0.003 mg/1 and
exceeds the MAC by 20 times. Copper content in the sample of the Esentai River
1s 0.0191+0.003 mg/l and exceeds the MPC by 19 times. Copper content in the
sample of the Malaya Almatinka River is 0.03+0.008 mg/l and exceeds the MPC
30 times. In samples in the control zone the level of MPC was not exceeded. Ac-
cording to literature sources, the cause is the ingress of copper in natural waters,
as well as water from chemical plants, metallurgical industry, aldehyde reagents.

Table 4. Water pollution level in Malaya Almatinka 2021-2022

Water Pollution Index (WPI) - a char- The content of pollutants that increase the
acteristic of water quality content of MPC,
Name of wa- for 2022
ter object average
. . . multiplicity of
2021 2022 impurity  concentration, MAC increase
mg/1
Malaya (;’518) (;’:17 ) guFﬁI 0,0043 43
Almatinka - - s 0,0092 1,2
River medium medium Cu(- 0.0021 11
contaminated contaminated | NO,), ’ ’
3
45 CuF2
4
3.5
3
8.5
=
L5 Cu3N2 Cu[NO3)2
1
0,5
0
0,0043 0,0092 0,0021

Figure 2 - Level of water pollution by impurities in the Malaya Almatinka River

162




Reports of the Academy of Sciences of the Republic of Kazakhstan

As shown in Table 4, the water pollution index of the Malaya Almatinka
River in 2021 is equal to - 1.68 (3kl), and in 2022 is equal to 1.47. This indicates
a “moderately polluted” level for water quality characteristics. According to cal-
culations for 2022, the water quality of the rivers Malaya Almatinka, Bolshaya
Almatinka and Yesentai is considered “moderately polluted” (class 3, WPI —
1.52-2.60). In all rivers possible amounts of copper were traced, about 4.3 —
5.1 MAC. The content of fluoride and nitride nitrogen exceeding 1 MPC was
monitored on the Small Almaty Lake, on the Big Almaty Lake — 1.1 MPC, iron
content (pollution index on the Small Almaty Lake — 1.68, Yesentai - 1.58, Big
Almaty Lake — 1.43).

The next object of study Esentai (Vesnovka) is a river in the Ili basin, left
tributary of the Malaya Almatinka River. It originates from the northern slope of
Zailiyskiy Alatau and flows through Almaty city. Its length is 43 km. The average
annual water discharge is 0.06 m?/s. It has 8 tributaries with a total length of 19
km. Along the river 7 ponds were built [11].

Table 5. Water pollution level of the Yesentai River 2021-2022

Water Pollution Index (WPT) — a The content of pollutants that increase the con-
characteristic of water quality tent of MPC,
Name of water for 2022
object average multiplicity
2021 2022 impurity concentration, of MAC
mg/l increase
1,57
: 2,60
Yesentai River & KJ,I’) (4 xm.) Cu 0,0051 3,1
medium .
. contaminated
contaminated

According to calculations for 2021, the water quality of the rivers Malaya
Almatinka, Bolshaya Almatinka and Yesentai is considered “moderately pollut-
ed” (class 3, WPI — 1.52-2.60). All rivers showed possible amounts of copper,
about 4.3 — 5.1 MAC (Table 5).

The content of fluoride and nitride nitrogen exceeding 1 MPC was mon-
itored on the Small Almaty Lake, on the Big Almaty Lake — 1.1 MPC, iron
content (pollution index on the Small Almaty Lake — 1.68; Yesentai — 1.58; Big

Almaty Lake — 1.43).

Table 6. Special characteristics of water with different types of iron according to SNiP 2.1.4.1074-01

Type of iron | Tap water Water after infu-
sion

divalent pure red-brown precip-
itate

trivalent colored red-brown precip-
itate
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colloidal yellow-brown does not form a
precipitate, cannot
be filtered

dissolved yellow-brown does not form a

organic precipitate, not fil-
tered

dissolved jelly-like formations

inorganic opalescent film in the

pipe system

The odor of water is related to the presence of odorous substances
in it through various currents. Almost all liquid organic substances give
water the characteristic odor of dissolved gases, organic suspensions, and
mineral salts. Odors can be natural (swamp, sulfur, rotten) and artificial
(chlorine, phenol, oil, etc.).

Table 7. Determination of water odor according to SNiP 2.1.4.1074-01

Score | Terms Characteristic definition

0 definite Odorless

1 very weak An odor that is not detected by the consumer but is detected by observation in
a laboratory

2 faint An odor that is detected by the consumer if they pay attention to it, but not
realized if they do not pay attention to it themselves

3 perceptible An odor that is easy to notice and that may cause negative feedback about it

4 definite An odor that is unpleasant and which is not recommended for drinking

very high An odor so strong that the water is unfit for drinking

imbalance in the ecosystem of the reservoir (Table 7).

Laboratory analysis of water taken in April 2021 revealed that many indicators
are above the norm, especially in terms of metals and sulfates. Thus, the pH level was
9.33 with the norm of 6.0-8.5, magnesium — 51.0 mg/dm? (norm — 40-50), copper
— 0.01 mg/dm?® (norm — not more than 0.005), sodium — 290 mg/dm? (norm — 120),
sulfates — 182.3 mg/dm?® (norm — not more than 100). All this indicates that the river is
not in the best condition, it is constantly exposed to pollution by solid waste, which led to

Table 8. Institutions located in water protection zones of Almaty rivers

s/n Water protection zones quantity
1 residential buildings 1090
2 cafes 27
3 stores 20
4 Wind protection stations 5
5 garage 45
6 businesses and organizations 26
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Conclusion

The water issue in Almaty has always taken a back seat to problems with air,
soil and greenery. But improper development, human factor and production processes
meanwhile pollute water and threaten the health of citizens. The problem of not only
water quality but also water quantity is important. The main reserves of water resources
of the republic are concentrated in surface and underground sources. Water reserves in
the country and cities are not infinite. But this is not only our problem: already now about
one billion people around the world do not have direct access to clean drinking water.
The level of water supply averages 20 thousand cubic meters per 1 square kilometer of
the country’s territory.

The information base of the study was scientific and statistical documentation of
surface water monitoring of rivers in Almaty. The presence of heavy metals (Cd, Pb, Cu,
Fe) in the rivers of Almaty was shown, their dynamics and degree of accumulation were
studied from 2020 to 2022. Copper pollution of Almaty rivers was significant: from 11
to 12 MPC in all 3 rivers and in all analyzed years. Pb pollution was observed in the Ma-
laya Almatinka River (1.1 MPC) and in the Bolshaya Almatinka River (1.9 MPC). The
content of other heavy metals was below MPC. Thus, chemical pollution of the Malaya
Almatinka River can be attributed to the average, as there was an excess of MPC, the
content of other metals did not exceed the MPC. Analysis of water samples of the Big
Almatinka river for Cd content showed MPC 0.005 mg/ml, the obtained values of Cd
pollution were significantly lower than MPC. Exceedance of Pb pollution (2nd class of
hazard, MPC 0.005 mg/ml in the Yesentai River was not observed.

In the 1st half of 2022, the water quality of the rivers Bolshaya Almatinka, Ma-
laya Almatinka and Yesentai decreased compared to the previous year. Along the rivers
debris is piled up, some parts of the water, water quality decreases day by day, and most
importantly, downstream water enters the groundwater of the city. Thus, pollution of
rivers of Almaty city by heavy metals is considered significant (in all 3 rivers), other
heavy metals were present, but their content was within MPC and did not pose a threat to
aquatic inhabitants of rivers.
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