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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 BHuUManue brnarorBopurenbueli  GoHn  «Xadblk»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUYECTBEHHOMY OOpa30BaHMIO,
@DoH1 BHOCUT CBOW MOCWJIBHBINA BKJIaJ B Pa3BUTHE KAuCCTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMbiM crmocoOCTBYSl pOCTy 4YHcia JIIOAEH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydleMy — NpodecCHOHAIOB B pa3IMuHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BEIUKUX YMOB». ONHOW M3 3HAYMMBIX WHULIMATUB
¢donaa «Xansik» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsrii B cTpane 6nzHec-nHKyOaTop utst ydamuxcs 9-11 kmaccoB, KOTOPBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHIE
HaBbIKU. Tak, Ha cozelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosiee
200 rpanrtoB. [y noanep:KKW TaJaHTIMBBIX U MOTHBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI TPAaHTHI Ha 00yueHue B MextyHapoIHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmxkHoM kKoHkypce «USTEM Robotics» B CIIA. Aropckue
paboTsI B pamkax npoekTa « Tamimrepy», koropomy DoHJ 0Ka3ail NOAICPKKY, JICIIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4E€OHO-METOIMYECKHUX KHHI IO
npeaMeTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3HEecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM MIKOJIBHUKAM, YYallUMCsl KOJUIe/Ked u cryneHTamM DoHp
CUUTAET BAXHBIM BHECTH CBOH BKJIaJ B MOBBINICHUE KBAJIM(HUKALNU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyaylIMX MOKOJICHMH Ka3axcTaHieB. [Ipu momnepikke
doHma «Xanplk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxxHo#il MHMUIMATHBOM CTaJl peaau3yeMblii MPOEKT M0 OOYYEHHIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl U3 BocbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (PUHAHCOBON
PaMOTHOCTH M IPEAIPHUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xallblk» 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
JETCKOMY CHOPTY, KyZa OTHOCHUTCS IMOJJICP’KKa B Pa3BUTHU ACTCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEHHO BasKHYIO ITOMOIb biiaroTBOpUTeIbHbIN (GOH
«XanpIK» OKa3aJl HalllUM COOTEYECTBEHHMKAaM BO BpeMsl HEIaBHEH MaHICMUU
COVID-19. Torga, B pasrap Tsbkenoil OopsObl ¢ KOpOHaBUPYCHOW MHQeKuuei
®onpx Bbtenun cBbimie 11 MWIIMAapIOB TEHre Ha MPHOOpETeHHEe HEeOOXOIUMOro
MEIUIUHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEAMLHMHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEACTB 3aIlUTHI, aJPECHYIO
MaTepraibHyI0 MMOMOIIL COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJUIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsimy ¢ OIpyruMH MpPOEKTaMH, HALICNEHHBIMH Ha MOBBILICHUE
071arocOCTOSHUS Ka3aXCTaHCKUX IpaskaaH QOH pelu yIeIuTh 0co000e BHUMaHNE
HayKe, TIOCKOJIbKY OHa SIBJISIETCSl 4aCThIO OOIIECTBEHHOM KYJIBTYpHI, @ YPOBECHb €€
Pa3BUTHS ONPEACISIET YPOBEHb PA3BUTHUS TOCYIapCTBa.

[Monnep:xka @oHIOM BbIMycKa KypHanoB HamumonanbHOM AkaneMuu Hayk
PecnyOnukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus u
Wos 1 B KOTOPBIX IMYOJHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YeOHBIX 3aBEeICHMI
W HayYHO-HCCJIEOBATEIbCKUX MHCTHUTYTOB HAIICH CTpaHbl SIBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM DoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBRa.

C yBaxkenmnewm,
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

PEJAKIUAJBIK AJKA:

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

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac permakrtopasiH opbiHOacapel), mnpogeccop, KP  YFA
KoppecroHaeHT-Mmy1eci, Ph.D GHoXuMus jKoHE MOJIEKYIAbIK TeHETHKA calachl OOMbIHINA YIITTHIK OHOTEXHOIOTHS
opraibrbiHbH 0ac aupekrops! (Hyp-Cyinran, Kazakcran), H =23

CAHTI'-CY Ksak, PhD (6uoxumust, arpoxumust), mpodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUIBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimMuikrepiH HIKeHEpIiK jKyHenepi FHUIBIMU-3€PTTEY OPTabIFBIHBIH 0ac FHUIBIMI
kpi3MeTkepi, ([]puon, Kopes), H =34

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

OBUEB Pygar, Texuuka rFbUIbIMIapbIHBIH JOKTOpbI (Oroxumus), npodeccop, Cankr-IlerepOypr MeMIIeKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaMIaHABIPY» Ka(eapachIHBIH
menrepyiici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIHNH Bstuectas HoranoBmu, MeauiHa FBUIBIMAAPBIHBIH JTOKTOPEI, Ipodeccop, KP YFA akamemuri,
«PERSONAY xaJbIKapasblK KIMHUKAIBIK PENPOLYKTONIOTUsl OPTANIbIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, Oronmorus FbUIBIMAAPBIHBIH JOKTOpBL —mpodeccop, UYysamr
pecryOniKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipartkepi, «UyBarl MEMJICKETTIK arpapiiblK YHUBepCHTETD Denepanabik
MEMJICKETTIK OIO/DKETTIK JKOFaphl OinmiM Oepy Mekemeci AKYILIEpIK oHE Teparus KaeIpachIHbIH MEHIEpYILICi,
(Yebokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkuna Xamaap)i yHUBEPCHTETIHIH IIBFbIC MeUIMHA (axyisreTi, [Ibrpic
MEIUIMHACKI KOJUTe/KiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

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

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

MAJIBM Amnna, dapmaneBTrKa FEUIBIMAAPBIHBIH JOKTOPSI, Ipodeccop, JII0OIMH MenuimHa yHUBEPCHTETIHIH
(bapmanepTika daxyasTeTiHiH AekaHsl (JIoomin, [onsma), H =22

BAUMYKAHOB [lacran Acbl10eKy.ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH T0KTOpBI, KP ¥FA koppecrnon-
JIeHT Myleci, "Mail mapyanibuibFbl KoHE BETEpUHAPHS FhUIBIMU-OHIPICTIK opTaibibl" XKIIC man mapyaibuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSAHY Uon MuxaiisioBuy, (hr3nka-MareMaTika FbUIbIMIAPBIHBIH JJOKTOPBI, akaieMuk, Mosjosa Futbiv
AKaJIeMISICBIHBIH TIpe3uaeHTi, MolioBa 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. Teopusinbik xoHe sSaposblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak Ttk yHEBepeuTeTi (Anvarsl, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIaporbIk FeuibiMaap HHCTHTYTH! (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:kaHy/bl, (U3MKa-MaTeMaTHKa FHUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
¢uzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbimars! Kasak yiTTeik yausepeureTi (Anmarsl, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiiioBuy, (r3ika-MareMarnka FhUIBIMIAPBIHBIH JOKTOpbI, YKkpanHa YFA
akazemuri, KoinanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpanna), H =15

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTeMaTHKa FHUIBIMAAPBIHBIH JIOKTOPBI, mpodeccop, KP ¥YFA
axagemuri, on-Papabu aremHpars! Kazak yiTTeik yHuBepeuteti (Anmarsl, Kasakeran), H=5

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

JABJIETOB Ackap EpOynanoBud, ¢u3nka-MareMarika FbUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akazemuri, an-Oapadbu  arsiaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H= 12
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TOKJAJIBI 2024 ¢ 1
HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

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

PEJAKINUOHHASYA KOJJIET US:

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

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

CAHTI'-CY KBak, nokrop ¢unocoduu (Ph.D, Gnoxnmusi, 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,
EBpasuiickuii HarmoHanbHbli yausepcurer um. JLH. T'ymunesa (Hyp-Cynran, Kazaxcran), H= 12

ABUEB Pydart, noxrop TexHIYeCKHX Hayk (Omoxumins), mpodeccop, 3aBemyronmii xkadenpoi «OnTHmMusarms

XUMHYECKOW M OHOTEXHONIOTHYECKO anmaparypb», CaHkT-IletepOyprekuii rocy1apCTBeHHbIN TEXHONIOTHYECKUIA HHCTH-
TyT (Cankr-IlerepOypr, Pocenst), H = 14

JIOKIIIUH Bsiuecia HoranoBu4, JTOKTOp MEIMIMHCKHX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIMHIYECKOro neHTpa penponykroioray «PERSONAY (Amvarst, Kazaxcran), H=8

CEMEHOB Buiagumup I'puropseBud, JOKTop OHOJIOrMHYECKUX HAyK, MPOQEccop, 3aciTy KeHHbIN IeSTelb HayKH
Yysarckoii PecryOnuku, 3aBeyroriiiii kadeapoit Mopdosoriu, akyiepeTsa 1 tepaniu, OeepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTebHOE YUPEKICHHE BBICIIErO oOpazoBaHmst «UyBamICKMil TOCYNApCTBEHHBINH arpapHbIil
yausepcute» (Yebokcapsl, Uysarickas Pecrryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Kortemka BocTouHOH MemuimHbl Xamaapaa anb-Majpkusa, (HaKyisTeT Boc-

TOYHOM MeaniIHbl YHuBepeuTera Xamuapaa (Kapaun, [Takucran), H=21

MIENETKHWH Hrops AnekcaHApoBHY, IOKTOP MEIMIMHCKUX HayK, podeccop YHUBepcHTeTa mrara MoHTaHa
(CILIA), H=27

KAJIAH/IPA Isetpo, roxrop dunocoduu (Ph.D, dusuka), npodeccop UHCTHTYTA 10 M3yUCHHIO HAHOCTPYKTY-
pupoBanHbIX Marepuaio (Pum, Utamms), H =26

MAJIBM AnHa, 1oKkTOp (hapMareBTHUeCKUX Hayk, Ipodeccop, ekaH (apMareBTHdeckoro haxynsrera JIroomm-
CKOro MeJIMIMHCKoro0 yHuBepeuTera (JIro6mun, [Monbnra), H = 22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECIIOH/ICHT
HAH PK, maBHblil HayuHbIH COTpYIHUK JlenapraMeHTa »KUBOTHOBOJCTBA M BeTeprHapHOi Meuimubl TOO «HayuHo-
TIPOU3BOICTBEHHEII LIEHTP KUBOTHOBOZCTBA U BeTepunapmin (Hyp-Cyiran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBu4, 10KTOp (GU3MKO-MaTeMaTHueCKUX HayK, aKaJIeMUK, PE3UICHT AKaIeMUU HayK
Moniobl, Texuuueckuii ynusepcurer Monoss! (Kuinxes, 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 TEOPETUUECKOM 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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Cobcreennnk:  PecryOmikaHckoe  oOmiecTBeHHoe oObenuHeHne «HarmoHanbHas akajgemust Hayk  PecryOmukn
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Abstract. One of the urgent problems is the treatment of industrial wastewater
from toxic and heavy metal ions. Increased requirements for the normally
permissible discharge of wastewater require more efficient and environmentally-
friendly methods of treatment. The aim of the research is to study the colloidal-
chemical processes of sorption treatment of wastewater from Pb*2, Ni*2, Zn*? ions
with natural adsorbents. Bentonite montmorillonite (Middle Tentec degeneration),
bentonite red (Mukra degenerations), zeolite (Maitobe degenerate) and diathomite
(Ilyan fields) were selected as the objects of the study. Methods of research - X-ray
phase analysis, atomic absorption spectrometry. X-ray phase analysis determines the
chemical composition of the materials studied. The main component of diatomite
is Si0,, in zeolite — Laumontite composition Ca,AlSi O,.-14H,0 (51.3 %). The
base of bentonites is bedellite-montmorillonite, which has an amorphous structure.
The method of atomic absorption spectrometry was used to investigate the sorption
of heavy metal ions (Pb™, Ni*?, Zn*?) by the natural adsorbents under investigation.
Bentonites, Mukra and Medium Tentec have the best sorption properties. Here,
the content of lead, nickel and zinc ions decreases by an average of 82—85 %. If
diatomite is used, the ion content of these same metals decreases by approximately
7476 %, and for zeolite by 64 %. Generally speaking, the adsorption properties
of these minerals are expected to be achieved by the high porosity in the case of
diatomite and zeolite or the penetration of ions into the interpackage space between
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the bentonite layers. Mixing adsorbents, increasing their mass percentages and
increasing the mass of the mixture leads to increased efficiency of the degree of
cleaning from these ions. In conclusion of the study, natural minerals of the Almaty
region have sorption properties that can be used for practical purposes, in particular
for wastewater treatment.

Keywords: waste water, natural adsorbent, metal ions, sorption, X-ray analysis,
atomic absorption spectroscopy
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AFBIHJBI CYJIAPAbI TABUTU AICOPBEHTTEPMEH
TA3AJIAYJbIH KOJJIOUATHI - XUMHUAJIBIK [TPOLECIH 3EPTTEY

AHHOTanus. OHEPKACINTIK aFbIHABI CYJNapHbl yibl KOHE ayblp MeTaiuapiaH
TazapTy ©3eKTI MocemnenepAid Oipi OonmbIm Kememi. AFBIHIABI Cydarbl KaJJIbIK
WOHJIAPJIH IIEKTI PYKCAaT CTUITeH KOHIICHTPALMSAChIHA Tajial IKOFaphl
OOJFaHIBIKTAH THIMIII KOHE SKOJOTHSIIBIK Ta3a dMicTep KaKeT eTineni. 3epmmey
HCYMBICHIHbIY MAKCAmMbl - aFBIHIBI CyTapasl TaOUFu agcopoentrepmer Pb™?, Nit2
Zn*? HOHIapbhIHAH COPOIMSIIBIK Ta3auay YIIiH KOJUIOMATHIK-XUMHSIIBIK TPOIECCIH
3eprrey. 3epmmey obvexminepi - 0eHTOHUT MOHTMOPWILTIOHUT (Cpennuii TeHTek),
KbI3bUT OeHTOHUT (Mykpsl), neomut (MaritoGe), muaromut (lie) KoigaHBUIIBL.
3epmmey adicmepi — peHTreHO(A3aTBIK TANAAY OIICI, aTOMIBIK-a0COPOITHSITBIK
CHEKTPOMETPUS. 3Jepmmey HamudiceciHoe PEHTreHO(Ma3alblK Taljay oJiciMeH
TaOWFU  aICOpOCHTTEPIMIH XHMHSIIBIK Kypambl aHBIKTAIIBL. JIHaTOMHUTTIH
KypaMbIHBIH Herisri komnonenti SiO,, neomur — Ca,AlSi O, 14H,0 (51,3 %),
OCHTOHUTTEP Kypambl aMOpP(THI KYpPBUIBICTHI OEWIEIITUT-MOHTMOPUIIIOHUTTEH
Typabl. ATOMIBIK-a0COPOIHSIIBIK CIIEKTPOMETPHS oniciMeH TaOUFru
ancopOeHTTepiH ayblp Metaiut nonaapbiH (Pb*2, Ni'?, Zn'?) copOumMsIIbIK KacheTi
3eprrenai. Mykpsl xoHe Cpemauit TeHTeK KeH OpHBIHAH IIBIKKAH OCHTOHHUT €H
JKOFapbl COPOIMSUIBIK KACHUETKEe M€ CKCHI aHBIKTaJ/Ibl. BEHTOHUTIICH KOPFACHIH,
HUKEJb KOHE MBIPBIII HOHAAPBIHAH Ta3apTy 82—85 % Kypaiasl. JluatoMuTneH 74—
76 %, ain ueonutneH 64 % TazapTbullbl. JMATOMUT MEH IIUONMUTTIH KEYSKTUIIMHIH
YKOFaPBI OOTYBI JKOHE OCHTOHUTTIH KYPBUIBICHI KATIIAPIIbl OOTYBIHAH aCOPOIUSITBIK
KacHeTi KOFapbl OONATBIHBI aHBIKTAJIBL. AJICOPOCHTTEPII apajacThIpy, OJapbIH
MacCaJIbIK YJIECTEPiHIH JKOHE KOCHaJarbl MacCaJapblHBIH OCYl OChl HOHJIApJaH
Tazajay THIMIUIT apTrambl. 3epmmey HomudiceCiniy KOpblmblHObICHl AJMAThI
OOJTBICBIHAH IIBIKKAH TaOUFU aJCOPOCHTTEP COPOIMSIBIK KACUET] )KOFaphl eKeHiH
kepcerTi. Onapapl MPaKTHKAIBIK MaKCcaTTa, SSFHU aFbIHIBI CyJIapbl Ta3ajay YIIiH
KOJIJTaHyFa OOJIaThIHBI aHBIKTAJIJIbI.
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pentreHodasaibIK Tanaay, aToM/IbIK-a0COPOLUSIIBIK CIIEKTPOMETPHS

© M.I. Myp3araiuesa', H.C. Ammmmxan'" A.O. Canuesa?, 2024
'Kazaxckuii HAMOHANBHBIN MEUIIMHCKIH yHUBepcuTeT uMeHu C.J1.
Acdennusapona, Anmmatsel, Kazaxcramn;

Meaununckuit yauBepceutet Actana, Acrana, Kazaxcran.
E-mail: nazgul.ashimkhan@mail.ru

HNCCIEJOBAHUE KOJVIONJHO-XUMHUYECKHUX ITPOLECCOB
OYUCTKHU CTOYHBIX BOJA INTPUPOAHBIMU AICOPBEHTAMU

AnHoTtanus. OQHON U3 aKTyaTbHBIX TPOOJIEM IBIISIETCS OUUCTKATPOMBIITUICHHBIX
CTOYHBIX BOJI OT HOHOB TOKCHUHBIX U TSIKEIIBIX METaJLI0B. [loBbIIIeHHE TpeOOBaHU I
K 3HAUYCHHUSIM HOPMATHBHO-IOITYCTHMOTO cOpoca CTOYHBIX BOA TpedyeT Oosee
3¢ (EKTUBHBIX M IKOJIOTHYHBIX CITIOCOOOB UX OYUCTKH. L{enbro nccienoBaTensckon
paboThI SBISCTCS U3YyYEHHUE KOJUIOMIHO-XMMUYECKUX MPOIECCOB COPOIMOHHOM
OYMCTKH CTOYHBIX BOI OT MOHOB Pb™2, Ni*2, Zn*? nmpupomusiMu agcopbentamu. B
KayecTBe OOBEKTOB HCCIIECJOBaHUSI ObUIM BBIOPAHBI OCHTOHHT MOHTMOPHWIJLIOHUT
(mectopoxxnenne Cpenauii TeHTeK), OEHTOHUT KpacHbI (MECTOpOXkKaAeHIE MYyKpBI),
mmeosiut (MectopoxacHue Maiitobe) u aguaroMuT (MIHiCKOTO MECTOPOKICHUS).
Metonbl ucClieioBaHUS — PEHTTeHO(a30BbI aHAN3, aTOMHO-a0COPOIMOHHAS
CHeKTpoMeTpusi. PeHTreHoda3oBbIM aHAIU30M OINPENCICH XHUMHYECKUH COC-
TaB HCCIEAyeMBbIX MarepuasioB. OCHOBHBIM KOMIIOHEHTOM JHWATOMHTA SBISET-
ca SiO,, y neomura — Laumontite cocrasa Ca,AlSi O, 14HO (51,3 %).
OcHOBOI1 OCHTOHUTOB  SIBISICTCSI  OCHICIUINT-MOHTMOPHUIOHUT, HMMEHOIIUI
aMop(HYIO CTPYKTYpy. MeTOIOM aTOMHO-a0COPOIIMOHHON CTIEKTPOMETPHH ObLTH
MPOBEJICHBI MCCIICIOBaHUS 110 COPOIMKM HOHOB TsDKeNbIXx MetamuioB (Pb™?, Ni'?,
Zn'?) uccieayeMbIMH TPUPOIHBIMU afcopOeHTamu. JIydmmMu COpOLMOHHBIMU
CBOMCTBaMHU 00Jadat0T OCHTOHUTHI, MeCTOpOXKAeHIH Mykpbl 1 Cpenanii TeHTek.
3neck cojepKaHWS MOHOB CBHHIA, HUKEJS M IIMHKA YMEHBIIAIOTCS B CPEIHEM
Ha 82-85 %. B ciaydyae MCMoONb30BaHMS NUATOMUTA COACPKAHHE MOHOB ITUX K€
METAJIOB YMEHBIAOTCS MPUOMU3NTENbHO Ha 7476 %, a mis neonuta Ha 64 %.
B 1iermom MOXHO 03KUaTh MPOSIBICHHUE aJICOPOIIMOHHBIX CBOMCTB 3TUX MUHEPAJIOB,
KOTOpBIC JOJDKHBI 00€CIIEYMBATLCS BCIICACTBHE BBICOKOW MOPUCTOCTH B Cilydae
JMAaTOMHUTA M TIE0JINTA WIIM TPOHUKHOBEHUS NOHOB B MEXKITAKETHOE TTPOCTPAHCTBO
MEX]1y CJI0sIMU OEHTOHUTOB. CMeIIMBaHUE aCOPOSHTOB, YBEIIMYCHHE UX MACCOBBIX
JIOJIC M TIOBBILNICHUE MAacChl CMECH INMPHUBOAMUT K TOBBIMICHUIO 3(PPEKTUBHOCTH
CTETIeH! OYHMCTKH OT STHX HOHOB. ABTOPHI ITPUIILTH K BEIBOAY O TOM, YTO IPUPOIHBIE
MUHEpadbl MECTOPOXKICHUN AJIMAaTHHCKOW 00J7acTH, 00JIaAar0T COPOIMOHHBIMU
CBOMCTBAaMH, KOTOPbIE MOXKHO HCIIOJIb30BaTh B MPAKTHUECKUX IIEJIAX, B YACTHOCTH
JUTSE OYUCTKH CTOYHBIX BOJI.

KoroueBbie cj10Ba: CTOYHBIC BOJIbI, IIPUPOJHBIN aJICOPOCHT, HOHBI METAILIOB, COPO-
1Wis1, pEHTTeHO(A30BbIi aHAIIN3, aTOMHO-a0cOpOIOHHas criekTpomeTpus Introduction
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With the development of the industrial sector, the issue of industrial waste water
treatment and waste disposal is increasingly raised. The environmental situation
is deteriorating, forcing firms to tighten their requirements for disposal of waste
and waste water. As you know, almost no enterprise can operate without waste and
waste water. When designing production a few years ago, the formation of waste
water, their further recycling and treatment were not taken into consideration. As
a rule, it was solved in an increasingly simple way, wastewater was diverted to the
nearest point of reception or to a relief (waterway). The effects of the discharge of
wastewater were not calculated.

To date, the situation with the discharge of wastewater is changing. The search
for and development of the most effective solutions in the field of industrial waste
water treatment is required.

With the advent of modern methods of wastewater treatment, the problems of
waste water treatment began to find their solutions. The diversity of the composition
of sewage determines the breadth of choice of different technological schemes
and equipment for their treatment. The range of industrial waste water treatment
equipment includes equipment from different industries, adapted to the required
requirements. The existing range of waste water treatment equipment is constantly
expanding with the emergence of new, more efficient technologies.

The main type of galvanic waste is washing water, which contains large amounts
of heavy metal ions.

The aim of the study was to conduct research on the adsorption of ions of heavy
metals by natural adsorbents by X-ray phase and atomic-adsorption methods.

Methods and materials

Atomic absorption spectrometry. For the analysis of the content of heavy
metal ions in wastewater before and after their treatment, the atomic absorption
spectrometer MGA-915MD was used.

The principle of operation of the spectrometer is based on the use of the method
of Zeeman polarization spectroscopy with high-frequency modulation, which is
one of the options of selective atomic-absorption analysis.

The basis of the method used is that the atomizer is placed in a transverse
magnetic field with a voltage of about 7.5 kE. Modulated at a frequency of 50
kHz by polarization radiation from the resonance source installed in the working
position of the revolver, gets into the atomizer, where the horizontal component of
polarization (parallel to the lines of the magnetic field) is absorbed by the identifiable
atoms, interfering molecules and aerosols, and the vertical (perpendicular to the
magnetic field lines) - only the molecule and the aerosol, i.e. atomic absorption
for it is practically absent. At the same time, non-selective absorption for both
polarizations is the same. The result is a differential signal with a frequency of 50
kHz, proportional to the concentration of atoms.

Limit of the relative average square deviation of the output signal of the
spectrometer at the input of the control solution 6 %.

X-ray phase analysis. The X-rays of the samples were obtained on the

207



ISSN 2224-5227 1.2024

diffractometer DRON-3 in digital form using copper radiation. The sampling modes
are as follows: voltage on the X-ray tube 30 kV, pipe current 30 mA, movement step
of the goniometer 0.05° 20 and intensity measurement time at the point - 1.0 sec.
During the shooting, the specimen was rotating in its own plane at a speed of 60 rpm.

Preliminary X-ray processing to determine the angle position and intensity of
reflexes was carried out by the Fpeak program. The analysis was carried out using
the PCPDFWIN program with the PDF-2 diffractometric database.

Objects of investigation. Diatomite is a white-grey powder. Diatomite of Ili
field. Diatomite density is 1.4 g/cm’. Bentonite red is a clay of brown or red color.
Mukry field. Density is 0.03 g/cm®. Bentonite montmorillonite - clay, dark gray
colour, in touch resembling soap. Middle Tentek field. Density is 1.8 g/cm?®.Ceolite
is a dark brown powder. The Maitobe field. Density: 1.9 g/cm?.

Results

The main objective of the study was to conduct wastewater treatment using
natural adsorbents. Bentonites, diatomite and zeolite were selected as natural
adsorbents. All these minerals are characterized as good adsorbents due to their
structure and properties (Gholikandi et al., 2010; Ju Okoli et al., 2014; Kafia et
al., 2011). The adsorbents of the fields of the Almaty region were taken: bentonite
montmorillonite (Middle Tentek field), bentonites red (Mukry field), zeolite
(Maitobe field) and diathomite (Ili fields).

Research on the treatment of wastewater from heavy metal ions requires
knowledge of the chemical composition and structure of the potential adsorbents
used. For this purpose, a X-ray phase analysis was carried out on the data of
the minerals, which visually demonstrates the qualitative and semi-quantitative
composition of the tested minerals.

Figure 1 shows a X-ray of the diatomite (Ili field).
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Figure 1. Diatomite X-ray (Ili field)
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On the basis of an X-ray, a semi-quantitative analysis of this mineral was made,
the data of which are given in table 1.

Table 1 - Results of semi-quantitative analysis of diatomite (Ili field))

Formula %
SiO,-Cristobalite 95.7
SiO,-Quartz 4.3

The diatomite under investigation is silicon oxide, which is present in various
forms. Cristobalite is a high-temperature modification of SiO, quartz. Cristobalite
occurs in the form of spherolites or grapes (balls up to 1 mm in size) in obsidian
(volcanic glass), as well as in voids. Sometimes with grown plates of tridimite on
crystals of crystobalite, in grain clusters of correct octahedra, rarely in the form
of complex cellular structure, pseudo-cubic crystales (spherical crystalls), massive
forms. It usually has a color ranging from milky-white to yellowish and light brown.
It has a high hardness of 6-7, a specific weight of 2.32-2,36 g/cm’.

Thus, high mechanical hardness, resistance to the action of high temperature,
as well as aggressive environments of diatomite is ensured by its composition. The
adsorption properties of diatomite are mainly due to its high porosity.

X-ray (figure 2) and table 2 show the main composition of the ceolite (Maitobe
field).
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Figure 2. X-ray of the ceolitis (Maitobe field)

As can be seen from the X-rays and the table, cam ceolite is a rather complex
mixture of natural minerals, which have their own characteristics and composition.
For example, lamontite belongs to the group of zeolites based on aqueous calcium
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aluminosilicate. It has a hardness on the Moose scale of 3.5-4, with a density of
2.23-2,41 g/em?, while it is quite fragile. Heylandite is a mineral, a frame silicate
from the group of zeolites. Albite (lat. albus - white) is one of the most common
species-forming minerals, white sodium field spat of magmatic origin of the silicate
class, aluminosilicate of the plagioclasic group. Augustine (from the Greek avyn
- "shining, shine") is a species-forming mineral from the clino-pyroxene group
Ca(Mg,Fe,AD[(Si1,Al),0,]. Coloring from green to black. Hardness 5-6,5. It is part
of andesite, basalt, diabasis and other erupted mountain species of predominantly
basic nature. Hematite is a common iron mineral, Fe,O,, one of the main iron ore.
Synonyms: red iron, iron gloss (star.) has a hardness of 5,5-6,5. It's fragile. Density
4.9-5.3. Vermiculite is a mineral from the group of hydrohumans, having a layered
structure, hardness on a mineralogical scale of 1-1,5, density of 2,4-2,7 g/cm?
(0,065-0,130 g/ cm?).

Table 2 - Results of semi-quantitative analysis of zeolite (Maitobe field)

Formula %

Ca,ALSi O, - 14H,0O-Laumontite 51.3
Ca(Si,Al)O ,-6H,0- Heulandite-Ca 16.1
(Na,Ca)AlI(Si,Al),O- Albite 10.1
N(CaO-(Mg,Fe)0-28i0,)-(ALFe),0,- Augite 7.6
SiO,- Quartz 6.6
CaCO,-Calcite 6.2
Fe,0,- Haematite 1.9
Mg, Si,0,,(OH),-Vermiculite 0.2

Vermiculite is biologically stable - is not susceptible to degradation and rotation
under the action of microorganisms, is not a favourable environment for insects
and rodents, and is chemically inert - neutral to the effects of alkalins and acids.
In general, it can be seen that zeolite (Maitobe field) mainly contains minerals,
which have a fairly high hardness and mechanical strength. An important property
of zeolites is the ability to ionic exchange, due to its crystalline structure, which is
formed by the tetrahedrical groups SiO, , and AlO,,, joined by common peaks into
a three-dimensional frame, permeated by cavities and channels (winders) of the
size 2—15 angstrom (Khadhraoui et al., 2002; Khraisheh et al., 2004).

A similar X-ray analysis was performed with two bentonites. The first bentonite-
montmorillonite X-ray is shown in figure 3. For this sample, semi-quantitative
analysis is virtually impossible due to its low crystallization. Bentonite refers to
layered clay, therefore in its structure there are no pronounced crystals, i.e. it is an
amorphous material
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Figure 3. Bentonite-montmorillonite sample X-ray (Middle Tentek field)

In general, the main component of the tested bentonite is bedellite or otherwise
- montmorillonite. It is a clay mineral belonging to the subclass of layered silicates.
This mineral has a strong ability to swell due to its structure and has pronounced
sorption properties (figure 4).

Three-layer package (2:1): two layers of silica tetrahedrons, facing their tops
to each other, cover a layer of alumihydroxyl octahedres on both sides. In this
connection, the connection between the packets is weak, the interpackage distance
is large and it can contain ions and water molecules. Because of this, the mineral
when soaking is very swollen. The presence of isomorphic substitutions, a large
specific surface area (up to 600-800 m*g) and the ease of ion penetration into
the interpackage space result in a significant cation exchange capacity (80—150

mmolequivalent /100 g).
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Figure 4. Structure of montmorillonite
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A similar composition is found in the fourth specimen, which is the red
bentonite (Mukry field) (figure 5). The sample contains the same Beidellite-12A
- montmorillonite, as in the previous case. But the content of this smectite here is
less.
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Figure 5. Red bentonite X-ray (Mukry field)

Thus, the X-ray phase analysis gave a complete picture of the chemical
composition of the materials studied. Generally speaking, the adsorption properties
of these minerals are expected to be achieved due to high porosity in the case of
diatomite and ceolite or the penetration of ions into the interpackage space between
the bentonite layers.

Spectroscopic studies of waste water before and after treatment were carried out
to study the adsorption properties of these minerals. Before studying the adsorption
properties, it was necessary to analyse wastewater prior to treatment (Guixia Zhao
et al., 2011). Since the wastewater under investigation is waste from the galvanic
production of lead batteries, it is assumed that it contains ions of lead, zinc, nickel
and other heavy metals. The main types of metal ions examined in the present paper
for technical purposes are lead, zinc and nickel. Table 3 shows the content of these
ions in wastewater before treatment and after treatment with limestone milk by
battery plant technology.

Table 3 - Results for heavy metal ions in sewage

Ni*2, mr/nom? Pb*? mr/om? 7Zn"? mr/am?
Wastewater before treatment 1,801 2,465 1,347
Wastewater after treatment 0,018 0,073 0,015
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As shown in table 3, the treatment of waste water with limestone milk is quite
effective. After cleaning, the content of metal ions decreases. However, according
to the permissible concentration limits of pollutants in sewage, wastewater levels
after limestone treatment exceed the maximum allowable concentration for these
lead and nickel ions. Thus, for nickel ions the maximum permissible concentration
according to this regulatory document is 0.008mg / 1, for lead ions - 0.0lmg /1, and
for zinc — 0.053mg/1.

The use of milk of lime for waste water treatment by the battery plant is based on
the neutralization of acidic wastewater with alkali calcium oxide hydrate Ca(OH),.
In most cases, when Ca(OH), reacts with acids, insoluble calcium salts are formed,
which, precipitating, can clog sewer networks. Therefore, after the neutralizers,
sludge-fillers are provided, in which sludges are defended and the wastewater is
further tempered.

At the plant, the waste water treatment is carried out in step-by-step pools, at
the bottom of which the sludge is deposited. But as the data show, such cleansing
is still not effective enough.

The waste water treatment was carried out as follows: samples of each adsorbent
(2g) were mixed with 100 ml of wastewater taken before treatment. The resulting
mixture was kept for 3 hours, with periodic mixing to improve the sorption process.
After this, the filter was separated from the sediment and then diluted 100 times,
depending on the contamination. Data are presented in table 4.

Table 4 - Co-retention of heavy metal ions in sewage by adsorption

Adsorbents/metals C(Pb™?), mg/l C(Ni™?), mg/l C(Zn™?), mg/l
diatomite 0,614+0,098 0,448+0,071 0,335+0,053
bentonite red 0,423+0,067 0,309+0,049 0,231+0,037
zeolite 0,893+0,143 0,652+0,104 0,488+0,078
bentonite montmorillonite |0,4354+0,069 0,318+0,05 0,238+0,038

The results show that the content of heavy metal ions in waste water after
treatment with the adsorbents under investigation is reduced compared to waste
water before treatment. Comparing adsorbents among themselves, we can say that
in this series bentonites manifest themselves better. Here, the content of lead, nickel
and zinc ions decreases by an average of 82—85 %. If diatomite is used, the ion
content of the same metals decreases by approximately 74—76 %. It's worse for
zeolite. In this case, the ion concentrations detected in waste water after treatment
with this adsorbent were 36 %, i.e. 64% extraction. It should also be noted that for
all adsorbents lead ions are extracted to a greater extent than other ions. This is due
to the high content of this ion in the original wastewater solution.

Probably, the manifestation of higher sorption properties in bentonites is
associated with their more amorphous structure, which facilitates the process of
penetration of ions into the interpackage space (Bokiev et al., 2018).

Compared to limestone-treated waste water, the indicators shown in table 4 for

213



ISSN 2224-5227 1.2024

natural adsorbents were not as effective as expected. Therefore, in order to improve
the quality of purification, a study of kinetics of nickel ion sorption by adsorbent
mixtures was carried out. Three adsorbents were taken — diathomite, red bentonite
and bentonite-montmorillonite in different ratios. The first mixture contained 30
% of diatomite and 35 % of bentonites each, and the second mixture had the same
composition, but the content of diaatomite was reduced to 10 % and bentonite was
increased to 45 %, respectively. In addition, kinetic curves should show whether the
sorption process improves over time. Figure 6 shows the results.

c(Ni), 2
mg/l K
IEAN
0,5

0 1 2 3 4 5 6 7 24
t, hour

Figure 6. Ni*2 ion sorption kinetics by adsorbent mixtures
I-mixture of composition: 30 % diatomite and 35 % red bentonite and 35 % bentonite-
montmorillonite
2-mixture of composition: 10 % diatomite and 45 % red bentonite and 45 % bentonite-
montmorillonite

The dependency of the concentration of nickel ions in the sewage after its
treatment with the adsorbent mixture decreases over time to the limits that are
achieved when two phases are in contact during the day. Figure 6 shows that the
adsorbent mixture with a higher bentonite content shows lower nickel ion content.
Naturally, an increase in the number of bentonites, which exhibit higher sorption
capacity, leads to an increased degree of nickel extraction. An intense change in the
concentration of nickel ions for both mixtures is observed in the first 3 hours, then
the curves go to constant values. According to the kinetic curve obtained, it can be
said that practically holding the waste water with the adsorbent mixture for 3 hours
is sufficient to pass the main sorption process. In principle, in 2.5-3 hours is usually
physico-chemical sorption.

The next stage of the research was to test the effect of the mass of the adsorbent
mixture on the efficiency of the cleaning process. For this purpose, the weight of
adsorbent mixtures was increased to 4 grams. The ratio of the composition of the
adsorbents remained the same. The data obtained are presented in figure 7, in the
form of comparative charts of indicators of concentration of lead, nickel and zinc
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ions after treatment of waste water with individual types of adsorbents and their
mixtures. As shown in figure 7, the lead ion content of waste water after treatment
with adsorbent mixtures is reduced to 0.335 mg/l for a single mixture and to 0.268
mg/l for a two-mixture where the bentonite content is higher. These concentrations
of Pb™ are the lowest in the range of adsorbents used. For example, compared to
the indicators for zeolite, these values are 2.5-3 times smaller. They are less than
indicators for diamond almost 2 times. The adsorbent mixture is more effective
in cleaning the waste water from lead ions than pure bentonites. Here, cleaning
efficiency is achieved by increasing the mass of adsorbent mixtures. It would be
possible to further increase the mass of adsorbents, however, an increase in the
percentage weight of the absorbent material is not desirable, as this proportionally
increases the weight of sludge, which is also undesirable in technological processes.
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Figure 7. Concentrations of lead, nickel and zinc ions after cleaning with adsorbents and
mixtures
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Analysis was performed with nickel ions. As shown in figure 7, the content
of nickel ions in sewage after its treatment with adsorbent mixtures is reduced
to 0.25 mg/l for a single mixture and to 0.21 mg/l for a two mixture where the
bentonite content is higher. Here too, as with lead ions, the relative content of Ni*
is significantly reduced compared to zeolite and diatomite.

The same pattern is observed for zinc ions (figure 7). Here the Zn*? content in
the treated waste water in the case of adsorbent mixtures is 0.25 mg/l and 0.21 mg/1.
These data show that the mixtures are the best in this range of sorbents. But once
again it is necessary to add that the improvement of the sorption process is due not
only to the composition of adsorbents, but also to their mass.

Table 5 - Degrees of extraction of metal ions by adsorbents and their mixtures

Adsorbents Degree of extraction | Degree of extraction | Degree of extraction
(Pb*), % (Ni2), % (Zn?), %
zeolite 63,77 63,8 63,77
diatomite 75,09 75,12 75,13
red bentonite 82,84 82,84 82,85
betonite montmorillonite | 82,35 82,34 82,33
1-mixture 86,41 86,12 84,11
2-mixture 89,12 88,34 84,78

A clearer demonstration of the effectiveness of adsorbent mixtures is table 5,
where the obtained data were used to calculate the degree of extraction of metal
ions by all of the above adsorbents. The highest recovery rates are noted for lead
and nickel ions when mixtures are used. The increase in the degree of extraction
for the first mixture reaches 86 % and for the second mixture — 89 % for lead ions.
The degree of extraction is 86 % and 88 % for nickel ions. And for zinc ions, these
values reach 84 %. Thus, mixing adsorbents, increasing their mass fractions and
increasing the mass of the mixture leads to a more efficient result. However, the
achieved values are not sufficient for the treatment of these wastewaters, as they
exceed the norms of the maximum allowable concentration.

Studies conducted in the work on the selection of effective natural adsorbents for
the treatment of wastewater have shown that the natural materials used in the works,
fields of Almaty region, have sorption capacity. The highest sorbent properties of a
number of the objects studied are the bentonites, the Mukry and the Middle Tentek
fields. The predominant sorption of heavy metal ions (Pb*?, Ni*%, Zn™?) is likely
to be associated with the increased ion exchange capacity of these clay minerals,
due to their amorphous structure and high inflatability, which contributes to the
rapid penetration of ions into the interpackage space. The lower sorption activity
observed in zeolite and diatomite is probably due to the fact that the rigid frame-
band structure of these minerals contains less ion-exchangeable ions.

Studies of the kinetics of nickel ion adsorption in adsorbent mixtures showed
that an increase in the bentonite mass ratio leads to an increased sorption. Significant
changes in the concentration of Ni*? in the test solutions occur within 3 hours, after
which values decrease less sharply.
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Increasing the mass of the adsorbent by 2 times increases the extraction of heavy
metal ions from wastewater solutions to 84—89 %. The results, however, exceed the
maximum permissible concentration standards that are imposed on sewage. Per
treatment of wastewater with the same adsorbents in two successive stages would
result in the desired results.

Conclusion

The work conducted studies on the treatment of waste water using natural
adsorbents. As natural adsorbents have been chosen bentonite montmorillonite
(Middle Tentek field), bentonnite red (Mukry field), ceolite (Maitobe field) and
diatomite (Ili field).

X-ray phase analysis was performed to identify the chemical composition of
the objects studied. A qualitative and semi-quantitative analysis of minerals was
done, according to which the main component of diatomite is SiO,, in the zeolite
— Laumontite composition Ca,AlSi O,.-14H,0 (51,3 %). The base of bentonites
is bedellite-montmorillonite, which has an amorphous structure. In addition to
the specified substances, these minerals contain other inclusions characteristic of
mineral compounds of natural origin (CaCO,, CaO, Fe,O,, Mg.Si, O (OH),).

Atomic-absorption spectroscopy was used to investigate the sorption of heavy
metal ions (Pb*?, Ni*?, Zn") by natural adsorbents. The results show that the
content of heavy metal ions in waste water after treatment with the adsorbents
studied decreases compared to waste water before treatment. Bentonites, Mukry
and Medium Tentek fields have the best sorption properties. Here, the content of
lead, nickel and zinc ions decreases by an average of 82—85 %. If diatomite is used,
the ion content of these same metals decreases by approximately 74—76 %, and for
zeolite by 64 %. The predominant sorption of heavy metal ions (Pb*%, Ni*?, Zn*?)
is likely to be associated with the increased ion exchange capacity of these clay
minerals, due to their amorphous structure and high inflatability, which contributes
to the rapid penetration of ions into the interpackage space. The lower sorption
activity observed in zeolite and diatomite is probably due to the fact that the rigid
frame-band structure of these minerals contains less ion-exchangeable ions.

Studies of the kinetics of nickel ion adsorption in adsorbent mixtures showed
that an increase in the bentonite mass ratio leads to an increased sorption. Significant
changes in the concentration of Ni*? in the test solutions occur within 3 hours, after
which values decrease less sharply.

Increasing the weight of the adsorbent by 2 times increases the extraction of
heavy metal ions from wastewater solutions. The increase in extraction rate for
1 mixture (30 % diatomite, 70 % bentonite) reaches 86 % and for 2nd mixture
(10 % diaatomite and 90 % bentonites) 89 % for lead ions. The extraction rate
for these same mixtures is 86 % and 88 % for nickel ions, respectively. And for
zinc ions, these values reach 84 %. Thus, mixing adsorbents, increasing their mass
percentages and increasing the mass of the mixture leads to increased cleaning
efficiency from these ions.
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The conducted studies have shown that the natural minerals of the Almaty
region deposit have sorption properties that can be used for practical purposes, in
particular for wastewater treatment. Since the results obtained exceeded the norms
of the maximum permissible concentration for wastewater, it can be recommended
to use these sorbents in wastewater treatment processes along with other methods
(reagent, biological, etc.).
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PAKHUIIEB BASIH PAKUIIEBUY
(k 90-s1eTHIO CO AHS POKAEHUS)

Beinatonuiicas  y4eHBIM-TOpHSK, JEHCTBUTENbHBIM uieH HaunoHanmbHOU
akagemnn Hayk Pecmyommkm Kasaxcran, 3acmyxenusid aearens PK, moxrop
TEXHUYECKUX HayK, mpodeccop, MmodeTHb pexkrop Kazaxckoro HauoHaJIbHOTO
HCCIIEZIOBAaTEeNbCKOTO TexHndeckoro yHmBepcutera mMm. K. M. CarnaeBa basu
Paxumesua Pakumies ponuncs 15 mapra 1934 rona.

ITocne oxoHuyaHuss ¢ omimuveM Ka3axCkoro ropHO-METAJIypru4ecKoro
nHCcTUTYTa ¢ 1957 mO 1965 Tomer om pabotan Ha KoyHpamckoMm pymHUKE
banxamickoro TopHO-METaUTypTrHIeCcKOro KOMOMHATA B OMKHOCTSIX HadalbHUKA
CMEHBI, HaYallbHUKA I1eXa U Kapbepa. B 1964 romy 6e3 oTphIBa OT MPOW3BOIICTBA
YCIIEUIHO 3aIUTUI KaHAUIATCKYIO JUCCEPTALIHIO.

JlanpHeimas ero TpyaoBasi 1esITeIbHOCTh CBsi3aHa ¢ poaHbIM By3oM. C 1966 mo
1987 roas! Ao1eHT, mpodeccop, 3aBeAyolIui kKadeapoil TeopeTHUECKOM MEXaHUKH,
B mepuoz ¢ 1988 mo 2016 rox 3aBemyromniuii Kagenpoil OTKPBITEIX TOPHEIX PaboT,
¢ 1980 mo 1993 rox Hay4dHBIH PYKOBOAMTENH MPOOIEMHOI 1a00paTOpuy HOBBIX
(hM3UYecKuX METOAOB pa3pylIeHUs TOPHBIX MOPOA M OTpaciieBoil jJaboparopuu
TexHonornu O6ypoB3peiBHBIX pador KaslITU um. B.U. Jlennna. C 2016 roma mo
HacTosimee Bpemsi oH mpodeccop kadeapsr «lopHOE 1€710», MOYETHBIH PEKTOp
Kazaxckoro HalMOHaJIBHOIO MCCIIEJOBATEIBCKOTO TEXHUYECKOIO YHUBEPCHUTETA
nMm. K.W. Carnaesa.

ITon pyxoBoacTBoM b. PakumieBa ¢hakymbTeT ABTOMATHKH W BBIYACIUTEIBHON
TEXHUKH 3aHMMAaJ TepPeloBbIe MO3UINK B HAyYHO-HUCCIIE0BATENLCKON, yueOHO-
MIPOU3BOJICTBEHHON M OOIIECTBEHHOW NeATeIhbHOCTH. DaKyIbTeTCKUNA aHCaMOJIb
«JlocMykacan» ChOpPMHUPOBAIICS, COCTOSIICS KaK TBOPUCCKUH CaMOIESTEIHHBIN
KOJUIEKTHB W cTaj momysipHeiM B cTpanax CHI. O TBopueckoil AesTensHOCTH
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«/locmykacan» u ponu nexana basina PaknieBa B ero cTaHOBIIEHUH PacCKa3bIBAETCS
B knHOmiIbMe «/locMmykacany, BeimymenHoM Kazaxdumsmom B 2020 roxy.

B nomxHOCTH peKTOpa OH BCIO CBOIO CHITY MOHEPT MO OT/IaBaJI PACLIMPEHHUIO CBSI3e i
HayKH C IPOU3BOICTBOM, IPAKTUIECKON MOAr0TOBKE OyAyIIKX crienuanuctos. Torna
B Kas[ITU Bnepsbie B Kazaxcrane ObLIM OpraHM30BaHbl CIECIUAIN3UPOBAHHBIC
CTY[€HYECKHE OTPSIBI IJIs TPOXOAKIEHUS IIPON3BOICTBEHHBIX IPAKTHK, OTKPBUIOCH
Heckolbko rnmanos kadenp Ha 6aze npeanpustuii 1 HUU. AKTHBHO BHEIPSUTHCH
JIOTOBOPBI O HAYYHO-TEXHUUYECKOM COZPYKECTBE U MOATOTOBKE CIHENHAINCTOB 110
OPSIMBIM  CBSI3SIM C TNPENNPHATHAMU. KOHTHHTEHT MHOCTPAHHBIX CTYACHTOB M3
37 cTpaH B TO BpeMsl COCTaBIISUI BHYIIUTENbHYIO LU(ppy — Oonee 300 uenosex.
CylecTBEHHO  yAyYIIWJIOCH COCTOSHHE  MaTepUallbHO-TEXHHYECKOH — 0a3bl
nactutyta. KaslITU um. B.U. Jlennna Ob11 OMTHUM 13 BEIYIIUX BRICITUX YICOHBIX
3aBeneHuit CCCP.

basin PakuineBud co3jan CTpOHHYIO TEOPUIO pa3pyLIECHUs pEalIbHOTO0 MacCHBa
TOPHBIX TMOpoA AelcTBHeM B3pbiBa BB. Paspaboran aHamuTHYecKue METOIbI
OINIpENEICHNs] PACIIONIOKEHHs 3apsnoB BB B MaccuBe, rpaHyIOMeTpHUYECKOTO
cocTaBa B30pBAaHHOW TOpPHOW Macchl, 3arpar »Heprun BB wa npobienue,
nepemMenieHne u rpado-aHaTUTUYCCKHE METOAbI OINpPEICNCHUs pa3MeleHHUs
Pa3HOPOTHBIX TIOPOA B pasBajie, MapaMeTpOB TEXHOJIOTHWH OypOB3pPHIBHBIX H
9KCKAaBaTOPHBIX pabOoT, 00ecleuynBAOIMX HAWMEHBIINE KOJIMYECTBEHHBIE U
Ka4eCTBEHHBIE TTOTEPH.

Basinom PakuiieBbiM chopMyTupoOBaHbI CTpaTErHUECKUE 331291 PALIMOHATBHOTO
OCBOEHHSI HEp W KOMIUIEKCHOTO HCIIOJIB30BaHMs TIOJIE3HBIX HMCKOMAEMBIX,
000CHOBaHBI CHCTEMBI HMX OOeCIeUYCHHUs, pa3paboTaHbl TOPHO-TEOJOTHYECKHUE,
TFEOMETPUYECKHE MOJEIN  CIOKHOCTPYKTYPHBIX OJIOKOB ~ MECTOPOXKICHHIA,
MaTeMaTUYeCKHe MOJIEIN MHMHEPAIBHOIO CBIPbS HA PA3JIMYHBIX JTalax €ero
nepepadOoTKH, TMO3BOJSIONINE YIPABISATh YPOBHEM H3BJICUCHUS KaK OCHOBHBIX,
TaKk ¥ COMYTCTBYIOIIUX IOJIE3HBIX KOMIIOHEHTOB B KOHILIEHTPAT, B METAJI, YTO
Ype3BBIYAHO BaXXHO B YCIIOBHSIX CHCTEMAaTHYECKOTO CHIDKEHHUS COEp)KaHus
npoUIBHBIX METAJJIOB B PY/IE M YBEIMUYECHHUS CIIPOCA HA PEAKHE METAIIBI B CBA3U
C Pa3BUTHEM BBICOKUX TEXHOJIOTHH.

PazpaboranHble = MaremMaTHdeckue  MOJENM  CTaOWIM3alMKM  KayecTBa
MHOTOKOMITOHEHTHOM pyZbl U ONEPATUBHOTO YIPABICHHS BHYTPUKAPbEPHBIM
YCPEAHEHHEM U COCTOSIHUEM MHHEPAJIBHOTO CHIPhS Ha KaXXJIOM M3 ITaloB €ro
nepepadoTKH CIOCOOCTBYIOT COBEPIICHCTBOBAHNIO SKOHOMUYECKH 3()(hEeKTUBHBIX
TEXHOJIOTUH TOOBIYH U TepepabOTKHU MOJIE3HBIX HCKOMACMBIX.

HayunbsiMu paboTamu, BBIOJIHEHHBIMHA Ha BBICOKOM TEOPETHUECKUM YpPOBHE
U OPUTMHAIBHBIMU INPAKTUYECKMMHU pa3padOTKaMH, MOJYUYMBIIMMH IpPU3HAHHE
TOPHOM 00IIECTBEHHOCTH, akaneMuk b.P. PakuiieB BHec 60bI110# BKJIAl B TOPHYIO
HAayKy M HPOMBILUICHHOCTb, CO3/1aj Hay4YHYIO IIKOJIY B 00jacté 3¢ ¢EeKTHBHOTO
pa3pylIeHNss MaCCUBOB MIOPO U Pa3pabOTKHU MOIE3HBIX HCKOTIAEMBIX B PEXKHME UX
palMOHAIBHOTO MCIOIb30BaHUS HEAP, MOAroTOBMI 9 pokropos, 30 KaHIUAATOB
TEXHUYECKUX HayK, 9 noktopoB PhD, cOTHM MarucTpoB 1 HHKCHEPOB.
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Axkanemuk HAH PK B.P. PakumieB sinsiercss aBropom okono 800 Hay4yHBIX U
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