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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

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

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0acbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

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

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H =19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

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

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

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

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

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

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

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

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

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

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

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

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11
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Abstract. In the article the authors tried to create an effective technology for
obtaining a complex from natural adsorbents based on bentonite clay and zeolite,
which allows to achieve high degree of purification from drinking and waste water
pollution. Mechanism of thermal activation was used in order to increase the adsorption
capacity of sorbents during heat treatment, which is due to removal of adsorbed and
constitutional water, that is, an increase in total porosity. Close to thermal activation is
the method of hydrothermal modification of natural sorbents, it is treatment in water
vapor at high temperatures and pressure. Dissolution of small particles of a substance
and their precipitation on the surface of larger ones occur in hydrothermal treatment,
which causes change in the specific surface area and increase of the sorption volume
of pores. Since the composition of natural adsorbents includes metal hydroxides,
which undergo various phase transitions during hydrothermal treatment often leading
to amorphization of the mineral structure, which is accompanied by increase of
their activity. The equilibrium adsorption capacity of water of natural bentonite clay
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and zeolite was experimentally found out at various zeolite temperatures and water
vapor pressures for use in an adsorption system. The adsorption equilibrium model
corresponds to the experimental data with a permissible margin of error. Separate
correlations were obtained for adsorption and desorption processes, as well as one
correlation for modeling both processes. The isothermal heat of water adsorption on
bentonite clay and zeolite was calculated depending on the adsorption capacity. During
the experiments, the quality of water was improved, in accordance with the sanitary and
hygienic standardized requirements that meet human safety criteria.
Keywords: adsorbents, purification, bentonite clay, zeolite, dispersed impurities
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AnHoTanusi. Makanana aBropsiap OSHTOHUT ca3bl MEH LIEOJIMT HETi31HJeri TaOuru
a/IcCOpOCHTTEP/ICH KeIlIeH aTyAbIH THIM/i TEXHOJIOTUSICBHIH KacayFa THIPHICTBI, Oy aybl3
Cy MEH arbIHIbl CyTapIblH JacTaHybIHAH JKOFaphbl J9peXkele Ta3apTyFa MYMKIHIIK
Oepeni. TepMUsIIBIK OHICY Ke3iHAE COPOSHTTEPAIH aaCOPOLHIBIK KaOlIeTiH apTThIpy
YLIiH, aacopOUMsUIaHFAaH »OHE CYyAbIH KYpPaMbIHHBIH >KOWBUIYBIHA, SFHU JKAJIIbI
KEYEKTUTIKTIH apTyblHa OaiiJIaHbICTI TEPMUSUIBIK OCJICEHIIPY MEXaHNU3Mi KOJIJaHbUIAbL.
l'uapoTepMusIBIK OHICY Ke3iHIEe 3aTThIH YcaK OeJIeKTepi epuil >KoHe OJapAblH
YJIKeH OeTTepiHe TYHABIpbIIaabl, Oyl MEHIIIKTI OETiHIH ©3repyiHe *KoHE KeyeKTepIiH
COpOLMSITBIK KOJIEMiHIH YiIFatoblHa okeneni. TaOufu ancopOeHTTepAiH KypambIHa
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THIPOTEPMUSUIBIK  OHJEY Ke3iHAe OpTYpii Qaszaiblk aybiCylaplaH OTeTiH MeTasll
THIPOKCHATEP] Kipeni, Oy kebOiHece MUHepal KYPBUIBIMBIHBIH aMopQu3anuscbiHa
oKenei, OyJ1 oJapAbIH OeJICeH UM HIH )KOFapbliaybIMeH Oipre xypezi. TaOuru 0eHTOHUT
ca3bl MEH IICOJUT CYBIHBIH TENe-TeHJIK aAcOpOUMsIIbIK KaOiaeTi, HeONUuTTiH apTypii
TeMIepaTypajapblHaa JKoHe aJcopOLMSIIBIK JKyHele mnaijanaHy YUIiH cy OybIHBIH
KBICHIMBIH/IA SKCHEPUMEHTAbl TYPAE AaHBIKTAIIBl. AJICOPOLMSIBIK Tere-TeHIIK
MOJIETIi PYKcaT eTiIreH KaTelliK [eri 0ap SKCIePUMEHTTIK MAJTIMETTEepre ColKec KeJeIi.
AncopOuus xoHe aecopOIus MpoIecTepl YIniH 0eliek Koppesusiap, COHIai-aK exi
MIPOLIECTI MOJIENBJICY YIIIH Oip KOppesius aablHAbl. BEeHTOHUT ca3bl MEH IEOJIUTTET]
CYIOBIH aJCOPOLMACHIHBIH HM30TEPMUSIIBIK JKbUTYbl aAcOpOLMsl CHIMBIMIBIIBIFbIHA
OaiinmaHbICTBI ecenTeneni. JKyprizijreH skcnepuMeHTTep OapbIChIHIA aaaM Kayincizairi
KpUTEpHiIepiHe kayall OepeTiH CaHWUTapJIbIK-THTHEHAIBIK HOpMAaJaHFaH TajlanTapra
CcoliKec CyIbIH canachl apTThI.

Tyiiin ce3nep: ancopbeHTTED, TA3apTy, OCHTOHUT Ca3bl, IIEOIUT, AUCIIEPCTI KOCHanap
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AnHoTauus. B cratbe ABTOPbI NPCANPUHATIN HNOIBITKY CO34aTh S(bq)GKTHBHyIO
TEXHOJIOTHIO MMOJTYYCHU A KOMILICKCA IPUPOJAHBIX a):[COp6eHTOB Ha OCHOBE OCHTOHHUTOBOM
ITIMHBI M TOCOJUTaA ITO3BOJIAIOIIMX Z[O6I/ITI:CH BBICOKOM CTEIEHHM OYMCTKH MHUTHEBBIX
1 CTOYHBIX BOA OT 33I‘p$[3HCHPII>i. HJ’IH TOBBIIICHUSA aI[COp6L[PIOHHOI>i CIIOCOOHOCTHU
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COpPOCHTOB MPHU TEPMOOOPAOOTKE HMCIIOIB30BAIA MEXaHU3M TEPMUYECKON aKTHBAIIWH,
4TO O0OYCJIOBJICHO YyIaJCHHEM aJCcOPOUPOBAHHON M KOHCTUTYLIMOHHOM BOJBI, TO €CTh
yBEJIIMYCHHEM OOIIel MOPUCTOCTH. BJIM3KO K TEPMUYECKOH aKTUBAIllMU CTOUT METO[
TUAPOTEPMATHFHOTO MOAM(PHUITUPOBAHUS MPUPOTHBIX COPOCHTOB — 00paboTKa B mapax
BOJIIBI TIPH BBICOKHX TemIeparypax u maBineHuu. [Ipm rupporepmanbHOi 00paboTke
MIPOUCXOAST PACTBOPEHUE MEIKUX YACTHUI] BEIIECTBA U OCAKICHUE UX HA TOBEPXHOCTH
0oJiee KpYMHBIX, YTO MMPUBOJAUT K U3MEHEHHIO YICIbHON MOBEPXHOCTH U YBEIUYCHHIO
cOopOIMOHHOTO 00beMa TMOp, TaK KaK B COCTAB IPUPOIHBIX aJCOPOCHTOB, BXOASAT
TUAPOKCUIBI METAJLIOB, KOTOPBIE MPHU THAPOTEPMATHLHOW 00pabOTKE MPETEPIICBAIOT
paznuuHble  (pa3oBble  TEpexXOoAbl, NPUBOMAIIME 3a4acTyl0 K aMopdu3anuu
CTPYKTYpbl MHHEpasia, KOTOPO€ COMPOBOXKIAETCS YBEIUYEHHEM WX AaKTHBHOCTH.
OKCIIEpUMEHTAIBHO ~ OTPE/ICIICHa pABHOBECHAs  aJICOPOIMOHHAsT  CIIOCOOHOCTH
BOJIbI TIPUPOJHOTO OCHTOHUTOBOM TIIMHBI M IICOJIMTA, MPH Pa3JIMYHBIX TEMIIEpaTypax
[IEOJIUTA U JABJICHUH BOISHOTO Iapa ISl UCIIOJIb30BAHMS B aJICOPOIIMOHHON CHUCTEME.
Mogens afacopOIMOHHOTO PAaBHOBECHSI COOTBETCTBYET AKCIIEPUMEHTAIBHBIM JTaHHBIM
C JONMYCTUMBIM TIPEEIOM TMOTpeImHOCTH. [lomydeHsl OTIaenbHbIe KOPPEISIUH IS
MIPOIIECCOB aACOPOITUH U JIECOPOIIMH, a TAKXKE OJHA KOPPENSAIHUS IS MOJSITUPOBAHUS
obomx mporeccoB. PaccuMraHa u3oTepMHuecKas TEIUIOTa ajcopOIMH BOABI Ha
OCHTOHUTOBOM IJIMHE U IICOJIUTE, B 3aBHCHUMOCTH OT aJCOPOIMOHHON eMKocTh. B
XOJ/I€ TIPOBOIUMBIX SKCIIEPUMEHTOB TOBBICHIIOCH KadeCTBO BOIBI, B COOTBETCTBHUE C
CaHNTApPHO-TUTUEHHYECKUM HOPMHUPYEMBIM TPEOOBAHUSIMH, OTBEYAIOITUMH KPUTEPHSIM
0€3011acHOCTH YeTIOBEKa.

KaroueBbie cjioBa: ajcopOCHTHI, OYMCTKA, OCHTOHWUTOBAs TIJIUHA, IICOJINUT,
JUCIICPCHBIC TIPUMECH

Introduction

The relevance of this study is associated with increase in anthropogenic and
technogenic impact of pollutants on the biosphere of the Republics and Kazakhstan and
the whole world. The aquatic environment suffers more from the effect of ecotoxicity,
being the final reservoir of most pollutants. Over the past 25-30 years, the structure of
water use has changed, which resulted in a sharp growth of the social component of
water use.

The share of household and drinking water supply increased from 11 % in 1980
to 28 % in 2019. In this regard, there is a real problem with the quality of drinking
water determined by the pollution of natural water, its unsatisfactory purification at
water supply stations, and secondary pollution in distribution networks. In the current
situation, the most promising approach to providing the population of Kazakhstan with
high-quality drinking water is the use of means and methods for additional purification
and preparation of drinking water.

Currently, water treatment is becoming one of the most common technological
processes in the world, including Kazakhstan. This proves the peculiarity of the
relevance and the issue of reducing the cost of treatment technologies in the purification
of drinking and waste water. In this regard, the use of natural sorbents, the deposits of
which are available on the territory of Kazakhstan, seems very promising.
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There are more and more reports in the literature about the effectiveness of using
natural sorbents to remove from water dispersed impurities, heavy metals, oil and oil
products, surfactants, dyes, radioactive contaminants, etc.

Over the years, the following scientific studies have been carried out on this issue:

- The theoretical foundations of development of technology for adsorption treatment
of surface water for drinking purposes in different years in Kazakhstan were studied by
well-known Kazakh scientists, such as A.A. Mussabekov (Novikov et al., 1998), L.M.
Satayeva (Gildenskold et al., 1993), F.E. Altynbekov (Jetimov et al., 2015).

- Development of the technology for wastewater treatment from heavy metal
ions and oil products using sorption-ion exchange material based on bentonite clays
(Benom-M) in order to protect water bodies from pollution, was carried out by Russian
scientists A.A. Fogel (Novikov et al., 2000), V.A. Somina (Jetimov et al., 2015), O.V.
Sukhorukova (Makhorin et al., 1998).

- V.V. Ponomarev (Somina et al., 1997) studied and developed the technology of
adsorbents for purification of vegetable oils based on diatomite and bentonite.

- P.A. Vetfilyev, A.A. Yudakov, T.V. Ksenik (Sukhorukova et al., 1998; Komarova et
al., 1998) investigated the methods of modification of natural aluminosilicates in order
to obtain adsorbents for purification of water bodies from organic pollutants.

- Doctoral thesis of V.V. Kovalevsky (Ponomarev et al., 1997; Verfilyev et al., 1999)
considered the structural features of carbonaceous matter and the physicochemical
properties of the natural adsorbent of shungite breeds.

Today, when using natural adsorbents to remove these substances from water, the
empirical approach dominates as arule, which makes it difficult to carry out technological
processes under optimal conditions, which is a global problem not only in Kazakhstan,
but also on an international scale.

In this regard, it became necessary to develop innovative scientific bases for the use
of natural adsorbents in water treatment, for which it was required to summarize the
available information on their use, as well as to outline rational ways of their use in
specific technological processes of water treatment.

Introduction of new effective technologies for obtaining a complex from natural
adsorbents based on bentonite and zeolite made it possible to achieve a high degree
of purification of drinking and waste water from heavy metals, dispersed impurities of
oil and oil products, surfactants, dyes, radioactive contamination, etc. , increased water
quality, in accordance with sanitary and hygienic standardized requirements that meet
human safety criteria, thus we think the problems of drinking water supply and the
rational use of local natural adsorbents will be solved .

The aim of the study: To develop a technology and experimentally evaluate the
effectiveness of using a complex of natural mineral adsorbents for purification of
drinking and waste water.

To achieve this aim, it is necessary to solve the following tasks:

1. To study the toxic and hygienic indicators of water that has been purified using a
complex of natural mineral sorbents (NMS).

2. To study the physicochemical and biological effect of water that has been purified
using a NMS complex.
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3. Development and analysis of the theoretical foundations and methods for
determining the effectiveness of a complex of natural mineral adsorbents in purification
of drinking and waste water from chemical and microbiological pollutants.

Bentonite clay (Mukry deposit in the Zhetysu Region) is a natural clay mineral,
hydroaluminosilicate, which has the property of swelling upon hydration (14-16 times).
In a limited space for free swelling in the presence of water, a dense gel is formed
that prevents further penetration of moisture. This property, as well as non-toxicity and
chemical resistance, makes it indispensable in industrial production, construction and
many other fields of application.

Natural occurring bentonites usually have pH 6-9.5 (for 5 % of aqueous suspension
after settling for 1 hour) and contain less than 2 % sodium carbonate ; the total content
of interchangeable sodium and calcium does not exceed 80 ml/100 g. There are two
types of bentonites:

- calcium, with a low degree of swelling;

- sodium, with a high degree of swelling (swelling rate less than 7 ml/g or more than
12 ml/g).

Chemical formula: Al [Si1,0, J(OH), nH,O

Chemical composition: SiO,-58.25 %; AL,O, -14.27 %; Fe, O, -4.37 %; FeO-0.5 %;
Ti, 0-0.36 %; Ca0O-2.07 %; MgO-3.67 %; P,0,-0.18 %; S-0.14 %; K,0-1.2 %; Na,O-
2.25 %; PPP-12.19 %

Zeolites (Maitobe deposit in the Zhetysu Region) are a large group of minerals
similar in composition and properties, aqueous calcium and sodium aluminosilicates
from the subclass of frame silicates , with a glassy or pearly luster , known for their
ability to give and reabsorb water depending on temperature and humidity. The most
common representatives of the zeolite group are natrolite, chabazite, heulandite, stilbite
(desmin), mordenite , thomsonite , lomontite .

Result and discussion

We activated natural sorbents bentonite and zeolite, that is we modified to increase the
physicochemical, catalytic and adsorption properties, for this purpose we used thermal
activation methods, treated with 12 % hydrochloric acid and performed hydrothermal
treatment.

During the heat treatment of the complex of bentonite clay and zeolite, the main
attention was paid to determining the optimal activation temperature. The optimum
activation temperature of diatomaceous earth is 300—400 °C until the loss of hydration
water is 50-80 %, approximately the same temperature (250—300 °C) was proposed by
Russian scientists Osokin A.P., Entin Z.B., Bakharev M. V., Sidenko I. L.

Mechanism of thermal activation was used to increase the adsorption capacity of
sorbents during heat treatment, which was due to removal of adsorbed and constitutional
water, that is, an increase in total porosity.

Close to thermal activation is the method of hydrothermal modification of natural
sorbents, that is treatment in water vapor at high temperatures and pressure. Dissolution
of small particles of a substance and their precipitation on the surface of larger ones
occur during hydrothermal treatment, which leads to a change in the specific surface
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and an increase in the sorption volume of pores. Since the composition of natural
adsorbents includes metal hydroxides, which undergo various phase transitions during
hydrothermal treatment, often leading to amorphization of the mineral structure,
which is accompanied by an increase in their activity. With the help of thermal and
hydrothermal treatments, it is possible to modify natural sorbents in a fairly wide range,
giving them selectivity with respect to certain solutes; in our studies using this method
we have to deal with high temperatures and pressures, which in itself is unsafe and
requires complex hardware design.

The choice of bentonite clay of the Mukry deposit and zeolite of the Maitobe deposit
in the Zhetysu Region as adsorbents is explained by the following. All artificially
prepared adsorbents are scarce and expensive; therefore, their use is economically
viable only under the condition of repeated use. The need to restore the adsorbent
complicates the regeneration process, since capital and operating costs are significant
. Therefore, use of natural (cheap and available) adsorbents with sufficiently Aigh
adsorption capacity, ability to mineralize water in the processes of contact purification
and filtration has undoubted advantages.

Table 1 - Chemical composition of bentonite of the 7th horizon of the Mukry deposit
Chemical elements SiO TiO ALO, |Fe,0, |CaO MgO |K,0 [NaO |C

2 3

Percentage, % 6.72 0.1 224 |2.05 82.51 [2.24 0.1 0.1 6.27

In the Mukry deposit 220 thousand tons of carbonate-siliceous-clay-zeolite rocks
of the 7th lithological horizon with the sum of exchangeable cations 4042 mg/100 g
of dry matter, including exchangeable cations Ca - 32, Mg - 8, 89; Na - 0.3-0.4; K -
0.3-0.4 mg equiv./100 g of substance.

The chemical composition is characterized by predominance of biogenic calcium
carbonate (97 %) in the presence of sulfate associated with aluminosilicate (~2 %) and
chloride (-1 %); sulfate sulfur in the amount of 0.22 % gypsum and ferric iron - 0.91 %.

The carbonate-siliceous-argillaceous 7th horizon in the nature plays the role of a
geochemical barrier in infiltration of atmospheric waters and distribution of matter
during the capillary-pore rise of solutions.

The chemical composition of bentonite of horizon 7 is shown in fig. 1. The picture
taken in “Irgetas” laboratory on a JSM -6390 LV scanning electron microscope in fig.
one.
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Cnektp 1

Fig. 1. Chemical composition of bentonite clay of the 7th horizon

The source of calcium can be the carbonate-siliceous horizon of the Mukry deposit,
which forms the 7th horizon. As shown above, the carbonate-siliceous horizon consists
mainly of loosened calcite, which plays the role of cement for siliceous formations
represented by loosened opal, quartz, and zeolite. The relative content of calcite in many
parts of horizon 7 exceeds 90 %.

To test the effectiveness of the complex, natural adsorbents were taken in different
percentages, and an agglomerate was obtained: 1) zeolite (60 %) and bentonite (40
%), 2) zeolite (50 %) and bentonite (50 %), 3) zeolite (40 %) and bentonite (60 %).
Subsequently, capsules with a diameter of 14—16 mm and a length of 15 mm were made
from the resulting mixture, acid activation was carried out using 15% H,SO, taken in the
amount of 50 % of the air-dry sample, the processing time took 4 hours. Heat treatment
was carried out in a muffle furnace at a temperature of 400 degrees to increase the
overall porosity (Yudakov et al., 2001).

One of the most important characteristics of an adsorbent is determination of its
porosity, which generally depends on its deposit. It is characterized by the total volume
of all voids (pores) in the rock.

The concept of the surface of microporous adsorbents loses its physical meaning.
An additional feature of microporous adsorbents is manifestation of molecular sieve
action in cases where the size of entrances to micropores or cavities of the adsorbents is
significantly smaller than the sizes of the micropores (Kovalevski et al., 1999).

If we compare the properties of finely porous and non-porous compounds, then
dispersed forces play the main role in determining adsorption abilities. In most cases,
they appear in finely porous compounds, increasing the quality of the filter element.

Bentonite clay and zeolite undergone to thermochemical treatment at a temperature of
950°. The specific surface area of bentonite clay was 108 m*/g. In the range of adsorption
values from 0.1 to 0.5 mmol/g, the differential heats of zeolite adsorption are 1.5 times
more than the heats of activated carbon in fig. 2.
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Fig 2. Increase in the adsorption of bentonite clay and ziolite at a temperature of 950°

An increase in energy in micropores of bentonite clay leads to a sharp increase in
adsorption vapors in the area of equilibrium pressure. With an increase in the energy of
adsorption, interaction in the microcomponents of the complex of bentonite clay and
zeolite causes growing of adsorption vapors in the rank of low equilibrium pressure.

Determination of porosity of the sorbent was carried out according to the following
method. The test samples were boiled with distilled water for 1.5-2.0 hours and then
weighed.

The density of the samples, water absorption and porosity were calculated according
to the data in table 2, where: m, is the mass of the studied samples with suspension in
water, g; m - weight of wet samples, g; m, is the mass of dry samples, g; m, - weight of
the suspension, g.

Table 2. Input data for calculation (complex of bentonite clay and zeolite)

No. Of Material name m,,g m,g m,g m.,g
experience 0> ” 2 ¥

1 Complex of zeolite (60 %) and bentonite clay (40 %) | 10.0018 |31.4312 | 19.0645 | 0.5923
2 Complex of zeolite (50 %) and bentonite clay (50 %) | 9.6453 |29.2576 | 16.7312 | 0.4627
3 Complex of zeolite (40 %) and bentonite clay (60 %) |9.9459 |31.2057 | 18.1124 |0.4134

The limits of the relative total error of the result, which is allowed, is 2.0; with a
confidence level of 0.95. The results of the study are presented in table 3.

Table 3. Determination of porosity of a complex of bentonite clay and zeolite

| E:rg:i’; C{’afy (Z:(;’LZ‘)’ (60 %) and|») 5145 |76.0690 43.8490  [73.45
) Complex Cloafy (25600{)1/3 (50 %) and |50 7124 777860 447296 | 73.91
N g;ltg’;iz C;’afy (266(;’}}/3’ (40 %) and g 9437 (823320 456125 |80.51
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Conclusions

Mineral sorbents of various nature available in the domestic raw material base like
zeolite and bentonite clay were selected for experimental study on the basis of analysis
of technical and economic indicators.

The conditions for activation of NMS were empirically selected. The activity of
NMS increased most significantly (by 35-57 %) after acid treatment with a mixture
(1:1) of 10 % hydrochloric acid .

In model experiments on the use of natural mineral sorbents in the processes of water
purification from pollution, significant differences were revealed in the efficiency of the
considered sorbents, determined by their mineral composition, microstructure, sorption
capacity, and the presence of catalytic activity.

The results of laboratory studies showed that NMS have pronounced sorption
properties in relation to heavy metals, microbiological contaminants, and with an
increase in the concentration in the zeolite complex to (3.1+3.5) x10* cells/ml, the
sorption effect becomes more efficient.
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