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Analytics

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

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

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem 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
coobwecmsa.



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIICHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH OesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMsS U HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHTe.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30BaHuI0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB MU «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MpeANPUHUMATENILCKUE HaBBIKK. Tak, Ha COoOelCTBHE MajoMy OHM3HECY HIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TadaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HA 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4eOHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKUX ILKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«Xanplk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JOJDKHO OKa3aTh CYIIECTBEHHOE BIIHMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX/1aH CTPaHBI.

Heob6xonumyto momors @oHx «Xanbk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS 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 KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @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 COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesunenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibiMu xaTmisl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FBUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIPOTEOJIOTHS 5KOHE T€0IKONIOTHSI HHCTUTYTHIHBIHY AupeKTopsl (AnmMarsl, Kazakcran) H =2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Iaunen, Ph.D, kaysiMaacteipeutran npogeccop, Hebpacka yausepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH JqupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MypaxxailbIHbIH JKep Typajibl FBUIBIMIAp OediMiHze
MIeTPOJIOTHS XKSHE Taiiiaibl Ka30aiap KeH OpBbIHAPBI CalachIHAAFbl 3epTTeyiiepain kerekurici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBu4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPEI, HaHcn yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH ITun, Ph.D, KpITaii reoorusuiblk KOFaMbIHBIH Tay T€0JIOTHSICH KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAIIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3sen TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPbUIFAH IPOPECcCOphI
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii OMHIbeBUY, TI'COJNOIHMS-MUHEPATIOIUs FBUIBIMIAPBIHBIH JIOKTOPBI,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H =19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana matepuaniap XUMHUSICbI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3neH TeXHUKaNIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBLUIFAH PO eCCOphI
([pe3nen, bepiun) H =20

CEMTMYPATOBA Dieonopa FOcynoBHA, reoiorns-MHHEPANOT s FHUIBIMAAPBIHBIE IOKTOPBI,
mpodeccop, KP ¥FA koppecnionaent-myteci, K.M. Carnaes arbinarbl [ €0n0orust FoUIbIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimagacteipsuiran npogeccop, Haszapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU MMaono, Ph.D, bukokk Munan yHUBepCHTETI KaybIMIACTBIpBbUIFaH podeccops! (MuiaH,
Wramus) 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 KydJTiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apobl A1y HCIHE OAAPObIH KOCLIHObLIAPHIHbIY MEeXHOIOSUACHL.
Mep3iMAimiri: xKpUIbIHA 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'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) 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 HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbsHas 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

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

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

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

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11
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Abstract. One of the directions of development of the exploration, oil and gas and
mining industries is to increase the productivity of equipment by increasing the technical
level and production efficiency. Aluminum production is one of the fastest growing
industries. In search of new directions for the development of aluminum production
technology, there are numerous studies aimed at the widespread industrial introduction
and modernization of electrolyzers. The alumina acceptance unit of the bucket elevator
at the electrolysis plant provides for the transportation of alumina, which gets into
the moving parts of the elevator chain, which leads to their jamming and premature
accelerated wear of the connecting bushings. Based on computer modeling using the
APM FEM program, a study of the stress-strain state of two variants was performed:
plate and anchor chains with the application of acting loads, namely, the weight of
the bucket with the load and the chain tension. As a result of statistical calculation,
the equivalent Mises stress decreased by 2.44 times and the safety margin coefficient
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increased by 2.5 times. Thus, the replacement of the plate chain with the anchor of the
alumina acceptance unit of the bucket elevator based on studies of the stress-strain state
will increase the service life by 2.5 times and reduce the cost of preventive maintenance.

Keywords: productivity, service life, bucket elevator, chain, stress-strain state,
modeling
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IOMIII SJAEBATOPBIHBIH TYWIH TI3BETTHIH KEPHE YJII
JAE®@OPMALIUAJNAHIAH KYUIH 3EPTTEY

Annoranus. ['eonorusnslk Oapiay, MyHaii-ra3 >KoHE Tay-KeH OHIpY calalapblH
JaMBITY OaFbITTAPbIHBIH Oipi OHIIPICTIH TEXHUKAIBIK ACHIeli MEH THIMALIITIH apTTHIPY
HEri3iHAe >KaOIBIKTApAbIH OHIMILIITIH apTThipy OOJbIN TaObUIaAbl. AJFOMHHUN
OHJIpiCI €H KBUIAaM JaMBINT KeJie JKaTKaH cajayiapra jKaramabl. AJIOMUHUN OHIIpY
TEXHUKAChIH JIaMBITY/IBIH JKaHa OAarbITTapblH 13[€y/e SJICKTPONU3EepIIepAi KeHIHEH
OHEPKACINTIK EHri3y MEH J>KaHFBIPTyFa OaFbITTalfaH KeINTereH 3eprreyiep Oap.
DNeKTPONN3 3aybITBIHAAFBI IIOMIII 371€BATOPHIHBIH ITUHO3EM/1 KaObl11ay KOHIBIPFBICHI
aneBaropiap Ti30eriHiH KbBUDKBIMAIbI 0OJTIKTepiHe TYCETiH INIMHO3EMIi TAChIMAIIaY/IbI
KapacThIpajibl, OYJI ONap/blH KeNTelyiHe >KOHEe OalIaHBICTBIPYINbI BTYJIKAJIAp/IbIH
Mep3iMiHeH OVPBIH Te3 To3ybIHa okeneni. APM FEM GarnapiamMachkia KoJijaHa OTHIPHITI,
KOMITBIOTEPIIIK MOJIENb/IEYy HETi3iHAe €Ki HYCKaHBIH KepHEeyTi-aedopMarnusiiaHFaH
KYHIH 3epTTey >XYPTi3iiai: >KYMBIC >KYKTEMEJEpiH KOJIAaHa OTBHIPBII, IIACTHHAJIBIK,
KOHE SKOpb Ti30€KTepi, aTam alTKaHAa LISJIeKTiH calMarbl JKOHE Ti30eKTiH Kepimyi.
CraTHCTUKAJIBIK €CeNTey HOTHXKECIHJIe Musec OOWbIHINIA SKBUBAJICHTTI KepHey 2,44
ece azaiiyipl xoHe OepikTik OoibiHIIA Kop KodhduimenTi 2,5 ece octi. Ochunaiiia,
KepHeym nedopMarisulanFal Karmalael 3epTTEy HETI3IHAE IUIACTUHAIBIK Ti30CKTi
Illenek »nMeBaTOPBHIHBIH ATIOMHHUHA TOTHIFBIH KaObUIAy KOHJIBIPFBICHIHA AYBICTHIPY
KBI3MET €Ty Mep3iMiH 2,5 ecere apTThIpaibl KOHE IIBIFBIHAAPIBI a3alTabl.

Tyiiin ce3aep: eHIMITIK, KBI3MET €TY MEP3iMi, HIOMIII AJIeBATOPEI, Ti30eK, KepHEYI
neopManysiIanFad Ky, MOenbaey
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HUCCIEJOBAHUE HAIIPSI)KEHHO-JE®OPMUPOBAHHOI'O
COCTOSHUA LETIA Y3JIA KOBIIOBOI'O 9JIEBATOPA

Annoramus. OTHUM W3 HalpaBJICHUH pPa3BUTHUSL TeOJOrOpa3BelOYHOM, HedTe-
ra3oBOil M TOPHONOOBIBAIOIIEH OTpacieil sIBISETCs MOBBIIICHUE TIPOU3BOIUTEIHHOCTH
o0opy/loBaHMsI HAa OCHOBE YIYyYIIEHHS TEXHHYECKOTO YPOBHA M 3(dexruBHOCTH
pou3BoAcTBa. [IponM3BOACTBO @IIOMUHMS OTHOCHTCS K Hambosiee OBICTPO pa3BH-
BAaIOIUMCS OTPACIISIM MPOMBIIIJIEHHOCTH. B MOKMCKax HOBBIX HalpaBIEHWH pa3BUTHUS
TEXHUKH [POU3BOJCTBA ANIOMUHMS HMEIOTCS MHOTOYHCIIEHHBIE HCCIIEI0BaHMA,
HAaIlpaBJICHHbIE HA [IHPOKOE IIPOMBIIUIEHHOE BHEIPEHUE U MOJACPHU3ALMS
3IEKTPOIU3EPOB. Y3€i NPUEMKHU MNIMHO3EMA KOBILIOBOTO 3JIEBATOPA HA AIEKTPOIU3HOM
3aBOJC IPEAYCMAaTpUBACT TPAHCIOPTUPOBKY INIMHO3EMA, KOTOPBIA  IOMNAJAcT
B TOJABMJKHBIE YacTH LIENMH DJIEBATOPOB, YTO MHPHBOAUT K MX 3aKIMHUBAHUIO W
MPEKIEBPEMEHHOMY YCKOPEHHOMY M3HOCY COEIMHMTENBHBIX BTylIOK. Ha ocHoBaHmm
KOMITBIOTEPHOTO MOJIEIIMPOBaHUs ¢ MpuMeHeHneM nporpammsl APM FEM BeinonHeHo
HCCIIeIOBaHUE  HANPSIKCHHO-1e(OPMUPOBAHHOTO  COCTOSHHS  JIByX  BapUaHTOB:
IJJACTUHYATON U SIKOPHOMW LIENEN ¢ MPUIOKEHUEM JEHCTBYIOIIMUX HATPY30K, & UIMEHHO
Macca KOBILIA ¢ TPY30M M HaTsKEHUE LIeNH. B pesynprare cTarucTU4eckoro pacdéra
YMEHBLIWJIOCHh 3KBUBAJIECHTHOE HaIpspkeHue no Musecy B 2,44 pa3a 1 yBeIMUUIICS
ko3¢ GUIMEHT 3amaca NpOYHOCTH B 2,5 pasza. Takum oOpa3om, 3aMeHa IJIaCTUHYATOM
LENU Ha SKOPHYIO y3/1a NMPUEMKH DIMHO3EMa KOBIIOBOIO 3JI€BaTOpa Ha OCHOBAHUU
WCCIIEIOBAHUI  HANpsDKEHHO-IE(OPMUPOBAHHOTO ~ COCTOSIHHS ~ HOBBICUT — CPOK
JKCIUTyaTallui B 2,5 pa3a M yYMEHBIIMT 3aTpaThl Ha IUIAHOBO-TIPEAYNpPEIUTETHHBIN
PEMOHT.

KiroueBbie cj10Ba: TNPOU3BOAUTEIBHOCTh, CPOK OKCIUIyaTallid, KOBIIOBBIM
3IIeBaTOP, LETb, HAPSKEHHO-Ae()OPMUPOBAHHOE COCTOSIHNE, MOJCITUPOBAHUE

Introduction

Aluminum production is one of the fastest growing industries. In the aluminum
industry, as in other sectors of the economy, the growth of metal production is carried
out on the basis of increasing the technical level and production efficiency.

Currently, aluminum and its alloys are used in almost all branches of modern
technology. The most important consumption of aluminum and its alloys is the aviation
and automotive industries, railway and water transport, mechanical engineering,
electrical industry and instrumentation, industrial and civil construction, chemical
industry, production of consumer goods.
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In search of new trends in technology aluminium production made a significant
amount of design and experimental-industrial works aimed at a wide industrial
introduction of powerful cells (Chalykh et. al., 2005: 6; Glushkevich et. al., 2009: 4;
Ma et. al, 2019: 4).

Aluminum has a lot of properties that make it one of the most used materials in the
world. It is widely distributed in nature, taking the first place among metals. It would
seem that there should be no difficulties with its production. But the high chemical
activity of the metal leads to the fact that it cannot be found in its pure form, and it is
difficult, energy—intensive and costly to produce. The production of aluminum from
all minerals containing it is expensive and unprofitable. It is extracted from bauxite,
which contain up to 50 % aluminum oxides and lie directly on the surface of the earth
in significant masses.

Aluminum ores have a rather complex chemical composition. They contain alumina
in the amount of 3070 % of the total weight, silica, which can be up to 20%, iron oxide
in the range from 2 to 50 %, titanium (up to 10 %).

Alumina, which is aluminum oxide, consists of hydroxides, corundum and kaolinite.
Recently, aluminum oxides have been obtained from nephelins, which also contain
sodium, potassium, silicon, and alunite oxides. To produce 1 ton of pure aluminum,
about two tons of alumina are needed, which, in turn, is obtained from about 4.5 tons
of bauxite.

The origin of production Danish physicist H. Oersted was the first to isolate aluminum
in its free form in 1825. The chemical reaction took place with aluminum chloride and
potassium amalgam, instead of which two years later the German chemist Wehler used
metallic potassium.

Potassium is a fairly expensive material, so in the industrial production of aluminum, the
Frenchman St. Clair Deville used sodium instead of potassium in 1854, an element much
cheaper and resistant double chloride of aluminum and sodium. N.N. Beketov was able to
displace aluminum from molten cryolite with magnesium. In the late eighties of the same
century, this chemical reaction was used by the Germans at the first aluminum plant.

In the second half of the XVIII century, about 20 tons of pure metal were obtained
by chemical methods. It was very expensive aluminum. The production of aluminum
by electrolysis originated in 1886, when almost identical patent applications were filed
simultaneously by the founders of this method, the American scientist Ch. Hall and
the Frenchman P. Eru. They proposed to dissolve alumina in molten cryolite, and then
obtain aluminum by electrolysis.

This was the beginning of the aluminum industry, which has become one of the
largest branches of metallurgy for more than a century. The process consists of three
stages.

The first of the aluminum ores, whether it is bauxite or nepheline, produces alumina
— aluminum oxide AL O,. Then industrial aluminum is isolated from the oxide with a
degree of purification of 99.5 %, which is not enough for some purposes. Therefore,
aluminum is refined at the last stage. Aluminum production is completed by its
purification to 99.99 %.
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Research materials and methods

There are three methods for obtaining aluminum oxide from ores: acidic; electrolytic;
alkaline (Meng 2000: 4; Perez-Aparicio et. al., 2014: 16).

The latter method is the most common, developed in the same XVIII century, but
since then has been repeatedly modified and significantly improved, used for processing
of high-grade bauxite. This is how about 85% of alumina is obtained.

The technological process of aluminum electrolysis includes the following elements.
Electrolysis housing, storage, supply and distribution of alumina, laying and replacement
of lining, universal technological crane, foundry, computer control system, etc.

The basis of the technological process of obtaining primary aluminum at the Pavlodar
electrolysis plant is the electrolysis of cryolite alumina melt.

Electrolysis is carried out in electrolyzers. The electrolyzer consists of cathode and
anode devices. The cathode device is a metal casing lined with coal hearths and side
blocks. Burnt anodes are suspended from above in the electrolyzer, which are fixed to
the anode device.

The fired anodes are a mixture of coke and pitch binder, pre-fired at a temperature of
approximately 1100 °C. The cathode is molten aluminum.

The electrolyte is a molten cryolite (Na,AlF) with a small excess of AIF,, in which
alumina (ALO,) is dissolved. Electrolysis is carried out at variable concentrations of
alumina from about 1 to 8 % by weight. The process temperature is close to the melting
point of this mixture and is 950-960 ° C. Molten aluminum at the electrolysis temperature
is heavier than the electrolyte and is located at the bottom of the electrolyzer.

In essence, the electrolyte is not consumed during electrolysis, but certain losses still
occur, mainly due to evaporation.

The electrolyte in modern electrolyzers usually contains the following components:

- from 6 to 13 % aluminum fluoride (AIF,).

- from 4 to 6 % calcium fluoride (CaF)).

- from 2 to 4 % alumina (AL,O,).

The depth of the electrolyte layer in the electrolyzer does not change any significantly,
and is usually about 20 cm. The interpolar distance, in other words, the vertical distance
between the bottom of the anode and the surface of the liquid metal layer is usually
from 4 to 5 cm. Thus, in addition to its main functions of being a solvent for alumina
and contributing to its electrolytic decomposition with the formation of aluminum, the
electrolyte provides a physical separation between metallic aluminum formed at the
cathode and carbon dioxide gas released at the anode.

It is important to maintain the concentration of alumina (Al,O,) in the electrolyte at
a level of 2 to 4 % by weight. Too low concentration of alumina, caused by insufficient
loading, can lead to an anodic effect, which disrupts the normal course of the electrolysis
process, causing an increase in voltage in the electrolyzer. In this case, electrolytic
decomposition of the fluoride compounds of the electrolyte occurs, and an electrically
insulating layer of gas is formed under the anode, which increases the electrical
resistance and, consequently, the voltage in the electrolyzer. The consequences of the
anode effect are significant disturbances of the thermal balance in the electrolyzer, an
increase in fluoride emissions, a decrease in the current and electricity utilization factor.
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Thus, theoretically, only alumina and carbon of the anode are consumed for the
electrolysis process, as well as electricity necessary not only for the electrolytic process
— the decomposition of alumina, but also to maintain a high operating temperature.
Practically, a certain amount of fluoride salts is also consumed, which evaporate and are
absorbed into the lining. To maintain the required electrolyte composition, aluminum
fluoride must be periodically injected into the electrolyzer.

Fluoride salts and alumina are supplied to the electrolyzers as raw materials. In the
process of electrolysis, burnt anodes and electricity are consumed.It is necessary to
achieve the maximum service life of the bath with the quantitative production of high-
purity aluminum, i.e. also to achieve a high current output.

The amount of aluminum P that can theoretically be obtained in the electrolysis
process (Korvatsky et. al., 2008: 8) for a certain period of time #, determined by Faraday's
law:

Pr=1XtXqg

where P_is the theoretical amount of aluminum, kg;

1 — current strength, A;

t —time, h;

q is the electrochemical equivalent of aluminum, 0.336 g/(AY - h).

In practice, due to current leaks and secondary processes (in particular, the dissolution
of aluminum in the electrolyte and its subsequent oxidation by anode gases), the amount
of aluminum produced by the P, is always less than this value. The ratio of the amount
of metal actually obtained during electrolysis to its theoretically expected amount over
the same time is called the current output.

Authors (Yugay et. al., 2022: 4; Chalykh et. al., 2005: 6) evaluate the current output
losses on baths with annealed anodes:

- reverse reaction between metal and CO, — 3-5 %;

- other reactions involving metal (with oxygen, carbon, with electrolyte components
followed by evaporation, etc.) up to 1 %;

- electronic conductivity, short circuits, shunting up to 2 %;

- other losses up to 1 %.

According to this indicator, the quality of the work of the electrolysis shop, housing
or electrolyzer is judged. In practice, the current output, depending on the type of
electrolyzer and its power, is 88—96 %.

Increasing the current output is important because it reduces energy consumption
and increases labor productivity.

Upon reaching full design capacity and mastering the guaranteed technological
parameters, the production volume of the Pavlodar Electrolysis Plant will reach 300,000
tons of primary aluminum per year. The entire volume of primary aluminum produced,
thanks to the modern technology and design of the electrolyzers used with burnt anodes
at a current of 320 kA, will belong to the category of the highest quality with the content
of the main component of aluminum 99.7 ... 99.8 %.

The technical level of primary aluminum produced is reflected by the level of price
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quotations on the London Metal Exchange. For primary aluminum with a content of
99.7 ... 99.8 % of the main component, the maximum value of quotations is set.

Thus, insignificant amounts of primary A7 grade aluminum are obtained. As a result
of uncharacteristic violations of modern plants in the technology of service or the
quality of incoming raw materials and materials, short periods of reduction in the grade
of primary aluminum are possible, but in the total volume of production, the grade level
is maintained at least A7.

Currently, there are three main types of electrolysis baths for the production of
aluminum: electrolyzers with a self-firing anode with a side current supply, electrolyzers
with a self-firing anode with an upper current supply and electrolyzers with pre-fired
anodes.

The development of the design of aluminum electrolyzers was mainly along the
way of increasing their capacity to 2475 kg / day and service life from 600-800 days
to 2500-3000 days to due to an increase in current strength from 50-60 kA to 300-325
kA (table 1).

Table 1 — Technical parameters of electrolyzers

Parameters Until 2000 year After 2000 year
1. Current strength, kA 50-60 300-325
2. "Operating time" of metal, kg/day 385 2475
3. Electricity consumption, kW h/kg 18,5-19,0 12,9-13,5
4. The ratio of the cathode and anode areas 0,55 0,90
5. Man-hours per ton of aluminum 5-8 1,7
6. Service life, days 600-800 2500-3000

As you can see, the breakthrough was enormous, primarily due to the transition to
better types of electrolyzers.

Currently, industrial series of electrolyzers with self-igniting anodes and a side
current supply with a current strength from 60 to 170 kA are operating. The anode
current density of the electrolyzers of this system is 0.7-1 A / cm2, the power
consumption is from 14.5 to 22 kU Wh / kg of aluminum.

Results

The alumina acceptance unit includes: two metal silos with a volume of 1000 m?
each, with a diameter of 12 m; an unheated silo room with a plan size of 10 x40 m; an
unheated silo room with a plan size of 10x52 m; an unheated shelter of wagons with a
plan size of 6x52 m; a heated operator room; a heated point heating.

Currently, the alumina required for the electrolysis production of aluminum at the
Kazakhstan Electrolysis Plant is supplied from the Pavlodar aluminum plant by cement
trucks.

The alumina acceptance unit at the electrolysis plant provides for the transportation of
alumina to silos from hopper cars using elevators. The main indicator of the operability
of the acceptance node is the coefficient of technical readiness of the equipment and is
included in the frequency of scheduled preventive repairs.After commissioning of the
alumina acceptance unit and to the present time, the repair services of the plant have
faced the problem of frequent removal of elevators for repair, the main reason of which
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is the wear of the plate chain conveyor and the tensioning system (Abishev et. al., 2021:
7; Glushkevich et. al., 2009: 4; Zhang et. al., 2022: 1).

The reason for wear is the transported raw material — alumina, which has strong
abrasive properties in its structure. In addition, the fine fraction of alumina and its
fluidity also serves to accelerate the wear of the main components of the elevator.

The main composition of the chain bucket elevator consists of:

- tension shoe with a height of 2660 mm;

- drive head;

- six linear boxes with a height of 2020 mm;

- four boxes with chain guides with a height of 2020 mm;

- two repair boxes with inspection hatches with a height of 2020 mm,;

- a shortened box with a height of 664 mm;

- elevator chains with buckets 60.16 m long;

- the removed elevator drive.

The elevator chain consists of:

- two traction plate bushing-roller chains of type M315-2-160-1 according to STST
588-81 with a length of 60.16 m with riveted connecting strips;

- rounded buckets (188 pcs.) with a width of 400 mm and bucket fasteners on a chain.

Each bucket is attached to the chain by means of four M12x35 bolted joints with
self-locking nuts with plastic inserts. The traction chain consists of segments that are
connected to each other by means of connecting links.

Alumina during transportation gets into the moving parts of the elevator chain,
which leads to their jamming and, as a consequence, premature accelerated wear of
the connecting bushings, which must rotate when passing through the drive sprocket,
tensioner, circling wheels. The jammed bushings tear off the fixed connecting axes,
causing them to rotate and, as aresult, there is friction between the axis and the connecting
bar, the hole (wear) of the connecting bars increases, which ultimately threatens to break
the entire chain of the elevator.

Plate chains consist of parallel plates connected pivotally by rollers located one from
the other at a distance ¢, called the chain pitch. The elevator shelves consist of articulated
beams of trough section and are attached to the chains with the help of fingers entering
the holes of the bushings of plate chains.

A common disadvantage of plate chains is the small friction surface in the hinges,
which causes high specific pressures, which are the cause of their wear. To reduce wear,
hardened bushings are sometimes pressed into the eyelets of the hinge-plate chains. In
addition to increasing wear resistance, this design of the chain allows it to be repaired
by replacing the bushings.

According to the design and method of manufacture, chains are divided into welded,
lamellar or articulated and special (cast ductile iron, etc.). A welded chain consists of
oval mutually perpendicular links. This provides greater flexibility in all directions and
allows the use of traction sprocket sprockets or drums of small diameters. Chains are
made of steel bars of grades Steel2, Steel3 and steel 10. Parts with cracks, fractures,
chips and other defects that reduce strength are not subject to restoration. Their number
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is usually small. The rollers and bushings of plate chains have one-sided wear and, in
the absence of other defects, they can be reused with a 180° rotation relative to the
hinge axis. At the same time, the steps of the links that have been lengthened due to the
wear of these parts are restored. When the fit of the rollers and bushings in the plates
is weakened, the strength of the joints can be restored by welding. It can be performed
without disassembling the chain, excluding welding of bushings of the bushing-roller
chain, which require disassembly into separate links. It is advisable to restore worn parts
of traction plate chains of large sizes by surfacing, followed by mechanical and heat
treatment. Simple articulated (non-tubular) conveyor chains are restored by surfacing
holes.

Discussion

Modernization of the alumina acceptance unit of the bucket elevator consists mainly
of replacing the plate chain with an anchor chain, in which there are no parts of rotation
along the entire length of the chain.

This type of chains is widely used in cargo and traction devices. There are long-link
and short-link chains.

The variety of types and high performance of round-link chains have made them
popular and indispensable in many sectors of industry.

According to STST 22879, anchor chains can be executed in two design versions
and are made of three types:

1) normal strength — welded and forged from category la steel, calibers from 11 to
73 mm;

2) high strength — welded and forged from category 2a steel, calibers from 12.5 to
162 mm, cast from category 2b steel, calibers from 40 to 152 mm;

3) of particularly high strength — welded and forged from category 3a steel, calibers
from 20.5 to 152 mm, cast from category 3b steel, calibers from 40 to 152 mm.

Computer modeling was performed using the APM FEM program (Donenbayev et.
al., 2021: 6; Mussayev et. al., 2022: 13; Sherov et. al., 2021: 7; Sherov et. al., 2021: §;
Yin et al., 2021: 15) two variants: plate (option 1) and anchor (option 2) chains with the
application of acting loads, namely the weight of the bucket with the load and the chain
tension.

As a result of static calculation, the following were determined: equivalent stress
by Mises; total linear displacement; coefficient of yield strength; coefficient of strength
margin (Table 2).

Table 2 — Results of static calculation of plate (option 1) and anchor (option 2) chains

Name 1 option 2 option
Minimum value | Maximum value | Minimum value Maximum
value
Equivalent Mises voltage, MPa 0,007 4,32 0,007 1,77
Total linear displacement, mm 0 0,0038 0 0,0001
The coefficient of turnover margin 55 31910 134 32850
The coefficient of safety margin 95 55673 234 57313
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Figures 1 and 2 show maps of the results of statistical calculation of plate and anchor
chains.

a)

Equivalent Mises voltage Total linear displacement

<)

The coefficient of metal fluidity reserve The coefficient of the margin of strength of the
metal
a — Equivalent Mises voltage; b — Total linear displacement; ¢ — The coefficient of metal fluidity
reserve; d — The coefficient of the margin of strength of the metal

Figure 1 — Map of the results of statistical calculation of the plate chain

Equivalent Mises voltage Total linear displacement
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©)

The coefficient of metal fluidity reserve The coefficient of the margin of strength of the
metal
a— Equivalent Mises voltage; b — Total linear displacement; ¢ — The coefficient of metal fluidity
reserve; d — The coefficient of the margin of strength of the metal
Figure 2 — Map of the results of the statistical calculation of the anchor chain

Analysis of the results of statistical calculation showed that the equivalent Mises
stress of the first option is 2.44 times less than the second, the total linear displacement
is 38 times less than the second option relative to the first option, the yield strength
coefficient of the second option is 2.4 times higher than the first, the strength margin
coefficient of the second option is 2.5 times higher than the first, respectively, and the
service life of the anchor the chain is 2.5 times higher than the plate chain, as well as the
timing of preventive maintenance is reduced.

In addition, the price of one meter of a plate chain is 13400 tenge for an elevator,
about 120 meters or 1 608 000 tenge is needed, and the cost of an anchor chain is 2300
per 1 m. respectively, 276 000 tenge, which is 5.82 times cheaper.

Conclusions

The advantage of choosing an anchor chain is in the absence of axes of rotation
between the plates, where maximum wear occurs in plate chains along the entire length
ofthe chain, due to friction, less economic feasibility and longer service life. In addition,
the gaps between the axes and the chain plates are clogged with alumina, which is a
good abrasive material and accelerates the wear process of the plate chain, as well as the
economic feasibility of manufacturing and repair is less complicated.

Thus, when upgrading the alumina acceptance unit of the bucket elevator, namely,
replacing the plate chain with an anchor chain based on stress-strain state studies will
increase the service life by 2.5 times and reduce the cost of preventive maintenance.
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