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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

6




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. Hydrotransport equipment of mining and processing plants has a low
operational reliability, insufficient working resource due to intensive hydroabrasive
wear of working surfaces of pipelines and pumping equipment, drawbacks in the design
of some nodes of groundwater pumps and their operation. Significant hydroabrasive
wear of the main element of the ground pump design, the impeller, causes additional
disturbing dynamic forces, which leads to increased vibration of the unit and,
consequently, to its premature failure. Until now, insufficient attention has been paid
to the influence of water abrasion of the impeller on the service life of their units and
their service life. The paper analyzes the manifestation of cavitation wear of parts of
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the flowing part of groundwater pumps, outlines measures to reduce cavitation by
favorable conditions of fluid intake into the pump and reducing the vacuum suction
height. A number of measures of technological and constructive decision, decrease of
harmful influence of cavitation are also offered. Materials for manufacturing parts of the
centrifugal soil pump with high performance and high service life have been selected
and analyzed. These alloys showed high corrosion resistance due to their high chromium
content. The ways of improvement of the centrifugal soil pump parts design, allowing
to increase the resource of their work, to create an automated system of diagnosing
the condition of the construction as a whole are outlined. On the basis of the analysis
of wear of parts of a centrifugal soil pump the improved designs of an armored disk
with a replaceable disc and a composite impeller with improved indicators of wear
resistance and maintainability are developed, allowing to increase their service life, to
reduce the cost of spare parts and to reduce the repair period. The influence of wear and
tear of centrifugal soil pump parts on its operating parameters has been determined;
the dependence of pump head and pumping capacity on the volume of pumped hydro-
abrasive mixture has been established.

Keywords: soil pump, impeller, armor disc, hydroabrasive wear, throttling,
measuring bench
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Annoramusi. Tay-keH  OaifbiTy  KOMOMHATTapbBIHBIH  THIPOTPAHCIOPTTHIK
XKaOIBIKTapBIHBIH Tali1aIaHy CEHIMILIIT TOMEH, KYObIpiap MEH COPFBI)KaOIbIKTaPbIHBIH
KYMBIC OeTTepiHiH KapKbIHABI THAPOAOp TO3yblHA, TOMBIPAK COPFBUIAPBIHBIH KeHOip
TOpanTapbl KOHCTPYKUMSUIAPBIHBIH KEMIIUTIKTEpiHE »KOHE OJapibl MainanaHyra
0alIaHBICTBl JKYMBIC ~Ppecypchl KeTKimiKci3. TombIpak COPFBICBIHBIH — HETi3ri
KYPBUTBIMABIK DJIEMEHTIHIH — JKYMBIC JOHIENETiHIH CYy aFbIHBIHBIH alTapibIKTai
TO3YBI KOChIMIIIA Oy3bUTaThIH JIMHAMUKAIIBIK KYIITEP/l TyABIPaabl, OYJ1 KOHABIPFBIHBIH
TIipUTiHIH JKOFapblIayblHA, 1€MEK, OHBIH MEp3iMiHEeH OYpBIH iCTEH IIBIFYbIHA OKEJeIi.
TombIpak COPFBUIAPBIHBIH, KYMBIC JOHTENETiHIH Cy aFbIHBIHBIH TO3YBIHBIH OJapIIbIH
KOHJIBIPFBUIAPBIHBIH KBI3MET €Ty Mep3iMiHE JKoHE ONlapAblH PEeCypChiHAa acep €Ty
MOceJeNiepiHe OChl YaKbITKa JCHIH JKETKUTIKCI3 KeHUT OemiHmi. JKyMbicTa TOmBIpaK
COPFBUIAPBIHBIH aFbIH OOJIIriHIH O6IIEeKTEPiHIH KaBUTAIUSIIBIK TO3YBIHBIH KOPIHICIHE
Tangay JKacajjbl, COPFbIFa CYMBIKTBIKTBIH KOJAWIbl Tycy >Kargaiiapbl eceOiHeH
KaBUTALMSHBl TOMEHJIETY JKOHE COPYIBIH BaKyyMMETPHUSUIBIK OHWIKTIFiH TOMEHICTY
mapanapsl Oenrinenai. CoHnai-ak, TEXHOJOTHAJIBIK KOHE CHIHAAPNbI LICIIiMACPIiH
Oipkarap Imapanapbl, KaBUTALMSIHBIH 3USHIBI OCEpiH a3aiTy YCHIHBUIIBI. JKOFapbl
naiianany KacHMeTTepiHe e, JKYMBIC PECYPChI )KOFaphbl OPTAIBIKTaH TEIKIll TOMBIPAK,
COPFBICBIHBIH OOJIIIEKTEePiH JKacay YIIiH Marepuangap TaHAalabl XKoHe Tanaanabl. by
KOpBITIANAp KypaMbIH/Ia XPOMHBIH KOIl 00TybIHA OaiyIaHbICTHI KOPPO3USFA TO3IMILIIT
KoFapbl 00717161 OpTaNIBIKTaH TETIKILI TOMBIPaK COPFBICBIHBIH OOIIIEKTePiHiH TU3aiHbIH
KETUIAIpY >KOJAApbl ONapIblH JKYMBIC PECYpCBIH apTTBIpyFa, TyTacTail anraHia
KYPBUTBIMHBIH Kai-KYHiH IMarHOCTUKaIAyIbIH aBTOMATTaHABIPbIIFaH KYHECIH KypyFa
MYMKIHIIK Oepeni. OprajbIKTaH TENKIill TOMBIPAK COPFBICBIHBIH aFblH OOiriHiH
OeJIEKTEPiHIH TO3ybIH Tajiay HETi3iHAE aybICTBIPBUIATBIH JHWCKici Oap Kypama
OpOHENNCKTIH JKOHE TO3yFa TO3IMIUTIK IMEeH XOHASYTre >KapaMIBUIBIK KOpCeTKiITepi
xakcaprbuiraH Kypama >KyMbIC JOHTENEriHiH JKeTUIAIPUITeH KOHCTPYKUHsIIaphI
o3ipieHni, Oyl onapAbIH KbI3MET €Ty Mep3iMiH y3apTyFa, KOCAJKbl OeJIeKTepIi
carhlll aly IIBIFBIHAAPBIH a3alTyFa, KOHACY Ke3eHIH a3aiiTyra MYMKIHIIK Oepeni.
OpTasibIKTaH TENKIilll TOMBIPAK COPFBICBIHBIH OOIIIEKTEPIHIH TO3YBIHBIH OHBIH JKYMBIC
napameTpiiepiHe dcepi aHbIKTalAbl, COPFBIHBIH KBICBIMBI MEH TYCYiHIH aiiJaiaTblH
TUIPOA0PO3UM KOCTIACHIHBIH KOJEMIHE TOYSIIUIITT aHbIKTAIIIbL.

Tyiiin ce3aep: TONMBIPAK COPFBICHI, JKYMBIC JOHTENEri, OPOHEANCK, CY aFbIHBIHBIH
TO3YBI, JPOCCEb, OJIIEY CTEH I
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AHHoTammsa. [wuapoTpaHcmoprHoe  00OpYIOBaHHE  TOPHO-OOOTATHUTENHHBIX
KOMOHMHATOB UMEET HU3KYIO SKCILTyaTallMOHHYI0 HaJIe)KHOCTh, HEI0OCTATOUHBIN pabounii
pecypc H3-3a HMHTCHCHUBHOTO THIPOAa0pa3WBHOIO H3HOCAa pabouyMX IMOBEPXHOCTEH
TpyOOIIPOBOJIOB M HACOCHOTO OOOPY/IOBaHMA, HEAOCTATKOB KOHCTPYKIIMHA HEKOTOPBIX
y3JIOB TPYHTOBBIX HACOCOB W WX O3KCIUTyaTallud. 3HAYUTEIBHBIA THApOaOpa3HBHBIH
M3HOC OCHOBHOTO 3JIEMEHTa KOHCTPYKIIMHM TPYHTOBOTO Hacoca — pabouero Koseca,
BBI3BIBAET JIOMOJHUTEIbHBIE BO3MYIIAIOIINE JUHAMUYECKNE CHJIBI, YTO MPUBOIUT K
MOBBIIICHHOM BUOpAIIMH arperara H, CJIeIoBaTelIbHO, K PEKAEBPEMEHHOMY BBIXOJTY €T0
u3 cTposi. Bonpocam BIMsTHUS THAPOaOpa3UBHOTO U3HOCA PA0OUEro Kojeca TPYHTOBBIX
HACOCOB Ha CPOK CIIY>KObI MX YCTaHOBOK M HMX PECypC, JO HACTOSIICTO BPEMEHH,
YAENAI0Ch HEAOCTAaTOuHOEe BHHMaHHEe. B paOoTe BBINOJIHEH aHaIW3 MPOSBICHUS
KaBUTALMOHHOTO M3HOCA JieTallell MPOTOUYHOM YacTH IPyHTOBBIX HACOCOB, HAMEUECHBI
Mepbl CHIYKEHUS KaBUTAIIMH 32 CYET OJNIArONPHUATHBIX YCIOBUH TOCTYTUICHUSI YKUKOCTH
B HAcOC U CHWKEHMS BaKyyMMETPHYECKOH BBICOTHI BcachlBaHMA. [IpensoxkeH Takxke
PAA MEpONPHUSATHH TEXHOJOTHYECKOTO W KOHCTPYKTHBHOTO pEIIEHUs, CHUKEHHUS
BPEIHOTO BIMSHHWE KaBUTAIMM. BBIOpaHbI W TpOaHATU3WPOBAHBl MaTepHajbl s
W3TOTOBIICHHS JIeTalel IIeHTPOOEKHOTO IPYHTOBOTO HACOCa, 00JaIalolire BHICOKUMH
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9KCILTyaTallMOHHBIMK KaueCTBaMHU, MMEIOIINE BBICOKHU pecypc paboThl. DTH CIUIABBI
MOKa3aJM BBICOKYIO KOPPO3HOHHYIO CTOMKOCTBH M3-3a BBICOKOTO COJEpXkaHMS B HUX
xpoMa. HameueHbl myTH COBEpIICHCTBOBAHUSI KOHCTPYKIHMHU JeTaleil HeHTPOOEKHOTO
IPYHTOBOTO HAacoca, I[O3BOJSIOUIME TOBBICUTH pecypc HX paboThl, c€O31aTh
ABTOMaTU3HPOBAHHYIO CUCTEMY AMATHOCTHPOBAHUS COCTOSHUS KOHCTPYKIUH B LIETIOM.
Ha ocnoBe ananmsa n3HOCa AeTaledl MPOTOYHOW YacTH LEHTPOOEKHOTO TPYHTOBOTO
Hacoca, pa3paboTaHbl YCOBEPIICHCTBOBAHHBIE KOHCTPYKIMH COOPHOTO OpOHEIUCKa
CO CMEHHBIM JMCKOM, U COCTaBHOTO paboyero Kojieca ¢ yITy4lUIeHHbIMH TOKa3aTeIsIMU
HN3HOCOCTOHKOCTH M PEMOHTONIPUTOAHOCTH, TIO3BOJISIIOIINE MOBBICUTH CPOK UX CITYKOBI,
COKpaTUTh 3aTpaThl Ha MPUOOPETeHHE 3amyacTeid, YMEHBIINTh PEMOHTHBIA MEPHO.
OmnpeneneHo BIMsSHUE HW3HOCA JeTajedl LEHTPOOEKHOTro I'PyHTOBOIO Hacoca Ha €ro
paboure mapaMeTphl, yCTaHOBJICHA 3aBUCUMOCTH Haropa M Mojadyu Hacoca oT o0beMa
NepeKayeHHOM THAPOAOPO3UMHOM CMECH.

Ki1ioueBble cj10Ba: TpyHTOBBIN Hacoc, pabodee Kojieco, OpOHEeIUCK, THAPOadpa3uB-
HBI U3HOC, IPOCCEINPOBAHNE, U3MEPUTENBHBIA CTEHT

Introduction

A large amount of ore materials are mined and processed in Kazakhstan in order
to extract valuable metals from them. In the process of rock processing, the latter,
in accordance with the technological process, are transported by centrifugal ground
pumps. Thousands of soil pumps are used in the production process, and their service
life is very short, so the research of centrifugal soil pump in order to increase its service
life is an urgent problem for mining and construction industry.

Soil pumps are massive units for transporting crushed ore in a water environment.
The resulting water-abrasive medium is highly destructive, so that ground pumps have
a low service life due to intensive wear of the working parts (Povetkin et al., 2020;
Povetkin et al., 2018; Zavertkin, 2009).

Service life of pump parts - armoured disc, impeller, does not exceed 20 days of
operation, after which it is necessary to stop the pump and carry out repair work to replace
worn parts, which requires a significant loss of working time of the main equipment of
the processing plant and a large volume of spare parts (Povetkin et al., 2020).

The analysis of the problem of groundwater pumps operation has shown that
groundwater pumps at the enterprises of mining and processing production do not meet
the requirements for reliability and energy consumption. The main disadvantage of
groundwater pumps is low service life of pump flow parts due to the impact of water on
abrasion and cavitation wear (Seitkhanov et al., 2019).

Consequently, the study of mechanical and cavitation wear of impeller parts,
development of a new design of a ground pump with a high service life is an urgent task.

The paper analyzes a number of foreign, Russian and Kazakh sources (Aleksandrov
et al., 2016; Spence et al., 2009), constructive and technological solutions in creating
efficient groundwater pumps, consisting in the following:

- presence of an elastic band in the flow channel, which can be oscillated;

- grooves on the impeller blades arranged in a specific order;
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- the use of a protective coating of high hardness material;

- formation of localised turbulent flows, displacement of laminar flows from the
periphery to the flow axis;

- reduction of vibrations due to intermediate supports;

- a method of reducing hydrodynamic friction due to the effect of an alternating
electromagnetic field on the boundary layer of a liquid or gas;

- application of a screw with two inlets;

- impeller design - solid cast iron;

- modification of the inner pipe design - longitudinal ribs with cylindrical segments
fixed on them to reduce aerodynamic friction resistance and boundary layer thickness;

- presence of thrust and wear-resistant rings, in order to retain the liquid film between
them, as a consequence - reduction of wear during the rotation of the impeller.

However, these measures have not solved the problem of increasing the service life
of soil pumps.

All this allows us to assert that it is expedient to carry out researches on improvement
of impeller and armor plate design, as the most basic loaded pump parts (Yao et al.,
2018).

The papers (Alexandrov et al., 2018; Shen et al., 2018) present extensive studies of
waterjet wear in industrial and laboratory settings, combining theoretical analyses of the
wear process with laboratory studies and pilot tests.

The theoretical and experimental studies conducted by the authors (Li et al., 2017)
are also of great interest to further investigate the waterjet wear process.

When working with hydraulic mixtures with large solid inclusions, the most intensive
wear is exposed to the inlet sections of the blades, with the practical absence of wear in
the remaining sections of the impeller and seals. Wear of blade inlet elements affects the
deterioration of suction capacity and head reduction.

Evaluation of hydroabrasive wear of ground pump parts, allows to outline essential
ways of'its decrease, due to change of pump design and creation of automated system of
wear rate evaluation, i.e. permanent diagnostics.

One of the significant phenomena affecting the wear of parts of groundwater pumps
is cavitation. With cavitation, there is a drop in delivery, head, efficiency and power,
erosion of the material of the walls of the wheel, casing, metal corrosion in the cavitation
zone. Given in the cited literature (Seitkhanov et al., 2019; Aleksandrov et al., 2016;
Spence et al., 2009; Yao et al., 2018; Aleksandrov et al., 2018; Shen et al., 2018; Li et
al., 2017), the methods of reducing the wear of working parts of pump units have not led
to a radical solution of the issue of increasing the operating life.

Thus, all the above types of wear, lead to the destruction of the working elements of
the pump, deterioration of operating characteristics. Consequently, improvement of the
design of parts of the pump itself, providing increase of wear resistance and regulation
of the operating mode of the pump unit, are actual.

The aim of the research is to justify the process of hydroabrasive wear of soil pumps,
to outline the ways of its reduction.

To achieve the goal the following tasks were set:
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- to analyze the problems of operation of soil pumps;

- to work out the constructive actions for increasing the life time of the soil pump
and its parts;

- to carry out experimental tests of groundwater pumps.

Materials and basic methods

Pump impellers wear due to the contact of solid particles moving in the liquid
with the walls of the pump's flow channels. The particles are separated by size in the
impeller.

The water-abrasive wear process of pumps is a consequence of the combined effect
of all types of destruction: abrasive, cavitation, erosion and corrosion at mining and
processing enterprises most often replaced impellers, armored disks and pump casings
(scrolls).

The catastrophic size of hydro-abrasive destruction of pump impellers indicates
the great destructive capacity of the water flow containing abrasive particles (Gulich,
2010; Smirnov et al., 2019).

Figure 1 shows fragments of a new and worn pump impeller.

a) 0)
Fig. 1 - Impeller of the soil pump 8Gr-8
a - new impeller; b - worn impeller

Abrasive wear of ground pump parts is determined by the formula [14]

e ® 5 R
ﬂn=ﬂPEPTPf-?1m sin a, (D)

where Ap - coefficient taking into account the strength of the wear part material and
abrasive properties of solid particles;

7T _3,14; d - average diameter of solid particles, mm;

v, - velocity of solid, m/s;

p,-density of solid, t/m’;

g - acceleration of free fall, m/s?;

a-angle of attack, degrees;
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n , - number of particles colliding with the wear surface per unit time.

The main characteristics of slurry flows characterize their physical and mechanical
qualities and sustainable flow conditions in the pump. The main physical and mechanical
properties of hydraulic mixtures include: solid content (volumetric S or mass §); specific
gravity y [kN/m’]; pseudo-viscosity £ [N s/m’] (for dispersed or finely dispersed
mixtures) (Olimstad et al., 2018).

According to the predominant content of solid particles of a particular size class, the
following main types of slurries can be distinguished:

- colloidal (atypical) - with the size of solid particles up to 1 micron;

- structural (hydrosols) with the particle size of 1-50 microns;

- fine-dispersed - coarseness of particles 50-150 microns, obtained during
sedimentation, crushing;

- coarse disperse: particle size from 100 microns to 2 millimeters, obtained during
sedimentation, crushing;

- heterogeneous coarse disperse - coarseness of particles over 1.5-2 mm;

- polydisperse - particles of different size, obtained in the processes of sedimentation,
dispersion, grinding or crushing.

At enrichment plants of ferrous and non-ferrous metallurgy, mixtures with
predominant content of particle classes characteristic of fine and coarse-dispersed
systems are most often encountered (Grigoriev et al., 2017).

The innumerable collisions of flow-borne solid particles with the surface of the
workpiece, even if they cause only elastic deformations of the material, also eventually
lead to surface failure due to metal fatigue phenomena. In this case, the liquid medium
has a destructive effect, thus accelerating the fatigue failure process (Grigoriev et al.,
2017; Yao et al., 2011).

V.K. Suprun established that after processing about 100 thousand m® of fluid mixture
by a pump, its head and supply decreased by 50% on average, while the specific power
consumption per 1 m? of transported abrasive material increased more than 2 times
(Figures 2, 3, 4) (Zhang et al., 2015).
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Fig. 2 - Energy consumption as a function of the volume of abrasive material to be processed
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Fig. 3 - Pump flow rate as a function of the volume of abrasive material to be processed

As the volume V of the processed abrasive material increases and, consequently, the
wear of working parts of the soil pump, the head H, the flow rate O sharply decreases.
Analysis of the above dependencies shows that the duration of the inter-repair period
of the dirt pump should be determined by loss of mass, due to wear. But also by the
reduction of the main indicators of the pump operation (H, Q) (Fig. 4) (Wu et al., 2017).
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Fig. 4 - Dependence of the pump head value on the volume of abrasive material processed

As a conclusion of simulation of the process of pump units operation using
multifactorial experiments and Excel computer programs for planning and processing
of experimental data, regression equations were obtained to determine:

- specific power consumption from the volume of abrasive material processed, y =
2E-07x4 - 2E-05x3 + 0,0027x2 + 0,0283x + 0,1875, R> = 0,9994;

- the pump flow rate from the volume of abrasive material processed, y = -0,0002x3
- 0,0051x2 - 0,4655x + 602,21, R? = 0,9993;

- the value of the pump head from the volume of abrasive material processed, y =
-1E-05x3 + 0,0005x2 - 0,001x + 43,97, R*= 0,9982.
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Abrasion wear of the impeller and other details of the ground pump is the main cause
of reduction of service life of the pump and the whole hydraulic transportation system.
At development of hydroabrasive wear of working surfaces of the impeller the change
of vibration spectrum on the main support units of the pump unit is noted. Exceeding
the permissible vibrations of the pump casing are transmitted to the bearing units, which
perceive significant alternating dynamic loads, leading to their destruction.

If the actual flow O, and head H, of the pump unit, determined at the operating point
A, do not meet the specified conditions, the operating mode of the unit changes:

1) By throttling with the help of a regulating device. When it is partsially closed, the
hydraulic transmission losses in the pipeline increase by the value of /2 ,. The required
head of the pumping unit increases (Fig. 5, a):

H;ubas =Hp+ HGQ: +hoen = He + 'i['lrcfQ:) (2)

where k' is the resistance coefficient of the network with additional throttling. The

operating point will move to point B. The pump flow will be reduced.

ot
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Fig. 5 - Changing the operating point position
a - by throttling; b - by change of speed

The method is simple in performance, but is accompanied by power losses:

28
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3

2) By passing a part of the liquid (Qper) from the discharge line to the suction line (or
to the tank) through the bypass line.

3) Variation of the characteristics of the pump itself, e.g. changing the speed of its
shaft (figure 5, b); Velocity control can be realized by means of a direct current motor,
an internal combustion engine or turbines.
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4) The motor pump itself is characterized by the rotation of the impeller, i.e. the
decreasing diameter at the outlet (D ', <D,). The geometrical similarity of the wheels is
broken, the recalculation formulas are semi-empirical:

@ (D" H b\ N (D
o= ) iw=G) v=&

) 4

where Q’, H’, N’ — parameters of the pump after sharpening.

In consideration not to induce an unreasonable reduction in efficiency, the amount
of rotation should not exceed 7...20% of the diameter of a conventional wheel. More
turning (up to 20 %) is allowed at n_= 60; less at n = 350.

Results on development of design character to increase a resource of the soil pump
and its parts

In order to increase the service life of groundwater pumps it is suggested, depending
on the pump design, to make the impellers composite (Povetkin et al., 2021).

Figure 6 shows the impeller of the centrifugal soil pump - longitudinal section and
its top view.
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Fig. 6 - Centrifugal pump impeller
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Figure 6 shows the impeller of the ground pump, consisting of a driving disk 1 with
blades 2, made in one with a driving disk, driven disk 3, fixed on blades 2 by means of
coupling screws 4, spring washers 5, dowel pins 6. The blades 2 of the impeller have a
working surface, made on the brachystone 7 and the back side 8, made in a logarithmic
spiral.

To increase the wear resistance of the ground pump impeller as a whole, on the
working and back surfaces of the blades, wear-resistant coatings are cladded, with
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the slave disc 3 removed (disassembled). After gas-thermal treatment the impeller is
assembled with the slave disk 3 by means of pins 6 and coupling screws 4 with spring
washer 5 in the holes drilled beforehand in it and in the blades. Wear-resistant coatings 8
on working and back sides of blades, obtained by gas-thermal method, are alloyed from
alloying elements of steels with iron, based on standard alloy PG-Zh40 with inclusion of
chrome boride CrB, in the charge to increase the strength of the cladding layer.

Optimal composition of chromium boride CrB, ligature introduced into the
composition of a new cladding alloy PG-Zh40, it was found that to obtain the hardness
ofthe clad metal equal to 450-600 HB, it is necessary to introduce it into the composition
of coating within 10 %, of the total mass, %.

The angle o of blade entrance from the working side 7 is 35-450, the angle f of exit
from this side is 12—170, and the angle y of blade installation from the rear side § is
made constant along the blade length and equal to 20-250, and the blade profile from
the working side 7 is made along the brachistochrone, and from the rear side 8 - along
the logarithmic spiral. Angles o, f and y were determined as a result of tests, which
showed that at these angles the minimum wear is observed when pumping abrasive
medium.

Profiled, in accordance with the specified angles, the blade is characterized by an
increased radial directionality of the flowing interblade channels at the inlet and reduced
at the outlet. When the angle a is increased above 35° the inlet section is in the path of
solid particles flow, which causes inevitable collision of particles with the blade in the
low velocity region. Decrease of the angle S below 17° promotes free, without repeated
collisions with the blade, passage of solid particles through the inter-blade channel, after
their rebound from the blade at the inlet section.

Brachistochronous shape of the working surface 7 of the blade ensures smooth
mating of the inlet and outlet parts of the blade with the specified entry and exit angles.
The blade of the working surface 7 made by the brachistochrone shape, otherwise we
can say that it is a curve of “fast descent” (Amel’kin, 1987).

Therefore, manufacturing of the wing impeller from composite material allows
machining of internal curvilinear working surfaces. And also to cover them before
assembly with a special surface coating protecting them from corrosion, cavitation and
hydroabrasion, which is difficult to realize in a closed wheel. Restoring the protective
coating and replacing worn parts will reduce the cost of purchasing spare part for the
pump and extend the life of the pump until major overhaul.

Figure 7 shows an upgraded soil pump containing a casing, a composite impeller
and an armor disc located in it, and a gap flushing system with clean water, which goes
directly into the gap between the armor disc and the impeller. The armored disc is %2
the diameter with a replaceable disc of wear-resistant material on its working surface
(Povetkin et al., 2021).
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Fig. 7 - Working section of the soil pump with increased wear resistance:
1 - pump body, 2 - impeller, 3 - shaft, 4 - bearing cup, 5 - armoured disc, 6 - pump mount,
7 - replaceable disc, 8 - replaceable disc mount, 9 - supply fitting, 10 - flexible hose,
11 - suction chamber, 12 - slotted cavity, 13 - outlet pipe of volute, 14 - changeable armoured disc,
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For constructive-technological improvement of the ground pump and its parts
complex researches of wear resistance and repairability have been conducted.

As a result of studies of the laboratory model of the pump it was established that,
mainly, the destruction of the impeller is associated with the wear of blades, leading to a
change in their configuration, as well as possible reduction in their configuration.

The basic requirement and dependability is the service life of the oil pump. The main
part of the spare parts is impellers - up to 50 %, on the armored disks 25 %, on branches
and other parts 25 %.

In order to significantly reduce the wear of conveying devices of hydro-abrasive
mixtures it is proposed to apply fundamentally new approaches:

- to create a vibration impact on the conveying device;

- to create a vibrating effect directly on the transported mixture..

Discussion of research results

The results achieved in the study of groundwater pumps are based on real solution
methods that are both theoretical and experimental in nature.

Design solutions are made at the level of inventions issued by the RSE “National
Institute of Intellectual Property” of the Ministry of Justice of the Republic of Kazakhstan
(Povetkin et al., 2021).

The limitations inherent in this study are the high percentage of transported
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hydroabrasive media, limiting the service life of pump units, which is the subject of
further research.

The development of 3D-technology for manufacturing of the main parts of centrifugal
ground pumps: spokes, impeller, armor plate, casing, with pre-established requirements
of high wear resistance can become promising directions of further research. It is also
necessary to conduct research on the physical effects of elastic, wave action on the
transported material and the pumping unit.

The solution of technological and constructive problems on increase of a resource of
work of the centrifugal soil pump, development of new designs of soil pumps, with the
raised term of operation, will allow to raise productivity of manufacture, to reduce the
interrepair cycles and quantity of spare parts.

Conclusion

The analysis of hydroabrasive wear and cavitation erosion processes of working
parts of soil pumps, the causes of their occurrence, the nature of wear and ways of
their prevention, both by changing the modes of their work and by design solutions, is
performed.

On the ground of the analysis of the wear of the parts of the main flowing part of the
centrifugal pump the improved designs of composite armored disk with replaceable disk
and composite rotor with improved indicators of wear resistance and maintainability are
developed, which allow to increase their service life, reduce the costs of spare parts
acquisition to reduce the repair period. The influence of wear parts of the centrifugal
oil pump on its operating parameters has been determined, the dependence of the pump
head and flow rate on the volume of pumped water-jet mixture has been established.

The effect of slurry properties and stream parameters on centrifugal pump wear has
been established, and analytical and experimental dependences of wear of pump working
parts - armor plate and impeller on slurry density and particle size of solid particles have
been found. The basic trends of service life extension of wear parts, selection of high-
strength steel and wear-resistant coatings, as well as improvement of pump design and
evaluation of influence of physical fields of impact on the conveyed material and pump
unit are determined.
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