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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 PecnyOnukachHBIH ¥IJITTHIK FRUTBIM akagemusicey PKB, 2024
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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 ecrectBernHo 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 «HanmonanbHas akanemus Hayk Pecryonuku Kazaxcrany, 2024
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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. The development of advanced industries of the Republic of Kazakhstan
(RK), such as chemical, oil, geological exploration industries, etc. dictates the need
to develop promising and resource-saving technologies of manufacturing parts and
components of machines and technological equipment. The uninterrupted operation
of the above industries directly depends on the quality of manufacturing machines
and technological equipment. The carried our studies show that there is a problem
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of machining large-sized parts when manufacturing and repairing machines and
technological equipment. The most problematic issue is machining stepped holes
of large diameters. To solve this problem, the design of a special boring bar was
developed. It allows simultaneous machining stepped holes of large parts of
technological equipment. This article is aimed at studying the effect of the boring
bar amplitude-frequency characteristics on the accuracy of machining a large-sized
part. It is known that the quality of machining depends largely on durability and
rigidity of the boring bar design. In this regard, in this work, by using modeling
in the Ansys Workbench computer program, the effect of amplitude-frequency
characteristics on the boring bar rigidity and durability was determined. For the
amplitude-frequency study, graphs of the radial displacement amplitude and the
phase angle dependence on frequencies were obtained. It was established that the
radial movement in the boring bar cutter at the optimal frequency v = 20,83 Hz is
9.9 um and at the resonant frequency Vp = 1167, 1 Hz 67.2 um, which is almost
7 times more. The durability of the boring bar was also calculated in the Harmonic
Response module using the additional Fatigue Tool. As a result, it was revealed that
the obtained radial movements are within the permissible limit of the tolerance field
and the boring bar durability corresponds to the tabulated data.
Keywords. Large-sized part, large-diameter hole, stepped hole, boring bar,

vibration, radial movement of the cutter, resonant frequency, tool life
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BOPHITAHI'AHBIH AMIIVINTYJAAJBIK-KHUIJITK
CUITATTAMAJIAPBIHBIH IPI TABAPUTTI TETIKTEPAI OHAEY
JOJIAII'THE OCEPIH 3EPTTEY

AnHoTanus. XvuMus, MyHal, reoJIOTHsUTBIK Oapiiay skoHe T.0. cuskTbl Kazakcran
Pecryonmukaceraein  (KP) anmeIHFBI KaTapibl ©HEPKOCIN cajajgapblH JTaMBITY
MallluHajgap MEH TEXHOJOTHSJIBIK KaOABIKTapAbIH OOJIIEKTepi MEH TOparTapbiH
JMaWbIHIAYBIH TEPCIEKTUBANBI JKOHE PEeCypc YHEMJICHTIH TEXHOJIOTHSIIAPbIH
o3iprey KaKeTTiriH Tayman ereni. JKorapbiia arainfaH cajaaplblH  Y3IIKCi3
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KYMBICBl MalllMHAIAp MEH TEXHOJIOTHSUIBIK KaOIBIKTapIblH camachblHa TiKelen
OaiimanbicTel.  JKyprisinireH 3eprreynep MallpHagap MEH TEXHOJIOTHUSUIBIK
XKaOIBIKTApIbl OHAIPY KOHE JKOHJEY Ke3iHIe ipi radapuTTi TETIKTepHi eHIey
npobnemMachkl 6ap eKeHiH KepceTTi. EH mpoOnemMainsl — YIKeH TUaMeTpIIi CaThIIbl
TeciKTepai eHjAey. byn MoceneHi mienry YIIiH TEXHOJOTHSUIBIK KaOIBIKTHIH ipi
rabapuTTi TETIKTEpAIH CaThIIBl TECIKTEpiH Oip yaKbITTa OHJEYre MYMKIHIIK
OepeTiH apHaiibl OyprelIay OOPIITAHTACBIHBIH KOHCTPYKIHMSCH skacanabl. Ocbl
MaKaJIaJarsl 3epTTey OOpIITaHTaHbIH aMILTUTYAAIBIK-)KULUIIK CHITaTTaMalapbIHbIH
ipi TadapuTTi TETIKTEPi OHACY NOIIIriHe ocepiH 3epTTeyre OarbiTTanFaH. OHuey
camacel ke0iHece OOpIITaHTa KOHCTPYKIHUSCHIHBIH OEpIKTIri MEH KaTThUIBIFBIHA
OaiimanbicTl ekeHi Oenrimi. OcbiFan OainmaHbICTBI XymbIcTa Ansys Workbench
KOMIBIOTEPJIiK OaF 1apaMachiHia MOACIbACY/l Tali Aajany apKblIbl OOPIITaHT aHBIH
KATTBUIBIFBI MEH TYPAKTBUIBIFBIHA aAMIUTUTYAAJIBIK-KULTIK CHIIATTaMajlapbIHbIH
ocepi aHBIKTaJAbl. AMIUIMTYIAIBIK KUUTIKTI 3epTTey YIIiH pajualibl KO3FaIbIC
aMIUTUTYackl MeH (a3anblK OYPBINTHIH JKULTIKKE Toyenainiri rpaduxrepi
anerHabl. v = 20,83 Hz oHTaiinbl *kuiNik Ke3iHae OopIITaHTa KeCKilTepiHaeri
paaranabel Kosranbic 9,9 MxMm TeH koHe Vp = 1167, 1 Hz pe30HaHCTHIK KHULTIKTE
— 67,2 MkM, OyJ1 IaMaMeH 7 ece Kol eKeH/IIT aHbIKTanapl. CoHai-aK, KOChIMIIa
Kypan-caiimanubeiH Fatigue Tool kemerimen Harmonic Response momyminzgeri
OopiTaHraHbIH OSpPIKTIriH (Y3aKMEp3IMALTITIH) ecentey Kypri3inmi. Hotmkecinmae
aNBIHFaH paJMalibl OPBIH AyBICTHIPYJIAP TO3IMJUIIK OpICiHIH pyKcaT eTiiareH
IIeTiHAe eKeH/Ir jKoHe OOpINTaHTaHbIH OEpIKTIri KECTeNiK MAIIMETTepre ColKec
KEeJIETIHIIT] aHBIKTAJIIBI.

Tyiiin ce3nep. Ipi rabaputTi TETIiK, YJIKEH TUAMETPIII TECIKTEp, CaThUIbI TECIK,
OopiraHra, mipiia, KECKIMITIH paauajibl KO3FalbIChl, PE30HAHCTHIK KUK,
KYpaJablH OepiKTiri
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HNCCIIEJOBAHUME BJIUAHUA AMINVINTYJHO-YACTOTHBIX
XAPAKTEPUCTUK BOPILITAHI'M HA TOYHOCTBb OBPABOTKH
KPYINHOTABAPUTHOM JETAJIA

AnHoTanus. PazBuTtre nepeqoBbIX oTpaciieil mpoMblluleHHOCTH PecmyOnukn
Kazaxcran (PK), Takux kak xumuueckasi, He()TsHasl, T€0JOropa3Be/iouHast U Jp.
JUKTYeT HEOOXOAMMOCTh Pa3pabOTKH MEPCHEKTHBHBIX M PecypcocOeperarommx
TEXHOJOT'MH W3rOTOBJICHUSI JeTajield W Y3JI0B MAallMH M TEXHOJOTHMYECKOTO
obopynoBanus. becrnepeOoiinas pabora BbIIEyKa3aHHBIX OTpacield HarpsIMyro
3aBHUCHUT OT Ka4eCTBA M3TOTOBJICHHS MAIUH U TEXHOJOTMYECKOTO 00OPYIOBaHMSI.
[IpoBeneHHbIe MCCIeNOBaHMs MMOKAa3ald, YTO CYLIECTBYET MpobieMa oOpaboTKu
KPYITHOTa0apUTHBIX ~JeTajiedl TpU H3TOTOBICHHMM M PEMOHTE MAllWH U
TexHoJorudeckoro obopymnoBanus. CaMbIM MPOOIEMHBIM SIBISETCS 00paboTKa
CTYMEHYAThIX OTBEpCTHH OONBIIMX JauameTpoB. s pemieHHs JaHHOH
mpoOJsieMbl  pa3paboTaHa KOHCTPYKIMS CIICLHUATIBHON pACTOUHOM OOpPINTAHTH,
KOTOpas MO3BOJISICT OJHOBPEMEHHYIO 00paOOTKy CTYyNEHYaThlX OTBEPCTHH
KPYITHOTa0apuTHBIX JeTaleldl TeXHoJorndeckoro obopynosanus. McciemoBanue
B JAaHHOW CTaThe HANpaBlICHO HAa W3y4YCHUE BIUSHHS aMILTUTYAHO-4aCTOTHBIX
XapaKTEPUCTHK OOPIITAHTH Ha TOYHOCTh 0OpPabOTKM KpPYIHOTaOapuUTHOM AETalH.
W3BecTHO, YTO OT CTOMKOCTH M JKECTKOCTH KOHCTPYKLHMH OOPIITaHT'H BO MHOTOM
3aBHUCHUT KauecTBO 00palboTKu. B cBs3u ¢ 3TUM B padOTe MyTeM HCIONb30BaHMUS
MOJICTIMPOBaHUsI B KOMIIBIOTEpHOH mporpamMe Ansys Workbench ompeneneno
BJIMSIHUE aMILUIMTYIHO-YaCTOTHBIX XapaKTEPUCTHK Ha J>KECTKOCTb M CTOMKOCTH
Oopmtanry. Jns aMmmiaMTyIHO YacTOTHOTO HCCICIOBaHMs OBbLIM IOJNy4YCHBI
rpauKy 3aBUCUMOCTEH aMIUIUTY/Ibl paAHaIbHOTO IepeMelIeH s U (pa3oBoro yria
OT YacTOT. YCTaHOBJICHO, YTO paJualibHOE NIepeMEelICHUE B peslie OOpIITaHTH TIPU
ontuManbHoi vactore v = 20,83 Hz cocrapnser 9,9 MKM u mpu pe30HAHCHOMU
gactote Vp = 1167, 1 Hz - 67,2 Mxwm, 4T0 Oomnbliie moutu B 7 pa3. Tak:ke BHINOIHEH
pacder Ha JOJITOBEYHOCTH OopiuTanrd B Moayiie Harmonic Response ¢ momormibto
JONOJHUTENbHOr0 MHCTpyMeHnTa Fatigue Tool. B pesynbrare BBISBICHO, UTO
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MOJIYYCHHBIC paJUuaJIbHBIC TICPEMCIHICHNUA HAXOAATCA B JOIIYCTUMOM IPCACIIC MTOJIA
AOIIyCKa U CTOMKOCTD 60pIHTaHFI/I COOTBCTCTBYCT TaOJIUIHBIM JJaHHBIM.

KiioueBbie cjioBa: prnHOFa6apHTHa$I ACTaJb, OTBEPCTUA OOJIBIIIOTO AuaMeTpa,
CTYIICHYATOC OTBCPCTHUC, 60pH_ITaHFa, BI/I6paLII/I$I, paauaJIbHOC NIEPEMCUICHHUE pe31a,
PE30HaHCHAs 94aCTOTA, CTOMKOCTh HUHCTPYMCHTA

Introduction.

Of course, the machine accuracy determines the further accuracy of the
workpieces treated on it. It is divided into geometric and kinematic accuracy.
Geometric accuracy is the result of errors in manufacturing connections and
affects the accuracy of the relative position of machine components in the absence
of external impacts. There are standards for errors in the location of the main
components of the machine. In this regard, new equipment is checked when it
is accepted for operation, as well as periodically in the course of its operation.
The standards for geometric errors permissible for a given machine depend on the
required accuracy of manufacturing parts (Karsakova et al., 2022: 10; Mardonov
et al., 2023: 6; Arystanov et al., 2022: 10). Kinematic accuracy is necessary for
machine tools in which complex movements require coordination of the movements
of several simple ones. This is particular important for boring, gear-cutting, thread-
cutting and the other machines for complex contour machining (Kassenov et al.,
2022: 6; Muminov et al., 2024: 7; Kadyrov et al., 2021: 9; Dudak et al., 2019: 12).
But in this work the authors assume that the accuracy of the machined inner surface
of a cast iron workpiece will depend on the rigidity and durability of the boring bar.
For this purpose, they will study the effect of amplitude-frequency characteristics
on the rigidity and durability of the boring bar. These parameters will be studied
in the most extended part of the boring bar, that is, at the first cutter (see figure 1).
Figure 1 shows a prototype of a special combined boring tool.

2
1,2 — boring cutters

Figure 1 - Special combined boring tool

Research materials and methods.

Let us calculate a boring bar for machining stepped holes of a large part. As a
result, the accuracy of the machined surface must be within the tolerance range
after exposure to vibration loads. Since the boring bar has a massive shape, the
authors carry out the modeling in a three-dimensional setting. Figure 2 shows a 3D
model of a boring bar.
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In the course of machining, the boring bar will experience vibration load.
The vibration load is generated of the cutting force components that arise during
machining. It is assumed that they will change according to the sinusoidal law.
The magnitude of the forces depends on the material and size of the contacting
bodies and the cutting mode. The calculation will be performed in the following
sequence. To begin with, there will be carried out a stationary strength calculation
(Static Structural) from the action of gravitational force. This allows developing a
matrix of additional rigidity so that the modal analysis (Modal) takes into account
the preloaded state.

Figure 2 — 3D model of a boring bar

This also allows obtaining the modes of natural frequencies depending on the
weight of the boring bar. In the future, harmonic analysis (Harmonic Response)
will be carried out based on the results of modal analysis and calculations will be
made by the method of superposition of vibration modes. Below there is a block
diagram of harmonic analysis of a boring bar in the Ansys Workbench (Figure 3).

- A - C
: :
2 [@ ceomery v, 2 & EngneeringData  +/ ,———M 2 & EngneeringData . ———m 2 & Engineering Data v .
Geometry \. 3 Geometry v o——a3 Geometry v ,——a3 [B Gemery v
4 §@ Model v R4 @ Model v ,——m4 G Model v 4
5 @ Setup v o, 45 @ setup v ., o5 @ sewp v o,
6 3 solution v o 6 @ Solution v 6 3 Soltion v .
7 @ Resuts v . 7 @ Resuls v ., 7 @ Resulis v o4

Static Structural Modal Harmonic Respanse
Figure 3 — Block diagram of harmonic analysis of a boring bar
in the Ansys Workbench

The tool life (durability) will be determined after harmonic analysis using an
additional Fatigue Tool. A very important stage of any numerical calculation is
dividing into finite elements (FE) (Figure 4).

A

Figure 4 — Dividing into finite elements
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Results.

To obtain the modes of natural frequencies in the modal analysis module
(Modal), there will be carried out a static calculation (Static Structural) in which
the boring bar will be rigidly clamped (Fixed Support) at the attachment point and
the gravity force set along the Y axis (Figure 5).

Figure 5 — Boundary conditions of static calculations

To form a vibration load, there are calculated the components of the cutting
forces when boring a hole.

Calculation of cutting force components

The cutting forces are calculated according to the optimal modes determined in
work (Zhuravlev, 2017: 84; Sherov et al., 2023: 10) where the following optimal
modes were obtained: n=1250 rpm, s=0.26 mm/rev, t=1.0mm.

The cutting force R is usually decomposed into force components directed along
the coordinate axes of the machine (tangential P , radial P and axial P ). For external
longitudinal and transverse turning, boring, cutting, slotting and shaped turning,

these components are calculated using the following formula (Bezyazychny et al.,
2009: 185):

P,y x = 10C,t*sYu"Kp. (M

The cutting forces of the boring cutters of the boring bar will be calculated for
two positions of the entering angles @°: the 1 position ¢°=90° for boring a hole with
the diameter of 295 mm; the 2™ position ¢°=90° for boring a hole with the diameter
of 325 mm. The material grade of the cutting inserts is VK8 hard alloy.

The constant Cp and exponents X, y, n for specific machining conditions for each
component of the cutting force are given in Table 1 (Bezyazychny et al., 2009:
185).

Table 1 - Constant C_and exponents x, y, n for boring

Material to be Cutting force | Coefficient and exponents in the formulas for the components
machined components C, X y n
) tangential P, | 92 1 0.75 0
Gray cast iron, radial P 0
HB 190 Y 54 0.9 0.75
axial P 46 1 0.4 0

The correction factor Kp is the product of a number of coefficients (Kp =
KMPKWKYPKKPKW), taking into account the actual cutting conditions. The numerical
values of these coefficients are given in Table 2 (Bezyazychny, et al., 2009:185).
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n
Kyp = (22)" =1 is the correction factor for steel and cast iron, taking into
MP ™ \190

account the effect of the machined material quality on the force dependencies,
where n=0.4 is the exponent.

Table 2 - Correction factors taking into account the effect of the geometric parameters of the tool
cutting part on the cutting force components when machining steel and cast iron

Parameters Correction factors
Name Value | Designation The factor value for the components
Tangential P, Radial P Axial P
Entering angle ¢° 90/90 K., 0.89 0.5 1.17
Face angle y° 10 Kyp 1.0 1.0 1.0
Main blade angle A° 0/5 K. 1 1/1.25 1/0.85
Vertex radius r, mm 0,5 K. 0.87 0.66 1

The calculated components of the cutting force, taking into account correction
factors according to formula (1) in two positions of the boring cutter of the boring
bar, are presented in Table 3.

Table 3 - Cutting force components in two positions of the boring bar boring cutter

Material to be machined Cutting force Entering angles positions ¢°
components, H 90° 90°
tangential P 263.69 263.69
Gray cast iron, HB 190 |radial P 65.96 82.45
axoal P 319.23 271.34

After the static calculation, the number of required modal analysis frequency
modes (Modal) is specified. As a result of calculating the modal analysis, there are
obtained three frequency modes (Figures 6, 7 and 8).

Unit: rm
Glopal Conrdinate System

25000 Max
7424

000 20.00(mm} _/I\ . 2% 0.0 {mem} /L .
—

— ks
40.00 40.90

Figure 6 — The first vibration mode Figure 7 — The second vibration mode v,=1220 Hz
v,=1174.6 Hz

It is obvious that with the first mode in the radial direction, the deflection has
the maximum value, which determines studying in this range. The calculated
components of the cutting forces will be assigned to the corresponding cutting

edges of the boring bar (Figure 9).
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Figure 8 — The third vibration mode v,=2213.1 Hz Figure 9 — Setting cutting forces

In the settings for harmonic analysis (Harmonic Response), there is specified
the study range from zero to 2214 Hz. For the amplitude-frequency study, it is
necessary to obtain graphs of the radial displacement amplitude dependence on

frequencies and the dependence of the phase angle on frequencies, which are shown
in Figures 10 and 11.

67282¢.2 175.82
47995¢-2
.~ 100.
3423602 -
Euzzez 250
e Zo A
2" o
Braszre: 8 s
< =
8.864%9¢.3 -100.
83uTeF 17679
4.5109¢-3 0. 400, 800. 1200, 1600, 21
o 400, 800, 1200. 1600 2000
Fraquancy (Hz) Frequency (Hz)
Figure 10 — Radial displacement Figure 11 — Phase angle dependence
amplitude dependence on frequencies on frequencies

In Figure 10 one can see the zone where the amplitude of the radial movement
reaches its maximum value and from the tabular data we can determine the
resonance frequency, which is equal to v=1167.1 Hz. Then there is determined

the radial displacement with the optimal cutting mode. To do this, there is used the
following formula:

_n 1250 20.83T
"7 60 O
With the frequency of = there is determined the displacement.
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a) with frequency =  and phase ¢=0.28°; b) with frequency = and phase ¢=-91.12°
Figure 12 — Radial displacement

The radial movement in the boring bar cutter at the optimal frequency is 9.9 um
and at the resonant frequency 67.2 pm, which is almost 7 times more.

Calculation of the tool life. The boring bar durability is calculated in the
Harmonic Response module using an additional Fatigue Tool. To determine the
durability of the boring bar, there are introduced two different frequencies: the
optimal machining mode and the resonant one. Durability will be expressed in
seconds, which reflects how long a particular structure will work (Figure 13).

a) b)

a) with frequency ; b) with frequency =
Figure 13 - Boring bar service life (durability)

Based on durability, there can be evaluated the tool life of a boring bar under
two conditions. In the first case, the boring bar durability ranges from 26 to 800
minutes. It is noticeable that the boring bar will collapse at the attachment points.
In the second case, at a resonant frequency, durability ranges from zero to 14
minutes and destruction occurs earlier, starting from the attachment point and
spreading to the cantilever part. The results of the optimal cutting mode established
in (Zhuravlev, 2017: 84) show that it is outside the resonance zone. The resulting
radial displacement is within the permissible limit of the tolerance field. Durability
of the boring bar corresponds to the tabular data.
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Conclusion.

As a result of harmonic analysis, three modes of natural frequencies were
determined. According to the graph of the radial displacement amplitude
dependence on frequencies, the resonant frequency was obtained, and it amounted
tov =1167.1 Hz. The radial movement in the boring bar cutter during the resonance
phenomenon can be 7 times greater under optimal machining conditions. At the
resonant frequency, the boring bar durability is sharply reduced.
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