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2 Clarivate
Analytics

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

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

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



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

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

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

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

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

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

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

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

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

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

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

FplabiMu XaTiibl

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© «Kazakcran PecnyOnukachiHBIH ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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I'naBHBbIii penaxkTop

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

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© POO «HanmonanwsHas 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

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

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

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11
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Abstract. The article deals with the issues of increasing the efficiency of drilling
by developing and studying the process of interaction between the teeth of the drilling
tool and the rock. A model of a tricone type drill bit has been developed. When drilling
wells, 70-85% of the bits used are tricone bits. For an accurate comparative analysis,
two variants of a tricone drill bit were studied, a serial one and a proposed one with a
diameter of 215.9 mm. The interaction of the rock destroying tool with the rock during
drilling is analyzed in a complex way using the ANSYS program, which operates on
the basis of the finite element method. The change in the overall speed of an optimized
tricone bit during interaction with the rock is considered. According to the results of
the study, the parameters of the speed of penetration of the tooth into the rock were
obtained, an analysis of the equivalent stress was carried out during the interaction of
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serial and experimental tricone bits with the rock. Graphs of changes in the equivalent
stress of the rock by the penetration of the cone elements into it depending on time for
both drilling tools were obtained. The results obtained in the study of the interaction
of a rock destroying tool with a rock during drilling make it possible to determine the
optimal parameters for placing teeth on the cone body at the design stage of tricone type
drilling tools in the development of energy efficient bits.
Keywords: drilling, drill bit, drilling speed, finite element method, rock,

deformation, ANSYS, well
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BYPEBIJIAY NIPOUECIH/E KbIHBIC BY3ATBIH KYPAJITAPABIH TAY
JKBIHBICTAPBIMEH ©3APA BAMJIAHBICBIH TAJIJIAY

Annoranus. Maxanana Oyprbuiay Kypasbl TICTEPiHiH Tay >KbIHBICTapBIMEH ©3apa
OalimaHpICy IPOLIECiH Tanaay )KOHE 3epPTTEY apKbLIbI OYPFbUIAY >KYMBICHIHBIH THIMAUTITIH
apTTBIPYy Mocesieci KapacThIpbUIFaH. YIIKaXayTiCTi yirizeri Oyprbuiay KallaybIHBIH
Mozeni a3ipienren. 70-85% yHFpIMaHBI OypFrbUTAay Ke3iHAe KOJNAaHBUIATHIH Kallaynap
YIIKaKayTiCTi KamayaaH Typaabl. CanblcThIpMaibl Tallayabl JoIMe-Io7 KYPrizy YLIH
YIIKaKayTiCTi OypFbuIay KallaybIHBIH CEPUSUIIBIK JKOHE YChIHBIIFAH quaMeTpi 215,9 MM
CeKinai eki Hyckachl 3eprTeireH. JKbIHBIC Oy3aTbhIH KYpajIblH Tay >KbIHBICTApPbIMEH
OyprbUIay TPOIECIHAE CaHABIK MOJIENJEY 9Aici HeriziHae kymbic icteiitiH ANSYS
OarmapiaMacsl aiiiananblia OTHIPBIIN ©3apa OailaHbIChIHA KeILIEH TI Tajlay )KacalFaH.
OHTalnaHAbIPBUIFaH YIIKaXKAYyTICTI KallayblH KeH JKbIHbICTApbIMEH 03apa OaiiaHbICy
KEe31HJIE JKaIbl JKbIIIaMABIFBIHBIH ©3TepicTepi KapacThpbulraH. JKypriziiaren 3eprrey
HOTHXKeJiepi OOWBIHIIA KaXKay TICTEpiHiH Tay >KbIHBICTapblHA €HY JKbUIIAMIbIFbIHBIH
napameTpliepi alblHFaH, CEPUSUIBIK KOHE TOKIPHOEIIK YIIKaXayTiCTi KallayablH Tay
KBIHBICTAPBIMEH ©3apa OailIaHbICY bl Ke31H/1€ SKBUBAICHTTI KEpHEYyiHE Tajiay KacajFaH.
Tay >KbIHBICTAPBIHBIH AKBUBAJICHTTI KEPHEYIHIH KakKayTic SJIEMEHTTEPiHIH ©3iHe eKi
OyprbuTay KypangapblHa apHaliFaH yaKbITKa Kapail eHyi Ke3iHae e3repicTepre yubipay
kectenepi anbiHFaH. JKBIHBIC Oy3aTblH Kypasl[blH Tay >KbIHBICTApbIMEH OYpFbLIay
MpoIeCiHeTi ©3apa OalaHbICHIH 3epTTey Ke3iH/AE albIHFaH HOTHXKEJEep dHEPTHSUIBIK
TYpPFBIJa THIMII Kallayjaap MIbIFapy Ke3iHae YIOKaKayTicTi yirizeri Oyprbuiay
KypajiIapblH jko0anay Ke3eHiHIEe KaKayTiCTiH OOMbIHIA TICTEpHi OpHAIACTBIPYAbIH
OHTAIIIBI TapaMeTpiiepiH aHbIKTayFa MYMKIHAIK Oepei.
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AHAJIN3 B3AUMOJIEMCTBUS IIOPOJOPA3PYIIAIOIIEIO
HUHCTPYMEHTA C TOPHOMI OPOJ0M B TPOLIECCE BYPEHUSA

AunHoranusi. B crathe paccMOTpeHBI BONPOCH MOBBIMICHHUS 3()(HEKTHBHOCTH
OypeHHsi MyTeM pa3paOOTKHM W HCCIEAOBaHMS TpolLecca B3aWMOACHCTBHM 3yObeB
OypoBOro MHCTpyMEHTa ¢ TOpHOH mopomoil. PaspabGorana wmopens OypoBoro
Jonota TpexiapomeyHoro Tuma. llpm Oypenmn ckBaxuH 70-85% npuUMEHsSEMBIX
JOJIOT COCTABISIIOT TPEXUIAPOLIEUHbIe J0J0Ta. J{Isi TOYHOrO CpaBHUTEIBHOTO
aHaliM3a MCCIEIOBaHbl JIBA BapuaHTa TPEXLIAPOUIEYHOro OypoBOTO J0J0Ta,
cepuiiHoe M mpeanaraemMoe auameTpoM 215,9 mm. KomrmiekcHO mpoaHaau3UpoOBaHO
B3aMMOZCHCTBHE MOPOAOPA3PYILIAIOIIET0 HHCTPYMEHTa C TOPHOM MOPOAOii B mporecce
Oypenusi ¢ ucmnons3oBanueMm nporpammbl ANSYS, ¢QyHKIMOHHMpYIOIIas Ha OCHOBE
METOJla YHUCICHHOTO MOIENUPOBaHUs. PaccMOTpeHO H3MeHeHHe OOILIeH CKOpPOCTH
ONTUMHM3UPOBAHHOTO TPEXIIAPOLISYHOTO A0JIOTa PU B3aUMoeicTBUH ¢ oponoil. I1o
pe3yibraTtaM McCiIeOBaHUK OBLIM TOJIyYEHBI MapaMeTpbl CKOPOCTH MPOHUKHOBEHUS
3y0a B TOpHYIO MOpOAY, NPOBEACH aHaIU3 OKBUBAJICHTHOIO HANpPsUKEHHUS IPH
B3aMMOJCUCTBHM CEPUMHOTO M ONBITHOTO TPEXIIAPOMICUYHBIX [OJOT C TOPHOM
nopoxoii. [Toxydens! rpaguky M3MEHEHUS! SKBUBAJICHTHOTO HAMPSKEHUS! TIOPOIBI O
MIPOHUKHOBEHUIO 3JIEMEHTOB LIAPOLIKH B HEE B 3aBUCUMOCTH OT BPEMEHHU LI 000UX
OypOBBIX MHCTPYMEHTOB. Pe3ynbraTsl, MoJTy4YeHHbIE TPU UCCIICI0BAHU T B3aUMOICHCTBHS
HOPOJOpPa3pyLIAIOUIEr0 HHCTPYMEHTA ¢ TOPHOM MOpozoil B mpouecce OypeHus, JaroT
BO3MOJKHOCTB OIPEAEIICHUSI ONTHMAIbHBIX MapaMeTpOB pa3MelIeHusl 3yObeB Ha Teie
LIAPOMIKM HA CTaJUH MPOSKTHPOBAHHS OYpOBBIX WHCTPYMEHTOB TPEXIIAPOLICYHOTO
TUMa npu pazpadoTke 3Hepro3(HHEeKTUBHBIX JOJOT.

KiroueBslie ciioBa: Oypenue, OypoBoe 10J0TO, CKOPOCTh OypeHHs, METOl KOHEUHBIX
3NIEMEHTOB, TOpHas opoza, Aepopmanns, ANSY'S, ckBakuHa

Introduction
The main factors affecting the efficiency and durability of a rock destroying tool
when drilling wells according to the characteristics of rocks include: dynamic (shock
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and vibration) effects on the tool; insufficient sealing of the main units of drill bits
from the effects of flushing water and destroyings; as well as the organization and
manufacturability of preventive maintenance (Kryukov, 2006: 139; Che et al., 2012:
11). These factors have been widely studied and taken into account in the practice of
designing and operating rock destroying tools. At present, everyone already understands
how complex the processes of drilling and destruction of rocks at the bottom of the well
are, and they realize what an important role the design model of the drilling tool plays in
this (Mannanov et al., 2019: 9; Ruwan, 2016: 508; Carpinteri et al., 2005: 12).

We have studied the efficiency of the process of rock destruction while rolling the
teeth of one cone of a tricone bit along the bottom hole, and two variants of tricone bits
were chosen for analysis. Serial bit used in production and our proposed option of the
bit with a “paired” arrangement of teeth on the cone crown (Liu, 2004: 6).

Research materials and methods

In this work, we studied a tricone drill bit with a diameter of 215.9 mm for
drilling limestone with a hardness f = 8-12 on the scale of M.M. Protodyakonov and
comprehensively analyzed the interaction of the rock destroying tool with the rock
during drilling using the ANSYS program, which operates on the basis of finite element
methods. The data for simulation are set in the program after the properties of simulation
objects are entered. Certain assumptions are provided to simplify the calculation of
the numerical model. For example, a bit was created in another CAD program and
simplified as a solid body, which saves time for simulation and uses computer resources
rationally (Kou et al., 2001: 10; Zhou, 2014: 13). In addition, the following parameters
are neglected: bottom hole hydrostatic pressure, drilling fluid flow, and bit wear. The
destruction of the rock is visualized by the removal of red elements upon reaching the
strength threshold (Toshov et al., 2023a: 13; Kassenov et al., 2022: 6; Arystanov et al.,
2022: 15; Toshov et al., 2022b: 10). The model of a tricone bit is shown in fig. 1. The
properties of materials of a tricone bit, teeth, and rock, in this case often found in quarry
wells — limestone, are given in Table. 1.

Table 1. Material properties of the bit, teeth and rock

Name Bit teeth Breed
Material Structural steel Tungsten carbide Limestone
Density 7850 kg m™ 15600 kg m*® 2700 kg m*
Tensile strength 4,45E+8 Pa 4.6 E+8 Pa 4.0e+6 Pa
Young's modulus 2E+11 Pa 6.34 E+11Pa 3,7845E+10 Pa
Poisson's ratio 0.3 0.21 0.3077

In addition, the table contains such parameters as compressive and tensile strength,
Young's modulus and Poisson's ratio, which are necessary for analysis, are given in
the ANSYS program database (Engineering data sources — Geomechanical materials
— Limestone) (Gerbaud et al., 2006: 9; Kadyrov et al., 2021: 9). At the end of data
entry, a simulation is launched to analyze the velocity and stress-strain state of the rock
from the impact of the impact-rotational action of the bit. The time for simulation in
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ANSYS explicit dynamics is set to 3 milliseconds, the value of the angular velocity is
100 rpm along the X axis and the axial load is 200 kN along the Y axis. The distance
displacement of the bit towards the rock with a value of 70 mm along the Y axis and
rotation of 360 degrees around its axis allows get the percussive-rotational action of the
bit. The rock was laterally fixed so as not to move during contact. Given the experience
with the program and the fact that the simulation process is very complex and computer
resources are limited, the mesh parameters, the body of the tooth were set to default, the
contact tips of the teeth were Smm and the mesh value per rock was set to 6mm. (Figure
1.). As the grid size decreases, one can observe how the number of elements and nodes
increases. It should be noted that the smaller the grid value, the more accurate the results
can be obtained in the ANSYS program. The destruction of the rock at a high rate under
the influence of the bit characterizes the mechanical speed of drilling, which directly
determines the efficiency of the rock destroying tool in the field (Benavides-Serrano
et al., 2019: 7; Anatoliy et al., 2016: 9; Dudak et al., 2019:12; Shakhmov et al., 2020:
7). The more intensively the rock is drilled with less energy for destruction, the more
effective the bit used in drilling operations is.

Fig. 1. Mesh scheme of the simulation object

The efficiency of the optimized bit was determined in a comparative analysis with
the work of a serial bit. To analyze this experiment, that is, to optimize the rate of
penetration of a tricone bit into the rock, the ANSYS Explicit dynamics module is used.
The simulation analysis process took about 26 hours. On fig. 2, you can see how the
rock is destroyed due to penetration into it, that is, the percussive-rotational action of
the bit teeth. The destruction of the rock is explained by the fact that by the penetration
of the elements of the bit into it, it loses its structural structure and reaches the tensile
strength.
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Fig. 2. Interaction model of a serial bit with rock in the analysis of penetration rate

The total penetration rate of a commercial drill bit into a 70 mm rock depth is 7.697
mm/s. The development of speed is observed from the end of the second half, which
means the beginning of the removal of fragments from the surface of the rock by the
penetration of the bit teeth into it deeper. The speed peak can be seen in the final period
of the simulation.

Results
The results of the analysis of equivalent stress during the interaction of a serial

tricone bit with rock show that, in addition to rock and bit teeth, stress is observed in the
reverse cone part of the cones, but it does not have a deformable effect on the bit design.
When the teeth of a serial bit penetrate into the rock, tensile forces in the clockwise
direction can be observed along the traces of the rotational movement of the bit (Figure
3). Small fragments of red color on the surface of the rock mean that the rock in these
zones is stretched to the tensile strength and loses its structural form, which contributes
to the destruction of this part of the rock. A detailed view of the fragmentation process
can be seen in Figure 3.

init: MPa.
Time: 8,6298e-004
Cycle Number: 82030
30042018 12:38

Fig. 3. Interaction model of a serial bit with rock in the analysis of equivalent stress

A high equivalent stress is observed, as in the experiment of the interaction of the
cone elements of a serial bit with the rock, in the first milliseconds of interaction. In this
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case, the maximum stress occurs at the depth of contact between the teeth and the rock,
and further, as the fragmentation is removed, the stress value decreases (Fig. 4.). The
decrease in the value of the equivalent stress continues after reaching the second peak,

but in a less intense form.
1841 7 <
16,0 !

140

12,0 ’

[MPa]

100 - |
g0 - |

40

Fig. 4. Graph of the change in the equivalent stress of the rock by the cone elements penetration into
it through time

At the end of the analysis of the overall velocity of the bit and the stress-strain state
of the rock in the study of a serial drill bit, an optimization process can be carried out.
For this study, the optimization of the drill bit is based on design features, namely: the
location of the teeth on the peripheral cone crowns, which are vulnerable to wear faster
than other crowns in 215.9mm TKZ bits. The serial bit has 42, 37, 37 pieces of teeth on
three cones. To demonstrate the relationship between modified design and penetration
rate, numerous tests were carried out with various design features. The number of teeth
was regulated from 30 to 45 pieces and their location also varied.

Consider an example of a change in the overall velocity of an optimized tricone
bit when interacting with rock. Based on the test analyzes obtained as a result of the
simulation, the optimal design for a tricone bit was selected, which consists of 32, 33,
37 pieces of teeth. The optimized drill bit was again modeled using ANSYS Explicit
Dynamic to measure its performance.

Setting the parameters and analyzing the optimized bit is carried out similarly to the
serial one. After entering the necessary data, the analysis was carried out.
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Fig. 5. Penetration of the teeth of an optimized tricone bit into the rock when analyzing the overall bit
velocity

Fig. 6. The process of rock fragmentation under the influence of an optimized drill bit in the analysis
of the total velocity of the bit

On figures 5 and 6, fragmentation can be seen, that is, the elements of the tool are
pressed into the rock, and the rock under the influence of the tool is destroyed into
small fragments, forming cracks. The results of the overall velocity of the optimized
tricone bit when interacting with the rock (Fig. 5) in the program show that the bit
with a pair of teeth on the rims moves faster than the production cone bits (see Fig.
3), and in a more aggressively oscillating form. Starting from the second half of the
simulation, the overall speed of the model develops rapidly and reaches its peak at the
end of the simulation period. For a complete comparison of the performance of the two
bits, below we also consider the analysis of the equivalent stress during the interaction
of the optimized tricone bit with the rock in ANSYS Explicit Dynamics (Fig. 7 and 8).
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Fig. 7. Interaction model of the optimized bit with the rock in the analysis of the equivalent stress
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Fig. 9. Graph of the change in the equivalent stress of the rock by the penetration of the cone elements
into it through time

During the analysis, the oscillatory equivalent stress is observed from the very

beginning of the interaction. The maximum tensile stress occurs in the first half cycle.
The value of the von Mises stress decreases after reaching the peak (Fig. 9.), but at the
same time it retains an oscillatory shape and by the end of the period the rock receives
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a newly increasing stress-strain state. This signals the penetration of teeth into a new
undamaged surface. In general, the value of the equivalent stress fluctuates throughout
the entire period, but a less intense state is observed after the first half-cycle.

Conclusion

Ahighly efficient rock destroying tool was developed and modeled using the ANSY'S
software package, which allows getting results faster, more economical in terms of time
and resources, and achieve no less reasonable results than experiments in the fields or in
the laboratory. Graphs of changes in the equivalent stress of the rock by the penetration
of the cone elements into it depending on time for both drilling tools were obtained.
The results obtained in the study of the interaction of a rock-breaking tool with rock
during drilling make it possible to determine the optimal parameters for placing teeth
on the cone body at the design stage of tricone-type drilling tools when developing
energy-efficient bits with a decrease in the number of teeth to 12%. It is recommended
to use a numerical modeling method through a comprehensive analysis of the process of
interaction of the drill bit with the rock in order to identify and eliminate the weak points
of the structural model at the initial design stage.
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