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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
coobwecmaa.



Bac penakrop

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

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, 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
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

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

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®UWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHcH yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
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 MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

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

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28
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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

YueHHBIIi cexpeTrapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

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

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

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb TNABHOTO pENAKTOpa), JOKTOP T'EOJOTOMHHEPAO-
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 ecrectBenHor uctopuu (Jlonnon, Aurmus) H = 37

MNAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHUYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Haucu, ®panmus) H=15

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

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

KOHTOPOBHUY Auekceii DMWIbeBHY, JIOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHcTuTyTa XMMHuN HOBBEIX Matepranios (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuii yausepcuret (pesneH,
Bepmun) H =20

CEMTMYPATOBA eonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUeCKHX HayK, podeccop,
uneH-koppecrionienT HAH PK, 3aBenyromas naboparopun MuctuTyTa reonmorndeckux Hayk nm. K.M.
Carnaea (Anmarsl, Kazaxcran) H=11

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

®PATTUHU Ilaoao, Ph.D, accommupoBanHbIi npodeccop, MuimaHckuil yHUBEpPCUTET BHKOKK
(Munan, Utanus) H =28
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News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and
technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420,
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies
for extracting metals and their connections.
Periodicity: 6 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2024

5




ISSN 2224-5227 4.2024

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 4. Number 466 (2024), 224-236
https://doi.org/10.32014/2024.2518-170X.437

UDC 622.24.051

© B.T. Ratov!, V.L. Khomenko?, A.E. Kuttybayev"", K.S. Togizov', Z.G. Utepov?, 2024
'Kazakh National Research Technical University named after K.I. Satbayev, Almaty,
Kazakhstan;

*Dnipro University of Technology, Dnipro, Ukraine;

*Caspian State University of Technology and Engineering named after Sh. Yesenov, Aktau,
Kazakhstan.

E-mail: a.kuttybayev(@satbayev.university

INNOVATIVE DRILL BIT TO IMPROVE THE EFFICIENCY OF DRILLING OP-
ERATIONS AT URANIUM DEPOSITS IN KAZAKHSTAN

Ratov Boranbay Tovbasarovich — Kazakh National Research Technical University named after K.I. Satbayev,
Almaty, Kazakhstan, Doctor of Technical Sciences, Professor, Head of the Department of Geophysics and Seis-
mology

E-mail: b.ratov@satbayev.university, https://orcid.org/0000-0003-4707-3322;

Khomenko Volodymyr Lvovych — Dnipro University of Technology, Dnipro, Ukraine, Candidate of Technical
Sciences, Associate Professor of Oil and Gas Engineering and Drilling Department

E-mail: inteldriller@gmail.com, https://orcid.org/0000-0002-3607-5106;

Kuttybayev Aidar Ermekkalievich — Kazakh National Research Technical University named after K.I. Sat-
bayev, Almaty, Kazakhstan, Candidate of Technical Sciences, Associate Professor of the Department of Mining
E-mail: a.kuttybayev(@satbayev.university, https://orcid.org/0000-0003-3997-8324;

Togizov Kuanysh Serikhanovich — Kazakh National Research Technical University named after K.I. Satbayev,
Almaty, Kazakhstan, Ph.D., Associate Professor, Professor of the Department of Geophysics and Seismology
E-mail: k.togizov(@satbayev.university, https://orcid.org/0000-0002-4830-405X;

Utepov Zamanbek Gabitovich — Caspian State University of Technology and Engineering named after Sh.
Yesenov, Aktau, Kazakhstan, PhD student of the Department of Ecology and Geology

E-mail: otepzaman@gmail.com, https://orcid.org/0009-0000-5086-7698.

Abstract. The Republic of Kazakhstan is the world leader in proven uranium re-
serves. Most of the deposits are concentrated in the Shu-Sarysu uranium-ore geological
province and are developed by underground borehole leaching. Therefore, drilling opera-
tions account for 60—70 % of the total cost of field development. A typical geological section
from wells is represented by an upper unit of soft, soft rocks lying to a depth of 300—500 m
and a lower unit of medium and hard rocks to a depth of 350—800 m. These units are sep-
arated by a layer of dense clays. Currently, the first geological unit of soft rocks is drilled
with spud bits with carbide cutters, and the second with blade bits equipped with PDC cut-
ters. The main disadvantage of this technology is the unproductive loss of time on tripping
operations necessary to lift a spud bit with carbide cutters and replace it with a bladed PDC
bit to continue drilling the well to the designed depth. The research was based on the idea
of combining in one bit design the advantages of carbide and PDC bits, which have proven
themselves well in the geological conditions under study. To solve the problems, a compre-
hensive research method was used. It included a review and synthesis of literature sources,
patent research, analysis of geological conditions, as well as the scope, advantages and lim-
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itations of existing designs of cutting drill bits. As a result of the work, a technical solution
was proposed and patented that allows the most effective use of two types of cutters in a
single design of a rock-cutting tool: cheap carbide cutters used in the upper part of the rock
section, and more expensive PDC cutters with high productivity in the lower part of the rock
section, represented by harder ones. The fullest use of cutter use is achieved when the edges
of the carbide cutters rise below the edges of the PDC cutter blades, i.e. when the former
are closer to the bottom of the well when drilling the upper interval of soft rocks, and the
bit has a split ring pilot equipped with mixed cutters in its end part. Rock-cutting PDC cut-
ters should be made from the new super-hard composite material 25C,  -70.5WC-4.5Co
with the addition of 10% zirconium dioxide micropowder (ZrO,). The developed innovative
combined bit will be effective in the practice of drilling geotechnological wells in the con-
ditions of the Shu-Sarysu uranium-ore geological province.

Keywords: well drilling, blade bit, combined bit, PDC cutter, in-situ leaching
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KA3AKCTAHHBIH YPAH KEH OPBIHJIAPBIHJA BYPFBLIAY
JKYMBICTAPBIHBIH TUIMILIITTH APTTBIPYFA APHAJIFAH
WHHOBAIUSIJIBIK KALLIAY

Annoranus. Kazakcran PecryOnukacsl ypaHHBIH JOJICTACHTEH KOPHI OOMBIHIIIA
onemae kemrOactibl OoybIm TaObIanbl. KeH opberHmapeiHbiH OackiM Oedmiri ly-Capsicy
ypaH-KeH/1 Te0JOTHSITBIK MPOBUHITUSACHIHA IOFBIPIAHFaH JKOHE KEPACThl YHFBIMATAPBIH
maitmManay apKbutbl urepinreH. COHOBIKTAH OYPFBUIAY KYMBICTAPHl KCH OPHBIH UTEPYIiH
Kambl KYHBIHBIH 60—70 % Kypaiiasl. ¥ HFbIMaIaH ajdbIHFaH THITIK T€OJTOTHSITBIK KuMa 300—
500 M TepEeHTIKTE XKaTKaH TaCThI, )KapThUIal TACTHI Tay>KBIHBICTAPBIHBIH JKOFAPFHI O1pIIiriMeH
xkoHe 350-800 M TepeHIIKTeTI opTalia KOHe KaTThl Tay>KBIHBICTAPABIH TOMEHT1 OipiTiriMeH
VCHIHBUIFAH THIFBI3 casfap Kadarel. Kazipri yakbITTa »KYMCAK Tay)KBIHBICTAPIBIH OipiHIIi
TCOJIOTUSIIBIK KOHABIPFBICHI KapOUATI YITapsl 0ap MUKOOYpFeIIapMeH, ai exinmrici PDC
KeCKiImTepMeH KaOApIKTalFaH Kallak KamayJapbIMeH OyprbuTaHajsl. bysr TeXHOIOTHSIHBIH
HETI3r1 KeMIIIIT] - YHFBIMaHBI Ko0aJaHFaH TePEHIIKKE MEHIH OYPFBUIAYIBI KATFACTHIPY
YIIiH KapOWATI KecKimTepi 6ap MUKOOYPFBIHEI KOFaphIFa KOTEPY JKOHE OHBI KaJaKIIaTbl
PDC kamaymeH aybICTBIPY YIITiH K&KET OTepalsIapbIHIAFbl yaKbITTHIH OHIMCI3 JKOFaTYHI.
3eprTey KaTThIKophITansl MeH PDC karmaynapasiH apTHIKIIBUTBIKTAPEIH O1p KYPBUTBIMIA
OIpiKTIpy HAESICHIHA HETI3NENTCH, OJl 3ePTTENCTIH TEOJIOTHSIIBIK JKaFmaiiapaa KaKChl
JKYMBIC icTeni. KoiblIFran MiHACTTEp i STy YITiH 3¢PTTeYAIH KEISH Ti 9/1iC1 KO IaHBII L.
Oran omebum IepeKKe3mepre IOy OHE >Kalambliay, MaTEHTTIK 3epTTeYyep XKYprizy,
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TCOJIOTHSUIBIK JKaFdaiiIap/ibl Tajjay jKoHe KOJJIAHBICTaFbl OypFbliay KOHIBIPFBIIAPBIHBIH
KOHCTPYKLMSUTAPBIHBIH KOJAaHBUTY b, aPTHIKIIBIIBIKTApEl MEH HIEKTeYIepi KipAi. JKyMBICTBI
OPBIH/IAY HOTHXKECIHIE TayXXbIHBICTAPbIH OY3aThIH KypasuJblH OipblHFail Iu3aiHbIHIA
KeCKIIITep/IiH €Ki TYpiH THIMAI MaiijamaHyra MYMKIHIIK OepeTiH TeXHUKAaJbIK IICHIiM
YCBIHBUIIBI KOHE MATSHTTENA1: KECYAiH KOFapFbl )KarbIH/1a KOJIJaHbUIATBIH ap3aH KapOuaTi
KECKIIITep JXKOHE KATThl Tay)KbIHBICTAPMEH YCHIHBUIFAH KECY/iH TOMEHTi OeJirinmae
XKOFapbl eHiMIUTiKKe ne KpiMOaT PDC keckimrepi. ArtanraH KypangapAblH PECypChIH
€H TOIBIK MaifanaHy KapOuATi keckimrepiiH »xuektepi PDC keckimTi KHEKTEpiHIH
acCTBIH/Ia KOTEpUIreH/1e, sIFHU OipiHIITICI )KYMCAK Tay>KbIHBICTAP/IbIH KOFAPFBl apaIbIFbIH
Oyprbulay Ke3iH/e YHFBIMAHbIH KeHKapblHa jKaKbIH OOJIFaH/a OHE Kypajga OHBIH COHFbI
Oeslirinae apajiac KeCKIIITEpMEH >KaOJbIKTAIFaH aXbIPAaTbUIATBIH CAKMHA YIIKBIIIBI
OoxnraH ke3ze maiina Oomanel. TayxbeHbICTapeiH Oy3aThiH PDC keckimTepiH skaHa 25
KaTThl KOMITIO3ULIMSUIBIK MaTepuaiiaH xkacay kepek anmas-70,5 4,5 Co, 10 % nupkoHuit
MUKPOYHTarbl (ZrO,) KochLIFaH. O31pJIeHreH MHHOBALMAIBIK apanac Kamay Ily-Capeicy
YpaH-KeH T€OJIOTHSUIBIK IMPOBUHLMACH JKarJailblHIA T€OTEXHOJOTHSJIBIK YFhIMAJIap/Ibl
OypreuIay TOKipuOeciHe THIMII OoJaIbl.

Tyiiin ce3mep: yHrbIManapasl OyprblIay, Kajlakiia Kamay, apaiac Kamay, PDC
KECKILI, )KepacThl YHFbIMAJIapbIH IIaiiManay

Auarpic: zeprreyni Kazakcran PecmyOnmukackl FwUibIM JKoHE KOFapel OimiM
MUHUCTpIIriHIH FeutbiM KOMuUTETI (TpaHT NeAP14869271) KapKbLIaHABIPATHL.

© B.T. Paros!, B.JI. Xomenko?, A.E. Kyrreioaes!", K.C. Toruzos', 3.I. Yrenos?®, 2024
"HAO «Kazaxckuii HalMOHAIBHBIN HCCIIE0BATEIBCKHI TEXHMUSCKUI YHUBEPCUTET M.
K .M. Carnaesa», Anmarel, Ka3zaxcran;

’HanmoHalbHbI TEXHUUECKHI YHUBEPCHUTET «/lHEeNpOBChKas MONIUTEXHUKaY, [{Hemnp,
YkpauHa;

*Kacnuiickuii rocy1apCTBEHHbBII YHUBEPCUTET TEXHOJIOTUI M MH)KUHUPUHTA UM.

M. EcenoBa, Akray, Kazaxcras.

E-mail: a.kuttybayev(@satbayev.university

NHHOBALIMOHHOE A0JIOTO IJIs HIOBBIHIEHUA D®@PEKTUBHOCTHU
BYPOBBIX PABOT HA YPAHOBBIX MECTOPOXKIEHUAX KASAXCTAHA

Amnnoranus. Pecniy6iinka KazaxcraH siBisieTCst MUPOBBIM JIUAEPOM I10 Pa3BeIaHHBIM
3armacaM ypaHa. boJbIIMHCTBO MecTopokaeHui cocpenoroueHo B Illy-Capsicyckoit
YPaHOBO-PY/IHON T'€0JIOTHUECKOW MPOBHHIUK U Pa3pabaThIBAIOTCS METOAOM IOJ3EMHOI0
CKBOXUHHOTO BbIlenaynuBanus. [loatomy OypoBbie paboTel cocraBisitor 60-70 % ot
o0IIell CTOMMOCTH pa3pabOTKH MECTOPOXKACHUH. THIHYHBI TEOJIOTHUECKUH paspes
MO CKBaXKMHAM MpEACTaBJICH BEpXHEH MayKol MSTKHX TMOPOJ, 3ajleraroleid 10 riryOuHbI
300-500 M M HWXHEH Mauykod CpelHUX U TBEPIBIX MOpon — A0 TayomHsl 350-800 wm.
OTH mayky pasJielieHbl clIoeM IJIOTHBIX IIIMH. B Hacrosiiee BpeMs IepBasi reojoruye-
CKasl Mayka MSTKHUX MOpoJ OypHUTCS MHKOOYpaMHu C TBEPIOCIUIaBHBIM BOODPYKEHHEM, a
BTOpasl — JIOMACTHBIMU JOJIOTaMu, ocHareHHbIMU pe3tiamu PDC. OcHOBHOM HemoCcTaTok
TaKOM TEXHOJOTUU — HEMPOU3BOAMTEIbHBIE TIOTEPU BPEMEHH Ha CITyCKOINOJbEMHbBIE
orepanyy, HEOOXOOUMBIE JUIA IMOIbeMa NHKOOypa € TBEpAOCIUIABHBIMH pe3laMu U
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3aMeHy ero Ha JjomactHoe PDC pomorto s mpomomkeHuss OypeHHs CKBaKHHBI 0
3aIpOeKTUPOBAaHHOM Ti1yOuHbIL. MccnenoBanus 6a3upoBanch Ha Hee COCTUHEHUS B OJHON
KOHCTPYKIHH JI0JI0Ta JOCTOMHCTB TBepAociIaBHbIX 1 PDC-nonot, koTopsie Xopomio cedst
3apEKOMEH/I0BAJIM B HCCIIETYEMbIX T€0JIOTMYECKHUX YCIOBHIX. JJyis peleHns oCTaBIeHHBIX
3agay ObUI MCIOJB30BAaH KOMIUIEKCHBIH MeTol uccienoBaHuil. OH BkIodan 0030p U
0000111eHIE TUTEPATYPHBIX HCTOYHUKOB, MIPOBEICHUE MAaTCHTHBIX HCCIICAOBAaHNHN, aHATU3
TCOJIOTHUECKUX YCJIOBUH, a TakkKe 00JacTH NMPUMEHEHHS, IPEUMYIIECTB U OrpaHUYCHUI
CYIIECTBYIOUIMX KOHCTPYKLUHMI pPEeXyUMX OypOBBIX T0JOT. B pesynbrare BBIMOTHEHUS
paloThl MPEUIOKEHO U 3alaTEeHTOBAHO TEXHUUYECKOE PEILIeHHUE, IMO3BOJIsIoNIee Hanboee
3¢ $EeKTUBHO MCIOIB30BATh B €IMHON KOHCTPYKIIMU MOPOAOPA3PYIIAIOLIET0 HHCTPYMEHTA
JiBa THIIA PE3LOB: JACLIEBbIC TBEPIOCIUIABHBIC PE3ILbl, NMPHUMEHSEMbIE B BEPXHEH 4acTH
paspesa, u 6onee goporue pesusl PDC, oGnagaromiye BbICOKOH MPOU3BOIUTEIBHOCTHIO B
HIDKHEH 4acT pa3pesa, IpeiCcTaBIeHHOro 0osee TBepAbIMU opoaaMu. Hanbonee momHoe
WCTIOJIb30BaHNE PECypca BOOPYKEHHUS HACTYIAET, KOTAa KPOMKH TBEPAOCIIaBHBIX PE3LIOB
BO3BBILIAIOTCS 1101 KpOMKaMH Jie3Buil pe3noB PDC, T.e. korza nepsble HaX0IATCsI OJMKe K
320010 CKBO)XUHBI TIPH OYPEHNHU BEPXHETO HHTEPBaJla MATKUX MOPOJ, @ UHCTPYMEHT UMEET
pa3beMHBIH KOJBLIEBOW MHJIOT, OCHALICHHBIH CMEMIAHHBIMM PE3IlaMH B €r0 TOPLEBOH
gactu. [lopogopaspymarontie PDC pesipl ciienyeT BBINOIHAT U3 HOBOI'O CBEPXTBEPIOIO
komnosunnonHoro mMarepuana 25C_  -70,5WC-4,5Co ¢ nob6askoii 10 % mukponoporka
nuokcua uupkonus (ZrO,). PazpabotanHOE MHHOBAIMOHHOE KOMOMHMPOBAHHOE JIOJIOTO
OyzeT 3QPeKTUBHO B MPaKTUKE OypPEeHUsI TEOTEXHOJIOTHUECKUX CKBaXHH B ycioBusax Lly-
CapbICycKoll ypaHOBO-pPY/THOW T'€0JIOTHYECKON TPOBUHIUH.

KaroueBbie ciioBa: OypeHHE CKBa)KHH, JIOIIACTHOE JI0JIOTO, KOMOWHHUPOBAHHOE
no10T10, pesers PDC, nmoizemMHOe CKBa)KMHHOE BBIILIETIauNBaHHUE

BaaropaprocTn: nuccnenosanue punancupyercs Komurerom Haykn MUHHCTEpPCTBA
HayKH{ ¥ Bbicuiero oopazoBanus PecriyOnuku Kazaxcran (rpant Ne AP14869271).

Introduction

The Shu-Sarysu uranium-ore geological province, located in Southern Kazakhstan,
was discovered in the late 1960s and is recognized as the largest uranium ore reserve in the
world.

This province includes two metallogenic zones: Kentse-Budennovskaya, where
uranium mineralization is found in Upper Cretaceous deposits, and Uvanas-Kanzhuganska-
ya, with mineralization in Paleogene deposits. The total uranium resources in these zones
are estimated at 1 million tons (Xayitov, 2022: 7).

Currently, 14 out of 56 explored deposits with balance uranium reserves are be-
ing developed in Kazakhstan, with the remaining 42 on reserve. Due to this province’s
discovery, Kazakhstan now holds 67 % of the world’s proven uranium reserves, making it
the global leader in this sector (Xayitov, 2022: 7). Most uranium deposits, such as Bude-
novskoye, Kanzhugan, Inkai, Zhalpak, and Uvanov, are developed through underground
borehole leaching.

This method necessitates extensive drilling of technological, exploration, and auxil-
iary wells, making drilling operations a major expenditure, accounting for about 60-70% of
the total development cost of uranium deposits (Khaitov, 2022: 12). The productive forma-
tions in most deposits of the Shu-Sarysu province typically range from 500 m to 650-800 m
in depth. The geological sections of the wells generally feature an upper unit of soft, easily
drillable rocks (sands, clay fractions) extending to depths of 300-500 m, and a lower unit of
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more difficult-to-drill rocks (dense clays, gypsum, anhydrites, sandstones, siltstones) reach-
ing depths of 350—-800 m, separated by a layer of dense clays (Nazirova, 2019). Drilling the
upper rock unit, averaging 540 m thick, takes about 70—80 hours, whereas drilling the lower
unit (540-680 m) with bits equipped with polycrystalline diamond cutters (PDC) takes ap-
proximately 40—50 hours (Togasheva, 2023).

Currently, due to economic considerations, a mixed drilling technology is employed
at the sites:

— The first geological unit (0 to 300-500 m) of soft rocks is drilled using spud bits
with carbide drills.

— The second geological unit, ranging from 350-500 m to 700—800 m (to the de-
sign depth) of medium and hard rocks, is drilled with blade bits equipped with PDC cutters
(Khaitov, 2022: 12).

This mixed technology maximizes the capabilities of spud bits with carbide cutters
for efficiently drilling soft rocks, while significantly enhancing productivity and bit life in
harder rocks with the use of blade PDC bits, despite their higher cost. However, the primary
drawback of this method is the unproductive time lost during tripping operations needed
to switch from a spud bit with carbide cutters to a blade PDC bit to continue drilling to the
designed depth.

The purpose of this work is to develop a bit design capable of efficiently drilling
through the entire geological section characteristic of the Shu-Sarysu uranium-ore geologi-
cal province in Kazakhstan.

To achieve this purpose, the following tasks were undertaken:

— Conducting a detailed study of the geological features of the Shu-Sarysu urani-
um-ore geological province, including rock types, mineral composition, and strata structure.

— Identifying specific problems associated with drilling in this region.

— Reviewing existing literature on drill bit technologies and their effectiveness in
similar geological conditions.

— Performing patent research to examine innovations and patented technologies in
drill bit design.

— Identifying and selecting materials for bit reinforcement that would be effective in
the specific conditions of the Shu-Sarysu uranium-ore geological province.

Materials and basic methods

The research was based on the idea of combining in one bit design the advantages
of carbide and PDC bits, which have proven themselves well in the geological conditions
under study.

To solve the problems, a comprehensive research method was used. It included a
review and synthesis of literature sources, patent research and analysis of the scope, advan-
tages and limitations of existing designs of cutting drill bits.

The creation of a combined drill bit for drilling technological wells in Kazakhstan
began with an in-depth design stage. This phase included a thorough analysis of the geolog-
ical characteristics of the drilling sites, including rock types, formations and specific drilling
problems. Based on these ideas, a conceptual design was developed that combines PDC and
carbide cutters into a single bit design.

Once the conceptual design was completed, the manufacturing process began. High
quality materials were used, selected for their suitability to different geological conditions.
The manufacturing process included precision machining and assembly techniques to en-
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sure smooth integration of the PDC and carbide cutters onto the bit blade. The location and
orientation of the cutters have been carefully optimized to improve cutting efficiency and
overall drilling performance.

A series of laboratory tests will be conducted to evaluate the newly developed com-
bination drill bit. These tests will replicate drilling conditions typical of geological forma-
tions in Kazakhstan. Test reports will measure rate of penetration, cutting efficiency and
wear resistance of PDC and carbide cutters under various drilling parameters.

Results

For initial attempts at drilling technological wells with a single rock-cutting tool
in the Shu-Sarysu uranium-ore geological province, two-, three-, or four-bladed hydraulic
monitor spud bits designed by JSC Volkovgeology were used, with the four-blade bit being
the most common (Abdoldina, 2020: 5). These bits feature stepped blades and a central py-
ramidal section equipped with carbide cutters. The bit body includes channels between the
blades, each 140 mm in diameter, to supply drilling fluid to the bottom.

Long-term use of this spud bit demonstrated high productivity when drilling the
upper geological section. However, upon encountering dense clays, there is a sharp decline
in the rate of penetration (ROP), significant cutter wear, and the necessity to lift the spud bit
to the surface for replacement (Abdoldina, 2021: 9).

Efforts have been made to reduce wear on the central pyramidal part of the bit. In
2017, tests of a spud bit (three samples) produced by the Republic of Uzbekistan were con-
ducted at the Budenovskoye and Khorosan fields (Piriverdiyev, 2019: 9).

The spud bit features three blades reinforced with carbide cutters. Unlike the peak-
shaped spud bit from JSC Volkovgeology, this bit ends with a flat top part equipped with
three cylindrical teeth cutters. The bit has a popular diameter of 161 mm, with three chan-
nels each measuring 9 mm in diameter.

Testing of the spud bit was primarily conducted on the upper member of soft rocks
(0-370 m), consisting of sands, clays, sandy sediment layers, pebbles, and loams, catego-
rized under drillability I-IV. The penetration per bit ranged from 330-350 m. However, when
drilling the 370—450 m interval (clay deposits), penetration sharply decreased to 80—100 m,
and the rate of penetration (ROP) dropped by 30 % compared to the JSC Volkovgeology
spud bit, becoming ineffective in dense clays (Biletsky, 2019: 7).

Tests highlighted the following disadvantages of the spud bit from Uzbekistan:

— The ROP through clay deposits was on average 30 % lower than with the JSC
Volkovgeology spud bit.

— The 9 mm diameter channels were insufficient, leading to clogging with rock and
clay during drilling.

— Increased weight on the spud bit resulted in drill string vibration, jamming, and
intense wear of the calibrating cutters (Borash, 2023: 7).

Kazakh National Research Technical University named after K.I. Satbayev has con-
ducted extensive research and development to enhance the efficiency of drilling operations
for technological wells. These studies focused on the forces affecting the cutters placed on
the spud bit blades at varying distances from the axis of rotation (Biletsky, 2019: 7). The
research revealed that near-axial regions of rotation experience zero speeds, causing the
weight on the bit (WOB) to increase sharply (8—10 times or more). This leads to a halt in the
bit’s rotation and slow rock destruction, complicating the drilling process, accelerating wear
on the bit’s central part, and reducing overall productivity even in the upper section interval.
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To address these issues and improve drilling efficiency under such conditions, a technical
solution was proposed. This solution was implemented in a simple design of a patented spud
bit in the Republic of Kazakhstan (Biletsky, 2019: 7). The design features stepped blades
with cutters uniformly welded to a tubular body that has external threads for connection to
the drill string. Additionally, to increase structural rigidity, the lowest cantilevered steps are
welded to a ring equipped with carbide cutters.

The operating principle of this spud bit involves creating an annular cut with cutters
soldered to the steps. The resulting core is either washed away by the central flow of drilling
fluid passing through the annular body or destroyed by the cutters of the stiffening ring and
bit vibration when encountering harder rocks. This design significantly reduces the weight
on the blades, prevents spud bit sticking, and increases wear resistance. Production tests of
the PK-2 spud bit at the Budenovskoye field demonstrated its superior efficiency compared
to previously used blade bits with carbide cutters (Ratov, 2020: 6). In the upper section, the
rate of penetration (ROP) ranged from 18—20 m/hour to 10—-12 m/hour, gradually decreasing
to 3 m/hour and even zero when drilling dense clays. The decrease was due to the bending
of the lower stages of the blades forming an annular cut as the weight on bit (WOB) was
increased. Overall, the PK-2 spud bit covered an interval of 0436 m, setting a record for
carbide blade bits used.

Analysis of the spud bits’ industrial use indicated their ineffectiveness in drilling the
harder rocks of the lower section, with productivity dropping to an average of 2—3 m/h and
wear resistance declining to 50-80 m of penetration (Ratov, 2020: 6).

The introduction of blade bits equipped with PDC cutters presents a significant
opportunity to increase drilling productivity in the harder rocks of the lower geological
section, potentially replacing previously used carbide-tipped bits. Despite the higher cost
of PDC bits, their use is justified by a considerable reduction in the construction time of
geotechnological wells.

As a result of synthesizing scientific, technical, and patent literature, and critically
analyzing the use of various rock-cutting tools in the Shu-Sarysu uranium-ore geological
province, the following requirements for drill bits for in-situ leaching wells were estab-
lished:

— Combine the advantages of carbide cutters (low cost) and PDC cutters (high de-
structive ability and wear resistance), with each type being effectively used depending on
the rock properties.

— Ensure calibrating elements can maintain the well diameter to the designed depth
(700-800 m).

— Maintain the optimal ratio of technological parameters (ROP, WOB, rpm).

A technical solution meeting these requirements for drilling technological wells in
the Shu-Sarysu uranium-ore geological province was developed and patented in the Re-
public of Kazakhstan (Ratov, 2023: 15). Figure 1 illustrates a general view of the proposed
combined bit.

The annular housing 1 features an upper thread 2 for connection to the drill string
and a lower thread 3 for connection to the annular blade pilot 4. Stepped blades 5 are welded
to the side surface of housing 1, with the steps alternately armed with carbide cutters 6 and
PDC cutters 7. Blades 8 are also welded to the side surface of pilot 4, continuing the blades
5 of the housing and decreasing in transverse size with each step.

The pilot body includes inclined channels 9 for the passage of drilling fluid and has
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four carbide cutters and an equal number of PDC cutters at its end. In the upper interval
of the geological section, which consists of soft rocks, drilling is performed with carbide
cutters. Consequently, their edges should be positioned closer to the bottom of the well at a
distance h relative to the edges of the PDC cutters (Fig. 2).
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Fig. 1. Combined spud bit (according to RK patent No. 356006)
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Fig. 2. Development along the middle circle of the end of the annular pilot
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7 — PDC cutter; 6 — main carbide cutter; 12 — auxiliary carbide cutters
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To address complications during drilling, such as rock falls onto the bit, the rear part
of the blades is equipped with emergency carbide bits 11. Additionally, carbide cutters 12
are used to enhance the formation of the annular bottom.

A key aspect of the combined spud bit drilling technology is that at the start of the
soft rock drilling interval (Fig. 3, A), the transverse size of the carbide cutter’s blunting area
is equal to bi (initial, factory blunting). As drilling progresses, even in soft rocks (Fig. 3,

B), the cutter blunting size increases due to abrasive wear, reaching bf when encountering
harder rocks (Fig. 3, B).

A B
Direction of movement

\é b, Soft rock

Fig. 3. Determination of the amount of wear of a carbide cutter
I — carbide cutter; 2 — PDC cutter; b,— initial blunting of the incisor; b,— final blunting of the cutter when

encountering a formation with increased drilling difficulty

From triangles ODE and OMK (Fig. 4, A) we can determine the height h (h = MD),
which is equal to:

_ bf _bi

h
1gat (1)

where o is the sharpening angle of the carbide cutter.

The size h represents the initial offset between the edges of the carbide cutters and
the edges of the PDC cutter blades at the end of the spud bit prior to well drilling.

The value of h is influenced by several factors: the rate of carbide cutter wear during
drilling in the upper section, the thickness of rocks requiring drilling with carbide cutters,
and the reduction in ROP when transitioning from carbide-tipped spud bits to PDC cutters.
For specific uranium deposits like Budenovskoye, Inkai, etc., h is determined experimental-
ly with precision by repeatedly measuring the initial bi and resulting bf values after using a
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spud bit.

Once wear causes the edges of the carbide cutters and PDC cutter blades to align,
the PDC cutters begin exerting significant force on the bottom, enabling the well to deepen
to its designed depth due to the functioning of these components.

The blade pilot 4 is designed to be detachable from the bit body. This is crucial
because rock-cutting elements closer to the rotation axis endure higher loads and wear out
more rapidly compared to the stepped blades on the body (Dreus, 2016a, 2016b). Conse-
quently, the bit often needs removal from operation due to central cutter wear, even though
the remaining cutters are still functional. The proposed technical solution allows for replac-
ing the worn pilot in case of abnormal cutter wear in the central part, promoting uniform
wear across all cutters — both on the blades and the pilot. This approach ensures thorough
utilization of the spud bit’s expensive equipment and enhances its technical and economic
performance metrics.

Maintaining the nominal diameter during well drilling is crucial for ensuring the
efficiency and success of drilling operations. The planned borehole diameter is essential for
the accurate placement and functioning of drilling equipment and pipes. Deviations from
the intended diameter can lead to complications during tripping, casing installation, in-situ
leaching equipment setup, or reservoir stimulation (Abdeli, 2023: 7). Such deviations pro-
long the duration and increase the cost of well construction and equipment installation.

Furthermore, a narrowed wellbore increases mechanical resistance and friction
during tripping, accelerating wear on drilling equipment and raising the risk of damage. Un-
evenness and narrowing of the wellbore also heighten the chances of emergencies, such as
drill string jamming or well wall collapses, necessitating costly and intricate operations for
resolution (Thnatov, 2021b; Abirov et al., 2022: 159—173; Abakumov et al., 2014: 209-218).

To address these challenges, wear-resistant calibrating elements 10 with diameter
d are installed on the stepped blades at their maximum transverse size, protruding from the
blades by amount b. This arrangement ensures the well diameter is maintained consistently
throughout its entire depth (Fig. 4).

A B

Fig. 4. Reinforcement of the calibrating part of the bit
D_ is the diameter of the circle described by the body blades, excluding the release of calibrating
elements; d — diameter of calibrating cutters,; b — protrusion of calibrating cutters from the blades
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To assess the force interactions of the spud bit’s working elements with the well
bottom and walls, understanding the strength characteristics of the rocks being drilled and
the technical capabilities of drilling rigs is essential (Ihnatov, 2021a: 8; Ratov, 2022; Kuan-
bayeva et al., 2024: 1640-1647).

The development of PDC cutter materials involved collaboration with the Bakul
Institute of Superhard Materials of the National Academy of Sciences of Ukraine (Ratov,
2023: 15). Research has demonstrated that incorporating zirconium dioxide micropowder
(Zr0O,) into the 25C . -70.5WC-4.5Co composite, produced via spark plasma sintering,
significantly enhances the material’s mechanical and operational properties.

The addition of ZrO, micropowder into the 25C . -70.5WC-4.5Co composite
results in a structure with finer carbide matrix grains and denser diamond-matrix interfaces.
This improves the material’s resistance to elastic and plastic deformations and enhances its
resistance to abrasive wear simultaneously.

Incorporating zirconium dioxide micropowder (ZrO, = 10%) into the 25C,
nona10.5WC-4.5Co composite increases the calculated resistance values to elastic deforma-
tion from 0.043 to 0.057 GPa, resistance to plastic deformation from 0.056 to 0.075 GPa,
and abrasive wear resistance from 0.75-107 to 2.75-107 GPa>.

This newly developed composite material will be employed to manufacture
rock-cutting elements that promise exceptional effectiveness in the challenging conditions
of the Shu-Sarysu uranium ore geological province.

Discussion

Combination bits, featuring both PDC (polycrystalline diamond compact) and car-
bide cutters, excel across a broader spectrum of formations. While carbide cutters perform
exceptionally in softer formations, PDC cutters are optimized for harder formations. This
dual capability allows for uninterrupted drilling through varying geological conditions, re-
ducing the need for frequent bit changes.

The synergy of PDC and carbide cutters in combination bits results in higher ROP
and increased efficiency. PDC cutters offer superior cutting in hard formations, whereas
carbide cutters facilitate smoother drilling in softer formations. This integration improves
overall drilling performance and decreases drilling time.

Incorporating carbide cutters into combination bits helps balance the cutting work-
load, reducing wear and extending the bit’s life. Carbide cutters are more resistant to impact
and abrasion than PDC cutters, making the bits more durable and better suited for challeng-
ing drilling conditions.

Although PDC cutters are highly effective, they are also more expensive. Combi-
nation bits present a cost-effective solution by utilizing carbide cutters in softer formations,
where the benefits of PDC cutters are not as critical. This approach optimizes drilling costs
while maintaining high performance across different rock types.

Drilling operations can face stalling or slowdowns when encountering sudden
changes in formation hardness, especially with bits equipped only with PDC cutters. Com-
bination bits mitigate this risk by incorporating carbide cutters, which handle softer forma-
tions more effectively, ensuring continuous drilling and improved efficiency.

Combination bits with both PDC and carbide cutters provide significant advantages
over bits with only PDC cutters, including versatility, enhanced performance, improved du-
rability, cost-effectiveness, and reduced stalling risk. These benefits make combination bits
an ideal choice for drilling operations across diverse geological formations and conditions.
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Conclusion

1. A patented technical innovation enables optimal utilization of two types of cut-
ters within a single rock-cutting bit design: economical carbide cutters are employed in the
upper section of uranium deposits composed of soft, easily drillable rocks, while more ex-
pensive PDC cutters with superior productivity are utilized in the lower sections containing
harder rocks.

2. Optimal utilization of the bit’s capabilities is achieved when the edges of the
carbide cutters are positioned slightly below those of the PDC cutter blades. This config-
uration ensures the carbide cutters operate closer to the well bottom during drilling of the
upper interval of soft rocks. The bit includes a split ring pilot equipped with a combination
of these cutters at its end.

3. The rock-cutting PDC cutters are fabricated from a novel super-hard composite
material, 25C,  -70.5WC-4.5Co, enhanced with zirconium dioxide micropowder (ZrO,
=10 %). This material was developed through collaboration with the V. Bakul Institute for
Superhard Materials and is tailored to withstand the demanding conditions encountered in
drilling operations.

REFERENCES

Abirov D., Ybyraimzhanov K., Turkmenbayev A., Abdykerimova E. & Kuanbayeva B. (2022). Innovative
Features of Education in Kazakhstan’s Lyceum-Gymnasium. Cypriot Journal of Educational Sciences. — 17(1).
— 159-173.

Abakumov A., Ismailova A., Adamov A. (2014). Modeling of microbial communities of plant organisms in
aquatic ecosystem. // International Information Institute (Tokyo), Information (Japan). — Volume 17. — I 1.
2014. — Pp. 209-218.

Abdeli D.Z., Bae W., Taubayev B.R., Yskak A.S. & Yesimkhanova A K. (2023). Reducing the formation of
asphaltene deposits and increasing the flow rates of oil wells. — Naukovyi Visnyk Natsionalnoho Hirnychoho
Universytetu. — 5. — 41-47. https://doi.org/10.33271/nvngu/2023-5/041

Abdoldina F.N., Nazirova A.N., Dubovenko Y.I. & Umirova G.K. (2020). On the solution of the gravity
direct problem for a prism with a simulated annealing approach. Geomodel 2020. — Sep 2020, 2020. — 1-5.
https://doi.org/10.3997/2214-4609.202050014

Abdoldina F.N., Nazirova A.N., Dubovenko Y.I. & Umirova G.K. (2021). Solution of the gravity exploration
direct problem by the simulated annealing method for data interpretation of gravity monitoring of the subsoil
conditions. — NEWS of the National Academy of Sciences of the Republic of Kazakhstan. Series of Geology and
Technical Sciences. — 445(1). — 13-21. https://doi.org/10.32014/2021.2518-170x.2

Biletsky M.T., Kozhevnykov A.A., Ratov B.T. & Khomenko V.L. (2019). Dependence of the drilling speed
on the frictional forces on the cutters of the rock-cutting tool. Naukovyi Visnyk Natsionalnoho Hirnychoho
Universytetu, —I,— 21-27. https://doi.org/10.29202/nvngu/2019-1/22

Borash A.R., Nurshakhanova L.K., Arshidinova M.T., Kenzhegaliyeva ZH.M., Zhanggirkhanova A.A.
(2023). Improving the efficiency of PDC bits in oil and gas drilling. — International Multidisciplinary Scientific
GeoConference SGEM. https://doi.org/10.5593/sgem2023/1.1/s06.84

Can Cai & Zhang P. & Sun M.-G & Yang Y.-X & Xie S. & Pu Z.-C & Yang X.-P & Gao C. & Tan Z.-B.
(2021). Mechanism of rock breaking under combining of separated impact and cutting in oil and gas drilling.
Yantu Lixue/Rock and Soil Mechanics. — 42. — 2535-2544. http://dx.doi.org/10.16285/j.rsm.2021.0066.

Dreus A.Yu., Sudakov A.K., Kozhevnikov A.A. & Vakhalin Yu.N. (2016, a). Study on thermal strength
reduction of rock formation in the diamond core drilling process using pulse flushing mode. — Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu, — 3, — 5-10.

Dreus A., Kozhevnikov A., Lysenko K. & Sudakov A. (2016, b). Investigation of heating of the drilling bits
and definition of the energy efficient drilling modes. Eastern-European Journal of Enterprise Technologies.
—3(7(81)). — 41. https://doi.org/10.15587/1729-4061.2016.71995

Ihnatov A.O., Koroviaka Ye.A., Pinka J., Rastsvietaiev V.O. & Dmytruk O.0. (2021, a). Geological and
mining-engineering peculiarities of implementation of hydromechanical drilling principles. Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu. — 1. — 11-18. https://doi.org/10.33271/nvngu/2021-1/011

235



ISSN 2224-5227 4.2024

Ihnatov A., Koroviaka Y., Rastsvietaiev V. & Tokar L. (2021, b). Development of the rational bottomhole
assemblies of the directed well drilling. E3S Web of Conferences. —230. — 01016. https://doi.org/10.1051/
e3sconf/202123001016

Kuanbayeva Bayan, Imashev Gizatulla, Mailybayeva Aiman, Mukhanbetzhanova Akmaral, Koshchanova
Gulash (2024). The effectiveness of using interactive computer models when teaching physics in modern school.
Scientific Herald of Uzhhorod University. Series Physics. — V. 55. — Pp. 1640-1647. — ISSN 24158038.
https://doi.org/10.54919/physics/55.2024.164vu0

Khaitov O.G., Umirzokov A.A., Yusupkhojaeva E.N., Abdurakhmonova S.P. & Kholmatova N.G. (2022).
Assessment of the density of the well grid in the southeastern part of the Bukhara-khiva region. — NEWS of
the National Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Technical Sciences. —
3(453). — 253-264. https://doi.org/10.32014/2022.2518-170x.194

Nazirova A., Abdoldina F., Dubovenko Y. & Umirova G. (2019). Development of GIS subsystems for
gravity monitoring data analysis of the subsoil conditions for oil and gas fields. /8th International Conference
on Geoinformatics — Theoretical and Applied Aspects. https://doi.org/10.3997/2214-4609.201902099

Piriverdiyev 1., Sarbopeyeva M. & Asadova G. (2019). Analysis of modeling and decision-making processes
for drilling wells under uncertainty. — NEWS of National Academy of Sciences of the Republic of Kazakhstan.
— 1(433). — 23-31. https://doi.org/10.32014/2019.2518-170x.2

Ratov B.T., Fedorov B.V, Khomenko V.L, Baiboz A.R, Korgasbekov D.R. (2020). Some features of drilling
technology with PDC bits. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, — 3. — 13—18. https://
doi.org/10.33271/nvngu/2020-3/013

Ratov B.T., Mechnik V.A., Rucki M., Gevorkyan E.S., Bondarenko N.A., Kolodnitskyi V.M., Chishkala
V.A., Kudaikulova G.A., Muzaparova A.B. & Korostyshevskyi D.L. (2023). C,, (WC-Co)-ZrO, composite
materials with improved mechanical and adhesive properties. — Journal of Superhard Materials. — 45(2). —
103—-117. https://doi.org/10.3103/5s1063457623020107

Ratov B., Fedorov B., Isonkin A., Ibyldaev M. & Borash B. (2022). Increasing the efficiency of drilling bit
use in hard rocks by high-quality performance of a diamond-carrying matrix. — International Multidisciplinary
Scientific GeoConference SGEM. https://doi.org/10.5593/sgem2022/1.1/s03.036

Shao F., Ji G., Wu Q. & Zhang J. (2024). Research on the effect of combined cutters of PDC bit on cutting
efficiency. — Springer Series in Geomechanics and Geoengineering. — 860-869. https://doi.org/10.1007/978-
981-97-0256-5_73

Sun M., Zhang H. & Suo Z. (2022). Application research on impact tool combining PDC bit. Advances in
Transdisciplinary Engineering. https://doi.org/10.3233/atde220454

Togasheva A.R., Bayamirova R.Y., Zholbassarova A.T., Sarbopeeva M.D., Arshidinova M.T. (2023).
Pilot field tests of shock-wave treatment of wells at the fields of JSC “Ozenmunaigas.” — International
Multidisciplinary Scientific GeoConference SGEM. https://doi.org/10.5593/sgem2023/1.1/506.86

Xayitov O.G., Zokirov R.T., Agzamov O.0., Gafurov Sh.O. & Umirzoqov A.A. (2022). Classification of
hydrocarbon deposits in the south-eastern part of the Bukhara-khiva region, justification of its methodology and
analysis of the results. — News of the National Academy of Sciences of the Republic of Kazakhstan. Series of
Geology and Technical Sciences. — 1(451). — 46-52. https://doi.org/10.32014/2022.2518-170x.139

236



ISSN 2224-5227 4.2024

CONTENT

A.E. Abetov, A.A. Auyesbek
GEOLOGICAL-GEOPHYSICAL CRITERIA OF THE JEZKAZGAN ORE DISTRICT IN
CENTRAL KAZAKHSTAN.....cottitititeete ettt sttt 6

K. Akishev, K. Aryngazin, A. Tleulessov, L. Bulyga, V. Stanevich

THE USE OF SIMULATION MODELING IN CALCULATING THE

PRODUCTIVITY OF THE TECHNOLOGICAL SYSTEM FOR THE PRODUCTION OF
BUILDING PRODUCTS WITH FILLERS FROM MAN-MADE WASTE................. 22

V.V. Gerasidi, R.G. Dubrovin, V.V. Kukartsev, T.A. Panfilova, G.V. Stas
BOOST SYSTEM DIAGNOSTIC PARAMETERS OF COHERENT GAS PISTON
INSTALLATIONS OF MINING ENTERPRISES........coviiiiieeeeeeeeeeeeeeeeee e 33

E.M. Elekeev, B.P. Stepanov
TO THE ISSUE OF EFFICIENCY OF APPLICATION OF THE SAFETY CONTROL
PROGRAM AT NUCLEAR FACILITIES.......cocoiiiieee s 48

A.L Epikhin, A.A. Stupina, I.A. Panfilov, V.V. Bukhtoyarov, N.A. Shepeta
DETERMINANTS FOR ASSESSING THE ENERGY EFFICIENCY OF A COAL
MINING ENTERPRISE........ccooiiiiiiiiiiiecete ettt 61

E.A. Efremenkov, E.S. Chavrov, E.P. Khaleyeva, V.V. Tynchenko
EVALUATION OF TECHNIQUES FOR DETERMINING THE LOADING OF A
CYCLOIDAL SATELLITE ROLLING BEARING.....c..ccoctimiiniiiiiinecneenececeee 72

Zh.A. Zhanabayeva, K.T. Narbayeva, G.K. Ismailova, M.S. Ospanova,

J. Rodrigo-Ilarri

ASSESSMENT OF THE RESERVOIRS IMPACT ON THE MAXIMUM RUNOFF OF
THE SYRDARYA RIVER ......iiiiiiiiee ettt s 85

M.K. Jexenov, Zh.K. Tukhfatov, E.K. Bektay, R.Sh. Abdinov, G.S. Turysbekova
STRUCTURAL-TECHTONIC AND MINERALOGICAL STRUCTURE OF INDER
LIFTING FIELD, MINING AND CHEMICAL RAW MATERIALS IN ATYRAU
REGION ...ttt sttt 96

G.M. Iskaliyeva'*", N.K. Sydyk', A.K. Kalybayeva'?, M.S. Sagat!, A. Samat
USE OF WATER INDICES FOR WATERBODIES IN THE ESIL WATER
MANAGEMENT BASIN. ...ttt st sttt s 117

Z.M. Kerimbekova, A.A. Tashimova, G.I. Issayev, E.K. Ibragimova,

M.Zh. Makhambetov

CALCULATION OF ENVIRONMENTAL AND ECONOMIC DAMAGE CAUSED BY
CURRENT SYSTEMS OF SOLID WASTE MOVEMENT IN OIL PRODUCTION..131

M.Zh. Makhambetov, R. Izimova, G.I. Issayev, N.A. Akhmetov, E.K. Ibragimova

ECOLOGICAL-GEOLOGICAL ASSESSMENT OF TECHNOGENICALLY
DISTURBED TERRITORIES OF OIL FIELDS OF THE ATYRAU REGION........... 143

274



Reports of the Academy of Sciences of the Republic of Kazakhstan

A.D. Mekhtiyev, V.V. Yugay, Y.G. Neshina, N.B. Kaliaskarov, P. Madi
FIBER-OPTIC SYSTEM FOR CONTROLLING OPEN PIT SIDE ROCK
DISPLACEMENT ..ottt ettt ettt et et e e 157

A.S. Mussina, G.U. Baitasheva, B.S. Zakirov, Ye.P. Gorbulicheva
CONDITIONS FOR PREPARING THE SURFACE OF CONTACT PARTS FOR
WETTIBILITY WITH MERCURY........oooiiiiiiiee e 168

A.N. Muta, R.B. Baimakhan, G.I. Salgarayeva, N. Kurmanbekkyzy, A. Tileikhan
STUDY OF THE STRENGTH PROPERTIES OF SOILS COMPOSING THE
GEOLOGICAL STRUCTURE OF THE KOK TOBE MOUNTAIN........ccccccecenenrennnne 185

B. Mukhambetov, B. Nasiyev, Zh. Kadasheva, R. Abdinov, R. Meranzova
ADAPTABILITY OF KOCHIA PROSTRATA (L.) SCHRAD AND

CAMPHOROSMA MONSPELIACA AGRICULTURAL ECOSYSTEMS

ON SALINE LANDS OF THE NORTHERN CASPIAN DESERT........ccccceovevviiennnn. 197

M. Nurpeisova, G. Dzhangulova, O. Kurmanbaev, Z. Sarsembekova,

A. Ormanbekova, Y.Kh. Kakimzhanov

CREATION OF GEODETIC REFERENCE NETWORK FOR MONITORING
TRANSPORT INTERCHANGES IN SEISMIC AREAS.......coooiiiiiieeeeeeee e, 209

B.T. Ratov, V.L. Khomenko, A.E. Kuttybayev, K.S. Togizov, Z.G. Utepov
INNOVATIVE DRILL BIT TO IMPROVE THE EFFICIENCY OF DRILLING
OPERATIONS AT URANIUM DEPOSITS IN KAZAKHSTAN......cccoiiiiiieieneeeenene 224

A.A.Tashimova, G.I. Issayev, Z.M. Kerimbekova, E.K. Ibragimova, A.M. Bostanova
ANALYSIS OF THE RESOURCE POTENTIAL OF SOLID
OIL PRODUCTION WASTE......ioitiiieiieiteitetete ettt et seesve e e saesa e saesaensaesseenns 237

M.K. Tynykulov, O.D. Shoykin, S.O. Kosanov, M.B. Khusainov, Zh.G. Ibraybekov
BIOREMEDIATION OF ZONAL SOILS IN AYIRTAY DISTRICT OF NORTH
KAZAKHSTAN REGION......c.iiiiiiiiiiiicceee et 246

A.S. Urazaliyev, D.A. Shoganbekova, R. Shults, M.S. Kozhakhmetov, G.M. Iskaliyeva
INVESTIGATION OF LSMSA APPROACH IN LOCAL GEOID MODELING.......... 261

275



Publication Ethics and Publication Malpractice in the journals of the
National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the work described has not been published previously (except in the form of an abstract or
as part of a published lecture or academic thesis or as an electronic preprint, see http:/www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences
of the Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by
the originality detection service Cross Check http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
onh accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance
of a paper automatically implies the copyright transfer to the National Academy of sciences of the
Republic of Kazakhstan.

The Editorial Board of the National Academy of sciences of the Republic of Kazakhstan will
monitor and safeguard publishing ethics.

[IpaBmia oopmiteHHs CTaThU TS MyONMKAIMK B XKypHAJIe CMOTPETh Ha caiTe:
www:nauka-nanrk.kz
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
http://geolog-technical.kz/en/archive/

TTonmucano B meuars 15.08.2024.
®opmar 60x88'/.. bymara opcernas. Ileuats - pusorpad.
15,0 .. Tupax 300. 3akas 4.

POO «Hayuonanvnas akademus nayk PK» 050010,
Anmamu, yn. llesuenxo, 28, m. 272-13-19





