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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.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHBACAPDI:

OBCA/IBIKOB Bakpir Hopikbaiiyibl, TexHHKa FbUIBIMAAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akagemuri, A.b. bexrypoB aTelHmarsl XUMHS FBUIBIMAApPBI HHCTHTYTHL, (AnMarsl, Kasaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIUS AJTIKACBI:

OBCOMETOB Mouic Kyasicyabl (6ac  peaakTopiblH — OpbIHOAcapbl), I€ONOTHs-MUHEPAIOTUst
FBUIBIMIAPBIHBIH JOKTOPEI, mpodeccop, KP ¥YFA akamemuri, Y.M. Axmencadun atemparsl I'maporeomorus
JKOHE TEOdKOJIOTUsSI MHCTUTYTHIHBIH JupekTopsl, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

7KOJITAEB I'epoii KoJrraiiyJibl, reonorusi-MIHHEPAIOryst FRITBIMAAPBIHBIH TOKTOPHI, ipodeccop, KP YFA
KypMeTTi axazemuri, (Ammarsl, Kasakcran), https:/www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY J[Ipumen, PhD, xaysivmpacteipeurran mpodeccop, HeOpacka yruBepcureriniy Cy FhUIBIMIaphI
3epTxaHacbiHblH  aupekropel,  (HeOpacka  mrarer, — AKIH),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typassl rpuibiMaap OemiMiHIH METPOTIOrHs JKOHE Maiaansl Kazdamap
KeH OPBIHIApHI CallaCBIHIAFEI 3epTTeyNIepiHiy jxerekurici, Taburu Tapux Mypakaitsl, (Jlonnon, ¥isiopuranus),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua bBopucoBny, TexHHKAa FBUIBIMIAPHIHBIH JOKTOpbI, HaHCH yHHBEpCHTETIHIH
npodeccopsr, (Hancu, @pannust), https:// www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

IIEH IIun, PhD, KpiTail reonorusyiblK KOFAaMbIHBIH Tay-KeH T'€OJOTHSICH KOMUTETI JUPEKTOPBIHBIH
opbIHOacapbl, AMEpPHKAHIBIK JKOHOMHKAIBIK T'COJOrTap KaybIMAACTHIFBIHBIH Mymieci, (Beibxin, Kpirail),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUUIEP Axceas, KaybIMIacThIpsLIFaH npodeccop, PhD, /lpe3nen TexHuKanbIK yHUBEpcHTeTi, ([pesneH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buagumup EHoxoBHY, XUMUsI FBUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri, XKana
Marepuaigap XUMHSICHI MHCTUTYTHIHBIH KypMeTTi aupekropsl, (Munck, Bemapycsk), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIMH Credan, PhD, xaysiMpacteipsurran mnpodeccop, TexuukamsKk yHuBepcureTi ([[pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB ‘Kanaii, PhD, xaysimaacteipsuiran npodeccop, HasapbaeB yHuBepcureri (Acrtawa,
Kasakctan), https://www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHU IMaoao, PhD, xaysivpacteipsurran mpodeccop, bukokk Mmuman ynusepcuteti, (Muman,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIIEUICOBA Map:xaun Baiicankbi3bl — TexHuKa reutbIMaapbiHbIH JOKTOpBI, K.M. CoTOaeB aThiHIaFb!
Ka3zaky/iITTeIK3epTTey TEXHUKAIBIKyHIUBEpCUTEeTiHIHTpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii Toiidacapy/ibl, TeXHHKa FBUIBIMAAPBIHBIH JOKTOPBI, mpodeccop, «leodusmka sxoHe
celicmonorus» Kadenpacebly MeHrepymrici, K.M. CorGaeB arbiHmarsl Ka3ak YITTHIK 3epTTey TEXHHKAIBIK
yHuBepeuteti, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn yuuepcureriniy Tasty LIBIFbICTBI HEPCIEKTUBANBI 3€PTTEY OPTAJBIFHIHBIH
npodeccopsl, JIyHI yHHBEpCUTETIHIH TONBIK KypcTsl mpodeccopsl, (IIBemus), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, ApHdib yHHBEPCUTETiHIH X UMISIIBIK HEKCHEepHs (paKyIbTeTi skoHe LIIBIFbIC FRUTBIME-
3eprrey opranbirbl, (M3pawis), https://www.scopus.com/authid/detail.uri?authorld=8610969300, https:/www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #oHe TeXHUKAJBIK FBLIBIMAAP CEPHSCHI».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTHIK FBUTBIM akageMusicb» PKB (AnMars K. ).
Kaszakcran PecrnyOnukachiHblH AKnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMiHIH AKmapar KOMHTETiHJIe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuIbIM TipKeyiHe KOHbUTY Typallbl KyalliK.
TaKBIPBINTHIK OAFBITHL: [ eonoaus, eudpozeonoaus, 2eoepapus, may-KeH icl, MYHail, 2az jHcane Memanoapobvly
XUMUATBIK MEXHON02UANADb
Mep3iMaiiri: )KbUIbIHA 6 PET.
Tupaxsr: 300 nana.
Pepakuusnbig MekeH-kaibl: 050010, Anmarsi K., [lleBuenko xemr., 28, 219 Geur., ten.: 272-13-19
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb ITTABHOI'O PEJAKTOPA

ABCAJIBIKOB Baxeit Hapuk6aeBu4, JOKTOp TEXHMYECKHMX Hayk, npodeccop, akazemuk HAH PK,
Wuctutyt xuMmudecknx Hayk uM. A.B. Bekryposa (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIMOHHAS KOJIJIET' ASI:

ABCAMETOB Mauuc KyabicoBuy, (3amMecTuTelb IVIABHOTO — pPEJAaKTOpa), JOKTOP  I'eoJIoro-
MHHEPAIOrHIeCKHX HayK, mpogeccop, akagemuk HAH PK, mupexrop MHCTHTYTa rTHAPOTE0IOTHI U F€0IKOIOTHI
um. Y.M. Axmencaduna (Anmarsr, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii ’KosrraeBu4, 1OKTOp re0I0rOMHHEPATOTHYECKUX HAYK, TPOdeccop, MOUETHBIH aKaIeMUK
HAH PK (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https://www.
webofscience.com/wos/author/record/1939201

CHOY Jpumnen, PhD, acconunpoBanusil npogeccop, aupexrop JlabopaTropuu BOXHEIX HayK YHUBEpCHTETa
Heb6packu (mrar HeGpacka, CLIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJBTMAHH Paiimap, PhD, pykoBomutenb HCCIEIOBaHUi B 00JIACTH METPOJIOTMU U MECTOPOXKICHHM
MOJIe3HBIX UCKoTlaeMbIX B Otjiene Hayk o 3emie Mysest ecrectBernHol uctopun (JIonaoH, Aurms), https://www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MMAH®WJIOB Muxana BopucoBuy, 10KTop TeXHUUECKUX Hayk, Ipodeccop Yuusepcutera Hancu (Hancn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

IIEH Iun, PhD, 3amecturens aupexropa Komurera 1no ropHoil reosnoruu Kurtaickoro reojaoruueckoro
obmecTBa, WieH AMEPUKAHCKOH accoruanuy skoHoMmdeckux reosoros (Ilexwn, Kuraif), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUIIEP Axkcens, accounupoBanHbiii npopeccop, PhD, texuudeckuii yuusepcurer Jpesnen ([pesueH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buaagumup EHokoBHY, JOKTOp XMMHYecKuX Hayk, akagemMuk HAH Benapycu, nouerHsiii
mupexTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (Munck, bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIMH Credan, PhD, accoummmposanusii npodeccop, Texumueckuil ynusepcuteT ([lpesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAI'MHTAEB Kanaii, PhD, accorunpoanusiii npodeccop, Hazapoaes ynusepcurer (Acrana, Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTHUHMU Ilaoao, PhD, acconumposanusii npodeccop, Munanckuii yausepcurer bukokk (Mman,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHAa — JOKTOp TEeXHHYECKHX Hayk, Ipodeccop Kazaxckoro HammoHanbHOro mccienoBaTelIbCKOro
Texuuueckoro ynusepcutera um. K.M. Carnaea, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/ AAD-1173-2019

PATOB Bopan6aii ToiidacapoBu4, TOKTOp TEXHHYECKHX HaykK, mpodeccop, 3aBemyromuii kadeapoit
«T'eom3uka u ceiicmonorusy, Kasaxckuil HannoHansHbIN HCClIeOBATENIbCKUN TEXHHYECKHH YHUBEPCUTET M.
K.W. Carmaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, IIpopeccop LleHTpa nepcreKTBHbIX OIMKHEBOCTOUYHBIX HCCIEeA0BaHUN JIyHACKOTO
yHuBepcHuTeTa, npodeccop (monuslii kype) Jlymnckoro ymmusepcurera, (IlIBemus), https://www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MUPJIAC Baagumup, DaxynsreT XUMHUECKOH HHXKEHEPHH U BOCTOUHBIN HayYHO-HCCIIENOBATEIbCKUIT
ueHtp, Yuusepcuter Apwousi, (M3pawmns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261

«H3Bectust POO «<HAH PK». Cepusi reo/1oruy M1 TeXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobctBennuk: Pecrybnikanckoe oodiecTBeHHOe o0benHenne «HarronanpHas akagemus Hayk PecryOnuku
Kazaxcran» (. Anmarsr).
CBUJIETEIECTBO O IIOCTAHOBKE HA YydYeT IIEPHOAMYECKOro IredaTHoro u3fgaHus B Komurere wnHbOpManmu
MumnuncteperBa HHbOpManuK U oOUIeCTBeHHOro pas3BuTusi PecnyOmuku Kaszaxcran Ne KZ39VPY00025420,
BbIanHoOe 29.07.2020 .
TemaTnueckasi HANPABICHHOCTb: 2€0102Usl, 2UOPO2EON02UsA, 2e02Papus, 20pHOe 0eno U XUMUYECKUe MEXHON02UU
Heghmu, eaza u Memanios
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EDITOR-IN-CHIEF

ZHURINOV Murat Zhurinovich , Doctor of Chemical Sciences, Professor, Academician of NAS RK,
President of National Academy of Sciences of the Republic of Kazakhstan, RPA, General Director of JSC "
D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry " (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

DEPUTY EDITOR-IN-CHIEF

ABSADIKOV Bakhyt Narikbaevich, Doctor of Technical Sciences, Professor, Academician of NAS RK,
A.B. Bekturov Institute of Chemical Sciences (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

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
Geoecology (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=56955769200, https://
www.webofscience.com/wos/author/record/1937883

ZHOLTAEYV Geroy Zholtaevich, Doctor of Geological and Mineralogical Sciences, Professor, Honorary
Academicianof NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

SNOW Daniel, PhD, Associate Professor, Director, Aquatic Sciences Laboratory , University of Nebraska
(Nebraska, USA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https://www.webofscience.
com/wos/author/record/1429613

SELTMANN Reimar, PhD, Head of Petrology and Mineral Deposits Research in the Earth Sciences
Department, Natural History Museum (London, England), https://www.scopus.com/authid/detail.
uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/1048681

PANFILOV Mikhail Borisovich, Doctor of Technical Sciences, Professor at the University of Nancy
(Nancy, France), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.
com/wos/author/record/1230499

SHEN Ping, PhD, Deputy Director of the Mining Geology Committee of the Chinese Geological Society,
Member of the American Association of Economic Geologists (Beijing, China), https://www.scopus.com/authid/
detail.uri?authorld=57202873965 , https://www.webofscience.com/wos/author/record/1753209

FISCHER Axel, PhD, Associate Professor, Technical University of Dresden (Dresden, Berlin), https:/www.
scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/wos/author/record/2085986
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Honorary Director of the Institute of Chemistry of New Materials (Minsk, Belarus), https://www.scopus.com/
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CATALIN Stefan, PhD, Associate Professor, Technical University of Dresden, Germany, https://www.scopus.
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Jay Sagin, PhD, Associate Professor, Nazarbayev University (Astana, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/record/907886

FRATTINI Paolo, PhD, Associate Professor, University of Milano - Bicocca (Milan, Italy), https:/www.
scopus.com/authid/detail.uri?authorld=56538922400

NURPEISOVA Marzhan Baysanovna — Doctor of Technical Sciences, Professor of Satbayev University,
(Almaty,  Kazakhstan),  https://www.scopus.com/authid/detail.uri?authorld=57202218883,  https://www.
webofscience.com/wos/author/record/AAD-1173-2019

RATOYV Boranbay Toybasarovich , Doctor of Technical Sciences, Professor, Head of the Department of
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Abstract: Blade bits reinforced with carbide cutters and Polycrystalline
Diamond Compact (PDC) cutters are widely used in geotechnological and oil and
gas wells, including Kazakhstan. Combined drilling techniques are economically
advantageous: carbide-reinforced bits are used for softer rocks, while PDC-
reinforced bits handle harder formations. The efficiency of PDC bits depends on the
interaction between individual cutters and the rock, making it critical to understand
these patterns to improve performance and durability.

This study employs system analysis of models describing cutter-rock interactions,
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focusing on the actual contact area and the cutter’s inclination angle. The research
models the interaction area as a circle segment and incorporates a negative cutter
inclination angle. Results reveal the phenomenon of bit “hanging” in formations of
alternating hardness, confirmed through theoretical and experimental approaches.
A bladed spud bit with no cutters in the near-axis region was developed, relying
on drilling fluid or core breakers to remove rock pillars. Industrial tests showed
a 10-15% increase in drilling productivity and a 1.5-fold increase in tool life.
Additionally, a formula for calculating the penetration depth of a single PDC cutter
was derived, enabling predictions of initial drilling speeds. These results offer
practical solutions for optimizing PDC bits in challenging drilling conditions.
Keywords: well drilling, bladed bit, “hanging”, deepening, PDC cutter.
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Annoramus: [Tomukpucranaet anmasznad (PDC) sxacanran kapOuaTi Keckimrep-
MEH JKOHE KEeCKIIITePMEH HBIFAUThUIFaH KalaKIaibl Kamayiap Kasakcranibl Koca
aJFaH/ia, TCOTCXHOIOTHSIIBIK, MyHail jkoHEe Ta3 YHFbIMAJApbIH cajyjla KEeHiHCH
KOJIJIaHbLIa bl BYpFbLUIayIbIH apaiiac 9JicTepiH KOJIIaHy YHEM/Ii: KapOM/ITI KeCKIII
Karmayiap KyMcak Tay >KeIHBICTaphl yiriH, al PDC keckimTepi KaTTel Tay *KBIHBI-
cTaphl YIIiH Koinanbemaasl. PDC kanraybiHbIH THIMIIIIT KeKe a3y TICTep/IiH KbI-
HBICTICH 63apa OpeKeTTeCyiMeH aHBIKTaa Ibl, OYJI KYpPaJJIbIH OHIM/IIIIT MEH Oepik-
TIrIH KaKcapTy YIIH OCHI 3aHIBUIBIKTAPIbI 3€PTTEY/lI MaHbI3IbI eTefi. OChl 3epT-
TEy asChIHJIa MHCEKTOP/IbIH HAKTHI )KaHACY aliMarbIHa )KOHE WHCEKTOPJIbIH KOJI0ey
OypbliibiHa Oaca Ha3ap ayaapa OTBIPBIN, HHCEKTOP/IbIH JKbIHBICTICH ©3apa dpPEeKeT-
TeCcy MOJCIbIepiHe KyHen Tannay >kyprizinmi. [Ilenoep cerMenTi )koHe KeCKIIITIH
Tepic OYpBINIBI TYPiHJAET] jKaHACy aiiMaFblH €CKEpe OTBHIPHIN, ©3apa OpEKeTTeCy
MojienbIcHTeH. HoTrokenep TeopHsUTBIK JKOHE SKCIEPUMEHTTIK TYPIE pacTaliFaH
alfHBIMAJIBI KATTBUIBIK JKBIHBICTAPBIHBIH KHBUIBICHIHAA KAIAy/IbIH «KATBIT KaTy»
KYOBUIBICBIH aHBIKTaibl. OpTaNIbIK alfHaJTy aiiMarbIHJa KECKIIICI3 MbIIIAK Kallay
JKacallJ[bl, MYH/Ia KbIHBICTBI KETIPY XYY CYMBIKTBIFBI HEMECE SPO YKOUFBIIITAPHI
ApKBUTBI JKY3€Te achIphUIAIsl. OHEPKOCINTIK ChIHAKTAP OYpPFRUIAY OHIMIUTITIHIH
10-15% - ra >xoHe KamrayIblH KbI3MET eTy Mep3iMiHiH 1,5 ece apTKaHBIH KOPCETTI.
ConbIMeH Kartap, OYpFBUIAY/IBIH 0aCTanKbl JKbUIIAMIIBIFEIH O0JKayFa MYMKIHIIK
Oepetin 6ip PDC keckilmTiH eHy TepeHIIriH ecentey (GpopMynachl LIBIFAPbUIIBL.
Hotmxenep xypaeni reonorusuisi xargainapaa PDC karmaynapbslH oHTaiIaHbI-
PYIBIH MPAKTHKAJIBIK MICIIIMICPIH YChIHAIBI,
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AHHoTanus. JlomacTHbIe 10710Ta, apMUPOBAHHBIE TBEPIOCIUIABHBIMH Pe3laMiu
M pe3laMH W3 ToJuKpucTammmiyeckoro anmasza (PDC), mmpoko mpuMeHsioTcs
MIPH CTPOWTEIHCTBE T'EOTEXHOJNOTHYECKNX, HE(MTIHBIX W Ta30BBIX CKBaXHH,
Biumtoyast Kazaxcran. DKOHOMHUYECKHM BBITOIHBIM SIBJISIETCSI MCIOJB30BaHWE
KOMOMHHMPOBAHHBIX METOJOB OypeHHs: [10JI0Ta C TBEPAOCIIaBHBIMU pe3laMu
MPUMEHSAIOTCA ISl MSATKUX mopoxn, a ¢ PDC-pesmamMm — I TBEpABIX.
OddextuBocts PDC-monora ompenensercsi B3aWMOACUCTBHEM  OTACITBHBIX
PE3IIOB C TOPOJIOH, YTO JIeNIaeT UCCIIeTOBAaHHIE ITUX 3aKOHOMEPHOCTEH BaXKHBIM IS
MTOBBIIIICHHS TPONU3BOINUTEIBHOCTH U JOITOBEYHOCTH HHCTPYMEHTA.

B pamkax maHHOTO HcCClEOBaHUSA TPOBENEH CUCTEMHBIM aHaIu3 Mojelen
B3aMMOJICHCTBUS pe3Iia C TOPOJIOH, C aKIIEHTOM Ha (DaKTHYECKYIO TUTOIA/h KOHTAKTa
Y yTOJI HaKJIOHA pe3lia. bbuto cMoaenupoBaHo B3aMMOICHCTBIE C YIE€TOM IIJIOIaIN
KOHTaKTa B BHJIE CETMEHTa OKPY>KHOCTH M OTPHUIIATEIHHOTO yTJia HaKJIOHA pe3Ila.
Pesynbrarsl BBIIBUIIM (PEHOMEH «3aBHCAHHUS» JOJIOTA TPU MEPECEUCHHH ITOPOIT
TIePEeMEHHOM TBEPAOCTH, UTO TIOATBEPANIOCH TEOPETHIECKH U HKCTIEPUMEHTAIIEHO.

Pa3zpaborano nonactHoe 1070TO 0€3 Pe3IOB B IEHTPAIHHON 30HE BpAIICHHUS,
IJie ylaJeHue TOPOMAbl OCYIIECTBISETCS C TOMOIIBI0 MPOMBIBOYHOM >KHIKOCTH
Wi paspymuTeneil kepHa. [IpoMbIIuIeHHBIE UCTIBITAHHS TTOKAa3ald yBEJTHYECHHE
nmpousBonuTeNbHOCTH Oypennss Ha 10-15% wu  yBenmueHwe cpoka Ciry:KOBI
noiorta B 1,5 pasa. JlomonmHuTenbHO BBIBEAECHA (opMyna Jjis pacueTa TTyOWHBI
npoHuKHOBeHH ogHoro PDC-pesiia, 9To mo3BOIsIeT MPOTHO3UPOBATH HadaJIbHbIE
ckopoctu Oypenus. llomydeHHble pe3yabTaTsl MPEIOCTABISIOT TPAKTHYECKUE
pemenus s ontumuzanuy PDC-1070T B CITOKHBIX TEOTOTMYECKUX YCIOBHUSAX.

KuarloueBble cioBa: OypeHue CKBaXKHMH, JIONACTHOE JIOJIOTO, «3aBHCAHHUE»,
yrmyonenue, peser; PDC

Introduction. In Kazakhstan, the drilling of wells is expanding rapidly,
employing bladed bits featuring tungsten carbide and PDC cutters. This has led
to a noticeable decline in the effective usage of roller cone bits. Blade bits are
particularly prevalent in the creation of technological wells for uranium mining
and in the drilling of oil and gas wells. Additionally, this type of rock-cutting tool
is extensively utilized in the drilling of water wells.
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The extensive drilling of technological wells is driven by the necessity to harness
the vast reserves of world-class uranium resources located in the southern region
of Kazakhstan, associated with aquifers. These aquifers are situated at depths of
up to 800-900 meters below the surface and are surrounded by soft layers (up to
300-350 meters) transitioning to intermittently hard rock formations (interlayers
categorized as VII-VIII drillability) from 300-350 meters to the planned drilling
depth (Togasheva, 2023). Kazakhstan ranks one of the first places in the world in
the extraction of this type of raw material.

Such geological conditions determine, for economic reasons, the current use of
combined drilling with blade bits:

— In the drilling of the upper segment of a geological section characterized by
soft rocks, specialized peak-shaped blade bits (spud bit) equipped with conventional
carbide cutters are utilized.

— For drilling rocks with varying hardness levels, interspersed with layers of
medium-hard rocks, the process involves the use of «BIT» bits, essentially blade
bits equipped with diamond-carbide PDC cutters.

Over the past decade, there has been a noticeable shift towards employing PDC
bits, as opposed to roller cone bits, in the drilling of oil and gas wells within the
oil fields of western Kazakhstan (Akhundov, 2023: 14). The adoption of PDC tools
has demonstrated a substantial improvement in the key technical and economic
parameters of drilling operations. For instance, in the drilling of production wells
at the extensive Uzen oil field, the replacement of roller cone bits with PDC tools
resulted in a remarkable increase in the initial rate of penetration (ROP) from 8-9
m/h to 17-18 m/h. At the same time, the tool life was increased from 600-700 m to
4,500-5,000 m of penetration (Borash, 2023).

The extensive use of blade bits and the imperative to improve them to solve
emerging challenges determine the relevance of research in this field.

A single cutter of a PDC bit has a complex structure, and its impact on the rock
varies depending on its shape and location. This variability influences both the
efficiency of rock destruction and the durability of the cutter itself, consequently
impacting the overall performance of the bit (Xiao, 2019; Zhang, 2023).

Hence, a crucial and pressing objective is to establish the patterns governing
the interaction between the PDC bit’s cutter and the well bottom. The outcomes
of these investigations hold substantial practical value in the design of PDC bits
tailored for diverse geological and technical conditions, as well as in optimizing
drilling technology parameters.

Traditionally, to solve this problem, the approach involved considering the
indentation of a sharpened prismatic cutter into the rock over an area resembling a
rectangle (Biletsky, 2019: 7; Kozhevnykov, 2018: 8; Liu, 2020).

Nevertheless, the prevalent cutters feature a round cross-section and an
inclination angle relative to the well bottom. Consequently, it becomes necessary
to treat the contact area as a segment of a circle and consider the negative angle of
the cutter inclination when determining the interaction patterns between the cutter
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and the well bottom. This methodology for addressing the issue has enabled the
derivation of a relevant formula for the ROP, factoring in the strength characteristics
of the bottom rock, weight on bit (WOB), and the rotary speed of the tool.

The purpose of this study is to analyze the interaction dynamics between the
cutter of PDC bits and the well bottom, considering both the circular shape and
the negative inclination angle of the cutter in relation to the bottom and the actual
interaction area in the «cutter-rock» pair is considered as a segment of a circle.

To accomplish this purpose, the following tasks were solved:

— Identify the maximum penetration depth of a single cutter on a PDC bit into
the rock.

— Calculate the rate of penetration using a PDC bit while accounting for the
specified factors.

Materials and basic methods

The object of study is the interaction characteristics of a single cutter on PDC
bits with the rocks at the well bottom.

The study was based on the idea of considering the genuine interaction area
within the «cutter-rock» pair as a circular segment, along with factoring in the
negative angle of inclination of the cutter. This approach aimed to delineate the
interaction patterns between the cutter and the well bottom.

To solve the problems, the following research methods were used.

A systematic analysis was conducted on models describing the interaction
between the PDC cutter and the rock bottom of the well, as presented in the
literature. In the initial phase of the research, a simplified model of the process was
embraced. Despite its simplicity, this model enables the quantification of the impact
of geometric parameters and the spatial orientation of the cutter concerning the well
bottom on its penetration depth. To achieve this, a simplified theoretical research
method was employed. The resulting formula derived from this approach proves
versatile, applicable not only to more complex models considering factors such as
vibrations and variable coefficients of friction but also amenable to experimental
validation under real production conditions.

A systematic analysis explores the interaction between a single cutter of a PDC
bit and the rock, taking into consideration the actual contact area in the «cutter-
rock» pair and the inclination angle of the cutter.

Results

There are several challenges associated with using of PDC bits, inherent to
rotary drilling tools:

1) Issues arise with the «hanging» of the bit when encountering layers of hard
rock, leading to complications.

2) The development of a bit with design parameters that guarantee an optimal
rate of destruction and the formation of the well is a complex task, considering the
fundamental physical, mechanical, and geological characteristics of the rocks being
drilled.
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3) A notable decline in ROP and the durability of rock-cutting tools occurs with
an escalation in the hardness and abrasiveness of rocks (Yang, 2020).

The first issue is common to all rotary drilling tools designed for cutting rock.
It emerges as the tool approaches the axis of rotation, where its peripheral speed
diminishes to zero. Consequently, there is a significant increase in axial static
load on the cutters located in this region. In simpler terms, the rock undergoes
compressive loading, and most rocks exhibit substantial resistance to failure under
this specific deformation. Consequently, in order to penetrate a solid rock layer,
the tool requires additional time to break it apart, resulting in the occurrence of
the «hanging» phenomenon. Naturally, this impedes the normal progress of well
penetration, ultimately diminishing the overall efficiency of drilling operations.

A similar phenomenon has been described abroad during the drilling of deep oil
and gas wells using PDC bits (Dreus, 2016: 41). This occurrence has been noted
in the drilling of technological wells, even in the upper segment of a geological
section predominantly comprised of soft rocks, particularly when encountering
harder interlayers of rocks. Typically, under such circumstances, a bladed spud bit
developed by JSC Volkovgeologiya is used (Fig. 1) (Biletsky, 2019: 7).
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Fig. 1. Spud bit designed by JSC Volkovgeologiya
1 —bit body, 2 — thread for connection with the drill string, 3 —blades, 4 — jet nozzles, 5 — cutters
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Long-term practice of its use has shown that its durability is on average 280 m.
Upon visual inspection of the tool post-use, it becomes evident that the maximum
wear occurs in the region near the axis of the tool.

Regarding the second issue, numerous patents exist, and their implementation,
at most, addresses specific challenges aimed at enhancing drilling efficiency
and prolonging bit life. Nevertheless, a tool has yet to be developed with design
parameters that comprehensively consider the entire array of fundamental physical
and geological properties of rocks.

This set of challenges encompasses issues such as the absence of an efficient bit
capable of drilling a technologically viable well in a single trip to the full depth,
ranging from zero to 700-800 m. This consideration is crucial, especially given the
fact that the lower part of the geological section consists of rocks with significantly
lower drillability compared to the upper part.

Additionally, these challenges encompass the lack of initial theoretical
investigations into the impact of the configuration of the diamond-carbide cutter
PDC and its spatial orientation relative to the well bottom on the individual
penetration depth of the cutter into the rock. Despite long-standing studies on
the introduction of a prismatic cutter, similar studies for diamond-carbide cutters
are notably absent. Obtaining such insights would enable the calculation of the
initial expected ROP based on the rock hardness, drilling mode parameters, and the
geometry of the PDC cutter.

The third issue is connected to the noticeable decline in the Rate of Penetration
(ROP) and the life of the tool as the hardness and abrasiveness of rocks increase.
If we employ the established XII-point drillability scale to assess the ROP while
considering the mentioned properties, it becomes apparent that in rocks categorized
as V, the ROP is approximately 3.5 m/h. However, in rocks falling under category
XII (characterized as the hardest abrasive rocks), this figure plummets to 0.2 m/h,
marking a substantial reduction of 17 times (Ratov, 2023: 10).

To solve these three issues, a comprehensive set of methods was employed,
encompassing both theoretical and experimental research, developmental work,
and production tests for the created tools.

The first issue has been effectively addressed through theoretical and practical
research conducted by scholars from the Kazakh National Research Technical
University, named after K.I. Satpayev (Satbayev University) in various scientific
articles and patents of the Republic of Kazakhstan (Biletsky, 2019: 7; Ratov, 2020:
6; Ratov, 2022).

As a result of the research, the phenomenon of bit “hanging” was theoretically
substantiated (Ratov, 2020: 6). This work shows that when a rotating blade bit
encounters the bottom hole, the axial load undergoes redistribution among the
cutters positioned on the blade according to a specific relationship:

Q:h[ Edy 2 +ij’
o 4m@-0.5)1- ) 2K
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where h is the depth of the rock layer removed per revolution of the bit.

b ROP, 2
nm

ROP is rate of penetration;

n is bit rotary speed;

m is number of cutters deepening the bottom of the well;

E is Young’s modulus;

o0 is width of the cutter;

i is number of the cutter in the direction from the axis of rotation of the spud
bit to its outer diameter;

y is coefficient taking into account the cramped conditions of the cutters when
working in a well, we take y = 1.38 (Ihnatov, 2022);

1 1s Poisson’s ratio of the rock;

D is well diameter;

fis coefficient of friction at the “cutter-rock” boundary;

K is amount of cutters i, counting from the axis of rotation of the bit.

Analysis of formula (1) shows that the first term in brackets depends on the
position of the cutter on the blade, i.¢. on the radius R, of its rotation, and the second
term does not depend on R..

Calculations conducted following the methodology outlined in the article
(Ratov, 2020: 6) indicate that the axial load on each blade of the bit is minimized at
the periphery of the blade adjacent to the well wall. Conversely, in the region near
the axial axis of rotation, the axial load attains a substantial magnitude, escalating
by 8-10 times. This phenomenon is attributed to the circular movement of different
sections of the blades, with their lengths being proportional to the radius of rotation.
The cutters in the near-wall region of the well cover a maximum path, while the
path reduces to zero at the axis of rotation. As a unified bit blade is considered,
the depth of the well penetrated by the blade cutters remains the same regardless
of their placement. This uniformity is maintained through the redistribution of
the effective WOB, which increases toward the tool axis, compensating for the
reduction in the path of the cutters. Consequently, the spud bit experiences a halt
or «hanging,» particularly when encountering solid layers. Consequently, the tool
requires additional time to disintegrate the central section of the well bottom. This
complication in the drilling process results in diminished technical and economic
performance indicators.

To alleviate the excessive load in the near-axis region of the bit’s rotation, a
straightforward solution involves eliminating the near-axis segments of the blades
equipped with cutters. The resulting core can be cleared away using a stream of
drilling fluid or a mechanical core breaker. This design approach serves to decrease
the overall load on the wellbore bottom, reduce the energy consumption of the
process, and enhance the durability of the pointed bit.
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Researchers from Satbayev University developed and tested various designs
of bladed spud bits based on this principle. The most efficient among them was
the patented spud bit PC (Fig. 2), created according to the specifications in patent
(Ratov, 2022).

Spud bit PC (Fig. 2) contains a tubular housing 1 with a thread 2 for connection
to the drill string (not shown). Four stepped blades 3 are welded to the body,
tapering towards the well bottom. Each stage of the blade is equipped with lamellar
carbide cutters 4. The upper largest part of the blades is equipped with calibrating
cutters 5, and their rear part is equipped with emergency carbide cutters 6. The
lower cantilever part of the stepped blades is welded to the ring 7, with sealed
carbide cutters 8, to increase the rigidity of the structure. As follows from Fig. 2, the
edge of the cutters 9 of the lower stage of the blades is located from the tool axis at
a distance of 35:2 = 17.5 mm. This makes it possible to remove the load from the
axial area of the spud bit, which is formed during the rotation of the blades of the
target rock or is washed away by the washing liquid (in soft rocks) (Dudlia, 2018:
10) or destroyed by the cutters 8 of the stiffening rings 7.
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Fig. 2. Blade spud bit of PC type.
1 — tubular housing; 2 — thread; 3 — stepped blade; 4 — carbide cutters; 5 — calibrating cutters; 6 —
emergency carbide weapons; 7 — stiffening ring; 8 — cutters of the stiffening ring; 9 — end cutters
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Drilling through the dense clays in the lowest interval led to a more significant
reduction in speed, slowing down to 3 m/h. The increase in WOB caused the lower
incisors to deform and halt the drilling process. Subsequently, the remaining section
(430-650 m) was drilled using a blade bit equipped with PDC cutters. Following
production tests, a novel combined drilling tool was proposed and subsequently
patented (Ratov, 2022). The key distinction from existing tools lies in the termination
of the body, featuring blades, with a small-diameter core bit at the bottom. The new
tool integrates the armament and blades, employing a mix of carbide cutters and
PDC cutters in alternating fashion. Notably, the carbide cutter edges are positioned
above the placement plane of the PDC cutters by a specific amount A, as defined by:

A= (b, —b)cosa 3)

where b, is final blunting of the cutters after drilling the upper interval composed
of soft rocks;

b, is initial blunting of the incisors;

a is angle of sharpening of the carbide cutter.

Drafts of a unified spud bit have been developed, and post-production, the tool
will undergo testing in real operational conditions.

To address concerns regarding the second issue, extensive research has been
conducted (Dong, 2018; Huang, 2017; Tian, 2022), exploring various aspects of
the interaction between PDC bit cutters and rock. This encompasses investigations
into the impact of load redistribution beneath the bit, the influence of friction
forces on the ROP, the effect of the bottom hole shape on its efficiency in rock
destruction, modeling the PDC cutter for cutting depth, modes, specific energy,
and the development of diverse drillability models considering the destruction
of rocks with varying properties. Notably, all these studies failed to delve into
matters associated with the utilization of round cutters and their negative angle of
inclination towards the bottom of the well. Meanwhile, it’s important to highlight
that significant attention has been directed towards examining the interaction of
prismatic carbide cutters with sharpening (Biletsky, 2019: 7; Kozhevnykov, 2018:
8; Liu, 2020).

Therefore, a crucial objective is to determine how the round configuration of the
PDC cutter and its spatial positioning relative to the bottom of the well affect the
penetration depth into the rock, considering both the strength of the rock and the
external loads applied to the cutter.

For this purpose, an initial stage involves employing a cost-effective theoretical
research method. Despite its affordability, this method enables us to roughly
estimate the impact of the mentioned loads and the response of the rock mass on
the cutter’s penetration depth.

Considering the aforementioned, the theoretical method involves the following
assumptions and simplifications:
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— The rock is treated as an isotropic medium, possessing identical physical and
mechanical characteristics in all directions.

— The coefficient of friction between the cutter and the rock is presumed to be
consistent across all points on the bottom.

— Rotary speed and WOB are assumed to remain constant over time.

If the outcome proves positive, the established relationships can be applied to
address issues involving more intricate models and validated in practical production
settings. The comprehensive process diagram is illustrated in Figure 3. The PDC
cutter is propelled into the rock by the force P . As it advances, a thin layer of rock
is extracted, equivalent to the depth of the cutter recess. In practice, the movement
follows a spiral pattern; nevertheless, this assumption is justified by the minimal
vertical displacement of the cutter. This enables the derivation of an engineering
calculation-level result — an equation for the ROP in rotary drilling, contingent on
the technological parameters of drilling and the rock’s strength properties.

b
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Diamond
layer

mount Diamond Carbide Bit
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vk

ol |

h max

Rock

Well bottom rock

Fig. 3. Schematic diagram of rock destruction by a PDC cutter
a is the interaction of the PDC cutter with the rock, b is the forces acting on the working element of the
PDC cutter

Fig. 3 also indicates that the indentation in the rock takes on the configuration
of a groove mirroring the shape of the diamond-containing layer of the PDC cutter.
This groove resembles a segment of a circle with a height h and chord C. The
leading diamond-containing edge of the PDC cutter consistently maintains an
inclination relative to the vertical, marked by an angle § (Fig. 3). This inclination
is deliberate to enhance the strength of the diamond layer when experiencing the
reaction from the bottom.

Let’s analyze the equilibrium of the applied forces by projecting them onto the
X axis (Fig. 3b):

D x=0; N,cos f—1N, cos(90°— 5)—N, cos f—N, cos(90° - ) =0, (4
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Let us consider the equilibrium of the acting forces when projecting onto the Y
axis (Fig. 3b).

> y=0N, cos(90°— B)+Ncos B+1N, cos(90°— B)+N, cos B—P, =0.(5)

After solving and transforming equations (4) and (5), we determine the force

P,
B cosZﬂ(1+f) ©
 fcos L —sin ,8
The normal N, reaction can be expressed by the following formula:
N, =H,_sin SE, (7

where H_— contact strength of rock: H, = 0.69P;

Py is rock hardness according to L.A. Schreiner (Sudakov, 2018);

F_is area of part of the PDC plate pressed into the bottom (Fig. 3a).

When considering the equilibrium of forces acting on the embedded diamond-
carbide PDC cutter, the following equation was obtained:

(cos [ —sin ,[)’) ) B _ B B
sm(2,B)(1+f . H sinfF, = H sinf3x0.5[rl = C(r —h,,)], )

where F, =0.5[rl-C(r—h, )]

r is radius of the PDC plate;

[ is the length of the arc of the segment pressed into the bottom;

C is segment chord length (Fig. 3, a);

h . 1s the height of the segment (Fig. 3, a).

Having solved (8) for h and carried out the necessary transformations, we

obtain:
C-sm2pB(1+f)H,smp \C

However, utilizing the resulting formula (9) poses challenges in practical
applications, as its output (the value h__ representing the segment’s height) is
adversely influenced by other parameters (r, 1, C) in the second term associated with
h_ . Acknowledging these challenges, we introduce an approximate dependence
(6) that allows for practical use in calculations.

To achieve this, we substitute the PDC cutter segment (Fig. 3, a), penetrating the
rock toadepthofh__, withanisosceles triangle embedded at the same depth, having
a base equal to the length of the chord C. It has been observed that at shallow depths
h, the triangle’s area decreases by approximately 20-25% compared to the segment
area. In other words, if we denote the segment and isosceles triangle areas as S1

©)
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and S2, respectively, their ratio is approximately S1:S2 = 1.2-1.25. Approximately
replacing the segment’s area with that of the mentioned triangle, we obtain:

B)(COSﬂ—Sinﬂ) —062P Sinﬂ C’hmax ) (10)
cos(2B1+ f7) ’ 2

From dependence (7) we find the penetration depth h__ of the PDC cutter:

~ 2P, (cos S —sin 3) (11)
"X CL0.62P sin fcos2B)(1+ 1)

The height of a circle segment h__can also be expressed through its chord C
and the radius of the cutter r as follows

2
h, =7r—|r—— (12)
\/ 4

By setting equations (8) and (9) equal to each other and solving them
simultaneously, we can find the chord C’s value for the PDC cutter penetration
segment into the rock during well drilling. Once the chord C is determined, the
height of the circular segment, h__, corresponding to the depth of the PDC cutter
into the rock, can be calculated using either formula (11) or (12).

It’s worth noting that calculating the value of the chord C presents a complex
analytical challenge, yet it can be readily addressed using suitable software such as
Excel, Mathcad, etc. or through graphical methods.

In line with the chosen process model for rotary drilling, the initial ROP for
bottom well penetration is determined by the following formula (Biletsky, 2019: 7):

ROP = h'mrn, m/ min (13)

where £ is the deepening of the bottom per one revolution of the tool by cutters
located on the same radius of rotation;

m is number of cutters deepening the bottom of the well;

n is tool rotary speed, rpm.

Let’s illustrate the procedure for determining the penetration depth of a PDC
cutter per revolution with a specific example.

Initial data: weight on bit WOB = 60 kN, number of cutters at the end of the bit
m, = 25, and at one radius of rotation m = 4; PDC cutter diameter is 13 mm, then r
= 6.5 mm; rotary speed n = 120 rpm; front angle of inclination of the front edge =
15° rock hardness according to A.A. Schreiner P =4 kN/mm?; £=0.3.

Solution:
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The load on one PDC cutter will be

P _WoB _ 60 _24

Presenting formula (8) in the form

where £k is the result of calculations with constant values included in formula

11
v B 2P.(cos B —sin f3)
Bl 0.62P sin BScos(2B)(1+ )

Then we determine £ by substituting all known quantities

B 2-2.4-(cosl5—sinl5) B
0.62-4-sin15cos(2-15)(1+0.4%) ~~ mm’

Thus, we compile a system of equations (8) and (9) for the given conditions

k o 5.263

hmax max
C C

T 2 (14)
h . =r—1/r2 -——  |h,. = 6.5—4/6.52 o
4 4

Let’s graphically represent the relationship between the height of the circular
segment h__, and the length of the chord, C, considering values of C ranging from 1
to 13. This range is chosen based on the following rationale: when the chord length,
C, is less than 1, the height of the circle segment h _, approaches 0. Additionally,
given that the cutter diameter is 13 mm, the chord length, C, cannot exceed this
value.

Dependencies. h.. = f(C) are shown in Fig. 4.
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Fig. 4. Dependence of the height of the circle segment h _on the chord length C for formulas (11)
and (12)

As can be seen from Fig. 4, the value of the chord length C, which is the solution
to the system of equations (11), is C = 6.352 mm.

Then we find the value of the height of the circle segment h__ , which is the
penetration depth of the PDC cutter per revolution

k 5263_0829

™ T 0T 6352 ‘mm,

Let us determine the ROP using formula (10)

ROP =hmn=0.829-4-120=397.8 mm/ min=23.87m/ h.

The main difference from the traditional challenge of pressing a prismatic cutter
with a pointed angle into the rock is that the mentioned cutter exerts force over an
area shaped like a rectangle. In the current scenario, the PDC cutter influences the
depressed rock across a region with a variable height, forming a segment of a circle.

As the PDC cutter descends deeper, the axial load P increases, and the rock’s
resistance H , diminishes when pressed onto the cutter at a specific depth, h__ .

Discussion

The first issue addressed involved theoretical investigations into the
factors contributing to the phenomenon of bit «hanging» during the drilling of
intermittently hard rocks. A methodology for computing the distribution of forces
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along the radius of the bit blades was formulated. Furthermore, two paddle-shaped
tools were successfully patented. Additionally, a spud bit designed for drilling
soft and medium-hard rocks underwent manufacturing and subsequent production
tests, revealing a noteworthy 1.5-fold increase in tool life. Lastly, patented bladed
PDC bits designed for drilling deep wells in rocks with intermittent hardness were
developed.

The second issue addressed involved the patenting of a combined peak-shaped
blade tool designed to navigate a technological well with a depth ranging from 750-
800 m, cutting through soft rock layers and the underlying section of moderately
hard, partly abrasive rocks. Detailed manufacturing blueprints for the tool were
developed, accompanied by theoretical investigations determining the unit depth
of penetration of the PDC cutter into the rock bottom per one revolution of the bit.
A corresponding approximate formula was derived, accounting for factors such as
the size (diameter) of the working layer of the cutter, its angle of inclination to the
bottom, WOB, and rock hardness. Additionally, a methodology for utilizing the
obtained formula was formulated. Subsequently, working drawings were prepared
for the manufacturing and subsequent testing of a patented bit equipped with PDC
cutters, specifically designed for drilling deep oil and gas wells.

Addressing the third issue involved collaboration between Satbayev University
employees and the V. Bakul Institute for Superhard Materials of the National
Academy of Sciences of Ukraine (ISM). The ISM took the lead in conducting the
majority of experimental research, while the development work and production
tests of the tools were carried out by the Satbayev University staff (Ratov, 2022).

The research aimed to develop an innovative composite diamond-containing
material (DCM) with enhanced hardness and wear resistance. This material is
intended for application in equipping rock-cutting tools, including drill bits and
blade bits.

Experimental findings revealed that the structure of the diamond-matrix
transition zone is notably influenced by the inclusion of CrB, powder in the initial
charge composition, which contains 51% Fe — 32% Cu — 9% Ni — 8% Sn. The
addition of 2% CrB, to this composite and the production of CAM samples through
plasma-spark sintering resulted in a substantial increase in microhardness (from
3.86 GPa to 7.896 GPa). Simultaneously, there was a significant reduction in the
wear rate, amounting to a 2-fold improvement.

Currently, only the first part of the problem has been partially addressed:
a multilayer diamond core bit has been created and patented. In this design,
impregnated layers featuring a «comby profile are strategically placed within the
matrix on a three-way helical surface. To produce a trial batch of these core bits,
a manufacturing process was employed that involves adding 2% by weight of
CrB, nanopowder to the diamond-containing charge, as recommended by the ISM
(Mechnik, 2020: 13; Ratov, 2022).

Various manufacturers produced drill bits, and among them, the KSB-3M core
bit, produced by SK Geoservice LLP, demonstrated the most favorable technical
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and economic performance. During production testing at the geological site of
Kazakhmys Barlau LLP, where rocks of VIII-IX and partially X categories were
drilled, the KSB-3M core bit exhibited exceptional resilience, achieving a resource
of 389 m with a 100% core yield. In comparison, the durability of Terekalmaz
diamond core bits, employed for drilling at the same site, ranged between 200-250
m.

The most significant achievements were realized through research on
geotechnological well drilling technology, involving a theoretical exploration of
the bit «hanging» process and the development of specialized tools to eliminate
this phenomenon. Challenges are anticipated in the precision manufacturing of
patented blade tools designed for drilling deep oil and gas wells. In the imminent
future, efforts will focus on producing and testing a combined tool equipped with
both carbide and PDC components, designed for drilling geotechnological wells in
a single operation. This combined tool is intended for cutting through sections of
soft and medium-hard abrasive rocks, reaching depths of 700-800 m, with careful
consideration of the economic efficiency associated with its usage.

The experimental validation of the derived formula for calculating a single
recess of a PDC cutter per one revolution of the bit is scheduled for implementation
in the future.

The most promising avenues for enhancing the efficiency of blade bits lie in the
research and development of super-hard, wear-resistant materials. These materials
are intended for use in equipping or enhancing the working elements of blade bits.

Following the outcomes of scientific investigations, a research and production
laboratory dedicated to the manufacturing of diamond tools was established and
fully equipped at Satbayev University in 2023. The primary objective of this facility,
currently in its formative stage, is to create patented diamond tools in Kazakhstan.
These tools will undergo laboratory and production testing at geological sites within
the republic. If the results prove positive and considering economic factors, there
are plans for their integration into industrial production.

Conclusion

1. Blade bits, incorporating PDC cutters, demonstrate a broad spectrum of
applications in Kazakhstan, a trend that continues to expand over time. Drilling
organizations actively contribute to this growth, with Satbayev University playing
a significant role in advancing this process. Until recently, the university has
primarily focused on theoretical studies, inventive activities, developmental work,
and the methodical testing and statistical analysis of production results.

2. The establishment and operation of a research and production laboratory
dedicated to the development of bladed rock-cutting elements will enable the
validation of theoretical research outcomes through practical experiments. This
initiative aims to swiftly design efficient tools made of metal, patented in Kazakhstan
and internationally. The ultimate goal is to accelerate geological exploration and
mining operations.
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3. The correlation between the maximum penetration depth of an individual
cutter in a PDC bit and its interaction parameters with the well bottom has been
determined. In this analysis, the cutter was assumed to have a circular shape and a
negative inclination angle to the well bottom. The penetration depth exhibits a direct
proportionality to the WOB and an inverse proportionality to the hardness of the
rocks. The relationship with the inclination angle of the cutter towards the bottom
and the geometric parameters of the disintegrated rock layer is more intricate.
Furthermore, the ROP is directly proportional to the maximum penetration depth
of an individual cutter.
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