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Analytics

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

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
6e0endi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an10blebiMbI30bl
6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexkcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMu
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 npusepiHceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM 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. Coxonbekuii aTbIHIaFbI
OTBIH, KaTalli3 JKOHEe MNICKTPOXUMUS HHCTHTYTHIHEIH» 0ac AupekTopsl (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 BakpiT Hopikbaiiyibl, TexHHKa FbUIBIMAAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akagemuri, A.b. bexrypoB aTelHmarsl XuMHS FBUIBIMAApPBI HHCTHTYTHL, (AnMarsl, Kasaxcram), https:/www.
scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKILUS AJTKACHI:

OBCOMETOB Mouic Kyaslcyabl (6ac  peaakTopiblH — OpblHOAacapbl), I€ONOrHs-MUHEPAIOTUs
FBUIBIMIAPBIHBIH JOKTOpEI, mpodeccop, KP ¥YFA akamemuri, Y.M. Axmencadun artemnparsl I'maporeonorus
JKOHE TCO0dKOJIOTHsSI MHCTUTYTHIHBIH IupekTopsl, (Anmarbl, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

7KOJITAEB I'epoii KoJrraiiyJibl, reonorusi-MHHEPANOryst 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 [Ipumen, PhD, xaysivmpacteipeurran mpodeccop, HeOpacka ynuBepcureriniy Cy FhUIIBIMIaphI
3epTxaHachiHblH  aupekropel,  (HeOpacka  mrarer, — AKI),  https:/www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIbTMAHH Panmap, PhD, Jep Typanb! reutbiMaap Gesiminin TIETPOIOTHS XKOHE naigansl Kasoanap
KeH OPBIHIApHI CallaCBIHIAFEI 3epTTeyiIepiHiy jxerekurici, Taburu Tapux Mypakaiisl, (Jlonnon, ¥isiopuranus),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WUJIOB Muxaua BopucoBu4, TeXHHKAa FHUIBIMIAPLIHBIH JOKTOPbI, HaHCH yHHBEpCHTETIHIH
npodeccopsr, (Hancu, @pannust), https:// www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

IIEH TIun, PhD, KpiTail reonorusyiblK KOFaMbIHBIH Tay-KeH T'eOJOTHSCH 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, KaybIMAacThIpsLIFaH npodeccop, PhD, /Ipe3nen TexHukanblk yHuBepcuteTi, ([pesnen,
Bepnun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buagumup EnokxoBHY, XUMUsI FUTBIMIAPBIHBIH TOKTOPEL, benapycs ¥FA akagemuri, JXKana
Marepuaigap XUMHSCHI MHCTUTYTHIHBIH KypMeTTi aupekropsl, (Munck, Bemapyck), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIMH Credan, PhD, xaysiMpacteipsurraH mnpodeccop, TexuukambKk yHuBepcuteTi ([[pesrew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

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

®PATTUHU IMaono, PhD, xaysimpacteipsurran mpodeccop, buxokk Mmuman ynusepcuteti, (Muamg,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIIEUICOBA Map:xaun Baiicankbi3bl — TexHuka reutbiMaapbiHbiH JOKTOpbl, K.M. CoTOaeB aThiHIaFb!
Ka3zaky/iITTeIK3epTTey TEXHHKAIBIKyHIBEpCUTETiHIHTpodeccopsl, (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 ynusepcutetiniy Tasy IbIFbICTbI NEPCIEKTUBANBI 3PTTEY OPTabIFBIHBIH
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, Apmnb YHUBEPCHTETiHIH XUMHSUIBIK HHKeHepus (haKynbreTi sxoHe IIIbIFbIC FRUTBIMU-
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 >kKoHE KOFAMIBIK JaMy MHHHCTPIIMHIH AKrnapar KOMHTETiHJIe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuIbIM TipKeyiHe KOHbUTY Typalibl KyalliK.
TaKBIPBINTHIK OAFBITHL: [ eonoausl, eudpozeonoaus, 2eoepapus, may-KeH icl, MYHail, 2a3 JHcane Memanoapobvly
XUMUATILIK MEXHON0UANAPbL
Mep3iMaiiri: )KbUIbIHA 6 PET.
Tupaxsr: 300 nana.
Pepakuusnbig MekeH-kaib: 050010, Anmarsi K., [lleBuenko xemr., 28, 219 Geur., ten.: 272-13-19
http://www.geolog-technical kz/index.php/en/

© «Kazakcran PecryOnikachiHbIH YITTHIK FRUIBIM akagemuscoe» PKB, 2025



IJTABHBIA PEJAKTOP

KYPUHOB Mypar ’KypunHoBH4, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii jupekrop AO «MHCTHTYT TOruINBa,
karanmsa u snekrpoxumun uM. J[.B. Coxonbckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb ITTABHOI'O PEJAKTOPA

ABCAJIBIKOB Baxpit Hapuk6aeBu4, JOKTOp TEXHMYECKHUX 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 KyabicoBu4, (3aMecTuTeNb [IABHOTO — PENAKTOpa), JOKTOpP  Ie0Joro-
MHHEPAIOrHIeCKHX HayK, mpodeccop, akagemuk HAH PK, mupexrop MHCTHTYTa rHAPOTE0IOTHI 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

7KOJITAEB I'epoii KosrraeBH4, 1OKTOp re0IOTOMHHEPATOTHYECKUX HAyK, TPodeccop, MOUCTHBIH aKaJIeMUK
HAH PK (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https://www.
webofscience.com/wos/author/record/1939201

CHOY Jpumnen, PhD, acconuunpoBanuslii mpogeccop, aupexrop JlabopaTopuu BOXHEIX HAyK YHUBEPCHTETa
Heb6packu (mrar He6packa, CLIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJBTMAHH Paiimap, PhD, pykoBomutess HCCIEIOBaHUIi B OOJIACTH METPOJIOTMU U MECTOPOXKIACHHN
MOJIe3HBIX UCKoaeMbIX B Otiene Hayk o 3emie Mysest ecrectBeHHol uctopun (JIonnoH, Aurus), https://www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MMAH®WJIOB Muxani BopucoBuy, T0KTop TeXHIUECKUX HayK, Ipodeccop Yuusepcutera Hancu (Hamcn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

IIEH IMun, PhD, 3amecturens aupexropa Komurera 1mo ropHoil reosnoruu KuTtaickoro reoiaoruueckoro
obmiecTBa, WieH AMEPUKAHCKOH accormanuy skoHoMmdeckux reosnoros (Ilexwmn, Kuraif), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@UIIEP Axkcensn, accounupoBanHnbiii npopeccop, PhD, texuudeckuit yuusepcurer Jpesnen ([pesneH,
Bepnun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baamuvmup EHokoBM4Y, JOKTOp XMMHYECKMX Hayk, akagemuk HAH benapycu, mouetHblit
mupekTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (Munck, bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

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

CATUHTAEB Kanaii, PhD, accorrnpoBannsiii mpodeccop, Hazapbaes yausepcurer (Actana, Kaszaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTHUHU Ilaoao, PhD, acconumposanuslii npodeccop, Munanckuii yHusepcureT bukokk (Mman,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicanoBHAa — JOKTOp TEeXHHYECKHX HayK, Ipodeccop Kazaxckoro HammoHanbHOro mccienoBaTeIbCKOro
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 HayK, mpodeccop, 3aBemyromuii kadeapoit
«T'eom3uka u ceiicmonorusy, Kasaxckuit HannoHansHbIN HcClieOBAaTEIbCKIN TEXHIYECKUH YHUBEPCUTET HM.
K. Carmaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, ITpodpeccop LlenTpa nepcrneKTuBHbIX OIMKHEBOCTOUYHBIX UCCIeA0BaHUN JIyHICKOTO
yHuBepcHuTeTa, npodeccop (monuslii kype) Jlymnckoro ymmusepcurera, (IlIBemust), https://www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MUPJIAC Baagumup, DaxynsreT XUMHYECKOH HHXKEHEPHH M BOCTOUHBIN Hay4YHO-HCCIIENIOBATEILCKUIT
uentp, Yuusepcurer Apwoust, (M3pamib), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261

«H3Bectust POO «<HAH PK». Cepusi reo/1oruy M TeXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobctBennuk: Pecrnybnikanckoe odiecTBeHHOe o0benHerne «HarronanpHas akagemus Hayk PecryOnuku
Kazaxcran» (. Anmarsr).
CBUJIETEIECTBO O IIOCTAHOBKE HA ydYeT IIEPHOAMYSCKOro IedaTHoro u3fgaHusi B Komurere wnHbOpManmu
MunucteperBa 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 Memannos
IMepruoxmanocTs: 6 pas B TOZ.
Tupax: 300 sK3eMIUIIPOB.
Anpec pepaxuun: 050010, r. Anmarsr, yi. lleBuenko, 28, od. 219, ten.: 272-13-19
http://www.geolog-technical kz/index.php/en/
© POO «HauunonansHas akagemus Hayk Pecrryomkn Kasaxcramy, 2025



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,
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uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

EDITORIAL BOARD:
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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
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AGABEKOYV Vladimir Enokovich, Doctor of Chemical Sciences, Academician of NAS of Belarus,
Honorary Director of the Institute of Chemistry of New Materials (Minsk, Belarus), https://www.scopus.com/
authid/detail.uri?authorld=7004624845
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Jay Sagin, PhD, Associate Professor, Nazarbayev University (Astana, Kazakhstan), https://www.scopus.com/
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Abstract. Currently, the problem of increasing the operational properties
of machine parts and mechanisms operating under variable loads or subject to
abrasion is very relevant. Surface plastic deformation treatment using rolling of the
surface of parts with steel cylindrical rollers is the most effective way to increase
the durability of parts. With this method of finishing and hardening treatment, metal
deformation is characterized by a significant influence of strain rates on stresses.
This necessitates the calculation of stresses and deformations based on the equation
of state of rheonomic bodies.

In the article, taking into account Coulomb’s law of friction on the contact
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surface, the formulation of a one-dimensional problem of longitudinal running-
in of a deposited layer by a cylindrical roller is considered. The solution of the
problem involves calculating the stress-strain state in the deformation site based on
the creep-hardening theory. A numerical solution of a one-dimensional nonlinear
problem has been performed and the components of stresses and force factors of
the technological process have been determined using modern numerical analysis
systems, comparatively general formulas have been obtained for calculating the
stress-strain state, pressure and friction forces on the contact surface, forces and
moments acting on the roller.

The results of the study are applicable in repair production to solve actual
practical problems of restoring the operational properties of machine parts.

Keywords: surface plastic deformation, stress, one—dimensional problem,
creep-hardening theory, deposited layer, recovery, running-in, stress-strain state,
cylindrical rollers, contact surface.
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AnHoTanms. Ka3ipri yakpITTa aybICTiaimbl KYKTEMeNep jKarJalbIHIa JKYMBIC
ICTEWTIH HeMece TO3yFa YINBIPAUTHIH MallMHAJap MEH MEXaHM3MIEpPIiH
OeJIIeKTepiHiH MaijanaHy KacHeTTepiH apTThIpy Moceleci oTe ©3eKTi.
Benmekrepain OeTiH 0ojaT UMIMHAPIIK POJMKTEPMEH CbIHAY apKbUIBI OETTIK
TUTACTHKAIIBIK Je(pOpMaIys 9JiciMeH oHJIey OoIIeKTepAiH OepiKTIriH apTThIPYIbIH
€H THIM/II 9J1ici OOJBIN TaObLIabl. OpJiey KOHE KaTalTy eHACYIiH OV 9/liciMeH
MeTaNIapaslH  aedopManuiachl KepHeyiepre aegopMainus KbUIIaMIBIFBIHBIH
aliTapipIKTall ocepiMeH cumarrajaabl. byl peoHOMUKANBIK JEHEeNepAiH Kyl
TEHJIeyiHe HeTi3AeNreH KepHeyaep MeH AedopManusiapasl ecentey KaKeTTUIIrH
Tajarn eTei.

Maxkanana KOHTaKT OCTiHJEri KyJIOHHBIH YHKETIC 3aHbIH €CKEPE OTBIPBIIL,
OaJIKBIThUIFAH Ka0aTThl LUJIMHIPIIK POJMKIICH OOWMJIBIK KEeCyaiH Oip esrmeMIi
MACeNeciH KOI0 KapacThIpbUIafbpl. MacemeHi Mmenry KbUDKY — KaTal TEOPHSCHI
Herizigge nedopmars OMIAFbIHIAFBl  KepHEyll jaedopManusuianFad Kyl
ecenTeyli KamTHAbl. bBip esmmemii CHI3BIKTBIK €MeC €CEeNTiH CaHJBIK IIenimi
OPBIHIAJIBI JKOHE Ka3ipri 3aMaHfbl CaH/BIK TalAay KYHeJIepiH KolJaHa OThHIPHII,
TEXHOJIOTHSUIBIK MPOIECTIH KePHEYIepl MeH Kyl (DaKTopIapbIHbIH KOMIOHEHTTEP1
AHBIKTAJIIBI, KEPHEYIIH AchopMalrsiaHFaH KYHiH, )kaHacy OeTiHer1 KbICBIM MCH
YHKeNic KYHOITepiH, POJNIMKKE dcep €TETiH KYLITep MEH COTTEpi ecenTey YIIiH
CaJBICTBIPMAJIBI TYPJIE JKaJIbl (hopMyIIaap aibIH/IbL.

3epTTey HOTHXKEeIepi MeXaHU3MJIep MEH MalllnHaIap OeIIIeKTepiHiH Naianany
KAacHUeTTepiH KaJIbIHA KEATIPYIiH ©3€KTi MPAaKTUKAJIBIK MiHACTTEPIH HICHTy YIIiH
YKOHJICY OHIPICIHC KOJIaHbLIa b,

Tyiiin ce3aep: OCTTIK IIACTHKAIBIK AchopMalis, KepHey, Oip ememmi
TarchIpMa, CyChIMajbl KAaTaHTy TEOPUSCHI, OATKBITHUIFaH Ka0aT, KaJIblHa KEeNTipy,
CBIHY, KepHEYI nedhopMarisiaHFaH KyH, WIHHIPIIK POIUKTED, )KaHACY OeTi.
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AHHoTanus. B Hacrosimee BpeMs OUeHb aKTyalbHa IMPOOJieMa IOBBIMICHUS
AKCIUTYaTaIlMOHHBIX CBOWCTB J€Taliel MalluH M MEXaHW3MOB, pa0OTarOMIHX B
YCIIOBUSIX TMIEPEMEHHBIX HAIPY30K WIIM MOJBEpralomuxcs uctupannio. Odpadorka
METOJIOM MOBEPXHOCTHOTO IIACTHYECKOro Ae(OpMHUpPOBaHUS C HCIIOIb30BAHHEM
OOKaTkd TOBEPXHOCTH JeTajell CTalNbHBIMU [WIMHAPHYCCKUMH POJIHKaMHU
SIBIISIETCS HanOoJee 3¢ (heKTHBHBIM CTIOCOOOM MOBBITIICHUS TOJITOBETHOCTH I€TAJICH.
[Ipu sToM cmocobe OTaeNouHO-yIPOYHSIONIe 00paboTKH, AePOpMHpPOBAHUE
METaJIOB XapaKTepHU3yeTCs 3SHAYUTEIBHBIM BIUSHIEM CKOpocTel nedopmaruii Ha
HaNPsDKCHHSI. JTO JUKTYET HEOOXOIUMOCTD BBIITOJHEHUS pacueTa HarpspKeHUH u
neopMaruii Ha OCHOBE YPaBHEHHUSI COCTOSIHHUSI PEOHOMHBIX TeJl.

B crarbe, ¢ yderom 3akoHa TpeHuss KynoHa Ha MOBEpXHOCTH KOHTaKTa
paccMoTpeHa MMOCTAaHOBKAa OJHOMEPHOM 3aJa4d  TPOAONBHOM  OOKaTKH
HAIUIABJICHHOTO CJIOS IWJIMHIPUYECKUM POJIMKOM. PelieHue 3ajadn BKIIFOYAET
pacder HamnpsLKEHHO-Ie(OPMUPOBAHHOTO COCTOSHMA B ouare aedopmanuu Ha
OCHOBE TEOPHHU TIOJN3YYECTH — YNPOUYHEHUs. BBIMOTHEHO YHCICHHOE pelICHUE
OJIHOMEpPHON HEJMHEHHON 3aJaud U ONpE/IeNIEHbl KOMIIOHEHTbl HANpSKEHUW U
CHJIOBBIX (DAKTOPOB TEXHOJIOTMYECKOTO IPOIIECCa C UCTIOIb30BAaHUEM COBPEMEHHBIX
CUCTEM YHCJICHHOTO aHAJIM3a, MOJYYEeHbl CPaBHHUTENBHO o0mme (hopMyssl st
pacueTa HalpsKeHHO-Ae()OPMUPOBAHHOTO COCTOSIHHSA, AaBIECHUS W CHJI TPEHHS Ha
MOBEPXHOCTH KOHTAKTa, yCUJINH U MOMEHTOB, ICHCTBYIOIINX HA POJTUK.

Pesynbrartel  HMccienoBaHWsT TNPUMEHHMMBI B PEMOHTHOM INPOW3BOJCTBE
JUISL  pEIICHHs aKTYaJbHBIX NPAaKTHUECKUX 3a1ad  Io BOCCTaHOBJICHHUIO
SKCIUTYaTallHOHHBIX CBONCTB JeTalieil MEXaHM3MOB U MAaIlliH.

KiaroueBble cjioBa: TOBEpXHOCTHOE IUTACTHYECKOe JedOpMHUpPOBAHHE,
HamnpsDKeHWe,  OJHOMEpHas  3ajada, Teopus  MOI3YYEeCTH-YNPOYHEHUS,
HaIJIaBJICHHBIN CIIOH, BOCCTAHOBIICHHE, 0OKaTKa, HAIIPSKEHHO-Ae(pOpMUPOBaHHOE
COCTOSTHHE, IIMIMHAPUYECKUE POIHKH, MMOBEPXHOCTh KOHTAKTa

Introduction. The most effective way to increase the strength of parts is the
method of finishing and hardening using the technology of testing the surface of
parts with rollers. This method provides a low roughness of the surface of the parts
by depositing metal along the thickness in the seam area to create plastic tensile
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deformations in the longitudinal and transverse directions, residual compressive
stresses in the surface layers and the formation of fine grain of the structure. The
testing process with steel cylindrical rollers ensures the complete elimination of
residual deformations, provided that the plastic tensile deformations in the layer
and adjacent parts of the base metal formed as a result of the tests are equal to the
residual plastic compression deformations in these areas. At the same time, the
residual longitudinal stresses may be close to zero (Grechnikov, 2021; Smelyansky,
2005; Sherov, et al, 2022).

In order to properly account for the deposition effect by the thickness of the
heated material, to assess changes in residual stresses and deformations, it is
necessary to study the stress-strain state of the metal layer, on the basis of which
the deformation force and total power are calculated. It is advisable to calculate
the technological processes of high-temperature metal processing on the basis of
the equations of state of the simplest theories. In this regard, the most common
is the theory of hardening. In this case, unlike the usual rolling process between
rotating drive rolls, the deforming roller performs a flat parallel movement, and the
contact surfaces have different friction conditions. The deformation of metals in the
process of high-temperature processing is characterized by a significant influence
of the deformation rate on stresses. This requires the calculation of stresses and
deformations based on the equation of state of rheonomic bodies.

Materials and basic methods.

To determine the relationship between deformations, stresses, their rate of
change and time in the simplest conditions of uniaxial stretching, a flowability
theory is needed that allows describing deformations of the material, in general,
time-varying stresses and deformations, on the basis of the simplest tests of the
material, as well as providing the definition of the law of deformation change in
accordance with a given law.voltage changes and vice versa. In an exceptional case,
the theory of crawling allows you to build relaxation curves from serial curves. The
simplest, but the best way to test the theory of creep is to compare the results of
an experimental study of relaxation under constant deformation with data from the
theory of creep.

The purpose of this work is to develop a method for calculating the one-
dimensional problem of plastic deformation of the deposited layer during the
restoration of flat surfaces of parts, to obtain relatively general formulas for
calculating the stress-strain state, pressure and friction forces on the contact surface,
forces and moments acting on the roller.

The research in the article will be based on the work of authors from near and
far abroad in the field of finishing and hardening treatment by methods of surface
plastic deformation of parts operating under wear conditions under high loads using
steel cylindrical rollers. The research database contains information on the research
activities of research institutes and centers of applied experimental research
involved in solving urgent problems of improving the performance properties
of machine parts and mechanisms operating under variable loads or subjected to
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abrasion. Empirical and theoretical research methods are used in writing the paper:
review, synthesis, numerical analysis, modeling.

Results.

Nowadays, simple creep theories of materials are increasingly used to describe the
creep processes of metals. The application of elementary theories in metalworking
issues makes it possible to achieve reliable results with minimal labor and time.
There are three simple theories: aging, currents, and hardening. As is known,
the theory of aging does not correspond to the results of experimental studies in
comparison with the theory of flow and hardening and does not better reflect the
creep process under sharply varying loads. It should also be noted the theory of
structural parameters of Yu.N. Rabotnov, a special case of which is the theory of
flow and the theory of hardening. Studies show that the theory of hardening is
in better agreement with experimental data (Oteniy, et al 2006; Akhmedov, et al,
2020). Therefore, to study the technological problem of testing the molten layer,
we use the equation of state of the material based on the theory of hardening.
The construction of the creep theory is usually performed for the simplest case of
uniaxial stretching, and then for the general state of an inhomogeneous stress state.

According to the theory of solidification, it is assumed that there is a certain
relationship between the rate of bulk deformation, stress and bulk deformation at a
given temperature:

§©F = f(0), (1)

moreover, it is assumed that f(0) = 0. Different expressions have been
proposed for the stress function.

Dependence is widely used to study technological problems (Zaides, et al; 2017;
Barshay, et al, 2003):

f(0) = ac”, 2)

where: a, B,V - coefficients for a certain material, depending on the temperature.
Obviously, at a certain temperature, these coefficients are constant.
Often, dependencies (1) and (2) are represented as:

o =afme", 3)
where: a, m, n - the constants of the material at a certain temperature.
For an inhomogeneous stress state, the dependence (3) has the form:

o, = aé'k™, “4)

where: k = [ & dt - Udquist parameter, e - equivalent voltage , - equivalent
strain rate.

As a special case, the hardening theory implies the equation of a nonlinearly
viscous body, which is widely used in the analysis of flow in a state of super plasticity:
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$e = Kog, ()
where: K, v - the constants of the material at a certain temperature.
For a uniaxial stress state, equation (5) has the form:

£=Kov. (6)

From equation (4), as a special case (when m=0), an equation is obtained that is
used to study the deformation of purely plastic materials, including an ideally rigid
plastic material (when m = 0,n = 0).

For numerical calculations of the stress-strain state of the layer in the deformation
focus, it is necessary to know the values of constant materials at the temperature of
the shape change. The material constants (parameters of the equation of state) are
determined by processing creep curves. The equation of state (3) describes creep
curves with a pronounced hardening section (the first section) and the equation of
state (6) describes creep curves on which there is no hardening section and a fixed
creep section is clearly expressed (the second section).

Discussion.

Methods for determining the parameters of the equation of state are given in
(Feldstein, et al, 2005; Skvortsov, et al, 2016; Stepanova, et al, 2009). The degree of
coincidence of experimental and theoretical creep curves depends on the accuracy
of determining the parameters of the equation of state (material constants). The
reliability of the calculation of the stress-strain state and the power parameters
of the technological process depends on the accuracy of the material constants.
Consider the deformation of the material under the action of an absolutely rigid
cylindrical body (roller), which performs a plane-parallel motion in the plane of
the drawing (Fig.1). The deformable material is located on a rigid surface. Denote
the speed of movement of the center of the roller by Vo, and the angular velocity of
rotation - o. It is believed that they are constant values in time. Components of the
velocity of movement of any point on the contact surface of the material with the
roller in the deformation focus (Fig.1):

Uy = Vg — wRcosa; v, = —wRsina. (7)
Suppose that the stress-strain state of the material changes only along the y
coordinate.
Then from the equilibrium condition of the elementary volume of the body we
have the following equations (Fig.2.):

doy | Iy+Pp a-a1 _ 8
ot ma+ =0 )
o, =p —qtga, )

where: 0y, 0, stress components, P, q - the pressure and intensity of the friction
forces, respectively, on the contact surface of the material with the roller, q; - the
intensity of the friction forces of a material with a rigid surface.
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In technological problems of this kind in a one-dimensional formulation, the
equivalent voltage 0Oe is approximately calculated as (Bulekbayeva, et al, 2023):

Op = 0y — 0y (10)

To simplify the solution, we assume that the friction on the contact surface
of the material with the roller obeys Coulomb’s law q = up, moreover, the
proportionality coefficient is constant over the entire contact surface. The intensity
of the friction forces on the contact surface of the material with a rigid surface is
assumed to be proportional to the maximum tangential stress:

q1 =XtmaX=X(O-y_O-Z)/2 =X09/2, (11)

where: X - constant coefficient of proportionality. By =1 there is sticking.

Figure 1 - Cylindrical roller running-in scheme:
R- roller radius, Ah- changing the layer thickness, h - thickness of the rolled layer, a, maximum
contact angle, a- angular coordinate of the point m, ®- angular rotation speed of the roller,
— velocity vector of movement the center of the roller , V;, - the velocity vector of the point m on
the contact surface , V},, - the vector of the rotation speed of the point m relative to the center of the
roller.

hedh
g, +d O ——] — 0,
Oz, 41
— A
dy y

Figure 2 - To the derivation of the equilibrium equation of the element
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It is obvious from Fig. 2 that h = hy+ R(1— cosa), dy = Rcosada.
Considering in equation (8) the relations (9), (10), (11), as well as the last equalities,
after simple transformations, a differential equation is obtained:

doy

— 12
22 4 pi(@)oy = Pa(ay (12)
where are the designations introduced:
_ 1 . sina+pucosa
lpl(a) - hoy/R+1—cosa (Slna + )

_ 1 sina+ucosa
l’bZ(a) - hO/R+1—cosa( 1—-utga
Stress-strain state of the layer and power parameters of the technological process

To integrate equation (12), we have the boundary condition: @ = 0,0, = 0.
Then the solution of the equation will be written as follows:

1-utga
+ )Zicosa)ae (13)

oy = exp(— [} Y1 da) [ rexp(f; Yida)da (14)

For small contact angles, the solution of the differential equation (12) has the
form:

R R R R
0y = reexp(= 5 [(1+ 1) [ sexpEada + &+ ) [ soexpEdal (15)

As can be seen from the solutions obtained, in order to calculate the stresses, it
is necessary to describe the state of the deformable material. Let’s take the equation
of state according to the theory of hardening (4):

o, = aéMk",

where: a,m,n - permanent materials; ¢, - equivalent strain rate; K = fot edt
- the Udquist parameter.

The rate of deformation in the longitudinal direction, taking into account the
ratios (7), is calculated as:

— Wy _ ing & 16
& = 5 = @Rsina - (16)

In the considered case of a plane deformed state, the equivalent rate of
deformations (Bulekbayeva, et al, 2024; Pham, et al, 2024) ¢, = 2§,/ V3. If we
take into account that (Fig.2) da/dy = dl/(Rdy) = 1/(Rcosa), then for the strain
rate and the equivalent strain rate we have:

§y = wtga, & = 2wtga /3 (17)
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Then the Udquist parameter, taking into account the second equality (17) and
the ratio dt = da/w., will take the form:

2

K = 73

In|cosa| (18)

If we take into account the formulas for the equivalent strain and the Udquist
parameter in the equation of state (16), then to calculate the equivalent stress we
obtain:

O, = a(%)m’f"wmtgma(—lnlcosaI)" (19)

From formula (9), taking into account (10) and (19), we determine the pressure
distribution on the contact surface of the material with the roller:

0y—0¢

P =1 iea (20)

Taking into account the first equation (17), the deformation in the longitudinal
direction is equal to:

gy = fotfydt+ gy = —In|cosa| + &> (21)

where: 539 — residual deformation after surfacing.
In order to completely eliminate the residual longitudinal deformations, it is
necessary to fulfill the condition In|cosa| = 839. Appropriate contact angle:

ay = arccos[exp(ey)] 22)
On the other hand, the maximum contact angle (Fig. 1):

ay = arcsin [Zw/Ah/(ZR)] . (23)

where: Ah — reducing the thickness of the deposited layer.
Comparing expressions (22) and (23) we find:

Ah = R[1 — exp(2¢))]/2 (24)

If the magnitude of the residual longitudinal welding deformation is known,
then formulas (22) and (24) determine the maximum contact angle of the material

with the roller and the deformation & = 4h/h by the thickness of the element in
the rolling zone of the seam (Bulekbayeva, et al, 2024).
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After determining the contact pressure and the intensity of the friction forces,
the force and moment acting on the roller can be calculated.

The moment of forces per unit length in the direction perpendicular to the
drawing, assuming that the moment of contact pressure forces relative to the center
of the roller can be neglected, is equal to:

M= usz pda (25)

Projection on the vertical axis of the force per unit length in the direction
perpendicular to the drawing:

P,=R foao(pcosa — gsina)da (26)

Projection on the horizontal axis of the force per unit length in the direction
perpendicular to the drawing:

P,=R foao(psina + qcosa)da @7)

In the formulas obtained above, the integrals are calculated numerically. To do
this, we introduce dimensionless quantities:

- _ O - _Oyz - _ D T M D _ Pyz = q = Vyz

Oe = awem'ay'z - awm'p - awm'M T awmR2’ " YZ T qumR’ q= awm'vyz ~ wR'
- Ah h

Po(@) = Py (a)/(aw™), &, = Tyv h=—1=2

The above basic equations in dimensionless quantities will take the form:

(sina+ucosa

1/’2 (a) =

X -
—Cosxx )0,
A+l-cosa © 1—putga +2 )Ge,

Gy = exp(— [ $1da) [ hoexp(f; ¥rda)da,
y = 1ep(=5) [+ 1) [y deexpEada + E+ ) [ Goexp(dal,

f_y = tga, f_e = Ztga/\/g!

G, = (%)mmtgma(—lnlcosal)" ,

_ Gy—G
P =1 ed
utga

Ah = [1 —exp(2¢))]/2, ay = arcsin [2\/41 i_1/2] Y
M= Hfoao ﬁda,
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B, = foa"(ﬁcosaf — gsina)da,

P, = anO(ﬁsina + gcosa)da.

Conclusion. The creep theory, based on elementary tests of the material,
provides an opportunity to describe the process of deformations of the material
in the general case of time-varying stresses and deformations, and also provides
a definition of the law of deformation change according to a given law of stress
change. In a one-dimensional formulation, relatively general formulas are obtained
for calculating the stress-strain state, pressure and friction forces on the contact
surface, forces and moments acting on the roller.
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