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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 ¥immulx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK ZbLIbIMOAP CepUsChly bLibiMU dHcypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevlnaowvl. KP YFA Xabapnapwl. eonoeus scane mexHUKAIbIK 2blIbIMOAp Cepusicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoue
6e0endi eeonocus JHcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codepoicanue 8 3mom uHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npUHAMUA
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednazaem xauecmeo u enyoumy
KOHmeHnma O ucciedogamenell, asmopos, uzdameneli u yupedxcoeHuti. Bxmouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM OISl Hauie2o coodujecmad.



Bac pegakrop

JK¥PBIHOB Mypar /KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOpEL, mpodeccop, KP ¥FA
akagemuri, «Kasakcran PecryOnmukackl ¥ITTBHIK FUTBIM akanemusicel» PKbB-HiH mpesunenti, AK
«/1.B. Cokonbckuii aTbIHAAFEI OTHIH, KaTaJIN3 JKOHE IEKTPOXUMUS HHCTUTYTHIHBIHY» 0ac TUPEKTOPEI
(Anmarsr, Kazakcran) H =4

FpuibiMu xaTmibl

ABCA 1BIKOB BaxsiT Hapnk6aiiyJibl, TeXHHKa FBUIBIMIAPBIHBIH TOKTOPEL, podeccop, KP ¥YFA

JKayanThIXaTIIBICH], A.B. BeKTypoBaThIHAaF BIXUMUS FBUIBIMIaPEIMHCTUTY THI (AnMaTbl, Kazakcran) H=5
PegaknusaablK aJK a:

9BCAMETOB Mauic Kyasicyas! (6ac penakTtopablH opeIHOAcaphl), reoIorus-MHHEPaIoT st
FBUIBIMJIAPBIHBIH  TOKTOpHI, Tpodeccop, KP ¥YFA akagemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS JKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupekTopsl (AnmMarsl, Kazakcran) H =2

7KOJITAEB TIepoii XKoaraiiyiabl (6ac penakTopAblH OpbIHOAacapsl), TeoJoTrHs-MHHEPaIOTHs
FBUTBIMJIAPBIHEIH TOKTOPEL, Tpodeccop, K. 1. Carnaes THIHAAFbI 00T U FEUTBIMIAPHI HHCTUTY THIHBIH
nupexTopbl (Anmarel, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HeOpacka yauBepcutetiHiH Cy
FBUIBIMJIAPHI 3epTXaHachIHbIH qupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux MypaxaibiHsig XKep Typais! FeutbiMaap OemiMinae
METPOJIOTUS JKOHE Iaijayibl Kazbanap KeH OpBIHIAphl CalachIHIArbl 3epTTEYNCpAiH JKeTeKIIici
(Jlonnon, Aurus) H = 37

NAH®UWJIOB Muxaua bopucoBuY, TeXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBl, HaHcu
yHUBepcuteTiHig npodeccops! (Hanen, ®panmms) H=15

HIEH Iun, Ph.D, KpiTaii reonorusiibik KOFAMBIHBIH Tay F€OJOTHICHI KOMUTETI TUPEKTOPBIHBIH
opbiHOacapsl, AMEpUKAaHABIK SKOHOMHKAJBIK TEONOrTap KaybIMAAcTHIFBIHBIH Mymieci (ITexkuw,
Kprrait) H = 25

OUIIEP Axcenb, Ph.D, JIpe3ncH TeXHUKAIBIK YHHBEPCHTCTIHIH KaybIMAACTHIPBLIFAH
npodeccopsi (Ipe3neH, bepaun) H=6

KOHTOPOBHY Auekceii IMUIbEBHY, I'€OJOTHA-MUHEPAIOTUS FHUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpodumyka aTelHIaFEl MyHali-Ira3 Te0JIOTUACHI JKoHE reoU3nKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Baagumup EHokoBHY, XHMMHS FhUIBIMAAPBIHBIH HOKTOpH, bemapycs ¥TA
akanemuri, JKana Matepuangap XMMUSIChI HHCTUTYTBIHBIH KYpMeTTi qupektops! (MuHck, benapycs)
H=13

KATAJIUH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHHBEPCHTETIHIH KaybIMAACTBIPBUIFAH
npodeccops ([pesznen, bepaun) H = 20

CEUTMYPATOBA Jneonopa FOcynoBHa, reoorus-MUHEPATOTUs FhIIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥FA koppecnongent-myieci, K.M. CarnaeB arbinmarbl [€070Tusl FBUIBIMAAPEI
HHCTHTYTHI 3€pTXaHaChIHBIH MeHrepyiuici (Anamarsl, Kazakcran) H=11

CAFYBIHTAEB “Kanaii, Ph.D, xayeiMpacteipbutran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H =11

®PATTHUHMU Iaono, Ph.D, buxokk Munan yHUBEpPCUTETI KaybIMIACTBHIPbUIFaH HIpodeccopbl
(Munan, Uranus) H =28
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I'naBHbIii perakTop

KYPHUHOB Mypar KypuHoBHUY, TOKTOp XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HarnponansHoit akagemun Hayk PecriyOnuku Kazaxcran», reHepabHbIi TUPEKTOP
AO «MHcTuTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHbIi cekpeTapb

ABCA/IBIKOB BbaxbiT HapukfaeBu4, JOKTOp TEXHHYECKUX HAYK, TPO(eccop, OTBETCTBEHHBIH

cexperaps HAH PK, UuctuTyT XuMmnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJgdJerus:

ABCAMETOB Mauc KyabicoBu4, (3aMeCTHTEINb ITTABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axagemuk HAH PK, mupexrop HMHcruTyTa Tmaporeosoruu u
reoskosoruu uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKorraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPA), IOKTOP T'€0JI0rOMUHEPaIIo-
THYIECKUX Hayk, mpodeccop, mupexkrop MucTHTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunea, Ph.D, acconumpoBannslii npodeccop, aupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera HeOpacku (mrat Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomurtenb uccienoBaHuii B 00JacTH IMETPOJOTHU U
MECTOPOXK/ICHUH TTOJE3HBIX HCKOmaeMbIX B Otmene Hayk o 3emie My3est eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua bBopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEpPCHTETA
Hancu (Haucu, ®panmums) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomormn Kurtaiickoro
Te0JIOTHYECKOT0 00IIecTBa, WieH AMEPHUKAHCKOH acCONHMAINK SKOHOMHUYeckux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axceas, acconuupoBanHslii npodeccop, Ph.D, Texanueckuit yausepcuret Jlpesnen
(Apesnen, bepmun) H = 6

KOHTOPOBMUY Auekceii IMUILEBHY, TOKTOP I'E0JI0r0-MHHEPATOrMICCKUX HAyK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Baagumup EHokoBHM4, 10OKTOp XuMHYecKHX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTUTYTa XMMUHU HOBBIX MaTepuaioB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoummpoBanubiii mnpodeccop, TexHHYEeCKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Djeonopa IOcymoBHa, [OKTOp TIeO0lOrO-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt MIHCTHTyTa Te0IOTHYECKUX
Hayk uM. K.M. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB Kamnaii, Ph.D, accouuupoBannsiii mpodeccop, HazapbaeB yHuBepcureT
(Hypcynran, Kazaxcran) H = 11

®OPATTHUHMU Iaoao, Ph.D, acconnuposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28

«H3BecTtuss POO «<HAH PK». Cepusi reo10ruy 4 TEXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBenHuk: PecriyOnmkanckoe obuiecTBeHHOe 00beHeHne « HanmonanbHas akaieMus Hayk
Pecniy6nuku Kazaxcran» (T. AJMarsl).
CBHJIETENbCTBO O IIOCTAHOBKE HA Y4YeT IIEPHOAMYECKOro IeyaTHoro wusgaHus B Komurere
nHpopmannu MuHucrepeTBa HHGOPMAILMU U 00LIECTBEHHOTO pa3BuTHs PecnyOnmuku Kasaxcran Ne
KZ39VPY 00025420, Beinannoe 29.07.2020 .
Temaruueckasi HaNpaBIEHHOCTb: 2e0N02Us, XUMUYECKUe MEXHON02UU nepepabomxku nepmu u 2asa,
Heghmexumus, mexHonI02UU u3eieueHUuss MEmanilos U ux coedeHeHul.
[lepuoangHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMIIIIPOB.
Anpec penakuun: 050010, . Anmarsl, yi. [lesdenko, 28, od. 219, ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HarnmonanpHas akanemust Hayk Pecriyonuku Kasaxcrany, 2024



Editorial chief

ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK,
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Scientific secretary
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V.N. Talamanov, E.V. Khekert, R.G. Dubrovin, G.L. Kozenkova¥*,
V.A. Kozenkov, 2024.
Admiral Ushakov Maritime State University, Krasnodar region,
Novorossiysk, Russia.
E-mail: galleonS6@mail.ru

VIBRO-ROLLING OF PARTIALLY REGULAR MICRORELIEFS
FOR MINING EQUIPMENT SURFACES

Valery Nikolaevich Talamanov — Associate Professor, Department of Lifting and Transport Machines
and Complexes, Admiral Ushakov Maritime State University, Novorossiysk, Russia, e-mail: ptmk@
nsma.ru, ORCID: https://orcid.org/0000-0001-8290-8693;

Evgeny Vladimirovich Khekert — Vice-Rector, Admiral Ushakov Maritime State University,
Novorossiysk, Russia, e-mail: zur mga@nsma.ru, ORCID: https://orcid.org/0000-0003-0953-3949;
Ruslan Grigorievich Dubrovin — Cand. Tech. Sc., Associate Professor, Admiral F.F. Ushakov State
Maritime University, Novorossiysk, Russia, e-mail: r.g.dubrovin@yandex.ru, ORCID: https://orcid.
org/0000-0001-7316-8072;

Galina Leonidovna Kozenkova — Associate Professor, Admiral Ushakov Maritime University,
Novorossiysk, Russia, E-mail: galleon56@mail.ru, ORCID: https://orcid.org/0000-0002-5949-459X;
Vladimir Anatolyevich Kozenkov — Senior Lecturer, Department of Navigation, Admiral Ushakov
Maritime State University, Novorossiysk, Russia, e-mail: vl.kozenkov@mail.ru, ORCID: https://
orcid.org/0000-0001-6429-1992.

Abstract. The irregular nature of the surface microrelief that occurs when using
traditional processing methods creates serious difficulties in solving problems of
microgeometry optimization. These difficulties concern reliable, scientifically based
standardization, technological support, and accurate measurement and control. This
is why there was a need for microrelief regularization - the process of creating a
regular microrelief on the surface. Regular microrelief is especially important for
parts of mining and industrial equipment operating under extreme conditions: high
load, abrasive impact, vibration, high temperature. Accurate microrelief increases
strength, reduces friction and improves lubrication, which extends the service
life of parts. For example, regular microrelief of gear teeth ensures smooth and
reliable engagement, reducing noise and vibration, and accurate microrelief of the
surface of balls or rollers in bearings reduces friction and increases the service life
of the bearing. Significant progress in the field of surface quality standardization
was achieved after the introduction of the standard for regular microrelief. The
nomenclature of parameters and characteristics of partially regular microreliefs
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includes the relative area occupied by regular irregularities. In this paper, we
considered cases where this parameter may ambiguously describe microgeometry.
To avoid ambiguity in the description of the microgeometry of a partially regular
microrelief, it is necessary to observe the multiplicity of the ratio of the amplitude
and axial step of regular irregularities. This ensures the necessary accuracy of
the obtained dimensions during processing and guarantees the high quality of the
manufactured parts.

Keywords: Plastic surface treatment, partially regular microrelief, vibration
rolling, microrelief regularization.
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AnHoTaums. JlocTypii eHjaey omicTepiH KOJNAaHy Ke3iHae Mmaima OoaThiH
0eTTiK MHUKpopenbeTiH OipKeIKi eMeCcTiri MHKPOTCOMETPHUSIHBI OHTaWIaHABIPY
MOceJIeNIepiH MICTTyIe eeyill KUBIHIBIKTAP TYFhI3aabl. byl KHBIHABIKTAp CEHIMII,
FBUIBIMU HETI3/ICITeH CTaHAAPTTAyFa, TEXHOIOTHSUIIBIK KOJJayFa, JI9J OJIIey MEeH
OakpuIayFa KaThICTBI. TypaKThl MHKpoOpelbed ocipece TOTEHINE >Karmaiiaprua
JKYMBIC ICTEUTIH Tay-Ke€H >KOHE OHEPKOCINTIK KaOABIKTapABIH O6JiKTepi YIIiH
©Te MaHBI3IBI: )KOFAPhI KYKTEME, aOpa3uBTi COKKEI, TipisI, >KOFaphl TeMIIeparypa.
o mukpopenbed OEpIKTIKTI apTTHIPambl, YUKENICTI a3alTambl XKoHE Manyay/sl
JKaKcapTaasl, OONMIEKTEPAiH KbI3MET €Ty Mep3iMiH y3apTanbsl. MeIcalsl, Oepimic
TICTEpiHIH TYPaKThl MHKpOpeNbedi Teric XKoHEe CEeHIMIII KOCHUIYIhI KaMTaMachl3
eTemi, IIy MEH IIpiUImi a3alTambl, ajdl MOWBIHTIpEKTEepAeTi ImapiapIblH HeMece
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PONUKTEpAiH OCTIHIH 1o MUKpOpenbedi YHKETICTI a3aifTa bl )KoHE MOHBIHTIPEKTiH
KbI3MET €Ty Mep3iMiH Yy3apraibl. beTTik camaHbel craHmapTTay cajgachblHIA
aliTapibIKTall MPOTPECKe TYPAKThl MHUKpOpeNbed CTaHAapThl CHTI3UITeHHEH
KeHiH KoJ keTKi3uzi. lminapa TypakTel MUKpopensedTepaiH mapaMmeTpiepi MeH
CHUIIaTTaMaJIapbIHBIH HOMEHKJIATypachlHa TYPaKThl Oy3YIIBUIBIKTADP AJIbII KaTKaH
caJIbICTBIpMAanbl aiiMak Kipeni. by sxymeicta 6i3 mapaMeTp MUKPOT€OMETPHUSIHBI
eKIYINTHl CUIaTTaybl MYMKIH JKaFJaiapisl KapacThIpAbIK. JKapTbuiail TypakTbl
MHUKpOpenbeTiH MUKPOT€OMETPUSCHIH CHUMaTTayAa TYCIHIKCI3IiKTI Oonabipmay
YIIiH TYpakThl OY3yIIBUIBIKTApAbIH AaMIUIMTYJAchl MEH OCBTIK KaJaMbIHBIH
apakaThIHACKIHBIH €CENIriH CcakTay KakeT. byn eHmey Ke3iHae allbIHFaH
OIIMEMACPIIH KaXXETT1 TOJTITiH KaMTaMachI3 €Tei )KOHE OHIIPUITeH OOIIIEKTEePIiH
JKOFapHhI carachblHa KeImiK Oepei.

Tyiiin ce3nep: OeTTepai MIACTUKAIBIK OHJEY, iIIiHapa TYPaKThl MUKPOpeIbeQ,
Jipingi aHaNIBIPY, MEKPOPENbEPT] PETTEY.
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AnHoTaumus. MpperymsipHbIii Xapakrep MUKpopenabeda IMOBEPXHOCTH,
BO3HUKAIOIIMH MPH HCTIOIF30BaHIH TPAJAUIIMOHHBIX METOAOB 00paboTKH, co31aeT
Cepbe3Hble TPYAHOCTH TPH PEIIeHHH 3ajad ONTHUMU3AINH MHKpPOTEOMETPHUH.
OTH TPYAHOCTH KacaroTcid HaAEKHOTO, HAyYHO 00OCHOBAaHHOTO HOPMHPOBAHUSA,
TEXHOJIOTUYECKOTO O00ECI€YeHns W TOYHOTO HM3MEPEeHHs W KOHTpois. VIMeHHO

157


https://orcid.org/0000-0002-5949-459X
mailto:adress@email.ru
mailto:adress@email.ru
mailto:adress@email.ru
mailto:adress@email.ru
mailto:adress@email.ru

NEWS of the National Academy of Sciences of the Republic of Kazakhstan

MO3TOMY BO3HHKJIA HEOOXOAMMOCTD B PETYISPU3aLUU MUKpopelbeda — mporecce
CO3JIaHUS PETYIIIPHOTO MUKpOpebeda HaTOBEpXHOCTH. PerynspHbrit MEKpopensed
0COOEHHO BakeH JJs JAeTaJiell  TOPHONPOMBIIUIEHHOTO  00OpymOBaHus,
paloTaroIiero B OKCTPEMajbHBIX YCIOBUSAX: BBICOKAas Harpyska, aOpasuBHOE
BO3/elicTBUE, BUOpalMs, TMOBBIIICHHAs TeMIlepaTypa. TOYHBIM MHKpopenbed
MOBBILIAET IPOYHOCTH, CHIXKAET TPEHHE U YIIydIIaeT CMa3Ky, YTO IPOAJIEBAET CPOK
ciryxObl fieraneit. HanpumMep, perynsipHbiii MUKpopenbed 3yObeB 3y0UaThiX KOJec
o0ecrieunBaeT MJIaBHOE W HAJACKHOE 3allellICHWe, CHIKas IIyM W BHOpauuio, a
TOYHBIH MHUKpOpenbe(d MOBEPXHOCTH LIAPHKOB WJIM POIHMKOB B IMOALIMITHUKAX
CHIDKAaeT TPEHHME M TOBBIIIAET JOJrOBEYHOCTh NoAmunHuKa. CylecTBeHHBIH
mporpecc B 00JaCTH HOPMHPOBAHMS Kade€CTBa MOBEPXHOCTH IOCTUTHYT IIOCIHE
BBEJICHUS B JICHCTBUE CTaHAapTa Ha PEeryIsIpHbIA MUKpopenbed. B HoMeHkmarypy
napaMeTpPoOB U XapaKTEPUCTHK YaCTHYHO PETYISIPHBIX MUKPOPENbe(OB BKIIOYEHA
OTHOCHTEIbHAS IUIOIA/b, 3aHUMaeMasl peryisIipHbIMA HEPOBHOCTAMU. B nanHOI
paboTe MBI PaccCMOTpPENH CIy4au, KOTAa 3TOT MapaMeTp MOXKET HEOIHO3HauHO
OIUCHIBaTh MHKporeoMerprto. UtoObl n30ekaTh HEOAHO3HAYHOCTU OIMCAHUS
MHKPOT€OMETPHUHU YaCTUYHO PETYSIPHOTO MUKpOpebeda, HEOOX0ANMO COOM0naTh
KpPaTHOCTb OTHOIIIEHHS aMIUIUTYIBI K OCEBOTO Il1ara peryasipHbIX HEpOBHOCTEN. DTO
obecrieunBaeT HEOOXOAUMYIO TOUHOCTh MOIy4aeMbIX pa3MepoB IIpu 00paboTKe U
rapaHTUPYET BBICOKOE Ka4€CTBO U3IOTABIUBAEMBIX JETaNCH.

KiroueBble ciioBa: 1uiacTudeckas oOpa0OTKa IOBEPXHOCTEH, 4YacTHYHO
pEryIApHBI MUKpopenbed, BHOpOHAKAaTHIBAHNE, PETYIISIPU3ALlUs MUKpOpebeda.

Introduction. The surfaces of parts machined by conventional methods have
irregular microrelief resulting from inhomogeneous plastic deformation of the
material. This makes it difficult to optimise the surface microgeometry, which
creates problems when implementing roughness standards in industry (Balanovsky,
et.al., 2018; Balanovsky, et.al., 2018).

That is why the need for microrelief regularisation - the process of creating
regular microrelief on a surface - has arisen. Regular microrelief is especially
important for parts of mining and industrial equipment operating under extreme
conditions: high load, abrasion, vibration, elevated temperature. Precise microrelief
increases strength, reduces friction, and improves lubrication, which extends the
life of parts (Bosikov, 2023; Brigida, 2024).

For example, regular microrelief of gear teeth provides smooth and reliable
meshing, reducing noise and vibration. Precise microrelief of the surface of balls or
rollers in bearings reduces friction and increases bearing life. Regular micro-relief
on excavator attachments such as buckets increases durability and reduces wear
when working with soil and rock. Precise micro-relief on drill bits allows more
efficient passage through hard rock and reduces bit wear.

Currently, there is no machining method that would fully provide regular
microrelief, which would satisfy the requirements of reliable, scientifically based
standardisation, technological support, accurate measurement and control. One of
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the most promising methods is vibration knurling. This method is based on thin
plastic deformation of surface layers of metal using special tools and vibration. The
complex relative movement of the machined surface and the deforming element
allows creating a regular microrelief (Konyuhov, et. al., 2019; Konyuhov, et. al.,
2019; Konyuhov, et. al., 2019).

Recently, scientists have conducted many studies, laboratory and performance
tests of various machine and device parts with regular microrelief, which showed
that parts with regular microrelief have higher performance properties compared
to parts machined by traditional methods (Kravtsov, et. al., 2023; Gutarevich, et.
al., 2023; Sokolov, et. al., 2023). In the future, further development of surface
treatment technologies using vibration knurling and other innovative methods may
lead to the creation of new materials and parts with improved properties capable of
withstanding extreme loads and extending the service life of mining and industrial
equipment.

Partially regular microreliefs. The standardisation of the surface microgeometry
must ensure that it is fully described Only then can the optimisation of the
microgeometry be guaranteed and a surface that meets the specified requirements
be created Unfortunately, standard surface roughness parameters are not always
sufficient for a complete description of the microgeometry For a more complete
characterisation of surface roughness, the apparatus of harmonic analysis is used
In this case, the surface profilogram is represented as a sum of harmonics This
allows to take into account not only the average roughness, but also the shape
and periodicity of irregularities Significant progress in the field of surface quality
standardisation has been achieved after the introduction of the standard for regular
microrelief - GOST24773 (Gladkov, et. al., 2023; Gladkov, et. al., 2024; Gladkov,
et. al., 2023).

The methods of formation of regular microreliefs can be divided into two
groups according to their intended purpose: methods that create a partially regular
microrelief on the surface, and methods that allow creating a completely new
regular microrelief (Ilyushin, et. al., 2019; Klyueyv, et. al., 2022; Konstantinova, et.
al., 2021).

The first group includes methods that modify the existing surface microrelief,
such as vibratory knurling or laser treatment. These methods improve surface
properties, but do not create a completely new microrelief.

The second group includes methods that create a completely new microrelief
with specified parameters, such as 3D printing or electrochemical machining. These
methods give more freedom in microrelief design, but often require specialised
equipment and techniques. Fig. 1 shows views of partially regular microreliefs with
continuously or discretely arranged recesses, between which the microrelief of the
machined surface remains intact.
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b
Fig 1. Types of partially regular microreliefs:
a - staggered arrangement of regular irregularities; b - circular arrangement of regular
irregularities; ¢ - no intersection of regular irregularities; d - incomplete intersection of regular
irregularities; e - complete intersection of regular microreliefs.

)

Creation of various kinds of recesses on the working surfaces of machine parts
to optimise their microgeometry, which act as ‘lubrication pockets’, has been
practised for a long time. It allowed to increase considerably wear resistance of
kinematic friction pairs. The high degree of homogeneity of microgeometry over
the whole surface formed by vibro-rolling allows to characterise its microrelief
by geometrical parameters keeping unambiguity over the whole working surface,
instead of averaged statistical values of microrelief parameters, as it is done in
GOST 2789.

However, despite the significant progress made in surface quality standardisation,
due to the introduction of a standard for regular microreliefs - GOST 24773, not
all parameters fully reflect the characteristics of microgeometry. For example,
the parameter £, - relative area occupied by regular irregularities, ambiguously
describes the microgeometry of regular microrelief (Tynchenko, et. al., 2023;
Tynchenko, et. al., 2023; Tynchenko, et. al., 2024).

Consider an example: Imagine two surfaces with regular microrelief. Both
surfaces have the same relative area occupied by regular irregularities (F)).
However, on one surface the irregularities are more densely spaced and on the
other surface they are more loose. In this case, the F, parameter does not reflect the
differences in the microrelief structure and does not allow an accurate assessment
of the functional properties of the surfaces (Golik, 2022; Volneikina, 2023;
Malozyomov, 2023).

This emphasises the need for further development of standards and methods
for describing surface microgeometry, taking into account all important parameters
and characteristics.

Optimisation of partially regular microrelief parameters. According to
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GOST 24773, the parameter F,, represents the expressed percentage of the area
occupied by regularly spaced irregularities to the area of the treated surface. This
parameter is an important indicator of surface quality and reflects the degree of
regularity of microrelief. However, the determination of the F', parameter may not
be as simple as it seems at first glance (Martyusheyv, et. al., 2023; Kachurin, et. al.,
2021; Kozlova , et. al., 2023).

It is particularly important to take into account the special features of the F,
parameter determination for parts of mining and industrial equipment. For more
accurate determination of the F, parameter it is necessary to take into account the
size of the measurement site and the axial pitch of regular irregularities. It is of
interest to determine the F, parameter on a site of size 7*24 within the boundaries of
a microrelief element at different values of the axial pitch S of regular irregularities.
T is the width of the microrelief element. 24 - length of the microrelief element.
S - axial pitch of regular irregularities.

By changing the value of the axial step S, it is possible to obtain different
values of the F, parameter even on the same surface. This is due to the fact that at
different step of irregularities the number of regular irregularities falling into the
measurement area will change.

Thus, for a more accurate and unambiguous determination of the F', parameter
it is necessary to take into account the size of the measurement site and the axial
pitch of regular irregularities. This will allow to obtain more accurate information
about surface microgeometry and provide more effective quality standardisation of
mining and industrial equipment parts.

Let us consider the elements of partially regular microrelief formed by vibration
rolling presented in Fig. 2 (Katryuk, et al., 2018).

d

Fig.2. Elements of partially regular relief
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The trajectory of the centre of the deforming element is described by the equation

y = A - Sinwx
In order to simplify the calculation, let us assume that the upper and lower

boundaries of the sinusoidal groove are described by the equation
y = Asinwx + r

where » — the radius of the imprint of the deforming element on the plane.
For a neighbouring sinusoidal groove displaced by the cross feed S, the trajectory
of the centre of the deforming element has the following form
y = Asinwx + §
Let’s fix the coordinate system XOY, then the equations of trajectories of the
deforming element centre are written in the form
yj = Asinwx +js, j=0; +1; +2

Let’s consider the parameter F,, on the sites of size T 24, where T=2n/w at
different values of cross feed S. Let us first have a pad

l_[0 = [(O' _A)' (O,A), (T! A), (T! _A)]
S=24/k, k=12, .. ,[A-7] (1

On the site 71, there are exactly to sinusoidal grooves and due to symmetry on
each site
Mt =,(0,A+71),(TA+1),(T,-A+1)

Hence, as a consequence, the constancy of the parameter F,, at any of the sites
11

T.

At 2A/(k +1) <S < 2A/k the symmetry is broken.

Consider this situation at k = 2,

4A

44 )
S = T for sites 11y and 11044

Thereare two complete sinusoidal grooves and arcs of subsequent sinusoidal
grooves at site I
s — Asinwx + r < A, around x=0
A — 0,4A < Asinwx + s < A, around wx=n
A —0,4A < Asinwx + s < s, around wx= 27
Asinwx + 2s < A, around ®wx=37/2
—A < Asinwx — 2x, around wx=n/2
Similarly, two complete sinusoidal grooves and the arcs of subsequent sinusoidal
grooves are arranged on the I, site.
—A — 0,4A < Asinwx — 2s < —A, at 0<wx<rm
—A—-08A<Asinwx+s<A—-04A at < wx < 2w
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Taking into account the symmetry, we obtain that the area of sinusoidal grooves
located on the site I1 is equal to

2r - 2T + 2 - 2r(2arcsin0,2) -o'+2 - 2r(w — 2arcsin0,2) ‘o' +
42 - 2r(m — 2arcsin0,6)o0 ';
The area of sinusoidal grooves located on the site I ,, is equal to
2r - 2T + 4 - 2r(arcsin0,6- arcsin0,2)® !

Thus:

Fu(Ily) = —— (3T + T (2arcsin0,2 — 2arcsin0,6)/m) = [3 ( 11,5 z)]

w () = T 24 arcsin arcsin T 300" nr 300 2"
=Z-2,71FH(H_014A[2T+2T(arcsin0,6—arcsm0,2) 1] =Z-2,29

In particular, in ¥=0,3 mmu A =2,5 mm F, (Ho) =(0,3252
FH(I1 - 0,4A) = 0,2748
Let us also consider the case k =/ S= 44/3 for sites I1, and [T, ,
There is one complete sinusoidal groove and arcs of nelghbourmg sinusoidal
grooves on pad 11,

Asinwx — S « A, around x >0
2A .
—A- 35 < Asinwx — S « A,around ox =7

2A .
—A— 5 < Asinwx-S , around ox <27

Hence, the area of sinusoidal grooves located on the site /7, is equal to
2r(T+2-2 %— arcsin%) ‘o7l

and on the playground 77

-24/3 1
2r (T +2-2-—arcsin 1/3)
1)

Thus:

E, (1 2r <2T 2T i 1)_r2(1 ! i 1>—r1784
0) = TAT ?arcsmg =7 Earcsmg =L

2r 2T 1 T 2 o1 T
E,(Il_zp/3) = SAT (T + —arcsm 3) 7 (1 + Zarcsmg) =71 1,216

In particular, in 4 = 4,5 r; FH(IYO) =04, F, (11 L) = 0,266

Based on the above calculations, we can conclude that the parameter F,,
reflecting the relative area occupied by regular irregularities, is one of the key
parameters in describing the microgeometry of surfaces. It largely determines
almost all operational properties of surfaces and affects their performance and
durability. It is especially important to take into account the peculiarities of F,
parameter determination for parts of mining and industrial equipment operating
in extreme conditions. Precise microrelief increases strength, reduces friction and
improves lubrication, which extends the life of parts.
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One of the key factors affecting wear on mining equipment parts is the actual
surface contact area. F', directly affects this area. The higher the F', value, the
greater the contact area between the parts, which increases the strength of the
joint and reduces stress concentrations in the contact areas. Another important
factor affecting wear is the oil capacity of the surface. Regular micro-relief with a
high F', value allows for more effective ‘lubrication pockets’ that retain lubricant
and provide a more uniform distribution of lubricant across the contact surface.
This reduces friction, prevents overheating and component wear, and increases
component life.

In addition, micro-relief affects the surface’s ability to keep foreign particles
such as dust, sand and other abrasive particles from being carried to the contact
surface. Regular micro-relief with a high F, value creates more effective ‘traps’ for
foreign particles, which reduces abrasion and increases part life.

However, despite the importance of the parameter F,, it cannot always
unambiguously describe the microgeometry of a regular microrelief at the ratio
of the amplitude parameter 4 and the axial pitch S. This is due to the fact that the
same parameter F, can be achieved with different combinations of amplitude and
axial pitch.

Therefore, for a more complete description of the microgeometry of regular
microrelief, it is necessary to take into account not only the parameter F',, but also
other characteristics, such as the shape and periodicity of regular irregularities.

Conclusion and recommendation.

1. The parameter F,, of a partially regular microrelief most fully determines
almost all operational properties of surfaces and, first of all, the actual area of
contact between the surface of a solid body and another surface, the oil capacity of
the surface, the ability to keep foreign particles from being carried to the contact
surface

2. Such an important parameter as F, - relative area occupied by regular
irregularities of an ambiguous, describes the microgeometry of a regular microrelief
at the ratio of the amplitude parameter A and axial pitch.

3. To ensure unambiguous description of the microgeometry of regular
microrelief by the parameter F, it is necessary to observe the multiplicity of the
ratio of amplitude 4 and axial step S.
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