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2 Clarivate
Analytics

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

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

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



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

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

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

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

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

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

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

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

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

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

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

FplabiMu XaTiibl

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© POO «HanmonanwsHas akanemus Hayk PecryOnuku Kazaxcrany, 2024
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H =32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

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

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

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11
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Abstract. The reliability and durability of products of modern machine-building
production largely depend on the quality of their surface layer, and this dictates the
need to apply such processing methods, which along with the improvement of the
microgeometry of the part surface would change in the right direction the structure,
physical and mechanical properties and the stress state of the surface layer. The research
in this article is aimed at solving these problematic issues and is carried out within the
framework of the AP19680395 project "Study of the stress-strain state of deposited
parts and development of a method for reducing their deformations in the processes
of surface plastic deformation", under grant funding from the Science Committee of
the Ministry of Science and Higher Education of the Republic of Kazakhstan. The
conducted research has shown that one of the most efficient and environmentally
friendly methods of machining parts by surface plastic deformation is the process of
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smoothing. The combined technology of surface plastic deformation, combining rigid
and elastic smoothing with the use of a combined tool with rigid and elastic indentor
fastening is considered. It is established that this tool design comprehensively provides
parameters of the quality of the surface layer of the working surfaces of critical parts
due to different element radii. A system of automatic provision of the set interference,
based on computer analysis of vibration signals and determining the ultra-precise
adjustment of the combined tool is presented. It is shown that the tool makes it possible
to comprehensively ensure the quality parameters of the surface layer of the parts. At
the same time the process can be carried out at sufficiently productive modes. The use
of a system for automatically ensuring the set interference during smoothing makes
it possible to adjust the force parameters of the process with high accuracy. It has
been established that as a result of hard-elastic smoothing a microstructure with a
homogeneous dense hardened layer is formed in the surface layer, forming a regular
surface roughness profile of a favorable blunted form, and providing increased wear
resistance of the part surface layer and its correct geometric shape. Application of this
technology makes it possible to form a layer-by-layer structure of the part surface layer
with high-altitude roughness parameters in the nanometer range, thus ensuring high
operational properties of the parts.

Keywords: Surface layer of the part, finishing-strengthening treatment, surface plastic
deformation, hard and elastic smoothing, microstructure, surface roughness, indentor
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Annoranus. Kasipri 3amanfbpl MalmMHa »acay OHIMAEPIHIH CEHIMILIrT MeH
OepikTiri keOiHece onapiblH OeTKi KaOaTbIHBIH camacklHa OailIaHBICTBI KOHE Oyl
OenmiekrepAiH OeTKi MHKpPOT€OMETPHUSICHIH >KaKCapTyMeH Karap OeTkKi KaOaTThIH
KYPBUIBIMBIH,  (DPU3UKAIBIK-MEXaHUKAIBIK ~KACHETTEPiH JKOHE KEpHEeyli KyHiH
IOypbIC OarpITTa ©3repTeTiH OHJEY OJICTEpiH KOJAaHy KaKETTUITiH TyIObIpabl.
Ocpl Mmakanagarbl 3eprrey Kaszakcran PecmyOmukacel FoutbiM sxoHE sxorapbl OiniM
MUHHCTPIITiHIH FBUIBIM KOMUTETI Kap KbUTaHIBIPaThIH "' BaaKbIThIIATHIH OOJIIIEKTEPIiH
KepHeyIi-nedopMalysiaHFaH Kai-KyHiH 3epTTey KoHE OJapIblH OCTTIK MIaCTHKAIBIK,
negopManys mpoluectepinaeri aedopManusapblH - TOMEHAETY oIiciH  a3ipiey”
AP19680395 xobacsl meHOepinae MpodiIeManbIK Maceeaepal Henryre OarpITTaaFaH.
Kyprizinren 3eprreynaep OemmuekTepai O€TTIK IUIACTHKANBIK — AedopMmanusmMeH
OHJICY/IIH eH THIM[Ii KOHE SKOJOTHSJIBIK Ta3a dAicTepiHiH Oipi YTiKTey mpoueci eKeHiH
kepceTTi. MHAEHTOPABIH KaTThl )KoHE cepmiMIi OeKiTinyiMeH OipiKTipiiareH Kypajibl
KOJIZIaHA OTBIPBII, KATThI KOHE CepIiMi YTIKTeyAl OipiKTipeTiH OeTTiK MiIacTHKAIBIK,
neQopMalMsHbIH  OIpIKTIPIAreH TEXHOJOTUACH KapacThlpbuiaabl. KypanameiH Oy
OU3aiHBl DIIEMEHTTEPIiH OpTYpJi paauycTapbl e€ceOiHEeH jKayanThl OeJIeKTepIiH
KYMBIC OeTTepiHiH OeTKi KaOaThIHBIH cama MmapaMeTpiepiH jKaH-KaKThl KaMTaMachl3
eTeTiHi aHbIKTanAbl. Jlipidl curHaIAapblH KOMITBIOTEPIiK TaujayFa HETi3Ae]reH JKoHe
OipiKTipiNreH KypaJiblH ©T€e IJ1 OanTayblH aHBIKTalThIH OepIITeH KepHEY/l aBTOMATThI
TYpZle KaMTaMachI3 eTy xyieci oepinren. Kypan 6enmexrepain OeTki KaOaThIHBIH cana
napameTpliepiH *KaH-)KaKThl KAMTaMachl3 €Tyre MyMKIHAIK OepeTiHi kepceTtinren. by
KaFaaiaa npoLecc JKeTKUTIKTI OHIMII peXKUMIEPIe )KY3€eTre aChIPbUTYbl MYMKiH. Y TIKTEY
Ke3iHJe OepiireH KepHeyli aBTOMAaTThl TYpAE KaMTaMmachl3 €Ty >KYHeciH maiinanany
MPOLECTiH KyaT NapaMeTpiepiH XOFapbl IONAIKIEH peTTeyre MYMKIHAIK Oepemi.
Kattel cepmiMai yTikTey HoTHXKeciHAe OeTki KadarTa OIpTEKTi THIFBI3 KaTaWThUIFaH
Kabarpl 0ap MUKPOKYPBIIBIM Naiiia 0omaabl, 01 KOJIAIbl JOFal MilIiHHIH OeTKi Keaip-
OYJIBIPBIHBIH TYPAKThI MPOMUIIH KAJIBIITACTHIPAIbI )KOHE OOMIKTIH OSTKi KaOaThIHBIH
TO3yFa TO3IMIUIIIT MEH OHBIH IYPBIC T€OMETPUSUIBIK MIlIiHIH KamMTaMachl3 eTemi.
Byl TeXHONOTUSHBI KONJaHy HAaHOMETPIIK JUara3oHAarbl Keaip-OyAbIpAbIH OWiKTIK
napametpiiepi 6ap 0emikTiH 0eTKi KaOaThIHBIH KabaTThl KYPBUIBIMBIH KaJIBINTACTHIPYFa
MYMKIHIIK Oepeni, ocbulaiiia OeJIeKTepAiH JKOFapbl OHIMIUIIK KacHeTTEpiH
KaMTaMachl3 eTel.

Tyiiin ce3nep: benmekTin 6eTKi KabaTel, apiey KoHE KaTalTy, OETTIK IaCTHKAIIBIK
neopManys, KarThl )KOHE CepIiMl YTIKTey, MUKPOKYPBUIBIM, OSTTiH KeAip-OyIbIphl,
WH/ICHTOP
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AnHoraumus. HanéxHocTb UM JOJATOBEYHOCTh  M3AEIMM  COBPEMEHHOIO
MAaIIMHOCTPOUTEIHLHOTO MPON3BOICTBA B 3HAUUTENILHOM CTETIEHU 3aBHUCAT OT KauecTBa
WX TIOBEPXHOCTHOTO CJOS, U 3TO AUKTYEeT HEOOXOAMMOCTh MPUMEHSITh TAKHE METObI
00pabOTKH, KOTOPBIE HAPSy C YITy4lIEHHEM MHUKPOT€OMETPUH TOBEPXHOCTH JCTaH
M3MEHSUTH OBl B HY>KHOM HAallpaBlICHUH CTPYKTYPY, (PU3HKO-MEXaHUUECKHUE CBOWCTBA
Y HaIpsHDKEHHOE COCTOSIHHE TOBEPXHOCTHOTO ciosl. VMccnenoBanue B TaHHOW cTaThe
HalpaBiIeHO K PEIICHHI0 ATHX MNPOOJIEMHBIX BOIMPOCOB M MPOBOJUTCS B paMKax
npoekta AP19680395 «MccnenoBanue HanpspkeHHO-IE(OPMUPOBAHHOTO COCTOSHHS
HaIIaBISIEMBIX JIeTallel 1 pa3padoTKa MeToja CHIKEHUS X Jie(hopMaIuii B mporeccax
MOBEPXHOCTHOTO TNIACTUYECKOTO JICOPMUPOBAHUS», [T0 TPAHTOBOMY HMHAHCUPOBAHHIO
Komureranaykn MuHHCTEpCTBA HAYKH U BBICIIIEr0 00pa3oBaHust Pecriyonmuku Kazaxcran.
[IpoBeneHHbIC HMCCIIEAOBAHUS MOKA3alHM, YTO OJHMM K3 HambOonee 3PQEeKTUBHBIX H
9KOJIOTHYECKH YUCTHIX METOZ0B 00pabOTKH AeTanell TOBEPXHOCTHBIM IUIACTHYCCKIM
nepOpPMUPOBAHUEM SIBIISICTCS TPOLIECC BBITAXKUBaHUS. PaccMoTpeHa KoOMOMHUPOBaHHAS
TEXHOJIOTHUS TOBEPXHOCTHOTO IIACTUYECKOTO Ie(hOpMHUPOBaHHSI, COYETAIONIAS JKECTKOE
W YIpyroe BBINIAXXHUBaHHME C HCIOJIb30BaHMEM KOMOMHHPOBAHHOTO HMHCTPYMEHTa C
KECTKUM U YIIPYTUM 3aKpeTIeHHeM HHIEHTOpa. YCTaHOBJIEHO, YTO JaHHASI KOHCTPYKITUS
WHCTPYMEHTA KOMILIEKCHO 00eCIieunBaeT napaMeTpbl KauecTBa MOBEPXHOCTHOTO CIIOS

71



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

pabo4yrx MOBEPXHOCTEH OTBETCTBEHHBIX I€TaICH 3a CUET Pa3HBIX PAJANYCOB JIEMEHTOB.
[IpuBeneHa cucTeMa aBTOMAaTHUECKOTO 00ECIICUeHHUSI 3aJaHHOTO HAaTsATa, OCHOBaHHAs Ha
KOMIIBIOTEPHOM aHaJii3€¢ BUOPOCHIHAJIOB M OTPENEISIONIas CBEPXTOUHYIO HACTPOHKY
KOMOMHHUPOBaHHOTO HHCTpyMeHTa. [loka3aHo, 4TO MHCTPYMEHT MO3BOJISIET KOMITJIEKCHO
o0ecrieunBaTh MapaMeTpbl KayecTBa MOBEPXHOCTHOTO ciios netaineil. [Ipu sTom mporece
MOJKET OCYILECTBISTHCSA Ha TOCTATOYHO MPOU3BOIUTENBHBIX pekuMax. Mcnonbp3oBanue
CHCTEMBl aBTOMaTHYECKOTO O0eCIleueHHsl 3aJaHHOTO HaTsra MpU BBINIAXKWBAHUN
MO3BOJISIET C BBICOKOW TOYHOCTBIO HACTpaMBaTh CHIIOBBIE MapaMeTphl IMpoliecca.
YCTaHOBIIEHO, UTO B pe3yibTaTe KECTKO-YIPYroro BBIIVIAKMBAHUS B MOBEPXHOCTHOM
cioe o0paszyercss MUKPOCTPYKTYpa € OAHOPOAHBIM IUIOTHBIM YNPOYHEHHBIM CIIOEM,
(dopmupytoIas perysipHbli MPOQUIIb IEPOXOBATOCTH MOBEPXHOCTH OIIArONpHATHON
NPUTYTUIEHHOH (opmbl, W obecreynBaromias MOBBIIEHHYI0 HW3HOCOCTOMKOCTD
MMOBEPXHOCTHOTO CJIOS IETaJH 1 €€ MPaBUIIbHYIO FeoMeTpruieckyto popmy. [lpumenenue
JaHHOW TEXHOJIOTUH MO3BOJISIET POPMHUPOBATH MTOCIOHHYIO CTPYKTYPY IOBEPXHOCTHOTO
CJIOSI AETAJIU C BEICOTHBIMH ITapaMeTpaMH LIIEPOXOBAaTOCTH B HAHOMETPOBOM JIMaMa30He,
YTO TEM CaMbIM 00€CIIEUMBAET BHICOKHE SKCILTyaTalllOHHBIE CBOMCTBA eTaeH.
KuaroueBbie ciioBa: IIoBepXHOCTHBIN CiIOH AeTan, OTAEIOYHO-YIPOUHSIOLIast
00paboTKa, MOBEPXHOCTHOE IUIACTHYECKOe Ae(OpMHpPOBaHHE, KECTKOE W YIPyroe
BBIIAXXMBAHHUE, MUKPOCTPYKTYpa, IIIEPOXOBATOCTh MOBEPXHOCTH, HHIAEHTOP

Introduction

Modern details of tribocouplings should provide reliable working capacity of
machines and mechanisms in the conditions of long-term operation, including in such
extreme conditions as the raised loadings, speed of temperature, presence of abrasive and
aggressive environments. There fore to materials of knots of a friction of a responsible
purpose the raised requirements for wear resistance, antifrictional properties, ability to
resist deformation at contact loadings, heat resistance, corrosion resistance are made.
In the greatest measure the increase of operational properties should be provided by a
surface layer of the materials used for manufacturing of modern details of tribocouplings
(Abul'hanov et al., 2014; Antonjuk et al., 2014).

The reliability and durability of parts also largely depend on the quality of surface
layers. This is explained by the fact that the surface layer of the metal turns out to
be the most loaded and is a carrier of design, technological and operational stress
concentrators, negatively affecting the fatigue strength of the part. To increase fatigue
strength and wear resistance, it is necessary to apply such methods of machining, which
along with the improvement of microgeometry of the part surface would change the
structure, physical and mechanical properties and stress state of the surface layer in the
necessary direction (Gubanov, 2013; Sherov et al., 2022; Idan Alaa Fadhil et al., 2017).

One of the effective methods to improve the operational properties of machine parts
is the surface plastic deformation (SPD) finishing-strengthening treatment. Processing
by this method ensures achieving minimum surface roughness and improving the
physical and mechanical properties of the surface layer (Gubanov, 2009)

But in connection with the widespread introduction in production of dimensional
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finishing and hardening processing by SPD method, the creation of methods of combined
machining of surfaces by cutting and SPD, allowing to produce simultaneously mach-
ining by rolling and rolling itself or smoothing with the help of combined tools acquires
special importance. These methods allow the formation of a nanostructured state and
submicrorelief of the surface layer and provide a multiple increase in operational
properties in the serial production of precision parts (Zubkov, 1992; Idan Alaa Fadhil,
2017)

Therefore, the issues of application, development and improvement of combined
tools remain the most relevant in modern machine-building production, since such
machining provides both a significant reduction in labor intensity due to the combination
of operations, and high quality of the surface layer of machined parts. Smoothing, as
it is known, is a method of part finishing-strengthening treatment by surface plastic
deformation, which consists in deformation of machined surface by an indentor sliding
along it. As a result of applied pressure, the surface layers are hardened and the surface
microrelief favorable from the position of wear resistance is formed, in particular, the
smoothed surface roughness profile (Kuznecov et al., 2012; Kuznecov et al., 2013;
Kulikov et al., 2016; Kuznecov et al., 2010).

During smoothing, the height parameters of the roughness of the machined surface
largely depend on the working feed of the tool, which reduces the productivity of the
smoothing process. Thus, when machining with classical smoothers, compromise
smoothing conditions are always sought in order to provide the specified values of
surface layer microhardness, residual compressive stresses and high-altitude roughness
parameters of the smoothed surface.

Materials and research methods

Tothisend, aninnovative technological solution forapplying the method ofhard-elastic
smoothing as a method of finishing-strengthening treatment of parts by surface plastic
deformation with two tools (or a smoothing head) with rigid indenter fixing and elastic
indenter fixing, which slide over the surface of the workpiece, while the indenter with
elastic fixing passes over the tops of the surface roughness profile formed by the indenter
with rigid indenter, is of certain practical interest. The double application of a trowel
(troweling in two passes) with an elastically fastened indenter under certain conditions
leads to nanostructured machining (Kuznecov et al., 2010; Kuznecov et al., 2011).

For rigid-elastic smoothing, the tool shown in Fig. 1 is effective.

Fig. 1. Rigid-elastic leveler
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The tool design includes an indentor and a working element in the form of a plate,
two screws for fixing the indentor and plate, a holder, a spring, a sleeve in which the
plate is fixed, a screw for adjusting the sleeve and a clamping screw. This provides
a rigid kinematic connection between the indentor and the workpiece and an elastic
kinematic connection between the plate and the workpiece.

During hard-elastic smoothing of metal surface the surface roughness parameter
Ra=0,02-0,1 mkm; depth of hardened layer up to 0,2 mm; residual compression
stresses of the first type more than 200 MPa; microhardness of surface layer more than
4000 MPa (when finishing indenter with elastic fastening to Ra=0,01 mkm; data are
average, concrete values depend on machined material) are provided. A regular surface
roughness profile of a favorable blunted shape is formed, an upper dense homogeneous
hardened layer on a substrate of inhomogeneous hardened layer, the surface acquires a
characteristic mirror shine.

Hard-elastic smoothing is realized by the next step after fine turning. First, the
surface is smoothed with a rigidly clamped indenter tool (rigid smoothing; on universal
machines or CNC machines, CNC machines are preferable). This eliminates the
waviness that can occur after turning. To set the interference precisely, CNC machines
use a probe that sends a binary signal to the automation controller. The probe is fixed
or integrated into the tool. This determines the point at which the indentor touches
the workpiece (coordinate), i.e. the "zero interference". An indentor with a radius
of up to 3 mm is used. The surface layer of the part is hardened and a preliminary
roughness is formed. Then the surface of the part is smoothed with an elastic indenter
tool (elastic smoothening), such as the Cogsdill DB-3 Diamond Burnishing Tool, the
main requirement being that the smoothening tooling provides the required accuracy
of machining. The indentor contact force is set off-machine. Then, a calibration chart
(indenter insertion value - tapping force) is used to set the coordinate for the burr in the
control program. The burr runs along the pre-roughing profile, reducing the pre-roughing
roughness parameter Ra as much as possible and finally forming the microstructure of
the part's surface layer. An indentor with a radius of more than 3 mm is used (with
a larger radius the roughness parameter of the smoothed surface Ra is smaller). It is
reasonable to use single hard and elastic scrapers on a two-slide CNC machine with an
inclined turret (or on HYPER QUADREX 250 MSY "Mazak" and similar equipment).
In this case the elastic smoothing tool must be offset relative to the rigid smoothing tool
by a multiple of half the longitudinal feed (odd numbers), with equal feeds of smoothing
tools, for maximum smoothing of roughness (Korohodkina, 2019; Kochetkov et al.,
2013; Maksimov et al., 20006).

As a result of the fact that the indentor and the plate are located at a distance from
each other in the direction of the axis of the machine centers, there is a reduction of up to
4 times the height parameters of the roughness of the surface formed by the indentor, as
the plate runs along the protrusion of the roughness profile of the surface formed by the
indenter (which is provided by the selection of the working feed). During the machining
of the part-body of rotation at the working feed, at first, the maximum microhardness
of the part surface layer and residual compressive stresses, as well as the primary
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roughness are formed by hard indentor smoothing, and then the elastic smoothing with
a plate finally forms the surface roughness of the part in the nanometer range and the
layer-by-layer microstructure of the surface layer.

Results

This tool design makes it possible to comprehensively ensure the quality parameters
of the surface layer of the working surfaces of critical parts due to the different radii of
the elements: the indentor should be taken with a smaller radius than the plate (Mamaeyv,
1998; Markus et al., 1991; Putjatina et al., 2011; Smeljanskij, 2002).

The practice of using a rigid-elastic smoothing tool has shown that a dense
homogeneous hardening layer is formed on the surface of the part, which then passes
into a non-uniform hardened layer, which ensures high operational properties of the
parts.

Hard-elastic tumbling produces a microstructure in the surface layer (Fig. 2) with
a homogeneous dense hardened layer (formed by elastically clamped tumbling; since
plastic deformation of the material after tumbling with a rigid-elastically clamped
indenter will cause a change in the size of the part, a machine setting to determine the
"0" surface for an elastically clamped indenter is mandatory; the subtlety is that the
pressing force should be exactly that required to form a homogeneous hardened layer
so that the indentor with elastic fixing smoothed the tops of the preliminary roughness,
but not "plowed" it completely, that is, if we exceed the required force, we will form
"new" roughness, and if the force is less, we will not form a multilayer microstructure;
in the first approximation, when smoothing a specific material, we should be guided
by the upper value of force for the smoothing mode of smoothing), which passes into
the hardened heterogeneous layer (formed by hard-fastened smoothing); the surface
roughness parameter Ra < 0.1 mkm is achieved.

Fig. 2. Microstructure of D16T alloy after hard-elastic smoothing

This ensures increased wear resistance of the surface layer of the part and its correct
geometric shape. It should be noted that during smoothing with a classical indentor in
the form of a plate, the working surface of which is profiled by a radius in width, it is
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impossible to completely smooth the stepped surfaces of parts — bodies of rotation,
because the spherical indentor will press against the end of the step, adjacent to the
surface being smoothed, and the section whose length will be equal to the distance
between the indentor and the plate remains unsmoothed.

Discussion

In order to realize the possibility of full smoothing of stepped surfaces of parts -
bodies of rotation, it is proposed to use an indenter in the form of a plate, the working
surface of which is additionally profiled with a radius along the thickness of the plate.

Since the tension during smoothing is only tens of micrometers, the accuracy in its
setting will largely determine the quality of the surface layer of the part obtained after
smoothing. Therefore, setting the tool to "zero" interference (the reference point for the
set interference value) is of fundamental importance, which can be realized on CNC
lathes in the following way (Fig. 3).
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1 - electric contact sensor of the tool touching the workpiece; 2 - executive electric motor of the feed

drive; 3 - thyristor converter; 4 - feedback sensor of the feed drive position; 5 - CNC device; 6 - controller
of electroautomatics; 7 - controller of electric drives; 8 — workpiece

Fig.3. System of automatic ensuring the set interference:

The system of automatic ensuring of the set interference functions in the following
way: the control program sets the hammerless approach of the tool at the rapid traverse
speed to the machined workpiece 8 to the point, which is away from the workpiece
surface according to coordinate X by the value A = 0.2-0.1 mm. Then, the control
program sets the movement along X, with minimum feed, by the value A, which is
guaranteed to be higher than A. The controller of electric drives 7 forms a corresponding
setpoint signal U,_, to the thyristor converter 3 by coordinate X. The electric motor
of the feed drive 2 begins to work with the set displacement. In this case there is a
comparison of the set movement and its actual value, received by the feedback channel
from the feedback transducer 4 (U ). At the same time, the state of the electric contact
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touch sensor 1 is checked. For this purpose, the sensor is polled or the operation of this
system is organized by interruption, which achieves high accuracy of the system.

At the moment when the tool touches the workpiece, a discrete signal from the electric
contact sensor 1 goes to the automation controller 6, which stops the interpolation
procedure, generates U, = 0 and, consequently, stops the electric motor of the feed
drive and generates the sign "End of frame processing". Then, the value of the set
tension is set and the process of smoothing begins in the working modes.

Practice shows that sometimes it is advisable to replace the CNC system with a
personal computer while keeping the electrical part of the drives unchanged. The
system of automatic ensuring the set interference, based on the computer analysis of
vibration signals arising when the tool touches the surface of the workpiece, is shown in
Fig. 4. The computer communicates with the metalworking equipment through special
interface devices, and a separate service program is developed for all drives.

e ST
z*/ 1 /—
%

1 - vibration sensor; 2 - executive electric motor of the feed drive; 3 - computer; 4 - smoothing
machine; 5 - workpiece; 6 - chuck.

Fig. 4. System of automatic ensuring the set tension:

For PC controlled machines when setting the tool to "zero" tension it is possible
to do without introducing additional devices for tool touch control. For this purpose,
the service (control) program sets the "hammerless" approach of the tool at the rapid
traverse speed to the workpiece at the point that is A=0.2-0.1 mm from the surface of
the workpiece by coordinate X.

Next you set the X movement to the minimum feed rate, by a value A, _, that is
guaranteed to be greater than A. As soon as touching occurs (correspondingly the
vibration signal appears) the program sends a coordinate fixation message to the X
service program of the machine tool. Once the tool is set to "zero" tension the set point
value is set. This method is easy to implement in practice and improves setting accuracy.
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In the program, which analyzes the vibration signal, it is possible to change the
sensitivity to vibration, at which the message about reaching the "zero" tension will
be sent. The purpose of this is to allow the tension to be adjusted depending on the
geometry and material of the smoothing part (which have a significant effect on the
vibration level), so that even with a high level of damping (a measure of vibration
energy absorption) the threshold for vibration sensitivity can be increased and high
tuning accuracy can be maintained. If you know at what frequency there will be a
change in amplitude when the tool indentor touches the surface of the workpiece, in this
case the program provides for the possibility of tracking the occurring vibrations exactly
at this (specified) frequency.

Conclusions

The review of researches in the field of surface plastic deformation of parts has
defined the process of smoothing as an effective and environmentally friendly method
of processing. Combined technology of surface plastic deformation including processes
of rigid and elastic smoothing by combined tools provides obtaining high quality
parameters of surface layer of working surfaces of critical parts due to different radii of
elements.

As a result of using this method the formation of a layer-by-layer structure of the
surface layer of the part with height parameters of roughness in the nanometer range
to ensure high performance properties of parts and comprehensively provide quality
parameters of the surface layer of the working surfaces of parts, including through more
accurate tool setting and significantly increases the productivity of machining in general.
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