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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 Pecnyonukacer ¥immuolx 2oiivim akademusicol « KP YA Xabapnapwr. ['eonocus
JHCOHE MEXHUKANBIK RbLILIMOAD CepusiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinoa Clarivate Analytics komnanusicol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEPUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03exmi dcoue
6e0endi eeonocus JHcoHe MEXHUKATBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMus
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednrazaem xawecmeo u 2nyOumHy
KoHmenma Oisi  uccieoogameinell, demopos, uzoameneti u yuypedcoenuil. Brnouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCmb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX 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, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

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

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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
MunncTepcTBa HHGOPMAIIHK 1 001ecTBeHHOT0 pa3BuTns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
BeIganHoe 29.07.2020 .
Tematndeckas HANpaBICHHOCTB: 2e0n02us, XUMU4ecKue mexHonocuu nepepabomku Hegpmu u 2asa,
Hepmexumus, mexHoN02UlU U3GLeHeHUs MEMAI08 U UX COeOeHeHUl.
[eproguarOCTH: 6 Pa3 B TOA.
Tupax: 300 3K3eMIIIIPOB.
Anpec penakiuu: 050010, . Anmarsr, yi. [lleBuenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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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

AGABEKOYV 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

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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R.Zh. Abuova'?, D.K. Suleyev?, G.A. Burshukova®*

International Education Corporation, Almaty, Kazakhstan;
?SatbayevUniversity, Almaty, Kazakhstan.
E-mail: gzzi@mail.ru

STUDY OF DAMPING PROPERTIES OF ALLOYED STEELS WITH
CERAMIC-METALLIC NANOSTRUCTURED COATING FOR
CRITICAL PARTS

Abstract. In this paper the damping properties of chromium-nickel vanadium
steels with TIN-CU ceramic-metal nanostructure coating with different copper
content of 7 and 14 at.% were studied. The elastic properties influencing the
sound pressure levels at the initial moment of impact, characterized by the
duration of the maximum acoustic impulse were studied. Electrical resistance
is a value that characterizes the resistance of an electric circuit to the passage
of an electric current. Internal friction, showing the potential of a solid sample
(substrate) to dissociate the energy of mechanical vibrations. The results
of the study of the acoustic and physical-mechanical characteristics of the
experimental alloys allow the following conclusions to be drawn. There is a
close correlation between the internal friction and the sound level of the alloys.
Experiments on investigation of amplitude dependence of internal friction
allowed revealing the dislocation mechanism of attenuation in the investigated
alloys. The specific electrical resistance of the experimental alloys after hot
forging and further air cooling has a fairly wide range from 410 to 1110°.
Normalization and quenching contribute to a decrease in the resistivity. Use of
a JSM-6700F field emission scanning electron microscope with a JED-2300F
energy dispersive spectrometry unit from JEOL (Japan) is associated with
high image quality and resolution, which enables quantitative morphological
analysis of the microscopic structure and composition of elements, showing
the presence of nanostructure with layers of different nitride phases noticeably
distinguishable by contrast.
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P.)K. Adoyosa'?, JI.LK. Cynees?, I'A. Bypmykosa?”

12X anpIkapaisik OimiM Oepy Kopropanusacel, Anmarel, Kasakcras;
*Satbayev University, Anmarsl, Kazakcras.
E-mail: gzzi@mail.ru

KAYAIITHI BOJIIEKTEP YIIIH KbIIII-METAJLJI
HAHOABBIH/IBICBHI AP JIETTPJIEHI'EH BOJIATTAPABIH
JAEMII®EPIEYIII KACUETTEPIH 3EPTTEY

AnHoTaumsi. byn wmakamama MbICTBIH Kypambl 7 xoHe 14 ar.%
o6onareiH  TIN-CU  KpII-MeTanma HAaHOKYPBUIBIMJIBIK KaOBIHABICE  Oap
XPOMHHUKEbBAHATUN OonarTapblHbIH ~ JaemMrmdeprieyii KacHUeTTepiHe
3epTTey JKyprizizemi. MakcuMmanabl ObIOBIC MMNIYJIbCIHIH Y3aKThUIBIFBIMEH
cumarTajgarblH 0acTanKbl COKKBI CATIHAErl IBIOBIC KBICHIMBIHBIH JIEHICHIHE
ocep eTeTiH cepHiMIiK KacHeTTepi, MEKTPIIK TOKTHIH OTYyiHE HIEKTPIIIK
Ti30€KTiH Ke[epri KeNTipyiH CUMATTaUTBIH AJIEKTPIIIK KeAepri, MeXaHUKaJIbIK
TepOemiCTepAiH SHEPTUACHIH KATThl YJITIMEH BIJBIPATy QJEYeTiH KOpCeTeTiH
imKi yi#kemic 3eprrenmi. ToxipuOenik yATUIEPIiH aKyCTHKAJBIK JKOHE
(hU3MKa-MEeXaHUKAIBIK  CHUIMATTAMaJapblH  3€pTTey  HOTWKENIepl  Keeci
KOPBITBIHBI JKacayFa MYMKIHIIK Oepemni. KopseITmamapaeiy imki yHkemici
MEH JbIOBIC JICHTEH1 apachlH/la THIFbI3 KOPPEIAUMSIIBIK Oaiyianbic Oap. Imiki
YHKeNiCTIH aMIUTUTYJAbIK TOYEJAUIriH 3epTTey OOMbIHIIA 3KCIIEPUMEHTTEP
3epTTeNreH OonaTTapiarbl JAMCIOKAIMUIBIK COHY MEXaHM3MIH aHBIKTayFa
MYMKiHIiK Oepai. bICTBIK commay MeH ayana apbl Kapail CybITydaH KeWiHT1
TOXKIpUOEINIK KOpbhITHANAPJbIH MEHIIIKTI 3JeKTpiaik keaeprici 4 10-66actan
11710-6 netiiari aykpivra ue. JEOL (OKanonus) kommnanusiceiubiy, JED-2300F
AHEPTUsA-TUCTIEPCUOHABI cieKTpoMeTpusickl 6ap  JSM-6700F smuccuon bl
pPaCTPIIBIK SJEKTPOHABI MHUKPOCKONTHI TMailalaHy CypeTTepHAiH >KOFaphI
canacbiMeH OainmaHbIcThl, OyJl Typial HUTpUJ ¢azamapblHbIH KabaTTapbl
OOMBIHIIIA aMKBIHATATEIH HAHOKYPBUIBIMHBIH 0ap OOJYbIH KOpCETe OTBIPHII,
MUKPOCKOIUSIIIBIK KYPBUIBIM MEH DJJEMEHTTEepPAIH KypaMJapblHa CaHJIbIK
MOPQOJOTUSIIBIK TAJIAY KYPrizyre MyMKIHIIK Oepeni.

Tyiiin ce3mep: HAHOKYPBUIBIM, BUOPOY/ICY, Iy OJIIIETIII, PACTPJIBIK dJIeK-
TPOHJIBI MUKPOCKOTI.
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P.2K. A6yoBa'?, I.K. Cynees', I.A. BypmykoBa*

"MexnyHapoanas oOpa3oBarenbHas kopropaius, Anmarel, Kasaxcras;
?Satbayev University, Aiamarsl, Kazaxcran.
E-mail: gzzi@mail.ru

HUCCJIEJOBAHHUE JEMII®UPYIOLIUX CBOWICTB
JETMPOBAHHBIX CTAJIEN C KEPAMUKO-METAJIJIUYECKHUM
HAHOCTPYKTYPHBIM IMOKPBITHEM JIUISI OTBETCTBEHHBIX

NETAJIEN

AHHoTanusi. B nanHON crarbe mpoBeIeHBI UCCIENOBaHMS AeMIIpUpyro-
LIUX CBOMCTB XPOMOHHUKEJIEBAHAIUEBBIX CTAJIEH C KEPAMHUKO-METAJUIMYECKUM
HaHOCTPYKTYpHbIM TIOKpbITUeM TIN-CU ¢ pa3HbsiM copepkaHueM meaud 7 u
14 at. %. W3yuyensl ynpyrue cBoiicTBa, OKa3bIBAalOIIME BIHUSIHHE HAa YPOBHHU
3BYKOBOTI'O JIaBJICHHUSI B Ha4aJIbHbI MOMEHT COYAAapEHUs, XapaKTepU3yOIIHi-
Csl JUIMTEIbHOCTbIO MAaKCHMAJbHOTO 3BYKOBOTO HMIIYJbCA, 3JIEKTPHUUYECKOE
CONPOTHUBJIEHUE, BEIMYMHA KOTOpask XapaKTepU3yeT CONPOTUBIAEMOCTD DJIEK-
TPUYECKOM LENU MPOXOKIEHUIO JIEKTPUUYECKOTO TOKA, BHYTPEHHEE TPEHMUE,
[IOKa3bIBaroIlasl NOTEHIMAJ TBEpAOro obdpa3ua (IOAJI0KKH) IUCCOLUNPOBATh
SHEPTUI0 MEXaHMYECKHX KoJieOaHWi. Pe3ynbraThl MCcienoBaHUS aKyCTHYe-
CKHX U (PU3UKO-MEXaHUYECKHX XapaKTEePUCTHUK OMBITHBIX CIJIABOB MO3BOJISIOT
cenaTh ClIeAyIoNue BbIBOJAbI. MexX/ly BHYyTPEHHUM TPEHUEM U YPOBHEM 3BY-
Ka CIIJIaBOB CYILIECTBYET TE€CHas KOPPEJSALMOHHAs CBSI3b. DKCIEPUMEHTHI 110
HCCIEA0BAHUIO AMIUIMTYIHON 3aBUCUMOCTH BHYTPEHHETO TPEHUSI [103BOJIUIN
BBISIBUTH JUCJIOKALIMOHHBIA MEXaHU3M 3aTyXaHUs B UCCJIEOBAaHHBIX CIUIaBax.
VYnenpHOE 31€KTPOCONPOTUBIEHUE ONBITHBIX CIUIABOB IOCJE IOpsSYEH KOBKU
U TOCJIEAYIOUIETO OXJIaXJACHUS Ha BO3AyXe MMEIOT JIOBOJIbHO IIUPOKUN HH-
tepBas oT 4x10-4 o 11x10-6. Hopmanuzanus u 3akajika CriocoOCTBYIOT CHHU-
KEHUIO Y/IEJbHOIO 3JEKTPOCONPOTUBIEHUS. Vcronp30BaHNe MMOJIEBOTO IMUC-
CHOHHOTO PacTpPOBOTO 3JIEKTpOHHOTO MuKpockorna JSM-6700F ¢ mpucraBkoit
Uit 3Hepro-aucnepcuoHHoi cnekrpomerpun JED-2300F xomnanuun JEOL
(SlmoHus) cBSI3aHO C BBHICOKMM Kaue€CTBOM M300pa)K€HUS W pa3pelieHusi, 4yTo
JTa€T BO3MOXHOCTB IMPOBEJEHUS KOJIMYECTBEHHOTO MOP(OIOrM4eCcKOro aHaIu-
3a MUKPOCKOIMYECKON CTPYKTYpPBI U COCTaBa 3JIEMEHTOB, MOKAa3bIBask HAJIUUKE
HAaHOCTPYKTYPHI C 3aMETHO Pa3IMUYUMbIMU IO KOHTPACTY CIOSIMU Pa3IMYHbIX
HUTPUIHBIX (a3.

KuiroueBbie ci1oBa: HAHOCTPYKTYpa, BUOPOYCKOpPEHUE, IIIyMOMEp, PacTpo-
BBIW 2JIEKTPOHHBIM MUKPOCKOIL.
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Introduction. Currently in Kazakhstan, in order to develop or maintain
the competition of manufactured products in foreign and domestic markets,
modern industrial production is in dire need of new progressive technologies,
allowing to obtain high quality products and at the same time to reduce intensity
of use of materials, energy and labor, to ensure environmental friendliness and
safety for health (Suleev et al., 2006, Zhumadilova et al., 2022).

Much attention is paid to improvement of physical and mechanical
properties of machine-building, machine-tool industry components, etc., in
particular, those working under shock loads and intensive wear and tear, but
acoustic ecology (environmental pollution by noise and vibration) is rarely
paid attention to (Suleev et al., 2006,).

Noise levels in wood-cutting machines are very high. Such parts include
chopping blades for production of technological and wood fuel chips, bushings
for drilling and boring machines, gears for milling machines, wood-cutting
tools, many machine-building industry products, etc. Known noise reduction
methods (sound insulation, sound absorption, means of personal hearing
protection) are ineffective and not always possible to use due to cluttering of
production areas, fire hazard, increased dustiness, masking of warning signals.
One of effective methods of noise reduction is noise damping at the source of
noise, namely the use of damping metal materials for noise control (Utepov et
al., 2000, Grishkevich et al., 2021).

The standard steel samples 20KhN, 20KhN4FA, 25Kh2NMFA (Zhuravlev
et al., 1981) and melted steel samples EO3, EO4, EO5 were used as an object
of investigation. And applied CMNC on the melted EO5 steel with different
copper content

Materials and methods. The modulus of elasticity is one of the main
physical parameters affecting the damping properties of the steels under study
(Vancoille et al., 1993, GOST, 2011, Utepov et al., 2015). The shear modulus
was measured on the installation, the scheme of which is shown in Fig. 1.

1 - capron thread; 2 - frame; 3 - rod; 4 -
electromagnets; 5,7 - collet clamps; 6 - sample;
8 - rheostat; 9 - weight; 10 - furnace; 11 -
thermostat; 12 - optical system; 13 - generator

Figure 1 — Schematic of the installation for
measuring the shear modulus and internal friction
at free and forced oscillations (Krishtal et al., 1976)
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The value of electrical resistance, expressed in ohms, is equal to the quotient
of the voltage applied to an electrical circuit, in Volts, divided by the current
flowing through the electrical circuit, in Amperes (Knotek et al., 1992).

Internal friction indicates the potential of a solid specimen to dissociate
the energy of mechanical vibration. In most cases, the amplitude of the alloy
depends on the internal friction (Suleev et al., 2002, Shtansky et al., 2004).

Results and discussions. The morphology of the formed coatings with
copper content of 7 at% and 14 at% (Figure 2) is characterized by roughness
(Ra) ~ 0.15 um and cellular structure. The appearance of the cellular structure
is explained by the repetition of the surface topography of the coating substrate.
The relief is formed on the surface after gas-abrasive pretreatment. The end
fractures and cross sections of the ceramic-metal coatings with the metal
component content in the above range testify to their high density (Fig. 2 b,
d). At the interface “substrate - coating” there are no cracks, pores and other
discontinuities.

(B)

Figure 2 — Appearance of TiN-Cu coatings (a, 0, B, '); with copper content:
7 at.% (a, 0) and 14 at.% (B, 1); (a, B) frontal image of coating; (0, r) image
of coating fractures on substrate.

Figure 3 shows fractograms of ceramic-metal nanostructured coatings with
different copper contents of 7 at. % and 14 at. %. As the ceramic-metallic
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coatings increase in copper content from 7 at. % and 14 at. %, respectively,
they exhibit porosity, which increases as the amount of metal components in
the composite increases.

Figure 3 Fracture fractogram (a) and electron microscopic image (b)
TiN-Cu 7 at. %, fracture fractogram of TiN-Cu 14 at.%

The appearance of porosity can be associated with poor wettability of
titanium nitride with copper (Lifshits etal., 1950, Blinkov et al., 2015) (contact
angle of wetting ® ~134°-130° for stoichiometric TiN). Thus in the process of
deposition of ceramic-metallic coatings formation of insular films of a metallic
phase on the formed crystallites of titanium nitride is possible. As the copper
content increases, these islands merge and the area of their contact with TiN
grains decreases with the subsequent collapse of the resulting pores. Their
presence is manifested in the structure of these coatings along with porosity in
the form of light spherical inclusions of size ~ 20-25 nm.

The studied relative strain amplitude locus of the sample (6.9-51.8)x106
depends on the internal friction in the amplitude-independent and amplitude-
dependent regions, according to Figure 4. In the second example, internal
friction not only causes separation of dislocations from defects, but also moves
dislocations to other regions. In order to fix the dislocations there, the atoms of
the alloy’s impurities need to change their positions. Figure 4 shows the kinks
in the curves resulting from dislocation disruption and dislocation movement.
Ifunstabilized carbon in the form of graphite is present in the steel composition,
the amplitude curve of internal friction is accompanied by the maximum slope
angle of the curve (tga). Moreover, it has no locus of amplitude independence,
where the distance between dislocations does not change. In other words, this
sample, even if a minimum deformation-inducing force is applied to it, causes
dislocation disruption and displacement, which dampens the sound energy.
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Figure 4 — Amplitude dependence of internal friction of the samples under
study

The internal friction of this sample became almost 2 times greater with
increasing amplitude of deformation, and increased from 6x107 to 11x107.
Parameters of internal friction depending on amplitude of deformation can be
seen in Table 1.

Table 1 — Amplitude dependence of internal friction of the samples under

study.
Steel grade Strain amplitude | Internal friction, Q'x103 | Dispersion, S*x10?
1 2 3 4
6,9 2,90 0,055
9,2 2,83 0,041
11,5 2,80 0,041
13,8 2,82 0,018
EO3 16,1 3,07 0,077
18,4 3,18 0,138
20,7 3,25 0,060
23,0 2,96 0,020
25,3 3,24 0,155
27,6 3,22 0,182
29,9 3,53 0,127
6,9 3,97 0,032
9,2 3,63 0,153
11,5 4,00 0,272
13,8 3,94 0,088
16,1 4,11 0,055
EO4 18,4 4,26 0,062
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20,7 4,07 0,013
23,0 4,55 0,014
25,3 4,81 0,229
27,6 4,90 0,000
29,9 6,36 0,543
32,2 5,71 0,031
34,5 6,21 2,709
32,2 2,62 0,065
34,5 2,74 0,047
40,25 2,64 0,052
46,0 2,70 0,011
6,9 4,39 0,350
9,2 4,13 0,063
11,5 4,85 0,153
13,8 4,98 0,348
16,1 5,23 0,180
18,4 6,33 1,435
EO5 20,7 5,80 0,123
23,0 6,04 0,029
25,3 6,35 1,833
27,6 7,01 0,147
29,9 7,45 1,036
32,2 8,13 2,040
34,5 6,86 0,724
40,25 7,69 8,297
6,9 5,988 0,089
9,2 7,059 0,390
11,5 7,154 0,057
13,8 8,122 0,128
16,1 8,335 0,019
18,4 8,769 0,320
EO5(CMNCTIN- 20,7 9,432 0,129
Cucont. Cu7at.%) 23,0 9,029 0,330
25,3 9,963 0,738
27,6 9,949 0,593
29,9 10,973 0,178
6,9 7,154 0,089
9,2 7,909 0,390
11,5 7,980 0,057
13,8 8,001 0,128
16,1 9,029 0,019
18,4 9,332 0,320
20,7 9,732 0,129
EO5(CMNCTiIN-Cu 23,0 9,929 0,330
cont. Cu 14at.%) 25,3 9,863 0,738
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27,6 10,873 0,593
29,9 10,873 0,178
322 11,732 2,040
34,5 11,929 0,724

The study of Figure 2 demonstrates that the silent sample EO5 (CMNC TiN-
Cu with 14 at. % cont. Cu) is characterized by the highest vibration transmission
abilities when compared with samples EO3, EO4 and EOS5. The index of
internal friction of sample EO5 (CMNC) indicates spontaneous dislocation
disruption. Most likely, in the range of strain amplitudes, the dissipation of
vibrational energy occurs when dislocations are released from atmospheric
atoms of embedding against the background of applied force. Coating of
ceramics and metal increases the damping qualities due to the change of sound
velocity in the area of the junction of metal and nanostructure. The hypotheses
are confirmed (Vetter et al., 1994., Utepov et al., 2017).
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Figure5 — Correlation of Fec internal friction with amplitude during
temperature changes (Vetter et al., 1994., Utepov et al., 2017)

The correlation of the acoustic pressure level from the internal friction
established by the method of torsional undulation in the range of low frequencies
(4 Hz) was revealed. Figure 5 confirms that the greater the index of internal
friction, the higher the relaxation properties of acoustic wave energy. Increasing
the internal friction from 0.5 to 1.7x10-3 induces a sound level change of 10
dBA. The results of the internal friction study can be seen in Table 2. Figure 4
shows the correlation of the acoustic level at contact interaction with the index
of internal friction.
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Table 2 — Internal friction levels and experience dispersion of alloys in the
initial state (forging) 10~

Steel grade Sound level, dBA Internal friction , Q' Dispersion, S**10*
20KhN 74 0.58*10 0,7124
20KhN4FA 72 0.72*10 0,1655
25KhN2NMFA 70 0.79*10 0,1154
EO3 67 0.94*102 0,5248
EO4 65 1.28*10 0,2924
EOS5 56 1.54*10 0,7255
EO5 (CMNC) 54 1.72*10* 0,4824

74 —
T n
2 68 —~——
s 65 ——
T 62 N
5 59
@ 56 \\
53 —
50
0,79 0,72 0,58 0,94 1,28 1,54 1,72

Internal friction 102

Figure 5 — Correlation of the acoustic level at contact interaction
depending on the index of internal friction in the state (forging)

Analyzing the results, we can conclude that the information about internal
friction can be used to study the damping properties of the samples under
study. The acoustic level correlates with the internal friction.

The next physical structural-sensitive parameter of the damping
characteristics of the steel investigated in the framework of the study was the
specific electrical resistance (p), which was identified on the initial models,
models after normalization and hardening. The results are shown in Tables 3-4.
The interval of p readings increases from 6,7x10° to 14,6x10° Ohm*m during
hot rolling followed by air cooling. The same interval becomes smaller after
annealing. Quenching and tempering lower the resistivity of the alloys. This
relationship can be seen in the correlation plots of acoustic level and resistivity
in Figures 7-8.

Table3—Specific electrical resistance of the studied normalized samples

Steel grade Average value of electrical Specific electrical Sound level,
resistance of the sample, Ohm | resistance p, Ohm*m, x10° dBA
1 2 3 4
20KhN 255 6,4 70
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20KhN4FA 185 10,3 72
25KhN2NMFA 265 6,2 74
EO3 186 8,5 67
EO4 171 10,1 65
EO5 325 5,1 56
EO5 (CMNC) 120 12,8 54
5 —~
3 e ~—
> 65 e
% 62 ™
8 o N
53 —e
50

6,4

10,3

6,2 8,5

10,1 51

Specific electrical resistance 10

Figure7 — Specific electrical resistance of the studied normalized samples

12,8

Table4 — Specific electrical resistance of the studied hardened samples
after low tempering

Steel grade Average value | Specific electrical | Dispersion of RMS Sound
of electrical resistance p, experiment, S? deviation, | level,
resistance, Ohm | Ohm*m x10° (Ohm'm)?, x10°¢ |Ohm'm, 10°| dBA
20KhN 250 6,7 0,206 0,454 71
20KhN4FA 174 11,6 0,671 0,819 74
25KhN2NMFA 248 7.4 0,623 0,789 76
EO3 158 9,4 0,312 0,558 68
EO4 160 11,7 0,541 0,735 70
EO5 300 6,4 0,637 0,798 72
EO5 (CMNC) 110 14,6 0,432 0,657 74
80
.% 77
R ///\\ —*
En — N
(=]
“ 68 \/
65
6,7 11,6 7,4 9,4 11,7 6,4 14,6

Specific electrical resistance 10

Figure 8 — Specific electrical resistance of the studied steels after quenching
and low tempering
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Table 5 shows the elastic properties of the studied alloys.
Table 5—Elastic properties of the studied alloys

Steel grade Oscillation T ¢ Shear modulus, | Young's modulus,
period, T, s > Gx10' Pa Ex10'* Pa
20KhN 0,1924 |0,0370 8,108 19,945
20KhN4FA 0,1925 |0,0371 8,086 19,891
25KhN2NMFA 0,1946 |0,0379 7,915 19,471
EO3 0,1939 10,0375 8,000 19,680
EO4 0,1949 10,0379 7,915 19,471
EO5 0,1988 10,0395 7,595 18,683
EOS5(CMNCTiIN-Cu cont. Cu 7at.%)| 0,1990 [0,0396 7,575 18,635
EO5(CMNCTIN-Cu cont. Cu 14at.%)| 0,1993 |0,0398 7,555 18,605

As we know, sound also turns into heat when it is attenuated. The goal of
the work was to find the correlation between electrical resistance and sound
attenuation. As can be seen from Table 5, as the electrical resistivity increases,
the sound level decreases, i.e. the damping increases.

The analysis of Table 1-5 shows that the damping and acoustic properties of
the steels studied depend significantly on the type of heat treatment: quenching
increases the damping properties, tempering, normalization and annealing
reduce the dissipative properties. Steels after quenching with low and high
tempering are of interest because their strength properties and hardness meet
the requirements of impact parts. Comparison of dissipative properties of the
known 20KhN, 20KhN4FA and 20KhN4FMA steels with the melted EO3,
EO4 and EOS steels shows that the damping properties of the melted steels are
much higher than those of the known ones. The acoustic characteristics of the
melted steels are also preferable compared to the known steels.

Conclusion. The results of the study of acoustic and physical-mechanical
characteristics of the experimental alloys allow the following conclusions to
be made. There is a close correlation between the internal friction and sound
levels of the alloys. Experiments on investigation of amplitude dependence of
internal friction allowed to reveal the dislocation mechanism of attenuation in
the investigated alloys. The specific electrical resistance of the experimental
alloys after hot forging and subsequent air cooling has a fairly wide range from
4x10-6 to 11x10-6. Normalization and quenching contribute to a decrease in
the resistivity.

Thus, there is a weak directly proportional relationship between the sound
level and the electrical resistivity. The modulus of elasticity affects the sound
level only at the initial moment of impact, characterized by the duration of the
maximum acoustic impulse T = 20us. At t = 35 ms, the modulus of elasticity
has no effect on the sound emission of steels.
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