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TPEBOBAHUS K O®OPMJUIEHUIO MATEPHAJIOB

OduuuansHbIil S3BIK KOHepeHIMH — pycckuid. IlpencraBieHHBIE MaTepUabl
GyLyT IIpOBEpAThCS HA HAIM4Yhe 3aMMCTBOBAHHMH B CHCTEMe AHTHIUIArHAT:
OPHMIHHAJILHOCTH J0JIZKHA ObITH He MeHee 85%.

Marepuansl HeOOXOIMMO IIOJATOTOBUTH C TPUMEHEHHEM TEKCTOBOIO PENaKTopa
Bepcuu Microsoft Office ne Boime 2007.
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Orcrym ab3ar - 10 Mm.

®opmynbl HaOUparoTCs C MOMOLIBIO BeTpoeHHoro B Microsoft Word penakropa
dopmyn Equation Editor: pasmep oOBMHBIH - 12 UT, KpyMHBIA HMHAEKC - 7 WT,
MeJIKHM HHAEKC - 5 TIT, KpYHHBIA cuMBOI - 18 1T, Menkuii cumBon - 12 nr. @opMyIisl
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Mo XoAy MaTephanoB. BbINoNHeHHe pPHCYHKOB cpenctBamu Microsoft Word -
HEJIOYCTUMO. PUCYHKY JIOJDKHBI HMETh Ha3BaHMe. PUCYHOK, KaK ¥ IOAPHCYHOYHBIH
TEKCT, BBIPaBHUBAIOT [0 IIEHTPY CTpaHHMIBL. B TekcTe IoKinaza cioBa «pUCYHOK» U
«Tabauna» MUIIYTCs COKPAIIEHHO, HAIPHMeED, «PHC.1», «Tabi.2». B moaprcyHOYHOH
HaMHUCH CJIOBO «PUCYHOK» TaKkKe IHIIETCS COKpalleHHO, Hampumep, «Puc.l.
HasBanne pucyHka». [Ipy OGOpMIEHHHM TabJHIbI CIOBO «TabiyMua» MHIIeTCS
TOJHOCTBIO, Hanpumep «Tabnuma 2» ¢ BEIpaBHMBAaHUEM [0 IPABOH CTOPOHE, TOCIIE
yero Ha ClIeAyIONIel CTPOKe pAacIONaraioTCs 3aroioBOK M Jaiiee cama Tabnuua ¢
BBIPABHUBAHUEM I10 LIEHTPY CTPaHHLIBL.

Kaxplii pUCYHOK WJIH TaOJIHIA JOJDKHBI MMETh OJJMH MHTEPBaJl CBEPXY U CHHU3Y
OT TEKCTa.

CCBUIKH Ha UCIIOIb3yEMYIO JIATEPATYPY JAIOTCS B KBAAPaTHBIX CKOOKax [7].
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METAJUIOTPAOHUUYECKHIA AHAJIM3 CTPYKTYPBI CTAJIA 40X IIOCJIE
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IIpedcmasnensl pe3ynbmamel 6MUAHUA 1A3€PHOU 0OpAOOMKY HA CMPYKMYPY NOBEPXHOCMHO20
cnos cmanu 40X Ha pedicumax ¢ onnasienuem NOBePXHOCMU Memania u 0e3 OniaeieHus.
Ommeuena nepcneKmuHOCMb  UCNONb306AHUA  N1A3ePHOL  00pabomku 0N yIy4uleHus
MexaHuueckux coticme KOHCMPYKYUOHHBIX XPOMCOOEPIUCAUUX CMaAe.

Kniouesvie cnoea: memannozpaguueckuil ananus, nasepras obpabomka, 30Ha 1a3epHO20
BNUAHUSA

METALLOGRAPHIC ANALYSIS OF THE STEEL 40X STRUCTURE AFTER
LASER TREATMENT

Yaresko S.I.!? Doctor of Engineering Sciences, Head of the Laboratory for Laser-Induced
Processes, Novikov V.A.? PhD in Engineering Sciences, Associate Professor, Sokolov S.N.,
Innovation Business Adviser, Miryaha AN., Lead Engineer

1 —Samara Branch of P.N. Lebedev Physical Institute, 443011 Samara, Russian Federation
2 — Samara State Technical University, Samara, Russian Federation

3 — Inject RME LLC, Saratov, Russian Federation

E-mail: yarsiS4(@gmail.com

The results of the effect of laser treatment on the structure of the surface layer of 40X steel in
the modes with and without melting of the metal surface are presented. The prospects of using
laser processing to improve the mechanical properties of structural chromium-containing
steels are noted.

Keywords: metallographic analysis, laser processing, laser influence zone.

HauGonee 4yacTo BCTpevaromieiics NPHYMHONM  OTKa3a MEXaHW3MOB  MallMH M
METAI006pabaTHIBAIONIET0 MHCTPYMEHTA SBIAETCS H3HOC PabounX IOBEPXHOCTEH [1,2]. Ha
CeroHSAIHMI JeHb CYIIECTBYET HeNbli P/ TEXHOJIOTHH, HAPaBJICHHBIX HA MOBBILICHAE QH3HKO-
MEXAHHYECKUX CBOMCTB MOBEPXHOCTH JETAIH, CPEAH KOTOPBIX HAHOOJIBIINH HHTEPEC NPEICTABIIACT
YIpOYHEHHE MOBEPXHOCTHOTO CJIOS 32 CUET M3MEHEHHS CTPYKTYpBI, TaK Kak B JTOM Ciy4ae HE
H3MeHseTcs XMMUYECKHil COCTaB MOBEPXHOCTHBIX clIoeB MaTepuana [3]. OQHMM U3 TakuX METONOB
yIIpOYHEHHs sBIseTcs JasepHas oGpaGotka (JIO) [4,5]. Texuomormn JIO xapakTepusyroTcs
[IPOCTOTON TPAHCTIOPTHPOBKH JIa3ePHOTO H3ITydeHHs B 30HY 0OpaGOTKH, OBICTpOICHCTBHEM H
rMOKOCTBIO B YIPaBIEHHH, OECKOHTAKTHOCTBIO BO3JEHCTBHS M BO3MOXXHOCTBIO aBTOMAaTH3alMH




npouecca. B3aumoneicTBUE J1a3epHOrO H3JIy4EHHs C MaTEPHAIIOM COIMPOBOXIAETCS HArPEBOM
IOBEPXHOCTHOTO CJIOSl, IPH 3TOM HaOIIONAETCs CIIOXKHBIA KOMIUIEKC (a3oBBIX IMpeBpAIlEeHHiA,
KOTOpBI OOYCJIOBJIEH BBICOKOM CKOpDOCTBIO HarpeBa M OXJQXKICHHS 3a CYET HMHTEHCHBHOIO
TEIJIOOTBOJA M3 30HBI JasepHoro Bosneiicteus (3JIB) [4-6]. JlamHble mpomeccsl MPHUBOIAT K
HOSBJICHUIO MEJIKO3E€PHHCTOH CTpyKTypsl B 3JIB, 4ro mo3BoisieT NONYy4YuTh MaTepHal,
obagaromuil BBICOKOH BA3KOCTBIO B COYETaHHH C BBICOKOH IMIPOYHOCTHIO [7].
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Puc. 1. Ctpyktypa Matepuana ctanu 40X nocne JIO ¢ onnasieHreM MOBEPXHOCTH:
a - MoMepevyHOe CEeUSHHE 30HbI JIA3ePHOro BO3EHCTBHS, X255 6 — 30Ha omiasnenus, x500 -

B nenom, pesynsraThl uccinenoBaHusi oOpasuoB ctamm 40X mocie JIO 6e3 omaBieHus
IIOBEPXHOCTHU IOKa3bIBAIOT, YTO IOCPEACTBOM JIazepHOH 00pabOTKM B IMPUIIOBEPXHOCTHBIX CIIOSX
Marepuana JaHHOH cranmu 40X MOXHO NONy4YuTh OoJsiee TBEPABI M NMPOYHBIA MEKO3ePHHCTBINA
ci10# MeTajuta 6€3 3HaYUTEIPHOTO Pa3ylpOYHEHHUS HIDKEIEKAIIUX CIIOEB.

Taxum obpaszom, ycranosieHo, uro JIO cranmm 40X HempephIBHBIM H3JIyYEHHEM MOIIHOTO
JHOIHOTO Jla3epa MPUBOAUT K CYLIECTBEHHBIM M3MEHEHHSM B IIOBEPXHOCTHOM CJIO€ MaTepHasa Ha
rnyounax no 300 mxm npu JIO 6e3 omnaBnenus u mo 1500 mxm mpu JIO ¢ omuiaBiieHHEM.
VKa3aHHblE HM3MEHEHHUS OINpENeNsSIOT €€ IEePCHeKTHBHOCTh B  IOJYYEHHH  BBICOKHMX
SKCILTyaTallHOHHBIX CBOMCTB. DBBINONHEHHBIE HCCIEIOBaHUS TIOKA3ald IEPCIEKTHBHOCTH
npumenenus JIO, kak cmocoba ymydineHHs SKCIUTyaTallMOHHBIX XapakTepucTHk cramd 40X u
HEOOXOJMMOCTh  NOCHEAYIOIIMX MEXAHWYECKUX HCIBITAaHHH  KOHCTPYKIMOHHBIX  CTalleid,
MIOJIBEPrHYTHIX JTA3€PHOMY YIIPOYHEHHIO.

CIINCOK UCITIOJIb30OBAHHBIX UICTOYHHUKOB

1. Aqida, S. N. Thermal fatigue properties of laser treated steels [Text] / S. N. Aqida, F. Calosso, D.
Brabazon, S. Naher, M. Rosso // International Journal of Material Forming. — 2010. — Vol. 3, Issue 1. — P.
797-800. doi: 10.1007/s12289-010-0890-1

2. benbckuii, C.E. CTpykTypHBIe (haKTOPBI SKCILTYaTallMOHHON CTOMKOCTH peXyliero HHcTpyMmenTa [Tekcr)
/ C.E. benbckuid, P.JI. Todnenen; nox pen. C.A. Acramuuka. — Munck: Hayka u Texnuka, 1984. — 128c.

3. Sridhar, K. Dry sliding friction wear behaviour of high power diode laser hardened steels and cast iron
[Text] / K. Sridhar, V. A. Katkar, P. K. Singh, J. M. Haake // Surface engineering. — 2007. — Vol. 23, Issue 2.
—P. 129-141. doi: 10.1179/ 174329407x174461

4. Nath, A K., & Sarkar, S. (2018). Laser Transformation Hardening of Steel. Advances in Laser Materials
Processing, 257-298. doi: 10.1016/B978-0-08-101252-9.00011-X

5. I'puropeanu, A.I'. Texnonoruueckue npouecchl asepHoii 06padotku [Tekct]: yue6. nocobue ais By308 /
A.T. I'puropesnu, U.H. llluranos, A.W. Mucropos; nox pen. A.I'. ['puropesaia. — M.: Uzg-so MI'TV um.
H.3. baymana, 2006. — 664c.

6. Kocrpomun, C. B. BiusiHne cKOpoCTH J1a3epHOH 3aKajkM Ha CTPYKTypy W cBoiictBa ctamu 30XI'CA
[Tekct] / C. B. Koctpomun, U. P. Illatukos // Hayunsie Tpyast SWorld. —2013. - T. 7, Ne 3-C. — C. 44-47.
7. Kocmiok, I'. U. Jlazeproe ynpounenue nerupobanHsix craineii [Tekcr] / I'. . Koctiok, H. B. Pynenko //
ABHaLMOHHO-KOCMHUYECKas TEXHUKA U TexHosorus. —2012. — Ne 2. — C. 23-27.

8. Kozakos, A.T. Moaudukauus u aHanu3 noBepxHocTH ctaneil U crwaBoB [Tekcr] / A.T. Kosakos,
C.H. Apecbko, A.B. Cupamos. — PoctoB v/I: U3n-so ®I'EOY BITO PI'VIIC, 2015. — 378c¢.




