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AHHOTaINSA

Beseoenue. JlazepHas IOBEpXHOCTHAsE 00pabOTKA M3ENINI MAITHHOCTPOCHHUS TO3BOJISIET YBEIHUUNTh MX JOJTOBEYHOCTD.
OpnHako mpolecc Ja3epHOTO YMPOUYHEHHS HE OTIIMYACTCSl CTAOMIBHOCTBIO INMOMYYaeMBIX PE3YJIbTATOB, TaK KakK IPH
BEIOOpE PEKUMOB M CXEeM OOIy4eHHs KOHKPETHBIX M3AEINH HE YUUTHIBAIOTCS TEKCTYPHBIE 3((EKTHI B 30HAX JIa3€PHOTO
BO3/I€HCTBUS. DTO IPUBOAUT K MPEXKICBPEMEHHOMY M3HOCY U JIaXKe pa3pyIIeHNIO paboUumX MMOBEPXHOCTEN 00Iy4EeHHBIX
uznenuil. IloaToMy 1enpio paboThl SBUIIOCH UCCIIEIOBAaHNE MEXaHU3Ma BIMSHUS CTPOCHHUS JIa3e€pHO-3aKAJICHHOTO CIIOS
Ha 9KCIUTyaTalllOHHbIE CBOMCTBA HHCTPYMEHTA.

Mamepuanvt u memoodst. MaTtepuanamu i JaHHOTO HCCIEOBaHUS MOCITY>KUIM UHCTPYMEHTaIbHbIe cTanu POMS u
P18. NUmnynbecHoe jna3epHOE OOJydeHHE MPOBOAMIOCH HA TEXHOJIOTHUYecKoil ycraHoBke «KBaHT-16» ¢ MIIOTHOCTBIO
MoIIHOCTH m3nydeHus 70-250 MBt/mM% Mcnonb30Banuch CKaHUPYIOLIAs 30HIOBAs M ONTHYECKAs MUKPOCKOIMS,
PEHTTEHOCTPYKTYPHBIH U JIOPOMETPHUECKUI METOBI aHANN3a CTPYKTYPHI cTaneil. Onpeaensiuch 3HadeHus IPOYHOCTH
cTajiell Ha u3rud U yJapHyIo BSI3KOCTb JI0 U ITOCHIe Ja3epHOi 00paboTKy.

Pesynomamul uccnedosanusa. JKCIEPUMEHTANBHO TOKA3aHO, YTO YIIPOYHATH CIEAYET YIaCTKH pabodnX MOBEPXHOCTEH
W3JIETIAH, TTOABEPKEHHBIE MAKCHMAIBHOMY M3HOCY M HaXOMASAIIMECS IIPU AKCIUTyaTalluy MO JEHCTBHEM CHKMMAIOIINX
HanpspkeHnd. [lokazaHo, 4TO TekcTypHble 3(GQeKTHl B 30HaX Ja3epHOW 00pabOTKM MNPUBOJAT K IOHMKEHHIO
K03((UIKMEHTOB TPEeHHs M CHOCOOCTBYIOT MOBBIILICHUIO M3HOCO- W aAre3UOHHOM CTOMKOCTH MOBEPXHOCTHBIX CJIOEB
cTanei.

Oobcyxcoenue u 3axknoyenus. Pe3ynpTaTel MPOBEACHHBIX HCCIEJOBAaHUI MO3BOJISIOT OCYIIECTBIATh PAllMOHAIBHBII
BBIOOP PEKMMOB M CXEM ITOBEPXHOCTHOH Jla3epHON 00paboTKU M3AEINH Pa3iIuYHOro (pyHKIMOHAIBHOTO Ha3HAUCHUS U
rapaHTHPOBAaHHO O0ECHeYrBaTh UX PabOTOCIOCOOHOCTh. OnpeesieHbl BO3MOYKHOCTH TOBBINICHHS KOHCTPYKIHOHHOW
MIPOYHOCTH W CBOMCTB MHCTPYMEHTA 3a CUET IPOBEACHMS Ja3epPHOTO JETHMPOBAHMS MMOBEPXHOCTHBIX CIIOEB CTallel W3

MTOPOIIKOBBIX MTOKPHITUH M MPOBEACHUS MOCIIC JTA3EPHOTO 00TYUYCHUS CTAOMIH3UPYONIETO OTITYCKA.

KaroueBble ci10Ba: jazepHoe 00IyUeHHE, ICTHPOBAHHbIE CTAIH, CTPYKTYpPa, CBOHCTBA, H3HOCOCTONKOCTD, /Ir€3HOHHAsT

CTOMKOCTb.
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Influence of Texture Effects on the Laser-Irradiated Tool Performance
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Abstract

Introduction. Laser surface treatment of mechanical engineering products makes it possible to increase their durability.
However, the laser hardening process is not good at the consistency of results, since choosing the irradiation modes and
schemes of specific products, texture effects in the zones of laser exposure are not taken into account. This leads to
premature wearing and even destructing the working surfaces of irradiated products. Therefore, the work objective is to
study the mechanism of influence of the structure of the laser-hardened layer on the operational properties of the tool.
Materials and Methods. The materials for this study were tool steels: R6M5 and R18 (according to the EN 10027 standard
tool steels: 1.3355, 1.3343). Pulsed laser irradiation was carried out at the technological device Kvant-16 with a radiation
power density of 70-250 MW/m?2. Scanning probe and optical microscopy, X-ray diffraction and durometric methods for
analyzing the steels structure were used. The values of steel strength in bending and impact strength were determined
before and after laser treatment.

Results. It has been experimentally proven that it is necessary to strengthen the sections of the products working surfaces
that are subject to maximum wear and are under the action of compressive stresses during operation. It is shown that
textural effects in the laser treatment zones lead to a decrease in the friction coefficients and contribute to an increase in
the wear and adhesion resistance of the steels surface layers.

Discussion and Conclusion. The results of the research carried out make it possible to rationally select the surface laser
processing modes and schemes of products for various functional purposes and ensure their operability with a guarantee.
The possibilities increasing the structural strength and properties of the tool due to laser alloying the surface layers of
powder-coated steels and stabilizing tempering after laser irradiation are determined.

Keywords: laser irradiation, alloy steels, structure, properties, wear resistance, adhesion resistance.
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Bgeaenue. B Hacrosiee BpeMs Ha MaITHHOCTPOUTENBHBIX MPEIANPUATHAX OOJIBIIOE BHUMAHKE YIISeTCs BOIIPOcamM
TIOBBIMICHUS] pabOTOCIIOCOOHOCTH MHCTPYMEHTA M TEXHOJIOIMYECKOH OCHACTKH, OCOOCHHO M3 BBICOKOJIETHPOBAaHHBIX
JIOPOTOCTOSLIUX CTaJEH.

[IpoBeneHHBI aHANM3 JUTEPATYPHBIX MCTOYHUKOB II0Ka3aj, YTO B MPOLECCEe OKCIUTyaTallMd HHCTPYMEHT
HCTIBITHIBACT BBHICOKHE KOHTAKTHBIC HANPSHKCHHs W JaBjieHHs Ha paboure moBepxHocTH [1-4]. Kpome Toro, pabote
W3JIETMH Pa3InYHOro (PYHKIMOHAIBHOTO HAa3HAUEHMsI COMYTCTBYIOT HAarpeB M HAIPsHKEHUs M3ruda, a Takke yAapHbIe
Harpy3KH WM BUOpaIHH.

IlosToMy cTanu A WM3rOTOBIEHMS MHCTPYMEHTA B LENSAX NPEJOTBPAIICHUS IPEXKIEBPEMEHHOIO pa3pylUCHUS
pabounx MOBEPXHOCTEH NOIKHBI MMETh BBHICOKHE 3HAYCHHS HE TOJNBKO TBEPAOCTH, H3HOCO- U TEIIOCTOMKOCTH, HO U
MIPOYHOCTH TIPH JOCTaTOYHOM YpOBHE Bs3KOCTH. JIazepHOe 00yueHHEe MHCTPYMEHTA M OCHACTKH, HApSOy C IPYTHMH
CII0co0aMH MOBEPXHOCTHOT'O YIPOYHEHHUS, O3BOJISIET YBEJIMYUTh HX JIOJITOBEYHOCTH, HO MPOLIECC JIa3epHOi 00paboTKH
HE OTJIMYACTCS CTAOMIIBHOCTBIO MONy4aeMBIX pe3yibraroB [5-9]. CBs3aHO 3TO € TeM, YTO HEAOCTATOYHO YETKO
OIpeJIeTICHBI KPUTEPUH BHIOOpA PEXKUMOB U CXEM JIA3EPHOT0 00TyUESHUS U3/ICJINH pa3InyHOoro Ha3HadeHus. B yactHoCTH,
HE paccMOTpEHa CTeNeHb BIHMSHUS TEKCTYPHBIX d((EeKTOB, BO3HUKAIOMINX IPU JIa3epHON 00paboTKe ¢ OIUIaBIEHHEM
MTOBEPXHOCTH, HA KOHCTPYKIIMOHHYIO IIPOYHOCTH CTaJICH.

st perieHns 3TUX 33124 HEOOXOIMMBI HCIIBITAHUS Ha U3TUO, yIapHYIO BI3KOCTh, N3HOCO- U a/IT€3UOHHYIO CTOMKOCTh
00JIy4eHHBIX 00Pa3IOB.

Pe3ynbTaThl TakMX OKCIEPHUMEHTOB IIO3BOJAT OCYLIECTBIATH PALMOHAIBHBIA BHIOOp IIapaMeTpoOB Iponecca
MTOBEPXHOCTHOM JTa3epHON 00pabOTKH.

Lenpto naHHOW CTaTbM SBJSUIOCH HCCIECOOBAaHWE BIWSHUS CTPOSHHUS JIa3epHO-3aKAJICHHOTO CJOsl Ha
9KCILTyaTallIOHHBIE CBOMCTBA HHCTPYMEHTA.

Marepuaysl 1 MeTOABI. Marepuanamu JUisi JaHHOTO HMCCIEIOBaHUS MOCIYXHJIN HHCTPYMEHTAJIbHBIE CTAIN
P6MS5 u P18.
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HmmnynbcHOE JazepHOE OO0Jy4YEeHHE MPOBOAWIIOCH Ha TEXHOJIOTMYECKOH ycraHoBKe «KBaHT-16» ¢ MJIOTHOCTBIO
MorHocTH usnydenus 70-250 MB1/m?. Unentuduxanus GasoBoro cocraBa U U3ydeHUe CTPYKTYphl MATEPHATIOB I1OCIIE
JIA3ePHOM  OOpabOTKU  OCYIIECTBIISUIMCh  METAJUIOrPAQHUUSCKHUM, CKAHHUPYIONIMM  30HIOBBIM, PEHTICHOBCKHM
JIOPOMETPHUYECKUM METOAAMH.

Meramiorpa@uuecKkie  HUCCAEIOBAaHMsS  MPOBOAMINCH Ha  MHKpockomax MHUM-7  u  «Neophot-21».
PeHTreHOCTpYKTYpHBIN aHanm3 ocymecTBisuics Ha audpakromerpe tuma JIPOH. MukpoTBepIoCTh H3MEpSIIH Ha
mpudope [IMT-3 ¢ Harpyskoii 0,49 H. [IpourocTs 00pa3moB Ha U3rHO ONpeeNsiach ¢ UCIOIb30BaHIeM MarmuHbl M-
4A, ynapHas BSI3KOCTh 00pa3moB 6e3 Hajipe3a — Ha MasTHHKOBOM kompe KM-5T.

Pe3yabTaTsl nccnegoBanusi. MeTaniopu3nIeCKUMH HCCIIEI0BAHUSIMI YCTAHOBIICHO, YTO NIPH JIa3epHON 00padoTKe
cTajiell Ha HTOBEPXHOCTH (OPMHUPYETCs YIPOUHEHHBIN CII0H, COCTOSIINI B 00IIEM CITydae U3 OIUIaBJICHHON 30HbI 3aKaJTKH
U3 XKHUIAKOTO COCTOSTHHUS U HIKEIIeKAIIEH 30HBI 3aKaIKH U3 TBEPAOTO (ayCTeHUTHOTO) cocTosiHust [10-12].

OmnaBisitoT Marepuain Juis YBelUYeHHs oOmied MIyOMHBI 3aKaJICHHOTO CJIOS WM TPH IPOBEACHUH JIa3epHOTO
JIETUpOBaHKs 00JydaeMbIX 30H. B mocienHem ciydae 3TO BBI3BaHO HEOOXOIMMOCTHIO OIUIABJICHUS JIETHPYIOLIETO
TIOKPBITHSA ¥ TOHKOT'O TIOBEPXHOCTHOTO CJIOSI CTaJIH.

Oco6oe BHHMaHHE B pabOTe YAEMIIOCh U3YUSHUI0O OCOOCHHOCTEH CTPYKTYpPOOOpa30BaHIs CTajel B 30HE JIa3epHOM
3aKaJIKH U3 KUIKOTO COCTOSHUSI.

DKCIIepUMEHTaTbHO YCTAHOBICHO, YTO 3Ta 30HAa MMeeT IeHApHTHOe crpoeHue (puc. 1 ). IlpudyeM OeHIPUTHI
HaIpaBJIeHbI ONPE/IEIIEHHBIM 00pPa30M — B CTOPOHY TEIIOOTBOZA OT 00IydaeMOii TOBEPXHOCTH B IIyOHHY 3aKaJICHHOTO
cios. O6miast TommuHa yrnpouHeHHoro ciost coctaBisieT 80—-100 MKM, cpenHsisi TBEpAOCTh MeTajlla IOBEPXHOCTHBIX
cnoes — 10-10,5 I'TIa.

PeHTreHOCTPYKTYpHBIH aHatn3 mokasain (puc. 1 6), 4To B 30HAX OIUIABICHUs MPUCYTCTBYIOT CIEAyOIIne (assl: o-
(daza (MapTEHCUT), HEKOTOPOE KOIMYIECTBO Y-(ha3bl (OCTATOYHBIA ayCTECHWT) W Pa3MbBITHIC PedIEKCHl HEMOIHOCTHIO
PacTBOPHUBIINXCS KapOHUIOB.

IIpu sToM HaOmOgaeTCs aHOMANBHOE COOTHOIICHHWE WHTEHCHBHOCTEW muQpakimuoHHBIX mHUA (200) n (111)
ayCTEHHTa B 30HAX JIA3€PHOI 3aKaJIKU M3 KHUAKOTO COCTOsHHMSA (pHc. 1 6, KpuBas 2), IO CPaBHEHHIO C 30HOM 3aKaJIKH U3
TBEPAOTO (ayCTeHUTHOr0) coctostHus (puc. 1 6, kpusast 1).
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Vrou orpaxenus 20, rpaz.
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Puc. 1. 3oHa azepHO 3aKAJIKK U3 KHUIKOTO COCTOSHHSA: @ — PACIOIIOKEHHE JICHIPUTOB B 30HE Ha ctanu P6MS;

6 — (parMeHThI PEHTTEHOTPAMM CTaJTH MOCIE Ta3epHOM 00paboTku Oe3 omaBacHus (kpuBas 1)
U C OIUIABJIEHHEM MTOBEPXHOCTH (KpHBast 2)

OTO CBUAETENBCTBYET O TOSBICHUH B IIOBEPXHOCTHBIX OOIyYSHHBIX CIIOSIX TEKCTYPHBIX A (PEKTOB.

®opMupoBaHHE TEKCTYpHl ayCTEHHTa CBSI3aHO, BUANMMO, C NMPEHMYIIECTBEHHONW OPHEHTHUPOBKOH €ro cyO3epeH B
ITOBEPXHOCTHOM CJIOE€ MaTE€pHaIOB, BO3HUKAIOIIEH 3a CUET HANpaBJIeHHON KPUCTAJUTM3alMU METajula MOCiie OKOHYAHMS
JIa3epHOTO UMITYJIbCA.

OnucanHbl 3QQEKT OKa3bIBACT IOJIOKHUTENILHOE BIMSHHE HA CBOWCTBA M3JIENIUH TOCie JazepHod oOpaboTku. B
YaCTHOCTH, TEKCTypa MOHIKAeT KO GHULIMEHTHI TPEHHUS B MapaxX TPEHHUs, 0COOEHHO, €CIIM TUII TEKCTYPBI COTIACYeTCs C
BUIOM HAIPSHKEHHOTO COCTOSHMS YIPOYHEHHBIX M3/ICNHI B YCIOBUSIX dKCILTyaTarmu [13].

B pabote paccMOTpeHbI HEKOTOPBIE BO3MOXHOCTH MCIOJIB30BaHUS TEKCTYPBI, BHI3BIBAIOIICH aHU30TPOIIHIO CBOMCTB
B TIOBEPXHOCTHBIX CIIOSIX cTajlel, Kak (pakTopa HOBBIMEHHUS TEXHOIOTHYECKHX XapaKTePUCTUK O0IyYEHHBIX U3/ISIIHH.



bposep I'. U. u 0p. Bruanue mekcmypnulx 3ghghekmos na pabomocnocooHocnsy 1a3epHo-00ayHenHo20 UHCMPYMEHma

C 570l 11e71p10 OBUTH ITPOBEJECHBI UCIIBITAHUS HA M3THO M yJapHYIO BI3KOCTh 00pa3ioB u3 cTaiu POMS, o0myueHHbIX
Ha pa3HbIX PEKUMaXx U 110 pa3HbIM CX€MaM, TO €CTh OINpeessiach KOHCTPYKIMOHHAsI IPOYHOCTS JIa3epHO-00 Iy YeHHbBIX
cTanei.

ITpu BEIOOpE METOROB M METOAMK SKCIIEPUMEHTOB HCXOIMIN U3 TOTO, YTO MCIBITAHUSA Ha U3THO cO3al0T B 00pasnax
HaNpsDKEHHOE COCTOSHHE, ONM3Koe K BO3HUKAMOIIEMY IpH padoTe MeTauiooO0pabaThIBAIOLIEro HHCTPYMEHTA.
Hcnonp3oBanuck 00pa3msl pazmepom 4x6x55 M.

[Ipumenenne 00pa3OB HECTAHAAPTHOTO CEYCHUS BHI3BAHO HEOOXOJMMOCTBIO Y)KECTOUCHHUS CTEICHH BIHSHUS
TOHKOTO YIIPOYHEHHOT'O CJI0S1 HA H3MepsieMble CBOICTBA.

Ilepen oOnydeHHeM CTamu MOIBEPrajid CTAaHTAPTHOW TepMHdecKoi oOpaborke. s CHATHA BHYTPEHHHX
HaNpspKeHH 1ociie U oBKA 00pasoB B pa3Mep npousBoamics otmyck mpu 400°C, a Taxke BU3yalbHbBIH KOHTPOJIb
Ha OTCYTCTBHE TpEIIMH WM Apyrux nedekroB. OmHa rpanb oOpasmoB (6x55 MM) Obula MOABEPrHyTa Ja3epHOMY
OOJIy4eHHUIO C TUIOTHOCTBIO MOIMHOCTH w3nydenus 70-150 MBT/M2, TO ecTh 0e3 OIUIABJICHHS W C OIUIABJICHUEM
MIOBEPXHOCTH 00pa3noB. YacTe 00pa3moB MOABEpPranach JIa3epHOMY JICTUPOBAHHIO M3 TIOPOLIKOBBIX OOMas3oK,
COZIepIKaINX IUCIICPCHBIC YaCTHIKH APEBECHOTO YTJIS C MOCIEAYIONIMM HarpeBoM 110 Temneparypsl 550 °C.

Crenyer OTMETHTb, YTO IIPH NCTIBITAHHUAX JIa3epHO-3aKaJICHHBIN CII0H HaXOMMIICS O/ NEHCTBHEM CKMMAIOIINX HITH
pacTATUBAIONINX HANPSHKEHUH B 3aBUCHMOCTH OT €TO PACIIONIOKEHHUSI OTHOCUTEIBHO Harpy Kalollero SJIeMeHTa.

B pesynbrare UCHBITaHNI yCTAHOBIJICHO, YTO B CiIydae JCHCTBHS Ha OOIYyYEHHBIH CIIOH COKMMAIOUIUX HaNpsDKeHUH
MIPOYHOCTH 00pa3IOB MPAKTUUECKH He CHIKaeTcs (Tabnuma 1). B ciiyyae Bo3nelicTBHS pacTArMBAIOIINX HAaNPSHKEHUN
YBEIMYMBACTCS CKIIOHHOCTh 00pa3IoB K XPYINKOMY pa3pyLIeHHI0. DTO, BUIUMO, CBSI3aHO C TEM, YTO PacTATUBAOLIHE
1/13r1/16a101uﬂe Harpy3ku UHULOUUPYIOT 3apOXKIACHUC U PAaCIIPOCTPAHCHNE TPCIIHMH B OIIABJICHHBIX ITOBEPXHOCTHLIX CJIOAX
CTaJIM TI0 MEXXJCHIPUTHBIM IIPOCIOHKaM.

Tabmuma 1
Mexanndeckne XxapakKTepUCTHKH cTanu POMS 1o u mocie ga3epHOi 00paboTKH
Guxrx10, MITa ax10t, MJTx/m?
Pexnm 00paboTku
CHKATHE pacTspkeHue cKaTHe pacTshKeHHe

C 6pab

TaHJapTHAs TepMHUYecKas o0paboTka (3aKaika 27947 27047 3.2+0,2 31+0,2
U OTIYCK)
Jlazepuas 3aKaika 0e3 OILTaBJIEHHS 25847 3247 28+0,2 0.20,2
TIOBEPXHOCTHU
JlazepHast 3aKaiKka ¢ OIUIaBJIEHUEM TOBEPXHOCTH 23847 30+7 2,710,2 0,3+0,2
JlazepHas 3akayika u otmyck mpu 550°C 257+7 31+7 2,8+0,2 0,4+0,2
JlazepHoe jerupoBaHue U3 YTOJIBHOTO MOPOIIKa 291+7 33t7 2,910,2 0,4+0,2
JlazepHoe ﬂempozaﬂne U3 YTOJLHOTO TMOPOIIKA 30247 3247 3.0+0,2 0.240.2
u otmyck mpu 550°C

MoXHO caenats BBIBOJI, UTO ISl CTAOMIN3AIMN KOHCTPYKIIMOHHOHM MPOYHOCTH OOIy9YEHHBIX U3AEIHI HEOOX0IUMO
MOJBEPTaTh YNPOYHCHMIO YYACTKH WX pabodell 4acTH, KOTOpBIE IIOIBEPXKEHBI NPH OSKCIUTyaTallUd JEHCTBHIO
CKUMAIOIINX HAarpy3o0K.

OcoOb1ii MHTEpEC, ¢ TOYKH 3PEHUS TMOBBINICHUS IKCILIyaTAl[MOHHBIX CBOMCTB JIa3€pHO-YHNPOYHEHHBIX H3EIHH,
TIPEACTABISIOT PE3YIbTATHI AKCIIEPUMEHTOB, TIOJTyYCHHBIE Ha JIA3EPHO-JIETUPOBAHHBIX U3 YTOJIBHOTO IIOPOIIKa 00pa3iax.

[pu MeTamnopu3NuecKux MUCCIEAOBAHUSIX BBISIBICHBI OCOOEHHOCTH MHUKPOCTPYKTYPBI 30H JIA3€PHOTO JIETHPOBAHHUS
W3 MOPOIIKOBBIX TOKPBITHH, COMEPIKANINX AKTUBHUPOBAHHBIN YTOJIb (PHC. 2).

'l;' ' AT LR NP
1'/' \‘Q V-O'\;‘

P 4 ey,
L. v &, lm Lt x $ITN
| ‘1 “n. :

'9" L T6Te . \&'k '&\' ‘ﬁ}g

V2

Puc. 2. CtpykTypa pacmiiaBa B 3aKaJ€HHOM U3 XKUJIKOTO COCTOSIHUS cTajiu POMS mipu na3zepHOM JIerupoBaHUM U3 MTOPOILKA,
cozieprKaliero yacTuuky yrisi, X500
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B wactHOCTH, XOpOLIO 3aMETHBI TUCIIEPCHBIE YACTUYKH YIJIsl, KOTOPhIE pacrojaralorcsi B 00JIyuYeHHOM MeTajule Ha
rpaHMIax pacTyIuuX AeHApUTOB. OJHOBPEMEHHO C TEKCTYpHBIMU S (PEeKTaMH NPUCYTCTBHE I'PaUTOBBIX IUIACTUH B
00JIy4eHHBIX 30HAX MOHMXKaeT KO3 UIIMEHTHI TPEHUSI HAa PabOYMX MOBEPXHOCTSIX M3JIENIU, BBIIOIHSS POJIb TBEPIOH
cmasku [14].

Kak BumHO U3 TaONHUIGI, TIPH AECHCTBUN CHKUMAFOIINX HAMNpsDKeHUH HanOosee 3(p(GeKTHBHO MOBBINIAIOT IPOYHOCTH
00JTy9eHHBIX M3IENNH JTa3epHOE JETHPOBAHKE U MOCTIEeIYIOIINI OTIycK pu Temnepatype 550 °C.

JlonoMHUTENbHBIN BKJIAA OTITyCKa B MOBBIIIEHHE CBOWCTB, B YACTHOCTH TBEPJOCTH, IIOBEPXHOCTHBIX CIIOEB CTANN
P6MS cBsi3an ¢ 3pexToM TUCTIEpCHOHHOTO TBEPACHHS B O0IYUEHHBIX U, TeM OoJiee, JerHpOBaHHBIX CIOSIX cTaiu. [lis
MTOATBEPKACHHS (P PEKTUBHOCTH MIPOBECHUS IIPOIIECcca JIA3EPHOT0 YIIPOYHEHHsI M JIETHPOBAHHS HHCTPYMEHTA, C Y4ETOM
TEKCTYpHBIX 3((EKTOB B TOBEPXHOCTHBIX ciosix [15,16], B paboTe NpOBeNeHBl HATYpHBIC HCOBITAHUSA Ha
W3HOCOCTOMKOCTD Pe3loB u3 ctainu P18 B ycinoBusIX pe3aHus aetanei u3 craimm 45.

Pesnpl u3 cranu P18 noaBepraigucy 00beMHOMN 3aKalKe M OTITYCKY, & TAKXKE Pa3IMYHBIM BapUaHTaM IMOBEPXHOCTHOMN
00paboTKM: Jla3epHOM 3aKajKe C OIUIABICHHEM M 0e3 OIUIaBJICHHUs MOBEPXHOCTH, JIa3€PHOMY JIETHPOBAHHIO U3
MTOPOIITKOBBIX 00Ma30K, COMIEpKAIIUX AUCIIEPCHBIE BKIIOUEHH KapOnuIoB BoIb(ppama.

JlazepHoe 00mydeHHE OCYIIECTBIIIIOCH 110 3aHEl rpaHy pabouel 4acTu peslia, KOTopas PH pe3aHNuH ITOBEPTacTCs
JEWCTBHIO CKMMAIOIINX HampspkeHni. Kak 1oka3aHo B cTaThe BBIIIE, 3TO UCKIIIOYACT XPYNKOE Pa3pymIeHne PexXyIIux
KPOMOK MHCTpYMeHTa. [IpoBeieHHbIe 3KCIIEpUMEHTHI IO BEIOOPY CTETIEHH MEPEKPHITHS 0OIyUYEHHBIX IATECH MOKa3alH,
9T0 KOX(PHUIMEHT TEePEKPHITHS OONydeHHBIX 30H MoinkeH ObiTh He MeHee 0,7-0,8. I'myOwHa ympowYHEHHOTO CIOs
coctasisuia 80—100 MKM, cpeHsI TBEPIOCTh METaJIa MOBEPXHOCTHBIX cioeB — 11-11,5 I'Tla.

CreneHb W3HOCA OLIEHMBATACh IO BEJIMYMHE IUIOMIAAKM M3HOCA Ha 3aJHEH I'paHM pes3la IpH OJMHAKOBOM ITyTH
pe3aHus UIs pa3HbIX BAPHAHTOB IIOBEPXHOCTHOTO YIPOYHEHHUSL.
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Puc. 3. M3HOCOCTO#KOCTE pe3noB u3 cranu P18 mocie 06beMHOI TepM00oOpaboTKH (KpuBas 1), Ta3epHON 3aKaJIKu 0e3 OTUIaBICHUS
(kpuBas 2), ¢ OIUIaBJICHUEM MOBEPXHOCTH (KpHBast 3), Ia3epPHOTO JIETHPOBaHKs KapOuaaMu Bosb(ppama (kpusas 4)

Kak BumHO Ha puc. 3, mpH BceX CKOPOCTSX pe3aHusi HaOmojaeTcss yMeHbIIeHHe n3Hoca B 1,5-2 pasa y pesuos,
MIOJIBEPTHYTHIX JIA3EPHOMY YIPOUYHEHUIO. [IpiueM MUHUMAaJIbHBIA H3HOC JJOCTUTAETCS B CITy4ae JIa3epHOTo JIETHPOBAHMS
pabounx moBepxXHOCTEH pe3la kapOupamu Bosibppama. [Ipy 5TOM B MOBEPXHOCTHBIX CJOSIX pe3loB (opmupyroTCs
CTPYKTYPBI, IPEJICTABISIONINE COOOH TEKCTypHUPOBAHHYIO MATPHILy C BILUIABIICHHBIMHU TBEPABIMHU YacTHLIAMH KapOHuIaMu
Bonb(pama WC.

O mpoTekaHWH TPOIIEcca JTa3ePHOro JCTUPOBaHMS MOBEPXHOCTH cTanu P18 kapOumamu BoJb(hpaMa, HMCHOIIUMH
BBICOKYIO TBepaocTh (o 15-17 I'Tla), cBUAETENbCTBYIOT MPHUCYTCTBYIONME Ha peHTreHorpammax peduexcst WC, a
TaKKe PE3yNIbTATHI IPOBEJCHHBIX HCCIIEIOBAHIN MOKPBHITHH MOCIIE Ta3epHON 00paOOTKH, MOTydIECHHbIE HAa CKAHUPYFOLIIEM
30HI0BOM MHKpockome. Ha pwuc. 4 ¢ XOpomo pa3nuunMbl BBICTYMAIOMIKME HaJ TOBEPXHOCTHIO 00paslia YacTUYKH
kap6uznos [17, 18].

B pabore ObUIM MOJy4eHBI KOJMYECTBEHHBIE XapPAKTEPUCTUKH IIOBEPXHOCTHBIX CIJIOEB CTajJed MOCIe JIa3epHOTo
BIUIaBiIeHHs U3 TOKpbITHit yactu WC. J1i1st 3TOro UCnosp30Baii KOMIIBIOTEPHYIO IIPOrpaMMy 00paboTKH N300pakeHHUI
(KON), pe3ynbraThl aHau3a NpuBeIeHbI HA puC. 4 6.
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Puc. 4. CkannpoBanHOE H300paKeHUE MOBEPXHOCTH cTaiu P18: ¢ — mocne 1a3epHOro BIUTaBICHUS KapOUIOB BOJb(hpama;
6 — rucrorpammsl pacnpezaeneHus yactur WC mo pasmepam

KonnuecTBo yactuil B
HHTEpBaJie pa3MepoB

Kaxk BuzHO Ha puc. 4, B IOBEPXHOCTHBIX CIIOSX CTajel IPUCYTCTBYIOT B OCHOBHOM BKJIFOUCHUS pa3MepaMu 5—10 MxM.

MaccuB pe3ynbTaToB SKCIIEPUMEHTAIBHOTO ONIPEAETICHHUS H3HOCOCTOMKOCTH PE3II0B MOCTIE JIA3EPHOT0 JIETUPOBAHMA,
obpaboTanHslil B porpamme «Statistica», mpezncrasien Ha puc. 5. V3 aHann3a prCyHKa MOXHO CIEJIaTh BBIBOI, 9TO
MUHHUMAIIBHBIA U3HOC PE3LI0B HAOMOAAETC s Mocie 00IyUeHuUs ¢ TUIOTHOCTBIO MOITHOCTH u3nydyenus 110-130 MBT/M2.
Benpivu Toukamu Ha pHc. 5 0003HaYECHBI PE3yIBTATH 3KCIIEPUMEHTAIBHON IIPOBEPKH PErPECCHOHHOTO MOIEIHPOBAHNUS
MIPOIIECCOB, MPOTEKAIONINX B 30HAX JIa3ePHON 00pabOTKH cTajeH.
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Puc. 5. KapTs! perpeccHOHHOTO MOAEIUPOBAHNS H3HOCOCTOHKOCTH PE3L0B U3 cTaity P18 B 3aBHCHMOCTH OT INIOTHOCTH MOIITHOCTH
JIa3€PHOT'0 U3JIYUYECHUA U TBEPAOCTU MMOBEPXHOCTHBIX CJIIOEB CTAIN

ITonyueHHBIC Pe3yabTATHI UMCIOT MPAKTUYECKYIO 3HAUUMOCTH, MTOCKOJIBKY TO3BOJISIOT TapaHTHPOBAHHO HA3HAYATH
PEKUMBI J1a3epHON 00pabOTKH ISl TTOydeHHs TpeOyeMol TBEPJOCTH B U3HOCOCTOMKOCTH, TO €CTh Pa0OTOCIIOCOOHOCTH
00JTy9aeMBIX U3CITHH.

Crnenyer OTMETUTh, YTO HEMAJOBaXXHOC 3HAYCHUC JJIs TapaHTHPOBAHHOTO MOBBIIICHUS JTOJTOBCYHOCTH H3JCIUH,
0COOCHHO WHCTPYMEHTa, WMEET aJre3MOHHAs YCTOWYMBOCTh pabOYMX MMOBEPXHOCTCH TMPOTHB «HAIHATIAHWS»
oOpabaTpiBaeMOTO MaTepHana. JTO HW3MEHSIET TeOMETPUYECKHE pa3Mepbl padouYMX IOBEPXHOCTEH, MPHBOAUT K
YVBEJIMYCHUIO JICHCTBYIOIIMX B TapaxX TPCHHS HATPY30K M HANPSDKCHHM, BBI3BIBAIOIIUX PAa3pyIICHHE MOBEPXHOCTHBIX
CJIOEB U3JIEIHH.

B pabore omnpememsuiich BO3MOXKHOCTH TOBBIMIEHHS OKCIDIyaTaIMOHHBIX CBOWCTB  JIa3epHO-3aKaJICHHON
HWHCTPYMEHTAIBHOHN CTaIM, HAXOJSIIEHCS B KOHTAKTE C IBETHBIMH aJTFOMHHHUEBBIMHU CIIJIABAMH.

O06pa3ie! 3 ctasi POMS noaBepraiu cTaHIapTHOH 00BEMHOM TepMOOOPaOOTKE U MOCIICTYIOIIEH Ta3epHON 3aKaIKe
C IJIOTHOCTBIO MOIIHOCTH M3mydeHust 100—120 MBT/M? 1y1st MOJTyYeHns Ha OBEPXHOCTH TEKCTYPOBAHHOTO COCTOSTHHS
craieit. [Ipu npoBeeHUH Ja3epHOTO JIETHPOBAHMUS HCIIOIB30BaJIM OKPBITHS, COJICpIKAIe KapOu bl Bobhpama.

HcnbiTanust Ha TpeHUE U aJIT€3UOHHYI0 YCTOMYUBOCTD MPOBOAMIN Ha MainHe MU-1M 1o cxeme «IUCK — KOJIOAKa».

KonTpTenoM SBILSIINCE aTIOMHHHAEBBIE CIDIABBI, O0NAJarOIIne Pa3HOM TBepHOCThIO M Ba3kocThio. CrutaB AJI31 mmen
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tBepaocte HB 32, /116 — HB 70 u AMr6 — HB 90. [ToBpexxaeHus u cieqpl CXBaThIBAHUS Ha TIOBEPXHOCTSIX TPEHMS
(uKcupoBaIM ¢ MOMOIIEI0 MUKpockona MBC-2.

B xauecTBe KpUTEpHS AT OLEHKH CKIIOHHOCTH K CXBAaThIBAHHUIO HHCTPYMEHTAIBHOM CTAJIM U alIOMUHHEBOI'O CILIaBa
BbIOpaHa BeIMYMHA YJIETIbHOW HArpy3Ku, IPHIOKEHHOH K Mape TPeHUsl U NPUBOJSIIAs K 3HAUUTEIbHOMY YBEIHUEHUIO
koo durmenTa TpeHus 3a cYeT HAIMIIAHUS ATIOMHHUEBOTO CIUIaBa Ha TIOBEPXHOCTH CTAIBHOTO 00pasla, TO eCTh 3a CYET
anresnoHHoro nporecca [19, 20].

Kak BugHO Ha puc. 6 @ u 6, IpH KOHTAKTE JIa3epHO-OOJIYUYEHHOH HHCTPYMEHTAIBHON CTalM C allOMUHHEBBIMHU
crmaBaMu Tunia AMr6 u /16 nepeHoC aJrOMUHHMEBBIX CIUIaBOB Ha CTaIb IMPaKTHYECKH OTCyTCTBYeT. KoadduuueHTs!
tpenust cocraisitoT 0,07-0,09, B cpaBHeHMH ¢ 00BEMHO 3aKalIeHHBIMU 00pa3aMu, IJIsi KOTOPBIX KOG GHUIIUSHTHI TPEHHS
nocruratot 3HaueHnit o6oisiee 0,10. [Ipuyem B koHTakTe co cruaBoM J[16 st HUX HaOMIOgaeTcst CKaYKOOOpas3HBIN poCT
koo uIeHTOB TpeHus, HauMHasi C YAENbHBIX HAarpy3ok B mape TpeHus cBbime 6 MIla. DTo cBuaeTenbcTBYeT O

MPOTCKAHNU aAI€3NOHHBIX ITPOLECCOB.
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Puc. 6. Kospduuments TpeHus npu koHTakTe ctanu P18 co crumaBamu a — AMr6; 6 — J116; 6 — AJ131 no nasepHoit 00paboTKH

(xpuBsIe 1), ocIe Na3epHOM 3aKaak (KpHUBBIC 2), MOCIIE JIA3EPHOTO JISTUPOBAaHUS KapOuaaMu Bosib(hpama (KpuBbie 3)

Crnemyer OTMETHTB, 9TO B ITapax TpeHus co criaBoM AJ[31, mMeromeM caMmyio HIU3KYIO TBEPIOCTh, Y HEOOTyIeHHBIX
CTaNBHBIX 00pa3loB HaOIIOmaeTCs KaTacTPOPHUUECKHH POCT KOA(PGHUIMEHTOB TPEHUS TNPH YAETBHBIX Harpyskax
4,5 MIla, a y na3zepHO-3aKallCHHBIX CTale mpu 6os1ee BEICOKHX Harpy3kax B mapax Tperus — 6 MIla (puc. 6 ). Tonbko
JIa3epHO-IIETUPOBAHHBIC 0OPA3IbI HMEIOT B 3TUX YCIOBHUSIX BBICOKOE CONMPOTHUBIICHHE aare3nn [21].

[oBblmeHne aare3MOHHOM CTOMKOCTH HPH JIa3epHOM OOJIYYEHHU CBSI3aHO C JAOCTH)KEHHEM HE TOJBKO BBICOKON
tBepaocty (11-11,5 I'Tla) TekcTypHpOBaHHOTO TIOBEPXHOCTHOTO CJIOS, HO M KaK B CIIy4ae JIA3EPHOTO JISTHPOBAHUS €IIIe

U C BILIaBJICHUEM H3 HOKpI)ITI/Iﬁ TBEPABIX AUCHEPCHBIX Kap6I/I,HOB BOJ'II)(bpaMa.
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Puc. 7. Perpeccnonnoe MoenupoBaHue 3HadeHIH KO3()(OUIHNEHTOB TPEHHS B Tapax TPCHUS
«00JTy4eHHAs! HHCTPYMEHTAJIbHAS CTallb — aJIOMUHUEBBIH CIIaB»

C menblo NMPOTHO3WPOBAHUS M BHIOOpPa HEOOXOAMMBIX KOI((GHUIMEHTOB TPEHUs, OOECIeYMBAaIOINX 3aJaHHbIC
BEIMYUHBI U3HOCO- U aJIr€3MOHHOHN CTOMKOCTH cTanu P18 B KOHTakTe ¢ allOMUHHUEBBIMH CIIIABAMU IIOCIIE JAa3€pHOTrO
00iy4eHus, B padoTe MPOBEICHO PErPECCHOHHOE MOJETUPOBAHHE PE3YITaTOB SKCIEPUMEHTOB C IIOMOIIBIO IIPOTPaMMBI
«Statistica» (puc. 7).

OO0cy:xaeHne U 3akJ0ueHusi. B pabore sKCIepUMEHTAIBHO YCTAHOBIICHO, YTO YJIyUIIEHHIO OCHOBHBIX CBOWCTB U
TTOBBIIIEHUIO pab0TOCTIOCOOHOCTH OOTyYEHHBIX CTaJIel CIIOCOOCTBYIOT, B TOM YHCJIE, TAKHE OCOOCHHOCTH CTPYKTYpPHOTO
COCTOSIHMSI OOJy4EHHBIX TMOBEPXHOCTHBIX CIIOEB CTaneil, Kak TeKCTypHble d(GeKThl B o- u Y-hazax. ITO 0COOCHHO
3HA4YMMO, €CIIH THUIl TEKCTYpBl COTJIACYETCS C BUAOM HAIPSKEHHOTO COCTOSIHUS YNPOYHEHHBIX H3/ENUil B yCIOBHUIX
9KCIUTyaTaLlUH.

Y CTaHOBIIEHO, YTO YNPOYHATh HEOOXOAMMO pabodne MOBEPXHOCTH M3EIHHA, HAXOAAIINECS IPH SKCIUTYaTaIl|H 0]
JEWCTBHEM CKHMAIOIIUX Harpys3ok. IlpeamodrnTenbHas OpHEHTHPOBKA CTPYKTYp JIa3epHOW 00pabOTKM yMEHbBIIAaeT
CKJIOHHOCTH ITOBEPXHOCTHBIX CJIOEB OOJIyYEHHBIX M3ZEIHNH K XPYIKOMY pa3pyleHHUI0, CHIDKAeT KOd(PHUIMEHTH TPEHUS
B TprOOCHCTEMAX IT0 CPABHEHHMIO C TPAAUIIMOHHBIM 00beMHBIM yrpouneHneM ctanu Ha 20-30 %. [Ipu 5Tom noBeIaeTcs
TaK)Ke M CTAaOMIBHOCTH KO((HUIIMEHTOB TPEHHUS B POLIECCE IKCIUTyaTalluy 00IyYeHHBIX U3AEIHH. ITO 00CTOSATEIHCTBO
SIBIISIETCSl B&XHBIM B OOECIEUCHWH CTAllMOHAPHOCTH NPOLIECCOB B 30HE TPEHMs, CO3/AaeT MPEANOCHUIKH JUIst
WHTEHCH(UKAINY PEKUMOB IKCILTyaTallly 1ap TPEHHUSI.

[IpakTryeckoe UCTIOIB30BaHKE MONYYEHHBIX B paboTe pe3yabTaToOB IIO3BOJIAET MyTeM LieIeHANpaBIeHHOro BEIOOpa
CXeM M ITapaMeTPOB PEXKUMa JIa3epPHOT0 OOIy4EHHMS IOITy4YaTh Ha IOBEPXHOCTH CTPYKTYpBI, 00JIalafolIye 3aaHHBIMH
W3HOCO- M a/IT€3NOHHON CTOHKOCTBIO B YCJIOBHSIX BHEIITHETO HATPY>KEHHS TPH SKCIITyaTalu.

Omnpenenena BO3MOKXHOCTb MOBBIIICHHUS] KOHCTPYKIIMOHHOM MPOYHOCTH M SKCIUTYaTaI[IOHHBIX CBOWCTB MHCTPYMEHTA
3a CUET MPOBEICHMS JIA3EPHOTO JIETHPOBAHUS U3 MOPOIIKOBBIX MOKPBITHH M MPOBEACHUS OTIyCKa IMOCIE JTa3epHOTO
00Iy4eHuSI.

Cnucok auTepaTypsl

1. Tingting G., Suiyuan C., Xueting C., et al. Effect of laser incident energy on microstructures and mechanical
properties of 12CrNi2Y alloy steel by direct laser deposition. Journal of Materials Science & Technology. 2019;35(2):
395-402. https://doi.org/10.1016/j.jmst.2018.10.024

2. AlMangour B., Grzesiak D., Yang J.-M. Scanning strategies for texture and anisotropy tailoring during
selective laser melting of TiC/316L stainless steel nanocomposites. Journal of Alloys and Compounds. 2017;728:424—
435, https://doi.org/10.1016/j.jallcom.2017.08.022

3. Keshavarzkermani A., Sadowski M., Ladani L. Direct metal laser melting of Inconel 718: Process impact on grain
formation and orientation. Journal of Alloys and Compounds. 2018;736:297-305.
https://doi.org/10.1016/j.jallcom.2017.11.130

4.Su Y., Wang Z., Luet H., et al. Improved wear resistance of directed energy deposited Fe-Ni-Cr alloy via closed-
loop controlling laser power. Journal of Manufacturing Processes. 2022;75:802-813.
https://doi.org/10.1016/j.jmapro.2022.01.047

5. Bposep A.B., bposep I'.U., Ilyctosoiit B.H. IToBbIcHHE IKCIITyaTAIIMOHHBIX CBOMCTB M KA4eCTBA XUMHUYECKUX

MOKPBITHI Ha CTalsX M CIUIABaX Ja3epHOW 00paboTkol. Becmuux JJOHCKO20 20Cy0apCmEeHno20 MeXHUYecKo2o
yuusepcumema. 2015;1:62—67. https://doi.org/10.12737/10388

XUMHUYECKHE TE€XHOJIOI'WH, HAYKH O MaT€puajiax, MCTaJllIyprusi

109


https://doi.org/10.1016/j.jmst.2018.10.024
https://www.sciencedirect.com/science/journal/09258388
https://doi.org/10.1016/j.jallcom.2017.08.022
https://www.sciencedirect.com/science/article/pii/S0925838817338872
https://www.sciencedirect.com/science/article/pii/S0925838817338872
https://www.sciencedirect.com/science/journal/09258388
https://doi.org/10.1016/j.jallcom.2017.11.130
https://www.sciencedirect.com/science/article/pii/S1526612522000652
https://www.sciencedirect.com/science/article/pii/S1526612522000652
https://www.sciencedirect.com/science/journal/15266125
https://doi.org/10.1016/j.jmapro.2022.01.047
https://doi.org/10.12737/10388

https://bps-journal.ru

110

FBesonacnocms mexnozennvix u npupoonsvix cucmem. 2023;7(2):102-112. elSSN 2541-9129

6. Zhang K., Deng J., Ding Z., et al. Improving dry machining performance of TiAIN hard-coated tools through
combined technology of femtosecond laser-textures and WS, soft-coatings. Journal of Manufacturing Processes.
2017;30:492-501. https://doi.org/10.1016/j.jmapro.2017.10.018

7. Li S, Chen H., Ting L., et al. Tribological properties of laser surface texturing modified GCr15 steel under
graphene/5CB  lubrication. Journal of Materials Research and Technology. 2022;18:3598-3611.
https://doi.org/10.1016/j.jmrt.2022.04.030

8. Fernandez-Lucio P., Villaron-Osorno I., Pereira Neto O., et al. Effects of laser-textured on rake face in turning PCD
tools  for  Ti6AI4V.  Journal of  Materials  Research and  Technology. 2021;15:177-188.
https://doi.org/10.1016/j.jmrt.2021.08.004

9. Chu Q., Hao S.J., Li W.Y., et al. Impact of shoulder morphology on macrostructural forming and the texture
development during probeless friction stir spot welding. Journal of Materials Research and Technology. 2021;12:2042—
2054, https://doi.org/10.1016/j.jmrt.2021.04.013

10. Keshavarzkermani A., Sadowski M., Ladani L. Direct metal laser melting of Inconel 718: Process impact on grain
formation and orientation. Journal of Alloys and Compounds. 2021;736:297-305.
https://doi.org/10.1016/j.jallcom.2017.11.130

11.Yu Z., Zheng Y., Chen J,, et al. Effect of laser remelting processing on microstructure and mechanical properties
of 17-4 PH stainless steel during laser direct metal deposition. Journal of Materials Processing Technology.
2020;284:116738. https://doi.org/10.1016/j.jmatprotec.2020.116738

12. Brover G.l., Shcherbakova E.E. Aspects of Structure Formation in Surface Layers of Steel after Laser Alloying
from Various Coatings. Metallurgist. 2022;66:672—680. https://doi.org/10.1007/s11015-022-01375-2

13. Mao B., Siddaiah A., Menezes P.L., et al. Surface texturing by indirect laser shock surface patterning for
manipulated  friction  coefficient. Journal of Materials Processing Technology. 2018;257:227-233.
https://doi.org/10.1016/j.jmatprotec.2018.02.041

14. Yan H., Chen Z., Zhao J. et al. Enhancing tribological properties of WS2/NbC/Co-based self-lubricating coating
via laser texturing and laser cladding two-step process. Journal of Materials Research and Technology. 2020;9(5):9907—
99109. https://doi.org/10.1016/j.jmrt.2020.07.001

15. Wang T., Wang C., Li J., et al. Microstructure and wear properties of laser-clad NiCo alloy coating on Inconel
718 alloy. Journal of Alloys and Compounds. 2021;879:160412. https://doi.org/10.1016/j.jallcom.2021.160412

16. Jiang P.F., Zhang C.H., Zhang S., et al. Microstructure evolution, wear behavior, and corrosion performance of
alloy steel gradient material fabricated by direct laser deposition. Journal of Materials Research and Technology.
2020;9(5):11702-11716. https://doi.org/10.1016/j.jmrt.2020.08.074

17. Liu S, Li Y., Wang Y., et al. Selective laser melting of WC-Co reinforced AISI 1045 steel composites:
microstructure characterization and mechanical properties. Journal of Materials Research and Technology.
2022;19:1821-1835. https://doi.org/10.1016/j.jmrt.2022.05.158

18. Brover G.l. Shcherbakova E.E. Features of Steel Structure Formation in Areas of High-Speed Laser Hardening
from Liquid State. Metallurgist. 2022;66:529-538. https://doi.org/10.1007/s11015-022-01357-4

19. Liu L., Wang D., Deng G., et al. Laser additive manufacturing of a 316L/CuSn10 multimaterial coaxial nozzle to
alleviate spattering adhesion and burning effect in directed energy deposition. Journal of Manufacturing Processes.
2022;82:51-63. https://doi.org/10.1016/].jmapro.2022.07.038

20. Liu Y.-X., Zhang C.-C., Wang R.-Z., et al. Quantitative evaluations of improved surface integrity in ultrasonic
rolling process for selective laser melted in-situ TiB2/Al composite. Journal of Manufacturing Processes. 2022;77:412—
425, https://doi.org/10.1016/j.jmapro.2022.03.026

21. Meng X., Zhang K., Guo X., et al.Preparation of micro-textures on cemented carbide substrate surface by plasma-
assisted laser machining to enhance the PVD tool coatings adhesion. Journal of Materials Processing Technology.
2021;288:116870. https://doi.org/10.1016/j.jmatprotec.2020.116870

References

1. Tingting G, Suiyuan C, Xueting C, et al. Effect of laser incident energy on microstructures and mechanical
properties of 12CrNi2Y alloy steel by direct laser deposition. Journal of Materials Science & Technology. 2019;35(2):
395-402. https://doi.org/10.1016/j.jmst.2018.10.024

2. AlMangour B, Grzesiak D, Yang J-M. Scanning strategies for texture and anisotropy tailoring during
selective laser melting of TiC/316L stainless steel nanocomposites. Journal of Alloys and Compounds. 2017;728:424—
435. https://doi.org/10.1016/j.jallcom.2017.08.022

3. Keshavarzkermani A, Sadowski M, Ladani L. Direct metal laser melting of Inconel 718: Process impact on grain
formation and orientation. Journal of Alloys and Compounds. 2018;736:297-305.



https://doi.org/10.1016/j.jmapro.2017.10.018
https://doi.org/10.1016/j.jmrt.2022.04.030
https://doi.org/10.1016/j.jmrt.2021.08.004
https://doi.org/10.1016/j.jmrt.2021.04.013
https://doi.org/10.1016/j.jallcom.2017.11.130
https://doi.org/10.1016/j.jmatprotec.2020.116738
https://doi.org/10.1007/s11015-022-01375-2
https://doi.org/10.1016/j.jmatprotec.2018.02.041
https://doi.org/10.1016/j.jmrt.2020.07.001
https://doi.org/10.1016/j.jallcom.2021.160412
https://doi.org/10.1016/j.jmrt.2020.08.074
https://doi.org/10.1016/j.jmrt.2022.05.158
https://doi.org/10.1007/s11015-022-01357-4
https://doi.org/10.1016/j.jmapro.2022.07.038
https://doi.org/10.1016/j.jmapro.2022.03.026
https://doi.org/10.1016/j.jmatprotec.2020.116870
https://doi.org/10.1016/j.jmst.2018.10.024
https://www.sciencedirect.com/science/journal/09258388
https://doi.org/10.1016/j.jallcom.2017.08.022
https://www.sciencedirect.com/science/article/pii/S0925838817338872
https://www.sciencedirect.com/science/article/pii/S0925838817338872
https://www.sciencedirect.com/science/journal/09258388

bposep I'. U. u 0p. Bruanue mekcmypnulx 3ghghekmos na pabomocnocooHocnsy 1a3epHo-00ayHenHo20 UHCMPYMEHma

https://doi.org/10.1016/j.jallcom.2017.11.130

4.SuY,Wang Z, Luet H, et al. Improved wear resistance of directed energy deposited Fe-Ni-Cr alloy via closed-loop
controlling laser power. Journal of Manufacturing Processes. 2022;75:802-813.
https://doi.org/10.1016/j.jmapro.2022.01.047

5. Brover AV, Brover GI, Pustovoyt VN. Improving quality and performance properties of chemical coatings on steels
and alloys by laser treatment. Vestnik of Don State Technical University. 2015;1:62-67. https://doi.org/10.12737/10388
(In Russ.).

6. Zhang K, Deng J, Ding Z, et al. Improving dry machining performance of TiAIN hard-coated tools through
combined technology of femtosecond laser-textures and WS, soft-coatings. Journal of Manufacturing Processes.
2017;30:492-501. https://doi.org/10.1016/j.jmapro.2017.10.018

7. Li S, Chen H, Ting L, et al. Tribological properties of laser surface texturing modified GCrl5 steel under
graphene/5CB  lubrication. Journal of Materials Research and Technology. 2022;18:3598-3611.
https://doi.org/10.1016/j.jmrt.2022.04.030

8. Fernandez-Lucio P, Villar6n-Osorno I, Pereira Neto O, et al. Effects of laser-textured on rake face in turning PCD
tools  for  Ti6AI4V.  Journal of  Materials Research and  Technology. 2021;15:177-188.
https://doi.org/10.1016/j.jmrt.2021.08.004

9. Chu Q, Hao SJ, Li WY, et al. Impact of shoulder morphology on macrostructural forming and the texture
development during probeless friction stir spot welding. Journal of Materials Research and Technology. 2021;12:2042—
2054. https://doi.org/10.1016/j.jmrt.2021.04.013

10. Keshavarzkermani A, Sadowski M, Ladani L. Direct metal laser melting of Inconel 718: Process impact on grain
formation and orientation. Journal of Alloys and Compounds. 2021;736:297-305.
https://doi.org/10.1016/j.jallcom.2017.11.130

11.Yu Z, Zheng Y, Chen J, et al. Effect of laser remelting processing on microstructure and mechanical properties of
17-4 PH stainless steel during laser direct metal deposition. Journal of Materials Processing Technology.
2020;284:116738. https://doi.org/10.1016/].jmatprotec.2020.116738

12. Brover Gl, Shcherbakova EE Aspects of Structure Formation in Surface Layers of Steel after Laser Alloying from
Various Coatings. Metallurgist. 2022;66:672—680. https://doi.org/10.1007/s11015-022-01375-2

13. Mao B, Siddaiah A, Menezes PL, et al. Surface texturing by indirect laser shock surface patterning for manipulated
friction coefficient. Journal of Materials Processing Technology. 2018;257:227-233.
https://doi.org/10.1016/j.jmatprotec.2018.02.041

14. Yan H, Chen Z, Zhao J, et al. Enhancing tribological properties of WS2/NbC/Co-based self-lubricating coating
via laser texturing and laser cladding two-step process. Journal of Materials Research and Technology. 2020;9(5):9907—
9919. https://doi.org/10.1016/j.jmrt.2020.07.001

15. Wang T, Wang C, Li J, et al. Microstructure and wear properties of laser-clad NiCo alloy coating on Inconel 718
alloy. Journal of Alloys and Compounds. 2021;879:160412. https://doi.org/10.1016/].jallcom.2021.160412

16. Jiang PF, Zhang CH, Zhang S, et al. Microstructure evolution, wear behavior, and corrosion performance of alloy
steel gradient material fabricated by direct laser deposition. Journal of Materials Research and Technology.
2020;9(5):11702-11716. https://doi.org/10.1016/].jmrt.2020.08.074

17. Liu S, Li Y, Wang Y, et al. Selective laser melting of WC-Co reinforced AISI 1045 steel composites:
microstructure characterization and mechanical properties. Journal of Materials Research and Technology.
2022;19:1821-1835. https://doi.org/10.1016/j.jmrt.2022.05.158

18. Brover Gl Shcherbakova EE. Features of Steel Structure Formation in Areas of High-Speed Laser Hardening from
Liquid State. Metallurgist. 2022;66:529-538. https://doi.org/10.1007/s11015-022-01357-4

19. Liu L, Wang D, Deng G, et al. Laser additive manufacturing of a 316L/CuSn10 multimaterial coaxial nozzle to
alleviate spattering adhesion and burning effect in directed energy deposition. Journal of Manufacturing Processes.
2022;82:51-63. https://doi.org/10.1016/j.jmapro.2022.07.038

20. Liu Y-X, Zhang C-C, Wang R-Z, et al. Quantitative evaluations of improved surface integrity in ultrasonic
rolling process for selective laser melted in-situ TiB2/Al composite. Journal of Manufacturing Processes. 2022;77:412—
425, https://doi.org/10.1016/j.jmapro.2022.03.026

21. Meng X, Zhang K, Guo X, et al.Preparation of micro-textures on cemented carbide substrate surface by plasma-
assisted laser machining to enhance the PVD tool coatings adhesion. Journal of Materials Processing Technology.
2021;288:116870. https://doi.org/10.1016/].jmatprotec.2020.116870

XUMHUYECKHE TE€XHOJIOI'WH, HAYKH O MaT€puajiax, MCTaJllIyprusi

111


https://doi.org/10.1016/j.jallcom.2017.11.130
https://www.sciencedirect.com/science/article/pii/S1526612522000652
https://www.sciencedirect.com/science/article/pii/S1526612522000652
https://www.sciencedirect.com/science/journal/15266125
https://doi.org/10.1016/j.jmapro.2022.01.047
https://doi.org/10.12737/10388
https://doi.org/10.1016/j.jmapro.2017.10.018
https://doi.org/10.1016/j.jmrt.2022.04.030
https://doi.org/10.1016/j.jmrt.2021.08.004
https://doi.org/10.1016/j.jmrt.2021.04.013
https://doi.org/10.1016/j.jallcom.2017.11.130
https://doi.org/10.1016/j.jmatprotec.2020.116738
https://doi.org/10.1007/s11015-022-01375-2
https://doi.org/10.1016/j.jmatprotec.2018.02.041
https://doi.org/10.1016/j.jmrt.2020.07.001
https://doi.org/10.1016/j.jallcom.2021.160412
https://doi.org/10.1016/j.jmrt.2020.08.074
https://doi.org/10.1016/j.jmrt.2022.05.158
https://doi.org/10.1007/s11015-022-01357-4
https://doi.org/10.1016/j.jmapro.2022.07.038
https://doi.org/10.1016/j.jmapro.2022.03.026
https://doi.org/10.1016/j.jmatprotec.2020.116870

https://bps-journal.ru

112

FBesonacnocms mexnozennvix u npupoonsvix cucmem. 2023;7(2):102-112. elSSN 2541-9129

06 asmopax:
Bposep I'asimna UBanoBHa, npodeccop kadeapsl «MaTepuanoBeJeHUE U TEXHOJIOTMH METaJuIoB» JoHCKOro
roCyJIapCTBEHHOTO TexHu4eckoro yHuepcutera (344003, P®, r. PocroB-nHa-llony, mi. larapuna, 1), moxrop

TEXHUYECKHX Hayk, abrover@mail.ru

Ilep6axoBa Ejiena EBrenbeBHa, noueHT Kadeapbl «MaTepHATOBEICHHE W TEXHOJOIMH METAa/LUIOB» JIOHCKOrO
TOCYTapCTBEHHOTO TEXHWYECKOTO YHHUBEPCUTETa, KaHIUAAT TeXHIUecKuX Hayk (344003, PO, r. Pocros-na-/loHy, 1m1.
larapuna, 1), bsherbakovaee@mail.ru

3anenennulii 6k1a0 COABMOPOE:

I''". BpoBep — mocTaHOBKa 3aja4yd, BHIOOP METOJOB W METOAMK HCCIICJIOBAHUM, ydacTHe B IIPOBEICHHUHU
MeTaIO(U3NUECKHX IKCIIEPUMEHTOB U B 00CYKJICHUH HX PE3yJIbTaTOB, IOCTPOSHHE MaTEMaTHIECKON U KOMIIBIOTEPHON
mozaenu. E.E. lllepbakoBa — KpUTHYECKH 0030p JHMTEpaTypHBIX HMCTOYHHKOB MO TEME HCCIENOBaHHS, y4acTHE B
NPOBEICHUH METALIOPU3MIECKUX IKCIIEPUMEHTOB H B 00CYK/ICHHU HX PE3YJIbTATOB.
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