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AHHOTANUA
Jeranu, n3roToBJICHHBIE U3 KAPOMPOUYHBIX HUKEJIEBBIX CIUIABOB, B XOJ€ 3KCIUTyaTallluH
UCOBITBHIBAIOT MEXaHUYECKHUE Harpy3Ku u BO3ICHCTBUE arpecCUBHOU

BBICOKOTEMIEPATypHOIl cpenbl. DT (aKkTOpbl BHI3BIBAIOT YCKOPEHHOE H3HAIIMBaHUE
METATMYECKUX TOBEpXHOCTEH. DP(PEKTUBHBIM SBISIETCS HCIOJIB30BAaHUE JIA3EPHOTO
U3ITydyeHus: s MOoAu(HUKaLKU TOBEPXHOCTEH KApONMPOYHBIX HUKENEBBIX CIIABOB C
LEIbI0 TONYYEHUs YNMPOYHEHHBIX M YCTOMUMBBIX K HM3HOCY CTpPYKTyp. B crarbe
OMMCAHbl PE3YNbTAaThl HCCIECIOBAaHUS BO3JEUCTBUS JIa3epHOl TepMooOpabOTKU U
JA3€pHOTO JIETUPOBAHUS HA W3HOCOCTOMKOCTH >KApPOIMPOYHOrO0 HHUKEJIEBOrO CIIIaBa
XH70BMTIO. Pe3ynbTaThl 3KCHEPUMEHTOB  yOETUTEIBHO  JIOKA3bIBAIOT, YTO
BO3JICUCTBUE JIA3€PHOTO U3JIYUYECHHS, MPU KOTOPOM HE MPOUCXOAUT OIUIaBICHUS
MOBEPXHOCTHBIX ci10eB ciuiaBa XH70BMTIHO, noBeImaeT n3HOCOCTOMKOCTH B 2,25 pasa.
BozneiicTBue na3epHOro M3MydeHHs] MPUBOIUT K 00pa3oBaHUIO Ha 0OpabarbiBaeMOit
MOBEPXHOCTU YJIbTPAIUCIEPCHBIX CTPYKTYp 3a CUET BBICOKMX CKOPOCTEH HarpeBa u
OXJIAX/ICHUS. BBIMONHEHO HCCNeOoBaHUE BIUSHUS JIA3€PHOTO JIETUPOBAHUS Ha
n3HococToiikocTs cmiaBa XH70BMTHO, moka3ano, mocie oOaydeHHsl OTAEITbHBIMU
UMITyJIbCAMU JIa3epa C OIUIABIICHUEM MMOBEPXHOCTH M BBEJCHUEM ATIOMUHUAA KOOAIbTa
M3HOCOCTOMKOCTh MCCIIEYEMOr0 CIlJIaBa Bo3pacTaer B 3,4 pasza.

KuaroueBble cJjioBa: Ja3epHas TepMHUeckas o00pabOTKa, Ja3epHOEe JIeTHPOBAHUE,
M3HOCOCTOMKOCTb, CKOPOCTh U3HAIIMBAHMSI, HUKEJIEBBIE CILIABBI.

Abstract

Parts made of heat-resistant nickel alloys are subjected to mechanical stress and
exposure to aggressive high-temperature environment during operation. These factors
cause accelerated wear of metal surfaces. It is effective to use laser radiation to modify
the surfaces of heat-resistant nickel alloys in order to obtain hardened and wear-resistant
structures. The article describes the results of a study of the effects of laser heat
treatment and laser alloying on the wear resistance of heat-resistant nickel alloy
XH70BMTIO. The experimental results convincingly prove that the effect of laser
radiation, in which there is no melting of the surface layers of the XH70BMTIO alloy,
increases wear resistance by 2.25 times. Exposure to laser radiation leads to the
formation of ultrafine structures on the treated surface due to high heating and cooling
rates. The effect of laser alloying on the wear resistance of the XH70BMTIO alloy was
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studied, it was proved that after irradiation with individual laser pulses with surface
melting and the introduction of cobalt aluminide, the wear resistance of the alloy under
study increases by 3.4 times.

Keywords: laser heat treatment, laser alloying, wear resistance, wear rate, nickel alloys.

3H0COCTOUKOCTD neraiei o0ecrieunBaeTcs MHOBBIIIICHHOU TBEPAOCTHIO
MeTayummueckoi moBepxHocTH [1, 2]. IlepcrekTUBHBIM criocoOoM MOAMGPUIIUPOBAHUS
MOBEPXHOCTHU SIBIISIETCS JIa3epHas TepMUdeckas o0paboTka, B pe3yjbTare KOTOpPOW Ha
MOBEPXHOCTU  CTaled U  CcIjIaBoB  (OPMHUPYIOTCS  CJIOM  C  TOBBIINICHHOMN
MHUKPOTBEPJOCTHIO, YTO CIOCOOCTBYET YBEIMUEHHUIO ee M3HOcocToiikoctu [3]. B psnae
paboT MpeacTaBieHbl pe3yibTaThl HCCIEAOBAaHUMN, TOKa3bIBAIOIINE, YTO B pe3yibTare
Ja3epHOTO OOJIYYeHHS] TIOBBIMIAIOTCS KOPPO3WOHHASI CTOWKOCTh, MUKPOTBEPIOCTb,
M3HOCOCTOMKOCTh MOBEPXHOCTEH CTael U CIIJIaBOB [4-6].

B xome sKkcrepuMEeHTOB NPOBEICHBI HCIBITAHHMS HAa M3HOC OOPa3I[OB HUKEIEBOTO
crmmaa  XH70BMTHRO, koTopblii  MCHONB3yeTCAs 11 W3TOTOBJEHHUSI  JIOMATOK
ra3oTypOUHHBIX JBUTaTeNiell. B peanbHBIX YCIOBHSIX OJKCIUTyaTallMd HW3HOC JTaHHBIX
u3JIeNHii 00yCIOBJICH HIUKINYECKUMU TEPMUYECKUMU M BUOPAIIMOHHBIMH Harpy3KamH.

Ob6pazupr crmmaa  XH70BMTIO  Bo30yxmatoTcsi BHOpaTOpoM H  BBOJAATCS B
pe3oHaHCHBIEe KoyiebaHus ¢ yactoTor A0 200 I'm, ammmuTyaa xkonebaHuii paBHA 6 MM,
BpeMsi UCIbITaHu# coctaBisuio 15, 25, 50, 90 mun. Bennunna u3Hoca olieHUBaIach 1Mo
M3MEHEHHUSAM pa3MepOB KOHTAKTHBIX MTOBEPXHOCTEN HCCIeyeMbIX 00pa3IioB.

[lepen wucnpITaHWEM Ha W3HOCOCTOMKOCTH MPOBOAMIIOCH OOIydeHHE OOpa3IoB
crmasa XH70BMTHOnaszepom nMmyabcaMu JIMTeNbHOCTHIO 1,5°107¢ mpy mioTHOCTH
MomHocTH m3mydenus 3-10° Br/em?; 5-10° Br/em?; 7-10° Br/em?; 9-10* Br/em?.
JlaHHbBIE PEKUMBI JIa3€pHOTO BO3ACUCTBUS HE MPUBOJAT K OIJIABICHUIO METAJUIMYECKOM
MOBEPXHOCTH.

CkopocTh H3HAIIMBAaHUS KOHTAKTHBIX MOBEpXHOCTEH 0O0pa3loB B pe3yJbTaTe
Ja3epHO TepMOOOpPabOTKM yMeHbIIaeTcs B 2,25 pas3a NpH JiazepHOH 00paboTke C
TJIOTHOCTBIO MOIITHOCTH m3nyueHus 5-10*Br/em? (puc. 1).
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Puc. 1. 3aBucumocts ckopoctu n3HamuBanus cmiasa XH70BMTIHO ot niotHOCTH
MOITHOCTH JIa3€PHOT0 U3IYUYEeHHUs

Oddekr ynpouneHus mnoBepxHocTH cmiaaBa XH70BMTIO mocne mazepHOro
oOmyueHus: 0e3 OIUIaBICHUS TMOBEPXHOCTU OOBSCHAETCS BO3HHKHOBCHHEM B
MOBEPXHOCTHOM CJIO€ JTUCIICPCHBIX CTPYKTYP 32 CUET BBICOKUX CKOPOCTCH OXJIaXKICHUS
[7, 8].

HcciienoBaHo BIIMSIHHE JIA3€PHOTO OOJYYCHHS C OIUIABJICHUEM ITOBEPXHOCTH H
BBEJICHUEM JICTUPYIONIETO KOMIIOHEHTa HAa W3HOCOCTOMKOCTH IMOBEPXHOCTH CILIaBa
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XH70BMT. DkcniepuMeHT TpOBOAMIICS Ha 9 o0pasiax, aMIUIHTy1a KojiebaHui 6 MM,
BpeMs ucnblTanuil 15 mMuH. MccnenyeMple MOBEPXHOCTH MOKPBHIBAIUCH AIFOMUHHIOM
KoOanbTa, JazepHass oO0pabOTKa OCYIIECTBISIACh TMPU IJIOTHOCTAX MOIIHOCTH
manyuenns 2-10° Br/em?; 3-10° Bt/em?; 5:10° Br/cM? AnuTensHOCTH MMIyJIbca
u3nydeHus 1,5 mc. Haumenpmmii u3HOC HaOIrOgaeTCs Ha OOJMyUYeHHBIX o0Opaslax Mpu
TJIOTHOCTH MOILHOCTH JIa3€PHOTO H3JIydeHus B 30He o6pabotku 3 - 10° Br/cm? (puc. 2).
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Puc. 2. 3aBucumMocTtb ckopoct u3HammuBanus criasa XH70BMTHO nocine
JIA3CPHOI0 JICTUPOBAHUA OT MJIIOTHOCTU MOIIMHOCTH JIA3CPHOT'O U3JTYUCHU A

[TockonbKy yCTaHOBICHO 3HAUYEHHUE MIIOTHOCTH MOIIHOCTH, MPH KOTOPOM BEITHYMHA
n3Hoca HauMmeHbInas (3-10° Br/cm?), ccnenoBanach 3aBUCHMOCTh BENUHHBI H3HOCA OT
IPOIOJDKUTEILHOCTH HCHBITAHUNA MPH TEX e IMapaMeTpax JIa3epHOTro BO3ACHCTBHS
(TJIOTHOCTH MOIIHOCTH Ja3zepHoro u3myueHus3-10° Br/cMm?, [UIMTENBHOCTH MMITYIIbCA
1,510 ¢, paccrosuue 10 UCTOYHUKA M3TydeHus 245 MM), BpeMs MCHBITaHuH 60 MUH.
Pe3ynbpTarhl UCHBITAHUI TIPUBEICHBI HA pUC. 3.
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Puc. 3. 3aBucumocts ckopoctu u3HamuBaHus criasa XH70BMTHO ot
MIPOIOJDKUTEILHOCTH UCTIBITAHUN: | — KpUBasi H3HOCA KOHTAKTHBIX TOBEPXHOCTEH
HeoOJIydeHHBIX 00pa3IioB; 2 — KpUBask H3HOCA KOHTAKTHBIX MMOBEPXHOCTEH 00pa3IoB
MOCJIE JITa3epHOTO OOJyYeHHsI C BBEJCHUEM ATFOMUHM 1A KOOaIbTa
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UTo0Bl MOATBEPAUTH CTAOMIBHOCTH PE3yJIbTAaTOB, MPOBENEHB HCHBITAaHUS 90
00pa3oB, OONy4YEeHHHIX NPH TUIOTHOCTH MOIIHOCTH Ja3epHOro wu3mydeHus 3-10°
Br/cM?, nnuTenbHOCTH HMMydbca usdydenus 1,5:107° ¢, mokperitue — CosAlb.
UcnbiTanuss npoBoguiauchk B TedeHwe 60 muH. M3MeHeHMe wu3HOCAa TOCTAaTOYHO
ctabunpHo. CpeiHee 3HaYeHHE CKOPOCTH M3HAIIMBAHUS COCTABIIICT HA HEOOTYUCHHBIX
o6pasnax coctaBuio 2,79 107 m/mun, Ha 06myueHHBIX — 0,82 <107 M/MuH.

TakuMm oOpazom, a3zepHOe 00TyUeHHE TTOBEPXHOCTH 00pa3llOB HUKEIEBOTO CILIaBa
XH70BMTIO npuBOoaUT K CHI)KEHHIO CKOPOCTH M3HammBaHus ~ 3,4 paza. O6paboTka
BeJach MpH HEOOJIBIIUX IJIOTHOCTSIX MOIIHOCTH H3JIYYCHHS, TTOITOMY IOBBIIICHUE
M3HOCOCTOMKOCTH MOXHO OOBSICHUTH U YIIy4YIIEHHEM MHUKpopeibeda MOBEpXHOCTH,
YBEJTUYEHUEM TUIOTHOCTH OBEPXHOCTHOTO CJIOS.

JlazepHoe nerupoBaHHe MO3BOJISIET TOJy4YaTh Ha IOBEPXHOCTH CILJIABOB CJIOU C
MOBBIIIEHHOW TBEPAOCThI0 U HU3HOCOCTOMKOCTBIO, UTO 3@ CYET CO3/IaHMs CIUIaBa,
OTJIMYAIOIIEr0Cs OT MAaTPUYHOTO MaTepuaia XMMHUYECKUM COCTaBOM.

[TonydyeHHble pe3ynabTaThl MMO3BOJSIOT CIENaTh BBIBOJA O IEIECOO0Pa3HOCTH
pa3paboOTKU TEXHOJOTMYECKOro IpoLecca JIa3epHOr0 YNPOUHEHUs MOBEPXHOCTEN
u3nenuii u3 cruiaBa XH70BMTIO, Takux kak JomaTKy ra3oTypOMHHBIX JBHUTaTesel ¢
BBEJICHUEM B IMOBEPXHOCTHBIN CIIOW altOMUHHAA KOOAIbTa, YTO HECOMHEHHO MOBJICYET
yBEIMUEHUE pecypca paboThl ABUTATENsi W COOTBETCTBYIOIIME TEXHOJIOTUYECKUE
BBITO/IBI.
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