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Annotanusi. Ifens. llenpro maHHOW paboOTHI OBLIO M3ydeHHE IPOOJICHUS HEMETAUIMYECKUX BKIIOYEHUH B IIPOIECCEe HX
CKOPOCTHOTO IUIaBICHHS M KPUCTAIUIM3ALUM IIPH JIa3epHOH oOpaboTke. Memooduka. MarepuanaMu Uit MCCIEIOBAHUN CITY>KHIIH
[POMBILIICHHBIE CTallM, COACPIKALNE PA3IUYHbIC HEMETAJUIMYECKUe BKtoueHus. OOpa3ibl pa3iMyHbIX CTAJICH C NpeaBapUTEIbHO!
MOJIMPOBAHHOI MOBEPXHOCTHIO IO/ABEpragy JiazepHoMy oOiydeHmio Ha ycraHoBkax ['OC—30M u KBAHT-16. Pesyromamsui.
HccnenoBanbl 0COOCHHOCTH KOHTaKTHOTO IUIABICHHMS HEMETAUIMYECKMX BKJIIOYEHHH B YCJIOBHAX aHOMAJIbHOIO MacCOIEPEHOCa,
CIIOCOOCTBYIOLIEro APOOJICHHIO BKIIOUYCHUH B IOBEPXHOCTHOM CJIO€ YHPOYHSEMBIX CTalbHbIX u3neinuii. [lokasaHo, uTo npobienue
BKJTIOYEHUH TpH JIa3epHOH 00paboTke sBisieTcs (paKTOpOM, ONpENeIIONINM YpOBEHb YHpO4HEeHUs craneid. Hayunas noeusna.
W3y4enne nporeccoB CKOPOCTHOTO IUIABIICHUS M 3aTBEP/CBAHUS IT03BOJISICT YTBEPXKIATh, UTO JIa3epHOE BO3ICHCTBHE MPE/CTaBISIET
c000i1 crtoco6 U3MEHEHHsI CTPYKTYPHI H CBOMCTB HEMETAJUIMUCCKUX BKIIOUCHUH B MOBEPXHOCTHBIX YIIPOYHEHHBIX CJIOSX CTAIBHBIX
nm3nemuit. Ilpakmuueckas 3nauumocms. VICTIONB30BaHWE MONYYEHHBIX PE3YyNbTATOB ITO3BOJUT pa3pabOTaTh PEKHMBI JIA3epPHOM
00pabOTKH, NO3BOJIAIOLINE BIMATH HAa Pa3Mepbl, CTPYKTYpY, PaCHPE/ieIIeHUE U COJICPKaHUE BKJIFOYCHHUH B YIIPOUHEHHBIX CIIOSX.

Kniouesvie cnosa: CTaJIb; HEMETAIJINYECKHE BKIIFOUCHUA,; JTA3€PHOC BOSHeﬁCTBHe; TJIaBJICHUC, leO6J'leHI/IC
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AHoTauisi. Mema. Metoro nanoi poGoTu Oyno BHBYEHHS APOOJCHHS HEMETaJeBUX BKJIIOYCHb B MPOLECi 1X IIBUAKICHOTO
[UIABJICHHSI 1 KpHUCTaji3awil npu jasepHii oOopooui. Memoduka. MatepianamMu AJsi DOCIIKEHb CIIY)KHJIM MPOMHUCIIOBI CTaui, SIKi
MICTSTh pi3HI HeMeTaleBi BKIIIOUCHHS. 3pa3Ké PI3HUX CTajleil 3 IoneperHbO MOJIIPOBAHOIO MOBEPXHEIO IMiANABAIN JIA3epHOMY
ornpomiHeHHI0 Ha ycraHoBkax ['OC—30M i KBAHT-16. Pesynsmameui. JlocmimxeHi OCOOIMBOCTI KOHTaKTHOTO IUIABJICHHS
HEMETaJIEBUX BKIIIOUCHb B YMOBaX aHOMAJIBHOTO MacOIEPEHOCY, [0 CHpHUsi€ APOOICHHIO BKIIOUCHb B TOBEPXHEBOMY IIapi CTAICBHX,
BUpOOIB, IO 3MinHIOTH. [loka3aHo, MmO APOOIEHHS BKIIOUCHH IIPH JIa3epHIH 00poOmi € QakropoM, sKHil BH3HAa4Yae piBEHb
3MinHeHHs craneil. Haykoea Hoeu3na. BUBYEHHS NpOLECIB LIBUAKICHOTO IUIABJICHHS 1 3aTBEPAIHHS JO3BOJISE CTBEPIUKYBATH, IO
U1a3epHUH BIUIMB SBJIsIE COOOIO CIIOCIO 3MiHM CTPYKTYPH 1 BIACTHBOCTEH HEMETAJICBUX BKJIIOYEHb B MOBEPXHEBUX 3MILHEHHX IIapax
ctaneBux BHpOOiB. IIpakmuuna 3nauumicmsy. BUKOPUCTaHHS OTPUMAHUX PE3YJbTATiB J03BOJIUTH PO3POOUTH PEXHUMH Ja3epHOI
00pOOKH, 110 103BOJISIFOTH BIUTUBATH HA PO3MIPH, CTPYKTYPY, PO3MOILNI i BMICT BKIIOYCHb B 3MIIIHEHHUX IIAPaXx.

Knrouoei cnosa. cTanb; HeMeTalleBl BKIIOUYCHHS; JTa3epHA JIist; TUIABJICHHS; IPOOJICHHS
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:and content of inclusions in the hardened layers.

BBenenne

JlazepHoe BO3/CHCTBHE TIO3BOJISICT CYIIECTBEHHO
BIMSTH Ha pa3Mepbl, (a3oBBII COCTaB U CTPYKTYpPY, a
TaKXKE pacIpeeicHUe HEMETaTHUYCCKUX BKIIOYCHUH B
TOBEPXHOCTHOM cioe CTaJTbHBIX U3JICIUH,
MOJBEPrHYTHIX  Ja3epHOMY  ympouHeHuto  [1—4].
ITockonpKy masepHOE W3IydeHHE HEOTHOPOJHO IO
CEYeHHUI0, HEOAHOPOJHO M TEMIIEPaTypHOE IIOJIe B 30HE
o0myueHus [5—7], mo3TOMy Ha OJTHOM IIATHE OOIYUYECHHS
BKITIOYCHHS OJHOTO THIa MOTYT OBITh B Ppa3HOM
coctostnnu. Kak Obuto mokaszano B pabotax [1; 8], B
MOMEHT  JIa3€PHOTrO BO3JCHUCTBUS  TYrOILIABKUC
BmoueHus Al,Os, TiO, TiO,, SiO,, Cr,03, MnO-Cr,0s3,
FeO'Cr203, MHO'A1203, MgOA1203, FCO'A1203, TiN
OIUIABJISIFOTCS WMJIM OCTAIOTCS B TBEPIOM COCTOSIHUH.
Bximrouennss FeO, FeO—MnO, FeO-TiO,, umemoiiue
Ooyec  HHU3KHE TEMICPATypbl IUIABJICHUS, MOTYT
PACIUIaBUTHCS, OIUIABUTHCS HMIOH OCTaThCS TBEPABIMH.
JlerkonnaBskue Biaodyenus FeO—-SiO,, MnO-SiO,,
2Fe0Si0,;, 2MnO-SiO,, cynsduapl, cyibQuUIHBIE U
OKCHCYNb(UIHBIE HBTCKTHKH PACIUIABISIOTCS W IIOX
JIEUCTBUEM  yJapHOM  BOJHBI  pacTeKalOTCAd 10
MOBEpXHOCTH oOpasma. OpjHoW W3 BaXHBIX 3ajad,
CBS3aHHBIX C YMCHBIICHHEM BPETHOTO  BIUSHHUS
BKITIOYCHUI Ha CBOICTBA CTaJICH, SIBISCTCS YMCHBIIICHHUEC
X pa3MEpOB, MOCKOJIbKY HM3BECTHO, YTO OTO Ba)KHBIH
OKa3aTelb, OMPEICIAIONINA YPOBCHb KOHIICHTPAIHH
Ne(pOPMALIMOHHBIX ¥ TEPMHYCCKUX HANPSDKCHUI BOIH3H
yka3aHHbIX 4vacTui [1]. Llenpto manHOW paboOTHl OBLIO
H3ydeHHe OpOOJICHMS HEMETAIMYECKUX BKIIOUYECHUH B
mporecce 175 CKOPOCTHOTO TUTaBIICHAS u
KpUCTAITH3AIINH TIPH JIa3epHOI 00paboTKe.

MaTepnanu U METOAMKH HCCJIeIOBAHUM.

O6pasmer cranerr R7, Hb-57, 08xm, 08X, 08T, O3,
0810, IIIX15, 60I' ¢ mpeaBapUTEIbHO MOIUPOBAHHOM
MIOBEPXHOCTBIO TMOABEPTaly JIa3epHOMY OOJIYyYeHHIO Ha
ycranoBkax 'OC-30M u KBAHT-16 npu HanpsbxeHHH
Hakauku 2,5 kB wu osHeprum wummymsca 10...30 JIx.
CkopocTh HarpeBa B cpeasem coctasisma 10° °Cle,
BpeMmsi BoznedcTBusi ummyibca — 1,0...6,0 ‘107 c,
cKopocTh oximaxaeHns — B cpeatem 10° °C/e, mioTHOCTh
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Abstract. Purpose. The purpose of this work was to study the fragmentation of non-metallic inclusions in the process of their
high-speed melting and crystallization during laser processing. Methodology. Materials for research were industrial steels containing
various non-metallic inclusions. Samples of various steels with a pre-polished surface were subjected to laser irradiation at the
GOS-30M and KVANT-16 installations. Findings. The features of contact melting of non-metallic inclusions under conditions of
anomalous mass transfer, which promotes the crushing of inclusions in the surface layer of hardened steel products, were
investigated. It is shown that crushing of inclusions during laser processing is a factor that determines the level of hardening of steels.
Originality. The study of the processes of high-speed melting and solidification suggests that laser irradiation is a method of
changing the structure and properties of non-metallic inclusions in surface hardened layers of steel products. Practical value. The
using of the obtained results will allow us to develop laser processing modes that allow us to influence the size, structure, distribution
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MOUIHOCTH M3JyYEHHS — 4-10* xBr/em®. MccrnenoBamm
MUKPOCTPYKTYPY c MTOMOIIIBIO MHUKPOCKOIIa
«Heopot—21».

Pe3ysbTaThl HeC/IeJ0BAHUI U UX 00Cy:KAeHUE

W3BecTHO, YTO JIa3epHBIN HArpeB IOBEPXHOCTHOTO
CJIOS M3/ICNHS BILIOTH IO TEMIICPATYPHI TUIABJICHUS CTAJH
W HEMETAJUINYECKUX BKIIIOYCHHUH INPOUCXOAUT C OYCHD
BBICOKOH CKOPOCTHIO [5; 6]. [Tporiecc miaBiaeHus 3aBUCUT
OT TapaMeTPOB TEIUIOBOTO IOTOKA, HEOTHOPOIHOCTH
KOTOPOTO 00YCIIOBIIEHA Pa3IHYNEM TETIOPOBOIHOCTH U
YIOEIbHOW TEMIOEMKOCTH BKIIOYEHUH U CTaJbHOM
marpuupl [1; 2]. DdPeKTUBHOCTD J1a3epHOTO IJIaBICHUS
HEMETAJUTUYCCKUX BKIIOYCHUN W CTaJbHOH MATpPUIIBI
3aBHCHUT OT XapaKTepa paclpoCcTpaHeHUs (pOHTA
TJIaBJICHUS B MOBEPXHOCTHOM cioe [5-7].
Hemerammnueckne BKIIOYEHHUS OKa3bIBAIOT JIOKAIBHOE
BIMSHHAC HA XapakTep paclpoCTpaHeHHs (PpPOHTA
TUIABJICHUS, CIIOCOOCTBYSl ero HeomHoponmHocTH. Ilpm
JTOM ITUIaBJICHUE BKIIIOUEHUH CITOCOOCTBYET XUMHUECKON
U CTPYKTYPHOU HEOTHOPOJHOCTH paciijiaBa, BO3ZHUKIIIETO
B MOMEHT JIa3epHOTO BO3ACHCTBHSI B  TOHKOM
MTOBEPXHOCTHOM CJI0€ 00TydaeMOTO0 U3ICIIHSL.

Ilpu nazepHOM  BO3AEUCTBMM  BO3MOXKHO  Kak
IUIABJICHWE, TaK W  YaCTUYHOEC  PAaCTBOPCHHE
HEMETAJLUTUYCCKUX BKITFOYCHHMN, TIPUYEM THUIT BKITFOUCHHUS,
a TaKKe pPCEKUM JIa3epHOH 00pabOTKH ONPENeIsIoT
BEPOSITHOCTh NPOTEKaHUsl 3TUX TNpoleccoB. [Ipoiuecch
pPACTBOpCHUS, TUIABJICHUS U JAPOOJICHUS BKIIOYCHUI
MOPOUCXOJAT, KaK TMPaBWIO, IPU HMX KOHTAKTE C
pacrjaBlieHHON  CTallbHOM  MaTpuiledl, XoTsS OHH
BO3MOYKHEI M B CITydae TBEpIOoH MaTpuisl [ 1; 2].

YacTuyHOE pacTBOPEHHUE BKIIOYEHUH B MOMEHT
JIa3epHOT0 BO3ICHCTBUSA MIPOMCXOIHUT npu
«pa3pyIIeHUN» MX IMOBEPXHOCTHOTO CJIOS B pE3yJIbTaTe
Pa3ymopsOYCHUST KPHUCTALUIMYECKON PEIIeTKH, CCIH
BKIIIOUCHUE He IiaButcs (puc. 1 a, 6). B mpouecce
pacTBOpEHUS BKITFOUCHUS MIPOUCXOJIAT
HEYIOPSIOUYCHHBIC MEPEeXOAbl aTOMOB, BXOMSNIMX B
COCTaB BKJIFOUCHHs Yepe3 TPaHMIly C PAaCIUIaBICHHON
(ubo TBepmoit) wMmarpuued. OueBumHO, Onaromaps
B3aUMHOMY  MAacCCOIIEPEHOCY  3JEMEHTOB  CTaIbHON
MaTpuilbl B TOBEPXHOCTHBIM  CIIOM  BKIIFOUECHHH
MPOMCXOOUT  WMCKAXCHWE  PEUIETKH  BKIIOYCHHUS,




BO3HHUKAIOT HAMpPSKEHUS W TOBBINIEHHAS IJIOTHOCTh
JeeKTOB KPUCTAUTHYECKOTO CTPOEHHS. AHOMAbHbIM
CKOPOCTHOW MAacCOMEepeHOC 4Yepe3 IPaHuMIlbl BKIIOUYCHHE-

MaTpHlia CONPOBOXIAETCS OOMEHOM  DJIEKTPOHAMH
MEXIy BKIoueHWsMH W Martpumeid [9]. Cremyer
OTMETUTh,  YTO  OBICTPOTEYHOCTH  HUMITYJIBCHOTO

JIa3epHOI0 BO3ACHCTBHUA HE CO34aeT YCIOBUHM AJs
ITOJTHOTO PACTBOPEHHS MCXOIHBIX BKIIOYeHHH. [ myOmHa
30HBl PACTBOPCHUS BKJIFOUCHHHA 3aBUCUT OT DPEXKHMA
J1a3epHOi 00pabOTKH: ueM OOJIbIlle SHEpPrusi UMITyJIbca
W u BpeMs BO3ACHCTBHS Ty, TEM OHA OOJBIIC. ATOMEI
13 PACTBOPEHHOTO TOBEPXHOCTHOIO CJIOS BKIIIOYEHUH
MIPOHUKAIOT B OKPYKAIOIIMI PACIIaB, YTO BBI3BIBACT €TO
HACBIILEHUE U NIEPECHIIICHUE YIEMEHTaMU BKIIOUCHUSL.
[lmaBnerre  BKIIOYEHHWS  MPOUCXOOUT  IyTEM
HEYMOPSAAOYCHHBIX IEPEXOJ0OB €ro aTOMOB Uepes

PaccMoTpuM  mpouecc  IUIaBIEHHMsS — BKIIIOYEHHH,
0COOCHHOCTH KOTOPOTO  ONpPENENSIOT  YCIOBHA —HX
JIPOOJICHHUST TP Ja3epHOM Bo3AehcTBHH. CKOPOCTHOE
IUTABJICHUE BKJIIOUYEHHH CBS3aHO C PSAOM IPOLECCOB,
OTIPEIEIIAFOIITIX YCIIOBHSA paspymeHus ux
KpUCTAITMYECKON pemieTku (puc. 1 @, ). Bo-mepBrix,
Omaromapst B3aWMHOMY MAacCONEpPEHOCY  3JIEMEHTOB
CTaJbHON MaTPHIbl B MOBEPXHOCTHBIN CIION BKIIFOUCHHM
HNCKaKaeTCsl ~ pelIeTka  BKIIOYCHHS, BO3HHUKAIOT
HAIpsSOKCHHWS W TIOBBIICHHAS I[UIOTHOCTH J1e(eKTOB
KPUCTAJUIMYECKOTO ~ CTPOEHMS, 4YTO  BaXHO  JUIS
pPAcCMOTPEHHSI TEOPUH IHMCIOKAIMOHHOTO IUIABJICHHS
npuMeHuTenbHO K BKIroueHusM [10]. CormacHo 3Toit
TEOpHH, CHIBHO HCKaXXEHHBIE O0JIAaCTH C MPAKTHYECKH
pasynopsI04YeHHON penIeTkoi MOTyT OBITh 3apO/IbIIIaMU
JKUJIKOW (pasbl, KOTOPBIC LETUKOM MEPEXOST B KHUIKYIO
CTasib, PacTBOPSACH B HEH W HACHIIIAs MPHIICTAIONINE K
BKITIOYCHHUIO YYACTKH MATPHUIIHI JIEMEHTAMH BKITIOYCHIS.

Ilpu »>TOM B  paciuilaBe  BOKPYT  HCXOJHOTO
«MaTEpUHCKOTO» BKIIOYEHHS TMOSBISIETCS  OObBIIOe
KOJIMIECTBO TeTepoda3HbIX KIACTEpPOB, COCTaB W

CTPYKTYpa KOTOPBIX OJIM3KH K TaKOBBIM Y BKJIFOUCHUIL.
OuyeBUAHO, peanu3alus TaKoro MeXaHu3Ma IUIABJICHUS
BKJIIOUEHUN OMpEAesseTCS BEIMYMHOM HaMpsDKEHUH,

Puc. 1. Pacmsopenue, niasienue u Opodienue HeMemaiiuieckux 6KuoyeHull npu nazepHom gozoeticmsauu, *500%6 /
Fig. 1. Dissolution, melting and crushing of non-metallic inclusions by laser exposure; x500%6

TpaHUIly C pAacIUIaBICHHOM Martpuueil. MexaHu3M
CBEPXCKOPOCTHOTO IJIABJIEHUS BKIIIOYEHMH, KaK M UX
YaCTHYHOTO  PACTBOPEHHS, CBSI3aH C  B3aUMHBIM
(BKITIOUEHHE <> MATPHUIAa) CKOPOCTHBIM MacCOTEPEHOCOM
aTOMOB dUepe3 TPaHUIbl pa3/iesia, KOTOphIE TOXE
miaBsaTcs.  Ilpy  3TOM  aHOMaNbHBIM  CKOPOCTHOIM:
MacCOIEPEHOC dUepe3 TPAHUNBl BKIIOUYCHHE-MaTPHUIA
CONPOBOXKIAETC  OOMEHOM  JJIEKTPOHAMH  MEXKAY
BKIIIOYEHUSAMH U Matpuuei [9], a Taxke peanusyercs: B
YCIOBHSAX 3JIEKTPOMArHUTHOTO MOJI, HUHAYLHUPYEMOTO
Ja3epHBIM U3Iy4eHHEM, MOJ IEeHCTBUEM KOTOPOTo Ha
KOMIIOHEHTHI CIIJIaBOB BO3HUKAIOT OINpE/EICHHbBIE CUIIbI,
HalnpaBJI€HUE KOTOPBIX 3aBHCUT OT MarHUTHBIX CBOICTB
3THUX KOMITIOHEHTOB [1; 2].

CO3/1aBacMbIX B UX IMOBEPXHOCTHOM CJIOC. HO-BI/IﬂI/IMOMy,

B YCIIOBHSIX BBICOKOCKOPOCTHOTO J1a3epHOTO
BO3JICUCTBUS npu BO3HHUKHOBCHUH 00IBIITUX
HaTPSHKCHUAN BO3MOKHO MPAKTUICCKH
0e3aKTUBALIMOHHOE npeBpalieHne CHIIBHO
Pa3ymopsI0ueHHOT0 MOBEPXHOCTHOTO CJIOSI BKIFOUCHHS
B OKHJIKOC COCTOsSHHE Omaromaps  0Opa3oBaHUIO

3apOABIIIeH KUIKOH (Da3bl, KOTOpHIE MPEBPAMIAIOTCS B
KIIACTEPBI, BXOAAIINE B CTPYKTYPY HEPaBHOBECHOTO
pacruiaBa.

Bo-BTOpBIX, CleayeT paccCMOTPETh pojib MEX(pa3HbIX
TpaHUIl BKJIIOYEHHE — MaTpulla B MpoLecce MIaBICHUS
BriroueHnit B yciosusix JITO. Kak Obuio moxasano B
padorax [1; 2] mox neiicTBUMEM JIa3epHOTO M3IIy4EHHs
HUCXOJHAs CTPYKTypa TpaHMILl BKIIOUEHHE-MaTpHIa
NEPEXOAUT B HEPAaBHOBECHOE BBICOKOIHEPIeTUUECKOE
COCTOSIHAE, YTO BBI3BIBAECT pPAa3BUTHE IUCCUIIATUBHBIX
MIPOIIECCOB, CBSI3aHHBIX CO CTPEMJICHHEM CHCTEMBI
BKJIIOUCHHE-MATPULA K COCTOSHHIO C MHHAMYMOM
cBOOOTHOM »HEpTrUU. B pesynbraTe cucrema BKIIOUEHHUE-
MaTpuLa TIEPEXOANT K COCTOSIHUIO HEyCTOHYHBOTO
paBHOBeCHS, KOTOPOE OTIPeJIeNIAeT CTPYKTYpPYy U CBOUCTBA
Ja3epHO-3aKIICHHOH Mex(a3Hoi rpaHunbl. B ycmoBusax
CKOPOTEYHOTO HMIYJIBbCHOIO Ja3epHOr0 BO3AEHCTBUSA




penaKkcalloOHHbIe TPOLECCHl Ha TPaHMIAX BKIIOYEHUE —
MaTpulla TMPaKTUYECKH HE HUMEIOT BpEeMEHH IS
Pa3BUTHA, IOITOMY HANPSHKCHHUS HAa OSTHX TPaHMIAX
CIocOOCTBYIOT MIPEUMYIIIECTBEHHOMY pa3BUTHIO
IUTaBJICHUS BKJIIOYCHHWH BJONb TPAaHUI] BKIIOUYCHHE —
MaTpUIa U MEePEeXoay OTACIBHBIX 3€pPCH BKIIOUCHUS WU
UX KOMIUIEKCOB B OKPY’KAalOIIWil paciiaB, B KOTOPOM
OHM  3aTeM  IUIaBATCS  KaK  CaMOCTOSTENbHEIC
MHUKPOBKIIIOUYCHHUS. OTH HOBOOOpa3oBaHMsA 00pa3yroT
KJIaCTEphl B CTPYKTYpE pacijiaBa, KOTOPbIE TI0 COCTaBy U
CTPYKTYpE OJU3KU K BKIFOUCHUSIM.

Kak mokazano B pabote [1], Ha CKOPOCTH J1a3epHOTO
PAcTBOPEHUS U IJIABJICHUS JOJDKHA BIUATh aHU30TPOIUS
MOBEPXHOCTHBIX CBOMCTB BKJIIOUEHHS. BeposTHOCTH
MaccolepeHoca OT BKIIOYCHHS B MAaTpUIly Uepes
IpaHUIly WX pas3ziena TeM Oonbploie, YeM MEHBIIe
pa3phIBaeTCsS MEXAaTOMHBIX CBsi3ei, T. €. 4eM MeHee
IUIOTHO yIIaKOBaHAa aTOMHAas INIOCKOCTh. BriodeHHs c
SIPKO  BBIPQXEHHOM  aHU30TPONMEN IMOBEPXHOCTHBIX
CBOHCTB JIOJDKHBI XapakKTepHU30BaThCs Oojiee BBICOKOM

CKOpoCThl0O  pacTtBopenus.  [lpouecc — miiaBineHUs
BKJIIOUEHUS COTIPOBOKIAETCS CKOPOCTHBIM
nepepacnpesieieHieM CHJI  MEXKaTOMHBIX CBsi3ed B

I10JIb3Y aTOMOB Pa3HOTO THIA, MMEIOIIUX OJaronpusTHOE
COOTHOILIEHUE dJIEKTpooTpuLiatenbHocteit [11; 12].

B pesynbrare miaBieHUs CTAJIbHOW MaTpULBI U
BKITIOYCHHH  oOpa3yeTcst JIOKalmbHas  MHKpOMeETal-
Jlypruyeckasi BaHHAa, B KOTOPOM TOA JIEUCTBUEM
JIa3€pPHOTO M3ITyYeHHsS BO3HUKAIOT THAPOJAWHAMHYECKHE
IIOTOKH B YCJOBHAX BHUXPEBOTO TEPMOKANMILIIPHOTO
IEpEeMEIINBAHNs,  YTO  BBI3BIBACT  MEpeMEIeHHe
BKIIoueHu# (puc. 1, d—orc). Ilpu nazepHoM IUIaBICHUN
BKJIIOUEHU I BO3HHUKAIOT BBICOKas CTETEeHb
HEpaBHOBECHOCTH JKWUAKOH (a3pl, OudypkarroHHas
HEYCTOMYMBOCTh pacIliaBa U MEPeXo]] OT JaMHUHApHOTrO
TEUYEHHUsT  JKHJIKOCTH K  TypOyJeHTHOMY, 410
oOecrieunBaeT I'paJIMeHT KOJIeOATEeIbHOTO JABJICHHUS HA
rpaHUIe BKITIOYCHHE-MaTPHIIA (>KmaKoi, ecnu
pacIIaBIJINCh W BKIIOYCHHWE, W MaTpuia, Juoo
MTOJY>)KHIIKOH, ©CIM MaTpuIla OCTajach TBEPJOW),
KOHTPOJMPYIOUINA  KOHBEKTHBHBIE W  aHOMAaJIbHBIC
MoTokH Maccoreperoca [1; 12]. DTo BHOCHT 3JeMEHTHI
KOHBEKTHBHOT'O MAacCOIEPEHOCA 3JIEMEHTOB BKIIIOYECHUS
n  Marpuipl B OOIIMI  mporecc — aHOMalbHOTO
ckopocTHOro Maccomepenoca [1; 12]. Oba mexaHu3Ma
[IJIABJICHUS U PACTBOPEHUS BKIIIOUEHUH, PACCMOTPEHHBIE
BBIIIIE,  CBHJETENCTBYIOT 00  oOpa3oBaHMM B
MOBEPXHOCTHOM  CJIO€  M3A€NHsA,  IOABEPTHYTOM
Ja3epHOMY  BO3ICWCTBHIO,  JIOKANBHBIX  YYacTKOB
MHKPOTE€TEPOTEHHOTO pPacIuiaBa, B CTPYKType KOTOPOTO
MIPUCYTCTBYIOT KJIaCTepHI WA reTepoazHbIe
KOMIUIEKCHI, COXPAaHSAIONINX CHJIBHOE XHUMHYECKOE
B3aMMOJEHCTBHE AaTOMOB, BXOAWBIINX B  COCTaB
HUCXOJHBIX BKIIOUYCHHH. DOpMHPYIOTCS JIOKaJbHBIE
Y4acTKM  THUMAa  METAJUIMYECKUX  OMYJIbCHOHHBIX
pacliaaBoB, B KOTOPBIX MpPHU PE3KOM OXJIAXKIECHHU
rerepodasHble KJIacTepbl KpUCTAJUTU3YIOTCS B
«caTeJUTMTHBIE» 4acTUlbl. Takum  oOpasoMm, 3TH
MUHAMUYECKHE  KJIACTEpbl  SIBJISIIOTCS  LIEHTpamu
CKOPOCTHOM  KpHUCTAJUIM3allMM  BKIIOYEHUH  Kak

HCNOCPECACTBEHHO B MOMCHT IUIABJICHUSA UCXOAHBIX!
BKHIO‘IGHHﬁ, TaK W TIpUA MOCIACAYIOIIEM OXJIAKICHUN

(puc. 1 3).

Ipoueccor CKOPOCTHBIX (dhopmupoBanus;
«CATEJUTUTHBIX» YaCTHIl M HUX POCTa COMPOBOXKIAFOTCS
AHOMaJIbHBIM MaccornepeHocoM aTOMOB u3

pacIUIaBIEHHON CTaJbHOW MATpHLBl 4epe3 IpaHULy HX
pa3zena K HOBBIM dYacTHIaM. [Ipm 3TOM, Kak M MpH
IUVIaBJIC€HUN BKIIOYEeHUN [1—4], BaxHyr poJib Urpaer
COOTHOILIEHUE AIEKTPOOTPHULIATENbHOCTEN aTOMOB
pasmmuHoro Ttmma [2; 11; 12], mockoiabkKy Oobmiast
pa3HHMLIa  DJEKTPOOTPULIATEIBHOCTEH  KOMIIOHEHTOB
BBI3bIBACT YCHUJICHHE CBs3€M Mexay pa3HOPOIHBIMHU
aTOMaMH W TO3BOJISICT OOBSACHUTH MPEHUMYIICCTBCHHBIN
MacCONepeHOC aTOMOB ONPEACICHHBIX KOMIIOHEHTOB M3
JKUIKOM MaTpUIbl K  pacTyIIUM  «CaTCIUTUTHBIM
gactunaMm. Kpome Toro, ciemyeT YYHWTHIBATH, HTO
(opMupOBaHHE W POCT «CATEIUINTHBIX» YaCTHI], Kak
paHee OBUIO OmIpeIeNeHO M Tpolecca Ja3epHOTo
TUTABJICHUST BKITIOUEHUH [1—4], MpONCXOANUT B yCIOBHUSX,
KOTJ]a OCYIICCTBIIICTCSI OOMEH JJIEKTPOHAMH MEKIY
paciuiaBOM M HOBBIMM 4acTHukamu [9], a Takxke
JIEUCTBUSL DIIEKTPOMATHUTHOTO TOJSI, HWHIAYLHUPYEMOTO
Ja3epHBIM H3IIy4YEeHUEM. Ion BIIUSIHUEM
9JIEKTPOMAarHUTHOTO IO HA KOMIIOHEHTHI CILIABOB
BO3HHUKAIOT ONIPECIICHHBIC CHUJIBI, HAIIPABICHHE KOTOPHIX
3aBHCHT OT MAarHUTHBIX CBOWCTB 3THX KOMIIOHCHTOB,
KOTOpBIE  CHOCOOCTBYIOT  aHOMAaJbHOMY  Iiepepac-
MIPEICTICHUIO aTOMOB AJIEMEHTOB, 00JITAfONINX Pa3HBIMH
MarHUTHBIMH CBOWCTBaMH (MAarHUTHBIM MOMEHTOM) W3

pacIUIaBI€HHOW  CTaJlbHOM MaTpULbl K  PacTYLIUM
«CaTCIUTUTHBIMY» YacTHUIlaM. TakuM o0pa3oM, B IpoIecce
pocTta «CaTeJUIUTHBIX» YaCTHI] 9JIEKTPOHHOE
B3aUMOJCICTBHE MEXIy HHMH M PpacIlIaBICHHON
MaTpuLen YCIIOXKHSIETCS 9JIEKTPOMArHUTHBIM
B3aMMO/ICHICTBAEM MEXy aTOMaMH 3TUX (a3.

Cneayer yuuTBIBaTH €II€ OJMH  BO3MOXKHBIN
MEXaHU3M  JpOoOJeHHS BKIIOUYEHHH B  YCIOBHUSIX
MMITYJIbCHOTO  JIa3€pHOTO  BO3JECUCTBUS.  YKa3aHHas

00paboTka MPOWCXOMUT TPH 3HAYUTEIHLHON JHEPTHH
UMITYJIbCa, BBICOKOW YIEIbHOW MOIIHOCTH H3JIyYeHHS,
KPAaTKOBPEMEHHOCTH BO3JEHCTBUSI, OOJBIIMX CKOPOCTSIX
HArpeBa U OXJIAKICHWS, MPHUBOISIIUEC K MPOTCKAHUIO
TUIABJICHUST BKIIIOYEHUI C OYEHb BBICOKOH CKOPOCTBIO.
B  wumeromeiics nuTepaType TOKa HE MPOU3BEACHBI

CTpOTHE  KOJHMYCCTBEHHBIC  pPacyeTbl  TEIUIOBOTO,
KOHIICHTPAIMOHHOTO ¥ YOPYroro TMOJEH, KOTOpKIC
MO3BOJMIN OBl BBISICHHTH, KAKOBO PAacIpeciiCHHE
TeMIepaTyphl, KOHIICHTPAITUH KOMIIOHEHTOB,
HanpsOKEHUH n  nedopmanmid, 00yCIIOBIICHHBIE
cnenn(uKOi BO3mEHCTBHA Jyda Jazepa. B cuiy
HEOJTHOPOJAHOCTH M3y YCHUS o CEUCHUIO

TEMIIepaTypHOE TOJie B 30HE OOIyUeHHUs HEOTHOPOIHO.
Kpome Toro, ciemyeT y4WTHIBaTh BIHMSHUE BKIIOUCHHH
Ha paclpeesieHle TeMIePaTypbl, MOCKOIbKY OHU UMEIOT
OOJIBIIYIO MOTJIOMIATEIEHYIO CIIOCOOHOCTD, YeM MaTPUIIA
CTald, a Takke pa3IMuHyl0 TEIUIONPOBOJAHOCTh
BKIIIOUEHU I u MaTpHIIBI, 4TO ycyryomnser
TEMIICPATYPHYI0 MHKPOHEOJAHOPOAHOCTh. Kak ObLI10
mokasano B paborax [l; 5; 6] Bo3dcicTBHE Jy4Ya




HMIYJIBCHOTO Jla3epa MOJOOHO B3pBIBY. B  ymapHbBIX
BOJIHAX Pa3BUBAIOTCSI OTPOMHBIE JAaBJICHUS, IPUBOISLINE
K BO3HMKHOBCHHMIO  3HAYHTEIBHBIX  HAIPKCHHH,
KOTOPBIE ~ CITOCOOCTBYIOT ~pEalM3alM¥  aHOMAIBHOTO
MaccorepeHoca, KOTOphIM oOcyxkmaics Bbime. Kpome
TOTO, IPY TABJICHUH YAAPHOTO CXKATHS 3TH HAIPSDKEHHS
MOTYT MIPEBBICUTH BEITHINHY BPEMEHHOTO
COTIPOTHBIICHUSI TBEPAOTO BKIIIOYCHHS, Pa30TPETOrO [0
BBICOKMX TemmepaTyp. B pe3yinbraTte MOpOUCXOIUT
pa3pyllieHHue TBEPAbIX TYIOIUIABKUX BKJIIOUYEHHUN IO
BSI3KOMY JTHOO XPYIKOMY MEXaHU3MY B 3aBUCHMOCTH OT
MPUPOABI BKIIIOUEHUSI U HEBO3MOXKHOCTU CKOPOCTHOM

pelakcalii B HEM  HANpsDKCHUH B YCIOBHUAX
KPaTKOBPEMEHHOTO HUMITYJIbCHOTO JIa3epHOTO
Bo3zercTBUA. O4YeBHOHO, TPH TAaKOM pPa3pyIICHUH

BKJIIOYEHUN TMPOUCXOIUT pPa3pblB MEKATOMHBIX CBs3EH
BJIOJIb TUIOCKOCTEM CIIAMHOCTH WX KPUCTAJUTMYECKOMN
pEIIeTKH W  OCKOJNKH  Pa3pymIeHHBIX  BKIIOUYCHHUH
TepeMeIaloTCcsl B PACIUIaBIICHHONW CTAJIbHOW MaTpHIle
KaK CaMOCTOSITENIbHBIE BKIIFOYCHHS M MOTYT IUIABUTHCS.

Brirouenuss ¢ SpKO  BBIPp@KEHHOM  aHU30Tpomnuei
MMOBEPXHOCTHBIX  CBOWCTB  JIOJDKHBI ~MMETh  OoJjice
BBICOKYIO CITOCOOHOCTH K pa3pyIICHUIO.

Yro KacaeTcs JIETKOIIaBKUX BKJIIOUCHUH,

MEPEXOASIIUX B )KUIAKOE COCTOSHUC MPH JIIOOOM PEeKUME
JIa3€pPHOTO BO3JEHCTBHSA, TO 3HAUYUTEIHHBIC HAIPSHKEHNUS,
pa3BUBAIOIINECS B yOApHBIX BOJHAX NPH HUMITYIBCHOM
JTa3epHOM BO3JICHCTBUH, CIIOCOOHBI pa3pylIaTh UX MyTeM
pa3zeneHns Ha OTAENbHBIC Kaluld. Pa3pyiienne KuaKux
BKITIOYCHHAN MPOMCXOOUT IIyTEM pa3pbIiBa MEKaTOMHBIX
cBs3ell. OTHM KallM CTaHOBSTCA KPaTKOBPEMEHHBIMH

JJIEMEHTAMHU CTPYKTYPHl paciiaBa W IMEPEMEIIAlOTCS B
HEM TMOJ JCUCTBHEM THIPOJUHAMHYCCKHX ITOTOKOB B
YCIOBHAX BUXPEBOTO TEPMOKAIILIAPHOTO
mepeMemyBanus. [loBemeHHMe  HOBBIX  Kameidb B
METAJUTMYECKOM PACIlIaBe OMPEACTSCTCS COOTHOIICHUEM
WX BSI3KOCTEH, a TaKkke MOBEPXHOCTHBIM HATSDKEHUEM H
XapaKkTepoM CMauWBaHUs Kamedb OBIBIIMX BKIFOUCHHH
pacmiaBoMm. Kammm, oOpa3oBaBuiniecs Mmpu pa3pylieHHH
JKUJIKUX BKJIIOYCHHW, HAXOISATCS B YCJIOBUSX, KOT/A
OCYILIECTBIIACTCSI OOMEH JJICKTPOHAMHU MEXKIY HUMH H
pactuiaBoM [9], a Takke OEHCTBUS 3JIEKTPOMATHUTHOIO
OJIs, MHIYIUPYEMOTO JIA3CPHBIM H3ITyYCHHEM, KOTOPOE
OKa3bIBACT BIMSHUC HAa aHOMAJIFHOE TIepepacpe/icliCHIe
aTOMOB JJIEMCHTOB, o0agaronmx pa3HBIMU
MarHATHBIMH CBOMCTBaMM (MarHUTHBIM MOMEHTOM). B
TpoIecce CKOPOCTHOTO OXJIAXICHHH IIOCIE JIa3€PHOTO
BO3ACUCTBUS OTH KaIUIM 3aTBEPACBAIOT KaK HOBBIC
HEMETAJUINYEeCKNe BKIIOYCHHA. B pe3ynpTaTe BMECTO
WCXOMHBIX  BKIIOUYEHHH  BO3ZHUKAIOT  YYacTKH  C
JIUCTIEPCHBIMH JacTUIamMu (puc. 1 u).

B pesynbraTe HalOKEHHS HECKOJIBKUX MPOLECCOB —
IIaBieHus (MJIM YaCTHYHOTO PACTBOPCHHUS) HCXOJIHBIX
BKIIIOYCHUH U 00pa30BaHUs HOBBIX «CATEIUTUTHBIX)
YaCcTHUI[, & TAKKE MEXaHWYCCKOTO NPOOJICHHS TBEPIBIX
nu00 KUIKHAX BKIIOYCHHH B YCIOBHSIX JIA3EPHOTO
BO3JICCTBUSL  CYIIECTBEHHO YMEHBIIAETCA CpPEeIHHI
pa3Mep HeMeTaUTMIECKHUX BKIIOUCHHH, a TAaK)Ke YPOBEHb
3arpsi3HEHHOCTH CTajiel B TOBEPXHOCTHOM CJIO€ M3/IEIHil
(tabn. 1). C momompio Ja3epHOH OOpabOTKH YIAIOCH
YMEHBIINTH  CPEIHHE  pa3Mepsl  BKIIOYCHHH |
3arps3HeHHOCTH mMu ctaid Ha 30...50 %.

Tabnuya 1

BiansiHue na3epHOro Bo3eiicTBus Ha 00beMHYIO 10J110 BK/JII0YeHn f u cpeannii pasmep Briarovennii D,
B KOJIECHOIi cTa/aH (3Heprusi umMmyJibca 25 [k, Bpems Bo3jeiicTeus 3,6 X107, ¢) /
The influence of laser irradiation on the volume fraction of inclusions f and the average size of inclusions D,
in wheel steel (pulse energy 25 J, exposure time 3,6 x 107, sec)

Bxmouenue f, 06 % (o JITO) D,, MM (o JITO)
FeO — MnO 0,17 (0,28) 13,2 (20,0)
MnO- Al 04 0,15 (0,25) 15,5 (25,0)
FeS — MnS 0,20 (0,36) 9,4 (16,2)
MnO-SiO, 0,17 (0,29) 23,5 (36,1)

[pu 3akanmke U3 KUAKOTO COCTOSHUS BO BKIIFOUCHHSIX
BO3HUKJIA 30Ha CKOPOCTHOW KPHCTAILIM3AIMU, JUIS
IKOTOPOH XapaKTEepPHBI 30HBI JIMKBALMH, YJIBTPAMEIIKO-
;epHI/ICTOCTB, crombuatass (¢opma  3epeH, 30HBI

Puc. 2. 3onb1 ckopocmHoll Kpucmaniiuzayuu 8 HeMemaIUYeCKux 6KIYEHUAX 68 KoaecHou cmanu;, % 500 /
Fig. 2. Zones of high-speed crystallization in non-metallic inclusions in wheel steel; x 500

JIOKAJTBHBIX MHKPOCABHUIOB, YaCTUYKH METACTAOMIBHBIX
¢as3 (puc. 2).
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