M3BECTHUS BBICIIUX YUYEBHBIX 3ABEAEHUIN. UHEPHASI METAJJIYPrus. 2018. Tom 61. Ne 8

ISSN: 0368-0797. U3BecTus BeICIINX yueOHBIX 3aBencHuil. Yepunas metamnyprus. 2018. Tom 61. Ne 8. C. 638 — 643.

©2018. bposep A.B., bposep I'H.

VK 620.22:539.216

BJIUAHUE ITOCTOAHHOI'O MATHHUTHOT O ITOJIA
HA CTPYKTYPOOBPA3OBAHUE B CTAJISIX ITIPU CKOPOCTHOM
JA3ZEPHOM OBPABOTKE

bposep A.B., x.m.n., ooyenm xagpedpui « Dusuueckoe u npukiaonoe mamepuaiosedenue» (brover@mail.ru)

bposep I'H., o0.m.1., npogheccop kagedpwr « Pusuueckoe u npukiadnoe Mamepuaioedenue)

JloHckoii rocynapcTBeHHblIi Texunyeckuii yausepcurert (AI'TY)
(344002, Poccus, Pocrosckas 0611., PoctoB-na-/lony, . 'arapuna, 1)

Armomauu;l. 3KCH€pI/IMCHTaHLHLIe HCCIICAOBaHUA JIaBCpHO—OGJ'Iy'—ICHHLIX CJIOEB B MArHUTHOM I10JIE (MH) TI0Ka3aJii HETPUBUAJIbHYIO MOpq)OJIOI‘PIIO IIo-

BEPXHOCTH 30HbI 00pabOTKM MaTepuasoB B ciydae ee noamiasienus. Habmonaercs 3akpyduBaHue TOHKOTO CJIOSI KMAKOTO METaia, 30Ha 00uy-
YeHHs IPUOOPETaeT «CEePIIOBUAHBIN» BHJ, OPHEHTUPOBAHHBII CTPOrO ONPEIEICHHO OTHOCUTEILHO MarHUTHOTO MOTOKA. BeposiTHO, 3TO BBI3BaHO
addexrom Purn-Jlemroka, a Taxke nericteuem cui JlopeHiia, KOTOpbIe OTKIIOHSIOT HAIPABICHHbII MTOTOK 3NIEKTPOHOB. B pesysbrare Habmomaercs
CYIIECTBCHHOE NEPEMEIINBAHNE METAJUIa B 30HE OONy4YEHHs, BHIPABHHBAHNE XMMHYECKOTO COCTaBa, YTO MOJIOXKUTEIBHO CKA3bIBACTCS HA IPOU-
HOCTHBIX CBOMCTBaxX roToBbIX m3nenuid. OfHUM U3 BaXHbBIX nociencTBuil BuusHus MIT Ha pesynbrarsl 1a3epHOi 00pabOTKH SIBISETCS YUET sIBie-
HUA MarHUTOCTpUKIUH. [Ipn naseprom obmydennu 6e3 nprnoxkenus MIT Ha npeBapUTeIbHO TOTMPOBAHHON TIOBEPXHOCTH 00pa31oB HAOIIOAIH
JIMHUY CKOJIBKEHHS, SBIISIIOIIMECS CIISACTBUEM BO3HHMKAIOIIMX TEPMUUECKUX M CTPYKTYPHBIX Hanpsbkenuil. [lyrem ananuza penbeda o0myueHHON
MIOBEPXHOCTH (€ UCTIONB30BAaHNEM COBPEMEHHON METOIMKH AaHAJIN3a 1 KOMITBIOTEPHOH 00paboTKy H300pakeHHi ) yCTaHOBJIEHO, YTO NPU OOTy4CHUH
B MII B yc/10BUSIX MarHUTOCTPUKIIMY YMEHBIIAECTCS YPOBEHb HAIPSDKEHNH B 00IY4YEHHBIX 30HAX M CHHXKAETCS OMACHOCTb TPELIMHOOOPA30BAHMSI.
Pe3ynbraThl n3MepeHHs TeMIeparyp o 00IydeHHOMY ISTHY Ha CTa/{MH OXJIQXKIACHHS TTO3BOJIIIIM YCTAHOBHUTH, YTO CKOPOCTh OXJIQXKACHHMS TIPH JIa-
3epHOi 00padoTke npu ucnonp3oBanuu MII cyniecTBeHHO Bblle, 4eM 0e3 ero UCIOoNb30BaHUs. JTO HAKIIA/AbIBAET OTIEYATOK HA MPOTEKAIOLIUE MPO-
neccs! (ha30BbIX M CTPYKTYPHBIX TpeBpameHnid. ChopMupoBaBIIMiics mpu J1a3epHoM Harpese B MI1T MUKpOHEOHOPOIHBIN ayCTEHUT C OTPOMHOM
CKOPOCTBIO NMEPEOXIAKIACTCS 10 TEMIIEPATyp MaPTEHCUTHOTO NPEBPAIIEHHs. 3aTeM HaYMHAETCs ero TpaHc(opMalusl, MoCJIe0BaTeIbHOCTh KOTO-
PpOii ompenesseTcs ypoBHEM JIOKaIbHOTO HACBILCHHSI, CTEIICHBIO e(hOpMALIK U KOHTPOIMPYETCsl TeMIeparypoil. [lepBble KprcTaibl MapTeHCUTa
00pa3yroTcsi B HANMEHEE HACBILICHHBIX Y4aCTKaX ayCTeHNTa, IPUYEM O4€Hb 0OJIbIIasi CKOPOCTh (THICSIUM U JAecsaTKH Thicsiu °C/c) Hayasa nmpoiecca
Y — O-TIPEBpAILCHUS IPETOTBPAIAET CAMOOTITYCK MAPTEHCUTA, KOTOPBIH YACTHYHO MOXKET IIPOTEKATh NP JaIbHEHIIEM ITOHIKEHUN TeMIIEPaTyphl
3a CYET PACIPOCTPAHEHUs IPEBPAILEHHs HA OCTABIIMIICS 00bEM ayCTEeHHTA, 3aXBATbIBasl yYACTKH Pa3HOM HACHIIIEHHOCTH. B pesynbrare Hapsay co
«cBEeKe0OPa30BAHHBIMY) MAPTECHCHTOM B 30HAX JIA3EPHON 3aKaJIKK (POPMUPYETCS MAPTEHCHUT, B KOTOPOM BO3MOXKHO 00pa30BaHUE Cerperanuii yrie-
pona wiun axe -kapOuaa, U OCTaTOYHbIH ayCTEHHUT C BHICOKOW HACBIIIEHHOCTBIO 10 YIIepoay. Beiaenstomuecs aucrepeHble KapOuasl crocoocT-

BYIOT IOJTYYCHHUIO 1OCTATOYHO BBICOKOI TBEPAOCTH O6.IIy‘-ICHHOI‘0 B MII metamna.

Knioueswie cnosa: nasepHast 06paboTKa, MATHUTHOE HOJIE, CTPYKTYPHEIC U (pa30BbIE IPEBPAIICHHS, CBOHCTBA OOYUCHHBIX IIOBEPXHOCTCH.
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Cpenu pa3HOOOPA3HBIX METOJOB IOBEPXHOCTHOIO
YIPOYHEHUSI 3aMETHOE MECTO MPHHAMICKUT UMITYIbCHOM
na3epHoil 00paboTKe cTalel U CrIaBoB, KOTOPask O3BOJIS-
€T CO3/1aBaTh OMPE/ICICHHOE CTPYKTYPHOE COCTOSIHUE U 3a-
JlaBaTh CBOMCTBA MOBEPXHOCTHBIX CJIOEB M3JEIUH B 3aBU-
CHUMOCTH OT TpeOOBaHMH YCIIOBHI SKCILTyaTaIIHH.

Jns peanmsanuy pe3epBOB TepMHUYECKOH 00padoT-
KM U C IEeIbI0 NOBBIIICHUS CBOICTB Pa3sMUYHBIX HM3CIHH
PSIIOM aBTOPOB TPOBEAEHBI HCCIENOBAHUS BO3MOXKHOCTHU
YIpaBJICHUS CBOHCTBAMH CTaJleil IMyTeM CHELU(HIECKOH
OpraHU3aLUK CTPYKTYpBl 32 CUET BHELIHErO BO3AEHCTBUS
9HEpruel MoCTOSTHHOTO MarHuTHOTo moist (MIT) B mporec-
ce (ha30oBBIX ITPEBpAIICHHH IIPU TEPMHUYECKOH 00padoT-
ke [1—6].

B HacTosiiee BpeMs He Bce IPOOIEMbl HCIOIb30BaHUS
MarHUTHOTO TIONISI TIPH TEPMHUYECKON 00paboTke wnccie-
JIOBaHbI U PEIIEHbI, 0OCOOCHHO ATO KACAeTCsl CKOPOCTHOM
nazepHoil 00paboTku. TpeOyroT pasBUTUS MpelcTaBlie-
HUS O MEXaHU3ME BIIMSHHS MarHUTHOTO MO Ha ()a30BbIe
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U CTPYKTYpHBIC IPEBPAIICHUS IIPH SKCTPEMATEHOM TEILIO-
BOM BO3JICHCTBHH, a TAK)KE HA CBOMCTBA CTaJICH.

J11s uccaenoBaHuil NCTIOIb30BANIHN YITIEPOIUCTYIO CTANb
V8, nerupoBannyio crajgb P6MS 1 HUKETh Kak MOJIETBHBIN
Marepualr.

MeTannopu3nuecKue UCCISTOBAHMS TPOBOAWIN C HC-
MOJTB30BAHUEM OINTHYECKOTO MHKpockoma Neophot-21
u xomruiekca Nanoeducator B pexuMe aTOMHO-CHUIIOBOM
MUKPOCKOITHH.

Wnentndukanuro (GpazoBOro cocraBa B 30HaX JIA3EPHOTO
BOBJICHCTBUSI TIPOBOIMUIA METOAOM IH(DPAKIMOHHOTO PEHT-
TCHOBCKOTO aHanm3a. lIcciaemoBaHWs OCYIISCTBILUIM Ha
magpakromerpe JIPOH-0,5 B ¢unsrposannom Fe —K -u3-
TYyYEeHHH C PETUCTPalMedl WHTCHCUBHOCTH CIUHTHILIS-
UOHHBIMH CYCTIHKAMH.

HmmynascHoe nazepHoe 00IydeHe MPOBOAMIN HA TEX-
HOJIOTHUECKUX YycTaHOBKax «KBaHT-16» u «'OC-30M».
Wsmenennst sueprun wmanmydenus (10— 30 k), creneHu
nedokycupoBku syda (3 — 6 MM), JIUTEIBHOCTH H3ITY-
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uenust (1 +6)-107 ¢ M03BOMMIM BapHUPOBATH IIOTHOCTh
MOITHOCTH M3ITyYCHHUS B ITHPOKUX MPEACIax.

UccnenoBanu pa3nuvHble BapHaHThI JIa3epHOW 0O0pa-
00TKH (C OIUIaBJICHWEM M 0e3 OIUIABJICHHUS MOBEPXHOC-
TI/I) B MNOCTOSIHHOM MAarHiuTHOM II0JIE€ HaMPAXKCHHOCTLIO
~0,7 MA/M 1 TIpOBOIVIIN CpaBHEHHE TIOTyYSHHBIX PE3YITh-
TaTOB JIs1 aHAJIOTMYHBIX BHIO0B OGHy‘ieHI/IH 0e3 IPUMCHC-
Hua MIL

Peructpanuio Temneparyp B 30HaX Ja3epHO 00paboT-
KM CcTajell Ha CTaAWH OXJaXXICHHS OCYIISCTBILUIA C WC-
MOJI30BAHUEM almnaparypbl 10 METOAUKAM, U3JI0KCHHBIM
B paborax [7, 8].

OO6nyvanu o0Opasipbl, PacloIOKEHHBIE B MEKIIOIIOC-
HOM 3a30p€ JIEKTPOMarHuTa OPUTHHAIFHON KOHCTPYKIHH
(puc. 1).

Jns UCKITIOUEHHsT BOSMOYKHOTO BIIHMSIHUSI Ha pPe3yibTa-
Tl JKCIIEPUMEHTOB JJIEKTPUYECKOTO TOKA, MPOXOJSIIEro
gepe3 U3zIeNne, IPH IPOBEACHIH HCCIIEIOBaHUI 00paserl
U30JMPOBANIN OT KOHIEHTpaTopoB MII TonkuM (IpuMepHO
0,12 mm) cioem acOectokaptona. [Ipu obmydeHuu sazep-
HBIH JTyd HaIpaBJIsUIM Ha 00pabaThIBaeMblii MaTepua mep-
MCHIUKYISIPHO BEKTOPY MArHUTHON WHITYKIIHH.

3aMeueHbl OCOOEHHOCTH PACHPENENEHHs TeMIepaTyp
0 OOTYYEHHOMY TISITHY Ha CTAIWH OXJIAXKICHUS B CITydae
Jla3epHOTO OOIyYeHUs cTajeil B MAarHUTHOM 1oJie (puc. 2).

Kak BuIHO, TIpH JTa3epHOM OOIYYEHHH C OIUIABICHHEM
MOBEPXHOCTU B MArHuTHOM I10JIC YBCIIMYUBAKOTCSI CKOPOC-
TH OXJaxJeHus. Meramiorpaguueckuii aHajau3 TaKHX

| 5
!
. !
70
4 /\/4
® 1l: o]
8| @ | )
S —Te |
\_ /)
120

Puc. 1. Cxema 37eKkTpoMarHura ¢ pacrojiOKeHHBIM B HEM 00pa3IoM:
I — cbeMHbIe KOHIEHTpaTopbl MIT; 2 — MarHUTONPOBO/; 3 — KaTyIIKH
JJIeKTpOMarHuTa; 4 — BUHTHI (huKcaium; 5 — obpaseir

Fig. 1. Scheme of the original electromagnet with the sample
located in it:
1 — removable concentrators of MF; 2 — magnet core; 3 — electromagnet
coils; 4 — fixing screws; 5 — sample
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Puc. 2. M3meHeHne TeMiepaTypsl Ha CTaIUH OXIXKACHHU IIOCIIE JIa3ep-
HOro 00y4eHus craau Y8 B MarHuTHoM nosie (/) 1 6e3 MarHuTHOTO
monst (2)

Fig. 2. Temperature change at cooling stage after laser irradiation of U8
steel in MF (/) and without MF (2)

00pasIoB C HCHONH30BAHUEM ONTHYECKOTO MHKPOCKOIIA
Y CKaHUPYIOUIETO 30HI0BOr0 MUKpOCKoTa (pUc. 3) BBISIBUII
Takue 0COOCHHOCTH MTOBEACHUS TOHKOTO CIIOSI JKUAKOTO Me-
TaJlyla Ha TOBEPXHOCTH CTaJIH, KaK €ro 3aKpyuYHUBaHUC U Ya-
CTHUYHOE ylalieHHe ¢ 00pabaThiBaeMON TTOBEPXHOCTH.

Bo Bcex BapuaHTax BO3ICHCTBHsS Jla3epa Ha CTallb B
MII dopma moBepXHOCTH 30HBI OOJTyUCHUS HMEET HEoTIpe-
JeneHHyo (opmy (B OOJBIIMHCTBE CIIy4acB «CEPIIOBH/I-
HYI0»), OPHCHTHPOBAHHYIO CTPOTO OMPEIEIEHHO OTHOCH-
TEJIbHO MAarHUTHOTO MOTOKa. Haubomnee BeposiTHO, YTO 3TO
BbI3BaHO 3(ddekrom Purn—Jlemoka, a Taxke JeHCTBHEM
cun JlopeHiia, KOTOpbie OTKJIOHSIOT HAMPABJICHHBIH MOTOK
ANIEKTPOHOB. B pe3ynprare yMeHbIIaeTCs TEIIOOTBO C TI0-
BEPXHOCTH B HIDKCIICKAIIUE CIIOM METajlla, YTO HEe3HAuH-
TENIFHO YMCHBIIAET TIIyOHHY JIa3epHO-3aKaJCHHOTO CIOS,
HO TIPH ITOM HAaOJIOIAeTCsl CYIIECTBCHHOE IepeMellrBa-
HHUE METalla B 30HE OOJyUICHUs, BEIPaBHUBAHUE XUMHUCC-
KOTO COCTaBa, 4TO JOJKHO MOJOKUTEIbHO CKa3aThCsl Ha
MPOYHOCTHBIX CBOMCTBAX M3/ETHi [9].

[pu nazepHoM 00TyUeHIH O3 OTLTABICHUS TIOBEPXHOC-
TH (kak 0e3 npumeHenus MI1, Tak u 8 MIT) mpakTudecku He
3aMeTHa pa3HHIA B pacmpeneneHnu temmneparyp. Cruenct-
BUEM SIBISICTCS TIPUMEPHO OJMHAKOBASI TITyOMHA YIIPOIHEH-
HOTO JIa3ePOM CJIOSL.

OnmHUM W3 BaXHBIX MOCIEACTBUH BIMSHUS MarHUTHO-
rO MOJsl HA PE3YNbTaThl Ja3epHOil 00pabOTKH SBISETCS
SIBJICHUEC MarHUTOCTPUKIMHA. CIeayeT OTMETUTh, UTO TIPH
Ja3epHOM oOIyueHHr 0e3 MAarHUTHOTO TOJIS Ha TpeBapu-
TENFHO TONHPOBAHHON MOBEPXHOCTH 00pa3IoB Halmoma-
JIM JIMHUHM CKOJIBXKCHUSI, SIBJISIOLINECS CIICICTBHEM BO3HU-
KaroMMX TePMUYECKUX U CTPYKTYpPHBIX HanpspkeHu# [10].
[pu o6nyuennn B MI1 B yCIOBUSIX MATHUTOCTPUKIIMU STOT
(bakTop MpakTHUECKU ceOs HE MPOSBIISCT.

[oaTBepikaeHHEM MOTYT CIYXKHUTh PE3yJIbTaThl UCCIIC-
JIOBaHUS J1a3epHO-00pabOTaHHOW ITOBEPXHOCTH HHKEIIs,
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Puc. 3. MakpoctpykTypa yuacTkoB ctanu Y8, obiaydeHHbix B MII (@), u ydactok cranu POMS nocie nasepHoit 00padotku B MIT
(CKaHUpYIOIIAs 30H/10Basi MUKpOCKomnus) (6)

Fig. 3. Macrostructure of U8 steel sections irradiated in MF (a) and R6MS5 steel section after laser treatment in MF (scanning probe microscopy) (6)

SIBILSIFOILIETOCS TUTACTHYHBIM MaTePHAJIOM; H, CJIe0BaTEIb-
HO, HanOoJiee SPKO MPOSBISIONIMM OTMCAHHBIC d(PPEKTHI.
B wactHOCTH, Ha pHC. 4 IPUBEICHBI PE3yNIbTAThHl aHAIHM3a
MUKpopenbeha 30HBI OONyueHHMs] HHUKEJICBBIX 00pa3IoB
B MII u 6e3 Hero. Craructudeckue mapameTpbl MOpgoIio-
THH TIOBEPXHOCTH OTIPECISUIN Ha 33laHHOM ydacTke (OT-
MEUEH Ha pHUC. 4, @) ¢ UCIIOIH30BAaHUEM COBPEMEHHOM Me-
TOJIMKH aHalln3a U 00pabOoTKH U300pAKEHHUI MTPH TTOMOIITH
KOMITbIOTEpHOM mporpammsl Gwyddion.

Y4uuTeiBas JaHHbIC puC. 4, O, 8 yCTAHOBIICHO, YTO TIOSIB-
JICHUE MarHUTOCTPUKIUKN YMCHBIIIACT CTCIICHb JIOKATbHOM
IIacTHYecKoi nedopmaryu 06Iy4eHHOTO METajlia, O 4eM
CBHUJICTEIIbCTBYCT YMEHBIICHUE BBICOTHI JIMHHUN CKOJBKE-
HUsS 10 6,5 HM B cpaBHeHHH ¢ 8,0 HM nipu 0OpaboTtke Oe3
MarHUTHOTO IMOJs. MOXHO C/IeNaTh BBIBOJ, YTO HAJOXKeE-
mue MI1 B mporecce nasepHOil 00paOOTKH yMEHbBIAET
YPOBEHb HAINpPSKCHUI B OONYYCHHBIX 30HAX M CHIKACT
OTIACHOCTB TPEIINHOOOPA30BAHUSL.

C 11enbI0 BBIACHEHHSI CTPYKTYPHBIX 0COOEHHOCTEH Mpo-
mecca JlazepHoi oOpabOTKM cTajeid B MarHUTHOM ITOJIe
MIPOBEJICHBI TAKXKE PEHTTCHOCTPYKTYPHBIC HCCIICIOBAHUS,
PE3yIBTaThl KOTOPHIX IPUBEACHBI Ha PUC. 5.

[Ipexxae Bcero obpariaer Ha ce0st BHUMaHUe (pakT mpu-
CYTCTBUSI Ha JU(PpaKTorpaMMax peQiueKcoB OCTATOYHOTO
ayCTEHHTA KaK IIPHU Jia3epHOU 00padoTke 6€3 MarHUTHOTO
TIOJISI, TAaK U B TIOJIE, XOTS, KAK YyCTAaHOBICHO B paboTax psaa
aBTopoB [11 — 15], MarHuTHOE MOJIE JOKHO MHHULIUUPO-
BaTb 00pa30BaHME MAPTECHCUTA BCIICICTBHE CBOCOOPA3HOTO
paccioeHHsl ayCTeHUTA, IMOSIBICHUS (heppOMarHUTHOYIIO-
PSTOYCHHBIX KITACTEPOB M YBEJIMUEHHS IICHTPOB 3apOrK/ie-
HuUs o-(asbl.

Bunumo, mpu CKOpoCTHOW J1a3epHON 3akanke (0co-
OCHHO NPU HAJOKEHUH MArHUTHOTO TOJs) 3TH 3PPEKTHI
cI1a0b0 TPOSBIIIOTCS, YTO CBA3aHO C UPE3BBIUANHO BBICO-
KOM CKOPOCTBIO OXJXKICHUS ayCTEHHUTA IIPU MOIXOIE K
Touke M B MHTEpBAJIE TEMIIEPATYP CBEPXIUIACTHYHOCTH
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AyCTCHUTA, YTO YMEHBIIACT BEPOSTHOCTh OOpPA30BAHUS
B ayCTEHUTE yCTOMYMBBIX (PEPPOMAarHUTHBIX KIIACTEPOB,
CIOCOOCTBYIONINX pealH3alud MapTCHCUTHOTO IIPEB-
pamenus [16 — 20]. CriemyeT OTMETHUTH, YTO WHTEHCH-
bukanyss MapTEHCUTHOTO IPEBPAIICHUS HMEET MECTO,
€CJIM JeHCTBYIOT HEOOBINNE 1T0 BEINUNHE HANPSKCHIS.
B ycnoBusx maszepHoil 00pabOTKHM MArHHUTOCTPHUKIIH-
OHHBIC HANpPSDKEHUSI CYMMHPYIOTCS C TEPMHUCCKHMHU U
CTPYKTYPHBIMH, BCJICACTBHE ITOTO BO3MOXKHA peakca-
WS HATIPSDKEHUH, a CIIeIOBATENbHO, YMCHBIIICHHE CTETIe-
HU Y — o-mpeBpaiieHus. K MOBBIIICHUIO YCTOHYUBOCTH
OCTAaTOYHOTO AyCTCHHUTA MOKET MPHUBECTH M €T0 yIPOd-
HEHHUE 3a CUeT He3HauuTelIbHoro (1o 6") moBopora obOpa-
30BaBIINXCS MAPTCHCUTHBIX KPHCTAJUIOB O] ICHCTBHEM
MarHUTOCTPHKIIHH.

Takum 00pa3oM, KapTHHY CTPYKTYPHBIX W (Ha30BBIX
MPEBPAIICHUI B IIOBEPXHOCTHBIX CIIOSX CTAJICH IIPH J1a3ep-
HOW 00paboTKe C HAJIOKEHHEM MAarHUTHOTO TIOJISI MOXKHO
MPEICTABUTh CIEAYIOMUM 00pa3oM: cHopMHUPOBABIIUICS
IIPU JTa3epHOM HArpeBe MHUKPOHEOIHOPOIHBIH ayCTEHHT
C OTPOMHOM CKOPOCTBIO MEPEOXITAXKIACTCS 10 TeMIepa-
Typ MapTCHCHUTHOTO IIPEBPALICHUSA. 3aTeM HAUYUHACTCS
ero TpanchopMaIs, MocaeJ0BaTeIbHOCTh KOTOPOH Ompe-
JeNSIeTCS YPOBHEM JIOKATBGHOTO HACKHIIICHHUS, CTCIICHBIO
neopMalii U KOHTPOJIHUPYETCsl TeMieparypoii. [lepsbie
KPHCTAIIBl MapTEHCHTA OOpa3ylOTCsl B HaNMCHEE HaChI-
HICHHBIX YINIEPOJOM y4acTKaX ayCTEHUTa, MPUYEM OYCHb
OospIasi CKOpOCTh (ThICSYM U necaTku Thicsy °C/c) Ha-
Yaja mpolecca y — O-IPEBPALICHUs MPEIOTBpAIAcT ca-
MOOTITYCK MapTEHCUTA, KOTOPBI YaCTUIHO MOXKET IPOTe-
KaTb TIPU JaJbHEUIIEM MOHWKEHHH TeMIIePaTyphl 3a CYeT
pacIpocTpaHeHUs] MPEBPAIICHIsI Ha OCTaBIIMICI 00BEM
AyCTEHHTA, 3aXBaThIBas YYaCTKU Pa3HON HACBHIIICHHOCTH.
B pesynbrare Hapsmy co «CBeXeoOpa3oBaHHBIM» Map-
TEHCHUTOM B 30HAX JIa3€PHON 3aKanku (GopMupyercs map-
TEHCHT, B KOTOPOM BO3MOXXHO 00Opa3oBaHUE CeTperamuii
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Puc. 4. Jluanu cxonbxeHus (@) ¥ pactpeesieHne X BbICOT (B IPOrpam-
Me Gwyddion) Ha HuKele roce J1a3epHON 00padOTKH 6€3 MarHUTHOTO
1oJ1st (6) ¥ B MAarHUTHOM TIOJTE (6)

Fig. 4. Slip lines (a) and their heights distribution (in Gwyddion
software) in nickel after laser processing without MF (6) and in MF ()

yIIIepoaa WIN Jaxke £-KapOuaa, W OCTaTOYHBIA ayCTCHUT
C BBICOKOH HACBIIIEHHOCTHIO IO YITIEPOLTY.
[oaTBepxneHHEM SIBISIETCS IKCIIEPUMEHTAIBHO YCTa-
HOBJICHHBIN A(P(PEKT yMEHBIICHNSI CKOPOCTH OXJIAXKICHUS
MOBEPXHOCTHBIX CIIOEB OONYYCHHBIX CTalleH MpU TeMIIe-
parypax Huxe 400 °C. B ciiyyae HajmoXeHUs] MarHUTHOTO
MOJISL B OTUX YCIOBHUSX MPOSBISICTCS BayKHOE ITOCIICICTBHE
BIIMSHUSI MAarHUTOCTPUKIMOHHBIX HANPSDKCHUH, KOTOpBIE
CHocoOCTBYIOT IByX(a3HOMY pacraay MapTeHcuTa. B pe-
3yabrare peduiekcsl o-¢asbl (puc. 4) cMemarTces K 00ib-
UM yraaMm oTpaskeHust ot 20 = 111,766° npu obmyueHus
6e3 MarauTHOTO 1O 70 20 = 112,0389° mpu obydeHnn
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Puc. 5. ®parmeHTsl peHTreHorpaMM cTain Y §:
1 — obpeMHast 3aKanka; 2 — Ja3epHas 3aKajka 6e3 MarHUTHOTO TIOJIS;
3 — naszepHasi 3aKajKka B MAarHUTHOM I10JIe

Fig. 5. Fragments of X-ray diffraction patterns of U8 steel:
1 —bulk hardening; 2 — laser hardening without MF;
3 — laser hardening in MF

B MAarouTHOM I10JI€, YTO CBUACTCIILCTBYET 06 YMEHbIICHUN
HACBHIIICHHOCTH MAapTCHCUTA YIIEPOIOM. YMEHBINACTCS
yumupenue pediuexcos ot b = 2,71491° npu obmydenun 6e3
nonst 1o b =2,44949° npu oONMy4eHUH B TIOJE, KOTOPOE,
KaK HM3BECTHO, XapaKTEepPHU3yeT MPHUCYTCTBHE HEOTHOPOI-
HBIX MUKPOUCKXCHUH U CTETIeHh KOHIICHTPAIIHOHHOW He-
OJIHOPOIHOCTHU TBEP/bIX pacTBOpoB. Takum obOpasom, mpu
Ja3epHO 00paboTKe cTajell B MArHUTHOM TI0JIe TIPOTEKa-
0T MPOIECChI YACTUYHOTO CaMOOTITycKa MapreHcuTa. [Ipu
9TOM YMEHBINAIOTCS YpPOBEHb OCTAaTOYHBIX HAIPSHKEHUH
U ONACHOCTH TPEIIUHOOOPa30BaHMSI.

Briaenstonipecs AucriepcHbie KapOUIbl CIIOCOOCTBYIOT
MOJTYYEHHIO JOCTATOYHO BBICOKOW TBEPIOCTH OOITYyUEHHO-
ro meramia (Ha ypoHe 6 — 8 I'Tla). [Ipuuem cremyer oT-
METHUTB OoJiee paBHOMEPHOE paclpe/ieieHHe TBEPA0OCTH M0
DIyOuHE B cirydae OONydeHUS B MATHUTHOM TIONIC M JIaXKe
HEKOTOPOE IMPEBBILICHUE TBEPIOCTU HAJl TBEPAOCTHIO Jia-
3epHO-00JTydeHHOT0 MeTayia 0e3 MPUMEHEHHsI MarHUTHO-
O HOoJIs.

[TockonbKy Tpu METaTOrpapUUSCKUX UCCISTOBAHIIX
YBCIIMYCHUA FJ'[yGI/IH])I 3aKaJICHHOTO CJIOA MMPU COBMECILICHUN
Ja3epHOTO HAarpeBa ¢ MarHUTHBIM ITOJIEM HE OOHApyKEeHO,
9TO, BUAUMO, MOKHO OOBSICHUTH MOCIEACTBHEM JIEHCTBHS
MarHUTOCTPUKINOHHBIX HAIPSKCHUH.

Bb1600b. MeTannopuzndeckue 3KCIEepUMEHTHI 0 Jia-
3epHOMY OOJYYEHHUIO CTajel B MOCTOSHHOM MAarHUTHOM
[oJie MOKa3ajld, 4TO IPU ITOM IOBBIIIACTCS CKOPOCTh
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OXJIQXK/IEHUs] MeTaljla, YCUJIMBAETCsl KOHBEKTUBHOE Ilepe-
MELIMBAaHUE 30HBI MTOJIUIABIEHUS, YMEHbILIAETCSI MUKpOpe-
abed 00IyueHHOM TOBEPXHOCTH, YTO MPUBOAUT K ITOBBIIIIC-
HUIO ¢ KauecTBa. YCTAHOBIICHO, YTO JIa3epHast 00padoTKa
metaiuia B MII yMeHbIIaeT cTeneHb JIOKaJbHOW IJIacTH-
geckor AeopManuy oOIydSHHOTO CIIOS 33 CUET SBICHHS
MarHUTOCTPUKIMU. HanokeHne MarHUTHOTO MOJS CIIO-
coOCTByeT OByX(pasHOMY pacragy MapTEHCHTA Jia3epHOU
3aKaJIKU, CIEJCTBUEM YETO SIBIIETCS YMEHBIIEHUE YPOBHS
OCTaTOYHBIX HANpPSDKEHUH W OMacHOCTH TPEIIHHO0Opa3o-
BaHUS B OOTyUEHHBIX 30HAX.
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INFLUENCE OF CONSTANT MAGNETIC FIELD ON STRUCTURE FORMATION
IN STEELS AT HIGH-SPEED LASER PROCESSING

A.V. Brover, G.1. Brover
Don State Technical University, Rostov-on-Don, Russia

Abstract. Experimental studies of laser-irradiated layers in a magnetic
field (MF) have shown a non-trivial morphology of the surface of
handling zone of material in case of reflow. Twisting of a thin layer
of liquid metal is observed, irradiated area is getting a crescent ap-
pearance, definitely strictly oriented in relation to magnetic flux. This
is probably due to the effect of Righi-Leduc, as well as the action of
Lorentz forces, which deflect the electrons flow. As a result, there is
significant mixing of metal in the irradiation zone, chemical composi-
tion equalization, which positively affects the strength properties of
the products. One of the important consequences of the MF-effect on
the results of laser processing is the phenomenon of magnetostric-
tion. In laser irradiation without MF slide lines were observed on the
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pre-polished surface patterns resulting from the emerging thermal and
structural stresses. By analyzing the topography of irradiated surfaces
using modern analysis techniques and computer image processing, it
was established that irradiation in MF in conditions of magnetostric-
tion decreases the stress level in irradiated areas and reduces the risk
of cracking. The results of temperature measurements at the irradiated
spot on cooling stage allow establishing that the cooling rate during
laser processing in a MF is considerably higher than without the field.
It affects the processes of phase and structural transformations. At
laser heating in MF microheterogenic austenite is supercooled with
great speed to temperatures of martensite transformation. After that
its transformation begins, the sequence of which is determined by the
level of local saturation, degree of deformation and is controlled by
temperature. The first crystals of martensite are formed in the least
saturated areas of austenite, and a very high speed (thousands or tens
of thousands of °C/s) of the transformation process beginning y — o
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prevents martensite self tempering, which partially can occur when the
temperature decreases further due to transformation spread on the re-
maining volume of austenite, grabbing areas of different saturation. As
a result, along with the “fresh-formed” martensite in the areas of laser
quenching the martensite is formed, in which segregation of carbon or
even g-carbide may occur and residual austenite with high carbon in-
tensity are formed. Released dispersed carbides contribute to obtaining
a sufficiently high hardness values of metals irradiated in a MF.

Keywords: laser processing, magnetic field, structural and phase transfor-

mations, irradiated surfaces properties.
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