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BJIUSSTHUE MATHUTHO-UMITYJIbCHOM OBPABOTKHA
CTAJIA S0XT'®A C Cr-IIOKPBITUEM
HA UX CTPYKTYPY U CBOMCTBA
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B aT0i1 paboTe npencraBieHbl pe3yIbTaThl SKCIIEPUMEHTAIBHBIX NCCIIEJOBAHUN 10 MarHUTHO-UMITYJIbCHON 00pa-
6otke (MHO) obpasio craneit SOXT'DA u 8XO6HDT 6e3 MOKPHITHIA U C TaJbBAHHYCCKHUMHU MOKPHITUAMH. Bbutn
uccnenoBanbl ctaiib SOXI'®A ¢ Cr-nokpsiTueM B cpaBHeHUU ¢ cTalbio 8XO6HDT ¢ Fe-nokpeitem. MUKpOCTpyKTypa
craneit 1 Cr-nokpeITHs ObliIa NpOaHAIM3UPOBAHA C TOMOIIBIO CKAHUPYIOLIEH 3JIEKTPOHHOW MUKPOCKOITNH. BrnsiHne
napameTpoB MHO Ha u3MeHeHHe CBOMCTB CTaJIHM U IMOKPBITHS OBLIO OLEHEHO M3MEPEHUSMH MaKpOHAIPSIKEHUN U
3JIEKTPOCONPOTHUBIIEHHS IOBEPXHOCTH, IPOYHOCTH HA PACcTsDKEHHE, yUIMHEHNS, TBEPJOCTU U pa3pyuieHus. brina 00-
CYXKZI€HA CBSI3b MEXy MUKPOCTPYKTYPOH U MEXaHUUYECKUMH CBOMCTBAMU CHCTEMBI CTaNlb-IIOKPBITHE.

Knrouegvle cnosa: MarHUTHO-UMITYJIbCHAst 00pabOTKa; MOKPBITHE; CTAJIb; XPOM; MaKPOHAIIPSHKEHUS; 3IIEKTPOCO-
MIPOTHBIICHHE.
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This paper presents the results of experimental studies on magnetic pulse processing (MPP) of a 51CrV4 and D2
steel samples without coatings and with galvanic coatings. The Cr coating onto 51CrV4 steel was compared with the
Fe coating deposition on the D2 steel. The microstructure of the steels and the Cr coating was analyzed using scanning
electron microscopy. The influence of the MPP parameters on the change in the properties of the steel and coating
was estimated by measurements of the macrostresses and surface electrical resistance, tensile strength, elongation,
hardness and fracture. The relationship between the microstructure and mechanical properties of the steel-coating
system was discussed. It was found that after MPP of a 51CrV4 steel sample with the Cr coating, the coating becomes
compacted at a depth of ~15 pm.
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BBenenue rabapuTHBIX  JeMI(HUPYIOMMX  MPYKUHAX

Cramp S0XT'®A (anamor 51CrV4) obGna- TpaHcnopTHBIX cpeAcTB [ 1]. MccnenoBanus [2]
JTACT BBICOKOW MPOYHOCTHIO M yCTATOCTHBIMH MOKA3BIBAIOT, YTO JIJISl TOBBIIICHUS IPOYHOCTH
XapaKTepUCTHKaMH Omaronaps a00aBICHHIO IpU COXPAHEHUHM XOPOIIEH IMIACTUIHOCTH
Cr u V, 4TO MIUPOKO HCIIONB3YETCs B KPYITHO- ATHX CTaJIel HEOOXOIUMO YITyUIIICHUE UX MHK-
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POCTPYKTYpHBI. Il M3rOTOBIIEHUSI CTPOTaJIh-
HBIX HOJXEH, NpelHa3HAaYeHHBIX ii o0pa-
OOTKH JPEBECHHBI, B OCHOBHOM HCIIOJIE3YETCS
UHCTpyMeHTallbHas ctayib 8XO6HDT (ananor
D2, 8Cr13MoV u ap.) [3]. Onaum U3 nepcnex-
TUBHBIX HAIlPABJICHUN BOCCTAHOBJICHUS HOXKE-
BOT'O MHCTPYMEHTA SIBJISIETCS. HAHECEHUE rallb-
BaHnueckux nokpeituid Fe u Cr [4, 5].

Llenpto nmanHOW pabOTHI OBUIO H3yuYEHUE
BJIMSIHUSL MarHUTHO-UMITYJIbCHOM 00paboTKu
(MHUO) Ha MUKPOCTPYKTYpY, TBEPIOCTh H
AJIEKTPOCOINPOTUBIICHUE TTOBEPXHOCTH 00pa3-
110B u3 ctainu Mapku S0XI'DA c¢ raibBaHuye-
ckuM Cr-TioKpeITHEM B CpPaBHEHUHM C 00pa3-
namu u3 cranu SXO6HDT c ranpBanmuecKuM
Fe-nokpsituem.

MeToanka 3KcnepuMeHTa

DNEKTPOIMTHYECKOE OCAXICHUE XKeje3a Ha
noBepxHocTh obpasua u3 cramu SXO6HDT npo-
BOJIWJIH U3 CYJIb(ATHOTO AIIEKTPOIIUTA JKeJle3He-
Hust ipu Temneparype 3040 °C u mioTHOCTAX
toka 10-20 A/nm%. Cr-mokphiTHe Ha MOBEpX-
HOCTh oOpasua u3 cramu S0XI' DA 6bu10 oca-
xneHo u3 snekrpomura (CrO3 — 250 r/mv’);
H2S04 — 2,5 r/nm®) npu mnoTtHOCTH Toka 50
A/nv? npu Temneparype 5060 °C. Tomuuza
chopMHUPOBAaHHBIX TTOKPBITHIA cocTaBmia 13 — 15
MKM. OOpasiibl ObUTH 00paboTaHbl HA YCTAHOBKE
MUNY-3 (TN HAH benapycu) npu TexHoo-
THYECKOM PEXUME 5 MMITYJIbCOB TIPH SHEPIHU
Bo3/iecTBUA 8 KJ[K.

N3yuenne cTpyKTypHO-(ha30BOTO COCTOS-
HUs U MakpoHanpspkeruit 11 poma oGpasmos
MIPOBOJMIIMCH HA PEHTTEHOBCKOM Au(pakKTo-
Merpe GNR EXPLORER B Cu-Ko uznyue-
HUM. MuKpocTpykTypa ctaneil u Cr-oKpsbl-
TUsi OblIa TPOAHATM3UPOBAHA C TOMOIIKIO
CKAHMPYIOLIEH SJEKTPOHHOM MHUKPOCKOIUU
(COM) ¢ wuCrIonb30BaHHEM MHUKPOCKOIIA
Hitachi S-4800. M3mepenus TBepAOCTH TPO-
Bogwinck mo bpunemmo (HB) u Poxsemmy
(HRC) na yHHBepcaibHOM TBEpIOMEpE
AFFRI-URBV-VRS (narpyska 750 krc, nua-
METp IIapuKa 5 MM). DINEKTPOCOMPOTUBICHHUE
MOKPBITUI M3MEPSUIOCh Ha JJIEKTPOU3MEPH-

TEJIBHOM KOMIUJIEKCE B J1a0OpaTopuu Mar-
HUTHO-UMNYJIbCHBIX TexHoJoruii PTU mno
Meroauke uzmepenuit NedTU 0.388 [6] no u
nocie MU O, koTopblii OCHOBaH Ha IIPOIyCKa-
HUM 4epe3 o0pasell TOKAa BBICOKOW YacTOTHI
(TBY) u uzMepeHueM majeHusl HaIpsHKEHUs
Ha ckuH-cioe [7]. [Tockonbky mpu MO npo-
HCXOJIUT BO3JCHCTBHME HA IMOBEPXHOCTb, TO
aHAJIU3 Pe3yJIbTaTOB CKUH-3((eKTa MOo3BO-
asieT roBoputh 0 kadectBe MO u crenenu
W3MEHEHUS IOBEPXHOCTHOTO €105 (OAHOPOA-
HOCTh U CTENEHb JUCIEPCHOCTH CTPYKTYPHI,
UCKQXEHUI KPUCTAIIIMYECKON pEIIeTKH) Ha
OTIpeNIeICHHON TITyOruHE, KOTOpasi 3aBUCUT OT
yactotel TBY.

Pe3yabTaThl U HX 00CYy:KIeHHE
Pucynox 1 mnoka3piBaeT, 4TO
50XT' DA conepxur ¢azbl o-Fe u FesC.
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Puc. 1. Iudpakrorpamma o6pasnos cramu SOXT DA

CdopmupoBannoe Ha ctanu Cr-mOKpbHITHE
OJIHOPOJIHO, PAaBHOMEPHO paCIpENIeleHO 0
MOBEPXHOCTH (pHUC. 2a) U HE NTePEMEIINBACTCS
Cc OCHOBOHU (puc. 20), 4TO XapaKTepHO A
BCEX TUIOB MOKPHITUH [4].

AHanu3 pe3yJabTaTOB U3MEPEHUS MAaKpo-
HanpsbkeHud Il poga nokassiBaer, 4To Ha 1O-
BEPXHOCTH OOpa3LOB CTAIM B UCXOAHOM CO-
CTOSIHUM MaKpOHAIPsDKEHUs ObLTH CHKUMARo-
e (-1.147 T'Tla qyist SOXT' DA u -1.594 T'Tla
st 8X6H®DT). Fe-nokpeiTus npuBenu K po-
CTY MaKpOHaNpsHKEHUH B CTOPOHY pacTsATrUBa-
rouux (0.637 I'Tla), kotopsie mocie MUO
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ctanu cxumaromumu (-0.212 I'Tla). Cxuma-
IOIIME OCTATOYHbIE HANPSKEHUs CIOCo0-
CTBYIOT MOBBIIIEHUIO YCTAJIOCTHOM NMPOYHO-
CTH, T. K. CYMMHUPYSCh C HaNpsHKCHUSIMH OT
BHEIIIHEH Harpy3KH, OHM YMEHBIIAIOT Pe3yJib-
TUPYIOIINE PACTATUBAIONINE HANpPSHKEHUS B
MOBEPXHOCTHOM CJIO€ JIeTAIM U MPermsT-
CTBYIOT 3apOXJIEHUIO YCTAJIOCTHBIX TPEILUH.
Cr-noKphITHS CTAIBHOTO 00pa3iia HE BIHSIIO
Ha ero MaKpOHaNpPsHKEHUS.
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Puc. 2. Ctpykrypa Cr-moxpeitus Ha ctanu SOXT'DA:
a — COM-cHUMOK ckojia o0pasma; 6 — pacnpeneicHue
9JIEMEHTOB BJIOJIb JIMHUM CKaHUPOBAHUS

Teepnocth  Cr-moKphITUS HA  CTaJIH
S50XT'®PA (250 — 280 HB) Obuta 6oblie oc-
HOBBI (260 — 266 HB) u mpakTudecku He u3-
MeHsutach nocie MUO (255 — 285 HB). 3na-
YeHHUs TBEpAOCTH Fe-MOKpeITHS HaA CTaau
8X6HODT (53 — 54 HRC), TBEp1O0CTH OCHOBBI
(52 — 53 HRC) u nocne MHO (53 — 54 HRC)

COBIIAJIAJT M HE U3MEHSUIHCh.

V3MeHeHHsT DIEKTPOCONPOTHBICHHUS B
ckuH-cioe Cr-mokpbITHs He HaONI0NaIoTCs
(puc. 3), 9T0 MOKHO OOBSCHUTH CBOWCTBAMU
€aMoro xpoma.
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Puc. 3. DnexTpoconpoTHBIeHNE B CKUH-CIIOE Ha 00pa3-
max cramu SOXTDA c¢ Cr-mokpeITHEM OO0 U TIOCKE
MUO

Ha riybune ~15 MKkM (TONIIMHA HOKPBI-
tus) nocie MUO HabmomaeTcst yMeHbIIICHHUE
3JIEKTPOCONPOTHBIIEHUST Cr-MOKpPHITHSA, 4YTO
TOBOPUT 00 yIJIOTHEHUH TIOKPBITHSL.

3akiroyenne

MUO obpasua cramu S0XI'PA ¢ Cr-
MOKPBITUEM HE BIIMAJIO HA €ro MakpoHamps-
skeHus Il pona, B To Bpems kak Fe-nokpsiTus
IIPUBEJIM K POCTY MAaKpOHAIPSKEHUH B CTO-
pony pactaruBatomux (0.637 I'Tla), koTopsie
nocie MUO cranu cxumarommmu (-0.212
I'Tla). Teepmocts Cr-moKpweITHS Ha CTaJIA
S0XI'®DA 3HAUNUTENBHO MPEBOCXOIUT TBEP-
nocth Fe-mokpertust Ha ctanu 8X6HOT. Ilo-
cine MUO o6pasna ctamu SOXT'DA ¢ Cr-mo-
KpBITHEM Ha TIyOuHe ~15 MKM MPOUCXOIUIIO0
YIUIOTHEHHUE MTOKPBITHUS.
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