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PaboTa nocBsLLeHa BbISBNEHWIO U aHaU3y 3aKOHOMEPHOCTEW U3MEeHEHUs 3/1eMEHTHOIO U (ha30BOro COCTaBOB,
LeeKTHOI CyBCTPYKTYPbl, MeXaHNYeCKUX (MUKPOTBEPAOCTb) U TPMOOIOrMYeCcKNX (M3HOCOCTOMKOCTb M KO3h(huLm-
€HT TPeHMS) CBOICTB HEPXKABEHOLLEM BbICOKOXPOMMUCTOW CTasv, MOABEPTHYTON KOMBMHMPOBaHHO 06paboTke, coye-
TaloLLeld HanbleHe TOHKOM MAEHKU TUTaHa, a30TMPOBaHUE B YCNOBUSX 3IMOHHONO Harpesa 06pasLioB 1 NOCesyo-
Lee 06/lyyeHVie B BaKyyMe MOBEPXHOCTHOMO C1051 UHTEHCUBHBLIM UMMY/IbCHBLIM 3/1EKTPOHHBLIM MYYKOM CyoMunmce-
KYHAHOW ANUTeNbHOCTY BO3AENCTBIUA. HanblneHre NAeHKy TUTaHa Ha NOBEPXHOCTb CTa/v OCYLLECTBASANOCH Ha yCTa-
HoBke «KBVHTA» BakyyMHO-AyroBbIM Mi1asMeHH0-acCUCTMPOBaHHbIM UCMapeHnem Katoga 13 cnnasa BT1-0. A3so-
TUPOBaHME CTaM OCYLLECTBAANOCL Ha YCTaHOBKE «TPWO». O6/ydeHne UMMY/bCHBIM 3/1EKTPOHHBIM MYyYKOM CU-
CTeMbl NEHKa/MOL/10XKKA OCYLLECTBAANN Ha YcTaHOBKe «COJ10». MoKazaHo, YTO KOMMNJIEKCHOE MOAMMMLMPOBaHNe
cTanm 20X23H18 npnBoanT K (hOPMMPOBaHMIO B MOBEPXHOCTHOM C/I0€ TONLWMHOM -30 MKM MHOF03/1EMEHTHOIA, MHO-
rohasHoii rpafueHTHON CyOMUKPO- HAHOKPUCTANIIMYECKOW CTPYKTYPbI, NPeLACTaBeHHON TBEpAbIMM pacTBOpaMu Ha
OCHOBE a-, Y- U e-Fe, HATpUZaMU TUTaHa, XpPoMa W >Kenesa, coefiMHeHVeM FeZTi. BbifBeH pexxuM MOgudUKaLmu,
MO3BO/IAIOLLMIA YBEIMYNTL U3HOCOCTOMKOCTbL CTa/in B 9.1 pasa U MUKPOTBEPAOCTb A0 7.0 IMla, 4To MpeBbILLaeT MUK-
pOTBEPAOCTb UCXOLHOW cTanm B 3.7 pasa.

KntoueBble CoBa: HePXKABEHOLLAs CTaslb; BaKyyMHO-YrOBOE M/1a3MEHHO-aCCUCTMPOBAHHOE HambI/IEHVE; a30Tu-
poBaHwe; 06/Ty4eHNE MIYIbCHBIM 3MIEKTPOHHBIM MYYKOM; CTPYKTYpa; CBOMCTBA.
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OF STAINLESS STEEL: STRUCTURE AND PROPERTIES
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The work is devoted to the identification and analysis of patterns of changes in the elemental and phase
compositions, defect substructure, mechanical (microhardness) and tribological (wear resistance and friction
coefficient) properties of high-chromium stainless steel subjected to complex processing combining the deposition of
a thin titanium film, nitriding under conditions of elion heating of samples and subsequent irradiation in a vacuum of

the surface layer with an intense pulsed electron beam of submilisecond duration. High-chromium steel AISI 310S,
which in the initial state is a polycrystalline aggregate based on y-iron, is used as the research material. Sputtering of
a titanium film with a thickness of 1 pm, 3 pm and 5 pm on the steel surface was carried out on the «KVINTA»
installation by vacuum-arc evaporation of a cathode made of technically pure titanium grade VT1-0 in the plasma-
assisted mode in an argon environment. Nitriding of steel was carried out on the « TRIO» installation with the chamber
dimensions of 600x600x600 mm, equipped with a switching unit for the implementation of the elion (electron and
ion) processing mode. Nitriding was carried out at a temperature of 793 K for 1hour. Irradiation with a pulsed electron
beam was carried out on the «SOLO» installation equipped with an electron source with a plasma cathode based on a
low-pressure pulsed arc discharge with grid stabilization of the cathode plasma boundary and an open anode plasma
boundary. It is shown that the complex modification of AISI 310S steel leads to the formation of a multi-element,
multiphase gradient submicron-nanocrystalline structure in the surface layer -30 pm thick, represented by solid
solutions based on a-, y- and e-Fe, titanium, chromium and iron nitrides, and Fe2Ti compound. A modification mode
has been identified that allows increasing the wear resistance of steel by 9.1 times and the microhardness to 7.0 GPa,
which exceeds the microhardness of the original steel by 3.7 times.

Keywords: stainless steel; vacuum arc plasma-assisted spraying; nitriding; pulsed electron beam irradiation;
structure; properties.
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BeegeHune

MeTofbl, OCHOBaHHbIE Ha WUCMOJ/Ib30BaHWU
KOHLEHTPMPOBaHHbIX  MOTOKOB  3HEPruu
(KM3) (nasepHoe M3ny4veHne, BbICOKOUHTEH-
CUBHbIE 3/IEKTPOHHbIE U MOLLHbIE WOHHbIE
MyyKkun, NnasmMmeHHble MNOTOKU U CTPyU W T.4.)
ANA YNPOYHEHUA MOBEPXHOCTU AeTaneil ma-
WMH N MEXaHU3MOB, B HacToALLee BpeMs LIK-
POKO MCMONb3YKTCA B pas/IMyHbiX 061acTaX
NMPOMbILWIEHHOCTU [1]. 3TO 06YCMOB/IEHO KaK
BO3MOXHOCTbIO MPOBOANTL 06paboTKy MaTe-
puana f10KanbHo, TO/IbKO B TeX MecTax, KOTo-
pble HeNOCPeACTBEHHO UCMbITbIBAKT 3KCTpe-
MaJibHble Harpysku B npouecce 3kcnnyarta-
UMM getann, Tak M AOCTUTHYTbIM YPOBHEM
pasBuUTUA 000pYyLOBaHUS ANA UX peann3aunu
[2].

Llenbto HacTosAwel paboTbl ABNSETCA yCTa-
HOBNEHMEe  3aKOHOMEPHOCTe  3BOOLMUK
CTPYKTYPbl, MeXaHU4yecKux u Tpubonormye-
CKMX CBOMCTB BbICOKOXPOMWUCTOW CTanun, NO4-
BEPrHyTOM  KOMOGMHMPOBAHHOMY  BO3[eil-
CTBMIO, COYeTaloLlemMy HanblIeHNe TOHKOM
MNEHKW TUTaHa, a3oTMpOBaHWe B YC/NOBUAX
3/IMOHHOrO Harpesa 06pa3uoB ¥ nocnegyto-
wee 06/ly4yeHne B BaKyyMe MOBEPXHOCTHOTO
CNOA UHTEHCMBHbLIM MMMY/IbCHbIM 3/1EKTPOH-
HbIM MYy4YKOM CY6MUINCEKYHAHON ANUTENb-
HOCTW BO34ENCTBMS.

MeTogunKa sKcrnepumMeHTa

O6beKTOM UccnefoBaHNA ABnanach aycre-
HUTHas XaponpoyHas KOPPO3MOHHOCTONKas
cTanb mapku 20X23H18 (0.2C, 1.0Si, 0.30Cu,
2.0Mn, (17.0-20.0)Ni, 0.2Ti, 0.035P, (22.0-
25.0)Cr, 0.02S, octansHoe Fe, Bec.%). ®op-
MUPOBAHNE MPOTAKEHHbIX YNPOYHEHHbIX MO-
BEPXHOCTHbIX CJ/I0EB OCYLLECTBAANN MYyTEM
KOMOWHMPOBAHHOIO 3N1EKTPOHHO-NOHHO-
nnasmeHHoro Bo3gelicTeusA: (1) BaKyyMHO-
[yroBoro naa3MeHHO0-acCMCTUPOBAHHOIO
Hamnbl/IeHNS Ha MOBEPXHOCTb CTa/lM TOHKOM
(1, 3, 5 MKM) nneHkun TuTaHa (ycTaHOBKa
«KBUHTA»); (2) asotupoBaHus CUCTEMbI
«M/IEHKa/MoAN0XKa» B Mia3me ra3oBoro pas-
paga  HW3KOro  faefneHus  (ycTaHOBKa
«TPNO», poocHalweHHas 6/10KOM KOMMYTa-
unn ana peannsauum 3IMOHHOTO (3/1EKTPOH-
HOF0 U MOHHOT0) peXxxumMa 06paboTkm [3]); (3)

cBepxckopocTHoro (o 105 K/c) nnasneHus
CUCTEMbI «MNIEHKA/NMOAOXKa» UHTEHCUBHbLIM
UMNY/bCHLIM 3/1EKTPOHHBIM MNy4YyKOoM (yCTa-
HoBKa «COJ10»).

ONemMeHTHbIM COCTaB W CTPYKTYpPYy MOAU-
(DMLUMPOBAHHOIO C/I0A M3yYann MeTojamu
pactposoii (Philips SEM-515, ocHaleHHbIl
MukpoaHanusatopom EDAX ECON 1V) u
npocseumnsawowei (JEOL JEM-2100F) anek-
TPOHHON MUKpOCKONUKU. Pa30BbIin COCTaB UC-
cnefoBasvi METOLOM PEHTreHOCTPYKTYPHOro
aHanunsa (P®A, augpaktomeTp Shimadzu
XRD-6000; reometpusa bperra - bpeHTaHo).
OnpepgeneHne MUKPOTBEPLOCTM OCYLLECTB-
nann metofom Bukkepca (MMKpOTBepLomep
MMT-3, Harpyska Ha nHgeHtop 0.2 H). Tpu-
6onornyeckne W3MepeHWs MPOBOAUAN  Ha
Tpubometpe Pin on Disc and Oscillating
TRIBOtester B reometpumn «wapuk (BKS8)-
Anck». MNpogmnm TpeKoB M3HOCA OLEHMBANN C
MOMOLLBLKD  KOHTaKTHOro  npogunomeTtpa
(«TRIBOtechnic», ®paHuus).

PesynbTaTbl 3KCNEpUMeHTa 1 06CyXeHune

YCcTaHOBNEHO, 4TO Hambonee BbICOKME
3HayeHua MukpoTsepgoctn (7.0 TMa, uyTO
npeBblaeT  MWUKPOTBEPAOCTb  UCXOLHOM
cTanu B 3.7 pasa) 3aMKcuposaHbl Ha 06pas-
uax ctaau nocne 06paboTkyM  (Hanblne-
Hue+a3oTMpoBaHUe+06y4yeHne) npu TON-
WMHE HaMNbINEHHOW MNMIEHKU TUTaHa 5 MKM.
MWKpPOTBEPLOCTb CTa/IM YBENINYNBAETCSA C PO-
CTOM TOJILLMHbI HaMNbIIEHHON NNEHKN TUTaHa.
Tpubonornyeckme ncnblTaHUA MogUPULNPO-
BaHHOM CTayM MnokKasanu, YTO MUHUMaA/bHOE
3HayeHMe napameTpa uM3Hoca (4.4-105
MMIH-M, 4yTOo B 9.1 pasa HMXe napameTpa m3-
HoCa WCXOAHOW cTanu) Habnogaetca npu
TOJILLMHE HaMNbINEHHOW MNEHKN TUTaHa 3 MKM.
KoaghuuneHT TpeHna [OCTUraeT HavMeHb-
LWNX 3HAYEHWUIA TaKXe Mpu TONLWNHE MNEHKK
TuTaHa 3 MKM ¥ paBeH 0.62, uyto B 1.4 pasa
MeHblle KOoa(uuMeHTa TPEHUA WUCXOLHOM
crTanu.

MeTofamMn PEHTreHOCTPYKTYPHOrO aHa-
Nn3a YCTaHOB/IEHO, YTO KOMOMHWPOBaHHaf
06paboTka NPMBOAUT K (hOPMUPOBAHNIO MHO-
rogasHoro NOBEPXHOCTHOrO Cfl0s, COAepiKa-
wero (Npu TO/LWMHE HanbINEHHOW NIEHKN
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Pruc. 1 CTpyKTypa CUCTEMbI «M/IEHKa/NOA/I0XKa» Ha
pacctosHumn (Mkm) 0 (a), 30 (6), 50 (B) OT NOBEPXHOCTY
06paboTkn

TuTaHa 5 MKM) y-Fe (12 mac.%); a-Fe (33
mac.%); TiN (10 mac.%); FesN (23 mac.%) u
Fe2Ti (22 mac.%).

MeTogamun MpOCBEUYMNBAIOLLEN 3/1EKTPOH-
HOM AM(PaKLUNOHHON MUKPOCKOMUN YCTaHOB-
NEHO, YTO B MNOBEPXHOCTHOM CJiI0€ MOANGDULN-
POBaHHOW CTann GopmMmpyeTcsa MHOrogasHas
rpafuMeHTHas CyOMUKpPO- HaHOKpuUCTanimye-
CKa cTpykTypa (puc. 1).

3ak/oyeHune

lMoka3aHO, 4TO KOMOGMHMPOBaHHas 06pa-
6oTka ctanm 20X23H18 npuBoauT K popmu-
POBaHUIO B NOBEPXHOCTHOM C/l0€ TOJILUHOM
~30 MKM MHOr03/IEMEHTHOW, MHOroa3sHol
rpafMeHTHON Cy6bMUKpPO- HaHOKpUCTan/Inye-
CKOW CTPYKTYpbI.

BbisBneH pexum  MOAUDULMPOBAHUSA,
NO3BONIAKOWMIA YBEIMYUTb MUKPOTBEPLOCTb
ctann go 7.0 I'Ma, 4To NpesbIWAET MUKPO-
TBEPAOCTb UCXOAHON cTanu B 3.7 pasa;

3. BbifiBNIeH pexum MoAU(PULMPOBaHUS,
NO3BONAKOLWMNIA YBENYNTL U3HOCOCTONKOCTb
ctanu B 9.1 pasa.
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