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Hcceneoosano enusnue E-mapmeHncuma Ha mpu60ﬂoeuqea<ue ceolicmea xpomomapeanye-

6bIX aycmeHumuwlx cniagos. Ilokazano, umo &-ghaza 6 XpomomapeaHyesvix mMemacma-
OUNbHBIX CNAABAX XAPAKMEPU3Yemcs 60buiell CROCOOHOCMbIO K YAPOUHEHUIO 8 YCAOBUAX
mpenus u abpasusHoll USHOCOCMOUKOCIbIO, YeM E-(Da3d 8 HCene30MaAP2aHYesoM CNILAse
muna 120.

KuroueBblie cjIOBa: XpOMOMApTaHILEBbIE ayCTCHUTHBIE CIUIABBI, TOBEPXHOCTHBIN CIOU €
HAaHOKPHUCTAIUIMYECKOW CTPYKTYpPOM, HHTCHCHUBHOCTh aATE€3MOHHOTO W3HAIIMBAHUS,
abpa3uBHas U3HOCOCTOHKOCTH

W3BecTHO, YTO PPUKIIMOHHOE BO3JCHCTBHE MOXKET MMPUBOIUTH K 00OPa30BAHHIO
HaHokpuctawmyeckux cTpykryp (HKC) B mOBEpXHOCTHOM cliOoe pa3iM4HBIX Me-
tajmnaeckux mMatepuano [1]. ®opmuposanre HKC 00ycioBiIeHO HHTEHCHBHOM
IUTACTUYECKOW nedopMaliieil MaTepraia, KOTOpas OCYIIECTBISECTCS MO POTaIlH-
OHHOMY MEXaHU3MY.

Panee ObLIO MOKa3aHO, YTO KaK MPUCYTCTBHE £-MapTEHCHTA B CTPYKTYpE JKe-
JIe30MapraHIIeBbIX CIUIABOB, TaK M UX JICTHPOBAHUE a30TOM SIBJISIFOTCS MPHUYHHOM
3HAYUTCIbHOI'O CHUXCHUA KOB(l)(bI/H_[I/IeHTa TPCHUA U UHTCHCUBHOCTHU aJAI'C3UOH-
HOTO M3HAIIUBaHMUs AaHHBIX criaBoB [1,2]. ITockonbky e-mMapreHcHT (Kak U aTo-
MBI a30Ta) IPUCYTCTBYET U B XPOMOMAPIaHIEBBIX METACTAOMIbHBIX, H CTAOMIIb-
HBIX ayCTCHUTHBIX CIUIABaX, MPEICTABISECT ONPEACICHHbIA HAYYHbIA U MPaKTHYe-
CKUI MHTEpEC BONPOC BIMSHUS JAHHBIX (PAaKTOPOB Ha TPHOOIOTHYECKHE CBOWCTBA
TEXHHUUYCCKH BOKHBIX MATEPUAIIOB.

MaTepl/IaJIbI U METOAUKA UCCJICA0BAHUSA

XVUMHUYECKUI COCTaB UCCIIEyEMbIX CIIAaBOB MpuBeaeH B Ta0u. 1. [Tapamnensno
C XpOMOMAaPTraHIIeBEIMH ayCTEHUTHBIMH CTIABAMH HCIBITHIBAIH KeJIe30MapTaHIle-
BbIi cruiaB ['20, copepxaiuii B CTpYKType KpoMme aycteHuTa ~ 45% g-mapTeHcuTa,
U HepkaBerounil crutaB 12X 18H9, metacTaOuUIbHBIN K Y — O-MapTEHCUTHOMY
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Tabmuma 1
XMMHUYECKHI COCTAB MCCJIeJ0BAHHBIX CIIABOB
C CopeprkaHue 31IeMeHTOB, MassYo
e C Mn Cr S Ni Ti
03r'16X11H 0.02 16.2 11.5 0.3 0.7 0.06
20I20X7T 0.20 20.4 7.4 0.3 — 0.40
30I17xX10T1 0.30 17.2 9.7 0.3 — 1.40
40I'20X11T2 0.40 19.6 10.9 0.2 — 1.90
I'20 0.03 20.4 — 0.3 — —
12X18H9 0.12 — 17.6 0.3 9.1 0.3
40X25H20 0.42 — 25.8 0.3 20.1 —

NPEBPAICHHUIO TPH TUIACTHYECKON AedopMaliui, a TakkKe HEep:KaBeIoUi aycre-
HUTHBIA cTabuinpHbIN crutaB 40X25H20. CnuTku Beex CIIaBOB TOMOT€HU3UPOBA-
v ipu 1100°C B Teucnue 8 h u xoBanu B npytku ceuenreMm 10 x 10 mm ¢ mo-
cnenytouieir 3akankoir or 1100°C B Boge. M3 mpyTkoB mocie TepMooOpabOTKH
W3TOTABJIMBAIH 00PA3IIBI ISl TPHOOJIOTHYECKUX U CTPYKTYPHBIX HCCIICIOBaHUH.

Tpubonoruyeckre UCHBITAaHUS CIUIAB-CTANIM M CILIaB-a0pa3uBa MPOBOJIMWIN Ha
7a00paTOPHBIX YCTAHOBKAX B YCJIOBHUSX TPEHHS CKOJBXEHUS. AITre3MOHHOE W3-
HalllMBaHUE OCYIICCTBISUIM 1O cXeMe manen—iuiactTuHa (cramp 45) 6e3 cMasku
npu cpenueit ckopoctu ckonbxkenns 0.035 m/s u narpyske 294 N. B maHHbIX yc-
JIOBUSX TpeHUs] 00bEMHasi CPEe/IHssl TEMIIEpaTypa B MOBEPXHOCTHOM CJIOE HE Ipe-
Bhimmana 40°C.

CTpyKTYypy CIUIaBOB HCCJEIOBAIU METAIOrpauIeckuM, peHTI€HOCTPYKTYp-
HBIM | 3JIEKTPOHHO-MHKPOCKOTTMYECKUM MeToaamu [3,4].

Pe3yabTarsl Hcc/ieIOBaHUA U 00CYKIEHUE

[Tocne 3akanku cTpykrypa cmaBa 03['16X11H cocTosina u3 aycreHura u He-
KoToporo konnuectBa (1o 15%) e-maprencura (puc. 1,a). B aycrenure mpucyt-
CTBYIOT JIe(DeKTHI YITAKOBKH, YTO CBS3aHO C HU3KOW YHEprueit neekToB ynakos-
KM MaTpuIbl ciutaBa. Bo3aeiicTBue TpeHUs] NPUBOIUT K (GOPMUPOBAHHIO B IO-
BEpPXHOCTHOM cJjioe cmasa (toammuoi < 10 um) HKC, cocrosiieii B 0CHOBHOM
U3 KpuctayummtoB g-daszpl pazmepom 10-100 nm (puc. 1,6,8). Kpome e-map-
terncuta, HKC comepxut HeOobIIOe KOMMYeCTBO aycTeHuTa. C yBeIndeHUEM
paccTosiHUs OT MoBepXHOCTU TpeHus 1o ~ 10 um pasmeps! pparmentoB HKC
crutaBa O3I'16X11H cymiectBenno Bo3pacrator (puc. 1,2), 9T0 00YyCIOBIEHO
YMEHBIICHUEM WHTCHCUBHOCTH IIACTUYECKOH JedopManuu mo riayOuHe aKTHB-
Horo ciosi obpasmna. Ha paccrosaum 10-20 um oT mOBEpXHOCTH TPEHUS KpH-
CTAJTUTHI €-(pa3bl CTAHOBATCS ele OONbIIE U YXKEe UMEIOT BHI Ae(OpPMUPOBAH-
HBIX TuacTuH (puc. 1,0).

B Tabin. 2 npuBeneHbl pe3yNbTaThl UCTIBITAHUA UCCICIOBAaHHBIX ayCTCHUTHBIX
CIUIaBOB Ha a/Ire3MOHHOE W a0pa3WBHOE M3HAIIMBAaHWE. B yCIOBUSIX Cyxoro Tpe-
HHSI CKOJIBKEHUSI 00pa3loB M3YyYEHHBIX CIUIABOB MO ctanu 45 Hamboiee MHTEH-
CHBHOE a/ire3noHHOe n3HammBanue (1h = 5-10_6) Y MaKCHMaJbHbIH KO3 UITHEHT
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Puc. 1. DnexTpoHHBIe MHKpodoOTOrpadun
crpykrypsl cruiasa O3'16X11H mocie 3akai-
ki or 1100°C B Boxmy (@) M (PpUKIFIOHHOTO
HATrPYXEHUSI TPH CKOPOCTH CKOJBIKCHUS
0.035 m/s u Harpy3ke 294 N (6—n): a (x37000),
6 (x180000), 2 (x120000), 0 (x130000) — cBet-
JIOTIONTEHBIE W300pakeHus; 6, ¢, 0 — Ha pac-
CTOSIHHM OT MOBEPXHOCTH TPEHHUSI COOTBETCT-
BerHo 2-5, 5-10 u 10-20 um; ¢ — TeMHO-
MOJTEHOE M300pakeHre B peduiekce (yuacTke
0 konba Jebas) (101) e-daser (x180000)

tperns (K = 0.42) mabmaromarorcst y crabuibHOro aycreHuTHOro cruiaBa 40X25H20.
VY meractabunbHOro aycreHuTHoro craBa 12X18H9 conporuBnenue aare3noH-
HOMY W3HAIIUBaHUIO B 5 pa3 BhIe, yeMm y craBa 40X25H20. OnHako o cBOMM
tpubonoruueckum mapamerpam (Ih, K) crma 12X18H9 cymiectBenHo ycTymaer
XpOMOMAapraHIEeBbIM ayCTEHUTHBIM ciutaBaM u cruiaBy 20 (ta6im. 2). Y3 qaHHBIX
Tabna. 2 BUIHO, YTO XpoMoMapraHueBblii aycteHuTHbIH cruiaB O3['16X11H u
cruaB ['20 xapaktepu3yroTcsi OJIM3KMMH MajbIMU 3HAYCHUSIMH WHTCHCHUBHOCTH
aIFe3MOHHOTO M3HAIIMBAHUA M KOd(p(UIMEeHTa TpeHUs. PEeHTTeHOCTPYKTYpHBIA
aHaJM3 MOKa3all, 9TO Ha MOBEPXHOCTH TPEHUS JAHHBIX MaTepHaioB GOpMUPYETCSI
€-MapTEHCHUT, KOTOPBII CIIOCOOCTBYET 3HAYUTEIHHO OOJiee BHICOKUM TPUOOIJIOTHU-
YECKMM CBOWCTBAaM, YeM y METAacTaOWMJIBLHOTO ayCTeHHWTHOTO cruiaBa 12X18HO.
Tak, Hanpumep, y crutaBa 03['16X11H Bennumna K B 1.6 pasa, a Benuuuna |h
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nouTy B 3 pasa BhIIIe, yeM y cruiaBa 12X18H9, kotopsiit numeeT Oosiee BHICOKUIA
YPOBEHb MHUKPOTBEPAOCTH Ha TMOBEPXHOCTH TPEHHUS BCIEACTBUE OOpa3oBaHUs B
cioe TommuHoi 5 um g0 90% o-maprercuta (tadia. 2). Hanuume B mpomykrax
m3HammBaHus croraBa 03['16X11H 3Ha4YMTENHHOrO KOJWYECTBA O.-MApPTEHCHTA
CBUJIETEJICTBYET O MPOTEKAHUU B CIUIABE MapTEHCUTHOTO € —> OL-NIPEBpALLCHUS,
KOTOPOE, MO-BHIUMOMY, PEaTU3yeTCsl Ha CTAINH pa3pyIICHUs] TOBEPXHOCTH U OT-
JieNleHus YacTULl n3Hoca. OHAKO MHTEHCUBHOCTh MPOTEKAHUS JAHHOTO MpeBpa-
menuns B cruiase 03['16X11H 3amerHOo HMke, yeM B ciutase I 20.

Tabnuia 2
MHTeHCHBHOCTD aAre3HOHHOro u3HammuBanus | h, koagdunuent rpenus K,
MHKPOTBEPAOCTh H, a0pasnBHAasi H3HOCOCTOMKOCTD € H KOJIMYECTBO
E-n a-MapTechTa B HCCJICAOBAHHBIX CILIaBax

H. MPa KOJ‘II/I‘ICCTBOTMZE”II:IZHCI/ITS. rociie
Cruias Ih x 107 K € P
N MPOAYKTBI
3aKaJika| TpeHUe |  ciioi ~ 5 um
W3HALLUBAHUS

03r16X11H 35 [025| 1.7 | 2600 | 6230 90% ¢ 80% ¢ + 20% o
20I'20X7T 40 |0.30| 1.8 | 2800 | 6770 75% ¢ 70% ¢ + 20% o
30r17x10oTr1| 41 |0.27| 1.8 | 3260 | 6550 90% ¢ 75% ¢ + 20% o
40r20x11712| 3.2 |035| 1.8 | 3700 | 6770 | 60% ¢ + 10% o, | 40% ¢ + 40% o
20 31 |(028| 15| 3300 | 5500 90% ¢ > 90% a
12X18H9 100 |040| 1.9 | 1600 | 7100 90% o > 90% a
40X25H20 50.0 [042| 15 | 2100 | 6200 — —

Taxum oOpaszoM, obpazyromuiics B craBe 03['16X11H e-mapreHcHut mo xa-
paKTepy CBOETO BIHMSHHS Ha TPUOOJIOTMUECKUE CBOMCTBA HE OTIMYACTCS OT €-Map-
teHcuta B cruiaBe ['20. OpgHako ciieyeT OTMETUTh, YTO MHUKPOTBEPAOCTh £-Map-
TEHCHUTa, o0pasymolerocs Ha mosepxHoctu TpeHus cruiaBa 031'16X11H, 3ameTHO
BBIIIIE MUKPOTBEPJIOCTH €-MapTeHCHTA, oOpasyromierocs B ciwiaBe 120 mpu pac-
CMaTPHBAEMBbIX YCIIOBUSX HarpyxeHus (Tadin. 2). DTOT (HakT MOKHO OOBSICHUTH
MIOJIOXKHUTEIBHBIM BIMSTHUEM XpoMa Ha CIIOCOOHOCTH £-MapTeHCUTA K Jeopmanu-
OHHOMY YNIPOYHEHHIO.

W3 nanHbIX Taba. 2 BUAHO, YTO MCCIEJOBAHHBIE XPOMOMAPIaHIIEBbIC CILIABHI
XapaKTEepU3yIOTCs PUMEPHO OJMHAKOBBIM YPOBHEM aOpa3WBHON M3HOCOCTOMKO-
cru (¢ = 1.7-1.8), KOTOPBII 3aMETHO BBIIIIE YPOBHS H3HOCOCTOMKOCTH cruiaBa ['20
U cTabmibHOrO aycteHuTHoro criaBa 40X25H20 (g = 1.5), HO HECKOJIBKO HHXKE,
gyeMm B ciuiaBe 12X18H9 (e = 1.9). [TonoxuTeIbHBIM BIUSIHUEM XpOMa Ha MPOYHO-
CTHBIE CBOMCTBAa €-MapTEHCUTAa MOXKHO, IO-BUAMMOMY, OOBSICHUTH OOJiee BBHICO-
Ky1o abpa3uBHYI0 H3HOcocToMKOoCTh craBa 03['16X11H no cpaBHEeHHIO CO CIuia-
BoM ['20 (tabim. 2). OmHako B 0OIIeM cilydac BIMSHHE Y —> &-TIPEBpPAIICHHs Ha
aOpa3uBHYI0 M3HOCOCTOHWKOCTH METACTAaOMJIBHOTO ayCTEHHTAa OTHOCHUTEIILHO He-
BEJINKO B CPABHEHHU C BIMSHHEM JAHHOTO MPEBPAICHUS HA MMapaMeTphbl aare3u-
OHHOTO W3HAIIMBAHUS MCCIECIOBAHHBIX CIIJIABOB.
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BriBoabI

Ha moBepxHOCTH TpeHHsSI XPOMOMApPTaHIEBBIX ayCTCHUTHBIX CIIAaBOB, METa-
CTaOUIIBHBIX K Y —> €-MapTEHCUTHOMY MpeBpalleHuio, HopMUPYETCS HaHOKPH-
CTAJTMYECKAsl CTPYKTypa €-MapTEHCUTA, KPUCTALIBI KOTOPOTO MMEIOT pa3sMephl
10-100 nm.

OO0pa3yromuiicss B XpOMOMAaPTaHIIEBbIX ayCTCHUTHBIX CIIaBaX £-MapTEHCHUT TI0
CBOEMY BO3JCHCTBHIO Ha TPUOOJOTHYECKHE CBONCTBA MOAOOCH £-MapTEHCUTY B
JKEeJIe30MapraHIeBbIX ciutaBax. JlaHHas MapTeHcuTHas (ha3a 0OyCIIOBIMBAaET 3a-
METHO MEHBIINN KOA(OUIIMEHT TPEHHS U OOJIbIlIee COMPOTUBIICHUE aIr€3HOHHO-
My W3HAIIMBAHWIO MO0 CPABHCHHUIO C XPOMOHHKEIIEBEIMH CTAOMIBLHBIM ayCTECHUT-
HeIM crutaBoM 40X25H20 u ayctenutHsiM ciutaBoM 12X18H9, meracTaOuiabHBIM
K Y — 0.-MapTEHCUTHOMY TIPEBPAIICHUIO PU TPESHUU.

Kpome Toro, e-MapTeHCUT B XpOMOMAapPTaHIIEBbIX ayCTEHUTHBIX CIUIaBaxX Xa-
pakTepu3yercs OOJBIIMMU BETUYNHAME a0pa3uBHONW M3HOCOCTOMKOCTH M Jedop-
MAI[MOHHOTO YMPOYHEHHUs MPH H3HAIIMBAHHH, YeM E-MAPTEHCHUT B Kelle3oMap-
TaHIIEBBIX.
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TPUBOJIOI4YHI BNIACTUBOCTI HAHOKPUCTAIIYHUX
XPOMOMAPIAHUEBWX CIJ1ABIB

Hocaimkeno BB ['TIY e-mapreHcHTy Ha TpHOOJIOTIYHI BIACTHBOCTI XpOMOMAapraHiie-
BUX ayCTEHITHHX cIuiaBiB. [loka3aHo, mo &-¢a3a B XpOMOMapraHIEBUX METacTaOlIbHUX
CITaBaX XapaKTepU3yeThCs OUIBIIOI0 3aTHICTIO 0 3MIIHEHHS B YMOBax TepTs Ta abpa-
3MBHOIO 3HOCOCTIHKICTIO, HiX €-(pa3a B 3anmizomapranmneBomy cruiasi tumy ['20.

KurouoBi ciioBa: XxpoMoMapraHIeBi ayCTEHITHI CIIaBH, MTOBEPXHEBHUM IIap 3 HAHOKPH-
CTaJIYHOI0 CTPYKTYpOIO, IHTEHCHUBHICTH aJre3iHOro 3HONIYBaHHs, a0pa3suBHA 3HO-
COCTIHMKICTB
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N.B. Efros, L.V. Loladze, SB. Efros, L.G. Korshunov, B.M. Efros

TRIBOLOGICAL PROPERTIES OF NANOCRYSTALLINE
CHROMIUM-MANGANESE ALLOYS

The influence of e-martensite on tribological properties of chromium-manganese austeni-
tic aloys has been studied. It is shown that in the chromium-manganese metastable alloys
the e-phase is characterized by a better ability to hardening under friction and abrasive
wear resistance as compared to e-phase in the iron-manganese alloy of the I'20 type.

Keywords: chromium-manganese austenitic alloys, surface layer of nanocrystalline
structure, adhesive-wear intensity, abrasive wear resistance

Fig. 1. Electron microphotographs of the structure of 03I'16X11H alloy after water
guenching from 1100°C (a) and friction loading at a sliding velocity of 0.035 m/s and a
load of 294 N (6-0): a (x37000), 6 (x180000), 2 (x120000), 0 (x130000) — light-field
images; 6, 2, 0 — a adistance of 2-5, 5-10 and 10-20 um from friction surface; ¢ — dark-
field image in reflex (section of Debye ring) (101) of e-phase (x180000)
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