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AHHoTanus. B pabore nokaszaHo, 4To H3HOCOCTOHKOCTh MaTepuasa IOBEPXHOCTHOTO CIIOs
B YCJIOBHSIX YCTAJIOCTHOIO M3HAIIMBAHUS MOXKHO OLIEHUBATh BENNMYMHON YIETTBHOW S3HEPIOEMKOC-
TH. VI3 IpOBEIGHHBIX UCTILITAHWH BUIHO, YTO 00PaOOTKA CTaN TEPMOIMKIMIECKON HUTPOLIEMEH-
Taryed TO03BOJISIET CYIIECTBEHHO ITOBBICHTH HArPy304HYIO CIIOCOOHOCTH TIOBEPXHOCTH TPEHHSL
KuroueBble c10Ba: M3HOCOCTOMKOCTh, TOBEPXHOCTh TPEHUS, CHUJIa TPEHUS, yIelbHas

OHEProeMKOCTb, HUTPOUCMECHT Al 1.

OpHoii U3 BaKHEHINNX 3a1a4, CTOSIIMX IIe-
pel MallMHOCTPOSHHUEM, SIBJISIETCS TOBBIIICHHE
HaJEXKHOCTU U JIOJTOBEYHOCTH MAIIMH U MeXa-
HU3MOB. M3 IPaKTUKK 3KCIUTyaTallui MAIlIuH U3-
BECTHO, 4TO A0 90 % mpUYHH UX OTKAa30B CBA3a-
HBI C U3HAIMBAHUEM, BOSHUKAIOLUM B YCIIOBHAX
KOHTaKTHPOBAHW I HCIIONMHUTEIBHBIX 3BEHBEB IPH
X OTHOCHUTEIHHOM IepeMEeIleHHN HIH yaape.

[NoBsienne pecypca paboThl MAIlIMH Tpe-
Oyer ONTHMH3AIMH 33,191 BLIOOPa U3HOCOCTOMKHIX
MarepuaoB, MOMCKOB Y(PHEKTUBHBIX KOHCTPYKTUB-
HBIX U TEXHOJIOTUUECKHX pelieHni. Jta nmpodiieMa
OCIIOXKHSIETCS TEM, YTO TIPU IPOSKTHPOBAHUH 000-
PyROBaHUS JETald MallMH Ha U3HOC PaccUUTaTh
HE MOT'YT, OCHOBHOE BHUMaHUE YJIeIsieTcst o0ectie-
YEHHIO KOHCTPYKTUBHOM TPOYHOCTH.

NznococTolikocTh M KO3 GUITUEHT TPEHUS
SIBJISIIOTCSL peaklveld MaTepualia Ha IPOIECCH
TPEHUS U U3HALINBAHUS, pealn3yeMble B KOHK-
peTHOM TpubocomnpspkeHUH. {11 HEKOTOPBIX
KJIACCOB CTaJIeil U CIIJIABOB B HACTOSAIIEE BpeMs
HAKOTUIEH OOIIMPHBII SKCIIEpUMEHTAIBHBIA Ma-
TepUall 10 UX U3HOCOCTOHKOCTH.

Hecmorpst Ha 00iIbIION 00BEM HAKOIJICH-
HOU MH(OpPMAIIUH, EANHOTO MHEHHS O MEXaHU3-

Me W3HAITMBaHMSI MaTepraioB Het. Hecomocra-
BHUMOCTbB, a B pAAC CJIy4acB U IPOTHUBOPCUYUBOCTDH
JAHHBIX O 3aKOHOMEPHOCTSX M MEXaHH3ME a0-
Pa3UBHOTO M3HAIIMBAHUS MPEAONPENSITUIN OT-
CYTCTBHIE JOCTOBEPHBIX METOOB pacueTa Ha U3-
HOCOCTOMKOCTB Y ITPOEKTUPOBAHUY MALLIVH, ME-
XaHU3MOB U UHCTPYMEHTA.

Huskas n3HOCOCTOMKOCTD JieTajied MaIlluH
00YCTIOBITBAaET HEXENATeNbHBINA TIepepacxo Me-
TaJlia ¥ O4eHb HI3KUI KOOQQHUIIMEHT €ro Moyie3HOro
WCTIONB30BAHUS, YTO CBS3aHO C OONBIIMMHU 3aTpa-
TaMH SHEPIreTUYCCKUX PECYPCOB U MATCPHUATIbHBIX
cpenctB. OHUM U3 OCHOBHBIX ITyTeH TOBBIIICHUS
M3HOCOCTOMKOCTH JICTaJIeH MaIIiH SIBISCTCS BEIOOP
MaTtepruaioB C ONTUMAJIbHBIM COYCTAHUEM MCEXa-
HUYECKUX CBOMCTB. BuiOop craneii s meranei,
paboTaroIIMX B YCIOBUSIX a0Pa3uBHOIO M3HAIINBA-
HUSI, OCTIOKHSIETCS TEM, YTO U3HOCOCTOMKOCTh — BE-
JIMYHA NEPEMCHHAaA 1 ONPEACIIACTCA YCIIOBUAMU
KOHTAKTHOI'O BSaI/IMO}leI\/'ICTBI/IH, TJIaBHBIM o6pa30M
COOTHOIIIGHUEM CBOMCTB a0pa3wBa W MeTallia.

OTCyTCTBHE JHOCTOBEpHOW HAay4yHOW METO-
JIUKH, MOMOOHOM MPOYHOCTHOMY pacuery, s
BBIOOpa H3HOCOCTOHKHUX MaTEPHAIIOB U CII0KHO-
CTH, CBA3AaHHBIC C ITPOBCIACHHUEM HCIBITAHUM Ha
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W3HAIBaHUE, 00YCJIOBHIIM ITOBBINICHHOE BHUMA-
HUE TPUOOJIOTOB K MPOOIIeME MONCKa KPUTEPUEB
OLIEHKH N3HOCOCTOMKOCTH MaTeprasoB.

Bb100p H3HOCOCTOMKHX CTaJIei U CIJIaBOB IO
JIOCTOBEPHBIM KPUTEPHSIM H3HOCOCTONKOCTH OCIIOXK-
HSIETCA TEIUIOBBIM BO3ZICHCTBHEM Ha Y3JIbI TPEHHS,
YTO BBI3BIBAET PA3yIPOYHEHHE COMPSHKEHHBIX T10-
BEPXHOCTEH M MOXET COMPOBOXKIATHCS U3MEHEHH-
€M Ha4yaJIbHBIX XapaKTEePUCTUK CTaJell U CIIaBOB.
[Iportieccel, mpoucXosIye pyu abpa3uBHOM U3HA-
IIMBAHKH, CJIOXKHBI, MHOTOOOPA3HBI U TPEOYOT JaJTh-
HEHIIIEero CUCTEMAaTHYEeCKOro N3y4YeHHs C Y4EeTOM
Pa3HOBHUIHOCTEH KOHTAKTHOTO B3aWMOJICHCTBUAL.

[pennaraemprii moaXon K OlleHKe (PPUKIIH-
OHHOM HaJIe)KHOCTU HUTPOLIEMEHTOBAHHOM CTa-
i Gazupyercsl Ha MPEANOI0KEHUH O TOM, YTO
TeKyIui U3HoC Ar(z, t) B TOUKax TOBEPXHOCTH
TPEHUS C KOOPAUHATOM Z OTIPENIeNAeTCs OTHOILIe-
HUEM DHEPTUH, aKKyMYJIHPOBAHHOM 3a BpeMs ¢ 3J1e-
MEHTapHBIM 00BEMOM TOBEPXHOCTHOTO CIIOSI
(momu & ynmenbHOM pabOoThl BHEIIIHUX CHJI TPEHHS
Ay (z,6) = N7 (2)-t) K KpuTHUECKOH MIOTHOC-
TH SHEPTHH JIOKAJIbHOTO pa3pylIeHHs MaTepraa
MMOBEPXHOCTHOTO CJI0s (€ro M3HOCOCTOMKOCTH

U, (2)=&-U,(2):
Ar(z,t)=&-N}Y'(2)-t/U,,(2), ()

e V. 3;[ (z)— ynenbHast MOIIHOCTB CHJI TPEHHUS B O4are
nedopmarmy; & — KOIPPUIUESHT aKKyMYITHPOBAHUS
9HEPTUU MaTEPUAJIOM OBEPXHOCTHOI'O CIIOS C 3aJaH-
HOM MuKporeomerpueii; U, (z) — MHMMas IUIOTHOCTh
sHepruu 1o I. Onaiiepy [7];  — BpeMs H3HAILIMBaHUSL.

BenuuuHa yaenpHONM MOUIHOCTH CHJI Tpe-
HUA B TOYKaX MOBEPXHOCTH U3HOCA C KOOPAUHA-
TOU Z OTIPEAENSIETCS IPOU3BEICHNEM MOIYIISI BEK-
TOpa KOHTAKTHOTO KacaTEeIbHOTO HAaNPSKEeHUS
T (z) = T, ¥ MOZIyJIsl BEKTOPA CKOPOCTH CKOIbKE-
Hus V(z) = V_ Meramna B 3TUX TOYKax.

N2 (2) =1, V. @)
e
Tz :j(z pz' (3)

Koaddunment Tpenns B ycnosui (3) ompe-
nensiercsa kak [12]:

fo=f e 4)

rne HB, =2,61-6_— tBepaocts 06pabarsiBaeMoro
MaTepuaa 1o Bpunenmo; f. *— mapamerp, onpene-
JIIEMBIH YCIIOBUAMM TPEHHUS
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0,618,
.fz* - T -(l—e*],ZS(P;/Gv;)) s T, ® 0’58'6.92‘ (5)

I[JI?[ OIpEACIICHN A HOPMAJIbHOI'O HOMHUHAJIb-
HOIo aaBJICHUA pz B pacCMaTpUBaC€MbIX TOUYKAX
C KOOpPAWHATOI z B yCJIOBHH (3) HCTIONB3YEM MpH-
OMmIKEHHOE YCIIOBHE TUTaCTHYHOCTH Tpecka —
Cen-Benana

pZ = GSZ - GZZ (6)

1 JOTapu(pMHUECKHA 3aKOH YIPOYHEHUS B oUare
nedopmaru

6,.=0,+mlnp_, @)

rae O, — TeKyIIMH Npesen TeKy4eCTH B CEUeHUH Z;
0., — Tpejen TeKyuyecTH Mepen MepexoioM; m —

Cpe}:[HeB3BeIJ.IeHHHI>i MOOYJIb YIPOYHCHUS.

OceByr0 KOMIIOHEHTY TE€H30pa HaIPsHKEHU I
B CEUECHUHU C KOOPAWHATOM z B yclioBuH (6) ompe-
JieTisieM TI0 M3BeCTHOH 3aBucuMocTH [.0. Apky-
nuca [4]:
m 1 b G,
G.=—|0,—— [1=-— [+m—Inp_ +— )

a 108 a (1

rae b= (1 +f/tga)/(1 - fitgo) ma=Db— 1 — mpomexy-
TOYHBIE KO PUINESHTHI.

Monynb BEKTOpa CKOPOCTU IEepeMELIeHUs
MeTajlla Ha KOHTAKTHOW MOBEPXHOCTH B TOUKAX
CEeYeHMUs Z B yCIOBUU (2)

V.=Vi+V2 ©)

eV, = LA V| — oceBast cocTaBsOIIas CKOPOCTH Te-
peMemeHH% MeTaJlla Ha KOHTaKTHOI IIOBEPXHOCTH B
CEYEHHUH Z ; V', — CKOPOCTh BONOUEHHS; V,_ =V _ - tgo. —
pajuanabHas COCTABIIAIONIAs CKOPOCTH MepeMEIeHIs
MeTaJlIa Ha KOHTAKTHOH MOBEPXHOCTH B CEYECHHUH Z.

CoBokynHocTh ypaBHenuii (1)—(9) onpene-
JISieT METOTUKY OIIeHKH YAEeTbHON MOIITHOCTH CHII
TpEHUS.

VYnenbHyI0 3HEproeMKoCTh MaTepHralia Imo-
BepxHoctHoro cnost U, (z)=U,, B TOYKax ¢
KOOpPIUHATAMH z U KOA((DHUITUEHT aKKyMYJIHPOBa-
Hus 3Hepruy & B ycnoBuH (1) olieHNM, UCTIONB3Ys
3aBucumocTs I. Ongiimepa [7] 11 MHUMOMR
IJIOTHOCTH 3HEPTHH B BUJE OTHOIIEHUS HOMH-
HaJbHOTO KacaTeTbHOTO HANIPSDKEHUS K JIMHeH-
HOW MHTEHCUBHOCTH M3HammMBanusi U, =1_/1, ¢
y4eroM Beipaxenus U,. = f. - p,. - n,,, Ha OCHO-
B€ HEPreTUUYECKOro MOAX0Aa K yCTaJIOCTHON Te-
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OpUH W3HAIIMBaHUA. [IpupaBHUBAS, TOIYIAM
U,=1./1,=2-(v+1)- p_.n,,. YuursiBasi, 4To
U,.=8&U,. (cm. dopmyny (1)) u mpunumas
£=(2-(v+1))”", moTyunM BBIpaXKEHHE JUTS KPH-
THYECKOH TNIOTHOCTH SHEPTUH JIOKAILHOTO YCTa-
JIOCTHOTO pa3pylIeHHs MaTepraa;

U(x)pz = pcz .nkpz‘ (10)

HCHOJ’IL3y5I BBIPpAXCHUA IJI1 KOHTYPHOI'O
JaBJICHUA pcz 1 KPUTHYCCKOI'O YKrcCiia IIUKIIOB nkpz:

v

2
T fz/Go,z

=0 -z =
pcz 0,2 fz / 00’2
=00,(p./0,2)" ", (11)
nkpz =10 [Gn.z Pe j’ (12)

I1ie G, O, ,, — NpeJieN IPOYHOCTH U YCIIOBHBIN Mpesen
TEKY4eCTH MaTepralia OBEPXHOCTHOT'O CJIOs, TIOKa3aTelb

Umpz = pcz ' nkpz =

=0, (p. /60,2)(“/%‘2) (10 o002 ) (13)

AHa3 NPUBEICHHOTO BHIPAKEHUS JIsI OITCH-
KU DHEPTrOEMKOCTH ITOBEPXHOCTHOTO CJIOSI TIOKa3bI-
BAEeT, YTO €€ BEJIMYMHA 3aBHCUT TOJIBKO OT HOMH-
HaJIbHOTO KOHTAKTHOIO JIaBJICHUs p_ U B 00JacTH
MHOTOIIMKJIOBOH ycTasnocTv (0 < p, <o ,) n3MeHs-
ercst oT U, i, (mpu p. =0,

1o (ecm p, =0,36788 -6 ,)

_ a(o, /0y ,+1)
=0,,10

U(upmax = 60,2 'nz(pmax =

=0,69226,, .10{‘:;1’445]- (14)

[Nocnenuree BbIpaXKeHHUE OMpPEIEISET SUH-
CTBEHHO BO3MOKHOE MAaKCHMAaJIFHOE 3HAYEHHE SHEP-
TOEMKOCTH KaK MPEIETbHYIO BEMUMHY SHEPTHH JI0
Ppa3pylIeHust AIEMEHTAPHOr0 00beMa MOBEPXHOCT-
HOTO CJIOSl M3 JaHHOro Matepuaia. O4eBHUIHO, 4TO
BeyuuHa U, . 3ABHCHT TOJBKO OT CBOWCTB MaTe-
pHalia ¥ MOXKET SIBIISITHCS €70 HOBOM MEXaHUIECKOH
XapaKTEPUCTUKOM, KOMMYeCTBEHHO (B J[K/MM?) orie-
HHBAIOIIEH CIIOCOOHOCTh MaTepraia COPOTHBIISTh-
Csl yCTAJIOCTHOMY W3HAIIMBAHUIO B JTIOOBIX YCIIOBH-
SIX (PPUKIIHOHHOT'O B3aMOJICHCTBHSL.

3HaveHust PHBUKO-MEXaHMIECKUX XapaKTepH-
ctuk B ypaBHeHusX (10)~(14) cnemyer onpenensts
B (DYHKIIMM TeMIlepaTypsl B odare jedopMaliuu.

CoBokymnHocTh ypaBHenuii (1)—(14) npen-
CTaBJseT coOOH MOJENb Mpollecca U3HAIIMBA-
HUS TIOBEPXHOCTH.

Ha pucyHke mpuBeneHo pacmpejeieHue
VACIBHOW SHEProeMKOCTH AU PY3HOHHOTO CIIOS
CTallK TI0CJIe XUMHUKO-TEPMOIIMKINIECKON 00pa-
6orku (XTLO) 5 1 9 uukioB, a TakKe 1Mocie u3o-
TEPMHUYECKOH HUTPOIIEMEHTAIIUN B 3aBHCHMOC-
TH OT PaCCTOSIHUS OT TIOBEPXHOCTH.

W3 npoBeAeHHBIX UCIBITAHUN BUIHO, YTO
00pabotka cranu o pexxumam XTIO mo3Bos-
€T CYIIECTBEHHO MOBBICUTh HATPY30YHYIO CIIO-
COOHOCTB MIOBEPXHOCTH TPCHHS.

Taxum 00pazoM, H3HOCOCTOHKOCT MaTepH-
aJia TIOBEPXHOCTHOTO CJIOS B YCIIOBHSX YCTAJIOCT-

° 2,8
g e
E 2,6
o /
2 /
] 24
: /
a 2,2
A
a2
5 ? 2 — O——— N
8 & /
:T . VQ\
g g // \A I
o 1,6
Y
= 1,4
b
2 1,2
&
0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6

PacctosiHne oT noBe pXHOCTH, MM

PaCHPEI[e.TIEHI/Ie y}leJ’IBHOﬁ OHEProeMKOCTHU Z[I/I(l)(l)yfiI/IOHHOFO CJI0A CTalJIk
B 3aBUCHUMOCTHU OT PACCTOSAHUA OT MIOBEPXHOCTHU

® — NICBATh LMKJIOB; A — MISATh LIUKJIOB, O — M30TCPMUUYCCKAST HUTPOLICMCHTALIMS
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HOT'0 M3HAIIMBAHUS MOYKHO OL[EHUBATH BETTUIUHOMN
YIeIbHOM 3HEProeMKOCTH, KOTOpasi 3aBUCHUT OT €10
(U3UKO-MEXaHMUECKUX XapaKTEPUCTHUK.
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Abstract. One of the most important challenges facing the engineering industry is the
increasing reliability and durability of machines and mechanisms. In the practice of operating
machines it is known that up to 90 % of the causes of their failures are associated with the
wear that occurs under the conditions of contact between the executive links with their relative

move or kick.

The increase of the service life of machines requires optimization of the choice of wear-
resistant materials as well as the search for effective design and technological solutions. This
problem is complicated by the fact that in the manufacture of machine parts, the main attention

is paid to ensuring the structural strength.

Low-wear resistance of machine parts causes unwanted wastage of metal and a very
low coefficient of its estimated useful life, which is associated with high costs of energy
resources and material resources. One of the main ways to improve wear resistance of
machine parts is the choice of materials with the optimum combination of mechanical properties.

The selection of wear-resistant steels and alloys according to reliable criteria of wear
resistance is complicated by the effects of heat on the friction that causes softening of the
mating surfaces and may be accompanied by changes in the initial characteristics of steels
and alloys. The processes occurring during abrasive wear are challenging, diverse, and require
further systematic study considering varieties of contact interaction.

It is shown that the wear resistance of the material of the surface layer in terms of the
fatigue wear can be estimated by the value of the specific energy consumption. From the
performed tests, it is evident that the thermocyclic treatment of steel by carbonitriding can
significantly increase the load capacity of the friction surface.

Key words: wear resistance, surface of friction, force of friction, energy intensity,

carbonitriding.
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