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MATEMATHYECKAS MOJEJIb
B3AMMOJIEHCTBHSA COEPHYECKOI'O
AHJAEHTOPA C IOBEPXHOCTBIO TETAJIH

Paspabomana mamemamuvecxan moders xowmaxma undewmopa ¢ . meio O U, KOMOPAR NO3GORAREM YCMANOSUMY
mmmﬂwwmwmﬁmmwmummmam—mum
Gpabe , U ympy i Oecpopmaypueil nosepxrocmnoee cros demanu. Paspab K
OMMUMUIUDOBAMb DEXNCUMBI 0Bpatomuxu pacvema 4 yoenswoii pabomut deghaparup g cros
demanu.

The mathematical model of contact between indentor and surface of detail was developed. The model ailows to establish a
relationship among variational parameters of the interaction of an indenter and a surface of detail — the velocity and the force of the
process, and an elastoplastic deformation of the surface layer of detail. The developed mathematical model allows to optimize process
conditions by means of the calculation of the optimal specific work of surface layer deformation.

MNosnimenne nanexwsocts u obecncuenne pecypca mime/mB SBAETCH BaxHEeHmeH 3anaqefi COBPEMEHHOND
MAIIHHOCTPOCHHA. PaboToCnocoGHOCTS MamHHEI, €€ IKCILTYATALHOHNBIE XaPAKTEPHCTHEH B IHATHTENSHOM CTEMEHH 3aBHCET
OT Ka4ecTBa NMOBEPXHOCTHOro cons aeraneh [1, 2]. Ha ocHosamuyu ananuza TIPOLIECCOB HX HIMOTORNEHHA MNOKAIAHO, HTO
TNOBEPXHOCTHOS MUIACTHYCCKOS ACHOPMHDIBARKE BLICNAXHBAHMCM ABJAETCA (QHHHIIHOH OMCPauHCH H3rOTOBICHHA THX
KOHCTPYKIMH, KOTOpas ofecniedHBACT 3aNaHHBIA PECYPC JETANLHAIX ANTADATOR, rasoTypOHHHEIX 2BHALKOHHEIX JIBHTATEEH,
asToMobunelt u apyrux naneani [3, 4].

BonemoRt Bxmam B M3ydeHMc NpOLECCOB NOBEPXHOCTHOTO ILIACTHUECKOTO AehOPMHPOBAHHA, B YaCTHOCTH
BLINIKHBAHMA, Aeranell mammuH BHeciw  paGoTel  EBcTurheesa MM, Kynpssuesa HW.B., [leryxosa AM.,
Ipockypakosa 10.I'., Poscubepra O.A., Cymimss A M., XBopoctyxena JLA., SAmeprusina ILH., Yenw ITLA., Auenxo B.K,,
Borycnacsa B.A., Mosrosoro B.®., Kauana A 5., To6uno B.M., Barrep M.A. v apyrux yuersix.

YCTaHoBNEHO, 9TO HAMMEHEE HCCNEI0BAHHEIME ABALIOTCA TCOPETHIECKHE RCTIEKTH BITHAHHR CKOPOCTH 06paboTiy.

Henslo aannoit paborw spigetcs mnocTpoenwe Maremarwyeckol  MoZenH (MM) ynpyromsacriaeckoro
AcGHOPMHPOBAHHA MIOBEPXHOCTHOND 108 IETANIH, KOTOPAX YMHTHIBACT OCHOBHAIE TEXHONOTHYECKHE NApaMEeTPhi: CKOPOCTS H
ycwine 06paboTkH NpH BRITNAKHBAHMH.

Ananus  neOpPMMpOBEHHOTO COCTOAMMS ITPOLIECCA BRITIONHEH B LHIHHAPHYCCKOR CHCTEME KOODAMHAT C
HCTIONb30BAHHEM OBIAX ypaBHEHHI MCXAHHKH CTUIOWIHEIX CPE H NONK CkOpoCTEH nepemelennil A onKeanus nponecca [5].

Jrs onucarms nons ckopoctelt nepeMemenyit HCMIOML3YEM NOIXOR, Ape/uioxerHbIA B pabore [6].

Tlpn 31oM npHMem cliexyIOmE AONMYIMEHUA OTHOCHTENBHO TIONS CKopocTeh. :

3ouy pacnpocTpancHms Kedopmaili B PAIMANEHOM HANPABICHHH B COOTBETCTBHM C paGoramn [6, 7] orpaHuyHM
PaBEHCTBOM

b=2, (1)

rae: b - rpaHMIA pacnpoCTpaHenHs ACOpMAIHI B PRIHANLHOM HATPABNCHHM, BKINOYAN BHCKOHTAKTHYIO 30HY:
/ — rpanMLA 30HBI KOHTAKTA HHCTPYMEHTA C IOBEPXHOCTHIO ICTAIM.
Cuuraem, 4o ray6usa pacnpocTpaseH: NedopMalya Cag3aHA ¢ pagHycoM KOHT2KTHOH 30HK! JIMHE/iHOH 3aBHCHMOCTRIO

h=H, @

rae k- ko3 PHIHENT IPOTOPLHORATEHOCTH, KOTOPHI MOXET HMETE CIOKHYIO QYRKUMORANLHYIO CTPYKTYPY.
Cuamraem TaioKke, 4TO B CHIY 0CEBOM CHMMETPHH MPOLECCa (OTHOCHTEEHO OCH OZ), taHreHumankHas COCTABARIOMWIAN
CKOPOCTH NEpEMElICHM ‘
Vg =0. (3)
Cocrapnsiouryio ckopocTi B HanpasieHuH ock OZ NpeaCTABHM B BHIE NpPOH3BEACHHA NBYX QyHKuMHA, kaxiaas u3
KOTOPBIX 32BHCHT TONEKO OT OJTHONO apryMeHTa
Ve=5tr) of). @
rae f (r) - ¢yHKuMA, XapaKTCPHIYIOMAX 3aKOH HIMCHCHHS COCTABISIONINX CKOPOCTH [BHXKCHMA YaCcTHU METaua no
KOOpAHHATE I, KOTOpas ompeacnscrcs Qopmo# mECTpyMenta [5, 6], 30H0H pacnpoctpanenmns achopmauni u dopmoH
rpe6euika BHEKOHTAXTHON 30HSI.
3anumen €& B skcnoReRIMATLEOHR (opme:
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2 i r2
f(r) V l—"'l €x ~m1—2 ’ 5

rae V — cxopocTh ABHKCHHS cheprueckoro HHaeHTOpa BAoL ocH OZ.

Jins ruyOumsl BHexpeHus cepuueckoro muaenropa H < 0,3R, 4TO XapakTepHO MpOLECCY BHIMNIAKHBAHMA, ANA
NPHGIDKCHHEIX PACYETOB MOXET OBITh HCNONE3OBAHO PABCHCTBO, KOTOPOE OBECNEYMBACT TOYHOCTL PEIUCHWE C
NorpemHocTEio He Gonee 8%:

I=~+2RH , 6)

rae H =Vt - rmybuHa BREAPCHHA HRICHTOpP2
QyHkuMA @(Z) ONPEACNACT 3AKOH 3ATYXaHWA CKOPOCTH NEPEMCLICHHRA 4YacTHL METanna no KOOpAHHAaTe Z
[puHBEMaeM HWCXOAA M3 IKCICPHMEHTANBHEIX JAHHBIX

olz)= (l——Jz )

CocTaBisiomyio 1o/ CKOPOCTEH TCYEHHS MeTAlla B PAIMATLHOM HampasneHuu V. onpeaensem 3 ycnos

HepaspuisHocTH divl = 0, XOTOPOE B CKANIPHOM BHIE B LIATHHAPHYCCKHX KOOPAHHATAX HMCCT BH:

ﬂ/!_+_VL.!.._a_l/i.=o’ (8)
or r oz

Torna none CKOPOCTEH TEHEHHA METALNA B 30HE NeHOPMALIMH MOXKHO 3ANHCATH B BUAC:

r? l/ r z %
VZ=V _2"1 CXPL—MTZ— 1—-k—1)
®
=—-—V exp[ Il———)
rae m — xoadpduiment Gopmat.

I'padugecku none CKOPOCTEH MPEACTaBNEHO Ha PKC. 1, 4, 6.

=" .- .
] ppgnsecn e oo, TV ]

Puc. LITose cxopocreil nepementennii:
a- 0ceBas cOCTARNRIOWAS; § — pANNAILHAR COCTABARIOMAR

Tlone ckopocre# nedopmaimit onpenensem nyrem audpdepeHuuposanus no KOOD/IHHATaEM!

Ep = fV{—z—l]ex m—Il—
! \

(10)
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adW9eCKH HA PHC. 2 u pHc. 3.

PacnpeaencHne OCHOBHEX KOMMOHEHT MOKA3AHO TP

Puc. 2. CocTapagiomuc cxopocTelt Aedopmaumil:
a - ocente £ 3 6 - prmMansubic Epp

a
rme, 3, CocTarngomEe cxopocTell Acopmansi:

2 - OKpYEHEX £gg 5 6 - CABEIOBLIX Eqp

0J1h30BAHHACM COOTHOLLEHMH

WHTEHCHBHOCTH CcKOpOCTER nedopmaimi onpenessem ¢ Hell
2
£§=£V¢x —mi-— 1—'—2:—})(
3k 2 A M
2 = (D
2(.2 4 2 2 2 2
x 2+41—i] r_1 +8m2:——mir——l+4{l-£—1£—-—l UL LN PR P R s
k)2 O o KA 2 ( ZT I k?
. % -Z
CoCTaB/sIONIHE acpopmarmiii OTPEACTOTCH MHTCrPHpPOBAHHEM 110 BPEMCHH  KOMTIOHCHT  TOAR ckopocted
_ pedopMaumhi:
e = [6zdi om = [epdt; €00 = [eg0dt:
: : (12)

t t

e = Isz,a'r; e,o =eg =0

4
H

panus. [1OCKONBKY obnacTh AcdopMaliii HIMEHACTCR B NpOCTPAHCTBE W BO

Onpene/maM MpEAcHb! HHTCTPHPY
TOWKHA MMEET CBOE 3HAYEHHC.

BpEMCHH, TO BpEM3 pavana fedopmamait ik KRKIOH
CuwnTaeM, YTo 06nacTs neopmamiit OrpaHHYCcHA JUIHIITHIECKOH NOBEPXHOCTE € NOMYOCIMH
a=K; b=21, (13)
Ha 7TOl TMOBEPXHOCTH BETHYHHA meopmaunii pasHa HymO, 8 Bpems Hadana nedopmaunit A% kanof TOYKH
HAXOIMM W3 ypaBHEHWA 310l NOBEPXHOCTH
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BuyncacsHe  RASANLHOND

HndeHeHnn KodduImeHTOs:

nepopmaaumil k - SK;
- topum rpeGeunca BnexoHTaXTHON

30uu m - SM
:

Hasmauenne HATATLHONO SHAYCHAA
xoxdbdmmenTon ko B my

!

Prc. 4. Aropumsm (G10K-CXeMA) ONTUMHIALNR

ky=ky+SK

.

m;=m,;+5K o

1

Ba:wﬂymmulpdow

ad L Ha L
aunvermii [k, k+8K], [m, m+SM]:
E(k, m), E(k+SK, m+5m)

El-E>0

na

F

m2=m+o SM

I

Burnmcnenne yaensuoit patoru
negopuwposanna E2

na

[IpRcBOEHHE 3HaYeHHA

H;!ﬂ-ﬂl.

kopduunenros m u k

Vaz2 4 k2,2

oY (14)

MMonyuennsie  pesynbTETE  NOIBONAIOT  OMPEACAMTE
HHTEHCHBHOCTh HanpaxeHuh B kaxaod Touxe medopmupyemoit
obnacTs, xoTopas (YHKUHOHANLHO CBS32HA ¢ MHTCHCHBHOCThIO
nedopmarmit.

oi = fles) s

Ilps >1OM cuMTAEM, 9YTO B MPOLECCE AKTHBHOID
Harpyxenua At mobol Touxu nchopMHpyeMoro Marepuana
NeopManHH H3IMEHSIOTCE BO BPEMEHH OT HYNA A0 KOHEHHBIX
3HEYCHHH, MAaTepHan MpoXOAMT CTANHIO YNIPYNOro HArpyXcHHs
W NP ONPENCNICHHOM 3HAYEHWHM Aeopmaunit €, HavHHacT

Iy =

IehOpPMHPOBATHCA TUTACTHYECKH.

Benwimy o; u pabory aehopMHpoBaHs onpenensem B
COOTBETCTBHH ¢ MeToMMKoH [6].

TMockonbky NpH ONHMCaHWH MNONA  ckopocTeH  Ghinu
NPUHATE!  YIPOIIAIOIIME NOMYIUCHHA, YTOYHEHHE ONMCAHMR
NPONECCa  BHIMONHAEM €  WCTIONB3OBAHMEM IKCTPEMANBHEIX
IHEPrETHIECKUX MPUHIMIIOB.

B kauecCTBE TMEPEMEHHBIX [ANA  ONTHMHM3AUHK  1OJS
CKOpOCTEH HCMONE3yeM napamMeTpel:

k ~ onpenenmiommit ray6uHy —pacnpoCTpaHEHMs
nedopmaunit,

m - onpeaensomui Gopmy (yHKUHH pacnpeneneHus
J(7) B 30HEX BKTHBHEIX W BHEKOHTAKTHRIX Jdedopmaimii. B
Gonpuieil cTeneny oH onpeaenset GopMy ronepeHOro ceNeHHs
rpefeika BHEKOHTAKTHOH 30HSL

Benwunny  3TMX  napaMeTpoB  ONpelenseM ¢
UCNONS30BAHUEM MPHHLMNA MEHKMYMa paboTsl, 3aTpaunBacmMoi
Ha A OpMHPOBAHHE:

azay,,
Okom
Bemsaniy yaersoH paboTs IIBCTHHECKOR epopMaLiH dy

B CHIY OCCROH CHMMCETpHH ouara JehOpMALMM ONPEACHANA
COOTHOLICHHEM:

ayy = | [ [Egdadrd (17

trz

Jnddeperunansioe  ypasmwenwe (16)  pewanocs
YHCNECHHEIMH  METOJAMH  BLIYHCAHTENBHOH MaTEMETHKH ¢
WCMONB3OBAHHEM AITOPHTMA, INPEACTABNEHHOIO HA puc. 4.
Inobansunit MusMMmym ¢yHkunn paboTsl anm  ynpomenus
PACUETOB WCKENH B HHTEpBANe 3HaueHui koddduumenta kot
1,0 10 2,5, 0CHOBBIBAACE HA PA3YNBTATAX NpeAblAyIHX paboT W
YUCNEHHOTO 3KCNEPHMENTA aBTOPOB.

Ha puc. 5 nokazaHa pacyeTHas 3aBHCHMMOCTh YHENbHOH
paboTel  AeOpMHpOBAHHA OT BEAHYHHB  Ko3pPHUKEHTa
k rny6unm pacnpocTpaHenus aedopMaumit ¥ koapuunenTa
m GOpMEl NOMEPEYHOr0 CEYEHHN BHEKOMTAKTHOW 3I0HBI
(rpeGewka). PacuerHas 3aBHCHMOCT: yaensHoH  paGoTsi
npexcraenser cobol NOBEPXHOCTH, HMCIOLLYI0O MHHHMANbHOE
IHAYCHHE B TOYKE A, MPOCKUMA KOTOpO#H To4ka A nokasaHa B
nnockocTH koopauHat mOK . O6GNacTh MHHHUMATEHBIX SHAYCHUHA

koahduumenTor m Mk, COOTBETCTEYIOWMX BEIMMHHE
yaensHod paborst B 5 %  uuTepBane  3HaueHuUR

=0 (16)

a
[1 Sa—ﬁ——sl,OS] NOKa3aHA B BHIC 3AITPHXOBaHHOM mpoexuwd Ha mnockocts mOk W orpanudena wrrpuxosol
YOMUH

munmnei. OtHocHTEnBHO GoMbluas BeAHAHHA 0GNACTH 3HaYeHKA KoodduuyueHTOB M 1 Kk OOBACHACTCA HANMYHCM B ouarc
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neopMaLMii MAILIX YIPYTHX M YNDYFOMI2CTHYECKHX nedopmaunfi. Jins sansHeHmHuX pacyeros MPHHHMAEM JHAYCHHUN
m=2,0 n k=2,0, BenHIHHA KOTOPEIX OTPEHHYHBAET OONACTH MATIKIX ynpyronnactueckux acopmanmii,

Pric. 5. PacteTnas 3aBucHmocTs yaeaunoi paboTul AcopMupOBINUE OT

xoopdumuenTa raybuns pacnpoctpancuns sepopmannii k u
KoagummenTa GopMul 1 AN riryGunini Bicaperns 0,15 s cipepariecsoro
MHACRTOPA B NO/TYTLIOCKOCTL M3 MATCPMATE CTAS

BuiBogs!.

Hcnoassosanuem TEOpuH MNacTHYCCKOTO TEYCHHA NpH IePOPMHPOBAHHH NO3BONHIO CHCTEMHO YCTZHOBHTSH CHA3L
Mexlly napaverpaMu o6paGoTKM # napaMeTpAMM KAWECTBZ MOBCPXHOCTHOTO cHos. (OBOCHOBAHME TEOPETHYECKHX
PE3Y7IBTATOB NMPOBEIACHO C HCHONB3OBAHMEN! YHC/ICHHOTO M HATYPHOTO KCIICPHMCHTA. Paspaboranuras MM noszsonser aate
PCKOMCHAAUMH 110 BLIGOPY PexkMMOB, KoTOphie ofecnevar 3ananHzil pecype wanemmii,
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