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Hsroz oco6eHo cTn Ha [poqecr4Te
Tpr,reHe r{ [r3HocBaHe BbB BaKyyM

Ionurca Cuueouoea, TuHrca fposd auoea,
Jlnduutta fluurcoaa

Hucmumym 3a Kocrwuqecrcu usctedQauun, EAH

Hayunu.nr flporpec e Hepa3pr{BHo cBbp3aH c norpe6nocrure
Ha rIpaKTHKara r{ ToBa B nbnHa crerleH ce orxacfl 3a r{3cJIeABaHero Ha [poqecr.ITe
TpHeHe r{ cMa3BaHe BbB BaKyyM.

flrpnure u3cre!'BaHu.fl Ha rpueHero B:bB BaKyyM ca cBcp3aHr{ c r{Mero Ha
Illaprore flxo6 (1912 r.), a nrpnara rexHHrrecKa 3aAaqa B ra3r o6lacr - c
eKcrJroararlr4flra Ha peHrreHoBure rpr6u c Bbprrru ce aHoA (1936 r.).

rlpee 1930 r. IIIoy u Jlenu nponerAar eKcrepr{MeHrr{ 3a orrpeAeJrfrHe Ha
xoeQuquenra Ha rpr,reHe BbB BaKyyM npr,r pa3nnqHr,r rpu6oasofiKu or
EAHOI{MEHHI{ I{ PA3IIOI,IMEHHII METAJIH [1]. KO$IIU PA3BI,IBI,IBA I4T,ET.TA, q.E

cnoco6nocrra Ha MeraJILfie Ea o6pasynar crrJraBu TyK e or perrraBarrlo 3HaqeHlre,
a Mar-JIun npaBu rnacu0uxaqvs, Ha H.f,Kor,r v,arepnanv rro rrxHara cxJloHHocr
xrrvr o6pasyBaHe Ha cryAeHa 3aBapKa rrpr.r rprreHero BbB BaKyyM. flpes 1965 r.
Earlu n ,{xoucrn I.r3yqaBar $purquonHvre pr a[xe3r{oHHrrre pnoficrsa Ha H.f,Kor{
Marepuann B cBpbxBr4cor naryyu [2].

Cltqecrnenoro pa3BI,ITrIe Ha re3r{ r,r3cJreABaHLr[ e cBbp3aHo c norpe6nocrr{Te
Ha KocMLIrIecKara rexHuKa 3a ocfiryp.flBane pa6orara Ha pa3JrprrrHz 3aABrrxBarqu
MexaHr{3Mr{, ycrpoficrna 3a BbpreHe Ha aHTeHI{, npUCUOCO6I eHvfl 3a orBapsHe pr

3arBaptHe Ha [JIIoMtIHaropLl, r{ cJlbHqeBlr 
'6arepwu, 

caMoxoAHrr KocMI4qecKH
o6erru n 4p. VcnoaBaHero ua Kocvoca, KarlaHero Ha Apyrrr flJrar{errr, npr,rABrrxBa-
HeTo IIo T.gX' cTpoI{TeJIcTBoTo Ha pa3IurIHI,I cbopaxelF'vIg, vI3cIeABaHeTo Ha
rpyHAa I'I Ap. [3I{cKBaT peluaBaHeTo Ha 3a!,aqv, 3ac.sratqu eKcrIJIoaTaUrz'frTa Ha
rpu6onrsrn, [oAJroxeHr{ Ha HaroBapBaHe B ycnoBurra Ha BaKyyM [3]. Bcuvrr.r
Te ca cBbp3aHv c pe[raBaHero na npo6leMlr, rporlr3Tr,rqarlfl or cuequsnqHr{Te
ocooelrocTr{ Ha [poqecHTe Tpr{eHe [r I{3HOCBaHe BbB BaKyyM.

Karro e lI3BecrHo, ctcro.flHl{ero Ha Marepr4ana ilpu naar.ruo4eficrBr{ero Ha
rloBbpxHoc:rr{Te ce o[peAenr or cJro)reHa cbBKynHocr or MexaHprrrnu, $usvro-
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xI4MI{qHIr I'I Apyru lrpoqecH, nporI,IaIanII4 B TT,HKLI-g rloBlbpxHocreH cnofi. EAna
or clblrlecrBeHI{Te oco6eHocrr.I Ha rpIleHero BT,B BaKyyM e, qe llpoUecIuITer 3acfltar
He caMo MLIKpofeoMerpvflTa Ha rroBbpxHocrra, a rd HeftHoro Qz:uroxzlur{qecKo
c'bcro.sHr,re, o[peAeJLsHO OT nplrgb?rBfl.ero Ha 3aIrIr{THr,I OKr4CHr{ ClOeBe 1r
aAcop6quoHHn crpyKTypr\ ilnv or cscro.sHr,rero ir Karo r,r3qucreHa. xub{r4qecxr{
aKTr.rBHa noBbpxHocr. 3arona [pouecl{Te Ha B3ar,rMoAeftcrsue BbB BaKyyM Ce
pa3rJlexAar B ABa erarla:1) pa:pyruaBaHe 14 npeMaxBaue Ha oKr{cHr{Te c;roeBe r{
2) pa6ora [pr,r Helocp'e4crnen (ronenuren) xourarr. rlo rasu npuqr,rHa or
3HaqeHtre e creneHTa Ha pa3peAeHocr Ha pa6ornara cpeAa (naryyva) u rcco6erro
qACTHOTO HAJI.f,TAHE HA AKT\IBHPITE KOMIIOHCHTI{ HA OCTATT,qHI{' IA3 .B HC-'I, A
HaJItraHeTo B cl{creMaTa ce pa3rJlexAa KaTo napaMeTbp, oKa3Barq BJrtTsH\re Bbpxy
CbCTO.SHI,IETO B KOHTAKTA.

3a oqenra Ha BaKyyMHr{Te ycnoBr4s A.cunzs BbBexAa Karo rrarraMer}p
OTHOIIIEHI,ICTO MCXAY BPEMETO HA CAI,IHI,IqHHI KOHTAKT I{ BPEMETO, NEOIiXOAI,TIIO
3a I{3MeHeHLIe Ha CbCTO.SHUeTO Ha noBBpxHocrra IIOA Bnr,rsHI,Ie na cpe,rlata [4].llrpnoro ce onpeAeJrr or pex(r{Ma na rpu6onpoqeca r{ B qacrHocr or cKopocrra
Ha rpr{eHe, a BToporo - or BpeMero, neo6xo4}rMo 3a o6pasyaaue Ha oKr4cHLr tr
APYIU BTOPI,IIIHI,I CTPYKTYPI,I, CNOPEA CUIUTT BAKYYMHHTE YCNOBI,I,fl HACTbTBAT
TOfaBa, KOfaTO TOBa OTHOIIIeHVe CTaHe IIO-MaJIKO OT eAr,IHUUa.

3asucuNrocrra Ha roe0uquenra Ha rpueHe or BpeMerpaeHero Ha rpoueca
AaBa r,r3BecrHa IIpe/{craBa 3a HaCTs[Barrlr{Te IIpoMeHr{ B:bpxy rroBbpxHocrra rrrru
Tpl{eHero BbB BaKyyM. Ha Qur.l e rloKa3aHa ra3vr 3aBkrclrMocr, rronyqr3Ha 11pu
cyxo rpr{eHe BbB BaKyyM 10-a Pa cbc cKopocr 0,25 m/s c rpu6o4nofixa, crcraneira
ot ,,o6pa3ell" - croMasa 40X (fOCT), u r{HAeHTop or 3aKaneHa crorraana 45
(HRc 50), no MeroArr*ara, orvreara B [5]. Hefiuu.sr HaqaJreH erarr ce
xapaKTepr.r3r,rpa cbc cpaBHr.rrenHo rrprcKa c'rofinocr ua roesuqueHTa Ha rpr{eHe,
AOKaro ue 6tge pa3pyrrreH froBspxHocr]f-pr'.r oKr{ceH cnofi. cleg rona rofi
HapacrBa, cborBercrBaftxu na erala Ha B3al,IMo.qeficrnze MexAy r{3qr,IcreHure
MeranHr,r noBbpxHocrn, flpu xofrro lporLlqar orAenHr,r npouecl{ Ha MUKpO-

@ur.l. 3anzcuuocr
Br{coK BaKyyM
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3AIICIIBAHE I,I IIPOqCCI{ HA NOKAJIHI,I CTPYKTYPHI,I IIPOMEHU. CIEA TO3I,I ETATI
HACTbTIBA T.HAP. IPETPI,IBAHE B KOHTAKTA, [PI,I KOETO rOE$UqUCrrTbT HA TPI,IEHE
orHocureJrHo ce craSplJl]1,3vpa. Bpevero, geo6xoAutvro sa cra6r.uru3arfrrq. gaBuclr
or MHoxecrno Qaxropu v ce orrpeAeJrs eKcrrepr.rMeHTaJrHo.

Apyra xapaKTepHa oco6enocr Ha rpr4eHero u Lr3HocBa'erb Br,B BaKyyM
e cB:bp3alta c r.Hap. nparoB I{HTepBaJI Ha :Ha[rsraHero, npeAr,r3Br,rKaH or
I43MeHeHI'IeTo Ha KoJII{rIecTBoTo Ha KI,IcJIopoAa B ocTaTbqHILq ra3: npI,I KoeTo ce
rrpoMeH.fl Kr.rHerr,rKara Ha oKr.rcnr,rreJrHr{Te u a4cop6quoHH[re npoqecu. Ha $ur.2e rloKa3aHa sanuc[t\.{ocrra Ha uHTeH3UTera Ha I,I3HOCnane J or narsraHero
(creneHTa Ha BaKyyMa) - xpunara 1 npra ropnara rpu6oAnofixa r,r npuyKa3a'vrs.
rpn6opexuv. flparonn.rr r,rHrepBaJr na nar.sianero - 10-10-, pa e ao6pe "rpur."c xapaKTepHoro crpbMHo HapacrBaHe Ha r.I3HocBaHero. PaguonoxeHrrero Ha To3r{
I{HTepBaJr 3aBHCn OT CKOpOCTTA Ha rpr,reHe v ilprr. [o-MaJrKrrre cKopocrrr ce
u3MecrBa KbM IIo-BtrcoKI'ITe croftuocru Ha HaJl.flralrero. Blusuuero Ha cKopocrra
Ha rplreHe Br,pxy r{3HOCBaHero e cBbp3aHo c reMrrepbrypaTa B KoHTaKTa,
onpeAensqa xHMr,rqecKara aKTrltBHocr Ha noBbpxHocrure, 4uLyzutra,o6pa:ynanero Ha nonra Saeu, 4ecop6qz.f,ra, cbcrorHr{ero u rc6et ilara Ha
OKHCHI{TC CJIOEBC.
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@ur '2' 3asucuMocr Ha I'IHTeH3I{Tera Ha Ll3rrocBaHe (l) u uaroelpzqzenra Ha rpr4erre (2) or creneura
Ha BaKyyMa

Xaparreprr Ha u3MelreHl4ero Ha roe$r,rqNenra Ha rpr4eHe B 3aBr{crrMocr or
HaJI'[IaHeTO e CXOAeH C XapaKTepa Ha IIsMeHeHLIe Ha II3HOCBaHeTO, IIO IIpeXOAHpIgT
r{HTepBar Ha HaJrf,raHero ryK e uo-cra60 u3pa3eH - s:1lr.2, Kpr{Ba ). Irp^ no-
Br'rcoKr{Te cKopocrr.r ira rpueHe cra6utrutsalllz'trra Ha xoeQuqueHTa Hacrr,11Ba npu
no-Br'rcoK BaKyyM B cpaBHeHlre c KpVBara Ha r{3Hocrane. Tyr, paz6upa 

"r, 
'o,

cblrlecrBeHo 3HaqeHr'Ie ca csoficrsara Ha caMI{Te lr,arepnaJrrr r{ Hacr:bnBarqrrre
CTPYKTYPHI,I I,I3MEHEHI,I' HA IIOBbPXHOCTHI{.fl CIIOiT, A CIqO TAKA V HEIOBOTO
ra3ooTAensHe B ycnoBr,r fl.ra Ha BaKyyMa.

Brruepo4nr.rre croMaHl,r B r,I3cJIeABaHrrs, Bvr He [peAcraBJr.f,Bar r4HTepec 3aHelocpeAcrBeHo IlpHnoxeHlle n Kocrraoca, ilopal.Lr rrxHara cKnoHHocr KbM
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o6pa:ynaue Ha cryAeHa 3aBapra rlplr cyxoro rpueHe BbB BaKyyM. Hcl rraex4y
pa3rr.{qHure xereporeHHv crraBu re ca nafi-y.qo6uu sa noAo6HI,I I,I3cneABaHI4.fl

[3]. flopaau cpaBHr{TenHo npocrr{s cH xr,rMl{qecKu cbcraB He 3arpyAHflBar r4H-

TeprlpeTaIIvfrTa Ha o[r,ITHI,rTe pe3ynraTl,I, a rexHI{Te 3aKoHoMeprlocrll I{
oco6enocru flpn rprreHero, r{ Lr3HocBaHero BbB BaKyyM B roJLf,Ma crerleH Morar
Aa 6r4al orHeceHr,r KbM rrrupoK Kpbr JrerupaHl,r croMaHlr.

3a roclau.recKr,r [puJroxeHus rrepcrreKTr{BHlr ca BbrnepoAHlrre c'roMa'HI{,
[oAJroxeHr,r Ha repMoxr'rMuqecKa o6pa6orra 3a cb3AaBaHe Ha r{oAxoAsrlu
roKpuru.fi [6]. rlper rsx cbrlecrBeHo ce no4o6prnar anrnQpuxquoltHrlre csoicrBa
Ha rroBbpxHocrra. Mnoro noAxoA.f,Irlo 3a qeJITa e repMoAlr$y:uonnoro
6opupaHe Ha HrrcKo- u cpeAHoBtlJrepoAHr,rre croMaHu, qpe3 (oero ce rIoBI{IrraBar
MrrKporBbpAocrra, TepMuqHara, aHTr{Kopo3rroHHara u rrporrrBo3aAr{p_aqa'ra
ycrofivunocr. Eopugnr{re cJroeBe Bbpxy croMaHara ue o6pasynar cryAeHa
3aBapKa B KOHTaKTa, 3aTOBa Ca rIOAXOAflrrIrr 3a CyXOTO Tpr,reHe BbB BTICOK BaKyyM.

Haurusr onilr uo{asBa, qe rr3Hocoycrofi.rnsocrra ua 6opupanrrre oroMaH}r
Moxe cbrrrecrBeHo Aa ce uogo6pu qpe3 BbBexAaHe Ha MexAuHeH MeraJI c
npeABapr,rrelna 4uQy3r,roHHa o6pa6orxa Ha croMauara rrpeAu nefino:ro
6opnpane. Cruacno Harrrara xrrrrore3a [7], sa rlerra ca rIoAxoAflIrIH npexoAHtrre
MeraJrr,r: qupronufi, uo.uu6Aen, sanaruir, lnraH lI Ap., Kolrro o6paayaar MeraJIo-
no4o6xu Bpb3Krr r.r [perrar na o6pasynauero Ha 6opu4nn Bepl{ru H Ha KoBaJIeHTITLI

Bp63Kr{ [prr cleArrHeHusra or r]r[a,,MeraJI - 6op".B pesynrat nJIacrrIqH[ITe
cnoficrsa Ha noKpnruero ce nogo6p.rnar, a re ca IIpf,Ko cBbp3alil c aAxe3l{tra,
Ko.sro e npeo6ragaBarrl MexaHu3bM Ha lr3HocBanero rrpu cyxoro rpnene. Tona
o6s,cHssa Qaxra, rre fi3Hocoycrofi.Ilnoclra Ha re3lr rloKpl{Tu.f, e [o-ror.flMa B

cpaBHeHr,re c u3Hocoycroftqusocrra na uono6opupaHlrre croMaHll n oco6exo
Ha neo6pa6oreHure.

Ha Qur.3 e rroKa3aHa uopQororusra Ha IloBbpxHocrra Ha [oKpflrusra
.sana4uir - 6op" (6), ;nran - 6op" (e), ,qnpxonmfr, - 6op" (e), ,voln6Aen -
6op" (d) Bbpxy croMaHa 40X clea cyxoro rpl{eHe. 3a cparneHve Ha caruara
Qurypa (a) e noxasaHa anaJroruqHara roBbpxHocr ua ueo6pa6oreHara croMaua
40X cnea cyxo rpr{eHe rrpu cbrrlure ycnoB}rr. OqeauAHo e no-cna6oro }I3HocBaHe

@rar.3. Mr,rrpo$ororpatlun rra rpzerqara rroBbpxrrocr cneA cyxo rplreHe Ha croMaHa 40X npe,qu
nefinara o6pa6orKa r{ cJreA TeprtroglrQyeuorroro tr 6opzpane c pa3JILrqHI,I MexAITHHLT npexol(Hla MeraJIIt
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(cnernure yuacrrqn) npu rou6uHr{paHr{Te 6opn4nra [oKpr,rrrrs b cparHenne c
neo6pa6oreHara rroBbpxnocr, KaKTo 14 3aBrdcr{MocrraHaBvpa Ha rr3HocBaHero or
MexAr,rHHLr{ MeraJr. IIpu crnocraB.flHe rrJrolura Ha cJreAETe or rE3HocBarre sait-
6laronpuxrHr ca norpuTr,r.sra ,,qI{pKoHLIft - 6op" kt,,nauaauit - 6op". Marap u
MaJrKo no-se6naroilpr4flTlc'v no ro3r{ IloKa3areJr, noKpllTl,I-sra ,,T'I{TaH - 6op" l,t

,,MorLI6AeH - 6op" rro cBoure rpu6ororuuHxr napaMerpr,r ca noAxoA.f,qr,r 3a cyxo
rpr{eHe [8]. Tasu ocodenocr rrpu cyxoro rpneHe Ha Bb3Ayx e B cr,rJra r,r rrpI,t cyxoro
Tpr,reHe B:nB BaKyyM. Tpn6oloruqHr.rre H3rrnrannfi Ha re3r,r v,arepvanv rroKa3Bar
T.sxHara rlp[nox]IMocr B ycnoBr,rsralaa BrrcoK BaKyyM v pecleKTr,rBno s Kocruroca.

/
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Some peculiarities of the processes friction
and wearing out in vacuum

Yulika Simeonova, Tinka Grozdanova,
Lyudmila Dinkova

(Summary)

The peculiarities of the precesses friction and wearing out
in vacuum in carbon steels and their antifriction covers have been studied. The
dependence of the friction coefficient on duration of process, and vacuum in-
tensity, as well as the dependence of wear out intensity on vacuum intensity
have been established, A threshold pressure interval has been observed where
friction and wear out coeficient increase greatly has been observed. The mor-
phology of the friction surface of non-processed lowcarbon-content steel, and
its cover, following thermodiffusive saturation with borium and metallization
with different transitive metals has been shown. The obvious favorable effect of
the cover on the wear out ressistance of the friction surface has been verified.
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