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QHsraqecrn ilpeAnocraBKH
Ha BaKyyMHara rpH6o.nornq

IO.ourca Cuneouooa

I'I ncmunt g n sa tcoclttuqec Ku usc nel aarut n, 6 A H

flpo6"rrenrure Fra rpu6ororuuuure flpouect{ (rpueHe,
rier-rocBalle H cMagBaFre) ara uaxyyM Bb3nr4KHaxa tro'cbrqecrBo rlplz cb3AaBaHe
I{a nbpBLITe Hsr{ycTBel{LI CnT,r'I'r}IUI4 Ha SeMtIra I{ C? CB'bp3aHlI c I43ylIaBaHeTO

H r.r3noJr3BaHero Fra KocMl{r{ecKoro npocrpaHcrBo. llopa4r.t roBa KocMI,IqecKara
rpu6o,rorun qecro e nap?rqaFra BaKyyMI{a rpu6onoran.

EAua or ueriuure cbx{ecrBeHr.r BaAaw e Aa oc[fyp]4 HaAeN(AI{a eKcIIJIoara'
UHff I{a Tpt]euII.ITe eJIeMeitTI{ B cpeAa crrc cHd'rl{o HaMaJIeHa rlJltrHocr, o6e4uena
IIo orHo[reHI,Ie r{a Kr.rcJtopoA u BIrara [], rr,4ero I(oHBeKutloHHoro oxJIax{AaHe
lr rpaAr4unonHoro cMa3Bar{e or.ct,crBar t2l.

Pasglt'raero Ha npeuu3Hr.rre BaKyyMI{Ii 'rexHo.[olLrr4 lr rexl-]I4Ka pasxrl,IpI4
o6,nac'rra Ha lpr{Jro)KeHr,re Ha KocMr.rqecKara rpn6onorvrfl 14 n HanpaBI{ aKryaJIHa
H B seMHlt ycJIOBI4fl. EXeIHesHaTa npaKTLIqecNa AeilsocT Ha rrrzpol(..Kpbr CrI€r

\walrrcrr4 - MexaHaua, TexHoJIoSI4, KoIlcrpyKTop14 v AP., Kacae HeilHara c[e-
rlr.lQuxa. VIsxo>N1aftxli or IIHrepeca KbM rasLr o6,'Iacr, B crarllflTa ce npaBI{ oflIrr
Ia ce oqepTafr HflI{ot4 cneqn$uuult XapaI(repI,IcTLIl<vI Ha pa6orerqara BrlB Ba-
xyyu rpa6oAeollKa v ce avalIrslrpar HflI(oI4 Qusnuecxu npeAnocraB'Kt4 Ha Ba-

I{JfyMHara rpn6o.rorua.
T'pu6o,nornuHr.rre npoqecr4 Bt,B Bar{yyM cal'BtpAe c,'Io}KI{tI Iz HeeAilosHar{HH,

C npeAcTaBI4, I4sfpaAeHLI npeAI4MIJo QeUOnteHonoruqHo. OCIIoSHaTe flapaMeTpI4
ce onpeAeJrfT er{clepr4Mer{TaJrHo, a xapaKrepHI4Te 3aB14CPIMOCTTI I{OCIIT eMIi]rpu-
qeH xapaxrep. Tara HarIpI4Mep cflopeA eAHa or nail-pasnpoc'rpaHeHI'Ire I'I

AOCTHfHaJIT{ 3rraqHTe,'rIIO pa3BI4TLre TeOpHI,l - MOJTeI{yJIHO-MexaFII4r{I{aTa, Koe-

$uqueHrrr Ha rpHeHe f ce onpe4edTfl, I{aro ce orqurar 4eSopvrzpallero Ha Ma-
Tepnaila H [peoAo,'rflBaHero Ha MoJreKyr'iHaTe Bp6sKr.r B 3oHaTa Ha I(oHTaKTa [3j .

(r ) t :fis+t r0,44(L)) ,

r(T;Aero ? onpe4enn cr4rrdra Ha aAxe3?IoHI{ara Bp53i{a IIpn cps3BaHe Ha [o'Me-
Krzs Marepr4a.n, HB e rBtpAocrra Ha rro-MeKtafl Ma]'epuar'I, b - xoeQuql4gHTbr,
OTI{UTAIq BPb3KATA MC}KAY AAXC}V'ITA ]4 HATOBAPBAHCTO B KOI{TAKTA, N.W T

cborBeruo ca Abr6oquHara r.I paAllyc'br Ha BHeAprBaHe Ha MI,IKpoHepaBFIo..-

CTIITC,
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T4 HA PA6OTHATA CPCAA, HAPACTBAHCTO HA AAXC}LIilTA I,i HA IIJIACTZIIHATA p-
X,{a-
BCT-

Tasz qecro r,rsrroJrsBaHa Sopruy"rra npr.r rpr{eHero BbB BaKyyM e Herr
XHMA. Tq HC OTIIIITA IZ3MCHCHIZETO HA CbCTOflHI4CTO HA TPI{CUI4TC TIOBI,PX

Mal\nfl, KaKTo I{ npoMeH[Te npl4 ra3oBara [poBoAl{Mocr Ha KoHTaKTHara
6uua l4l. Onzmr rroKa3Ba, ue rpu6onpoqecrdre BbB BaKyyM ca MHofo tr
BHTE.IIHI4 KT,M CO6CTECHOTO IAsOOTACJIflHE HA MATCPI,IAJII4TE K COP6UI4 O
nPouecu B KoHraKrHara 30Ha. Toea uarara cneur4 aJmsupa]H rroAXoA npu

rpl4eHe c,e olpeAe,rrr B ycJroBr4flTa Ha BT4COK rz.rrr4 cBp:bxBacoK BaKyyM II
EATA CTOI1HOCT HAABI4IIIABA TA3H TIPI4 TPHCHCTO HA B63AYX, KAKTO TIOKA3B
correHr4re n ra6n. 1 croftnocru Ha HflKor4 lr3rroJr3BaHrI B npaKTr4Kara Mare

Typara r4 or rexHoJrorHflTa Ha B3ar4MoAertcreaqxre Marep[alrrr, or rpz(
HI4fl pexrzM, or KoHcrpyKrl4flra rua rpu6oet*eila r4 Ap, npn pa6ora ua
JIAICP 868 BAKYYM TOBA HATqIAHE HANPIIMCP MOX(E AA CC OI]PCAEJIH C I{SP

"t "td471tt211aq,)Pr:9,4. 10-11 
a ^ "vY -. ,

KT,ACTO Z C 6PONT HA CbiIMI4TC , L 
- 

IIAPAMCTT,PTJT, OTIII4TAIII PCAJIHATA IJI
Ha IOBT,pXHOCTTa Ha C:b!IMIZTe, C - 

lbrb,IIT'T Ha KOHTaKTa Ha CbqMIZTe
HaJIa, o, - xoe$aqueHTbr Ha aKoMoAauufl, M - MoJreKVJrHara Maca Ha
T - reureparypara Ha rasa B K u t? - cKopocrra Ha BbpreHe Ha BrrTp
trpbcreH (o6oporu n uuHyra), 3asaczN{ocrra e eMn]zpr4qHa 14 rrosBoJrflBa

Ha Jlalepa 14 I\aBa I43BecTHa Bb3Mox{HocT 3a KOHCTOVKTaBHo oIITHMI]gIzpa
rpz6oer,sena, rz3Xo)KAarixz or roBa, qe PrlP*p. 3i NocuzqecKoro ypeAo(
He ro3lz B6[pOC e axryaneu, tt,t? rato I4SIIoJr3BaHIITe CibqMeHIZ Jlafepl4

LIJIO.

T4

H14 TC

rpe-
AerqHe Ha rpz6onorauHrzre [oKasareilr4. TaNa uanpuuep Noe$uque THA

efo-
lo-
aIu

[5, 6].

..Or: excnepnMeHTr.rre cJreABa, qe Eprz BcflKa pa6oreula BbB BaKyyM T
nsoilt<a r4Ma Kpr4Tr4ttHo HaJIflraHe Ha ocrarbllHr4fl ra3 B SOFrara Ha KOHT
npH.Koero rpveHero r4 r,r3HocBaHero BHaq[reJrHo Hapacrear. To ce oII
no QopMydYraTa
(2) P*u:P6 fP,,
KbAero Po e na.naqaHero Ha ocrarbrlHllfl ras BbB BaKVVMHaTa cflcreMa.
HarqraHero B KoHTaKTHara SoHa B npoqeca Ha rpHeHe, saBr4cerqo or r tro-
JrflHero rz or [poBoAr4MOCTra Ha KOHTaKTnara xna6una. 3aeucu orue or yK-

u6o-
KTa,
IEJIg

IHI{-
MEH

17)

(3)

oIIeHH BrvqHr4ero ua pa6orHara cpeAa (naxyynra) Br,pxy pa6orocnoco6H a

ocr
Ka-

a3a,
HTl'I

ce

HA
poe-

'E a6 lluua 1

Tpz6ogeoftra

Fe-Fe
Fe-Pb
Crouana - nepbx{AaeMa croMarra
Heprx4aelra croMaHa - anywnufi
I{eprx4aenra croMarra - Mecr{Er
C'rovana IIIX-l5 - ve4
Meczur - ruecznr
Eepr,rnaee 6pons - 6epznueu 6pona
AI -AI :

Cu-.-Cu
Cu -Ni
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Br3Ayx 
| '"*rr.

0,3 7,9
0,9 0,4
0,5 2,9
0,4 0,3
0,4 0,8
o,7 1,0
o,4 0,7
0,7 1,1
0,8 1,6- 4,2

0,5-1,0 4,8-.-21,O
0,6 7,5-2,0

Ta-Ta
Mo-Mo
Cr-Crw-w
Au - Au 0,6
Sn - Sn 1,0
Pb-Pb 1r0

Koe(puqreu:r na
TprreHe

0,2
1,0
0,6
o,2

Meran - re([non 0,03-0,04
Merarr-uonualmg 7,0
Cu-MoS, , O,2
Cu-W 0,3



ca noA,rioxeHr4 Ha npoAbJIXMTeJIHa pa6oTa BT,B BaKyyM npI{ cTpofl{Te vsv.cKBa'
HVfl, sa HaAexAlIocT Iz AfbJIfoTpaI,IHocT.

ZaHoceaHero Ila TpHelqlzre IIoBbpXHocTI4 saBVcH Or CreIIeHTa Ha BaKyyMa

[B] . ExcneplrMeHra,/rHo ca ycraHoBeHr.r rpr4 o6ilacru Ha_ BJII4sHIze. lh,peara ce

orFracfl 3a T. Hap. ,,O6IacT HA cna61 paspex4ane" (Ao 10 Pa), [pI4 Koflro oKLIc-

Hr4Te CJrOeBe Bibpxy KOHTaKryBarqr{Te rroBcpxHocrH LIMaT peIIIaBaIIIo 3HaqeHlle.
llpn nropara (4o 1 Pa) e xapaKrepHo roBa, qe oKI,IcIrre BaIIor{Bar Aa ce pa3py-
rrraBar Heo6parunro. llpu rperara HacrbrrBa r. Hap. ,a4arrar\r4tr I{a rpl'ielrlara
4Bor?Ka", npz r<oarO ussoCnaUerO C.la6O Ce npoMeHfl. Haqa,lorO Ha "tAILI O6,lacr
e cnopHo IIopaALI BJIHflHI4eTO HA faSOOTAe,'IflHeTO LI Ha CbCTaBa Ha ocTaTbqHIZfl

fas B KoHTaKTHara xna6uua, Ha ctcroflFIIzero FIa rloBt'pxHocrI,ITe, Ha rexHo,rio-
il4flTa Ha BsallMoAeficrearr1ure MarepI4aJIIl LI Apyfa t2]

Hautusr olI4T rIoKa3Ba, rle xapaKTepr,T Ha Bilr4g'Hne Ha creIIeHTa Ha BaKy-
yMa Br,pxy Noe$uqvenra r{a rpHeFre vMa aHalron4ireFl xapaKrep. Toaa ce BIz)KAa

Ha SI,tr. l, 6Aero e rroKa3aHa 3aBr4crzMocrra Ha rycKoBufl ToK Ila ABllrziTerfl,
npolopqr,roHar'reH Ha xoeQuqueHra Ha rpr4eHe, or creIIeHTa Ha BaKyyMa npu cy-
XO TptZeHe e rpn6O4eOIiXa Or CI4cTeMaTa ,,Ba,I-BTyJIKa" 1tpU B'bpTeII4BO-BT,3-

Bparlro ABr.rlKeHI4e cbc cKopocr 17,5"/s [9] . Ba,ltr e HanpaBeH or aJIyMI4HI4eBa

""t'iio3*".lu"t51ir"i=ul;ff^eri*naulr.rre noB:bpxHocr' ryK sarroqBar sa6e.re-
xz1,ro c.tre4 5 Pa,-a aAanraullrra e rprz6o4nofixara cneA 5.10-1Pa. Kpunara 1

orpa3nBa rrpoMeHI,ITe np93 nTrpBLIfl AeH or pa6orara ua rpz6O4eoftt<ara BbB Ba-

KyyM - oT BK,rrcqBaHero Ha 4B[rareJrn 14 IrycKaHeTo Ha BaKyyMHaTa CIACTeMa

Ao rtorJlraBaHero r{a BrzcoK BaKyyM. Tyx ce pefllcrplzpar HaJIflraHero B cl'icre-
ruara (Pa) 14 nycKoBr4rrr roK Ha ABr4rare,'Iq B ABere Kparrurr noJlox{eHlzfl Ha pe-

BepcnpaHc IIoCOKaTa Ha ABHlKeHHerO. HapacrBaHero Ha ToKa, xapaKTepHo 3a

eKcl,'IoaTarlLlfl"ta B'LB BaKyyM, Moxe Aa 6tAe orgecel{o KbM HapacTBaHeTo Ha

a.4Xe3I,IgTa Bc,'reAcrBae Ii3HocBaHeTo Ila oKllcllTe Iz Ha fa3oBaTa Aecop6qlzfl oT

rpHerrlr.rre IloBbpxHocru. llo ct,qecrBo xapaKrepT,r Ha Ta3ll KpI4Ba oTpa3flBa
rpure o6nacru HaBllafl.Hve Ha BaKyyMa Naro pa6orHa cpeAa u e cneqzQurleH 3a

Bar(yyMHaTa rpa6cloru R.

cneg npecrofi
BbB EaKyyM

/ -. nlPb!1 Aen
2 - 

Bropv AeH
3 

- Tperfi AeH

E

o
F

o

r

Onr. i. 3aarzcunrocr Ha rrvcKoBlir roK Ha ABufareflrr or cre[eHTa Ha BaKyyMa B cucreMara
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- XaparrepT,T Ha rasl caBr{crzMocr npe3
Br'B Bar(yJiM (xpzeure 2 vt S).rru.r"r.nrro ..
TaKTa npoA:b,'rlKaBa lI TOKb.t. FIa ABl4faTe,,t_fl,cna6o ce lrporvrer]rr.

E$exrr'r Ha l'r3r{r,rcrBalre Ha nsauuo4eficrBarqr4Te IIoB.orrxHocrrr,sa BaKyyr4uara rpu6onol^o, 
".,4o6pe 

i.i3paseu cJreA npeKparr{BaHe HaHuero a npecrorr Ha rpv6o4eorlxara BbB BaKyvM. Konru""rBeH r4spa3e sHaqr'rreJrHoro HapacrBaHe Ila crapToBata ciorlrroc, ,,u nyanoBzr{ Tor(rare/'r-fl. llpolr"rxu'e,'rHocrra Fra npecrorr BbB BaKyyM Me)KA)/ AHr4Tel,roarar{as e 12 qaca.

C"IICIBAIIIHTC AHI,i HA EKCIJIO
rrpoMeHrr. llpup a6orsaaero
pecl. xoecpr4rlrier-rrbr rra rp

ra,[r-lo 14 14rpae onpeAeJreHa
npr.i oKar{ecTBflBalle FIa 83atZ

He lrut HeroBoTo rroBeaeun e
rrpoAb"rr>Kr4Tenua pa6ora e y
Ta ]la BHCOK B ar(yJ/lt.

B axy5rY1121 a rpu6onorun
rIacT oT cbBpeMeFIFIaTa TpLl
tlrqrra Hayl{a p a3f/'Ie)KAa n
Te B r(oHTaKTa Ha B3aHNro/Ie

crBzlulprre re,'ra Karo rpu6oe
{ana nlsuox{rrocr 3er npofHo,

floragauara na.Qy_r, I saszcal4ocr ce Hap]4r{a BaKyyMHa xapar(l.ep
111 lgrz6onlouecr'rre IiO1 r.r Kar(ro rroKa3Bar eKcnep]4MeHrure, ncaxa rpa(Ka rrpul'e)KaBa cBorrre cleqrQa.*ru oco6eHocrrz. To ce onpLa-.no .;i;;;

Iqlire re,rra Karo c/Io)KFIo cpus
t<o o6p aslre aHue, Hapuqar{o ,,,
Tfl/'ro", crc cnequQuqHr.{ cBo
np on3rlrqaiqr4 or caM ar a p a(
cpeAa. Orclcr.eLrelo Ha cMa3
IIA KOI.IBCI(qUOH}IO OX,'IA)I{AZII]C
,'r[qaBaT TeMrIepaT)/paTa B 3OH
Kourar(ra. Toea cruuynupa
rr4qrrara 4eQopvaqza, aAXeg
4ecop6quara u nu$ysttfl.ta B
tIoBbp_xHocTllt4Te c,.IoeBe.
BI]C HA I43HOCBAHCTO OI{IICI,IT
a4cop6riaotHr.rre crpyr(rypt,l ce
p)/uaBar rreo6par,uvo, Tper
/ro tpoMer.rfl rpr4poAara cr.i
nsaal,rorleficrBHero ua r43qracre
(rceellunuare) ronr,pxlrocr.Lr, Irp
ero ce r-ta6,rrc4anar rpeuoc Ila
Teptizi,'I, Bb3t{r.tI(Balle Ha UeFIT
ria 3aAr4p aFre, Fraqarrio Ha ,,cTHK-
e(ter<r 14 Ao1lr4 o6pasyearre ua
AeFra BaBapxa u 6noxwpaHe Fra
)Kerrr,rero B KoHTaKra [], 2, I,
Ha clzr. 2 Nato u,rrrocrparlu
loKa3aHa rIeI{TpOBe Fra 3aAl,tp
Bb3Hr4Kr{aru np14 cyxo rpHer-Ie
BLrcoK BaKyyM (l 0-a Pa) e rp
4noilxa, onucaua e [9] .
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cllre BbB Bar(yyM, o6ycfioBeHa or sH3r.rKara Ha noBbpxHocTTa, or oco6eHo-
cTIzTe Ha cpeAara LI sal{oFIoMepHocrtrre FIa BsariMoAefiCrBr4ero rrocTaBgT npeA
Il3cJIeAoBare,rr.rre c,'ro)Krru npo6reMr,{. Hanprzrraep no46opr,r }{a Marepr{a,'rr.rre 3a
rpu6o4rorixu ea pa6ora BbB BaKyyM usr4cKBa npeur.r3Hr.r r.r3cJreABaHrarr Ha rpile-
I{ara IloBbpxHOCT Cr'c cT,BpeMeutn cpzsrauecKfl MeroAvr sa aHailv3, ].rSyrraBaHe r{a
AHHaMIlKara IIa fa3oorAeJrflHero B 3oHara r{a KoHTar(Ta, cT,r{eTaHIt B KoIlTpoJI
B]'pxy ocHoBHare rpu60norasare,[r.{ B yc,'roBr4rrra Ha BrrcoK naNyyrr,r. Tosu
KOMIIJIeKCeH IroAXOA e HaJro>r(r.rreJreH rrpi4 cbcl,aBsHe ua rpa6on:ns"rr[, npeAFta-
3HaqeHu sa npoAT,JrlKareJrHa pa6o.ra s l(ocMoca.

Harpynanzqr eKcnepI4MeFITar'IeH o I4T, BKr,rlorr4TedrHo II or Ha[Iu I43cJIe/r-
BaHr'rfl, rro3BoJrflBa Aa ce Hanpasqr HflxoH r.i3BoAtr or no-o6u1 xapaKTep.

l. Herpa4r.ruuoHHoro nportrqaHe Ha rprz6onpouecr.rre BTrB BaKy)rM r.r 3Ha-
rllrred'tHoro r.r3MeHeHHe Ha rpu6onoKa3areJrr.lre BT,B BpeMero I{aJIatar npeABa-
pl'rTerTI'Io oxapal(repu3LIpaHe Ha Marepaa,/tHre B ct4My"Il.IpaHa BaK)/yMHa cpeAa,
6nusxa Ao Da6ornarar.

2. Tpu6ont*,qr4re 3a pa6ora BbB BaKyJ/M ce HylKAasr or er{cnepr4MeHraJlto
onpeAeJflr{e B'bB BaKyya4 ua c[erlr4Quvuure $asur<o-vexaHrr{Hr.r xapaKrepucrr.{-
Kt'I, o]'pasflBaxrz o6qn're 3aKoHOMepHocrlr B1,B Bar(yyMHara rpr.i6o,rtoiHr, a
cburo^ r4_Ha r(orJKperHr,r oco6eHocru, rpor4srr4rlaIIIH or onpeAeJreHr.r d)axropu.3. Tpu6o,'rorflqtrHTe Iz3cj-IeABaHr,If BbB BHcoK Bal(yyM, crrr{eral,rH c npe-
III'I3IIU QaSZUeCXU aHaJIHsIr Ha X4arepHa,'II4Te r.r Ha cpeAara, no3Bo,/tflBar l43yqa-
Balle Ha pea/'rFrara cpusnueclca noBbpxlrocr r4 Ha npoqecure, $opuupailIH Tpe-
TOTO Tflr'to B eKCTpeivIaJIHI,I yC,'rOB14r{.

I'IsKasnai\,r cnoara 6.ralo4apHocr r{a npof. a.r,u. Hrrror MaHonoB 3a fio,re3Hara Ar{cxycusn pa3rJlexlanata o6uracr,
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Phlrsical , prerqquisites of vacuum tribology
t,

Vulika Simeonoua

(Summary)

Some specif ic peculi arities and physical and
chanical characteristics in the tield of'vacuum tribology ire discussed.
periment.is conducted for analysis of some physical prer-equisites, concer
objects' interaction contact surface in vacrium as a-complex physical
mation (third body), determined by the working enviionment,
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