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Nickel-carbon (Ni ia-C:H) composites were formed by method of microwave 
pla;;ma-cnhanced chemical vapor deposition. It was established that the films with 90 
al % carbon content po~;e~s by decreased value of friction coefficient and improved 
wear rc::sistant. 
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COCTAB nOBEPXHOCTH KPEMHH·SI c nOl<PbtTH51Ml4, 
HAHECEHHblMl-1 8 YCJ\OBHSIX 
HOHHOro ACCHCTJ.1POBAHHSI 

8 pa60 1c o6cy)f(Jt(l.IOTCSl p e Jyllhl' RTbl '.WCllCJJHMCMTa.JlbHOro HCC/le)lO l)RflHJI CMC· 

Te. 1 1 10Kpbm1e/non.~oll<Ka, B KOT0pi,1x oc110Boll noKpblTH!I J111111110Tcsi Ti, Zr. Mo. H3l"O· 

TO !l!lCflflf,J;.,, MCTOJ.lOM HOHMO-UCCHCTl-fp01Jam1oro l!ill lt'.CCllHll OOKflblTl1H Ha KpCMHltH 0 

YC•'1Hl11llx ca~wo6Hy«emlll (YIAHnYC) ' 

Oca)l<)J.em1e TOHKHX n11e110K ua 1<peMHHesb1e n11acnmb1 npe.ncTaB· 
MI CT KaK Hay'lHplH, TaK H npaKTHlJeCKHH 1-rni>epec .LI/HI MHKp03Jle.KTpOH

.. .> 1-t()i:\ npOMblUJJleHHOCTH, TaK KaK 1103BOJISleT cpop~;rnpOBaTb H30JlHpylO

Ul.He HJIH npoBO.llSIU.lHe cnm1, JHIOfjntJlbH'ble HJlH Jrnocj>o6Hble B pa3HblX 

CpeJJ,ax nosepxHOCTH H3J.\eJIHH. 4T05'b1 HCKJJI04.11Tb BBe,neH11e npH HOH

fiOM acC,HCTHpOB3HHH B npHnosepXHOCTkblH CJTOH aTOMOB 611aropon-

,l-th1" ra10R, >Ke,1aTeJlhHO np11MeHJ1Th LUISI pan11au110H1-1oro accHCT11poea
. li1·rn HOHbl aTOMOB OCa)K,llaeMoro llOKpblTHSI, KaK 3TO peaJtl·t3YeTCSI B 

np<'l (ecce 11 Al fllYC f 1]. )l;lsi H3y4eHHJ! ::rneMeHTHOro COCTaBa CHCTe-
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Mb! fJOKpblTl1e/ KpeMIHlii HCf10.flb30BilJlC51 Me'r0Jl pe1crq1op)l.OBCKOl'O 

paT11oro pacCCllHl1ll (POP). HCn0,1b3Yll MO.[.ICI1Hpy10tt\yl0 npor·paM . 

RUMP [21. . .: 
l10Kpb1Hrn H<lHOCH! tHCh Ha nm1cT11111>1 (I I I )-Si n-THna c y,i,eJJbl>Lil .. 

conpOTl1RJ!eHIH.!M 200 OM . CM. VICllOJll/.lOBaJlCll re-.io11a1-tCHblH HOHHir: 

HCT04HHK BDK)'YMHOH ( 3. I 0··2 
fla) '.)JJelCrpOL\YfOBOi1 f!J1a3Mbl. YcKop(-

1.1\~IH noTe1-1u11aJ1 cocTaBrn111 i 1d3. 3Hcpren-14ecK11e cne1<Tpb1 POP c 

MaJ111Ch np11 yrne pacCCllHHll Q== 168°. yrnax i!JfCTa Q' 11 Bl:>IJlCTa Q ' l?'
HblX 0 11 I 2°. )1-1epn .• "TH<1cc1<oe pa.3pewe1rnc c11c-rel\on,1 cocTaBJll!Jto I~ t{ 

06cy;.lHM KO!\trl03~1 ll,110HHblH COCTaB ll0Kph11 HH, OCa>K.llCHHblX : 

l(pCMHHH. [ lpo<1H1J1b TMTaHa xapah.--repH'..l)iCTCll 1(01-1L~eHTpa1u1eH, CHH)f( 

LUeikll OT 4.2 aT % Ha llOBepx11ocTH [(0 I <IT% B o6nacrn MCjl{(p33H 

1-paHHU.bl c11c1-eM1>1. flp11 3TOM aTOMbl Ti 11.11c1-1rnQ>11t111py1crrcsr R 1<peM1t~ 
Ha r.nyforne 200 HM c Km1uc11Tpau11d1 - O.OJ aT %, Yrn CBHJlCTCJ1bC'f~ 
06 HX pa)l.HaU110HHO-CTHM)'J1HpOB3HllOi-l )l.H<jHp)"lHJ.1 1m1y6J, B npOUt'lC 

~ . ~) 
I raracTaHJ.1Sl noKpb1TJ.1ll no.LI, paJJ.HaUHOHHhlM RO:lllCHCTBl-ICM acc1-1cn1py,J . 
lUHX HOHOH. rlpocfHUlb HTOMOB yn1epOJHl 1<3YCCTBCHf10 cornacyeTCH c f.i 
c-rpaHCTBCHHblM pacnri::.neJJCHHCM KHCJ10pona D 1qy4aeMOH CHCTeMe, :. 

H3KO KOHlJ.CHTpauw1 yrncpo;:la B 2 pa1a Ilb!WC, 'ICM KHCJ10p0.ll.3 B nor<pb :' 
11 npH6mnrnenhHO pam-ia no se;111 41-me KOHLletrrpamrn KHcnopo.na: 
n 1y61rne I 00 HM o KpeMHHl-1 . Ko1-11(e1npaw111 '.)THX J;reMe11Ton ;1ocnir •• 

MClKCHMyMa l\OJ1113J.1 MC)l<<jia'.lHOH rpaHIHlbl. JlpocjJHJlh pacnpc1.1ene ' 

BO.i1,0po1J.a a llOKpLITHH 1<a11ec-rne11110 conoc·r airnM c 11pocp1u1eM pacn 

.n.e.J1e111-1si THTaHa, HO ero KOlllle1npau.1rn a 8 - I 0 pa3 Bb1we. Pacnpe 

ne1111e 1<0Mno1-1eHTOB B c1-1cTcMe Mo/Si, xapaKTep1nyeTC5! TcM. 4TO K 

11eJ1Tpalll-ill MOJ1116.neHa c111rnrneTCH OT 6 a-r % 11a noeepxuocnr ..'10 ; 

aT % B o6JracTH MCiKQl33HO~i 1paHHl(bl Cl1CTCMbl. flp11 'JTOM aTOMbl "' 

H.llCHTIHjm1.i.11py10TCSI B KpCMHHl-1 Ha r,1y61-11-1e 100 HM c KOHllellTpa 
ei:I - 0.0 I aT %, flpoq>H.1 b aTOMOB yrnepona Ka•1ecTse111-10 cor.riacyeTcJI~ 
npocrpaHCTBCHHblM pac;np t::,L(<!JlCHHCM MOJ1116,a.e1rn, 07'HaKO HX KOH ~t , 
Tpal(Hll B 5-8 pa.1 BblWC B rtoKpb!HIH H 11p116n11:HffCJlhHO Ha 2 nop$1 } 
no seJtH4HHe Ha rny61-11-1e I 00 HM a 1<peMJJ111-1. K1-1cnopoJJ pacnpe,[\cne ¥' 
flOKpbrTHH ;'.l0CHIT04HO paBHOMCp!-iO, a ll KpCMHl-fH , XOT.SI era KOHl.l 

paUl-tfl CHHll<aCTCSI B HCCKOJlbKO pa3, HO OCT3CTCSI BbllJ.le, 4CM KOHi.le ' 

pauMsi MonH6,!J.eHa. K0Hue1npau1-rn so;Jopo.ua Hao6opoT, B03pacrn ~ ' 
45 aT % Ila nooepXHOCTH noKpblTHH .uo 60 a:r % B6JlH3H MC)l<Cpa1 ' 

rpaHHtlhl . PacnpeJleJ1<:1rne '.1JlCMCHTOB B CHCTCMe Zr/Si s ueJIOM Ka' _, 
' '.• ~ 

CTBCHHO cpaRHHMO c pac11pe.uene1·111eM 1<0Mno1-1e11TOB s cv.cTeMe TL 
1
; 

J'l051BJlCHl1C B H3Y48CMblX 110Kph1T l1l!X KHC;10pOJ.lH, yrnepo.na H BOilO. 

:1a Mbl c1H1 \b!BaeM c oca>KJlCllHeM 11a nouepx11ocn. no1<pb1nrn H npo 

ce ern pocTa conMecnm c OC3)1(JlC1Ctl-WH OCll'.JBOH :v·r ! lt:BOilOpot lHOH rl)P .. ... 



!l ~1H 11 KHCJlOpOJla H1 OCTaTO'fllOl' O BaKyyMa 0 MHIJICHllOH KaMepe, OTKa

l Yl1RaeMOH ;J.H<J1cpy1~tOllMblM llapo-MaCmll'ihlM HHCOCOM. 

'. ~ BMeCTe c TCM 0 611apy; t<HJ10Cb; 41'0, H3Mep51eMoe OTliOCHTenhHOe 

~. ·~ Cll1lep>1<aHHC yn1epo.na 11 KHCHOpo.na B noKpblTHRX Ha OCHOBC pa31lblX 
." )il eMCI-ITOf.I (Nt) ( l(Nt)o cyuteCTBCHHO pa311oe. 3.ll.CCb (Nt)c H 

-~ I Nt)0 -· CHOCBb1e KoHue1-rrpauH11 yrnepo)la H KHcnopo.na B 110Kp1>1TH5IX. 
,4 HanpMMep, n n0Kp1>1T11H Ha ocHoBe Moua O/V1H a10M 1rnc11opo.ua 11Mc

-~ CTCR np116JH13111'eJ1hHO OJJHH aTOM yrnepQ.11.a. TOr)J.a KaK n noKph!THH Ha 

.· oc Hoae Zr -- l 8. a Ti - 2.5 aTOMOB yrnepti.ua. 

EcTecrnc~rno, HCfl O!l b3)'st POP ueno3MO)f<HO 1rnnpstMy10 onpe.n,e

.111Tb np11cy rcnrne oo;:topn.11.a s n0Kpb1T1111 . BMel:Te c TeM .ua111H,1e o na

, ' ;1WiH11 3Hil'IHTCJlbHOro C0)\Cpjf{aHH51 so.nopo.na B CHCTCMax H ero pac

: ··. npe.ne11e1111H no rroKp1>1THt0, nonyYeHHhre np11 Mo.11.e1111posa1·11H1 cneKTpon 
-~ FOP npor-paMMOH RUMP, 6h1n11 noJJ.TBCj)>K,ll,CUbl 11 np»MbtX He:mBi·ICH-
~ ~ v 
' ' Mbl X 31\CnepHMeHTaX c HCnOnb30BaHHCM pe30HaHCHOl1 sinepHOf! peaK-

' t1111-1 'H(''N,a ) 12C (3] 
I( oco6oMy c no~iCTBy oca)f{).J.cH115! noKpblTHH MeTOJJ.OM HAHnYC 

: .\10)1\HO OHlCC fl1 06Hapy)f<Clll!YID paHee BCTpe,111y10 ).1,Ht[>cpy3mO aTOMOll 

l\PCMHH>I ·~cpe:.i no1qJh1Tl1e Ha JIOBCpXHOCTb ¢opM11pyeMOH Cl1CTCMbl, 

KOTnpan Ha6mcwacTCl! Ta!OKe np11 llOHH)f{CHHH flOTeJ-lllHiLJa Ha MHUICllH 

· JO J KR. np11110M OTMCTl1M, YTO KOHUCHTpaUHSI KpCMHHSI He Clla)J,aeT 

:{ 110 J KCflOHt'. lil(lfaJlbHOM.Y 3aKOHy, KaK .Nt())f<HO 6hlfl0 6b! O)f(H,UaTb, eCJJl1 

.i ,1JllHK)'1.uei1CMJIOH11pouecca 1axsaTa aTOMOB KpeMHl-U! B noKpblTHC 6bJJ10 
J Obl (ffOMHOe nepeMew1rnam1e B 1<acKa.uax aTOMHh!X CTOJll<H O BeHHH , a 
i or;Tl.ICTCSI npal<TH'ICCKH IJOCTOSlHHOH no TOJllUHHe rtOKpbITl1il, )lOCTHra i:i 

l - 2 aT % B pa3Hb1X CHCTeMax . 

1'fOHHO- acc11cTHpOBaHHOC B ycnOBHRX caM006;1y 4eHHil OCIDl<)J,CHHC 

no1<p1>1T11i1 11a o cHOBC Ti, Zr H Mo, 06ecne411saeT cp113 11'tecKoe «CUJHRa

' , HHC» B 06nacn1 Me>K<j)33HOL1 rpaHHUbl cjiopMHpyeMhlX CHCTCM. Ha6mo
:taeTCR pa.L\HaUHOHHO-CTHMYJlHponaHHast J.lHcjJcj)y:HU! KOMllOHeHTOB no-

. Kpb!THJl ll rny6b 1<pe~HH5I 11 aTOMOB KpCMHHil B noKpbtTHe . 

' KoM n03Hl~HOHHbtH cocrns n0Kpb1n1si s1cn104aeT KpoMe aToMO B ocHOBbl 

no1<phrr1H1 1-1 KpeMHH51 a10Mb1 KMCJJopo.na, yrnepoJJ.a 11 130J~opoJJa . BMcc
i e c TeM, paC4CT CJlOCBOH KOHUCHTpau1111 ;1er1<HX np11Mece/.i, CO)lep>Ka

. lU~IXCJl B llOKpblTIHIX, llblSIBHJl cyl.ll,eCTBCHHOC BJUHlllHC 3JICMCHTOB oc-

' HllB bl flOKphlTHH Ha COOTHOUle1-111e yrncpo.na H KHC,1opo,a.a B HeM . 

~ 
C11uco1< ;wmepam;ylbt 

I . f;o(ironw1 or. T a 111 111,11c0n VI C . C-rpy1n-ypa 11 Cocran ll Ol< f)blTHH Iii! OC ll\lll<: / , r. 

:ila;1q cHH1>1 x 11a Y.pe~um f.! npH HOHllOM accHCTHpona1111>1 11 yc110 BH Hx .:aMopa;tHa1p 111. 
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The experimental in vestigation ofthe composition ofTi. 7.r and Mo-based coa,t 
formed by means ofselfion assisted deposition has been conducted. Analysis was cl) 
out using RBS 1.4 MeV helium ions technique and tbe Rl JMP code computer simu!a 
Elemental analysis of the coating/silicon systems shows a content of carbon. oxy 
silicon and hydrogen in systems. 
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HCC/\EA.OBAHHE CTPYKTYPHblX A.E<l>EICTOB 
noBEPXHOCTH MHHEPAAOB onTHKO~ 

nO/\.SIPH3AUHOHHblM METOA.OM 

R 11a1111oi:i pa6oTe 11pHllCl tCHhl pe:iy111; raTb1 pa3pa60T1<11 11 KOMllLIOTeprioro 

m1poBaHHll OllTHKO·rlOJtRpH3amt0HHOf'O MCTOllfl Hepa3pyu1a1ou1ero KOHTpOJlll n 
flOCTH MHllepanou. OCHO BallflOro HU npHMCHCllHH a1111'.lOTpOnHoro JICK-c110R . 

MCTO.U r103BOJIHCT 6b1cTpo 11 Kfl'ICCTOCll!IO HCC; ICJ!OB8Th CBO~CT88 CTPYICT)'Pbl (,ac 
u o6bcMe 11ce;1c.uycMoro o6pa:Jlla . · 

npHpOJlllble Ml1HepMbl UHipOKO np11MeHRIOTCfl B pa3H006p 

npu6opax cospeMeHHOH TeXHHKl1 11 51B.'HllOTCR OCHOBHblM Ma-rep14 
.nn11 iose;rnp1-1oi1 np0Mb1w11ctt1-1ocn1 . Pacnpe)leJleHHb1e H JIOl(an 
llCO)lHOpO.UHOCHI, cy1uecrny10WHC npaKnt4eCKl1 y ncex Tl1nOB 

paJJOB, OK83blB81-0'f cywecTBCHHOe BJHISIHHe Ha HX cf>H3H'YCCKHC c 

CTBa. )J;aHHblC oco6eHHOCTH He TOJlbKO CHl1)1(8IOT UCJlOCTHOCTb 

paJ1os, HO H BJlH)!JOT 11a 3Kcrn1yTa1t110HHb1e H JJ.e1<0pinHBHb1e cso 

BblrJOJJHeHHb!X H3 HHX H3Jl.CJHIH. B H8CTOHltleM C006ltleHHH np1me 

pe1ynbTaTbl pa:lpa6oTKH H KOMllhlOTepHoro Monemtpoeamrn MCT 

Hepa:!pyWal{)Ul6rQ KOHTpOJl.11 nosepX!iOCTl1 MHHepanoll. 

PaJpa6aT1>1saeMMe MeTOJlbl ocHosaHbl Ha s1aHMonei1cTB11H n 

pHJOBaHHoro onT114ecKoro H1ny•-1CHH.H c To1-11u1M :nrn30TponHb1M 1 
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