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Cazanosua A.B-1. Cazaao\ua 8.8.1, Koqoutnuu A'8.', IIonoG 8.8.1, OneiHur A.K.'

' OAO <.@3,4>. YrpanHa, r. XapbKoB

" fn <3aBoA nM. ManbureBa>. yrpa Ha, r. Xapr,KoB

PASPAEOTKA r.{ LICCJIEAOBAHTTE HOnr'rX i.firOrOCAOfiHbIX flOKPbITUfi
AVINIT D IIA OCHOBE CI{CTEM <METAJIJI-YT,'IEPOA>.

AfiHoma4utt

Paepa6oma*r Hor;te npo4ecc6t (PVD u 2u6-

puAHbre PVD+CVD) No4ntponupue o2o Qopmupo'
aaltutt Jtrltozol|O no{e{mrrlrE HA O' u tttUXpO'

onpryntypltr'uc norpl'tmui Aoinit D 6 cuctue at
< emuL,t-gzaepod> c nprr eneHua eaKgvttl-tut t:t-

ttat tbL"t (PvD) u ruaatlotcurnunec*ut (CvD) npo-

4eccoe, Ilpoeedeatr ntemannozpao 4ecr.ue uccte-
doeauua notyteauut noxpumui, nolmeep*darc-

tue aBntoncltocmlr filBKomermepamgpl Io2o HaEe'

cemut Ka.tecmaeltltbut rtozoKontnofiellmrtux ntHo-

zocnointn u ltttfiocnofir!1'Lx noLp6tmui <nte taLl-
yrnepoa> (MeC, Me-C:H, Me-C-N' MeC-C)
(Me= :fi, Mo). Tpu6ottozuuecrue ucm'rmatiun c$u-

Oementcmegnm o nepcnexmuetoonu pa4ta6o-
maum,n noxpumui Atinit D Arnr noauueq*t
usuocoonoixocmu u aluitreHutt roaSQu4ueuma

mp eltun cLotrbMefiun nap mp elturr pe4uauoH1ll,Lr

g3no6 azpezamocfipoe ut.

Abstract

Norel processes ?eere droeloped (PVD and
hybrid PvD+CvD) of highly controllable deposi'
tion of nano- anal microstTzictured coatings <Aoinit
D, in slsterns <metal-carbon> using oacuun-plas-
ma (PVD) antl plasmachemical (CVD) processes.

Were canieil out tuetallographic inoestigations of
obtained coating , confirming the possibility of loa
temperature nulticomponent nnltilagered high
quaw coating deposition nano- and micrustructu-
red in systems <nelal-carbon> (MeC, Me-C:H,
M9-C-N, M9C-C) (Me= Ti, Mo), Tribologkal
inustigations shozes perspectinity of dclaeloped

coatings <Aoinit D> for intprotiflg ?near resistance

and decreasing fiction coefficient in sliding fric-
tion pairs of prccision joimts in nachinebuiuing.

BBeAeHne

Ilorcrc HoBr,ix Mar€prianoB, uero,{on o6pa6orru

roBepxEocreii, roBbr lalolqrx ibyrffqtroHariblrHe
cBo;crB" \rarcpx-.o8. tB,4q.f.e. .,o cr"rr' r,1atsPoii

npo6acuorl, crofiqeii nepeA coBpeMeHHbIrI Marepua

Bopr,6a c n:tocou ualrun r uexianrcrror, aon*

mnlxMcjr oaHoii r13 ocIIoBHbIx rpo6reM B MalllrHo

crpoeHnn, fioEr,rllrenrle rpe6osax]rfi r aoBrose'fiocru d

rq)Oer.rr{BHocr]r cGAaRaeMbrx LoHc'Ipyltll]riii, Pa6otuo
qrr. B yc".roBxrx Optil(I{lroHHoro Konla](Ta, pBI{o r1o

rsnnaror rpe6onalun K roflcrcy HoB x nbrcoxoe$Oet

TxBHbD. Mareple{olr n rtx rplr6orexanvectmu xapaxre

prcrnRar| rr crxMyrlripyor rocrotHnblt nor.R HoRr,lx

MaTepxanoB x rexHo,loflff IL{ nony'reHllt.

OcHoBEae xanpaBreHHocrt npoBoAItMlIx lraMlr

pa6or no cosran[ro HoBHx LoHcrpyKllrii +yHKrtto
HaftHsrx nol|pl'rrt cBq3aHa, nporae Ecero, c

rorpe6uocrrur aBral1rlounoro ar:pelarocrPocnlt Il
HarrpaBreHa ua paopa6orxy HoBr,Ix MarePranoB tr

nln!rbflxr1' HHLrr rexHn,lnruii H"Hr.e q \iHuruc ot
Hbrx r{ EaHocnolltbtx [oHHo-IUIa3MerlHbIx ll nra3^lo

noKp],Irlrii n BnpotsallxeHHs ux B

.cp!aiixoF npo Lo!.IBo HoB-rx xJ.LP,luii aBxauriH

'ro rFr lrecchoro t.rr toctrnPitrlofo
pecypcoB l€acnxlr ,{ fioBrilrreH JI

HaAexnocrr rrr pa6oru rryreu ncxor$oBauxe pa3

pa6oraHHHx HanorexHororlrii.

Ha ccroatulrtuii AeHb rlol.a erle He co3rarra

o6qaa reopna, lroslorxbrqat arralrrrrtqecxx oqertrl

Barb Bcrxtlxlibl KosQQlrqIIcHroB TpeHxs Ir n3rroca

A,rTr qenl'Ix rcrraccoB rrarepfianoB, Hanpxrlep, {Jlr{

Rprcrannn'recarx r{arepxanoB. CyrqecrEyror rt{urb

rlory3Mn]Ipl1!recKt{e

oraenbHlrx lracrx6rx crIJfi aeB.

C.rfiraercri, vro BrlcoK:r'I rBep ocrb tBrreTcs

ocHoBnr,rM rpe6oBaEr.reM fi Marcpua-qy, (oraa I.oH

crpynpyeMa-q noBepxHocrr, roaBepraercj{ r3Hocy

C Broii ro,r(ll 3peHrq l.epaMllqec(Ire noKplrrtt
j{Brfirorctr [epcrreKmBHbrNr BtfopoM A,rt yny'rnle

Hlnr rrsHocHoro rroneaeHlrs EoHcrpy(]{IroHlrtlx Mare

pllaro!, flocxox]xy moruc xepauntr o6:raaalor

nnHoBpt \rrHIo rbr.or{oii 1B"pau, rr,ro t \11\lx lP'(.t
I epfHU, rLro.

Ifu( fioKa3blRaer o6rupur.I]1 orcnepuuenrarr
H6rii Marcprar 11 61, a raxxc HaloflreHHHti orbrr

[7 10], onruMarlrtbte pe eHrt no (apAIrHanL'HoMy

yrrya reHxro rpx6orexHr.recKux xapa(,|epl{crx( cJle

ayer ncnan B co371aHlllt xolrnoruufionnsrx norpr'r

rr,rft, nperclair.r{rcqlx co6oro MHorocroiillHe

ror{pbrrnr Ha octone uera.nnonoao6uux xap6I41or,

Hr{rpxroB, nepexoAHbrx Merar1.lloB 6o,'buoiii aeBrrlo'r
(Mo, Nb, Ti, Zr r ap.), a raI{){e o(crAnsrr ]I 6ecKl'rc

rropoanrlr( coeArfleHlre 6opa, itrrcMxHlrt, (peMH[i]

(BN, B4C, AlN, Al2O3, SiC, Si3N4 t{ Ap.).

O Cara-noeu.: A-B., CararoBu.r 8.8., Kouonuxr'rIr A.8., IIonoB B.B., O"'IeiiFrrR A.I(.
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MHoMe aBropbr [3, 5, 6] orMeqaror, .rro rMeHrio

aHo- r IrrIlapocnotHlte MHoroltorflloHeHTHble
noKpr.rrns, o6ralaloqlre o.rerrl, B}Icofioft TBepAocrhro

u reMfieparypoycroiqurocrr,ro, nalr6o:ree nepcner<
'f{tsr r ans peureHnr 3aaaq fto co3laHlrro HoBbrx r{oH

crpyr.qrji qryHKqroHanbHr,rx MHorocnoiiHHx ror.pbr
rlrii c yryqneHHbrMrr rpfi6o:roruvecx]rw xapaxrepu,
cr[KaM[. B 3roM rlnaIre 6o:ruort ]xrrepec npe4cran,
L'IIOT nortpn]rl,I_S B crcreMax <MeTaff-yrnepoar, B
qacTtrocrr, no(pr'rrnr Ha ocHoBe Ti-c ]{ Mo c,
nveroqae 6o;rrlrym nepcfe(T[Enocrr, Anr npfirreae
H }l B Ka'rcflae aHf Ql K xoHHbrj\ 

',3Ho.ocrotirqx
fio(plnr]rn Ar{ nap TpeHlrq.

B pa6orax [7, 9] oru.caHo co3AaxHoe HaMr ar.c
IrepuMerna{r,Ho-Texnorrorvuecroe o6opy4onanne

\..?||o9ta Adnit ane HaHFccHxr Mhoroc,roiirrbr\
tpyfi(lt oHai6n6rx roRpHrrij l{oropall ro3Borqer
pearr3oBarb KoMrrreKcHrre (CVD n PVD) MeroAbr

HalreceHrq iDyEnrixoHarrrn x noxpuruft, o6regr.r
Helnbre B o/qHoM Tcxnorlo BrecEoM qlrrd{e, lr o6ec
neqr,rBaer iro3MoxHocrn Ilepexola K Ha]roAna[a3oHy

Ar'E peanr.Ba{u[ npoqeccoB (oHrpon]rpyeMoro 4)op
MlrpoBanfiq MEoro(oMnoHeHTH]rx Hano- ]{ Mmcpo

crpy(r]?Hnu no(prrrr.rii c aaAanHlrMr xapaKreprr
cr{(aMr. P$yrbrarH pa3pa6oro( [o norryrrenr.ri:)

no]<pbrrnri Avinit C Ha ocnose Hr.rrpxAoB MerarnoB
u Ilx Me?arroQx3qqecxrx u rpr6o:rorzvecxrr
nccJreAoiaxrri:i rlprrBeAeHbr B pa6orax 18,101.

AaxHar pa6ora nocnarqeua paepa6orre ;ronr,rx

MHorocrofiH6rx ro(pblrrri:i Aoinit D na. oclJoBe l€'p
6rAor uera,rnoe.

B xaqecme RaHAl]Aa,r1rtrx nonpnlrlri A,rr ftccre
AosaHr.rii BH6patbr HaIIo { MtlKpoc.roiiHHe MHoro

I(OMtrOHerfl Hbre fioKp]rrr,rr orcreM <Mera,an-yrrrepo/q)>

(Ti-C; Ti-C N, TiC-C) a (Mo-C, MoC-C, Mo C N).
IIpu pa.:pa6orxe HoBlrx nepcner{rrcHHx HaHo

rorcpLrrnr rpellycMorpeno:
- co3AaHre rroBbrx ftoHcrpyKqllii anrrqrpnxqno

ItHx, x3HococroilKnx no:(p+l.tuia Alinit D Artr pa6o-
-br B napF rperixr . fFpvrvccr{ yrpo,rHeHHon cra.
ibro x co .'raibro. noKl,b|1oij \fxr{po.rp},rnypHbrv
rru HnocrpyK, ypHr,rM noKp}IrxeM rrna ,zrrri4

- orpa6oTxa rpoqeccorJ rraHeccHrr anrlropux-
q{olrH}rx usEococroiiltax [o(ptrfirii IIa crMbHne
o6pasqbr c rpe4rcxoHHbrnu noEepxHocrrMx rUH
IIpoBeAeIn{q MeTa"a{o+lr3n,rec(]rx r rprr6onorn.]e-
c(xx r,rcclreAoRalrfii;

- npoBFneHxc ,pq6o,lor ,lr.Km ...,tFnona xii
nap <crarrh c no(pHrneM - cTanD;

- Bbr6op tB pa3nbrx nap ro p$ymraraM rpn6o-
rlonqecKn crl[,lT:rH]t]{orrTtManr,HbrxKoHcrpyKrlft'l
IIap rpeHr{{ r! cxcreMax <<noKp!lr[e cra.]rb> ]l
<ro(pbrrre no(pr.rrre flma aoibitt;

au6op. no F Jyrlbr2raM xc.,rpaoBan'a . onr
Majlblroro correTafifir Mareprana norrpbrrr.rr ll]'rt
I oc,reqytoureii ot pa6on, Htu,e,.Hue su6pannoro
fioKp]rrlrs Ha fialypHnle r.r3 erxs.

IIo4"reHIte o6Pa3I{oE

Orpa6orra rex[o"ronrvecKnx napaMerpoB PVD
npoqeccoB HaHeceH[s MHo.ocnoiiFtrx u tlarlocno]li-
F6rx llo(pbrrfifi B crcreMa.'r Ti-C ]r Mo C npoBeaeHa

na ycranoBRe Avinit [9].
B Ka.recrBe.MareptaloB (aro4oB llcnorbgoBajrrl

rnraH BT-1-0, Mofl.daen MBIq, ryaQnr Af-1500.

,{"'ra no,ryvenra Kap6qcoaepxarqrx croeB B

KarrecTBe pea(IllloHHolo la3a ucnom,3oBarlc'I 6eH3or'1

C6H8 c co4epxanuer,a upuuecefi
Cocrar ocraro.rHhtx .aioB n npfilreceii r peaK-

rIroHHoM rase KoHTpornpoBancs c IloMollttlo Macc-

crercrpoMerpa MX 7304A. TeMreparypa DorrloxRr{
KotTporrxpoBaracb c npxMenenaeM o6pasqoB-cafiae-
reneji rj I4l{-nxpoMerpa rrra <Ra}tek>.

Irr npoBeAenrr Merarrnorpaq)FrecKr,rx ficcne-

aoBarfl.di HaneceHr,re no(plrrxii oc] IecTBr_rllloc6 Ha

o6pa3tIbl-cBrrAe?eJrx uj crarnl X72A7 c rtsepAocrrrro

56...61HRC c rrpeulr3rouHbrMx roBepxtocrrMx,
ncnoIt3yeMHMn ! npor€BoAcBe aeTar'rei arpeiraroB.

Artr sroro pa6oqfe nnocrocrr o6paeqoa 6unrl o6pa-
ooTa[[,r Iro 3aBoncKlM rexHonor,r.sM fII XM3
<@34> ao ffepoxoBarocrll 0,016 0,021 MKM (12-13
rolacc epoxoBaTocl.fi)_

Ha{ecerre roKprrrxii srr npone4efua rpr6o-
Jrorrgecrcrx ficnHraHrdi ocyrq€crBrrJrocb Ha pa6o-

- ky6l1ltoB (cra"r! X12@1, 56...61HRC), aoEe-

I1etr|r6lx IIo pa6or{uM fpaHrrM a-rMaiHoli nacroft ACM
2/l co cx,e{oM npunycna 0,003...0,004 MM (Herl{oc-
(ocTnocrr, 0,6 MKM; rxepoxoBarocTb Ra 0,08 MxM

(11 Macc) r
- ponllKoB us crarn 20X3MB@ (3[415,

ueMelrxpoBaHHar), Pa6oqa.{ flonepxlocrn por]rKoB

IoReAetra racrori KT 1017. A,rs no"'r)"reHrr Heo6xo-

A MoIi reoMerpu[ (Ireqrr nApr.rEocr] 0,005 MM, He

6o,reat nonaao6r,,ror", HrrMafl, 4 averpajbHbr; np -

[ycK 7..-8 MKM. Iloc.'re o6pa6orrcu pa6oqa{ roBepx-
HOCrb porrx(oB uMerra napaMerpri: fieqrrntrHAplq
Hocrb 0; epoxoBarocrr Ra (0,044...0,067) MKM

(11 lcracc).

IIpr arou orpa6oranu cne yorqre npoqeccd x
forryqeHr,r florQ6nfie B c[creMax <<Me,r.arDl yHrepoa>.

1. C npxMe[eH]reM MoAepnBupoBaHHoro PVD
ocajr{ennr orpa6oranH fipoqeccH raneceHfis MoHo

croir6D( n MHorocroiiHlx. ttoxpriflniL Aainit D,D 100

(Ti-C, Ti-C N, TiC-C) n no](pttr'Nlii Adnit D/P 200
(Mo-C, MoC-C, Mo-C-N).

Ant Ha\\eceHutr MHorocno]lsnlx fioKpbrrrii
(TiC Ti) r (MoC Mo), rocq)oennbl{ IIa noclbeAo-

EarenbHocrr{ Mera'mrlrecKoro fi (ap6nAHoro croeB,
6u;ra ucno:r*oeaaa anyxxaroA ar cxeMa npx oauo-
BpeMeHHofi pa6ore oAHo(oMloue[rHrix xaro oB (Me
Il C), pacfioroxeHHr,D. Halcrpeqy rplr Zpyry, E

cpele ocraroqrbrx raroB c BparqenneM o6pa3qoB

tso]Cpyir cBoei ocu c HenpeptlBnoft ]{n],r fiMnyr]cHoii
(repr-io4r.recrcii) pa6orori {cro.rnrxoB Hanbtresus.
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pnc 1 N{fiorocnoirHbrc xorf,$ir Aainit D/P r) (TiCr Ti)i 6) (Ntoc Nio)

IloJy!eHre (a.r€crBcuriblx noKpr,fLrJii B raxor'i

cxcrlc craJro no3MoxHbIM 6:raroaap-q o6ecnc'rcrtrro

ycroii!ruoro ynpaBrqerlo]o ropeHxt r])a(|nroioro
(aroaa rcirelcrBfie rloacplrr3arlru (aro/(Hblx v3"'roB

r crcrcMrr yrlpa l€Hlrs.

IIa pr1c. 1 nprneaer+r <!oro o6pa:uon c noxpt,t

rrr\1x pil3rn,rHoro cocraBa, noirwcHnbLMr no yl{a

3aHHoii rexronorur.recnoii cxeve. o6parrLr,r pasMc[La

".I]rcr, B rexrojro qecftoir oclracr(c nouoporHoro fi

n,'raHcrapHolo rnna, o6cclleqrmatorqcii RpaqcHue

r3rerni'i orHolpeverHo BoKpyf cuoeri oclJ Ir neHrpa

IIp aroNl orpa6olauu crelyorqrc noxpbrrlrt B

crcrerrari <rrcr<r.rr yfjrepor> _ NroHoc.roiinhre TiC,

iroHocronHrrc Ti-C N, uaHoc,roin,hre TiC-TiN, HaHo-

croriHbre TiC-C, MoC MoHoc.'roiiHble crpyr.rvpbr,

MoHoc,rofiHrrc NIo C N, HallocrofiHblc N,loC_C

cfpyxryPll.
11o raho: ,r_r" o. l" r' \iHo u, on'o.

no(pHruj{ Pa3.ru'rHolo cocrala 11 c fpoeHnt i!]t npo-

Be/(etlrir rcc.reroBaHxii Jix cBoiicru, B tracrlocrr,

rpr6oror .r€cKrri xapaKrepucrnR ts pa3Hblx rrapar

aperrt (u 3aBlrcxMocrx ol cocraBa x coorFonrerrrs

croen) r uo3MoxHocrr ux nprMcHerltrq B mqec, re

x3riococ, oir(fix r aHrxqrpuurlroHHtnx rroRPnrrtrr'

Xapaftrep crrRx o5pa3rioB c no(pblr tNIr rrprr

2. l4cnorr3l'ir rcxHo.rrornlo cKEl:r3rroii flIHxpoHr'I

3aqx[ /(rs ynPaBrcHxr rexHo,{orlqecMM nporlec

coM xareceHrlq nonpHr]ln [9], HaMI fa3Pa6oraHH
Holt'le xpo\ecc6l (oHrpolxpy€Nloro QoprlnpoBari 

j{

rrHolol.oNlroneHrHlln HaHo Ir \rlfKpoc'fpyRrypn x

noxpl,rrrn n c crerla:r <irrem"r,'r-yrrepo/r, c npxrre

enxeu RanyyNr n.ra3rlctlt,ix (PVD )
vecrux (C/D) (zufuuAHl'& PVD+CVD) tqot\ec.oa

Kap6n.rrco,qepNarque rro(pblrxt rJo-n] rcHL,I ocatt

llellxe\r r13 [r'Ia3McHHI'1x McTaj1r:Inlrecltr1:t no]oltoB

(Ti, NIo, Zf, Cr, M) r qrerre napos 6en:o"'ra C6H8

Ail' na!eceHlrt MHorocnoiiHbN nol|ptrrllii (TiC-Ti)

(NIoC Mo), rocrpo*xrHx rla noc.rc/]oaarer'IbHo-

u nrrp6Lrlnoro c.'roen, 6slra

, \' .t, . . rrlrP 'brB i

pa6oroii lr('ro!d I{a Hanblncnur ('Ii, Mo, Zr, Cf, Nb) :.,
n I'IMrl].J1'cxo;r (rep orn'IecEoii) roAa'rcil peal{ql1oH-

'^ n rrJn !,r:rtop iPH.,o.rd t CHBr

IIpr rroM onr.ipaj1cr, na lrorrr(enqrxr rraHoc,roil-

Hbrx noRpl,lirn lrcno",It3yJl Bo3Nlo)RHoc]r]r r{olepml-
irFeahhu u 060 '\[ Ed"rr r. u '16"ra " " " trtr-
nue rol{pr,rr1r, <<trre, a.r"r-] frr epoll> -

ro(p6rrfiq,4"iril I)/C 100 - Mo]toororinr're 'l'iC:H,

rrarrooroiinHc TiC:H liN, HaHocioirHblc TiC C:H,

roKphrlrr,4zinif D/C 200 MoHoc"loiiH]'lc NIoC:H,

rralocjoiir+rc IIoC:H liN, HanooloiiHllc N{oCrH (c

pi*.'ln!{H!IM corcpxarltreM yrircpora).

13ce ncc,rcroBarr|ij{ Ilpoqcccorl ocar(aeHnt

xol{p6rrun pa3.rlrl.rxoro cocraBa npoRoAlr,{Ir ts ycrlo

!xrx, 
'toroprlc 

Hc xpnroar r I{ rotr,rrl€Hn{r reirn€

parypo o6pa:uon sr'rrre 200'C. lla claqlrx Bat(J!'M

mla3verrHori oqrrcr(u oro locrxliurocb 3a cqer

ncrolr,roRaHrl,r rlrlny,,rr,crroro pexuua o6pa6ornl r
nu6opa coornoucula rryouexyrrorr pa6orr,r tt

nay3r,r ayfotlHx lIcroqHrllo8, a ra (c o6r{ero BpeNle

Hr u6rri rhr'. Tlott bo 'v'rrne"'t nnr pLrrrrx .
rlpx\relerr erl rllraHo;oro l{aro,qa 6llrroru r orna

uanurovy 6r'r,r pc^xM pa6orbl Avrogofo lrcro'lrrri(a

2 ccKyru(b! ]IaFLI 4 ce(),H/lbl rpx o6rrleM BpcMeH!

o6paJorrfS5! . o.rer.hhLt r 'E'rui p'
ycRoprrclLefo norcHurli!-ra or 30...50 ts ro Nla(crr

rrarb{oro 3HaqeHrt 1000...1200 B. IIpr pa6ore c

Monl6reroDbrM Itaro,qo]l rray3a yBc.IlllrIrrBL{acL' no

6 ceR. IIa c1a/r!r Hanccerrnt no(pHrxLi Ha ocrrolle

ruraHy yrr-apt{ar! rcrlrreparypv B npelerax 180 -
200'C ]Io)|rno 6sno e pexr'nre nocrotHHori pa6orr,r

Bar{yyir-/o/rororo xcro'rH I{a npr rrorcHrrxane

30-UB ts".ya.H, .pHu! "p6., .:r norp-rtttii
Ha oorro8e Morir6rcru name rp roreHqra-rc 25 ts

Hcloiuo)Kno 6ll:lo yaepxam reuncpaf]'Py o6pa3rtor

B 3alarrhDi npcrcrlax npx nocrorHHoii p:6o'fe

3B



Nb)

yto

ryrr-

il c

l0

25B

16ore

2/2orr
{crotrHxxa, nosro^ry 6r.u npuueuen raMny,rlcH6riji

pexuu pa6oGr c qul.qoM 6 cex. pa6ora, 4 cen-

I4cc",rcaoBaHr.rr 4rasoBoro cocraBa noKpbrrrii,
nolyqenn6rx ocorlteriuerl rlrrana s cpere 6er:ora,
Bbrrtsrexrr lranxqne Oa3r,r TiC E

tranrtelur 6cn:o:ra u ycnoBrri oopMxpoBaHrjl
rolcpbrrrii, cpeAn rcoropr'rx na:r6o:rr,ncc Ejrluuuc
orca3Htsaror reMnepaTypa u noreHqxan cMelqeHr{s.

flapuuaarnoe aalrTefiue 6cn3ora, rrpn r{oropoM B

no(prrrxrx yxe fipoe9,'rnmrcr nap6ransre {ra:u
rIfaHa, HaxoAr.rrcr |a rpaHrqe, 6rr.r3xoii ( 1x10 3 fla.

B MoHocroiiH6rx roHAeHcarilr! ocax4eHHbrx B

ruarn3oHe raBreH ii 6eH3ona or 2x103 MM.pr.cr.,4o
2x10'?MM.pr-cr, co epxaHre ynrepora Bo3pacraer or
38 ar. %. ao 52 ar. %. 3ro coorBercrByer sMene-

Hlr]O COOrno eExj{ colLepxaHr{r ynrcpoAa E TxraHy
o't 0,7 tio 1,04. flpr e'roM, r{:I{ ro(a3arr lrccrreAoBa-

Hll'r, rrMccT rrecro (oppeffiq[r Mexay I43MeHeHnerf

cocraBa no(pbrflrt lt xoIoM 3aBEclcMocr[ lerfiqi4
Hlr MnfiporBep ocrx oT fiapqlranlHoro aaBreHxq
6erIlo:ra, npu roropoiir no,r) rerbr noxprrrnr r{r.rrr

poTtsepEocrn rfoHo,o ro n3McHsercjl, aocr[rar MaK

cIrMyMa 11:2x10' MlIa. Ipr AanlHeiiueM roBirIIIe
Htrn aaBncHllA 6elr3or'1a (.1L5x10 ] MM.pr-cr) coAep(a
Hfie ero B fioRpbrrr'rfi yBernturBaercr, a MnrrpoT3ep-

nocrb Bo3pacraer Ao 30.103 MIIa.
BrnrHre aHepr lr uoHoB Ha cBoiicrBa nolrpnl

ruii rsyqeHo Ea o6pa3qax crarr X12MO1-
Ocax4cnne npono4n.'rocr npu 4asrerur 6euso:ra
P:6x10" MM-pT.cr r P:1,5x10r MM.pr-cr- r 3Haqe

Hltnx ycr{oprrrrqero noreHrrxana or 50 B Ao
300 B. Tcuneparypa o6pa3rroB npr.r oroM r3MeHqrac6
or 200"C ao 600'C Tar.r. u:t\iFHeH ! y.roBr,i
ocar.\4eHxr npar{Trgecra Ha Berr4trnHy

MnKporBcpAocrn rorry{aeMbrx ronpl]rnii. B ro xe
upeMr pc,KlrMrr ocarqeHrrrr, oco6eHHo, reMreparypa
r.r rpeMr (oHAeHcarl}lrl, cyrqecrBeHHo Bjrurror Ha

cocrorHue rrarepuarla floAro,{xlr. Ilpar(Tl,rqecl{]t rio
BCex pcxnMax, o6ecrreqlBaroqrrx noryqeHxe naqe

.flJ, HHU\ nnKt'hrruLi. rpo/c\nn r nrry.r. c-2,n'1

X12M@1 u reu 6o.lule, .ror BlrIne oreprxr nonoB
npt1 rcHAeHcaqftfi n BpeNrr ocaxaeHr,!{ B ycjroBrrx
BparueHnr o6pa3{a Bor{pyr oclr B floBopornov
ycrpotcrBc c r{er;rc nonyarcHrq paBHoMepir6rx no
rojrxlnlre l1o]{p!]rr,ru,

I4ccneAoBaHM rxepoxoBarocrr.r o6paarlor c
noxpr,rrnrMrr no(a3ajx,l, ttro ee BeJrrfiuHa orQelle
rrPer,r haK Ber/\xHot uppo\onarocrr4 .\o4 ot
fioBepxHocrn no/{Jloxxx, ra( r'' poKr{r{aMr rraHece

nra noxpurrii. IIpx o6pa6orxe r.rcxosnoii nonepxHo

cTtt ao trucrorbr, orBe'iarcnlcii 6 7 rcIaccy, HaHeceH e

floxpr,rrlIi He yMeHr ano Eraic q{cror6] r B 3aBt
crMocTrr oT penoirla naHeccHns Morjro aaxce nolbr
c]r'ri iioro lra Hecrco,'t!(o elxnxq. TaK, nocre HaHece

H , ru,{pr, lii p oc^xvr drop\r f,nBa rur c ro c.oil
crpyxrypir ua xcxouryro roBepxnocr! o6pa3rla r.r3

cranlr, o6pa6oraHHoii Ao 7 Rnacca qrcrorr,r, senxlu
Ha lnepoxoBarocrn Ra fiMcra 3HaqeHxq, orRetraror{fe
10 n'raccy vt{c for,,r. Cmmcurc rcn:roson narpy:xn
fipu ItoHAerrcauuu 3a cqer cH]r,{eH]r fi,'rorHocrl
/oHHofo 1o.a. npervoj 

'rHPnHoroceraparopa 
^rrr 

c uxeflrr Karerr,Hoii Aa3ir, noBrr

lnamr olHopoaHocrr, crpyrrlgr,r noxpunrx u o6ec-

ncqxEamr coxpaEeHre Krracca qxcrorrr noBepxHocrl
Ha ypoeHe V13.

I4cc.,re.qorax6r npoqecca ocanrAenre rcap6uaxux
noEpr.rrni:i Ha ocHoBe MoJr[6aeHa, I{aI| x B cr]'rrae
I{a6nArfiTafioBr,rx rroHpbrrlrii, fipoBoAr{nu ira ial{a
Ieflriyro cralll c Hlr3xoii Te[ineparypoii ornycKa,

ornonq)oBartlryro ro V 12 Macca qucrorbl. flo
l.p rur rlor1] reHrr rlprr nrrorHocTn I{oHHoro ror{a
1:10 MA/crl, yctoploqeM roreHqxane noAxoxx!
U" - 25 B rr reMrcparype no4:rorcrcrl ?, < 200iC.

AaBnenre 6esso.na

2.5x10 3rtu.pr.cr.
rpr HoH4eHcaqxr
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flpx ocaxAeHnl (ap6ulMoxu6renoBbrx norrplI'
f ii 6er Dxvrr,, Hxr c.nap l)'lo lvy ).'totfln
Mxr{porBepAocrb noKpbrrrri rorurlllroii 12 MI{M

cocraBrrer 2500 xr/MM': x c no!6rlllenlreM reMrepa
'ryp6r lroarloxl.]{ yMeHrrrraercr llo 2000 l{r/Mrl.
Illepoxoiarocrn noBepxxocrr noKprnrnft cooT3er-

crnyer V 7-8 ruaccy rpr ocaxAeHxrr Ha orror'[.rpo
Baxxylo Ao V 12 r{rracca ql,rc, oT noBepxHocrb cr:Lrt
X12MO1. llpouecc KonreHcaurr npr reMnepary
pa-\, rle npeibmrlmql,lx 150-2000C, se npnBorxr i{
.yu.cfBpHHovy c xx.H. (] E.pno.f .yo4Hnii

notepxltocrx crar]r X12MO1. 3arouoMepnocrr
ll3ileHeHns Mopoo,ror n rrotsepxHocrrr ( epoxoBaro'

crfi), o6ycJtoBneHHr,re xoHHlrrf rpaBrreHrieM u rra e

cexleM fior{pbrrxfi, [oKa36rBarcr Heo6xoA]rnocrr,
yrrcnb eHrrr BpeMerM rr reMneparypbr noHHoji 6oM

6aplupoBlrx n xoaAencaqnr c rlelrbro yMenLneHxt
aOOeKroB ryaureHrrr rrolepxHocrx n coxpaxeHtrt
npoqHocTlrbrx xapafirepxcrr.rft ItaK Ha r1a[e xoHriox
orrllcTKx, TaI( I,I ]{oHllencaqull.

C nonrlrenuen ras:renfis 6en3ora tpn (onrel-
caqrM rpar.rnrrecKfi He Ha6jrrcIaercrr Mopooroflfie-

I M, r,pol B.pio.-v noKl'r-rrl]t.
tlojr)ryerlxr]x npfi pa3nntiHbrx 3Harrerur-\ flapaMcrpoB

U"(-15...-70) B tr Tn(50...5000C). noEHrreHre aHep

Ilria roHou, (U") rpr ocax4eHrrr aHanol]nluo Aetr-

crBrno rcrmeparypbr r'r 6,larorpxercrlyer roryqe-
nam crpycryprro 6oree oaHopoaHbrx no4pHrrii. KaI(

Ilol(a3a"'I]r rrccreAoBaHr,rr, tug OopMnpoBaHnr xa.r€

crBeHHbrx llolcpr,rrnii Ha ocHoBe Ti AaR renue 6er3ora
crre yel rloAAcpxxBarb Ha ypoBne 3...4x10' IIa, trns
,oc"aH,H ii Ha o.Hosp l\4o 1...2,5 10' nr.

I{cc,re4ouamu o6paaqoB c rror.pt rrt suld Aoinit D
IIpoBe erll xccreroEanfia o6pao4or c no.rper-

HbrMr roKpbrrnrMl (Mxl(poff.rro5t, rBepaocrr
noRpHrl{qj oxpeaercHEe reoMe.rp I,l xoBepxHocrn
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rocne roKpHrrrs). Xapa(,|eplrcrrl(x o6pa:qoB c

noxp rrlrMlr npxB€aeubl B ra6r. 1.
Tatu 4a 1

MRporBepaocB Tofl4Ga llepoxos., O6pa6or(arptr6onorsecMx
o6pasIIoB

H,=2 300 kf/Mrl ,-1...2 NM & -0,036 rRM

H":2500 (f/MM': ,:12 MkM R" =1,45 1,15 nPxr4m racroii K'l I0/7 (Nap6'a

r!'IaaEa), &= 0,13-0,133 MI{M (10

H":2500 (I 
'M'z 

,=8 10 Nn't Ao'oa$ nacroii KT 10/7 (FaP64a

rurdra), &:0,13 MN, i=s 7 MKw

Ky6nM

Aoiflit D/P 100-Fl

Aaiait D/P 100

Aoinit D/P 100

Aoinit D/P 100-t10/5

A.itit D/P 100-t10/5

A"init D/P 100-t10/5

Aainit D/P 100-t10

Ha ocEoBe Ti C:H

Aoinit D/C 100-t1
Ea ocnde Ti C:H
Aliiit D/C 100-pl
Ea ocHoEc T-C:I'I
Aainit D/P 200
Ha ocrcle (Mo c)
Aoinit D/P 200

Ha ocHole (Mo c)
Aoinit D/P 210 - pl
Fa ocnoue (Mo-c) .

Atinit D/P 200

Aoiait D/C 230 - p1
Fa ocnoue Mo C:H .

Aoinit D/C 24 - 20

Aainit C/P 100

A.init C/P 110-t10

Adnit C/P 210 -p1

Aoinit C/P 3n-n1

A.init D/P 130-t10
!a octrole Ti TiC TiN
Atinit D/P 120-t10

Aoitit D/C 120-ttl
Ea ocHoBe Ti C:H
Aoinit D/P 100-t10

A.init D/P 200

Artinit C/P 210 - p1

Aaiiit C/P 330'n1

Aoitlit C/P 110-tt0

H,=2500 I{I/rM'z ,:12 MN

H,:2300 (I/Mil lr :8...10 NIRM

H,=2000 d/MNl , -8...10 Mnt

H,:2500 rIlMM'z , =8...10 MFn

H.6o:1700 xl/Mil , -1,5MK\

H,n-2000 /Mrl l?:1Ml{Ir

H,:1800 (I/MM'z l?=1 r'kM

H"-2500 eryMM' ,:10 ff

H":2200 d/w' n=1 MRM

H,=2200 xr 
'# 

,-8-10 Mru

H,:2300 (I/MM'z ,=1,5 MEM

rL=2500 RIIM# ,-8-10 Mft

H,=2500 d/wM'z l:12 MKM

H":2000...2200 i:10 Mw

H":2200 kI/MM' l,-1,5 Mru

H,-3500 RI/MM' ,=1,5 MId

Ipnrrlka mcron KT 10l ((ap6r
uraEa), n.: 0,13 MKv.

AoBoa(a xacroii ItT 10, (xat6'a
rmaEa) R"-0,13 lld, ,=5 7 MkM

Cdr1 npunyc( 3...4 rffM, rorutrEa ciot

AoBoan nacroii (T 10/7 (xap6q
rmaFa), -R.=0,13 M$', ft:5 7 r {M

AoBoae dMarHot nacroii. Ilocre
rosonl.l 'h:5 8 N1LM, R.= 0,13 MLM ,

& :1,15-1,05 AoBoam drmEon racrorl co cbeMoM

nprnycq ,:5-8 MKu, &=0,13 Mru.

& :1,15-1,05 Cstr npnnycr 3...4 MrM, ro,a,iHa
ooa n -5...6 r*u

R":1,45 1,15 AoBoaka nacroli KT 10/7 ((ap6'.4
r raHd. /r. 0.13 v(v./l 5 7 Mr
nooe aoBoa(tr.
Crltr trpdtycl. 3...4 r(M, loml'na
cno' ll :5...6 MftM

H,5o:2000 (I/MM'z ,4=1 MKM

H,=2500 ftI/Mrl ,:12 MM &:1,45-1,15

H,-2300 (f/Mil l=8 10 M&M R" =1,15 1,05 AoBoau xacroii KT l0fia$^p,6ir\
aqrea). Ilocie 

^oBoaM 
,:5-7 MN,

&:0,r3 ru.
H":2300 (I/w' ,-l-2 MN R"-,044r'N

Eq
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2/2orr
B OAO <Morop-Cn.r' ryoseAerbr Mera roQn

3rqecRxe rl3Meperrr noKptlrllir Adnit D/P 100 tr
Aoiflit D/P m0 Ha pacrpoBoM aneKrpoHHoM MnKpo-

crcre JSM T 300 (ptrc. 2 4). Arq r,I3MepeHnr rorl-
ruxHLr 6br,l tl:rroros.rFI noncpe'rHbrii .mraqc.K ii
n3JroM aeTaneia c nol(plrrxrMn. Tonnu{Ha fio(pblTrt
cocTaBlser - 6-9 NrKM. Kai( noxazmamr uaMcpern:r,

B no(pbrrrr coAepxafine yrjlepoAa - 10-15 %,

aoBojlbHo paBHoMepHo pacrperc.'reHHoro E crpy(Ty-
pe rlo(plrrlrr B cooTBeTcTBx]r c ero xoHcrpyKqnel,I.

I4cc,reAoBaHr.rr o6xapyrErBamr Bnlco(oe (aqecrBo

cqerureHlr orcJoeHr,M rIoI(PbrT]Is

Bcex [ccreaoBaHH x ro$r,rrr{sx, He BE,l{BreHo.

BbrlorHeHEue lccneaoBaHrs o6paeqor node
HaneceHnr nol{pnn 1,1 pa3Horo cocTana [oRasHBaror,
.rro orpa60raar+re pe)l|rMnl ro3Borsror ron) rarb
(aqecrBeHHsre noKplrrnr c Br,rco(ot aar$net,
coxpaHrr rBep4ocrb ocHoBlr cranr X12@1 B

3aIaHHbx. fipeaeJrax - rnepaocrb ]r Mll(poBepaocrt
Marepfiarra ocHoBlr B Bbr6paxHbrx pex]rMax HaHece

Hxr fioftpllTr,r.s rpa(Tfiqec(I.r rre cHnxarorc{ no
cpaBH€Hnro c xcxoaHHM cocroj{HfeM- cryqaeB
orcnoeHar [or{p6rT]rt npfi ]Iafiecelrlrlr cerr{[ qapa

nnn ue na6mora'rocr MerafforpalDqqec(ne ncc"]Ie

aoBaHlrr o6pasiloB c noKpnlrnsMr roarBepanrrr.r

r paBHoMepHocrr ro rorrrurHe rro(prr-
rxft Ha Bceri noBepxnocru o6pasqor.

l\! m.fl(t, c Ti Bcaro,%

015 12,12 87,28 100

0r6 6,54 93,46 t00
or7 5,02 94,98 100

6

Pnc 2. BlerHln Enn rcryImr Avinit D/P 100 Gn ocnole
crcreMhr fic) (norepeqE6li n&ll))
anu6a a)r nplNcpmn xrMnecann cocran ardBxpyeMLx
3on b). Toxxrrla no(pdru - 3,5 Mru.

eo
a

g
ts
E=

2
d
e(,
iJ
H

e

Y,

Fq

6q

B
TJ

c

a
m
l:l

Prc 3. BHculnn Bra noap6rrrr Avinit D/P 100 (!a ocEoBc ecrMLr TiC) (ronaecErn mrO) u DsrMe uprl!o'aH!, y!&rra
rcEprre. Eotuuerry conepaaruro 3xcM.!1€ codlcrcrByd 6oncc !Hre{crB!& ol?acM. Tornrqsa no(p'rxr - 3,5 MN

x9000
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I1poQxrorpaQ]I.IecI.]rMII r?MepeHxnrff noI
rBepxaeHo, qro nocrr€ HaHeceHm nolipilrlrlr c npu

MerreH[Nr cerrapnp).rcrqfix ycrpotcrB rla onrlTHHe

o6pa3un c lrepoxoBarocrnrc, coorrercrByloqei;

12 13 ulaccy lr[crorbr, rtepoxoBarocr] noBepxHo-

crrr o6pa:qon lpaKlr4qecxt{ He lrsMeHserct,,11160

HeHa'rrrenrHo (Ha oary-rBe eALIHSI$I) yxy]IlJlaerc'r

Rnacc qlcToTbr floBepxxocTf.

TanrM o6pa3oM, ancllep]rMelrranbHEre pe3yrlbra-

rH fiolrBep)(Aaror eo3Moxnoc'rh H[3fioreMfleparyp

oiiin noKpllrt'Iii<Meran'I-

yryrepoq, AL,init D Ha ocHoBe (ap6riAoB Nrera"'uoB B

PVD x r6pnAH6rx PYr+Cf, npoqeccax HaHece

mlJ{ noKpr,rrfiji B pexnMax, o6ecneqfi]rarcqfix xopo-

rrlyro 4tr:earrc ( Ma,epnana.v no,aroxKrl (cranr,

X12o1) 6e3 cHUXeHr'rj{ rporrHocrrbrx xapaRreplr-

c]lrlc cra"qn (< 200'C) r 6ee lxyauenl{x nnacca .Il1c-

TOrn tcxoAllot troBepxnocrlr.

IlccneAoBar r xapamepl{crtdc rpe]trm n n3fioca

IIo orpa6orannr.rM pe\uMaM rorryareHll Mnot-o

croiiHbre r'r HalJoc"roiiHl'le IJoKpbr ltr Aoinit D/P 1U)'

Aoinit D/C /r, (Ti-C; TiC:H, TiC N, Ti-C-C) tr

ronpwruir Adnit D/P 200, Aoinit D/C 200 (MoC,

MoC-C, MoCN, Mo'C:H) Ha KoHlp,erax Ir Ha

ocnoBn x o6pair{L{ (lry6rmr.r) ans rpu6o,'IorFrecxn

flpoBereHH lrcnbrraHr{jl rlo onpeaejleHtro rp]r-

6orexnuuecrrx rapaxrepftcr]rK o6pa3rtoB c KoHrpre-

JrarM, ullerorqnM]r ficcneaycMr,re I1oKp Trr.s, rlo cxcMe

<xy6nK _po"'InK>.

P'rl.rrrarur p'r6o,r"ru' eern:r' , cnrrrrnvri a,rq

nou.panuii Aoinit D/P /0, (Ti-C; Ti-CrH, Ti C N,

Ti-C-C) nprrBeaell'I v n6n. 2, a rn'I norpblrnli
Aoinit D/P 2M (MoC, MoC C, Mo-C-NeMo-C:H)

B ra6n. 3. IlprBeaenr,r raKxre p$ynnrarri r3]nreHlrt

o6pa3qoB c nol(p rtrrMr, (Mrxpornrob! rrepnocrb

fio(pbrrnr, oflpeaeleH{e reoMerplrE lroBepxHocrlr)

MopQonorus noBepx]rocrll, epoxoBarocrb, Berrflqn'

Ha BHpa6orr.r) noc.te }IcnllraHlrii.

gm

P( 4, Blcurud !!q noxpm1t A.init DlA 100 (Ha ao$ne ctcrebr Mo_C) ! ldhMe ar@3a n mro To,ruM nolabnxt - 6 MN

r-------r----.-< 3.0 pm

r-----l---r 3.0 pm
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r-\ /r-\ /-\1 4 IEXI-]O OThqECk lEL/avII ffiE

Peynrrarbr rp!6onoMcecrrx trcmrallii /rr'r norys\ui| Aaiflit D 100.

1

Pcaylhrar6r rcnlranln Cocrortsre xocie rcnbftrd

Crar. X12@1/,1.lrt 3ar{$ nln vBcjlqcHrt
D/P 120 t1o sarpv:xr c b ;Lo =toorr
Ctut\ X12Ql/ Atjlit. 3aqrD rr)lr we,rncarr
D/P 130 t1o narpv:;u c b ro - looH
Adnit. Dt 10a t10/5 / 200tr,li"D-0.10i
.nai6 20X3N{BO, 4001t, &;:0,11;
4eMerrrif. 600H, r p:0,12i

800H, (,r-0,16;
1000H, E i=0,092j

Aainit D/C 100-t1 / 2001I, (-:0,10i
daa.r6 2oX3NltsO 400H. r.0:0,11;

Atinit C/P 33a- / 200H, r,":0,14
Azinit DI 120 dA ! cauoy xoruc pcxNa

nacturo 3ar!!a.
Aniait c/P 330 n1 / 200H, &,-0,14
Aoinit D/P 13a 0 400rr, &;-0,138

600H, ra:0,u3
800H, r !:0,148

Arilit C/P t30 nl / 200H. N,,-0,160
Atinit D/P 1Ln-t10 .100tr, &;-0,155

60011, (a:0,150
800H, (,!:0,150

Atnn D/P 140 flA / 200H, (",=0,086
Atinit C/P ra.n1 400II, (r-0,077

600H, (a:0,107
800H. (D:0,138

Hr,r,rbr rrerar,ra Ha rt'6nRc,
orBcrE 6re boto3rLr ra !om(e.
llarrn!' Meraua Fa ky6n(e,
ornernLrc 6oN3r6r na poirNe.

Ky6r! nueer oierlflta6orm: rnl,5lHa -
0.7Mxii;- nrltfna 0,6\tM; anoupAb 6 rol.
Ha l)orrre nalarbHbre cleALr ncteHoca

Ky6!! hueer crer mHo(a urpnqoij : 5yM.
Ea pon!(c crexd nepcHoca Marelrua kt6na.

H&un Mdaa,a Ha rq'6!rc 
' 

ueErpe cjcna

orBerFa, 6o!o3ra tsa po,1rr€.

I{y6r( rMeer crc,( !3troca url'JHori - 4Ml!
tonk HMe€r notla_"hnbd c,rcn ,iprpa6orrtr,
lr3ydBro npmnarots 43!

KJ6r( rtrreer crcn nnoca Drprnoii - 6rNrj

!ofu'{ rMeer roplr,J6Ebrn crcjl irprpa5or(x,
B!312r!ro lPr3na(oB H3ts

Kt'6ri( !M.er cnea rplpa6orM: .ry6rHa
4,1uttr! ' trrrfuHa I,2twt uroutaAt 12tu'
Ponr( rreer Holualnnlfi .rex fitrpaliorktr,
Bn:ytu,bfio trP!3sako! u3n

Kl'6m nNrco cxer npnfa5orKu: nylixHa
3,1!N; urprHa . l\tMinLalaa1b 10.w2.
Po"!!k nMeer nopla'ihH6lii cres lprpa6oru,
urByarLHo lrrsla(oB r3H

Ity6lk rMeer cnc! !3doca urtlloii :2NrMj
orlerrd 6op6ra !a toir(e.
Ky6!k rrreer .Ie.q !3Hoca rrpnson : 2MMi
orBerFlrc 60!03rlr Ha por!(e.

Ka( na ry6h(e, rax r sa torrre lopNil16Hb,ii
c1e.q nptr6ofo, !tr31'd6lo rprrnaloR
x3Hoca ne lMccrcri cne! nplpa6or(tr:
my6tHi - 0,8MN; ,,,trprm 0.7NrM;

Ky6!x rM.& HopNruLELri cxer npnpa6or(! c
HUrrtriLlM Mcrarna B uenrPci
orBcrHis 6op6.qa !a por!(e.
Ky6q( lrreer cre,r trprfa6onor: nv6rna
0,2M(Mj nrnpxna 0,5\t\tiuaa,a.t6 5ti1.
PorH( uMeer Eopvdrllbln crc ,,txpa6orM,
Bnya,bHo np!3Ha(oB ,38

He3naqnrcrhd6re lainnlJ Mera.ua na RJ6n(e,
ornerrbre rafa"uflrr !a Porn(e.
KI6tr( rtrrc.r qer nprta6oa(r: riy6rla -
2,7u(Ni; urplHa . lMiinlalaa1b 10ir2.
Ponn! queer nopMdrbHbtri creg nprpa6orru,
nmyar6Ho lpmnaroB mH

Cne.n6r csarLrBaHrr, m( ra q6a^e, rar n na

Ky6',( rMeer crcr {3noca urP'rHoii - 5vrr,
na porr(e crrerE ncpenoca Marctlara (),6!(a.

1200H, x !:0,087i
1,i00H, ( r=0,087;
1400H !a!a!o

rV).",=303 nrlMrl
600H, &p 0,12;

800H, !aahp.

t)0,

)C,

N,

)

)5

1(,

l7

13

11

12

A.init D/C 104 p1/
Atinit C/P ,A n1

craB X12O1 /
Atikit Dt 1A0 t.|A/
CruL X]2O1 /
A nit Dt 13a fio

A.init D/P 1Aa t10 /

Aainit D/C 100 p /

A.init C/P 210 !1/

Arinit C/P 11A t10 /
a'a@ 20X3MBq)
CIML X12<I'I / Aainlt
C/P 214 p1

Atiril. C/P 210 p1/
Cnar6 20X3NIBO
crlnL X12AI/ A1,iltit
c/P 114 fio

100011, x,e:0,146
1200H, x r-0,143
1400H, k4-0,140

1000It, ra:0,140
1200H, ( !=0,130
1400H, (,r-0,119

1000H, (.':0,070
1200H, r r=0,093
1.i00H, (,!=0,123

1000H, r,,,-0,066
1200H, qr-0.070
1400II, (n:0,107
(pV) ,,:182 Brlr^l

200H, ("r-0,060

40011, !a:0,055
600H, iqL:0,060
800H, K!,-0,070

Ila larfFre 2001I:

200H, r"r-0,140
.10011, kq:0,140, 3arnp

200H, q!-0,050
400H, (D=0,050

600II, ({:0,050
800H, rD:0,067

200H, &n=0,110
400II, ("!:0,095
600H, xD:o.100
200H,(,r,:0,130
400I1, &r=0,105
60011. (+:0,103

200H, ( r=0,16;
400II, riT-0,15;
200H, K.r,-0,050
.i00ll- &p-0,037
600H, (F:0,043
800H, ( !:0,093

2001I, (a:0,140
400H, Ila:0,123
200H, 8,,=0,22;
400H, Eaeuro 3arrpa.

1000H, r,!:0,062
1200H, rc,}-0,067
1400H, E,=0.063
(p\r).-:260 RllMu'

800H, ( r:0,090
1000H. K1=0,096
na 1200Hr 3ajLHt)

800iI, t<a:0,110
1000H, ( !-0,118

600H, r,!:0,157:

1000H, ( !:0,076
1200H, (D=0'098

1400II, xa:0,124 
"

600H, )r4-0.127
800H: 3aqrp
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I MoC:H (cenap.) /
Cru! 20X3MBO

MoC:H (ce!ap.) /
Atinit C/P 210-mI

Peaymrarrr rpn6oaonueclrlrx rcmaErii .r,tr no]6'pbl'nift Aaiiit D 200.

Cocro'nle nocne ,lcnFraMn

Ha.iarrjme oea6r lr3arMlroro nepenoca

irareprua na ny6mc u pomxe.
IapaMerpi,r creaa nprpa6o1l{n Ha ry6!(e:
rny6nlla 11M(M; npflIa 1,2rN.

Ky6u( {Meer cncn np'pa6orM c

rJrt6ma l4Nricv; nuprHa - 1,6MM.

Ponm weer HopMarBE6rii cae! rprpa6orxu,
!!3yan!Ho nprrcsarcB m

Ky6n{ nMecr cnea nprpa6orKr c

By6lEa 16nLM; - mpqHa l,7Mn.
Pox]r]. riMccr EopMa6H6rn c-rea npnpa6orxu,
Br.l3)?rBso nPBEaroB u3

PcayrLrrrd Hcmrrarxn

MoC:H (cenap.) /
Arinit D/C 72O-n7

200H, x,p:0.140i
400H, Ra=0.110;

600II, (.r-0.123;

800H, &o-0.123;

200H, (P:0.160;

400H, Rp:o.145;
600H, Kr:0.143j
800H, (D:0.147i

200H, tu=0.09i
400H, rqp:0.09;

600H, Ep=0.097;

800H, (+=0.105;

1000H, (+=0.132;

6oree 1000H

1000H, !.,p:0.150;
1200H, rh:().148;
1400H, (a=0.147

1000H, n"r:0-102;
1200H ct{aqol{ ro

CyMNrqpoBaHHHe 3aBlrcxMocrlr ltoeoQlrqreHra

rpenr.rjl or Harpyarrr aqa nap rpcutr4 orpa6orarunx
6ee rcuoca r saarpa, lpuBeAeHa Ha prc. 5 (Ha ocno

Ti-C) u pfic. 6 (Ha ocfiore clrcrer16r

Mo-C).
B Ta6nmrax u rpaqrlr(ax npuBe^eHbl ra(xe

ne(oroplre cpasnuTelr,Hbre aaHHHe Io pe3ynlrar'aM

rpu6o,roruuccrcux ucll raHri ro(ptrrfii Avinit B

cncreMax Ti-N, Mo-N Ii Al-N Ka( ts napax c ltap-

6r,qum'u noxpmrgnx, rarr Ir rpu T penrlr Iro
.rrcroft cra'Irr 6es no(pbtrnt.

P€yrl1'rarr,r rpfi6oroE'recKmt xcnblralflrti llol<a

norer,lr.Dt fla mp644Hoii ocHoBc r[na
,4.,irir D n,p.nah.xnH'' rre noBr,oxer'rq -Ho, o, ror1

xocrx r cHrDKerlut r.@iDipnrxeHra TpeHrq r Morf'r

6rrrr, peKoMeH,AomIII{ Irt rrpoBerelMt AarRHernlrfl{x

u3HocHL,L\ lr arperaTHtlx ncl]brraHrrlr ri llr{ noc-'Iellyro

rlefi orpa6or(1j lpoqeccoB HaHeceHut floKprirnii 
'la(oH.peTHsre aerani ts lrarypHblx yrla-\ Tpentrq

Prc. 5. 3aB!.xMooL (otoorqrsft r!c!!, or Harly3o
(tro,ebrrm 

^vidt 
D/P 100 rra o.HoD€ clcftM! Ti C).

--a-darb 3ra-415 Moc:H (26)

--.1-MoN MoC:H (25)

\23)

(231

:,"_,l -

I

!
i

s 6 

-tu6N 

noRrop soc Moc {2a)

".-narNMoc(24)
-'*-da,b314'41s Moc (2s)

+MdN Moc (2s)

*riAN Moc {2s}

Pk. 6. SencrMoc6 eoc'i$nueETa rDcH!, or EaIPy3tu (to(|dr!' Ivinit D/P 200 In ocEoBe c'creMd lvlo_c)

--tFF
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Buaodu

1. llpoBelerJa lro,Iepnma! , r{arolHbrx FJroB

' 
. , \rrr \ rt.aB r.u rr . 06., . rp ! y, ro , .Bnro

yrpaBrre\roro fopcHre rpaorroBoro Rafoira, qro
no:to,rn:ro o6ccne'rurb ro.rytreHfie
rroHp fux B cucr$fax <rrrcrar.rj-yrnepo4> ]llxi orHo
BpeMcHHori pa6ore orHono\rnoH€H.f !6rx xaro.qor (iue
r C) r Nny,rlcHorr Lrxn rroc.rorHHoM pexx\rc.

2. I4cno",rb3yr rcxHonorxm creo:noii orrrxpoufi-
3aurln ]tnpaB.{cH]]e rcx]]ojtol.j,jtrecKnM flpoqeccov
rnHccertllr no(pr,rrrlji [9], paepa5oranu norr,rc npo
\eccti (pVD u zufuuanau PVD+CVD) Eo1.tpo tu.
pycrrorc Oop upoBaHrJr rrHoroKoMnoH€H, , u,t Eeo
n vrRpocrpyKrypr I brx rrorer,lTnr'i /?irit D B cric.reMax
ofera"rFyrrrepor> c rrp]rMeHertucrvr lanJyru_n.ra3rreH
H',lx (PyD) ra rna3Nro:ru\Ju,rcc(ux (CyD) rpo{e(coE.

3. OcHolr,rBasc! Ha pa3tsriEaeMoii (od4elrrrn
rarocroiiHr,rx loHpbrruii, nporeleHa orpa6orxa rcx
Ho-qorIJ.rec1r napaMcrpoR npoqeccor (pVD u 2u6_
pudltbLt PVD+CVD) EaHecejJxr r"lHor-oc,roiiHbrx r.r

riarroc"rrotilrrInoKpr.rrrJ f ( Me C, Me - C :8, Me - C - N,
M?C-C| t. pJ r^pon. r.

IIpn arou orpa6oraur,r crellyrcrqr4c rpoqeccbr r.r

nonyqcHbr lo(pbr,fi1, B cncreMal <Mefari.rr-]T.tepol1r:
! PYD rpoqeccax

- TiC rroHocrror.iHbre. Ti C N MoHocio,J|,rc,
TiC TiN HaHocror'iHbre, TiC C HaHoc.roriltucj

- tr{oC uoroclorhrse, Nlo C,N rroHoc,rorHHc,
MoC-C Ha|oororiH6re roRpn.rrr.

ts 2u6puA4bL.t PVD+CVD ryouecc:1x:
- TiC:II rrorroc,roiirJuc,Tic:H-TN Harioc.roli-

Hr,rc, 'fic C:H HaHocroiinnre,
- Nf oC:II Mollocilot L,re, I,IoC:li-TiN Halloc,ror

Hbre, NIoC:H xaHocjroiiH6re loKpbrrr.rr.
4. I]poEerela onr rrx3aq r rpoleccor rrirHcce

Hr4r (aqec1.tseriH6rr xpoqHocqcffelfi r6rx ynpoq rr0_
urlx aHrrQpuKqrorrrr,Ix noxprrrnir rra onlirrHbrx
oopa3qar. r/13rrepeurr xapa(Teprc'luKri nol{pLl'rxii
(rrERporBeplocrr, nrep,rocrr, rxcpoxo|rarocrb).

tr{etu!,rorpaor.l.r€cl({c rccrreroBaHnq,rodrlcp
,fiIaror Bo3\'oxHoc I L, Htrs(orcrrnepal\pHoro Ha ecc_
rl1j1 (a\ecrBeHriLrx lfirJococronltlrr BnrcoLorlcp,ubrx
rolrpr,rrxr; <rrcra"rrr-yr,{epo1p r pa:pa6oranur,rx lpo,
uccrcDi xaHecertxr narrononpuuii, flp, rro\r o6ec
llerruBaercr roporftr a/r(re3llj1 ( Marcpfi:,.{a\1 lojr
,roxlt]J (cr:r,r6 X12cDl) 6ca c,u,ncHn, lpoqHocrHh,x
rapaHref"crx( crIr]rn (< 200'C) u 6e yxyufcn[;
Rracca q[c1.orr,r xcxoJHori loEcpx ocrn.

5. Ha ocnotsaHrrl npole,r(eHnsrx rpl6o,rorlue
cKrix rrcnhrraHtfl:r crrc.rraH strBo]r o lrcpcnerarlJJrrocrrJ
pil]lar LEH lrHnru o\ o .rHd, \Ho n,.,";-

1, r po. i i .t .\ nuhl rr rnl
Azinil .te , o, ,.r.rir.u, I | ,.. 

^L-irxr Rotroollullerrra rfe|lur c]{oJr,xcHfiq |ap_
llo pe.rr iLrem\r rp 6oxorrtrecKrx Ircahnnuux

nu6parrrr olr.:rrir,rnr,re Brillr jroHcrpyl.trn rorrprI
TI,lIi j Uanoa te: :atar triTrtrn jr,rc Itr]r rroBrrrneH|, rj3Ho
cocrort.ocr:r i, .::.riif|Ir liorooxllnerrfa rpcHfijl

' nat pt:IIIde Aoinit C/p 300,
' na'(p."rrve Aatuit C/p 200;
- ro(pt:fl.ne Aoifuit C/P 320-mstl
- ]lo(pLilrne At)ikit D/P 200.
grx [onpHrr, pcRoNrerixoBaH6r lu, trpose e

-rr xi !r r.!
rroc.'rcrynnreti orpa6orxr rpoueccor raHcceHrrt
Jror{prrrltr rra RoHreerHlre lefaru B Ha.rvpHlrri y3r.rax

ru.o'r rr np4Beri r.r,r lp.\1" HU\ .,r, a ri.
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