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Ioxpeitusa cuctem Zr—B—Si—C—Ti u Zr—B—Si—C—Ti—N BnepBble ObUIHM HOIYyYeHBI METOIOM MOHHO-
IJIa3MEHHOTO BaKyyMHO-IYTOBOI'O OCaXIEHUS B OCTaTOUHOI aTMocdepe aproHa u azora. [TokpsiTue
Zr—B—Si—C—Ti xapakrtepusyeTrcs aMop(HO-HAHOKPUCTAJUIMUECKOM CTpyKTypoil. HaHokpucTamiuTel
dopmupoBanucs B cucteme Ti—B—C, a amopdHast cocTasisitoiiasi CTpyKTypbl oopazoBaHa dazamu Zr—B—C u
Si—C. I1okppITHE BTOPOIf CUCTEMBI UMEET IIPEUMYIIIECTBEHHO aMOP(HYIO CTPYKTYpY (CTereHb amopdu3a-
uu ~85—93%), koTopasi (popMUpyeTcss Ha OCHOBE HUTpUOA TUTaHa ¢ HaauuueM cBsaseit Ti—B u Ti—C,
kap6obopuutpuza (Zr(C,N,B),), Gopuna UMPKOHHUS U KAPOOHUTPUIA KPEMHMUSI.
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BBEIAEHUE

IMopoikoBasi Kepamuka Ha ocHoBe ZrB,—SiC sB-
JISIeTCSI MePCIIEKTUBHBIM MaTEpUAIOM JIJISl UCITOJIb30-
BaHUS MPU BBICOKUX TeMIlepaTypax U BO3IEHCTBUU
OKMCIIMTENIbHOM cpennl [1—3].

DTOT MaTepuaj HallleJl IpUMEHEeHNE U JJIs1 3aIl1-
Thl IOBEPXHOCTEM OTBETCTBEHHBIX J€TalCiA U y3JI0B,
IOIBEPralolINXCsI BLICOKOTEMIIEPATYPHOMY BO3JIeli-
CTBMIO U SKCTPEeMaJIbHBIM Harpy3kaM, B Ka4eCTBE I10-
KPBITUI, (POPMUPYEMBIX METOIOM Ta30TEPMUYECKOTO
TJIa3MEeHHOTO HambUIeHUs [4—6]. JaHHBIe TTOKPHITHS
XapaKTePU3YIOTCSI OTHOCUTEIHLHO OOJBIION MOPHUCTO-
CTblO, HU3KOI KOT€3MOHHOM MPOYHOCTBIO U aJre3ueii
K TIOJIJTOKKE, YTO CHIMKAET UX M3HOCOCTOMKOCTD. Ya-
IIIe BCEro IISI MOJy4eHUST U3HOCTOMKUX ITOKPBITUIA,
paboTalolux B YCJIOBUSIX BBICOKOTEMIIEPATYPHOIO
OKUCJIEHUSI, UCTIOJIb3YIOT METOAbI (DU3NUECKOTOo Oca-
XneHus 13 razoBoii ¢asel (PVD) [7]. B Hateii pado-
Te Wi GpopMupoBaHusi NMokpbiTuit ZrB,—SiC 6bL1
HWCHOJIb30BaH MeTon arc-PVD, KoTopblit XapakTepu-
3yeTCsl PSIOM IIPEUMYIIECTB IIepe IMPOKO UCIIOJIb-
3yeMbIM MeTogoM — PVD-MarHeTpoHHBIM HambLIe-
HUeM [8, 9]: NOBBIIIEHHON 3HEprueit ocaxkaaeMbIX
YaCTUL, BBICOKOM MPOYHOCTHIO MX CBSI3M C MOMIIOX-
Kkoii. HemocraTok »Toro criocoda, cBI3aHHBIN ¢ Ha-

JIMYMEM KarleJIbHOM (pa3bl, 00pa3yrolleiics Mpr 1cIia-
pPEHUU KaTOAOB BAKYYMHOM OYrOii, MOXHO YCTPAHUTh,
BKJTIOUMB B KOHCTPYKIIWIO MCITAPUTEIBHOM CHUCTEMBbI
cernaparophbl KareJIbHOM (pa3bl, a TaKXKe YMEHBIINUB e
ColepKaHNe B UCITapsIEMOM ITOTOKE aTOMOB MOA00-
POM TTapaMeTpoB dyeKTprdeckoit ayrm [10, 11].

Lenbo HacTosAMeil paboThl OBUIO U3YYEHUE BO3-
MOXHOCTH TTOJy4eHUSI METOIOM MOHHO-TIJIa3MEH-
HOTO BaKyyMHO-IYTOBOTO OCaXJAEHMUS TOKPBITUI
Zr—B—Si—C—Ti—(N) ¢ ucroib30BaHueM HCIapsie-
MOro KOMOMHMPOBAHHOTO KaTo/a U3 TUTaHa U Kepa-
Muyeckoil BcrtaBku (ZrB,—SiC), uccnenoBaHue ux
CTPYKTYDBI ¥ COCTaBa.

OKCITEPUMEHTAJIBHAA YACTDb

ITokpeITUSA MOJTyYaayu HA YCTAHOBKE MOHHO-TLJIa3-
MEHHOT'O BaKYYMHO-IyTOBOTO OCaXIEHUS C UCTIONIB30-
BaHMEM KOMOMHMPOBAHHOIO KaToJa HA OCHOBE Kepa-
Muueckoi BcraBku ZrB,—SiC B TUTAaHOBOII marpulie.
BcTaBka M3rotoBieHa METOIOM MCKPOBOTO IJIa3MEH-
HOTO crneKkaHMs. BHelIHMii BUO Karoga MoKa3aH Ha
puc. la. McnapeHue Karoia OCYLUECTBIISUIOCH IIOL
JEeWCTBUEM 3HEPIUY, BBIAENSIONIENCS B KaTOIHBIX
MATHAX, [ePEMEIAIOLINXCA 10 IIOBEPXHOCTU KAaTOa
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Puc. 1. cniapsieMblii KOMOMHUPOBAHHbII KaToI (), CXeMa pPacioJIOXKEeHUSI KATOMHBIX MSITeH 10 MOBEpPXHOCTH KaToa (0), pac-
MOJIOKEHUE MOMJIOXKEK B KAMEPE U PEKUMBI OCAXKICHUS ITOKPHITHIA (B).

(puc. 10). Ilomymoxku pacronaraauch Iepea ncrnapum-
teneM Ha paccTtossHuu 200 MM (puc. 1B). ITapamerpnl
OCaXJeHUs TIOKPBITUM NIPpUBENEHBI Ha pucC. 1.

®a30BblIii aHAJIN3 NOKPBITUIA TPOBOIUIN HA PEHT-
reHoBckoM audpakromerpe Ultima 4 (Rigaku, Amo-
HUs) ¢ ucrojib3oBaHueM Cuk -uzirydeHus u rpacu-
TOBOI'O MOHOXpOMAaTopa Ha TUdparupoBaHHOM ITy4YKe B
aCUMMETPUYHOM reOMETPUN CheMKHU (YTojl MEXKIy ma-
JIAIOLIMM JIy4OM U MOBEPXHOCTBIO 00pas3lia COCTaB-
Jaan 5°). Mcnonb3yemasi B paboTe KOJUYECTBEHHAs
olieHKa cTereHu aMmopdU3allMi OCHOBaHa Ha orpe-
JleJIeHU BKJ1aJa KpUCTaLIMYecKoil 1 aMopdHoii a3
BellleCTBa B KapTUHY AubpaKlMU 4epe3 olpenelie-
HUe OTHOWIEHUA S,/ (Sy, T S,y), 1€ S,y U S, — TIO-
manu Ha audpakTorpaMmax Moj rajio amopdHOi
¢a3bl U AUDPaKIIUOHHBIMY JIMHUSIMU OT KPUCTAJIM -
yeckux (a3 coorBeTcTBeHHO. [lnomanu onpenensi-
IOTCS Haj JIMHUEU, MPOBEIEHHOH IO OCHOBaHUSIM
ITUPAKIIMOHHBIX CITEKTPOB [12].

HEOPTAHUYECKWE MATEPUAJIbI

TOM 59 Ne 2

Jist n3ydeHnst MOpgOJTIOrK TTOBEPXHOCTH TTOKPHI-
THIA Y X DJIEMEHTHOI'O COCTaBa UCITOIb30BaJIM CKAaHM-
PYIOIINI DIEKTPOHHBINA MUKPOCKOIT JSM-6610LV ¢
DA C-nmpucrakoit JED-2300F (JEOL, fmnonwus). Uc-
CJIeIOBaHUE CTPYKTYPhI OCYILIECTBIISIIIOCH C UCIIOIb30-
BaHWEM MPOCBEUMBAIOIIETO JIEKTPOHHOTO MUKPO-
ckona (ITOM) JEM-200CX mipu yCKOpPSIIOIIEeM HaIlpsi-
xkeHuu 200 kB. Mo anekTpoHOrpaMMamM ompeaesisiain
¢da30BBIN cocTaB MOKPHITH. [TonroToBKY 00pa3noB
st TIDM, BKITIOYAIOIIyI0 M3TOTOBJIEHUE MOoIepey-
HBIX JIaMeJIel ¢ mocieaylonein (pukcanneit Ha ceTKe
IIDM u BBIpe3aHMEM TOHKOIO OKHa (ImomepeyHast
nombeMHas Jiamenu I1OM), mpoBoauiIn Ha yCTaHOB-
ke Strata FIB 205 (FEI Company, CIIIA). DHepruio
CBSI3Y XUMUYECKUX DJIEMEHTOB B MOKPBITUSIX aHa-
JIM3UPOBAJIM C TTOMOIIBIO PEHTTEHOBCKO (hOTO-
3JIeKTpoHHOI cnekTpockonuu (P®HC) Ha npubo-
pe PHI 5500 ESCA (Perkin-Elmer, CIIIA). OToT MeTon
MO3BOJIST KOJIMYECTBEHHO OIIPEIEsATh JIEMEHTHBIN
COCTaB MOKPBITUI, YTO BaxKHO TIPY aHAJIM3e MaTepua-
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Puc. 2. N306paxeHust ronepeyHbIx U310MOB NOKpbITUil Zr—B—Si—C—Ti—N (a) u Zr—B—Si—C—Ti (6).

JIOB, coaepxkaiux jgerkue 35eMeHTsI (B, O, C), Tak Kak
PEHTIEHOCHEKTPATbHBIN MUKPOAHAIIN3 TSI OTIpeIelie -
HUS 3TUX 3JIEMEHTOB COTIPSIKEH ¢ OOJIBIION MOrpel-
HOCThIO. [T moydeHus1 (OTOIMUCCUM UCITIONb30Ba-
nock AlK,, manyuenue (1486.6 3B) momHOCTHIO 300 Br.
CreKTphl BLICOKOTO pa3pelleHUsI peTUCTPUPOBAINCH
c marom 0.1 3B.

PE3VJIBTATBI U OBCYXIEHHWE

Ha puc. 2 npencrasiieHbI pe3yabTaThl (PpakTOrpa-
dHYecKnX McclieIoBaHU MOKPLITUI. O BEPOSITHOM
XPYITKOM pa3pyieHnu MoKpeiThit Zr—B—Si—C—Ti—N
CBUJETEJBCTBYET TLIOCKasl MOBEPXHOCTh M3J0Ma C
HamnuneM ¢aceTok ckoja (puc. 2a). O BI3KOM pa3-
pymeHnH TOKpuITHit Zr—B—Si—C—TiroBopur oopa-
30BaHUE B U3JI0ME SIMOK OTphIiBa (puc. 20) [13]. Tox-
II1HA chOPMUPOBAHHBIX TTOKPBLITHI 060MX COCTABOB
coctaBisger ~10—11 mxMm. WX smeMeHTHBIN cocTaB
MoKa3aH Ha puc. 2.

Jwudppakrorpammbl TOKpeITHiA Zr—B—Si—C—Ti—N
n Zr—B—Si—C—Ti npencrasneHsl Ha puc. 3. T'ano
MpY MaJIbIX YTJIaX AU paKIIMU CBUAETEIbCTBYET O Ha-
YU B TIOKPHITUSAX amopdHoii da3el. CrereHb
amMopu3alu ITOKPHITUI OolleHUBaeTcs Kak 85—93 u
70—75% niist mepBOTo ¥ BTOPOTO MOKPBITUIA COOTBET-
CcTBeHHO. MccienoBaHe CTPYKTYPhI TIOKPLITUIL Me-
TonoM I1OM u monydyeHHBIe KapTUHBI TUMpaKInu
BJIEKTPOHOB (pHC. 4) TaK:Ke CBUAECTEIBCTBYIOT 00 MX
amopdHocTu. O06 3TOM TOBOpPUT MUMDPY3HBIN Xa-
pakTep dJIEKTpOHOTpadUIECKUX TUHUNA MOKPHITUS
Zr—B—Si—C—Ti—N (puc. 4a), moJIydeHHBIX C pa3-
HBIX YYaCTKOB IOITEPEYHOTO CeUeHUsI TMOKPBLITUS, U
n300paxkeHUsT BBICOKOro paspemieHus: (puc. 40).
BnekTpoHorpaMMbl MOKpbITUs Zr—B—Si—C—Ti, no-
JIydeHHBIE C YJaCTKOB, XapaKTepU3YIOIIUXCSI Gojee
TEeMHBIM KOHTPACTOM 10 CPaBHEHMUIO C BJIEKTPOHO-
rpaMMaMM CO CBETJIbIX yUaCTKOB, UMEIOT TOCTATOYHO
SIPKO BbIpaXkeHHbIE TU(PPAKINOHHBIE TUHUU, KOTO-
pbIe MOTYT OBITh OTHECEHBI K KapOray 1 OOpHIy TUTAHA
(puc. 4B). Ha n3o6paxeHusIX BBICOKOTO paspelieHust
JIJISI JAHHOTO COCTaBa MOKPBITUSI B TUX MECTaX OOHApy-
JKeHbI KPUCTAJUTUTHI pazmepoM a0 ~10 HMm (puc. 4r).

HEOPTAHUYECKHWE MATEPHUAJIbI

PasHast KOHTPaCTHOCTB ITOJIOCYATOM CTPYKTYPHI ITO-
KPBITHIA, TIPUCYTCTBYIOIIAS HAa M300paKeHUSIX, TIOJIY-
YEeHHBIX B peXXUMe CBETJIOTO 1oJist (puc. 4, 5), 11t 00-
pasioB aMop(HOro MaTepuajia C paBHOMEPHOM TOJI-
IIIMHOM MOXKET CBUIETEIHLCTBOBATh O KOHTPACTe Macc,
MOCKOJIBKY B IOJie ¢ OOJbIIeid MacCOl 3JIE€KTPOHBI
paccenBaOTC IO, OOJIBIIMMHU yTJIaAMU, TI03TOMY MH-
TEHCUBHOCTD (WJIM SIPKOCTb) 3TUX TTOJIei Ha ToJyJya-
eMBbIX U300paxkeHusX Huxe [14]. Pazmepsl nmoseit
CTPYKTYPHOM HEOTHOPOJHOCTU MOKPBITUIN BaApbUPY-
forcst oT 1 1o 10 HM 1 ot 1 mo 50 HM 11 TTOKPBITHIA
Zr—B—Si—C—Ti—N (a) u Zr—B—Si—C—Ti (0) coot-
BETCTBEHHO. VX mepuoanyHOCTh He HaOIomacTCs.
DI C-ananu3 (puc. 5) mokasaii, 4To B cocTaBe ¢da3 Ha
CBETJIBIX yuyacTKax (061acTh 1) npeobnagaioT Si u Zr,
a Ha TeMHBIX yJyacTKax (obiyacts 2) — Ti. Kpome Toro,
Ha TeMHOITONbHBIX [1DM -n300pakeHUSIX TTOKPBITUS
Zr—B—Si—C—Ti (puc. 4r) B o0beMe amop(HOI a3kl
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Puc. 3. IudpakrorpaMmbl 00pas3iioB MOKpsITuit Zr—B—
Si—C—Ti—N (a) u Zr—B—Si—C—Ti (6).
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Puc. 4. [IDM-u3o6paxeHus 1 3JIEKTPOHOTPAMMBI C pa3HbIX y4acTKOB NOKpbITHit Zr—B—Si—C—Ti—N (a, 6) u Zr—B—Si—C—

Ti (B, 1).
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Spectrum 1

Spectrum 2
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Spectrum 1
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Spectrum 2

Puc. 5. M3o6paxkeHus morepedHbix cedeHU mokpbIThii Zr—B—Si—C—Ti—N (a) u Zr—B—Si—C—Ti (6) u xapakTepHble Kap-

TuHbI DJIC MX pa3IUYHBIX CCYCHMIA.

BUIHBI 3¢pHa C KPUCTALIMUYECKOU CTPYKTYpOM pas-
mepoMm ~10 HM. [lo mpencraBieHHBIM BBIIIE BJIEK-
TPOHOIpaMMaM MX MOXHO MACHTU(MUIIMPOBATh KaK
Kap0oOopuaHyto a3y TutaHa. Takast MHOTocCIoliHasI
CTPYKTypa (hOPMUPYEMBIX TOKPBITUI MOXET ObITh
CBSI3aHA C APXUTEKTYPHOM KOHCTPYKIIMEN UCITONb3Y -

HEOPTAHUYECKWE MATEPUAJIbI

TOM 59  Ne 2

€MbIX KOMOMHUPOBAHHBIX KaTOMIOB U X MCTIapEHNEM
B KaTOAHBIX TSITHAX BAKYYMHOM 3JIEKTPUUYECKON Ty~
. [locTossHHOE MepeMellieHre KaTOMHBIX IISITEH I10
TIOBEPXHOCTH KaTona 3a CYeT CUCTEMbl MAarHUTHBIX
KaTyleK o0ecreuynuBaeT pPa3HOBEPOSITHOE UCIApEHUe
€ro KOMITOHEHTOB C Pa3HBIX y4acTKoB [ 15, 16] (puc. 16).
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Puc. 6. 3o6paxenust ctpykTypbl TOKpbITU Zr—B—Si—C—Ti—N (a) u Zr—B—Si—C—Ti (6) mocJe oTxura B BaKyyMme B Teue-

HUe | 4 py pa3InyHbIX TeMIepaTypax.

I1Ipu sTOoM oOGpasyromuiics MOTOK ILIa3Mbl, obora-
IIEHHBIN pa3IMYHBIMM KOMIIOHEHTAMHM, IIPU B3au-
MOJIEMICTBUH C TTOMIOXKON (pOpMUPYET CTPYKTYPHO-
¢a30BYI0 HEOMTHOPOTHOCTh MOKPBITHUSI.

HccnenoBanune mokpbitus Zr—B—Si—C—Ti—N
meTonoM PPDC nokasbIBaeT, YTO CIIEKTpaibHasl JIM-
Hust Zr3d umeet Tpu nuka. OcHoBHOI K — 180.0 3B,
YTO COOTBETCTBYET KapOoumy nupkoHus [17]. Bropoit

HEOPTAHUYECKHWE MATEPHUAJIbI

muk npu 180.6 3B HaxomuTcs BOJM3M 3TAaJTOHHOTO
3HayeHus s ZrN (181.0 3B) [18]. Tpetuii nuk c
aHeprueii 183.2 3B MoxeT ObITh 0OYCIOBJIEH HaIU-
yrieM cBsizeit Zr—N u Zr—B [19].

DHeprus cBs3M Si 2p, xapakTepusylolasicsi 3Ha-
yenueM 101.1 3B, MoxkeT ObITH OTHECEHA K KApOOHMUT -
puny. OHa Oobliie, yeMm 3Heprus cBsa3u Si 2p B SiC
(100.2 »B) u meHbliie 3HaueHus as SisN, (101.8 3B)
Ne 2
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[20]. AHaJIOTUYHEBIN CABUT XapaKTepeH IJIST MHOTO-
KOMITOHEHTHBIX TTOKpbITUiA Si—N—EI, rne El sBasieT-
csl 3-M ayeMeHTOM B cucteme [21]. DHeprus cBs3u
Ti 2ps 5, paBHas 454.7 5B, HUXe, 4eM B HUTPUIIE TH-
TaHa (454.9 3B) [22]. DToT 23 heKT CBsI3aH C BO3MOX-
HOCTBIO 00pa3oBaHUs Hapsiay co cBs3siMu Ti—N 1ipu
OCAXKIIECHUS MMOKPBLITUI 3TOW CUCTEMBI TAKXKE CBSI3E
Ti—Ti, Ti—B, Ti—C ¢ npeobianaroiieii nojei cBsa3eit
Ti—N, T.K. ¢ yyeToM cBoOOmHOI1 s3Hepruu [m606ca oopa-
3oBaHue Ti—N B cucreme Ti—N—B—C 6onee BeposiTHO
(AGY(TiN) = —610 xIx/moib) [23], yuem Ti—C u Ti—B,
st KoTopbix AG? paBHbl —205 1 —162 KJIX/MOJIb CO-
OTBETCTBEHHO [24, 25]. DHeprug cBI3U (HOTOIIIEK-
TpoHOB B 15, paBHas 188.2 3B, MmoxXeT OBITh OTHECEHA
K CBSI3M O0pa ¢ IIMPKOHKEM [26], TTOsIBIIEHHE KOTOPOTO
B MICCJICIyEeMOIi CUCTEME, CKOpee BCEro, OOBSICHSIETCS
oOpa3zoBaHMEeM 0OPHIOB ¢ HanboJIee OTPULIATEIbHBIMU
3HaYeHUsIMU sHeprumn [muo6ca (—322 k/x/moinb) [27].

Pesynbratel uccnengoBanusi MmetonoM POIC mno-
kpbiTusi Zr—B—Si—C—Ti mokas3pIBaloT, YTO CIIEKTP
Ti 2p;/, (454.8 5B), KaK 1 1151 IPEABIAYLIETO MOKPbI-
THSI, UMEET IPOMEXKYTOUHOE 3HAUECHUE MEXITY S9HEePIv-
smu cBsizu Ti—Ti (454.1 aB) [28], Ti—B (454.3 3B) [29]
u Ti—C (454.9 3B) [30]. DTO cBUIOETENLCTBYET, KaK OT-
MeJYaJIoCh BhIIIE€, O MIPUCYTCTBUM TUTAHA CO CMEIaH-
HbIM TunoM cBsi3eit Ti—Ti, Ti—C, Ti—B, ¢ nmpeobiana-
foreit moseit cBsa3eii Ti—C, Tak Kak ¢ y9eTOM CBOOOII-
HBIX 3Hepruii [no6ca odpazoBanue Ti—C B cucreme
Ti—C—B 60snee BepoaTHo (AG)(TiC) = —205 kJIX/Momb
[31], AGY(TiB) = —162 xJIx/moub) [25].

Crnekrp Zr 3d cogepxut 1uk 1pu 179.7 3B. Cpas-
Henue ¢ E, nna Zr, ZrB, u ZrC (178.9, 178.9, 180.0 5B
[17, 26, 31]) cBUAETENLCTBYET O TOM, UTO OH OJIMIKE K
ZrC c¢ poGaBiaeHueM cBsizeit Zr—B wim Zr—Zr.
CrrexTp 60pa B 1s, kak m U1 TIepBOro cocraBa ITo-
KPBITUS, pacnoyioxeH npu E, = 188.2 3B, uro cBuae-
TEJILCTBYET O HAJIMYWU CBI3eit Zr—B.

B cnextpe Si 2p MakcumajgbHasi UHTEHCUBHOCTD
cooTBeTCTBYeT 3Hepruu cBsizu 100.2 3B, 4To MOXHO
otHecTH K SiC [20]. Bropoit ik ipu 101.2 3B, caBn-
HYTBIIf B CTOPOHY 00Jiee BBICOKMX DHEPTUI, MOXHO
OoTHeCTH K CBSI35IM Si—O—C, 4TO NOHSITHO, YYUTHIBAS
HaJluume KUCI0poaa B COCTaBE MOKPBITHUSI.

M3yuyeHue TepMuUUYeCKOil CTaOUJIBHOCTU MOKPbI-
g Zr—B—Si—C—Ti npu Harpee n1o 800—1000°C B
BaKyyMe B TeueHUue | 4 CBUIAETENbCTBYET O Tepexoie
U3 amMop¢hHO-HAHOKPUCTALUIMYECKON CTPYKTYphbl B
HaHOKPUCTAIJIMYECKOE COCTOSIHUE TIPU TeEMIlepaTy-
pax 800°C u Bbilie. O6 3TOM MOXHO CYIWUThb IIO
[IDM-u3o6paxeHusiM M BuUIAM 3JEKTPOHOIPaMM
(puc. 6). dns nmokpeitust Zr—B—Si—C—Ti—N ycroii-
YUBOCTb aMOP(GHOTO COCTOSTHUSI COXpaHsIeTCsl 10 bosiee
BhICOKUX TemriepaTyp. Kak BumHo u3 [19M-u3ob6pa-
JKEHUI U 3JIEKTpOHOTpaMM, aMopdu3aiusi MaTepra-
JIa TIOKpBITUSI coxpaHsieTcst BIUIoTh 1o 1000°C. ITpu
9TOi1 TeMIepaType B HAHOKPUCTAITUYECKOE COCTOS -
HUE MEPEXOJST TOJIbKO YYaCTKU, OOraThle TUTAHOM.

HEOPTAHUYECKWE MATEPUAJIbI
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SAKJIIOYEHHME

HMcnonbzoBaHue KOMOMHUPOBAHHOTO KaToia
ZrB,—SiC—Ti npu MOHHO-TIJIa3MEHHOM BaKyyMHO-
JIyTOBOM OCaXXIEHUU B OCTAaTOUHOM aTMocdepe apro-
Ha U a30Ta Io3BojuIo cchopmMupoBath arc-PVD-1o-
kppitust Zr—B—Si—C-Ti un Zr—B—-Si—C-Ti—N.
®dpakrorpaduyeckoe HccaeaoBaHUE U3JIOMOB IO-
KPBITUIA TTOKa3a10 OObIIYI0 CKIOHHOCTb K XPYITKO-
MY pa3pylIeHU10 BTOPOTrO MOKPHITUSI. DTO CBSI3aHO C
OoJblIeil CTeNeHbI0 ero aMopdu3aluy Mo CpaBHE-
HMIO ¢ TokphiTieM Zr—B—Si—C—Ti, mist KoTroporo xa-
pakTepHa aMOp(dHO-HAHOKPUCTAUIMYECKAs! CTPYKTY-
pa. B nokpeituu Zr—B—Si—C—TiamopdHas coctaisi-
fomast popmupyercst Ha ocHoBe a3 Zr—B—C u Si—C.
HaHokpucrauinyeckasi coctapiisiolasi obpasyercsi B
cucteme Ti—B—C. ITokpbeiTue Zr—B—Si—C—-Ti—N
UMeeT MPEUMYIIECTBEHHO aMOP(HYIO CTPYKTYpPY Ha
OCHOBE HUTPHUIA TUTAaHA C HaJIm4uueM cBs3eil Ti—B u
Ti—C, xkap6obopHUTpUIa, OopUaa HUPKOHUS U Kap-
OOHUTpUAA KPEMHMUSI.

IMocnoiitHass HEOMHOPOTHOCTh COCTaBa U CTPYKTY-
PBI TIOKPBITUM CBSI3aHaA C MCIIAPEHUEM B pa3IMYHbIC
MepruoAbl BpEMEHU Pa3HbIX KOMIIOHEHTOB KOMOM -
HMpPOBAaHHOTO KaToja “KepaMuyecKas BCTaBKa—
MeTa1” 13-3a MepeMelleHUsT KaTOAHOTO MsTHa
3JIEKTPUYECKOI AT 110 TOBEPXHOCTU KaToaa. I1o-
BBHIIIICHHAS CTeNeHb aMOopdU3aliuy CTPYKTYPHI IO~
kpeitusg Zr—B—Si—C—Ti—N omnpenensercs OoJee
BBICOKOI CKOPOCTBHIO OXJIAXKAEHUS TIPU ero (hopMU-
pOBaHUM 3a CYET MOBBILIEHHON TEILUIOIIPOBOIHOCTU
OCTaTOYHOI aTMOcGephl a30Ta MO CPAaBHEHMIO C ap-
roHoM. [Tokpritue Zr—B—Si—C—Ti—N umeeT I1oBbI-
IIEHHYIO TEPMUYECKYIO0 CTAOMIBHOCTb aMOp(HOI1
CTPYKTYpPBI, O YEM CBUIETEILCTBYET €€ MPHUCYTCTBUE B
o0beMe MaTepuasa Mmocje OTXKHra B BaKyymMe B Teue-
Hue 1 4 npu 1000°C. ITokpeitue xe Zr—B—Si—C—Ti
B 9TUX YCJIOBUSX TTOJIHOCTbHIO NMMEPEXOAUT B HAHOKPH -
CTAJNINYECKOE COCTOSTHUE.
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