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C IIOMOIIBI0O PACTPOBOM JJIEKTPOHHON MHKPOCKOIINHN, PEHTTeHOCTPYKTYPHOTO
aHain3a, U3MePeHus aATe3u0HHOM TPOUYHOCTH, KOa(hUITeHTa TPEHUI U CKOPO-
CTH HM3HOCA MaTepuaja ObLIM H3yUYeHbl CBOMCTBA MHOKPBITHI HEpP:KaBeHINas
craiab—TiN (ac—TiN). B 3aBucuMocTH OT IIOTEHITMAIA CIBUTA, ITOJAIOIIETOCT HA
TIOAKJIAIKY, JaBJIeHUA B KaMepe U BKIoueHuss BU-paspsga mokasaHo, UTO COBO-
KYITHOCTh PAs3HBIX MapaMeTpOB, PETUCTPUPYEMBIX B IIPOIlecce IapanaHus, IM03-
BOJISIET PA3JINYATh IIOPOTOBbIE 3HAUCHUA KPUTUUYECKONM HATPY3KHU, CBSI3aHHBIE C
PasHBIMU THUIAMM KOT€3WMOHHOTO M a[Te3MOHHOTO PaspyIeHusa MOKPBITUH Ipu
TPUOOJOTNUECKNX HCIBITAHUAX. DBLIM OmpeAesieHbl padMephbl HAHO3EpPEeH HC—
TiN, crexroMeTpus TOKPBITHI, (pa30BLIil U 5JI€MEHTHEIN COCTaBLI, MOP(OJIOTH
nmoBepxHocTu HmOKpeITHil Ha ocHoBe Ti(C, N) u (Ti, A])N. TBépablie MOKPBITHAA
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TiN, Ti(C, N) u (Ti, AI)N ocakmanu Ha HOMJIOKKY 13 HEP:KaBEIOIIeHN cTaayu Me-
TOJOM KAaTOJHO-IYIOBOT'O HCIIapeHUs. XUMHUYEeCKUU U (hasoBBI COCTABBI IIO-
BEPXHOCTY U TEKCTYPY IIOKPHITUI OIIPelesIAIN MEeTOLOM YIPYTUX CTOJTKHOBEHU M
(ERDA) ¢ moMoIIbI0 9HEPTOAVCIEPCUOHHOTO PEHTTEHOBCKOTO aHAJNN3a, PEHTTe-
HOBCKO# (pOTO3/IEKTPOHHOM CIIEKTPOCKOIINY 1 PEHTTeHOBCKOM audpaxnuu. Hc-
cJeI0BaJI BIUSHUE Ha XapaKTEePUCTUKHU IJIEHKKM OCHOBHBIX ITapaMeTpPOB HaHe-
CeHUs, a UMEeHHO, JaBJeHUA PeaKTUBHOIO Ira3a, TOKa AYTU U IMOTEeHI[UAIa CMe-
HIeHUA TOIJIOKKU. MophosIoruio MoBEePXHOCTU M3YUYaJM C IIOMOIIILI0 aTOMHO-
CHJIOBOI U CKaHUPYIOIell 5JIeKTPOHHON MUKpocKonuu. s onpeneseHUS MO-
IyJid YIPYTOCTY 1 HAHOTBEPAOCTHU UCII0JIH30BAJICA HAHOUHIEHTOD.

3a IOIOMOTrOI0 PAacCTPOBOI EJIeKTPOHHOI MiKPOCKOIii, PeHTTeHOCTPYKTYPHOTO
aHaJIidy, BUMipIOBaHHSA aAre3iiiHol MiIfHOCTi, KoedillieHTa TepTs i IMBUAKOCTL
3HOCY MaTepiainy, OyJ0 BUBUEHO BJIACTUBOCTiI IMOKPUTTIB Heip:kaBiliHa cTaib—
TiN (#c—TiN). 3ane:xHO Bif MOTEHITiady 3CyBY, IO MOJAETHLCA HA ITiJIOMKIKA,
TUCKY B Kamepi Ta BBiMKHeHHA BY-po3psany mokasaHo, I0 CYKYIIHICTh PiBHUX
mapaMeTpiB, AKi peecTpyoThbCs y MpoIeci ApAIaHHSI, YMOMKJINBJIIOE PO3PisHATH
TIOPOTOBi 3HAUEHHSA KPUTUYHOTO HABAHTAKEHHs, IIOB’SI3aHi 3 PISHUMU THUIIaMU
KOresiiiHOro i aAres3iiiHOTrO PyMHYBAHHSA IIOKPUTTIB IIPU TPUOOJIOTIUHUX BUIIPO-
6yBaHHAX. Bys10 BU3HaueHo posMipu HaHosepeH HC—TiN, cTexiomeTpito MOKpUT-
TiB, a TaKOXX (Da30BUII Ta eJIeMEeHTHUI CKJIaau, MOP(OIOTio I0OBepXHi IOKPUTTIB
ua ocuosi Ti(C, N) i (Ti, A1)N. Tsepzi nmoxpurrs TiN, Ti(C, N) i (Ti, Al)N oca-
IoKyBaJIM Ha IIJI0MKKA 3 Heip:kaBiliHol cTaji MeToqoM BaKyyMHO-IYT'OBOTO BH-
napoByBaHHsA. XiMiuHuE i (as3oBuil CKJIaIM ITIOBEPXHI i TeKCTypa IIOKPUTTIB BU-
3HAUAJMCA MEeTOAoM IIpy:KHiX 3iTkHeHb (ERDA) 3a m0oIOMOromo eHeproamucuep-
citinoro PenTrenoBoro anamuisy, PeHTI'eHOBOI (DOTOEJIEKTPOHHOI CIIEKTPOCKOIII] i
Pentrenosoi puppaxmii. HocaimxyBaBcad BIJINB Ha XapaKTepPUCTUKU ILJIIBKU
OCHOBHUX ITapaMeTpPiB HaHECEeHHs, a caMe, THUCKY PeaKTUBHOIO ra3y, CTPyMYy Y-
U, IIOTEHI[iaIy 3MiIleHH TiamoxKKAa. MopdoJiorito moBepxHi BUBYAIN 34 AOIIO-
MOTOI0 aTOMHO-CUJIOBOI Ta CKaHYBaJILHOI €JIEKTPOHHOI MiKpockomii. [I1sa BusHa-
YeHHS MOJYJIA IPYKHOCTI i HAHOTBEPAOCTi BUKOPUCTOBYBABCS HAHOIHIEHTOD.

Using scanning electron microscopy, XRD analysis, measurements of adhesion
strength, friction coefficient, and wear rate of material, the properties of stain-
less steel-TiN (ss—TiN) coatings are studied. Depending on the bias potential
applied to the substrate, the chamber pressure, and switching of high-frequency
discharge, the combination of different parameters recorded during scratching
allows to distinguish between the critical load thresholds, which are connected
with different types of the cohesive and adhesive fractures of coatings through
tribological tests. Nanograin sizes of ss—TiN coatings, their stoichiometry,
phase and elemental compositions, and surface morphology are determined.
Hard coatings TiN, Ti(C, N), and (Ti, Al)N are deposited on a substrate of stain-
less steel by vacuum-arc discharge. The chemical and phase composition of sur-
face and texture of coatings are determined by method of elastic collisions
(ERDA) with use of the energy-dispersive X-ray analysis, X-ray photoelectron
spectroscopy, and X-ray diffraction. The effect of main parameters of deposi-
tion (such as reactive gas pressure, arc current, and substrate bias potential) on
the characteristics of film is studied. Surface morphology is studied by the AFM
and SEM analyses. The elastic modulus and nanohardness are determined with
use of a nanoindenter.
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Karouesslie caoBa: moKpeITUA Hep:kaseromias craab—TiN, Ti(C, N), (Ti, AI)N,
HAHOTBEPIOCTh, MOAYJb YIPYTrOCTH, aATre3UOHHbIe, TPUOOTEXHUUECKUE U Je-
dopMAaIMOHHBIE XapPAKTEePUCTUKHA.

(ITonyueno 14 sneaps 2013 2.; okonwam. sapuarnm — 10 uions 2013 2.)

1. BBEJEHHE

XOpoIII0 M3BECTHO, YTO C IEJbIO 3aIUThl OT M3HOCA U3AEJIUUA M3 HUH-
CTPYMEHTAJIbHON CTaJIN OOHUMMU 13 IIePBBbIX UCII0JIb30Bau TiN-IIOKPHI-
s, npuueM TiN mosyuanan pasHbIMHU CIIOCO0aAMU OocakaeHusd. B Hayu-
HBIX paborax OBLIO ITOKAa3aHO, YTO HUTPUJ TUTAHA MUMEET JOCTATOUHO
XOpOIlre CBOIMCTBA IJs IMTMPOKOTO NMPUMEHEHUS TAaKUX HOKPBITUN B
mpousBozacTBe. Co BpeMeHeM, B KaUeCcTBe 3alIUTHBIX TOKPLITUHA HAYAJ T
AKTHBHO MCIIOJIb30BaTh HUTPUAEI Apyrux metasios CrN, ZrN, AIN, SiN
U UX KOMOMHAIINM, a TaK:Ke, UepeqoBaHle TOHKUX CJIOEB N3MEHIOIIETO
cocTaBa HUTPUAOB. OTHOCHUTEILHO HEJABHO OBLIO OOHAPYIKEHO, UTO C
YMeHbIIIeHueM pasMepa 3epHa U GOopMUPOBAHMEM KaK MUHUMYM ABYX
$as, oTIMYAIUXCA IO Pa3Mepy, UJIN HaHO3ePeH, Pa30PUEHTHUPOBAH-
HBIX OTHOCHUTEJBbHO APYT Apyra, MOKpuITuA TiN mpmoOperaroT IOBBI-
mieHHyI0 TBepaocTh (cBuimie 40 I'Tla) 1 mMeioT oueHb XOPOIIYIO CTOM-
KocTb K u3Hocy [1-5]. Beu1o o0Hapy:KeHo TaK:Ke, YTO C YMEHBbIIIEHUEeM
pasmepa 3epHa g0 10HM u MeHee, Pe3KO yJaydlIaioTcsa (PUIKUKO-
MeXaHUYeCKHe CBOMCTBA, KOTOPhIE B CBOIO OUEPEb 3aBUCAT OT YCJIOBUH
W METOJOB OCaKJIeHUs 3TUX HOKPHITUH [5—9]. IlosaTomy cTosia 3agaua
WCCJeNOBAaTh IOKPBITUA U3 HUTPUIOB U KapOOHUTPUAOB THUTAHA
(Ti, AI)N, Ti(C, N), a TiN umcmoinn3oBaTh B KaueCTBE 3TAaJIOHA, 3aTEM,
MEeHSAS YCJIOBUS OCAMKIEHUS, HOJYUYNUTh HAHOCTPYKTYPHBIE IIJIEHKU C
BBICOKMMUY (QUBUKO-MEXaHNUECKUMU CBOMCTBAMU.

IMennbio marnHOI PabOTHI ABJISAETCA IPOBedeHNE KOMILJIEKCHOTO HUCCIe-
IOBaHUSA CTPYKTYPHI, (pa30BOT0O cocTaBa, MOP(OJIOTHH IIOBEPXHOCTU U
(bu3MKO-MeXaHUUECKUX XapaKTEePUCTUK AJIA IOKPLITUHA HepsKaBeoIasd
craas—TiN, (Ti, Al)N, Ti(C, N), moay4eHHBIX B YCJIOBUIX KATOIHOIO
BAKYyMHO-IYT'OBOTO WCIAPEHUs 1 HMOHHO-IIJIA3MEHHOT'O OCAKIECHUS C
BY-crumynanueii.

2. METOJbI ITIOJIYYEHU A MMOKPBITUI U METOTUKA
HCCJEJOBAHHNU

B rauecTBe OII0KEK NCIOJIB30BAJINCH IOJIMPOBAHHBIE 00PA3IILI B BUE
narakoB guamerpom 20 MM u ToJamiumHOM 3 MM. B KauecTBe mMaTepuaia
HOIJI0KeK MCII0JIL30BaJIach HepsKaBerolas ctaab (Hc) 12X18H10T.
Ilepen HeceHmeM MTOKPBITUM MNOMAJOKKMN OUMINAINCH B BaKyyMHOM
KaMepe ¢ IIOMOIIbI0 MOHHON O6oMOapaAupoBKU. IIOKPLITHA M3 HUTpUIA
TUTAaHA OLIJIN IMOJYUYEeHBI B BAKYYMHO-AYTroBo# ycTraHoBKe «Bymar-3T».
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OnucaHue cepuitHON yYCTaHOBKU IpuBeAeHOo B guTeparype [1]. Ucmois-
30BAJIM JBA PEKUMa HAHECeHUS MIOKPBITHH: PEXUM HeIIPEepPbIBHOTO
OCaKJIeHUs U ocasKJeHme HMokpuIiTuil ¢ BU-ctumynsaimueii. B saTtom pe-
JKMMe IMOAJIOKKA IoTPYsKaeTcd B I1a3mMy [1] 1 Ha Hee mogaeTcsa OTpuUILa-
TeJbHBIA MMITYJbCHBIN IIOTEHIIHMAJI. ¥ CKOPEHNEe MOHOB IIPOUCXOAUT B
INHAMHUUYECKOM CAMOOPTaHU3YIONIEeMCA IIOTPAHNUYHOM CJIO€, KOTOPBIH
(hopmupyercsa BOIM3YU IIOBEPXHOCTH MUIIEHH IO AEeMCTBHUEM MMITYJIbC-
HOTO OTpHUIlaTeJbHOro moTeHIuada. OcamIeHne MOKPBITUN TPOBOIN-
JIOCH B YCJIOBUAX MOJAYN HA MOJIOKKY OJHOBPEMEHHO IIOCTOAHHOTO II0-
reanuaga B 230 B u oTpumaTelbHBIX UMOYJILCOB aMIIUTymoi 2 KB ¢
YacToTOM ciliefoBaHus UMNIYyabcoB 7 KI'y u guureasHocThio 10 Mmxc. Cu-
Ja Toka nyru 6blia paBHa 60 u 90 A. IlaBieHue azora IpHU OCaAKICHUU
cocraBiano 1072 I1a. PaccTossiHHe OT HCIAPUTEJIA O HOIJIOKKHI COCTAB-
asaao 250 mm. ITognosxkku mporpeBanuch a0 Temiepatypsl 540°C. Ilpu
HEeIIPePLIBHOM OCaKIEHUU IMTOKPBITUY MOCTOAHHBIN ITOTEHIIUAJ, TOK V-
U, JaBJIeHUE a30Ta B KaMepe, PacCTOAHMNE OT UCIIaPUTeNA A0 HOAI0MKKYI
¥ TeMIIepaTypa IMoAJ0KeK ObIIN TAKUMU JKe, KaK U yKa3aHHbIe BhIIIIe.

Ilepen HaHeceHWEM IIOKPBITUS IIOBEPXHOCTH 00PA3IlOB PACIBLIAINCE
(ounmianucek) ¢ momoIbio Ti-monnoit 6omdapauposku (1000 B, 5 MmuH).
OcHOBHBIE HMCIIOJIb3yeMble ITapaMeTpbl 00Pa0OTKM PA3JIUUYHBIX ITOKPbI-
Tuii: marepuaa karoga — Ti, Al; peakrusnbrii ras — N,, CH, (wiu
C,H,); naBimenue raza P=3-10°-11la; Tok ayru I,=60-120 A; moren-
muajJ cMeIlleHusa momJoKKM V,=15—-220B; Ttemmeparypa IOIJIOKKH
T =160-540°C; Bpema naumecenud ¢ = 15—90 mun. [[13 HameceHusa MHO-
rodasubix Komno3utTos TiN u (Ti, Al)N ucmoassosanu Ti-kaTon u pas-
aunuable napel KaTonos (Ti+ Al) B N, armocdepe, a A1 IPUTOTOBJIEHM S
Ti(C, N) peakTuBHBIH ras coctossx us cmecu N, u CH,.

TosuHa TOKPBITUHA U COCTOSHNE I'PAHUIL MEXKIY OCHOBOUM U TMOKPHI-
THEM OIIPEeAEAJINCEH C ITOMOIILIO PACTPOBOTO 3JIEKTPOHHOTO MUKPOCKO-
na POM-106 o gudpakTorpaMmMaM M3J0Ma IPU YCKOPAIOIEeM HAIIPs-
sKeuuu 20 kB. Kpome Toro, ¢ moMoIrbio pacTpoBOii 3JIEKTPOHHONA MUK-
pockoniuu (POM) usyuanack MOpGOJIOTHA TOBEPXHOCTH 00PasIioB.

Peurrenocrpykrypubiit ananus (PCA) o0pasmnoB IIPOBOAUJICA C HC-
moJib30BaHMeM peHTreHoBcKoro nudpakromerpa [[POH-4 B CuK ,-usmny-
YeHUHU.

WccnaemoBanre MexXaHUYECKUX XapaKTEPUCTUK CJIO€B HOKPBITUS
IPOBEIEHO MEeTOMOM HaHOMHIEHTUPOBAHMUSA C MOMOIINbI0 mIpubopa
Nanoindentor G200 (MES System, USA) ¢ ucnoib3oBanueM TpeXxrpaH-
HOIl mupaMuaxku BepxkoBuYa ¢ paguycoM B3aTyILJIEHWS [IPU BEPIIHHE
okoyio 20 um. TouHOCTE M3MepeHUs TIYOMHBI OTIIEUATKA COCTABJIAJIA
10,04 am. OToeuaTKy HAHOCUJINCH HA PACCTOSIHUU 15 MKM APYT OT APY-
ra, a U3MepeHNs TBePAOCTH IPoBoAnIN A0 TIyonHbl 200 HM (AJ18 YMEeHb-
IIeHUA BAUAHUSA ITOAJ0KKY Ha M3MEePEeHHbIe 3HaUeHU S TBEPIOCTH).

Hia onmpenesieHnA aAre3MOHHOMN/KOTE€3MOHHOM IIPOYHOCTU, CTOUKO-
CTU K IlapalaHblo, a TaKJKe JJIA UCCJAeTOBaHNA MeXaHu3Ma paspyIleHn s
ob1 mcnosib3oBaH cKperd-trecrep REVETEST (GSM INSTRUMENT)
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[9]. Ha moBepXHOCTH MOKPBLITUS aJIMa3HBIM c)epUUeCKUM UHIEHTOPOM
tuna «Rockwell» ¢ paguycom zakpyrienus 200 MKM ObIIM HAHECEHBI
ImapanuHbl IPU HEITPEePLIBHO HapacTarlolleil Harpyske.

ITonryueHHBIe TOKPBITUS M O0PA3IILI UCIBITHIBAJINCEL HA M3HOCOCTOM-
KocTb Ha MamuHe Tpenusda CMII-1 mo cxeMe «ILJIOCKOCTL—ITUINHAP» C HC-
MMOJIb30BAaHIEM TEXHUYECKOro BadenHa. B TeueHme BCero UCIBITAHNUS 00-
pasel] He CHUMAJICSA C MAIIIMHEI TPeHuA. V3MepeHus MINPUHBI KAaHABKU 1
ee IJMHY B 30He M3HOCA IIPOBOIUJIM C IIOMOIILI0O MUKPOCKoIIa Bpumess
MIIB-2, KoTophIil 00ecrieunBaeT TOUHOCTh udMepennit 0,025 mm [7—11].

XUMHUYECKHUI COCTAB ILJIEHOK MCCJIEIOBAIN METOIOM YIPYIUX CTOJIK-
HoBeHUH (ERDA) ¢ mOMOIIbI0 SHEPTOAMCIIEPCUOHHOTO PEHTTEHOBCKOTO
ananusa (EDX). [aTuyuk nis msMepeHUs YIPYTruX CTOMKHOBEHHUI Cco-
CTOSAJI U3 KPEMHHEBOIO JETEeKTOpPa, Pa3MEeIéHHOr0 BHYTPU MOHU3AIU-
OHHOM KaMepbl. YTJILI IIaJeHus U BX0Ja COCTABJSAIN 75° OTHOCUTEILHO
"HOopManu obpasia. EDX-ucciienoBaHnA IPOBOAMIN Ha CKAHUPYIOIEM
2JIeKTPOHHOM MuKpockone «JEOL» (Japan). PerarrenoBckasa oTosIeK-
TpoHHaA chnekTpockonua (XPS) ocylmecTBasiach Ha CIEKTPOMETpeE
SSX-100 B BakyyMme 5-107" I1a, yros usMepeHUs IapaMeTPOB COCTABJIIAI
55° xk Hopmaau oopasia. Ilaomniaash aHATM3UPYEMOM IOBEPXHOCTH ObLIA
1,4 MmM?, a sHeprua MpoxokIAeHu cocTaBiaaaa 150 sB. B ganHBIX ycio-
BUSX paspellenne, KOTOPoe OMpeneasaan KaK IIOJHYIO IIMUPUHY Ha IIo-
aymakcumyme (FWHM) nuka Au 4f;, Iasa cTaHZapTHOTO 00pasma u3
30JI0Ta, COCTABJIAJJO OK0JIO 1,6 5B. da30BbIil cOCTAaB 1 TEKCTypa MUCCIIe-
ITOBaJINCh C IIOMOINBIO PeHTreHoBCcKo audparnuu (XRD) Ha mudpak-
TomeTrpe DRON-4 8 CuK,-u3JayueHnn.

3. PE3YJIBTATHI UCCJEITOBAHUN U NX OBCY KIEHUE

IIpe:x e Bcero, ciemyeT OTMETUTD, UTO Bee MOKpLITHA 13 TiN, HedaBucH-
MO OT PEKVMOB IIOJYUYEHUA, UMEJN 30JOTHUCTO-KeJITHIN IIBeT, KOTOPHIH
XapaKkTepeH IJIA CTeXMOMETPUUYECKOro HUTPUAA TUTaHa. BelnunHa ToKa
JIyTOBOTO pas3psia BIAUSIET Ha IITePOX0BATOCTb OCAMKIAeMbIX IIOKPBITHIH.

IloBhINIeHNE TOKA BEIET K YBEJNUYEHHUIO CKOPOCTH IIepeMeIleHnsa Ka-
TONHBIX TISTEH Ha IIOBEPXHOCTH KAaTOMa, K POCTY UX pasMepa, uucja u
MIOBLIIIIEHUIO TEMIIePaTypPhl KaToa, UYTO IPUBOAUT K BO3PACTAHUIO KO-
JUYecTBa MUKPOKAIeJIbHOM ()ashl B INIa3MEeHHOM IOTOKE KaTOIHOTO Ma-
Tepuaja U, KaK CJIeICTBUe, K YBEJIMUEHHUIO IIIePOX0BATOCTY HAHOCUMBIX
CJI0EB. T 3aBUCUMOCTH IIOATBEPKIAIOTCSI U3MEPEHUIMH IITEPOXOBATO-
CTU OCaKIAeMbIX MOKPBITUI II0 MEHTPY MOAJI0:KKU. [loBbIlIenre TOKa
ayru ot 60 1o 90 A mpuBOANIIO K YBEJINUEHUIO IIIePOXOBATOCTH IIOKPHI-
g R, B 1,5 pasa.

B cayuae Tpoiiubix coemmuenuii (Ti, A)N u Ti(C, N), sseMeHTHBIH
coctas ucciaenoBajau Mmerogom EDX. ITpumepsr EDX-crieKTpoB A1 1j1ée-
oK (Ti, Al)N u (Ti, Ni)N npeacraBienst Ha puc. 1. YcaoBus HaHeCeHUSA
naéHoK O6b1n caenyomue: (Ti, AN — p(N,)=10"1lIa, I[,=50 A, I;=
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=90 A, V,=220B; TiN — p(N,)=10"1IIa, I,,— or 50 10 90 A, I.;=120
A,V,=220B, rge I, I, 970 Toku Ti, Al KaToIOB COOTBETCTBEHHO.

B mamHOM Ciiyuae MOKPBITUA ObLIN IIOUTH CTEXHOMETPUUYECKUMU IPU
cootomenuu N/Ti+ Al pasuom 0,95. Kak mokxasano, manpumep B [9,
12, 13], coornomenne Ti/Al mmeerT orpoMHOe BJIUAHWE Ha CBOMCTBA
nuénku. IlpoBeieHHBIe HAMU SKCIIePUMEHTHI ITOKAa3aJu, YTO COOTHOIIIE-
uue Ti/Al MOXXHO KOHTPOJIMPOBATE HIYTEM KOHTPOJIS 3HAUEHUN TOKA CO-
OTBETCTBYIOIINX KaTomoB. Hampumep, moswimienue I, or 50 go 90 A
IPUBOAWJIO K yBeauueHuio coorHomenus Ti/Al or 0,74 mo 2,09 (I,
IO AePKUBAJICA IIOCTOIHHBIM Ha ypoBHe 50 A). IKCIepUMeHThI TaKKe
mokasanu, uTo aasa noKpwiTuil Ti(C, N) coorromernne N/C 651710 mToUTH
Takoe ke (B upenenax 5—10% ), Kax 1 aHAJIOIMYHOE COOTHOIIIEHE B pPe-
aKTHBHOM rase, KOTOPOe KOHTPOJIMPOBAJIN IIPU IIOMOIIK CKOPOCTEH ra-
30Boro moToka N, 1 rasa, cofep:xaIiero yriepo.

MeTonuka NOpoOBeHeHUA TPUOOTEXHMUYECKUX MWCIILITAHUN METOLOM
00'bEMHOTr0 M3HOCA IO3BOJIAET IOJYUYNTh KPUBLIE 3aBUCHMOCTH pasMepa
ILIOIIAAKY M3HOCA, 00'beMHOr0 M3HOCA 1 N3HOCOCTOMKOCTH OT IIapaMeT-
POB BpeMeH!, KOJIUYEeCTBA 000POTOB KOHTPTEJIA U AJUHLI IIPOHLEHHOTO
nytu. Ha pucyHKe 2 npuBefeHbl 3aBUCHMOCTH M3MEHEHUsS 00'beMa Ma-
TepHuaja, YHeCEeHHOTO KOHTPTEJNOM B IIPOIECCe MCHBITAHUSA, OT AJIMHBI
OyTH, IPOUAEHHOTO KOHTPTEJIOM.

IIpoBemeHHbIe MCHBITAHUA HA M3HOCOCTOMKOCTH IOKAa3aJd CJIemyIo-
e pesyabTaThl. HaHeceHre IOKPBITUH CYII[eCTBEHHO CHU3MIIO 00heM-
HBIII M3HOC 00pasI[oB. YHOC MaTepuja ¢ MOAJOKKHN UMeJ KaTacTpodu-

06 1,2 1,8 24 30 3,6 42 48 54 6,0 6,6

JHeprud, ksB

Puc. 1. EDX-cnexrp gis (Ti, A)N noxpertuit (p(Ny)=10"1Ila, I,,=50 A, I,,=90
A,V,=220B, rae Iy, I, — 910 ToKu Ti-, Al-KaTomg0B COOTBETCTBEHHO).



BJISTHUE ITIAPAMETPOB OCAYKIEHUS HA CBOVICTBA ITIOKPLITUN 851

yeckuit [13—15] xapaxkrep (kpuBas 3), Torma KakKk IOKPBLITUS HA 3TOH
CTaAUM He JOCTUTAJIH KOHIIAa NcIbITauui. I[Ipu 0a30BBIX UCIBLITAHUSAX Ha
10000 060pOTOB HU OLHO M3 HOKPBITHUH HEe MCTHUPAJIOCH A0 IIOIJIOMKKMN.
YHoc MmaTepmaJsia IMOKPBITHI, OCAKIEHHBLIX B PEKUME MOHHO-IIJIa3MeH-
HOro ocaxkaenusa ¢ BU-ctumynanueii, B 1,56—2 pasa MeHbIlle, UeM IIO-
KPBITHU, IOJIYUYEHHBIX B PEIKHME HeIlIPEePBIBHOTO OCAMKIEHN .
Wsmepenus TpeHUA CKOJNLKEHUA MOKPBITUI TaKiKe ITOKa3aJu IIpe-
MMYIECTBA IOKPBITHI, MOJYYEHHBLIX B PEKUME BAaKyyMHO-IYTOBOTO
ocaxknenud ¢ BU-ctumynanueii. Tak, KoapGUIUeHT TPeHUA CKOJIbIKE-
HUA NOKPBITUSA IIOCJIeHEr0 TUIIA MEHBIIIEe COOTBETCTBYIOIIEro KOoa(pu-
IueHTa O0BIYHOro MOKPEITHUA HA 10% u 11% npu CKOJIbKEHNN COOTBET-
CTBEHHO II0 IIJIACTMACCE U IOJIUPOBAHHOMY AJIIOMUHHIIO.
PeHTreHOCTPYKTYpHBIE HCCIeMIOBaHUA (PA3OBOTO COCTaBa IMOKPBLITHIA,
MMOJYYEeHHBIX IPU ABYX PEeKUMAaX OCAKIEHUS, ITOKA3aJl HaJIUUNe TOJIb-
Ko oxuoii (aswel HuTpuaa tutana ¢ I'I[K-pemrerkoit Tunma NaCl [9]. Ha
BCeX PEHTreHoTrpaMMax IIPUCYTCTBYIOT nudpariimoHnbie muxku (111),
(200), (220) u (222). BernunHa MHTEHCUBHOCTEHN TUKOB CBUAETEILCTBY-
€T 0 TOM, UTO 3TO OAHO(PASHELINA MTOJNKPUCTALINUECKU HUTPU TUTAHA.
Y oboux THUIIOB 06pas3IioB HAOJII0ZAIOCh YBeJINUEeHNEe ITapaMeTpa Kpu-
cTaJunueckoii pemrerku a g0 0,42603 £0,0141 um a14a pexuMa HeIrpe-
peiBHOTO ocakjaeHusa u m0 0,42599+0,0173 HM A peskuUMa ocakje-
Hua ¢ BU-cTumysisnuei mo cpaBHEHNIO ¢ MACCUBHBIM HUTPUIOM THUTA-
Ha, y KoToporo a, =0,4244 uam [9].
AHajau3 MHTEHCUBHOCTEN TUPPAKIIMOHHBIX MAKCHMYMOB YKAa3bIBaeT
Ha HaJuuue akcuaJbHOI TeKcTyphl [111] aima o6oux pexxumoB. Omenka
pasMepoB KPUCTAJINTOB IIOKa3aja, YTO MOKPHITUA, ITOJYUEeHHBIE B pe-

- B
|

i

~
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~
S

O6bwemHuSBIH nsgoc V, 102. mm3

o o g :

A g

x i
% 500 7000 7500

IlyTe usuoca L, m

Puc. 2. 3aBucumMocTu U3MeHeHUA 06'EMHOTO U3HOCa V OT AJUHBI TPOHIEHHOTO
KOHTPTEJOM IIyTH L A1 06pasoB 6e3 MOKPHITHA (KpuBas 3) U ¢ HOKPBITUAMU
u3 TiN, mosy4yeHHBLIMU B PEKVMe HEIPEPHIBHOTO OCaKAeHUA (KpuBad 2) U B
peKuMe NOHHO-IIJIa3MeHHOT0 ocaskaenus ¢ BU-ctumynanueit (kpusas 1).
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TABJINIIA 1. XuMuuyecKuii COCTAB MJIEHOK.

. KonumenTpamnus saemenTos (at.% )
Ciaoit -
Ti Al C Fe | N | o
(Ti, A)N 30,9 14,8 - 2,0 43,6 8,7
(Ti, CON 16,2 - 31,8 0,9 52,5 1,4

sKume BU-cTuMynAannmu, UMeIloT MEeHBIINN pasMep 3epeH (o0gacTeit Ko-
reperTHoro paccesuus (OKP)). Cpegaue sHaueHUA pa3sMepoB KPUCTAJI-
JIUTOB COCTaBJIAIOT 8,9 HM, B TO BpeMsA KaK IIPHU HeIIPEePLIBHOM KaTOIHO-
IYTOBOM OCAKIEHUU MOKPLITUSI UMEIOT CPAaBHUTEIbHO OOJIBIITN pasMep
HaHOKpucTaauTos 10 10,3 HM.

Bce MOKPBITHA UMEIOT CX0KYI0 MOP(OJIOTHUIO IIOBEPXHOCTU: 00HAPY-
JKeHO IPUCYTCTBUE KaIlleJbHBLIX (PPAKIINil HA IIOBEPXHOCTU ITOKPBITHUI.
OnHako HOKPBITHS, IOJYyUYEeHHbIE IPU PA3JHUUYHBIX PEKHMaX, BCe Ke
MMEIOT PasJnYHble KOJIMUYeCTBeHHbIe XapaKTePUCTUKY IapaMeTpPoB II0-
BepxHOocTH (Tabda. 1).

Ha pucynke 3 mokaszan npumep cnexrpa XPS gia nukoB Ti 2p, N 1su
O 1s. IIpencraBiieHbI TaK:Kke Pe3yJIbTATHI IIOATOHKN IIMKOB C IIOMOIIBIO
(yurnuii F'aycca—Jloperma (85% G/L).

40F Ti2p —— TiN 1
2P, . .
or i e Ti,0,, TiNO 1
S 201 A
-
§ 10f .
5 0‘1— 3 L M 1 ._-_'—-H-:_"
= 448 452 456 460 464 468 472,
<
= 8 Nls
8
o 6F
=
> 4
=
= 2r
S %
9 Of a— P a——
E 388 392 396 400 404
g 10 O1s
E P S B\ U Ti,0,, TiNO .
g 6k ——CO,, TiNO
< °F A W\ Co
4} * 1
2> ; B
ok A . — 4
520 524 528 532 536 540

JHeprua casu, 5B

Puc. 3. XPS-cuektp TiN-nmoxkpbiTusd: muku Ti 2p, N 1su O 1s.
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Ha pucyuke 4 npeacrasiensl MuKpodororpaduu IOBePXHOCTH U U3-
goma TiN-mOKpPBITHSA, IOJYUYEHHOIO IIPU BAKYYMHO-ZYTOBOM OCa’KIe-
Huu. Mukpogdortorpadmumu nokpeiTusa TiN Iocse ocakJeHUsa IMOJIyUYeHbI
mpu 20000-xpaTtHoM yBenumueHuu (puc. 4, a u 6). Jlanabie MUKpPodoTO-
rpaduu MO3BOJIAIOT IPOCJIEIUTHL N3MEeHEeHNe IIOBEPXHOCTU ¢ KalleJbHOM
dpakimeii mox Bo3elicTBUEM BBICOKUX TemmepaTyp. Ilpu BosaeicTBun
Ha moKpbiTue TemnepaTtypsl 500°C (puc. 4, 6), TOKPBITHE He MOIIaEeTCs
MUKPOPa3pyIIeHN0, HAa ITOBEPXHOCTH KaueCTBeHHBIX M3MEHEeHUHN B CO-
IIOCTaBJIEHUN C MCXOMHBIM obpasiioM (puc. 4, a) He obHapy:keHo. Ilpu
Bo3felicTBUM Ha MOKphITHE TemiepaTypbl 1000°C mabaiomaeTcsa ero
yeTKas CTPYKTypa 0e3 KauecTBEHHBIX M3MeHeHuil (cMm. puc. 4, 8, rae
Tak:Ke BUJeH U3JIOM IIOKPBITUA, yBeauuenue xX129000).

W3 manHbBIX, TpUBEIEHHLIX B Tabauiie 1, BUAHO, UTO IPU UMIYJILCHOM
pesKmMe OCaKIeHUs cpelHre 3HAUeHUA JuaMeTpa Kalejlb U UX KOHIeH-
Tpallud MEHBIle, YeM MIPU HeIpPepbIBHOM ocakaeHuu. VIMeHHO STUM
(haKTOM MOYKHO OOBACHUTL pasanure Kod(MOUIINEHTOB TPEHUA MOKPHI-
Tuii. MeTomoM pPacTPOBOM SJIEKTPOHHON MUKPOCKONUU OBLIM TaKiKe
M3YYeHbI M3JIOMbBI HOKPBITHH. AHaJIN3 M3JIOMOB ITOKAa3aJl, UTO IOJyYeH-
HbIe TTOKPBITUA MMEIOT XOPOIIYIO aAresnio K moaido:xke. Ciemqyer oTme-
THUTh, UTO B OTKPBITBIX ITOBEPXHOCTHLIX MOpaX dYacTo HabJomaeTrcs
HAIIPaBJEHHBIA POCT YACTUIT MOKPLITUA. CKasaHHOE XOPOIIO NUJJIOCTPH-
pyeT mpuBeleHHad Ha PUC. D MUKpodoTorpadgusa MOKPHITHAI, IOJIYUEH-
HOT'O B pesKMMe BaKYyMHO-IYTOBOT0 ocaxkaeHud ¢ BU-ctumysdanuei.

CoeguHeHusa, copMUpPOBaHHBIE Ha MOBepXHOCTH MOKPBITHA TiN (mo
MakcuMaJbHOU roryouHbl 10 HEM) onipenensaiau metrogom XPS[1].

W3 cnexkrpanbHoTo amanusa (Tabdia. 2) BUAHO, UTO MOKPBITUI, COCTO-
Alye 13 ocHOBHOro KomIitoHeHTa TiN, ABIAIOTCA KBasUCTeXMOMETPU-
yeckuMu (N/Ti u TiNO). OrHOcuTesbHAA KOHIIEHTpanus a3 B HUX 3a-
BUCUT OT IIapaMeTPOB HaHeceHUA. YCJOBUA HAHECEHUS IJS HCCIeIye-

Puc. 4. Tomorpadpus moBepxHocTed 1 m3aoMa TiN-TOKPBITHII, MOTYUEHHBIX
TP BaKYYMHO-JYTOBOM OCa’KIeHUU: ITIOBEPXHOCTh MCXOAHOr0 obpasia (a), mo-
BEePXHOCTH obpasiia, marpetroro x0 500°C (6), moBepxXHOCTH (1 ee 13JI0M) 00pas-
1a, gHarperoro g0 1000°C (8).



854 B. P. JKOJIJIBIBEKOB, A. M. MAXMV, I'. B. KUPUK u np.

TABJUIIA 2. Jueprun E (B 3B) XPS nukKoB 1 aToMHasi KOHI[EHTPAIlUA COOT-
BETCTBYIOIUX (Das.

C T8 N 0

Oo6pa-
sey | c—c |CON)| N | mino | mino | TiN | O N | mion | €O
CBA3b CBA3b CBA3b
| 28438 ggg’i 455,8 458,1 395,8 397,0 igg’g 529,7 ggéz
0, ’ 0, 0, 0, 0, ’ 0, 9
15,0% o0 49%  5,9% 45% 44% o0 10,9% ool
, 2848 ggg’i 456,1 458,2 396,0 397,2 zgg’é 529,9 ggé;
0, ’ 0, 0, 0, 0, ’ 0, 9
BT.9% rowy GA%  T2% 61% 57% 1000 125% e
531,6
g 2847 22%%23’ 455,9 458,1 395,9 397,2 zgg’g 529,9 533.1
33,5% 8 69  9,5% T7,0% 6,1% 8 14,6% 535.4
8,8% 2,0% .
12,3%
L 2847 ggg’i 455,6 458,0 396,0 397,1 igg’g 529,8 ggég
0, ’ 0, 0, 0, 0, ’ 0, 9
BT,9% ooy GA% 86% 46% 86% peo’ 1L9% o

MBIX ILJIEHOK, IIOJYYEHHBIX IIPA BAKYYMHO-IYTOBOM OCAKAEHHH U OCa-
sKaeunu ¢ BU-ctumynaimeii, mpuBegeHbI B Ta0JI. 3.

TakuM o0pasoM, IPKU YKASAHHBIX PEKHMAX OCAMKIEHUS IIOJYUYEHBI
HAHOKPUCTAJJINYECKNE HUTPUL-TUTAHOBLIE IIOKPBLITHUS, WMEIOIIIe
HAHOKPUCTAJJINYECKYIO CTPYKTYPY. PeKMM MOHHO-IIJIA3MEHHOTO OCa-
skaeuusa ¢ BU-crumynamnueii obecmeunBaeT 0ojiee MEJTKOIUCIEPCHYIO
KPUCTAJLINYECKYIO CTPYKTYPY IOKPBITHII, KOTOPbIe, B CBOIO OUYepelb,

WD=11,6 mm 20,00 xB %250 200 MM

Puc. 5. Mukpodororpadus TiN-moKpbITHA, IIOJYUIEHHOrO B PEKUME BaKyyM-
HO-ZIyTOBOro ocaskaenus ¢ BU-ctumynaimeii.
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TABJINIIA 3. 3HaueHUA SKCIEPUMEHTAIbHBIX IaPAMETPOB AJISA MOKPBITUH 13
HUTPHUIA TUTAHA.

Mapawerp | 1 connte  rcnerae o B onmaty o
a, A 4,2603+0,0141 4,2599+0,0173
(a—ay)/a, % 0,38 0,24
Pasmep OKP, aMm 10,29 8,88

MMOKAa3bIBAIOT 00JIiee BLICOKME XaPaKTePUCTUKY N3HOCOCTONKOCTH.

Ha pucynke 6 mpeacTaBaeHbl CIIEKTPhI pe3epdopIOoBCKOr0 06paTHOTO
pacceanus: (POP) nporonos (a) u moHos resusd (6) Ha oopasite TiAIN.

W3 pesynbraToB amaamsa (cMm. puc. 6) BUIHO, YTO B HOKPBITUU MIPU-
CYTCTBYIOT Takue sjaeMeHThI, Kak N, C, O, Ti, Al u B HeOOJIbIINX KOJIH-
yectBax Fe. Tak:ke MOKHO 00paTUTh BHUMAaHMUE Ha TO, YTO UK THUTAHA
HEMHOTO CMeIlleH M 00pasyeT «CTYIeHbKY» BOJM3U IIOBEPXHOCTHU IIO-
KPBITHS. ITO CBUETEILCTBYeT 00 oopasosanuu coegquuennsd (Ti Al,_ )N
B CJIO€ TOJIIIIUHON IOPAAKA HECKOJIbKUX AECATHIX MUKPOMeTpa.

Kax Bugno us pesyiabraToB POP-amanmusa, B cIieKTpe oOHapy:KeHa
«II0JIOUKAa», CBUAETEJbCTBYIOIIAA O B3ANMOeliCTBUY TUTAHA U aJIIOMU-
Husi ¢ obOpasoBanmem TiyAly,. Crexmomerpuro mokpwiTusa Ti—Al-N
MOJKHO OIIEHUTH C IIOMOIIIBIO BhIPAKEeHUA:

Ny  Hyo, _ Hy [ Zy

= = , 1)
NAl HTiGTi HTi ZTi
8
g 3
56000+ C §1400—
3!
N I
w5000 B120075 C
A = !
£4000- §looo) g N o
< 8 Al
3000 g 800 X
% O6pasern TiAIN §'600— R ! Ti
| E=2,012 MsB .. ;
£2000 § 4001 O6paser TiAIN
8 © E =2,035 M>B i
&1 0001 Fep,  © 200 X{Fe Ba
1 { E( L v
5 0200 300 400 500 600 700 800 900

B
~

o !
a 300 400 500 600 700 800 900 1000 3
ﬁg Howmep ramama

Howmep ramama

a 0

Puc. 6. dHepreTuuecKkue CIEKTPHI pe3ep(OpIOBCKOTO OGPATHOTO PaCCESHUS
IPOTOHOB ¢ sHeprueit 2,01 MsB (a) u nornos He' ¢ smeprueii 2,03 MaB (6) muisa
nokpeitus (Ti, Al)N-mogmorxka.
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rae N, u N, — IPOIEHTHOe OoTHOoIneHne KouneHnTpanuu Ti u Al, Hy u
H,, — amMmautyasl curaajoB oT Ti u Al cooTBeTCTBEHHO, Gr; U G — Ce-
yeHUs paccesuusd Ha aromax Ti m Al coorBercTBeHHO, Zp; U Z 5 — aTOM-
ueie Homepa Tiu Al.

IIpenebOperas pasjimureM TOPMOKEHUS BAOJb OOPATHOU TPAEeKTOPUU
IS YaCTHUIl, PACCEIHHBIX HA aTOMaX TUTaHA U aJIOMUHUS, IJIA IABYX
5JIEMEHTOB, PABHOMEPHO pacIpeieeHHbIX BHYTPHU CJIoA (MU IIJEeHKH),
BeIpaskeHue (1) MOKHO 3aMeHUTH 00Jiee TOUHBIM OTHOIIIEHUEeM:

Ny _ HyAE, Oy
N,y  HyAE 0,

(2

BOim3u moBEepXHOCTH M B CAMOM HOKPBLITUU TAKiKe IMPUCYTCTBYIOT
a30T U KucJopos (00Imast KOHIeHTpaus o3Tux saemenToB 10w 12 at.%).
W3 sHepreTnyecKuX CIEKTPOB IIPU 9TOM BUIHO, uTO Hapany ¢ TiAl, Bos-
MoxkHO popmuposanue a3 TiN, u TiN — HebGoJsbIIIasdg CTYIEHbKA B paii-
OHe KMHeMaTudyeckoii rpaHunbsl N. HacTs Kucaopoaa IIpOB3aMMOIEH-
CTBOBaJIa C aJIIOMUHUEM, B pe3yJbTaTe uero HabJogaeTcsa oopasoBaHue
oxkucJa Al,O;.

B rabnuiiax 4 u 5 mpuBegeHLl Pe3yIbTATHI TPUOOJOTUUECKUX HCIIHI-
TAaHWM, a Ha pHUC. { OIPeACTaBIeHbI AByXMepHLIe m Tpexmepubie AFM
(ACM) nzobpakeHusT MOPHOJIOTHYN ITOBEPXHOCTHU NOKPBITUSA TiN, moiry-
YEeHHOT'0 BAKYYMHO-IYTOBBIM METOIOM.

TABJINIIA 4. PesyabTaThl TPUOOJIOTUUECKUX UCHBITAHUN HAHOKOMIIO3UTHBIX
TOKPBITHIA.

dakTop usnoca | PakTop n3HOCA

IToxpriTHE Hzilgfr(;%fg})fc n(l)viclv;;;;/l'}rll:aﬁ, Rﬁ;gf;ﬁa, fop
30 7,59-10° 1,9310° 0,80
Ti-Zr-Si-N 300 2,22.10° 3,1410° 0,71
500 1,49.10°7 2,8110° 0,58
Ti~Zr-Si-N (a) 30 7,559-10°7 3,21410° 0,805
Ti=2ais 300 1,84.107 4,726.10° 0,836
Si=3.05 500 1,47-1077 3,047-10° 0,582
Ti~Zr-Si-N (0) 30 6,75-107 3,30410° 0,793
Ti=28.02 300 3,62:107 3,83.10° 0,813
Si—3.64 500 1,985.1077 2,749-10° 0,585
Ti~Zr-Si-N (6) 30 7,697-107 3,279.10° 0,877
Ti=27,46 300 2,635.10° 3,486-10° 0,825

Zr = 2,51

Si=3.76 500 1,955107 2,74910° 0,632
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TABJINIIA 5. MakpoCTPYKTypa IIOBEPXHOCTA HAHOKOMIIOSUTHBIX ITOKPBITHH
Ti—Zr—Si—N.

Tapamerps! | T =30°C T =300°C T =500°C

Koutpreso

Hopoxxru
TpeHUus

Ha pucynke 8 mpuBemeHsl 3aBICUMOCTH HAHOTBEPAOCTU OT I'TyOMHBI
BIABJIMBAHUA WHIEHTOPA IJS PA3HBIX IMOKPBITHII, HAHECEHHBIX Ha 00-
pasIbl U3 cTaau. I3 3TUX 3aBUCUMOCTEN MOYKHO YBUIETDH TO, UTO 3HAYUE-
HUS TBEPAOCTH JIJISI PA3JINUYHBIX YCJIOBUU OCaKIeHUA B IiIeHKax He—TiN
pasauuatorca. A ocaxkaeHus mieHKu B BU-paspane (BepxHAS Kpu-
Bas) MaKCUMaJIbHOe 3HaUeHue HaHoTBepAocTu okoJio 32 I'lla. Ilnenku,
HOJIyUeHHBbIe BaKyyMHO-IYTOBBIM ocaskaeHueM 06e3 BU-ctumyisiuu,
UMeT MaKCcuMaJbHOe 3HaYeHWe HaHOTBepmoctu 26 I'lla, (MuHMMANL-
HOe 3HaueHme B 3ToM cayuae coctaBiser 22 I'lla) mpu raybuHe BOaBim-
BaHUA 1 usMepeHus aad BcexX MoKpuiTuii 120 um. ToukamMu Ha 3aBUCHU-
MOCTHU IOKAa3aHbI MeCTa N3MEPEHU .

IIpu cropocTax croabikeHuss 10 cM/c mMeeT MecTo HOpMaJbHOe a0-
pPasUBHO-OKHMCJINTEJIbHOE W3HAINMWBaHME npu TpeHuu. CTPyKTypHO-

Puc. 7. Mopdoaorua nmoBepxHocTu NOKPHITUA TiN, mOJTyUYeHHOTO BaKyyMHO-
JYyTOBLIM METOAOM: MByMepHOe (a) 1 TpexmepHoe (6) nu300paskeHus MOBEePXHO-
CTHU, MOJIyUeHHbIe ¢ moMoIbio AFM.
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Puc. 8. 3aBucumocts TBepmocTu MOKpbITHH TiN, HaHECeHHBIX HA CTAJIBHYIO
MMOAJIOMKKY, OT IJIyOUHBI BAABJIUBAHUSA UHIAEHTOPA.

(hazoBoe cocTosHME TTOKPBITHI UT'PaeT PEIIAIoIIyI0 POJIb IIPU IPOoIecce
W3HAINTMBAHUSA U 3aBUCUT OT TeMIIepaTyphl. IIpu TeMIepaType MUCIbITa-
Huit 30°C mpoucxoauT aAre3MOHHOE B3aIMOIEMCTBYE MOKPBITUSI C KOH-
TpTEeJIoM — HabJaromaeTca rpyoblii peabed) TOBePXHOCTH IMOKPBITHA.

ITpu remmeparype ucnbiTanuit 300°C nasa moxkpbeiTuii Ha ocHoBe Ti—
Si—N u Zr—Ti—Si—N, usHoC MOKPLITUII YMEHbIIIaeTCs, a U3HOC KOHTPTE-
Jla yBeJIUUYMBaeTcda. B manbHeNIeM, ¢ yBeJUUYeHUEM TeMIIepaTyphl 10
500°C, mpoucxoauT ymeHbInienue nsHoca MoKpPeITUd Ti—Si—N u Zr-Ti—
Si—N, T.e. IMOBBIIIIAETCS UX U3HOCOCTONKOCTh. ATO IPUBOAUT K M3MeEHe-
HUIO YCJOBUII IIPOIIECCOB IPOUCXOASINX B 30HE KOHTAKTa 3a CUET U3-
MEeHEHUS CTPYKTYPHI IOBEPXHOCTHBIX CJIOEB.

OTInYuTeIbHONM 0COOEHHOCTRIO moBeaeHus cuctemMsbl (¢ BU-ctumyis-
nueit) TiN/moaao:KKa M3 cTaJau CTAJIO MOSABJIEHUE OCIUJLIAIINNA (PYHK-
muu Wk) (roe W — roadduiueHT TpeHUA, h — riyOuHA BIABINBaHUSA
WHIEHTOPA) IIocJie JOCTUKeHusa Harpy3ku Le, =29 H. 91o cBasamo ¢ 06-
pasoBaHUeM JOKAJIbHBIX CKOJIOB IIOKPBITUA U BLIJaBINBAHUEM MaTEpPU-
ajia MOAJOMKKH, UTO IPUBOAUT K YMEHBIIIEHUIO TJIYOMHBI IPOHUKHOBE-
HUA WHIEHTOPA, YBEeJIUUYEHUIO KO9(DDUIMEeHTAa TPEHUA U 3aMeIJIeHUIO
mpoIiecca AaJbHEHIero NCTUPAHNA MOKPBITUSA BIJIOTH A0 MOJHOTO MU
YaCTUYHOTO YAaJeHUs MaTepuaja MOIJOKKHU CO AHA Iapamuabl. as
nokpeiTusa HC—TiN /mognoxxKa (ocaskgenHoro 6e3 BU-ctumynamnmum) mo-
sABJIEHVE IIEPBBIX OCHWJIIAIIUKA HaOmdomaerca y:ke mpu Lc,= 17 H.
DIyKTyalluy CUTHAJNIa aKyCTUYECKON 9MUHCCUM IPU MaJIbIX Harpyskax
He CBSA3AHBI C PaspylIeHWeM MMOKPBLITUS, a, MO-BUANUMOMY, SBJIAIOTCS
cJIeJIcTBEM M3MeHeHus (QopMbI, pasMepa U KoJaudyecTBa mop (ILJIOTHO-
CTU MO TOJIIUHE MHOKPBITHUS). B objacTu mepexona IIOKPBLITHE/IION-
JIO3KKa OCYIIECTBJISIETCS IMOJHOCTBIO YIPYTUil KOHTAKT BILIOTH A0 23 H,
BeJIMUMHA YIPYTOTO BOCCTaHOBIEHUS cocTaBisder moutu 100% , a ucru-
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Puc. 9. 3aBucumocts mozmysd ympyroctu nokpbiTuii TiN, HaHeceHHBIX Ha
CTaJIbHYIO IOAJOMKKY, OT [VIyOUHBI BAABIUBAHUA UHIEHTODA.

paHMe IMOYTHU MOJIHOCTHIO OTCYTCTBYET.

Ha pucyukre 9 mpuBeneHbl 3aBUCUMOCTY MOAYJSI YIPYTOCTH OT TJIy-
OuHBI 00pas110B ¢ MOKpuITHAMU HC—TiN.

Hna nBoitabix KoMiosuToB Tuna Ti—N u Ti—C cmeKTpbl peHTTeHOB-
CKOM audpaKIIuy IOKA3bIBAIOT, YTO B 3TUX IIOKPBLITUAX 00pasyiorcs da-
3p1 cooTBeTcTBeHHO O-TiN 1 TiC. OpHaKo IpU HU3KOM [JABJIEHUUN PEaK-
IIMOHHOTO rasa, TaK:Ke ObLIN 0O0HapyKeHbl HeboJbIre Ju(paKIiimOHHbIE
OUKU MeTrajia, HampuMmep, nuk Ti(110). Tunuuable udpaxiimOHHLIE
kKapTtunbl 1 Komro3uToB TiN u TiC nokasausl Ha puc. 10 1 11. Mo:xHO
YBUIETh CUJILHYIO IIPENMYIleCTBeHHYIO opuenTanuio (111), kak sTo OBI-
BaeT JJIs MTOMO0HBIX IJIEHOK, HAHECEHHBIX JaHHBIM MeTomoM [8—9].

CBoiicTBa HUTPHUAA TUTAHA, ONMCAHHBIE B [2, 7, 9], HO3BOJISAIOT JyUlIle
COPHMEHTHUPOBATHCA B MAaHHBIX YCJIOBUAX HAHECEHUS IOKPBITHI, KOTaa

TiN(111)

TiN(222) Fe,(110)

VHTeHCUBHOCTEL

Fe,(200) TiN(220)

v 0 v T T v l v 0 N

55 50 45 40 35 30
20, °

Puc. 10. ®parmeHThl PEHTreHOBCKUX AU(MPAKTOrPaAMM, MOJYYEHHBIE AJIs 00-
pasmnoB nmokpeiTusa TiN.
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2

TiC(111)

VHTeHCUBHOCTEL

Fe,(200) Tic(220)

40 35\ 3o

20, ° TiC(111)
a Fe,(110)

S

o

&

g TiC

g 200)

2 Fe,(200) Ti

2 ’ TiCN(220) 011

75 70 65 60 5'52e 50 45 40 85 30

Puc. 11. CuekTpsI peHTTeHOBCKOM gudpakmuu moKpbiTud TiC.

SHEPTUA HATIPSKEeHUS IIPEBOCXOIUT IIOBEPXHOCTHYIO 9HEPTHIO.
B ompenenenHbIX yenaoBuax HaHeceHus (p(N,)< 102 11a, V, < 20 B) mo-

KpeiTue TiN He mMeeT MpPeMMYIIIECTBEHHON opueHTANuu (00HAPYKEeHBI

auaun (111) u (200), nmeroIye OMHAKOBLIE MHTEHCUBHOCTH ITTKOB).

ITpu usmeHeHUNM ycaoBUiI HaHeceHUSA HaOJIIOTaeTca M3MEHEeHUe TeK-
cTypbl 1 mokpeiTul TiC (puc. 11). I8 HEKOTOPHIX HapaMeTPOB HaHEe-
ceHus (peakTuBHBIH ras — C,H,, naBienue raza — 4-1072-6-10211a,
V.>100 B) Ha TunuuHBIX KapTuHax audpaxinuu (puc. 11, a) umernrcsa
He0OJIbININe U IMUPOKUe AU(MPaKINOHHBIE MUKMU, ITO3BOJIAIOIINE IIPe-
HOJIO}KUTH, YTO CHPOPMUPOBAJICA HAHOKOMIIO3UT. AHaau3 mpoduiasd
KpuBoii, onmucauHbli B [10], moKasaJs, 4To pasMep 3epHa COCTABJIAET Me-
Hee 10 HM. CiemyeT OTMETUTD, UTO TaKle IMOKPBITUSA CUNTAIOTCA CBEePX-
TBEPABLIMU, €CJIU UX MHUKPOTBEpHocTh npeBbimniaeT 40 I'lla, a B Hamem
caydae MakcuMaJbHas TBEpHocThb cocTaBideT 50 I'lla [11-12]. MosxkHo
OPEIIOJ0KUTh, UTO ATHU ILIEHKU COCTOAT M3 HaHOKpuctawioB TiC B
matpuiie a-C:H (amorphous hydrocarbon matrix).

Kax u B ciyuae ¢ nBoiiubIMU coemunuHeHusamMu, mokpbitud (Ti, AI)N u
(Ti, Ni)N moxaswIBaioT TeKCcTypy ¢ cuabHoit (111) opueHTamueii. I[Be
rudpaKiuonubie KapTuubl Aaa mokpeituii (Ti, AI)N ¢ pasHbBIMU COOT-
nomenusamu Ti/Al, moxkasausl Ha puc. 11. MaTeHcuBHOCTh JuHunu (111)
(Ti, AI)N yBenuumBaercs ¢ yBeinumueHuem Toka Ti-xaroma. Biaromaps
MOABJIEHUIO NU(MPPAKIIMOHHBIX MUKOB djeMeHTa Al BUIHO, YTO HEKOTO-
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Puc. 12. CueKkTpsI peHTTeHOBCKOH qudparmuu MoK peITusa TiCy N 4.

pbIe aTOMBI AJIIOMUHIS He BCTYIINJIN B PEaKI[HIo ¢ a3oToM (puc. 11).

IToxprwiTue (Ti, C)N moamyuanu ¢ momoinsio CH,, mtudo C,H, (puc. 12).
B mocisieguem ciyuae, IUKY OBLIN HUMKE U IIKPE, UTO XapaKTEePHO IJI
HAHOCTPYKTYPHLIX ILIEHOK. TaKne MOKPBITHUA HA3BIBAIOTCS CBEPXTBEP-
auiMu [11]; uX MEKPOTBEPIOCTEL Bodpociaa oT 40 mo 46 I'lla mpu yBesu-
YeHHNU B IJIEHKe KOoHIleHTpanuu yraepozaa ot 0,5 mo 0,8. IIpu xKoHIleH-
rpanuu Huke 0,4 3HAUEHUA MHUKPOTBEPAOCTH YMEHBIIIAJNCHL U JOCTH-
raygu 25—31 I'lla.

4. 3ARJIIOYEHHUE

Taxum obpasom, IMOJydeHbl 1 KccienoBaubl HC—TiN HOKPBITHUSA, KOTO-
pble UMEeIOT TBepaocTh A0 32,6 I'lla, moayns yupyroctu 300 I'lla, He BBI-
COKYVIO IlepoxoBaTocTh 4,2—12,8 HM, 00J1aKal0T AOCTATOUYHO BBICOKOM
anareswell WM, B 3aBUCHMOCTU OT pPeKHMa OCAaKICHUA, MMEIOT pasMep
HauosepeHn (OKP) 9 u 10,3 um. O6HapyKeHO, UTO B caydyae BaKyyMHO-
IyroBoro ocaskaeHusa ¢ BU-crumynanueii mieaku He—TiN umeroT 6oJiee
MeJIKUII pasMep 3epHa, II0 CPABHEHUIO C IOKPBITUAMU, IIOJYyUYEHHBIMU
IIPU IIOMOIITY HEIIPEPBIBHOT'O PEIKUMA BAKYYMHO-IYT'OBOT'O OCAXKIeHUA.
ITo cmexkTpam XPS OB1JI BOCCTAHOBJICH 3JIEMEHTHBINA COCTaB MMOKPBITUI
¥ BBISIBJICHBI XMMUYECKHE CBA3U AJIA MOoBepPXHOCTH MOKPEITUA TiN. BrI-
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JI0 O0HapPYKEeHOo, UTO KBasucTexmnoMmeTpuueckue coequueHna TiN Onlanm
MMOKPBITHEI TOHKUM cjoeM, cocroamniuM us Ti,0; u TiNO. Amanmus XRD
IOoKasaj, 4To ABoiiHble MerajanmuecKkume MOKpwITuA TiN, NiN u TiC
umean npeumyinectBenuyio (111) opuenramnuto. Iaa cucremsl Ti(C, N),
Osaromaps TeKCType ee MOKPLITUS, HAOJII0aIach OUeHb BLICOKAA MUK-
porBépmocTth (mo 52 I'lla). [na Tpoiabix coequnennit (Ti, A)N unTen-
CUBHOCTH U IIOJIOKEHUS INKOB 3aBUCEJIN B OCHOBHOM OT BeJIMUYNHEI TOKA
COOTBETCTBYIOIMUX KaTomoB. UTo Kacaerca moxkpeituit Ti(C, N), To misa
HUX HaOJIIJAINCh PasinyHble TU(MPaKINOHHbIE KADTUHLI B 3aBUCHUMO-
CTH OT THUIIA HCIIOJb30BAHHOIO IJIA MX IIOJYYEHUS PEaKTUBHOrO rasa
CH, unu C,H,: cunsuyio (111) opueHTaInio B IEPBOM CJIyUYae U OTCYT-
CTBUeE IIPEeNMYIIeCTBEHHON OpUeHTAIMK BO BTOPOoM. [[Jid mocIefHUX II10-
KPBITUH MUKPOTBEPAOCTE cocTaBisaiaa 42—46 I'Tla.

Pabora mpoBomuaachk B paMKaxX HayUHO-UCCJIETOBATEIbCKOT0 IIPOEKTa
Ne 011U001382. ABropsl 6aarogapar mpod. A. II. ITorpebuaka sa mo-
MOIIIb B MHTEPIPETAI[UN PEe3yIbTATOB UCCIEIOBAHMIMA.
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