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HAHECEHUE TOHKHUX IUVIEHOK B BAKYYME
HA TIOJIOXKHU N3 CUHTETUYECKOI'O OITAJIA

Paccmompeno enuanue memooos mepmu-
YecKko20 UCNAapeHusl, UOHHO-NIA3SMEHHO20
MACHEMPOHHO20 PACHBLIEHUS U 0Cadicoe-
HUSl MOHKUX NAEHOK U3 UOHHO20 NYYKA HA
Xapakxmepucmuxkuy no8epxHocmu OomoH-
HBIX KPUCMAJLILOS.

HHTepec k onanoBsIM MaTpuiiaM (IJI0THOYTIAKOBaH-
HBIM HaHOCd)epaM AUOKCHUa KPEMHUS C JTUAMETPOM OT
200 mo 600 HM) [1] ¢ TOHKOIIIIEHOYHBIMH TTOKPBITHSIMHI
BBI3BaH PAKTUIECKH HEOTPAHUUCHHONH HOMEHKIIATY PO
MaTepHaJIOB TOHKHUX IUICHOK, AUAIIa30HOM TOJIIIHNH OT-
JEIIbHBIX CJI0E€B U MHOTOCJIOMHBIX CTPYKTYP OT AECATKOB
aHICTPEM JI0 €MHUL MUKPOMETPOB, a TAKXe IPYTUMH
JOCTOMHCTBAMH TCXHOJIOTMHU TOHKHUX IIJICHOK.

B HacTosmiee BpeMst OTCYTCTBYIOT IyOHKammu 00
HCCIEIOBAHMUSX PA3INIHBIX METOJOB HAHECCHHUS TOHKUX
IJICHOK B BaKyyMe Ha TMOJUIOKKH C pelbedoM MoBepX-
HOCTH CHHTETHYECKOTO omaia. OcoO0eHHOCTHIO Mpolec-
ca (hopMUpOBaHUS TOHKHUX IJIEHOK Ha CTPOTO YIOPSIIIO-
YEHHBIX MMOTyc(epax MOBEPXHOCTH OITAIOBON MATPHIIBI
SIBTSIETCSI TIEPEMEHHBIH YTOJI OCaKICHUS INIEHKOOOpasy-
OIINX YacTHIl. B pe3ynbrare 3Toro nckaxaercst, 1o cpas-
HEHUIO C «IIAJAKUMMU» 00pa3laMu, XapaKTep MOsBICHUS
3apOJIBIIEH, 00pa30BaHUA MOHOCIIOS OCAXKIAEMOT0 Ma-
Tepuaa u gajabHeinero opMUpOBaHUs TOHKOILUICHOY-
HOTO TIOKPBITHSL.

Llenbro gaHHOTO HAIIPaBJIEHUA UCCICIOBAHUN SABIIS-
€TCs1 OKCIIEPUMEHTATLHOE OIIPEICIICHNE BIMSHIS METOIA
HaHECCHUA TOHKUX IJICHOK B BAKyyM€ Ha r€OMETpUYIC-
CKH€, DIIEKTPUUYECKUE, ONTHYECKUE U JPyTHe CBOMCTBA
MOBEPXHOCTU ONAJIOBBIX MATPHUI] C TOHKOILICHOYHBIMU
TIOKPBITHSIMH.

B nipencrariienHoi paboTe paccMOTPEHBI METOTHI TEP-
MHYECKOTO UCTIApEHHS, HOHHO-TUIa3MEHHOTO MAarHETPOH-
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Puc. 1. Cxema ocakeHus TOHKOM IIeHKH Bi
METOIOM TEPMHYECKOTO UCTIAPCHHUS

HOT'O paclblUICHUA U OCAKACHUS TOHKUX IIJICHOK U3 NOH-
Horo myuka [2]. B xauecTBe uccienyeMbIx XxapakTepuc-
TUK BBIOpaHbI pesibe() TOHKOIICHOUHOTO MOKPBITUS U
AIIEKTPUUECKOE COMPOTHUBIICHHUE TIOBEPXHOCTH. DTH Xa-
PaKTEPHUCTHKH OTIPEICIIUTICH Ha MOUIOKKAX M3 CHHTe-
THUYECKOTO OTTaJia M Ha «IITAIKIX)» CHTAJUIOBBIX TUIACTH-
Hax, Ha KOTOPBIE TOHKOIJICHOUHOE OKPBITHE HAHOCHIIOCh
OJTHOBPEMEHHO.

B kauecTBe 0CaXJaeMbIX METOIOM TEPMUYECKOTO
HCcIapeHvsi MaTepruaioB ObUIH BEIOpaHb! Sn, Pb, Ni u Bi,
HeOOJIBIITIE KYCOUKH KOTOPBIX TIOMEIIAJIICh B THTEIIb U3
HUTpUAa 6opa (puc. 1) U HarpeBaIMCh BOJILHPAMOBOWA
CIMPAJIBIO 10 TEMIIEPATYphl HcnapeHust. ToHKas IICHKa
HAHOCHUJIACh HA CUTAJUIOBYIO MOJUIOXKKY C 3aKPEIUICH-
HBIM Ha Heil 00pa3ioM onaa.

Mertox TepMHUYECKOTO UCTIApEHHS OUYeHb IIPOCT B pe-
TM3annH, HO IMEET OTPAaHNICHHMS 110 HOMEHKJIAType Ha-
HOCHMBIX MaTepHaJIOB U 00J1alacT caMOi HU3KOH 3Hep-
ruei (1011 9B) IIeHKo00pasyoIMX YaCTUII, PaBHOU AT,
rae k — nocrosinHas bonbumana, 7, — Temneparypa
UCTIAPCHUS MaTepHaIa.

Bornee yauBepcatbHBIMU (IPAKTUIECKH JIFOOBIE Ma-
TepHaJIbl TOHKHUX IUIEHOK, SHEPTUH YaCTHII OT SIUHHIL 10
COTEH 3B, MOTOXKKN OGOJIBIIOrO pasMepa U T. A.) SIBIs-
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Puc. 2. Cxema TpeXmo3uIIMOHHON YCTAaHOBKHY TSI HAHECEHHSI
TOHKHUX IUICHOK B BaKyyMe:
1 — NOHHO-ITy4eBO# HCTOYHHK; 2 — BaKyyMHasl kKamepa; 3 —— ayro-
BOIl HCTOUHUK; 4 — 3aCJIOHKA; 5 — HAKIIOHSIEMBIH MOIIOKKOIEpKa-
TeJb; 6 — NPUBOJ MIOBOPOTA 3aCIOHKH; 7 — MPUBOJ BPAIIEHHUS MO~
JIOKKOJIepIKATEs1; § — HarpeBaresib MOIOKEK; 9 — MarHeTpoH
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I0TCSL HIOHHO-TIJIA3MEHHBIE METObl OCAKIEHHUS TOHKUX
IUIEHOK B BaKyyMe, 4acTh U3 KOTOPBIX peaJln30BaHa Ha
TPEXTIO3UIIOHHOM YCTaHOBKE (PHC. 2), OCHAIIICHHOW Mar-
HETPOHHOH pactbuiuTebHON cuctemMoii (MPC), myroBbiM
nuctouHukoM (/I11) 1 aBTOHOMHBIM MCTOYHHKOM HOHOB
(ANH). O6pas1bl MOTYT 3aKpETLIATHCS Ha HAKIIOHAEMOM
CTOJIMKE, pa3MELLEHHOM Ha BBOJIE BpalLlEHUsI.

Hanuune Tpex HCTOYHUKOB M HAKJIIOHSIEMOTO CTOJIMKA
MIO3BOJISIET OCYLLECTBIIATh HECKOJIBKO BapMaHTOB HaHe-
CEHMsI TOHKOTIJICHOUHBIX MMOKPHITUH (pHcC. 3):

— MPOBOJIUTH AKTUBALIO TIOBEPXHOCTH MOJIOKKH T1e-
pen HaHeceHHeM IieHkH ¢ oMot AWMU (puc. 3, a);

— HaHOCUTH TUIeHKY ¢ nomoisio MPC wmm [IU ¢
HMOHHO-TTYYEeBBIM aCCHCTUPOBaHUEM (pHC. 3, 0);

— HaHOCHTb IUICHKY ITOJ1 YIJIOM K [TIOBEPXHOCTH IOA-
ToxXkH (puc. 3, 8);

— HaHOCHUTb MHOT'OKOMITOHEHTHYIO IIEHKY IIPH OJTHO-
BpPEMEHHOH paboTe IBYX WK TPEX KCTOYHUKOB (pHC. 3, 2),
MPUYEM OIHUM U3 KOMIIOHCHTOB MOKET OBITh, HAIIPHU-
Mep, alIMa30IoJ00HbIN yIiiepo, OCaXIaeMblil ¢ TIOMO-
rpto AV 13 MOHHOTO TTydKa;

— HaHOCHUTb MHOT'OCJIOHHBIE TOHKOIUIEHOYHBIE TOKPbI-
THUSA IPU TOCIEN0BaTEIbHOM paboTe IBYX WIN TPeX Hc-
TOYHUKOB (pHC. 3, 0).

B naHHOM paboTe HOHHO-TUIA3MEHHBIMU METOJIAMH
Ha"ocwiuchk TieHkd Ti (MPC) u mieHku anMazonono0-
Horo yriepona o-C:H (AVIN), a Taxoke KOMOMHAIMN 3THX
MaTepHaJIoB.

DJIEKTPUIECKOE COMPOTUBIICHHE H3MEPSITOCHh MEXITY
JIBYMsI KOHTAKTHBIMH ITOJIOCKAMH C OJTMHAKOBBIMH JUTHHOMN
W pacCTOSTHUEM MEXIy mojockaMu. CpaBHUBAJIHCH TTOKa-
3aHMs MyJIBTUMETPA UL CUTAJUIOBOX U OIIAJIOBOM MOZJIO-
JKeK, Ha KOTOpbIE TUIEHKH HAHOCHITCH OJHOBPEMEHHO. B
pe3ysbTare 4711 Bcex 0e3 UCKITIOUeHHS CITy4daeB COMPOTHB-
JICHUE IUICHKY Ha OTAJIOBOU TOZJIOKKE OKa3hIBATIOCH CY-
IIECTBEHHO OOJIbIIIE, YeM Ha cuTaiie. Tak, i rieHky Bi
TomrHON 40 HM CONPOTHBIICHUE cocTaBuiio 12 MOm/O
Ha cutaiie u 6onee 200 MOwm/O Ha omarte.
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Puc. 3. BapuaHTbl paGoThl TPEXMO3UIIMOHHON YCTAHOBKH:
aKTUBaLYs NOAJIOKKHU ITEpET HAHECEHUEM TOHKOM IJICHKH (ll); HaHECe-
HUE TOHKOM IUICHKUA C MOHHBIM aCCHUCTHPOBAaHUEM (6), HAHCCCHHC
TUICHKH O] YIJIOM K TOBEPXHOCTH MOAJIOKKY (8); HAHECEHHE MHOTO-
KOMITOHEHTHOH TUICHKH (2); HAHECCHUE MHOTOCIIONHON TIeHKH (0)

OO6mwsicHeHHE 3TOMY (haKTy OBUIO JaHO MOCTIE MOITy-
YEHUS N300paKEHUS TOBEPXHOCTEH C IIOMOIIIBIO 30H/10-
BBIX MUKPOCKOIIOB. YBEIHYEHUE MEKTPUIECKOTO COMPO-
THUBJICHHS TOHKOU TUICHKH Ha «PEITLe(PHOM» ITOBEPXHOCTH
orana CBs3aHO, 10 HallleMy MHEHHIO, ¢ IByMsl (hakTopa-
MH: Pa3HOTOIIINHHOCTHIO POBOISIIETO CJIOS (BO BIa-
JIMHAX MJIEHKA B IECATKU pa3 TOHBIIIE, YEM Ha BEPILINHAX
norycdep) ¥ yMeHbIIIeHHEM (DaKTHYe CKOM TUTONIa 1 KOH-
TaKTa MEXIYy KOHTAKTHOM MOJIOCKOM U IUIEHKOM Ha MOo-
BEpPXHOCTH ormana (puc. 4).
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Puc. 4. Cxema u3MepeHuUs AIIEKTPUIECKOrO COMPOTHUBICHUS
TOHKOM IJICHKH Bi Ha «riagkomy» cutaiie (a) U Ha TMOJIOKKE
W3 CHHTETHYECKOro omana (6)

ITrenka Ti TommmHON 550 HM MMeNa CONTPOTHBIICHUE
25 OMm/O Ha curaimte u 150 OM/O Ha omane. ITarucnoiinas
menka Ti/o-C:H/Ti/o-C:H/Ti, HaneceHHas IToCe10BaTe b-
Ho ucrounnkamu MPC u AU nion yriiom 45°, umena co-
npotusienre 5 kOm/[O Ha cutawie 1 150 kOm/O Ha onane.

ToHKas TIeHKa, HaHECeHHAs Ha «TIAJIKU CHTAII,
HE3aBHCHMO OT MaTepHalia U MeTo[a HAHECEHUST UMena
IIEepPOX0BaTOCTh Nopsnka R =2,1...2,3 um. Penved unc-
XOJIHOM OTAJIOBOM MOJIOKKH 0€3 TUICHKH, IOy YeHHBIH
Ha CKaHUPYIOLIEM 30H10BOM MUKpOcKorie «PemMToCkan»
(MTI'Y um. M. B. JlomoHOCOBa), MTOKa3aH Ha puc. S.

HccnenoBannst TOBEPXHOCTH OMAJIOBOM MOIJIOXKKH C
TUIeHKOM Bi, HAHECEHHOM METOIOM TEPMHYECKOTO HCIIa-
peHwst, Tokazany (puc. 6), 9To mpeodIaIarIUM OKa-
3aJICsl POCT IUJICHKH Ha BEpUIMHAX MoJycdep OnanioBoi
ManI/ILlI)I, qyTO Aalio yBeJII/I‘{CHI/Ie HICpOXOBaTOCTI/I C
Rq=12,02 HM JIJISI HICXOQHOTO OIaja A0 Rq=60,98 HM
TS omajia ¢ IUIeHKoM Bi.
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Puc. 7. AFM-u3o0pakeHne MOBEPXHOCTH 00Opasiia onana ¢ rieHkod Ti
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Puc. 8. AFM-u3o0paxenue HOBerHOCTUI/I oOpasua omnana c mienkor Ti/a-C:H/Ti/o-C:H/Ti
Xapaxmepucmuxu monozpaguu nogepxHocmu 00pazyoé GoOmonHbIX KPUCHALLO8
XapakTepHbI EpUMETp ®pakranabHas 2 2
Obpazen Pasmep ckana, iM | Ry, HM 0COBEHHOCTH, HM pasmeprocTs Dy S HM AS, um
Hcxopusrit oman 2172x2108x110 | 12,02 1641 2,00177+0,00006 4,9.10° 1,05-10°
Omai ¢ rieHkoii Bi 2940x2940x340 | 60,98 1178+3171 2,0097+0,0003 9,546-10° | 9,03-10°
Omai ¢ mieHko#t Ti 5264x5359x585 | 99,75 8360 2,0143+0,0010 3,286-10" | 4,66-10°
Omnain ¢ TIeHKOH 5 o
Ti/o-C-H/Ti/a-C: H/Ti 2641x2945%x205 | 26,05 792 2,0194+0,0016 9,649-10° | 1,87-10

IIpu MarHeTpOHHOM METO/IE OCAKACHUSI IIIEPOXOBa-
TOCTh IIOBEPXHOCTH Omaia ¢ mieHkoit Ti Taxoke yBenu-
YIIIach (Rq=99,75 HM) TI0 CPAaBHEHHIO C UCXOIHBIM OTla-
JIOM, HO ye 0e3 SIBHOTO MpeoOIajjaHus pOCTa MIICHKH
Ha BepIIMHAX Noiaycdep ormaaoBoi MaTpuIlsl (puc. 7).

IllepoxoBatocts ke miuenku Ti/a-C:H/Ti/o-C:H/Ti
3HAYUTENbHO yMeHbIIUIach (puc. 8) U cocraBuia
R;~=26,05 num.

B Tadamnue nprBeneHs! XapakTepUCTHKY Tororpadun
TIOBEPXHOCTH HCCIIENOBAHHBIX 00pa3lioB OIAJIOBOM Mart-
PHIIBL, U3 KOTOPBIX CIEMYET, YTO 10 CPABHEHHIO C MCXOM-
HBIM OTTaJIOM y 00Pa3IOB C TOHKOIUICHOYHBIMH ITOKPBITHS-
MH CYIIIECTBEHHO YBEITNYMIIUCH I1IEPOXOBATOCTh (Rq), (hpax-
TalbHas Pa3MEPHOCTH (D ;) U IUIOIIA]Ib TIOBEPXHOCTH ().

Pe3ynbrarsel IpOBEIEHHBIX UCCIEIOBAHUI AJIEKTPU-
YEeCKOTO CONPOTHUBIICHUS U pelibedha MOBEPXHOCTH OITa-
JIOBOW MaTPHIIBI C TOHKOIUIEHOYHBIMHU TOKPBITHSIMH TIO-
3BOJITIOT CIETIATh CIIECIYOTHE 3aKTFOUCHIIS:

— METOJI U PEKUMBI OCaXIEHNUS] TOHKOIUIEHOUHBIX 110-
KPBITUH ABIISIOTCS JEUCTBEHHBIM HHCTPYMEHTOM YIIpaB-
JIEHUS TEOMETPUYECKUMH U DJIEKTPUIECKUMU XapaKTepH-
CTHKaMH ITOBEPXHOCTH (POTOHHBIX KPHCTAIIIOB HA OCHOBE
OMAJI0BOM MaTpHLIbl C TOHKOIUIEHOYHBIMU OKPBITUSIMU;

— DJIEKTPUYECKOE CONPOTUBJIEHUE TOHKUX IUICHOK Ha
OIaJIOBOM MOJIOKKE OIIPENENAETCS U HIEPOXOBATOCTBIO

MIOBEPXHOCTH, 1, ECTECTBEHHO, MATEPHUAJIOM IICHKH (ET0
YAETEHBIM CONPOTHBIEHHUEM ) — MHOTOCIIOHHOE MTOKPHI-
tre Ti/o-C:H/Ti/o-C:H/Ti nmeeT Gombiiiee CONMPOTHBIIE-
HIE, YeM TUTAHOBAsI IUICHKA TIPH TOH JKe TOJIIIIIHE 1 3Ha-
YHUTEIFHO MEHBIIICH [IIEPOXOBATOCTH TOBEPXHOCTH.

HaneceHue TOHKOIIIIEHOUHBIX TOKPBITHI Ha ONAJIOBYIO
MATPHILYy MOXKET SIBIIITHCS KaK 3aKITFOUUTETEHOM OTiepariy-
eif, HarpuMep IUTS TIOTyYIeHHsT aBTOSMICCHOHHBIX KaTo-
JIOB WM DJIEMEHTOB ONTHYECKUX CHUCTEM, TaK H IpOMe-
JKyTOYHOM OIleparieit nepes aeKTpOXUMIYECKHIM 3aI10JI-
HEHHEM ITyCTOT B 00beMe OTaJia Wiy repes] GopMHpOBa-
HIEM TOIIOJIOTHH Ha €T0 IOBEPXHOCTH, HATIPUMED IS TIO-
Jy4eHHs JaTduka Xolula M IPYTHX IPHOOPOB.

HccnenoBanus B TaHHOM HalpaBJICHUH OyIOyT TIpO-
JOJDKEHBI TSl TAKUX METOZOB HAHECCHUS TOHKHX ILTe-
HOK B BaKyyMe KaK TepMOHOHHOE OCaKICHUE, CTUMYITH-
pOBaHHOE IJIa3MOii ra3o(azHoe OCaKACHUE U UMITYIIbC-
HOE JIyroBoe ocaxkaeHue [2].
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