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Ceprudukaiiusi MaTepuajioB 1 NOKPBITUN M0 TPUOOJOTUYECKNM XapaKTepUCTUKAM

AnHOTanms:  PaccMOTpeHBl COBpEMEHHBIe TOAXOAbl K TPUOOJOTHYIECKONH CcepTU(hHKAIIH
o aTTeCcTallil TEeXHOJOIMH MOAM(UKAINN I[MOBEPXHOCTH W HAHECEHMS H3HOCOCTOMKHX U
~oTHDPUKIMOHHBIX  MOKPLITHH, ocaxigaemMbix CVD u PVD wmeromamm, B TOM HHClIe C
SCTIOIB30BAHMEM Tpolecca (DUHUITHONO IMJIaA3MEHHOIO YVIPOUHEeHHs - 0ecKaMepDHOI0 XUMUUYECKOIO
WCAaJIeHWs]  TIOKPBITHH  1pH  aTMoCchepPHOM JaBJIeHHH C [PUMEHEHHeM JIeTYUYHX ZKHIKUX
S IeMEeHTOOPIraHMYeCKUX COEJMHEHNH M Ta30BbIX CPeJ C O/JIHOBPEMEHHON aKTuBaluei OBEPXHOCTH
2 TeKTPOJIYTOBON  TIJIa3MOii. IIpuBesennl  0COOEHHOCTH  METOJOJIOTHH  TPHOOUCIIBITAHUNE U
TpeICTaBJICHBl  CPABHUTEILHLIC XaPAKTEPUCTHKH — PA3JUTHBIX  TOHKOIJIEHOUHBIX  MOKDBITHI.
IpousBe/icH  aHa U3  BJAUSHUS Ha WX CBOHCTBa OT/EJLHBIX (DAKTOpOB TPHOOHCILITAHHI.
HlccaeoBaHusT TPUOOJTOMHIECKUX XapPAKTEPUCTHK ITPOBOJUINCH HPUMEHUTEJIBHO K IIOKPBITUAM
TiN. TiAIN, MoCrN, nanecennsix PVD wmertogoMm Ha MojepHusnposanHoil ycranoske HHB-6,
111 ¢ jonoHAITeTBHBIM YCTPOHCTBOM celapalliil [JIa3MeHHOTO MOTOKA, & TakyKe K aMopdHoMy
moxpeiTuio TriboPateks (cucrembr Y-SIOCN). Caenano 3akIioueHHe O BO3MOKHOCTU IPOBEICHH
He3aBHCHMON SKCIMEPTH3bI TIPU CPABHUTEIBHBIX HCIBITAHUSX TOHKOIJICHOYHBIX TPUOOJOIMYECKHX
TOKPBITHH TOJTBKO TMPH COBJIIONCHUN YKECTKUX TpeOOBaHNit K OJTHOTHITHOCTH (hU3MKO-MEeXaHHIeCKUX
¥ XHMHYECKHX CBOICTB MarepHasa HOJIOXKKH M 11I0CTOSHCTBA YCJIOBUIT HCHLITaHUH (B TOM uucie,
staTepuasia KOHTpTe ).

Kurouesbie ciioBa: woguduranus, PVD-npomece, CVD-mporece, unuiiinoe mia3MeHHOe
VIIDOYHEHMe HWHCTPYMEHTA, W3HOCOCTONKOe HAHOIIOKPBITHE, TPUOOJIOrMYeCKHe UCITBITAH M.

Beenenne. [lpu cozjannn pasiudHbIX TEXHHYECKHX CPEJICTB, MMEIOMIUX TPHOOCOMPAKEHUSL,
1e00XOMMO BBIOMPATh aHTU(DPUKIIMOHHBIE MATEPHAJILI [TAp TPEHUs, OLCHUBas UX TPUOOJIOTHICCKIE
xapakrepucTuki. K anTudpukiuoHHbiM MaTepuagaM i TPUOOJOIHIECKUM MOKPBITHSAM OTHOCSITCS
MATCPUAJILI,  00CCIICUNBAIONIHC MHHUMAJILHILIC 3HadeHus KodduimenTta Tpennd, IINTCILIOCTH
npupaboTKH, TEIVIOBBIIEJEHNsT [IPH TPEHHH U U3HOCA TPYIIUXCA I[1OBEPXHOCTEN. Jauubie
XapPaKTEePUCTUKH MOIYT ObITH JIOCTUTHYTHI [IPH MOHMUKAIME MOBEPXHOCTHOIO CJI05 W HAHECCHUS
DYHKINOHAJIBHBIX HOKDbITHIT [1, 2].

HanboJsiee BazKHBIMH MO/I€/IbHBIME HCIBITAHISIMU HATYPHBIX TPHOOCOIPSIZKEH I, 11PE, [BAPSTIOTIIMHE
TECTHPOBAHNE MaTePHAJOB M MOKPBITHH B KOHKDETHBIX YCJIOBHSIX OSKCILIyaTalldH, sIBJISIOTCS
HCIHBITAHNS Ha MAIIIMHAX TPEHUSsT JJIsT [OJIYUeH s CPDABHUTEIbHBIX TPHOOIOIHIeCKUX XapaKTEePUCTHK.
3HaHUe 1 aHAIU3 YTUX CBOHCTB SIBJISIETCST 4aCThIO 1POIecca cePTH(MUKALUN MATEPHAJIOB U [IOKPBITHIL.

1. Metononorusi tpubosornydeckoii ceprudukanuu. B MHPOBOI npakTHKe 3KCIEPTHYIO
OIEHKY CBOWCTB MO/IH(UIIHPOBAHHBIX TOBEPXHOCTEH U MOKPBITHIT Hanbojiee 4acTo ONEHHBAIOT HAa
OCHOBAaHMH MeKayHapojubix craigapro: ASTM G99-05 (2010) — Mcnbltannst Ha TpeHHe H U3HOC
1o cxeMe «Imap - auck» (CHIA), ASTM G133-05 (2010) — McnblTanus Ha TPeHHS § H3HOC 110 CXeMe
«IIap — INIOCKOCTb» npu moctynarenbiom jasixennn (CIIIA), DIN 50324-1992 — Vcobrranus na
TPEHHE U U3HOC DU TPEHUH CKOJIbXKEeHHHU 10 cxeMe «map — auck» (Iepmanust), JIS R 1613:2010 —
Ncnbirannst Ha TPEHHE U U3HOC 110 cXeMe «map — quck» (Anonnst), ISO 20808:2004 — Onpeernenne
XapaKTePUCTHK W3HOCA W TPEHHs MO CXeMe «Iap — JHCK» (MHTePHAIMOHAJBHBIN CTAHIADT).
JlaHHbBIE CTAHIAPTHI IPUMEHHUMBI J[JTsT TIOJTY IeHHs] CDABHUTEILHBIX TPHOOJIOTHYEeCKHX XapaKTEePHUCTHK,
KaK ISt MOJAHMUIIIPOBAHHBIX [TOBEPXHOCTEH I MOKPBITHIT, HAHOCHMBIX TEXHOTOTHAMH OCAKICHIA,
HAIBUICHUS U HAIUIABKH, TaK U VISl TPOBEJIEHNUST UCTIBITAHI MOHOTHTHBIX MaTEPHAJIOB.

73



—

JI.LH. I'ymunes areiagarel EYY Xa6apmbeicer - Bulletin of L.N. Gumilyov ENU, 2018, 2(123)

WccnenoBannst Ha TpeHHe W H3HOC IO CXeMe <«IMap — JUCK» MPOU3BOAAT HA COBPEMEHHDD
ycTpoiicTBax, obecrieunBaioux ofnpejereHne Koddpdunuenra TpeHUsl U U3HOCA CO BPEMeHeM
Ha3BaHHbIX TpuboMerpamu. JlaHHble HCIBITAHHS OCHOBBIBAIOTCST Ha M3MEPEHHH TEeH30TaTUHKOM
CHJIBI TPEeHHs, BO3HUKAIONIEH MPU CKOJbXKEHUH MPHKATOrO € 33 aHHBIM YCHJIHEM CeputiecKorc
HEIOBIZKHOIO KOHTpTesa (Imapa) K BpaIIaiONIeMyCsi € OINPEeIeJeHHOH CKOPOCTBIO JIHCKOBOMY
obpasiy. IIpu srom KoahDUIMEHT TPpeHnsi CKOTLKEHIS OIPeIeIseTCsT KAK OTHOIIeHe H3MEPEHHOT
CHJIBI TPEHMs] K YCHJIMIO NPHKAMA.  BajKHBIM NPEUMYIIECTBOM TAKUX HCIBITAHUNA SBIACTCS
HX JOKYMCHTAIBHOC IMOTBEPHK/ICHHC B BUIC TMOIYIAEeMOrO MPOTOKOJA (IHarpaMMbl De3YibTaTor
ucnblTanuit). B mporecce TpuboncnblTaHnil Ha KOMIBIOTEDHO! IuHArDaMMe BBIBOJIATCS KPHBBIE
U3MEHEHHUs! CO BpeMeHeM KoM UIHEeHTa TPEHHsS U COMMKEHUsT KOHTPTea C TOBEPXHOCTHLIM CJIOEN
HCITBITHIBAEMOTO 00pasita (KOPPEJINPYIONIero ¢ H3HOCOM KOHTPTEIa U 00pasiia). JJomoTHuTe bHBIME
KPUTEPUSIMI OTeHKH Pe3y/IbTaTOB TPHOOUCTBITAHUI ABISeTCH ONpeeseHiie BDeMEHN TPUPAOOTKH ¥
XapakTepa KPWBOH H3MeHeHUst KOIDOUIMeHTa TpeHusi co BpeMeHeM. HeoOXOomMbIMI YCTOBHSIME
MOBBIIIEHHON U3HOCOCTOWKOCTH MOJIM(DUITHPOBAHHBIX MOBEPXHOCTE U TPUOOJIOTHIECKUX MOKPHITHT
SIBJISIIOTCSE MUHIMAJIbHbIE 3HAUEHUS] OCHOBHBIX H3MePSIeMbIX [HapaMeTpoB — KO3 hHIHeHTa TPeHus.
M3HOCA HICCJIE/IyeMOl [MOBEPXHOCTH M KOHTPTela, JUIMTeJIbHOCTH NPUPAOOTKH, MaJaloNiuil WiIr
MOCTOSTHHBII XapakTep KPUBOIl H3MeHeHHs] KOd(hMUIMeHTa TpeHus O BpeMeHeM. B KauecTse
mMaTepuaiia KOHTPTeIa HCHOAb3YIOTCA CTajbHble H KepaMitdeckie mapbl u3 crageit IIX15, 95X18.
kepamukyn Sig Ny, SiC, Al O3 wu ap. duamerp npuMeHsieMblX MapoB 3 min 6 MM, HapaMerp
mepoxoBaroctn ToBepxHocTH Imapa Ra<0,1 mxkM.  MunumajbHasi TOJIIHHA HCIHBITHIBAEMBIX
06pas1oB (JINCKOB) — 3 MM, AHaMeTp — 15-60 MM, He MapaJlIeIbHOCTh TOPIOBBIX MIJIOCKOCTEN JIUCKOB
— < 0,02 MM, peKoMeH IyeMasl IePOXOBATOCTE HCITBIThIBaeMol nmosepxuocT — Ra < 0,1 MrM.

OcHoOBHBIE YCJIOBUS HCHbITAHUH Ha TpuOOMeTpax — MPHUKJIA/bIBAeMast HATPY3Ka B 3aBUCHMOCTH
or KomkperHoro tputomerpa — 0,06-1,0 xkH; numeiinass ckopocts — 0,01-50 mm/c; ycioBus
UCHBITQHUH - 0e3 CMas3KH, [pH I'PAHUIHOH CMa3Ke, B YCJIOBHIX T'HADOJNHAMHYECKOI'O DEXKHMa
CMa3K|; JJIUTEJbHOCTEL HCIBITAHUI — MPAKTHIECKN HeorpaHndeHHa. MaKCcuMaJibHble KOHTaKTHBIE
JIABJIEHUS MDY UCIBITAHUSIX Ha TpuboMeTpax 1o Teopuu L'epria, Hanmpumep, ¢ yueToM Hanboliee 1acTo
HCIIOJB3YyeMOH HelblTaTe/ibHOH Harpy3ku 1-5 H, npumensiemoro mapa quaMeTpoM 3 uiau 6MM 1
[I0JIy 1aCMOT0 KOMTAKTHOro oTrnedarka graMeTpoM 80-120 MKM, coOTBETCTBYIOT 3nadcHuio 650-800
MITa.

B nponeccax TpuboncubiTatiif JUCK ¢ MOAH(MUIINPOBAHHO TOBEPXHOCTHIO HJIH TOKPBITHEM I [ITAD
nojBepraioTest u3Hocy (pUCYHOK 1, 2), 0CODEHHOCTSIMU KOTOPOLO SIBJSIETCS] €10 HEPABHOMEPHOCTES
[0 MePIeHHKYISPHBIM JHaMeTpaM 00pa3yeMoro MmaTHa W3HOCA Ha Imape (JHaMeTp, Kacaloliniics
TOMLKO TOKDBITHSI BCerja MeHbIle TMepHeHNKYIAPHOTO HaMeTpa) W JIOPOKKe W3HOCA Ha
UCIBITHIBAEMOM JIHCKe. B OOJbIIMHCTBE CJAy9YaeB MHOIUMH HCCJIET0BATEISIMI HEPABHOMEDPHOCTS
U3HOCA YCPe/HAeTCsl, YTO MPUBOAUT K omubKe MunuMyM Ha 20 — 30% | .

B cooTBeTCTBHH ¢ MexKIyHapoAHbIM cTangapToM [SO 20808:2004 u pucyrke 1 06beM H3HOIIEHHOR
OBEPXHOCTH KOHTPTE A - Iapa Vi, M> onpejensercs

Vi =7A®B/32D,

rge A - MEHNMAJLEBI JaMeTp MOBEePXHOCTH W3HOCA Iapa, M;

B - nepnenuKyaspHblii juamerp (K jguaMerpy A) MOBePXHOCTH H3HOCA MIapa, M;

D - ucxoanplit guaMeTp TPUMEHSEMOT0 B HCTIBITAHWSAX TTapa, M.

IIpu B>1.5 A nannast popMysia He HPUMEHSETCS, a 00beM H3HOCA ONEHUBAETCS IyTeM CHSTH
pobUIIOrpaMM B JIBYX HEePHeH/MKYJISIPHBIX [IOCKOCTSX U pacueTa o0beMa H3HOCA B Cueunaubnb;
KOMITBIOTEPHBIX TIPOIDAMMAX.

Ha pucynke 2 — R — paJiuyc leHTpa JOPOKKU U3Hoca, S1, S2, S5, 4 — miomaju norepevHor
cedenus poduiieil H3HOCA B MEPHEH/IKYISIPHBIX MI0CKOCTAX

Vreabiptit nsnoc mapa Wy v /H - w] onpesessieTcs: u3 3HaHUsT BeIUTHHBL 06beMa N3HOITECHHO
MOBEPXHOCTH Mapa, Besmannbl Harpyskn F [H| n jutunst myta L [M], 3a/1aBaeMbIX [1DH UCITHITAHASD
13 caeayomett popMyibL:

Wiy = Vig/F-L. ,
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Pucvnok 1 — Cxema nsTHa H3HOCA IIapa C pa3sMepaMu sl pacieTra

PucyHok 2 — Cxema JI0pO>KKH H3HOCA JHCKa ¢ pa3MepaMH /IS pacdera

O6LeM H3HONICHION TOPOKKI HCHBITHIBACMOro obpasia Vy[M%] onpenessiercs: (pucynok 2):
VH:W-R-(Sl +SQ+53+S4)/4,

e R - pajmyc IeHTpa OKPY’KHOCTH JIMCKOBOTO o0pasia, Mo KOTOPOMY IlepeMelacTcs IIap,
vCTaHaBINBacMbIil Ha TPHGOMETpe B Havdaje HCILITAHNL, [M];
S1,89,853,84 - paccuMTaHHBIE MJIOIIAAU HYeTHIPEX TePIeHINKYISIPHBIX CeUeHUu JOPOKKH H3HOCA
(mpoduis  usMepsieTcss Ha  TpoduioMerpe, ILIONAIbL — IO CHEMHAJBHBIM  KOMITBIOTEPHDBIM
nporpammvam, [?]).

YieabHblil n3HOC 06pasia ¢ NOKPLITHEM I‘VHOKP[M3 /H - M| paccumThiBaeTcst, Kak

Waoxp = Va/F-L.

Teopernueckue BapHAHTHI U3MeHEeHUs] KO3(DMUIMEHTa TPEHUST B 3ABUCHMOCTH OT JIJIMTEJIHHOCTH
HCHBITAHAN MOTYT HUMeTh CJACAYIOMMHA BHI (pHCYHOK 3). IIpy 3TOM € TOYKH 3DCHHS
3P DEKTUBHOCTH HUCTOIB30BaHus TPHOOCONPSIZKEHUST Hanbosee MPEIIOITHTETbHBIMU  SIBJISTIOTCS
BapUAHTHI C MaJaloleil NN IepBOHAYATLHO Bo3pacTalolleil, a 3aTeM najaloleil XxapakTepuCcTHKON

[1].

H H1 He H

Pucyvrok 3 — Bapuanrsl namenerns: KoabduiienTa TpeHust CO BpeMeHeM
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2.  Texnosioruu - HaHeceHMs TPUOGOJOrMYECKUX NOKPBITHIL. B HacTosiiee BpeMs B
Ka1eCTBe OCHOBHBIX TeXHOJIOIHIT HAHECeHHs TOHKOILTEHOMHBIX U3HOCOCTONKIX H aHTH(PUKIMOHHBIX
IOKPBITHH HCIOIB3YIOTCA Tporecchl Xumuaeckoro (CVD - chemical vapor deposition) u dusmteckoro
ocazkennsi u3 rasopoit daspr (PVD - physical vapor deposition). IIpu CVD u PVD rporeccax
HAHOCATCA MOKPBITHA, COCTOSIIHE H3 Da3JIAIHBIX TYTOIIABKUX COEJMHEHMIl, B TOM HqHCIIE,
HAHOIOKPBITHA, YHIKAJIBHOCTH KOTOPBIX 3aKII04aeTCsA B BHICOKOH 0ObeMHOIl J10/1e IPaHHI] pa3jiena
®a3 m uX NPOTHOCTH, OTCYTCTBHM AUCJIOKAIMH BHYTPH KPUCTAJLIOB, BO3MOMKHOCTH H3MEHEHHs]
COOTHOMICHHA OOBEMHBIX J0J1eH KpUCTATHYIecKoi 1 aMopduoil (as, B3aHMIO pPACTBOPUMOCTH
METALTUICCKHX H HeMeTA/UIHIeCKHX KOMIIOHEHTOB.  JTO 00eCIeunBaeT yJlydlleHHble (DU3MKO-
MeXaHU'IeCKne CBOHCTBa IOKPBITHH, Takue KaK TBEPIOCTh, YIPYIOCTh, YCTAJOCTHASI [POYHOCTD,
JKapo- U KOPPO3HOHHAST CTOHKOCTD.

Oco0plit  uHTEpeC MPeICTABIAIOT aMOPMOHO-KPHCTALTHICCKHE U aMOpdHbIe MOKDPHITHS, JLTST
HaHeCeHUst KOTOPHIX paspaboTaHa TeXHOIOTHs GECKAMEPHOrO XUMHYECKOrO OCAMKICHUS TOKPHITHH
pI aTMOC(EPHOM JIABTCHHH C IPUMEHEHHEM JIETYIHX KUJIKHX 3TeMeHTOOPraHiIecKIX Coe TMHeH il
M I'a30BBIX CPeJl C OIHOBPEMEHHOI aKTUBaIHeil OBEPXHOCTH 371eKTPoyrosoit miasmoit (PECVD
by cold atmospheric plasma) [3, 4]. Hanecenne nokpbituii JanubIM MPOIECCOM OCYHICCTBAAETCS Ha
3aKIIOTHTETHHO CTAAUN H3rOTOBJICHUS H3/Ie/IUiT NN HENOCPeJICTBEHHO TePe ] HX HCIIOTH30BAHIEM,
TNOTOMY JTaHHBIH MeTOJ| Ha3bIBAETCs (PUHHUIIHBIM MIasMeHHbIM yrpounernem (®ITY) (pucynox 4).
®IIY — 370 Ge3BaKyyMHBIH I GeCKAMEPHBIiT TIPOIeCC MIa3MOCTPYIHOIO 0CAXK TCHUS TOHKOMLISHOTHBIX
IOKDPBITHIT Ha OCHOBE COeJIMHEHNIT KDEMHUSI U3 Ia30B0il (has3bl IIPH HCIOJIB30BAHIH MAJOrabapHTHOIO
MTa3MOXHMHUIECKOTO peakTopa ¢ OJMHOBPEMEHHOI MTa3MeHHOI aKTHBaIIeH PeaKI[HOHHOTO Ta30BOr0
IIOTOKa I JIOKAJBHOTO YYaCTKa [OBEPXHOCTH H3Je/Hs, Ha KOTODBIl HAHOCHTCS HOKpbITHe. B
KajgecTBe MCTOMHHKA TeIVIOBON SHePruu JUlst HaHeceHHsI PYHKIMOHAJIBHOrO MOKPBITHsI 1pu DITY
UCIHOJIb3yeTCd IJIa3MeHHasi CTPYs, HCTeKaloIasi IPH aTMOC(EePHOM JaBIeHNH U3 MaJorabapHTHOTO
JlyrOBOTO IJIa3MOTPOHA, JOHOIHEHHOIO IJIA3MOXMMUIECKHM DEaKTOPOM.

Pucyvuok 4 — IIponecc HaHeceHus NOKpbITHA MeTogom DITY

K ocnosnbiv jgocrourctBam ®IIY  oTHOCSTCS:  OCYIIECTBICHHE Iporecca 6e3 BaKyvMa H
KaMep; MHHUMAJBHBIN Harpes usjennii, He npenbimatomimii 150° C; BO3MOKHOCTH HAHECCHUS
HOKPBITHH JIOKAIBbHO, B TPYJIHOJOCTYIHBIX 30HAX I HA M3/ETUAX JI00LIX FabapHTOB; HCIIOIb30BAHIE
MaJIorabapuTHOrO, MOGHIBHOTO M IKOHOMHIHOIO 0OODYIOBAHMSL. OCHOBHBIM ~ IPUHIUIIOM
HAHECEHUs] TOHKOIUIEHOYHOIO HM3HOCOCTOMKOIO IOKPBITHS, B3ATOH 3a OCHOBY TEXHOJOTHH

O®ITY, saBasercs pasaokKeHHe apoB IKIJIKAX 3IeMEHTOOPTaHUTeCKHX —IPEenapaTos, napol
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KOTODBIX BBOJSITCSI B IJIA3MOXUMHYECKHI PeakTop JIyTOBOIO IIA3MOTPOHA, C IOCJIE Ly IONIM
HPOXOKICHIEM ILTa3MOXHUMHYECKHX Peaklnii ¥ oOpa3oBaHUeM MOKDPLITHA Ha n3jeann. HaHeceHne
MOKPBITUSI OCYTIECTBIISIETCS JIOKAJIBHO Ha VIIPOUHSIEMYIO MOBEPXHOCTH H3/Ie/IUsT NPH IIHKIHYECKOM
CKAHUPOBAHWH IIA3MEHHON CTPYyM KoTopasli Kacaercss obpabaTbiBaeMONl 30HBI. Bazxmoi
OTJIMUNTENBbHOI 0cobeHHOCTRIO Tpornecca PIIY sBiasieTcst TakzKe TO, 9YTO HaHECEHUE MOKPBITHUSI
MOKET OCYIIECTBJSATHCS MHOTOCJIONHO NPH TOJIIMHE KayKI0r0 CJIod 1opsaka 2-20 HM MoJ0CaMu
mupuHoi 8-15 MM (¢ yueTom JimHeltHOro epemMerierust miasMerHoii crpyn). C 1ejblo MEHIMAJILHOTO
TEPMUUECKOTO BO3ICHCTBUA 11a MaTepuaa octoBbl npu OITY miasMeniyio cTpyo MepeMeIiaioT co
CKOpOCThIO 3-150 MM/ c.

3. Tpubosiornyeckas cepruduKanusa TEXHOJIOINI HaHeceHnust moKpbiTuii. Vccienosanus
TPUOOJIOrHIECKUX XaPaKTEPUCTHK NPOBOIIHCH HpuMernTesbHo K TokpbiTisym TiN; TiAIN, MoCrN,
nanecennplXx PVD meronom na mogepunsuposanmoif yeranoske HHB-6,6-11 ¢ gonomuuTebHbIM
YCTPOICTBOM Celapannui IJIa3MEHHOIO ITOTOKA, a Takyke K aMopdHoMy MokpbITHIO TriboPateks
(cucremsr Y-SiOCN), mosyuenubiv metogom OITY.

B kauecTBe 00pa3ioB HCHOMB30BAINCHL AUCKH JuameTpom 15 u 30 mMwm, ToMImuHON 5 MM,
U3TOTOBJIEHHBIE U3 HHCTPYMEHTAJBHBIX cTajeil P6MS, mrrammosoit ctain X12M 1 TOAMUITHIKOBOM
crausin [IIX15, mpormeainie TepMuatiecKyio o6paboTky /10 TBepaoctu 60-62 HRC. Bee oOpasipt mporii
OKOHYATEJIbHYIO omnepalinio nuindoBanus 10 Ra=0,2 MkM.

Tpubosrorutueckue NCHBITAHUS MOKPBITHI U MaTepHaia OCHOBBI MPOBOUINCH C UCHIOJIB30BAHNEM
tpubomerpa TRB-S-DE (CSM-Instruments, IIgeiinapusi) mo cxeme «ball-on-disks («iap-auck») ¢
HCIIOJTb30BAHHIEM IIAPOB IHAMETPOM 3 MM, U3TOTOBJIEHHBIX n3 cragu IIIX15 n xepamukn SizNy.
[Tocste KazK/10T0 MCMBITAHNST TPOU3BO/IMJICS 3aMep H3Hoca mapa. HoBble MCnbITanns MTPOBOININCH
[IPU COIPHKOCHOBEHNH C U3HAYATLHBIM (HEH3HOUIEHHBIM ) J1aMeTpoM Iapa. Harpyska na KoHTpTe 10
cocrasisiia 5 H, 10 H u 20 H. Jluneitnas ckopocts ckombxkennst - 10 em/c. Ilyre Tpenust — 80-
100 m. Ilpu ucnbiTaHusix npuMeHsijioch MoTopHoe Macsiao Nissan SAE 5W-40. Ilpu nsmenenun
UCITBITATETBHON HAIPY3KH HMCIOIb30BANCH PA3THIHBIE THAMETDBI KOJIBIEBONH JTODOKKHU OJIHOTO U
Toro xe obpasmna. Illupuna ciema usHoca MOCTIe TPUOOUCIBITAHUN OMpee/Isiiiach Ha ONTHIECKOM
merastorpadmaeckom Mukpockorne Olympus GX51 (Olympus Life Sience GmbH, Tepmanust).
[TpoduorpaMMbl  JIOPOKKH H3HOCA CHAMAJHCHL TIpH momolu npoduiomerpa Perthometer S2
(Mahr GmbH, T'epmanust). s HaxoxgeHus IUIOMATH YeThIPEX MePIEH/THKY/ISPHBIX CeMeHMUT
JIOPOXKKH H3HOCA NPOGUIOTPaMMbl 06pabaThIBAIICH B CHENHAIBHON KOMITBIOTEPHOH IporpamMMe.
Bce wucnbrranust mpoBoam/nCch TPH TeMIlepaType OKpyKaromero Bosayxa 21° C. oTHocHTe IbHOIM
Baaxknoctd 57% u armocdeprom jgasiennn 98,6 klla.

Ha pucynke 5 mokasanbl guarpaMMmbl u3Menenusi kosdbduunenrta Tpenns (KpacHas KpHuBasi)
nokpeiTusi TriboPateks npu ucnonbzoBannn pasinTHbIX MaTepUAJOB KOHTPTEIa - MIAPOB U3 CTAJU
I1X15 (a) u kepamukn SigNg (6) UpH HCHBITATETHHON HATDY3KE.

V3 ananmsa MOJAYUEHHBIX HAIDAMM BHJHO He TOJBKO KOJHUIECTBEHHOE OTJIMYHE 3HAYEHHIl
cpennero koadduiuenta tperust: 0,062 (npu ucnbirarusix ¢ mapom u3 cragun HIX15) u 0,01 (npu
UCHBITAHUAX C HIApOM U3 KepaMuku Siz/Ny ), HO W pasanIHbIil KavueCTBEHHLIH XapaKTep KPHUBO
u3MeHeHUst KO3(DUINEeHTa TPEeHUsI - B IEPBOM CJIydae ee POCT, BO BTOPOM - HaJleHue. Y Be/ndyeHie
ucliblrareibnoil narpysku - 5 H, 10 H n 20 H upu ucnosib3oBanny KOHTpTEIa U3 KepaMukn Si3/Ny
XapaKTepnsyeTcs yMeHbIleHHeM Koddduruenta Tpenus B npeeaax 20% (pucynox 6).

Ha esmanny kosddurienta rpennst Muorocsofinoro nokpbitusi TriboPateks (obieit Tosmunnoit 1
MKM) [IDH HCHOJIB30BaAHUN KOHTPTe a 13 KepaMUKH Si3 /Ny OKasbiBaeT BJIMsIHIE TOJIIHHA MOHOCIOS,
COOTBETCTBYIONAS Pa3/JIMTHOMY KOJHIECTBY CJI0€B B MOKDBITHH (DHCYHOK 7).

MuHEMaIbHOE 3HaUeHHe Kod(hbhUIeHTa TPEHHsT COOTBETCTBYET TEXHOJIOTHH, OGecrednBaioniei
HaHeCceHHe MOKPBITHH ¢ TOMMUHON MOHOC/IOS, PaBHOH 8-12 HA.

Ha pucynke 8 mpuBejieHbl jiHarpaMMbl, XapaKTePH3YIOIHe BiHsiHIe Ha KO3(DDUIHEHT TPeHUsT
(kpacHast KpuBasi) mOKpbiTHs TriboPateks Toammnofi 1 MKM NIpH HCIOIL30BAaHHH KOHTPTeda H3
kepaMukn Si3/Ny , HAHECEHHOTO HA PA3IMUHBIH MaTepualt noiioxku - craaun X12M (a), P6M5 (6)
u HIX15 (B).

ITo pesyapTaTaM JIaHHBIX HCHLITAHHI OBLIM IOJYyYeHBl cpeaine Ko3MDUIMeHTh TPeHus
B 3aBHCHMOCTH OT MaTepuaia nomioxkm: 0,001 (X12M), 0,038 (P6M5), 0,024 (LIX15),
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PucyHok 5 — H3menenue koadbduunenta tpenus nokpoitust TriboPateks
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Pucyhok 6 — Hsmenenune koadduimenta tpenns nokpeitus TriboPateks ot ucnbiraresnbHoil Harpy3ku
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Pucvhok 7 — Biananue Toaumabl MOHOCIOs MOKpbiTHs TriboPateks va kosddunment Tpenust

[IPY 3TOM MMEeT MeCTO OJMHAKOBBIN MaJalomuil XapakTep H3MEHeHHs KOI(hMUIHENTa TPEHHsI.
Pasinunele 3nauedns Ko3MUIHEHTOB TPEHIs OJHOIO W TOTO 2Ke MOKPBITHS CBA3AHBI C PA3HBIMU
DUBHKO-MEXaHTIeCKUMHA U XUMUTeCKIMI CBOHCTBAMEI HCXOIHOTO Marepuajia. Taxkum oOpasom,
HECOOJIIOACHHE MACHTHYHOCTH CBOHCTB MOJIOXKKH [PH TPHOOUCHBITAHUSIX BEAYT K [MOJIYYEHHIO
PasHBIX 3Ha4deHHil KoI(PQUIEeHTOB TpeHust.  Pe3yabTaTbl CPaBHUTEIbHBIX TPHOOIOIHYECKHX
UCIIBITAHUIT 10 BBINIENPHBEICHHON METOANKe MaTeprasia HoAIoKKu — ctaau P18 u moxportuit TiN,
TiAIN, MoCrN u TriboPateks. nanecennnix Ha crajib P18, npe/acrasienst B Tabsuie 1.

Anaan3 JJaHHBLIX CBOMCTB HOKPLITHI TMOKA3aJd, YTO MUHHUMAJIbLHBIM KO3DDUIHEHTOM TpeHUd
obmagaer mokpbiTie TriboPateks m om mpmaepno B 2 pasa MeHble KoddduuueHnTa TpeHUs
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PucyHok 8 — Usmenenne koadbdumenTa Tpernst co speMeHeM mokpeiTis TriboPateks

Tasnuua 1 — INapamerpsl TpuGoOHCHBITAHAN MaTepHaia OCHOBBI U PA3/IMTIHBIX IOKPBITHIH

. Y1eJbHbBIH U3HOC YeJbHbI U3HOC
Cpemanauii KoapduimesT
[Tokpoitne | Ocuosa obpa3sria ¢ MOKPBITHEM, KOHTpTEJIA,
et 1071%3/H - M 10714v3/H - M
Crans P18 P18 0,2 103 5
TiN P18 0.1 6,8 7
TiAIN P18 0.09 5.5 6
MoCrN P18 0,08 11 4
TriboPateks P18 0,04 5 4

paccMaTpUBaeMbIX MOKPBITHII, HaHOCHMBIX MeTo oM PVD u B 5 pas Menbllle MaTepHaa OCHOBBI.
BoiBoabi

1. Tpubosoruucckast cepTuUKaIlis MaTepHaIoB U MOKPLITHH, OCHOBAlHAA Ha CPABHUTE/BLHBIX
HCITBITAHUSIX aJbTePHATHBHBIX BAPUAHTOB, ABJISETCS BaXKHBIM (DaKTOPOM PN 06'beKTHBHOM BBIOODE
aHTUDPAKIIIOHHOTO MaTepHasia, 0DecleuInBaloIlero MOBBIMIEeHHBII pecypc pabOThl BCEro U3eInsd B
LEJIOM.

2. TlpoBenenne He3aBHCHMOIT 3KCIIEPTH3bI MPH CPABHUTEIbHLIX HCIBITAHUIX TOHKOILJIEHOUHBIX
TPUOOTOTHIECKUX TTOKPBITHH  BO3MOKHO TOJBKO TIPH COOJIOIEHUN KECTKHX TpeOoBaHMH K
OJIHOTHITHOCTH (DUBNKO-MEXaHNIECKIX 1 XUMHYECKHX CBOWCTE MaTepHalia MOJUIOKKN U TOCTOSHCTRA
YCJIOBUIT HCIBITaHUi (B TOM wucJie, MaTepuaa KOHTPTeJIA).

3. CpaBHHTeJIbHbIE HCIBITAHUS Pa3IHYIHBIX MOKPbITHH, HaHocuMbix CVD u PVD meromamu,
TIOKA3aJHl TIPEUMYTIECTBO TPHOOJOTHUYECKUX XapPaKTephucTHkK nokpoiTusi 1riboPateks, mamocnmoro
npu GUHHUITHOM IJIa3MEeHHOM VIIPOUHEHHH.
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TpubGosorusbik cunarramanap GOWbLIHINA MATEePUAIAAPABLL XKOHE KYPbUIFbLIapabl ceprudukarray

AnHoraumsa: Berrti Moaudukanysiiay TEXHOJIOTHUSICBIH TPHOOIOTUSUIBIK ATTECTATTAY >KoHE CepTH(MUKATTAYIBIH KHHEe
CVD :xene PVD omicTepiMen »kacasaThiH, COHbIMEH KATap (DUHHUIITIK [IA3MANBIK GEpPIKTEHIIpY NpOUeCiHid- yuIma Cyibik
3/IeMEHTOPraHHKAJIBIK KOCBIIBICTAPhI Oap aTMocdepasiblK KBICHIMMEH YKoHe 3JIeKTpAOrajisl micipyMen GerTepiai 6ip Me3erTe
besiceHAIPIyMeH Ta3[plK OpPTAHbIH KOJAAHBUIYbIMEH OeTTep/l KaMepaChl3 XUMHAIBIK TYHIBIDYMEH TO3Y MeH YyHKeJicKe
Te3iMal KabbiHAAp/Abl TYCIPYAiH 3aMaHayH TaCijgemesiepi KapacThipblilabl. 1 puboroxkipubesep sjicTeMeciniy epexmeikrepi
KeJITIPiJireH KaHe opTYPJli XKyKa Tacrnaslbl KaObIH/IaP/IbIH CaJILICTBIPMAJILI KACHETTEP] KChIHBLIFaH. T puboToykipnbenepain xeke
bakTOpIAPBIHBIH 0JIap/bIH KacHeTTepiHe ocepiHe Tajay »kacajiraH. Tpubosiorusisik cunarramanapiast seprrey HHB-6, 6-111
JKaKapThUIran KoHIbipreliapaa PVD oxicimen Tycipiaren TiN, TiAIN, MoCrN »kabeinaapeina »kene TriboPateks (Y-SiOCN
JKy#HeCiHiH) aMopdThI KaObIHFa, KATHICTHI JKYPri3liIAl, KOHABIPFBIIAPABIH ITa3MaJIbIK, AFbIH/IbI 06/IETiH KOCBIMINA KYDPbLIFBLIAD
fap. KKKa Taclajibl TPUOOJIOIUsJIbIK KabbIHAAP/bl CAJBICTBIPDMAJIbl 3epTTey Ke3inie nepbec CbhlHAK »KYPrizy MyMKiH/Iri
ZKaWbIHIA KOPBITBIHIBl »KACAJIIbI, CbIHAK TEK TOCEM MaTePHAJIBIHBIH (DH3HKO-MEXAHHKAJIBIK >KOHE XUMHSJIbIK KACHEeTTEPIHIH
OipTeKTi/lirine KOMBLIATBIH KATAH TAJIANTAPIbl *KOHETaXKipHOe MapTTaPbIHbIH OiPKAIBIITHLIBIEBIH (COHBIMEH KATap KOHTPAEHe
MaTepHaJIbl YIIH) OPbIHAAraH/Ia PaHa MYMKIH.

TpubochiHay B/liICHAMACBIHBIH €PeKINeiKTepl YChIHbUIFAH JKoHEe 9PTYPJl XKYKa I[UIEHKAJIbl >KaObIHIAD/IbIH CAJIBICThIPMAJIbI
cunarraMaiapol kesiripiiares. zKekesiered 1puOOChiHAK (DAKTOD/IAPBIHBIH OJapibid Kacuerrepine Turizerin ocepine tasjgay
JKacasi/ibl.

Tyitin ce3pep: moaudnkausiiay, PVD-nponece, CVD mpomecc, KypalasiH masMaiblK OepiKTeHAipy, TO3yFa Tesimii
HAHOKAYBITKBIIITAD, TPUOOJIOrHAIBIK CBIHAYTIAD.
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Certification of materials and coatings by tribological characteristics

Abstract: Modern treatments of tribological certification of thin-film wear-resistant coatings deposited by CVD and PVD
methods, as well as by the new finishing plasma hardening technology - by beadless plasma-chemical deposition at atmospheric
pressure with the use of liquid organoelemental compounds and PACVD by cold atmospheric plasma are described. Specific
features of tribological testing methods are given and comparative characteristics of different thin-film coatings are represented.
Analysis of the impact of different tribological testing factors on the coatings characteristics has been conducted. Studies of
tribological characteristics were carried out with TiN, TiAIN, MoCrN coatings deposited by the PVD method on the upgraded
NNV-6, 6-I1 unit with an additional plasma stream separation device, as well as to the amorphous coating of TriboPateks
(Y-SiOCN system). A conclusion is made about the possibility of conducting an independent examination in comparative trials
of thin-film tribological coatings only if strict requirements are met for the uniformity of physical-mechanical and chemical
properties of the substrate material and the consistency of test conditions (including the counterbody material).

Keywords: modification, PVD, CVD, PACVD by cold atmospheric plasma, finish plasma strengthening, wear-resistant
nanocoating, tribological tests.
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