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B cratbe paccmaTpmBalOTCA  BOMPOCbI  MNOMyYEeHUS  MHOrOQYHKLMOHANbHbIX
MasionopuCTbIX MOKPbITUN C NOBbILLEHHBIMU PU3NKO-MEXAHNYECKMMU M IKCMyaTaLMOHHbIMU
CBOMCTBAMM 3@ CYET KOMMJIEKCHbIX MNa3MEeHHbIX TEeXHONMOrMn. J3TU  TexXHOMoruu
npegnaraetca  paspabotatb C  NPUMEHEHMEM  HU3KOTEMMepaTypHOW nnasmbl
BbICOKOYACTOTHOrO MarHETPOHHOrO paspsiaa, OYroBoro paspsga aTMOCHepHOro AasreHus,
BbICOKOYACTOTHOIO WMHAYKUMOHHOIO paspsiia HU3KOro AaBneHus M Tpubonnasmbl B yane
TpeHusa ¢ npucytcteuem TpubonpenapaTta. CUMHTE3 MHOropyHKLMOHanNbHbIX 6eCnopucTbIx
MOKPbITUA OCHOBAH Ha NNa3MoXMMuyecknx npoueccax. [loBbIWEHHbIMU  PU3NKO-
MEXaHU4YeCKUMM W 3JKCMfyaTauMOHHbIMU CBOMCTBaAMU O6eCnopuUCTbIX MOKPLITU SABMAKOTCA
HU3KUN KO3 UUMEHT TPEHUs, BbICOKasi TBEPOOCTb, MPOYHOCTb, W3HOCOCTONKOCTD,
KOppO3unoHHas, abpasvBHasi M 9PO3NOHHAsS CTOMKOCTb, YCTarocTHas NPOYHOCTb.

KnioyeBble croBa: nnasmMeHHass TEeXHOSorns, HusKkoTemnepaTypHad nnasma,
NNasMoXnMMmUA, MHOrogYHKLMOHaNbHbIE ManonopucTbie NOKPbITUSA, NOBbILEHHbIE CBOWCTBA

This article deals with the production of multifunctional nonporous coating with high
mechanical and performance characteristics due to the complex plasma technologies. These
technologies are encouraged to develop with the use of low-temperature plasma frequency
magnetron discharge, arc discharge at atmospheric pressure, high-frequency induction
discharge of low pressure plasma and friction triboplasmy node with the presence tribo
preparation. Synthesis of multifunctional nonporous surfaces based on plasma-chemical
processes. Rise mechanical and performance properties of multifunctional coatings are
nonporous low coefficient of friction, high hardness, strength, wear resistance, corrosion
resistance, erosion resistance, abrasion resistance, fatigue strength.

Key words: plasma technology, low-temperature plasma, plasma chemistry,
multifunctional nonporous coatings, enhanced features

K noBepxHOCTSIM OTBETCTBEHHbIX TEXHUYECKMX W3OeNuin W YCTPOWUCTB
npeaobsaBAsOTCA  MOBbIWEHHbIE  TpeboBaHuss MO (PUBMKO-MEXaHUYECKUM U
aKcnnyaTtauuMoHHbIM  CBOMCTBAM - HU3KOMY KO3(OMUUMEHTY TPEHUSA, BbICOKOMN
TBEPAOCTU, MPOYHOCTU, U3HOCOCTOMKOCTU, KOPPO3MOHHOW CTOMKOCTU, 3PO3MOHHOMN
CTOMKOCTKN, abpasmBHOW CTOMKOCTW, YCTaNOCTHOM MPOYHOCTU, TEMNIIOCTONKOCTMH,
TENnonpoBOAHOCTH, XXapOCTOMKOCTU U XNagoCTOMKOCTU. TpaanuLmMOHHbIE TEXHOMOMMN
M3roTOBMEHMA CaMUX U3OeNnuA  He No3BOMAKT o00ecneynTb TakMx CBOWCTB
noBepxHocten. PelweHne aToM nNpobnembl BO3MOXHO MyTEM CO34aHUA Ha
NOBEPXHOCTAX  u3genun  PYHKUMOHAIbHbLIX  MOKPbITUA, HaHeceHue  KOTOopbIX
BO3MOXHO 3a CYET BbICOKMX TEXHOMOMMM C NPUMEHEHUEM HU3KOTEMMEpPaTypPHON
rasopaspsagHon nnasmbl. Peanu3auuio TakoM 3agadyM Ha  MUPOBOM  YPOBHE
HEBO3MOXHO OCYLLECTBUTb TOMbKO 3a CHET €ANHCTBEHHOW NMIa3MEHHON TEXHOMOMMN.
[MoaTomy, B 3aBUMCUMMOCTU OT KOHKPETHOro (PYHKUMOHANbHOrO MOKPLITUA [OOSDKHbI
OblTb MCNOSIb30BaHbl pPasfnUYHble BUAbI NMasmbl UM UX KOMOWHAUUKM B YCMOBUSIX



pasnu4Hon cpedbl U aBneHun, a paspaboTaHHble TEXHONOMMW OOIMKHbI obnagatb
KOMMJTEKCHOCTbIO.

Ha cerogHAWwWHMN OeHb MMeeTca OOonblIOe KOMMYeCTBO nuTepaTtypbl, Kak
OTEeYEeCTBEHHOMW, Tak M 3apybexHOW, No MUCCneaoBaHuU U3NKA U NPUMEHEHUIO
HU3KOTeMnepaTypHon rasopaspsgHor nnasmbl. OgHako 3TUX UCCneaoBaHUs He
CBS3aHbl C KOHKPETHbIMU TeXHOMormyeckumn 3agadyamm. OHu HocAT B 6ONbLUMHCTBE
cnyyaeB oO6WMA XxapakTep, OTHOCALWMWCA K WUCCNefoBaHUO (OU3MKM U CBOWCTB
HU3KOTEeMNepaTypHOW rasopaspsgHoOM Mnrasmbl UM K BO3MOXHOCTSIM Mnasmbl A1
peleHna Tex WU MHbIX BUOOB TexXHUYeckux 3adady. Ha cerogHa npakTtuyecku
OTCYTCTBYIOT MPOM3BOACTBEHHbIE TEXHOMOrMM [Ons  peanu3aumm  KOHKPEeTHOW
TEXHUYECKOWN 3afaun paccMaTpmBaeMoro HanpasneHus.

B paHHom paboTte npeanaraetca nofyvyeHMe  MHOrO(YHKLMOHANbHbIX
MarnornopucTbiX  MOKPbITUA  C  MOBBLIWEHHBIMA  (PU3UKO-MEXaHUYECKUMU U
3KcnslyatauyuoHHbIMW CBOMCTBaMM Ha OCHOBE MNIa3MOXMMUYECKMX MPOLEeCcCoB C
NPUMEHEHNEM HU3KOTEMMEPaTYpHOM MnasMbl BbICOKOYACTOTHOMO MarHeTPOHHOro
paspsga, Ayrosoro paspsga aTtMocdepHOro  OaBfieHusl, BbICOKOYaCTOTHOIO
WHOYKUMOHHOTO paspsida HU3KOro AaBrieHus u Tpubonnasmbl B y3ne TpeHus C
npucyTcTeuemM Tpubonpenapara.

MHoOrogyHKLUMOHarnbHbIE ManonopucTble MOKPbITUSA, obnagatowmne HU3KUM
KO3(p(PUUMEHTOM TpPEHUS M LPYIMMU MOBbILWEHHBIMU  (PU3UKO-MEXAHUYECKUMU 1
3KCNfyaTauuoOHHBIMW CBOWCTBaMM, Ha CerogHs BOCTpeboBaHbl BO BCEM MUpe.
YHUKanbHOCTb JaHHbIX MOKPbITUIA 3aKniyaeTcsl B BbICOKOM 0OBbEMHOW [one rpaHuL
pasgena a3 M Mx NPOYHOCTWU, OTCYTCTBUM AOUCHOKALMKA BHYTPWU KPUCTannTOB,
BO3MOXHOCTU M3MEHEHUSI COOTHOLWEHUA OObEMHbIX A0Sier KpUCTannMyeckon wu
amopcHon a3, B3aMMHOW PaCTBOPUMOCTU MeTarnfM4YecKnx N HemeTannydeckmx
KOoMnoHeHTOB. B nocnegHee pgecatunetve, B CBA3WM C TpebOBaHMSIMU MOBbILIEHUS
AONTOBEYHOCTU U HAOEXHOCTU Y3MNOB TPEHUS MalMH U MEeXaHW3MOB, yaenseTcs
MOBLILEHHOE BHMMaHWEe K TpMOOMOrMYyeckuM CBOWCTBAM TaKMX MOKPbITUA, W
0COBEHHO MX HU3KOMY KOS UUMNEHTY TPEHUS U BbICOKOW M3HOCOCTONKOCTM.

CuWHTE3 nnu nonyyeHMe BCEBO3MOXHbIX MOKPbITUIA, OOnagatowmx Takumu
PU3MKO-MEXAHUYECKUMN U 3KCMyaTauMOHHbIMW  CBOWUCTBaMW, KakK  HU3KWN
KO3 PULUMEHT TPEeHUs, BbICOKas TBEpOOCTb, MPOYHOCTb, W3HOCOCTOMKOCTD,
KOPPO3MOHHAasi CTOMKOCTb, TEMMOCTOMKOCTb, TEMSIONPOBOLAHOCTbL, XXapOCTOMKOCTb U
XNlafoCTOMKOCTb, Bcerga 6biiv npobrnemon BO BceM mupe. [Npu ee pewleHun B
OCHOBHOM WCMOSb3YIOT, TaK HasblBaeMble, KOHLEHTPUPOBaHHbIE MOTOKU 3Heprun. K
HUM OTHOCST rasosoe nnamsi (10°—10° BT/cM?), HU3KOTEMMEepaTypHYO NMa3MeHHYH
ctpyto (10*-10° BT/cMm?), noHHble nyykm (cB. 10? Bt/cm?), anektpuueckyto gyry (10°-
10° Bt/cm?), anekTpoHHbI nyy (10°—108 Bt/cm?), nasepHbiii nyy (10°-10%2 Bt/cm?),
anekTpuyeckyto uckpy (108-10° Bt/cm?) n ap. WCTOYHMKaMM KOHLIEHTPUPOBAHHbIX
MOTOKOB 3Heprum 06bl4HO ObiBalOT nasepbl, MAa3MOTPOHbI, ANEKTPOHHO-Iy4YeBble
ycTaHoBKn. Cpean HuMX Haumbonee pacnpoCTpaHEHHbIMU WUCTOYHMKAMU SABNSAOTCS
NNasMOTPOHbI C HA3KOTEMMEepaTypHOM Nia3mMoun ra3oBoro paspsaga.

B TexHuke HM3KOTEMnepaTypHas nrasma rasoBoro paspsaga 6onble HaxoauTt
npUuMeHeHne nNpu aTMOCEPHOM U HU3KMX OaBrieHusx. Paspsg HU3Koro gaBneHus
oTnn4aeTca OT paspsga aTMOCHEepHOro [aBfeHUd pPe3KUM CKaykoM cpeaHen
KMHETMYECKON IHEPrMM 3apsKEHHbIX YacTuL, B CTOPOHY YBENUYEHUS, U OCOBEHHO
9Hepruen anekTpoHoB. [Mpu npoayBaHWM rasoBOro paspsiga nnasmoobpasyomm
rasom nosiyd4aem nrasmMeHHyl CTPY, CpedHsisi TeMmnepaTtypa KOTOpon MOXeT ObiTb
BCEro HeCKosibKo COT rpagycoB no Llenbcuio, a y anekTpoOHOB — HECKOSbKO OECATKOB
Tbicay. B 3aBucmmocTn oT cnocoba nonyyeHusa paspsiga nnasmy pasnuyaroT Kak
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nnasMmy [LyroBoro, WCKpPOBOro, KopoHHoro, Tnetwwero, CBY wn BY paspsga.
CooTBETCTBEHHO Ha3bIBAOTCH U YCTPOUCTBA ANS nonyvyeHnsa pas3psgos. [py aTtom B
3aBMCUMOCTU OT (PYHKLUMOHANbHOrO Ha3HaYeHUs MOKPbITUS MNPOM3BOAUTCS BbIGOP
CXeMbl HanblIeHUs, ncnapsaemoro matepuana, nnasmoobpasylowlero rasa u 1. A.
Paspsg MoxeT 6biTb CTauMOHapHbIM UMM B MOTOKE ra3a. TexHONornm4yecknin npouecc
MOXET MPoOUCXOoANTb MNpU aTMOCEPHOM AABMEHUM U TMOHWKEHHbIX AaBlEHUNAX
nopsigka 1-10° Ma. MnasmooBpasyoWwmymMm rasammu MoryT GbiTb No6ble rasbl, Kak
WHEepTHble, TaKk U arpeccusHble, unn nx cmecu: Oy, Nj, Hy, Ar, He, Bo3gyx, okucb
asoTa, Napbl OpraHNYecKnx coeguHeHuin: 6eHsona, meTaHa, ammuaka u ap.

Lnpoknn  cnektp 9HepreTMdeckux, TennoBblX W  rasognHamMuyecKkmnx
XapakKTepPUCTUK HU3KOTEMNEPATYpPHOW Miasmbl ra3oBOro paspsiga nossondeT ee
NPUMEHUTb B Pa3fNYHbIX TEXHOMOMNAX. ATO — TEXHOMOMMM HarpeBa, pe3ku, CBapKu,
HanmaBkW, HamMbINEHUA  PasfNUYHbIX  MeTarsIMyeckux, HemeTannIM4yeckux u
ANANEKTPUYECKMX  MOKPbITUW, HAHECEeHUsI TOHKMX  MAEHOK, BCEBO3MOXHbIX
NNasMOXUMNYECKNX peakuuin ¢ nNosydeHnemM nNpoayKToB C HEOObLIYHBIMU CBONCTBaAMN,
BO3OENCTBMSA Ha MOBEPXHOCTM C LESbl0 UX OYUCTKM OT 3arpsi3HEHWUW, MOSIMPOBKMU,
YNPOYHEHUSA, U3MEHEHUS CTPYKTYpbl. TEenmnoByk MOLHOCTb Mfla3MeHHON CTpymn
MOXHO W3MEHATb OT [AEeCATKOB BaTT A0 OEeCATKOB MeraeatT, TemnepaTypy - OT
Heckonbkux coT rpagycoB gao 50 000°C, nnasmeHHbI MNOTOK MOXET WMETb
CBEPX3BYKOBbIE CKOPOCTU, ahEKTUBHBIN K.N.4. HarpeBa MoxeT goxoautb Ao 90%,
pecypc HenpepbiBHONM pabotbl — Ao 1000 yacoB. [loaTomy uMcCnonb3oBaHUE
HU3KOTEMNEpPaATYpHON nNnasmbl B TEXHUMYECKUX Lensx no3BosiseT co3faBaTb
TEXHONOINMYeckne npoueccbl ASf1I8  HanpaBfIEHHONO  MU3MEHEHWUSI  CTPYKTYpbI,
PU3MYECKUX N MEXaHUYECKNX CBOWCTB MatepuasrioB U U3Aesniui, UCMonb3yemMblX B
pasfnMYHbIX OTpacnax MaLWMHOCTPOEHUS, B Y4acTHOCTW, B aBMacTPOeHUWn,
CyOOCTPOEHUUN, PAKETHOM Y KOCMUYECKON TEXHUKE, PasfnnYHbIX BUOAX BOOPYXKEHUSI.

[MnasmeHHbIM MEeTOAOM MOXHO MOSyYUTb TOHKME TMIMEHKNM Ha pPasfinyHbIX
NOBEPXHOCTAX n3 PasnnYHbIX MeTannnyeckux, HeMeTannM4eckmnx n
AN3NEKTPUYECKMX MaTepuanos NyTemM MUX UcnapeHus B paspsage U TpaHCNOPTUPOBKU
NPOAYKTOB MCMApeHUsl Ha MOBEPXHOCTb MOAJSIOXKKW, OCaXAeHueM K3 naporasoBom
drasbl, KOHAEHCAUUM YacTUL, NIa3MOXMMNYECKON peakumn 1 T.4. TONWWHON OT JONeN
A0 HECKOSbKMX OECATKOB MUKPOMETPOB.

OCoBEHHOCTAMM MOMNYYEHHbIX MOKPbITUA ABNAOTCA MX NpUHUMNManNbHoe
OTNN4YMEe OT MOKPbLITUW, MOMNYYEHHbIX TPagUUMOHHbIMK crnocobamu. [MnasmeHHble
MOKpbITUA codeTalT B cebe OAHOBPEMEHHO OAHOPOAHOCTb CTPYKTYpbl, a npwu
HeobBXo0OMMOCTM M MOPUCTOCTb, BLICOKYHD MNPOYHOCTL cuenneHus (agresvo) c
OCHOBOW, MOBbILEHHYD TBEPOOCTb, BbLICOKYHD W3HOCOCTOMKOCTb, Tpebyembii
XUMUYECKMA CcOCTaB UM T.4. Taknme noKpbITUS BO3MOXHbI WM MNOTOMY, 4TO
dopMUpoBaHUE MNOKPLITUA MPOUCXOAUT MPU OCaXOEHUM 4YacTul Ha MOASNOXKY B
aTOMapHOM U MONEKYNSPHOM cocCTosiHUW. [lpy 3TOM MOXeT ObiTb COBMELLEHME
onepauMn ucnapeHus Matepuana, WoOHM3aumMm U BO30OYXOEeHWA  aTOMOB,
dopMMpoOBaHMS HanpaBfIEHHONO MOTOKA YacTUL, W TPaAHCMOPTUPOBKM UX Ha
NOBEPXHOCTb, NOAOrpeBa NOANOXKN, OYUCTKN N NONNPOBKK ee noBepxHocTn. Kpome
TOro, 3TN NOKpbITUA, obnagas HeobblYHbLIMM CBOMCTBAMM U NpuaaBasi MOBEPXHOCTH
aeTtann ocobble KayecTBa, HE U3MEHSAIT reOMeTpPUYECKUX pa3MepoB AeTanen, Tak
Kak WX MakcumaribHasi TOSIMHA He MpeBbIlaeT HEeCKOSNbKMX MUKpOMeTpoB. B
TexHonornm opmMmMpoBaHns MoaNAMULNMPOBAHHOIO CIIOSA HA MOBEPXHOCTSX AeTanen
onepaums «lNnasmeHHOEe HaHeCeHMEe TOHKUX MITIEHOK» OObIYHO SBMSAETCA KOHEYHOM
onepaumen, No3ToOMy ee MHorga HasblBalT « PUHULLHOW onepaumeny.



MpuBeoem  HekoTopble  pes3ynbTaTbl  WCCNeAOoBaHWMA MO MOSTYYEHWUHO
MHOIO(PYHKLUMOHANbHbLIX ManonopuUCTbIX MNOKPbITUIA, obGnagarolmx MNoBbILLEHHBIMK
PU3NKO-MEXaHNYECKUMN N IKCNITyaTauMOHHbIMU CBOMCTBaMU.

Ha puc. 1 n 2 npuBedeHbl HEKOTOPble XapaKTEePUCTUKU YMPOYHAKOLEro
TEennooTpaxatLwero MOKpbITUS, MOMYYEHHOrO MarHeTPpOHHbIM uncnapeHnem [1].
PaspaboTtaHHoe nokpbiTve obecneunBaeT BbiCOkMA [0 99 % KoadhpUUMEHT
npornyckaHus ceeta B BUANMMOW obnacTtu cnektpa u Bbicokuin Ao 85 % koadpduumeHT
OTpaXeHusi B MWHQpPaKpacHoM obnactm cnekrtpa, YTO NO3BOSISIET  LUMPOKO
ncnonb3oBaTb Npeanaraemoe  HU3KO3IMUCCUOHHOE  MOKpbITUE  Ans  3aWuTbl
NNacTUKOBbIX 3KPAHOB OT MOBbIWEHHOW TemnepaTtypbl. HW3koOMUCCUOHHOE
NoKpbITUE 06riagaeT BbICOKON MEXaHNUYECKOM M 3KCnyaTalMOHHOWN YCTOMYMBOCTHIO.
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Puc. 1. CnekTpanbHbI k0ahpnuneHT Puc. 2. CnexTpbl nponyckaHus (-¢-) 1
NPOMNyCKaHUS YNPOYHSOLLEro oTpaxeHusi (-m-) TennocbeperaroLLero
TennocbeperatoLLero nokpbITUS Ha MOKPbITUS Ha NacTUKe, NONy4YEeHHOro
nnacTuke, Nofy4eHHOro MarHeTPOHHbIM MarHeTPOHHbIM pacnblfieHNneM
pacnblfieHMeM

Kaxgbln U3 paccmaTpmBaeMblx B CTaTbe pa3psnoB ANd NPUMEHEHUS UMeRT
CBOM OCOBEHHOCTM, npenmyllecTBa M orpaHudeHuns. Hanpumep, oyroBon paspsg
aTtMoccepHoro AdaeneHuss npy  (OUHULLHOM  MAa3MEHHOM  YNPOYHEHUN uMeeT
crneayloLwmne JOCTOMHCTBA: OCyLeCcTBreHme npolecca 6e3 MCcnonb3oBaHUsa kKamep u
BaKyyma; MMHMManbHbI HarpeB usgenun, He npesbliwarowmn 120°C; ynyyweHne
napameTpoB LLUEPOXOBATOCTU MOBEPXHOCTEN C NOKPbITUEM; BO3MOXHOCTb HAHECEHUS
NOKPbITUSA NoKasibHO, B TPYAHOOOCTYMNHbLIX 30HaX M Ha nsgenusax nobbix rabaputos;
ncnonb3oBaHMe manorabapuTHoOro, MOGUNBHOro 1 3KOHOMUYHOIrO 060pPyaAOBaHMS.

OpgHako npu  (PUHULWIHOM NMAa3MEHHOM  YMNPOYHEHUW OYyroBOW paspsag
aTMOCMEepPHOro AaBneHnUs UMeeT OrpaHnYeHne No TOSLUHE NOSTy4YaeMoro NoKpbITUS.
MokpblTe npu TonwwmHax Gonee 2 MKM U3MEHHAET MapamMeTp LepoxoBaToCTU
NMOBEPXHOCTMW.

HekoTopble pesynbTaTbl N0 (PUHULIHOMY MMa3MeHHOMY ynpoudHeHuio [2]. B
Tabn. 1 npuBeaeHbl NnapameTpbl TPUOBONOrMYECKUX UCMbITAHUA MaTtepuana OCHOBBI,
MOKPbITUA HaHeceHHbIX C wucnonb3oBaHnem PVD npouecca u NOKpbITUA Npu
(PUHULWHOM  NNA3MEHHOM  YrpoyHeHun. OTMeTUM, YTO pasfnyHble 3HaYeHUs
KO3 PULUMEHTOB TPEHUST OOHOIO M TOrO >Xe MOKPbITUA WU3-3a pasHbiX (OU3NKO-
MeXaHU4YeCKUX CBOMCTB UCXOAHOro Matepuara u COCTOSIHUS ero NoBepXHOCTU.

MoKpbITUS NpU  (PUHULLIHOM NSI@3MEHHOM YNPOYHEHUM obnagarT BbICOKOW
MUKPOTBEPAOCTbIO. VIX MUKPOTBEPAOCTE MOXET JOCTUraTb 3HadeHus 6onee 20 [Tla.
MakcumarnbHas MUKPOTBEPAOCTb NMOKPbITUA HAa OCHOBE OKCUKapOOHUTpUOa KpeMHUS
Si-O-C-N pocturaeTt nopsigka 34 Tla. Ykaxem, 4to TBEpAoCcTb abpasmBHbIX YacTul
He Bbiwe 11 [MTla. K cBegeHmto: MUKpPOTBEPAOCTb CTanbHbIX MOBEPXHOCTEN Nocne nx
3akanku pocturaet Bcero oo 5 [Tla, nocne asotuposaHna — go 8 [Tla, nocne
XpomupoBaHus — o 11 Mla.

[lyroBor paspsg aTMocdepHOro AaBreHusi, oObl4HO GOMbLUMX MOLLHOCTEN,
MCNONb3yeTcss U MNpPWU HambINIEHUM MOPOLLUKOBbLIX KEPaMUYECKUX M MeTanfimyeckmx
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maTepuarnos [3]. [1py 3TOM BO3MOXHO MOMy4YeHUe KOMMO3ULMOHHbIX, UBHOCOCTOMKUX,
AHTUKOPPO3MOHHbIX,  3PO3NOHHOCTOMKMX, abpasvMBOCTOMKMX,  TEMNO3aLUTHbIX,
XapOCTOMKUX U SNEKTPOUIONAUNOHHBIX  NOKPbLITUA.  [1OPUCTOCTbL  MOKPLITUMN,
nosly4aemblXx C MNPUMEHEHMEM y3ra BBOAA MNOPOLUKOBbIX MaTtepuarnoB C
rasogMHamMmyeckon (OKyCMpPOBKOW, cocTaBnseT nopsgka 5% [3]. Hago otmeTtuTs,
4YTO CTaHOaApTHblEe MOKPLITUA M3 oKcuaa anmnoMUHWUA, MorfydYaemble MrnasmMeHHbIM
HanbIIEHNEM, UMELOT, NO AaHHbIM pa3HbIX UCTOYHUKOB, MOPUCTOCTbL 8-15%.
Tabnuua 1. MapameTpbl TPMBONOrMYECKNX UCTIBITAHUI MaTeprarna OCHOBbI U PasfnNYHbIX
PVD NoKpbITUIA U MOKPLITUA, HAHECEHHBIX NPU (PUHULLHOM NNIAa3MEHHOM YNPOYHEHUN
(TonwuHa nokpbITna — 1 MKM)

MokpbiTHe OcHoBa CpegHun KoadPULMEHT TpeHUs
bes nokpbITus 0,2
TiN 0,1
TiAIN Cranb P18 0,09
MoCrN 0,08
Si-O-C-N 0,04
Si-O-C-N Cranb P6M5 0,038
Si-O-C-N Cranb WWX15 0,024
Si-O-C-N Cranb X12M 0,001

MpepBapuTenbHble NCCNefOoBaHNS XapakTEPUCTUK MEeTanIMYECKNX NOKPbITUNA,
MOMNy4YeHHbIX C NMOMOLLbIO yCTaHOBKU « Tepmonnaama 50-1», nokasanu cyLecTBEHHOe
NnoBbIlLEHME TBEPAOCTU TMOKPbITUS MO CPaBHEHUIO C MACNOPTHbIMK  OaHHbLIMU
TBEPAOCTM MCXOLHOIo NOPOLLKOBOro matepuana [3].

Onsa  nonydeHnss  MHOrOYHKUMOHAanbHbIX  BGECnOpUCTbIX  MOKPbITUA  C
NOBbILWEHHLIMU  (PU3NKO-MEXAHUYECKUMM WM IKCMNyaTauMOHHBIMA CBOMCTBA MOXET
OblTb MCNONb30BaH W BbICOKOYACTOTHLIN WHAYKUMOHHbIN (BYWN) paspsg Huakoro
AaBneHust B NOTOke rasa. B aTom cBA3W, He MeHee WHTepec npeacTaBnsaeT u
npumeHeHne BYW paspaga HU3KOro [aBreHUsi B NOTOKE rasa Ans ynydweHus
CBOWCTB MMOBEPXHOCTHOrO Crios camon noanoxku [4]. Ha puc. 3 npencrasneHsl
doTorpacdmm MUKPOCTPYKTYpP MOBEPXHOCTU cTekna mapku K8 po (a) u nocne (6)
obpabotkm notokom BYWM-nnasambl  Hu3koro  gaBnenus.  ConocTaBneHue
(POTOCHMMKOB MNOKa3blBaeT, 4YTO CyLIECTBOBaBLUME MUKPOAEMEKTbI MOBEPXHOCTMU
nocrne obpaboTku nfasmMon mucyesaroT, U obpasyeTcsi COBeEpLUEHHO HoBasi, bonee
CrnaXeHHass W OOHOPOAHAas MUMKPOCTPYKTypa MOBEPXHOCTU. AHanmM3  3Tux
doTorpacmii n pesynbTatoB APYrMX MUCCregoBaHUM NO3BONUNKM caenaTbh BbIBOA O
TOM, 4TO B npouecce ob6paboTkm obpasuoe BYN nnasmonm HM3KOro AaBneHus
npoucxoauT yaaneHne AedekTHOro Ccrnos MOBEepPXHOCTM W ee JdanbHenwwas
NMoNMpOBKa. YKaXeM, YTO LEepOoXOBaTOCTb MOBEPXHOCTM ob6pa3uoB A0 0O6paboTkm
nnasmon cooteeTcTByeT Ra = 0,08-0,16 mkm. [Mocne obpaboTkum [Jocturaetcs
napamMmeTp LepoxoBaTtocTu noBepxHocTv Ra = 0,01-0,02 mkm. 3ameTtum, 4TO
Tabnuua knacca wepoxosatoctn no NOCTy 3akaHumBaeTca 14-m knaccom. ITO
TeopeTudeckn  JocTuraembll  Kracc — wepoxoBatocTu.  [Mpaktudeckn ke,
cywiecTBytowme cnocobbl 00paboTkM He NO3BOMAKT OOCTMXKEHME  Knacca
lepoxoBaTocTn Bbllwe 12-ro. [MpoBoas o6paboTky noBepxHocTen ob6pasLoB U3
anMUHNA, TUTaHa, CTann U Meam NONyYUnu aHanorMyHble pesynbTaThbl, Kak 1 Ons
mMaTepuanoB u3 ctekna. CnegoBaTtenbHO, HE UMEET 3HaYeHUs, U3 Kakoro martepuana
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narotosreHa pgetanb. Adpdekt byaetr TOT Xe. JlMwb Obl MaTtepuan getanu
BblaepxuBan temnepatypy nopsgka 100-200°C.

B xope wvccnepoBaHuMit ObliNO BbIABNEHO, YTO BO3OEWNCTBMEM Ma3Mon Ha
MeTansbl, KPOME OYUCTKM U MONMPOBKU WX MOBEPXHOCTU, MOXHO CYLLECTBEHHO
N3MEHUTb N CBOMCTBA MNOBEPXHOCTHOro crod. MamepeHna nokasanu, 4to BYU-
nnasmeHHaa o6paboTka npu HU3KMX [aBfeHUAX NPUBOAUT K  YBENIUYEHMUIO
MUKPOTBEPAOCTU noBepxHoCcTU. Hanpumep, ana obpasua M3 antoMMHUEBOrO Chnasa
[16T oHa noBbicunack ot 520 go 1140 MIa, ctanu C1.45 — o1 2500 go 5000 MlMa u
TutaHosoro cnnaesa BT6 — ot 2600 go 4600 Mlla. Hapo nonaraTtb, 4TtO noA
BO3JEeNCTBMEM [MOTOKa MnasMbl  MNPOUCXOOAT  CTPYKTYPHble  U3MEHEHUA B
NOBEPXHOCTHOM CIioe MeTanna, ynopsgodeHue CTPYKTYPHbIX S4YE€eK, BbhKUraHue
AedeKkToB 1 B UTOre ero ynpodHeHue. B pesynbtate nosyvyaem MoanduLmMpoBaHHbIN
NOBEPXHOCTHBLIN CITON, UMEIOLLMIA BbICOKYIO TBEPAOCTb, OAHOPOAHY0 MUKPOCTPYKTYPY
N HU3KUI NapameTp LLEepOoXoBaToCT R,.

Puc. 3. doTorpadmm MUKPOCTPYKTYp NOBEPXHOCTU cTekna mapku K8 no (a) n nocne (6)
o0bpaboTtkm notokom BUW-nnasmel HM3Kkoro gaenenus (x20 000 B bopmaTte nucta A4,
wmpuHa dotorpadmm CoOOTBETCTBYET 4 MKM NMOBEPXHOCTK). LLlepoxoBaTOCTb NOBEPXHOCTU
aetanu Ha doTorpadcum (a) — 12 knacc, Ha ¢otorpacum (6) — 14 knacc

B nocnegHue pecatunetusa nosiBunacb, TakK HasblBaemasi, TeXHOmNorus
6e3pa3bopHOro pemMoHTa W3HOLUEHHbLIX MOBEPXHOCTEN Y3I0B TPEHUS MaLUnH WU
MexaHn3MoB. CyLLHOCTb 9TOM TEXHOMOMMK 3akryaeTcs B TOM, YTO Tpubonpenapar,
00bl4HO Ha CepneHTMHUTOBOW OCHOBE, BBOAMUTCA B LUTATHYIO MACMAHYH CUCTEMY UMK
KOHCUCTEHTHYI0 CMasky. 3aTtem npenapaTr TpaHCnopTupyeTcsas Macrom Ha
NMOBEPXHOCTU Y3MIOB TPEHUS W o4 BAUSHWEM [aBfeHud, TemnepaTypbl WU
Tpmbonnasmbl Co3gaeT ycrnoBus ANd BO3BpaTa MPOAYKTOB M3HOCA HA WU3HOLLEHHble
MecTa NoOBEePXHOCTU C YaCTUYHLIM UMW NOSIHBIM BOCCTAHOBNEHUEM reoOMeTPUYECKNX
pa3mepoB AeTaneun.

Mpn aTtom npoucxoguTt obpasoBaHMe CrOEB C BbICOKON M3HOCOCTOMKOCTBLIO U
ManbiM KoadhuumeHToMm TpeHuda. B pesynbTate npoucxoguTt, Tak HasblBaemas,
Ge3biCHOCHas aKchnyaTaumsa TeXHWUKM U (PakTU4eCKM MalunHbl U MeXaHW3Mbl
CTaHOBATCA HOBEe HOBOro C napameTpamMu Bbllle MacrnopTHbIX 3HadveHun [5]. o
CEroAHSLHEro AHA MOMHOCTbIO HE pacKpbIT MexaHn3m obpa3oBaHusi 6Ee3bICHOCHbIX
MOKPbITUA Ha MOBEPXHOCTAX COMPSHKEHUN Y3MNOB TPEHUA MalUMH U MEeXaHU3MOB B
NpUCyTCTBUM B HUX TpubonpenapaTtoB. HegaBHue wmccnefoBaHusi nokasanu, 4To
OCHOBHYIO pOfib B 9TMX MpoLeccax AOSMKHa urpatb, Tak HasbiBaemasi, Tpubonnasma B
NATHE yarna TpeHua MexaHusma. Takke ObIio nokasaHo, 4YTo B Tpubonnasme
NpouCxXogaT  nnasMoXUMmM4Yecknme Mpoueccbl, M OHM  MOryT  OMNUCbIBaATbLCSA
YPaBHEHNAMM, aHanoOrM4yHO YpaBHEHUAM, MNPUCYLIUM A8 NSIa3MOXMMUYECKUX
NpPoLIECCOB B HU3KOTEMMEpaTypHoOU nnasme [6].

[ns HarnsgHocTM Ha puc. 4 npusegem gotorpadum NOBEPXHOCTU LMNUHAPA
asuratens oo n nocne obpabotkm no PBC TtexHonornn. Ceepxy — doTtorpadcum
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NOBEPXHOCTU UMNUHAPA ABUraTens BHYTPEHHEro cropaHusa 4o u nocne obpaboTku
no TexHonormn 6e3pa3bopHOro pemMoHTa, BHM3Y: cneBa — doTorpadms wnuda
NOBEPXHOCTU UMNUHApa, cnpasBa — Tpubornnasma B 30HE KOHTakTa yana TpeHus.
3pecb, no-moemy, 0cob60 KOMMEHTapUM He HyXHbl. MMoKpbITME anmasonogobHoe, ¢
ManbiM KO3(P(PULMEHTOM TpeHUs, Monynpo3payHoe, AuanekTpudeckoe. TonwmHa
NMOKPbITUS B 3aBUCMMOCTU OT M3HOCA NMOBEPXHOCTEN COMPSHKEHUA U HanNn4ms 3a30poB
B y3ne TpeHunsa moxeT goxoantb Ao 30 Mkm 1 6onee. CoctaB NOKPbLITUA, B OCHOBHOM,
N3 coeguHeHun yrnepoaa, xxenesa, KpeMHUS 1 Xpoma.

SN

Puc. 4. Pe3ynbTathl MOgepHU3aLmm
MaLUVH U MEXaHU3MOB C NPUMEHEHVNEM
TpmnbonpenapaTtoB (CBepXyY —
doTorpadunm NOBEPXHOCTU LMNNHAPA
ABuraTens BHyTPEeHHEro cropaHus o u
nocne o6paboTkn MO TEXHONOrUK
©e3pa3bopHOro pemMoHTa, BHU3Y:
cnesa — ¢potorpadmsa wnuda
NOBEPXHOCTU UunNuHapa, cnpasa —
Tpubonnasma B 30He KOHTaKTa y3na
TpeHus)

BoiBoabl
1. O6nacTtn npMMmeHeHus OyHKUNOHANbHbLIX ManonopucTbiX NOKPbITUI, obnagarLwmx
NOBbILLEHHLIMU (PU3NKO-MEXAHNYECKUMU U IKCMyaTaLMOHHBIMU CBOMCTBAMM:

. CENbCKOXO3SMCTBEHHAA TexHWKa u obopyaoBaHue (TpakTopa, KoMOauHbl,
MaLUMHbI ANSA TPAaHCNOPTMPOBKK, PasfnyHble MeXaHM3Mbl U arperarhbl);

. BOOPY)XEHME N BOEHHasi TEXHWKA (CTPEnKoOBOE OpyXue, NasepHoe opyxue,
Asuratenu, Kkoprnyca uctpebutenem M KOCMUYECKMX annapaToB, ONTUYECKME
nsnenus);

. CT@HOYHbIA MNapK MPOMbIWIIEHHbIX NPeanpuUATUA (NOALWMUMHUKA KavyeHus U
CKOMNbXXEHWS, Banbl, BUHTOBbIE Napbl KAYeHUsa 1 T.4.);

. aBTOTPAHCMNOPTHbIE CpeAcTBa (ABuraTenM BCexX TWUMOB U pas3Mepos,

PenyKkTopbl, LWApHMPbl PaBHbIX YIMOBbIX CKOPOCTEW, Kopobka nepekntoveHus
nepegav);

. KEene3HoO0POXKHbIV TPaHCNOPT (ABUraTenu, peayKTopbl, Napbl penbCc-Komneco u
T.4.);
. MOPCKME 1 pedHble cyaa (aBuratenu, gnsenb-reHepaTopbl U T.4.)

2. XapaKTepuUCTUKM (PYHKLMOHAsNbHbIX MarnonopuCTbIX MOKPbITUA, obnagaroLmx
NOBbILWEHHLIMU  (PU3MKO-MEXAHMYECKMMM U IKCMNNyaTaLMOHHbIMKM CBOWCTBaMU, W
TEXHUKO-3KOHOMMYECKNA 3PAEKT OT UX NPUMEHEHUs (B TabnnuyHoM Buae)

MNokasaTenu XapakrepucTuka
KoadbdburumeHT TpeHus
(DPULMEHT TP 10 0,004 ep,

NOBEPXHOCTU
CocTosiHMe NoBEPXHOCTU
nsgenusa npm obpaboTke YnpoyHeHue B 1,5 — 2 pasa

naasmoun
OT gonen MKM 40 AEeCATOK MKM B 3aBUCUMOCTM OT BMAa
TonwuHa nokpbITUS paspsna




CKopocTb HaHeceHus
P Jo 1,0 MkM/MWH

NOKPbITUS
MwukpoTBEpAOCTb He meHee 20 Ma (MnkpoTBEpaOCTb abpasmBHbIX YacTuL
NOBEPXHOCTU MOKPbLITUS He 6onee 12 [Tla)
lMnowagb NoKpbITUA o 100 mm B gnameTpe

HepaBHOMEpPHOCTb TONLUHBI

He 6onee 0,5 %
NOKPbITUSI MO NOANOXKE

Turn NoKpbITUS [VanekTpuk, metann
MpOYHOCTb NOKPLITUS NO Oco60 NpoYHbIe NOKPLITUSA, AONYCKaOLMe NPUMEHEHWE B
Hopmanun HO 3611-81 NoJIEBbIX YCIIOBUAX
INy4yeBas NPOYHOCTL 3 n 6ornee pasa BbilLe Nopora paspyLleHns BakyyMHbIX
MOKPbLITUSA MOKPbITUNA TEPMUYECKUM UCMapEHNEM

KoahumumeHT paccesHus

YMeHbLueHne B 2-3 pasa
CBEeTa ONTUYECKUX CTEKON

MoBLIWeHNE pecypca paboTbl geTanemn, MalivH 1
MexaHuM3MoB B 2 — 3 pasa.
YBenuyeHme MOLHOCTW ABUraTenen BHyTPEHHEro
cropaHms Ha 10 — 15% .
CHwmxkeHune noTpebrieHnst anekTposHeprim Ha 10 — 20%
(cTaHku, reHepaTopbl, HAarHeTaTenu).
. YMeHbLUEHNE pacxoga roptode-cMa3oyHbIX MaTepuanosB
TEeXHUKO-3KOHOMNYECKUNI N
atdbeKT Ha 7 — 15% (oBuraTenu BHYTPEHHEro cropaHus,
NOALLMMNHUKN, PEaYKTOPbI).
YBenuyeHne nHTepBanoB 3aMeHbl Macen n cMa3ok B 1,5
— 2,5 pasa.

YmeHblenune cogepxanns CO n CyHy B BbIXNOMHbIX
rasax gsuraternemn BHyTpeHHero cropaHus B 2 — 3 pasa.
YMeHbLIeHMe 3aTpaT Ha NPOM3BOACTBO AeTanen, PEMOHT
W aKkcnnyaTtaumoHHble pacxogpbl B 1,5 — 2,0 pasa.
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