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WCCNEQOBAHUE AAE3MOHHBIX CBONCTB U MEXAHU3MA
OBPA30OBAHUA NOKPbITUA, HAHOCMMOI'O METOAOM
PUHULLHOIO MNITASMEHHOIO YNPOYHEHUA
TOMONAHCKNM N.A.
CaHkT-lNeTepbyprckui rocygapCTBEHHbIN NONIMTEXHNUYECKNIA
yHuBepcuteT, CankT-INeTepbypr, Poccus

OnHMWHOe nnasMeHHoe ynpodHeHne (PITY) MHCTpymMeHTa,
TEXHOSTIOrMYECKOM OCHacCTKM W  Opyrmx wusgenuun, obecnedunsaroiee
HaHeceHne M3HOCOCTOMKOrO TOHKOMSIEHOYHOro (0 3-X MKM) MOKPbITUS
Ha ocHoBe SIC n SiO, B 6e3BakyyMHOM MPOCTPaHCTBE, OTHOCUTCS K
HOBbIM MPOMBbILWNEHHLIM TexHonoruam [1, 2]. [lpu aTtomM wmMeToae
TemnepaTypa Harpesa ms3genuin B npouecce obpaboTkn He npesblLaeT
100°C, He TpebyeTcsa crneumanbHbIX METOLOB NOLArOTOBKM MOBEPXHOCTMU,
pasmMepbl YNPOYHAEMbIX N30eNNA HE OrpaHNYEHbI.

OCHOBHbIM MNPUHUMMNOM HaHECEHUS TOHKOMIEHOYHOro MOKPbITUS,
B3ATbIM 32 OCHOBY [aHHOMW TEXHOMOMMW, SBMSIETCA pasrioXeHue napos
XNOKUX  NErkoucrnapsitionxcsd XUMUYECKUX peareHToB, BBOAWMbIX B
Ayrosom nyasmMoOTPOH, C nocneayroLmm NPOXOXAEHNEM
NNasMOXMMUYECKMX  peakumn n  obpasoBaHMEM  N3HOCOCTOWMKOIO
TOHKOMSIEHOYHOIO NOKPbLITUSA Ha U34eNnn.

[Mpouecc NnpoTekaeT B HECKOSTbKO CTaaun:

- CO3[aHMe YCTOM4YMBOro roTOKa nnasMmbl [yroBoro paspsga c
MCnonb3oBaHMEM B KadecTBe MrasMoobpasylollero rasa aproHa wu
nyasmMoTpPOHa KOCBEHHOro OeNCTBUS;

- MCnapeHue XUOKUX XMMUYECKUX peareHToB B oObemMe chneumnanbHOro
nuTaTtens M MnepeHoc MUX MnapoB COBMECTHO C [AOMONHUTENbHbLIM
NOTOKOM WMHEPTHOro rasa B oOpas3oBaHHYO paHee nrasmy OyroBoro
paspsaa;

- MonyyYyeHwe B OYroBOM KaHarne nmasmMoTpOHa KOCBEHHOro AencTBUA
napo-nnasMeHHOro MoToKa coAepXawero BoO30YXAeHHble aTOMbl,
MONeKynbl, pagukanbl, NOSIOXKUTENbHO N OTPULATENBHO 3apsKEHHbIE
NOHbI, 3NEKTPOHbI, KNacTepsbl;

- MPOXOXAEHWE MNasMOXUMUYECKMX PeaKkumn KOMMOHEHTOB MapoOBOW
dasbl B nnasme OyroBoro paspsiga ¢ obpasoBaHMEM  HOBbIX
COeHEHU U MepeHOC MPOLYKTOB peakumn nrasmMeHHOW CTpyen K
NOLSOXKE;

- KOHOEeHcauusa npoayKTOB peakuur Ha MNOLMOXKe C OOHOBPEMEHHbLIM
TennoBbIM  BO3dencTBneMm  dgakena nnasmMeHHoOWm CTpyn C
NOBEPXHOCTLIO U3AESNNS;

- MPOXOXAEeHWe  B3auMOAEWCTBUA  Mexay  agcopbupoBaHHbIMM
OCaXEeHHbIMU NpoAyKTaMW peakuui Ha NOASIOXKE, NMPUBOOALLEro K
3apOXXOEHUIO N POCTY MOKPLITUS.
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OTW e aTanbl MPUCYTCTBYOT M B MeTodax {u3nYecKoro
ocaXeHu st MOKPbITUN U3 NapoBou (pasbl B Bakyyme (Metoabl PVD). Ho B
oTnnyme oT HUX MeTog PI1Y nossonseT peann3oBbiBaTb BCE 3TN CTaguu
obpasoBaHNA MOKPbITUA MNpW TemnepaType W OaBreHUn OKpyXatoLeu
cpeabl 6e3 npMMeHeHUs BakyyMHbIX kamep. Kpome Toro, M3HOCOCTOMKME
NMOKPbITUA HaHOCMMble B Bakyyme Metogamu PVD Ha noanoxky c
TemnepaTtypon noBepxHOCTM MeHee 250°C 0OblMHO WMEKT HU3KYIO
aaresuio.

Anresnsa NoKpbITUKA, TO €CTb ABSIEHWE CLENSISEMOCTU NOKPbLITUA C
NOLMOXKON MPU UX KOHTaKTe, XapakTepusylLllee CBA3b MeXay HUMM,
Bbl3BaHa  B3aMMOAENCTBMEM  Mexay  Morekynamm  (aTomamu)
KOHTaKTUpYOLWMX Tern U OueHMBaeTCs aAre3svoHHOW MNPOYHOCTLIO,
KOoTopas ornpefensieTca 3KCnepuMMeHTanbHO pasfiMyHbIMU  MeTogamMu
OTpblBa UnNn paspyLleHust nokpbiTua [3, 4]. MNMpn oTpbiBE MK paspyLleHnm
NMOKPbITUA MOXET HapylwaTbCs LeSIOCTHOCTb CaMOro NokKpbITUSA, T.e. ero
Koresusa. B cBA3n C 3TM pasnuyaroT aare3voHHbIA OTPbIB MO rpaHuue
pasgena nokpbiITMe — TMOAMOXKA W KOre3MOHHbIN  OTpbIB, Koraa
paspyLueHne NMpouCXOAMUT MO NOKPbLITUID. BO3MOXeH Takke CMeLlaHHbIN
a[iIre3MOHHO-KOre3NoHHbIN OTPbIB MOKPbLITUA.

Aares3unsa NOKPbITUN obycnoBnueaeTcs, npexae BCEro,
pasnMYHbLIMXN  BUAAMW B3aMMOLEWCTBUN MexXOy MOoJSiekyriamm  unm
aTomamu. OTM  B3auMOOEWCTBMA  NpuMBOAAT K obpasoBaHUIO
MEXMOSEKYSIAPHON N XUMUYECKOW cBasen. BennunHa agresmm 3aBucut
He TOJSIbKO OT Hasnn4yunsl, HO MU OT YMCIa CBA3EN MeXOy KOHTaKTUPYOLNUMN
Tenamn. B cBow o4vepenb, 4MCriO CBA3eW ornpefenseTcd nnowagbio
dpaKkTMYeCcKoro KOHTakTa Mexay MOKpbITUEM W MOoANOXKOoW. BenunumHa
aTon nnowagm obycnosnmueaeTcs npoueccoM opMNPOBAHUSA MOKPbLITUM
N 3aBUCUT OT CBOWCTB MOBEPXHOCTU MOASMOXKM U MOKpbITUA. K yucny
TakMx CBOWCTB clegyeT OTHEeCTU napameTpbl U BUA LLIEPOXOBATOCTU
NMOBEPXHOCTN MOAJSIOKKW, MEeTO[ HaHeCeHUs MOKPbITUW;, npoLece
3anofnHeHna BrnaguH TMOBEPXHOCTM MNOAJIOXKKM B 3aBUCMMOCTU  OT
TemnepaTypHO-BPEMEHHbIX XapakTepPUCTUK U psa Opyrux [5].

B HacTosiwee Bpemsa cywecTtByeT psig Teopuin, 060CHOBbLIBAKOLLNX
aaresuto NMOKpbITUMN:

- apcopbunoHHaa Teopust agre3vm [6], cornmacHO KOTOpPOW MpoLEece
dopMMpoBaHUS CBA3UN MexXOy MOKPbITUEM M MOAMOXKKOW onpenensercs
agcopbumen  Monekyn  MokKpbITUS K MOBEPXHOCTU  MOANOXKMW.
AncopbumoHHbBIE MpoLecCbl MMEKT MecTo B criydae hopmumpoBaHud
NOKPLITUA N3 CMNOS XXNOKOCTH.

- Andpdpy3noHHasa Teopusd [7], kKoTopasa onpeaenseT BenuynHy agresnn B
3aBMICMMOCTW OT MPUPOAbl N YUCna CBA3EWN, NPUXOAALMXCH Ha eanHULY
nrowangM KOHTaKTa TMOKPbITUA W MoanoXku. [Ang ocyuwecTtBreHus
AN PY3MOHHBIX NpoueccoB Heobxoammo cobriogeHne OBYX YCIOBUMN:
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TepMOANHaMMYECKOrO, KOTOPOE CBOAUTCSA K B3aMMHOMW pacTBOPUMOCTHU
NOKPLITUS N MOANOXKKM N UX COBMECTUMOCTU; KMHETUYECKOro, KOTopoe
OOCTUraeTcs NOABMKHOCTLIO MOSIEKyI.

- MUKpopeorormyeckaa Teopusa (peonorns nsyvaeT npoueccbl TeYEHUs
pas3nu4yHbiX Ten) [5], KoTopasa 3akniyaeTcs B TOM, 4YTO B rpouecce
dopMMpoBaHUS  MOKPbITUA  MNPOMCXOAUT  3anofiHeHWe  BNaawH
LLEPOXOBATOCTU MOBEPXHOCTU, a TakkKe TpewuH U nop MNOANOXKM,
yBENMYMBaETCs Nowanb pakTUYecKoro KOHTakTa, a, crieqoBaTenbHo, U
YUCNO CBSA3EN MexXAOy NMOKPbITUEM U MOAMOXKOW, YTO NMPMBOAUT K POCTY
agreamm WM agresmoHHom npoyHoctn. Camo e  aare3moHHoe
B3aMMOOENCTBME peann3yeTcss 3a CYET MOMEKYNHApHbIX CUn U
XUMUYECKON CBA3N MeXOY KOHTaKTUPYOLWMMKU MNoBepxHocTaMu. Ha
OCHOBaHMMN 3TOW TEOPUWN CYLLECTBYET HEKOTOpPOEe OnTuUMaribHOE BpeMS
OoCaXdeHusl NMOKPbITUS, KOTOPOE COOTBETCTBYET BPeEMEHN o0bpasoBaHUSA
NOKPbLITUSS B MUKpodedeKkTax MNOASIOKKN. YBenudeHne BpeEMEHMU
OCaXOEeHUs1 MOKPbITUS  Bblle 3TOr0 3HA4YeHUss He oOKasblBaeT
CYLECTBEHHOIO BIIUSAHUSA HA aAre3voHHY0 NPOYHOCTb.

[MpuHUMManbHO NOKPbITUA 0b6pa3yTca HEeNoCpPeaCTBEHHO Ha
NMOBEPXHOCTU MOASIOKKM M3 XMOKOM pasbl MnNuM m3 Crnoss paHee
npununwunx Yactuy. MNMpyn 3TOM B NEpBOM Crydae nocre oxnaxgeHus
Xungkas dasa npu onpedersieHHoM TemnepaType npeBpawaeTca B
TBEpAyo, B pesyrnbrate Yero obpasyetcsa nokpbiTne. Bo BTopom cnyyae,
npeaBapuTenbHO HAaHECEHHbIN CIOW YacTul, YNNOTHAETCA 4O CO34aHus
OQHOpPOOHOrO MaTtepuana B Buae MNOKPbITUS NyTEM  Harpesa,
NPUMEHEHNEM 3NEKTPUYECKOrO Mons, Nog AENCTBMEM CUSbl TPEHUA U
T.A. HaHeceHuMe 4yacTuy Ha NOBEPXHOCTb MOXET MNpPOoMCXoauTb B
Bakyyme, B MOTOKe rasa, C WCNOSIb30BaHMEM  XMMUYECKUX,
SNEKTPOXUMUYECKNX N OpYrnx MeTogoB. BosmoxHa koMOGUHauUmMnM 3TuX
ABYXx crnocobos 0bpasoBaHNA NOKPLITUMN.

MuHMManbHaa TonwMHa MNOKPbITUA NpPU  YCNoBUW, Korga ee
KOre3aMoHHasi MpPOYHOCTb MEHbLUE aAre3vioOHHOM MNPOYHOCTM  (Mpwn
NPUNOXEHNUN BHELUHUX YCUIMIA paspyLLUEHne NPOUCXOAUT MO MOKPLITUIO)
cocTaBnsieT eauHuLbl MUMKpoMeTpoB. [pn aToM npeaenbHas pacyeTHas
TOMLWNHA MOKPbLITUS MPU YCIOBMM PaBEeHCTBA PaBHOBECHOW aaresnun u
BESTINYMHbI BHYTPEHHUX  HanpsbKeHWn, KOoTopble  onpeaenstooT
BO3MOXHOCTb CaMOMNPOU3BOSIbHOro0 OTcramBaHus, coctaBnseTr 0,6 MKM
[3]. Takum o6pasom, Ha OCHOBaHMM JTUX YCMOBUA ONTMMarbHas
TONWMHA MNOKPbITUS HE AO0JHKHA MpeBbiwaTbh A0NN MUKPOMETPOB, a B
HEKOTOpPbIX Cryvasax — eaANHULbI MUKPOMETPOB.

Ha MeTannuMyecknx noOBEPXHOCTAX B OONMbLIMHCTBE Crydaes
NPUCYTCTBYET OKMUCHas MJieHKa, KOTopas BAWSET Ha aAre3vioHHYHo
NPOYHOCTb HaAHOCMMOro nokpbiTMA. pu 39TOM oOpasoBaHME PbIXIOn
OKMCHOM nneHkn obycnaesnuBaeT OTCYTCTBME aaresnun. MccnegoBaHus
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[9] agresMoHHOWM NPOYHOCTM pPasfNYHbIX MeTanfIMYeCcKnX MMNeHoK K
CTEKIy BbIABUSM criefyoume 3aKkOHOMEPHOCTU. AAre3moHHas NPOYHOCTb
nneHok u3 6naropogHblx MeTansnoB (cepebpa, 3050Ta, NMATUHLL), Y
KOTOPbIX OTCYTCTBYET OKUCHaAdA MIEeHKa, a TakKKe MMEHOK M3 LUMHKa W
artoMUHUS, Ha NMOBEPXHOCTU KOTOPbIX Haxoasatcsa okucribl ZnO n Al,Os,
OTHOCUTENBLHO HebornbLuada. B To e BpeMsi NNeHKU N3 MarHusi C OKUCHOM
nneHkon MgO un xenesa C OKUCHOM nneHkon FesO, obnagatoT
NMOBbLILLEHHON B COTHWU pa3 aare3anoHHOM NPOYHOCTBLIO, YTO 0B6BbSACHAETCA
OCODEHHOCTAMM B3aMMOAENCTBUS ITUX OKUCINOB C MOBEPXHOCTLIO
ctekna. [lpn 9TOM TonNuWMHaA OKUCHOW MIMEHKN Ha Xene3e OOfMKHa He
npesblwaTtb 25-30 HM, YTO OOCTUraeTca npu TemnepaTtype Harpesa
nosepxHoctn 250 °C. bonee BbicOkasi TemnepaTypa cnocobcTByeT
obpasoBaHnito  6Horee TOMCTOM U PbIXIIOM  OKUCHOW  MIIEHKN,
yMEHbLUAoLWeEN aare3anoHHbIe CBOMCTBA.

Ha agresnoHHyo NPOYHOCTb MNOKPbITUM TakKe OKasblBaeT BINAHME
OTHOCUTENbHAs BMAXHOCTb Bo3gyxa [3]. OTO BnusHME 06YyCroOBMNEHO
NPOHMKHOBEHWEM Bfary B 3a30p Mexay dhopMUpPYHOLLMMCS NOKPbITUEM U
NOAMOXKON B pesynbTaTe agcopbumm u KanunnspHOW KOHAEeHcauuw.
OCHOBHOW MPUYNHOW CHWXKEHUS afre3nn NOKpbITUM NpU HanmmMyMm Braru
Ha MNOBEPXHOCTU TMOASNOXKN SIBMNSETCS pacKiMHMBAKOLWEE OaBrieHue
TOHKOrO Criod XWOKOCTM B 3a30pe MeXay MOKPbITUEM U MOLSOXKOWN.
[MoaTOMYy NPUMHUMNMANbLHO BaXXHOW TEXHOSIOMMYECKOW onepauven npu
HaHEeCeHMN MOKPbITUN sBNAeTCcA 00e3BOXMBaHME MOBEPXHOCTU UMK ee
npeaBapuTenbHbIN NoJorpeB. Mcnonb3oBaHne Bakyyma npyv HaHeceHUn
NOKPLITUI, Kak M3BECTHO, CNOCOOCTBYET yAaneHuto Briarm ¢ NoBepPXHOCTH
N3genuin, YTo B CBOK ovepenb obycnasnmBaeT cOnmxeHne HaHOCMMOro
NMOKPbITUSA C NOASIOXKKON U yBenuyeHne agresuu [8].

AOresMoHHaa NPOYHOCTb MOKPbITUM TaKXKe 3aBUCUT OT CBOWUCTB
OKpyXawLlen cpegbl, B KOTOpou opmMupyeTcs MNOKpbITUE, 3a CYeT
agcopbummn razoB. [lo cpaBHeHMIO C BO3QyXOM B Kucriopoge
agresanoHHas MpOYHOCTb Pe3Ko YBENMYMBAETCHA, a B cpede aproHa
cHmkaetca [3]. Kucnopoa cnocobctByeT pocTy agresamm 3a cyeT
XMUMUYECKOrO  B3aMMOAEWCTBUS  KOHTAKTUPYKOLMX  Tesl, KOTopoe
BO3HMKAEeT B  pe3ynbTaTe TEepPMOOKUCHEHUS,  CNOCOBCTBYIOLLENO
NOSABIIEHUIO MOMSAPHbIX FPYMN Ha NOBEPXHOCTU NOLMNOXKA N yBENNYEHUIO
aaresaMm 3a cYeT B3aMMOOEWCTBUS 3TUX TPYNn C MNOKPbITUEM. Takum
obpasom, Hanm4yme OKMUCIIOB Ha MOBEPXHOCTWN MOASIOXKKN NI NOKPLITUS U
NX TONLWMHA ONpPeaenstoT aare3anoHHY MPOYHOCTL MOKPLITUN. [pn 3TOM
bonblwoe 3HadeHMe npuobpeTaeT TemnepaTypa npeaBapuTENbHOro
nogorpeBa MNOBEPXHOCTU MNOASNOXKKK. [Ons cTanbHOM MOBEPXHOCTH,
Hanpumep Npu  HaHeCeHWM MNIEHOK anlMUHUS B BakyyMme,
MakcumarnbHas agresusi gocturaetcsa npu Temnepartype 300—350 °C,
AN NfeHOK TUTaHa M xpoma aTa TemnepaTtypa coctaenset 400—450
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°C, a ans nneHok kagMmusi — He Bblwe 80 °C [9].

Ha ocHoBaHMM NpoBeAEeHHbIX SKCNepPUMEHTArbHbIX UCCeLoBaHNM
[10] dpopmbl 3apoapbleBbIX YacTul, HabngaemMblX B ONTUYECKOM UMK
9NIEKTPOHHOM  MUKpOCKomne (OrpaHeHHble  MUKPOKPUCTASIIMKN UK
MUKpOKanesnbkn) AN BaKyyMHbIX  KOHOEHCUPOBAHHbLIX  MIIEHOK
ocaXgaeMblX Ha HenTpasnbHyo (aMmopdHY0) NOANOXKY OblNO BbIABNEHO,
YTO ocaxgaemasa ¢asa KOHAEHCUMpyeTcs B OQHOM M3 OBYX arperaTHbIX

COCTOSIHUM — KpUCTanmnMyeckoM unu >xuakoMm. [pu 3TOM Xuakoe
COCTOsIHMEe Habnganock NPU KOHAEHcAUMM Ha NOANOXKY, TemnepaTtypa
KOTOpOWN 3HAYMTENBHO HIDKE Temnepatypbl nnaBneHus

KOHZEHCMpYyeMOoro nokpbltnd. MexaHnam KoHOeHcauum nap — Kpucrtann
npegnonaraeT, 4TO nNepBble YacTUubl KOHAEHCMpPOBaHHOW basbl,
obnapalT  KpUCTansiMyeckMm  CTpoeHuMeMm, npudem B npouecce
AanbHenwero pocTa KOHOeHcaTa HabnogaeTca TONbKO
Kpuctannundeckoe ctpoeHne [10]. MexaHusm KoHOEHcauun nap -—
XWOKOCTb COCTOMT B TOM, 4YTO obpasoBaHMe KOHAEHCUMPOBaHHOW pasbl
Ha MOAJIOXKKE HaYMHaeTCss C MOSBMEHUA XUOKUX Karnefb, KoTopble
OCTalTCA XUOKUMW [O0BOJSIbHO ANMUTENbHbIA NMPOMEXYTOK BpPEMEHM,
nocne 4vero kpuctannmayrotcsa. OgHMM U3 BapMaHTOB MEXaHM3MOB Nap —
XWOKOCTb HaOo cumTaTb KOHAEHcauuo ¢ obpasoBaHMeM amopdHON
dasbl, KOTOpyl criegyet paccMmaTpuBaTb Kak MNepeoxsiaXgeHHYHo
Xungkoctb. ABTopamu [10] BBOANTCA NOHATUE KPUTUYECKON TeMnepaTypbl
noanoXxku, pasHoun 1/3 T,;,. Npn TemnepaTypax NOASIOKKN MEHbLLE 3TOWN
KpUTMYEeCcKon  TemrnepaTypbl  KOHAEHcauusi  OCywecTBnseTcs Mo
MexaHuU3My nap — KpucTans, a npu Temnepartypax Bbille Hee AeUcTByeT
MexaHuU3M nap — XMOKoCTb.

K dom3nko-tTexHonorndyeckum napamMmeTpam rnpouecca KoHOeHcauuu
NMOKPbLITUA B  BakKyyMe OTHOCATCA: TemrepaTtypa  WcCnapeHus,
Temnepartypa MOAMOXKM, CKOPOCTb KOHAEeHcauuu, yron nageHus
NapoBOro NOTOKa (MOMEKYNSPHOro ny4yka) Ha NOANoXKy, oM3nyeckne u
PU3NKO-XMMUYECKNE XapaKTEPUCTUKM MOASIOXKKKU, om3andeckas npupoaa
ncnapsieMoro maTtepuarna, CTeneHb Bakyyma.

Ha 3akoHOMepHOCTb pocTa amopdHbIX (a3 B  Bakyyme
CyLEeCTBEHHOE BNUSHME OKasblBaeT CKOPOCTb KoHAeHcauwmwn [10]. lMpwu
aToM npu ckopocTax 30-200 A/MUH pocT amopdHON NMEeHKU NPOXoauT
cnegywowmne  ctagun:  obpasoBaHne  amMopdHbIX  3apofbillen,
panbHenwee 3apogbllleobpaszoBaHMe C OLHOBPEMEHHBLIM CIUSHUEM
conpukacarLmxca 3apobllen, pocT YacTul U 3anofiHeHWe KaHamnos
mexagy Humm 6e3 obpasoBaHMA HOBbIX 3apodbiwen. Koraa amMopdHbIn
KOHOEHCaT NOKpbiBaeT  MNOAJSIOXKKY  MOYTU  CMJSIOWHOW  MIIEHKOMN,
HauynMHaeTca ero 3artesepgeBaHue. [lpu ckopoctu KoHaeHcauun 700
A/MuH npovcxoanT nonHas KoanecueHums (CONpuKOCHOBEHME, CIUsIHNE
N BbITECHEHNE MEX3EepPeHHOM rpaHuubl) amMopHbIX Yactuy. [lpu
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ckopocTax 1 A/MuH HabniogaeTcss pocT XMOoMbeBUAHbLIX KOHINOMEpPaToB,
COCTOAWMX M3  OTAESIbHbIX  rpaHyn  nocne  wux  Koarynayuu
(conpukacatowmeca  Opyr C  OPYrOM  4YacTulbl  MEXaHWU4ecKu
00beNHATCSA B KOHrnomepat 6e3 nosiHoro crnvsHns). Npu aToMm BHYTPU
KOHrfloMepaToB OCTalTCS NYCTOThI.

[Mpn mnccneposaHun BblpalMBaHUA 3MUTaKCUASbHbLIX MMEHOK Ha
MOHOKpPUCTAsIbHbIX MOAMNOXKaxX BbIABIEHO, YTO 3apobllleBble YacTUulbl
obpasytoTce npenmMyLLeCcTBEHHO Ha nedeKTHbIX yyacTkax
Kpuctannuyeckmx rpaHen [10].

[Mpn HaHeceHn NokpbITUA Au, Ag, Zn Ha KpucTanibl NOBapeHHOM
conu Takke HabnogaeTcs npenmyLLecTBeHHoe 3apoablleobpasoBaHue
y uapanuH n Boonb TpewmH packanbiBaHus NaCl [11]. OT1o obbacHseTcs
TEM, 4YTO MUKPOMOMNOCTU ¢aBNAOTCA 6onee BepOATHbIM  MECTOM
3apoapblweobpasoBaHns, 4YeM Mfockasi MNOBEPXHOCTb,  MOCKOSbKY
cBobogHasa aHeprus obpasoBaHUsa sapa B MUKPOMOSIOCTU MEHbLUE, YeMm
Ha NSIOCKOW NOBEPXHOCTH.

B OGonblmHCTBE CcrydaeB MOKPbITUS MPU UX KOHOEHCALMOHHOM
HaHeceHUn obpas3yloTcsa B pes3yrbTaTe 3aTBepAeBaHUs CrosA XUOAKOCTU
Ha noBepxHOCTU noasiokkn [3, 12]. Cnon >Xnakoctm npu  3TOM
nosiydaeTca npu pacTekaHun W CIUAHUM Kanernb C  nocriedylowmnm
obpasoBaHMEM CMNIIOLLHOM XUAKOW NneHkn. PacTtekaHuio npegluecTeyeT
CMayMBaHWE >XUOKUMW KanfsMu maTepuarna MoKpPbITUA MNOBEPXHOCTH
noanoxkn. Takum obpasom, hopMUPOBaHUE MNOKPLITUA MPOXOAUT TpWU
cTaguun: CMadnBaHWe U pacTekaHue Xuakoctn; obpasoBaHue nnoLwiagu
KOHTaKTa mexnay AByMs ha3amun; BO3HUKHOBEHME afre3noHHON CBA3MN.

PacTekaHve Xungkoro matepuana noKpbITUA CnocobCTBYEeT NULUb
yBENUYEHNo nrowaam oakTM4eckoro KoHTakrta. TonbKo B 3TOM CMbICHe
cnegyet paccmaTtpmBaTb MPAMYKO CBA3b MexXay KoadhduuUneHToOM pacTe-
KaHUs U afre3anoHHOM MPOYHOCTLIO. PacTekaHne 3aBUCUT OT BPEMEHM,
npoLleaLwero nocrne KOHTakTa Kansv C NoBEepXHOCTbI0, pa3Mepa Kansu,
BA3KOCTU XNOKOCTU N ee MOBEPXHOCTHOrO HaTshKeHUs. Takum obpasom,
yCrnoBmeM A0oCTaTOYHOM afire3MOHHOW NMPOYHOCTU SIBNAETCA CMavymMBaHue
NOBEPXHOCTN NOANOXKN. C YMEHbLLUEHNEM KpaeBoro yrna, T.e. C pOCTOM
CMadnBaHUs, aare3moHHasi NPOYHOCTb YCUIMBAETCA. ATO 0ObsCHAETCS
yBeENMYEHNEM  Mnowaanm  (pakTUYecKoro  KOHTakTa Ha  XOpOoLo
CMayMBaeMbIX MOBepXHOCTAX. PacTekaHne u cmayvBaHue co3fatoT
HeobxoauMble YCroBUS AN aare3nn: 3anosiHEHNe TPELLMH, YBENUYEHNE
nrowanm KOHTakTa M T.4., YTO NPUBOAUT K POCTY 4Mcna cBA3en u
agreaum B uUenoMm. CmaumBaHue sBRsieTC HeobXxoOMMbIM, HO He
O0CTaTOYHbIM yCcrosuem dpopmurpoBaHus afireanoHHOro
B3auUMOLENCTBUA NMOKPLITUMN.

Ha cmadnBaHMe noBepxXHOCTM MOAJSIOKKM OKasblBaeT BNAHUE
lepoxoBaToCcTb 3ToM noBepxHocTn [3]. OOGbIMHO cMaudnBaHue
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LLIepoOxoBaTbIX NMOBEPXHOCTEW COMOCTaBMAT CO CMavYnBaHMEM rNagknx
NOBEPXHOCTEWN. MmapodunbHble LepoxoBaTble NOBEPXHOCTN
CMayuMBalTCAa nyduwe, 4Yem rmapodunbHble rrnagkue MnoBEPXHOCTMW.
HaobopoTt, cmaumBaHne rnapodobHbIX LWepoXoBaTbiX MNOBEPXHOCTEN
yXyaLwaeTcss N0 CpaBHEHUIO CO CMadmBaHuem rmgpoobHbIX rnagkux
NOBEPXHOCTEWN.

Ha puc.1 nokasaH KOHTaKT Kansim XXnOgKoCTu C TBepaon NOLNOXKKOMN.

a

Puc. 1. KoHTaKT Kannu XnakocTtu ¢ rnagkou (a) n wepoxosaton (6)
NOBEPXHOCTAMM; CMa4yMBaHue BrnaaunH LWepoxoBaTon NoBEPXHOCTH (B)

Ha rpaHuue pasgena nokpbITUS U NOOM0XKM MOryT NPOUCXOOUTb
PU3NKO-XMMUYECKNE MPOLECChbl, KOTOpble BJIMAOT Ha BESIMYMHY
afreavoHHon npovyHocTn. K 4yucry TakMx npoueccoB OTHOCATCSA
XMMUYECKOE B3aMMOAEWNCTBME  KOHTaKTUPYKOLWKUX Ten, agcopbumsd
MOJSIEKYN Ha rpaHuue pasgena as, andpdysmsa Monekysn oOHOro u3
KOHTaKTUpyrowmx Ten B o6bem apyroro. Pn3nko-xmummyeckne npoLecchl
WHULMUPYIOTCA MOBbILWWEHMEM Temnepatypbl U 3aBUCAT OT BpeMeHu
KOHTaKTa MOKPbITUSA C MOBEPXHOCTLIO NMOLMOXKMW.

dakTnyeckm agresnda 3a cyHeT MOJSIEKYNISAPHbLIX cun popMupyeTca B
rPaHMYHOM Crioe, COCTOosILEM, Kak npaBuno, He Gonee 4Yem n3 OBYyX
CNnoeB MOMeKyn M uUMerLleM TonwuHy A0 1 HM. [paHu4YHbIN Ccriown
onpegendeT He TONbKO BENIMYMHY aare3vioHHOro B3anMogencTBuUs, HO U
TN OTPbIBa — KOF€3MOHHbIW UMW afare3anoHHbIN. [paHnUYHbIA CION MOXET
OblTb «cnabbiMy», T.e. YMeHbllaTb aAre3viOHHyK MPOYHOCTb, MU
«CUNbHbLIMY, T.e. YCUNMBaTb afre3noHHYK NPOYHOCTb [ PaHUYHLIN CIOW
cam no cebe MOXET WMETb CIIOXKHYH MHOrOCIIOMHYH CTPYKTypy. B
LleHTpe 3TOn CTPYKTYpbl OyaeT obpasoBbiBaTbCA COOGCTBEHHO rPaHUYHbIN
cnoun, a no nepudepun ero obpasyoTcss NPOMEXYTOYHbIE CTPYKTYPbI,
KOTOpble XapakKTepusylT HEKOTOpbIn nepexod. Takum  obpasom,
rpaHN4YHbIN cron dpopMmupyeT aaresmoHHoOe B3auMMOLEWCTBME 3a CHeT
MEXMONEKYNAPHbIX U XMMWUYECKUX CBA3EW U B TO XX€ BpPeMs OH cam
dopmupyeTca B NpoLecce KOHTakTa MOKPbITUS C  MOLJSOXKOWN.
[(paHMYHbIE CNOM MOryT BO3HUKHYTb B pe3ynbTaTe OKUCITUTESbHbIX
npoueccoB n agcopbuun. lNpu obpaszoBaHUN NOKPLITUN U3 KUAOKOCTU
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cCMayumBaHne crnocobcTByeT OPMUPOBAHUIO Mowaan akTU4eckoro
KOHTaKTa U MOXET MPUBECTU K NUKBULALUM NYCTOT MeXOY MOKPbITUEM U
NOLMOXKOW, T.€. BbINOMHSAET poSib, KOTOopas npucylla CUSibHbIM
rpaHn4YHbIM criosiM. [1ogoBHYH0 PoSib MOXET BbINOSHATE U Anddysus. B
pesyrnbTaTte B3aMMHOI0 NPOHMKHOBEHUSA MOSEKYS MNOKPbITUS U NOANOXKN
CcOo34aloTCs YCrnoBusa Onst YCUIeHusl aareamoHHoOM nNpoYyHocTU. Hanuyue
cnabblX rpaHU4YHbLIX CroeB npegnonaraeT yMeHbLleHWE aare3noHHOM
NMPOYHOCTU MO CPaBHEHWUIO C KOreamoHHoW. WMHbiMn cnosamu, 6Gynet
npeanoyTuTeneH aare3avoHHbIN OTPbIB NO CPaBHEHUKD C KOM€3MOHHbIM.
HanpotMB, cCunbHbleé TrpPaHUYHbLIE CNOM  CAOCOBCTBYHOT  POCTY
aAre3MoHHON NPOYHOCTN, YTO MOXKET BbITb MPUYNHON KOFE3MOHHOMO TUNa
OTpbIBa.

3mMeHeHne  NOBEPXHOCTHbIX CBOMCTB  TBepablXx Ten  Oo
BO3HMKHOBEHUSI  aAre3vOHHOro  B3aUMOLEWCTBUS  XapaKTepusyeTcs
MoandmKaumnen NOBEPXHOCTW. O6beKTUBHbLIM nokasartenem,
XapakTepuayLwmum Moandukaumio MNOBEPXHOCTU, HABMSETCA KpaeBOW
yron  cmauyumBaHusl.  Hanpumep, B  pesynbTate  BO34EUCTBUSA
KPEMHEOPraHN4YeCKUX  XMOKOCTEM  Ha  MOBEPXHOCTU  MOANOXKM
obpasyeTcs TOHKUI CrON, HapyXHas NOBEPXHOCTb KOTOPOro COCTOUT M3
yrneBogoOpOAHbIX pagukanoB. Hanuume aTtoro crnosi obycnasnueaet
rmgpocobusaumo nosepxHocTu [13].

[Mpn @ITY ocywecTBnsaeTcsa nepeBon XUAOKAUX MpenapaTtoB B
napoobpasHoe COCTOSHME W MX MEpPEHOC B Mnasmy AyroBoro paspsja.
O6pasyemble NpoOAYKTbl MMAA3MOXMMUYECKNX peakunn agcopbupyrotcs
Ha NOBEPXHOCTU MNOASIOXKKN, 3aTEM KOHOEHCUPYIOTCS N 06pasytoT NPOYHO
CLUENMEeHHY0 MneHKy nokpbitTus. MNpoueccsl kKoHaeHcaunn n agcopbumn,
npeawecTeylolne anresnm, HernocpencTBEHHO BIIMAIOT Ha BeNUYMHY
aAresvoHHOW nNpoYHOCTU. [ns  ycuneHuss agresum  MoKpbITus W
MHTEHCUdMKaumm npoLecca agcop6uum ocyLLecTBnaeTcs
npeaBapuTenbHbIN Nogorpes noanoxku ao 60-80 °C.

Cybmukpopenbed pabounmx noBepxHocTen obpasuoB (puc. 2),
nccrnegoBaBLUMACA Ha MNPOCBEYMBAIOWLEM 3SIEKTPOHHOM  MMUKPOCKOMNe
OMMA-2  mMmeTogoOM  yrnepogHoO-cepebpsiHbIX  pennuK,  nokasarn
BbICOKOOOHOPOAHYHD  XapaKTepHyl  LLUepOoXoBaTOCTb, NpUCYLLYIO
nosepxHoctam nocne OIY (B To Bpemda kak cybmukpopenbed
nosepxHocten go PrY umeer $SBHO BblpaXeHHble MHOroobpasHble
cnegbl — pPUCKKM  OT npeawecTByowen abpasmBHon o06paboTkn).
N3meHeHne Tonorpadpum noBepxHocTn nocne PrY asndetcsa
NOATBEPXXOEHMEM TOro, YTO MOKPbITUE OcaXaaeTcd Ha MuKpoaedekTax
NOBEPXHOCTHU, 3arneymnBas TemM cambiM JedeKTHble 30HbI, Obpa3oBaHHbIE
OT NpeAwecTsyowen WwWnndoBanbHOW onepauun.

MOXHO npeanonoXmutb, 4YTO aaresvss MNoKPbITUSS OCHOBaHa, B
OCHOBHOM, Ha 06pa3oBaHUN XUMWUYECKOW CBA3N C FPaAHUYHbLIM CIIOEM
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MOBEPXHOCTU MOAJSIOXKKW, KOTOPbIA B Criydae HaHeceHusl MOKPbITUS Ha
WHCTPYMEHTanbHble MaTepuarnbl COCTOUT U3 OKCUAOB Xenesa. Hanuune
TOHKOW MNIIEHKW OKCMAa >Xernesa, WMEKLENCAa Ha MOBEepPXHOCTU W
OONONHUTENBHO ObpasyemMon npu npeaBapuTenibHOM nogorpese [0
Temnepatypol 60-80 °C cnocobcTByeT MOBbLILWEHHOW — agresnm
HAHOCMMOrO MOKPbITUA. OTO CBA3AHO C MPOXOXAEHUEM XUMUYECKUX
peakunin B3aMMoenCcTBUSA OKCUOO0B KPEMHUSA N OKCUOO0B Xeresa.
TS ; Gt )

¥
| %

ey

nocne Ory

Puc. 2. Mukpopenbed nosepxHocTu o u nocrie ®ry (x5000)

Ha 3ToM OCHOBaHUM MOXHO YyTBEpXOaTb, YTO aareaust Hambonee
4acTO WCMOSIb3YEMOro MOKPbLITUA S YNPOYHEHUA WHCTPYMEHTa —
HUTPUOA TUTaHa K WHCTPYMEHTanbHbIM CTansMm, UMEKLMM OKCUAHYHO
NNEeHKY, AOMKHA OblTb 3HAYUTENBbHO MeHblle. Kpome Toro, npu MOHHO-
nIasmMeHHOM  HanbIfeHMN  U3HOCOCTOMKMX  MOKPbITUM  HaobopoT
CTPEMSATCSH CHATb OKCUAHYIO MMEHKY C NOBEPXHOCTU MHCTPYMEHTa, ANs
Yero UCnosb3yT MOHHOE TpaBfieHNe B TEXHONOrM4YeCcKoM rnpoLiecce.

CpaBHUTESNbHbIE XapaKTePUCTUKN aare3noHHbIX CBOMCTB MNOKPbLITUN
HUTpUAA TUTaHa, HAHOCUMbIX Ha ONTUMaNbHOM peXmMe Ha YCTaHOBKE
HHB-6,6 N1 u nokpblTnn, HaHOCUMbIX MeTogom PI1Y, uccnegosBanucb
CKnepomeTpuyeckum metogom (MeToooM uapanaHusl). B kayectse
OCHOBbl UcMonb3oBanacb TepmoobpaboTaHHasi WHCTpPyMeHTanbHasa
ctanb P6MS. B kadyectBe MHOeHTOpa MCMNONb3oBancs arnMasHbl KOHYC
Poksenna c yrrnom npu BepumHe 120°, nepensuraemMblii No noBepxXHOCTH
MOKPbLITUA CO CKOPOCTbID 3 CM/MWH. BepTukanbHas Harpyska Ha
WHOEHTOP YyBenuyMBanacb A0 Tex Mop, MNoka He pJocTturanacb ee
KpuUTndeckast BEfIMYMHa, Npu KOTOPOW MOKPbITUE MOMHOCTLI OTAENSANOCH
OT NOANOXKW. [JaHHYHO KPUTUYECKYKD HarpysKy onpenensinu, uccrenys
NofyyeHHble uapanuHbl nod MeTtannorpaduyeckum MUKpockornom. B
pesynbTaTe [OaHHbIX WCCredoBaHUN BbIABIEHO, YTO KpUTUYECKas
Harpyska, npuv KOTOPOW MOSABMASINCbL MepBble CKOMbl M OTCIIOEHME
NOKPbITUA M3 HUTpUOA TuUTaHa, coctaBnana 35 H, a gna nokpbiTuw,
HaHeceHHbIXx meTogom OITY — 65 H.
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B cBs3u C peHTreHoamMopdHOCTLI0 MOKPLITUA MOXHO CYMTaTb, YTO
MexaHn3M obpasoBaHUSA NOKPLITUA MOET MO CXeme nap — XUOKOCTb.

N3meHeHne xapakTepuCTUK LLIepOXOBaTOCTU MOBEPXHOCTU nocne
HaHECEHNA TMOKPbITUA Ha OCHOBAHUM CHATbLIX MpoduriorpaMm
napaMmeTpoB OMOPHOM TMOBEPXHOCTU SABMSETCA MOATBEPXOAEHNEM
MUKpPOpEeOnornyeckon Teopun, o60CHOBbIBaKOLLEN aare3vio HaHOCUMOro
nokpbITna (puc.3 -14).

3Ha4yeHna napamMeTpoB MOBEPXHOCTM MO npodunorpammam W
KpUBOW OMOPHOWN NMOBEPXHOCTU C pasHOW MCXOLHOW LLepOXoBaTOCTbLIO 4O
n nocne Iy npueegeHsl B Tabn. 1.

Tabnuua 1. NapameTpoB NOBEPXHOCTU MO nNpodunorpamMmmam u

OMNOPHOM MOBEPXHOCTU C Pa3HOM NCXOOHOM LLEPOXOBATOCTLIO A0 U nocne

ory
Ncenegyemas
"osepoors | Ra | Re | Rq |Rmac| S | Sm | R | R | Ru |RuctR
no ®MY | 0,08 0,54 |0.10|069 | 18,12 | 3500 | 035|022 012 | 057
1 ”q‘gﬁ’;e 0,07 | 0,39 | 0,08 | 0,44 | 17,50 | 31,54 | 0,10 | 0,20 | 0,14 | 0,30

po ery 10,43 12,82 1055 (4,17 (21,84 | 4482 12,09/1,25|0,83| 3,34

2 ”q‘gﬁl’;,e 0,38 2371048 |285|2203| 5323 |0,71]1,00|114| 1,71

go @ry 10,72 13,89 0,86 | 5,07 18,12 /116,14 0,89 | 2,66 [ 1,52 | 3,55

3 ”d‘;ﬁ;e 0,31 | 2,44 | 0,43 |3,47 | 17,50 | 35,99 | 0,69 | 0,69 |2,08| 1,39

AHanna napameTtpoB wepoxoBaTocTn no NOCT 2789 nokasbliBaeT,

YTO NOCSIe HaHEeCEHUS MNOKPbITUA BbICOTHblE W LaroBble MapamMeTpsbl

N3MEHSITCS cneayowmm obpasom:

e cCpeaHee apudmeTnyeckoe oTKNoHeHne npoduns R, ¢ MMHUManNbHbLIM
3Ha4YeHMeM MpakTUYeCKN He W3MEHSIeTCHA, Mo Mepe YBenndeHus
MCXOQHOro 3Ha4YeHUs1 AaHHbIN NapamMeTp yMmeHbluaeTcsa bonee, yem B
2 pasa

e BbICOTa HEPOBHOCTEN NPOUIs NO AeCATN ToYkaMm R, yMeHbLlUuaeTcH B
cpegHem B 1,4 pasa

e cpefHee KBaapaTU4YecKoe OTKMOoHeHue npodunsa R, ymeHbluaeTcs B
cpegHem B 1,5 pasa

e Hambonblas BbicOTa HeEpPOBHOCTEN NPOPMNA Rpax YMEHbLUAETCS B
cpegHem B 1,5 pasa

e CpedHuUM Lar MEeCTHbIX BbICTYNOB MNpoduna S MpakTUYeckn He
N3MeHseTcA

e CpedHuM War HepoBHOCTEW npochuna S, 4ON9  UCXOLHOW
LLIEPOXOBATOCTU MOBEPXHOCTU MPAKTUYECKN He U3MEeHseTcs, a C
yBENMYEHNEM UCXOLHOM LLEPOXOBATOCTU yMeHbLLaeTca bonee, Yem B
3 pasa (nMpoucxoauT 3anosfiHEHME MOKPbLITUEM KPYMHbIX BraguH
LLIEPOXOBATOCTH).
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b

1

2
08.58 1.88 1.58 2.08 2.58
Ra= 8.88 Rz= 8.54 Rm= 8.69 Rq= 8.18 S= 18.12 Sm= 35.00

Puc. 3. lNpodunorpamma noBepxHOCTN 1 NapameTpbl
wepoxosaTtocTtn no NOCT 2789 go ®I1Y ¢ ncxogHeim R, 0,08

Rpx
2,
(y/Rm)
llepoxoBaTocTh
Ra = 0.88 mxm
Rz = 8.54 mxm
Rg = 8.18 Mxm
Rm = 8.69 mxm
S = 18.12 mxm
Sm = 35.80 mxm \
8.5
KpuBasi ABBoTa \\
Rpx = 8.35 mxm \ Rx
Rk = 8.22 mxm F \
Ruxk = B8.12 mxm -
Rpx + Rx = 8.57 mxm
B 1 1 1 1 1
6 10 20 38 40 50 68 78 88 tp, % | Rux

Puc.4. OnopHasa noBepxHOCTb Npodunda n napameTpbl
wepoxoBatocTtn no DIN 4776 go ®PI1Y ¢ ucxogHbim R, 0,08

w“}"v —
0 &”MWWWW R M

1

2
1.58 1.75 2.88 2.25 2.50
Ra= 8.87 Rz= 8.39 Rm= 8.44 Rq= 8.8 S= 17.58 Sm= 31.54

Puc. 5. lNpodunorpamma noBepxXHOCTU N NapamMeTpbl
wepoxosaTtoct no NOCT 2789 nocne PI1Y ¢ ncxogHeim R, 0,08

Rpx
2,
(y/Rm) .
llepoxosaTocTs
Ra = 8.87 uxm
Rz = 8.39 mxm
Rg = 8.88 mxm -
R = 0.44 mxm \
S = 17.58 mxm
Sm = 31.54 mxm Rx
8.5 -
KpuBast ABGoTa \
Rpx = 8.18 mxm
Rx = 0.28 mxm +
Rux = 8.14 mxm
Rpx + Rx = 0.38 mxm
8 L L s L L
@ 18 20 30 48 58 68 78 680 tp, # | Rux

Puc. 6. OnopHaga noBepxHOCTb Npodunda n napameTpbl
lwepoxosatocTu no DIN 4776 nocne ®PI1Y ¢ ncxogHeim R, 0,08
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8.58 1.88
Ra= 8.43 Rz= 2.82 BRm=

Puc. 7. lNpodunorpamma NnoBepxHOCTN U NapamMeTpbl
lwepoxosaTtoctn no NOCT 2789 oo ®I1Y ¢ ncxogHeim R, 0,43

1.58 2.88 2.58
4.17 Rq= 8.55 S= 21.84 Sm= 44.82

Rpx
Z,
(ysRm)
llepoxoBaTOCTE +
Ra = 0.43 mxm
‘Rz = 2.82 mxm
Rg = 8.55 mxm
Rm = 4.17 mxm
S = 21.84 mxm
Sm = 44.82 mxm \
8.5
Kpusas ABGoTa
S _
Rpx = 2.89 mxm \ Rx
Rk = 1.25 mxm F \
Ruk = 8.83 mxm \\
Rpx + Rk = 3.34 mxm
8 1 1 1 1 L
8 18 280 38 48 58 68 7?8 88 tp, # | Rux

Puc. 8. OnopHas noBepXHOCTb NPOduUna 1 napameTpsbl
lepoxoBaTtocTh nNo DIN 4776 no ®I1Y ¢ nucxogHeim R, 0,43

8
8.58 1.08 1.58 2.80 2.58
Ra= 8.38 Rz= 2.37 Rm= 2.85 Rq= 8.48 S= 22.83 Sm= 53.23

Puc. 9. lNpodunorpamma NoBepxXHOCTN U NapamMeTpbI
wepoxoaTtoctn no NOCT 2789 nocne ®I1Y ¢ ncxogHeim R, 0,43

Rpx
2,
(y/Rm)
llepoxoBaToCcTh
Ra = 8.38 mxm
Rz = 2.37 mxm :
Rg =  B.48 mxu Ty
Rn = 2.85 mxm \
S = 22.83 mxm Rx
Sm = 53.23 mxm T

8.5 -
Kpusast AGGoTa

Rpx 8.71 mxm

Rx 1.88 mxm F
Rux 1.14 mxm

Rpx + Rx = 1.71 mxm

Puc. 10. OnopHasa noBepxHOCTb Npoduna u napameTpsbl
lwepoxosatocTu no DIN 4776 nocne ®PI1Y ¢ ncxogHeim R, 0,43
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4
8.58 1.88 1.58 2.68 2.58
Ra= 8.72 Rz= 3.89 Rm= 5.87 Rgq= 8.86 S= 18.12 Sm= 116.14

Puc. 11. lNpodunorpamma noBepxHOCTN U NapamMmeTpsbl
lwepoxosaTtoctn no NOCT 2789 go ®I1Y ¢ ncxoagHeim R, 0,72

Rpx
z,
(y/Rm)
llepoxoBaTocTh \
Ra = 8.72 mxm
Bz =  3.89 mxu \
Rg = 08.86 mxm -
Rm =  5.87 mxm \
S = 18.12 mxm Rx
Sn = 116.14 mxm \
8.5 -
KpvBasi ABBOTA
Rpx = 8.89 mxm
Rk = 2.66 Mxm
Rux = 1.52 mxm \
Rpx + Rx = 3.55 mxm
1 1

816283l81858wm88t;,z Rux
Puc. 12. OnopHasa noBepxHOCTb NPOodUna 1 napameTpsbl
wepoxoBatocTtn no DIN 4776 go ®PI1Y ¢ ucxogHbeim R, 0,72

8.58 1.58

2.88 2.58
8.43 8= 172.58 Sm= 35.99

Puc. 13. lNpodmnorpamma NnoBepXHOCTN U NapamMeTpbl
wepoxosaTtoct no NOCT 2789 nocne PI1Y ¢ ncxogHeim R, 0,72

Rpx

2,
(ysRn)
llepoxoBaTOCTH

8.31 mxm <7

- LT —] .

3.47 mxm \

17.58 mxm

35.99 mxm
8.5
KpuBast ABGoTA

08.69 mxm
0.69 mxm
2.88 mxm
Rpx + Rx = 1.39 mxm

W

=
=
"o

Puc. 14. OnopHas noBepxHOCTb Npodunda n napameTpsbl
lwepoxosatocTtu no DIN 4776 nocne PI1Y ¢ ncxogHeim R, 0,72
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AHanu3 napameTpoB wepoxoBaTocTn nNo DIN 4776 nokasbiBaerT,
YTO MOCSIe HAaHEeCEHNSA MOKPbLITUA NapamMeTpbl U3MEHATCH CredyoLwnm
obpasom:

e napametp Ry, XapakTepu3ylLliMid BbICOTY BbICTYNOB ObICTPO
N3HaLIMBAKOLWKNXCA B NepBbIAN Nepuoq aKkcrryaTaumm ymeHbllaeTcs B
3 pasa (ans MMHUManbHOW UCXOL4HOW LLEPOXOBATOCTHN) N NPaKTUYECKN
Mano W3MEHSIeTCA C YBENIMYEHUEM UCXOLHOW LLUEepOXOBaTOCTU
(HaumHas ¢ R, 0,72 MKm)

e napameTp Ry, Xxapakrtepusylowun OCHOBY npocuns, KoTopas
ONUTENbHOE BpPeMs HaxoauTbcss B paboTe u sABNsSieTCa Hecylen
nnowaapo No Mepe cpabaTbiBaHUA HaPYXHbIX CIOEB, YMEHbLUAETCSA
ONS MUHUManbHOW WMCXOOHOM LUEepPOXOBATOCTU HE3HAYUTENbHO, a C
yBenuyeHnemM UCXo4HOM LepoxXoBaTOCTU yMeHbLlaeTca bonee, YeM B
3 pasa

e rnapameTp Ry, XxapakTepusyowun rnybuHy BnaguH npocuna wu
COOTBETCTBEHHO CMa3blBaloLLyt0 CNOoCcOOHOCTL yBennumBaetca B 1,3
pasa

e cymMmMa napameTpoB Ry + Ry, xapakrtepusywouwasa M3HaMBaeMOCTb
paboymx NOBEPXHOCTEN, YMEHbLUAETCSA NPUMEPHO B 2 pa3a

C uenbto onpeneneHns BNUSHUA TeMnepaTypbl NpeaBapuTesibHOro
M CONyTCTBYIOLLEro noJorpesa wu3genuss W BpPEeMeHU HaHeceHud
NMOKPbLITUSS Ha aAre3voHHble CBOWCTBA [MOKPbITUA, HaHOCUMOIO B
npouecce OIr1Y, Obinn npoussBedeHbl cnefyowmne ncenegosaHus. Mpu
9TOM TemnepaTtypa MOBEPXHOCTU u3Jenna BapbupoBanacb OT
KoMHaTHoOM go 220°C, a BpeMsi HaHeCceHUs NokpbITUS — oT 2,7 go 135
CEKyHA.

Ans peweHns noctaBneHHOM 3adadvn TOHKOMMEeHOYHOEe MOKpbITUe
HaHocMNocb Ha obpasubl U3 MHCTPYMeHTanbHbIX cTanen Y8, X12M wu
P6M5, npolealmx mexaHn4eckyto n tepmmyeckyto obpabotky (HRC 58-
62), a Takke onepauun WnmMgoBaHus 1 nonmposaHus (puc. 15).

//| 005 A

N
B
N A
PB4
Puc. 15. Obpaseu Ans nccnenoBaHnsa, U3rotTaBnmMBaeMblin U3 ctanen Y8,
X12M n P6M5

B npouecce HaHeceHusi  nokpblTUS  napameTpbl  OITY
nogaepXxmeanuncb NOCTOSAHHLIMMU: TOK 100 A, pacxon

nnasmoobpasyouiero rasa 2,2 n/MuH, pacxon TpaHCNopTUpYyoLwero rasa
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1 n/mMuH, pacxoa 3awmnTHoro rasa 1,2 n/MunH, pacctosiHMe conso-mn3aenue
18 mwm.

B Tabn. 2 npuBeLEeHbI MapKUpoBKa, TemMmneparypbl
npeaBapuTenbHOroO M COMyTCTBYIOWEro  NogorpeBa, a  Takke
ONUTENBbHOCTb HaHECEHUs MOKPbITUS (BpeMs 3KCno3nuumn) Ha obpasubl,
YyCTaHOBJEHHbIE B CneumanbHON BpallatoLencsa OCHacCTKe.

Tabnuvua 2. NapameTpbl BpeMeHU 1 TeMnepaTtypbl nogorpesa obpasLos
M _ | Temnepatypa Mos. | Mos. | Mos. | [o3. |[llos.
KaapKMPOB npeaBapuTenbHOro m|Net | Ne2 | Ne3 |[Ne4 | Ne5

CONyTCTBYIOLLErO Bpemsa akcrnosnumm obpasua,
obpasuos

noporpesa obpasuos, °C cek
Y1,¥2,¥3,
Y4, Y5 20-30 2,7 |54 |81 [10,8 |13,5
(MaTepunan
Y8)
Y6, Y7, Y8,
y9, Y10 60-100 2,7 |81 |135 |21,6 |324
(MmaTepuan
Y8)
X1, X2,
X3, X4, X5 180-200 13,5 21,6 [32,4 | 48,6 | 67,5
(MaTepuan
X12M)
P1, P2,
P3, P4, P5 180-200 32,4 | 48,6 | 67,5 | 94,5 | 135
(MaTepuan
P6MS5)

OueHka  agresvoHHbIX  CBOUCTB  MpousBoausiacb  nytem
nccneaoBaHna otnedaTka nosyyYeHHoro ¢ nomoLllbio npmubopa tnna 2140
TP pna namepeHus tBepgoctn no metogy Poksernna (TOCT 9013) npwu
BOABMMBAHMM B KOMMO3ULMIO MOKPbITME-OCHOBA ariMas3HOro KoHyca C
yrnoMm npu BepwuHe 120° (paguyc 3akpyrneHnsa 0,2 mm) u obwen
Harpy3ke 1500 H. lpu aTOoM B OCHOBE BOKpyr oTnevatka WHOEeHTopa
NPOUCXOOUT foKarnbHasa yrnpyro-nnactudeckas gedopmauns, Kotopas
Bbi3blBaeT paspylleHne nokpbiTua. [lpegnonaraercd, 41O  Mexay
pasMepamMuM U BHEWHMM  BWOOM  30Hbl  YMNpPYro-nnacTuyeckomn
gegopmaumm M curnaMm - CuensieHns  MNOKPbITUS  CYLLeCTBYyeT
KOppernsumoHHasa CBSA3b, Ha OCHOBaHWM KOTOPOW MOXHO CcyauTb 00
afireaoOHHOW MNPOYHOCTU NOKPbITUA. CpaBHUTENbHAA KavyecTBEeHHas
XapakTepucTuka agre3avoHHOM MPOYHOCTU MOKPbITUA HaAHECEHHOro npwu
pasHbiX pexunmax OIY onpegensnacb No TPeM Mpu3Hakam: Hannuyuto
OTCNnavBaHUSA MOKPbITUS U CKOJSIOB; Mfowaan BCryYMBaHUSA; XapakTepy
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30HbI BCMy4YnBaHUs (paBHOMEPHOCTU, BUAOM penbeda). [laHHbIn cnocob
yXXe NPUMEHSNCS ONS Ka4eCTBEHHOM OLIEHKM afre3avoHHbIX CBOMCTB
NMOKPLITUS K OCHOBE C LeSblo onpeaesieHns onTUManbHOro pexuma npu
HaHEeCEeHMN TOHKOMMEHOYHOro MOKPLITUS HUTpMAAa TUTaHa MeEeTOoOOoM
WOHHO-NMa3MeHHOro HanbineHus [8].

Ha puc. 16 npencrasneHbl potorpadum oTAeNbHbIX UCCnegyemMblX
OTNne4yaTkoB Mpu U3MEPEeHUN TBEPOOCTU COENaHHbIX Ha MUKPOCKOMe
Micromet npu ysenudeHun x200 ¢ nomoLliblo LMppoBon hoToKamepbl
Nicon B 6enom n MoHoxpomaTtmyeckom cseTe. OTnevaTok COCTOUT U3
BHYyTpeHHero kpyra, obpasoBaHHOro 3arnybneHmem anMasHoro KoHyca B
OCHOBY MaTepuara u HapyXHoro Kosbla C U3MEHEHHON NOBEPXHOCTLIO
Matepuana W OrpaHMYEeHHOro OKYyIMsipOM MUKpocKkona. TBepaoCTb
obpasuyos 13 ctanm ¥Y8 n X12M cooteTtctBoBana HRC 57-59, obpasuos
n3 ctann P6M5 — HRC 62-64. [lnameTp oTnevaTka Ha obpasuax u3
ctann Y8 n X12M coctasnan 0,5 mm, anga ctanum P6M5 — 0,45 mm.

Puc.16. ®oTorpadum otnevaTkos B 6€N10OM U MOHOXPOMaTUYECKOM
cBeTe: a — ctanb P6M5; 6 — ctanb Y8
N3 ananu3a Bcex oTorpacdhun obpas3uoB, WIroTOBMEHHbIMK B
COOTBETCTBMM C daHHbIMM Tabn. 2, MOXHO caenaTtb crneaywouwme
BbIBOAbI:

1. Ha uccneayembix obpasuax npakTU4ecku OTCYTCTBYET OTcriaMBaHue
MOKPbITUIA, O YEM FOBOPUT poBHas 6e3 CKONOB 30Ha OT BAABMMBAHUSA
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anmMasHoro KoHyca. [lo rpaHuue BAaBnvMBaHUA WHOEHTOpa MMeeT
MECTO aare3voHHoe paspyLUeHue.

. BusyaneHo obnacTtb ynpyro-nnacTnyeckomn aedopmauunm
XapakTepusyeTcss U3MEHEHMEM BHELLUHEro BuAa HapYyXXHOM 30Hbl U
BHYTPEHHEN 30HbI, 06pa3oBaHHOM MPY TPEHUN anMasHOro MHOEHTOpa
O MOKPbITUE, NOSABIIEHNEM CETKM TPELLUMH U B3AYyTUEM LiefnblX 06beMoB
NOKPbITUS. BbISABMEHO, 4YTO Ha BUA 30Hbl YNPYro-nnacTtu4eckomn
geopmauun  BnMsSeT  Martepuan  MNoaNloXkn (ee  TBepOoCTb,
pacnpegeneHne kapobuwgHom asbl). Yem Bbllle TBEPAOCTb OCHOBLI
(ctranb P6M5), Tem ©Oonbwe obnacte YnNpyro-nnacTu4eckomn
aedopmaunun.

. [lna NOKpbITUN HaHeCeHHbIX Ha cTanb Y8 npu Temnepatype 20-30°C
U Npu npegsaputenbHOM M conyTcTByloweM nogorpese 60-100°C c
OANHAKOBbLIM BPEMEHEM OCaXOeHUs  UMeeT MEeCTO MpaKTUYEeCcKu
paBHasi 30Ha ynpyro-nnactunyecknx gedopmauun (puc. 16 obpasubl
Y3 nY7,Y5n Y8). NokpblTna HaHECEHHbIE 3a 3TO Xe€ BPEMS Ha CTanmu
X12M (obpasey X1) npu npegBapuTeNbHOM W COMNYTCTBYHOLLEM
nogorpese 180-200°C no BenuMYMHE 30HbI YMPYro-nnacTU4eckomn
gedopmMaumm Takke UMET Mano oTnudun. Takum  obpasom,
npeaBapuUTesnbHbIN U COMYTCTBYHOLUMA NOAOIPEB MPaKTUYECKU He
BIIMSIET Ha afre3MoHHbIE CBONCTBA NOKPLITUIA Npu OITY.

. YBenuyeHne [JrnnTtenbHOCTU OCaXOeHUsl MOKpbITUS B npegenax
KOHKPETHOro TEeXHOSIOMMYEecKoro pexmma u 3agaHHOM TemnepaTypsbl
npeaBapuUTenbHOrO U COMYTCTBYKOLWEro nogorpesa MpuBOOAT K
YBENMYEHUIO 30Hbl Ynpyro-nnactudeckon paedopmauunn. Tak ansg
obpasuoB X1 n X5 (puc. 17) nnowagb BCnyvyMBaHus Bo3pacTaeT Ha
10%, a gna obpasuoB P1 un P5 (puc. 18) — Ha 12%. [Npn aTtom
xapaktep obnactu ynpyro - nnactmyeckon gedopmanmm MeHseTcs oT
obpasoBaHNA CETKN TPeLUMH A0 B3AyTUs LenbliX 06beMOB NOKPLITUSA
ana cranm X12M. KayecTBeHHO nydwimne afresvoHHble CBOWCTBa
COOTBETCTBYOT  MMHUMAlbHbLIM  TOSILLUMHAM  MOKPbITUS npu
obGpa3oBaHNN 30H C MEMKUMU TPELLMHAMMU.

. Npun cpaBHEHUN BHYTPEHHMX 30H YMpyro-nnactnieckon gedopmauunm
pPasfnMYHbIX MaTepuarioB MOXHO 3aMeTUTb, YTO C YBEeNMYeHueM
BPEMEHU OCaXOEHNA BHYTPEHHAS 30Ha MMeeT criedbl gedopmaunm
TONbKO Ha ctanu Y8, a Ha ctanun X12M u P6M5 paspyweHnd
BHYTPEHHEN 30Hbl MPAKTUYECKN HET, YTO MOXEeT ObiTb CBS3aHO C
pasnMYHbIMN  MEXaHU4Yeckumn U1 (pusmyeckumm  CBOMCTBaAMU
COMPSKEHHbIX MaTepuanoB (anmMasHoOro WHAEHTOpa WM KOHKPETHOW
cTanm).

. '3 ananunsa gotorpadum MOXHO caenaTtb BbiBOA, YTO OMNTENBHOCTb
OCaXOEeHUs U COOTBETCTBEHHO TOMLWWHA MOKPbLITUA BIUAKOT Ha
aaresvio  NokpbITMA.  Jlydwmne  agresvoHHble  cBoucTBa  Npu
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BAABMMBaHMM anMmasHOro WHAEHTOpa B KOMMO3ULMIO MNOKpbITUE-
OCHOBa XapakTepuayrTcs obpasoBaHMEM TOSMbKO CETKU TpewuH Ha
Hapy>XHOM KOnbue W MWHUMAarbHbIM XapakTepoM W3MEHEHUN
BHYTpPEHHEN 30Hbl, 00pa3oBaHHOW BOABMMBaHWEM ariMasHOro KoHyca
(Hanpumep, doTorpadusa obpasuya X3 Ha puc. 17). Ha obpasue Y1 ns
ctanu Y8 (puc. 16) NoKpbITUE MMEET MUHMMANbHYI TOSLIMHY, NPU
9TOM BWOHa CTpykTypa MeTanna. Hawnbonee onTumanbHON
afre3avoHHON MNPOYHOCTBbKD OTBeYalT Takke obpasubl Y7 un Y8
n3rotosrieHHole n3 crtann Y8 (puc.16). C y4eTOM NOBbILWEHHOW
TOMLWMHBI NOKPbITUA (60NbLIEn ANUTENBHOCTBLIO OcaxaeHus1) obpasubl
n3 ctann P6MS (puc.18) xapaktepusytotcss 0bpazoBaHMEM OTCITIOEHUN
Lerioro obbema nokpbITuM. Takum obpa3omM, HAa OCHOBaHUM aHanmsa
nuccregyemMmblx  dotorpacomn  MOXHO  Onpefenutb  ONTUMaribHYHo
anuTenbHoCcTb npouecca PIY un, COOTBETCTBEHHO, ONTUMAanbHYHO
TOMLWWNHY NOKPLITUA (Hanpumep, Ana ctanm Y8 ontumaribHoe BpeMms
®I1Y cocrtaBnset 8-14 c).
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