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1. BBenenue. OCHOBHbBIE NMOHSATHSA M ONpeaeeHus, Kiaaccupukanuu
MOKPLITHH

Pa3BuTHE MalIMHOCTPOEHUSI OCHOBBIBAETCS HA CO3/IaHUN HOBBIX MaTEPHAJIOB U
pa3paboTKe MPOrPECCUBHBIX TEXHOJOTUM, B TOM YHUCJE BKIIOYAIOMIMX OMNEPALHIO
HaHECeHUs MOKPBHITHMA. [IOKpBITHS MO3BOJIAIOT HE TOJIBKO MOJTy4YaTh HOBbIE CBOMCTBA
u3enui 32 cueT OoOpa3syIolUXCS  KOMIIO3UIIMM, COYETAaloUMX  BBICOKYIO
JOJITOBEYHOCTh  (YCTaJOCTHAasi  MPOYHOCTh, H3HOCOCTOMKOCTh,  CIELHUAJIbHBIC
CBOMCTBA) C JIOCTAaTOYHON HAJCKHOCTHIO (TPEIIMHOCTOMKOCTBIO), HO W TMOBBIIIATH
HKCILTYaTAlMOHHYIO CTOMKOCTh J€Talell MAlllMH U MHCTPYMEHTOB, BOCCTAHABIIUBATh
M3HOLIEHHBIE MOBEPXHOCTH M, CIEAOBATENIbHO, CHM)KaTh MOTPEOHOCTH B 3alacHBIX
yactax. C TOMOIIBI0 TOKPBITUM JOCTUTarOTCs OcoOble CBOMCTBA pabouMx
IIOBEPXHOCTEN: TBEPAOCTh, H3HOCOCTOMKOCTB, KapOIPOYHOCTh, TEINIONPOBOJHOCTD U
ap. MoaudunupoBaHue MOBEPXHOCTH, B TOM UHUCIE B BUAEC HAHECEHMs MOKPHITH,
o0ecreuyrBaeT 3HAUUTENBHYIO SKOHOMMIO JACPUIMTHBIX U  JOPOTOCTOSLINX
JETUPYIOUIMX  DJIEMEHTOB, HCIOJNb3YEMBIX [JIsI OOBEMHOIO JIETMPOBAaHUS B
TPaJAMLIMOHHBIX TEXHOJIOTUSX IMOJYYEHHUs CIJIABOB CO CHEHAIbHBIMU CBOWCTBAMHM.
Oco0o crnenyeT MOJYEPKHYTh POJIb MOKPBITHA C LEIbI0 CO3[JaHUsl MOBEPXHOCTHBIX
KOMITO3ULIMA JJI YBEJIIMYEHUS KOHCTPYKTHUBHOM NPOYHOCTH B CIIy4ae peE3KO
pa3IMYaroIMXCcsl CBOMCTB OCHOBHOTO METAJJIa U TOKPBITHSL.

MOoXHO yTBEpXkKAaTh, YTO K HACTOSILIEMY MOMEHTY MCCIEIOBAHMS U3JEIUHN C
HOKPBITUSIMU BBIICTWINCH B CAMOCTOATEIbHYIO 3KCHEPUMEHTalIbHYI0 00nacTh. Eé
cnenuUKoOl SBIAETCS HAYYHO-MCCIEAOBATENBbCKUI LMKIMYECKUI MpoIecc ¢
0o0paTHOM CBS3bI0, OCYILECTBIISIEMBIH TI0 CJIEAYIONICH cXeMme:

IIPOUECC HAHCCCHUA IIOKPBITHA —> aHAJIU3 CTPYKTYPBI — U3YUCHHUC
CBOMCTB —> COBCPHICHCTBOBAHUEC TCXHOJIOTHH —> ITPOICCC HAHCCCHUA
IIOKPBLITHA U T. AO.

To ecTp CTPYKTYpHBIM aHaIU3 IIOKPBITHS JOJDKEH JIONOJIHATHCS U
MOATBEPXKIAATHCSA JTAHHBIMA M3YYCHHS MEXaHWYECKHUX, (PU3NYECKUX H JIPYTUX
CBOMCTB. B CBOI0 ouepenb 3TO TO3BOJUT OOHOBUTH W COBEPIICHCTBOBATH
TexHOJorru. Torma Kak HapylleHHWE 3TOW IIEMOYKHM MPUBEAET K O0Opa30BaHUIO
0€3BICXO0IHOTO KPYyTa, UCKIIOYAIOIIETO Pa3BUTHE TPOTPECCUBHOMN TEXHOJIOTHH.

[Ipenyaraempiil Kypc JIEKIIMM KacaeTcs TOJbKO OJHOrO 3BEHA IPUBEACHHOU
BBIIIE CXEMATUUECKOM IEMOYKHU U JIaeT MPEJICTABICHUE O TOM, KAKUM Pa3HO00Opa3ueM
OTJIMYAETCS 3TA CTAJIUS.
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[Ipexxne Bcero, ciemyeT OTMETHUTBh, YTO CYIIECTBYET OTPOMHOE KOJHUYECTBO
W3JIaHW, B TOM YHCJIC U IEPUOTNUECKUX (’KYPHAIBHBIX ), TIOCBSIIICHHBIX TTOKPHITHSIM.
CrnenacTBUeM STOTO SBISETCS HEKOTOpas HEOMPESICHHOCTh B  yMOTPEOJIeHUH
OCHOBHBIX TEPMHHOB, KOTOpas XapakTepHa Uil OOMIMPHOW JUTEPATyphl TIO
MOKPBITHSIM. UTOOBI M30€KaTh CBSA3aHHBIX C TUM IMPOTHBOPEYUN W Pa3HOYTCHHH,
puBeAEM HEKOTOphIC 0a30BbIC TCPMHUHBI U ONPEACICHHS M3 00JacTH MOKPHITHH, Ha
KOTOPBIE CIIETYET OMUPATHCS MIPH padOTE ¢ HACTOSIIUM KYPCOM JICKITHA.

Onpeoenenus.

IlokpbiTHEe  mpeAcTaBiasieT coOOM  MOBEPXHOCTHBIM  CIIOM  jAeranw,
LEJICHANIPABJIICHHO  CO3JaBAEMbli  BO3JCHCTBMEM  OKPYXKAIOIIEHM  Ccpedpl  Ha
MOBEPXHOCTh MaTepuajia TMOJJIOKKU (OCHOBBI, JACTalM), U XapaKTePU3YIOIIECUCs
KOHEYHOM TOJIIMHOM, a TaKXe XMMHYECKUM COCTABOM M CTPYKTYpPHO-()a30BBIM
COCTOSIHUEM, KA4YECTBEHHO OTJIMYAIOIIMMCS OT AaHAJOTUYHBIX XapaKTEPHUCTHUK
Marepuraia OCHOBBI.

OcHoBa (ITOAJIOKKA) — MOBEPXHOCTh OCHOBHOIO MaTepuaja, Ha KOTOPYIO
HAHOCHUTCS MIOKPBITHE.

OcHoBHAasi 4YacTh NOKPBITHA — YacThb IOKPBITHS, PACIOIOKEHHAs Haj
MOJICJIOEM U BBINOJIHSIONAsA pad0uyro (yHKIHUIO TOKPBITHUS.

IHoacnoi — yacTh MOKPBITUS, HEMOCPEICTBEHHO MNPUIIETAIONIAs K OCHOBE U
BBINOJIHSIOUIAs] PYHKIMU CBSI3U MEKy OCHOBHOM YaCThIO MMOKPBITUS U OCHOBOM.

I'paaueHTHOE MOKPBITHE — MHOTOCIOMHOE MOKPBITHE, B KOTOPOM KaKIbIi
IIPOMEKYTOUHBII  CJIOM COJEPKUT HECKOJBKO KOMIIOHEHTOB C TPagUEHTOM
KOHLIEHTpAIH, HAIPABJIIEHHBIM OT OCHOBBI K TOBEPXHOCTH MOKPBITHS.

Are3MOHHAsi  NPOYHOCTb  TIOKPBITUS —  YCJIOBHOE  HaIpsKEHUE,
COOTBETCTBYIOILIEE HAMOObIIEH HArpy3Ke, NPEIIECTBYIONIEH OTAEIEHUIO TOKPBITUS
OT OCHOBBI.

Kore3noHHasi Mpo4YHOCTh IMOKPBHITHS — YCJIOBHOE HAIIPSIKEHUE, COOTBETCT-
ByIOIllee HAWOOJBIIEH Harpy3Ke, MPEANISCTBYIONMIEH Pa3pyIICHUIO CBS3CH MEXITy
YaCTUIIAMU TOKPBITUS U (MJIM) caMOT0 MaTepHalia YacTHil.

IIpou3BoaMTEJIBbHOCTH TEXHOJIOTUH HaHECEHUs HNOKPBITHUS o
HaIbUIIEMOMY/HAIlBUICHHOMY MaTrepualy — Macca HamnbUIIeMOTo/HaNbIIIEHHOTO
Marepuralia 3a €IUHUIY BPEMEHH.

Koy puuueHT HCMOIb30BAHMS MaTepHasa NPU HAHECEHUU MOKPBITUS —
K02 PUIMEHT, BhIpaykaeMbIil OTHOIIICHUEM MAaCChl HAITBUICHHOTO MaTepHayia K Macce
HaIlbUIIEMOr0 MaTepuraa.

CymiectByromee MHoOrooOpa3ue CrnocoO00B HAaHECEHHsI TOKPBITHH MOXKHO
KJIACCU(HUITUPOBATH C PA3IUYHbBIX TOUEK 3PEHUSI.
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[lo wmeTomaM TOMy4YeHHS — MEXaHWYECKHe, (HU3UUYECKUE, XHUMHYCCKHE,
ANMeKTpodu3nIecKue.
[To BUIYy TEXHOJOTMYECKOTO0 TIpollecca — TaJlbBAaHWMYSCKUE, HAaIlIaBKa,

HaIbUICHHE, TIJIAKUPOBaHUE.

[lo wucnonp3yeMbIM MaTepHaliaM —  METaNIMYeCKHe, KepaMHuecKHe,
MOJINMEPHBIE, KOMIIO3UIIMOHHBIE.

[lo Ha3HAYeHUIO — HW3HOCOCTOMKHE, KOPPO3MOHHO-CTOMKHE, KapOIpOYHBIE,
TepMoOapbepHbie, JEeKOpaTMBHbIE M T.J. B KkadecTBe mnpumepa KiacCUpUKALMU
MOKPBITUA TI0  (DYHKIIMOHATILHOMY HA3HAYCHHIO MOXET OBITh HCIIOJIh30BaH
ciemytrontuii nepedens 3 ['OCT 28076—89.

1. 3awummnoe — TOKpHITHE, 3alIMIIAIONIEC TOBEPXHOCTh OT BHEUTHUX
BO31EHCTBUM.

2. H3nococmoitkoe — 3allUTHOE TOKPBITHE, TMOBBIMIAIOIIEE COMPOTUBIICHUE
MOBEPXHOCTHU PA3TMYHBIM BUJIaM W3HAIIUBAHUSI.

3. Anmugpukyuonnoe — HU3HOCOCTOMKOE TMOKPHITHE, TMOHIKAOIIEE
K03 PUIIMEHT TpeHus B pabouell mape TpeHus.

4. @pukyuonHHoe — N3HOCOCTOMKOE TMOKPHITHE, MOBBINIatoNee KOdDPuIueHt
TpPEHHUSI.

5. Aumuaoze3uonnoe — U3HOCOCTOMKOE MOKPBITHE, CHIXKAIOIIEE CKIOHHOCTh
KOHTaKTHPYIOIIUX  TOBEPXHOCTEW K  aAre3MOHHOMY  B3aMMOJICUCTBHUIO  WJIH
CXBaTHIBAHUIO.

6. Koppo3uonnocmoiixoe — 3allUTHOE TIOKPHITHE, TOBBIMIAIOIICE
COMPOTHUBJICHUE TIOBEPXHOCTH KOPPO3UOHHOMY Pa3pyIICHHUIO.

7. JKapocmoitkoe — KOpPPO3MOHHOCTONKOE TMOKPBHITHE, MOBBIIIAOIIEE
COMPOTHUBJICHUE TIOBEPXHOCTH PA3PYIICHHUIO TP BBICOKUX TEMIIEpaTypax.

8. Tepmopezynupyrouiee — TOKPHITHE, OOECIEUMBAIOIICE PETYIHMPOBAHHE
TIOTJIONICHUS U U3TYYCHUS TIOBEPXHOCTHIO TETIJIOBBIX TTOTOKOB.

9. Tennozawyumnoe — TEPMOpPETYIUPYIOLIEE TOKPBITHE, CHIKAIOIIEE
BO3JICHICTBHE TETJIOBBIX TOTOKOB HA MIOBEPXHOCTb.

10. Tepmocmoiikoe —  TOKpBITHE, oOiajnarimee  HeoOX0oaUuMOon
paboTOCTIOCOOHOCTBIO B YCIIOBHSIX PE3KMX MHOTOKPATHBIX U3MEHEHHI TEMITEPaTyPHI.

11. ¥Ynnomunumenvnoe — TOKpBITHE, OOECIEUUBAIOIEE HEOOXOIUMYIO
CTaOMJIBHOCTB 3a30POB B U3JICIIUU WJIM KOHCTPYKIIMH B IMPOIIECCE UX IKCIUTyaTaIlUH.

12. Kopkosoe — nokpbiTre, CHOPMUPOBAHHOE HA OCHOBE JIJIsl TPUOOPETCHHUS €€
(bOpMBI U yJIaJIEHHOE C OCHOBBI JIJIS1 ICTIOJIB30BAHUS B CAMOCTOSTEIBHBIX IEIISX.

13. 3po3uonnocmoiikoe — TIOKpBITHE, CHIDKAIOIEEe BO3JICUCTBUE
BBICOKOCKOPOCTHBIX TTOTOKOB Ha MIOBEPXHOCTb.
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Haubonee nocnenoBarenbHO KJIacCU(UKALNIO CIOCOOOB HAHECEHUS TOKPBITHIA
CleayeT NPOBOJWTH C YYETOM MEXaHW3MOB M SIBICHUH, JICKAIIUX B OCHOBE
MPOIIECCOB HAHECEHUS MOKPHITUI U (POPMUPOBAHUS €T0 CTPYKTYPHI:

- MEXaHNYECKHE METOBI;

- XUMHUYECKHE METOBIL;

- JJIEKTPOXUMHUYECKUE METO/IBI;

- HAIUIaBKa;

- HAIIbUICHHUE;

- BBICOKODHEPTETUUECKNE TEXHOJIOTHH;

- KOM6I/IHI/IpOBaHHBIC MCTOBI.

B panpHenmieM, B OCHOBHOM YaCTHM HACTOSIILIETO Kypca JICKUHWH, IIpU
pPAacCMOTPEHUM TEXHOJIOTHYECKUX OCHOB MHOIOYMCIICHHBIX METOJ0B HAHECEHUS
MOKPBITUN MCIOJIB30BaH MMEHHO Tako mojaxon. OgHaKo BaKHOCTh W CJIO0XKHOCTH
BOIPOCOB (OPMUPOBAHUSA CTPYKTYPhl TMOKPHITUM, OCOOEHHOCTEM HX CTPOCHUS U
B3aMMOCBSI3M CTPYKTYpbl W CBOWCTB MOKpPBITUH TpeOyIOT OTAENbHOro, Ooisee
rIyOOKOro MaTepHaloBEAUEeCKOro aHaiu3a (MpuyeM, ACTEPMUHUPOBAHO B paMKax
KaXJIOT0 TEXHOJOTHYECKOT0 METOJIa B OTACJIBHOCTH), TMOITOMY B HACTOSILIEM

MOCOOUU MM YACIICHO MUHUMYM BHUMAHUAI.



2. TexHo/10rusl HAaHECEHUS MOKPHITUH

TexHonorus NOJMy4eHUsT MOKPBITUM BKIKOYAET: MOJATOTOBKY IIOBEPXHOCTHU
OCHOBBI, ()OPMHPOBAHHE HA TMOBEPXHOCTH OCHOBBI CJIOS TOKPBHITHS W3 HMCXOJHBIX
MaTepHaioB 33JJaHHOI0 XUMHUYECKOTO COCTaBa U MOPGOJIOTHH U MPU HEOOXOTUMOCTH
MOCTEAYIONTYI0 TEPMHUUECKYI0 WM TEPMOMEXaHHUYECKYI0 OOpabOTKy HaHECEHHOTO
CIOs C 1EeNbI0 MPUJAHUS €My CIYKEOHbIX CBOWCTB W CO3JaHUS TPOYHOU
aJAre3MOHHON CBA3UM MexAy (OPMUPYIOIIUMCS CJIOeM U OCHOBOM. I[IpodHOCTH
CICTUICHUS] TIPU HAHECEHWH TOKPBITHI 00ecreynmBaeTcs 3a CUeT TaKUX IMPOIIECCOB,
KaK CXBaTbIBaHUE, CIICKAHUE, CMAYUBAaHUE U T. 1. [ mpoTekaHusi 3TUX ONpPOLIECCOB
KpOME TEPMOJMHAMHYECKUX YCIOBUUA HEOOXO0JMMa YHCTOTa W aKTUBUPOBAHUE
ITOBEPXHOCTEMN.

2.1. [loaroroBKka NOBEPXHOCTH OCHOBHOI'0 METaJLJIAa

BennunHa aare3un, a 3HaYUT U PaOOTOCIOCOOHOCTH AeTaeH ¢ OKPHITHIMH, B
3HAYUTEIBHON CTEMEHH 3aBUCHUT OT COCTOSIHHS HMX IIOBEPXHOCTHOTO CJIOS IIEpen
HAHCCCHMEM IOKPBITHS, IIOITOMY BCETJa CJIEAyeT YYUTHIBATh BJIMSHHE OCHOBHBIX
XapaKTEPUCTHK MOBEPXHOCTHOTO CJIOS JeTalell Ha KaueCTBO HAHOCHUMBIX ITOKPBITHIMA
U TEXHOJOTHIO MOArOTOBKH IMOBEPXHOCTH I0J MOKphITHE. OOIee MpaBHIIO 31€Ch
MOXET ObITh C(HOPMYJIMPOBAHO TaK: 4yeM 00Jiee BBHICOKOTEXHOJOTUYHBIM SIBISIETCS
METOJ] HAHECEHHUS IOKPBITHSA, TEM BBIIIC IOKHO OBITh KauyeCTBO IOATOTOBKU
TIOBEPXHOCTH IO TOKKH.

[TpOYHOCTH CUEIUIEHUS IOKPBITHS C OCHOBOM O, (BeIMUYMHA aAre3HH)
SBISCTCS OJHUM U3 BaXKHEHIIMX CBOMCTB MOKpPHITHS. OHa 0003HAYaET CHIIY CBS3H
MEXy OCHOBHBIM METAJZIOM M MOKPBITHEM, OTHECCHHYIO K EIWHMIIC IUIOMIAan
KOHTaKkTa. JIJIs XapaKTePUCTUKH TIOKPBITHA 10 TMPOYHOCTH CUCIUICHHS Oy
CPaBHHUBACTCS C MPOYHOCTSIMH OCHOBHOI'O MaTe€pHajla Ohy U MOKPBHITUS Oh Ha Pa3phIB.
[TpounoCTh criemIeHus ObBaeT: oueHb ciadast — 0 < oy, < 0,1 min (opy, ong); cmabast —
0,1 min (op1, on) < o <0,5 Min (oby1, oho); mocpeacteennas — 0,5 min (op1, oho) <
O < MIN (ob1, Oho); HOpMaNbHas (xopoias) — MiN (oby, Oho) < O < Max (oh1, Oho);
BBbICOKast — MaXx (Op1, Oho) < Ogp.

K OCHOBHBIM XapaKTEPHUCTUKAM COCTOSHUS ITOBEPXHOCTH CIIEAYET OTHECTH:

- XUMUYeCKYI0 YUCMOmY NO8ePXHOCMU: 3arps3HEHHOCTh TIOBEPXHOCTH,

Harpumcep, HaJIM4Yue OKCHJIHBIX IIJICHOK, IIpUBOOUT K BO3HHKHOBCHUIO
HECIJIOIIHOCTEHN B IMOKPBITHH, €I'0 OTCJIAMBAHUIO, PACTPECKUBAHHUIO U CKAJIBIBAHUIO,
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- monoepad)wo noeepxrnocniu demanu. INOBCPXHOCTb HC OOJDKHA HMCTb

pPaKoBHH, LapanuH, TPEUIMH, CKOJIOB, OJHAKO, ONTHUMAJIbHBIA Mapamerp
[IEPOXOBATOCTU 3aBUCUT OT YCIOBUU pabOThl JAeTanu, (HU3HUKO-XUMUYECKOTO
COCTOSIHUSI MaTepuaia AeTalu U MOKPHITHs, METOAAa HAHECEHUS MOKPBITHS U JIPYTHX
bakTopoB,;

- ocmamounvle Hanpsaxcenwus B TIOBEPXHOCTHOM CJIO€, CBSI3aHHBIE C

MPEAIIECTBYIONIEH 00pabOTKON 3aroTOBKU; MPU STOM CHRKUMAIOIIME HAMPSKEHUS
UTPAIOT MOJIOKHUTENBHYIO POJIb, T.K. CIIOCOOCTBYIOT «3aJI€YMBAHUIO» (CXJIOIMBIBAHUIO)
TPEIIMH U APYTuX Ae(EKTOB; PACTATHUBAIOIINE HAIPSIKEHUS CO3AIOT YCIOBUS IS
pOCTa M pacnpoCTPaHEHUs] MUKPOTPEILMH, CHUXKAasi MEXaHUYECKUE XapaKTEPUCTUKU
MaTtepuala ¢ MOKPHITHEM.

OuncTKa TOBEPXHOCTH MPEIyCMATPUBACT YJAJICHUE OPraHUYECKUX (KHUPOB,
CMa3K{ U T. 1.) U HEOPraHUYEeCKUX (TJICHOK OKCUJIOB, COJIEH, THPATOB) COSTMHECHUIM
U npouux 3arps3HeHuil. CrocoObl MOATOTOBKH MOBEPXHOCTEN MOAPA3ACIAIOTCS Ha
XUMHUYECKUEe, (PU3MYECKUE, MEXaHWYeCKue U KOMOUHHMpOBaHHBIE ((HU3HKO-
XUMHUYECKHE, XUMUKO-MEXaHn4eckue, Gu3nKo-Mexannueckue). B 00001meHHoM Bue
OHM TIPE/ICTaBJIEHHI B Ta0. 1.

Tabnuya 1. Cnocobwl npedgapumenvroli 06pabomxu no8epxHOCmu nepeo

HAaHeceHuem I’lOKplelud

METOI CIIOCOBb EJIb
MexaHuuecKue MeTOIbl [IlmudoBanme, ranaroBKa, | OurcTka OT TPYOBIX 3a-
IOJIMpPOBAHMWE,  CTPYHHO- | IPSI3HEHUH, OKaJIMHBI, OK-
abpaszuBHasi 0OpaboTKa CUIIHBIX IUICHOK, aKTHUBa-

Ul IOBEPXHOCTHU, U3MEHe-
HUE IIePOXOBATOCTH
XUMUYECKUE METOIbI OOGe3xupuBanue, Tpasie- | YialeHue >KUPOB, YMEHb-
HUE, I[IOJIMPOBaHHE, Yib- | IEHUE MIEPOXOBATOCTH
TPa3BYKOBasi OUNCTKA

DusnuecKkue MeTO bl Honnas, 3JIeKTPOHHAs | Y 1aneHue 3arps3HeHUH 3a
6oMOapaupoBKa, BaKyyM- | cUeT paclbUICHHS UX C IO-
HBIM OT/KUT BEPXHOCTH, aKTUBAIHSI T10-

BEPXHOCTH

Hanecenue BpeMeHHBIX | [lokpbiTHe 1UIeHKOH, I1a- | Bpemennast 3ammTa 1oaro-

3aIIUTHBIX TOKPHITHI KOM,  CyIb(pUAMpPOBaHUE, | TOBJICHHOMN OBEPXHOCTH
XpoMaTHpOBaHUE

Hanecenue mnpomexyrou- | JIroObie criocoOs [loBbImIeHne aares3uu npu

HBIX TTOKPBITHIA IUTOXOU COBMECTUMOCTHU

MaTCpUuaJIOB




XUMHYECKUE CITOCOObI OUYHUCTKU MOBEPXHOCTH MPEAINOIararoT 00e3KupruBaHue
U TpaBIICHUE U3JEIUNA B OPraHUYECKUX M HEOPTraHMYECKHX pacTBOpax KHUCIOT,
mesoYei, a Takke B pacmiaBax. K XMMHYECKUM CIieyeT OTHECTH TaKXke CIocod
OYUCTKM OT)KHUTOM B BOCCTAaHOBUTEIBHOW armocdepe. DPHU3NYECKUE CIIOCOOBI
OYMCTKM OCHOBaHBI Ha (HU3UYECKUX sBICHUAX. K MexaHmdeckum crocobam
OTHOCSITCSI ~ pa3fUYHbIE METOJbl CHATUS TOBEPXHOCTHOTO  CJIOS  M3JENUsA
MexaHu4eckuM myTeM. KoMOMHHpOBaHHBIE CIOCOOBI MOJITOTOBKH IOBEPXHOCTU
BKJIIOYAIOT TPABJICHWE B PAcTBOpaxX C HAJOXKEHUEM YIbTPa3BYKOBBIX KOJIEOaHUIA,
OTXHUI C DJEKTPOUCKPOBBIM CO3/IaHHEM ILIEPOXOBATOCTH, OTKUI C 3aYMCTKOU
HIETKOM, 00paboTKy B OapabaHax Cc pacTBOpOM WIENOYM U T. 1. Bribop cmocoOa
NOJIFOTOBKM TOBEPXHOCTH Ui HAHECEHUs TIOKPBITUS ONPEACNIeTCs BUAOM U
XapakTepoM IPOW3BOACTBA, pa3MepaMu JeTald, BUAOM 00pabaThiBa€MOro
OCHOBHOTI'0 MaTepHasia, COCTOSIHUEM €ro OBEPXHOCTH.

2.2. OO0mas CTPYKTYpHas cXeMa MPOLECCOB HAHECCHUS] HEOPraHMYeCKHX
NOKPBITHH

Hanecenue mokpwITHI KaK MPOIECC MOBEPXHOCTHOM 0O0pabOTKH MaTepuasioB
XapaKTepU3yeTcss MHOr0OOpa3HeM METOJOB M IIMPOTOH WX npuMeHeHus (puc. 1).
PaccmoTpum nosipoOHee Kak/Iblii 13 ITUX METO/OB.

2.3. HansiaBo4HbIe mpouecchl

HamnaBka ocyiectBisieTcs ¢ 00Opa3oBaHUEM CBApOYHON BaHHBI, B KOTOPOM
pPACIUIABJICHHBIM METAJUI MOKPHITHS B 30HE CIUIABJICHUS TNEPEMEIIMBAETCA C
OCHOBHBIM METAJIJIOM, 00pa3ysl TiyO0KyI0 EPEXOAHYI0 30HYy. B KauecTBe HCTOUHUKA
DHEPrUM U IUIABJIIEHWS HAHOCHUMOIO Marepuana IIPpU HAIUIaBKE MOKPBITUN
VCIOJIB3YIOTCS AJIEKTPUUYECKas 1yra, ra30BO€ IJIaMsl U JIa3€PHBIM JIyY.

I'azoBast HamJIaBKa — OJMH U3 CIIOCOOOB CBapku miaBiaeHueM. IIporekaer B
YCJIOBHUSIX YACTUYHOIO OIUIABJIICHHS OCHOBHOTO METaula MpU HUCIOJIb30BaHUU
BBICOKOTEMIIEPATYPHOI'O IUIAMEHM, IOJy4aeMOTO IPU CKUTAHUM CMECU T'OPIOYETO
raza c¢ kuciuoponoMm. Haubonee mnpueminemMo i Ta30BOM HaIUIaBKU (CBapKH)
alleTUIICHO-KUCIIOPOIHOE IJ1aMsl, 00ECIIEUNBAIOIIEE HATPEB 10 BBICOKUX TEMIIEPATYP.

[Ipu HamIaBKe B OTJIMYHUE OT CBApKU TpeOyeTcs Malias riyOrHa MpOoIUIaBIeHUS
OCHOBHOT'O METaJlIa, OATOMY HAIUIABKY BBIMOJHSIIOT, UCHOIB3Ys TOpeiky (PHE. 2) ¢
colioM  Oonibmioro  auamerpa.  HarpeB  ocHoBHOro  meramia — Bedercs
HAyTJIEPOKUBAIOIIMM IIJJaMEHEM TOpesikd. [Ipyu HMCnonp30BaHMM TOprOYEH CMeECH,
OOOramieHHOM alEeTWJIEHOM, Ha IIOBEPXHOCTHM MeETalla OCENal0T  YacCTHUIlb
BOCCTAaHOBJICHHOT'O YIJiepojia, 00pa3ysi TOHKUN HAYTJIEPOKEHHBIN CION TOIIMHON
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T[TOKpBITHIM 3IEKTPOROM |

Iasosasn | [lopowxoBoii NpoBOJOKOH |

[ Hannasxa Inextpoayrosas IMon dmocom |
1 Oaekrpournaxosas B cpenie 3AMMTHBIX ra30B |

Jlasepuas B IL1asmenHasn 1

Tlorpyxennem B pacriias |

TpoxaTkoii B

[ IMnaxuposanue é = |

Bapbmom B

I'aszorepmuieckoe

TasonnameHHoe |
Xononsoe |
/ ['a301MHAMHYECKOE AnexTpoayrosoe |

Inasmennoe |

{  Hanbinenwe |

Tepmneckoe Jeronaunonuoe
MCIIEpeHHe

Karognoe
PACTIBLIEHHE

Bakyymroe

Honruo-
[LIA3MEHHOE

{ DNeKTPOIPOSHOHHOE YNPOUHEHHe |

{ DnexTpodsHuecK e METONBI [ DnexTporepMomexannyecxoe npunexasue |

MAarHHTHO-HMITYJIbCHOE TipeccoBanue |

TanbsanHyeckue AJ

[InexTponuTiIecKHe METOAB

AHOJHbIE KOHBEPCHOHHBIE |

| BecToXOBOrO OCAXIEHHA |
[ Xumwuueckue merome: j<‘
KoHBepCHOHHBIE |

B rasosoii cpene |
| JuddysHonnbie MeTomb! B sxunko¥ cpesie |
B nopomxe ]

Puc. 1. Knaccugpuxayus npoyeccos HaneceHus HeOpeaHu4ecKux noKpbimui
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~0,02 MM. BCJIC,Z[CTBI/IC CHMOKCHUA TOYKH IIIABJICHHA MCTalllla HAYTJICPOXKCHHOI'O
CJIO0dA HPOUCXOOIUT PaCIUIABIICHHUC TOJIBKO B TOHKOM ITOBECPXHOCTHOM  CJIOC.
Bo3HukHoBeHHE Ha IMOBCPXHOCTH PACIUIABJICHOI'O CJIOA CBHACTCIBCTBYCT O
TOTOBHOCTH OCHOBHOIO MeTajUla K Ta30BoM HamuiaBke. OIuiaBlIeHHE TOHKOTO
IMOBCPXHOCTHOI'O CJIOA (TaK Ha3bIBACMOC <«3aIlIOTCBAHHC MeTaJ'IJ'Ia») B COUCTAaHHUU C
MNPUMCHCHHUCM IIPHUCAA0YHOI'O MaTcpuajia COo3aacT 0c000 6JIaI‘OHpI/I$ITHO€ YCJIOBHC
JJI1 ra30BOM HaIIaBKH C HE3HAYUTEIbHBIM IMPOILIABJICHUCM OCHOBHOI'O MCTaJlJIA.

-~

Puc. 2. Huscexmopras copenka 015 2a3080u Han1aeKu:
1 — mynowmyx,; 2 — mpybkra HaKkoHeuHuxa, 3 — cmecumenbHas Kamepa, 4 — UHMICeKmop,
S — ayemunenogwiti Kanan

BwmecTte ¢ Tem HayriaepoKMBaHUE TTOBEPXHOCTH MPHU HAIIABKE 3TUM CIIOCOOOM
BBI3BIBACT IIOBBIIICHUE COJCPKAHUA YIJIEPOJa B HAIUIABJICHHOM METAJUIe, YTO
OKa3bIBa€T HEOJArompusTHOE BIUSHUE HAa €ro MEXaHMYEeCKHE CBOHCTBA W
KOPPO3UOHHYIO CTOMKOCTh. B CBSI3W C 3TMM B HACTOSIIEE BPEMSI PACCMOTPEHHBIN
croco0 MPUMEHSIOT TOJIBKO MPU HAIUIaBKE BBICOKOXPOMUCTOTO CIIaBa Ha OCHOBE
JKeJie3a, CTEJUINTA U APYTUX BBICOKOYIJIEPOAUCTBIX HAIUIABOYHBIX MartepuanoB. [lpu
HAHECEHUM  IOKPBITUM W3  KOPPO3HUOHHOCTOMKOM  CTalM, JJIsI  KOTOPOU
HAyTJEPOKUBAHUE TPOTUBOIMOKA3aHO, MPUMEHSIOT CIOCOOBI TyroBOM HAaIlJIaBKH
MJIABSIIIIUMCS ¥ BOJIb(PPAMOBBIM JICKTPOJIaMH B Cpejie MHEPTHOTO rasa.

[IpeumyniecTBaMyd Tra30BOM  HAIJIaBKK  SIBISIIOTCS: 1)  HE3HAYUTENIbHOE
MPOTUIABJICHUE OCHOBHOI'O METajlia; 2) BO3MOXHOCTh HAIUIABKM MEJKUX JeTajeit
CIOXKHOU (OpMBI; 3) YMEHBIIICHUE OMACHOCTU BO3HUKHOBEHHUS TPEIIUH, MOCKOJbKY
MPOLIECC HAIUIABKM BKIIIOYACT MPEABAPUTENBHBIA TOJOTPEB M  IOCIECAYIOLIEE
3aMEJUICHHOE  OXJIaxJeHue wu3aenusi; 4) Hu3Kas CTOMMOCTh  CBapOYHOIO
o0opyaOBaHUSI.

Bmecte ¢ Tem i Ta30BOM HAIJIaBKM XapakKTEpHbI M HEAOCTATKH: 1) HU3Kas
MPOU3BOJAMTEIILHOCT,  TMPU  HAIUIaBKE  MAaCCUBHBIX  JieTajed, TpeOyroumx
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MPOJIOJDKUTEIBLHOTO MPEABAPUTENILHOTO TMOJOTPeBa; 2) BBICOKAs KBaIU(PUKALUA
CBapIIIMKA.

["a30Byr0 HaIJIAaBKY B HACTOSIIEE BPEMsI IPUMEHSIOT B CTIICIIHAIBHBIX 00JIaCTIX
(Ipyu U3roTOBJIEHUU KJIAMIAHOB BBICOKOTEMIEPATYPHBIX CUCTEM BBICOKOTO JIaBJICHMUS,
KJIA[IaHOB JIBUTATeJIe BHYTPEHHETO CrOpaHus U T. I1.).

JIeKTpPOAYroBasi HamiaBka. [Ipy uCnosib30BaHMM U1 HAIUIABOYHBIX
IIPOLIECCOB TAKOTO KOHLIEHTPUPOBAHHOTO MCTOYHMKA JHEPTUHU, KaK JJIEKTpUUYECKas
nayra, Ajii OOecleueHus: BBICOKOIO KayecTBa HAIUIABIIIEMBIX IOKPBITUN 0co0o0e
3Ha4YeHHe MPUOOpEeTaeT CO3JAaHME IUIAKOBOW M Ta30LUIAKOBOM 3alUTHl CBAPOYHOMU
BaHHbI OT aTMocgepHoro Bo3xaeicTBus. IllnakoBas 3ammrta oOpa3yeTcss 3a cHer
pacIuiaBieHus] (IIIOCOB, B3JIEKTPOJHBIX TOKPBITUH M CEPACYHHKOB MOPOIIKOBOM
npoBoJiokd. Haubonee HaznexkHa NUIakoBas 3alluTa IMPU CBapKe-HAILJIABKE IO
¢mrocom. OOpazoBaHue Kamedb MpU IUIABJICHUM 3JEKTpPOAa MU HUX IEPEHOC
IPOUCXOAAT B 00BbEME ra30BOr0 Iy3bIpsl, 3alI0JHEHHOIO MapaMyu MeTaia u ¢uiroca.
B3aumopeiicTBue ¢ aTMOCEpHBIMH ra3aMu MPAKTUUYECKH UCKITIOYACTCS.

Menee HazaekHa INUIAKOBas 3alluTa IMPU  AJIEKTPOAYTOBOM  HAIUIABKE
ITOKPBITBIMU DJIEKTPOJAMH M CaMO3AIWTHOM IOPOLIKOBOM NpoBOJIOKOW. Karum
DIEKTPOAHOTO METAJUIa MPOXOAAT YEpPe3 OTKPBITBIA JTyrOBOM NPOMEXKYTOK U
B3aUMOJICUCTBYIOT ¢ aTMoc(hepoit. Hanuure Ha Kamisx 1U1akoBO# MJIEHKU HE BCeraa
MPEIOXPaHsAECT UX OT 3TOro B3aumoneucTeus. Ilpu HarmaBke Hapsay CO LIJIAKOBOU
3aIMTON JOJDKHA CO3JaBaTbCs M Ta3oBas 3aluTa. B 3JEKTpOJIHBIE NMOKPBITHA U
CEpICYHUKH TOpPOIIKOBOM NPOBOJOKM B COOTBETCTBHM C 3THUM  BBOJSAT
[IUTAKO00pa3yrolIre U ra3000pa3yroine KOMIIOHEHTHI.

Hannaexa nokpwvimvivu snexkmpodamu. 1lpy HamiaBke MOKPHITHIM 3JIEKTPOIOM

MPOUCXOIUT TUIABJICHUE CTEPKHS U oOMaszku (pHE. 3). Pacmiasnstomasicss oOMmaszka 5
oOpazyeT nuiak u rasel. Illnak oOBonakuMBaeT Kamim MeTania, o0pa3yrouecs npu
IUTABJICHUU DJIEKTPOJHON MPOBOJIOKU. B BaHHE II1ak mepeMelBaeTcsl U, BCIUIbIBas
Ha €€ IMOBEPXHOCTb, 00pa3yeT HUIAKOBBIA MOKPOB, MPEIOXPAHSIOMIMA METal OT
B3aMMOZCHCTBHSI C KUCIOPOJIOM M a30TOM Bo3ayxa. Kpome Toro, mpu BCIUIbIBAHUH Ha
MOBEPXHOCTh BaHHBI 1IUTAK, B3aUMOJCHCTBYS C PACIJIaBJICHHBIM METAJUIOM, OUHIIAET
ero. OOpasyromuecss MpPH PacCIUIaBICHUH TOKPBITHS Ta3bl OTTECHSIOT BO3AYyX U3
PEaKIMOHHON 30HBI (30HBI JIyIM) M TaKUM O00pa3oM CIIOCOOCTBYIOT CO3JaHUIO
JTYYIIAX YCIOBHMA JJIS 3aIUTHI.

JlyroBast ~HalulaBKa MOKPBITBIMU  DJIEKTPOJAMHU  OTJIMYAEeTCd  HHU3KOH
CTOMMOCTBIO OOOpYIOBaHUS, BO3MOKHOCTHIO BBITIOJHEHHS] HAIJIABKH BPYYHYIO.
Pyunas HamiaBka ycTymaeT aBTOMAaTHYECKHM M MOJIyaBTOMAaTHYECKUM CIIOoco0aM 1o
CKOPOCTH BBIMIOJIHEHUSI TMpOLECCa, OJHAKO OHAa HMEET pAl MPEUMYIIECTB,
o0ecreunBamIIUX el BechMa IMUPOKOE PACHpPOCTPAHEHHE CPEeIU BCEX H3BECTHBIX
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CIIOCOOOB HAIJIABKM YEPHBIX M I[BETHBIX METAUIOB: 1) BO3MOXKHOCTh HAaIUIaBKU
U3NIeTUN CIIOKHOW (OpMBI; 2) BO3MOXKHOCTH BBIOOpA HAIJIABOYHOTO MaTepuala,
HanOoJIee MPUTOIHOTO JJIT KOHKPETHOTO HAa3HAYCHHS, W3 IIUPOKOTO aCCOPTHUMEHTA
MOKPBITBHIX HAIUJIABOYHBIX JJIEKTPOMIOB; 3) TPaHCIOPTAOETHLHOCTh O0OpYIOBAHMS,
MO3BOJISIONIAS BBIMOJHATh HAIUIABKY B TOJIEBBIX YCIOBHUAX; 4) 3KOHOMUYHOCT,
YHUBEPCAIBHOCTD U MPOCTOTA 000PYAOBAHUSI.

Puc. 3. Cxema snexkmpody2060ti Haniaexku
NOKPbIMbIM 91€KMPOOOM:
1 — wnaxosas kopxa; 2 — ceapounas
8anHa, 3 —ocudKull waak, 4— oyea;

5— anexmpoounas oomazka, 6—

P ’ e : Hanﬂaequblﬁ Mamepuajl

PannonanpHas o01acTh IPUMEHEHUS] PYYHOUM TyrOBOW HAIIaBKU MOKPBITHIMU
AIEKTPOJAMU — YIPOYHEHUE padOUYMX OPraHOB CTPOUTETBHBIX U JOPOKHBIX MAIIHH,
JeTanel TOpHO-METaUypruueckoro o0opyAoBaHus: OyJIbJIO3EPHBIX U TPEHAEPHBIX
OTBAJIOB, 3yObEB KOBIIEH AKCKAaBaTOPOB, YEPIIAKOB 3€MCHApsIOB, Ieneil OypoBbIX
MallyH M JAp. MNOpd HEOOJbIIOW MPOTSHKEHHOCTM IIBOB B Pa3IMYHBIX
IIPOCTPAHCTBEHHBIX MOJOKEHUSX.

Hannaexa nopowkogoi camozawummuou npogonokou. Jns ycTpaHeHUs

HEJOCTaTKOB, MPUCYILMX HAIUIABKE MOKPBITBIMU 3JIEKTPOJAMH, MOJYYHIN Pa3BUTHE
CHOCOOBl  MOJyaBTOMATHMYECKOM M  aBTOMATHYECKOW HAIUIABKU  MOPOILIKOBOU
npoBosiokoit (pue. 4). Ilociennsss mpencraBiasier coOOW CTadbHYIO 000JIOUKY,
3allOJIHEHHYIO IIUXTOHM, KOTOpas BKJIIOYAET MOPOIIKH JIETUPYIOIIUX AIIEMEHTOB,
IUTAK000pa3yrolre U ra3000pa3yroiue KOMIIOHEHTHI, PACKUCIUTEIH.

Hannaska noo cnoem ¢hnroca. CymHocTh mpoliecca JTyroBOM HarulaBKH IO

cioeM (iroca 3aKiIrovaeTcs B IPUMEHEHUH HEMOKPHITON HAIllIaBOYHOW MPOBOJIOKU U
IpaHyJUPOBAHHOTO (pIFOCca, HACBHIAEMOrO BIIEPEAU AYTH CJIOEM OIpeaesieHHON
tonuuHbl (pUC. S). HammaBky BemyT ayroi, ropsimed moa cioeMm ¢uiroca B
IIPOCTPAHCTBE Ta30BOT0 My3bIPsi, 00Pa3yIOLIETroCs B PE3yJIbTaTe BBIACICHUS ApOB U
ra3oB B 30He Oyru. CBepXy IMy3bIpb OIpaHUYEH IUIEHKOM pacIIaBIE€HHOI'O LUIAKa,
CHU3y — CBapouHOU BaHHOM. HamnaBka noa cioeM ¢iroca IpoBOANUTCS IUIABSIIIUMCS
AIIEKTPOJOM aBTOMATUYECKH WIIM PEXKeE MOTYyaBTOMATUYECKH U OTJIMYaeTcs Hanbosee
BBICOKOM POU3BOAUTEIBLHOCTBIO OT AIPYTUX JYTOBBIX CIIOCOOOB.
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44
3
of | 4
7 5 6
A

Puc. 4. Cxema sn1exkmpo0y20601i HANIABKU CAMO3AUWUMHOU NOPOULKOBOL NPOBOJOKOLL:
a - nopowkogas wiuxma, 6 - memaniuyeckas ooonouxa,; | - oonocnovinas npogonoxa,
Il - 0syxcnoiinas nposonoka; 1 - obpabamvisaemasn nogepxnocms, 2 - noO0arOuull
Mexauusm, 3 - NOPOUIK08asi NPOBOIOKA; 4 - MOKON00800, 5 - deKkmpuyecKkas oyea;
6 - pacnnasnennsiti winax; 7 - 3ameepoesuinii uLiaxk

d

Puc. 5. Cxema snexkmpody2o60ti Haniagxu
/2 noo cioem garoca:

J 1 - nooarowuti mexanuszm, 2 - HaN1ABOUHBIU
E % ' 5 " 971eKkmpo0; 3 - MOKON00B800;
4 - epanynuposannslil ¢haroc;

5- pacnnasnennvlil ioc,

6 — 3ameepoeswuii gharoc;

LS — PRI X )
//, 2\ 44-1;'4."4%’41
A#///AV////,W//////,'///A

] 7

7 - Hannagnenmwlil ciou, 8 — c8apoUHaAs
sanna, 9 - 2azoswiil nysvips, 10 — dyea

DJIeKTPOLIAKOBasi HamiaBka. HamnmaBka »THUM crmocoOOM TMpOTEKaeT B
YCIIOBHSIX HENMPEPBIBHOW MOJAYH 3JIEKTPOAHON MPOBOJIOKH (WJIH JIEHTHI) BHYTPHU CIIOS
pACIUIaBJICHHOTO 1IUIaKa, a IUIABJICHWE MUX NPOUCXOAUT 3a CYET TEIJIOTHI
AIEKTPOCONPOTUBIICHHUS MPHU MPOMYCKAaHUU TOKA Yepe3 CIOM paciiaBIeHHOTO (iiroca
MEK]ly OCHOBHBIM METAJIJIOM U HAIlJIABOYHBIM JIEKTPOJIOM.

K nmnpeumymiectBaM croco0a 3JIEKTPOLUUIAKOBOM  HAIUIABKU  OTHOCHUTCS
cienyrouiee: 1) SKOHOMUYHOCTh HAIUIABKM BO3pPACTA€T NPH YBEJIUYEHUH TOJIIMHBI
HAIUIaBIIIEMOT0 CJosA (MPUMEHEHHE MHOTO 3JIEKTPOAHBIX TOJOBOK OOECHedHnBaeT
HAIUIaBKy  cJosi  OOJbIION  TONMIIMHBI  0€3  CYIIECTBEHHOTO  YBEIMYEHUS
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MPOJIOJDKATEILHOCTH HAIUIABKH); 2) MEHBIIE pacxXoj IUIaKa, YeM IPU JTyrOBOU
HariaBke 1o GirocoM; 3) BO3MOKHOCTh HAIUIABKU BBICOKOYTIIEPOIUCTHIX B APYTHX
MaTepHaoB, 00JIaIAlOIINX BHICOKOW YYBCTBUTEIBHOCTHIO K 00OpPa30BaHUIO TPEIIHH,
9TO 00€CTeUunBaCTCsI HU3KOH CKOPOCTHIO OXJIAKICHUS HAIUIABICHHOTO MeTaiia; 4)
OTHOCHUTEJIbHAS IIPOCTOTA IPOoIlecca HaIlJIaBKH.

DJIEKTPOIIJIAKOBYI0  CBapKy OCYIIECTBISIOT OOBIYHO B  BEPTHKAJIBLHOM
TIOJIOXKCHUH CBAPHOTO MmIBa. )11 3JIEKTPOIIIaAKOBOK HAILJIaBKH MPUMEHSIETCS CIIOC00 ¢
HIDKHUM TIOJIOKCHHEM 3JICKTPOJa C UCIOJIb30BAaHUEM JICHTOYHBIX JJICKTPOIOB, Kak
MOKa3aHO Ha PHUC. 6.

Puc. 6. Cxema snexkmpouinaxogoti
Haniasxku: 1 — nooarowuti Mexanusm,
2 — HanJ1a8OYHbILL MAMepuall,

AN W NN

3 — moKkono0800-MyHOWMYK;

4 — epanynupo8aHHbIll ULLAK,
S — wnaxkoeasn 6anwHa;

[

6 — C6ApPOYHAs BAHHA,

x

7 — obpabamuvleaemas NOBEPXHOCb,

8 — nannasnennvii memaini,

i 9 — kopouxa wnaka
Hannasku

Hannaexa 6 cpede 3awumnuix 2azos. Ilpu nyrosoii HariaBke MPUMEHSIOT JBa
cnoco0a ra3oBOW 3allMTHI: CTPYHMHYIO MECTHYIO 3alllMTy M OOyl 3allluTy B
KaMmepax.

[Ipu HamaBke CO CTPYHHOM 3alIUTON OOECIeurnBaEeTCs 3allUTa TOJBKO 30HbI
pacruiaBiieHHus. Bo3MoXkeH nozicoc Bo3lyxa B PEAKIIMOHHYIO 30HY. [loaTOMy ¢ TOUKH
3pE€HUS 3aIIUTHl BAHHBI €€ HEJIb3s ITPU3HATh COBEPIICHHOM. [{J1d yJIydlIeHHs 3a1nThI
B psle CiydaeB OCOOCHHO TPU HAHECEHWU TMOKPBITHA W3 aKTHBHBIX METAJIJIOB
IPUMEHSIOT MECTHBIC Kamephl (PHE. 7).

lInazvennas Hannasxa. HannaBka 3TUM cIOCOOOM BKJIIOYAET BOZHUKHOBEHHUE

MEXIY OCHOBHBIM METAJNIOM M JIJIEKTPOJOM TOPEIKU (KaTOIOM) 3JIEKTPUYECKOM
nyry, o0ecneyuBarolleld mepexo] B IJIa3MEHHOE COCTOsHUE pabodero rasa,
oAaBaeMoro B 30HYy Jayru. Ilpm »d3ToM H3 coma TOpPEIKH HMCTEKAeT
BBICOKOTEMIIEpAaTypHasi  IUIa3MEHHasi  CTpys, oOecrneuuBaromias  IJIaBJICHHUE
HaIIaBOYHOro Marepuana (pue. 8). Jlist oOpa3oBaHMs IUIa3Mbl HCHOJIB3YIOT CMECh
renust (75%) ¢ apronom (25%), a B KauecTBE 3aIUTHOTO ra3a MPUMEHSIOT aproH.
[Ipu HamIaBKe B yCIOBUAX MONEPEYHBIX KOJIEOAHUH MJIa3MEHHOW TOPEIKH MMOTYYaroT
BAJIMK IIAPUHOM 10 64 MM. B kauecTBe HAINIaBOYHOIO MaTepHasla HMCIOJIb3YIOT
KOPPO3MOHHOCTOMKYIO CTallb, HUKEJb U €T0 CIUIABbI, CIUIABBI MEIU U JP.
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2 n Puc. 7. Cxema snexkmpodyzogoii
HAanuasKu 6 cpeoe 3aujumHblx
‘ 2a308.
%% \ fesoroforagore: = 1 — ocnoenoti 3awumusiii 2as;
p : W = 2 — conno; 3 — Kopnyc Mecmuou

Kamwmepwl, 4 — cemka;

“ w5 - Jononnumenvhwiil 3aUUMHbLLU

v
—

7% v 43
> 255555

LLLLLLLLLLLLLLLLLLLY

N

eas; 6 — HANIaeIAeMblll Mamepua,
1 — HannaeieHHoe NoKpsvimue

Puc. 8. {yeosvie niasmennvie
20penKU NPAMO20 (@) U KOC8EHHO20
(6) oeticmaus:

1 — 6onvghpamossiii kamoo, 2 —
oyea, 3 — conno, 4 — kanan conna;

S — Hannagnsiemolil mamepuai, 6 —
niaasmenHas cmpys, 7 —

HANAGIEeHHbIU ClIoU

JlazepHass HamjgaBka. Jlng a3epHOM HAIUIaBKM, KOTOpas aKTUBHO
Pa3BUBAETCS B MOCIEIHUE TOAbl, IPUMEHSIOTCS UMITYJIbCHBIE TBEPIOTEIbHBIE JIa3€PhI
MW Jla3epbl HENPEPHIBHOTO JEWUCTBUSL C AKTHUBHBIM D3JIEMEHTOM, 3aIllOJIHEHHBIM
YTJIEKHUCIIBIM Ta30M C J00aBKaMH a30Ta.

B coBpeMEHHBIX TBEpPAOTENBHBIX  JIA3€PHBIX  CBAPOYHO-HAIJIABOYHBIX
YCTAHOBKaX B KAaye€CTBE AKTHUBHOIO AJIEMEHTa HCIOJIb3YIOT ONTHUYECKOE CTEKIIO C
MPUMECHI0 HEOJMMa WM JPYTHX PEAKO3EMENbHBIX 3JIEMEHTOB. DTO MO3BOJIAET
MOBBICUTH BBIXOJHYIO MOIIHOCTh WU3JTy4Y€HHUs. TBEpAOTEIbHBIE JIa3ephl JJIsl CBapKU-
HAIJIaBKK pa0OTalOT B MMIYJbCHOM W HMMIYJIbCHO-TIEPUOJUIECKOM PEKHUME
u3nyucHus (puc. 9, a, 0).

['a3oBbIe CcBapouHble Ja3zepbl o00jagaloT ©OoJiee BBICOKOW  BBIXOJIHOMU
MOIITHOCTBIO M PabOTaIOT B HEMPEPHIBHOM W HUMMYJbCHOM pexumax. [II10THOCTH
SHEPTHH B IITHE HArPEeBa OueHb BbIcoKa u nocturaet 10° Br/cm® u Goiree.

®opMUpOBaHUE CBAPHOIO COEIMHEHHUS MPU JIA3€PHON HAIUIaBKE OCHOBAaHO Ha
TEIIOBOM 3(¢eKTe NpH BO3AECUCTBUU Ja3€PHOTO HU3IYUYEHHUS Ha HEMpPO3payHbIe
Cpelbl.
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Puc. 9. Cxema paouanvroui (a) u mopyesou (6) razepuoii Haniasku. B nuosicneti vacmu
PUCYHKA (8) NOKA3AHO NPOOOIbHOE CeyeHUe C8APOYHOL 6AHHbL NPU IA3EPHOU HANLABKE
nOpouwiK08o2o cnaasa: 1 — nopowkogulil HanaagouHwvll Mamepuai, 2 — oopabamsvieaemas
nosepxHocms, 3 — Kpucmaiiuzamop, 4 — uziyueHue onmuiecKo20 KeaHmo8o2o
eenepamopa, 5 — napo2a3oswiii Kanau, 6 — naazmeHusii gaken, 1 — ceapoynas 6anna,
8 — nannasnennwlll cr0tl

[Ipy nazepHOM W3IyYEHUM IUIOTHOCTBIO MOIIHOCTH BBIIIE KPUTHYECKOU
OCYILECTBIISIETCS HArpEeB MaTepuanga CO CKOPOCTBIO, 3HAYUTEIBHO ITPEBBIIIAOIIECH
CKOpPOCTh OTBOJA TEIUIOTHI 3a CYET TEIIONPOBOAHOCTU. [Ipm 3TOM mpoucxomsr
IPOLECCHl JIOKAJIBHOTO IUIABJIEHUS MaTepuaia, BCIEACTBHE uero (opmupyercs
CBapOYHas BaHHA.

Cxema (opMHpOBaHMS HAIUIABJIEHHOIO CJIOsl IIOKa3aHa Ha pue. 9, B.
CapouHasi BaHHa UMEET XapaKTepHYIO (POpMYy, BRITIHYTYIO B HAIIPABJICHUU CBApKH.
B ronoBHOM 4acTH BaHHBI PACIIOJIOKEH KAaHAJ WMJIM KpaTep 5, 3alO0JIHEHHBIA ITapaMu
MeTajula. Jta o0jacTe Hambosee sipkoro cBedeHus. Ha nepeanell creHke kaHana
o0pasyeTcs 0N pacIuIaBJIEHHOTO0 METajula, KOTOPbIM MepUoANYECKH IepeMeaeTcs
cBepXy BHM3. IlepeHOC pacIuIaBIIEHHOTO MeTaula U3 NOJIOBHOM 4acTH B XBOCTOBYIO
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MPOUCXOJUT MPEUMYIIIECTBEHHO MO OOKOBBIM CTEHKaM KaHasia. B XBocTOBOW 4acTu
BaHHBI PACIUIABJICHHBIM METAJI 3aBUXPAIOIIMMUCS MOTOKAMU MOJHUMAETCS BBEPX U
YAaCTUYHO BBIHOCUTCSI HA MOBEPXHOCTh CBAapOYHOM BaHHBL. Haj MOBEPXHOCTHIO
CBapOYHOM BaHHBI HAOIOMAETCS SAPKO CBETsIIEECs 00JaKo — TUIa3MEeHHBIN (aken 6,
pa3Mepbl U SIPKOCTh CBEYEHHUSI KOTOPOTO MEPUOAUYECKU HM3MEHSIOTCA C 4aCTOTaMHU
nopsiika coTeH repil. [Ipu 3HAYMTEIBHBIX CKOPOCTSAX JIa3epHOM cBapku daken
OTKJIOHSIETCS B CTOPOHY, MMPOTHUBOIIOJIOKHYIO HaIllpaBJIeHUIO cBapku, Ha 20-60°.

OCHOBHOM HEJIOCTATOK JIA3epHOM HaruiaBku — HuU3kue 3HadeHusa KII/]
yctaHoBOK (1-3% st TBepaoTenbHbiX U 10-30% nmsa ra3oBbiX) U HEOOIbIIAS UX
BbIx0Hass MOITHOCTH (15-2000 Bt). O6nacTh nmpuMeHEHUs Jia3epHOM HaIJIaBKUA —
W3TOTOBJICHUE PEXKYIIEr0O HMHCTPYMEHTA, YMNPOYHEHHE padodYuX MOBEPXHOCTEH
KJIAIAaHOB JIBUTATEJIe BHYTPEHHETO CropaHus, MECTHOE YMNpPOYHEHUE pPabouux
MOBEPXHOCTEH  IITAaMMOB M  JIPYTMX TSOKEIO HAarpyK€HHbIX JeTajied B
TPYAHOAOCTYITHBIX MeCTaX. BO3MOXXHOCTH 3TOr0 METO/ia HEMPEPHIBHO BO3PACTAIOT U
pACIIMPSIOTCA.

2.4. [InakupoBaHue

[Ipoumecc 3ammTBl MOBEPXHOCTM OCHOBHOI'O METAJUIa WM CIUIABa APYTHM
METauioM (CIUIaBOM), YCTOMYMBBIM K arpecCUBHOWM Cpele U MEXaHUYECKOMY
BO3/ICICTBUIO, HA3bIBAIOT IJIaKupoBaHueM. COEIMHUTH ABa MeTaula MEXay coOoM
MO’KHO JINTHEBBIM, a TAKXkKe MPOKATHBIM U Hele()OPMHUPOBAHHBIM TUTAKUPOBAHUEM.

T'opsiuee morpys;keHmne (JUTHEBOE IUIAKUPOBAHUE) — OJUH U3 CaMbIX CTApBIX
METOJOB IIOJIy4YEHHUs MOKPbITUNA. Kak mpaBuiio, 3TUM METOJAOM IOJIYy4arOT ITOKPBITHS
U3 JIETKOIUIABKMX METAJUIOB: LIMHKA, OJIOBA, AJIIOMHHHUSA U JAp. C LENbIO 3aLIUTHI OT
Koppo3nn. OAHAKO CTaIM, OLMHKOBAHHBIE TOPSYUM IIOIPYKEHHEM, HMEIOT
MTOBBIIEHHYIO MU3HOCOCTOUKOCTh BCIICACTBUE o0Opa3oBaHUs TBEPAOTO
poMeKyTOYHOro Fe-Zn ciosi.

IMnakupoBanue mnpokarkoil. Haumbombiiee mnpuMEeHEHUE HAXOIUT CIOCO0
COBMECTHOW MPOKATKH JBYX METAJUIOB, U3 KOTOPBIX OJUH BBIMOJHSACT (DYHKITHIO
3alUMTHOrO ciosi. JUIs TIakupoBaHHWS IPUMEHSIOTCS METAJUIbl WJIM  CILUIABHI,
oOnamarorye Xopoield cBapuBaeMoCThi0. K HHM OTHOCATCS YIJICPOAMCTHIE U
KMCJIOTOYTIOPHBIE CTaJIM, NYpPajJlOMHUH, CIUIaBbl MeIHW. B KadecTBe IUIAKUPYIOIIETO
MaTepuasa UCIOJIb3YIOTCS HEPHKABEIOIINE CTAIM, aIFOMUHUN, HUKEIb, TUTAH, TAHTAJ

u JIp.
CBapka B3pbIBOM. Becbma 3(p(GEKTUBHBIM HCTOYHUKOM JHEPTHH IS

COEMHEHMsI OCHOBBI C TMOKpBITHEM siBisieTcs: cuia B3pbiBa (pUC. 10). Ilpuyem c
IOMOILBIO B3pbIBA MOXHO COEIMHATH METaUlbl, KOTOpPbIE HMHA4Y€ COEIHHHTH
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HEBO3MOXKHO. [Ipu cBapke B3pHIBOM COEAMHEHHE OCYIIECTBISETCS B pe3yJibTare
BBI3BAaHHOTO B3PHIBOM COYAAPEHUS OBICTPOABMKYIITUXCS COCTUHICMBIX JIeTaJICH.

Ha xectkom ocHoBanuu 1 (pue. 10, @) ycraHaBiIMBaKOT OJHY U3 CBapHUBACMBIX
IJIaCTUH 2. BTOpyo miactTuHy 3 pacnoniararoT MoJ YIiIoM K MIOCKOCTH IUIACTUHBI 2.
Ha nmoBepxHocTu muactuHbl 3 pacrnojiarator 3apsa 4 u aeroHatop 5. B kauectse
3apsfia UCTOJIB3YIOT TeKCOTEH, 00eCIeUnBaIOIIUi CKOPOCTh AeToHanuu 6600 m/c u
naBiaeHue 12,7 TH/M. B3peIB ocymiecTBiIg€TCS € MOMONIBIO JETOHATopa I,
pacIoyoKEHHOTO Ha Kparo IactuHbl 3. CoelMHEHHE MaTepuana MOKPBITHS C
OCHOBOW 00pa3yeTcs TOJ NECWCTBHEM JaBJICHHUS B3PBHIBHOW BOJHBI Ha IJIACTHUHY-
MOKpBITHE 3, MPIKUMAIONIEH ee C OrpOMHOM cuioW K rmiacTuHe ocHoBe 2. Ilpu
COYJIapEHUM IIJIACTUH MEXIYy HHUMHU oOpasyercs KyMyJsTUBHas (HampaBJICHHAas)
CTpYs, KOTOpask pa3pylliaeT Ha CBOEM MyTH U YHOCUT C COCIMHSIEMBIX MOBEPXHOCTEN
OKCHU/JIHBIE TIJIEHKU U APYTU€ MOBEPXHOCTHBIE 3arpsi3HeHusd. [Ipy c:kaTum KOHTaKTHBIX
MOBEPXHOCTEH  MPOUCXOJUT HEKOTOPOE B3aUMHOE CMENICHUE HUX  OJHOM
OTHOCUTEJIBHO Jpyroil. B pesynbTaTe yKa3zaHHBIX SBJICHUN oOpa3yeTcsi CBapHOE
COeIMHEHNE. OJTOT CHnoco0 HAHECEHHS TMOKPHITUA MOXHO NPUMEHATH JUIs
M3TOTOBJICHUS 3arOTOBOK IMPHU MPOKATKE OMMETAIIIOB, TJIAKUPOBAHUHU MOBEPXHOCTEHN
KOHCTPYKIIMOHHBIX CTaJIe MeTallaMd M CIUIaBaMH C OCOOBIMH (DU3UYECKUMU U
XUMHUYECKUMH CBOMCTBAMH.

TosmuHa IakKupyIoMIEero cyios cocrasisieT oT 3 10 60% (uare Bcero — 20%)
TOJIINHBI OCHOBHOTrO MeTauia. [lodydaemble ABYXCIIOWHBIE MaTepuaibl MOTYT
MOJIBEPraThCs BCEM BUAaM 00pabOTKH.

a 6 8

Puc. 10. Cxema naaxuposanusi memania Memooom C8aAPKU 83PbIBOM:
a — N0020MOBKA C8APUBAEMBIX INEMEHMO8, O — CBAPKA 83DbIBOM, 8 — 00pabomKa
oasnenuem noiyyeHno2o bumemannia; 1 — scecmkoe ocnosanue; 2 — oopabamuléaemast
nosepxHocms, 3 — mamepuas NOKpvimus, 4 — 83pvleuamoe geujecmaeso, 5 — 0emoHamop

2.5. Hanbuienne nokpbiTHii. O011asi XapaKTepUCTHKA

3HAUUTEIbHOE MECTO B TEXHOJOTMU BOCCTAHOBJICHUS M IOBEPXHOCTHOT'O
YHOPOYHCHUA IMOJYUYHUIIM MCTOJAbl HAHCCCHUA HOKprTI/Iﬁ HAIIBIJICHHUCM. CYH_IGCTBYIOT
ABC PA3HOBU/IHOCTHU 3TOr0 Iponecca. B MEPBOM CJIydac HAIBIJICHUC OCYHICCTBJIIAIOT
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ra3oJJMHaMMYE€CKUM METOJOM 4YacTHUIlaMH MaTtepuajia mokpeitus pasmepom 10-150
MKM. Bo BTOpom — 00pa3oBaHue MOKPHITHS TPOUCXOANUT MPY MTOHMKCHHOM JIaBIICHUN
3a CYeT KOHACHCAIIMN aTOMOB WJIM MOHOB Ha TTIOBEPXHOCTHU M3EIHS (IETaIIH).

JIByx(da3HbIli Ta30MOPONIKOBEI MMOTOK MOXKET HMETh TEMIIEPaTypy HIDKE
TEMIIepaTyphl PEKPUCTALIM3AIMN HaAMbUIIEMbIX YacTull. B »3ToM ciyyae Mmeron
HAIbUICHUS SIBJSIETCS XOJOJHBIM Ta30JMHAMHYECKUM HambuieHueM. [Ipornecchr
HaIbUICHUS, B KOTOPBIX YACTHUIBI MOTOKAMH TOpPSYUX Ta30B Pa3orpeBaroOTCs 0
TEeMIIepaTyp IIaBICHUS, HA3bIBAIOTCS TA30TEPMUUYECKUMU.

I'azorepmuueckoe HanbuieHHe. [Ipy HaHECEHWHM TMOKPBITUA METOAAMU
ra30TePMHYECKOTO HANBUICHHUS MAaTepuaj IOKPBITUS IOJBEPralOT HArpeBy |
IJIaBJICHUIO KAKUM-THM00 UCTOUHUKOM TEIIOTHI, @ 3aT€M JUCHEPTUPYIOT U Pa3TOHSIOT
ra3oBbIM ITOTOKOM. Ha MOBEPXHOCTH M3AENHS WM OCHOBBI HAIBUIEMBIA MaTepHal
IIOCTYIIAaeT B AUCIEPIMPOBAHHOM COCTOSSHUM B BHUJEC MEJIKHUX PACIUIaBICHHBIX WU
IIaCTU(ULIMPOBAHHBIX YaCTUL, KOTOpPbIE, yAapsAich O Hee, IehOpMHUPYIOTCS U
3aKpEIUISIIOTCS, HAKJIAbIBasICh OJJHA HA APYTYIO U 00pa3ys CIOMCTOE MOKPHITHE.

JIns  momydeHHMss  ra30TEPMHUYECKUX  ITOKPBITUM  CIIOKHOTO  COCTaBa
HEOOXOJMMbIE KOMIIOHEHTBl 3apaHee BBOJAT B HaNbUIAeMble 4YacTUlbl. B
3aBUCHMOCTH  OT HCTOYHHMKA TEIUIOTHl  Pa3M4aloT  CIEAYIOIIME  METOJBI
ra3oTepMUYECKOTO  HAHECEHUs IOKPBITHM:  DJIEKTPOAYTOBYK)  METAJUIA3ALUIO,
ra3oIyIaMEHHOE  HaIlbUICHWE, JE€TOHAUMOHHOE WIM  JIETOHAIMOHHO-Ta30BOE
HalbUJICHWE W IUIa3MEHHOE HalbUleHue. B Hacrosmiee BpeMs pa3BUBACTCA
ra3oTepMUYECKOE HAHECEHHWE IIOKPBITUM IMPU  [OHW)KECHHOM  JAaBJICHUU B
KOHTpOJMpyeMol arMocepe WM B JUHAMHUYECKOM BaKyyMme, IOCKOJBKY
pa3pexeHue CO3JaeTCsi MHTEHCUBHOW HENPEPBIBHOW OTKAuKOM aTMoc@epbl Kamephl.
OTOT IpoLECC B IEPBYIO OYEpPENb NPUMEHSIOT IS IUIA3MEHHOTO HAIbUICHUS H
JIyTOBOM METAJIN3ALUH.

[TpuMeHsTh ra30TepMUYECKUE MOKPBHITUS BBITOJHO MpPH JHOOBIX MaciTabax
IIPOU3BOJICTBA — oT WHJVBUAYaJIbHOTO 17} MaJIOCEPUINHOTO 10
BBICOKOITPOM3BOUTENILHOTO aBTOMATU3UPOBAHHOTO. Bricokyto 3¢ dexTuBHOCT U
YHUBEPCAIBHOCTh 3THUX METOJOB OMNPEACIAIOT CIEAYIOIIME MPUHLUUNHAIBHBIE HX
OCOOEHHOCTH:

1) BO3MOXHOCTh HAHECEHUS] MOKPBHITUNA W3 Pa3IMYHBIX MATEPUAJTIOB: YHMCTHIX
METAJUIOB U CIUIABOB HA MX OCHOBE, MHTEPMETAUIMIAHBIX COCIMHEHUH, OKCHUJOB,
OpraHWYECKUX BEUIECTB M pAla APYIMX MaTepuaioB, B TOM YHUCIE B Pa3JIMYHBIX
COYETAHUSAX;

2) BO3MOYKHOCTb PETYJIMPOBAaHUA B POLECCE HANIBUIEHUS COCTaBa MaTrepuaia u
CTPYKTYpBl MOKPBITHA OT OOBIYHON 1O MEJKOKPUCTAIUIMYECKOH M aMOp(HOH, YTO
JOTIOJIHUTEIBHO COOOIAET UM KOMILJIEKC YPE3BbIYailHO IEHHBIX CBOWCTB;
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3) moJsiydeHHe TMOKPBITHMM Ha CaMbIX pa3HbIX KOHCTPYKIUSAX U Marepuaiax:
MeTajuiax, CTeKJIax, KepaMUKe, IIacTMaccax, TKaHsAX, Oymare u T. I1.;

4) orcyrcTBHue nedopmaruu M MOHWKEHUS MPOYHOCTH H3ACIHS, HA KOTOPOE
HAHOCUTCSI TIOKPBITUE, MOCKOJIbKY, Ha TMbIJICHUE HE BBI3BIBAET €r0 CYIIECTBEHHOTO
HarpeBa;

5) BBICOKasI IPOU3BOIUTEIHLHOCTh FA30TEPMHUUECKUX METOIOB HAIbUICHUS (115
Pa3IMYHBIX TpolieccoB Koebsercs oT 1 1o 20 Kr/4 pacnbUIEHHOTO MaTepHuaa).

C mnoMOuIpl0 COBPEMEHHOW TEXHOJOTMM HAHECEHHUS Ta30TepMUUYECKHUX
MOKPBITUH MOKHO PEIIaTh PsJl BAXKHBIX 3a/1a4 MAIMHOCTPOCHUS, B MIEPBYIO OUYEPEh
K HUM CJEAyeT OTHECTHM BO3MOXKHOCTh IOJYYCHUS MATEpUATOB M TOKPBITHH C
YHUKaJIbHBIMU CBOMCTBaAMHU, KOTOPHIE HEOOXOAUMBI J1JI Pa3BUTHSI HOBOM TEXHUKHU.

Memannuzayusi _nanvlienuem 3aKiIO4aeTcss B TOM, 4YTO Ha 3apaHee

MOJTOTOBJICHHYIO TTOBEPXHOCTH JIFOOOW (hOpMBI HAHOCST METAJUIMUYECKOE MOKPBITHE
IIyTEM pAaCHbUICHUS >KUJIKOIO MeETajula CTpyed cxaroro Bosayxa. Jlinsg srtoro
MCMOJIB3YIOTCS CENUAIBHBIE arnapaThl — METAJUIU3aTOPBI.

B 3aBUCMMOCTM OT MCTOYHMKA TEIUIA, HCIOJIb3YyEMOrO Uil PACILUIABICHUS
METAJJIA, PA3JIMYaOT Ta30BYH0, JJEKTPUYECKYI0 M IUIA3MEHHYI METAJUIM3ALHUIO.
Mertamn MOXeT MOoJaBaThCs B ammapaTr B BUAE MPOBOJOKH, MOPOIIKA WU JICHTHI.
HauGonbiee pacnpocTpaHeHHE TOJYYMIA METAJIM3aTOPhl MPOBOJIOYHOTO THIIA,

MCHBIICC — ITOPOIUIKOBEIC.

7 100 - 200 mm

+

+
503— it Puc. 11. Cxema npoyecca
YZ TR 9/IeKMPO0Y2080U MEMALIU3AYUU

+

+

3

Ha pme. 11 nana cxema HamplIeHUS METajuia ¢ TTOMOIIBIO 3JIEKTPOIYTOBOTO
anmnapara. /[Be npoBosoku 1, mpeaHa3zHauYeHHBIC JUIsl PACIIABJICHUS, HEIPEPHIBHO CO
CKOpPOCThIO 2,5-3,5 M/MUH TIONAlOTCS B HAMPABISAIONIME HAKOHEUYHUKH 2 TpHU
MOMOIIIA POJMKOB Tojaroniero mexanusmMa 3. KoHIBI TpPOBOJOK, BBIXOAS U3
HAKOHEYHUKOB, MEPECEKAIOTCA M PACIUIABIISAIOTCS B dJiekTpuueckor nyre 4. Ctpys
cxaroro 10 400-700 klla Bo3ayxa BBIXOAUT M3 COIJIAa S, PaclbUIIET METAJUT Ha
MeJIbYalIliie YacTUIlbl, KOTOphIE, ABUTAsACh B CTPyE BO3JyXa cO CKopocThio 75—200
M/C, TIOTIaIat0T Ha TTOBEPXHOCTh OCHOBHOI'O MeTajuia 6, o0pasys CJIOW MOKPBITHS 7.
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Pasmepsr uwactuiy KojieOmoTcs B OdYeHb mmpokux mnpeaenax (10-70 mxm) B
3aBUCHUMOCTH OT PEXKUMa METaJUIU3allMU U CBOMCTB MeTaJLja.

K nocTtonHCTBaM MeTaiM3allid OTHOCUTCS BO3MOXXHOCTh HapallliBaHUs Ha
IIEHKU BaJIOB MAIlIMH, CTAHWHBI CTAHKOB U JAPYTHUE JIETAJIA CJIOS CTajlu TOJIIUHOMN 110
15 MM u Goiiee ¢ TpeOyeMbIMU (HU3UKO-MEXaHUUECKUMU cBoicTBaMu. HaHocs ciou
METaJUIOB CO CHEIUaJIbHBIMA CBOWCTBAMHM, MOHO TIOBBICUTH HE TOJIBKO
MU3HOCOCTOMKOCTh JIeTaleil, HO U JPYyrue SKCIUTyaTallMOHHBIE CBOWMCTBA, HANpUMED,
KAPOMPOUYHOCTh U  KOPPO3UOHHYIO CTOMKOCTh. IlepBoHauanbHble CBOMCTBA
OCHOBHOI'O METaJlJIa BCJIECTBUE HE3HAYUTEIBHOCTH HArpeBa B MPOLIECCE HANBUICHUS
HE HU3MEHSIOTCS. JIOCTOMHCTBOM METaUIM3allMK SIBJISIETCS TaKXKe CpaBHUTENIbHAs
IPOCTOTA U MaJlasi CTOUMOCTB 3TOT0 CIIOCO0a yIPOYHEHHUS.

K  OCHOBHBIM  HENOCTAaTKaM  METAJUIM3allMM  OTHOCATCS:  XPYNKOCThb
HAaHECEHHOTO CJIOS; HE BCErjJa JOCTaTOYHAsl MPOYHOCTh CLEIUICHHS C OCHOBHBIM
METaJIOM; CHUYKEHUE MEXaHUYECKON 1 0COOCHHO yCTAIOCTHOM MPOYHOCTH JICTAJICH.

Lasonnamennoe Hanviienue. OOOOIIEHHAs cXeMa Ipollecca ra3oriaMeHHOTO
HaITbUICHUS TIOKa3aHa Ha pUe. 12. ['oprounii ra3 v KUCIOPOI, peKe BO3AYX, 3 MOJAOT
B CMECHUTEIbHYIO KaMmepy, W3 KOTOpPOM roproyas CMeCh IOCTYyNaeT B COIUIOBOE
YCTPOMCTBO W Jajie€é Ha BBIXOJE M3 HEro mnojpkuraerca. Tak oOpaszyercs daken
ra3oBOro 1jiaMmeHu 4.

] 7 Puc. 12. Cxema npoyecca
: 2A430NJIAMEHHO20 HANbIICHUSL:
30 - 100 mm

- 1 — nanvinsemsiii nopoutox,

\\j \X e M k 2 — mpancnopmupyowuil 2a3
k\\\\ e

(azom); 3 — cmechb eoproue2o

7

il ol e =~ St e 2a3a u Kucnopooa,
AR g = P e oty 1 ,
J T — . - - _u/f/vﬁh?? 4 — ¢haken; 5 — nokpvimue;
PG RS \
J 5 F 6 — obpabamuvleaemas
b nogepxHocmao

Pacnbuisembiii Matepuan B BHJIE€ TOPOIIKA WM IPOBOJIOKH (CTEpxKHEH)
MO/IAFOT IO OCH Ta30IUIaMEeHHOM CTpyH. Takoit crmocob mojgayu crnocoOCTByeT OoJee
VHTEHCUBHOMY HarpeBy M pacIbUIEHUIO MaTEpHUala.

Inazmennoe nanwinenue. CO3I[aHI/Ie H&I[G)KHOﬁ TCXHUKHN TI'CHCPUPOBAHHA
HHSKOTGMHepaTypHOﬁ IJ1a3MbI IIO3BOJINJIO OJII HAHCCCHHUA HOKpBITI/Iﬁ HUCIIOJIB30BAaTh
IJIa3MOTPOHBI. B HACTOAIICC BpEMS 3TO OAWH M3 HauoOoee Pa3BUTLIX ITPOLECCOB
TUIa3MEHHOM 06pa6OTKI/I, HEC TOJBKO HOSBOJI}IIOHII/Iﬁ YHOPOUYHATE ITOBCPXHOCTH
KOHCTPYKIMOHHBIX MAaT€puaJioOB, HO H I[aI-OIIII/Iﬁ BO3MOXHOCTBh CO3JaBaTb HOBBIC
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KOMITO3UIIMOHHBIE MaTepHallbl U TMOKPBITUS, KOTOPbIE HE MOTYT OBITh IMOJYYEHBI
JIPYTUMU METOIAMHU.

JInsi HaHeCeHWs] MOKPBHITHS TJIa3MEHHBIM HaIbUICHUEM MaTepHal MOKPBITUS
BBOJISIT B CTPYIO IUIA3MEHHOTO CTOJI0A JYTH, IJI€ OH HAarpeBaeTcsl U yCKOPSIETCS IO
HaIIpaBJICHHUIO K OCHOBE.

Ilnazma — 3TO 4aCTUYHO WJIM MOJHOCTHIO MOHU30BAHHBIA Ta3, COCTOSIINNA U3
MOJIOKUATENIBHO U OTPULIATENIBHO 3apsKEHHBIX YACTHUIl, CYMMAapHBIN 3apsl KOTOPBIX
paBeH Hymo. HocutenssmMu 3apsgoB B IUIa3ME€  SBJSIOTCS  BJIEKTPOHBI U
MOJIOKUTENIbHBIE HWOHBL. Hapsigy ¢ HOHaMM W S3JEKTPOHAMH B IJIa3ME MOTYT
COAEPKAThCSI HEMOHU3UPOBAHHBIE aTOMBI WJIA MOJIEKYJIbl. MeX Iy MIa3Mon U razom
TPYAHO TPOBECTU PE3KyI0 rpanuily. Ilnazma moguuHsieTcss OOJBIIMHCTBY Ta30BBIX
3aKOHOB U BEJIET ceOsl BO MHOTUX OTHONIEHUSX Kak ra3. OJIHaKo OHa OTJIMYaeTCs OT
raza »dJEKTPONPOBOAHOCTBIO M B3aUMOJCHUCTBHEM C MArHUTHBIMHA MOJsMH. B
JYTOBBIX IJIA3MEHHBIX pactbUTUTENSAX (PUC. 13) MCTOYHMKOM HarpeBa rasa sSBISETCS
Jyra, Topsiias MEXAy BOJOOXJIAXKIAEMBbIMH JJIEKTpoaamMu. B BepxHel dYacTu
IJIa3MOTPOHA PACIIONAraloT CTEPKHEBOM AJEKTpoJ 7 W3 BoJb(pamMa WM JPYyroro
TYrOIUIAaBKOIO0 MeTa/la. B HMKHEN 4acTh HaXOAMTCS SJIECKTPOJ B BUAE COILIOBOTO
yCTpOMCTBa 6, KOTOPBIM OOBIYHO M3rOTABIMBAIOT U3 Meau. MHOraa mpuMEHSIOT
BCTaBKM M3 TYIOIUIaBKMX M TEIJIONPOBOJHBIX MeTaIoB. K ayekTpomam moaBoasT
HaIpsHKEHUE OT MCTOYHHMKA MOCTOSHHOTO TOKa. [Ipm »TOM waiie Bcero BhIOMparoT
NpsMYyI0 TIOJISIPHOCTh («MHHYC» Ha CTepKHEeBoM »dJektpone). [lpu oOpartHOM
MOJISIPHOCTH 3HAYUTEIBLHO BBILIE TEMJIOBBIE HATPY3KH HA 3JIEKTPO/I.
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6’\ T - 50 - 150 mm
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Puc. 13. Cxema npoyecca niazmenno2o nopouko8020 HanvlleHus.:
1 — nrazmoobpazyrowuti eas; 2 — HanvlisieMolil NOPOULOK, 3 — MPAHCNOPMUPYIOWULL 2A3;
4 — nokpwimue,; 5 — obpabamvieaemasn nosepxHocms, 6 — mMeOHbIll ano0; T — 801bDPAMOBbLI
Kamoo; 8 — cucmema oxXaaxcoeHus

[Topommok mojar0T B paadadbHOM HAMPABICHWHW B PA3HYHBIE YYaCTKU
IUTA3MEHHOTO PAaCHbUIMTENS: B IJIA3MEHHYIO CTPYIO HIDKE cpe3a cormia (Ha cpes
CoIula) WJM HEMOCPEJACTBEHHO B coruio. Hambonee addexTrBHa momada B COILIO
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BBIILIE PACIIOJIOKEHUS aHOJHOTO (WJIM KAaTOAHOrO) mATHA. Takyro mojpady HOpOIIKa
Ha3bIBAIOT JOAHOJHOW WM B CTOJO Ayru. [Ipym BBICOKOM SHTaIbIUU IUIa3MEHHOU
CTPYH IOPOILIOK YCIIEBAET MPOIPEThCA IIPHU MOJAaYe €ro Ha cpe3 comuta. M3BecTeH psan
CII0CO0OO0B OCEBO 1M01aYM MOPOILIKA.

Hemonayuonnvie  nokpvimus  TOJYyYarOT €  I[OMOLIBIO  YCTAaHOBKH,
IPUHLIMIIKATIbHAS CXeMa KOTOpOo npuBeeHa Ha pUC. 14. OHa cOCTOUT U3 OTKPHITOrO
C OJHOrO KOHIIA CTBOJIA 2, MEXaHU3Ma I0JIay¥ HANbLIAEMOTO MOpOIIKa 7, Ta30BOU
KaMepbl, B KOTOPOW PETYIMPYETCA IoJada TOPHYEr0 M HEUTPAIbHOIO Tra3oB U

WHULIMUPYETCSI B3PBIB C MOMOIIBIO cBeun 3axkuranus 4. IIpoiiecc 1eTOHAIMOHHOTO
HalnbUICHUA — UHUKIMYeckuil. M3 kamepsl 3 CTBOJ 2 3alOJHSAETCS CMECHIO Ta3oB,
CIIOCOOHBIX JAeToHupoBaTh (pUC. 14, a). TpancrnopTupyronmM razoMm — a3oToM 5 B
CTBOJI MOJAETCA 3a/IaHHAas MOPLHUS HAMBUIIEMOT0 MOPOIIIKA, MTOCIE YEro 3aKPhIBACTCA
3atBop 6 (puc. 14, 6); olHOBpEMEHHO BBIPAOATHIBACTCS WHUIMUPYIOMINI UMITYIIbC,
KOTOpBIN TMOJaeTcss Ha cBedy 3axuranus 2 (puc. 14, B). Bosnukaromue mpu
BOCIUIAMEHEHUHU TOPIOYErO ra3a TEIUIOBBIE BOJIHBI MOPOXKIAOT YAApHYIO, a 3aTEM U
JIETOHALIMOHHYIO BOJIHY.
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Puc. 14. Cxema npoyecca
0emoHaAYUOHHO20 HANBIIEHUS:

a — nooava 20pioue2o 2asa,

6 —nooaua nopyuu nopouwKa,
8 — BOCNIAMEHEHUE 20pIoYe20 2a3d,
2 — npo0y6Ka cmeoa UHEPMHBIM 2a30M
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[Ipy wucreyeHHH MNPOAYKTHl [NETOHAIMM B BHJIE CBEPX3BYKOBOW CTpyH
YBIEKAIOT HaMbUISIEMbIE YacTHUIbI, KOTOpPbIE HArpeBalOTCsI U  YCKOPSIOTCA.
®opmupyercs AByX(da3HbII MMOTOK, COCTOSIIHMI W3 MPOAYKTOB JACTOHAIIMU W
HanbUISIEMbIX YacTull. [Ipy 3TOM MOryT MMeTh MECTO MPOLECChl UX IUIaBICHUS U
WCIIAPEHHUS.

[Ipy HambUIEHUH MATEPUATIOB OJJHOPOJIHOIO XMMHUUYECKOTO COCTaBa, HaIlpuMep
METaJUIOB WJIM OKCHUJOB, MOKPBITHE MOXKET (POPMUPOBATHCS KaK M3 MPaKTUYECKU
MOJIHOCTBIO PACIUIABJICHHBIX YAaCTHUI, TaK W M3 CMECH pAaCIUIaBICHHOTO H
HEpaCIUIaBIICHHOTO MaTepuasnoB. [Ipu HambUIEHMM HEKOTOPHIX KOMITO3UIIMOHHBIX
MaTepuaioB, Hanpumep TBepAoro craBa BK, HanbuieHue oCyecTBasSETCs U3 CMECH
pacCIIaBICHHOTO KOOaJIbTa M TBEPBIX YACTHUIl KapOuaa BoJibppama.

B Teuenune omnoro mukia (0,2-0,5 ¢) Ha MOBEPXHOCTh OCHOBBI TIEPEHOCUTCS
30—40 Mr pacmpLIsIEMOTO BeImIecTBa. [ Oprodeil CMEChIO CTBOJI BHOBB 3arlOJHSICTCS
MOCJIE MPEABAPUTEIIBHON TPOTYBKH MHEPTHBIM Ia30M, UCKIFOYAKOIINM BO3MOKHOCTh
CaMOITPOU3BOJIBHOTO BOCIUIAMEHEHHSI MPH KOHTAKTE C TOPSYUMHU MPOLYKTAMHU
netonaruu (puc. 14, 1).

[IpenmyiecTBa 1€TOHAIIMOHHBIX MOKPHITUNA MO CPABHEHUIO C MJIA3MEHHBIMU U
ra3orjlaMeHHbIMU ~ OOBSCHSAIOTCS  CYIIECTBEHHBIM  OTJIMYHMEM  MeEXaHu3Ma
dbopmupoBanus TOKPHITUA. ONpeNensionlyr0 pojib UrpaeT TO, YTO B KOHIIE
NBYX(a3HOTO TMOTOKA COCPENOTAUYMBAIOTCS HaWOOJIee KPYITHBIE HEMpPOIIaBICHHBIC
YaCTHI[bI, KOTOPbIE B3aUMOJICUCTBYIOT C TIOKPBITHEM, C(HOPMUPOBAHHBIM U3 HACTHII,
BXOJISIIIMX B HAyajo W CEepeauHy IMOTokKa. B pesynpraTe mMmeroT mMecTo 3((eKTsI
aOpa3WBHOTO BO3JCHCTBUS U yAApPHOTO MPECCOBAHUS, YBEIUUYUBAIOUIUX TJIOTHOCTH
yke c(OPMUPOBAHHOTO MOKPHITUA. YKa3zaHHbIC A(D(PEKTHl MOTYT MPOSIBISATHCS U TIPU
B3aUMOJICUCTBUU JBYX(a3HOTO TIOTOKA C TMOKPBITUEM, CHOPMUPOBAHHBIM B
pe3yabpTare NpebIAYyIIEero BEICTPeENa.

Enie ogHUM CylIeCTBEHHBIM OTJIMYMEM JE€TOHAIIMOHHOTO HANIBUICHUS SBJISIETCS
3HAYUTEIHLHO OOJBINas KOHIICHTPAIUS YaCTUIl B MOMEHT (DOPMHUPOBAHUS TTOKPBHITHS
M0 CPABHEHHIO C TUTA3MEHHBIM. JTO, B YaCTHOCTH, YCUJIMBAET MposBieHue dddexra
yAapHOro mpeccoBaHus. bosiee BbICOKHE, YeM TIpU IUIA3MEHHOM HalbUICHUU,
CKOPOCTH YacCTHI[ JeJal0T BO3MOXXHBIM BBIJICJICHUE 3HAYUTEIBHON HSHEPTUM MPU
yaape. B pe3ynbrare npoucXoauT MOBBIIIEHUE TEMIIEPATYPhl YACTHUI] U TEMIIEPATYPHI
B 30HE KOHTaKTa, a 3TO JejaeT BO3MOXHBIM HAMbUICHHE MEJIKOIUCTIEPCHOTO
nopoika (~1 Mkm).

HaHeceHue MOKPBHITHHA MCHIAPEHUEM M KOHAECHCAUeld B BaAKyyMe BIICPBbBIC
OBLIO MPUMEHEHO ISl MOJIy4eHUs TOHKUX IIeHOK (0T 1 10 10 HM) B onTudeckoi u
PaAMOTEXHUYECKON MpOMBIIIUIEHHOCTH. KoHeHcanuelh MO)KHO HaHOCUTh MOKPBITHS
CJIOHOTO cocTaBa. JlJis 3TOro CMEMIMBAIOT MOTOKH Mapa pa3HbIX KOMIIOHEHTOB HIIU
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CO3LAIOT YCIOBUSA JUIsl CHHTE3a BEIIECTBA IOKPBITHS IYTEM XUMHUYECKOIO
B3aMMOJICHCTBHS TAPOBOr0 MOTOKA C OKpY’Karolie atMochepoil pa3pexeHHOTo rasa.
Hanpumep, Takum criocoO0oM Moay4yaroT HOKPHITHS U3 OKCHI0B, KapOUI0B, HUTPHUIOB
U JPYTUX COEAMHEHUN.

CxeMa mporecca BaKyyMHOIO KOHACHCAI[MOHHOI'O HAIBUICHUS IOKPBITHN
npeJcTaBieHa Ha puc. 19.

Puc. 15. Obobwennasn cxema

npoyecca 6aKyyMHO20 KOHOEHCa-
YUOHHO20 HANbLIEHU NOKPLIMUU.
1 — pacneinsemsiii mamepuarn;
2 — Kamepa UCMOYHUKA SHEP2UU;
3 — ucmounuk suHepeuu; 4 — cucmema

cmabunuzayuu u GoxycuposKu
9Hep2emuyecKoeo NOmoKda,
5 — nomok snepeuu; 6 — nomok
HANBLIAEMbIX YACTUY;

7 — obpabamuvleaemoe uzoenue;

8 — noxpvimue; 9 — sodooxaadicoa-

emulti mueens,; 10— pabouas kamepa,
v 77 11 — omkauka; 12 — 6600 akmugHvlx
24308

[TokpbITHA MPU BaKyyMHOM KOHJIEHCAITMOHHOM HaIbUICHUU (HOPMUPYIOTCS U3
MOTOKA YaCTHUIL], HAXOASAIIMXCS B aTOMapHOM, MOJICKYJISIPHOM HWJIM MOHU3UPOBAHHOM
cocTosiHUAX. [lOTOK wYacThll MOMYy4YarOT pacHbUIEHUEM MaTepHalia MOCPEICTBOM
BO3JCUCTBUS HA HEr0 PA3JUYHBIMH SHEPreTHYECKMMU HCTOYHUKaMH. [[ns nenen
MOABOAA DHEPTUM K PACHBUIIEMOMY MaTe€pUally UCIOIb3YIOT PE3UCTUBHBIA METOJ,
BBICOKOYACTOTHBIN MHAYKIIMOHHBIM U DJIEKTPOAYTOBOW HArpeB, a TAKKE BO3JACHCTBUE
JIA3€PHOTO U DJIEKTPOHHOIO JIyYeH, SJIEKTPUUYECKUN pa3psaa u Ap. B 3aBucuMoctu ot
KOHIEHTPAIIMM TOJBOJAUMOM SHEPrUM  PaA3IMYalOT PaCHbUIEHUE HAHOCHUMOIO
Marepuaga METOJlaMH: TEPMHYECKOTrO UCIApEeHUs, B3PBIBHOIO HUCHAPECHUS-
pacnbUICHUS W MOHHOTO PacCIbUICHHUS TBepJaoro marepuana. IIpomecc BakyymMHOTo
KOHJICHCAI[MOHHOTO HANbUICHHS MPOBOJAT B KECTKUX TE€PMETUUYHBIX Kamepax MpH
nasrennn 13,3-1337° [la. Brarogapst 9ToMy 06eCIedYHBACTCS HEOOXOMMMAs [JTHHA
CBOOOHOTO Mpobera HAMBLIIEMbIX YaCTHIl U 3alUTa UX U OCHOBHOTO MaTepHaya oT
B3aMMOJICHCTBUS C Ta3aMM, COCTABIISIIONIMMU BO3AYIIHYIO atMocdepy. BreneHnue B
KaMepy aKTUBHBIX Ta30B MO3BOJSIET MEPEUTH K COCO0Yy BaKYyMHOTO PEaKI[MOHHOIO
HalbUJIEHUs MOKpbITUN. Hampuisiemple 4acTUIbl B TMOTOKE WM Ha TOBEPXHOCTH
KOHJICHCAIlUM BCTYNAlOT B XUMHUYECKOE B3aWMOJIEUCTBUE C AKTUBHBIMH Ta3aMu
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(KMCIOpOIOM, a30TOM, YTrapHbIM Tra3oM M Jp.) U 00pa3yloT COOTBETCTBYIOIIUE
COEJIMHEHHUS: OKCHUJIbl, HUTPUIbI, KApOUIbl U 1.

B oOmem ciyyae ABWXKYIIEH CHJIOW NEpPEeHOca 4YacTHUI] B HAMPABICHUU K
MOBEPXHOCTU HAIIBUICHUS SIBJIAETCS PA3HOCTh NApLHUAIBbHBIX JaBICHUN MMapoOBOU
da3el. Haunbonee Bbicokme JnaBieHus mnapa, gocturatomme 133 ITla u Oornee,
HaOIIOA0TC  BOJM3M  TOBEPXHOCTH  paclbUieHUs  (MCMapeHus). ITO W
0OyCJIOBIIMBAET MEpPEMEIICHUE YaCTUIl B HANpPaBICHUU HANBUIIEMOIrO W3JENus, T
JIaBJICHUE TTapOB MUHUMAJBHO.

[IpenmyiiecTBa BaKyyMHOTO KOH/IEHCALIMOHHOTO HAITBUICHHUS CIEAYIOIIHE:

1) MOKPBITHSI UMEIOT BBICOKUE (PU3HKO-MEXAHUUECKUE CBOMCTBA;

2) BO3MOXHO TMOJYyYE€HHUE TMOKPBITH M3 CUHTE3UPOBAHHBIX COEAMHEHHI
(kapOu0B, HUTPUIOB, OKCUIOB U JP.);

3) NOKPBITHSI MOKHO HAHOCUTH B BUJI€ TOHKUX M PABHOMEPHBIX CIIOEB;

4) MOXHO HaHOCHUTb B Ka4eCTBE MOKPBHITUHA IIMPOKUNA KJIAaCC HEOPraHMYECKHUX
MaTepHalos;

5) TEXHOJIOTUYECKHE TIPOLECCHI, CBSI3aHHBIE C BAKYYMHBIM KOHJACHCAIIMOHHBIM
HaIlbUICHUEM, HE 3arps3HSIOT OKPYKAIOIIYI0 Cpely M HE HapyIIalT 3KOJIOrHio. B
TOM OTHOIIEHWH OHHM BBITOJHO OTJIMYAKOTCA OT XUMHYECKHUX U JIEKTPOIUTHUECKUX
METO/I0B HAHECEHHSI TOHKUX MOKPBITH.

K HenocTaTkaM METOA0B BAKyyMHOT'O KOH/ICHCAILMOHHOI'O HAITbUICHUS CIIEYET
OTHECTH:

1) HEBBICOKYIO MPOU3BOAUTEIBLHOCTD MPOLEcca (CKOPOCTh KOHAEHCALIMK OKOJIO
1 MKM/MUR);

2) NOBBIIEHHYIO CII0)KHOCTb TEXHOJOTUH U 000PYI0BaHUS.

2.6. MeToa BAKYYMHOI'0 HOHHO-TVIA3MEHHOT' 0 HATIBLJICHUS

VloHHO-JTydeBbIE TEXHOJOTHH TPEOYIOT NMPUMEHEHHS BaKyyMHOW TEXHHKH,
BBICOKMX YCKOPSIOIIMX HANpPSOKEHHH M B MAIIMHOCTPOCHHUH CTalld  IIHPOKO
UCIOJIL30BaThCSA HE TaK JaBHO. [10 Mepe COBEpIIICHCTBOBAHUS BaKyyMHON TEXHUKH,
CHIDKCHHsI ¢€ CTOMMOCTH M IIOBBIIICHUS HAJEKHOCTH, MPUMEHCHHE BaKyyMHBIX
WOHHO-TIJIA3MEHHBIX TEXHOJIOTUH B MPOMBIIIJICHHOCTH HAOMPAeT XOJ M CTAHOBHTCS
Bcé OoJsiee mepcreKTHBHBIM. [109TOMY paccMOTPUM 3Ty TEXHOJIOTHIO, BKITIOYAIOIIYIO
B HACTOSIIIEE BPEMS YKe IEIYI0 TPYIITY METOI0B, OoJiee oIpoOHO.

OdeBHIHBIC TMPEUMYIIECTBA 3TOH TPYIIBI METOJOB BKJIFOYAIOT JIETKOCTh
yIpaBJICHUSI TYYKOM 3apsDKCHHBIX YaCTHIl, BO3MOXXHOCTh PAa3rOHATh HX [0
NPaKTUYECKH JF000H HEOOXOMMON SHEPTUH U JIETKO M3MEHSATh BUJ HMCIOJIb3yEeMbIX
WOHOB,  MCKIIOYHWTEIbHYK)  YHCTOTY  METOAOB,  BOCIPOU3BOAMMOCTH U
KOHTPOJUPYEMOCTh TapamMeTpoB 00pabdoTku. CTerneHb HEOOXOAMMOIo BaKyyMa
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OTpeNeNsaeTCs CpPEeIHEeH IJIMHOW CBOOOJHOTO MYTH 4YacTHI[ M TpPeOOBaHUSIMU K
YHCTOTE IONYYACMBIX TOBEPXHOCTHBIX CTPYKTYD. [Ipu Oasienuu nopsoka 10~ Ila
CPeoHssl ONUHA CB0O0OHO20 Nymu 4acmuy ucqucisemcs mempamu. B 3aBUCUMOCTH
OT DHEPTrUU HCIOJIB3YEeMBIX YAaCTHIl MPEOOJIaalOMUMHA OKA3bIBAIOTCS IPOIIECCHI
OCaKIeHUs MOKPBITHI (3HEPTUS 10 -107" JIx = 6,25 — 625,0 3B), pacnblieHust
obpadarbiBaemoii momepxmocrn (107° — 10 Ix = 625 — 6250 »sB),
uvmaantammn (107 — 107 Tk = (6,25 — 62,5) - 10° 5B).

Kpatko ocTaHOBMMCSI Ha OCHOBHBIX METOJaX HOHHO-Ty4eBOW 0OOpabOTKH
MaTepHaIOB.

1. BakyyMHoOe ucnapenue. MeTos He 00s13aTeIBHO CBS3aH C UCTIOJIb30BaHUEM
HOHOB, HO HCTOPHYECKU SIBHJICS IEPBBIM METOJAO0M (OPMHUPOBAHUS IOKPHITUH B
BaKyyMe, U YMECTHO YIOMSHYTh O HEM XOTS Obl B CpaBHUTEIbHOM Iu1aHe. CyTh
METOJIa CBOJUTCS K OCAKJCHHIO MapoB Marepuana. Co3gaHue BbICOKOI(P(HEKTHBHBIX
ANIEKTPOHHBIX  IyIIEK, OOCCIEeUMBAIONINX  BBICOKHE CKOPOCTH  HCHapeHHs,
3HAYNUTEIHHO PACIIMPHIO BO3MOXKHOCTH MeToaa. [[OMHMO AJIEKTPOHHBIX ITyIIEK
WCITOJIB3YIOTCSl HarpeBaTeld W3 TYrOIUTABKUX METAUIOB. BBeneHHe B BaKyyMHYIO
KaMepy HEOOJBINX T0OABOK XMMHYECKH aKTHBHBIX T'a30B MO3BOJISET (HOPMHUPOBATH
MOKPBITHST OKCHJIOB, HUTPHJOB, KapOUIOB M T. J. DHEPTHS OCAXKTACMBIX YaCTHII
COOTBETCTBYET XapaKTEPHBIM 3HAYEHHUSM SHEPIUU TEIUIOBBIX KOJeOaHUU aTOMOB, a
CKOPOCTb OCQXJICHUS MTOKPBITHH JOCTUTACT JIECATKOB M COTEH MUKPOMETPOB B Uac.

2. MoJekyjasipHasi 3nuTaKkcusi. B 3ToM MeToe MCTIOBb3YIOTCS TEPMUUECKU
TCHCPUPOBAHHBIC MOJICKYJISIPHBIC IIYyYKH B YJIBTPABBICOKOM Bakyyme. Poct
MOKPBITUS ~ OCYIICCTBIIICTCS  TMOCJICAOBATECIBHBIM  OCKICHHUEM  OTIEIBHBIX
MOHOCJIOEB M TPHBOAUT K (POPMHUPOBAHUIO CJIOS, SMHUTAKCHAIBHO CBS3aHHOTO C
JASKAIMAM HUXKE KPUCTAUIMYCCKUM MaTepuaioM. TOJIWHA TOKPHITHH MOXET
JOCTUTATh HECKOJIBKMX MHKPOMETPOB. MOJCKYISIPHYIO SIHTAKCHIO IIHPOKO
MIPUMEHSIIOT JIJIs1 BRIPAIIUBAHMS TJICHOK B MUKPOAJICKTPOHHUKE.

OmHako  BBICOKass  CTOMMOCTh M CIIOXKHOCTH  IIpoIlecca;  HH3Kas
MPOU3BOJAMTEIILHOCTh, TPYAHOCTH  TIOJyYCHHsI XOpOIIEH  aare3ud  JejaaroT
NPUMEHEHUE METOJa IS TIOJYYCHHS HM3HOCOCTOMKHMX TIOKPBITHH HE CIUIIKOM
MEPCTIICKTUBHBIM.

3. OcaxjeHnne mMocpeacTBOM MOHHOIO pacnblienusi. [Ipu B3aumoneincTBun
BBICOKOHEPIeTHYECKOr0 MOHA C aTOMaMM TBEPJAOro Tejla MPOUCXOAUT Iepeaaya
PHEPTUM C COOTBETCTBYIOIIMM BO30YXKIEeHHEM aToMoB. Eciu B030yXIeHue
MPOUCXOUT B HEMOCPEACTBEHHOW OJIM30CTH OT MOBEPXHOCTH TBEPAOTrO Tela, a
AHEprusi BO30YKJICHHBIX aTOMOB BEJMKa, HAOJI0IaeTCsl PACIbIIICHUE TTOBEPXHOCTH.
B o01iem ciiydae moTOK OCa)KJjaeMbIX Ha HAINbUIIEMYIO JeTajlb YaCTHIl MPECTaBIISIET
co0olf CMeCh aTOMOB M HMOHOB PacHbUISIEMON TMOBEPXHOCTH U OOMOApAUPYIOMIUX
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yacTtull. I(PPEeKTUBHOCTD Mpoliecca omnpeaensercss Ko3QpEGUIUEHTOM UM BBIXOAOM
pacIbUICHUSI, PABHBIM KOJMYECTBY BBIOUTHIX AaTOMOB B pacyeTe Ha OAUH
HaJeTalMMil MOoH. BBIXOJ pacnbUIeHUS! CIOXKHBIM O0pa3oM 3aBUCHUT OT DHEPTUH
WOHa, yIJa €ro TMaJeHHs, MaTepuajla MHIICHU | Tomorpaguu o0IydaeMon
noBepXHOCTU. IOHHOE paclbUIeHHE MCIOIb3YETCS ISl OCAXACHUS METaUIMYeCKUX
U KEepaMHUYECKUX IIJICHOK, CIJIABOB NMPAKTUYECKHM Ha JIOOBbIE MOMJIOXKKH. DHEPrus
OCaXAEMBIX YACTHI MOXeT gocturats 107 JIx = 6,25 3B u BbIllIe, OJTHAKO HE
BCETJla ATOW PHEPruu JIOCTATOYHO JIsi 0OECeUeHUs] XOpOIlIeld aJAre3u MOKPBHITUMA.
CKOpOCTh pOCTa MOKPHITUH OOBIYHO COCTABIISIET CIUHUIIBI M JIECATKH MHUKPOMETPOB
B yac.

4. HoHHO-MJIa3MEeHHOE HAanblIeHHe. B HEKOTOpOM CMBICIE€ HOHHO-
IJJa3MEHHOE HANbUICHWE AaHAJOTHUYHO HWOHHOMY pPACHbUIEHUIO, HO HUMEET
HEOCIIOPUMBIE MPEUMYIIECTBA C TOYKH 3PEHUS KAYECTBA MOJYYAEMBbIX MOKPBITHA.
OcaxaeHue BeleTcss U3 IUla3Mbl Ha JI€Tallb, HAXOASUIYIOCA IMOJ OTPUUATEIbHBIM
MOTEHIWANIOM, 3HadeHHe Kotoporo gocruraer 10° B. Mexny m3menneM u 3a-
36MJICHHBIMU YacCTAMH YCTAHOBKHM CO3Ja€TCS TJCIOIIMN pa3ps]l B MHEPTHOM Tase,
OOBIYHO aproHe, HaxXOMSIIeMCs IOJ JaBJICHUEM B €AWHUIBI Tackaneil. Paspsn
oOecrieurMBaeT OYMUCTKY TIOBEPXHOCTH 3a CUET pAaClbUICHUS OKUCHBIX U
ajcopOnMoHHbIX cnoeB. [locime OYMCTKM MaTepuan TOKPBITUS HCHapsSeTcs |
BBOJUTCS B 0OJIACTh paspsfia C TMOCIHEAYIOIMIMM OCAXKIECHHEM Ha TMOBEPXHOCTH
u3aenus. Meron TMO3BOJSET MOJydaTh IUIGHKM PABHOMEPHON TOJIIUHBI U
MEJIKOJIUCTIEPCHON CTPYKTYPBI C XOpOIlIeW aare3uer K noanoxke. CyllecTBEHHOE
OTpaHUYCHHUE METO/Ia, CBSA3aHHOE C MOJYUYCHHEM MapoB TYTOIJIABKUX MaTEpHUaoB U
COCIMHEHUN CII0)KHOTO XMMHUYECKOTO COCTaBa, B 3HAUUTEIBHON CTENEHU CBSI3aHO C
pa3BUTHEM MAarHeTpOHHOTO pacnbUieHus. K HegocTaTtkaM HOHHO-TIIA3MEHHOTO
HaIbIJICHUS MOYXHO OTHECTH OOJIBIIIOE YMCIIO MapaMeTPOB, aKTUBHO BJIMSIONIUX HA
CTPYKTYpPY U CBOMCTBA IMOJY4YaeMbIX MOKPBITUM. DTO JIeNaeT 3aa4y ONTUMHU3AIUU
TEXHOJIOTUYECKOT0 Mpoliecca CI0KHOU, TOAYacC HEPA3PEIIUMOil.

5. Nonnas mmmiaantanusa. CyTh METO/Ia BeCbMa MPOCTA U 3AKIHOYAETCA B
MOBEPXHOCTHOM 00pabOTKe Wu3JeNusi HOHAMHU C DJHEpPrued, I0CTaTOYHOM IS
BHEJIPCHUS B MOBEPXHOCTHBIE CJIoU Matepuaia. [loporosasi sHeprusi, BbIlle KOTOPOIt
HAYMHACTCS BHEAPEHNE HOHOB, coCTaBIsieT mpuMepro 3-107° ik ~ 20 oB. ['my6una
MPOHNKHOBEHHs mOpHu sHeprud uactum 107° — 1077 Jix = 6,25-62,5 5B He
MPEBBINIACT HECKOJIBKUX MEXKATOMHBIX paccTosiHUN. OOBIUHO paccMaTpPHUBAIOT TPU
SHEPreTHYeCKHX IMANa3oHa MOHHON MMIUIAHTALMM: HU3KOdHepreTHueckas (107 —
1071 JIx = 62,5-625,0 3B), uMIutanTanusi HOHOB CPETHUX YHEPTUN (10_15 -0 Jx
= (6,25-62,5)-10° 5B), BbICOKOPHepreTryeckas umiuiantamus (107 [k = 6,25-10°
5B u Bblmie). B KkauecTBe TEXHOJOTUM, WMEIOIIEH TMPOMBIIUIEHHOE 3HA4YEeHHE,
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VOHHYIO MMIUIAHTALMI0 HA4YaJd IPUMEHATh B MMKpPOIJIEKTpoHMKe. Kak meron
MOJIy4YeHUS] HM3HOCOCTOMKMX MATE€pUajoB, HOHHAs HWMIUIAHTAlWUd WHTEHCHUBHO
pa3BuBaercs, HaunHasg ¢ 1980-x romom. Ilpenmocbuikamu 3TOTO pa3BUTHUS CTAIU
CO3JaHHE BBICOKOIPOU3BOIUTEIBHOIO OOOPYAOBaHUS ISl TOJYYEHHS] OOJBIIMX
KOHLIEHTpalUil IPUMECHBIX aTOMOB, HAKOIUICHUE [AaHHBIX O BJIMSHUM HOHHOIO
JIETUPOBAHUS Ha CTPYKTYpy M CBOHCTBa oOpabarbiBaeMbIX MarepuanoB. Hambonee
NIEPCIEKTUBHON B MAalIMHOCTPOCHUH CErOJHS MPEACTABIACTCS UMIUIAHTALMS WOHOB
cpennux oSHepruil. OOOpyAOBaHHME M BBICOKOXHEPIETUYECKON HMIUIAHTALUN
OCTaeTCs CIOKHBIM U JoporuM. Huskosneprerndeckas umriantanus 3¢p¢GekTuBHa B
coueTaHuu ¢ AUP(Y3MOHHBIM OTKUTOM JIJIsl JIETUPOBAHUS TIIyOOKHX CIIOEB.

6. Mmmia"nTtauusi aToMaMd OTHA4Yd W HMOHHOEe IepeMelIUBaHHe. OTH
METO/Ibl SIBJIAIOTCS Pa3HOBUIHOCTSIMU MOHHOW MMIUIAHTALMM U OCHOBAaHbI Ha TOM,
4ro 3((EeKT U3MEHEHUsT CBOWCTB CBsI3aH C BHEAPEHUEM HE MEPBUYHBIX
BBICOKOOHEPIe€TUYECKUX HOHOB B JIETMPYEMBIM MaTepual, a aTOMOB OTJa4yH,
HanpuUMep, U3 TOHKOM IUIEHKH, MpEeABapUTEIbHO HAHECEHHOM Ha oOpalaThiBaeMoOe
uzgenue. B pesynpTaTeé BO3MOXKHO Ul IOJIYYEHHs Pa3IM4YHBIX CIUIABOB
MOJIb30BAThCS OJHUM M TEM K€ UCTOYHUKOM U COPTOM HMOHOB, HAIPUMEP TAKEIBIM
WHEPTHBIM T'a30M. DPPEKTUBHOE JETMPOBAHUE U NEPEMENIMBAHUE TOCTUTAIOTCS MPU
Oojee HUBKUX [103aX W DJHEPrusX, YeM B METOJAE NpsIMOM HMMIUIAHTALUH.
Cy1miecTBEHHbIN HEAOCTATOK MMIUIAHTALIMM aTOMAMH OTJA4M — pPACIbUIEHUE MOBEP-
XHOCTHOW IUIEHKH MpH OOMOapIHUpOBKE MNPEOJ0JIEBACTCS C Pa3BUTHEM METO/a
JTUHAMUYECKOI0 NIEpPEMEIINBAHUs, KOra IOBEPXHOCTh OJJHOBPEMEHHO MOJBEPIacTCs
BO3JICHCTBHUIO MTyYKa MOHOB BBICOKOU 3HEPIMU M ATOMOB MJIM HU3KOIHEPTreTUYECKHUX
VOHOB JIETUPYIOLIETO BEIIECTBA.

7. CoBMelleHHbIe MeTOAbl (OPMHPOBAHUS MNOKPBLITHHA. JTa Trpymnmna
METO/IOB MOJpa3ymMeBaeT (POPMUPOBAHUE MOBEPXHOCTHBIX MOKPBITHI B YCIOBHSIX
OJTHOBPEMEHHON OOMOapIUPOBKH IMYYKOM BBICOKOIHEPTETHUECKUX HWOHOB HIIU
CEPHIO TOCJEN0BATEIBHBIX ONEpaluid OCaKAEHUS U UMILIaHTauuu. OCHOBHAs Hjes
paboT MO COBMEILIEHHBIM METOJIaM — COEAMHUTH MPEUMYIIECTBA TEXHOJIOTMUYECKUX
MPOLIECCOB HAIIBUICHUS U JIETUPOBAHMUSI.

Texnonozusa 6aKyymMHOU UOHHO-NIAA3MEHHOI 00padOmKU.

N3 nepeducneHHbIX OCHOBHBIX METOJIOB HMOHHO-JIy4eBOM  00pabOoTKH
MaTepuajoB B HACToOsIIee BpeMms Hauloiee IIUPOKO TMPUMEHSETCS U HMMEET
NEPCIIEKTUBBI JATbHEUIIETO Pa3BUTHUSI TEXHOJIOTHS BaKyyMHOE MOHHO-TIJIa3MEHHOTO
HANBLJICHUS, IO3TOMY €€ CTOUT PacCMOTPETh MOApOOHEe.

C MarepuajoBeAUECKOM TOYKM 3pEHHMS OJHO M3 Hauboliee WHTEPECHBIX

SBJICHUN TpU HOHHOW HMIUIAHTALMKW — TMOJy4YeHHEe MeTacTa0mIbHbIX (a3, He
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peanr3yeMbIX TPAJAUIIMOHHBIMU crioco0aMH. TO €CTh MO TEXHOJOTHH BaKyyMHOTO
MOHHO-TUTA3MEHHOTO HAMNBUICHUS] MOTYT CO3/1aBaThCAd IUICHKM U TOKPBITHUS,
COZIEpKAIllUE  HOBble  MemacmaduipbHble  XUMUYECKUe  COeOUHEHUA  C
HEpPABHOBECHBIM (PA308bIM COCHIABOM WA TIEPECHIIICHHBIE TBEPABIC PAaCTBOPHI,
UMEIOIIMe HEOOBIYHBIE CBOMCTBA. XapaKTEPHBIM MPUMEPOM CIYKHT CHSTHE
OrpaHUYCHUM, HakJaabiBaeMbIx TMpaBmwio FOM-Po3epu Ha oOpa3zoBaHHEe TBEpIbIX
pacTBOpoB. Pasnmnuue aTOMHBIX PaJMYCOB B PacTBOpaxX, MOJy4aeMbIX METOJIOM
WOHHOM UMILTaHTaIuu, Jocturaet 40%.

DHeprusi MOHOB MHOTO OOJIbIIE MEKAaTOMHBIX B3aUMOJICUCTBUN B TBEPIOM
TeJle, W C TOYKH 3peHHs oOoOpa30oBaHUSI XUMHYECKUX COCAUHECHUM HOHHAs
MMILUIAHTAIUSl TPEACTaBIsIeT cOOOM TEPMOJAMHAMUYECKH HEPABHOBECHBIM MpOIIECC.
N3-3a TecHOTO mepeMelIMBaHusl BHEAPEHHBIX aTOMOB W aTOMOB MaTpHIbl BHYTPH
Marepuaga (TUIMWYHBIE PACCTOSIHUS MEXKIy HUMU MeHblne 1 HM) auddy3uoHHBIC
peaKkIu MOTYT MPOXOJUTh 0ojiee 4yeM B 10* pa3 ObICTpee peakluil Mpu OOBIYHOM
METaJUTyPruueCKOM CIUIaBJICHUH, TO €CTh HOHHAsl UMILJIAHTAIMS TO3BOJISIET MOJy4YaTh
(da3pl, cTaOUIBHBIE TOJBKO MPU HHU3KUX TEMIIEpATypax U CYIIECTBYIOUIUE JIMIIb
OJiarogapsi HWYTOKHO MAJIOM MOABUKHOCTUA aTOMOB UX KOMIIOHEHT.

Obopydosanue 01l uoOHHO-NAA3ZMeHHbLX  mexHono2uu.  llomydeHnue,

dbopMUpOBaHHE MOHHBIX IIYYKOB M 00pabOTKa MAaTepUalIOB MPOUCXOASIT B
CHELMAIbHO pPa3pa0OTaHHBIX MOHHOJYYEBbIX YCTaHOBKax. Pa3paboTka HMOHHO-
Jy4EBBIX YCTAHOBOK HA4alach C PEIICHUSA HCCIEAOBATEIBbCKUX 3aJady aTOMHOM M
AepHON (DU3HUKHU, PEAKTOPHOIO MATEpUAIOBEICHHSI C MOCIEAYIOLUIUM IIUPOKUM
IIPUMEHEHUEM B DJIEKTPOHHOM NMPOMBIIIJIEHHOCTH, OCBOEHHEM METOJA B ONITHYECKOM,
MEIMLIMHCKOW MPOMBIIUJIEHHOCTH, B MAIIMHOCTPOEHMH. B  3aBUCMMOCTHM OT
Ha3HAYEHUsA K YCTAHOBKE MOIYT NPEABSIBIATHCS COBEPLICHHO PA3JIUYHBIC
TpeOoBaHus. B ycTaHOBKax Uisl HCCIENOBATENbCKUX 1I€JIed HA TIEPBOM ILIAHE CTOMT
BO3MOXHOCTb  TOJIy4EHHUS  Pa3JMYHbIX HMOHHBIX  IIyYKOB, YHCTOTA  DKC-
IIEPUMEHTAIIBHBIX YCJIOBUU — COCTAaB Iy4Ka, OKPYKAIOIIEH Cpelbl, TOYHbIA KOHTPOJIb
MAaKCUMAJIBHOTO 4YHCJIA JKCIEPUMEHTAJIBHBIX IMAPAMETPOB, B IPOMBIIUICHHBIX —
HAJEKHOCTh PabOThl, MNPOCTOTAa OOCIYKMBAaHUS, BBICOKas AaBTOMATU3ALMS U
MPOU3BOAMTENILHOCTh pabouero mporecca, HU3Kas cedectoumMocTb. CylliecTBEHHO
paszHble TpeOOBaHUS MPEIBABISIOTCS K YCTAHOBKAM JJI JIETUPOBAHUS MaTEpUaJIoB
AJIEKTPOHHOMN IPOMBIIIJIEHHOCTH U MAIIWHOCTPOUTENBHBIX MarepuaiioB. B mepsBoMm
cllydae BO3HUKAIOT 0oJiee KeCTKHe TpeOOBaHMS K BOCIIPOM3BOIMMOCTH PE3yIbTaTOB
JIETUPOBAHUA, OJHOPOJHOCTH IydKa, JOMYCTUMBIM TEMIEpaTypaM HarpeBa o00-
pabaTbiBaeMbIX 00pa3LoB, BO BTOPOM — HEOOXOAMMO JOCTHIKEHHME BBICOKUX
KOHILICHTPALMM JIETUPYIOIIEW IPUMECH — EIAUHULBI M JECATKH IPOLEHTOB, a
CJICZIOBATEIIBLHO, peanu3alus BBICOKOMHTEHCUBHBIX IIYYKOB HOHOB. Jljig Inpumepa
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OTMETUM, YTO NPU HMCMOJIb30BAaHUM MCTOYHHMKA C MHTEHCUBHOCTBIO Iyuyka 1 MA u
JICrMPOBAHMK 10 70361 mopsiaka 101 mowr/cM® ckopocTh 06paGoTK cocTaBser 10
cm?/c. HeoOGXOAMMOCTh JIETHpOBAHHS fAeTaneil CIOKHOM (OPMBI  yXKecTodaeT
TpeOOBaHUS K KOHCTPYKIIMHU TPUEMHONW KaMephl, B psijie CIydyacB HE0OXOIUMO
UCIOJIb30BaHUE TPYJHO IIOJYyYaeMbIX MOHOB, HANpPUMEpP HOHOB TYIOIJIABKUX
MeTayioB. Bmecte ¢ TeM TpeOOBaHUS K YUCTOTE, CTAOMIBHOCTH M OJHOPOJIHOCTU
MOHHOTO ITyyKa MpHU JETUPOBAHUM MAIIMHOCTPOUTENIBHBIX MAaTEpUAIOB HE CTOJIb
BbICOKHM. CleACTBHEM IIMPOKOIrO AMAana3oHa TpeOOBaHWM SBUJIACh TEHJEHLUS K
pa3paboTke Bce 0osiee y3KOCIEIHUATU3UPOBAHHOTO OOOPYMOBAHMS IS Pa3TUIHBIX
BUJIOB MOHHO-TYy4€BOM 00pabOTKH.

K OCHOBHBIM »5J€MEHTaM YCTAaHOBKM HWOHHOTO JIETUPOBAHMSI OTHOCSTCS
MOHHBII HWCTOYHHUK, MaccC-CenapaTop, CHUCTEMBl YCKOpEHHS, (QOPMHUPOBAaHUS U
CKaHUPOBAHUs My4yka, KaMmepa 00padOTKH, BaKyyMHas cucrtema. B 3aBUcHMOCTH OT
KJjlacca 3ajad, JUisl peuieHHs] KOTOpBIX pa3paboTaHa yCTaHOBKA, €€ KOMIIOHOBKA U
YCTPOMCTBO OTHEIBHBIX AJIEMEHTOB MOTYT pa3iuyarhbcs. TUMUYHAsT KOMIIOHOBKA
y370B BAaKyyMHOM YCTaHOBKM C KaTOJHBIM paCHbUICHHEM [JIs HaHECEHUs
VMOHHOILIA3MEHHBIX TOKPBITUM NTOKa3aHa Ha pUE. 16, oHa coCTOUT U3!

- BaKyyMHOW Kamepbl (mo3. 1) M3 Hep)kaBewouledl cTaliu pa3MepoM

600%600 MM ¢ JBOHHOM CIUIOIIHOW PYOAIIKON OXJIaXKICHHUS,

- JIBepU BaKyyMHOW Kamepbl (1M03. 2) U3 HEp)KaBerollell cTaiu, C
YCTAHOBJICHHBIM IMMHUPOMETPOM M  KBApILEBBIM  HLTIOMHUHATOPOM C
3aCJIOHOKOM;

Kapkaca cwioBoro (mo3. 3), CBapeHHOTO W3 CTaJbHBIX TPYyO

MIPSIMOYTOJIBHOTO CEYECHUS;

TEXHOJIOTUYECKOM OCHAacTKH (1mo3. 4) ¢ JBOHHBIM IUIAHETAPHBIM
BpalIEHUEM;

IIeCTH Harpesareneh (1mos. 5);
CUCTEMBI OTKayku (mMo3. 6), BKIIOUaKIIed B ceds (PopBakyyMHBIN U

OalnacHBIN KiallaHbl;
- cUCTeMbl ynpaBiieHus (1o3. 7);
- TUJPOITHEBMOCHUCTEMBI (T103. §);
- YeThIpeX JYTOBBIX UcapuTenent (1mo3. 9);
- TpeX JIaTYMKOB HU3KOBAKYyMHBIX (1103. 11);
- KJIallaHa HalycKa Bo3Jyxa B kamepy (1mo3.12);
- IaT4YMKa BBICOKOBaKyyMHOTO (1103. 13);
- 3aTBOPA BBICOKOBAKYYMHOT'O ITMOEPHOTO THITA C THEBMOTPUBOIOM (1103. 14);
- TypOOMOJIEKYJIIPHOTO HAcOca Ha MarHUTHOM nojiBece (1mo3. 15);
- 17-110MMOBOT0 TTaHEIBLHOTO KOMITbIOTEPa (1103. 16);
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- Hacoca Pytca (mo3. 17);

- Hacoca IIaCTUHYATO-POTOPHOTO (1M03. 18)

- JIByX HHU3KOPHEPIre€TUYHBIX MOHHBIX HMCTOYHHMKOB (103. 21) 1uisi MOHHOMU
OYMCTKH M aCCUCTUPOBAHUSA ¢ OJIOKamMul muTaHwusl (1Mo3. 28);

- yeThIpex OJI0KOB muTaHus (103. 22) NyroBbIX UCIAPUTENEH;

- TpexX pacxoioMepoB (1103. 23);

- U30JIMPOBAHHOT0, BOJIOOXJIAX/1a€MOI'0 BBOJIa BpanieHus (1o3.24);

- yeThIpex OJIOKOB MOKUTa (103. 25) AYyroBBIX UCIIAPUTEIICH;

- ojiHOTO KoJieHa 90° (1103. 26);

- KOHTpoJJIepa TypOOMOJIEKYJIIpHOTO Hacoca (1o3. 27);

- OJokKa TOMAaYM  OTPHUIATEIBHOTO TMOTCHIHAa CMEIICHUS  Ha
TEXHOJIOTUYECKYIO0 OCHACTKY (1103. 29).

Bce Y3JIbl Pa3MCIIAaOTCA Ha GHHHOﬁ HJIaT(bOpMe.

Pasnosuonocmu  uonnonaaszmenno2o pacnvlieHusd  BKIIOYAIOT KAaTOJHOC,

MarHeTPOHHOE, BBICOKOYACTOTHOE M B HECAMOCTOSITEJIbHOM Ta30BOM paspsjie. s
MOTYyYCHHUS W3HOCOCTOMKHX, AHTU(PPUKIIMOHHBIX, AHTUIPO3UOHHBIX,
TPUOOTEXHUYECKUX U JAPYrUX BHUJOB (YHKIIMOHAJIBHBIX TOKPBHITUM Haubosee
MEPCIIEKTUBHBI JJIs1 TPOMBIILIEHHOTO UCIIOJIb30BaHUS TIEPBhIC JBa!

Kamoonoe pacnoinenue. [lpuHiunuanbHas cxemMa yCTAHOBKH 11 HAHECECHUS,
MOKPBITUI METOJIOM KAaTOJHOTO paclbUIeHUs mpuBeneHa Ha pue. 17. Meron
OCYIIECTBIISICTCS CIASAYIOITAM 00pa3oM.

/
3.0
S — |
y Puc. 17. Cxema ycmanosxku 011 HaHeceHus
Z 1 NOKPLIMULL KAMOOHBIM PACNbLIEHUEM.
’
'8 1 — saxyymnas pabouas kamepa,
/
4—0b 2 — kamoo; 3 — 3a3eMIeHHbIU IKPAH,
(1
‘ 7 4 — 3qcnouxa; 5 — noonoowcka;
%
1 / 4 6 — 3azemnenuviii anod; 1 — pe3ucmusHuwlll
s .
LTI TITIIOE S 7 vy 'gﬂ'/ ”ﬂepmﬂb/u Haepeesameo nOaﬂOOfceK
8 [ET,0
— ~=—Pegrmul-
HblU 243

Bakyymupiii 00beM, copepiKaniuii KaTol U aHOJ, OTKAYMBAETCS JI0 JaBJICHUS
10 Tla, mocne 4ero MpPOU3BOUTCS HAlyCK WHEPTHOTO Taza (0O0bIYHO Ar mpHu
napiennu 1—10 Ila). [{ns 3akuranus TJCIONIETO pa3psiga MEXIy KaToJ0M M aHOJ0M
nogaetcs: Bbicokoe HanpspkeHue 1-10 xB. IlonokutenbHble MOHBI HMHEPTHOTO rasa,
MCTOYHMKOM KOTOPBIX ABJSETCS IJIa3Ma TJCIOMIErO0 pas3psiaa, YCKOPSIIOTCS B
AJIEKTPUYECKOM TIOJIe U OOMOapAMPYIOT KaToJl, BBI3bIBas €ro pacmblieHue. Ciemayer
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OTMETHTbh, YTO NPU JBWKCHUM HOHOB K KAaTOAy B IIpoleccax Iepepaspsaaku
0o0pa3yroTcs OBICTphIE HEUTpaIbHBIC YACTUIII, TAKXKE YYACTBYIOIIME B PACHbUICHUM
KaToAa. PacnbuleHHBIE aTOMBI NOMAJAOT HA MOJJIO0XKKY M OCEHAIOT B BHJE TOHKOU
ieHkU. [1o CylecTByOnMM NpeACTaBICHUAM, PACIbIJICHHBIE aTOMbBI HE MPUHUMAIOT
CKOJIbKO-HUOYIh 3aMETHOTO YYaCTHSI B MPOIECCaX, OMPEACIISIONINX Pa3psil.

OTIUYUTENBHBIM MMPU3HAKOM JIUOJIHOM CXE€MBbI PACHBUICHUS SIBISETCS TO, YTO
IIPA PACHbUICHUU KAaTOJ SBJISICTCS MCTOYHHKOM M PACHBUIIEMOr0 Marepuana,
AJIEKTPOHOB, MOJJACPKUBAIOIIMX Pa3psil, a aHOJA TaKKe NPUHUMAET Yy4acTHUE B
BO30YXKJIEHUU pa3psiia, OJJHOBPEMEHHO SABJISISACH MOJIOKKOAEPKATEIEM.

Karon wu3roroBimBalT W3 Marepuana, MOJJIEKAIIEro pachnbuieHuto. Jis
JOKIM3AIMU  pa3psa HCHOJNB3YIOT 3a3€MJIEHHbIM 23nektpon 2. WMuHorma g
YBEIIMYCHUS QIT€3UM TUICHOK K MOJI0KKAaM HMCIIOJIB3YIOT PE3UCTUBHBIA HArpeBaTelib
MOJIOXKEK 7.

Tak kak pachplIeHHE MPOUCXOJHUT MPU CPABHUTEIHLHO OOJBIIIOM HdaBJICHUH,
VMOHBl MHEPTHOIO Ta3a, KaKk U PACMbUICHHBIE ATOMbI, MHOTOKPAaTHO CTaJIKUBAIOTCS
MEXIy co00M M ¢ HEUTpaIbHBIMM YacTHUI[AMH, B peE3yJIbTaTe 4Yero HOHBI,
OoMOapaupyrole KaToJl, U YacTULIbl PAaCcTbUIIEMOT0 MaTepuaia TEPSIOT SHEPTHIO.
DTO, B CBOIO OYEpelb, IPUBOJAUT K CHI)KEHHUIO CKOPOCTH pACHbUICHUS U
YMEHBIICHUIO aATr€3UM IUJICHOK. B CBS3M C 3THUM pacCTOsITHUE MEXIYy KaToIAOM U
aHOJOM (C YKPEIUICHHBIMH Ha HEM IOJJIOKKAMH) 0 BO3MOXKHOCTH JIOJDKHO OBITh
MUHUMAJIbHBIM. J[JI1 TOJy4eHUs] ONTUMAJIbHBIX YCIOBUM paclbUICHUS MOAOUPArOT
COOTBETCTBYIOIIEE COOTHOILICHUE MEXKIY TPEMs BEIMYMHAMU: PACCTOSTHUEM MEXKITY
KaTOJOM U aHOJIOM, MPUJIOKEHHBIM HAMPSKCHUEM U TABJICHUEM Ta3a.

JlnonHoE pacnpuIeHHE MaTEPUATIOB MOKET OCYILECTBIISTHCA U B TA30BOM Cpelie,
B3aUMOJICHCTBYIOIIEH C PACNBbUICHHBIMU YAaCTUIIAMU U MaTE€pUalioM MUIeHH. Torma
MMPOMCXOAUT TAaK HA3bIBAEMOE PEAKTUBHOE PACIBUIEHHUE, B PE3YJIbTATE KOTOPOTO
MOJTY4YaroT TUICHKU OKUCIIOB, HUTPHUIOB, KapOUI0B, CYIb(OHUI0B, XJIOPUIOB U JIP.

JIs TOBBIIIEHUS] YHUCTOTHI OCAXKJIAEMBIX IIJIEHOK IPUMEHSIOT Te€TTEPHOE
pacnbuieHue. CyIIHOCTh €ro COCTOUT B TOM, YTO B Hadajie MPOIECCa MOJIONKKA
3aKpbITAa SKPAHOM M OCAXJICHHUE ITPOU3BOAUTCS HA ATOT dKpaH M CTEHKHU kKamepsl. [1pu
ATOM IIJIEHKa OCaXJAaeMOIro MaTepuaja WrpaeT poJib Ta30morjoTuTeNs (rerrepa),
copbupys aktuBHbIe Ta3sl (O,, CO, N,, CHy, CO,, H,0), yMeHbIas ux napuaibHoe
JIaBJICHHWE /10 BECbMa HU3KHUX 3HAYCHUH. 3aT€M OTBOJUTCS SKpaH W MPOU3BOIMUTCS
OCaXJIEHNE Ha MOJIOKKY B YUCTOW aTMocdepe nHepTHOTO raza. C UCmoib30BaHUEM
TETTEPHOTO OCAXKIEHUS MOYKHO B OOBIYHBIX YCTAHOBKAX IMOJYYUTh TaKUE )K€ TIJICHKH,
KaK 1 B CBEPXBBICOKOBAKYYMHOM YCTaHOBKE.

OCHOBHBIE IPEUMYIIECTBA METO/1a KATOJJHOT'O PACIBUICHHUS CIEAYIOLINE:
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1) 6e3bIHEPIIMOHHOCTH TIPOIIECCa;

2) HU3KHKE TeMIlepaTyphl MPOIECcca;

3) BO3MOHOCTh MOJIyYEHHUS IUICHOK TYTOIUIaBKUX METAUIOB UM CILIABOB (B
TOM YHCJIE€ MHOTOKOMITOHEHTHOTO COCTaBa);

4) COXpaHEHHE CTEXHOMETPHUYECKOTO COCTaBa MCXOJHOTO Marepuaja Tpu
HaIbUICHUU;

5) BO3MOXHOCTH TIOJYYCHHA DPA3IMYHBIX COCIMHEHHH TPH TMPOBEIACHUU
mpoliecca B peakTUBHOM Cpejie;

6) BO3MOXXHOCTH TIOJYYCHHsI PABHOMEPHBIX IO TOJIIWHE IUICHOK Ha
OOJNBIION TUIOIMIAAN TMOMJIOKEK, TaK KaK MPU KATOJAHOM pPacCIHbUICHUU
MaTepHal OCaXAAeTCsl Ha TOJJIOKKY HE ¢ TOYECYHOTO MCTOYHHKA, a C
MJIOCKOM MOBEPXHOCTHU KaToJia, pa3Mepbl KOTOPOTO MOTYT IPEBBIIATH
pPacCTOSIHME OT KaTo/Aa JI0 TIOIJI0KKH.

MeTon uMeeT U HEeJJOCTATKU:

1) Hu3kas ckopocth ocaxaeHus (0,3-1 um/c);

2) 3arpsi3HeHHE TUICHOK pabo4yuM ra3oM BCJIEACTBHUE MPOBEACHUS Mpoliecca
npu BbicOkuX JaBienusix (1-10 Ila);

3) HHU3Kas CTENEeHb MOHU3ALNK OCAK1aeMOT0 BEILIECTBA;

4) OomOapAMpOBKa MUIIEHU BBICOKOIHEPTETUYECKHUMH BTOPUYHBIMU
AJIEKTPOHAMU TPUBOAUT K OOpa30BaHUIO PATUAIIMOHHBIX JE(PEKTOB B
TJICHKAX.

B kadecTtBe mnpuMepa MNPAKTUYECKOW pealu3alMd BaKyyMHOM HOHHO-
MJIa3MEHHOW TEXHOJIOTMM HAHECCHUS TIOKPBITMA C KaTOJHBIM pacHbUICHUEM
paccMoTpuM paboty yeranoBku PLATITZY (pme. 18, 19). Ilpoumecc HaHeceHwus
nokpeiTus Ha yctaHoBke PLATIT ocHoBaH Ha pu3nyueckoM OCaxACHUHM U3 MMapOBOM
da3er (mporecc PVD — Physical Vapor Deposition). Ilporiecc PVD npoucxoaut B
BakyyMe (B OOJBIITMHCTBE MPAKTHUYECKUX CIYY9aeB OCAXKIAIOTCS MOKPBHITHSI HUTPHUIA
tutaHa TIN Ha CTaTbHBIX U3ACIHAX — MOUTI0XKKAX). ICTOUHUKY HCTIapeHHs], KOTOPhIE
BcTpoeHbl B aBephb (Cathodes na pue. 18), obecnieunBarOT CUIBHO HOHU3UPOBAHHBIH
metamnueckuii map (Metall vapor). Dror Merammuyeckuii map BO3HHKAeT B
pe3yibrare ayroBoro paspsaa (ARC) Mexay KaTogoM W NPUEMHHKOM (KOPITyCOM
paboueit kamepsl — Vacuum chamber). B peakiiuu ¢ a30TOM METaJUIMYSCKHUH Map
COCIMHSACTCS ¢ METAJUIMYECKUMHU HUTPUJIAMU, HUTPHUJIBI OCAKIAIOTCS Ha TOJJI0KKaX
(Substrates). Pe3ymnbpratom 3TOr0 mporiecca HaHECEHHS TTOKPBITHS SBIITIOTCS TIIAIKUE
TBEp/IbI€ MOBEPXHOCTU C OUYEHb BHICOKOM a/re3ueil 1 TBEPIOCTHIO.

[Ipomecc HaunMHaeTcs ¢ BaKyyMHOW OTKAayKH JIO0 HEOOJBIIIOTO OCTATOYHOTO

nasienus (~ 1,3 Ila). Hanpsokenne cmemtenus (Bias voltage), Bapeupyemoe 10 800 B
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MIOCTOSTHHOTO TOKa, CO3/IaeT JICKTPHUECKOE ToJIe MeX Iy o iioxkamu (Substrates) u
CTeHKaMHU BaKyyMHO# kamepsl (Vacuum chamber). DTo nosie yckopsieT 3JIeKTpOHBI U
WOHBI OCTABIIMXCS Ta30B. JlyroBoil paspsa HCIapseT HOHH3UPOBAHHBIC aTOMBI
MeTa/ula C KaToJ0B — IOCIICAHWE HAXOIATCS IO OTPHIATEIBHBIM IMOTECHI[HAIOM
(15-40 B). IHTEHCHUBHOCTH 3TOTO MCIapeHus co3aaet mia3my (Plasma), mpoucxomut
MOJHAST HMOHM3AIUS TEXHOJOTMYECKOTO ra3a W MapoB MeTaia. [lmasmy MOXKHO
pa3uuuTh MO0 (UOJCTOBOMY CBEYCHHIO BHYTPH BaKyyMHOHW KaMephl. DJICKTPOHBI,
YCKOPEHHBIE OTPHUIATEIBHBIM KaTOAOM H TMPOTEKAoNHe ¢ OOJbIION SHEpruel B
HOJIOXKHUTEIBHO 3apsHKCHHYI0 BaKyyMHYIO KaMepy, BBI3bIBAIOT HMOHM3ALMIO Ta30B
(MIa3MEHHBIN pa3psia), TO €CTh aTOMBI raza B KaMepe HOHH3UPOBAHBI TaK JKe€, KaK M

aTOMBI UCITapsACMOI0 MCTaJlila KaTOAOB.

IMetall vapor Plasima

|

Cathodes

Vacuum chamber

74

7

Substrates

Puc. 18. Cxema pabomwi

yemanoexku PLATIT 7°

15-40V

-

20...800 V BIAS

Hanpsokenne kapycenu (Bpalaromascs CToiika ¢ moanoxkkamu — Rotary lead

Rotary lead
through

4+

through) yBenuuuBaeT paspsij, Mo3ToMy Iia3Ma paBHOMEPHO 3aIOJIHSAET BAKyYMHYIO
kamepy. MOHBI METa/NIOB W Ta30B YCKOPSIOTCS K mojaioxkam (Substrates) mon
neiicTBueM HampsbkeHus cmerienus (Bias voltage) m oOpa3yroT Ha HUX IUIOTHOE
TBEP/I0€ MOKPHITHE.

TexHomornueckuii NHMKJI TOJTYYEHHS BaKyyMHOTO HOHHO-TUIa3MEHHOTO
MOKPBITUS BKIIFOYACT HECKOJBKO CTaJIWi, OPTaHW30BaHHBIX IOCIEAOBATEIHHO 0€3
W3BJICYEHUs 00pabaThIBaeMOro M3eius U3 BaKyyMHOU Kamepsl. [Ipumep pabouero
nukia yeranoskn PLATITZY ¢ mapamerpamu masnenust (mbar), temmepatypst (°C),
Hanpsokenuss cmemnenus (V), toka ayrm (A) u Bpemenu oOpaGotku (Min.)
IpeICTaBIICH Ha pUC. 19.
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| |} | I | | |
100 # s : 3 3 bt 5 with
\ 1 1 ) I | I I
10 + + } 4 4 4 +
1 “ | 1 1 | 1 1 l
| | | |
Pr 1,E-01 §4
(mbar)  , eo2 N : : :
35 1
1E-03 '\‘\ ! t
1E-08 4 T b o
1,E-05 | L | | —l
: 1 1 1 1 1 1 1 L
- I [=ryE=l !
_ I I T TG
Temperature 1 / T T T ) ) T \;
C 200 1 L 1 1 1 1 1
€}y \
| | | | | | I
A 1 I 1 1 1 |l 1
0 1 1 L 1 1 1 1 1
T hl L L) v Al Al L
1 I I | | I 1 1
800 1 + i I t 1
Bias voltage L | | ' | |
W) : | | | | |
o T T T T T
- | | | | |
0 | | 1 —‘H_" |
150 + + t t + +
| I I I I H I
| | | | | |
100
Arc current | ! ! | ! !
pd I I I T I
50 | | 1 | 1 1
| | | | | |
| | I | | I
0 t t T T + t
pump | heat | degas |aretch | Target clean| Memietch | coat | cool | vent
L | 30 (...180) | 5 ] 5 | | 10 | 30(..180) | 30(..180) | 10 min

Puc. 19. [lapamempuwr (no ocu opounam) u cmaouu mexHoI02UYeCcK020 YUKIa HaHeCeHus
BAKYYMHO20 UOHHO-NAAsMeHH020 nokpuimus TIN na yemanoske PLATITZ™.
IlocneoosamenvbHocms mexnoio2udeckux cmaouti (no ocu abcyucc): omkadxka
(6akyymuposanue), Hazpes, decazayus (OMKAYKa), UOHHOE MpasieHue (WOHAMU APEOHA),;
yenesas o4UCMKA,; nepexoonas asa, hopmuposarue NOKpbimus, oxaaxcoeHue;
BeHMUNAYUSL (HANYCK)

Maznemponnoe pacnviienue. MarHeTpoOHHOE  pacIbUICEHUE — SIBIISIETCA
Pa3HOBHUIHOCTHIO METOJOB Ha OCHOBE TJICIOILIETO pa3psaa. MarHeTpOHHbIE CUCTEMBI
MOHHOTO pAaCHbUICHUS OTHOCATCS K CHCTEMaM paclbUICHHs IUOJHOTO THMA, B
KOTOPBIX aTOMBI PACIbUISIEMOTO MaTepHaia yIaIsSI0TCS C TOBEPXHOCTH MHIIICHU TPU
ee bombOapaupoBKe HOHAMU pabodero raza (00bIYHO Ar), 00pa3yIOIMMHUCS B TUTa3Me
aHOMAJIBHOTO TJerouero paspsaa. /[ns yBenuyeHuss CKOPOCTH pacHbUICHUS
HEOOXOJAMMO YBEJIMYUTh MHTEHCUBHOCTh MOHHOW OOMOApIUMpOBKM MHUILIEHHU, T. €.
YBEJIMYUTh IUIOTHOCTH MOHHOTO TOKa Ha MOBepxHOCTH MulleHu. C 3TOH Uesbio
UCIIOJIB3YIOT MArHUTHOE TI0J€ B, CWIOBbIE JIMHUM KOTOPOrO MapajuieNbHbI
pacmbUIsIeMONM  MOBEPXHOCTH U MEPHEHAMUKYJSIPHBI K  CHJIOBBIM  JIMHUSAM
AIEKTPUYECKOTO MO £.

B marnerponno#t pacneumtensHoit cucteme (pue. 20) xarom (murmieHs) 1
MOMEIIEH B CKPEILIEHHOE JIEKTpUUeCcKoe (MEXK1y KaTOJIOM U aHOJOM 4) U MarHUTHOE
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MoJjie, CO3[aBa€MOE€ MAarHuTHOM cucremoil 2. Hamuunme MarHuTHOrO mnoONS Yy
pacnbUIIEMON MMOBEPXHOCTA MUIIEHH MO3BOJIAET JOKAIM30BATH IJ1a3My aHOMAJIBHOTO
TJICIOIIETO pa3psAia HEIMOCPEICTBEHHO Yy MHUIICHW. JIyrd CHIOBBIX JUHUK D
3aMBIKAIOTC MEXIY IMOJIOCAMM MArHUTHOM cucTtembl. [loBepXHOCTH MUIIEHH,
pacIoyioKeHHass MEXIy MECTaMH BXOJ/1a M BbIXOJla CHJIOBBIX JIMHUHA D M MHTEHCHBHO
pacrbusieMasi, UMEET BUJ 3aMKHYTOW JTOPOKKH, T€OMETPUS. KOTOPOU ONpPEAEIISIETCS
dbopMoii OJIFOCOB MAarHUTHOM CUCTEMBI.

Puc. 20. Cxembt macnemporHOU pacnbliumenbHoU CUcCmemyvl ¢ I0OCKOU MUULEHbIO (a) U
08udiceHUss Hanvlasgemvlx yacmuy (0): 1 —kamoo-muwens, 2 — macHumuas cucmema,
3 —ucmouHux numaHnus; 4 —anoo; 5 —nooI0HCKa; 6 — NOONOAHCKOOEPHCAMENb;

A —mpaexmopus dsudicenus: snekmpona; b —3ona pacnvinienus; B — cunogvie nuHuu

MASHUNIHO20 NOJIA, ' —nomox PACNbLIEHHbLX Yacmuy

[Ipy momaye TOCTOSIHHOTO TOKa MEXKIY MHUILICHbIO (OTpUIlaTeIbHbIN
MOTEHIIUAJI) M aHOJAOM (TIOJIOKUTENbHBIA WM HYJEBOM MOTEHIMaN) BO3HUKAET
HEOJHOPOJHOE HJICKTPUUYECKOE TMOoJie U BO30YXKAACTCS AaHOMAJIBHBIM TIICHOIIUI
pa3psia. OMUTHPOBAHHBIE C Karoja TMOJ] JCWCTBHEM HOHHONW OOMOapaMpOBKH
AJIEKTPOHBI 3aXBaTHIBAIOTCSI MATHUTHBIM TIOJIEM U OKa3bIBAIOTCS KakK OblI B JIOBYIIIKE,
CO31aBaE€MOM, C OJTHOM CTOPOHBI, MATHUTHBIM I10JIEM, BO3BPAILIAOIIMM AJIEKTPOHBI HA
KaTod, a C JPYyro — IOBEPXHOCTHKO MMIIEHH, OTTAJKHUBAIOLIEHM DIIEKTPOHBI. B
pe3yJIbTaTe JJIEKTPOHBI COBEPIIAIOT CIIOKHOE UUKIOUAAIBHOE JBWKECHUE Y
MMOBEPXHOCTH Karoja. B mpomecce [OBMKEHUS DIIEKTPOHBI  MPETEPIEBAIOT
MHOT'OYMCJICHHBIE CTOJKHOBEHHUS C aTOMaMU aproHa, o0ecreurBasi BHICOKYIO CTEICHb
WOHU3AIMH, YTO TIPUBOJUT K YBEJIWMUYCHUIO MHTEHCUBHOCTH MOHHON OOMOApIUpOBKU
MHIIIEHN U COOTBETCTBEHHO 3HAYUTEIIbHOMY YBEJIMYEHUIO CKOPOCTH PACIIBUIEHUS.

OCHOBHBbIE MTApaMETPbl MArHETPOHHBIX CUCTEM MOHHOTO PACHbUICHHUS:

- yzenbHast ckopocTh pacibiienus (4—40)-107 r/(cm-c);
- 3¢ bexTUBHOCTH Tpotiecca renepanu (o mean) 3-10°° r/[x;
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- sHeprus renepupyemsix gactui (1,6-3,2)-107"% x = 10-20 5B;

- DQHEPTHUs OCAKIAEMbIX YaCTHIL (0,32—16)~1O_19 Jx =2-109B;

- ckopocTh ocaxaeHust 10—60 Hm/c; pabouee masierne (5-50)-107 ITa.

OCHOBHBIE PEUMYIIECTBA MATHETPOHHBIX CHCTEM PACIIBUICHUS CIICIYIOIIHE:

1) BBICOKHME CKOPOCTH PaCHBLICHHS MPH HHU3KUX PabOUYMX HAMpSIKEHHUIX
(500 B) 1 HEOOIBIINX TaBJICHUSIX pabOYero rasa;

2) HU3KHE PEaKIUOHHBIC Te(PEKThI U OTCYTCTBHE MEPErpeBa MO I0KEK;

3) manas CTeNeHb 3arpsi3HEHHOCTH IUICHOK ITOCTOPOHHUMHU Ta30BBIMU
BKITFOUCHUSIMU;

4) BO3MOXHOCTH TIOJIYYCHHS PABHOMEPHBIX [0 TOJIIMHE IUICHOK Ha
OOJBITION TIIOMIA N TIOITIOKEK.

2.7. dnexkTpodu3nvecKue MeTOAbl HAaHeCeHUs MOKPbITHIA

OnekTpodu3NUecKoe HAHECEHHE IOPOIIKOBBIX TMOKPBITUN XapaKTEpHU3yeTCs
BBICOKMM YPOBHEM KOHIICHTPALIUU YHEPTUU, OOJBIIUMHU 3HAYECHUSIMU KO3 DUIIMEHTA
UCIIOJIb30BaHUsl Marepuana U Kod(pduuueHTta mnone3Horo aeicreuss. CoueraHue
KOHIIEHTPUPOBAHHOTO  TEMJIOBOIO M MEXaHMYECKOr0  BO3JACHUCTBUUA  Ha
oOpabaTbiBaeMble MaTepuaabl OO0CCIHEYMBAET BBICOKOE KauyeCTBO HAHOCUMBIX
ITOKPBITUH.

DJIeKTPOIPO3MOHHBIM MeTO/l HAHECEHHUs] MOKPBITUII OCHOBAH Ha SIBIICHUU
MOJISIPHOTO TEPEHOCA YAacCTHI[ METaula C aHoJa Ha KaroJ BO BpEMsS pa3phiBa
DIEKTPUYECKOW LEenu. OJIEKTPUYECKUM pa3psl MPOUCXOIUT TPU  BBICOKOM
HaIpsHKEHUH MEXKIy KatogoM K 1 aHojoM A depe3 HeOOJbIIOoN 3a30p, OCTABICHHBIH
mexxay Humu (pue 21, @). IToTox 37eKTPOHOB yCTpEeMIIsieTcs OT KaToja uepes
BO3/YIIHBIN MTPOMEKYTOK K aHOAY. KOMMYecTBO 3JIEKTPOHOB Ha ITyTH WX JBUKEHHUS

==V

JlerupoBanublii /J
cnoi

2
Puc. 21. Cxema npoyecca 31ekmpospo3uoHH020 HaHeCeHUsi NOKPLIMuUiL. a — npoooi
MEIHCINIEKMPOOHO20 NPOMEIHCYMKaA, 6 — 00pazo8aHue d3PO3UOHHBIX JIVHOK Ha anode A u kamoode
K; 6 — konmaxm snekmpo0os; e — popmuposanue Hapocma Ha aHooe U JYHKU HA Kamoo
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YBEIMYMBACTCS 32 CYET «BBHIOMBAHUSA» DJIEKTPOHOB M3 MOJIEKYJ BO3ayXa. AHOA
«OomOapaupyercs» JaBUHOM 3JEKTPOHOB, B Pe3yJbTaTe YEro MPOUCXOAMUT MPOOOi
BO3JIYIIIHOTO IIPOMEXKYTKAa M TMOSBIIETCA HCKpa, a CHja TOKA 3HAYUTEIBHO
Bo3pactaeT. Pa3Butume paspsga B UCKPOBOM IPOMEXKYTKE COMPOBOXKIACTCS
MOSIBJICHUEM YyJapHOM BOJHBIL. [Ipu pazBojie AieKTpo 0B mociae mpodos BO3IYIIHOIO
MIPOMEKYTKa TOK B IIEMM MTHOBEHHO Npekpaimiaercs. [lepuoanyecku coenussss u
pa3BoJig KaToJ U aHOJI, MO’KHO TTOBTOPATH OMUCAHHBIN MpoIIecc.

HckpoBoit pa3psii OKa3blBa€T HA METAT HMMIYJIbCHOE TEIUIOBOE W
MexaHu4eckoe Bo3aeicTBUA. [I0TOK 371€KTPOHOB NPUBOIUT K JIOKAJLHOMY Pa30rpeByY
AJIEKTPOJA, a TMOMNEePEeYHOE MArHUTHOE TI0JI€ CO3JaeT BBICOKOE JIaBJICHHUE B
IUIa3MEHHOM  IIHype pa3psAja; B HEM peaju3yeTcss CpeIHsAs dJIEKTPOHHAsS
temneparypa 1,=(5-7)-1000K. B pe3ynbprare Ha MOBEPXHOCTH 3JICKTPOJIOB
TOSIBJISIFOTCSL PO3MOHHBIC JIYHKH, B KOTOPBIX BBIICISIOTCS TpH 30HBI (pUC. 21, 6):
ucnapenus |, masnenust |l u Hanpsokennoro cocrosinus 1. 3oHa HanpspkeHHOTO
COCTOSIHMSI BO3HMKAae€T 3a CUET BOJHBI TEPMUYECKUX U TEPMOMEXAHUUYECKUX
HalpsDKEHU B pe3yJibTaTe€ MMITYJbCHOTO HarpeBa W PEaKTUBHOTO JEHCTBUA
IUIa3MEHHOM CTpyH. MeXaHMuYecKHe HampsDKEeHUS B APO3HMOHHBIX JYHKax BeCchbMa
3HAUUTEIbHBl W TPUBOAAT K XPYNKOMY pPa3pylIEHUIO MOBEPXHOCTHOIO CJOA
MmaTepuana anekTponoB. IIpum ocyuiecTBieHHH mporiecca € BUOPHUPYIOIIUMU
IEKTPOJAMHU XPYIIKOE pa3pylIEHUE UX MOBEPXHOCTH IMPOUCXOMHUT TAKXKE U 3a CUET
yCTaJIOCTU METajula. Dpo3usi MeTajyla MPUBOJIUT K BBIOPOCY MPOAYKTOB 3PO3UHU B
MEXKAJIEKTPOIHBIN 3a30D.

B MukpoBaHHe Ha KaToJ€ MNPOUCXOJUT HMHTEHCHUBHOE NE€pPEMEIIMBaHUE U
XUMHUYECKOE B3aMMOJICUCTBHE MaTEpHUANIOB KAaToJa C NEPEHECEHHBIM MAaTepUajoM
aHoma. MeXaHWYecKHii KOHTAKT AJIEKTPOoJoB (PUC. 21, ) Takke CONMPOBOXKIACTCS
WHTCHCUBHBIM  XUMHYECKHUM  B3aHMOACHCTBHEM, KOTOPOMY  COITyTCTBYIOT
CXBaTbIBAaHHUE 3JIEKTPOJOB U MEPEHOC MaTepHralla ¢ KaToJa Ha aHO/I.

[Tocne uckpoBoro mporecca Ha KaTtojae o0pa3yercs yriryOJIeHne, a Ha aHOJE —
HapocT (pue. 21, 2). DIeKTpO3pO3MOHHOE YIPOYHEHHE IOBEPXHOCTH JeTajel
OOyCJIOBJIEGHO ~ TEpPMHUYECKHM  BO3JCHCTBMEM  HCKPOBOIO  WJIM  JIyTOBOIO
AJIEKTPUYECKOTO paspsifia Ha JI€Tajlb, T. €. CKOPOCTHOM 3aKAJIKOW, MOBEPXHOCTHBIM
JETMPOBAaHWEM Marepuana JeTald »JJeMEHTaMHu, BXOJSALIMMU B COCTaB aHoJa
(YmpouHAIOIIEr0 Marepuaina), a TakkKe a30TOM BO3AyXa. YNPOYHEHHBIA CIOU
OTJIMYAETCSl BHICOKOM TBEPJOCTHIO, OOYCIOBICHHON MPUCYTCTBUEM B HEM HHUTPHUIOB
U KapOOHHUTPHUIOB.

TepmoMexaHnyeckoe  IEKTPOKOHTAKTHOE  HAHECEHHE  NMOKPBITHH.
[TosmyyeHue  TIOKPBITHM  METOAOM  JJIEKTPOKOHTAKTHOM  TEPMOMEXAHUYECKOMU
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NPUBApKHU (TIPHUIIEKAHUS) MOXKET OCYIIECTBIATHCSA MPU MCIOJIb30BAHUU B KayeCTBE
IPUCAJ04YHOT0 METaJlIa IPOBOJIOKH, JIEHTHI MM MOPOIIKA.

[lpy npuUBapUBaHUU NPOBONOUHOU Npucadku TIOBEPXHOCTh JETald, Kak
MIOKa3aHO Ha PHC. 22, BBICA)KUBAETCS 3JEKTPOMEXAHMUYECKUM criocoOoMm. Beicanka

MeTajula MPOU3BOAMUTCS IUIACTUHOM 2 W3 TBEPAOro CIUlaBa C IOJYYEHHEM Ha
MOBEPXHOCTU KaHaBKH TPEyroJibHOTro npoduis. Cuia Toka MpU BHICAJKE COCTABIISET
1o 600 A, ycunue npuxatus uactpymenta 10 1000 H, ckopocTh mojaun npoBOJIOKH
1,5 MM Ha o006opoT. B 00pa3oBaBIIyIOCS BBICAKEHHYIO CIHUPAIbHYI0 KaHaBKY

IIpHUBApUBACTCA I[OHOHHHTCHBHBIP'I MCTAJIJI B BUAC CTaJIbHOM ITPOBOJIOKH.

N

Puc. 22. Cxema snexmpo-
KOHMAaKmMHOU NpueapKu
NOKPbIMUSL:

Q)

! //(,- NN 1 — mpancpopmamop,
7 1t = 2 — gvlcadicusarOwas
naacmuna,; 3 — noKpvimue,

)

4 — nanocumblll Mamepuar

(nposonoka);5 — poruxosulii

971eKmpoo

Jns  mpuBapuBaHMS — TPUCAJAOYHOTO  METalla  MEXKIY  BBICAXKEHHOM
MOBEPXHOCTBIO JIETAIM M POJMKOBBIM 3JEKTPOAOM S TMOMENIAIOT CTalbHYIO
MPOBOJIOKY 4 M MPOMYCKAIOT AIEKTpuUeckuii Tok Oombmoi cuibl (1400-2000 A) u
HU3Koro HampsbkeHusi (4—6 B). B Mecre KOHTakTa MPOUCXOIUT WHTEHCHBHBII
pazorpeB meraia. [lon neiictBuem ycwms uactpymenrta (500-600 H) paszBuBaercs
riacTudeckasl jaegopMarids MPOBOJOKK C 3arlOJHEHHWEM BBICAKEHHOTO MPOQUIIS.
CxopocTh BpallleHHs IeTalld Ipu 3ToM JojkHA ObITh 0,4—1,0 M/MuH. [Ipu Gosbiiem
JTMaMeTpe MPOBOJIOKU MPUMEHSETCS MEHbIIas CKOpocTh. [Ipu BBICOKOM yJeabHOM
napiiennu u temreparype okosio 1000—-1200 °C npoucxoaut cBapka, NpUBOASIIAs K
YBEIUYCHUIO TICPBOHAYAILHOTO pa3mepa aetanu d g0 d;.

Takum 00pazom, B OCHOBE 3TOro crnoco0a MOJIYYeHHs] HOKPBITHS JIEKUT
COEMHEHHE METaUIOB, OCHOBAaHHOE Ha cBapke moj AamieHueM. llpu stom cmnocobe
OTCYTCTBYIOT TTOPOKH, CBSI3aHHBIE C TIEPEXO0I0M METajlia U3 TBEP10H (a3bl B KUIKYIO
u o0paTHO, TaKME€ KakK MEepeXKOr, yCaJO4yHble HAMPSKEHUS U PAKOBHUHBI, Ia30BbIE
MOPBI, PHIXJIOCTh U KPUCTAIITMYECKUE TPEILIUHBI.

[Ipy TepMOMEXaHMYECKOM 3JIEKTPOKOHTAKTHOM HAHECEHUU HOPOUIKOBbIX

NOKpblmuii OCHOBHOW TEXHOJIOTHMYECKON CXEMOW SBJIIETCS NMPOKATKa IOPOIIKOBOIO
CJIOSI POJIMKOBBIM 37eKTpoioM (pHE. 23). /I)is1 yIpOUYHEHUS TOPIIEBBIX MOBEPXHOCTEH
IPUMEHSIOT 3JEKTPOAbl KOHUYECKON (hOPMBI.



Puc. 23. Tepmomexanuueckoe

uh. by

""n‘

npunexanue nopouUKo8bix
2 7 NOKPBIMULL HA NJIOCKUX (@),

j< yununopuyeckux () u
mopyesulx (8) NOBEPXHOCMISAX:

._/ 1 — anexkmpoo ponuxoswiii;

' 2 — HAHOCUMDBLL NOPOULOK,

i 3 —obpabamvisaemas

NOBEPXHOCMb,
5 o3 X :
4 —nokpvimue

AAEA v SR 2z
\I////////I//////I/{ﬁ LY j
7 g LJ
6 1Lk

[InoTHOCTH TOKa MpU 00pabOTKEe CaMOMIIOCYIONMUXCS TOKPBHITUNA COCTABIISIET

300 A/mMM2 , naBneHue Ha AIEKTPObl He npesbimaeT 35—40 MIla. Otu mapamerpsl
o0ecrneunBalOT MAaKCUMAJIbHOE TEIJIOBBIACICHUE JIMIIb HAa y4acTKaX HauOOJIBIIIETO
AIIEKTPOCONPOTUBJICHUS 00padaThIBAEMOTO TMOPOIIKOBOTO CJIOs, T. €. B MecCTax
KOHTaKTa 4YacTUIl MEXIy co0oii U ¢ OCHOBOW. B pesynbTaTe GdopmupoBaHue
CTPYKTYPBI TOKPBHITHSI IPOUCXOUT 32 CUET CTICKaHUSI B IPUCYTCTBUU KUIKOH (a3bl B
MecTax KOHTakTa vacTull. OTIenbHbIE YaCTHUIIBI CBAPHUBAIOTCS MEXIYy COO00M M ¢
OCHOBOW. MexaHudeckass aKkTHBAIUSl TMpoOIecca CIOCOOCTBYET 3aBaAPWUBAHMIO TIOP.
VYIUIOTHEHHE TOKPBITHUS OCYIIECTBISETCS IMYTeM B3aMMHOTO IPOCKAJIb3bIBAHUS U
MOBOPOTA YAaCTHUIl O OIUIABJICHHBIM TMOBEPXHOCTSIM KOHTakTa. TakuMm 00pa3oMm, B
CTPYKTYpE TOKPBITUS COXpaHSETCS HCXOAHAs JUCIEPCHOCTh (a3 MOPOIIKOBOTO
crutaBa. [Iporecc HaHeceHUS TOKPHITUSA O€3 TMOJIHOTO PACIUIaBICHUS HAHOCHMOTO
CIUJIaBa MOJYYWUJI HAUMEHOBAHHE 3JIEKTPOKOHTAKTHOTO MPUINIEKAHUS TOKPBITUH.
INEeKMPOKOHMAKMHOE NPUNEeKaHue NoKpblmuli TUPOKO TMPUMEHSETCS s

00pabOTKU TPEABAPUTENHLHO CPOPMHUPOBAHHBIX MOKPHITUH. [lopoiiok ¢ momouiso
IUIa3Mbl MJIM Ta30IUIAaMEHHOTO YCTPOMCTBA HANBUISIOT HA MOBEPXHOCTH 3arOTOBKH,
1OCJIe 4Yero IMOCIEeAHss TOABEpraeTcsi BO3JCHCTBUIO NABJICHUS C OJHOBPEMEHHBIM
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MPOIMYCKAHUEM DJIEKTPUYECKOI0 TOKA. YKa3aHHBIA CIOCOO0 MO3BOJISET IPHEKTUBHO
YIOPOYHSTH KPYITHOTAO0APUTHBIC JETAH, I KOTOPHIX MHAS TEXHOJIOTHS OTUTABJICHUS
MOCJIE€ HAMBUICHUSI TMPAKTUYECKH HEBO3MOXHA. OJJEKTPOKOHTAKTHOE NpPUIEKAHUE
MpEeABAPUTEILHO HAMBUICHHBIX MOKPBITUNA TMO3BOJISAET MOJy4YaTh CJIOU C BBICOKHMMH
(bU3UKO-MEXaHUYECKUMHU  CBOWCTBaMH, KOTOPbIE CYIIECTBEHHO MPEBOCXOIAT
OILJIABJIEHHBIE TTOKPBITHSI.

MarHuTHO-UMIYJIbCHBIN ~ MeTOA.  3aKJI4yaeTcs B HUCIOJIb30BaHUU
HUMITYJIbCHBIX 3JIEKTPOJUHAMHUYECKUX CHUJI, KOTOPBIE MOTYT OBITh MPUIIOKEHBI K CJIOI0
MpEeABAPUTEILHO HAHECEHHOTO IMOPOIIKOBOTO TMOKPHITUSA (MarHUTHO-UMIYJIbCHAs
00paboTKa) WM BO3JIEWCTBOBATh HA TMOPOIIOK Y€pe3 AJICKTOMPOBOISIINI AJIEMEHT
(MarHUTHO-UMITYJIbCHOE TTPECCOBAHUE).
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Puc. 24. Cxema macHumHo-uMnyibCHO20 NPECccoO8aHUsL:
a — MA2HUMHO-UMNYJIbCHOE NPecco8anue NopouiKa, o - 2opsuee Ma2HUmMHO-UMNYIbCHOE
npeccoganue NopouKa, 8 — MACHUMHO-UMNYIbCHASL 00pabOmMKa NOKPbIMULL,
1 — unoyxkmop; 2 - oopabamvieaemasn demainv, 3 — MOKONPOBOOAUAsL 000104KA;
4— nopowikoswiil col, S— KpvluKa, 6— KonoeHcamopHas bamapesi, 7 — pa3psaoHux

[Ipy MarHUTHO-UMIYJIBLCHOM MPECCOBAHMUU Ha 00pabaThIBAEMYIO MOBEPXHOCTh
neranu 2 (puc. 24, @) HajmeBaeTCs TOKOMPOBOAAMIAS 000j704YKa 3 ¢ HAHOCHMBIM
nopoikoMm 4. O60J104Ka U3roTaBIUBACTCS U3 MEIHOTO Jiucta Tojuuuoun 0,2—0,3 mm.
Kpbimika 5 ynmepuBaeT moOpomiok BHYyTpu 0000uku. OO00JI0YKAa C HAHOCHUMBIM
MOPOIIKOM M JIETalbl0 TOMEIIAETCS BHYTPh CIHUPAIBLHOIO IWJIUHAPUYECKOTO
MHOTOBUTKOBOTO UHAyKTOpa 7. Ilpum paspsae mnpeaBapuTeIbHO 3apsiKEHHOTO
HAKOMUTENS JHEPrUv 6 BO3HUKAIOT HUMMYJbCHBIC DJIEKTPOIUHAMHYECKUE CHIIBI,
nedopmupytomme ob6omouky. IlpeomonmeBass MexXaHMUYECKOE  COMPOTHBIICHUE,
000JI0UKa CXXUMAEeT TMOPOIIOK J0 TpeOyeMol TIUIOTHOCTH. 3aKIIOUYUTEIbHON
omepanueldl TEeXHOJOTHMYECKOTo TIpollecca sBISETCS TepMuueckas o0paboTka,
obOecrieunBaroIias ClieKaHWe MOPOIIKAa ¢ OJHOBPEMEHHBIM pPACIUIABICHUEM MEIHOM
000JI0YKHU ¥ TIPOMUTKU PACIIABJICHHOW MEIbIO MOPOIIKOBOIO CJIOS.
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TepMuueckass akTuUBalUs IOBEPXHOCTH OOpaldaThlBa€MOM JeTalu JaeT
BO3MOYKHOCTh 3HAYUTEIBHO CHHM3UTH JABJIEHUE IMPECCOBAHUS U HCKIIOYHTH
ONEPALMIO TOCIEAYIOUIEro IpuIleKaHusa. [Ipm 3TOM CyIIECTBEHHO BO3paCTarOT
OCHOBHBIE (DU3HKO-MEXaHUUECKHE CBONCTBA MOKPBHITUH.

[Ipy ropsyeM MarHUTHO-UMITYJIbCHOM IIPECCOBAHMM YacTb JHEPIHH
€MKOCTHOTO HAKONMTEJNs MCHOJb3yeTcs I HarpeBa Iopouika. Harpes 30HBI
KOHTaKTa IOpOIIKa M 00padaTblBa€MOl MOBEPXHOCTU OOECIEUMBAETCS 3a CYET
IIPOITYCKAHMS 110 METAJUIMYECKON €Talu UMIYJIbCHOTO Pa3psAHOrO TOKA HHAYKTOpA.
Jnga peanuzanmu TakoW cXeMbl oOpa0aThiBaeMas JI€Talb IOCJIEI0BATEIbHO
BKJTIOYAETCS B IICNb pa3psaHuKa (pUc. 24, 6).

[Tony4yeHne MOKPHITHIA U3 METAJUIMYECKUX MOPOLUIKOB MAarHUTHO-UMITYJIbCHBIM
METOJIOM  BO3MOXKHO  TaKkKe€ IyTeM  MarHUTHO-UMIYJbCHONM  00paboTKH
Ipe/IBAPUTEIILHO HAHECCHHOTO TIOPOIIIKOBOTO cliost (pHUC. 24, 8).

MarauTHO-UMITYJIbCHBIM METOJ] HAHECEHWS NOKPBITUHA IPUMEHSETCA IS
U3TOTOBJIEHUSI U BOCCTAHOBJICHHS OMMETANIMYECKUX Iap CKOJIbKEHUS (HaHECEeHHE
xene3orpadura ¢ MocieayomuM paciyIaBICHUEM MEIHOW OOO0JIOUKM M MPOMHUTKOM
CJI051), YIIPOUHEHHS METAINIOKEPAMUYECKUMHU TBEPJIBIMU CIIJIaBaAMU TEXHOJIOTMYECKOU
OCHACTKM M HMHCTPYMEHTA, MOBBIIIEHUS HU3HOCOCTOMKOCTU CEIbCKOXO35HCTBEHHBIX
MalIvuH ¥ CTPOUTENBHO-TOPOKHONU TEXHUKHU.

2.8. DJIeKTPOJIUTHYECKHE TOKPBITHUS

[TokpeITHSI, HAHOCHUMBIE JJICKTPOJUTUUYECKUM (TAJIbBAHUYECKUM) METOIOM
qamie BCEro IOJy4aroT B BOJHBIX pPAacTBOPax COJIEM C NPUMEHEHHWEM BHEIIHETO
HMCTOYHMKA JICKTPOTOKA WJIM C TTIOMOIIBbI0 XUMUYECKUX PEArE€HTOB.

l'anbBanuveckuit meroa. JlaHHBIM METOA IIMPOKO NPUMEHSAIOT B
MaIlIMHOCTPOEHUHU, TaK Kak OH oOecrnedyrBaeT MOJy4YeHUE JOCTATOUYHO MPOYHBIX
MOKPHITUH MpU HEOOJIBIIMX pacxodax W MoTepsx meTtamwia. IIpoiecc momydeHus
MOKPBITHUSI COCTOUT B BBIICJICHUN WM OCAXJICHUUW METAJIa WJIM CIUIaBA W3 BOJHBIX
pPacTBOPOB HMX COJIEW NMPU MNPOMYCKAHWUU IJIEKTPUUYECKOTO TOKA YEpe3 SIJICKTPOJIUT.
[TokpeiBaeMO€E HU37€TME B IIEKTPOJIU3ZEPE CIYKUT KATOAOM, TOrAa KaK aHOJl — 3TO
IJJACTHHBI OCAXJIAaeMOTO MeTayia (pacTBOPUMBIC aHOABI), TpaduTa WM METallla,
HEpPACTBOPUMOIO0 B JJIEKTpoJuTe (HepacTBOpuUMBbIe aHonbl). Ilpu snexkTponuse B
BAHHAX C PACTBOPUMMBIMHM AHOJAMU METAJUI aHOJIa PACTBOPSIETCA, & U3 PacTBOpa HA
KaTOAE BBIJACIACTCA TAKOE € KOJMYECTBO METANIa, IO3TOMY KOHUEHTpaus
pacTBOpa COJM B JIJIEKTPOJUTE NPAKTUYECKU HE u3MeHsercd. [Ipu mcnonb3zoBanun
HEPACTBOPUMBIX aHOJOB IMOCTOSIHCTBO KOHUEHTPALMHU JIEKTPOIUTA MOAACPKUBACTCS
MEPUOINYECKUM BBEACHUEM TpeOyeMOro KOJMYECTBA COOTBETCTBYIOIICH COJIH.
["anpBaHMYECKN METOJI HAHECEHUSI IOKPBITUNA MTO3BOJISIET COBMECTHBIM OCaK/ICHUEM
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BBOJUTh B €ro COCTaB TBEPAbIC YaCTUIBl. OJTUM CIOCOOOM MOXKHO I0OJIy4aTh
MOKPBITHS C 0COOBIMU CBOMCTBAMHU.

["anibBaHMYECKUE MOKPBITHS IIMPOKO MPUMEHSIOTCS B KA4yeCTBE 3aIUTHO-
JNEKOPaTUBHBIX, I 00ECHEUYEeHHs] KOPPO3UOHHOCTOMKOCTH M HM3HOCOCTOMKOCTH, a
TAK)K€ JUIsI BOCCTAHOBJIICHMS pa3MEPOB MW3HOLICHHBIX JETajJeidl B PEMOHTHOM

pou3BoIcTBE (TabJI. 2).

Tabnuya 2. OchosHble UObI 2AbBAHUYECKUX NHOKPLIMULL U 001ACTU UX NPUMEHEHUs]

Bux TonumHa Bua Tonurna
nokpbirus | MOKPBITHS, | OGMACTL MPUMEHEHNA Hokpbrtus | MOKPLITHA, | OBacTh npumeneis
MEKM MKM
unkoea- 7—-30 | 3awura OT KOPpO3UU Pbl, AQ30THOKUCIION M LIe-
Hue u3nenuii, pabotaoux JIOYHOH cpea, GOMILMH-
BO BJAXHOMH atMocdepe CTBa Tra3oB M OpraHu-
(rnaBHBIM 00Opa3zoM ae- YECKHUX KHMCJIOT; ropsi-
Tajieil U3 CTaIH U 4yTy- 4yagd KOHUEHTPHPOBaH-
Ha), CTAIbHBIX JUCTOB Hasl CepHasi KMCJ0Ta U
Kaomupo- 7—45 | 3ammTa OT KOPpPO3UH ;ﬁg;g;;ﬁ;ex;g;ﬂmbl
eaHue KOHCTpYKLMii, paboTa- XpomoBoe noprl'me
JOIIX B KORIATE C XOpOUI0 BHIEpKHRCT
XUH; pe3bBOBBIX 1 Kpe- P4BHOMEPHO pacmnpec-
TeKH tﬂx netaneli g)- JICHHYI0 AMHAMUYECKYIO
GoTaolKX B Jlel"K’HE Harpysky, HO paspylia-
CITOBUSIX €TCs MPU COCPENOTO-
y YeHHOM yaape
Meduenue 5-35 | MeaHoe MOKpLITHE HE
MOXET CJIYKUTb 3allU- Jyncenue 3-25 |JlyxeHHI0 NOABEPraoT-
TOH OT KOPpPO3UH AJIsI Csl ICTAJTM M3 XEJIe3a,
XeJje3a, Mo3TOMY IpH- CTaTH, 4YyryHa, Meau,
MEHSETCSA KaK MOAC/0i natyuu. lupoko npu-
HUKEICBOTO U XPOMO- MEHSIeTCs] B TMLIEBOIA
BOTO NMOKPBITHI MPOMBILIEHHOCTH IS
Ceunyesa- | 75—400 | 3awmra OT KOppO3uu Eoﬁggngg gggg:;i%_
Hue METALTMYECKHX KOH- PHOODPOB. )
i DABOTA- Tanei cneuranbHOn
CTPYKLMIA, pabo ANITAPATY DI
LIMX B YCJIOBUSIX KOH-
TakKTa ¢ CEpHOH KHCIIO- i
> . amyHupo- 3-5 JIaTyHHBIE TTOKDPBITHSI
Zg"aggcggﬁﬂﬂf ﬁog: "_ eaHue XOPOILO CUETUISIOTCS C
HM%THMH ra3aMU p Pa3IU4YHBIMH MOKPLITH-
C ; SIMHM, TIPUMEHSIOTCST KaK
BUHLIEBAHUIO TOABEP- MONCION MpH Cepepe-
raloTCsl U3AETUs U3 CTa- HMW, HUKETNDOBAHAN
J, HyTyHa, MCAH, M- nyxéﬂﬂu H Opyrux no’-
HbIX CTJIaBOB, ATIOMHM- KOLITHSIX
HUS M Ero CIIABOB p
Hukeaupo-| 12—36 | 3ammra oT Kopposu; Ocmanusa-| 200—2000 | BocctaHoBA€HHE pa3-
Hie (noKpbl- MEDPOB AeTaJei NIPHU pe-
eawue MOJYyYEHHE EKOPAaTUB-
o . mue Jcene- MoHTe. ObecnieueHue
HOM TIOBEPXHOCTH; MOA-
. 30Mm) HaTsra npy nocaakax.
CJIOH TIpH XpOMKMpOBA- [Moncnoit mpu HaHece-
HUH. Hukenem nokpei- HWM GA6OHTA HA YyryH-
BalOTCS TAKKE ACTaNU HHe BKIANBIIE TIOM-
npnﬁopga, arnnaparos, wunHuKoB. JUis obec-
aBTOMOOMIIEH ‘
neyeHusi npupabdareiBa-
Xpomupo- 15—45 | XpoM0OBO€ NMOKpBITHE CMOCTH XpOMHPOBaH-
6anue CTOWKO MPOTHUB AEHCT- HBIX ITOPIIHEBLIX
BHS BIAXHOM aTMoche- KoJacn
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CocTaBbl 3JIEKTPOJUTOB M PEXKUMbl HAHECEHUS TMOKPBITUI IIUPOKOU
HOMEHKJIATypbl METAJVIOB U CILJIAaBOB, B TOM YMCJI€ U MIPUBEICHHBIX B TA0I. 2, MOXHO
Haiitu B ['OCT 9.305-84 «Enunas cucrema 3amuThl OT KOPPO3MHM M CTapeHUs
(EC3KC). TlokpbiTUsi METAUIMYECKHE UM HEMETAUIMYECKUE HEOpPraHUYECKHeE.
Omnepanuy TEXHOJOTHYECKUX IMPOIECCOB TOMYYCHUs MOKPBITUI.» (oduiinanibHoe
uznanue: M.: UIIK UsparensctBo crangapTtoB, 2003). DIEKTpOIUTHI, KaK MPABUIIO,
MPEACTABISIOT COO0OM COJIM HAa OCHOBE HAHOCHUMOIO MeTalia ¢ J100aBKamu
KaTaqnu3aTOpOB/MHTMOUTOPOB. PexkrM HaHeceHUs BKIIOYAET TEMIEpaTypy U Bpems
00paboTKH, a TaKXkKe INEKTPUUECKUE MapaMeTphl B BUJIE TUIOTHOCTH TOKa (B pacuere
HAa IUIOLIa/1b MOBEPXHOCTH 00padaThIBAEMOT0 U3IEIHS).

TexHonorus rajabBaHUYECKOM O0OpaOOTKM BKJIOYaeT (B MOpSAKE UX
BBINIOJIHEHUS): MEXAHMYECKYI0 OOpabdOTKy M OYMCTKY JeTajeid, IPOMBIBKY H
00e3KupHUBaHUe, COOCTBEHHO rajibBaHUYECKYI0 0OpaOOTKYy, BTOPUUHYIO IPOMBIBKY,
HEUTpaau3auuio U cylky. B psne ciayuyaeB (Hampumep, IpuU XpOMUPOBAHUU) IS
CO3/IaHUsl MAacJOyEpPKUBAIOIIETO penbeda MOTYyYEHHOE MOKPHITHE IOABEPraroT
aHOJAHOMY TpaBieHUI0. Mecta, He moajexamme o0padoTKe, 3allUIAI0T
IlacTMaccaMu WM JIAKOM. JIJisl MOKpBITUS HEOOJbIINX YYAaCTKOB KPYIHBIX JeTajeu
1eJIeco000pa3HO MPUMEHSTh MECTHYIO rajlbBaHUYCCKYIO 00paboTKy (pHC. 25).

J j O L Jj
Puc. 25. Cxema mecmuoii canveanuueckoi Puc. 26. Banna ona eanv8anuueckozo
obpabomxu: 1 — obpabamvieaemas oemaisb, HAaHeceHUsi OUCNEPCHBIX NOKPLIMULL
2 —2]IleKMpOU3HASL BAHHA, 1 —anoonas wuna; 2 — anoo; 3 —axkmu-
3 —ynnomuenue; 4 —pesepsyap;, eamop, 4 — kamoonas wuna, 5 —noogecka,
5 —nomox snexmpoauma, 6 —Hacoc 6 —obpabamveisaemoe uzdenue; T —omcoc

Ocoboe mecTo Cp€au rajibBaHUYCCKHUX HOKpBITI/Iﬁ 3aHUMAIOT TaK HAa3bIBACMBbIC
AUCIICPCHBIC ITOKPBITHA, KOTOPLIC IIOJIYYArOTCA IIPW BBCACHHUHW B MCTAJUIMYCCKHC
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CJIOM, TOJYy4YaeMble€  DJEKTPOJUTUYECKUM WM  XUMHUYECKUM  OCAXKJICHUEM,
ONPENICICHHBIX TBEPABIX YacTull pazmepoM 1—5 MkM mpu ux gone 5—10 mac.%,
wm 20—30 006.%. B kadecTBe MUCHEPCHBIX HAMOJHUTENEH MOTYT OBITh TBEp/IbIC
CIUTaBBI, aHTU(PUKIIMOHHBIC U IPyTrUe KOMIOHEHTHI, OJ1arogapsi KOTOPHIM TOKPBITHS
npuoOpeTatoT ocoOble cBoMcTBA. YacTHIbl MOMAgal0T B METAUIMYECKYIO MATPHILY
IpPU OCAXKJIEHWM METAJUIOB W3 PACTBOPOB HX COJIEM, B KOTOPBIX YaCTHIIBI C
koHneHTparuedr 50—300 1/1 moanepKUBArOTCS BO B3BEIICHHOM COCTOSIHUHM C
MOMOIIBIO MTepEMEITUBAHUS, TPUHYIUTEIBHOW HUPKYJSIIIUU PACTBOPA WU BIYBaHUS
Bo3myxa. CxeMa BaHHBI JJIsi OCAKICHUS TOKPHITUN JaHa Ha PHC. 26. Takas BaHHA
HUYEM HE OTJIMYAETCS OT MCIOJIb3YEMOU ISl OCAXJACHUS YACTHIX METAJIOB. Paboune
napaMeTphl MpoIecca TaKue K€, KaK U MPHU MOJYYCHUH METALTHYECKUX MOKPBHITHH.
[ToKpbITHA C BBICOKOTBEPJIbIM HAMOJHUTEIEM MOXHO 00pabaThiBaTh Ha HYKHBII
pa3Mep nuM@oBaHUEM AJIMa3HBIMU WA 3JT500POBBIMHU KPYTaMHU.

AHO/JHbIE KOHBEPCHOHHbIE MOKPHITHA. DTHU MTOKPBITUS MOTYYaIOT B BOJAHBIX
pacTBOpax AJIEKTPOJIUTA C MPUMEHEHHEM HCTOYHUKA TOKA, MOAKIIOYEHHOTO TaKUM
oOpazoMm, 4To o0OpabaTbiBaeMO€ HU3JACIHE CIYKUT aHoJoM. Marepual OCHOBBI
npeoOpa3oBbIBaeTCS (KOHBEPTUPYETCA) U Yy4acTBYeT B OOpa30BAaHUM MOKPBITHS
MyTeM XUMWYECKOTO  B3aUMOJCUCTBHS  CBOMX  METAIIMYCCKUX  HOHOB  C
anekTposuToM. Takoi aHoIHON 00pabOTKe MOAAAI0TCS MAarHUEBbIC, ATFOMUHUEBBIE U
TUTAHOBBIE CTIABHI.

2.9. Xumuyeckoe HaHeCEHHE MOKPBITHI

Xumnuyeckue 0ecTOKOBBIe MOKPbITHsA. [Iporecc XMMHUYECKOrO HAHECEHHMs
MOKPBITUIA BKJIIOYAET CJEAYIOLUIME OMNEpalMu: MOJATOTOBKA JAETalied K MOKPBITHIO;
HAaHECEHUWE TMOKpBhITHUS Ha pabouyue TOBEPXHOCTH; TepMUyeckas o0paboTka;
MexaHuveckas o0paboTKa [Uisi NpHUAAaHUS JETalsiM HEOOXOJUMBIX pa3MepoB U
YUCTOTHl MOBEPXHOCTH. B MPOMBINIJIEHHOCTH MPUMEHSIOTCS pa3Hble XUMUYECKHE
CHO0COObI HAHECEHUsI HUKEJIEBBIX, XPOMOBBIX, KOOAJTBTOBBIX, HUKEIb-KOOAIBTOBBIX U
JIPYTUX YIPOYHSIOUIMX MOKPHITHHM. ['OTOBAT neTany K XUMHUYECKOMY MOKPBITHIO TaK
ke, KaKk M K rajibBaHudeckomy. lIpumepHBIi COCTaB BaHH M PEXUMbI HAaHECEHHUS
MOKPBITUI XUMUYECKUM CITIOCOOOM TIPUBE/ICHBI B Ta0. 3.

[Tocne Tepmuyeckoit oOpabOTKM MOKpbITHH Tpu Temmeparype 350-450°C
IPOYHOCTh MUX CIEIUICHHS] C OCHOBHBIM METAJJIOM JETalld, TBEPAOCTb H
M3HOCOCTOMKOCTh BO3pacTaroT B 1,5 pasza u Oosiee. [IpoyHOCTD cliemieHns] TOKPBITUS
C OCHOBHBIM METAJJIOM BBICOKasi, Hanpumep, co ctaibio 10 — Boire 300 MITa.

CKOpOCTh OCaXACHHUS YIPOUYHSIOIIEr0 METaJlyla 3aBUCHUT B OCHOBHOM OT
TEMIEPATyphbl BaHHBI: C MOBBIIIEHUEM TeMIlepaTyphl HUKeNneBoi BaHHbI OT 50 1o 90
°C CKOpPOCTbh OCaXKJICHUSI HUKEJSI BO3pacTaeT MPUMEpPHO B 7 pas.
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Ta6ﬂuua 3. Cocmas eéann U pESNCUMDBL HAHECEHUA XUMUUYECKUX I’lOKpblmua

IokperTHE

HUKEJIb-
Kobasb-
TOBOE

IMoxazaress HUKE- | XxpoMo- | KoBanb-
nesoe | Boe | TOBOE

CocTaB BaHHBI*,
r/mn:
xaopucteit  [21-30| — - 30
HUKE/b
XJIOPUCTBIH — — 30 30
KOOanbT
runogocour (10-30| 8,5 20 20
HaTpUs

conp Powenss | — - - 200
okcuauerar (15-50| - — -
HaTpus
XJIOPUCTBII — - 50 50
AUTIOMUHU I
OTOPUCTHIN — — 50 50
XpoM
XJIOPUCTHBIN — 17 - —
XpoM
YKCYCHasi KMC{ — 11 - —
joTa (fens-
Has),Mr/1

Cxkopoctb ocax-|15-2512,5— 3] 15 15
OEHHUSI, MKM/4

OntuMmainbHas [90—93171-78190-99 |90-99
TeMrnieparypa, ‘C

KonuyectBo we-| 4—6 |[10—11]9—-10 |8—10
JIOYH 1S HEH-
TpaJIM3aluH, I/1

* JIns BceX KOMIIOHEHTOB COCTaB B I/J KpOMe
YKCYCHOM KMCJIOTBHI (MTI/J).

[ToxpeiTHsT 00pa3yrOTCs KaK CIEACTBHE XHUMHYECKOTO B3aUMOJICHCTBUS, U
MO03TOMY OHU (POPMHUPYIOTCSI 1O BCEW MOBEPXHOCTH C OJUHAKOBOM CKOPOCTHIO, B
OTJIMYKE OT TaJIbBAHUYECKUX MOKPBITHI, KOTOpbIE (DOPMHUPYIOTCS MPEXKIE BCErO Ha
BBICTYIAIOLINX MECTax — KPOMKax, pedpax, rpansax. i peanuzannu XuMU4eCKOro
croco0a HaHECEHHUs TMOKPBITUN HE TpeOyeTcs CI0XKHOE U JI0poroe o0OpyAOBaHHE.
Haunbonee ra¢ppexTBHO €ro mpuMeHeHue Il AeTaieil CI0KHON (HOPMBI.

XuMHYeCKHe KOHBEPCHOHHBbIE MNOKPbITHA. POpMUPYIOTCA B IMpolecce
XUMHUYECKOTO B3aUMOJICHCTBUSI MaTepuaia oOpabaThiBaeMOro MU3JAeNus ¢ aKTUBHOU
COCTaBIISIIONIECH pabouero pacrBopa. Mertamn u3nenus yyacTBYeT B O0Opa30BaHUU
CIOs  TOKPBITUA, TIPU OSTOM OH BuAou3MeHsercs (kKoHBeptupyercs). K
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KOHBCPCHUOHHBIM ITOKPBITUAM OTHOCAT XPOMOBBIC ITOKPBLITUS HAa MAaIrHUCBLIX CIIJIaBaX,
MMaCCUBHUPYIOIIHUC TIIOKPBITUA Ha AJIOMHHHCBBIX CIIJIaBaX, BOpOHéHLIe CJIOH,
(I)OC(I)aTHBIe IMOKPBITUA Ha HHU3KOJCTHPOBAHHLIX CTAIAX H IMACCHBUPYIOIIHUC CJIOU
(OKCI/II[LI) Ha JICTUPOBAHHBIX XPOMOHHMKCIICBBIX CTAJIX U K0OaJIbTOBEIX CILIaBaX.

2.10. Ind¢y3uoHHbIe NOKPHITHA

DOTU  TOKpBITUS  O0pa3yroTcs B pe3ysbTare  XUMHUKO-TEPMHUYECKOTO
B3aMMOJICUCTBUS TMOBEPXHOCTU JeTanu ¢ Aud(Py3MOHHO-aKTUBHBIM KOMITOHEHTOM
ra3oBoil (aspl, TOpOINIKA WU >KUAKOro paciiaBa. DopMUpOBaHUE MOKPBHITHIMA
MPOUCXOJUT TPU CPAaBHUTEIHHO BBICOKUX TeMIIEpaTypax, BO3JICUCTBUIO KOTOPBIX
HEeM30€KHO TOABEpraeTcs M Marepuan noajoxku. HapyimieHue coctosHus
MaTepuaia BCIEJCTBUE BJIMSHUSA BBICOKMX TEMIIEPATYp BEJCHUS MPOIECCOB 4Yalle
BCETO MOXET YCTPaHATHCS TMocienytoniei tepmoodpadbotkoi. K nuddy3noHHbM
criocob0aM HaHECEHUs MOKPBITUN MPUUUCIIAIOT TaKUe, IPU KOTOPBHIX B MOBEPXHOCTH
MO/IJIOKKU BHEJIPSIOTCA YIIIEPOJ UIIU/U a30T, & TaKKe METaJIou bl (00p, KpeMHHUI)
WJTU METaJUIBI (QJIFOMUHUN, XPOM, LIUHK).
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3. JlonoTHUTEIbHAS YIIPOYHAKOIIAA 00pad0oTKa MOKPBITHH

[ToaroToBKa MOBEPXHOCTH JeTajeil MOJ HambUICHUWE, KaK OBbLIO OTMEUYEHO
BBIIIE,  CIHOCOOCTBYET  YCWICHHIO  (PU3UKO-XMMHUYECKOTO  B3aMMOJICHCTBUS
HaIbUIIEMOr0 MaTepraja C OCHOBOM 3a CYET aKTUBALIMH HAMBUISIEMOM OBEPXHOCTH B
pe3ysbTare yaaleHUsl OKCUIHOW MIIEHKU U cOo3aHus Hakiena. HecMoTps Ha 3TO, U1
MHOTHX TIOKPBITUA OCHOBHOW BKJIAJ B QAT€3WOHHYIO IPOYHOCTH TPHUBHOCHTCS
MexXaHU4ecKuM 3aneruieHrueM. Crnabasi CBsi3b MEX]ly YaCTUI[AMU MOKPBITHS CBsI3aHa C
OCOOEHHOCTSIMU  €ro  (OPMHPOBaHUSA: OBICTPHIM HArpeBOM U  OXJIAXKICHHUEM,
KPaTKOBPEMEHHOM  BBIAECPKKOM  HMMITYJIbCHOTO  JaBieHUA. [[nd  MmoBbIIEHUS
IIPOYHOCTH CBS3M TOKPBITUSA C MaTepUaoM JAeTald (aAre3uOoHHas MPOYHOCTh) U
MPOYHOCTH CBSI3M MEXIY OTICIbHBIMM YacTHUIAMH B CaMOM IOKPBITUU
(KOT€3MOHHAsT  MPOYHOCTH)  MPEANPUHUMAECTCS  JIONMOJIHUTENIbHAs  oOpaboTka.
JlonomHuTeNbHOW 00pabOTKE MOJBEPraroTCs ACTAIU TEpe]l HaHECEHUEM IMOKPBITHIMA
JUISL OYMCTKU M aKTUBUPOBAHUSI TTIOBEPXHOCTH, a TAKXKE CaMU MOKPBITUS B MPOIECCe
HAHECEHUS U JICTAJIU C Y>K€ HAHECEHHBIMU MOKPBITUSIMHU.

JlononHuTeNbHAS YIPOUHSIONMAs 00paboTKa MOKPHITUH HEOOXOUMA C YIETOM
CIOHBIX YCJIOBUW HArpyX€HUsl JETAJIE, JEWCTBHUS PACTATMBAIOLINX, YIAPHBIX,
YCTAJIOCTHBIX HampspkeHUi. OcOOEHHO BaKeH 3TOT 3Tan 00pabOTKM MPU HAHECEHHUH
MOKPHITUHA METOJIOM HAaIbUICHUS, IOCKOJIbKY, HampuMep B Ta30TePMUUYECKUX
MOKPBITUSAX B3aUMOJCHCTBHE MEXIY YacTHIAMU U MEXAY YacTUIAMH U OCHOBOM
MIPOUCXOIUT TI0 MEXaHM3My aHkepHoro sddexra Ha miomanu Bcero Juib 8—9%
OOIIEN IO KOHTAKTA YAaCTHIL.

CpeactBamMu i1 JOCTHXKEHUS HEOOXOAMMOW CTPYKTYpbl W CBOMCTB
HAITBUICHHBIX TIOKPBITUN, YMEHBIIIEHUS MOPUCTOCTH W TIOBBIMICHUS MX aare3HOHHOM
MPOYHOCTH SIBJISIOTCS PA3IMYHBIC BHUJBI TEPMHUYECKOM H TEPMOMEXAHHUYECKOU
oOpabotku. Hawmbomee mMMPOKO NPUMEHSIEMBIMA METOJAMH JOTIOJHUTEIHHON
00pabOTKH SIBIISIOTCS:

* criekanue (Tepmuyeckas oOpaboTka 0e3 pacIUIaBICHHsS] YaCTHUI[ MOKPBITUS
WJIU TIPU HAJTUYUH KUAKON (Da3bl MO rpaHUIlaM HEPaCIJIaBUBIIIUXCS YaCTHIL);

* OIUIAaBJICHHE TMOKPHITUS (3Ta 00paboTka HeoOXoauma Il TOKPBITHA,
HAIBUICHHBIX Ta30JMHAMUYECKIUMH METOJIaMU );

* Iactuyeckoe AehOpMHpPOBAHHWE, B TOM YHUCJE YIPOUHSAIONIE-YUCTOBAs
yJIbTpa3ByKoBas 00paboOTKa;

* TepMuyecKas 00paboTKa ¢ MPOMUTKOW HAHECEHHOTO MOPUCTOTO MOKPBITHS
METAJTMYECKUMU PacIjiaBaMu U JIp.

Cnekanue. IIpoBoauTcs TpM HAarpeBe MMOPOIMIKOBOIO IOKPBITUSA IIPH
temneparypax (0,65-0,75)-T,, B mpomecce criekaHUS METaLTHYECKOTO TOKPBITHS
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BCJICJCTBME TIOBBIIEHUS AUP(GY3UOHHON aKTUBHOCTH aTOMOB  IPOUCXOJIUT
peKpHUcTaUIM3aIus, pejlakcalysl BHYTPEHHUX HANpsOKEHUM, YBEIMUYEHUE TUIOMIAIH
KOHTaKTHBIX TMOBEPXHOCTEM YacTull Mexay coOoM M ¢ ocHOBOM. B pesynbrare
CIICKaHUs METAJIMYECKOE TMOKPHITUE U3 COCTOSHHUS KOHIJIOMEpaTa YacCTHIl
NEePEXOIUT B  COCTOSIHUE  KOHrjomepata KpucrtamuioB. [loBeimiaercs  ero
IJIACTUYHOCTh, YMEHBIIAETCSl MIOPUCTOCTh, BO3pACTaeT aAre3MOHHAS] U KOTE€3MOHHAs
MPOYHOCTb.

CnexkaHue B NMPUCYTCTBUM KUAKOH (a3bl WM TBEPAO-KHUIKOE CIIEKAHUE.
[TpumeHsIOT OOBIYHO 71T YIPOYHEHUST KOMITO3UIIMOHHBIX MOKPHITHI. B 3TOM Citydae
au00 paCIUIaBIISIIOT OJUH W3 KOMIIOHEHTOB TMOKPBITUS, JUO0 00ECIeYnuBaIOT
KOHTAKTHOE  IUJIaBJICHUE TPU  B3aUMOJCHUCTBUM  KOMIIOHEHTOB  TOKPBITHSI.
OO6pa3yromascss Npu paciuIaBiICHUU JKHJAKas ¢das3a MPOHUKACT B HECIUIOIIHOCTH
MOKPBITHUS, CIIOCOOCTBYS €r0 YIIPOYHEHHIO.

[IpoAOMKUTENHHOCTh CIEKAHUSI B 3aBUCHMOCTH OT TOJIIIMHBI HAHECEHHOIO
CJ10s KoJeOJIeTcs oT 2 J1o 5 u.

TepmooOpabdoTka ¢ mnponmuTKOW. J[Is yHOpPOUYHEHUSI Ta30TEPMHUUYECKUX
MOKPBITUMA MPUMEHSIIOT TaKXe€ NPOMUTKY HEOPraHUYEeCKUMH MaTepuaiamu,
COBMeEINAsl JTaHHYIO ONepanuio ¢ o0beMHOUM TepmooOpaboTkoit. Jljist 3Toro Ha
HaIbIJICHHBIN CIION pa3HBIMHU CITIOCOOAMHU HAHOCAT MPONMUTOUHBINA MaTepuai. [1o mepe
pacIIaBlICHHs] MaTepHall 32 CYET KANWUISIPHBIX CUJI MPOHUKAET B HECIUIOUIHOCTH
nokpeiTus. [Ipu mpaBUIIBHO BBHIOPAHHBIX COCTaBE MPOMMUTKU M PEXUME Ipoliecca
MPOUCXOJUT 3arOJIHEHUE OOJBUIMHCTBA OTKPBITHIX MOp. Takylo TEXHOJOTHUIO
MPUMEHSIIOT, UCTOJB3YsI MEIb W JAPYrHe TPUIOU ISl YIPOYHEHUS] TMOKPHITUH U3
KapOuJia BoJib(ppama.

IinacTuyeckas naedopmanus. YIydlIWTh XapaKTEPUCTUKUA TIOKPBITHUS U
aKTUBHPOBATH TMPOLIECCHI CIIEKAaHUs TO3BOJISIET IUIACTUYECKOe nedopmMupoBaHHeE.
HauGonbiee pacnpocTpaHeHne Moayyuia cXeMa 3JIeKTPOKOHTAKTHOTO HarpeBa WM
TEPMOMEXAHUYECKOTO CIEKAHUs MPU MPOKATKE MOKPHITUA MEIHBIM TOKOIPOBOIHBIM
pomukoM. Jlebopmarisi TOKPBITUS TPU TEPMOMEXAHUUYECKOM CIICKAaHWUU WM
MPUNICKAHUM CBA3aHAa C TEM, YTO OTACJIbHBICE YaCTULbl CIBUTAKOTCA W
IMIOBOPAYMUBAIOTCA OJHA OTHOCUTEIBHO JPYrOM MO OIUIABJIEHHBIM TI'PAHULIAM.
Bo3moxna gedopmanuss W XpyHmKoe  pa3pylieHHe OTIASAbHBIX YacTHI[ C
MOCIECAYIOIIMM 3aBAPUBAHUEM BO3HUKIIMX TpemuH. CTpyKTypa MOPOLIKOBOTO
MOKPBITUS TIpU Topstuelt Aedopmanuii GOpMHUPYETCS B PE3yIbTaTe TOPSUEro HakiEna,
JAHAMHAYECKOr0 BO3BpaTa M AMHAMUYECKOM PEKPUCTATUIM3AlMU, PA3BUBAIOIIUXCS B
3aBUCHUMOCTH OT TEMIIEpATYpPHO-CUJIOBBIX mapameTpoB. IIpu 3TOM MakcumaiibHas
U3HOCOCTOMKOCTh MOXET OBITh JOCTUTHYTa MpPH YCJIOBHSX, O0O€CIEeUrBaIONINX
HanOOJIBbIIYIO AUCIEPCHOCTh U MUKPOMCKAXKEHUS! KPUCTAJUIMUECKOU CTPYKTypbl. K
HEJIOCTATKAM 3JICKTPOKOHTAKTHOTO HArpeBa CIEAYeT OTHECTH 3aTpyJHEHA IpH
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00paboTKe MOBEPXHOCTEM CIIOKHOW TeoMeTpUuuecKord (OpMbl M HEBO3MOKHOCTH
00pabOTKH HEINEKTPOIPOBOAHBIX MATEPHAIIOB.

Onaasienue. CaMbIM pacpOCTPAHEHHBIM CIIOCOOOM YIIPOUYHEHUSI TOKPBHITUI
SBIISIETCSL UX oruiaBieHue. Hambonee Jierko mporecc OmIaBiIeHUs] peaiu3yeTcs MpH
obopabotke camodurocyromuxcs Ni-Cr-B-Si-C cruraBoB. Coemunenue B,0O3; mmeer
Hu3kyo (998 K) temmeparypy IutaBieHHss W oOTiaM4Yaercs coBMecTHO ¢ SiO;
CIIOCOOHOCTBIO CBSA3BIBaTh OKCHJIBl METAJIOB B CTEKJIOBHIHBIE OOPOCHIIMKATHBIC
nuiakd. ViMess HHU3KyI0 TeMIlepaTypy IUIABJIEHHS UIUIAKK JIETKO BCIUIBIBAIOT Ha
MOBEPXHOCTh MOKPBITHUS. [lOMUMO yCTpaHEHHUsSI OKCHIOB W CHUXKEHHUSI MOPUCTOCTH
OIUIABJICHUE TMOKPBITUS O0ecneynBaeT B3auMHYI AUP(QY3UI0 DSJIEMEHTOB Ha
NOBEPXHOCTAX  KOHTaKTa. JTO INOBBIMIAECT AAr€3UI0 W, COOTBETCTBEHHO,
KOHCTPYKTUBHYIO IIPOYHOCTh JETalel C MOKpbITUAMH. Hapsany c¢ 3tum 1pu
OIUIABJIEHUU MOTYT U3MEHSATHCS (PU3MKO-MEXAHUUECKUE CBOMCTBA MaTEpHalia OCHOBBI
BCJIEZICTBME U3MEHEHHS COCTaBa U CTPYKTYPbl HAITBUIEHHOTO CILIAaBa.

OrmutaBieHre TOKPBHITUNA MPOBOMAAT C MPUMEHEHHUEM Kak OObEMHOr0 Harpena
(HampuMep B Ieyax, COJSHBIX BaHHAX), TaK U JIOKAJHHOTO T'PAJUEHTHOTO Harpena
MCTOYHUKAMU SHEPrUU BBICOKOW KOHILIEHTPALMHU (BJEKTPOHHBIM JIY4OM, JIy4OM
Ja3epa, OJJIEKTPOHHBIM IIYYKOM, JJIEKTPUYECKOW JAYTOM, JJIEKTPOKOHTAKTHBIM
METO/JOM, Ta30IUIAMEHHbIM W  IJA3MEHHBIM  IOTOKOM, MHKPOIIa3MEHHBIM
HCTOYHUKOM).

OnnaBiieHHE TMOKPBITUM B IM€YaX OCYIIECTBISIOT B BOCCTAHOBUTEIBHOW,
HEUTpaJIbHOM aTMOC(Eepe UM B BAKyyMeE.

Jlns HarpeBa B COJISIHBIX BaHHaX HamOOJiee 4YacTO MCHOJB3YIOT PAacIliaB
xjopuctoro Oapusi ¢ Temmeparypor 1323-1373 K. HWcnomp3oBaHWe KUIKHX
TEIJIOHOCUTENIEN MO3BOJISET JOCTATOYHO TOYHO IMOJJIEPKUBATH TEIUIOBOM PEXUM H
He TpeOyeT co3gaHusl 3alUTHOM atMocdepbl. OOBEMHBIN pa3orpeB B Meyax H
COJISIHBIX BaHHAX ABJISIETCS IOCTATOYHO TEXHOJIOTUYHBIM METOAOM, HO 3HAYUTEIbHBIN
MPOTPEB BCEM MACCHI IETAIM MOXET MPUBECTU K YXYAIICHUIO CTPYKTYpPbl MaTepuaia
OCHOBBI. J[aHHBIN METOJ] UMEET OTPaHWYCHUS TAKXKe 1Mo rabaputaM 00padaThIBaeMbIX
U3JICNIUA U, KPOME TOTrO, OH HE IMO3BOJSET BBHIMOJHATH OIUIABICHUE TYTOILIABKUX
KOMITO3UIIMOHHBIX MAaTepUajIoB Ha CTAJISX.

JIoBOJIBHO ~ pacnpoCTpaHEHHbIM H  3PQPEKTHUBHBIM  METOJOM  SABIISIETCS
BBICOKOYACTOTHBIA HWHAYKIIMOHHBIA HarpeB. B 3aBUCMMOCTH OT TE€OMETPUU U
pa3MepoB MHIYKTOpa M 00padaThIBa€MOU JE€TAM HATPEB OCYIIECTBIACTCS JHOO IO
BCE HANBUICHHON MMOBEPXHOCTH, JUOO JIOKAJbHO HA ONPEEICHHBIX YYacTKaX.
HenocratkoM HMHIYKIMOHHOTO HarpeBa SBISETCA HEOOXOAMMOCTh B  KaXIOM
OTJIEJILHOM CJIy4yae HW3TOTaBIMBATh MHAYKTOP B COOTBETCTBUM C KOH(pUTrypauuen
uznenus. Kpome TOro, mpu HMHIYKIIMOHHOM HarpeBe HEBO3MOXKHO 00pabaThIBAaTh
MOKPBITUS U3 TYTrOIMJIABKUX COCIMHEHUN Ha HEMarHUTHBIX MaTepuaax.
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bonbiivie TEeXHOJOTHYECKHE BO3MOXKHOCTH HKMEET Jia3epHas TEXHOJIOTHS
YOPOYHEHUs TMOKPBITHM. 3a CcYeT M3MEHEHMs] TapaMeTpoB Jydya MOXKET
pEeryaupoBaThCs IIyOMHA MPOIUIABIEHHOTO cliosi. OHa MOXKET OBITh paBHA TIyOMHE
HaITbUICHHOT'O IOPOIIKOBOIO CJIOSl, MOYKET NMPEBOCXOJIUTh €€ W PACIUIABIISITh YaCTh
OCHOBBI. BbICOKasi CKOpOCTh HarpeBa Mpu J1a3epHOil 00pabOTKe MO3BOJSET COXPAHATD
HACJICICTBEHHYIO MEJIKO3EPHUCTOCTh HAIMBUICHHOTO CIUIaBa, 4YTO 00eCleYynBaeT
XOPOIIYIO0 U3HOCOCTOMKOCTD.

OruiaBneHUE MOKPBHITUNA IMyYKOM 3JIEKTPOHOB, MUMEIOIIMX JJIMHY Mpodera B
o0Jdy4aeMOM MaTepuaie, paBHYI0 WM  HECKOJBKO  OOJBIIYI0  TOJIIUHBI
HEOOXOJMMOr0 CJI0Sl pacIlyIaBJIEHUs, TO3BOJISIET MOBBICUTh JOMYCKAEMYIO IUIOTHOCTD
MOIIHOCTH B IYYKE€, CKOPOCTh W IPOU3BOJUTEIBHOCTh MpPOLECCa OIUIABICHMS, a
TaK)Ke€ MCKJIIOYUTh 3aKUIaHUE paciljiaBa U BHIHOC €r0 M3 30HbI HarpeBa. [lokpeiTue,
MOJIy4a€MO€ B O3TOM clly4ae, 00JIaJaeT BBICOKOM OJHOPOJHOCTBHIO M XOpOIIEH
aJAre3MOHHOM NPOYHOCThIO. OIIaBIIEHHE IYYKOM 3JIEKTPOHOB MPOBOAST Kak B
CHEeIUaIbHBIX BaKyyMHBIX Kamepax, Tak M B arMochepHOM Bo3ayxe. bousbiimm
HEJIOCTAaTKOM JIyY€BBIX METOJ0B OOpaOOTKU SIBIAETCS CIOKHOCTh M BBICOKAs
CTOUMOCTh 00opyaoBaHusa. Kpome TOro, pabora C 3JIEKTPOHHO-TY4YEBBIMU
YCTaHOBKaMHM TpeOyeT CIeUaIbHbIX MEp MO 3allUTe 00CITYKMBAIOILETO EPCOHAIA.

OrnaBiieHHE MTOKPBITUM CBAPOYHOM AYTOM B MHEPTHOM Cpelle TEXHOJIOTHUYECKU
BO3MOYKHO, OJTHAKO MPHU 3TOM MPOUCXOJIUT MEPEMEIINBAHINE KOMITOHEHTOB MTOKPBITUS
C OCHOBOH, YTO CHHXaeT (U3UKO-MEXAaHHMYECKHE XaAPAKTEPUCTUKH TOJIy4aeMOro
nokpbeITHs. M30exarh mepemMemmBanus KOMIOHEHTOB HAMBLJICHHOTO MOPOIIKOBOTO
CIUlaBa M OCHOBBI MOXHO TMPH MCHOJb30BaHUM MHUKPOIIA3MEHHOTO Harpena.
[Ipoliecc MUKpPOIIIa3MEHHOTO OTUIABJICHUS XapaKTEPU3YETCs] HE3HAUMTEIbHONW 30HOM
tepmudeckoro BiausHuA (10 300 wmkm). Ilpu sTOoM MUKpoOmUIa3MeHHash CTpys
HarpeBaeT TOJIbKO MOKpbITHE. CyIIEeCTBEHHBIM HEOCTATKOM IIpolecca SIBJISIETCS €ro
HU3Kasi MPOU3BOAUTEITHHOCTb.

[Io TEXHOJOTMYHOCTH CaMbIM paCHpPOCTPAHEHHBIM B IPOU3BOJICTBEHHBIX
YCIIOBUSIX CIIOCOOOM OIIaBJICHUSI SBJSIETCS 00paboTKa areTHJICH-KUCIOPOIHBIMU
ropenkamu. HarpeB Benercs HeHTpasbHBIM TlaMeHeM. JlaHHBIN coco0 mpuBIIEKaeT
JOCTYMTHOCTBIO O0OpYIOBAaHUSI M MPOCTOTOM TexHonoruu. ONHAKO eMy MPUCYIIU U
CYILLIECTBEHHbIE HEJOCTATKU: HM3Kas MPOU3BOJUTEIBLHOCTh MpPOLIECCAa BCIEICTBUE
HEOOJIBIION TMIJIOTHOCTH TEIJIOBOTO MOTOKAa M CBsA3aHHAs € 3TUM ke (HaKTOpoMm
HEOOXOJMMOCTh TporpeBa Bcell Mmacchl jaetanu. Kpome Toro, Ha 3KOHOMHYECKHE
MOKa3aTeNid JAHHOTO cioco0a 00pabOTKU BIUSAET U BRICOKAss CTOMMOCTh alleTHIICHA.

VYcneuHo KOHKYpUpPYeT ¢ ra30IIaMeHHbIM CIIOCOOOM HArpeB ¢ MPUMEHEHHEM
IJIa3MEHHOM CTPYH, KOTOPOM MOKHO 00palaThiBaTh JIOObIE MaTepHUalibl, BKIIIOYAsS
TYTOIJIaBKHE COCUHEHUSI.

OOmiasi XapakTepUCTUKA pPAa3IMYHBIX METOJOB TEPMHUECKOH 00paboTKH
MOKPBITHH € LENbI0 UX YIIPOUYHEHUS pUBe/icHa B Ta0. 4.



55

Tabnuya 4. Xapakmepucmuka Memooos8 YynpouHeHUus HanbLIeHHbIX NOKPbIMULL

Crioco0
TEPMHYECKOH Xagﬁﬂm:x CPHUCTHKA Harpesa. JocTonHCcTBa METOAA Henocrarku merona
06paboTKH acThb NMPUMEHEHHUS

1. B meuu (B TOM
YuCJie C MPOITUT-
KO )

2. B consiHBIX
BaHHAaX

3. UHOyKIIMOHHBIN

4. DNeKTPOKOHTAKT-
HOe mpHIeKaHHe

5. Dnexrponyro-
BOMH

6. 'azorutaMeH-
HBIH

7. Ilna3MocTpyii-
HBIHA

8. MukponiasMeH-
HBIM MCTOYHHKOM

9. JIazepHBIid

10. DAeKTPOHHBIM
JIy4oM

OOBeMHEBII Harpes
BCEH Macchl OEeTanu.
O6paboTka n3nenuit
CJIOKHOW reoMeTpH-
yeckoil (opMbl

YCKOpEHHBIH 00BeM-
HBIIl Harpes Bceit Mac-
CBl JE€TaU, BO3MOX-~
HOCTh I'PaIUCHTHOIO
Harpesa. Beicokas npo-
U3BOAUTEBHOCTD

YCKOpeHHBIH JTOKalb-
HBIH MMOBEPXHOCTHBIN
HarpeB. Bbicokonpous-
BOOUTENIbHAsE 0bpaboT-
Ka jaetajneil mpocToi
reoMeTpUYECKON

dopMbl

To xe

JlokabHBIN Harpes
KOHLEHTPHUPOBAHHBIM
UCTOYHHKOM 3HEPrHH.
O6paboTKa KpymnmHora-
OapUTHBIX H3OESTHHA

YCKOpEHHEIH Harpes
noeepxHocty. Enu-
HHUYHOE MPOU3BOIACTBO

JlokanbHBIM Harpes
KOHLEHTPHUPOBAaHHBIM
HUCTOYHHMKOM 3HCPIryUH.
IlonyyeHue pasnuy-
HbIX, B TOM YHCJIE
TYTOIJIABKHUX, MOKPbI-
TUH

JlokanbHBII Harpes
KOHLIEHTPUPOBaHHBIM
UCTOYHHKOM 3HEPIUH.
ToHKHe TIpelun3noH-
HbIE MMOKPBITHS

JlokanbHBI Harpes
KOHLIEHTPHPOBAHHBIM
WCTOYHUKOM 3HEPIHH.
O6paborka HeGOoNb-
KX, B TOM 4HCIE
TPYAHOIOOCTYITHBIX,
MOBEPXHOCTEH

JIoKalbHBEIH Harpes
KOHLIEHTPUPOBaHHBIM
MCTOYHHKOM 3HEPrHH

Bo3MoXHOCTE OTHO-
BpeMEHHOI 00paboTKH
NMapTyuM AeTanei, B TOM
YHUCJIE CO CIIOXHOH reo-
METpHUEH, TOHKOCTEH-
HBIX, Pa3HOCTCHHBIX.
OTCyTCTBHE KPaeBOro

3¢ dekra

Bo3MOXHOCTE OJHO-
BpeMEeHHOMH 06paboTku
napTHH JeTajaei, B TOM
YUCIE CO CIOXHOH reo-
MmeTpuei. TOUHOCTB
peryaiMpoBKH TeMIlepa-
TYPHBIX M1apaMeTpoB.
3awmra ot atMochep-
HOTO BO3IEHCTBUS

Bricokast cCKOpOCTE Ha-
rpesa. CoxpaHeHHe
MEJIKOOHUCIIEPCHOCTH
MOpPOILUKOBOro Ccruiasa
MOKPBITUSA

To xe

Bricokas CKOpPOCTBb J10-
KaJIbBHOI'O Harpesa.

ITpocToTa obopynosa-
HUsI M OpPraHu3aluu
TEXHOJOTHYECKOTO
npoiecca

Bbicokas cKOpOCThb J10-
KaJBbHOIO Harpesa.
Bo3moxHocTs 06pabor-
KM JI00bIX MaTepUAJIOB.
PerynupoBaHue Temre-
paTypHO-BPEMEHHBIX
rnapaMeTpoB B LLIUPO-
KX npeacaax

HeznauuTtenpHass 30Ha
TEPMHUYECKOr0 BJIUS-
Husi. DopMHUpoBaHHUE
METKOOUCIIEPCHON
CTPYKTYPBI MOKPBITHSA

Bricokasi CKOpOCTb J10-
KaJIbHOTO Harpesa.
BoamoxHocTe 006paboT-
KU JTIIOOBIX MaTepHAIOB.
PerynuposaHue Temmne-
paTypHO-BPEMEHHBIX
rmapamMeTpoB B BeCbMa
LIMPOKMX Ipenenax.

O6paboTka netaieit co
CJIO>KHOHM I'eOMETpHEH.
BKoJiorMyeckas 4mc-
TOTA

BoaMmoxxHoe yxynueHue
CTPYKTYPBI MaTepHaJiOB OC-
HOBbI ¥ NOKpbiTUs. Heobxo-
JUMOCTb 3aLIUTHOH Cpensl.
OrpaHuyeHus no rabapuram
U Macce aetaneii. HeBoaMox-
HOCTB OTUIABJICHUSA TYroTLiaB-
KHUX KOMITO3MLUNA.

Bo3MmoxHoe yxyaueHue
CTPYKTYpPBI MAaTEPHUAIIOB OC-
HOBBI ¥ NMOKpBITHSA. OrpaHu-
YyeHUsA Mo rabapuraM M Macce
aetaneit. HeBoO3MOXHOCTB
OIUIABJIEHUSI TYTOMJIABKHX
KOMITO3HLIMH.

OrpaHHYeHHE THUTIOpa3MepOB
neraneii. HeBO3MOXHOCTD
00paboTKH TYrornjiaBKkux Io-
KPBITHI Ha HEMAarHUTHBIX
cruiaBax

TpynHoctu o6paboTKH neTa-
Je#l CO CIOXXHOM reoMeTpHei.
Hego3moxHocTk 06paboTku
HEJJCKTPOIPOBOAHBIX MATC-
puanos

IlepeMeltnBaHMe MeTalia
IMOKPBITHUSI C OCHOBOH.
H3MeHeHUe CTPYKTYphI OC-
HOBBbl B 30HE TEPMHYECKOTO
BIUSHUA

BrICOKasi CTOUMOCTb alleTH-
nena. Huzkas npoussonu-
TEJILHOCTB IIpoliecca. Beiro-
paHHe 3JIEMEHTOB ITOKPBITHSA,
U3MEHEHUE CTPYKTYpPhI
OCHOBBI

Bonbwoe yucao ¢pakTtopoB u
Clly4yaifHbIX BO3MYILUEHHH,
BAMSAIOLLINX Ha TeMIlepaTyp-
HO-BpPEMEHHBIE TTapaMeTpEI
rnpouecca

Huzkas npouzBoOuTEeILHOCTh
npolecca

CnoxHOCTbh 000pYyIOBaHUSA U
€ro BbICOKAasi CTOUMMOCTb.
IoTtepu 3HepruM Ha oTpaxe-
Hue. HeobxoaMMoOCTh crieLH-
aTbHOM 3alUUTH NTepcoHaia

To xe
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Hanbonee rpdpextruBHBI MeTOABI 00pabOTKH, COYETAIONINE PA3IMUYHBIC BHUIBI
SHEpruM, TOABOAMMON B 30HY 00paboTku. PammonanpHOE B3aUMOAEHCTBHE
MCTOYHUKOB YHEPTHH BBICOKOM KOHIIEHTPAIMH MO3BOJSET MOIYYUTh NOBEPXHOCTHBIN
cioii  oOpabaTbiBaeMOil  JleTalnM €  TOBBIIICHHBIMH  OKCIUTyaTallMOHHBIMHU
XapaKTEPUCTUKAaMU. JIONOJHUTENbHAS DSHEPrusi MOXKET IOJBOAUTHCS B 30HY
HAHOCHMOTO TOKPBITUS Ha PA3JIMYHBIX CTaIUSAX TEXHOJIOIMUYECKoro mporecca. Tak,
HalpuMep, BBICOKOCKOPOCTHasi 00paboTKa  yJIbTPa3BYKOBBIM  HHCTPYMEHTOM
HANbIJICHHOTO IJIa3MOM HEOCTBHIBIIETO IMOPOILIKOBOTO MOKPBITUS 00ecreurBaeT
MOJIyYEHHUE CJIOSl C TUIOTHOCTHIO, Oimn3koi K 100% OoT KOMIAaKTHOrO Marepuania, 4To
O0COOEHHO Ba)KHO JJII U3HOCOCTOMKHMX MOKPBITUH. A NMPUMEHEHHE YJIbTPa3BYKOBOIO
BO3JCHCTBUS B KOMOMHAaIlMM C IUIAQ3MEHHBIM TOTOKOM sl 00paboTKu
IPEABAPUTEILHO HANIBUIEHHOTO MOKPBITHS OKA3bIBAET MOJIOKHUTEIBHOE BIUSIHUE KaK
Ha CTPYKTYpy KOHTAaKTHOM 30HBI IIOKPBITHS C JACTAIBIO, TaK W HA CTPYKTYpPY
HNOKpPBITUS. B  KOHTakTHOM 30HE aKTUBU3UPYIOTCA JU((PYy3MOHHBIE TPOLIECCHI.
Matepuan MoKpbITHS MPOHUKAET HA MIyOuHY 10 50 MKM B MOBEPXHOCTh JAETANIU MO
MEX3EpPEHHbIM TpaHHUIaM, YTO OOECHEYMBAET BBICOKYIO MPOYHOCTh CLEIUICHUS
NOKPBITUS M JAeTaid. B caMOM TMOKPBITUM 3HAYUTENBHO H3MEIBYAOTCS BCE
CTPYKTYPHBIE COCTaBIISIOIIME. IJTO OOECHEYUT MOBBIINIEHHE TPEUUMHOCTOMKOCTU

MOKPBITHUS [IPU COXPAHEHUU YPOBHS U3HOCOCTOMKOCTH.
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Pexomenayemas jiureparypa

3ammTtHbIE TOKPHITUSA: yue0. mocodue / M.JI. Jlobanos, H.M. Kapmonuna, H.T.
Poccuna, A.C. FOpoBckux. — ExarepunOypr: U3n-so Ypan. Yu-ta, 2014. — 200 c.
3ennn b.C. CoBpeMeHHbIE TEXHOJOIMM MOBEPXHOCTHOIO YIPOYHEHUS U
HaHeceHUs MOKpbITHil: yueb. mocobue / b.C. 3enun, A.M. Cnocman. — Tomck:
N31a-Bo TOMCKOro moJIMTEXHUYECKOTO YHUBEpcuTeTa, 2012, — 120 c.
TymanoB FO.H. IlnasMeHHbIe, BBICOKOYACTOTHBIE, MUKPOBOJHOBBIE U JIa3€pPHBIE
TEXHOJIOTUM B XUMHUKO-MeTaurypruueckux mpoueccax / FO.H. Tymano. M.:
OU3MATIIAT, 2010. — 968 c.
Connuen C.C. 3ammrHble TOKPBITUS METANIOB MIPU HArpeBe: cIpaB. mocodue /
C.C. Comnuen. — M.: JIu6poxom, 2009. — 248 c.
[Ty3psikoB A.®. TeopeTnyeckre OCHOBBI TEXHOJOTUHU IJIA3MEHHOIO HaIbUICHUS /
A.®. [ly3pskos. — M.: U3g—Bo MI'TY um. baymana, 2008. — 360 c.
Tiopun FO.H. Ilnasmennsie ynpounsitomue texnonoruu / FO.H. Tropun, M.JL
Kankesuu. — Kues: HaykoBa gymka, 2008. — 216 c.
Kongparos JL.II. Texnonorus marepuanos u nokpeituii / JL.II. Kongparos, H.H.
boxko. — M.: MI'VII, 2008. — 226 c.
['amOypr FO.JI. T'anbBaHOMOKpPBITHS: CHOpaBOYHUK MO npumeHeHuto / FO. [
["amOypr. — M.: Texnocdepa, 2006. — 216 c.
Tymmwmnackuit JLU. uw nap. Meroasl uccinenoBanus matepuainoB: CTpykrypa,
CBOICTBA U TIPOLIECCHl HaHECEHUsT HeopraHudeckux mokpeituit / JL.U. Tymunckuid,
A.B. Ilnoxos, A.O. Tokapes, B.11. CunneeB. — M.: Mup, 2004. — 384 c.
Xacyu A. HannaBka u Hanbuienue / A. Xacyu, O. Mapuraku; nep. ¢ smn. B.H.
[Tonosa; nmox pen. B.C. Crenuna, H.I'. lllectepkuna. — M.: MammHocTpoeHue,
1985. — 240 c.

Iepeuens poccuiickux (FOCT) u eBponeiickux (ISO) crangapTos no
MOKPBITHSM

I'OCT 9.301-86 Engunas cucrema 3ammtsl oT koppos3uu u craperus (EC3KC).
[TokpeiTHsi METANIMYECKUE W HEMETAUIMYecKue Heopranudeckue. OOmume
tpeboBanus. M.: Crannaptundopm, 2010 (odunmansHoe n3nanue)

I'OCT 9.306-85 Enunas cuctema 3ammrtbl oT koppo3uu u ctapenus: (EC3KC).
[ToxpbITHS METaUIMYECKHEe U HEMEeTaJUThYeckre Heopranudeckrue. O003HaYCHHUS.
M.: UTIK UznatenbcTBO cTanaapToB, 1997 (odunmansHOE U31aHUE)

I'OCT 9.303-84 (MCO 4521-85, UCO 4523-85) Enunast cucrema 3amiuThl OT
koppo3uu u  crapeHus (EC3KC). IlokpsiTusi  MeTaluIM4ECKHE U
HEMeTaJUTMUecKiue Heopranndeckue. OOmme TpeboBanus K BeIOOpY. M.:
Crannaptuadopm, 2008 (odunmansHoe n3nanue)
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I'OCT 9.305-84 Enunas cucrema 3ammThl oT Koppo3uu u craperus: (EC3KC).
[ToxpeITHsI METaUIMYECKHEe M HEMETAUIMYeCKHe Heopranmdeckue. Orneparuu
TEXHOJOTHYECKUX npoueccoB nonydeHus nokpeitui. M.: UIIK U3pgarenscTBO
ctangaptoB, 2003 (oduimansHOE U3TAHKE)

I'OCT 9.302-88 Engunas cucrema 3ammTsl oT koppo3uu u crapenus (EC3KC).
[TokpeITHsT METANIMYECKUEe U HEMETaUIMYeCKHue HeopraHudeckue. Meroabl
KoHTpousisi. M.: M3narenscTBo cranaaptoB, 1990 (odbunmanbHOE U3aHKE)

I'OCT 28076-89 I'azorepmuueckoe HambuieHHE. TepMuHbl U onpenenenus. M.:
NznarenscTBO cTanaaptoB, 1989 (odurnmansHoe U3gaHME)

I'OCT 25.220.40 MerajumnuecKue NOKPhITUS

ISO 1456:2009 IlokpeITs MeTaUITHYECKHUE. DIEKTPOITUTHUECCKUE TOKPBITHS U3
HUKEIIb-XpPOMa, MEIb-HUKEIIS U MEb-HUKEITb-XpOMa

ISO 2063:2005 Tepmuueckoe HamblUIeHHE. MeTalIMyecKue | JIpyTHe
HEOopraHu4eckue MOKpbITUs. [{UHK, aIFOMUHUN U UX CIIJIaBbI

ISO/DIS 2063-1 Thermal spraying -- Metallic and other inorganic coatings --
Zinc, aluminium and their alloys -- Part 1: Planning of the corrosion protection
system -- Component design considerations and quality requirements

ISO/DIS 2063-2 Thermal spraying -- Metallic and other inorganic coatings --
Zinc, aluminium and their alloys -- Part 2: Conditions for execution of corrosion
protection works by thermal spray processes

ISO 2064:1996 [lokpeiTHs MeTAIMYECKUEe W JAPYrHWe HEOPTaHUYeCKHe
noKpbITUA. ONpeAesieHNs U MOHATHS, OTHOCAIIUECS K U3MEPEHUIO TOJIITUHBI

ISO 2080:2008 Meramnmnyeckue W JApyrue€ HEOPTaHWMYECKHE TMOKPBITHS.
[ToBepxHocTHas o6padboTka. CiioBapb

ISO 2093:1986 IlokppITusi SIEKTPOIUTUYECKUE OJIOBSHHBIE. TeXHUYECKHUE
TpeOOBAaHMS U METOBI UCITBITAHUS

ISO 2179:1986 IlokpbITHs SIEKTPOJUTAYECKUE W3 OJIOBIHHO-HUKEJIEBOTO
crutaBa. TeXHUYECKHUE YCIOBUSI M METOIbI UCTIBITAHUHN

ISO 2819:1980 IlokpeITHS METAIMYSCKUE HAa METAIMYSCKUX IOJJIOKKAX.
DNEKTPOOCAKICHHBIE U XUMUYECKH OCAXKJCHHBIE MOKPHITHSI. O030p METOH0B
UCTIBITAHWH HA MPOYHOCTH CIETIICHUS

ISO 3882:2003 Metamnueckue U Apyrue HeopraHuudeckue nokpeitus. O030p
METOJIOB U3MEPCHHMSI TOJIIIHHBI

ISO 4516:2002 IlokpeITHs MeETAIUYECKHE W JAPYrHe HEOPTaHUYECKHe
nokpeiTrsi. Onpenenenne MUKpoTBepAoCcTH o Bukkepey u Kaymy

ISO 4526:2004 TlokpbITHs MeTaJUTMUECKHUE. DJIEKTPOJUTHUECKHE HHKEIIEBbIC
MOKPBITHS 1711 TEXHUUECKUX TeTIeH

ISO  4527:2003  IlokpbiTus  MeTaJUIMYECKHEe.  ABTOKATaIUTHYECKHE
HukenedochopHbie MOKPHITHUS. TeXHUUECKUE YCIOBUS U METO/Ibl UCTIBITAHUI
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ISO 4536:1985 TlokpeiTHs METAIIMYECKHUE U JAPYrde HEOpraHUYECKHe
MOKPBITUSI Ha METANIMYECKUX TOJUIOKKaX. VcmblTaHHe Ha KOPPO3UIO IPHU
OOpBI3TUBAHUU COJIEBBIM PACTBOPOM

1SO 4539:1980 [ToxpoiTHS AIIEKTPOOCAXKICHHBIE XPOMOBBIE.
DNEKTPOIIUTUYECKHE KOPPO3UOHHBIE UCTIbITaHus (ucnbiTanus EK)

ISO 4543:1981 Mertaminueckue U Apyrue HEOpraHuueckue MokpbiTus. Oomme
paBuUJia UCTIBITAHUN HA KOPPO3UIO B YCIOBUSX XPaHEHUS

ISO 6158:2011 TIlokpeiTHs MeETAUIMYECKHE U APYrHe HEOpPraHWYECKHE
MOKPBITUS. DIEKTPOIUTUIECKIE XPOMOBBIC TTOKPBITHS ISl TEXHUYECKUX IeIen
ISO 7587:1986 IlokpeiTHs SIEKTPOIUTHYECKHE W3 CIUIABOB OJIOBO-CBHHEII.
Texauueckue TpeOOBaHUS U METOIbl UCIIBITAHHIA

ISO 8401:1986 IToxpeITis MeTauMueckue. MeToapl N3MEpPEeHHs IIaCTHYHOCTH
I1SO 10289:1999 Metoabl KOPPO3UOHHBIX UCTIBITAHUN METAUNIMYECKUX U IPYTUX
HEOPraHWYECKUX MOKPBITUM HAa METAIMYEeCKMX mojuiokkax. OleHka
UCTIBITATENbHBIX O0OPA3OB U TOTOBBIX M3JEIHNA, TIOJBEPraeMbIX KOPPO3UOHHBIM
HCITBITAaHUSM

I1SO 10308:2006 IlokpeiTusa Metammuueckue. O630p UCIBITAHUN HA TIOPUCTOCTh
ISO 15726:2009 Metannudeckue ©W JApPYyru€ HEOPTaHWYECKUE MOKPBITHUS.
["anpBaHMYECKUE IIMHKOBBIE CIUIABHI C HUKENIEM, KOOAThTOM MIIH JKEJIE30M

ISO 16348:2003 TokphITHs METAIUTMYECKUE U JPYTUE HEOPTaHUUECKUE TIOKPBITHSL.
Onpenenenus U yclIoBHbIE 0003HAYEHNUS, KACAIOIIMECS BHEIIIHETO BUa

ISO 22779:2006 Meramnuyeckue TMOKPHITHS. AJIOMUHUEBBIE TOKPBITHS,
HAHOCHUMBIE METOAOM (PHU3HUECKOTO OCXKACHHS U3 mapoBoil (as3el. Texuudyeckue
TpeOOBaHMS ¥ METO/IbI HCTIBITAHUS

ISO 26945:2011 Merannuyeckiue ¥ JApPYyru€ HEOPTaHWYECKHUE TMOKPBITHUS.
DAEKTPOOCAKICHHBIE TTOKPHITHSI U3 0JIOBOKOOATFTOBOTO CILIaBa

ISO 27830:2008 TIlokpeiTusi METALIMYECKHE U JAPYTHE€ HEOPTaHUUYECKHE
NOKpPBITUS. PykoBoafmive yKa3aHUs 1O ONPENEICHUIO METAJUIMUYECKUX U
HEOPraHUYECKUX MOKPBITUN

ISO 27831-1:2008 Merammnueckue W APYrHe HEOPTaHUYECKHE TOKPBITHSL.
Uuctka W MNOArOTOBKA  METAJUNIMYECKMX  MoBepxHocTed. Yacte 1.
JKeneszocoaeprxkaiine METaJIbl U CILIABBI

ISO 27/831-2:2008 Meraminueckue W ApPyrWe HEOPraHUYECKHE MOKPBITHSL.
Uuctka ¥ MOJATOTOBKAa METAINIMYECKUX MOBepxHOcTed. YacTh 2. Metaiibsl u
CIUIaBbl, HE COMIEPIKAIIUE JKETIE30



