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PA3JIEJT 1.
OPTAHU3AILINSA U METOJIUKA ITPAKTUYECKUX 3AHATUIA

1.1. Ileab 1 3a1a4u NPAKTHYECKUX 3AHATHI

[lenbto MpaKTUUECKUX 3aHATUH SBISETCS 3aKpPEIUIEHUE U YIiIyOJieHue 3HaHUN
CTYJICHTOB, TOJYYEHHBIX MPU H3YYEHUU ITUCHUIUIMHBI «Teopuss M TEXHOJIOTHUA
NOJIyYEHHSI TOKPBITUI», NMPUOOpPETEHNE MPAKTUYECKUX HABBIKOB IOMCKA, aHaIU3a
HAyYHO-TEXHUYECKOW HWH(OpMANuMu W MCHOJb30BaHUS 3TOM HHGOpMALUMU s
pa3pabOTKU TEXHOJIOTUN HAHECEHUSI TOKPBITUH.

[IpakTHueckue 3aHATHS MPOBOAATCS C MCHOJIb30BAaHUEM HMHTEPAKTUBHBIX
TEXHOJIOTM OOY4YEHHs U 3aKJIIOYAlOTCA B MOUCKE U aHaIW3€ MHPOpMAIUU MO TEME
NPAKTUYECKOTO 3aHATHUS W MNPUMEHEHUHU OTOM wuHbopManuu 1id pa3paboTKu

TEXHOJOI'MM HAHCCCHUSA ITOKPBITHA.

1.2. ITopsiaoK BBHINMOJIHEHUS

— O3HAaKOMHTBCS C TEOPETUUYECKUMHU CBEICHHUSIMU K OUYEPETHOMY 3aHSITHUIO
(cMm. paznen 2);

— TPOW3BECTH TOWCK HWH(POPMAIMHM HA TEMY 3aHATHUS C HCIOJIh30BAHHEM
Nurepuer-pecypcos (I[Ipunoxenue 1);

— Ha OCHOBE COOpaHHOW WH(POPMAIMKM  BBHITIOJHUTH  3aJaHUE  TI0

IMPOCKTHUPOBAHUIO TCXHOJOTUHW HAHCCCHUS ITOKPBITHUA.

1.3. OTyeT 0 BHINOJIHEHUH 32/ IaHUSI.

OT4eTr NO0 MPaKTUYECKOMY 3aHSITHIO COCTaBISETCA B MPOU3BOJIBHOU (hopme u
JIOJIKEH COJIEPKATh:

— yKa3aHHe 1IeJI 3aHATUs;

— OTYET O MOMCKE HAyYHO-TEXHMYECKOW HH(POpMAIMU MO TEeME€ 3aHATHS,
BKJIIOYAIONINI B ceOs: oOmucaHue MNpOoIeaypbl M pe3yibTaTbl IOWUCKA HAYYHO-
TEXHUYECKON HMH(OpManuu (HAyYHBIX CTaTe€il, MAaT€HTOB, KHUI WU JUCCEPTALH);
IIOUCKOBBIE 3aIPOCHI, C(HOPMUPOBAHHBIE IJIS1 KaXJA0H MOUCKOBOM CHCTEMBI M 00Ilee
YKCJI0 HaJJIEHHBIX UCTOYHUKOB; XapaKTEPUCTUKY PE3yJIbTaTOB MOUCKA.

— KpaTKoe ONHCaHue COOpaHHOM B TIpOLlECCE€ BBIMOJIHEHUS 3aJaHUs
uHpopMaImu;

— OIIMCaHuc p33pa60TaHHOﬁ TCXHOJIOTMHN HAHCCCHUA ITOKPBITHA.
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1.4. JIuteparypa, pekoMeHayeMas JJI NPAKTHYECKUX 3aHATHI

1. 3amuTHble TOKpBHITHS : ydeOHoe mocodue / M. JI. Jlo6anos, H. W.
Kapnonuna, H. I'. Poccuna, A. C. IOpoBckux ; noxa penakuueit FO. I'. DlicMoHAT.
3amutHeie mokpbiTusg, 2022-08-31. ExarepunOypr : VYpanbckuit denepaibHbIN
yausepcutet, ObC ACB, 2014. 200 c. ISBN 978-5-7996-1101-9.

2. Kymuk, B. U. @OyHKUMOHAIbHBIE CTOMKHE TOKPBITUS [DJIEKTPOHHBIN
pecypc]: yueonoe noco6ue / Kynuk B. U., Hunos A. C. Cankt-IletepOypr : BI'TY
"Boenmex" UM. .. YcTuHOBa, 2017. 151 C. URL:
https://e.lanbook.com/book/121849. ISBN 978-5-906920-38-6.

3. 3amuTHO-IEKOPATUBHBIE MOKPHITUS MaTepHUasioB: yuyeOHoe mocodue / A.P.
MyxtapoBa, P.P. Cadun, I1.A. Kaitno, A. E. BoponuHn. 3amurHo-AeKOpaTUBHBIC
nokpeiTuss  matepuanoB, 2025-01-18. Kazanp: Kazanckuii  HalMOHAJIBHBIN
UCCIIEIOBATEIbLCKUN TeXHOJMornueckuii yuusepeutet, 2018. 80 c. ISBN 978-5-7882-
2399-5.

4. WpanoB, H. b. HanorexHonorun maTepuaioB U MOKPBITUH : ydeOHOE
nocobue / H. b. Banos, H. A. Ilokamroxun ; mon penakmnueit J[. C. AHOMIKHHOM.
Hanorexnonornu marepuanoB U MOKPBITUNA, BeCh CpOK OXpaHbl aBTOPCKOTO IPABA.
Kazanp : Kazadnckuii HaUUOHAIBHBIM HCCIEOOBATCILCKUM TEXHOJIOTHYSCKHUU
yHuBepcutet, 2019. 236 c¢. ISBN 978-5-7882-2538-8.

5. bobOpos, I'.B. Hanecenue Heoprannueckux NOKpbITUA. Teopusi, TEXHOIOTUs
u obopynoBanue: yueOHuk ais By3oB / [.B. boopos, A.A. Unbun. M. : UuTepmer
uHxuHUpHHT, 2004. 624c. : wi. ISBN 5-89594-095-1 /B mep./ : 539.00.

6. JliooumoB, Buktop BacumpeBuu. dopmupoBaHmEe  MHUKpPO- H
HAHOCTPYKTYPHUPOBAHHBIX byHKIHOHATBHBIX MOBEPXHOCTEMN PEeXKYIIEro
UHCTpYMEHTa : yueOHoe nocooue / B.B. Jlto6umos, B.M. Boarun, U.B. I'nuauna ;
Tynl'VY. Tyna, 2016. 111 c. : un. ISBN 978-5-7679-3560-4.

7. Komno3unmonHslie Marepuansl : cnipaBouyHuk / B. B. Bacuiwes [u np.] ; nox
o6mr. pea. B. B. Bacunbera; FO. M. Tapuosckoro; peakomn. H. A. Andyrtos [u ap.].
M. : MammuocTpoenne, 1990. 512 c. : wr. ISBN 5-217-01113-0 ((8 mep.)) : 2,60.
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PA3/IEJ 2.
YKA3AHUS K BBITIOJTHEHUIO ITPAKTUYECKUX 3AHATUIA

[Ipaktuueckoe 3ansarue 1-2

MeToabl METAJVIN3ANMH HEMETAJLJIMYECKUX MaTepHuaJIoB

1. TeopeTnueckue cBeaeHUsI

Mertannu3aiusi HePOBOAIIUX MaTepUANIOB MO3BOJISIET MOJTYy4YaTh U3JETUS C
COBEPIICHHO HOBBIMU (PYHKIIMOHAJIBHBIMU U JIEKOPATUBHBIMU cBoMcTBamu. K
TPAJAUIIMOHHO TIOJJIKAIUM METATU3AIMA MaTeprajaM OTHOCATCS Pa3HOOOpa3HbIC
MOJIUMEPHI (TIJIACTMACCHI), CTEKIIA, KepaMuKa, TPUPOIHBIC MaTePUAIIBI U T.1I.

MeTtannu3nupoBaHHast rracrmacca cTaja Ype3BbIYANHO Ba)KHBIM
KOMOMHUPOBAHHBIM MaTepUalIoM, KaKk B ObITy, TaKk M B MpoMblnieHHOCTH. Ho
CTOMMOCTBh MCXOJHOTO MOJuMepa cocTaBiisgeT ToJbKO 20-30% OT CTOMMOCTH BCETO
METAJUIM3UPOBAHHOTO  m3aenus.  [loaTomMy  ynelmieBieHME U TIOBBIIICHUE
YHUBEPCAIbHOCTH TMpOIecca METAJUIM3AMU JIOTUYHO TMPUBEAET K CHUXXKEHUIO
ce0eCTOMMOCTH POYKTA.

OO6macTaMy MPUMEHEHHSI METAITU3UPOBAHHBIX TJIACTUKOB B OBITY SIBIISFOTCS:

— BHEIIHAS OTJIeNIKa 3JIEMEHTOB OBITOBOM TEXHUKHU;

— BHENIHSS M BHYTPEHHSISI OTJENKA JAeTalleld aBTOMOOWIICH;

— BOJIOTIPOBOJIHASA apMaTypa (CAaHTEXHUKA);

— KOpIlyca 4acos;

— W37eNUs  IMHMPOKOTO TMOTpeOnaeHuss (aBTOPYYKH, CTOJOBBIC MPUOOPHI,
UTPYIIKH, GyPHUTYDA).

B npubopocTpoennn MeTayuiM3auu moiBepraroTcs:

— ACTAJIH, CIIY>KalluC JICKTPHUICCKHUMHU U MAIrHUTHBIMU DKPAHAMU,

TOKOHECYIIUE 3JIEMEHTHI KOHCTPYKIIHA;
— BOJIHOBO/JIBL;
— IICYaTHBIC IUIAThI;

— (OpMBI 1715 TATBBAaHOTIACTUKH.

1.1. Meroabl MeTa/IM3aI|H TJ1aCTMACC

Meroabl MeTaIu3aIuu ACNATCS Ha:

MexanuyecKue, Korja nokpbitue GOpMHUPYETCs 3apaHee U TOJIBKO MOCIE 3TOr0
KPEMUTCS K MOKPHIBAEMOU MOBEPXHOCTH;

¢u3uuec:<ue, KOorjla MCTAJJI BHaA4YAJIC IIPCBpallarOT B Iap HWIMW XUJIAKOCTD,



HAHOCUMBIE Ha MOKPBIBAEMYIO IOBEPXHOCTb, TJE€ OHHM OISTh NPEBPAIIAKOTCS B
TBEPbI METaJUI, 00pa3yst KOMIIAKTHOE TOKPHITHUE;

Xumuueckue (XumMuko-3jaeKmpoaumuyeckue), KOrna MpoBOASALIMN CIOW Ha
noiMMepe o0pa3yercsl B XOJ€ XMMUYECKON peakiiy, a 3aTEM Ha HEro OCaXKIaeTcs
METaJlJ XUMUYECKHU U/WJIU TabBAaHUYECKH.

B nOpoMBINUIEHHOCTHM — MOJAYyYWJIM  PacHpoCTpaHEHUE TpU  CIlocoda
METAUIM3ALMU: HaIbUICHUE JXUAKOrO METajla, BaKYyMHOE HAINbUIEHHUE, XUMHKO-
ANeKTpoUTHYEeCKast MeTamun3anus (XOM).

[lepBoIii croco0, 3aKIIOYAIOIINIICS B HAHECEHHM PACIUIaBICHHOTO MeTajlia
JNEUCTBUEM CHKATOTO BO3AYyXa, MOJYYWJ BECbMA OTPAaHUYEHHOE PAaCIPOCTPAHEHUE U3-
3a OONBIION HEPaBHOMEPHOCTH TOKPHITUH, BechbMa Tpy0Oil MOBEPXHOCTHU
METAJNIMYECKOT0 CJI0s, CIa00ro CLEIJIEHUs HAlTbUICHHOTO0 METaJlla C MOBEPXHOCTHIO.

Crnoco0 BakyyMHOW MeETaJUIM3allMM 3aKIOYaeTcs B KOHJEHCAllMU MapoB
MeTajijla Ha MOKPHIBAEMOW MOBEPXHOCTH B BAKYYMHBIX YCTAHOBKax. DTOT CHOCOO
BecbMa 3P deKTHBeH MpH NoydeHnn ToHKUX mieHok (0,1-1,0 MxMm) cioeB meTamia
HAa MEJIKUX JeTaimsiXx, oOpabarpiBaeMblx B OapabaHe HachIlblo. TOHKHE CIIOU
MOKPBITUS 00JAJal0T TUIOXOW W3HOCOYCTOMYMBOCTBHIO. BakyyMHBIN cmocod B
OOJBIIIMHCTBE CIy4aeB HE UMEET MpeumylnecTB nepen XOM U nuMeeT 3HAYUTENIbHO
OOJBIINI pacxo/l MaTEPUAIIOB U IEKTPOIHEPTUH.

XOM 00BIYHO MPOU3BOAUTCS MyTEM OOPaOOTKHU TJIACTMACCOBBIX JieTajed B
pacTBOpax, B KOTOPBIX XUMUYECKH MOJTYyYArOT TOKONPOBOAAIMIMMI ciiol. [lomydenHbIi
TOHKHAW CIIOM 3aTeM 3aTATUBAIOT XUMUYECKHM BOCCTAHOBIICHWEM METaJia W/WIn
rajbBaHUYECKHU 10 HEOOXOAMMOM TONIHUHBL. XOM XapakTepuszyeTcsi BO3MOKHOCTHIO
MOJIy4EeHHs OOJIBIIIOTO ACCOPTUMEHTA MOKPBITHI MO BUIaM U TOJIIWHAM, HE TpeOyeT
JUISL  OCYILECTBJIEHUSI  CIIOKHOTO  000py/OBaHHsA, OOeCleyuBaeT MOJyYeHue
PaBHOMEPHBIX IO TOJIIMHE MOKPBHITHI W XOpOIIEEe CIEIJIEHHE MX C OCHOBOWl. B
KauecTBE MPOBOJSIIEIO TOJACIOS HE 00s3aTeIbHO MPUMEHSATh XUMHUYECKU
ocakJieHHble MeTauibl. Jlanmee OyaeT MOKa3aHO, 4YTO JUIsl 3THUX LEJled MOXKHO
UCIIOJIB30BaTh MPOBOMSAIINAE TOPOIIKH, OCAKIECHHBIE W3 CYCICH3UH, CyJIb(QUIBI
META/UIOB U T.1. TakuM 00pa3oM, MOKHO BBIACIUTH KIIACCHUYECKYIO TEXHOJIOTHIO

XOM u MHOT00Opa3HbIC aTbTEPHATUBHBIE € TEXHOJIOTHH.

1.2. TexHOIOrNN METAJUIM3AAH JIACTMACC
1.2.1. Knaccudeckasi TEXHOJIOTHSI METAJUTU3AINU JUIJICKTPUKOB
Kitaccuueckasi TeXHOJIOTUSI METALTM3AlMU TUDJIEKTPUKOB - 3TO TEXHOJOTHUS,

cojiepkaiias B ce0e ornepalnud CEHCUOMIU3AIMU U aKTUBUPOBaHUS (pa3liesIbHO WU


https://zctc.ru/sections/termicheskoe_napilenie_pokritij
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COBMEILIEHHO) U MOYTH BCErja MpeaycMaTpUBaroNias UCIOIb30BaHUE JIPArOIIEHHBIX
METAJJIOB - B OCHOBHOM NaUTaJus. DTH JBa MpOIecca MOKHO OOBEIMHHUTH IO
TEPMUHOM aKTHBAaIIUS.

B pesynpraTe akTMBalMM Ha TOBEPXHOCTH IIJIACTMACChl 00Opa3yrOTCs
MUKPOCKOMTMYECKUE 3apOBIIIN, KOTOPBIC CIIY>KAT KaTaJau3aTOpOM IOCIEIYIONICH
peaKIuy XMMHYECKOT0 BOCCTAHOBJICHUSI METAJIJIOB, B pe3yJIbTaTe KOTOPOI cO3/1aeTCs
TOKONPOBOASAIIMKA ToAcaoM. Ha Hero merogaMu 3JIEKTPOXHUMHUYECKOTO OCAXKICHUS
OOBIYHO HAHOCAT CJIOM MEIW, a 3aTeM JII0OOW Jpyroll MeTasul, BBIIOJHSIIOUIUN
(GYHKIIMH OCHOBHOTI'O METAJUIMYECKOTO IOKPBITHA. TakuM o00pa3oM, KIIFOYEBHIM
BOIPOCOM CTAaHOBUTCSA CO3JaHHE HJIEKTPOMPOBOJHOTO MOJCIOS, MO KOTOPOMY U
OyJleT MPOMCXOAUTH AICKTPOOCAKIACHHE OCHOBHOro MeTauia. Crocod co3gaHus
MOACTOS  SIBSAETCA TJAaBHBIM OTIMYMEM BCEX TEXHOJIOTHUM MeTaJIM3aluu
JTUAJIEKTPUKOB.

Cama mo cebe Kiaccuyeckash TEXHOJOTHsI BapHaTUBHA - BCTaeT BOMPOC 00
UCIIOIb30BAaHUM B Hed  OJIaropoJHbBIX, HEOJAaropoAHBIX  METAUIOB  HIIH
HEMETAJUTMYECKUX BeIIEeCTB, ()a30BOr0 COCTaBa MCIOIb3YEMBIX TEXHOJIOTHYECKHUX
pacTBOPOB (YMCTHINA pacTBOp WM cycrneH3us). MHoraa pasnudus NpucyTCTBYIOT U B
croco6ax TMpeaBapUTEIIbHOW IMOJTOTOBKU ITOBEPXHOCTH, XOTS B OCHOBHOM 3TO
OT/ICJIbHBIX HE3aBUCHUMBIN BOTIPOC, PEIIaeMbIi 1O KOHKPETHBINA BU TUDJICKTPHKA.

HecmoTpss Ha  akTuBHBIE  pa3pabOTKU  aJlbTEPHATUBHBIX  CIOCOOOB
MeTaJUTU3aINH, KJIaCCUUeCKasi TEXHOJIOTHSI BCE €111€ IOMUHUPYET B IPOU3BOJICTBE U B
HEW TO-TIpeKHEMY MCIOJb3yeTCsd XJIOpuJ mnawiaaus (pexe cepedbpo). ITo
OOBSICHSIETCSI YHUBEPCAIbHOCTbIO METOJIUKH, OTPAaOOTAHHOCTBIO M JOCTATOYHOU
CTETICHBIO HCCIIeIOBAHUS. YuurtsiBas WHEPIIMOHHOCTD OTEYECTBEHHOM
IIPOMBINIJIEHHOCTH, BHEJpEHUE 00Jee MPOTPECCUBHBIX TEXHOJIOTUN MPEICTABISACTCS
BEChbMa 3aTPYIHUTEIbHBIM.

[ToaroroBka MOBEPXHOCTH AUAICKTPUKA BKIIOYACT B CE0S MEXaHUUYECKYIO
00paboTKy, 0O0e3KHpUBaHHWE, TPEATPABICHUE, TpPABJICHUE, YyJAaBIWBaHWEC U
00€3BpeKUBAaHUE pacTBOpa  TpaBICHUS, MPOMEKYTOUHbIE MOPOMbIBKU. OT
TIIATEJIbHOCTHA BBIMIOJIHEHHUSI ATUX ONEpallMii 3aBUCUT KayeCTBO IOKPBITHS, U B

IIEPBYIO O4Yepe/ib CICTICHHE €r0 C OCHOBOM.

1.2.2. Co3nanue 351eKTpOIPOBOIHOIO MOACIOSN XUMHUYECKOW MEeTaJUTu3auuen
B pamkax KjacCHYeCKOM TEXHOJOTMH METaJUIM3aluu  JUAJIEKTPUKOB,
UCIOJIb3YIOIIEH OJaropoHbIe METAJUIbI, JIs JaHHOM LIeJIM UCIONb3YIOT XUMUYECKU

HaHCCCHHBIC MCTAJINIMYCCKHUC ITOKPBITUA - B OCHOBHOM MC/Ib U HUKCJIb.



XUMHUYECKOE  OCAXICHUE HHUKENss BO3MOXKHO HA  aKTUBUPOBAHHOM
MOBEPXHOCTH (MPEUMYIIECTBEHHO COEIWHECHUSMU MaJJIaaus) JUAJIEKTpuka. B
HAYaJIbHBIN MIEPUOJI OHO MPOUCXOIUT TOJIBKO Ha OTJEIBHBIX YaCTHUIAX KaTaIN3aTopa,
a 3aTeM MPOJAOJKACTCS aBTOKATATUTHYECKU. [[0CTEeNEeHHO YacTUIbl yBEIMUYUBAOTCS
U CIUBAIOTCS B CIUIOIIHOE MOKphITHE. [Ipolecc mpomomxkaeTcss M0 MOJMydYEHUS
TOJNIIMHBI,  OOCCIEYUBAIOIIEH  AJIEKTPOMPOBOJHOCTb,  JOCTATOUYHYHO IS
MOCJICAYIOIIETO HAHECEHHS DJIEKTPOXUMHUECKUX MOKPBITHH (00buHO 0,3-0,8 MKM).
[Ipu BBIOOpPE PacTBOPOB XUMHYECKOIO HUKEIUPOBAHUS YUUTHIBAIOT, YTO MHOTHE
JURJICKTPUKU UMEIOT HEOOIBIINE )KECTKOCTh U TeTIOCTOUKOCTh M 00Jiee BRICOKHIA TI0
CPaBHEHHUIO C MeTaulaMu KOA(D(UIIMEHT JIMHEWHOro TEeIJIOBOTO pPACIIUPEHUSI.
[ToaToMy 4dacTo cTapaloTCs HE TMPUMEHSATH pacTBOPbI C BBICOKOW paboueit
temneparypoit (Beime 60 °C), a Takke T€ U3 HHUX, KOTOPBIE JalOT HaIpsSKEHHBIC
ocaaku. PactBopsl, pernamentupoBanubie ['OCT 9.305-84, npuMeHSIOT JUIIbL AJIS
JMDJICKTPUKOB, BRIIEp)KUBatomux temmeparypy 75-90 °C u 6ornee.

st XUMHUYECKOTO HUKEITUPOBAHUS IJIacT™Mace UCIIOJB3YIOT
HU3KOTeMIeparypHble runodochutabie kucibie (pH = 4-7) u menounsie (pH = 8-11)
pactBopbl. HawuOonbiiee pacnpocTpaHeHHE€ B MPOMBINIICHHOCTH — MOJYYHIIN
IEJIOYHbIE aMMHUAYHbBIEC PACTBOPHI.

[Iporecc XMMUYECKOTO BOCCTAHOBJIEHUS MEJM, TAKXKE KaK M HHUKEJs, UMEET
KAaTAUIUTUYECKYIO TIPUPOIY, T.€. OCAXKACHUE MeTa/lla HAYMHAETCSd TOJIbKO Ha
AKTUBUPOBAHHOW MOBEPXHOCTH KaTajiu3aTopa U MPOJOIKACTCS aBTOKATAIUTHYECKU
yKe Ha MEJIH.

JIns ocyliecTBIIEHHMS] MpolLecca XUMHUYECKOTO MEIHEHUS PEKOMEHAYETCs
MHOTO pa3HOOOpa3HbIX pacTBOpOB. COCTOAT OHU M3 COJM JBYXBAJICHTHOW MU
(Jame BCEro  CEPHOKHCIION), KOMILIEKCOOOpa3oBaTeysi, BOCCTAHOBUTENS -
dbopmanuHa, CTaOUIM3UPYIONIUX W YCKOPSIOMUX T00aBOK, THAPOKCHIA HATPHS,
peryJIMpyIole KUCIOTHOCTh pacTBOpa. B 3aBUCHMOCTH OT KOMILJIEKCOOOpa3oBaTes
pa3IUYalOT BHHHOKHUCIIBIE, TPHJIOHATHBIC, TUMOHHOKHUCIIBIC, TIMIIEPUHOBEIE U APYTHE
pactBopbl. Hauboubliiee pacrpocTpaHeHUE MOTYyYUIIU [IEPBbIC.

XUMHUECKOe cepeOpeHre OCHOBAaHO Ha OTKpeITOM JIMOmxom peakiuu
BOCCTaHOBJICHHSI HOHOB cepedpa anbaerugomM. OCyecTBISIOT €ro riIaBHbIM 00pa3omM
U3 PacTBOPOB, COJEPXKAIIUX KOMIUIEKCHYIO COJIb cepedpa, B OCHOBHOM aMMHAYHYIO,
U BOCCTAHOBUTEIIb. B KkadecTBe MocCiaeAHEro B OCHOBHOM HCIIOJIB3YETCs TJIIOKO3a B
BUJIE YKHCTOTO BEIIECTBA WWJIM HWHBEPTHOrO caxapa. BaXHbIM KOMIIOHEHTOM

TPAAUIIMOHHBIX PACTBOPOB ABJIACTCA ICIOYb.



1.2.3. 'anpBaHMYECKas 3aTSKKA

[Ipy HaHeceHHMM TabBAHUYECKUX IMOKPHITUA Ha IUIACTMACChl U JIPyTHE
JTUDJICKTPUKU ~ YYUTHIBAIOT  CHENU(UKY Crmocoda TMOMyYeHHUs TOKPBITUH U
OCOOEHHOCTH MaTepuaja OCHOBBI. Tak, MpH XHWMUKO-TaIbBAaHWUYECKOM HAaHECEHUU
NOKPBITUS ~ OTJIMYMTENIbHOM 4epTod crmocoba  SBISETCS HAIWYUE TOHKOTO
AJIEKTPOINPOBOJHOIO  MOACIOS, KOTOPBIM  MOBpPEXKIAeTCs NpU  HEOOIBIIMX
MEXaHUYECKUX BO3JCUCTBUSX U PACTBOPSIETCS B arPECCUBHBIX JICKTPOJIUTAX, UMEET
OTPAaHUYCHHYIO JIEKTPONPOBOIHOCTH (0OCOOCHHO MOJICION CYNb(UIOB), TPEAbIBISAET
MOBBIIIEHHBIE ~ TPeOOBaHUS K  KOHTAKTHBIM  3JIEMEHTaM  I0JIBECOYHBIX
IPUCTIOCOOJICHUI, BEChMa YyBCTBUTEIIEH K OUmosipHoMy 3¢ dekTy. OcoOeHHOCTD ke
JIURJIEKTPUKOB O0YCIIOBIIEHA UX MPUPOJION U CTPYKTYPOH.

B kaudecTtBe mepBOro rajibBaHUYECKOIO MOJACIOS B OOJIBIIMHCTBE CllydaeB
CIY>KUT MaToBasi Meb, KOTOpas OJHOBPEMEHHO SBJISIETCS OydepoM Mexay
iactMaccod u OnectamiuM HukeneMmM. OHa CIOCOOCTBYET TaKKe IOBBIICHHUIO
IPOYHOCTU CUEIUICHUS MEXKIY 3JIEKTPONPOBOAHBIM TMOACIOEM U MOCIETYIOIIUM
NOKpeITUSA. B kKauecTBe OypepHOTO CIOS MPUMEHSIOTCS TAaK)KE€ OCAJKH MAaTOBOTO U
MOJTyOJIECTAIIEr0 HUKEINS ¢ TOMUHON 50-75% 00111ei TONMIUHBI TOKPBITHUS.

ITpu OCYILIECTBJICHUU TEXHOJIOTUYECKHUX MIPOIIECCOB HaHECEHUS
raJbBaHUYECKUX TOKPBITUN CTApalOTCSd HE MPUMEHATh PACTBOPHI C TMOBBIIMICHHOM
temmeparypoit (60 °C), CUIBHO KHUCJIBIE WIH MIEJIOYHBIE JJICKTPOJIUTH U
ANIEKTPOJUTHI, JAIOIIME HANpsSOKEHHBIE OCaJKH WM  OCaJKd, TpeOyromue
MexaHu4yeckoro risHieBanus. Cymky aeranei mociie HaHeCeHUs TOKPHITUH OOBIYHO
IIPOU3BOJIAT MPU TeMIEpaType, He npebimaronieit 60 °C.

UToOBl  ANEKTPOINPOBOJMHBINA  TOJCIOW HE  PacTBOPSUICS  BCIEACTBUE
ounossipHoro 3¢ @dexra, MPUHUMAIOT TaKWe MEPbI, KOTOPhIE HCKIIOYAIOT B3aUMHOE
SKpaHUPOBAHUE JIETaliel BO BpPEMS AJIEKTPOJIN3a, 00€CIeUnBAIOT JOBOJIBHO JKECTKOE
KpEIUJICHHE UX Ha MOJIBECKAX U MOCTOSHHBIN AIEKTPUUYECKUI KOHTAKT C HUMHU.

['anbBaHWYECKOE  MEIHEHHE  OCYIIECTBISIIOT M3 CEPHOKHUCIBIX U
nupodocharHpIx  AMEKTpoAUTOB. MHOTIA  NPUMEHSIOT — ATUJICHIMAMHHOBBIC
AIEKTPOJIUTHI.

['anbBaHMYECKOE  HUKEIUPOBAHUE  OCYIIECTBISIIOT B OCHOBHOM W3
CEPHOKHCIIBIX U CYJIb(aMUHOBBIX 3JEKTPOJIUTOB.

XpOMUPOBAHUE OCYIIECTBISIOT HEOOJBIIONW TOJIIIMHOM W3 CTaHAAPTHBIX

QJICKTPOJIHUTOB.
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3ajaHue K NPaKTHYeCKOMY 3aHATHIO 1.

[IpousBectn mnouck W aHanu3 HHPopMmanuu 1o Teme «MeTamu3anus
wiactMacc. OCHOBBI, IPOLECCHI, COBPEMEHHOE COCTOSTHUEY .

3agaHne K NPAKTHYECKOMY 3aHATHIO 2.

Pa3zpaboTaTh TEXHOIOTHYECKYIO OMEPAIMI0 HAHECEHUSI HUKEJIEBOTO MOKPBITHS

METOAOM XUMHUYECKOM MECTaJlNIN3allun
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[Ipaktrnueckoe 3anstue 3-4

MeToabl HAHECEHUS MOJTMMEPHbIX NOKPbLITHI

1. TeopeTnueckue cBeaeHUsI

[IpuMeHeHrne MONMMEPHBIX MOKPBITUM IMO3BOJISIET 3AIMTUTh METAJUIMYECKUE
MIOBEPXHOCTH OT KOPPO3HUU, MEXaHUYECKHUX MOBPEKICHUH, BHEITHUX, XUMUYECKUX U
Opyrux Bo3aercTBuil. OHU MPEACTaBIAOT CO0OM MOPOIIKOOOpa3HbIE BEIIECTBA HA

OCHOBC PAa3JIMYHBbIX CMOJ U ITIOJIUMCPOB.

1.1. Buabl noJIMMEPHBIX MOKPHITUN

JUis  co3maHMsl  TOJMMEPHBIX  IOKPBITHMM  NPUMEHSIOTCA — CIEAYIOLIUE
MaTEpPUAIIbL: TIACTU30JIb, ITOJIUACTED, mypai, [IB/D.

IlnacTuzoas. B coctaB 1aHHOTO MOKPBITHS BXOAUT nojuBuHIxiIopu (I1BX)
u BelecTBa-miactTudukatopsl. Ciiolt HaHeCceHHOro maTepuaia coctasiseT 200 MkM,
Onmarogaps yemy oOecreurBaeTcsi OUeHb BHICOKAs CTETIEHb 3alUThl OT MEXaHUUECKUX
Bo3zaenicTBud. ITomumo 3toro, IIBX ycToW4YMB K arpeCCUBHBIM MOTOJHBIM yCIOBUAM
Y XUMHYECKUM BELIECTBAM.

CymiecTByeT OrpaHMYEHHE Ha NMPUMEHEHHE IIJIaCTU30J1a B JKapKOM KJIMMarTe,
9TO OOYCJIOBIIEHO HHM3KOW TEpMOCTOMKOCThIO MOKpbiTHsS — ga +80 °C. Takoe
NOKPBITUE TAaKXE CKIOHHO K OBICTPOMY BBILBETAHHIO, MO3TOMY JUISI HEro
UCIIOJIB3YIOTCS.  TOJIBKO  CBETJbIE  TOHA, KOTOpble  O0JaaloT  BBICOKUMU
CBETOOTPAXAIOLUMMHU CBOMCTBAMH, MEHBILIE HATPEBAOTCS U BBITOPAIOT.

[TokppITHSI Ha OCHOBE IUIACTH30JIa NPHUMEHSIOTCA JUIsl CO3/IaHHSI THCHEHBIX,
(akTypHbIX OCHOBAaHMH W IUTAMIIOBAHHBIX pUCYHKOB. bmaromaps Takum
JIEKOPAaTUBHBIM CBOWCTBAM OHU MOTYT OOpa30BBIBATH JPEBECHYIO, KOXKAHYIO U
JIpyrue BUABI TEKCTYD.

IHonuacTrepoBbie MOKPBITHA — caMas JemeBas M pPacHpOCTPaHEHHAas
Pa3HOBHUJIHOCTh MarepuaioB. OHUM MENJEHHO BBITOPAIOT, YTO IIO3BOJSET WM
JUIMTENIBHOE BPEMS COXPAHATH CBOM ILBET, M YCTOWYMBBI K BO3JIECHCTBUIO
yinpTpaduosnera. Takue MNOKPHITUS 007aJal0T BBHICOKMMH aHTUKOPPO3UMOHHBIMU
CBOMCTBAaMH U HE Pa3pyIIAIOTCS OT NEPENAI0B TEMIIEPATYP.

OTpunaTeIbHOM  YEepTOM IMOJUAICTEPA  SBISIETCS HEBBICOKAs IIPOYHOCTB,
KOTOpas SBJsieTCs] TOOOYHBIM 3(h(PEKTOM TOHKOTO CJIOSl MaTepuaia Ha MOBEPXHOCTSIX.
Marepran oO4YeHb JIErKO LapanaeTcs W NOBPEXKAACTCA. PemuTh 3TO BO3MOXKHO
ocpeACTBOM 00pabOTKH KBapIEBBIM MeckoM. Ho Takast AOMOIHUTENbHAS IPOLIeypa
CHENacT NPoLEenypy HAHECEHUS TOPOKE.
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CyuiecTByeT ABE Pa3HOBUIHOCTH IMOJIUICTEPOBBIX MOKPBITHM: TIISIHIEBAas U
MaroBas. OHM pa3aUYarOTCs TOJBKO IO CBOWCTBaAaM. MaToOBO€ NOKPHITUE HMEET
IEPOXOBATYI0 MOBEPXHOCTh, MOXET IPUMEHATHCA Ui HMMUTALMU TEKCTYpPbl M
penbeda ApeBECHHBI, KUPIUYA WM KaMHS, HAHOCHTCS TOJICTBIM CJIO€M, TIO3TOMY, B
OTJIMYKE OT TJISAHIIEBOTO, CPOK CIIY>KOBI TAaKOTO MaTepualia MOXKET JoCTHrarh 10 40
JIET.

Hypaa. JIng W3roTOBICHHS Mypajia MUCHOJB3YETCd MOJIUYPETaH U
MOAU(MUIIMPOBAHHBIN MonuaMua. JlaHHOE MOKPBITHE UMEET IIETKOBUCTO-MATOBYIO
IIOBEPXHOCTh M OTJMYAECTCA HEBOCHPUHUMYMBOCTBIO K PE3KUM TEMIEPaTypHbIM
repeaaM 1 BBICOKOW TEPMOCTOMKOCTBIO.

DTO O4YEHb JOJITOBEUHBIN MaTepuall — OH MOXET mpociykuth 10 50 net. He
CMOTps Ha TOHKUU cjoil (mo 50 MKM), mypan o4eHb TPYAHO MOBpeAuTh. [loMumo
ATOr0, JaHHBI BHUJ TOKPHITUM HE BBIIBETACT M BBIACPKUBACT JIUTEIBLHOE
BO3JICHCTBUE arPECCUBHBIX BEIIECTB.

N3 MuHYCOB Iypajna MOXHO BBIIEIUTh BBICOKYIO CTOMMOCTh U MEHBIIYIO, YEM
y TUTACTH30JIA, CTOWKOCTh K TiacTudeckuM nedopmarusm. Ho, HecMoTps Ha 3TO,
JaHHBIM Marepuan OoJjiee ONTUMAJEH 10 COOTHONICHUIO XapaKTepUCTUK U
CTOUMOCTH.

[TokphITHSI HA OCHOBE Iypaja MPUMEHSIOTCA Ha MPOM3BOJCTBAX KPOBEIbHBIX
3JIEMEHTOB W3 OIMHKOBAHHOTO MeTamia. OHM HMMEIOT KpAaCUBBIM BHEIIHUN BH,
YCTOWYMBBI K BO3JIEUCTBUIO YJIbTpadUOeTa U MPEKPACHO 3AIUILAIOT OT KOPPO3HH.

NBA® (moaBUHWIAEH(PTOPUA) — OAHO U3 MOMYJISIPHBIX BUIOB IMOJUMEPHBIX
nokpeITHii. B ero cocraB Bxoaut mnojuBuHUIXaopua (80 %) u akpun (20 %).
brmaromapss CTOMKOCTH K BBIIBETaHMIO U Onectsamieli moBepxHocTu [IBJID
UCIIOJIB3YETCSI B JIGKOPATHBHBIX IEJSAX: JUI TOpuaaduud OcHOoBaHMsIM 3ddekra
«METAJUIMK, TJISHIIEBOrO OJjiecka, CepeOpUCTBIX WIM MEAHBIX METATUYECKUX
OTTEHKOB.

[TokpeiTHe o00J1alaeT OYECHb BBICOKOM CTOMKOCTBIO K MEXaHHYCCKHUM
HNOBPEXKIACHUSAM M HMMEET HAWOOJBIINI CPOK CiiykObl. OHO Takke MOAXOIAUT JIs

00pabOTKM U3/eNnii, pabOTAIOMINX B arPECCUBHBIX YCIOBUSX.
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B r

Puc. 1. PaznnyHbie BUAbI NOJIUMEPHBIX IOKPBITHIL:

a — IJIACTH30J1b; 0 — mosmacTep; B — mypaJ; r - [IBJA®

1.2. AuTu(pUKIIMOHHBIE TOKPHITUS KaK PA3HOBUIHOCTh MTOJIMMEPHBIX

OcoObIii BUJT TOTMMEPHBIX TIOKPBITHI — aHTU(PUKIIMOHHBIE TBEPIOCMA30UHBIC
nokpbiTusag (ATCII). OHM MOX0XHM Ha KpPacKu, HO KpacHTEllb B HUX 3aMEHEH Ha
MeTbYaNIIMe UCTUIBI TBEPABIX CMA30K, PACcTIpEeICHHBIX O 00BEMY CBSI3YIOIIETO
BEIIIECTBA U PACTBOPUTEIIS.

s mpousBoacta nonuMepHbix ATCII ucnonszyercs noauTeTpa@TOpITUICH
(tedon, [NTDI), mucynbdpua monubaeHa, rpaduT u Apyrue TBEPIOCMA30UYHbBIC
BEIIECTBA. B KauecTBe CBSA3YIOIIETO MOTYT BBICTYNaTh KaK OpPTaHUYECKHE, TaK WU
HEOPTraHWYECKUE MaTepHUalibl: TUTAHAT, STIOKCUIHAS CMOJa, aKpUJIOBBIC, MTOTHAMUI-

HUMUOHBIC, q)eHOJ'IBHBIC U T.II. KOMIIOHCHTHI.

1.3. OcobGeHHOCTH MTOTMMEPHBIX MTOKPHITHI

K  nojauMepHbIM  MOKPBITHSM  MPEIBSBISIOT  JOCTATOYHO  CEPbE3HBIC
TpeboBaHus. Bo-mepBbIX, OHM JIOJKHBI 00J1a/laTh OYCHb BBICOKUM CIICIUICHUEM C
MOBEPXHOCTBIO, TaK KaK OHHM CBS3BIBAIOTCS C METAIMYECKHMM OCHOBAaHUEM Ha
MOJIEKYJIIPHOM YPOBHE, a HE IPOCTO €ro MOKphIBalOT. BTOpoe — yCTOMYHMBOCTh K

pa3inuuHbIM JedopManusiM, KOTOpas HE MO3BOJIAET MOKPBITHIO Pa3pyIIUTHCS MU
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MEXaHUYECKUX BO3JACHCTBUSAX.

B-TpeTpux, Takue Mmarepuanbl HE JOJDKHBI TEPSITh CBOUX CBOWCTB IIPH
JUIMTEJILHOM BO3ZEHCTBUU BOJBI, LIEJI0UYEH, pACTBOPUTENICH, PA3IIMYHBIX XUMHUKATOB,
BBICOKMX TeMmIieparyp, Y®-nsinydyeHus. Eciau IMOKpBITME OTBEYaET BCEM OSTUM
3arpocam, 00J1acTh €ro NIPUMEHEHHUS CYILIECTBEHHO PacIIUpPsIETCs.

[IpenmyiecTBa: BO3MOKHOCTh BbIOpaTh MPAKTHUUECKHU JIFOOOH LIBET; BBICOKAS
aAre3usi; 3KOJIOTMYHOCTh; BBICOKAas MPOYHOCTH; TEPMOCTOMKOCTbH; YCTOWYUBOCTH K
arpecCMBHBIM BEIIECTBAM M BOJI€; HEMPOHUIIAEMOCTD; IUAIEKTPUUYECKUE CBOMCTBA,;
OCTETUYHOCTb

K HenmocraTkaMm MOJMMEPHBIX IOKPBITHA OTHOCST, BO-IIEPBBIX, BBICOKYIO
CTOMMOCTB, KOTOpPasl CKJIaAbIBAECTCSA M3 KOJIMYECTBA MaTepuaja U IPUMEHEHUS
cnenuanbHoro odbopyaosanus. Ho, Hapsiay ¢ 3TUM, MOJUMEPHBINA CJIOM HAHOCUTCS Ha
BECh CPOK JKCIUIyaTalld, a TaKKe He TpeOyeT OOHOBJIEHUS WU MOAKpaIlUBaHUS
cnos. [103ToMy OKynmaemMocTh TaKOro MOKPBITUS IPOUCXOIUT OYE€Hb OBICTPO.

CrnoxxHOE yJjaJieHHe C MMOBEPXHOCTH, B TO )K€ BPEMS, SBIIAECTCS U HEIOCTATKOM.
OT HUX OYEHB CII0)KHO OYMCTUTh OCHOBAHMS JETANIEH, TAK KaK MOJUMEPHBIE COCTABbI
CJ1a00BOCIIPUMMYHMBBI K MEXaHMUYECKOMY BO3JIEHCTBUIO M XUMHKaTaM. Buay Ttoro,
YTO CHEUUATbHBIX OUYUCTUTENEH [UIsl yJHajdeHusT NOJOOHBIX MaTepuajlioB He
CYyHIECTBYET, HIPOCTO TaK CTEPETh TAaKOW CJIOW HE TMOIYYHUTCA. IDTO TaKXKe
0OYyCJIOBJIEHO CBSI3bI0 MOJIMMEPHOTO MOKPBITHS C MOBEPXHOCTHIO HA MOJEKYJISIPHOM
ypoBHE. UTOOBI €ro yAaIuTh, NOTPeOyeTCs ClelMalbHbIi HHCTPYMEHT.

[lonumepHblE  TOKPBITUS HE  MOJYYHUTCA HAHECTH  CaMOCTOSTEINIBHO.
Texnomornyeckuit mpoiecc BKIOYaeT B ce0d NPUMEHEHHE OIPEEICHHOTO
000py10BaHusl, KOTOPOE MOKHO HalTH TOJIBKO HA MPEANPUATHIX WIH CIIELUATUCTOB,
3aHUMAIOUIUXCSl BBINOJIHEHUEM MOJ00HBIX paboT. Ilpu mnombiTke HaHECEHUs ¢
UCIIOJIb30BAaHUEM TOJIPYYHBIX CPEJCTB HUYETO HE MOJYUMUTCS, a U3PACXOJIOBAHHbBIE
cpencTBa OyayT NOTpayeHbl BIYCTYIO.

Eme oauH HEIOCTaTOK — HAHECEHUE IOJUMEPHBIX MOKPBITUH, KpPOMeE
AHTH(PPUKIIMOHHBIX, BO3MOXHO TOJBKO Ha METAJIbI, KOTOPHIE XOPOIIO IMPOBOJISAT
AJIEKTPUYECTBO. ITO 00YCIOBIEHO IPUMEHEHUEM TEXHOJIOTUA MarHUTHON UHAYKLINUU

AJIA CO3JaHUsA CIIOA ITIOKPBITHA.

1.4. MeTronpl HaHECEHNS TIOJMMEPHBIX OKPBITUI
CylecTBylOT — pa3iM4YHble METOAbl  HAHECEHUs MOJUMEPHBIX IOKPBITHM,
KOTOpBIE OTJIMYAIOTCS MEXAYy  COOOW BHAOM  HCIOJB3YEMBIX MaTepHaloB,

TEXHOJIOTUEH UX HAHECCHUS U IMPHUMCHSICMBIM O60py,[[OBaHI/IeM.
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K mepBoii rpynmne OTHOCSTCS METOMAbI: BUXPEBOM, CTPYHUHBIN, BUOPAIIMOHHBIH,
ra3oIUIaMeHHbINM, BUOPO-BUXPEBOM M DIIEKTPOCTATUYECKUNA (B TIOJIE BBICOKOTO
HanpspKeHUs). DTUMU METOJaMU HAHOCST IJIaBHBIM 00pa3oM IOPOIIKOOOpa3HbIE
nonumepbl. Ko BTOpoM rpynme OTHOCSATCA METOAbl HAHECEHHsS IMOJIUMEPHBIX
MaTepHaIOB U3 CYCHEH3WH U PACTBOPOB; K TPEThEH - ILEHTPOOEKHBIA METON
HAHECEHUsl MAaTepUalOB U METOJ JUThS MO JABICHUEM. DTUMU METOJAAMH OOBIYHO
HAHOCSAT IPaHyJIMPOBAHHBIN MaTEpHUal.

Kpome nepednciieHHbIX NPUMEHSIOTCS METOJBI COCIAMHEHHS TOTOBBIX IUIEHOK
U JIMCTOB C IIOBEPXHOCTBIO M METOIBl T'yMMHPOBAHHs, KOTOPBIE BKJIKOYAIOT
IPOLIECCHl BYJIKAHU3ALMM PE3UH C apMaTypodl M HAHECEHHWE Ha IOBEPXHOCTh
JUCTOBOM PE3UHBL.  3HAUYUTENBHO OTIMYAKOTCS OT OCTAIBHBIX METObl HAHECEHUS
TEIJIO- ¥ 3BYKOM3O0JISIHMOHHBIX MAaTEPUAJIOB B BUJIE IIEHOILIACTOB.

[Ipy monydeHHH MOJMMEPHBIX MOKPBITUM M3 MOPOIIKOB HA METAINIMYECKUX
MOBEPXHOCTAX MEJIKME YAaCTULBI IIOPOIIKA ITOIMAIAI0T HA TOBEPXHOCTH U, CIUIABIAACH
IpY HArpeBaHWM, OOpa3ylOT CIUIONIHOW 3aluTHBIA ciioii. HeoOxommmasi anaresus
clos mojauMmepa OO€eCIeYMBAETCS COOTBETCTBYIOILEH IOArOTOBKOW ITOBEPXHOCTH,
HAHECEHUEM IIPOMEXKYTOUHBIX CJIOEB, BBEJICHUEM CIICLIMAJIBHBIX KOMIIOHEHTOB B
MOPOIIOK MOJIMMEPHOTO MaTepuana, a TaKkKe COOJIOJICHUEM TEXHOJOTUYECKOTO pe-
KMMa HaHECEHUS MOKPBITHUS.

B nocnennee Bpemsi HaubOojee IMIUPOKO JUIsi HAHECEHMs MOJMMEPHBIX
NOKPBITUH UCIIOIB3YETCSI METO JJIEKTPOCTATHYECKOTO HANBIIICHHUS.

CymHocTh MeETOJa 3aKJII0YaeTcsl B PAaclbUIEHUH W I[EpEMELIEHUH K
OKpalIMBAEMOMY H3JACIMI0 YAaCTUL MOJHUMEpPAa IPU BO3JACHCTBUU DIIEKTPUYECKOIO
II0JIS1 BBICOKOTO HanpsDKEeHUs. JlJIst 3TOro K pacnbUIMTEIbHOMY YCTPOKCTBY IOJIBOJST
HaIpsDKEHHE, a U3JEIUE, HA KOTOPOE€ HAHOCUTCS IMOKPBITHE, 3a3eMIIsIOT. [locTynus
Ha KOPOHUPYIOUIYI0 KPOMKY WIH JIPyroe 3apsJaHO€ YCTPOMCTBO pPaCHbUIMTEIS,
Marepuaj IOKPBITHS IOJY4YaeT OTPULATENBHBIM 3apsi W IO CWIOBBIM JIMHUSAM
ANEKTPUYECKOTO MOl JBUKETCS K MOJOKHUTEIBHO 3apsHKEHHOMY (3a3€MJIEHHOMY)
W3JIEIIAIO U OCENAET Ha €r0 ITOBEPXHOCTH.

IIpernmyiecTBaMu  TaHHOTO METONA HAHECEHUSA IOKPBITUM  SBIISAETCA:
COKpalIeHHE MOTEeph MOJIUMEPHBIX MaTepuaoB 10 5-10%; BO3MOXXKHOCTh HaHECEHUS
NOKPBITUM Ha H3LENAUS KaK M3 TOKONPOBOIAIIMX, TaK M HETOKOIMPOBOISIINX
MaTeprajoB; BO3MOXHOCTb aBTOMATU3UPOBATH NPOLIECC HAHECEHUS IIOKPBITHIA.

K Hepgocratkam meTona ciieyeT OTHECTH TPYAHOCTH B HAHECEHUU IMOKPBITUN
HAa BHYTPEHHHE IIOBEPXHOCTH, TIJyOOKHE BIAIUHBI, Y3KHE€ WIEJIH, OTBEPCTUS,

HApPY’XHBIC DKPAHUPYCMBIC ITOBCPXHOCTU.
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Hanecenue mOKpBITUHA B JJIEKTPUYECKOM MOJI€ IPOU3BOAAT C IOMOUIBIO
CTAllMOHAPHBIX YCTAHOBOK WJIM Ha KOHBEHEPHBIX JIMHUAX PY4YHBIMU (pHUC. 2) WIH

ABTOMATHYCCKHMU IJICKTPOCTATUYICCKHUMHU PACIIBIIINTCIIAAMM.

.

Puc. 2. DnekrpocraTnyeckumii py4yHoi pacnblIMTe b

Ha cranpoHapHBIX yCTAaHOBKaX HAHOCST MOKPBITUS HAa HW3AENUsA MPOCTOU H
CpPEIHEH CIIOKHOCTH IIPU CEPUMHOM M MacCOBOM IPOMU3BOJICTBE, WCIOJIB3YS
pacCHbUIATENN  AJIEKTPOCTATUYECKHUE, DBJIEKTPOMEXaHMYeCKHe  (LEHTPOOEKHbIE),
TUAPO- W MHEBMOJXJIEKTpocTaTuueckue. I[lpu MenkocepuitHOM WM €JUHUYHOM
IPOU3BOJICTBE 1eIecoo0pa3Ho MPUMEHSTH pYy4HbIE YCTaHOBKHU C
ANEKTPOMEXAHUYECKUMH, THAPOIIEKTPOCTATUUECKUMHU WIIH THEBMOJIEKTPUUECKUMU
pPacHbUIATEISAMU.

Pemerku, cetku, TpyObl Majoro JuamMeTpa OKpAIIMBAIOT CHApYXHU
pacnbUIMTENIEM THIIa Bpalllaiolleiicss yamM, a WU3Aeius ¢ BNaguHamu, pedpamu u
CJIOHOW KOH(MUTypalMi — MTHEBMO-3JIEKTPOCTATUYECKUMHU PACIIbUIMTENIMU. Bbico-
KOITPOU3BOAMUTENbHBIE TUAPOIIEKTPOCTATUYECKUE PACTIBUIUTENN MNPUMEHSIOT MpU
00JIbIIIOM 00bEME BBITTyCKa U3/ICTUH.

VYcTaHoBKa ISl 3JIEKTPOCTATUYECKOTO HAHECEHUs IMOKPBITHMA, BXOASIAs B
COCTaB KOHBEHEPHOW JIMHUM, COCTOMT M3 CIEAYIOIIMX OCHOBHBIX Y3JIOB: KaMephl,
CUCTEMbl MPUTOYHO-BBITSKHOM BEHTWISALUMH, BBICOKOBOJIBTHOTO 00OOpYAOBaHUS,
pacnbuUIMTENEeH, TMpU HEOOXOAMMOCTH YCTaHOBJIEHHBIX HAa MaHUIYJIATOpax,
anmapaTypbl JIO3UpPOBAaHMS U I[OJAaYU MaTepuana K paclbUINTENSIM, CHCTEM
OJIOKMPDOBKM M YCTPOWCTBA aBTOMATHYECKOTO YIPaBJIEHHUS IPOLEcCCOM pPabOTHI.

Takue yYCTAaHOBKHM IIPUMEHAKOT B I[€Xax KPYNHOCEpUMHOIO M  MacCOBOIO
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IPOU3BOJICTBA B COCTABE MOTOYHBIX JIMHUM.

HopmanbHas pabora YCTaHOBKH, oOecrieunBaroias HaHECEHUE
BBICOKOKAQYECTBEHHOTO TMOKPBITHSI, BO3MOXKHA TOJBKO MPH TOYHO JO3UPOBAHHOU
nojaye Marepualia ¢ 3aJaHHBIMH YACIbHBIM OOBEMHBIM COMPOTHBIICHUEM U
TVDIIEKTPUYECKON MTPOHUIIAEMOCTBIO M TPU CTPOTOM COONIOJACHHH PEXKHMA PAOOTHI,
T. €. HanmpsDKCHHWS W CHJIbI TOKa. KadecTBO MMOKPBITHS 3aBUCHUT OT MPABUIBHOM
TIOJIBECKHY M3JICTTUH U UX rabapura.

Hwxe mnpuBeneHpl cpelHWe 3HAYEHUS MapaMeTpoB, BIUSIOMNX HA PEXUM
paboThl YCTAHOBOK JIJII HAHECEHHS TTOJIMMEPHBIX MOKPHITUH B JEKTPOCTATHYECCKOM
noJe:

PaccrosiHue Mex 1y pacubUIUTEIIMH, MM, HE MEHEE 600

CwMmellieHre pacibUIUTENeH OTHOCUTENBHO APYT Ipyra

IIPU YCTAHOBKE C IBYX CTOPOH KOHBeiepa, MM 600
Hanpspkenue, mogBoinMoe Ha paclbUIMTENb, B 80 -100
Harmpsixenue a5ekTpudeckoro moJsi, b/mm 3-4
Paccrositaue oT KOpOHUPYIOMIEH KPOMKH JI0 H3ICIHS, MM 250 - 300

Macca MaTtcpuaiia, IoABOAUMOIro K paClblJIMTCIIIO,

Ha | cM KOpOHUpYIOIIEH KPOMKH, KI/4 0,06-0,15

3agaHue K MPaKTHYeCKOMY 3aHATHIO 3.

[IpousBectu mouck W aHaiu3 HHGOpMaNMHU MO TemMe «MeToJbl HaHeCceHUs
NOJINMEPHBIX MMOKPBITHID.

3agaHne K NPAKTHYECKOMY 3aHATHIO 4.

Pa3paboTaTh  TEXHOJIOTMUECKYIO  ONEpALMI0 HAHECEHUs  IOJUMEPHOIO

MOKPBITUA METOAOM JJICKTPOCTATUYCCKOI'O HAIIBIJICHUA.
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[IpakTHueckoe 3ausTue 5-6

MeToabl HAHECEHUS HAHOMOKPBITUM

1. TeopeTnueckue cBeaeHUsI
Knaccudukanuu crnocoO60B TMOIyUYCHHS HAHOMOKPBITHM, OCHOBAaHHBIX Ha

XUMUYECKUX U (PU3NYECKUX MeTo/ax oOpabOTKH, MPUBEIEHBI Ha PUCYHKax 1 u 2,

COOTBCTCTBCHHO.
XUMU4ECKOR 0COXOeHUE U3 Ocaxdexue ¢ ucnonb3obaxuenm
napobou gaael (CYD-mexxonozuul nAQ3Me MAenwezo paspada
HT-CVD, MT-CVD. PA-CVD PeakmuBiHoe pacneineHue U UOHHO-
*Kepamuyeckue nokpemus: TIN, akmubupobanHoe xumuseckoe
ZrC, TiC, ZrC, TICN, ZrCN, TiO2, ocaxdeHue u3 napobou Gassl
Al203, Zr02 o mbepouie caabe | | “Humpuds, kapBuds, cynbduds
Xumuseckud XUMUYECKOR U 3neKmpo-
3MEKMPONU3 (HaroopueHmupobarHbie mexHoAozuU oBpadomku noBepxHocmu,) XUMUYECKOR OKUC/NEHUE
lonsboHocmezus K OCHOBOHHGLIE HO XUMUYECKUX NpOUEeCcax AHUaUﬂUf]UHUE
*Au, Ag, Cr, Ni *Memannu4eckue NoKpLImuA

Ocoxdenue ¢ unons3oboHuem InexmpoxuMuyeckoe ocaxdeHue
MEMONNOOP2OHUYBCKUX CORDEHEHUD | |3 pacnnabod coned u

u3 pacmbopob
*Be, Cr, B, Mn, Mo-B, pedko-
3eMe/bHLIE MEMANA!

MOCVD-metallorganic chemical
vapor deposition

*GoAs, AlxGotxAs

Puc. 1. HanoopueHTHpPOBaHHbIE TEXHOJOTHU HAHECEHUS MOKPbITHH,

OCHOBAHHbBIC HA XUMHNYECCKHUX METOAAaX

HonoopuesmupoBorHsle mexHonozuu odpadomku nobepxHocmu,
ocHobOHHEE HO quEIU‘-iECI(UX npaueccax

Puauyeckoe ocoxderue u3
napobod gaasl (PVD-mexxonozuul

Hankinexue

*TepMu4eCKoe UCNOPEHUE:

Pesucmubros (Memanaudeckue nokpuimus: ALAg, Cu, Zn, Cd, Cr,
Ni, Ca, SI)

InexkmponHo-ayseboe (Memanaudeckue: Al, Ag.Cu, Ti, Cr, Ni Co,
Si; kepamueckue: TIN, ZrN TIC, Alz03, Si0z, Zr02, Zr02/Y203)
NazepHoe (ShzS3, AszS3 SrTi03, BaTi0s, GaAsnokpsmua DLC

€ Buicokumu xapokmepucmukomul

BakyymHo-dyzoboe (Memannuyeckue: Ti, Zr, Hf CE, Ta, Ni, Ca, Si,
MCrALY (M=Ni, Col. kepamuyeckue: TiC, ZrCN, TIAIN, ALCEN,
Zr02; narokomnoaumst: TIAIN/SiaNs, AICPN/SiaNe; nokpemus DLC
Inekmpodyzohoe (W, Mo, Tal

WrbuxuuoHHoe [Memanaudeckue nokpeimus)

*[1n03MOUOHHDE POCNLINEHUE

MazHempoHHoE pacnsinerue (Memanaudeckue:Al, Ag, Au, Cu, Zn,
Sn, Zr, HF, Cr, Ta, Ni, Co, Si, MCrALY (M=Ni. Co); kepaMuyec-
kue: TiN, ZrN, TiC, CrN, ZrON, TIAWN, TiBN, CrALTIYN, Si0z;
raxokamMnosume: 30: TIAIN/SiaNe, TiN/BN, ZrN/Cu, ALCPN/SiaNs,
Zr0z/Al203 20: TIN/NoN, TiN/CN, TiN/CeN, TiN/ALN, CrN/ALN,
nokpeimus OLC)

Kamodxoe (Au, Ag, Pb, In, MoS2)

*WoHHoe nnakupoBadue unu nepemewubatue (TiCN)

*['030mepMUYBCKOE HONLINEHUE
BLCOKOCKOpOCMHOE 2030NM0MEHHOE

nansinesue (HYOF, HVAF, Cold Spray, demonauus)
(nopowku kapdudob, Memannokapdudod,

cnnnfioB Ha ocobe Ni, Cu; MCrALY)
BbiCOKOCKOPOCMHOE HONBINEHUE HOHOCMAUKMUDU=
poboAHex NoKpeIMUL: (NOpOWKUY, KOAAOUTHBIE
pacmbopsl, ucmuHHee pacmbopsl kapBudob,
Memannokapdudobl

[naaMenHoe HansineHue Ha Boadyxe (APS) U B
kormponupyemol ammacdepe (VPS): (npobonaku
UAU NOPOLKU MEMAANUMECKUX, KEPOMUYECKUX U
Memannokepamuyeckux mamepuanol: NiCrBS|,
FeNiB)

NlemoHaduoHHoe HanwaeHue [HM]: (Fe, Ni Mo,
Cr, NiBSI, CoNiCrBSI, Al203, Ti02)
*Inekmpodyzobos Memanauzayus: (npohbonoka
CNAOWHDZ0 CEYEHUS U NOPOWKU U3 Al HEp)KElhE—
pwed cmany, Znl

Puc. 2. HanoopueHTHPOBaHHbIE TEXHOJIOTUH HAHECEHUS MOKPBITHI,

OCHOBAHHBbIC HA (l)I/ISI/I‘leCKI/IX MeETOodax
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K OCHOBHBIM TEXHOJIOTHSIM HAHECEHHS HAHOMOKPHITHH, OCHOBAHHBIM Ha
XUMUYECKUX TIPOIECCaX, OTHOCSTCS: XUMHUYECKOE OCAXKIEHWE W3 Tra3oBod (a3sl
(CVD — Chemical Vapor Deposition); mia3mMo-XUMHYECKOE OCaXICHUE M3 T'a30BOi
¢a3pr (PCVD — Plasma Chemical Vapor Deposition); OCHOBHBIMH TE€XHOJOTHSIMU
MIOJTyYeHUsS] HAHOIIOKPBITUH, OCHOBAaHHBIMH HAa (PU3WYCCKUX IPOIECCaX, SIBISIFOTCS:
ra3oTepMHUYECKOe HalbUICHHE, aTOMHO-clIoeBoe ocaxaecHue (ALD — Atomic Layer
Deposition); ¢usndeckoe ocaxiaenue u3 rasopor (asel (PVD — Physical Vapor
Deposition) — HOHHO-TUTA3MEHHOE MAarHETPOHHOE PpACIbUICHUE, ITO3BOJISIOINICE
HAIBUIATh METAJUTMYECKUE, KEPAMUYECKHNE U HAHOKOMIIO3UTHBIC TIOKPHITHS.

Paccmotpum  CVD  u  PVD-texHonmoruu  (GopMUpOBaHUS MHKPO- H
HAHOIIOKPBHITUH Kak Hawboyiee TIEPCIEKTUBHBIE H  IOJYYMBIIHUE IIHPOKOE
pacnpocTpaHEHUE B CBSI3M C BBICOKOW anre3veid, HU3KUM BIIMSHHEM TIOKPBITHS Ha
IIPOYHOCTH OCHOBBEI M BO3MOYKHOCTBIO HapaIIMBAHKS CJIOEB MMOKPBITHS U3 HECKOJIbKHX

MaTcpUuaJiOB, BBIITOJHAIOINUX PA3JIMYHBIC Cl)yHKL[I/IOHaJ'IBHBIC 3aJa4H.

1.1. MexaHu3M XHMHYECKOTO oOcaxaeHuss u3 razoBoir (aser (CVD-
TEXHOJIOTHUS) /ISl POPMUPOBAHUS MUKPO- M HAHOTIOKPBITHIA

XUMHUECKOE OCaXICHUE W3 Ta30Boi (asbl (mapodazHoe OCakKIACHHE) — ITO
XUMUYECKUN METOJ| CO3/IaHMsI Ha MOBEPXHOCTSAX MaTEpPHUAJIOB MOKPHITUH MHKPO- U
HAHOTOJIIIUHBI, IPU UCTIOIB30BAHUU KOTOPOTO paclblisieMas MOAJI0kKKa TOMEIIaeTCs
B Taphl OJHOTO WM HECKOJIbKMX BEIIECTB, BCTYMAOIIUX B PEAKIUI0 W/WIU
pazyaralmmxcsi U 00pa3ylolMX Ha [OBEPXHOCTH MaTepuaia HEoOX0AUMOe
BelecTBO. Ecim peakiust mpoucxoauT B ra30Boi ¢aze, TO OHA HOCUT TOMOTEHHBIX
XapakTep, ATO MPUBEAET K oOpa3oBaHMIO MeNkuX yacTull. C Apyrod CTOpPOHBI,
peakius Ha HarpeTol MOMJIOKKE WM PSAJOM C HEHW TpuBelneT K oO0pa3oBaHUIO
IOTHOW TUIeHKW. KoMOWHAIMs TOMOTEHHBIX W TE€TEPOTeHHBIX PEaKIUi MOXKET
npuBeCTU K 00pazoBaHuIo mopucToi wieHku. Puc. 3 ummoctpupyer CVD-niporecc.

Oo6pazyembie B CVD-miporiecce ra3o00pa3Hbie TPOYKTHI PEAKITUH BRIHOCATCS
u3 Kamepsl ¢ moTokoM rasa. [Ipomecc Hanecenus CVD-mMeTomoM Ha MOBEPXHOCTH
OCHOBHOT'O MaTepHajia ¥ MPUMEp IMOJIy4aeMOTO 3THM CHOCOOOM HaHOTOKPBITHSA,

MOKa3aH Ha puc. 4.
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Puc. 3. O6mas cxema ocymecrtsienusa CVD-nponecca

Puc. 4. CVD-npouecc: a — NPUHIHNNAIBHAS CXeMa M0C/1e/10BaTeJIbHbIX LIATOB;

0 — mpuMep MoJIy4aeMoro HaHONOKPBITHS

Dralibl OCYIIECTBICHHS MPOIECCa XMMHUECKOTO Mapo(a3HOro OCaxACHUS:

1) Ilepenoc razoB (mapoB) peareHTOB B PEaKIMOHHYIO KaMepy;

2) oOpa3zoBaHue TPOMEXKYTOUHBIX PEareéHTOB U3 Ta30B-PEareHTOB;

3) Auddysus razoB-peareHTOB Yepe3 ra30Bblid IPAHUIHBIN CIIOH K MOJIOXKKE;
4) AGcopO1us ra3oB Ha OCHOBHYIO TIOBEPXHOCTh MaTeprara;

5) OauHOYHBIE WJIM MHOIOIIATOBBIE PEAKIMM HAa OCHOBHOW ITIOBEPXHOCTHU

JIeTaNu;
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6) HecopOuusi MpOAYKTOB ra3a, y4yaCTBYIOIIUX B ()OPMUPOBAHUN MUKPO- WITU
HAHOIOKPBITHUS, HA OCHOBHOI MOBEPXHOCTH;

7) IlpunyautenbHOe YynaajdeHUE Tra3000pa3HbIX MPOAYKTOB pPEAKIUH U3
PEaKIIMOHHON KaMephbl.

Bapuanter CVD- nporiecca 6b11H pazpaboTanbl A1 00Jiee MIMPOKOTo CIIEKTpa
OPUMEHEHUH, YeM JIF0OOH JIPYroil METOl OCaXACHUS WM HAHECEHUS MOKPBITHI. DTH
pasimmuable  CVD-mponiecchl mpemiaraloT yHHBEPCAIBHOCTh W CaMbIM IIMPOKUU
CHEKTP BBICOKOYHCTBIX MATEPHAIIOB C XOPOIIO KOHTPOJIUPYEMOH CTPYKTYpOH H
COCTaBOM Ha MOJEKYJIApHBIX YypoBHSAX. K HHMM OTHOCATCS yIbTpaauCIEpPCHBIN
nopomok (0-D), HanompoBoioku / HaHOTPYOku (1-D), 2D (HaHO) JHCTHI,
CBEPXTOHKHE / TOHKHE TIUIGHKM U TOJCThIE TMOKPHITHS, a Takke 3D-
POTOTUIIMPOBAHUE CTPYKTYP, OJU3KUX K CETYATHIM.

CymectBy1oT pazinuunbie Tunbsl CVD, npuBeeHHbIE Ha puC. S.

Plasma-enhanced CVD (PECVD)
Metalorganic CVD (MOCVD)
Molecular Beam Epitaxy (MBE)
Chemical Beam Epitaxy (CBE)
Molecular Beam Epitaxy (MBE)
Atomic Layer Deposition (ALD)

~ Vacuum-based e

Microwave-assisted CVD

CVD — Energetic ion-assisted CVD

Atmospheric pressure CVD
Atmospheric pressure MOCVD
Aerosol Assisted CVD (AACVD)
Electrostatic Spray Assisted (ESAVD)
Flame-assisted CVD

- Non-Vacuum-based —

Puc. 5. PaznoBuanoctu CVD-npouecca

1.2. Mexanu3m QuU3n4ecKoro ocaxaeHus u3 razoBoit gaszel (PVD-Texnomnorus)
TSt POPMUPOBAHUS MUKPO- 1 HAHOTIOKPBITHIA

Cpenv MHOTOUYHCIEHHBIX METOJIOB, KOTOPbIE HCIOJb3YIOT PEareHTbl WU
peKypcopsl B mapoBoi daze, pusnueckoe ocaxiaeHue u3 mapopoit dazel (PVD),
TAaK)K€ W3BECTHOE KaK paclbUICHHWEe, SBIAETCS OJHUM U3 Haubolee dYacTo

HCITOJIb3YCMbBIX HC TOJIBKO IIPpU U3TOTOBJICHUU (bYHKHHOHaHBHBIX HOKpBITHﬁ, HO U BO
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MHOTMX JIPYTHX NPUMEHEHHMSX, TAKMX KaK MUKpOdJeKTpoHnka. PVD ucnonssyercs
JUIs. HAHECEHHUs NMPOBOIALIMX WU M3O0JALMOHHBIX MAaTEpPUAIOB C IOMOLIBIO IJIa3MBI
UHEPTHOTO WJIM XWMHMYECKM AaKTHBHOTO Ta3a B BakKyyMe. TBepAplii Marepuall
UcrapsieTcst myTeM 00MOapIMPOBKY HOHAMU B YCIIOBHSIX BBICOKOTO BakyyMa (puc. 6).
ANbTEepHATUBHO, XUMUYECKU AKTUBHBIA T'a3 MOXKET ObITh BBEAECH U3 COCIUHEHMS C
napaMyd METaJlJla U HAaHECEH B BUJE BBICOKOAIIE€3WBHOTO MOKPBHITHS HA MOMJIOKKY.
QOyHKIMOHAIBHBIE MOKPBITHUS, NoydaeMble PVD, B OCHOBHOM HCIIONB3YIOTCS IS
YBEIMYEHHSI CpPOKAa CIIy’)KObl HMHCTPYMEHTOB M KOMIIOHEHTOB (CMa3bIBaroIIUe

CBOMCTBA M CBOMCTBA TEPMHYECKOI0 Oapbepa).

| Tas AHog,

2 HoHel raza
e ATOoMBI

MaTepuana

Baryym

WMCTOMHHE
HanpxeH1A

Puc. 6. O0mas cxema ocymectjenusi PVD-npouecca

MarsaeTpoHHBIM PACTIBIJICHUEM ITOJUIOXKKHA HA3bIBACTCS TEXHOJIOTHS HAaHECCHUS
MUKpPO- W HAHOTIOKPHITUH Ha TMOBEPXHOCTH W3JCIUN TPH TOMOINHA PACTBIICHUS
MUIIIEHU B pe3yJibTaTe ero 0oMOapAUpPOBKY MOHAMU paboYero rasa, oopa3yroierocs

B TUTa3ME aHOMAJIBHOT'O TJICIOIIETO pa3psa (puc. 7).
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1 Co3paHne MOKPBITHA H3

pacIBUIeHHOTO MaTepHana
Murpanua HOHOB B

OTPHIATENBHYIO 007TaCTh

) 2

DNEKTPOHHBIIH
MIOTOK

DINeKTPOHHBII
MIOTOK

DIMEKTPOHHBIH
TIOTOK

Won moxeT npoussecTH 20 BTIOPUYHBIX AEKTPOHOB
13 okHCH. CIIe0BaTeNbHO, MEKTPHYeCcKad Iyra
TIPEMICTABIACT U3 ce0A OCHOBHYIO mposieMy

Vo= HAMPaBIAKTCA BHI3 U 06PA3yIOT AYTY

Puc. 7. llpuaounuanbHas cxema ocymectBiaeHuss PVD-npounecca marueTrpoHHoro
pacnblIeHUs] MUILIEHH ¥ 00pa30BaHMsA YT NPH HAHECEHMH MUKPO- WJIH HAHONOKPBITHI

HA MOBEPXHOCTh MAaTEPHAJIOB

[Ipumep HAHOMOKPBITHS, HAHOCUMOT'O Ha MOBEPXHOCTh OCHOBHOI'O MaTepuania

PVD-meTomoMm, mokasaH Ha puc. 8.

Hanonoxperrie

OcHoBHOI
MaTepHAT

Puc. 8. HaHOHOKpI)ITI/Ie Ha MOBEPXHOCTH MaTepUuaia, HAHOCUMOE PVD-MCTOHOM

1.3. Ponb sHEprun B pOpMUPOBAHUN HAHOCTPYKTYPHBIX TICHOK
B HacTosiiemM n3BECTHO, YTO COOTHOLIEHUE MEKy CBOMCTBAMU TBEPBIX TEN U

X CTPYKTYpOHl mMeeT (QyHIaMEHTAIbHOE 3Ha4YeHHE IS (U3UKKA TOHKHX IUICHOK.
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Opnako TO, Kakas CTpyKTypa OyneT copmMupoBaHa, 3aBHUCHUT OT IapaMETPOB
nporecca (opMHpOBaHHMS IUJICHKM M €€ XuUMHUYeckoro cocrasa. lIpobiema
3aKJII0YAaeTCsI B TOM, UYTO  KAQKABIM  IPOLECC  XAPAKTEPU3YETCS  PAIOM
TEXHOJIOTUYECKUX MMAPAMETPOB, KOTOPHIE B3aUMHO CBSI3aHBI.

CamplMM BaXXHBIMH TEXHOJOTHYECKMMH MapamMeTpaMy OCaXIEHUS s
KKJIOTO0 PACHBUIAIOLIEIO YCTPOWCTBA SABISIOTCS: TOK pa3psAla pPACHbUIAIOLIETO
YCTPOMCTBA U CMELIECHUE TOIOKKH [; U U, INIOTHOCTh HOHHOTO TOKA MOJJIOXKKH i,
TEMIIEpaTypa MOMJIOKKHU Ty, PACCTOSTHUE OT IOJIOKKH 1O MHIICHH d,_,, CKOPOCTb
OCaXIECHUA ap, MAPLUHUAIBHOE JABJICHUE PEAKTUBHOIO Ia3a pps WU IIOJHOE JABIICHHUE
pacHbUIsIEMOrO ra3a pr.

@aKkTHYECKHU HEBO3MOYKHO, H3MEHSISI OJWH I[apaMeTp Mpolecca B 3TOU
KOMOMHAIIMM, U3MEHHUTh HENPEPBIBHO CTPYKTYPY OCAKIEHHOM IUICHKH, TaK Kak
Ka)kJash KOMOMHALIMS 3THX MMAapaMeTpPoOB AAeT TOJBKO OJHY JUCKPETHYIO CTPYKTYpY.
OTO0 rjaaBHasg NpUYMHA, TOYeMy (OPMHUPOBAHUE IJIEHKU C 33JaHHOUN CTPYKTYpOH, TO
€CTh C 3aJJaHHBIMU CBOWCTBAMHU, SIBIIIETCS OYE€Hb TPYJHOW M MOKA HEPEUICHHOMN
npoOseMoi. JlocTudb 3TOr0 BO3MOXKHO, KOHTpOJUpYs 3Hepruro E ocaxmgaembix
MOHOB BO BpeMsl pocTa MIeHKU. OHa OKa3bIBAET BIUSHUE Ha!

1. Temneparypy noajaoxku Ty,

2. ®opMUpOBaHUE TIOKPBITHS, KOHTPOJUPYEMOE DOHEpPruei ocaxacHus E,;
(oHEeprus MOHOB E;, TOTOK MOHOB ¢);, CKOPOCTh OCAXKJCHUS ap) U OBICTPHIMU
HelTpanamu Ep, (OCaXIEHUE C IOMOLIBIO aTOMOB, KOTOPOE KOHTPOJIHUPYETCS
DHEPrUEN Efpp, U Vg, 9aCTHL, GOPMUPYIOIIMX IUIEHKY ),

3. IlnasmMoxumuveckue peakuumu AHy (B DK30TEPMMYECKHMX DPEaKUUAX , MU
AHy < 0, BBIIETSICTCS TEIUIOTA, MPU TOM IOJIHASL SHEPIHsl YBEJIWYMBACTCA W,
HAaIIpOTHB, B OJOHIAOTCPMHYCCKHUX pCaKIUAX, KoOrga &Hf > (0, TemIoTa
noTpeOsseTcsi, W TOJHAsS SHEPrus yMEHbINAETCs), TIe AHy — DBHEprus

dbopMHUpOBaHUs COCTaBA.

Bce 3TH KOMIOHEHTHI MOJHOW SHEPTUU OKA3bIBAIOT BIUSHHUE HA POCT IUICHKU
OJIHOBPEMEHHO, HO BIHUSHUE OTIEIbHBIX KOMIIOHEHTOB MOET OBITh Pa3HbBIM.
Hampumep, npu ocakJIeHUM YHUCTHIX METAUIOB HE MPOMCXOJUT BKJIAZa SHEPTrUU OT
XUMUYEeCKUX peakiui. [Ipu rcrnonap30BaHMM MpoIecca MOHHOTO HAHECEHUs, KOrnaa
pactymiasi IJIeHKa (QOPMHUPYETCS HU3KOAPHEPIeTUYECKUMHU HOHAMH, JHEPTHs

XUMHUYCCKHUX peaKuHﬁ OKa3bIBACT pCIIAarOIICC BJIUAHNUC HA POCT INJICHKH. HOC—)TOMy oTa
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SHEPrusi OYEHb YaCTO MCIOJIb3YETCA ISl YNPABJICHUS CBOMCTBAMHU OCAXJIAEMBbIX
IJIEHOK.

@opMHUpOBaHUE  IUIEHOK M3  HOHHBIX TMOTOKOB  SIBJSIETCS ~ CHJIBHO
HEPAaBHOBECHBIM IPOIIECCOM, B KOTOPOM HOHBI NEPEAAIOT CBOK KHHETHUYECKYIO
SHEPIUI0 PacTylIeil IUIEHKE U HarpeBaroT €€ Ha aTOMHOM ypoBHE. Ee 3HaunTenbHOe
OTJINYUE OT OOBIYHOI'O HArpEeBaHUS COCTOMT B TOM, YTO KHHETHYECKash SHEPrus
OOMOapIUpYIOIIUX HMOHOB TEpPeAacTCs B OYEHb MaJICHbKHE O0O0JIaCTM aTOMHBIX
pa3MEpPOB U COMPOBOXKIACTCS UPE3BhIUANHO OBICTpbIM (Tipubau3uTeasrHo 1014 K/c)
oxJaxkaeHueM. M3BeCTHO, 4TO SHEPTUH, JOCTABICHHBIE PACTYIIEH TJICHKE OOBIYHBIM
HarpeBanuem (T,/T,,) win ke OomOapaupoBKO# uactuiamu (E,;), HE SBJISIOTCS
¢u3MUecK SKBUBAJEHTHBIMH; 3/eCh T, — TemImeparypa MOMI0XKKH, T,, — TOYKa
IJIaBJIEHUSI MaTepuajia IUleHKW. Eciu  pachbiieHHe BBIMOJHIETCS NPU  HU3KHUX
naBiieHusx, mpubauzutensHo 0,1 la u HKe, MOXKHO MTPOU3BOIUTH TJIOTHBIEC TJICHKH
C DKCTPAOpAMHAPHBIMU CBOMCTBAMM, COOTBETCTBYIOIIUE 30HE T B CTPYKTYpPHOMU
3oHanbHOM Mopenu TopHTona (puc. 9). PacmpiieHue mnpu HHU3KOM JTaBIICHUU
CIABUIracT NEPEXOJHYIO 30HY T B 00J1aCTh HU3KHMX 3HAYE€HHMH OoTHOIUEHUs T./T,,, 4TO
MO3BOJIAIET CO3JaBaTh IUIOTHBIE IUIEHKH, COOTBETCTBYIOIIME 30HE T, MPU HHU3KHUX

TeMIeparypax ocaxacHus T;.

oOMMHOS HANBUICHIE HIIKONO JAapiicHns
> Tslrm

HarpesBanue

e
-
-
W
~

3ona T
pacrKenie

/
cxaTie //{c//‘
' /llOB‘h ?/‘9
3ona 1 3 //slaTLpHa;y

- T T 7 ¢ //‘///'
Pas(11a) 102 10 1 100" 102 103

AtroMHas mKajaa Harpesa —

Puc. 9. CTpykTypHas 30HaabHast Mojiesib TopHTOHA

DOneprus E,; npu GOPMHUPOBAHHUH IICHOK OKAa3bIBACT 3HAYMTEIIFHOE BIIUSHHUC

HA UX CTPYKTypy U Ha (usmdyeckue W (yHKIHOHAIBHBIE CBOWCTBA. DHEPTUA
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OCaXJAa€MbIX YaCTHI[ IIPU MArHETPOHHOM PACIbUICHUH PETYJIUPYETCS TABICHUEM
pabouero raza B BaKyyMHOUH KaMmepe U PaCCTOSTHUEM JI0 MOJIONKKH, a TAKXKE MyTeM
IIOJa4M OTPHULIATEIBHOrO IIOTEHIMajda Ha MOJJIO0XKY. [Ipy BakyyMHO-IyroBom
OCaXJICHUH, a TAKKE B HOHHBIX METOJAX IIyTEM U3MEHEHHUS BEJIMUMHBI YCKOPSIOLIETO
IIOTEHIIMaja, II0JaBaéMOr0 Ha IIOJUJIOKKY, BO3MOXXHO B IIHPOKUX IIpelesax
pEryIupoBaTh SHEPTUIO OCAXKAAEMBIX HOHOB M TEM CAMBIM YIPABJIATH IJIOTHOCTHIO
NOTOKa B Tmporecce (POpMUPOBaHUS MOKPHITUS. Tak, B HOHHO-TIJIA3MEHHBIX
KOHJICHCATAaX, U3MEHSS SHEPTHI0 OCAXJAEMbIX YACTHUIl, YYACTBYIOIIMX B IMPOLECCE
dbopMHUpOBaHUS TUICHOK, MOXHO YIPaBJISATh CTPYKTypoH ©  CyOCTpPYKTypoi

CO31aBaCMbIX HOKpBITHﬁ.

3ajaHue K NPAKTHYECKOMY 3aHATHIO 5.

[IpousBectu mouck M aHanu3 uHpopmanuu 1no reMe « COBpeMEeHHbIE METO/IbI
HAHECEHHUSI HAHOTIOKPBITUN B BAKYyME».

3ajaHue K NPAaKTHYECKOMY 3aHATHIO 6.

Pa3paboTaTh TEXHOJOTHYECKYIO OIEpaIi0 HAaHECEHUS IMOKPBITUS METOAOM

MAaruCTpOHHOI'O HAIIbIJICHHA.



27

[Tpunoxenue 1

HNuTepHeT-pecypebl MOMCKA HAYYHO-TEXHUYECKOH HHGOpMaUU

HaumenoBanue pecypca

AJlpec B UHTEPHETE

DOnekrponHas oubnuoreka Elibrary
(TpebyeTcs npeBapuTeIbHAS
perucTparus, OecriaTHas )

https://elibrary.ru

Bbubnuoreka kaur u crarert Genesis

http://gen.lib.rus.ec/

Axanemus I'yrn

https://scholar.google.ru/

Cucrema
TEXHUYECKOU
u3narenbcrBa Elsevier

[IOMCKa Hay4YHOMU-

uH(popMauu

https://www.sciencedirect.com/

Cucrema noucka nateHToB ['yrn

https://patents.google.com/

IlonckoBass cucrtemMa IIaTEHTOB
denepanbHOrO WHCTUTYTA
MIPOMBIIINIEHHON COOCTBEHHOCTHU

https://www1.fips.ru/elektronnye-servisy/

Cucrema moucka eBpormeiickux |  https://wwwl.fips.ru/elektronnye-servisy/ru-
MaTCHTOB espace-net/index.php

Cucrema TIOHMCKa aTCHTOB https://www.uspto.gov/patents-application-
AMEpHUKaHCKOTO MaTCHTHOTO process/search-patents

BE€EOOMCTBA

Cucrema noucka marenros CCCP http://patents.su/

Crpanuiia nmoucka auccepranuii Ha | https://vak.minobrnauki.gov.ru/adverts_list#tab=
caiite BAK _tab:advert~

CTpaHI/IIIBI IIOHUCKa JIPICCGpTaIII/Iﬁ Ha

https://dspace.mit.edu/

caiTax By30B (Ha TmpuMepe

Maccauycerckoro http://tsu.tula.ru/science/dissertation/
TEXHOJIOTUYECKOr0 HMHCTUTYTa U

Tynl'V)

Poccuiickas AJIEKTPOHHAS http://diss.rsl.ru/

OubamoTeka auccepTrauui




