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MIIK B23H9%/00

Cnoco0 u ycTpoiicTBO AJisi HHTEHCH(HKAIMH npouecca

3JIEKTPOHUCKPOBOIro HAaHECCHH S TOJICTOCJOHHBIX KA4Y€CTBEHHBIX ﬂOKpblTﬂﬁ

M306peTeHne OTHOCUTCS K 00JacTH 3IeKTPOPH3UYECKHX METOJ0B 00paboTKH
MaTepUaliOB B YaCTHOCTH, K TEXHOJIOTHH ITOMy4eHHs (QyHKIHOHAIBHEIX MOKPHITHIA
METOJIOM 3JIEKTPOHMCKPOBOTO JIETHPOBAHUSA, M MOXET OBITH HCIIONB30BaHO I
HHTEHCHBHOIO M OKOHOMHYHOI'O HAHECEHMsI BOCCTAHOBUTENBHBIX M 3alUTHBIX

M3HOCOCTOMKHUX HOKpBITI/Iﬁ B MAlIMHOCTPOHUTCIIBPHOM U PEMOHTHOM IIPOU3BOACTBE.

W3BecteH crnoco0 HHTeHCH(HKAIMK TNpolecca HaHECeHHMs KadyeCTBEHHBIX
TOJICTOCIOMHBIX MOKphITHH (70 100-300 MxM u Brime) [1] , cornacHo KOTOpoMy
JUIS CO3JIaHMsl YCJIOBHII HMHTEHCHBHOTO IlepeHOca MaTepHalla aHOAa Ha KaroJ H
IIPOYHOr0 CUEIUICHUS C MeTAUTMYEeCKOH OCHOBOH HeoO6XOAuMO, 9TOOBI MPOLIECCH
Ha JJIEKTPOJaX HOCHJIH pe3KO acCHMETPUYHBIN XapaKTep; B IEpBYIO OuYepelb
ACHMMETpHSA JIOJDKHA IIPOSBIATHECA B paclpeneeHHH TeMIepaTypbl BIOJb
MEXIJIEKTPOHOTO MMPOMEXYTKa — YaCTHI(BI METaJUIa CO CTOPOHBI KaTo/a JOJDKHBI
OXJIAXIATECI OBICTpee, YeEM CO CTOPOHBI aHOMA, U YJEeNbHOE BpeMs JIErHpOBaHU,
00YCIIOBIEHHOE HEJIMHEHHBIM H3MEHEeHHeM Macchl obpasua B mponecce OWJI,
JOJDKHO OBITH TaKMM, YTOOBI Macca KaTofa He yMeHbIIaiach, a IpUpacraia, T.e.
ONTUMAIILHOE BpPEMs JIETHPOBAHHS JNOJDKHO OBITL MEHBIIE YJEIHHOIO BpPEeMEHHU
JIETUPOBAHMUS.

K HemocTaTkaM JaHHOTO METOJa MOXXHO OTHECTH BBICOKYIO TPYHOEMKOCTBH
obecledeHrss ONTHMAJIBHOIO BpEeMEHH JIETUPOBaHUS, €ro KOHTpPOIb H
HEBO3MOXXHOCTH CTa0MJIPHOTO HHTEHCHBHOI'O MaccoIllepeHoca MaTepHuaia aHo/a Ha
KaToj, T.K., HauyWHas C YAEJbHOIO BpEeMEHHW JIeTHpOBaHMs, Macca oOpaslia
yMeHbIIaeTcs, T.e. TpuBec Karoja (AK) cTaHOBUTCS oTpuuarensHbM. C
IOBBIIIEHHEM YAEIBHOIO BPEMEHH JIETHPOBaHHUS Macca oOpa3lia MOXKET NPHHATH
3HaYeHHE MeEHbIe MepBOHAYalbHOW. B ofImeM ciyuae IHHEHHOE YBEIWYCHUE
Maccel o0pasna nmpu u3MeHeHnH t HabmofaeTcs ToabKo npH t<tx. C u3MeHeHHEM

PEXUMOB 00pabOTKH U OCOOEHHO MaTepHUaloB 3JIEKTPOJOB U MEXKIIEKTPOAHBIX




cpell 3aBUCHMOCTH MacconépeHoca or BpemeHH obpaGoTkm Ak = f(t) Moxer
CYIIECTBEHHO M3MEHATBCHA, 4TO 3aTPYAHACT BO3MOXHOCTE AHAIMTHIECKOTO
OIIpe/ieNIeHHs] ONTUMAJIFHOTO BPEMEHH nempOBaHHx.

To He MO3BOJIAET rAPAaHTUPOBATh HHTEHCH(HMKALIMIO ¥ HaJIE)KHOCTH IpoLecca

(bOpMI/IpOBaHI/ISI TOJICTBIX l'IOKpLITI/Iﬁ C BBICOKOH CIUIOMIHOCTBHIO TOBEPXHOCTH.

V3zBecTeH croco6 3MEKTPOMCKPOBOrO JIETHPOBaHHWs [2], TpH KOTOpPOM
HaHeceHWe MOKPHITHH C TOBBIICHHBIMM TOJNIMHOM M CIUIOIIHOCTBIO Ha
IOBEPXHOCTh J€TAIH IPOU3BOAAT KOMIIAKTHBIM 3JIEKTPOAOM CTEPKHEBOIO THIIA,
ociie yero oGpaboTaHHbIM y4acTOK MOABEPraeTCs NOBEPXHOCTHO-IIACTHIECKOMY
1eOpMUPOBAHHIO ITyTeM OOKATBIBAHHA IIAPHUKOM. B sToM ciyyae moOTepH Ha
TpeHHe MEHbIIe, MEHBIIE CTeNeHb PaspyMIeHHs CJI0s HaHCCCHHOTO MOKPBITHH, H
GobIle BO3MOXKHOCTD (POPMHPOBAHHS 32[aHHOTO MHKpopenbeda ynpodHsieMoH
TIOBEPXHOCTH ¢ GOJblIel CTENeHbIo0 Haxiena. IIpy 3TOM aBTOPE! MOAYCPKUBAIOT,
yTo cruaxusanue penseda I BeneT K yBEIMYEHHIO OTHOCHTEIbHOM OIIOpHOM
JUIMHBI TpodmIs, YTO CIOCOOCTBYeT  YIy4IICHHIO pupabaTHIBAEMOCTH,
U3HOCOCTOMKOCTH, 33 {HPOCTOMKOCTH. |

K HemocTaTkaM MAAHHOrO cHoco6a OTHOCHTCA TO, YTO «CTIaXXHBAaIOLIC-
nedopMupyrolee BO3IeHCTBYE IAapHUKa B JaHHOM Cly4ae Hapsay © IJIACTHYECKOM
medopmanpell BBICTYIIOB ITOBEPXHOCTHOIO CIIOS OyoeT NpOW3BOAUTH H MX
pa3pylieHHe, YTO OOYCIOBHT yHalleHHWe 9YacTH CJIOS IOKPBITHS M BO3pacTaHue
Gecrioyie3Hoi paboThl W SHEPIuH, 3aTpPavdBacMbIX Ha paspylIeHHE CIIOM». Bauny
TOro, 4YTO JIETMpPOBaHWEe M TOCIeAylolee BBIITAXHBAHME IIOBEPXHOCTH
TIPOM3BOAWTC B 2 IEpEXojia, HE COBMEIICHHBIX B IPOCTPAHCTBE M BPEMEHH,
TPYAOEMKOCTS MPOLECCa YBENHYUBACTCS, & IPOM3BOUTENBPHOCTE CHIDKACTCA. Bce
CKa3zaHHOEe OOYCIIOBIMBaeT Majyl0 IPOU3BOAMTENIBHOCTE H 3¢ (HeKTUBHOCTH

MCTOAA.

U3BecTeH TaKXe CIOCO6 3JIEKTPOMCKPOBOIO JIETHPOBAHUS METAUIMYCCKUX
MOBEpXHOCTeH, NpHd KOTOPOM HAHECEHWE TONCTOCIOHHOrO Kav4eCTBEHHOIO

moKpeITHs MeTofoM OMJI KOMNAaKTHBIMU YHPYro-HOJBEIIEHHBIMH SJICKTPONAMU
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COBMENIEHO C TOCIEAYIOMUM IUIACTHICCKIM nedopMHpOBaHHEM TOPIIEBOM
II0BEPXHOCTBIO BpallAIOMErocs jucka [3]. Jlernpyiommii 3NEKTPOA IpU STOM
HMEIOT OOILYIO OCh BpaIEHHsI C UCKOM 1 PACIIONOXKEHBI B €0 PafMAIBHBIX Ma3ax,
Ha KOTOpBIA HAKJIA[bIBAIOT YIbTPasBYKOBBIC xonebanua (Y3K), a BpeMEHHOC
oTCTaBaHHe IUIACTMYECKOro  JAeopMUpOBaHHA — HE OpeBbIIaeT  BPEMEHU
3aTBepIEBaHus IIEPEHOCHMBIX HacTHIL MaTrepuana 3JEeKTpofa. OTO IO3BOJACT
yBeMYMBaTh TBEPAOCTD, CIVIOIIHOCTE, yMeHBLIATh IEPOXOBATOCTD MONYICHHOTO
IOKPHITHS, [IOBBIIIATH MPOU3BOAUTENBHOCTD 06paGOTKH, YTO MO3BOJISET MOBBICHTE
3¢ (eKTHBHOCTB MPOLECCa JETHPOBAHMUSL.

K HemocTaTKaM JaHHOTo crocoba ciefayeT OTHECTH CJIOYXHOCTh, BBICOKHE
CTOMMOCTh ¥ SHEProeMKOCTh HEOOXOTMMOro UL ero OCyIIECTBIICHHS YCTPOHCTBA,
CcOZepXKaIero Ynpyro-NoABEIIEHHbIE SICKTPOALL 1 JUCKOBBIH 1e(OpMHIpPYIOLIHH
3JIE€MEHT C TOpLEeBOM pabouyell IOBEPXHOCTHIO, 3aKpeIUICHHBI Ha BBEJICHHOH B
YCTPOMCTBO ~ YIBTPa3ByKOBOH KoJNe6aTeNbHBI  CHCTEME CO  CTE€PKHEBBIM
KOHLIEHTPaTOpOM, B OCEBOH CTYNEHYaTod IUIOCKOCTH KOTOpOro pasMelleH C
BO3MOJKHOCTBIO OCEBBIX TlepeMelleHHH  dIeKTPONOAepxkaTelp, —IpH 3TOM
JNerupyIoNIEe 3JIEKTPOMIbI PAaCIONOKEHbl B PaTHAJIBHBIX ma3zax, BBIMOJIHEHHBIX B
gucke, a  KoiebGaTenpHas — CHCTeMa  TOANPYXHHCHA B  HampaBlICHHH

06pabaTsIBAEMOro M3JCIHS.

VisgecTen croco6 o0OpabOTKM IOBEPXHOCTEH CTAIBHBIX neraneii  [4],
BKJIIOYAIOIM 00pa3oBaHHE IOKDHITHH C yepeJOBaHHEM CJIOEB, IOJyJaeMbIX
3IeKTPOUCKPOBBIM U HEITEKTPOUCKPOBEIM criocobamu, TIpH KOTOPOM TepBbiH CIoH
HAHOCAT CIIOCOGOM 3JEKTPOMCKPOBOTO JIETHPOBAHHSA C ONMPEACTICHHBIM 1ox00pOM
MaTepuajioB JeTald ¢ MepBoro cios ¢ yqeToM WX KO3(QGHIMCHTOB
TEIUIONPOBOAHOCTH, a BTOPOH CIOH HAHOCAT 3JICKTPONOM, MaTtepuan KOTOpOro ¢
IpEABITYIIMM JIETHPOBAHHBIM  CIIOEM  MOKPBITHA obpa3zyeT HEOrpaHHYCHHBIE
TBep/lble PacTBOPBI 3aJaHHOro COCTaBa, IOCIC 4ero IOBEpXHOCTh YNPOYHSIOT
METOJOM  3JIEKTPOMCKPOBOTO  JIETHPOBaHMsS  JICKTPOAOM € o0Opa3oBaHHEM

JOMOJHUTCIBHOTO IIOKPEBITHA.




HenocraTkaMH 23TOroO crocoba SABIAIOTCS OrPaHUYCHHC ero IpHUMCHCHUA
TOJIBKO JJIsi CTajJIbHBIX IICTaJIei;I U TaKXe YCJIO0XHCHHC TEXHOJIOTUYECCKOT'O
MmapuipyTa, CBA3aHHOI'O C HEe0O0XOAUMOCTBIO COYCTaHHUA 3JIEKTPOHUCKPOBOI'O H HE
3JIEKTPOUCKPOBOI'O METOJO0B HaHECCHHU HOKpBITHf;I. 3to BBI3BIBACT

JOIMOJIHHUTECIIBHBIC BpPEMCHHBIC 3aTparhl Ha (bOpMPIpOBaHI/Ie TTIOKPBITHA.

Hau6onee GIU3KHUM 10 TEXHUYECKON CYIIHOCTH U JOCTUTaEMOMY pPE3YIAbTATY

K OpepjiaracMoMy W300pETEHUIO IBIISCTCS criocod 3JIEKTPOHUCKPOBOT'O HaHECCHHUA

TOJICTOCTOMHBIX KAUeCTBEHHBIX  TOKPBHITHM TOBBICHHOH CIUIOIIHOCTH [5],
BKJIIOYAIOIIMI uYepeJOBaHHE LHMKIOB HAHECCHUS rpy6bIX MOKPHITHH C BBICOKOH
HEPOBHOCTBIO NPOQIUIS TOBEPXHOCTH H IHKIOB yMEHBIICHHUA BBICOTBI 3THX
HEpOBHOCTeH [0  BBIPaBHUBAHUA npoguis  1IOBEPXHOCTH  NOKDBITHA, €
HCTIONB30BaHHMEM JIEKTPOJa, MaTepHall KOTOPOTO CO3/iaeT ¢ MaTepHalloM OCHOBBI
HeorpaHWYeHHBIE TBEPJbIC PacTBOPHI U 00afaeT MOHMKEHHON CKIIOHHOCTBIO K
OKHCJI000pa30BaHUIO.

K memoctarkaM Ojmokaiiiero asaiora (poToTHIIa) MOXHO OTHECTH
CHYDKEHME TIPOM3BOAUTENHLHOCTH NPOLEecca HaHECEHHS] HOKPEITHH, 00YCIIOBJICHHOC
3aTpaToii BpeMEHH Ha NPOMEXYTOYHYIO ONEPalMio IO OIUIABIICHIIO BEpPIIVH

HCpOBHOCTeﬁ HaHECECHHOI'O CJIOA.

Texauueckasa 3aza4da, perraeMas n306peTeHneM, COCTOHUT B pa3pa60TKe
criocoba I/IHTCHCI/I(bI/IKaHI/II/I mnporecca HaHEeCCHHUs TOJICTOCJIOMHBIX IIOKpBITI/Iﬁ u
YCTpOfICTBa JUIsE €ro OCYLICCTBIICHUA METOJIOM 3JIEKTPOHCKPOBOTIO JIErHpOBaHUs,
[IO3BOJISIONIUX 3a CYET COBMEILCHHA B OJHOM KOMGPIHI/IpOBaHHOM OUKIJIIE onepaunﬁ
JIerupoBaHus U OILJIaBJICHUA ITOBEPXHOCTH C yJILTpEBB}’KOBOf;I IIaCTOTOI\;I, mojxy4arb
IIOKPBITHSA C OJHOPOAHBIM peJIBeq)OM IMMOBEPXHOCTH H BBICOKOH CIUIOIIHOCTBIO C

OJIHOBPEMEHHBIM YMCHBHICHHEM BpEMEHH 1 3HCPro€MKOCTH 06pa6OTKI/I.

TexHuuecKHii pe3yJBTAaT, NMOMyYaeMbli IPH OCYIIECTBICHHH n300peTeHHs,
3aKIIOYaeTcs B TOM, YTO B CIOCO0€ 3JIEKTPOHCKPOBOrO HaHECCHHS IIOKPBITUM

yBGJIPI‘ICHHOﬁ TOJIUIHMHBI U MTOBBIIIEHHOHN CIUIOIIHOCTH, BKIIIOYaIOMICM yepeaoBaHHuE
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LMKJIOB HAHECEHHs TIPyOBIX NOKpPHITHH © BBICOKOH HEPOBHOCTBIO TpPOGHIIL
IIOBEpXHOCTH H ornepaluuii yMEHBIUCHHS BBICOTBI ITHX HEpOBHOCTEH 10
BHIPAaBHUBAHMS TIPOGMIIS [IOBEPXHOCTH HOKPHITHS, UNA yHTEeHCHU(UKALMK Mpoiecca
HaHECeHHsT  DJIEKTPOMCKPOBBIX  IOKPBITHH  HCTIOJIB3YETCA yCTPOWCTBO -
3NEKTPOJHBIN y3en, CORepKallui 3JIEKTPOJ s HaHeceHHs Trpy6oro
(YHKIMOHAIBHOT'O CJIOA C yacToToi BuOpamuu 6000’1 u SHeprueil AMIlyJbCa 4,3
Jx, ¥ OXBaTHIBAIOILMI €ro LAIMHAPAYECKAM TIOJIBIA JIEKTPOI U3 MaTepHala ¢
BBLICOKMMH  TEIUIONPOBONHOCTBIO M 3IEKTPOIPO3UOHHOM  CTOHKOCTBIO,
npeHa3HaYeHHbIN ISl OIUIABJICHHUS HepoBHOCTel rpyboro cios, obecriequsas TeM
caMbIM COBMEICHHE B OJHOM IHKJIEC YEpEAyIOINUXCHA onepanyi HaHECCHUA
rpy6oro cinosi ¢ BBICOKOH HEPOBHOCTBIO npouns ¥ orcrarommx Ha 0,1 — 03 ¢
onepauuii yMEHBUICHHS BBICOTBI STHX HEepOBHOCTEH 3a c4eT MX OIUIaBJICHMA,
Ipu4eM TEPUOJUYECKOe KOHTaKTHPOBAHHE «OIJIABISIONIETO» JJIeKTpoAa ¢
HaHECEHHBIM TIpyOBbIM CJIOEM TIOKDBITHA OCYIISCTBIACTCA C yIAbTPa3ByKOBOH
gactoroii 22 xI'm um oHeprueil mmmynsca 10 JDx, obyciioBnKBasi BBICOKYIO
JMCIEpralMio  BBICTYNOB ~ [pyOoro  cios  TOKPBITHA € nepeMeLIcHHEM
JAUCIEPrUPOBaHHBIX YacCTHIl BO BIIJAWHEI penseda, obecrieurBasi BRIpaBHMBAHHE
MOKPHITHS M BO3pacTaHue €ro CIUIOMIHOCTH /IO 80 %, yMeEHbIIIEHHE

IIPOJIOJDKUTENEHOCTH 06paboTKH B 1,3-1,5 pa3sa.
Texuudeckas CyLIHOCTh H300PETEHUS MOACHAETCA YEPTEIKOM, Ha KOTOPOM:

dur.l VYcrpoiicTBo, TNPEACTaBJIAIOLIETO coboii  BIEKTPOJHBIA  y3el,
COiepKaluii SNeKTpOn 2 IJisi HAaHEeCEHHA rpy6oro (QyHKIHOHAILHOTO CIOS U
OXBATHIBAOIIMH €ro IIIMHIPAYSCKUH MOJIBIA dIEKTPOX 3, npeaHa3HAYECHHbIA IS

OILIABJIEHYs HepOBHOCTEH rpyboro ciosi, 1 — neTaib (xaton).

®ur.?2 Pasnuums B CTPYKTYPHOM COCTOSHHMH IIOBEPXHOCTH TIIOCIE €€

06paboTKH 1O Cocoby MPOTOTHIIA H I10 IIPEATaracMoMy criocoly

®ur.3 TI'padux pocra Maccsl 00pasroB




dur.4 T'padux pocTa TONIIHHBI 0o0pa3nos

®ur.5 MuUKpPOCTPYKTYPhl IOKPBITHH, MOJYyIe€HHBIX II0 CII0CO0Y-IIPOTOTHITY

¥ [IpeJyiaraeMoMy croco0y

CylHOoCTh IIpeIaraeéMoro H300peTeHus 3aKIIouaercs B TOM, 4YTO IIPH
IPOXOXX/ICHUH HMITYJIECOB TEXHOJIOrMIeCKOro Toka MEXIY OCHOBHBIM 3JIEKTPOZOM
(aHomom) ¥ 0OpabaTeiBaeMOi TMOBEPXHOCTHIO JETAIIN (xaTomoM) Ha Karoze
HauypHaeTcs (opMHUpoBaHHe TIpyboro  cios TOJICTOCJIOHHOTO  ITOKPBITHS,
IOBEPXHOCTH  KOTOPOTO npuobpeTaeT  NOBHIMIEHHYIO  LI€POXOBATOCTE,
MAKCHMAJIbHAS BBICOTA MHUKPOHEPOBHOCTEHM KOTOPOIo MOXCET AOCTHIATDH 1 MM H
Gonee. IlomyueHHas MOBEPXHOCTH oOnajaer HU3KOM KOHTAKTHOHM CILIOIIHOCTBIO.
IIpu nansHeHIIEM [BIXKCHHH OJIEKTPOJHOTO y3iia NUIMHIPAYECKUN 3JIEKTPOL,
J3FOTOBJEHHBIH W3  Marepuaia C  BBICOKOH  TEIUIONPOBOAHOCTRIO — H
37I€KTPOIPO3MOHHOM  CTOMKOCTBIO U npefHa3sHAYCHHBIA UL OIUIABJICHHA
HEPOBHOCTEH IpyOoro ciiosi MOKPBITHS, NOX nmeficTBHEM Ta30JUHaMHYECKUX CHII,
BO3HMKAIOIIMX [PH paspsie, OIUIABIAET M HacTHUYHO paspyllacT BEPLIMHEI
HepoBHOCTeH NpOGMIA, BCIEACTBHE YEro IPOUCXOIMT MEPEHOC (3aTexaHue)H
«yTpaMOOBBIBaHHE» MaTepHana aHo;a C BEpUIMH  BO BHAJMHEI penbeda
(GopMHUpYeMOro MOKPHITHS B PE3YJIBTATe nefcTBHs YIbTPa3ByKa, YTO ¥ PUBOJUT K
BHIDABHUBAHMIO €T0 TMPOQMISL, TOMOreHH3alHH MHMKDPOCTPYKTYPBI, CHIDKEHHIO
IIOPHUCTOCTH ¥ MOBBINICHHIO CILIOIHOCTH 32 OJHO ABIKCHHUE aNeKTpoAHOro y3ia. B
pesynprare  IPOJOJDKUTENBHOCTD 06pabOTKH II0 CPaBHEHHIO C M3BECTHBIM
criocoboMm cHikaercs B 1,3—1,5 paza Ipd yMEHBIICHMH 3HEProcMKOCTH BCEH

onepauun Ha 15-20 %.

Takum o6pasoM, Gnarogaps COBMELICHHIO B OIHOM TEXHOJOrMYECKOM
KOMOHHHPOBAHHOM LUKJIe YKa3aHHBIX OIepalui dopMHUpOBaHHs TOJICTOCIOHHOTO
IIOKPHITHSI MOBBIIIEHHON CIUIONIHOCTH, B TpeljiaracMoM crnocobe HCKIIF0YaeTCs
omoenvHas onepauys M0 OIUIABIEHUIO BEPIINH HepoBHOCTeH, uTo ofecreyrBaeT

MHTeHCH(HKALHIO IIPOIIECcca 38 CYST yMEHbIICHH] BpCMEHH 00pabOTKH.
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Ipumep. Ui MOATBEPKACHUA 3} (HeKTUBHOCTH IIpe/1aracMoro criocoba
GBUTM NPOBENCHBI SKCIEPUMEHTBI 110 HAHECCHHIO TOJICTOCJIOMHBIX Ka4eCTBEHHBIX
[OKPHITHI TOBBILIEHHOH CIUIONIHOCTH HA METAUINYECKy!0 OCHOBY H CpaBHEHHE
TIOTyY€HHBIX Pe3YJIbTATOB C JAHHEIMU crocoba-npoTOTHIIA.

[Ipy 5TOM WCIONB30BaTH OOOpYHOBaHME H MarepHaibl, aHATOTHHBIC
06paGoTke MO Ccrocofy-MpoToTHIy. B KadecTBe MCTOMHMKA TEXHOIOrMICCKOTO
TOKa IPAMEHSUTH YCTaHOBKY «Alier-55» npu paboTe B pyqHOM peXHMe, a HacToTy
xoneGanmit «omuaBisiomero» snekTpora B 22 xI'I obecrmeyuBal TI'eHEPATOp
YIBTPa3BYKOBBIX KojieGaHuil. Marepuan 3j1eKTpoAa — CTajlb II1X-15. B xadyecTBe
xarona (meTanm)obL1 BbIOpaH obpasen u3 cramd 45 pasMepamu 30x30x4 MM.
[Dromasp o6paGoTki obpasua coctasisiia 4,0 cM’. TIpy HaHeceHWH TOOHBAIHCH
CIUIOIIHOCTH TOKpHITHS He MeHee 80%, BenMUHMHAa KOTOPOH OIpEAeIIach
BH3yaJIbHO U ONITHYECKMM METOJOM CIMYEHHEM C STAJIOHHBIM obpa3Lom.

B oTiMuMe OT TEXHOJNOTHH (DOPMHUpPOBAHHMS IOKPHITHH CIOCO0a-IPOTOTHIIA,
BKTIOYAIONIEro B cebs I0CHEeI0BaTeNIbHO BEINOJHAEMBIE LHMKIBl «HAHECCHHC
MOKPHITHS + OIUIABICHHE», NPOLECC MONy4EeHHs KadeCTBEHHBIX TOJICTOCJIOMHBIX
3JNEKTPOMCKPOBBIX OKPHITHH HAa METAUIMYECKY:0 OCHOBY B Ipe/UIaracMoM
crmoco0e  OCYIIECTBISIETCS ~ HenpepuléHo, TYTeM — CoéMeweHus B ONMH
KOMOMHHMPOBAHHBIM IMKJI JIETHPOBaHHUs MOBEPXHOCTH Karojla METOROM OUJI ¢
NOIyY4eHHEM CJOS C BBICOKOM HEPOBHOCTBIO npowis IOBEPXHOCTH H
OZHOBPEMEHHOTO YMEHbILICHUS BBICOTBl STHX HEPOBHOCTEH 3a CHET OILIAB/ICHHA
co3naBaeMoro peibeda C yIbTpasByKoBoi wacTorodf. Pasnuuusa B CTPYKTYPHOM
COCTOSHMM NOBEPXHOCTH TOcle ee o0paGoTKU 1o crocoly MpOTOTHIIA (a) u mo
npeanaraeMoMy croco6y (0), BBINONHEHHBIE B~ aBTOpPaMH JIAaHHOW 3asBKH,
npescTasyiensl Ha ¢ur.2. 13 npeacTaBieHHBIX CHUMKOB BUTHO, TO tonorpadus U
penbed TOBEPXHOCTH, MONYYEHHOH MO NpetaraeMomy cnoco0y, 3ameTHO Goiee
ONHOPOINHBI H PAaBHOMEPHH 10 BCeH IUlom@asu oOpasia, 4YeM  9TH Xe

XapaKTeprUCTHKH IIOBEPXHOCTH, PCATH30BaHHBIC B ciry4ae NpUMEHEHUS NPOTOTHIIA.

[Tpu mpoBeleHHH JIETMPOBAHMS IO IPEIaracMoMy crioco0y B3BEIIMBaHHE

maccel ofpasia ¢ IOMOINBIO BBHICOKOTOYHBIX BECOB MapKH AIB-200 ¢
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IOTPEeIIHOCTEI0 £ 2 x10-4 T.M U3MEPEHHE €ro TOJIIMHBI C HMCIOJIb30BaHUCM
mukpomerpa MK 0-25 ¢ TOYHOCTBIO J0 0,01 MM OCyIIECTBIAIOCH O Hadaia
0GpaboTKM ¥ B KOHIIE €€ B CBA3M C HENPEPHIBHOCTHIO MPOLECCa HAHCCCHHMA H

OILIaBJICHUSI IOKPBITH TaKoOM Xe, KaK B MMPOTOTHUIIE, TOJIIHUHBL.

JlaHHEBIE TIO TIPMPOCTY MacChI B TOJIIMHEL 00pasiia, 00paboTaHHOTO IO MPOTOTHILY

Ne ®dyukuus 00paboTKH [Tpupoct ITpupoct
nukina/onepanuu | (H-Hanecenue,0O— MaccChl TOJIIUHBI
OILJIaBJICHHE) obOpasua, T obpasia, MM

1/1 H 1,3060 2,05

172 O 1,2250 1,14

2/3 H 2,2440 2,10

2/4 O 2,1560 1,69

3/5 H 3,0960 2,66

3/6 O 3,0310 2,75

4/7 H 3,8470 2,78

4/8 O 3,7550 2,77

5/9 H 4,6590 3,20

5/10 O 4,5940 3,16

6/11 H - 5,3080 3,85

6/12 O 5,2260 3,85

7/13 H 6,1360 4,55

7/14 O 6,0540 4,30

8/15 H 7,1990 5,08

DhPeKTUBHOCTh TNPEITIONKEHHOTO TEXHMYECKOro pPEINECHHS IMOATBEPKIAIOT
pe3yIbTaThl POCTa Macchl 0OPasIoB M MX TONIMHEL Tak, B crroco0e-MmpoTOoTHIIE 3a
10 nuxnos 3IIEKTPOUCKPOBOH 0OpabOTKH M IOCHENyIOIel onepanuy
OTNABJIECHMs. [IOBEPXHOCTH TOCHE KaXIOro IHMKIa Macca obpasua ¢ MOKPHITHEM
cransio 111X-15 Bo3pocna Ha 5.9 I MO CPaBHEHHIO ¢ Maccod obpasia /o Havania
06paboTku, a ero TonmuHa Ha 3,03 Mm. B npejutaraeMom crmocobe pUpOCT MACCH
ob6paslia, UMeroniero 6o nepBOHAYANBHEIN Bec, cocTaBui 1,825 r, HO MpU
3TOM ero TOJIIMHA yBenuumiack Ha 4,05 M (¢ur.3). @ur.4 nemoncTpupyer bonee
MHTEHCHBHBIN, CTAOWIBHEIN ¥ paBHOMEPHBIH MPHPOCT TOJIHHBI KaTOJAA IpPH €To
06paGoTKe mpejiaraeMeiM criocoboM. Ilpy 3ToM, Ha MONyYEHHE OJUHAKOBBIX IIO

TOJIHUHE l'[OKpI:ITHfI Ha TIIOBEPpXHOCTH KaTO/JO0B Opyu  HCIOJb30BaHHUH




npejaraemoro criocoba Tpebyercs Ha 30-50 % Medble BpeMeHH, HeM B CIyHae
IpYMEHEHHUS CrIoco0a MpoTOTHUIIA.

HabmoaeMble paslIigis MOXHO OOBSCHHTB TEM, UTO IpH paboTe 1o criocoby
IPOTOTHNIA KAXKABIA MOCIEMYIOIMHA UK HAHECSHUS MOKPBITHS OCYINECTBIACTCA
Ha Goyiee TBepAylo, TIpPyObIM penbedoM H MeHee PaBHOMEPHYIO IO TOJIIHHE
TIOBEPXHOCTH MOCJIe e¢ MHTEHCHBHOIO OILIaBICHHs Ha MPEbIIYLIEM LUKIIe (dur.2).
[lockoIbKy B pe3yjibTale TAaKOro OIUIABIEHKMs Ha KaXJIOH Omepauyy
(pOPMHPOBAaHHSI MHOTOCIOMHOTO IIOKDHITHS MAaTepHal aHOJ3, HAXONAIIMHACT B
XHIKOM COCTOSHHM B PE3yNETaTe OILIABJICHHs, 3aTEKaeT B HEPOBHOCTU NPOGHILA
IIOBEpPXHOCTH, TO M Macca Takoro obpasia Bospacraer 6onee HHTEHCHBHO.

B mpemnaraeMoM croco0e OILIABIEHHE C YJIBTPA3BYKOBOH HaCTOTOH npoduis
GOpMHPYEMOro B KOMOMHHPOBAHHOM LIMKJIE IIOKPBITHS HIET OJHOBPEMEHHO C €ro
¢opmupoBanueym, 3anasasiBag Ha 0,1 — 0,3 ¢, B pe3yipTaTe 4ero, HEPOBHOCTH
npo¢puis 3aMeTHO CriaxuBaiorcs (¢ur.2) u 9acTh OIUIABIEHHOro MaTepuana
aHO/a BEIHOCHTCS U3 30HBI 06paboTku. [103TOMY MPHPOCT Macchl Takoro obpasua
HecKOJBbKO MeHbIe. Ho IpH 5ToM 3aTeKIuuii B HEPOBHOCTH NPOQMII paciuiaB Kak
Obl «yTpaMOOBBIBAaETCS» NMpU Y3-BO3ACHCTBUM U NOBEPXHOCTH CO3/1aBa€MOrO IO
npexnaraeMoMy crioco6y (6) IpakTHYecKH GECIIOPHCTOrO MOKPHITH NpHOGpeTaeT
GOJBIIYI0  CIUIONIHOCTH, CTaHOBUTCS  3HAUMTENbHO Gosiee  OXHOPOIHOH,
paBHOMepHOM 1O NPOQHII0 M HMEET CYIECTBCHHO MEHBIIee KONHIECTBO
CTPYKTYPHBIX M MEXaHHYECKHX Je(QEKTOB, II0 CPaBHCHHIO C CO3/IaBa€MBIM IO
criocoby-nporotuiry (a) (¢ur.5). VI3 npeacTaBIeHHBIX NaHHBIX BHAHO, YTO ILENb
NaHHOTO M300peTeHHs WHTEHCHHIMpPOBaTh MpPOLIECC  pOCTa  TOJIIMHEI
3TeKTPOMCKPOBOIO TOKPHITUS JOCTHUTHYTa, T.K. HECMOTPS Ha TO, YTO NMHAMHKa
IIPHPOCTA TOJIIMHBI AHATOTMYHBIX 1O pa3MepaM 00pasloB IIPH 3JIEKTPOMCKPOBOH
06paboTke 0 crmocofy IPOTOTHIIA M MO IIPEeAIarasMoMy CHocoby AeMOHCTpHpYeT
OIMHAKOBYIO TEHIEHIMIO, HO HpH o0paboTke 1O MpenyaraeMoMy Crocoby
COBMeIlleHUe OIepallyii JIETHPOBaHHs U OILIABIECHUA C yJbTPa3ByKOBOW 4acTOTOH
B OJJHOM KOMOHMHHMPOBAaHHOM LIHKJIe OOpaGOTKH IO3BOJIET BBEIXOJUTH Ha 3aMETHO

Ooinee ,III/IHaMI/I‘IHBIﬁ IIPUPOCT TOJIIMHBI IMOKPBITUA 34 OAHHAKOBOC C IIPOTOTUIIOM
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BpeMs 3a CYET CYILIECTBEHHOH aKTHBalMHM AM((Y3MOHHBIX IPOIECCOB B aHOAHO-
KaTOMHOM OONacTH BCJIEACTBHE YJBTpa3BykoBoro BosjeicTsusa. IIpu sTOM
3Hepro3arparbl Ha OCYyIIeCTBIeHHe OOpabOTKM IO MpenjIaraeMomy crioco0y
CHIDKAIOTCS 110 CPaBHEHHIO ¢ mpoTtoTunoM Ha 30-60 %.
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®OPMY.JIA N3OBPETEHMS

1. Crioco6 s HHTEHCH(MHKAMH MpOLecca 3IeKTPOMCKPOBOrO HAHECCHUA
TOJICTOCJIOMHBIX ~ Ka4eCTBCHHBIX MOKPBITHH, [OBBIMIEHHON  CILIOUIHOCTH,
BKJIIOYAIONIHH YepefoBaHre LUKIOB HaHECEHHs IPYOBIX HOKPHITHI C BBICOKOM
HEpPOBHOCTBIO NPOQMISA MOBEPXHOCTH H IMKIOB YMCHBIICHHS BBICOTHI 9THUX
HEpOBHOCTEHl 0  BBIPaBHMBAHHS nmpogmwis  IOBEPXHOCTH  IOKPBITH,
oTJMYaomuiics TeM, uYTo 06palOTKY METaUIMMeCKOH OCHOBBI IPOH3BOIAT

pa3sHBIMM _ JJIEKTpOJAAMH _3a OJHH KOM6HHHpOBaHHBIﬁ IIHUKII, BKJIIOYAFOLIUN

4yepeaoBaHHuC olepalid HaHCCCHUA I‘py601"0 CJI0 C BBICOKOM HEPOBHOCTBIO

npo¢uis, u orcraromyio Ha 0,1 — 0,3 ¢ - onepaiuio OmIaBIeHHI.

2. VYcrpoifcTBO Ui HHTEHCH(HKAIMHM Ipolecca 3JIEKTPOUCKPOBOTO
HaHEeCEeHHS TOJCTOCIOMHBIX Ka4eCTBEHHBIX MOKPHITHH, MOBBILIEHHON CILIOMHOCTH,
cojiepailiee BJEKTPOJ Ul HaHECCHUA rpy6oro ciosi ¢ 4acToToi BUOpanuHd
600 I'u u sHeprueit ummyinbca 4,3 JDK, U OXBaTHIBAIOIKI €ro LHIHHIPHIECKUHA
HoJNBIi  DNEKTpOA W3 Marepuaja C  BBICOKMMH  TEIUIONPOBOAHOCTRIO M
9JIEKTPOIPO3UOHHOH  CTOMKOCTBIO, npenHa3sHaveHHBIM  JUIL  OIUIABJICHHA
HepOBHOCTEH rpyboro Cinos, NpUYeM MEpPHOAMYECKOe KOHTAKTHPOBAHHUC
«OILIABIIAIONIETO» JJEKTpoJa C HaHeCEHHBIM TIPyObIM CJIOEM  MOKpPBITHA

OCYILECTBIISETCS C YIbTPa3sByKOBO! 4acTOTOH 22 xI'1 u sneprueit ummynsca 10 JDx

ITpopeKTop MO Hay4HOMH

A.M. MasipeBu4
2018 r.




Crioco0 1 YeTpoiicTBO /15t HHTeHCHUKALMK nTpoLecca

FIEKTPOHCKPOBOIo HaHeCCHUH TOJCTOCTOHHBIX KAaYeCTBEHHbBIX ‘HOKPLITHI"JI
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Crioco0 1 yeTpoiicTBO /1 HHTeHCH(pHKAUHH nponecca

3J€KTPOHCKPOBOr0 HAHECEHHsI TOICTOCIOMHBIX KAYECTBEHHBIX MOKPLITHH
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Crioco6 u yeTpoiicTBO ISt HHTeHCH(HKALHH TTPOIecca 3IeKTPOHCKPOBOTO
HAHECEHHsl TOJICTOCIOHHBIX KAYeCTBEHHBIX MOKPLITHH

dur.5
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SJIEKTPOMCKPOBOI'O HAHECEHUSA TOJICTOCJIOMHBIX KAYECTBEHHBIX

3asBuTeNb:

BEJIOPYCCKUH HALIUOHAJIbHBIM TEXHUYECKUH YHUBEPCUTET

(=

D HexoTopbie myHxTbl GOpMYbI He MOAJIEKAT NONCKY (cm. pasaes I JONONHHTENBHOTO JINCTA)
EauncTBO H306peTeHns He cobatoaeHo (cm. pasaes 11 fonoaHUTEILHOrO JHCTA)
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[¥ OcoBble KaTeropny CChUIOUHBIX JOKYMEHTOB:

"A" NOKYMEHT, Onpeaeasiommit o6umuit ypoBeHb TEXHUKH
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3a8BKH, HO 110CJIE aThl HCMIPALIMBAEMOTO IPHOPHTETA

"D" NOKYMEHT, IPUBEACHHBIN B eBpasHiCKOM 3a4Bke

"T" Oonee NO3AHUA AOKYMEHT, OMyOIMKOBAHHBIN NOCHE AAThI
TIPHOPHTETA H NPUBEAEHHBIN VA MOHKMAHHA U306peTeHHS
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