JocaiizkeHHs1 po3psiAiB HU3bKOI0 THCKY ISl PO3PO0KH 00/1aHAHHS TA TEXHOJIOTil
IMIyJILCHOTO €JIEKTPOHHO-TIPOMEHEBOI0 BUNAPOBYBAHHS TA iOHHO-IIJIA3MOBOI0
0Ca/I’KeHHSI HAHOCTPYKTYPOBAHHUX NOKPHUTTIB.
HccienoBanue pa3psiioB HU3KOI0 JaBJIEHHS 1JI1 Pa3pad0TKH 000Py10BAHUSA U
TEXHOJOI'd HMITYJbCHOI'O JJICKTPOHHO-JIYY€BOI0 HCTIAPCHUA U HOHHO-TIJIA3MEHHOI'0
0CaKIeHNSI HAHOCTPYKTYPHBIX MOKPBITHA.
Investigation of low-pressure discharges for elaboration of equipment and
technology for pulse electron-beam evaporation and ion-plasma deposition of
nanostructurized coatings.
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(yxp.)

OTpuMaHHS PI3HUX TOKPHUTTIB EJIEKTPOHHO-TIPOMEHEBUM BHUIIAPOBYBAHHIM Y BaKyymi €
OJTHUM 13 HaWOULIbII MomMpPEeHNX MeToliB. [IpoTe BUKOpUCTaHHS CTalliOHAPHOTO HArpiBaHHS IpU
BHUIAPOBYBaHHI YTPYAHIOE OTPUMAaHHS MOKPUTTIB 13 0araTOKOMIIOHEHTHHUX MarepiajiB, a TaKOX
XIMIYHHX CIIONYK, BHUIIAPOBYBAHHS SKHX TP BHCOKHX TEMIIEPATypax CYIPOBOIKYEThCS
TepMIuHOIO aucoriarfieto. [lepcnekTUBHUMHU ISl OCAJKEHHS TMOKPHUTTIB 13 TaKMX MarepiaiiB €
IMITyJTbCHE €JIEKTPOHHO-TTPOMEHEBE BUITAPOBYBAHHS ITyYKOM, III0 TEHEPYETHCSI B BHCOKOBOJIETHOMY
TIIOYOMY PO3PSAII 3 XOJOAHUM KaTOIOM, Ta aKTHBAIlis MMapOTra30BOT0 TMOTOKY B 10HIZYIOUOMY
PO3psilii HU3bKOTO TUCKY B 30HI BUIIAPOBYBAaHHS. BUKOPUCTAaHHS AJIsl IMITYJIbCHOTO BHUIIAPOBYBAHHS
ra30pO3psAHOTO JDKEpesa €JEKTPOHIB 3 XOJOJHUM KaToAOM 3a0e3ledye MOXIIMBICTh OCaIKCHHS
MOKPUTTIB B INHPOKOMY Jiana3oHi THUCKY Ta CKIaay razoBoro cepenosumia. IloegHanus
IMITYJIbCHOTO BHIAPOBYBAaHHS 3 BHKOPHCTAHHSIM BIATOBIAHOTO Ta30BOTO CEpeOBHUINA 3a0e3Ieuye
MO>KJIMBICTh OTPUMAaHHS MMOKPUTTIB 3 33JaHUMHU CTPYKTYPOIO Ta (Pa30BUM CKJIAIOM.

B poGoTi BuBUeHO 0COOIMBOCTI reHepartii Ta GopmMyBaHHS IMITYJIbCHUX €ICKTPOHHHUX My4YKiB
B BHCOKOBOJBTHOMY TIIIOUOMY PO3PSIi 3 XOJOAHHM KaToAOM. BCTaHOBIEHO, IO MpU BUKOPHC-
TaHHI TPIOAHUX EJEKTPOJHUX CHCTEM 3 PO3BHHEHOIO €MICIMHOIO MOBEPXHEI0 KAaTOIy MOMIIMBE
OTPUMAaHHS IMITYJIbCHUX €JIEKTPOHHUX MYYKiB, MOTYKHICTIO JECATKH KBT 3 MUTOMOIO MOTYXHICTIO
10°- 10° Br/em?, mo 103BOISIE BUKOPHUCTOBYBAaTH iX JUIsl BHIAPOBYBAHHS PI3HUX MaTepiais,
BKJIIOYAIOYHU TYTOIUIABKI.

BuznaueHo 0COOIMBOCTI MaJIOIHEPIIHHOTO KEpPyBaHHS CHEPreTUYHUMH IapaMeTpamMu
€JIIEKTPOHHOTO Ty4YKa 3a JOMOMOTOI0 HU3BKOBOJBTHHX JIOMOMDKHHUX PO3psAIiB. BcTaHOBIEHO, 110
IMITyJIbCHA MOJIYJISIliS €JIEKTPOHHOTO TyYKa MOJKJIMBA B Jliala30Hi, SIKMA BIAMOBIZa€ BUMOTaM
€JIIEKTPOHHO-TIPOMEHEBOT TEXHOJOTIl OCa/KeHHsT MOKpUTTIB (dactora momymsmii 0 — 200 I'm,
TPUBAJIICTD IMITYIBCIB 1 — 50 Mc).

Ha ocHOBI OTpMaHUX PE3yNbTaTiB JOCTIKEHb PO3POOICHO eKCIIEpUMEHTAIbHI IPUCTPOI Ta
JOCITIJKEHO 3 1X BUKOPUCTAHHSAM TEXHOJIOTIYHHMA MPOIIEC TEPMOIOHHOTO OCAKCHHS IMMOKPUTTIB 13
XIMIYHUX CIIONYK. 3a pe3yiabTaTaMu IPOBEACHUX JOCHIHKEHb pO3po0JeHI peKOMEHJalii Mo
TEXHOJIOT11 IMITYJIbCHOTO TEPMOIOHHOTO OCAJPKEHHS IMMOKPUTTIB 13 CIIOJIYK.

(poc.)

[Tonmy4yenne pa3iMYHBIX MOKPBITHI AIIEKTPOHHO-TYYEBBIM HCHAPEHUEM B BaKyyMe SIBIISICTCS
OJHUM W3 Hambojee pacHpOCTpaHEHHBIX MeETOAOB. OJHAKO HCIIOJIB30BaHUE CTAlMOHAPHOTO
HarpeBa NPy MCIAPEHUH 3aTPYAHSCT MOJTyYeHHE TIOKPBITHI U3 MHOTOKOMITOHEHTHBIX MaTepHajIoB,
a TaK)Ke XMMHUYECKUX COCTMHEHUH, CKIIOHHBIX K TEPMUYECKON auccoruanuu. [lepcrneKTHBHBIM AJist
OCAXKIIECHHS TOKPBITHA W3 TaKUX MAaTEepPHaloB SBISICTCS HWMITYJIbCHOE HCIApEHUE ITYYKOM,
TeHEpUPYEMBIM B BBICOKOBOJIBTHOM TJCIOIIEM pa3psijieé ¢ XOJOJHBIM KaTOJIOM, C aKTHBAIHEH
Mapora3oBOro IMOTOKA B 30HE MCIIAPSHHUS C TIOMOIIBIO pa3psiaa HU3KOTO AaBieHHs. Vcnomp30BaHHe
JUIST UMITYJBCHOTO HWCHAPEHUS Ta30pa3psAHOT0 HCTOYHHMKA DJIEKTPOHOB C XOJIOAHBIM KaTOJOM
o0ecrieyrBaeT BO3MOYKHOCTh OCa)/ICHUSI TIOKPBITUH B IIMPOKOM JHMAIla30HE JaBJICHUS U COCTaBa



ra3zoBou Cpcabl. COBMCH_ICHI/IC HMITYJIbCHOI'O HCIAapCHUA C HUCIOJb30BAHUCM COOTBGTCTBYIOH_Ieﬁ
ra3oBOM cpenbl o0ecreuynBaeT BO3MOXKHOCTh TOJIYYCHHS! TOKPBITUHA C 33aJIaHHBIMUA CTPYKTYpPOH H
(ha30BBIM COCTaBOM.

B pabote m3zydeHa ocOOEHHOCTH TeHeparuu U (HOPMUPOBAHHUS HUMITYIHCHBIX 3JIECKTPOHHBIX
IMYYKOB B BBICOKOBOJIbTHOM TIJICKOIICM pPa3piaaC C XOJOAHBIM KaTOIOM. YCTaHOBHGHO, 4qTo IIpU
HCIIOJIB30BAHUU TPHUOAHBIX 3JICKTPOAHBIX CHCTEM C paSBHTOﬁ SMHUCCHOHHOM IMOBEPXHOCTHIO KaTOda
BO3MOXXHO MOJYYCHUC MMITYJIbCHBIX 3JICKTPOHHBIX ITYYKOB MOIIHOCTBIO ACCATKU kBT ¢ YHCHBHOﬁ
MOIIIHOCTBIO 10° — 10° BT/CMZ, 4TO MO3BOJIAET MCIIOJIB30BATh UX JJISI UMITYJIBCHOI'O UCIIAPEHUS pa3-
JIMYHBIX MAaTCpUajIOoB, BKIIXOYasd TYrOorJiaBKHUC.

OnpeneneHbl 0COOEHHOCTH MaJIONHEPIIMOHHOTO YIIpaBJICHUSA JHEPTETUYECKUMHU
nmapamMeTpaMu 3SJICKTPOHHOI'O IMy4dYKa C IMOMOINbKO HU3KOBOJIbTHBIX BCIIOMOTIAaTCIIBHBIX Pa3spAaaoB.
YCTaHOBJ'IeHO, 4TO HMIIYJbCHAA MOAYJISAOWA JJICKTPOHHOI'0 ITy4Ka BO3MOXXHA B JHAIIa30HE,
COOTBETCTBYIOLIIEM TPEOOBAHUAM DIICKTPOHHO-IyYEBOW TEXHOJOTMU OCAXKACHUS IMOKPHITHHA
(gacrora monysiiuu 10 — 200 T, amurensHOCTS UMITYIIBCOB 1 — 50 Mc).

Ha ocHOBe mMONy4eHHBIX pe3yabTaTOB MCCIEIOBAHUN pa3pabOTaHbl IKCIEPUMEHTAIbHbIC
YCTPOMCTBA M HCCIEIOBAaH C WX MCIOJB30BAHUEM TEXHOJOTMYECKHI MPOLECC TEPMOHMOHHOTO
OCaXIACHUA HOKpI:ITI/Iﬁ U3 XHUMHWUYCCKHUX COCEHHGHHﬁ. C Y4C€TOM MPOBCIACHHBIX I/ICC.HGI[OBaHI/Iﬁ
pa3paboTaHbl PEKOMEHIAIIUN 110 TEXHOJOTUU WMITYJILCHOTO TEPMOUOHHOTO OCAKICHUS TTOKPBITUI
W3 COCIMHECHUM.

(anra.)

Obtaining of different coatings by electron-beam evaporation in vacuum is one of the most
widely using methods. However, obtaining of coatings from multicomponent materials, as well as
from chemical compounds, which are inclined to thermal dissociation, is really difficult with using
of continuous heating during evaporation. For deposition of such coatings applying of pulsing
evaporation by electron beam, generated in high voltage glow discharge with cold cathode, with
activation of steam and gas fluxes in the evaporation zone by low-pressure discharge, is very
perspective. Using of gas discharge cold cathode electron sources for pulsing evaporation provided
the possibility of coating deposition under wide range of operation pressure and gas media
composition. Superposition of pulse evaporation with using of suitable gas media leaded to the
possibility of obtaining coatings with required structure and phase composition.

A singularity of generation and forming of pulse electron beams in high voltage glow dis-
charge with cold cathode is analyzed in this work. Defined, that with using triode electrodes
systems with large cathode’s emission surface obtaining of electron beams with power tens of kW
and power density range of 10° — 10° W/cm? is possible. These parameters allow using such kind of
pulse beams for evaporation of different materials, including refractory ones.

The main singularities of fast control of electron beam electrical parameters by using low-
voltage additional discharges are defined. It is determinate, that impulse modulation of electron
beam is possible in the range, which correspondent to requirements of electron beam technology for
coatings deposition, namely: modulation frequency — 10 — 200 Hz; impulse duration — 1 — 50 ms.

On the base of obtained results experimental devices are elaborated and technological process
of thermal-ion deposition of coatings from chemical compounds is investigated with its applying.
Some recommendations about technology of impulse thermal-ion deposition of compounds’ coa-
tings are formulated on the base of provided investigations.
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5. IlopiBHsIHHS 3i CBITOBMMH aHAJIOTaMHU

Pe3ynbraTti po3poOKu BiAMOBIAAIOTH CBITOBOMY piBHIO. PO3p00ieHNIT KOMIUIEKC TEXHOJIOT14-
HUX MPHUCTPOIB (Ia30p0o3psiAHa €JIEKTPOHHA rapMaTa TPioJHOTO TUIY 3 CUCTEMOIO KEepyBaHHS Mapa-
MeTpaMu eJIEKTPOHHOTO My4YKa B IMITYJIbCHOMY PEXHMI) Ta TEXHOJIOTIS IMITYJIbCHOTO TEPMOIOHHOTO



OCa/KEHHsI TIOKPHUTTIB B CEPEIOBHUII Pi3HUX ra3iB, BKIIOYAIOYN PEaKTHUBHI, HE MAlOTh aHAJOTIB Y
CBITOBIM MPAKTHII OTPUMAHHSI TTOKPUTTIB.
6. ExoHoMiuHa npuBadMBicTh /151 IPOCYBAHHS HA PUHOK

Po3pobiiennii Ta30po3psIHUN €IEKTPOHHO-TTPOMEHEBUI KOMIUIEKC BIAPI3HAETHCS HOBUMH
TEXHOJIOTIYHUMHU MOXIIUBOCTSIMH, $KI IPU BUKOPUCTaHHI HOrO0 B TEXHOJOTISIX HAHECCHHS
MTOKPHUTTIB 3a0€3MEYyIOTh:

— TIABUIICHHS IIBUAKOCTI HAaHECEHHS TOKPUTTIB 0e3 HasIBHOCTI KpamenbHOi (pakiii
(TIOpIBHSHO 3 CTAI[iOHAPHUM BHUIIAPOBYBAHHAM Ha 1 - 2 TIOPSIAKK);

— — MOXJIMBICTb HaHECEHHS 0araTOKOMIOHEHTHHMX IOKPHUTTIB 13 30€pEeKEHHSIM CKJaxy
KOHJICHCATY;

— MOXJIMBICTh OCaJPKEHHS TMOKPHUTTIB 13 XIMIYHHX CIOJYK B CEPEIOBUIII BiIMOBITHHX
ra3iB 13 30epexXeHHSIM iX CTeXiOMeTpii;

— MOXJIUBICTh OCQ/KCHHS MOKPHUTTIB Y HU3BKOMY BaKyyMi, 1[0 TMPU BUCOKIM IIBUAKOCTI
BUIIaPOBYBAHHS €KBIBAJIEHTHO OCAP)KEHHIO Y BUCOKOMY BaKyyMi.

HaBeneHi TeXHOJOTIYHI MOIJIMBOCTI pO3pOOJIEHOr0 ra3opo3psIHOro KOMIUIEKCY 3a0e3meuy-
I0Tb OTPUMAaHHS MOKPUTTIB, OCA/PKEHHS SKUX BIJOMHUMHU MPHUCTPOSIMHU 3HAYHO YTpyAHEHE abo B3a-
raJjii HEMOJKJIHBE.
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