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Kak m3BecTHO, B IUIa3MEHHBIX HCTOYHHKAX 3JICK-
TporoB (ITN3JI) smMuccus 3apsHKSHHBIX YaCTHI[ OCYIIe-
CTBJISIETCS U3 Ta30pa3psAHOHN MIa3Mbl. ITO OOCTOSATENb-
CTBO OIlpeAenseT O0COOEHHOCTH TaKHUX YCTPOWCTB IO
OTHOUICHHIO K TPaIMLIUOHHBIM TEPMOKATOIHBIM HCTOY-
HUKaM. OnHa M3 0COOEHHOCTEH COCTOUT B BO3MOXKHO-
CTH CYIIECTBEHHOTO IIOBBIIICHHS PabO4YMX IaBIEHUH
BII0TH 10 100 Ia [1]. DnekTpoHHBIE HCTOYHUKH, pabo-
TalOUIe MPHU TAaKUX MaBICHHUSX W Ha3biBaeMble (opa-
KYYMHBIMH, SIBISIFOTCI OOBEKTOM HCCIECIOBAaHUS KO-
JMeKTHBa JAa0OpaTopuu  IUIa3MEHHOH  3IEKTPOHUKH
TYCYPa. ®opBakyymMHBIE IJIa3MEHHBIE HCTOYHHUKH
00maaroT yHHUKaJIbHON BO3MOXXHOCTBIO HEMIOCPEACT-
BEHHOH 3JIEKTPOHHO-Iy4eBOW 00pabOTKH AMAIEKTpHYe-
cKuX MartepuaioB. JlocTmkeHHs: B 001acTH pa3padoTKH
JNIEKTPOHHBIX HCTOYHHKOB C IUIa3MEHHBIM KaToJOoM,
(YHKIMOHUPYIOIIMX B 00JIACTH TOBBILICHHBIX JaBIie-
HUHA, OBUIM NPEACTaBICHbI B HAICH MpeapLtyniel myo-
mukanuu [2]. HacTosimast ctates oTpaxaeTr pe3ylbTarhl,
CBSI3aHHBIE C BOSMOKHOCTSIMH HOBBIX TEXHOJIOI'MYECKUX
MPUMEHEHUH MCTOYHUKOB AJIEKTPOHOB TAKOTO THUIIA.

I'eHepanus nia3smMbl B AM3JIEKTPUYECKOM
MOJIOCTH

OpHa W3 3a7ad4, CTOSIIUX Iepel COBPEMEHHBIMHU
YCTPOWMCTBAMH ISl TEHEPAINH IUIa3MbI, COCTOUT B CO3-
JTAaHWUH TIJIa3MBI B 00bEMe, OTPAHUIEHHOM TU3JIEKTpHYe-
CKMMU cTeHKaMH. Jlo HacTOAIIEero MOMEHTa 3Ta 3ajgada
pemanack ¢ IPUMEHEHHEM IUIa3MOTeHEepaTopoB Ha OC-
HOBE HMITYJABCHOTO Tieouero [3], BHICOKOYACTOTHOTO
WM MUKPOBOJHOBOTO [4—6] pa3psinoB. OgHaKo, yrnoms-
HYTBIM cII0oco0aM IPHUCYIIN CYIIECTBEHHbIE HeJ0CTar-
KM, 3aKIIOYalonIfecs TIaBHBIM 00pa3oM B HaJHIUH
HOHHOTO pACHBUICHHUSI CTEHOK COCyda HHTEHCHBHBIM
HOHHBIM TIOTOKOM (B CIIydae HMITYJBCHOTO TIICIOIIETO
paspsiza), a TakkKe B YCIOKHEHHOM M Manod(pQeKTuB-
HOM IIyTH IpeoOpa3oBaHMs YHEPTUU OT UCTOYHHKA ITH-
TaHUA A0 OOpa30BaHHWs TUIa3Mbl (BBHICOKOYACTOTHBIA H
MHUKPOBOJIHOBBIH pa3psizbl). CyllecTBEHHbIH Mporpecc B
9TOM HAalpaBJE€HUHM [OCTHUTHYT B J1abOpaTropuy IuIa3-
MeHHOW oJekTpoHukn kadeapsl ¢uzukn TYCYPa B
pe3yabrare NPUMEHEHUs! U TeHepalyy IU1a3Mbl JJIeK-
TPOHHOTO ITy4YKa, HHKEKTUPYEMOTO B ANAIEKTPHUECKYIO
nonocts [7]. Caemyer OTMETUTD, YTO B OTKPBITHIX JIUTE-

PaTypHBIX MCTOYHUKAX OTCYTCTBYIOT COOOLIEHMS O Ta-
KOM CHoco0e CO3faHMs IUIa3Mbl B 3aMKHYTOM [JH3JIEK-
TPHUIECKOM 00BbEME, B CBS3U C UEM IOIYUEHHbIE PE3ylb-
TaTbl CICAYCT CUUTATh IMMOHCPCKUMMU. Cxema OKCIICPU-
MEHTa MpejcTaBieHa Ha puc. 1. PucyHok 2 ummocTpu-
pYEeT CBEUCHHE IUIa3Mbl, CO3[aBaeéMOIl 3NEKTPOHHBIM
ITy4KOM IIPH Pa3HbIX JABICHUAX.

INf

f\

T Uur e iy
o
'

§ =y :

m i
l OrTkauka

Puc. 1. Cxema ycTaHOBKH JiJIsl TeHEpaAIlK U UCCIIE0BAHUS
MYYKOBO#! [U1a3Mbl B TUAJIEKTPHYESCKON MOJIOCTH B POPBaKyyY-
Me [7]: / — monelii KaTox; 2 — aHOJ C CETKOH; 3 — yCKOpSIOo-
LU 3JEKTPOA (IKCTPAKTOP); 4 — DICKTPOHHBIH MyUOK;

5 — DMHCCHOHHAs MJ1a3Ma; 6 — MarHWTHAS JIMH3a; 7 — BaKy-
yMHasi Kamepa; § — KBapleBas OJIOCTh; 9 — My4YKOBas IJIa3Ma;
10 — 3011561 Jlenrmtopa; //—13 — UICTOUHUKY TUTAHUS
paspsia, yCKOPSIOIIETO HAPSDKCHUS M HAPSDKEHUS
Ha 30H]IbI COOTBETCTBEHHO

CpaBHEHHE TOTEHIMAJIOB [HA MOJOCTH NIPH HH-
KEKLIMH BHYTPH 3JIEKTPOHHOTO ITyYKa B JHAJIEKTpHYE-
CKuil cocyn B BeICOKOM BakyyMme (mopsiaka 0,01 ITa), u
B ¢opBakyyme (emmHunpl-aecsatku Ila) [8] mokaszao,
YTO MMEHHO HpU (OPBAKYyMHBIX IABIECHHUSX IIy4OK
Croco0eH MPOHUKHYTh BHYTPh MOJIOCTH, COXPAaHHUB J0C-
TATOYHO JHEPrUM U CTEHEPHPOBAB IUIOTHYIO ILIa3My
(10°~10" ¢cM ), KOHIEHTpALMS U STEKTPOHHAS TeMIle-
patypa KOTopoi, kak npaBuio, 10 1,5-2 pa3 npessimaer
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AHAJIOTMYHBIC MMAPAMETPhI MyYKOBOW IUIA3Mbl B OTCYT-
cTBuUe nojoctu (puc. 3).

Puc. 2. CBeuenne mia3Mbl B KBapleBOH KOJOe PH SHEPTUH
9JIEKTPOHHOTI O Myuka 7 k3B u Toke 20 MA 1151 AaBIeHUH
1,5 a (a) m4 Ia (6) [7]
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Puc. 3. Temneparypa 371€KTpOHOB (CBEpXY) U KOHIICHTpALHS
1a3Msbl (CHU3Y): / — B KBapLeBOH MOJIOCTH, SKCIEPUMEHT
(TpeyroisHUKH) U MOAETHPOBAHHE (JTMHUSA); 2 — B OTCYTCTBUE
MOJIOCTH (TOJBKO dKCTIEpUMEHT). Bo3myx, Tok mydka 20 MA,
sHeprus 3 k3B, 30H] pacmonokeH nocepeIuHe HonocTu [7]

Takum 00pa3om, MOBBIIICHHOE ((HOPBAKYYMHOE)
JTABJICHHE Ta3a IPUBOJANT K TCHEPALWH IDIOTHOHM ITydJKO-

BOH TIa3MBl, HOHBI KOTOPOU CIIOCOOCTBYIOT HEWTpalu-
3alUK 3apsAAKd THa cocyda. Kpome Toro, kak HoOKasbl-
BAaIOT OIIEHKH W PE3yJbTaThl MOJACTUPOBaHus [7], cymie-
CTBEHHBIM IIPOIIECCOM, CIOCOOCTBYIOIIMM 3apsIOBOM
HEeWTpaju3ali W TPUBOASIINM K IOBBIIICHHIO KOH-
LUEHTPal ¥ JJIEKTPOHHOM TeMIeparypbl IUIa3Mbl B
MIOJIOCTH, ABJISIETCS BHECEHHE AOIOITHUTENbHON S3HEPTUI
BTOPUYHBIMH JJIEKTPOHAMH, BEIOUTHIMU CO JIHA MTOJIOCTH
U YCKOPEHHBIMH B IIPHUJOHHOM HOHHOM cjoe. B cuiy
BBILIEHU3JIOKEHHOTO CO3/IaHKE TUIa3Mbl MOXKET paccMar-
PHUBAaTHCS M KaK pe3ysbTar, M Kak HeOOXOIMMOE yCIIOBUE
IIPOHUKHOBEHHS 3JIEKTPOHHOTO ITyYKa B JHAJIEKTpHYE-
CKYIO TIOJIOCTb.

OmHUM #3 BO3MOXHBIX TNPHUMEHEHHH ITy9YKOBON
IUIa3MBbl B JAUAIEKTPUYECKOM COCYIE MOXKET OBITH CTe-
puin3anys BHyTpeHHeil noBepxHoctu. Ha puc. 4 mpu-
BeJ/IeHa 3aBUCUMOCTh CTEIEHH CTEPUIIBHOCTH 00pas3lioB,
nHOKyIMpoBaHHbIX Oaktepueit E. Coli 1 pa3meneHHbIX
Ha JTHE U CTEHKaX CTEKJSIHHOTO WJIM IUIACTUKOBOTO CO-
cyaa, OT YAEIbHOW IJIOTHOCTH SHEPIHH WHXKEKTHPOBaH-
HOTO BHYTpb ITyuka [9].

PucyHok 4 neMOHCTpHpYET, YTO CTENEHb CTEPUIIb-
HOCTH YBEIMYHMBACTCS C POCTOM YIAEIBHOHM IUIOTHOCTH
SHepruu Imydka, nocturas 100% Kak Ui CTEKISHHOTO,
TaK M IIACTHKOBOIO cocyaa 0e3 3aMETHBIX TEepMHUUe-
CKHUX TIOBPEXJICHUI CTEHOK COCyra.
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Puc. 4. Crenens cTeprin3alyy B 3aBUCUMOCTH OT 001Iei
IUIOTHOCTH SHEPTUH, BBOAUMOI1 B cocy. Tok myuka 5 MA,
9Heprus mydka 3—6 k3B, uncno ceancos 1-18, mmTensHOCTD
ceaHca 5 ¢, mepepbIB Mex Iy ceancamu 20 ¢

Co3naHue TMJIEKTPHYECKUX MOKPBITHIA

Kepamuueckue MOKpHITHS MOIy4YaroT Bce Oosibliee
pacrpocTpaHeHHEe MPH U3TOTOBICHUH KaK OBITOBBIX, TaK
1 TIPOMBIIIUIEHHBIX MPUOOPOB U yCTPOUCTB. Cpenu HUX
0co00e MeCTO 3aHUMAIOT MTOKPHITHS Ha OCHOBE aJFOMO-
OKCH/IHOW KepaMHKH, Onarofapsi CBOMM YHHKAIIbHBIM
ONTHUYECKUM, AHTHKOPPO3UOHHBIM, JHIIEKTPHUECKUM
CBOMCTBaM, a Tak)Ke BBICOKON M3HOCOCTOMKOCTH. Ham-
Oosiee BOCTpeOOBaHbI TakuWe MOKPHITHS B IIpoleccax
CO3/IaHUsl 3alIUTHBIX CJIOEB JUIA COJHEYHBIX Oarapeii
[10], dopmupoBaHHS IUAIIEKTPUUICCKHX MPOCIOCK B
KoHJeHcaTopax [11], MHOrOCIOMHBIX JUAIEKTPUUECKUX
3epkan [12, 13], >kaponpouHbIX, TBEPABIX MOKPBITUIL
[14, 15], xaranuzaropoB [16]. Ha ceromHsmHuii aeHb
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MOYXHO BBIJEIUTH HECKOJBKO CIIOCOOOB MOIYYEHUS TIO-
KPBITHH, TaKUX Kak IJIa3MEHHO-ICTOHAIIMOHHBIN CITO-
co6 [14], 3omb-renb-meron [17], MeTOn XUMHYECKOTO
OCaXJIeHus u3 ra3oBoi ¢assl [ 18], MeTox HOHHOTO pac-
MBUICHUST JTUAJIEKTpUUeckoil muiieHn B BU-marueTposn-
HOM paspsze [19], cBepX3ByKOBOE TEPMHUUECKOE HaIlbI-
nenue [20] u nazepHas HaruaBka [21]. Kaxapiit u3 atux
METOJIOB UMEET CBOM JOCTOMHCTBA M HeqocTaTku. MoH-
HOC pacIbUICHHE HE O0CCIICYMBACT JOCTATOYHBIX CKO-
pocTeii HaHeCEHUsI MTOKPBITHI ¥ MPUMEHUMO TOJIBKO IS
CHHTE3a TUICHOK MHUKPOHHBIX TOJNIINH, IPH HCKPOBOM
aHOAMPOBAaHUH TPOIIECC POCTa IUIEHKH IPEKpaIiaercs,
KaK TOJIBKO KepaMHUYECKOe IMOKPHITHE ITOJHOCTHIO IIO-
KpbIBAET IMOBEPXHOCTb, TEM CaMbIM OOecleuuBas ee
ANEKTPOM30JIIKi0. HammaBka HOPOIIKOB HPUBOIOUT K
00pa30BaHUI0 «3CPHUCTHIX» MOKPBITHIA, a MPUKICHUBA-
HUE HE CIIOCOOHO 00ECIeUUTh BBICOKYIO HAJICKHOCTHh
BCJICJICTBHE HEIOCTATOYHOM aJre3uu, OCOOCHHO MpH
MEXaHWUYECKUX YIAPHBIX BO3ICHCTBHAX.

IIpennaraemplii  anbTepHATUBHBIA METOA  AJIEK-
TPOHHO-JIY4E€BOTO HCIAPCHUS BBITOAHO OTIAYACTCS
MPOCTOTON peanu3aliii MpoIecca, JTOCTATOYHO BEICO-
KAMHU CKOPOCTSMH OCaXIeHHS (Ha YPOBHE HECKONBKHX
€IMHUI] MUKPOMETPOB 32 MHUHYTY), BO3MOKHOCTBIO pe-
TYIUPOBAHMS [TapaMETPOB HAHECEHHUS B IIMPOKHX Ipe-
nenax [22-24]. HecmoTpss Ha TO, 4YTO DIEKTPOHHO-
Jy4eBOe HCIapeHHe JaBHO MPUMEHSETCS] B TEXHOIOTUH
HAHECEHHUS MOKPBITHH, KPYr HCIONIb3yeMBIX Ui HCIa-
peHHs BEIIECTB OTpaHWYMBaiCS MeTauiamu. Mcmape-
HHUE JTUIJICKTPUKOB CBSI3aHO C MPOOIEMON HAKOIUICHHSI
3apsijia, MPEeoIoNicHHEe KOTOPOi TpeOyeT MCIOIh30BaAHUS
CHCIHAIBHBIX YCTPOWCTB, YCIOXKHSIOMIUX TEXHOJIOTH-
YECKYI0 YCTaHOBKY. B ycrmoBmsx ¢opBakyyma mpobiema
HAKOIUICHUS 3apsijia OTCYTCTBYeT BOBCE Onaromaps Iyd-
KOBO¥1 IJ1a3me, 00ecIieunBaroiel CTeKaHue 3apsaa.

IIpouiecc coznanusi MOKPHITUIM CBOAUTCS K MCHape-
HUIO MHIICHH SJIEKTPOHHBIM ITyYKOM, IEPEHOCY HCIIa-
psieMOTo BellecTBa Ha MOUIOKKY M (DOPMUPOBAHHIO HA
MOJIJTOXKKE CJIOS BEIISCTBA 3a CUET KOHJCHCAIMU Iapo-
BOW (ha3bl. DKCHEPUMEHTHI IPOBOIMINCH HAa YCTAaHOBKE
[1], cxemarnuHo M300pa)keHHOH Ha pHC. 5. DJIEKTPOH-
HBII My4oK 3 ¢ TokoM a0 250 MA u sHepruei 1-20 kB
co3naBaiics (POpPBAKyYMHBIM HCTOYHHUKOM 3JICKTPOHOB /.
[Tydgok doxycupoBaics 1o AuaMeTpa 5 MM MarHUTHBIM
mojieM (POKyCHPYIOIIeH CHUCTeMBI MCTOYHMKA. Ha Kon-
JIeKTOp 9, BEHIMONHEHHBIA B BHIE AWCKA W3 CTANM AHA-
MeTpoM 50 MM, MTOMEIIAJiCs TAHTAJOBHIM THreNlb § C
(parmMeHTOM Marepuaiga (MHUIICHB 7). DIEKTPOHHBII
My4OK Ha MyTH K MHUIICHH TPAHCIIOPTHUPOBAJICS UYepe3
MPOCTPAHCTBO BaKyyMHOM KaMmephl, 3alloJIHeHHOe pabo-
yuM Ta3oM Ipu jaasieHuu 3—15Ila, u co3maBan mior-
HYIO ITy4YKOBYIO IJIa3My 4. DIEKTPOHHBIN ITy4oK Harpe-
BaJI ¥ MCIIAPSUT MUIIICHB, BCICICTBUE YETO MPOUCXOAMIA
YacTUYHAS WOHHW3AIUs UCIapeHHOro Marepuana 6. Hc-
MApEHHBI C TIOBEPXHOCTH MHIICHH MaTepHal OCaX-
JTAJICsl Ha SKCIIEPHIMEHTAIbHBIE 00pasnbl 5 (TIOMIIOKKH),
KOTOPBIE pacIiojiaraiich pagHaibHO CHMMETPHUYHO OT-
HOCHTEBEHO OCH PAacIpPOCTPaHEHHS AIIEKTPOHHOTO ITyd-
Ka. MarepuasioMm MOAJIOKEK SIBJISJIUCh KPEMHUW U TH-
TaH. TeMIeparypa MOBEpXHOCTH OOpPAa3lOB KOHTPOIH-

poBanack OBICTPONEHCTBYIOIAM ONTHYECKAM TIHPO-
metpom Marathon MM ¢upmbr RAYTEK.

OTKkadka
Puc. 5. Cxema sKkcriepuMeHTaNbHON YCTAHOBKH:

1 — n1a3MeHHBIN HCTOYHUK 3JICKTPOHOB; 2 — BaKyyMHas Ka-
Mepa; 3 — IMy4yOK IEeKTPOHOB; 4 — My4KOoBas ra3oBas IJIa3Ma;
5 — OMIOkKKa; 6 — IJIa3Ma U Iapbl MaTepuala MHAIICHH;

7 — MUILICHB (TBEPIOTENBHBIN JUANEKTPHUK);

8 — TTeNb U3 TaHTaNa; 9 — KOJUICKTOP SJIEKTPOHHOTO ITyUKa;
Uy — MCTOYHHK 3JIEKTPHUUECKOr0 CMEIIEHHS KOJIIEKTOpa

OmHOBpPEMEHHO C IPOIECCOM HAIBUICHHUS IPOBO-
JTAJICSL. MOHUTOPUHT MAcc-3apsiIOBOr0 COCTaBa IMydYKO-
BOW ILJ1a3MbI C TOMOIIBI0 MOAU(DHUIIUPOBAHHOTO KBAIPY-
nojibHOrO Macc-criekrpomerpa RGA-100, ¢yHKIMOHH-
PYIOIIETO B peXKMME aHATH3aTOpa MacC HOHOB ITYYKOBOU
IDTa3MBI, CO3JJAHHOW NPH JABICHUSX MMOPSAKA SIAHUIL U
JIECATKOB Tackaib [25]. B mensx obecriedeHnss BO3MOXK-
HOCTH MOHHUTOPHHTA Macc-3apsIOBOTO COCTaBa Ha KO-
JIEKTOP JMEKTPOHHOTO IyYKa OTOIHUTEIBHO TOAaBa-
Cs TOJOXKHUTEAbHBIA moTeHnan U, BemwumHoii 30 B.
[loTenmnman 1a3Mbel OTCIEKHUBACT TMOTCHIMAN KOJUIEK-
Topa, Grmarofapsi 4eMy OCaKJCHHE HMOKPBITHS IPOUCXO-
JIUT B YCIIOBUSIX OOMOapAMpPOBKH HU3KOIHEPTETUUHBIMU
HOHAMH, YTO CIIOCOOCTBYET yydllleHHIO aare3uu. Do-
Torpadusi TOMEPEYHOro Cpe3a IKCICPUMEHTAIBLHOTO
o0pa3ia U3 THTaHA C OCAKICHHBIM MOKPBITHEM, TOY-
YeHHAsT METOJOM PacTPOBOM BICKTPOHHON MHKPOCKO-
WY, TIPEJICTAaBICHA Ha pHC. 6.

Puc. 6. ITonepeunslii cpe3 IKCIEPUMEHTAIBHOTO 00pa3a

EHIC OIUH Ba)KHBII pe3yiabTar COCTOUT B CIJIAXKH-
BaHUHU HCXOJHO HICpOXOBaTOfI MOBEPXHOCTHU O6pa3IIa.
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[Ipu OTHOCUTETHFHO MaJIOM BPEMEHH HATIBUICHUS (OKOJIO
1 MuH), TONIIMHA TOKPBITUS COCTABIIACT TMOPSIKA
1,5 MKM, 9TO TOBOPHUT O IOCTAaTOYHOW CKOPOCTH OCaX-
nenusi. V3amepeHusi, NpoBeieHHbIE Ha OECKOHTAKTHOM
npodunomerpe Micro Measure 3D Station, nmokazainmu,
YTO aMIUIMTyJa HEPOBHOCTEW CHU3MIAch OT 1,2 MKM
JUTS UCXOHOTO 00pasna 10 0,8 MKM.

Eme onHolt BakHOH 3a7aueil siBisieTCs MOJTyuYeHUeE
6opcoaepxkanmx mokpeiThid. Kak mpasmio, 6opuposa-
HHUE OCYIIECTBISIETCS XUMHKO-TEPMUYECKAM METOJIOM,
KOTOpBIH 3akitodaeTcs B JAH(DPY3MOHHOM HACHIIICHHH
MTOBEPXHOCTH METAJUIOB W CIUIABOB OOPOM, IIPHBOJIS-
UMM K YIOPOYHEHHIO TMOBEPXHOCTH 00padaThiBAEMBIX
mgenuit [26-29]. Ilo cpaBHEHHIO C 3TUM METOIOM
[UIa3MEHHBIE METOIbl O0JaAI0T IPEHMYIIECTBAMH,
CBSI3aHHBIMH C HaJM4YHEM B HAlPaBJICHHOM Ha HM3JENUe
MTOTOKE YaCTHUI[ CO 3HAYUTENbHON 3Hepruel (€ANHULBI U
JIECATKU DJIEKTPOH-BOJIBT), YTO OOECIeunBaeT BHeIpe-
HUE ITHX YacTUI] B NMPUIOBEPXHOCTHBIA CIOH W YIIyd-
[IaeT CBOWCTBA ITOJTyYEeHHBIX TIOKPBITHI.

[Mpouecc HaHeceHUst OOpcoAEpIKAIIUX ITOKPBITHH
AQHAJIOTHYEH TPOLECCY TONyYEHHUs] KePaMUYECKHX II0-
KpBITUH, pa3indie COCTOUT JIUINb B MOIIMHOCTH DIIEK-
TPOHHOTO TIyYKa, T.K. TeMIlepaTrypa HCIapeHus Oopa
Oomnplie, 4eM y altOMOOKCHIHOW Kepamuku. Dotorpa-
(Gusi TOBEPXHOCTH JKCIEPUMEHTAIBHOTO 00pasia u3
THTaHa C OCAXKICHHBIM HOKPBITHEM IMpPEICTaBICHA Ha
puc. 7. ITociie MUHYTHI HalbUIEHHUS YAaCTUYHO M30JIUPO-
BaHHbIE MUKPOKPUCTAJIIbI BEPXHETO CJI0sl TpaHCc(hOpMHu-
POBAINCH B IIAAKHH CIUIOUIHOW MOJMKPHCTAIUTNYECKUI
CJIOH C MIIOCKOW MOBEPXHOCTHIO.
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Puc. 7. ®otorpadus moBepxXHOCTH MOKPHITHI HA OCHOBE Oopa

Ha moBepxHocTH 00pa3sma HaOMIODAIOTCS MHKPO-
TPEIIUHBI, KOTOPBIE, MO-BUAUMOMY, CBSI3aHBI C TEPMH-
YEeCKUMHU HalpsDKeHUSIMY, BOHHUKAIOIIMMH B IIpolecce
HaHeCEeHMs NOKPBITHA. ClieyeT OTMETUTh IIOCTOSHCTBO
9JIEMEHTHOTO COCTaBa IOKPBITHH MO €ro TOJIIIUHE,
(puc. 8), 4TO CBUAETENBLCTBYET O CTAOMIILHOCTH U paB-
HOMEPHOCTH Ipolecca ero Hanecenus [30, 31].

Pe3ynbrarhl MpoOBEICHHBIX HCCIIENOBAHUM IMOKa3a-
JIM TIPUHIMIHAIBHYI0 BO3MOXKHOCTD PAcCIbUICHUSI TBEP-
JOTENBHBIX JUAIIEKTPUKOB (KepaMuka U 00p) dopBaxy-
YMHBIM 3JIEKTPOHHBIM HCTOYHHKOM H €r0 HCIIOJb30Ba-
HUS JUTA TIOJYYSHUS TOKPBITHH.
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Puc. 8. DneMeHTHBIH COCTaB MOKPHITHH 110 IIyOHHe:
CBEpXY — KepaMUUECKOe; CHU3Y — Oopcozeprkaliee OKPhITHE

JJIeKTPOHHO-JIy4YeBasi (ppe3epoBKa
AMDJIEKTPUYECKHX MATEPHAJIOB

B cmry BBICOKOH IUIOTHOCTH MOIIHOCTH (Oojee
100 kBt/cM®) SIEKTPOHHBIH My4OK MOKET OBITH HC-
HIOJIB30BAaH ISl CBEPJICHUS M (PE3EPOBKH Pa3IMUHBIX
marepuainos [32]. [Ipu aTom 0OpabarbiBaeMblii MaTepu-
al YHOCUTCS W3 30HBI B3aHMMOJICHCTBUS B PE3yNbTaTe
ucnapenus. [Ipomecc ocymecTBiseTcss CpaBHUTEIBHO
MPOCTO Ul METAJIOB, a B Cllydyae 0OpabOTKH JHAJIeK-
TPHUKOB (KEpPaMMKH, CTEKOJI) BO3HUKAET MpodiieMa Hako-
IUIEHHsT 3apsiia. TpaguIMOHHBIA MOJAXON K PELICHHIO
9TOl IPOOJEMBI COCTOMT B HCHOJB30BAHHH BBICOKO-
sHeprernyHoro (150-200 x3B) snexTpoHHOrO mMydYKa C
JUTNTEIBHOCTBIO UMITYJIbCA B HECKOJIBKO COTEH MHKpO-
cekyH1. Hannuue BBICOKUX YCKOPSIOIIMX HAINpPSHKEHUN
TpeOyeT MCIONB30BAHUS JOPOTOCTOSIETO BBICOKOBAKY-
YMHOTO OOOpYHOBAaHUSI M HPENbSBISIET IOBBIIICHHBIC
TpeboBaHusi K oOcCHykuBaroueMmy mnepcoHaiy. HHoit
MOAXOJ, COCTOMT B HCIOJb30BAaHUU (OPBAKYYMHOIO
ucroynuka [2], GopMHpPYIOLIETo 3JIEKTPOHHBIN ITy4YOK
npu nasneHun 5-30 I[Ta B paboueii kamepe. B atom ciy-
yae mpoOiemMa 3apsiiku OTCYTCTBYET, U AJIsl 00paboTKH
JIMDJIEKTPUKA MOXKET OBITh HCIIONB30BaH KakK MMITYJIbC-
HBIH, TaK ¥ HENPEPHIBHBIN AJIEKTPOHHBIN ITy4OK C 3HEp-
rueit 10-20 x3B.

B Hactosmie#i paboTe B KauecTBE TECTOBOTO MaTe-
puana ObLIO MCIIOIB30BAaHO KBAapIIEBOE CTEKIIO, & CHUCTeE-
Ma yNpaBJIE€HHs AIEKTPOHHBIM ITy4KOM OblIa OCHAIIEHa
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OJIOKOM pa3BepTKH 1O 3alaHHOH mporpamme. Ha puc. 9
IPEICTaBICH pPe3yabTaT (pe3epoBKH KBapLEBOH Inia-
CTHHBL.

3. 2815004
Puc. 9. PesynbraT dhpesepoBku KBapLeBoii
IUIACTHHBI 3JIEKTPOHHBIM JIyIOM

Hanmucn BobImonHeHBI B 00pa3nax M3 KBapLEBOTO
CTEeKJIa TONIMHON 4 MM. Yckopsiollee HamnpspKEHHE B
SKCIepUMeHTe aocTurayiio 18 kB, TOK HempephIBHOTO
myuyka 10 MA, B kadecTBe pabodero ra3a HCIoIb30BaJICs
resivid, 1aBjaeHue B BakyyMHO# kamepe 15 Ila, nuametp
nyudka okono 1 mM. Ilpumenenne octpocdokycupoBaH-
HOTO DJJIEKTPOHHOIO IyYyKa C BBICOKOW IUIOTHOCTBIO
MOIIHOCTH 00eCIeYnBaIo MCIapeHne U YHOC MarepHa-
Jla B KOHKPETHBIX y4acTKax 00padarsiBaeMoro U3/Iesusl.

3akirrouenue

[onydeHHble B mOcCieaHee BPeMsi PE3yNbTaThl 110
pa3paboTke M NMpHMEHEHHIO (hOpBaKyyMHBIX IUIA3MEH-
HBIX UCTOYHHKOB DJIEKTPOHOB OTKPHIBAIOT IEPCIIEKTHBBI
HOBBIX TEXHOJOTMYECKHX TPUMEHEHHUH HCTOYHHKOB
3JMIEKTPOHOB TAKOTO THUIMA I OOpabOTKH TUIIEKTpHYIe-
ckux MarepuanoB. OcoOblii WHTEpeC TPEenCTaBIsAET
IU1a3Ma, TeHepupyeMasi B 00JIacTH YCKOPEHUS U TpaHC-
MOPTUPOBKH MEKTPOHHOTO MydKa. DTO Iy4KOBasl ILIa3-
Ma HE TOJIbKO HEUTpaIu3yeT 3apsaKy AUAIEKTPUYECKOU
MMOBEPXHOCTH YCKOPEHHBIM DJIEKTPOHHBLIM ITYYKOM, HO
TaKxke 00ecreunBaeT BO3MOKHOCTH HOHHO-IIa3MEHHO
MoAn(UKALUY TTOBEPXHOCTH Pa3IMYHBIX MaTepPHAJIOB, a
TaKXXe CHHTE3 AMAIEKTPHUECKHUX ITOKPBITHH.

HccnenoBanus B obnactu pa3pabOTKH U ITPUMEHe-
HUsSL (pOpBaKyyMHBIX ITa3MEHHBIX HCTOYHHKOB 3JIEK-
TPOHOB TMOAJEPKUBAIOTCSI B PaMKax I'OCYAapCTBEHHOTO
3amanusg MUHHCTEPCTBa 00pa3oBaHUs U Hayku Poccuii-
cxort @emepanmu Ne 11.1550.2017, rpanra [Ipe3unenta
Poccun Ui mopnepiKKM BEAYIIMX HAyYHBIX MIKOT H
TPaHTOB JUIi MOJOXABIX KAaHIWIATOB HayK, TI'PaHTOB
PO®U, B TOM uucie IrpaHTOB AJii MOJIOJABIX YYEHBIX,
NMEPCOHATIBHBIX T'PAHTOB JII MOJIOABIX pa3pa6OT‘-II/IKOB u
uccnenoBanuit no nporpamme YM.H.M.K.
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Burdovitsin V.A., Zolotukhin D.B., Zenin A.A.,

Oks E.M., Tjunkov A.V., Yushkov Yu.G.

New possibilities of applying fore-vacuum plasma sources
in technological processes of electron-beam treatment of
dielectric materials

The paper presents the results of the application of fore-
vacuum plasma electron sources obtained during the last year.
Such applications include: generation of beam plasma in a
dielectric cavity, evaporation of various materials with subse-
quent deposition of coatings, dimensional processing of di-
electric materials.

Keywords: plasma electron source, fore-vacuum, beam plas-
ma, dielectric cavity, evaporation of materials, deposition of
coatings, electron beam milling.
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