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osmAR XAPAKTEPHCTHKA PAEOTY 

AKTYAJlbHOCTb 

B HaCTOHmee BpeMH TeXHOnorHH BUCOKoro ypoBHH, OCH0BaHHUe 

Ha HenHHeHHOM B3aHMO,lleHCTBHH HMrrynhCHoro HCTO'iHHKa 3HeprHH C 

TBep,nuM TenoM, ¢H3HKa 6ucTporrpoTeKaDmHx npoueccos, ¢H3HKa 

nna3MU BU3UBaDT IIOTpe6HOCTb B CHnbHOTOqHUX 11,rrynhCHUX 

:::ineKTpOHHUX H HOHHUX HCTO'iHHK~X H ycKOpHTenHX. 0TKpUTHe 

B3pUBHOH :::ineKTPOHH0H 3MHCCHH c.nenanq KopeHH0H rrepesopoT B 

¢H3HKe H TeXHHKe CHnhH0TOttHUX ny'iK0B. B pe3y nbTaTe .nnH 

HCCne.nosaTeJieH CTaJIH AOCTYIIHU CHJibHOTOttHUe 

3JieKTpOHHUe HCTO'iHHKH. H.neH, 0CHOBaHHUe Ha TaKHX 

HCTOttHHKax 3HeprHH, rropo,nHJIH pa3BHTHe HOBUX. 

ycKOpHTeJibHOH TeXHHKe, ¢H3HKe TIJia3MU, D 

HMTIYJibCHUe 

rryqKax, KaK 

HarrpanneHHH D 

pa,nHaUHOHHUX 

TeXHO.JIOrHHX' 

T • ,U. 

¢H3HKe Tdep,noro Tena, MO~H¢HKaUMH_ MaTepHaJIOD H 

0,nHaKO, HeCMOTpH Ha KaJKymyDCH IIpOCTOTY :::iroro THIIa 3MHCCHH ,UO 

CHX rrop OCTaDTCH aKTyaJibHUMH Bonpocu nonytteHHH CTa6HnbH~X 

3JleKTpOHHUX IIY'iKOB, npHro,nHUX .nnH JIHHeHHUX HHAYKUHOHHUX 

ycKOpHTeJieH, nonytteHHH . MHKpoceKyHAHUX . 3JieKTpOHHUX IIY'iKOB ., C 

3THMH 3a,nattaMH TeCHO CBH3aHa ,npyraH 3a,naqa no IIOHCKY HOBUX 

MaTepHaJIOB AJIH B3pUB03MHCCHOHHUX KaTOAOB. 

Pa3BHTHe ¢H3HKH H TeXHHKH CHnbHOTOttHUX H0HHUX, HCTO'iHHK0B -

ycKopHTeneii rrpsrnoro .ueiicTBHR TaKJKe c.nenano Kope1rnoi1 .. uepenoM He 

TOnbKO B B03MOlKHOCTHX 3TOro HOB Oro HHCTpyMeHTa ,nnfl 

Hccne,uoBaHHH, HOH B caMOH ¢H3HKe CHnhHOTOttHUX HOHH~X nyttKOD. 

IlpHKJia,nHUe HCCJie,noBaHHH' se.nymtte BO MHOrHX HarrpaBJieHHHX, 

BU3UBaDT OCTPYD IlOTpe6HOCTh B rrpocTUX H . ua,uelKHUX B 

3KcnnyaTaUHH CHnbHOTOttHUX HMny nhCHUX IIOHHUX .HCTO'iHHKax. 

OCHOBHLIE UEJIH PAEOTU 

OCHOBHUMH uenHMH pa60TU HBnHnHCb pa3pa60TKa,.Hccne.uosaHHe.,H 

C03AaHHe CHnbHOTOttHUX HMnynhCHUX :::ineKTp~uu~x H HOHHUX 

HCTOttHHKOB H HX HCTI0nb 3 OBaHHe B 3KCIIepHMeHTax no .MO,!lH¢1l:KaUHH 
. - ·, J 

MaTepHanoB' a TaKJKe o6o6meHHe 3KcnepHMeHTaJihHUX pe3 y nbTaTO"B. 

rronytteHHUX aBTOpOM B 3T08 o6naCTH. 

~.,__ 

mfiti~r:~ ;n.k.iu rut:rnm I 
rm~~9MX BCCl~i~nauno 

ifrlSJJt!OTE:KA 
,, .. '< • • ~ ~_...__. 



HAYtJ:HAH HOBH3HA 

1. Co3naHa 3KCnepHMeHTaD~HaR YHHBepcanbHaR ycTaHOBKa nnR 

cpopMHpoBariHR KaK 3DeKTpOHHllX, Tai 'H ~bHHllX
1 

HMnynhCHllX ny'IKOB, 

no3BOnRiouiaR npoBo.iiHTb · 3KcnepHMeiITll ' no MonH'cpiKaUHH.' MaTepHanoB 

o60HMi THnaMH japameHHllX tjacT~ti. 

'2.' HallneH Kmiec MaTeirnanoB nnR CTa6Hn&HllX B3pllB03MHCCHOHHllX 

iaibn6i· H H3y'leH~~x 3~HccHoHHue cBolcTBa. 

3 .. ·,llm! cpopMHpoBaHHR 3DeKTpOHHllX nyq'KD'B MHKpoceK'yHnHol 

nnt!TenhHoc T.H · npennmiceHo HcnoJih30BaTb 

irieiTpitIElCKOI ITpO'IHOCTbID Ha OCHOBe 

CBepxnpo1fo.ztirnKOB.' 

4. ,llnH ,·, nony'leHHR MHKpoceKyHnHllX 

MaTepHaJill C HH3
1
KOI 

BllCOKOTeMnepaTypHllX 

. ., 
3DeKTpOHHllX ny'IKOB 

npennomem,i 'H HccnenoB·aHu nnocKHe KaTonu c rina3MeHHllM 3MHTTepoM 

ria ~CHOB~ He3aBepme~Horo' H CKODb3Rlllerb'pa3p~noB no noBepXHOCTH 

MarHHTOnH3DeKTpHKOB. 

5. o6ilapyiKeHO HOBoe'cpH3H'leCKOe'RBneHHe'B BaKyyMHOM nHone -

HMIIYDbC0HaR B3pllBHa.i! HOHHaR ,• 3MHCCH51 'npii' ero mi'raHHH HMnynbcOM 

HanpRmeHHl'I nonomnTenhHOI nonRpHOCTH. no aHa.iiorHH · co ·Ji·3 puBirnl 

~neKTpOHHOI ~MRCCHel ~TOT" THn HOiiHol '3MHCCHH 6un Ha3BaH 

B3'pllBHol' H.OHHOI 3MHCCRel. 

6. He C nenoBaHll 3MHCCROHHlle CBOICTBa aHonHol nna3Mll nnR 

nony'leHHR HOHoJi·npoBonRlllHX MaTepHanoB. 

7. npennomeHa cxeMa HOHHoro nHona nnR nony'leHHR HoiiDB 

nmrneKTpH'leCKHX Ma TepHanoB. 

8 .. 06HapymeH HOBlll THn' 'BaKYYMHOI KOHneHCaUHH. _; B3pllBHaR· 

HOHHa'R Ba'KYYMHaH Ko'HneHCaUHR B BaKyyMHOM HOHHOM nHone co 

B3pllBHOl'HOHHOI 3MHCCHel: Ha ee OCHOBe pa3pa6oTaHll ycTaHOBKH 
'· 

nm1 nony"leHHR nneHOK H' noKpllTHI C HOHHllM· nepeMelliHBaHHeM,' . a 

TaKme nony'leHll nneHKH Ha pa3DH'IHllX nonnomKaX, B TOM 'IHCne H 

nneHKH BllCOKOTeMnepaTypHllX CBepxnpoBonHHKOB. 

9. npennomeH H HccnenoBaH MeTon yBenH'lemrn 3neKTpH'lecKol 

npo'IHOCTH . BaKyyMHllX 3a3opo'B ' • Memny ,3neKTponaMH H3 

Bh!CbKo'TeMnepaTypHllX CBepxnpoBOniiHKOB; B ero OCHDBY nonomeHa 

noBepXHOCTHaR MonHCfJRKaURR•BllCOKOTeMnepaTypHllX'CBepxnpoBonHHKOB 

HOHaMH Menn. 
1 o. npennomeH H nccnenoBaH MeTon yBennqemrn · KpHTH'lecKoro 

TOKa BllCOKOTeMnepaTypHllX CBepxnpoBonHHKOB npH ero HMnynhCHOI 
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l. 

MOJU!CflHKamrn HMnynhCHllM CHDbHOTO'IHllM 3DeKTpOHHblM ny'IKOM. 

noKa3aHo, 'ITO HOHHaR MOnHCfJHKaUHR npH KHHeTH'leCKOI 3HeprHH 

HOHOB OT 200 no 600 K3B npHBOnHT K yMeHbllieHHID KpHTH'leCKoro 

TOKa BblCOKOTeMnepaTypHblX CBepxnpoBonHHKOB Ha OCHOBe HTTpHeBol 

H BHCMYTOBOI KepaMHK .. 

IlPAKTHqECKAH UEHHOCTb 

1. HalneHHHI Knacc MaTepHanoB H pa3pa60TaHHaR TexHonorHR 

H3 roTOBneHHR B 3 pb1B03MHCCHOHHblX KaTonoB no3BODHDH pa3 pa6oTa Tb 

HCTO'IHHKH 3neKTpOH0B·nnR noBepXHOCTHOI MOnHCfJHKaUHH MaTepHanoB 

( BonrapHR, RHHTHC; ,ny6Ha, OHHH ), MonepHH3HpOBaTb HHmeKTOpbl 

nByx DHHelHblX HHnyKUHOHHllX ycKOpHTenel 3neKTpOHOB RCB3 OHHH. 

2. Hcnonb30BaHHe CKODb3Rlllero H He3aBepweHHoro pa3 pRnoB no 

noBepXHOCTH MarHHT~nH3DeKTpHKOB no3BODHDH 

nony'leHHe MHKpoceKyHnHHX 3DeKTpOHHblX ny'IKOB 

nHonax. 
\ 

ocymecTBHTb 

B nnaHapHblX 

3. HOBbll THn HOHHOI 3MHCCHH no3BODHD pa3pa6oTaTb HOBbll 

Knacc npOCTblX HOHHblX HCTO'IHHKOB n~R noBepXHOCTHOI MOnHCfJHKaUHH 

MaTepHanoB. 

4. HOBbll THn BaKyyMHOI KOHneH~aUHH no3BODHD pa3pa6oTaTb 

ycTaHOBKH nnR Han1,1neHHR pa3DH'IHblX nneHOK H noKpblTHI Ha 

pa3nH'IHble nonnomKH H nony'IHTb .cTa6HnhHble nneHKH, HanpHMep 

nneHKH BblCOKOTeMnep~TYPHblX CBepxnpoBonHHKOB. 

AilPOBAUHH H nYBRHKAUHH 

MaTepHan1,1 .lWCCepTaUHH noKnanHBanHCb, Ha 13 MemnyHaponHHX H 

16 BceCOID3HblX KOHCflepeHUHRX, TaKHX, KaK COBell(aHHe no npo6,neMaM 

KonneKTHBHoro MeTona ycKopeHHR (.lly6Ha, 1982 r.), V, VI, VI.I,, 

VIII, IX BcecoID3Hble CHMn03HYMb1 no CHDbHOTO'IHOI 3neKTpOHHKe 

( HOBHCH6HpCK -TOMCK, 1984, 1986, 1988 r. r. , CBepnnoBCK. 1990, 

1992 1:'· r.), I, II, III MemnyHaponHble KOHCfJepeH_UHH no 

3DeKTpOHHo-ny'leBblM TeXHOnorHRM ( BapHa, BonrapHR, 1985, 1988, 

1991 r.r.), III MemnyHaponHaR KOHCflepeHUHR no MOnHCfJHKaUHH 

MaTepnanoB HMnynbcaMH 3HeprHH H ny'IKaMH 'laCTHU (,llpe3neH, 

repMaHHR, 1989 r .) , I BcecoID3HaR KOHCflepeH~HR no MOnHCfJHKaUHH 

KOHCTPYKUHOHHblX Ma TepHanoB ny'IKaMH 3apRmeHHblX 'laCTHU ( TOMCK, 

1988 r. ) , VIII MemnyttaponHaR KOHCflepeHUHR TIO MOll(HblM ny'IKaM ( 

BEAMS'90, HOBOCH6HpCK, 1990 r.J, VI MemnyHaponHaR KOHCfJepeHUHR 
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no pa.nHaUHOHHUM 3¢¢eKTaM B H30nHTOpax ( BeHMap, repMaHHH, 

1991 r. ) , V MelK.llyHapO.llHUH CHMn03HYM no ,rneKTpOHJ-io-nytieBUM 

HOHHUM HCTO'lHHKaM H HX npHMeHeHHHM ( ',ny6Ha, 1991 r. ·), VIII 

MeJK.nyHapo.nHaH KOH¢ep'eHUHH ITO HOHHOH' MO.llH¢HKaUHH MaTepHanoB 

( IBMM' 92, reH.nenb6epr, repMaHHH, 1992 r.), V MeJK.nyiiapo.n'HaH 

KOH¢epeHUHH no HOHHUM HCTO'lHHKaM (ITeKHH, KHTaR, 1993 r,) H ~p. 

OCHOBHUe pe3ynhTaTu .llHCcepTaUHH .llOKna.nuBanHCb H o6cyJK.nanHCb Ha 

Hay'lHO-MeTO.llH'leCKHX ceMHilapax OHMY,' OHMO, JICB3 0¥UUi, Ha 

ITaTeHTHOro COBeTa murn . rrmi3MeH·HuH HCTO'IHHK 3ace.naHHHX 

3neKTpoH0B y .llOCTOeH cepe6pHHOH MeilanH' B.llHX . CCCP. TaKJKe' 

HMnynhCHUH HCTO'IHHK 3neKTpOHOB .nnH noBepXHOCTHOH MO.llH¢HKaUHH 

MaTepHanoB .neMOHCTpHpOBancg Ha MeJK.nyHapo,nHOH .BUCTaBKe "HayKa 

-88". Ha bcHOBaHHH HCCne.noBaHHH npe.nnoJKeHU ~eiHH'leCiHe 

pemeHHH,, HOBH3Ha H opHrHHaihHOCTb KOTopux no.nTBeplK.lleHa 36 

aBTOpCKHMH CBH.lleTeRbCTBaMH Ha H306peTeHHH; 22 H306peTeHHH CCCP 

H '0.llHO H306peTeHHe tIC<l>P H3 KOTOpUX BKnJO'leHU Ii ··, .naHHYJO pa6cJTy. 

TaKJKe no Ma TepHanaM 

npenpHHTOB, coo6meHHH 

pa6oni. 

.llHCcepTaUHH ony6nHKOBaHO B 

OHHH, .llOKna.noB, Te3HCOB 

BKRA.Il ABTOPA 

BH,ne CTaTeH, . 

.noKna.noB 54 

ABTopy npHHa.nne·lKHT onpe.nenHJOmaH ponb B nocTaHOBKe 3a,naq, 

nnaHHpoBaHHH H nocTaHOBKe 3KCnepHMeHTOB, aHanil:3e H HHTepnpe

TaUHH pe3ynbTaTOB 3KCnepHMeHTOB, npe.ncTaBneHHUX B pa6oTe;' 

aBTOp nH'lHO o6HapylKHn HOBOe. ¢H3Ht{eCKOe HBneHHe - HMnynhCHYJO 

CHnhHOTO'lHYIO HOHH}'JO 3MHCCHJO npH 3anHTKe .llHO.lla nonolKHTenbHUM 

HMnynhCOM HanpHlKeHHH H BaKyyMHYIO KOH.lleHCaUHIO npH Hccne,noBaHHH 

HOHHOro .llHO.lla . 

OBnEM ,llHCCEPTAUHH 

.IlHccepTaUHOHHaH pa6oTa COCTOHT H3 BBe.neHHH, 'leTupex rnaB. 

3aKnJO'leHHH H cnHcKa nHTepaTypu H H3nOJKeHa Ha 142 CTpaHHUaX 

MaillHHOnHCH010 TeKCTa, HnnJOCTpHpOBaHa 85 pHCYHKaMH. 

HA 3AmHTY BUHOCHTCH CRE.IlYIOmHE TE3HCU 

1. 3KcnepHMeHTanbHO o6HapylKeHO HOBOe ¢H3H'leCKOe HBneHHe -

B3pUBHaH HOHHaH 3MHCCHH B BaKyyMHOM .llHO.lle npH nonOlKHTenbHOH 
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nonHpHOCTH HMnynbca HanpHlKeHHH. 

2. 3KcnepHMeHTanbHO OTKpHT HOBHH THil BaKyyMHOH KOH.lleHCaUHH 

B BaKyyMHOM .llHO,lle co B3pUBHOH 3MHCCHeH HOHOB, . HCilOJlb30BaHHe 

KOTOporo OTKpHBaeT B03MOlKHOCTb nony'leHHH nneHOK H IlOKpHTHH C 

HOHHHM nepeMeillHBaHHeM. 

3. Haii.neH KJiacc MaTepHaJIOB .llJIH B3pHB03MHCCHOHHHX KaTO,llOB 

HaHOCeKyH.llHOro H MHKpoceKyH.nHoro ,llJIH HCTO'IHHKOB 3JieKTpOHOB 

,llHana30HOB Ha OCHOBe yrnepo.nHq-BOJIOKHHCTHX MaTepHaJIOB H 

BUCOKOTeMnepaTypHHX CBepxnpOBO,llHHKOB, pa6oTaJOll(HX npH KOMHaTHOH 

TeMnepaType. 

4. 3KcnepHMeHTaJibHO o6HapylKeHH He3aBepmeHHHH H CKOJib3Hll(HH 

pa3pH,llH no IlOBepXHOCTH MarHHTO,llH3JieKTPHKOB; HCilOJlb30BaHHe 

3THX pa3pH.llOB B nnaHapHUX ,llHO,llaX n03BOJIHeT ¢0PMHpOBaTh 

MHKpoceKyH,llHUe'3neKTPOHHUe ny'IKH. 

5. o6nyqeHHe HMnyJibCHHM CHJlbHOTO'lHHM 3JieKTpOHHHM ny'IKOM 

BHCOKOTeMnepaTypHUX CBepxnpoBO.llHHKOB no3BOJIHeT yBeJIH'lHTb HX 

KpHTH'leCKHH TOK B HeCKOJlbKO pa3; 

CO,llEPIAHHE PABOTY 

Bo BBelleHHH paCCMOTpem,1 oco6eHHOCTH B3pHBHOH: 3JieKTpOHHOH 

3MHCCHH H HCTO'IHHKOB 3JieKTpOHOB C nJia3MeHHHMH KaTO,llaMH Ha 

OCHOBe He3aBepmeHH010, H CKOJlb3Hll(ero pa3p8,ll0B no noBepxHOCTH 

.llH3JieKTPHKOB' a TaKJKe c.nenaH KpaTKHH aHaJIH3 HaH6onee 6JIH3KHX 

no q>H3HKe H TeXHHKe CHJlbHOTO'lHHX HMnyJihCHHX HOHHHX HCTO'IHHKOB 

- ycKOpHTenea npHM010 .neHCTBHH. TaKJKe cq>opMyJIHpoBaHH npo6neMH, 

pemeHHIO KOTOpux nOCBHmeHa ,llHCcepTaUHH, 'cqiopMYJIHpOBaHa uenh 

pa60TH, KpaTKO H3JIOlKeHo co.neplKaHHe Bcex rJiaB ·.nHccepTaUHH, a 

TaKJKe npHBe,lleHH Te3HCH, BHHOCHMHe Ha 3all(HTy. 

~ rnaBe 1 .naeTCH KpaTKOe onHCaHHe 3KCnepHMeHTaJibHOH 

ycTaHOBKH ,llJIH HCCJie,llOBaHHH qiopMHPOBairnH. HMnynhCHHX 
! 

CHJlbHOTO'lHHX 3JieKTpOHHHX H HOHHHX nyttKOB 1 H· . KOMnneKca 

,llHarHOCTH'leCKOH: annapaTypu. 3a BpeMH pa60TH Ha.z('.nHccepTauHeH 

6uno pa3pa6oTaHO HeCKOJlbKO 3KCnepHMeTaJibHHX·YCTaHOBOK. 

YcTaHOBKa COCTOHT H3 reHepaTopa HMnyJihCHonr HanpHlKeHHSI C 

BucoKoBOJibTHUM BHnpHMHTeJieM, .nHo.na. (HCTO'lHHKa ttaCTHU) c 

BaKyyMHOH cHcTeMoii, cHcTeMoii ynpaBJieHHH H .nHarHocTHKH, pHc.·1. 

B Katte C TBe re Hepa TO pa HMny JlbCHOro HanpSI:ateHHSI ( fHH) 

HCIT0Jlb3YJOTCSI KaK npOMHillJleHHHe reHepaTOpH ApKa,llheBa-MapKCa 
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fEHEPATOP 

HMTTYRhCHOfO 

HATTPHJKEHHH 

BblCOKOBORbTHbll1 

Bb!TTP HMHTERh 

CHCTEMA YTTPABREHHH 

HCTOqHHK 

3REKTPOHOB 

H HOHOB 

BAKYYMHAH 

CHCTEMA 

CHCTEMA · 

.UHAfHOCTHKH · 

·TTYqKA 

PHC. ·1 •·· CTpyKTypHa.11 cxeMa ycTaHOBKH · 

)tJl.11 :uccne.noBaHH.11 cpopMHpoBaHH.11 HMITYJibCHLIX 

aneKTpOHHMX H HOHHMX nyqKOB. 

~-

THITa fHHc- 400, fHH - ~00, TaK H -cITeuHaJibHO. pa3 pa6oTaHHI.Je 

5 MKC. JtJI.11 ITOJiyqeHH.11 HMITYJibCa Harrp.11JKeHH.l1 JtJIHTeJibHOCTbID .no 

B reHepaTopax HCITOJlb30BaJIHCb ' ra3oHaITOJIHeHH!,Je pa3p.11JtHHKH .c 

BHelliHHM"yITpaBJieHHeM B ITepBOH cTyITe~H• TTpH 3TOM JtJI.11· ITOBUllie~H.11 

pa6oqefi.' .qacTOT~ HeyITpaBJI.11eMUX pa3p.11JtHKKOB 6un HCITOJib30B~H 

3~~eKT'.ITPHT.11JKeHH.11 3ap.11JKeHHUX CTPYH K ITOBepXHOCTH ~eppoMarHeTHKa 

.nn.11 fiucTporo o6puBa .nyrH [~]. B yITpaan.11eMUX pa3p.11JtHHKax 6una 
pa3pa60TaHa Hoaa.11 cxeMa rro.nJKHraromero y3na TpHraTpoHa [2] c 

uenbro yaenHqeHH.11 pecypca .cTa6HJibHOH pa6oTu pa3p.11JtHHKa, ,a 

KOTOpOH JtH3JleKTpHqecKa.11 BTYJIKa 3aMe·HeHa Ha-

MarHHTO,IlH3JieKTpHqecKyro, a ITOJtlKHraromHH 3JieKTPOJt 

yrnepOJtHO-BOJIOKHHCTOPO MaTepHaJia. 

.llJI.11 ,yBeJIHqe,HH.11 pecypca pa60TU TpHra TpOHHO,ro 

B03MOlKHOCTH·· ITOBUllieHH.11 qaCTOTU cpa6aTUBaHH.11 

BUITOJIHeH .H3 , 

pa3p.11JtHHKa H 

pa3p.11JtHHK .[3] ,. B KOTOpOM HCIIOJlb30BaH 

ITOJtlKltraromHX pa3 p.11.ItOB ITO a3HMYTY. 

rrpHHUHIT 

pa3pa60TaH 

pa3HeceHH.11 

KpOMe -~PHPaTpOH~oro. THila- pa3p.11JtHHKOB 6UJIH pa3pa6oTaHU 

yITpaamie1,me ,.-, pa3p.11JtHHKH Ha. ocHoBe, CKOJib3.11mero pa3p.11.na no 

rroaepXHOCTH.,IlH3JieKTpHKa [4]. •/-

6. 

r 

\ 

PerynHpOBKa JtJIHTeJibHOCTH BUXOJtHOPO HMITYJibCa HaITp.11llteHH.11 rHHa 

ocymecTBJl.11JiaCb rrpH ITOMOIQH cpe3aromero pa3p.11JtHHKa HJIH BKJIDqeHH.11 

rrapanneJibHO au_xo.ny fHHa corrpoTHBJieHH.11. .nn.11 pa6oTu ycTaHOBKH 

B pelKHMe reHepaUHH 3JieKTpOHHUX rryqKOB Ha BUXO.Ite fHHa HMilYJibC 

Hanp.11JKeHH.l1 HMeeT OTPHUaTeJibHYID ITOJI.11pHOCTb, a HOHHUX nyqKoB -

ITOJIOlKHTeJibHYID ITOJI.11pHOCTb. 

OCHOBHUe'ITapaMeTpU fHHoB: 

1) aMITJIHTYJta BUXOJtHOPO HMITYJibCa Hanp.11llteHH.l1 .••.•. 100 - 700KB; 

2) JtJIHTeJibHOCTb HMITYJibCa .................••..•.• .no 5 MKCeK; 

3) 3Hepro3aITac. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • .no 1 ooo Jlllt; 

3) qacTOTa cne.noaaHH.11 HMITYJibCOB ...........•.••..•. .no 5 ru: 

.llHOJt ITJiaHapHor6 H KOaKCHiJihHOPO THITOB co.neplltaJI CTaHiapTHUe 

Y3JIU H 3JieMeHTU. 

Hcxo.n.11 H3 BpeMeHHUX ~ aMITJIHTYJtHUX ITapaMeTpOB 3JieKTpOHHOPO H 

HOHHOPO ITyqKoB 6una pa3pa6oTaHa CTaH.napTHa.11 ·JtHarHOCTHqecKa.11 

aITITapaTypa JtJI.11 H3MepeHH.11 TOKOBUX xapaKTepHCTHK, 3HepreTHqecKHX 

CITeKTpOB, 3ap.11.1tHOCTH HOHOB H .np. 

KpoMe Toro JtJI.11 aHaJIH3a ITOBepXHOCTH KaTOJtOB, aHOJtOB, 

o6nyqaeMUX o6pa3UOB ITpHMeHRJIC.11 CKaHHpyDmHH 3JieKTpOHHUH 

MHKpOCKOIT JSM - 840 (Japan), Ollte - CITeKTpOMeTp, BHMC H -.np. 

.11.nepHO-~H3HqecKHe ITpH6opu H MeTOJtHKH. 

rnABA ll ITOCBRmeHa pa3pa6oTKe H Hccne.noBaHHD HMITYJibCHHX 

HCTOqHHKOB 3JieKTpOHOB CO B3pUB03MHCCHOHHHMH ( q, 1 ) H 

nJia3MeHHUMH pa3p.11JtHUMH KaTO)taMH (q.2 H q.3) . 

Ha OCHOBe ITpoae.neHHUX B JtHCCepTaUHH HCCJie.noBaHHH 

B3pUB03MHCCHOHHUX KaTOJtOB MOlKHO BHJteJIHTb HeCKOJibKO rpynIT 

MaTe~HaJIOB, KOTopue ITO CBOHM ~H3HqecKHM CBOHCTBaM MOPYT 6UTb 

HCITOJlb30BaHH B KaqecTBe HHHUHaTopoB KaTOJtHOH nna3MU JtJI.11 

B3pHB03MHCCHOHHUX KaTOJtOB: 

1) yrnepo.nHue MaTepHanu; 

2) MaTepHaJIU BHCOKOTeMnepaTypHUX CBepXITpOBOJtHHKOB, pa6oTaDIQHX 

npH KOMHaTHOH TeMnepaType; 

3) BOJIOKHHCTUe ITpOBOJt.11IQHe MaTepHaJIU. 

nepaye .nae 

3JieKTpHqecKOH 

3JieKTpo.naMH HJIH 

rpyITITH MaTepHaJIOB xapaKTepH3YDTC.11 HH3KOH 

npoqHOCTbD BaKyyMHUX 3a3opoB MelltJtY JtBYM.11 

OJtHOro H3 3THX MaTepHaJIOB npH 3ailHTKe 

HMilYJibCHUM HaITp.11JKeHHeM, qTo ITPHBOJtHT K o6nerqeHHD ycJIOBHH 

~OpMHpoaaHH.11 -KaTOJtHOH ITJia3MU. nocne)tH.11.11 rpynITa MaTepHaJIOB 
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o6Jia.uaeT Bl,ICOKliM reoMeTpliqecKliM K03(p(pliUlieHTOM ycHJieHliH 

3JieKTpliqecKoro ITOJIH. 

K MaTepHaRaM Ha OCHOBe yrRepO~HUX MaTepHaROB OTHOCliTCH 

rpacpliT. nJIH cpopM!ipOBaHliH 0,llHOpO.llHOM KaTO,llHOM ITJia3Ml,I, yBe~liqeHliH 

TOKOOT6opa ITyqKa 3JieKTpOHOB B [5] ITpe.uJiomeHo ITpliMeHeHlie 

MeTaJIJiliqecKOM ceTKli, a B [6] yrJiepO.llHOM ceTKli, KOTop1,1e 

ycTaHaBJiliBaKlTCH Ha ITOBepxHOCTh rpacpliTa. 'flpli HaITpsrneHliH Ha 

,llliO,lle U ~ 100 - 300 KB ITOJiyqeH ,llOCTa ToqHo O,llHOpO,llHl,IM 

3JieKTPOHHl,IM pyqoK ITO rroITepeqHoMy ceqeHHKl [7]. 

PaCCMOTpeHlie cpaKTOpOB, BJlliHmliX Ha pecypc pa60Tl,I KaTO,lla, 

ITOKa3l,IBaeT, qTO 3aITl,IJieHlie ITOBepxHOCTli rpacpliTa MeTaJIJiliqecKliMli 

coe,llliHeHHHMH OT aHo.ua Ii MeTaJIJIHqecKOM ceTKli HBJIHKlTCH 

OITpe.ueJIHKlmHMli cpaKTOpaMH ITO cpaBHeHliKl C 3p03HeM , ITOBepXHOCTH 

KaTO,lla . _ITpli 3Heprlili B ITyqKe . 3Jie1npoHOB . < 100 nm.· flOTepH 

3MliCCliOHHl,IX CBOMCTB KaTo,lla - yMeHbWeHlie TOKa=rryqKa 3JieKTpOHOB 

BCJie,llCTBHe ITOHBJieHHH. MHorocpaKeJihHOM CTpyKTyp1,1 KaTO.llHOM ITJia3Ml,I 

ITO yKa3aHHOM ITpliqliHe HacTyITaeT ITPli · N = 105 BKJIKlqeHliM ITPli 

HCITOJ!h30BaHlili MeTaJIJIHqecKoro aHO,lla. nJIH ycTpaHeHliH 3TOro 

He,llOCTaTKa B [6] ITpe.uJiomeH ceTqaTl,IM aHO,ll li3 yrJiepO,llHl,IX 

BOJIOKOH. 3cpcpeKT ,JlOCTHraeT 3a cqeT TepMHqeCKOM CTOMKOCTli 

yrJiepo.uH1,1x BOJIOKOH Ii pecypc B03pacTaeT ITpH Tex me ITapaMeTpax 

3JieKTpOHHoro ITyqKa ITpliMepHo B CTO pa3. 

npyran ITpo6JieMa B 3TOM o6JiaCTli COCTOliT B ITOJiyqeHHli 

MliKpoceKyHJJ:Hl,IX 3JieKTpOHHl,IX ITyqKoB Ii B pa3pa60TKe KaTO.lla' co 

B3p1,1BHOM 3MliCClieM 6oJihworo ITOITepeqHoro ceqeHliH .. nJin 3THX ueJieM 

B KaTO,lle [8] COITpOTliBJieHliH TliITa TBO co6paH1,1 B ITaKeT Ii 06pe3aH1,1 

C OJJ:HOM CTOpOHl,I, KOTOpaH HBJIHeTCH liHliUliaTopoM KaT.0,llHOM 

ITJia3Ml,I, CBOMCTBa pe31iCTliBHOro 3JieMeHTa ( o6~eMHaH~pOBO,llliMOCTb) 

ycTpaHHKlT 3cpcpeKT 3KpaHliPOBKli 3JieKTpHqecKoro ITOJIH B paMOHe 

ITepBliqHoro KaTO.llHOro cpaKeJia, a ero 3epH1iCTaH ·· cTpYKTypa 

ITpliBO.llHT K noJiyqeHHKl Bl,ICOKOM HaITpnmeHHOCTli 3JieKTpliqecKoro ITOJIH 

Ha KaTo.ue ,llJIH cpopM!ipOBaHliH KaTO.llHOM nJia3Ml,I. 

MaTepHaRU C HeO~HOpO~HOH CTPYKTJpOH·llOBepXHOCTH BKJil()qal()T B 

ce6n oqeHb 6oJILWOM KJiacc MaTepHaJIOB c liCKYCCTBeHHOM Ii 

ecTecTBeHHOM ocTpliMHOM cTPYKTypoM. nJIH noJiyqeHliH liCKyccTBeHHOM 

OCTpliMHOM CTPYKTyp1,1 MomeT. liCITOJ!h30BaTbCH TpeKoBan· MeTO,llliKa, 

KOTopaH BITepBbie 61,1J1a npliMeHeHa ,llJIH 3TOro B repMaHlili, a )lJIH 

B3p1,1B03MliCCHOHHOrO KaTO,lla 61,1J1a liCITOJ!h30Bal!a AKaITbeBl,IM T.H; B 
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JH!Pe mum. l1CCJie,llOBaHliH TaKoro KaT_o.ua noKa3aJIH, qTo TOK,OOT,6op 

ITyqKa 3JieKTpOHOB Y.11:0BJieTBOpHeT 3aKOHY qaMJib,lla-neHr~Klpa.~a 

IlJIOTHOCTh OCTpliM He BJ!liHeT Ha BeJiliqliHY 3JieKTpOHHOro TOK& [ 9, 

10]. Pecypc pa60T1,1, B cpe.uHeM, ,llJIH KaTO.llOB .uaHHoro Tlina 

COCTaBJIHeT OKOJIO 10~ BKJil()qeHliM. 

K MaTepliaJiaM C eCTeCTBeHHOM KBa31iMHOrOOCTpliMHOM CTPYKTYP~M 

MOmHO OTHeCTH Ii HOBl,le MaTepliaJil,I, TaKlie KaK Bl,ICOKOTeMnepaTypH1,1e 

CBepxITpOBO,llHliKli, CM. p!iC. 2. AHaJili3. IlOBepxHOCTli 

CBepxITpOBO,llHliKOB Ha OCHOBe Y-Ba=-cu-0, Bi-Sr-:-Ca-;-:Cu-0 noKa31,1Ba,eT 

rpaHy JiliponaHHYKl cTpyKTYPY, cBOMCTBa KpTopoM MomyT . 61,1Tb 

liCITOJ!b30BaH1,1 .llJIH cpopM!ipOBaHliH KaTO,llHOH.nJia3Ml,I., 

nJIH liCCJie,llOBaHliH 3TliX MaTepliaJIOB B ,KatJ:eCTBe 

B3p1,1B03MliCC1iOHHl,IX 3MliTTepoB 61,1J1a pa3pa60TaHa cepliH. KaTO.llOB, 

CM. PliC. 3. 

l13MepeHliH 3MliCCHOHHl,IX ,xapaKTepliCTliK 3~1iX KaT0.11:0B noKa3aJili, 

qTo cymecTBeHHOM pa3Hlilll,I B TOKOOT6ope ITyqKa 3JieKTpOHOB ,llJIH 

oxJiam.ueHHoro no a30THOM TeMnepaTyp1,1 KaTo.ua Ii KaT,o.ua, ITPli 

KOMHaTHOM TeMnepaType .HeT [11-]. BeJiliqliHa 3JieKTpOHHOro TOKa B 

B o6oHX cnyqanx Y.llOBJieTBOpHeT 3aKOHY qaMJib,lla-neHrMKlpa. 

YcJIOBliH 3amHrallliH KaTO,llHOM nJia3Ml,I ITOKa3l,IBaKlT ,. HH3KYKl 

HanpnmeHHOCTh, 3JieKTpliqecKoro ITOJIH; KOTOpaH COCTaBJIHeT Jl,JIH 

liTTplieBOM KepaMliKli ~10 5 B/CM, a ,llJIH BliCMYTOBOM -~ 5·10
4

B/CM·,[12]. 
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PliC.2. ~oTorpacpliH noBepXHOCTli 

1B!,ICOKOTeMITepaTypHoro 

cBepxITpOBO,llHliKa Ha OCHOBe 

liTTplieBOM KepaMliKli. 

PliC. 3, B3p1,1B03MliCC1iOHHl,le 

' KaTO,lll,I Ha OCHOBe. BTCfl. 



9TH HH3KHe 3HaqeHHH HarrpHmeHHOCTH 3neKTpHqecKoro rronH 03Haqa~T 

B03MOmHOCTh ¢0pMHpOBaHHH KaTo,nHoA rrna3Mll Ha KaTo,ne rrp~ 6onhllIHX 

3a3opax Memay aHo,noM H KaTo,noM H, cne,no B aTen&Ho, rronyqeHHe 

MHKpoc,eKyH,nHUX 3neKTpOHHllX rryqKQB. 9KcrrepHMeHTll ITOKa3anH, 

qTQ rrpH paCCTOHHHH Mem,ny aHO,nOM H KaTO,nOM 3 CM MaKCHMan&HaH 

,nnHTenhHOCTh HMrryn&ca 

2.8 MKCeK [13]. 

TOKa rryqKa 3neKTpOHOB COCTaBnHna 

11ccne,noBaHHH pecypca pa60Tll KaTo,noB Ha OCHOBe 3THX 

MaTep:0anoB ITOKa3UBaIDT, 

cpa6aTUBaHHA COCTaBnHeT 

qTQ B HaHOCeKyH,nHOM ,nHarra30He q:0cno 
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BKnIDqeHHA. AHanH3 ITOBepXHOCTH 

3THX MaTepHanoB rrocne .nnHTenhHOA pa60Tll 

rpaHynu B rrpouecce 3am:0raHHH KaTo,nHoA rrna3Mll 

coxpaHeHHeM CTPYKTypu B uenoM. 

ITOKa3UBaeT, qTo 

rreperrnaBnHIDTCH c 

B 3TOA rnaBe ,n:HccepTaUHH rro,npo6HO paccMaTpHBaIDTCH KaTo,nu 

Ha OCHOBe BOnOKHHCTllX rrpOBO,nHmHx CTPYKTYP, K KOTOpllM OTHOCHTCH 

yrnepo,nHO-BOnOKHHCTUe MaTepHanu, Nb-Ti CBepxrrpoBo.nHmHe Ka6enH, 

Mo BOnOKOHHUe CTpyKTypu. 

YrHepo~HO-BOHOKHHCTUe KaTo~u rrpe,ncTaBnHIDT ITOBUIIIeHHllA HHTepec 

B CBH3H C HX ITOTeHUHanhHllMH B03MOmHOCTHMH. BonoKHO COCTOHT H3 

MHoroq:0cneHHllX MHKp0¢H6pHnn, ,nnHHa KOT6pux COCTaBnHeT OKOno 

100 HM, a ,n:HaMeTp HeCKOnhKO HM. Manue pa3Mepu MHKp0¢H6pHnn H 

,nHaMeTpa BOnOKOH rrpHBO,nHT K rronyqeHHID Ha HHX BllCOKOro 

reoMeTpHqecKoro K03¢¢HUHeHTa ycHneHHH 3neKTp:0qecKoro 

K ¢opMHpOBaHHID KaTO,nHoA rrna3Mll rrpH OTHOCHTen&HO 

paCCTOHHHHX Mem.ny aHo,noM H KaTo,noM. 

rronH H 

6onhllIHX 

MaTepHanu C BllCOKHM K03¢¢HUHeHTOM ycHneHHH 3neKTpHqecKoro 

rronH IT03BOnHIDT pellIHTh 3a,naqy perynHpOBKH rrnoTHOCTH ,MOW":OCTH B 

rryqKe 3neKTpOHOB rryTeM H3MeHeHHH 3a3opa Mem,ny aHo.noM H KaTo,noM 

B 3neKTPOHHOA rrymKe ,n:00,nHoro THrra. MHoroqHcneHHUe ~KcrrepHMeHTll 

BO B3pllBHllMH KaTo,naMH ITOKa3anH, qTo TOKOOT6op rryqKa 3neKTpOHOB 

3aKoHy qafin&,na-ReHrMIDpa, qTo rro,nqHHHeTCH 

HCITOnh30BaTh 3a3op Mem,ny aHo,noM H KaTo,noM B 

IT03BOJJ;HeT 

KaqecTBe 

perynHpyIDmero rrapaMeTpa rrnOTHOCTH T~Ka rryqKa 3neKTpOHOB, qTo 

HBnHeTCH.BamHUM ,nnH.TeXHOnor:0qecioro o6opy,noBaHHH Ha OCHOBe 

3neKTpOHHllX rryqKoB. 

nnH KaTo,na B pa6oTe [ 14 ] 6uno rrpe,nnomeHo HCITOnh30BaTh 

yrnepo,nHyID TKaHh, cBepHyTyID B pynoH. nnH yBen:0qeHHH ,norrycTHMOA 

,nnHTenhHOCTH HMrryn&ca TOKa rryqKa rryTeM yMeHhllleHHH rrpo,nonhHOA 
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I 
CKOpOCTH KaTo,nHoA rrna3Mll 3a cqeT 3¢¢eKTOB rrpHTHrHBaHHH 

3apHmeHHUX CTpyA K ITOBepXHOCTH MarHHTHllX MaTep:0anoB B 

TeXHHqecKOM pe111eHHH [ 15] rrpe,nnomeHO BllITOnHHTh HHHUHaTop 

KaTO,nHoA rrna3Mll B BH,ne cnoeB yrnepo,nHOA TKaHH, pa3,neneHHllX 

¢eppoMarHHTHllMH rrpoKna,nKaMH. 

IlOTpe6HOCTh BO B3pUB03MHCCHOHHOM KaTo,ne H~ OCHOBe yrnepo,nHUX 

BOnOKOH rrpHBena K Heo6xo,nHMOCTH pa3pa6oTKH crreuHanhHOA 

TeXHOnOrHH H3r~TOBneHHH KaTo,na, Ha ~CHoie°KOTOpoA MOmHO 6uno 
6u nerKO MeXaHHqecK'H o6pa6an.i:BaTh TOpUeByID qacTh KaTo,na, 

KOTOpaH HBnHeTCH HHHUHaTopoM KaTO,nHOA rrna3Mll. 

MeTo.nHKa H3rOTOBneHHH ,kaTo.na .. H3 BOnOKHHCToro yrnerrnacTHKa 

BKnIDqaeT cne,nyIDmHe -TexHonor:11qecKHe: orrepau:011:. rrpHroToBneHHe 

3aroTOBKH, MexaHHqecKaH · o6pa6oTKa 3aroTOBKH, qacTHqHaH 

Kap60HH3aUHH [16]; ,Ti~me 6una rrpoBe,neHa OITTHMH3aUHH KaTo,na ITO 

CTerreHH Kap60HH3aUHH [j7]. 
Ha OCHOBe.3TOA MeTo,nHKH 6uno H3rOTOBneHo HeCKOnhKO KaTo,noB 

pa3nHqHoA reoMefpHH c 40% -HOA CTerreHhID Kap6oHH3aUHH MaTpHUll 

H3 ¢eHono-¢opMan&,nerHltoA tMonu. 

11ccne,noBaHHH 3TOro,K~To,na B pa3nHqHUX HCTQqHHKaX 3neKTpOHOB 

rroKa3anH xopo111He e~o xapaKTepHCTHKH. TaK rrpH era HCITOnh30BaHHH 

B HHmeKTOpe C~RYHn -20, rronyqeH CTa6HnhHllA H KaqecTBeHHllA 

rryqoK [18], OCHOBHlle era rrapaMeTpll rrpHBe.neHU B Ta6RHUe J.'i1. 

Ta6n:0ua J.'i 1 

TOK /:i!k/k, TOK Ha TOK • l:iI/I, Ul •. us, 
KaTo,na, .%- BllXO,ne rrocne 5 % KB .MB 

A.·. HHmeKTOpa, ceKUHH, ., 

A A 

700 :!:1.4 400 • 400 :!:13 300 3 

Ha pHC. 4 rrpHBe,neHll cepHH OCUHnnorpaMM TOKa rryqKa 

3neKTpOHOB 3a KonnHMaTopoM C pa3nHqHUM ,n:HaMeTpOM OTBepcTHH B 

HeM ,nnH pa3nHqHUX. B3pllB03MHCCHOHHllX 

HHHUHaTOpOB KaTO,nHoA rrna3Mll B 

Bllllle-paccMOTpeHHUe MaTepHanu. 

KaTo,noB, 

KOTOpllX 

MeTaHHH~eCKHe BOHOKHa rrpe,ncTaBnHIDT HHTepec ,nnH 
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B KaqecTBe .. ; 

HCITOnh3YIDTCH 

KaTo,noB co 
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PHC. 4. CepHR OCUHnnorpaMM TOKa nyqKa 3neKTpOHOB 3a 

KOnnHMaTopoM npH D = 10 MM, U = 150 KB ,nng KaTo,na H3 

sonoKHHCToro yrnennacTHKa (a - r) , KaTo.na H3 yrnepo.nHoA 
'· 

TKaHH, CBepHyToA B pynoH ( ,n - 3 ), rpaq>HTOBoro KaTo.na C 

MeTannHqeCKOH ceTKOA ( H - M) H MeTannHqecKoro KaTo.na 

( H - p ). )lHaMeTp OTBepCTHR OTBepcTHR d: a,,n,H,H; - 4; 

6,e,K,O - 2; B, E, n,n - 1; r,3,M,p 0.2 MM. 

B3pUBHOH 3MHCCHeH C TeXHOnorHqecKOH TQqKH 3peHHH: MexaHHqecKOH 

o6pa6oTKH TOpUeBOH noBepXHOCTH KaTo.na: )lnH 3THX uenefi no.nxo,nHT 

CBepxnpoao,nHmHH Ka6enb, HanpHMep HT-50 C HH06HH-THTaHOBUMH 

BonoKHaMH [ 19, 20, 21 ]. caepxnpoao,nHmHfi Ka6enb npe.ncTaBnReT 
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co6ofi Me.nHyD HnH anDMHHHeByD MaTpHUY, B KOTOpofi pacnonomeHU 

TOHKOBOnOKHHCTUe mryTu H3 cnnaBOB Nb-Ti HnH Nb3Sn, .nHaMeTp 

BOnOKOH MomeT COCTaBnHTb OT .nonefi MHKPOHa .no HeCKOnbKHX 

MHKpOH. "TaKme qHcno BOnOKOH B Ka6ene MOmeT MOmeT .nocTHraTb .no 

1 o 5 . npH CTpaBnHBaHHH Me,nHOH HnH anDMHHHeBOH MaTpHUU MOmHO 

o6HamHT~ BOnOKHa, KOTOpue HMeDT paBHOMepHoe pacnonomeHHe. 9TH 

BOnOKHa MoryT BUilOnHHTb IJIYKHUHD MHoroocTpHHHUX HHHUHaTpOB 

KaTo,nHOH nna3MU. 

JlnH MHKpoceKyH,nHoro .nHana3oHa pa3pa6oTaH .npyrofi KaTo,n [13], 

B KOTOpOM npoaonoqKH H3 Ka6enH HT-50 ycTaHaBnHBanHCb qepe3 

TOKOOrpaHHqHBaDmHe pe3HCTOpH B pa3'heMe, qTO Il03Bongno nonyqHTb 

KaTo,n npaKTHqecKH mo6ofi nnoma.nH, Ha6HpaH B naKeTu_pa31,eMu. 

B MHKpoceKyH,nHOM ,nHana30He npH nnoTHOCTH TOKa 3neKTpOHOB < 50 
2 4 . ' 

A/CM pecypc.pa60TH COCTaBnHeT 10 BKnDqeHHH npH HanpgmeHHH 100 

300 KB. OCHOBHa~ npHqHHa orpaHHqeHHH pecypca pa60TH 

BOnOKHHCTOro HHHUHaTopa KaTO,nHOH nna3MU Ha OCHOBe 3THX BonoKOH 

COCTOHT B nponnaae IlOBepXHOCTH 3Toro BOnOKHa. 

Jlpyrofi TepMHqecKH CTOHKHH MaTepHan, KOTOpUH HCTIOnb30BancH 

B KaqecTBe HHHUHaTopoB ·KaTO,nHOH nna3MH, 6u~ 
qeTupeXKOMilOHeHTHUH cnnaB Ni-Mo-Al-Ta B BH,ne poM6HqecKHX 

BOnOKOH [22]. 9KcnepHMeHTU noKa3anH, qTo .naHHUH KaTo.n MOmeT 

CTa6HnbHO pa6oTaTb npH HanpRmeHHH 100 - 300 KB, T. K. 

OTCYTCTByeT 3p03HH IlOBepXHOCTH BOnOKOH MOnH6,neHa._ 

JlnH ycTpaHeHHH 3q>q>eKTa 3KpaHHpOBKH 3neKTpHqecKoro nonH B 

pafioHe nepaHqHoro q>aKena Hafi,neHo TeXHHqecKoe peweHHe .nHo.na 

co B3pUBHHM KaTo,noM [23]. B KaTo,n, BKnDqaDmHH MeTannHqecKyD 

no.nnomKy H MHoroocTpHHHHH HHHUHaTop KaTO,nHOH nna3MH, BBe,neHa 

,nH3neKTpHqecKaR BCTaBKa Memay HHMH, MeTannH3HpOBaHHaH C .nayx 

CTOpOH H c KOHTaKTHUMH nnoma.nKaMH Ha CTOpOHe o6pameHHOH B 

CTOpOHY aHo,na, npH 3TOM Kam,nufi OCTpHHHUH HHHUHaTop KaTO,nHOH 

nna3MH 3neKTpHqecKH no.nKnDqeH K KO~TaKTHOH nnoma,nKe. OCHOBHaR 

H,neg COCTOHT B C03,naHHH Ha noBepXHOCTH KaTo,na 6onbworo 

KOnHqecTBa KOH,neHcaTopoB, Ha o.nHH BHXO,n KOTOpUX no.nKnDqeH 

OCTpHHHUH HHHUHaTop KaTO,nHOH nna3MU. 9TO npasb,nHT K pa3BR3Ke 

Kam.noro HHHUHaTopa KaTO,nHOH nna3MU no ycnoBHHM 3amHraHHR 

KaTO,nHOH nna3MU HK TaKoMy pacnpe.neneHHD HanpgmeHHR Ha ,nHo,ne, 

npH KOTOPOM Ha KaTo,nHOM y3ne B03HHKaeT HanpgmeHHe .nocTaToqHoe 

.nnH qiopMHPOBaHHH KaTO,nHOH nna3MU. npoBe.neHHHe 3KcnepHM8HTH 

13 



IlOKa3aJIH BO3MOmHOCTh rronyqeHHH lliHpOKOro no ceqeHHID rryqKa 

3JieKTpOHOB rrpH HarrpHmeHHH Ha nHone 100 - 300 KB. 

B [24) rrpennomeH KaTon Ha OCHOBe ¢OTOCTHMYJIHpoBaHHOH 

B3pb!BHOH 3MHCCHH, B KOTOpOM HHHUHaTopoM KaTonHoH 

ITJia3Mbl HBJIHeTCH MHKpOKaHaJibHaH rrnacTHHa. OHa HMeIDT Bb!COKHH 

Bb!Xon BTOpHqHblX 3JieKTpOHOB rrpH cpaBHHTeJibHO HH3KOM HarrpHmeHHH 

rropHnKa onHoro- nBYX KHJIOBOJibT. 3TOT 3¢¢eKT HCITOJih3yeTCH nnH 

¢opMHpoBaHHH KaTonHoH rrna3Mbl. 0ccnenoBaHHH rrorrepeqHOH 

CTpyKTYPhl 3JieKTPOHHoro rryqKa IlOKa3aJIH, qTo TaKHe KaTonu HMeIDT 

HMeIDT IlOBblllieHHYID onHoponHOCTh ITJIOTHOCTH TO Ka H ll.j / jmax 

COCTaBJIHeT OKOJIO 5 7. rrpH HarrpHmeHHH Ha HCTOqHHKe 3JieKTpOHOB 

100 - 300 KB. 

,llJIH IlOBblllieHHH 3¢¢eKTHBHOCTH TOKOOT6opa 3a cqeT 

HCITOJih3OBaHHH KOHneHCHpOBaH~oro ra3a B KaqecTBe HHHUHaTopa 

Ka TOnHOH rrna3Mbl 6b!JI rrpennomeH ITJia3MeHHblH nHon B [ 25] H 

3KcrrepHMeHTaJibHO HCCJienoBaH B [22). 

B naHHOH rnaBe TaKme paccMaTpHBaIDTCH KOHCTPYKUHH HCTOqHHKOB 

3JieKTpOHOB co B3pb!BHOH 3MHCCHeH nnH IlOBepXHOCTHOH MOnH¢HKaUHH 

M,iTepHaJIOB, KOTOpble 6b!JIH pa3pa6oTaHbl. H ycrrelliHO HCilOJih3OBaJIHCb 

B pa3JIHqHblX 3KCrrepHMeHTax. 

B' KaqecTBe MaTep1rnna HHHUHaTopa KaTonHOH ITJia3Mbl HaH6onee 

lliHpOKOe rrpHMeHeHHe HalliJIH yrneponHo-BOJIOKHHCTble MaTepHaJibl ·3a 

cqeT nByx HX OCHOBHblX CBOHCTB - BblCOKOro reoMeTpHqecKoro 

KO3¢¢HUHeHTa H Bb!COKOH HX TepMHqecKOH CTOHKOCTH [26, 27,28,29, 

30, 31). 

3aBHCHMOCTH IlJIOTHOCTH TOKa rryqKa 3JieKTpOHOB j OT paccTOHHHH 

Memny KaTonoM H aHonoM (o6nyqaeMoH Tpy6oH) D rrpHBeneHa Ha pHc. 

5 a H 6. 03MepeHHH a3HMy~aJihHOH HeonHoponHoCTH IlJIOTHOCTH TOKa 

j I jmax rroKa3aJIH, qTo oHa He rrpeBuwaeT 157., a'· rrpononhHaH 

HeonHoponHoCTh He rrpeBuwaeT 207. Ha nnHHe KaTona. 

3aBHCHMOCTh IlJIOTHOCTH TOKa rryqKa 3JieKTPOHOB nnH rrJiaHapHoro 

nHona rrpencTaBneHa Ha pHc, 6. 

Ha OCHOBe oTnenhHblX rryqKOB yrneponHhIX BOJIOKOH pa3pa60TaH 

KaTon 60JiblliOH rrnomanH nnH 3JieKTpOHHOH rrylliKH MHKpoceKyHnHoro 

nHarra30Ha nnH IlOBepXHOCTHOH MOnH¢HKaUHH MaTepHaJIOB [31]. B HeM 

HCITOJih3yeTCH 3¢¢eKT TOKoorpaHHqHBaIDmHX pe3HCTOpOB, BKJIIDqeHHblX 

B uerrh Kamnoro HHHUHaTopa KaTonHoH rrna3Mbl. 3KcrrepHMeHTbl 

IlOKa3aJIH, qTo rrpH HarrpHmeHHH 100 - 300 KB H IlJIOTHOCTH TOKa 
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PHC. 5 a,6. 3aBHCHMOCTh IlJIOTHOCTH TOKa rryqKa j 

3JieKTp0HOB Koa;cHaJibHblX 3JieKTpOHHblX rryweK nnH rrpHMoro (a) 

H o6pameH.Horo ni10na (6) OT paccTOHHHH D Memny aHonoM H 

KaTonoM rrpM HarrpHmeHHH Ha rrywKe 160 KB (a) H 100 KB (6). 
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~• I I =:y-
10 15 ~~ -· 

PHC. 6, 3aBHCHMOCTh IIJIOTHOCTH T.OKa rryqKa 3JieKTpOHOB 

OT paCCTOHHHH MeJUty aHonoM H KaTon?M 

IlJiaHapHoR rrywKe: o - 100 KB; 
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nyqKa 3RSKTpOHOB MHKpoceKyH.IJ;HOH .IJ;RHTSRbHOCTH j=5OA/cM2 , pecypc 

CTa6HRbHOH pa60TU KaTo,na COCTaBRSIST OKORO 10
5 

BKRIDqeHHH. 

B TpHO.IJ;HOM HCToqHHKe 3RSKTpOHOB .IJ;RSI MO.IJ;H¢HKaUHH MaTepHaROB 

C USRbID peryRHpOBKH nROTHOCTH TOKa no nonepeqHOMY ceqeHHID 

ynpa~RsiIDmasi ceTKa BunoRHeHa B BH.ne cHCTeMU napaRRiRbHO 

H3ORHpoBaHHUX npOBOROqHux HRH-nRaCTHHqaTUX 3RSKTpo.noB, Kam,nuH 

H3 KOTOpux BKRIDqeH B uenb aHo,na qepe3 OT.IJ;SRbHUH peryRHpyeMUH 

pe3HCTOp [32]. 

B 2.2. paCCMOTpeHU HCToqHHKH 3RSKTpOHOB C nRa3MSHHUMH 

KaTO.IJ;aMH Ha OCHOBS CKORb3Slmero pa3psi.na no noBepXHOCTH 

.IJ;H3R8KTpHKa H MarHHTO.IJ;H3RSKTpHKa. 

IlpH ¢OpMHpoBaHHH 3RSKTPOHHOro nyqKa B TaKOH CHCTSMe 

BO3MOmHU ,nBa BapHaHTa BUTS!rHBaHHSI 3RSKTpOHHOro nyqKa: 

1. nepneH~HKYRS!pHO CKORb3SlmeMy pa3psi.ny, KOTOpUH yme 

c¢opMHpOBaH; 

2. COOCHO co CKORb3SlmHM pa3pS!.D;OM no noBepXHOCTH .IJ;H3RSKTPHKa. 

nacCHBHUe CXSMU TaKHX Oco6UH 

HCTOqHHKOB 

HHTepec npe,ncTaBRSIIDT 

3RSKTpOHOB, B KOTOpux OTCYTCTByeT .nonoRHHTSRbHUH 

reHepaTop HMnyRbCHoro HanpsimeHHSI .IJ;RSI 3amHraHHS1 pa3psi,na. 

Ha pHC. 7 npHBe.neHa CTPYKTypHaSI cxeMa TaKoro HCTOqHHKa 

3RSKTpOHOB, KOTOpaS! npe.ncTaBRSIST co6oH .IJ;Ba ·nocRe.IJ;OBaTeRbHO 

coe,IJ;HHSHHUX KOH.IJ;SHCaTopa cl, c2. 03 3TOH npOCTOH CXSMU BH.IJ;HO, 

qTo OHH o6pa3yIDT SMKOCTHUH .neRHTSRb HanpsimeHHSI. nepBUH 

KOH.IJ;SHCaTop cl o6pa30BaH UHRHH.IJ;pHqecKHM 3RSKTpo.noM ~ H CTSHKOH 

UHRHH.IJ;pHqecKOH BaKyyMHOH ,KaMepu 4 c BaKyyMHUM npoMemyTKOM, 

BTOpOH KOH.IJ;eHCaTop·C2 - UHRHH.IJ;pHqecKHM 3RSKTpo.noM 2 H KaTO.IJ;HUM 

3RSKTpo,noM 1 C .IJ;H3RSKTpHqecKOH BCTaBKOH 3 (HRH qacTbID 

npoxo,nHoro BUCOKOBORbTHoro H3ORSITOpa 5 ) . JlRSI ¢OpMHPOBaHHSI 

KaTO.IJ;HOH nRa3MU Heo6xo,nHMO noRyqHTb HanpsimeHHOCTb El 

3ReKTpHqecKoro noRS1 Ha KaTo,nHOM 3ReKTpo.ne, KOTopasi npeBmnaeT 

noporoByID HanpsimeHHOCTb 3amHraHHSI CKORb3simero pa3psi.na no 

noBepXHOCTH .IJ;H3ReKTpHKa, H He .nonyCTHTb CKBO3Horo npo6osi 

.IJ;H3R8KTpHKa: 

u 
E > E 

ck 1 > Enop ( 1 ) 

r
0

[ lnr2/r1 
+ lnr

1
/r

0
1 
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JlRsi 

r.ne: U - HanpsimeHHe Ha HCTOqHHKe 3R8KTpOHOB; 

C - .IJ;H3RSKTpHqecKaSI npOHHuaeMOCTb .IJ;H3RSKTpHqecKOH 

BCTaBKH;ro- pa,nHyc KaTO.IJ;Horo 3R8KTpo.na 1; rl

pa.nHyc UHRH,npHqecKoro 3RSKTpo.na 2; r2 - BHyTpeHHHH 

pa.nHyc UHRHH.IJ;pHqecKOH BaKYYMHOH KaMepu 4 

4 

PHC. 7. CTpyKTypHaSI cxeMa HCTOqHHKa 3R8KTpOHOB: 

1 - KaTO.IJ;HUH 3RSKTpo,n; 2 - UHRHH,npHqecKHH 3RSKTpo,n; 

3 - .IJ;H3RSKTpHqecKaSI BCTaBKa; 4 - BaKyyMHaSI KaMepa; 

5 - npoxo,nHOH BUCOKOBORbTHUH H3ORS!Top; 6 - aHo,n. 

¢opMHpOBaHHSI O.IJ;HOpO,nHoro CKPilJl B pa6oTax 

HCnORb3yeTCSI TOHKHH CROH BemecTBa C MaROH 

(OKHCH 6apHS!) no noBepxHOCTH .IJ;H3RSKTpHKa. 

¢OpMHpyeTCSI o,nHopo,nHUH CKORb3SlmHH pa3pS!,n 

HCKpOBOH xapaKTep pa3psi.na. 

[33, 34, 35] 

pa60TOH BUxo.na 

B 3TOM cRyqae 

H ycTpaHSISTCSI 

Jlpyrasi cxeMa. c HCnORb3OBaHHeM 

MarHHTO.IJ;H3RSKTpHKa (¢eppHTa MapKH 2OOHH, 

.IJ;1!3RSKTpHKa 

3OOHH H ,np. 

H3 

.n;Rsi 
yBeRHqeHHSI .nonyCTHMOH .IJ;RHTeRbHOCTH HMnyRbCa ToKa nyqKa 

3RSKTpOHOB paCCMOTpeHa B [36]. 3Ta CXeMa .IJ;Ho.na 

3¢¢eKT npHTS!meHHSI 3apsimeHHUX CTPYH (CK0Rb3S!Wero 

HCnORb3YST 

pa3 psi.na) K 

noBepXHOCTH ¢eppoMarHeTHKa H no3BORSIST yMeHbWHTb npo,nORbHYID 

KOMilOHSHTY CKOpOCTH KaTO.IJ;HOH nRa3MU .no 1O 5 CM/CeK. IlpH 3TOM 

3KcnepHMeHTaRbHO BnepBue noKa3aHo ¢opMHpOBaHHe CKORb3Slmero 
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pa3pHna no noBepXHOCTH MarHHTOnH3neKTpHKa. 
Ha OCHOBe CKOnh3Hmer.o pa3pHna no noBepXHOCTH 

nH3neKTpHKa H MarHHTOnH3neKTpHKa MOmHO nonyqaTb npo~HnHpOBaHHlle 
nyqKH 3neKTpOHOB [37]. 

KpoMe paCCMOTpeHHllX cxeM HCTQqHHKOB 3neKTpOHOB co CKPnn C 
uenbIO pacnmpeHHH nHana30Ha perynHpOBKH nnOTHOCTH TOKa nyqKa 

3neKTpOHOB nyTeM H3MeHeHHH paCCTOHHHH Memny aHonoM H KaTono.M B 
3TOH rnaBe paccMOTpeHll HCTQqHHKH 3JleKTpOHOB C nna3MeHHllMH 

3MHTTepaMH Ha OCHOBe CKOnh3Hmero pa3pHna, C~OpMHpoBaHHOro npH 
MemBHTKOBOM npo6oe B KaTywKe HHnyKTHBHOCTH no noBepXHOCTH 

nH3neKTPHKa. B 3TOM cny•rne ~OpMHpoBaHHe KaTonHOH nna3Mll 
ocymecTBnHeTCH He3aBHCHMO OT paccTOHHHH Memny aHonoM H KaTonoM. 

B nepBOM BapHaHTe [38] Hcnonh3yeTCH HHnyKTHBHllH nenHTenb 
HanpHmeHHH, a B npyroH [ 39] - TpaHc~opMa Top Teena, a 
nna3MeHHllH KaTon co6paH Ha .OCHOBe BTOpHqHQH o6MOTKH 3Toro 

TpaHC~OpMaTopa Teena H nonocKOBOH nHHHH, KOTOpaH o6pa3oBaHa 
era BTOpHqHQH o6MOTKOH. IlpH 3TOM nonocKoBaH nHHHH npencTaBnHeT 

co6oH KOHneHCaTop BO BTOpHqHQM KOHType TpaHc~opMaTopa 

TecJJa. B pa6oTe [ 40] 6uno Bnep Bue npennomeHo Hcnonh30BaTb 
CKOnb3HmHH pa3pHn no noBepXHOCTH nH3neKTpHKa H 

MarHHTOnH3neKTpHKa B nHone C MarHHTHOH H30nHUHefi. B OTnHqHe OT 
B3pllB03MHCCHOHHOH KaTonHOH nna3Mll 3MHTTep 3neKTpOHOB Ha OCHOBe 

CKOnb3Hmero pa3pHna B TaKOM. nHone npHHUHnHanbHO no 3 BOnHeT 
nonyqaTh 3neKTp01rnue nyqKH MHnnHceKyHnHoro nHana3oHa 3a cqeT 

yMeHhweHHH panHanhHOH cKopocTH KaTonHofi nna3Mu B cTopoHy 

aHona. 
B pa3nene 2. 3. paccMa TpHBaIOTCH HCTQqHHKH 3neKTpOHOB C 

nna3MeHHllMH KaTonaMH Ha OCHOBe He3aBepweHHoro pa3pHna no 

noBepXHOCTH nH3neKTPHKOB H MarHHTOnH3neKTpHKOB. ' 
nmi ynpomeHHH BllCOKOBOnhTHOH pa3BH3KH KaTonHoro y3na nyTeM 

ycTpaHeHHH nononHHTenbHOro reHepaTopa HMnynhCHoro HanpHmeHHH 

nnH 3amHraHHH pa3pHna 
nHona (41,42,43]. 

npennomeHa H HccnenoBaHa naccHBHaH cxeMa 

Ha pHc. 8 

KaTonHuH ysen 
nH3neKTpHqecKOH 

npHBeneHa CTPYKTypHaH cxeMa nHona. B HeM 

COCTOHT 
BCTaBKH 

H3 
2, 

MeTannHqecKOH 
MeTannHqeCKOH 

nonnomKH 1, 

MeJIKOCTPYKTYPHOH 
ceTKH 3. AHonoM 4 HBnHeTCH TOHKaH MeTannHqecKaH ~Onhra HnH 
MeTannHqecKaH ceTKa. 3Ty cxeMy MOmHO paccMaTpHBaTh KaK nBa 

;LS 

1· -

', 

--~--o LJ 00-:------, 

,.ftu-- --'!"-·H·c2 ... 

~ 

E2=E1,·E1 

00 X 

PHC. 8. CTpyKTypHaH cxeMa nHona. 

1 -MeTannHqecKaH ceTKa; 2 - nH3neKTpHqecKaH BCTaBKa; 

3 - MeTannHqecKaH MenKOCTPYKTypHaH ceTKa; 4 - aHon. 

nocnenoBaTenhHO coenHHeHHllX KoHneHcaTopa c 1 H c 2 . c 1 o6pa3oBaH 
MeTannHqecKofi nonnomKoH 1 H MeTannHqecKofi MenKocTpyKTypHofi 

ceTKOH 3 C nH3neKTpHqecKOH BCTaBKOH 2 Memny HHMH, H 

cnenoBaTenhHO 3TH 3neM'eHTll MOmHO paccMaTpHBaTb KaK eMKOCTHllH 

nenHTenb HanpHmeHHH. A H3 3TOro cnenyeT, qTo non6HpaH era 

napaMeTpll, MOmHO nonyqHTb Ha KaTon~oM y3ne HanpHmeHHe, KOTOporo 
nocTaToqHQ nnH 3amHraHHH KaTonHOH nna3Mll - 3MHTTepa 
3neKTpOHOB. HaH6onee YHHBepcanbHllM noporOBllM napaMeTpOM 
3amHraHHH He3aBepweHHOro pa3pHna no noBepXHOCTH nH3neKTpHKa 
HBnHeTCH noporoBaH HanpHmeHHOCTb E2 3neKTpHqecKoro nonH B nap. 
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B03.llYWHOM 3a3ope Mem,uy MeTannHqeCKOH MenKOCTPYKTYPHOH ceTKOH 

H ,llH3ReKTpHqecKOH BCTaBKOH. npH .uaaneHHH OCTaToqHoro 

ra3a P ~ ( 1 - 5)' 10-5 Topp 3HaqeHHe E2 COCTaBmJeT 
6 

nap. 
1.2'10 B/CM [44]. 

TaKHM o6pa30M ycnoBHe ~OpMHpOBaHHH He3aBepweHHOro pa3pH,lla 

no noaepxHOCTH ,llH3ReKTpHKa ( HPnn ) B nnocKOH reoMeTpHH 

3ReKTPO.ll0B HMeeT BH,ll: 

E2 = UC1 c
9

K/(c
9

h 2 + h 1 ) > E2 nop. = 1.2·10
6 

[B/cM] ( 2 ) . 

npH 3TOM He06XO.llHMO OTMeTHTb, qTQ .llRH HCTQqHHKa 3ReKTPOHOB 

MOmHO HCnORb30BaTb TaKme KOaKCHanbHYIO H KOHHqecKyIO reoMeTpHH 

3ReKTpO.ll0B KaTO,llHOro H aHO,llHoro Y3ROB. 

TaKme He HMeeTCH orpaHHqeHHH Ha .llH3ReKTpHqecKHe MaTepHanbl. 

HanpHMep, npHMeHeHHe MarHHTO,llH3ReKTpHKOB, .llRH KOTOpb!X TaKme 

Ha6n10.uaeTCH 3TOT pa3pH,ll [45], II03BORHeT yaenHqHTb .uonycTHMYIO 

,llRHTeRbHOCTb HMnynbca TOKa nyqKa 3ReKTpOHOB B nnaHapHOH 

KOHCTPYKUHH .llHO,lla [46]. 

03 KOMMyTaUHOHHblX xapaKTepHCTHK ,llHO,lla onpe.ueneHbl npo.uonbHble 

CKOpOCTH .llBHmeHHH KaTO,llHOH nna3Mbl B CTOpOHJ aHO,lla vn, KOTOpble 

npe,ucTaBneHbl c Ta6nHue ,Ni 2 .an H pa3nHqHbJX MaTepHanoB 

,llH3ReKTpHqecKOH BCTaBKH. 

J.13 3THX ,uaHHblX cne.uyeT, qTQ .uonycTHMaH .llRHTeRbHOCTb 

HMnynbca TOKa nyqKa 3ReKTpOHOB, onpe.uenHeMaH BpeMeHeM 

nepeMb!KaHHH ,llHO,llHOro npoMemyTKa KaTO,llHOH nna3MOH, npH 

paCCTOHHHH Mem.uy aHO,llOM H KaTO,llOM D = 1 CM paBHa t = D/Vn = 
= ( 143 - 10000) HCeK. 

MaTepHan KanponoH 

.llH3ReKTPHKa 

vn, cm/c 7" 106 

AHaRH3 npHqHH, BRHHIOmHx 

ITOKa3an, qTo, B OCHOBHOM, 

Ta6nHua ,Ni 2 

BHHHnnacT CTeKno-

TeKCTORHT 

4·106 5•106 

Ha pecypc pa6oTbl TaKoro 

3p03HH .llH3ReKTpHqecKOH 

20 

<I>eppHT 

300HH 

105 

KaTo.aa 

BCTaBKH 

' ,, 

I 
'I 
J 

~ 
!!; ,1 
'!. 

'l, 

ii 
( 
r 
I 
I 

orpaHHqHaaeT era pecypc. Pecypc pa6oTbl paccMOTpeHHoro KaTo.aa 

COCTaBnHeT N ~ 105 BKn10qeHHH npH HanpHmemrn Ha .llHO.lle, 100 - 300 

KB. 

Ii ~ III paccMaTpHBaIOTCH HMnynbCHUe HCTQqHHKH HOHOB Ha 

OCHOBe B3pUBHOH HOHHOH 3MHCCHH. 

B 1985 ro.uy BO BpeMH 3KCnepHMeHTOB no ~OpMHpOBaHHIO KaTO,llHOH 

nna3MU Ha yrnepO,llHblX BOROKHax 6uno o6HapymeHO HOBOe ~H3HqecKoe 

3MHCCHOHHOe HBneHHe - HMnynbCHaH HOHHaH 3MHCCHH C noBepXHOCTH 

aHO,llHOH nna3MU,. ~OpMHpyeMOH ITpH 3anHTKe BaKyyMHOro .u~o.ua 

HMnynbCOM HanpHmeHHH nonoJKHTenbHOH nonHpHOCTH [ 47 ] . no 

aHanorHH co B3 pUBHOH 3ReKTpOHHOH 

B3pUBHOH HOHHOH ,3MHCCHeH. Ha pHC. 

cxeMa HOHHOro ,llHO,lla. 

3MHCCHeH OHa 6una Ha3BaHa 

9 npHBe,lleHa CTPYKTypHaH 

nnH 3amHraHHH aHO,llHOH nna3MU He06XO,llHMO Ha aHo,lle nonyqHTb 

HeK0Topy10 noporoay10 HanpHmeHHOCTb 3RCKTpHqecKoro nonH. 

Ha pHC. 10 noKa3aHO caeqeHHe aHO,llHOH nna3Mbl Ha 

yrnepO,llHO-BOROKHHCTOM HHHUHaTope aHO,llHOH nna3Mbl npH .uaaneHHH 

OCTaToqHoro ra3a B ,llHO,lle P ~ 5·10-s Topp. MHKpO~OTorpa~HH 

noaepXHOCTH aHO,lla (HHHUHaTopa aHO,llHOH ~na3MU) H KaTo,ua co 

CKaHHpy10mero 3ReKTpOHHoro MHKpOCKona npHBe,lleHU Ha pHC. 11a,6. 

OHH noKa3UBaIOT nponnaB OCTpHH Ha aHO,lle, aHanorHqHUH nponnaBy 

OCTpHH Ha/KaTO,lle KaK npH B3pUBHOH 3ReKTpOHHOH 3MHCCHH. nnH 

HarnH,llHOH HRRIOCTpaUHH Ha pHC. 11B noKa3aHO OT,lleRbHOe OCTpHe Ha 

noaepXHOCTH aHo,Ua. Ha noaepXHOCTH KaTO,lla 3Toro He Ha6n10.uaeTCH. 

AHaRH3 Tennoaoro pa3orpeBa OCTpHH - HHHUHaTopa aHO,llHOH 

nna3MU aHanorHqek aHanH3Y Tennoaoro pemHMa. aBT03MHccHOHHoro 

KaTo,ua, C ,pa3HHUe~ TORbKO B HCTQqHHKe 3apHmeHHblX qacTHU, 

nponnaB OCTpHHHblX CTPYKTYP noKa3b!BaeT HX HarpeB .llO Bb!COKHX 

TeMnepaTyp, KOTopue COOTBeTCTBYIOT TeMnepaType nnaBneHHH. 

nHTaHHH ,llHO,lla, HMnynbCHUH pa3orpea BMnynbCHblH 

HHHUHaTopoB 

xapaKTep 

aHO,llHOH nna3Mbl, HMnynbCHOe a,uHa6aTHqecKoe 

~OpMHpOBaHHe aHC,llHOH nna3MU no3BORHIOT .uenaTb, Bb!BO.ll O B3pb!BHOM 

MeXaHH3Me ~OpMHpoBaHHH aHO,llHOH nna3Mbl, a CKaqoK B · HMnynbce 

TOKa nyqKa HOHOB, no aHanorHH co B3pb!BHOH 3MHCCHeH, TORbKO 

.uononHHeT Bb!BO.llbl O B3pb!BHOM xapaKTepe HOHHOH 3MHCCHH. 

3KcnepHMeHTbl no onpe,ueneHHIO ycnoBHH 3amHraHHH aHO.llHOH nna3MU 

noKa3anH, qTQ noporoBaH HanpHmeHHOCTb 3ReKTpHqecKoro nonH ,llRH 

MHOrHX MaTepHanoB HHHUHaTOpOB aHO,llHOH nna3Mbl [48,49] .uonmHa 
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COCTaBnHTb rrpH naBneHHH OCTaToqnoro ra3a OT 1O- 6 -10-4Topp 

E ~ 107 [V/crn] 
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( 3 ) • 

PHc. 9. cxeMa nHona: 

1 - anon; 2 - KaTon; 
3 - anonnaH rrna3Ma; 

c" 

4 - reHepaTop HMITYRbCHOro 
narrpHmeHHH; 5 - rrapoBaH 
KOMITOHeHTa pacrruneHHOro 

MaTepHana anona; 6 - HOHU. 

PHC.1O. ~OTOrpa¢HH 
CBeqeHHH anonHOH rrna3MU. 

a) 

6) 

, .. ,, 
V' 
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PHC. 11a,6. ~OTorpa¢HH 
ITOBepXHOCTH 

anona H 

Mennoro 

KaTona 
HOHHoro nHona. 

PHC,11B. ~OTOrpa¢HH 

rrporrnaBnennoro 
ocTpHH Ha anone. 



Ilpli 3TOM, KaK BO Bcex HMilYRbCHbIX HCTOqHHKax HOHOB C 

nna3MeHHbIM 3MHTTepoM, TOKOOT6op nyqKa HOHOB ocymecTBRHeTCH C 

rpaHHUbl ,UBmKymefl:CH B CTpoHy KaTO,Ua aHO,UHOH nna3Mbl, no Ka He 

npoH3ofl:,ueT 3aKopaqHBaHHe ,UHO,Ua aHO,llHOH nna3MOH. 0 B 3TOM 

cnyqae Bli,UHa aHanorHH C HCTQqHHKaMH 3ReKTpOHOB co B3pb!BHOH 

3ReKTpOHHOH 3MHCCHefl:. nnH MHOrHX MaTepttanoB CKOpOCTb aHO,UHOH 

nna3Mbl COCTaBnHeT nopH,UKa (1 - 10)"10
6 

cm/c. nnH yMeHbllieHHH 

npo.UORbHOH CKOpOCTH aHO,UHOH nna3Mbl npHMeHHMbl MeT~.llbl, KOTOpble 

npHMeHHIDTCH ,URH yBenttqeHHH .uonycTHMOH .URHTeRbHOCTH HMilYJibCa 

TOKa 3ReKTpOHHOro nyqKa BBe,UeHHeM B uenb HHHUHaTopoB aHO,UHOH 

nna3Mbl TOKOorpaHHqHBaIDmHx pe3HCTOpOB [50]. 

nnH nonyqeHHH CTa6HRbHOro TOKOOT~opa Heo6XO,UHMO TaKme BBO,UHTb 

TOKOOrpaHHqHBaIDmHe pe3HCT0Pbl B uenb Kam.uoro HRH rpynnbl 

HHHUHaTopoB aHO,UHOH nna3Mbl. 

B cnyqae ¢opMHpoBaHHH aHO,UHOH nna3Mbl B HecornacoBaHHOM 

pemHMe .UHO,Ua C reHepaTopoM HMilYRbCHoro HanpHmeHHH ( HanHqHe 

Kone6aTeRbHbIX 3¢¢eKTOB B pa3pH.UHOM KOHType ) Ha6nID,uaeTCH 

pemHM reHepaUHH naKeTa nyqKQB HOHOB Ii 3R~KTpOHO~, cne.uyIDmHX 

O,UHH 3a ,upyrHM [51]. 

BenttqHHa HOHHoro TOKa y,uoBneTBopHeT 3aKOHY 

qafl:Rb,Ua-HeHrMIDpa. 

Ilpli ¢0pMHpoBaHHH aHO,UHOH nna3Mbl Ha6nID,uaeTCH HHTeHCHBHOe 

pacnblneHHe MaTepttana aHo.ua (HHHUHaTopa aHo,uHofl: nna3Mbl), 

KOTOpoe Ha HeCKORbKO nopH,UKOB npeBOCXO,UHT pacnblneHHe 

HHHUHaTopa KaTO,UHOH nna3Mbl npli B3pb!BHOH 3ReKTpOHHOH 3MHCC.Hli. 

3TOT 3¢¢eKT MOmHO HCilORb30BaTb .URH Hailb!ReHHH pa3nliqHbIX nneHOK 

Ii noKpbITHH, KaK O,UHOKOMilOHeHTHbIX TaK ~ MHOrOKOMilOHeHTHbIX [52]. 

BpeMeHHaH ,uttarpaMMa 3THX'npoueccoB npe,ucTaBneHa Ha· pttc. 12. 03 

Hee Bli,UHO, qTo B03MOmHbl ,UBa pemHMa HailbIJieHHH nneH?K: 

1) KOr,ua .URHTeRbHOCTb HMnynbca HanpHmeHHH t MeHbllie .uonycTHMOH 
u . . . 

.URHTeRbHOCTH HMilYRbCa TOKa nyqKa HOHOB t .• onpe,uenHeMOH 
b 

BpeMeHeM nepeMb!KaHHH ,UHO,Ua aHO,UHOH nna3MOfl:; 

2) Kor,ua t > t. 
u b 

B nepBOM cnyqae CKOpOCTH pacnb!ReHHH MaTepttana aHO,Ua MeHbllie, 

qeM BO BTOpOM cnyqae. qTo 061,HCHHeTCH OTCYTCTBHeM BaKyyMHOH 

.uyrH Mem.uy aHO,UOM Ii KaTO,UOM. 0,UHaKO B o60HX cnyqaHX 

Ha6nID,uaeTCH 3¢¢eKT MO.UH¢HKaUHH nneHKH HOHHbIM nyqKoM, qTO 

npHBO,llliT K nonyqeHHID nepeMelliaHHbIX nneHOK. 
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aBJPO~. 
tv 

····---. . ...... ~ 
..... V· I 

Vv 

mJl 

~ 

Pttc. 12. BpeMeHHble iurnrpaMMbl HammeHIDI IIJieHOK . tt HX nOHHOH 

MOJUI_cpHKaUHH B HMnyRbCHOM B3pb1B03MHCCHOHHOM HO~HOM BaK~HOM ,ntto.ne. 

u - HanpH:iKeHHe Ha ,ntto.ne; Jb - TOK HOHHOro 'nyqKa; .Jf - .IlORHbIH TOK B 
. ' ·, ; 

mio.ne; Nv - IIJIOTHOCTb rrapoBofl:, cpa3bI MaTepttana •' HHHUHaTOpa aHO,nHOli 

IIJia3MbI; Vi - rrOToK ttoHoB; Vv - IIOTOK rrapa; tu ~ .nrrHTenbHOCTb HMrryrrbca 
·, . . .. . ' 

HanpH:iKeHIDI; .11> - WIHTeRbHOCTb ' HMrryRbCa ,, TOKa rr)"!Ka; tv - BpeMH 

pacilbmeHIDI HHHUHaTopa aHO.I(HOli , IIJia3Mbl rrpH 3aKOpaqHBaHHH .ntto.na 

aHO,l(HOH' IIJia3MOH; ' 'dt - BpeMH :ia,nep:iKKH Me,K,Uy ' 'oKo-aaHHeM HMITYRbC:a 

IlOJIHOfO TOKa B .ntto.ne Ii MOMeHTOM rrpttxo.na rrapOBOH KOMITOHeHTbI Ha 

I10)J)IO:iKKY; t 1 - Haqano cne.nyroiuero HMI1YJibCa HarrpH:iKeHIDI Ii TOKa nyqKa, 

........ - HOHbI; 

aHO.I(HOH _IIJia3MbI. 

00000 - rrapoBaH_ KQMITOHeHTa MaTepttana HHHUHaTopa 

o➔ - rrapoBoe oca:iK,neHHe Ha rro)J)IO:iKKy; 

· ➔ - HOHHOe o6nyqeHHe: 
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COpT HOHOB O npe,neJIS!BT C SI Ma T epHaJIOM HHHUHaTopa aHO,nHOH 

nJia3Mbl. 

HOHOB .nmrneKTpH'iBCKHX MaTepHaJIOB )lJIH 

MOllCHO 

noJiy'ieHHH 

HCilOJlb30BaTb 

HHHUHaTopa 

no~purne 

aHO,nHOH 

Il03BOJIHBT 

cxeMy .nHo.na C ,nH3JIBKTPH'i9CKHM IlOKpbITHBM 

IlJia3Mbl (aHo.na) (53]. )lH3JIBKTpH'i9CKOe 

paccMaTpHBaTb ,nHo.n KaK KOH,neHCaTop C 

.nayMH"·CJIOHMH ,nH3JIBKTpHKa: ,nH3JI9KTpH'i9CKOe IlOKpbITHe Ha aHo.ne H 

BaKyyMHblH 3a3op Mel!C,ny 3THM IlOKpbITHBM H KaTo.noM. 

)lJIH IlOJIY'iBHHH HOHOB Cl HCilOJib30BaJICH BHHHilJiaCT, K - KCl, F 

TB(pJIOH H ,np. 

Ha OCHOBe 3TOro THna HOHHOH 3MHCCHH 6blJia pa3pa6oTaHa cepHH 

HOHHbl~.HCTO'iHHKOB HOHOB yrnepo.na (49], HOHOB MeTaJIJIOB (54, 55, 
"''"'1, ·~:·~···~-f':1.::~_., .L.;\ , 

56]~;:.nH3JIBKTpHKOB (53]. 

•-"•-···:na.HHUe··itcTO'i{irnKH COCTOHT H3 BaKyyMHoro .nHo.na H reHepaTopa 
' 

HMhyJibCHoro HanpHlKBHHH. JlnH IlHTaHHH HaH6onee npe,nnO'iTHTBJIBH 

reHepaTop ApKa,nbeaa-MapKca, napaMeTpbl .KoToporo HaHMeHee 

BJIHHBMbl-Ha-cBOHCTBa-aHo.nHoH nJia3Mbl H napaMeTpbI HOHHOro nyqKa. 

':' )lJIH nonyt1eHHSI,), HOHOB MeTaJIJIOB · pa3 pa6oTaHo HecKOJibKO 

HCTO'iHHKOB. 11:lK:r~f-6'.nHoOCTpHHHblMH aHo,naMH. TaK H c JIBHTO'iHbIMH 
··,' ~ ~v';) ·<1 I"'~~- .... ~,_ f .... , .. ,,, ..... ,. .,. '>""'~ . 

aHo.naMH ...... C __ ,Ha6opoM.«,, OCTpHHHblX HHHUHaTopoB aHO,nHOH nJia3Mbl C 

pe3HCTHBHOH pa3BH3KOH. 

Ha pHc. 13a, 6 npH B e.neHbl cpoTorpacpHH HOHHblX HCTO'iHHKOB Ha 

pa6oqee HanpHl!CeHHe .no 50 KB (a) H .no 700 KB (6), a Ha pHc. ·< -1: :1r )f,/ <' f_i ;.: • ;{')J.i'..-: .. :_:1 _i,_L;(Ji:'h:ril,:.~ ·.i:/_:-,;, _ _;.rz ~ 

14 a H 6 - ~x 3MHCCHOHHble xapaKTepHCiHKH. 
''i:,:.!:-< 1 ~ ;.·:·)i!!.,'.·,.·/ it~' ~r/;:H,:t1;:•.;; :,.1:,:.;,1,y, :'..:~;;/,·J.r,J:<.X:'_·::; l~<-.·) 

Pecyp~·pa60Tbl HOHHOro HCTO'iHHKa 3Toro THna 3aBHCHT OT 
'." ,,, ", ·f •, 'l's · ,..-I ~ : "' •q "·" __ :"l '-'.C1,Jqj '~ •,,:·•,)"'-'/ 

T9IlJIOqiH3ff<JeCKHX ciio'iiciB \iHHUHaTOpOB aHoJiHOH IlJia3Mbl H ,nJISI HX 
··c;-:_r,1')h .~i;(;Lii~'.idli1l _:~;:_ ,:1T3 ·,,; !:f::' "<\¼!\ ... ·, 

60JibillHHCTBa cocTaBJIHBT 10. - 10 BKJIID'iBHHH. 
•','1·li,'li'fi/l' :·;-,_;t]r'.,U:"_"_il\i·;· ;; · 'f ,,,' ~;}-'.,i~.,··,:·{ \\ 

)lJIH IlOJIY'iBHHH HOHOB pa3JIH'iHblX 3JIBMSHTOB 6b!JI pa3pa6oTaH. HOHHblH 
,.•t,·•,r;; J", - -~' ,:.. ·,i ,·,,-: i I; ,';!· .i~ , \J , 

HCTO'iHHK [ 57] ; B KOTOpOM HCilOJlb3 yeTCH 3Jl9KTpOHHblH ny q OK ,nJIH 

.nono~
1
H~'TeJI~k

1
6fii'V;''p~cnilneH~f i,I '~a~~;pHaJia ~~iu~:rTo};~ .. aHO,nHOH 

,,~r;r: ,;;hi:,:.~,_ L:1 ,,. -::,_•.:t~-;, .. ;:,_ ·,-:;·u: \.:".if' 11 

nJia3Mbl. 
:;: 1,{';:/'1...''~• ':t·1·':.t,:~;, . . . ,.;; '. .. \\,;•.:. ;; "·:·.r1.,J'..t~· ):' '!L).1;1. 

f JiaBa IV IlOCBHll(BHa OilHCaHHID 3KcnepHMBHTOB no MO,nHcpHKaUHH 

MaTepHa.iro~ ','• ','i:.'c'i-rop!i~' ' 6U.1IH ri'pcil~'.n~'iiil"t;HciMoilii.io' p'a3'pci6diaHHblX 
r· ·,.' ,···';JJ.,, ,L.:,.;r .:i:.:t; .;·:!,'·i::·:•:·:_,;, ·,:;·:·,;n-> 1 : -· ·:,,:.;,1!·1,. ,.,,,, 

HMilYJibCHblX 3Jl9KTpOHHblX H HOHHblX HCTO'iHHKOB 
ii"r.·U.::1-: 1.:1\s;·_.··?·. 

)lJIH noaepXHOCTHoro ynpO'iHBHHH HHCTPYMBHTaJibHblX CTaJieH 6b!JI 

npe,nJIOllCBH HOHH0-3JIBKTpOHHblH MBT~'.ii'' 'i 51{ r: Er6 1

CM~c'.ii' 3aKJIID'iaeTCH 
,,i(i!'.',,,·' ,; ','\ 

a TOM, '!TO nepBH'iHOe o6Jiy'ieHHe npoBO,nHTCH HOHaMH yrnepo.na c 
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a) 

, 6) 

PHC. 13 a,6. 06ll(HH BH,n HOHHblX HCTO'iHHKOB 
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450 

uenhD BHe,npeHHll HOHOB yrnepo.na, a 3aTeM 3ReKTpOHHUM nyqKQM 

ocymecTBRlleTCll IIOBepXHOCTHUH nepennaB C uenhD C03,l{aHHll 

Kap6H,l{OB. 3KCIIepHMeHTU IIO IIOBepXHOCTHOMY ynpoqHeHHD CTaneH 

MapoK UB, M42 IIOKa3anH B03MOlKHOCTh nonyqeHHll BUCOKHX 

K03¢¢HUHeHTOB IIOBepxHOCTHOH MHKpOTBep,nOCTH, .noxo,nllmHX .no 70. 

EURH npoae.neHu ycnemHue 

nonynpoBO,l{HHKOBUX ,neTeKTOpOB 

CHRHUH.l{OB PtSi/Si [59,60,61]. 

3KCIIepHMeHTU IIO OTJKHry 

ll,nepHoro H3nyqeHHll Ha OCHOBe 

TaKJKe IIpOBO,l{HRHCh HCcne.noBaHHll IIO MO,l{H¢HKaUHH 

HH3KOTeMIIepaTypHUX Ii BUCOKOTeMnepaTypHUX CBepxnpOBO,l{HHKOB. C 

uenhD CHHJKeHHll aq IIOTeph nyTeM yMeHhllieHHll mepoxoBaTOCTH 

IIOBepiHOCTH CBepxIIpOBO,l{HHKa 6unH npoae.neHu 3KCIIepHMeHTU IIO 

IIOBepXHOCTHOMY nponnaay CBepxnpoao,nllmeH neHTU Nb3Ge . Ha ,neHTe 

H3 Hepl!CaBeDmeH CTanH [62,63,64]. 

Mo.nH¢HKaUHll BUCOKOTeMIIepaTypHUX CBe~xIIpOBO,l{HHKOB 

CHRhHOTQqHUMH 3ReKTpOHHUMH Ii HOHHUMH nyqKaMH IIpOBO,l{Hnacb C 

uenhD nonyqeHHll HOBUX CBOHCTB BUCOKOTeMIIepaTypHUX 

caepxnpOBO,l{HHKOB. 

0.l{HOH H3 npo6neM 3THX MaTepHanoB llBnlleTCll .nerpa.naUHll 

caepxnpoao,nHmHx caoHcTB HTTpHeBoH KepaMHKH THna YBa
2
Cu30

7
_ 0 . 

3THM peaKUHllM CIIOC06CTByeT rpaHynhHall CTPYKTypa npeccoaaHHOro 

CBepxIIpOBO,l{HHKa .. Jlnll ycTpaHeHHll 3Toro HeraTHBHoro. 3¢¢eKTa 6un 

npe,nnoJKeH Ii 3KCnepHMeHTanhHO HCCne,noBaH MeTO,l{ CTa6HnH3aUHH 

IIOBepxHOCTH BUCOKOTeMnepaTypHoro caepxIIpOBO,l{HHKa KOTOpUH 

3aKnDqaeTCll B C03,l{aHHH Ha IIOBepXHOCTH KepaMHKH 3amHTHOro 

nponnaaneHHoro CROll HMIIYRhCHUM 3ReKTpOHHUM nyqKQM B 

a.nua6aTHqecKHX ycnOBHllX, KOTOPUH 3aTpy.nHlleT npOHHKHOBeHHe 

BnarH B ero BHyTpb· [65,66]. 3TOT MeTO,l{ lI03BOnlleT 3aMe.nnHTh 

.nerpa.naUHD 3Toro caepxnpoao,nHHKa ,no 8 MecHuea: 

Jlpyrall 3a,naqa B BUCOKOTeMnepaTypHOH CBepxnpOBO,l{HMOCTH 

COCTOHT B IIOHCKe MeTO,l{OB yaenHqeHHll KpHTHqecKHX TOKOB. B 

.nuccepTaUHH npe.nnoJKeHO ,nnll pemeHHll 3TOH aKTyanhHOH 3a,naqH 

HCIIORh30BaTb HMIIYRhCHUH nponnaB C .IIOMomhD CHRhHOTQqHoro 

3ReKTPOHHoro nyqKa C uenhD yaenHqeHHll 3dHU KOHTaKTOB 3epeH 

KepaMHKH B ycnOBHllX coxpaHeHHll ee CTeXHOMeTpHH: 

3neKTpHqecKHe H3MepeHHll IIOKa3UBaDT yMeHhllieHHe ee 

COIIpOTHBReHHll Ii yaenHqeHHe KpHTHqecKoro TOKa, 

[67 68,69,70,71]. 
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06nyqeHHe HOHaMH naeT npyrofi 3¢¢eKT, KOTOPUH BU3UBaeT 

ner.panaUHID CBepxnpoBonHmHx CBOHCTB H yMeHbWeHHe KpHTHqecKoro 

TOKa, CM, pHC. 15. 
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•~He. 15. 3aBHCHMOCTb OTHOWeHHH KpHTHqecKoro TOKa 

nocne o6nyqeHHH (J) K TOKY no-o6nyqeHHH ,J O;MomHOCTH 
0 

~rry~Ka 3ReKTPQHOB p ~ OT no3U o6nyqeHHH D HOHaMH: Ag, Cu, C. 

IlpH o6nyqeHHH 3neKTpOHaMH.Heo6xonHMO yqHTUBaTb rny6HHY npo6era 

B 'cBemecTBe [ 72): • , ,3TH 3¢¢eKTll B 6onbWeH CTeneHH OTHOCHTCH K 

TH TaHaTy CTpOHUHH,. y . KOToporo nH3ReKTpHqecKaH npo1muaeMOCTb 

HMeeT .60RbWHe··3HaqeHHH, H OH HCTIORb3yeTCH B KaqecTBe nonnolKeK 

nnH nneHOK BllCOKOTeMnepaTypHUX CBepxnpoBonHHKOB. B pe3yRbTaTe 

npOHHKHOBeHHH 3ReKTpOHOB B03HHKaeT BHyTpeHHHH 3ReKTpHqecKHH 

30 

npo6ofi, KOTOpUH Bll3llBaeT pa3pUB nneHKH Ha nonnOlKKe. 

H3MepeHtte napaMeTpOB BUCOKOTeMnepaTypHUX CBepxnpoBonHHKOB 

npoBonttnocb Ha annapaType, onttcaHHOH B [69, 73). 

HccnenoBaHHe 3ReKTpttqecKoro npo6oH B BaKYYMHUX ycnOBHHX 

MeJKny 3ReKTponaMH H3 BTCil npencTaBnHeT oco6ufi HHTepec B CBH3H 

C TIOTeHuHaRbHUMH 

3ReKTpOTeXHHqecKHX 

B pa6oTe [ 13] 

npHMeHeHHHMH HO BUX MaTepttanoB 

ycTpOHCTBax, B ycKopHTeRbHOH TeXHHKe. 

6uno HafineHo, qTo o6nyqeHHe HOHaMH 

B 

Mentt 
yBenttqeHHID 3ReKTpHqecKoH npoqHOCTH BaKyyMHUX 

npHBOnHT K 

3a3opoB MeJKny 3ReKTponaMH H3 BUCOKOTeMnepaTypHUX 
CBepxnpoBonHHKOB. 

B 

HCTIORb3YH 

xone pa6oTu 

MeTon 

6untt 
BaKyyMHOH 

npoBeneHu 

HOHHOH B3pUBHOH KOHneHCaUHH, 

3KCnepHMeHTU no HanuneHHID 

pa3nHqHUX nneHQK MeTannoB, nH3ReKTpHKOB, BUCOKOTeMnepa TYPHUX 

CBepxnpoBonHHKOB [74, T5,76] . 

Oco6ufi HHTepec . Bll3UBaeT HanuneHiie nneHoK C 
H 3ReKTpOHHUM nepeMeWHBaHHeM; 3KcnepHMeHTaRbHaH 

HOHHUM 

ycTaHOBKa 
TI03BORHeT peanH30BaTb 3TH pelKHMU, 

CKopOCTH HanuneHHH 3aBHCHT• OT CBOHCTB MaTepttana HOT 3HeprHH 

B reHepaTope HMTIYRbCHOro HanpHlKeHHH H COCTaBRHIDT OT 

0.001 MKM/HMTIYRbC no 0.5 MKMIHMTIYRbC nnH pa3nHqHux MaTepttanoB 

npH HanpHlKeHHH Ha HOHHOM nttone 150 - 400 KB. 

J2. 3aKnIDqeHHH npHBOnHTCH OCHOBHUe pe3yRbTaTu, nonyqeHHUe B 
nttccepTaUHH. 

1. 06HapyJKeHo HOBOe ¢H3HqecKoe HBneHHe - HMnynbCHaH B3pUBHaH 

HOHHaH 3MHCCH~ H3 nna3MeHHoro 3MHTTepa Ha OCHOBe BaKyyMHOro 

pa3pHna, HHHUHHpyeMoro IlOROlKHT8RbHUM HMTIYRbCOM HanpHJKeHHH. no 

aHanorHH co B3pUBHOH 3ReKTpOHHOH 3MHCCHeH 3TOT 

3MHCCHH 6un Ha3BaH B3pUBHOH HOHHOH 3MHCCHeH. 

2. HccnenoBaHU 3MHCCHOHHUe CBOHCTBa aHonHoH 

nonyqeHHH· HOHOB npoBonHmHX MaTepttanoB. 

THIT HOHHOH 

IlJia3MU nnH 

3. npennoJKeHa H ttccnenoBaHa cxeMa HOHHoro nHona nnH nonyqeHHH 

· HOHOB nH3R8KTpHqecKHX MaTepttanoB. 

4. 06HapylKeH HOBUH THil BaKyyMHOH KoHneHCaUHH - B3pllBHaH 

HOHHaH BaKyyMHaH KoHneHCaUHH. C ee HCTIORb30BaHHeM nonyqeHu 
pa3nttqHue nneHKH H .TIOKpUTHH, B TOM qHcne H nneHKH 
BUCOKOTeMnepaTypHUX CBepxnpoBonHHKOB. 
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5. Hal.nett Knacc MaTepHaDOB .nnH B3PllB03MHCCHOHHllX KaTO,llOB H 

H3yqeHll HX 3MHCCHOHHlle CBOICTBa, 

6 . nnH ¢opMHpoBaHHH 3DeKTpOHHllX nyqKQB MHKpoceKyH.llHOA 

.nnHTenbHQCTH MOmHO. HCnODb30BaTb MaTepHanu C HH3KOH 

3DeKTpHqecKoA npoqHQCTbID Ha OCHOBe BllCOKOTeMnepaTypHllX 

CBepxnpoBO,llHHKOB, pa6oTaIDmHx npH KOMHaTHllX TeMnepaTypax. 

7. 9KcnepHMeHTanbHO o6HapymeHu He3aBepmeHHllA H CKODb3HmHA 

pa3pH,1lll no noBepXHOCTH MarHHT0,1lH3neKTpHKOB; 3TH pa~pH.llll MOmHo 

HCnODb30BaTb B KaqecTBe nna3MeHHllX 3MHTTepoB .nnH nonyqeHHH 

MHKpoceKYH.llHllX 3neKTPOHHllX nyqKQB B 

8. npe.nnomeH H Hccne,noBaH MeTo,n 

BaKyyMHllX ,llHO,llaX. 

yBenHqeHHH 3DeKTpHqecKoA 

npoqHQCTH. BaKyyMHllX 3a3opoB Memay 3neKTpo,naMH H3 

BllCOKOTeMnepaTypHllX CBepxnpoBO,llHHKOB, B ero ocHoBy nonometta 

noBepXHOCTHaH M0.1lH¢HKaUHH BllCOKOTeMnepaTypHllX ~BepxnpoBO,llHHKOB 

HOHaMH Me,llH. 
9 . npe.nnomeH H HCCne,noBaH MeTO.ll yBenHqeHHH KpHTHqecKoro 

TOKa BllCOKOTeMnepaTypHllX cBepxnpOBO,llHHKOB npH ero HMnynbCHOA 

noBepXHOCTHOA M0.1lH¢HKaUHH HMnynbCHllM 3neKTpOHHllM nyqKQM, 

9¢¢eKT HMeeT MeCTO npH noBepXHOCTHOM nponnaBe. TIOKa3aHo, qTQ 

HOHHaH M0,1lH¢HKaUHH npHBO,llHT K yMeHbllleH•ID KpHTHqecKoro TOKa 

BllCOKOTeMnepaTypHllX cBepxnpOBO.llHHKOB. 
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