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3J1eKTpOCTaTH-IeCKUe KOJleOaHHJI B KaHaJle .lJ.peil.a B)l.HHM: llpenpHHT 
HT34» 1 - 011 
T.B. KyJleBoi - M., 2001-11 c. 

llpHBO.lJ.HTCB pe3YJlLTaTLI HCCJle.lJ.OBaHHH YCJlOBHH B03HHKHOBeHHH 
3J1eKTp6CTaTHQeCKHX KOJle6aHHH nJla3MLI B KaBaJIe .lJ.peiita BaKyyMBO
.lJ.yroBoro BCTO-lBHKa HOHOB MeTaJlJlOB B):(HHM npH HIDKeK~HB B Hero 
3J1eKTpOHHOro ny-lKa OT He3aBHCHMoii 3J1eKTpOHHOH nymKH. llOJlY-leHLI 
.0pMyJlLI, ODHCLIBalOlQHe YCJIOBHe B03HHKHOBeHHH HeCTaOHJlLHLIX 
3J1eKTpOCTaTHIJeCKHX KOJleOaHHH nJla3MLI H HBKpeMeHTa HX HapaCTaHHH. 
AHaJlH3 nOJIy-leHHLIX .OPMYJI nOKa3LIBaeT, "TO B KaHaJle .lJ.peiieJ»a DJla3MLI 
B)l.HHM B03MOxmO B03HHKHOBeHHe HecraOHJlLHLIX KOJleOaHHH DJla3MLI C 

lHHKpeMeHTOM oOJlee 107 c· • 

Electrostatic oscillation in e-MEVVA drift channel 
Kulevoy T.V. 
The results of analytical investigation of plasma electrostatic oscillation 

into the drift channel of e-MEVVA ion source are carried out. The equations 
for condition of plasma oscillation instability and its' increment are derived. It 
is shown that such kind of instability can take place in plasma drift cnnnel of 
e-MEVVA with the increment value bigher than 10·7 s·1. 

PHC. - 4. CnHcOic JlHT. - 4 HaHM. 

~ MHCTHTYT TeOpeTHqeCkOH H aKcnepHweHTanbHoA ~H3HKH. 2001 



BBeJl:eUHe 

:H3BecTHhIe Ha CerO,D;WlWHHH ,ZJ;eHh HCTOl{HHKH rryqKOB TSDKenbIX HOHOB 

CnOC06HbI reHepHpOBaTh ml60 rrytIIGI TSliKenbIX BbICOKO 3apMHhIX HOHOa (nma U2S
+ 

,l(IDI ECR BIInOTL ,D;O U92
+ C HCTOl{HHKa EBIT) C MaJIOR HHTeHCHBHOCTblO (TOKH 

MeHee MHKpoaMnepa), nH60 CHnbHOTOQHbIe nyqKH HOHOB MaJIoii 3apH,n:HOCTH (AJUI 
MEWA - 31'0 ttl. JIa3epHLIH HCTOQHHK cIIoc06eH 06eCneQHTh CHJlhHOTOqHbIH 

nyqOK OTHOCHTenLHO BbICOK03apsmHblX HOHoa (HanpHMep nyqOK Pb28
+ TOKOM 30 

MA), HO nOKa qTO HCTOqHHKH ,D;aHHoro Tlma He CIIoc06HbI 06eCneqHTh 

npO,llOJDKHTenbHylO cTa6HJIhH)'lO pa60Ty, Tpe6yeM)'lO ,ZJ;nSI pa60TbI Ha yCKOpHTeJlL. 

B Iff3<1> 6bwa npe,nnO)KeHa H,ZJ;ejJ HCTotJHHKa e-MEVVA, B KOTOpOM B IlJIa3MY 

BaKY)'MHo-.zorroBoro p83psma HHJKeKTHpoBaJIcjJ rryqOK 3neKTPoHoB 01' He3aBHCHMOH 

3neK'rpOHHOH nyIIIKH C 3Heprneif 2 - 20 KeB [ 1]. ITPH 3TOM, ,D;JISI YBeJllitJeHHjJ 

4JaKTopa HOHH3aUHH jt G - IIJIOTHOCTL TOKa 3JIeKTpOHHoro IIylIKa, 't - BpeMa 

B3aHMo.n:eHcTBHSI MOHa C 3JIeKrpoHHbIM rryqKOM), IIJIa3Ma BhIBO,IJ;HJIaCh B KaHaJI 

,n:peH<l>a C aKCHaJIhHhIM MarHHTHbIM nOJIeM. OceBoH BBO.n: 3JIeKTpOHHoro nyqKa 

ocymeCTBJIIDICH Qepe3 OTBepCTHe B KaTo.n:e BaKyyMHo-.n:yrOBoro Pa3PjJ.n:HHKa. B 
xo.n:e 3KCIIepHMeHTaJIbHbIX pa60T BLrnCHHJIOCh, lfTO B MOMeHT HHiKeKIum 

3JIeKTPoHHoro rryqKa B H3BJ1eKaeMOM 113 HCTOl{HI1Ka 110HHOM rryqKe nOHBJIHeTCH 

npOBaJI TOKa. ,[(aHHbIH npOBaJI MOiKeT 6bITb 06ycnOBJleH B03HHKHOBeHHeM 

HeCTa6HJIbHOCTH IIJIa3MbI, BLI3BaHHOH KOJIJleKTHBHbIM B3aHMo.n:eHCTBHeM IIJIa3MLI C 

HH)KeKTHp0BaHHbIM B Hee 3JIeKrpOHHhIM rryqKOM. )lrra HeCTa6HJIhHhIX 

3JIeKrpOCTaTH'lleCKHX KOJIe6aHHH IIJIa3MLI B KaHaJIe ,D;peH4Ja BLIBO,ZJ;HTCR. q,oPMYna 

WllI onpe.n:eneHIDl ycnoBHH B03HHKHOBeHIDI HeCTa6HJIbHbIX KOJIe6aHHH. ITonyqeHbI 

Ha60pbl napaMeTpOB HCTOtJHHKa, rrpH KOTOpLIX ,n:aHHble HeycTOHqHBOCTH MOryr 

HMeTb MeCTO BO B,ZU1MM npH aKCHaJILHOH HHJKeKI(HH 3JIeKTPOHHoro nyqKa Ii 

OIIpe.n:eJIeH HHKpeMeHT HapaCTaHIDI ,nnH .naHHbIX HeycToHlfHBOCTeH. 
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OCHOBULle napaMeTpbl R ypaBueHHII 

llocmanoBKa Jadallu 

CXeMa HCT01.f:HHKa npe.n.CTaBJIeHa Ha PHC. 1. PaccMoTPHM B3aHMO.lI.eiicTBHe 

BHelIIHero 3neKTpoHHoro nyqKa C IIJI83MOH BaK)'YMHo-,l(JroBoro HCTOQHHKa, 

BIdWe.lI.meii Qepe3 aHO,lUlOe oTBepcTHe H pacnpocT}JaHSIlOmeHcB B KaIHlJIe .lI.peii4>a C 

aKCHaJIbHbIM MaI'HHTHLIM nOJIeM. I1JIOTHOCTb llJH13MbI B BaKYYMHOii ..nyre .lI.0CTHraer 
3

BeJIHlfHHbI 10-18 
- 10.24 

M- • Y nJI83MLI, BLImeAmeii B KaHaJI .n:peiiepa, nJIOTHOCTb 
3

3aMeTHO HH»C.e H AOCTHraeT BeJlHllHH nopSI.lJ.Ka 10.17 
- 10.19 

M- . KaHan .lI.peHepa 

MO)KeT HMeTb npaKTIReCIrn mo6yro MHHY. BbI60p .n:JIHHbI o6yCJIaBJIHBaeTCSI 

>KeJIaeMOH llJIOTHOCThlQ nJI83MbI Ha BbIXO,ll,e KaHana .lI.}JeHq.a H BeJIHl.IHHOH 

MarHHTHoro nOillI, npHJIO>KeHHOrO B.lI.OJIb KaHaJIa .lI.peHepa. ,l'(.rrSi lJaCTHOro cnylJaSI, 

,z:VIliHa KaHana .Iq)eHq.a - 0.7 MeTpa, BHYTPeHHHH ,lJ;HaMeTp - 0.036 MeTPa. 

AMunHry.n;a npO.n;OJIbHOrO MarHHTHoro nOllil B KaHane .lI.peHq.a - 0.02 T. Qepe3 

oTBepcTHe B KaTO.lI.e H aHO.lI.e BaKyyMHOR ,Z:{)'rH COOCHO C MarHHTHbIM nOJIeM B KaHaJI 

.lI.peH4>a IIJIa3MbI BBO.lI.HJIC:SI" BHeIIIHHH 3JIeKTpOHHbIH nyqOK. YCKOpJllOm;ee 

HanpJDKeHHe .ztJUl ,ZJ;~UIHoro 3JIeKTpoHHoro n~Ka peryJIHpOBaJIOCb B ,ZJ;HaTIa30He OT 1 
,n.o 10 KB. llpH 3TOM IIJIOTHOCTb 3JIexTPoHHoro nytIxa, .n.OCTHraIO~ero KaHan 

3
.lI.peif4>a IIJIa3MbI, He npeBOCXO.lI.IDIa 1014 

- 1016 
M- . Heo6xo.lI.HMO OTMeTHTb Ba)J(HhIH 

3KCnepHMeHTa.rr:bHhIH epaKT - npH npOXO)l(,ZJ;eHHH 3JIeKTpOHHoro nyqKa yCKOpSllOIIJ,ee 

ero Hanp5I)I(eHHe cna,n;arro .lI.O HYJUI. TaK l.ITO Ha caMOM AeJIe B nJIa3MY 

HH»C.eKTHpOBaITC5I rryqOK C pa36pOCOM no 3HeprHH OT yCTaHOBJIeHHOrO 

rrepBOHalJaJIbHOrO 3HalJeHH5I .lI.O HYAA. 

760mm 
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,4ucnepcUOHHoeypa6HeHU£ 

,L{.rr.sI ,n;aHHOrO Ha60pa napaMelpOB JIOni~HO npe,lUlOJIOiKHTL, 'ITO B KaHane 

.n.peHcPa CHCTeMa 3neKTpHtIeCKH HeHTpaJILHa H aKCHWThHDIH TOK pcmeH HyJIlO. 3TO 

03HaqaeT, 'ITO BblnOJIHIDOTCg yCJIOBIDI Lnaqa =0 H 'LnaqaPa;C=O. r):(e na H qa
a a 

nJIOTHOCTL H 3apSl):( a-OB: qaCTHn:bI. CHMBOJI a= e, i, b 0603HaqaeT 3JIeKrpOHbI H 

HOHLI ruIa3MbI, a TaK>Ke 3JIeKTpoHbI rryqKa COOTBeTCTBeHHO. ,l{M BblnOJIHeHIDI 

nOCJIe,D;Hero yCJIOBIDI Heo6xo):(HMO, tIT06bI Bb£llOJIHSlJIOCb yCJIOBHe Vb:: S ne VeT [3], 
nb 

r,n;e VeT - TenJIOBaJI CKOPOCTh 3JIeKTPOHOB IIJIaJMbI, VfJz - npo.n.OJILHWI CKOpOCTb 

3JIeKTPOHOB rryqKa. ,L{.rr.sI paCCMaTPHBaeMLlX HaMH rrapaMeTpOB IIJI33MLI H 

3JIeKTpOHHOrO nyqKa .n.aHHoe yCJIOBHe 3aBe):(OMO BLInOJlIDIeTCJI. 

I1cCJIe.n.OBaHIllO B3aHMO,lJ,eHCTBHSI 3JIeKTpOHHOrO nytIKa C nJIa3MOH nOCBXlI.\eHO 

6om.moe KOJIH'leCTBO pa60T, MbI BOCrrOJIb3yeMCg MeTO,lJ,OM H3JJO>KeffilOM B [2], 
[4].B 061I.\eM cnyqae pa.nH)'C 3JIeKTpOHHoro ~a MO)KeT OTJIHqaTbCg OT pa):(Hyca 

nJIa3MbI, TaK :>Ke KaK H pa,nHyc nJIa3MbI MO:>KeT OTJIH'laTbCSI OT pa.AHyca KaHarra 

.n:peliq.a. ,L{.rr.sI Hac npe.n.CTaBAAeT HHTepec CHTYaD:Hg, Kor,na TIJIa3Ma nOJIHOCTLIO 

3aIIOJIHHeT KaHaJI ):(peH<pa H B ,naHHOH pa60Te MbI HCCJIe.nyeM HMeHHO 3TOT c.rryqaii. 

llPHHHMaJI BO BHRMaHHe, 'ITO nj=nb+ne, pacnpe,neneHHe nOTeHI.l;Hana qJ BHyTpH 

KaHana lij>eHcPa y):(OBJIeTBOpHeT ypaBHeHHlO IIyaccoHa 

t!£rp = LPa / Eo , (1) 
a~'te.)J 

r.n;e 

Pi +Pe +Pb,rSrb 

~Pa= p, +p.,Rb <rSrp , (2)
 
{
 

< r 5;rO,Rp c 

r,ne rb - pa,nHYc 3JIeKTp0HHoro ~Ka, rp - pa):(Hyc IlJI33Mbl, rc - pa):(Hyc 

KaMepbI, Ph - $JIYKryan:IDI llJIOTHOCTH 3apx,na 3J1eKTpOHHOro nyqKa, Pe H Pi 
q..rryKTyaI.{HH llJIOTHOCTH 3apg,na 3JIeKTPOHOB R ROHOB nJIMMbI COOTBeTCTBeHHO. 

.nIDI cnyqaJI rp = rc 

A qJ = L P a / 6 0 , (3) 
a =i,e,b 

6y.n;eM lfCKaTb pellieHHe B BR,ne cPYHKI.l;lfH 

X(r,f/J,z) = X(r)e-I(C+IIJ-U). (4) 
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nHHeapH30BaHHOe ypaBHemt.e B036Y)K.n;emul B KaMepe .n;peH~a npH HH)((eK.U;HH 

3lle~:a;(:-[~: ;;J~;:~Jc~;:ca BB~e 
dt rm C

2 

r,ne E - $JIYKTYa~IDI 3JIeKTpINeCKOrO nOJTS', BL =Be+"8 B - q,JIYKTYaQIDI 

MarHHTHOro nOIDI, Be - BHeWHee MarHHTHOe noJUI B KaMepe ,npeii$a, c - CKOpOCT.b 

CBeTa H .y =.Jv2-1 ~2 

PewWI ypaBHeHHe, nOJIyqaeM Bblpa)KeHHe .n;JUI npo.n;OJlbHOH COCTaBJISlIOll.\eH 

CKOpOCTH, napaJIJIeJIbHOH BHeuIHeMy MarHHTHOMY nomo 

v =_-.!L. E, , (6)

y3m i(kvb+[{f)d-{f))
 

H .n;IDI nepneH,l{HKyJUlpHOH KOMnOHeHTbI 

~ q i(kvb+[{f)d-{f)Ei-[EXQb] 

Vi =-. , (7) 
rm (kv b +/(0d-{f))2-n/ 

r,ne Q e = qBo , i - B .n;aHHOM ypaJ3HeHHH MHHMWI e,nHHH~a, H rod - yrJIOBaSI 
ma 

CKOpOCTh .n;pe:Hq,OBOrO .nBlDKeHIDI, KOTOpajI AJIjI HHTepeCywm;HX napaMeTpOB MO)KHO 

npHHJlTb paBHOH HYJIIO. 

PaCCMOTpHM llJIOTHOCT.b 3JIelITpOHHOrO rryQKa. ):(.rrSI p 3amUneM ypaBHeHHe 

HenpepbIBHOCTH 

Op _ \/p=o , 
ot 

KOTOpOe, HCIIOJIb3YlI (4), npHBe.n;eM K BH.nY 

-imp b = divjb, (8) 
~ -+-+ 

r.n;e jb ~ qnb V+ P/>(Vb+ Vd) H V - epJIyl<TyaU;HSI, vt,-CKOpOCTH 3JIelITp0HHoro 

nyqxa, Vd- CKOpOCTI, ,lJ;peiiq,a. 

TIPHHHMWI BO BHHMaHHe anb=0 H div ~ = .!.(i} vd) = 0, JlerKO HaRmi}z r a() 

(10) 
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,l(mI BTOPOH KOMnOHeHTI.I B qHCJIHTene ypaBHeHBJI (9) nOJIyqaeM 

Of/} Qhltp 
. (levb + IW d - w)- +----

0) -_!!L onh Or r
(-v,v D,,- ~ ., ') (11) 
}'In Or \(kvb +lwd .,-w)- -Oh-

H, CJIe.u.OBaTeJIbHO, 
m2 fJ)2P---.!.=: 1.b ~ tp+ h eqJ

&0 (lev b +lwd _CV)2 -0.; 1. (kv b +lwd _CV)2 

W1hgb Of/) 

pn(levb +lcvd _liJ)2 -on or 
(12) 

qwibltp 

- (kvb + lcv, - cv)(kvb + fOld - CV)2 - n;} 
,[(mI 3JIeKTpoHHoH H HOHHOH KOMfIOHeHT ITJIa3MbI (Pe If PI)' npHHHMaJI BO 

BHHMaHHe Vi = Ve =0, JIerKO nO.rrytIaIOTCSI fIOAo6HbIe ypaBHeHHSI. B pe3Y.TIbTaTe 

HMeeM ypaBHeHMe AIDI tPJIYKTYaQHH nOTeHQHaJIa 

! ~ (D r oqJJ - D ~ m + fF(r) OqJ - Dem =: 0 (13)r or .l Or .l r 2 r Or r' 

r.u.e 
2 

Dl. ==1- L fJ)J.a 2 2 '
 

a (leva + fWda -tV) - 0ba
 

(14) 

r.n;e B CBOIO Oqepe,lJ.b 

2 q2na 2 q2na
 
CV.la == --- ,fJ).la == -3--,
 

rmaCO r maCO 

PacCM01pHM CnytIaH paBHOMepHOrO pacnpe.n;eJIeHlUI nJIOTHOCTH, T.e.: 

nao == const, r ~ fa 
n == {a 0, r > fa 

TIPH 3TOM ga =:-b'(r-rb)MSI Ka)K)lOH THna qaCTHQ HGa =0 Be3.u.e KpOMe rlJ. 

Tor.u.a ypaBHeHHe (13) npHHHMaeT BB.n; 

1 0 OqJ f2 2 
--r----qJ-Z qJ=O, 
r or Or r 2 
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H 

DJ.=l- L ( mia 2 2)'
a=l.e,b (kva + /OJda - W) - na 

D =1- L ( mi." 1) , 
a=i,e,b (kva+/mda-tV) (16) 

DJ.p =1- L ( m~a 2 2 ) , 
a=i,e (leva + /(J)da -tV) - 0a 

D =1- "'(_ wia ) 
p a~e (kv +/tVda _m)2 ' a 

nOTeH:QHaJI HenpepbIBeH Ha pa..o;Hyce rb, HMeeT KOHeqHOe 3HaqeHHe Ha OCII II 

paReH HyJIIO Ha CTeHKaX KaMepbI .npeiiq,a: 

f{J1 ('b) =f{J2(rb),f{J1 (0) < 0,f{J2(rJ =O. (17) 
):(H<p4lepeHQHaJI nOTeHIJ;HaJIa HMeeT CKaqOK Ha rb. YCJIOBIDI .nmr nOTeHUHaJIa B 

::nOH TOqKe MO)l(HO nOJIyqHTb, npOHHTerpHpOBaB (13) no r B03JIe rb, YCTpeMHB M K 

O. nOJIyqHM 

_ D O(jJ2 + D Of{Jl) + /G f{J, =0 . (18)

( lop Or J. Or I), 'b
 
PellIeHHe MO)l(HO 3anHcaTh B BHAe 

(fJ1 =AJ/(xlr),
 

fP2 =BI/(x2,)+CK,(z2')'
 

HCIIOJIh3YH (17), nOJIyqaeM H3 (18) ,l(HCnepCHoHHoe ypaBHeHHe
 

J;CXlrb) K/(X2',,)I,(X2'c)-K/(Z2'JI,(X2'b)DJ.~ . 
J,(x,rb) 1/(X2rJ
 

_ D (K, (X2'JI;(X2 rb) - K;(X2 rb)I,(X2 rJ]

J.p X2 + (19)

I, (X2rc) 

+ IG K/(X2'b)I,(X2'J - K,(X2'JI/(X2'b) _ 0, 

~ ~(X2~) 

rAe D.hDp,iG()npe,ZJ;eJIeHhI B (14) H.(16).
 
I1ccJIe.nyeM aKCHaJIbHO cHMMeTpHl:fHJlO MO.ny (KorAa 1=0)
 

D X J;(Xlrb) -D X (K,(X2 rC>I;(X2'b)-K;(X2rh)I/(X2rc)] =0 (20)
 
~ I J,(X,'b) J.p 2 K t (X2'b)I,(X2'J-K/(X2 r,)I,(X2rb) •
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RCHO, liTO Kor,na Tb = Tpl = rc , (20) MO)KeT BblnomUlTbC5I TOJIbKO eerro 

J1(Xlrb)=0 , (21) 
r~e Xl B3no H3 (15). 
fipH rb < rpl == rc , rrpHHHMaJI. BO BHHMaHHe XITb, X2rb, X2rc «1 rroJIYllaeM 

cJIe.nyIO~eeypaBHeHHe: 

2D
 
D+ 2 , l.

p =0 . (22)

k: rb- In(r / rh )c 

B 06naCTH HHTepecyro~HX Hac rrapaMerpOB BbIIIOJIWlIOTCSI cne.nyro~He 

COOTHomemlH: .oj <kzv b <.ob zO. ; mj <mb<me; mb <Ob; ()), <ktvb >::0). llPHHHMaJI 

BO BHHMaHHe ,n;aHHhle COOTHOllieHIDI H HCrrOJIb3Y}! BhlpWKeHIDI ,AJI}! D H D-Lp H3 (16), 
(22) MO)KeT 6IdTb 3amrcaHO eJIe,n;YJO~06pa30M: 

l=k~( ()); +m;J_k~(O);J=F(m) 
kl (k:vb _m)2 m2 e Q~
 

IUlH (23)

ki(m;J_k;( m; ());J-F.()1+- - -- +-.~ - (J) 

k 2 k 2 2Q~ (k -m)2 m ' zv b
 

r,I{e
 

ki = 2/rb
21n(r,. / rb ) (24) 

k2=k~+k;. 

YpaBHeHHe (21) upH Tex >ICe yCJIOBIDIX MOJKeT 6b1Th 3arrHCaHO TOllHO B TaKOH 

)Ke $opMe, HO rrpn 3TOM 

k~ = PI~ I r/ , (25) 
r,n;e Pl - rn-H KopeHb $yHKLJ:HH liecceJISI It.m 

YpaBHeH:He (23) C k1 onpe.n.eJIeHHbIM BblpIDKeHHHMH (24) 11 (25) H eCTb 

,I{HCnepCHOHHoe ypaBHelme, KOTopoe MhI npOaHaJIH3HpyeM HH)I(e Ha npe,D;MeT 

orrpe,I{eJIeHIDI yCJIOBHH B03HHKHoneHHH HeCTa6HllitHOCTH, a TaK JKe orrpe~eJIeHIDI 

BeJ1WUiH.L1 HHKpeMeHTa HapaCTaHWI ~aHHOH HeCTa6HJIbHOcTH. 

YCJlOSUB B03HHKHOBeHHB HeCTa6HJJLHOCTH 

~ aH8J1H3a ,nHcnepcH,oHHoro ypaBHeHIDl MbI npHMeHHM XOpOIlIO. H3BeCTHblH 

rpa$o-aHaJIHTlflIeCKHH MeTO,n [ 2], [4]. Heo6xo,lJ.HMO HaHm yenORH}}, npfl KOTOPbIX 

MHHHM}'M $YHKI.J;HH F* , CTOHmeii crrpaBa B ypaBHeHHH (23), npeBOeXO,lJ.HT JIeB)'lO 

'{aCTh ,naHHoro ypaBHeHIDl. 3TO 6y.u.eT 03HallaTh, liTO ypaBHeHHe HMeeT 

KOMnJIeKCHOe pemeHHe. MHHIIM}'M ,l(aHHOH cPYHKI.J;HH ,I{OCTlIraeTCJI, Kor.na 

.J =K, V. ( 1+ ( ::rr (26) 

HpaDeH 

2{ ( )1/3}3F·(m·)= ~P" 2 1+ !!!'- ,(27) 
K Vb n. 
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OTK)'Aa KpHTepHH HeCTa6HJILHOCTH MO>KeT 6bITb 3aIlHCan CJI~AYJOIl\HM 

06paJOM: 

1+ K'~ w:.e < {t + (~JI!3}3 .(28)f.t) pe 2
 

/(2 1(2 2 n
Q; 
Vb t 

1(~ ru;
npH paCCMaTpHBaeMbIX yCJIOBIDIX	 2-2 »1, oTKY~a WUI cnyqaJI, KorAa 

1( n. 
nyqoK 3anOJIIDIeT BCIO KaMepy ,rq>eHcPa, YCJIOBHe B03HHKHOBeHIDI HeCTa6HJIbHOCTH 

npHHHMaeT CJIe.nyro~IDl:BH,a: 

(2,:m. rR:::; ++(::rr (29)	 '. 
)lIDr CJIYlI8JI, Kor.n;a Pa,z:(HYC ~Ka MeHbllie pa,z:(Hyca KaMepbl .n.peHcPa, yCJIOBHe 

B03HHKHOBeHIDI HeCTa6HJlLHOCTH HMeeT BHA 

(2.:m. )' R; In(R~;1 R.lB; «1+(::rr· (30) 

<I>)'IIKIlIDI F JVUI cnyqWl 3JIeKTp0HHoro IIy"lKa, 3aIIOJIH,SIIom.ero KaMepy .n:peiicPa 

H HMelOm;ero llJIOTHOCTb jb=lO Alcm2 
, yCKopeHHoro Hanp.sDKeHHeM 3.5 kV H 

3
nJIa3MbI C nJIOTHOCTLIO ne=nr=1018 M- nOK3.3aHa Ha PHc.2. 

,UmI Y3Koro IIy'iKa C .n;HaMe1p0M db<de HecTIl6HJlbHOCTb npOHBIDIeTCJI, Kor.n;a 

yCKopJllOI.U;ee Hanp.sr)f(:eHHe MeHLme HeKOToporo KpHTH'IeCKOrO 3HaQeHHH, 

3aBHCjIm:ero OT pa,l(.uyca IIy'iKa. 

HanpHMep, 4>yH~IDI F JVUI 3JIeKTPoHHoro II}"iKa pa,l:UlyCOM 1 CM C 

IIJIOTHOCTLIO jb=10 Alcm2 
H YCKopeHHoro 1.2 kB, H TIJIa3M'bI C nJIOTHOCTLIO 

3Ile=nt:;;1018 
M- IIOKa3aHa Ha Pac.3 • 

.0 r-.,..,.....V.,..,I.....-~..,I--..,
40 

30 V 
• Ij• 20 

F(llIl ) 

-1.5 

-.0 -40 '--_.I-"~_-,I__-, -HOI -30 "---.........-----'
 
8 8 8 l.uP
1"10 4-10 "10 1-10:11 .. 8
 

108 m 10" 1'10


PHc.2 3neKTpOHHbIH nyqoK 3aIIOnHJUOlIlHH Pac.3 3JleKTpOHm.m rryqOK C pa.n.HYCOM 

KllMepy .llpeH<pa jb=10 A/cm2 Ua=3.5 kY, db=l em, h=lO A/cm2 Ua=1.2 kY, 
JIlc=nl=1018 m-	 l1e=-'1l1=1O'8 m-3 
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v 
npH pa,nHYce 2 CM II yCKopmoIlJ,eM 

HanpsDKeHHH 2 KB ,lJ,aHHaSi cPYHKIJ:IDI 

nOK33aHa Ha PlIcA. 
. HO -40 '------'-------'
 

8
1"10Ho8 Q 
HHKpeMeHT HCCTaOHJlbHOCTH 

PHcA 3rreKTpOHHhIH rryqOK C pazuIYCOM 
,[(IDl onpe.[(eneHIDI HHKPeMeHTa 

db==2t:m, ib=lO A/crn?, Va=:2 kV, HeCTa6HJlbHOCTH, HaH.[(eM pemeHHe 

3 ypaBHeHlUI (23) rrpH HallaJIeIlc=nFI018 m
HeCTa6HJIbHOCTH II npe.[(ilOJlO)f(HM, tITO 

m=co++ 'OJ, r,lJ,e 0)+ B3S1TO 83 (26) H m«~+. 

I1cIIOJIb3yeM OIDITb TOT <paKT, tITO npH XapaKTepHbIX napaMeTpax HCTOtIHHKa, 
1(2 (jJ2

-+-1» 1. Tor,n:a (23) 3anHIIIeTCJI CJIe.[(yroru.HM 06pa30M: 
K Q. 

. (31) 

==! n In. + 1 )3
 
( 

h 

(1 W )2
" (nb InJ/3 til)2
 
1+·(~b I nJ/3 + k, V b ~(nb I n.)l/3 - k z V h
 

fIepemuneM ero B BH,ll.e 

b3 

a 

2 

= ( b_ +a)2 + (_1
1 

_a)2 (32)
 

l+b l+b
 

r.[(e 
2 2 

a2 =K.lVb b =(n In yl3 and a ==~« 1. (33)

Q~' h." " k vh
 

z 

I1cnOJlb3yJI nOCJIe,nHee COOTHomeHHe H3 (33), pa3JIO)l(ltM (32) no CTeneIDIM a. 
llOJIY1IHM 

a 2 =b(l+b)2 -2(1+b)3 a +i(1+b)4 a 2 +
 
b
 

+ (l + b) 2 + 2(1 +b) 3 a + 3(1 +b) 4 a 2 

HJIH 

a 2 _(1+b)3 =~(1+b)5a2. (34)

b
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2YqHThIBWI a < (I +b) (tITO 3KBHBaneHTHO (28) IDlH (29)), IIonyqaeM 

BbIpCDKeHl-le .n;JISI HHKpeMeHTa HecTa6HJIbHOCTH 

1 (( ( )I/J\l K~V/J (nb/n.)'/6
17=+Imtu:: r;;kzvb 1+ n,,/n. J --2 ( Y'" 

..,,3 at t + {nil /n.)113 

r.n;e ,llJUI Y3Koro rryqKa k16epeTcJI (25), a AlliI nytIKa, nOJIHOCThFO 

3anOJIlOOOlI(erO KaHan: .n;peiiepa, k~ 6epeTcJI H3 (26). 

).:(mI paccMOTpeHHhIX BhIllle nap!iMelp0B nOJIyqaeM: eCJIH 1le=nr=10
18 

M-
3 

Ii 

I1b=10l6 M' ,.n;ml Y3Koro JIYliKa C PMHYCOM 2CM, YCKopeHHbIM HanpsDKeHHeM 2.3 kB, 
HHKpeMeHT paBeH 7.5*107 

C-I; .n;IDI paAHyca 1CM H yCKopaFOlI(erO HanpSl:>KeHIDI 1.2 

kB - 5.4*10
7 

c·
l 
• ):.(mI :meKlp0HHoro nyqKa, 3anomunorn;ero BeIO KaMepy .npeHcPa, 

3 3
rrpH n e=nr=1018 M- H nb=10 16 

M· UpH YCKOpHIOII:\eM eJIeKlpoHhIH nyqoK 
7 1

Hanpa>KeHHH 3.5 kV, HHKpeMeHT paBeH 3.4*10 c- . Cne,I:\OBaTeJIbHO 

HeCTa6HJlbHOCTb CTaHOBHTbCH 3aMeTHbIM 3epq.eKToM npH BpeMeHax. rrOpJl,ZlKa O,ZlHOH 

MHKpoceK)'H.n;bI. 

BLIBO,nLI 

Ha OCHOBaHHH npOBe,I:\eHHoro aHaJIH3a yCJIOBHH B03HHKHOBeHHR 

3JIeKTpocTaTWIecKHX KOJIe6aHHH npH HH:>KeKU;HH rry'lKa 3JIeKTpoHoB B KaHaJI 

,npeii4>a ITJIa3MbI BaK)'YMHO-AYfOBoro paJpHAa MO:>KHO C;:J;eJIaTb BblBOJl, qrO 

cymecTByeT o6JIacTh rrapaMeTPoB HCTOl:lHHKa, npH KOTOpLIX ,lJ;aHHlde KOJIe6aHM 

JIaBHHHO HapacTaIOT. B CHny oco6eHHocTeH HCrrOJIb3yeMoH cxeMbI IIHTaHIDI 

HCTOqHHKa MO)KHO yrBepJK.naTb, qTO AaHHblH. Ha60p napaMeTpoB peanH3yeTCR npH 

Ka>KAOM cpa6aTLIBaHHH HCTOtIHHKa. I1HKpeMeHT HapacTaHlul HeCTa6HJIbHOCTH 
7

HMeeT BeJIHqHHY nOpJl)J;Ka e,lJ,HHHll Ha 10. c·\ T.e. 3a BpeMeHa MeHee MHKpOceKyH).l;bI 

.naHHble KOJIe68HIfjI .n;OJI>I<HbI IlpHBO.n;HTb K p83BaJIY IIJIa3MbI B KaHane ):(pei1:4>a H, KaK 

CJIe.n;CTBHe, K HCtIe3HOBeHHlO HOHHoro TOKa Ha BbIXOAe HCTOqHHKa. npH nOM He 

npOHCXO):(HT cphIBa BaKY)'MHo-,nyrOBoro paJpJl.n;a, 'lTO 6blJIO 3KcnepHMeHTaJIbHO 

IIO,IUBep>K.n;eHO H3MepeHHeM TOKa B aHo.n;HoH H KaTO,nHoii lleIDIX paJpH.lla H na,neHIDI 

HanpIDKeHIDl Ha pa3pJl,ll;e. ITpoBe.n;eHHhIH aHaJ1H3 II03BOIDIeT npe):(IIOJIO:>KHTb, "liTO npH 

ycnoBHH cTa6HJILHOCm 3HeprHH 3JIeKTpOHHoro nyrIKa, HIDKeKUlpOBaHHOrO B KaHaJI 

.zweH<pa nJIa3Ml>I B~, ):{aHlu.m 3q.epeKT ):{OJI:>KeH HMeTb nOJIOCOBOH xapaKTep 

HeCTa6HJILHOCTb 6y,n.eT B03HHKaTb npH 3Hepnm 3JIeKlpoHHoro nyqKa, JIe:>Ka~eH B 

HeKOTopOM ,ZUiaIIaJOHe 3HalleHHH. EcnH 3HeprHSI 3JIeKTpOHHoro nyqKa Bblwe HJIH 

HIDKe 3Toro .n;HanaJOHa, TO HeCTa6HJlLHOCTb He B03HHKaeT. 
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