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BBEAEHHE 

Pa38HTHe ycKopHTenbHoA TeXHHKH, 8 4acTHOCTH, cHnbHOT04H~x 
npOTOHH~X yCKOpHTeneA, nporpecc 8 o6naCTH TepMORAepH~X HCCfleA0-

8aHHA, PRA 80npoco8 npHKnaAHOro xapaKTepa - cTaBRT 3aAa4y nony-
4CHHR H $OpMHp08aHHR MO~H~X, HHTeHCM8H~X ny4K08 HOH08. }:\nR npH

Mepa npM8eAeM Tpe6o8aHMR K HHmeKTOpaM 6~CTp~X aTOM08 80AOPOAa 

8 TepMORAepH~X ycTaH08Kax: TOK ny4Ka Ha 8~XOAe H3 HCT04HHKa 

18 npoTOHHOM 3K8M8aneHTel AOnmeH 6~Tb oT 30 AO 70 A npH 3HeprHH 

4aCTM~ OT 40 AO 120 K38, nnOTHOCTb TOKa - AO 0,3 AlcM 2, yrno8aR 
paCXOAMMOCT b - MeHee 1 ° /l /, 

noHRTHe MHTeHCM8H~A ny40K 8 KaKoA-To Mepe ycno8HO. AnR onpe

AeneHHR rpaHM4HOrO 3Ha4eHMR, C KOTOpOrO MOmHO C4HTaTb ny40K HH

TeHCH8H~M, 80cnonb3yeMCR ypa8HeHHeM Kan4HHCKoro-BnaAHMHpcKoro 
AflR orH6aiO~eA ny4Ka ' 21: 
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rAe r - paAMYC ny4Ka B CM., A- MaCC080e 4HCJ10 4aCTH~bl, Z- Kpay

HOCTb 3apRAa, C- 4HCJleHHaR KOHCTaHTa, pasHaR 6, 5x 1 Q; , ! - TOK 

ny4Ka B aMnepax, V - YCKOpRIO~ee HanpRmeHHe B BOJlbTaX, r - 3MHT

TaHC ny4Ka lcM·PaAI, k- nOCTORHHaR, xapaKTepH3YIO~aR $OKyCHpy10-

~HC C80ACT8a HOHOOnTH4eCKOA CHCTCM~, Z - npOAOflbHaR KOOPAMHaTa. 

B 3TOM ypa8HeHHH TpeTHA 4neH onHC~8aeT KynoHOBCKoe pacTanKH

saHHe 4aCTM4 ny4Ka, a 4CTBepT~A CBR3aH C nonepe4H~MH CKOpOCTRMM 

4aCTH4. YcnOBMMCR C4HTaTb ny40K HHTeHCH8H~M, C Cy~eCT8eHH~M 

npOCTpaHCT8eHH~M 3apRAOM, KOrAa 8 ypa8HCHMH 11.11 OTHOWeHMe 

TpeTbero 4JleHa K 4eT8epTOMy 60JlbWe MflH pa8HO CAHHH~e. 

Bo3MomHOCTb Hcnonb308aHHR KnaccM4eCKMX pe3ynbTaTo8 3neKTpoH
HOA OnTHKH, nony4eHH~X 8 C80e 8peMR npH pa3pa60TKe MO~HhlX 3JleKT

pOHH~X CB4 npH6opo8, 8 HOHH~x HCT04HHKax orpaHH4eHa AflR y3Koro 

Kpyra 3aga4, C8R3aHHhlX C HOHaMM, 3$$CKTH8HO nony4aCMhlMM MeTOAOM 

no8epXHOCTHOA HOHM3a~HH, rAe 3MHTTHpyiO~eA nosepXHOCTH MOmHO Me
XaHM4eCKH npHAaTb HymHyiO $OpMy. 

B noga8JlRIO~CM 60JlbWHHCTBe Cfly4ae8 8 Ka4eCTBe 3MMTTepa HOH08 

HCnonb3yeTcR rpaHH~a nna3Mbl. nonomeHMe M ¢opMa 3MHTTMpyiO~eA no-

8epxHOCTH R8flRIOTCR ¢YHK~HeA napaMeTp08 nna3Mhl M npMMeHReMOA KOH

$Mrypa~HH noneA. CpegM MHOrHX MeTOA08 o6pa308aHHR nna3MeHH~X 

3MMTTep08 AflR nony4eHHR MHTeHCM8H~X HOHH~X ny4K08 CaMOe WHpOKOe 

npHMCHCHHe Hawen MeTOA ra3080rO pa3pRAa 6e3 8HeWHero HJlM 8 npH

CyTCT8HH BHeWHero MarHMT,HOI'C'FYi"e5'J'l1f:"'''11J'i-:33'Mef"ai{(:jf!"o'~pa3pRAa, oco6eH-
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HO B cny4ae 60nbWHX pa3MepOB 3MHT\epa, npHCy~a npOCTpaHCTBeHHaH 
HeOAHOPOAHOCTb, a B cny4ae npHMeHeHHR MarHHTHOro nonH - TaKme 
H BpeMeHHble $niOKTya'-IHH BenH4HHbl paapHAHOro TOKa. 04eHb 6onbWO~ 
BenH4HH~ 3TH HeOAHOPOAHOCTH AOCTHraiOT B APYrO~ ~epcneKTHBHO~ 
pa3HOBHAHOCTH HOHH~X HCT04HHKOB, rAe nnaaMa C03AaeTCH MO~H~M 
HMnynbCOM naaepHoro Hany4eHHH. 

8 CBH3H c· 3THM HOHOOnTH4eCKaH CHCTeMa /~OC/ AOnmHa o6ecne4HTb 
nony4eHHe ny4Ka c aaAaHHO~ 3HeprHe~ EN, eenH4HHO~ ToKa I /eo 
MHOrHx npHMeHeHHHX aaAaeTcH TaKme nnoTHOCTb TOKa j ·I H yrrloM 
paCXOAHMOCTH 9. npH 3TOM Tpe6yeTCH, 4T06~ ~OC 6~na He4yBCTBH
TeJlbHO~ K BpeMeHHbiM H npOCTpaHCTBeHHbiM $niOKTya'-IHHM nnOTf;IOCTH TO
Ka 3MHCCHH, a TaKme Morna nerKo nepecTpaHBaTbCH Ha APYrHe aHa-
4eHHH napaMeTpos (EN, I,j ,e) nyTeM H3MeHeHHH 3neKTPH4eCKHX HnH 
reoMeTpH4eCKHX xapaKTepHCTHK. HHa4e roeopH, HOC AOnmHa o6naAaTb 
AOCTaT04H~M Ha6opOM CB060AH~X, B3aHMHO HeCBH3aHH~X napaMeTpOB, 
n03BOnHIO~HX npOH3BOAHTb perynHpOBKY H noA60p OnTHManbHbiX ycno
BH~ pa60Tbl. 

Uenbro HacToH~e~ pa6oT~ HBnReTCH cpasHeHHe xapaKTepHCTHK paa
JlH4HbiX HOC AnH BbiHBneHHH "onTHManbHOro" eapHaHTa, o6ecne4HBaro
~ero B~nonHeHHe yKaaaHH~x e~we Tpe6oeaHH~. 

CpaBHeHHe 6yAeT npoBeAeHo pac4eTH~M nyTeM c HcnonbaoeaHHeM 
JlHHe~HO~ Ol1TH4eCKO~ MOAenH / 3/. 

2. CHCTEMbl H3BJlEYEHHfl nY4KA H3 n11A3Mbl 

I 
PaccMoTpHM MeTOAbl nony4eHHH '-IHJlHHAPH4eCKHX ny4KOB. CaMbiM 

npOCTbiM HBnHeTCH CHCTeMa, BKnl04aiO~aH B ce6H nnaaMeHHbl~ H BbiTRrH
BaiO~H~ 3neKTPOAbl /pHC. ]a/. 8 CBR3H C TeM, 4TO BbiTHrHBaHHe H yc
KOpeHHe ny4Ka npOHCXOAHT B OAHOM npoMemyTKe, TaKyiO CHCTeMy Haa~
BaiOT OAHOKacKaAHO~. nponeTHOe OTBepCTHe B B~THrHBaiO~eM 3JleKTpOAe 
ecerAa o6paayeT pacceHearo~yro nHHay. nony4eHHe CXOAH~erocR HnH 
napannenbHOro ny4Ka B03MOmHO TOnbKO npH nepBOHa4anbHO CXOAR~eM
CR ny4Ke. 

06~4HO 3TY CHCTeMy AOrrOnHHIOT TpeTbHM 3neKTPOAOM /pHC.16/, 
coaAaiO~HM npH noMo~H He6onbworo TOPM03R~ero noTeH'-IHana 6apbep, 
npenHTCTBYIO~H~ npOHHKHOBeHHIO B o6naCTb B~TRrHBaHHH, 4aCTH'-I, He~T

ppnH3YIO~HX npoCTpaHCTBeHH~~ aapHA ny4Ka. nocKOnbKY KOHe4HaR 3Hep
rHH B OCHOBHOM onpeAeneHa B~TRrHBaiO~e~ pa3HOCTbiO rrOTeH'-IHanoB, 
CHCTeMy C4HTaiOT TaKme OAHOKaCKaAHO~. 

KOrAa HanpHmeHHe nonH BO BTOpOM npoMemyTKe (Ez) COH3MepHMO 
C HanpRmeHHeM B nepBOM npoMemyTKe, nony4aeM BTOpyro pa3HOBHAHOCTb -
ABYXKacKaAHYIO HOC /ycKopeHHe- ycKopeHHe/, rAe npocTpaHCTBeHHO 
paaAen~H~ o6nacTH B~THrHBaHHH H ycKopeHHR ny4Ka. B aaBHCHMOCTH 
oT cooTHoweHHR HanpRmeHHOCTe~ none~ fE"' E2 IE 1 , nHHaa, o6paaoBaH
HaH BbiTHrHBaiO~HM 3neKTpOAOM, MOmeT 6b1Tb HnH pacceHBaiO~e~ (f E.< 1), 
HnH co6Hparo~e~ (f E > 1). BbiXOAHaR nHHaa CHCTeMbl - pacceHearo~aR. 

TaKHM o6paaoM, Tpe6oeaHHe nepBoHa4anbHO CXOAH~erocR ny4Ka A11H 
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PHc.l. CxeMa HOC H HnnmcTpa~HR 

pa3nHqHoro AeAcTBHR nHH3 B ~aBH

CHMOCTH OT f f:• cp j - llOTeH~Hanbi Ha 

3neKTPOAaX, E 1, 2 - HarrpR)!(eHHOCTH 

3neKTpHqecKoro rronR, P - AnHHa 

APeii¢osoro yqacTKa, r i - paAHYChi 

3neKTPOAOB, a i - paAHYChl rryqKa, 

t i - TOniii,HHbl 3neKTPOAOB, Zj - pac

CTORHHR Me)!(AY HHMH, l - TOK rryqKa. 

a - ABYX3neKTPOAHaR HOC, 6 - Tpex-

3neKTPOAHaR HOC, B - qeTbipex-

3neKTpOAHaR HOC. 

nony4eHHH Ha B~XOAe HOC napannenbHoro HnH CXOAR~erocH ny4Ka, 
B cny4ae fF:> 1 3AeCb CHRTO. 

KaK H B OAHOKaCKaAHO~ CHCTeMe, AOrrOnHeHHe Ol1HCaHHOrO Ha6opa 
Tpex 3JleKTPOAOB 4eTBepT~M, K KOTOpOMY npHKJlaA~BaiOT He6onbWO~ 
TOpM03H~H~ noTeH'-IHan, He MeHReT CY~HOCTH CHCTeMbl, l103TOMy OHa 
TaKme C4HTaeTCR ABYXKacKaAHO~. Ao6aeneHHe 4eTBepToro 3neKTPOAa 
npHBOAHT K yny4WeHHIO yCJlOBH~ COXpaHeHHR B ny4Ke aneKTpOHOB, 
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Hei1TpanM3Y~~Mx npoeTpaHeTBeHH~A aapHA MOHOB. AeAeTBMe nHH3 
B CHCTeMe npegcTaaneHO Ha PMC. 1a. 

Bo acex nepeYMeneHH~X aapMaHTax HOC KpHBM3Ha noaepxHOCTM 
3MMTTepa onpegeneHa nepaeaHcoM P a~THrMaaeMoro nyYKa 11 acne~T
HbiM COOTHOWeH!-leM S, T. e. napaMeTpaMH nyYKa B nepBOM Me)I{3JlEl't<T
pOAHOM npoMemyTKe H ero reoMeTpMeA. B aaaMeMMOCTH oT aHaYeHHR 
3TH X aenHYHH, nyYOK MO)I<eT 6biT b BHaYane CXOAH~HMC.R, nap,annenb
HbiM MJlH paeXOAR~MMCR. 0603HaYa.R HaYaJlbHbiA yron Ail.R l..lHJlMHAPHYe
CKOro nyYKa KaK eo, MO)I{HO noKaaan/ 4/, LITO AilR YaCTHI..lbl, CTapTy~
~eA 113 Kpai1Hei1 T04KH 3MHTTepa, HMeeM: 

e0 "'o,625s(L -- 1) [ 1-0,195(L- 1)1, 
Po Po 

/2.1/ 

rge P0 - nepaeaHc 4ai1nbga-neHrM~pa, 

P "'.!.rTf (~) Ihs 2 
0 

9 ° AM 
/2.2/ 

/OTPMI..laTeJlbH~e 3HaYeHHR eo COOTBeTeTBy~T CXOAR~eMyC.R nyYKy, AJ1R 
(P/fb)'"' 1, 3MHTTep RBJ1ReTCR nnOeiCHM/. 

B ¢opMyne /2.2/ fo - fiH.3JleKTPMYecKa.R nocTO.RHHaR aaKyyMa, e -
aapRg npoToHa, M - ero Macca, S - "aeneKTHoe cooTHoweHMe", 
T. e. OTHOWeHJ.-1e HaLiaJlbHOrO paAHYCa nyYKa K A11HHe npoMemyTKa Bbi
T.RrHBaHH.R. 

B pacyefax sa ocHOBH~e napaMeTp~, xapaKTepH3Y~~Me nyYOK 
11 HOC, Mbl npMHHManH OTHOCHTenbHbiA nepaeaHc npoMemyTKa BbiTRrHsa
HHR P/Po , OTHOWeHHe YCKOpR~~eA 1-1JlH 3aMeAJ1H~~ei1 pa3HOCTH noTeH
I..lHaJlOB K B~TRrHBa~~eA pa3HOCTH noTeHI..ll-1aJlOB 

r "" v dec 
dec --- < 0 

v,.~>O; ,. --
v ext 

r ace 
V ext 

aeneKTHOe COOTHOWeHHe 8, COOTHOWeHHe AJlHH npoMe)l{yTKOB YCKOpeHHR 
H BbiTRrHaaHM.R F ... z 2/ z 1 H KOHeYHY~ 3HeprH~ EN= Z e U EN • 

KoHKpeTH~e pacYeT~ npoBOAHJlHCb c npHMeHeHHeM eneAY~~HX aHa
YeHHA aenHYHH /eM. p1-1c.l/: t 1 = t 2,. t 3 .. t 4 .. 0,34, rl"' r2 .. r 3 .. r4"' al , 
F = 1 ,92, z3 .. o ,43 z1 , Ti = 2 38. B pemMMe KOMneHeallHH npocTpaH

cTBeHHoro aapRAa nyLIKa A11.R YeTb!peX3JleKTPOAHOi1 CHCTeMbl V dec =-5 KB. 
B Tpex3neKTpogHoA gayxKacKagHoA CHCTeMe Idee HBn.ReTCR napaMeTpOM. 
AnR AByx-, Tpex- H YeT~peX3JleKTPOAH~X HOC aenHYHHa e paBH.Rnacb 
2, 86 ZI , 0,6 Z l H 0 COOTBeTCTBeHHO. Pa3IlHLIHe B 3HaYeHH.HX e CBH
aaHO C TeM, 4TO paeYeT napaMeTpOB nyYKa npOBOAHilCR AO TOYKH, Ha
XOA.H~ei1CH Ha OAI-1HaKoaot-l yganeHHH oT 3MHTTepa. B cnyYae EN .. const, 
B ABYXKacKagHOA CHCTeMe, H3MeHeHMe napaMeTpa ·race npMBOAHT K H3-
MeHeHH~ v nt • B 3THX pacYeTax npHHHManoeb UEN = 60 KB. npqBeAeHbl 
TaKme paeYeTbl C <!JHKeHpoaaHHbiM Hanp.HmeHHeM BbiT.HrHBaHHR Vext == 

10 KB. 

4 

(\ 

~ 

1 

I 
' 

~ ,, 

3. CBO~C1BA OAHOKACKAAHWX CMCTEM 

XapaKTepHoA YepTOA ,aeex THnoa MOC c nnaaMeHH~M 3MMTTepoM RB
IlReTC.H V-o6paaHaR aaaHCMMOeTb yrna pacxogHMOCTH nyYKa oT npM
aeAeHHoro nepaeaHca P/P0 /eM. pMc.2 11 5/. MHHHMaJlbHaR aenHYMHa 
yrna paCXOAHMOCTM eMIN /COOTBeTCTBY~~MA ei1 OTHOCMTeJlbH~i1 nep
aeaHe 6ygeM Ha3b!BaTb onTHMaJlbHbiM - (P/P0 )OPT RBJlHeTC.H <!JYHK4Hei1 
"nonepeYHoR TeMnepaTypbl11 nyYKa Ti 11 ycKOpR~~ero HanpRmeHMR. AnR 
n~6oA OAHOKaCKagHoR MOC ey~ecTayeT acerga TOJlbKO OAMH Ha6op na
paMeTpoa, AJJH KOToporo cyMMa 3$¢eKTOB KynoHoacKoro pacTaJJKHaa
HMR M <!JOKYCMPOBKM JlHH3aMM B AaHHOA TOLIKe pasHa HYJl~. BcneACTBMe 
MHaapHaHTHOeTM 3MHTTaHea B 3Toi1 TOYKe e MIN - (T i !EN) y2 

. 

' nocKOJlbKY B OAHOKaCKagH~X MOC B~TRri1Ba~~Mi1 3JleKTPOA o6paayeT 
acerga pacceMaa~~Y~ Jl11H3Y, nnaaMeHH~R 3MMTTep gonmeH o6eeneLI11Tb 
Ha4aJlbHY~ CXOAMMOCTb nyYKa eO , KOMneHCI1py~~y~ gei1CTBI1e 3TOi1 Jli1H-
3~ 11 pacnn~aa1-111e nyYKa acnegcTBI1e BJ111RHI1R npocTpaHCTBeHHoro 3a
pRga. B nepaoM npH6Jll1meHMM yron .j;, CBR3aHHbli1 c geljloKyc11py~~11M 
gei1eTBI1eM OTBepCTI1R B B~TRrMBa~~eM 3JleKTpoge, MO)I{eM C411TaTb paa
HbiM 1/1'" a2/3 Z j , npM 3TOM 3aKOH pacnpegeneH11R nOJlR B BbiTRri1Ba~l!1eM 
npoMe>t<yTKe npi1HI1ManeR ¢- z 4/·1 /eM. pMc. 1 a/. Yron pacxog11MoeT11 
0 1 -~ + .j; Ha B~XOge 113 B~THrMBa~lJ1ero 3JleKTpoga /c yYeTOM TOJlbKO 
OnTMYeCKOrO gei1CTBM.H Jli1H3/ CBR3aH e OTHOCMTeJlbH~M nepseaHCOM 
P/P0 npocToR 3aB11CI1MOCTb~ 

- s (~ ~- 1), 0
1 M 2 3 Po /3. 1/ 

T.e. 

p ) ~ 0,6. ( -p OPT 
0 

/3.2/ 

KaK cnegyeT 113 peaynbTaToa pacYeTa /eM. p11c.21, onTI1ManbH~i1 
nepaeaHC cna6o 3aB11CI1T OT KOHe4HOi1 3HeprMI1 11 paaeH AJlH np11HRTbiX 
3Ha4eH11i1 napaMeTpoa - 0,25. Pa3HI11..la s 3HaLieHMRX /0,6 11 0,25/ 
06yCJlOBJleHa TeM, YTO 11CnOJlb3yeMaR HaMM MOgeJlb 1

3! ~411T~BaeT TaK
>t<e 3$QJeKT~ npocTpaHCTBeHHoro 3apRga 11 nonepeYH~x cKopocTeA. 

np11 pOCTe KOHe4HOi1 3HeprHH /B~TRri1Ba~lJ1ero HanpR>t<eH11R/ nep-
-3'2 aeaHc nyYKa a MOC yMeHbwaeTCR nponopl..li10HanbHO (EN) ' • An.R co-

xpaHeH11H yCJlOBI1i1 nonyYeHMR e~IN /ypaBHeHMe /3.2// M~ B~HymgeH~ 
11!111 yBeJlMYMBaTb TOK nyYKa MI111, eCJ111 3TO HeB03MO>t<HO /Hanpi1Mep, 
acnegeTBI1e orpaHI1YeHMR no ToKy 8 nna3MeHHOM paap.Rge, coaga~lJ1eM 

3MMTTep/, yMeHbWMTb ~ nyTeM M3MeHeHI1H acneKTHOro COOTHOWeHHR & 
K 3TOMY Hago go6aBI1Tb, LITO yMeHbWeHI1e S npMBOAI1T K He60JlbWOMY 
yMeHbweHI1~ eMIN , YTO oco6eHHO 3aMeTHO np11 He6onbWHX EN /eM. 
pl1c.3/. 

TaK11M o6paaoM, gnR o6ecneYeHMR onTI1MI13al..li1M 8 ogHoKacKaAHOR 
CI1CTeMe He06XOA11Ma B03MO)I{HOCTb peryJll1p08K11 Me)I{3JleKTPOAHOrO pac-
CTORH11R. 
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Prrc.2. 3aBHCHMOCTb yrna pacxo.o;rr
MOCTH rryqKa 8 OT IIpHBe,o;eHHOrO 
rrepseaHCa BbiTHrHBaHHH p /P0 B ,o;Byx
:3JleKTpO):IHOH J1QC, 

~NrpaA 

zot ~••B 

1,0 t 
------=3okB 
=-----60K9 

Prrc.J. 3aBHCHMOCTb MHHHMaJibHOrO ~ 

yrna paCXO):\HMOCTH rryqKa 8MIN r 
oT "aspect ratio" S B ,o;Byx
::JneKTpo.o;Hoil J10C. 

0 0,5 1,0 s 

t.P/f6Pr 

1,5 

1,0 

0,5 

Yect=::}KB 
10 ~ 

o:-+1-----+0:5----+1.'-o -s 

6 

Prrc. t,. 0THOCHTeJibHbie nsMeHeHHH 
rrepBeaHca ~P/P0 p T ,o6ecrreqrma10rn;rre 
rryqoK yrJIOBOH paCXO):\HMOCTbiO 8.<w = 

= 0,05 pa.o; B <lJyHKI.J;HH "aspect ra
tio" S B ABYX::JJieKTpo.o;uoil l10C. 

• 

06fl3aTeflbHWM YCflOBHeM CTa6HnbHOCTH ¢0pMW nna3MeHHOro 3MHT

Tepa flBnHeTCH paBeHCTBO nnOTHOCTH TOKa ny4Ka j, IIflOTHOCTH TOKa 

HOHOB H3 nna3MW Ha ee rpAHH~e jnn. 3TO ycnOBHe MO)f{HO 3anHCaTb 
B BHAe 

j nn. = j - P 

H 

j nn.- 0,4 en. ( 2Te Y2 
l ""M':\) - llj, 

rAe ni - nnOTHOCTb HOHOB, Tc- TeMnepaTypa 3fleKTpOHO~ nna3MW, 
T.e. 

~p ~ni ---. /3.3/ 
POPT ni 

H3 IIpHBeAeHHWX BwpameHHR /3.2/ H /3.3/ BMAHO, 4TO n~6we M3-

MeHeHHR IIflOTHOCTH MOHOB nna3Mbl, reOMeTpMM 3MMTTepa HflM TOKa ny4-

p M " Ka npHBeAyT K OTKflOHeHH~ --- OT OIITHManbHOrO 3Ha4eHMR. epOH 
Po 

4YBCTBMTenbHOCTH HOC K TaKHM ¢n~KTya~MflM RBnReTCR WHpMHa o6na
CTM ~p , BHyTpM KOTOpoR BeflM4HHa yrna paCXOAHMOCTH OCTaeTeR MeHb

we HeKOTOppR 3aAaHHOR BeflH4HHbi w, 3aBMeMMOCTb OTHOeMTenbHOR WM

PHHbl /\PjPOPT AflR cv = 0,05 paA OT acneKTHOrO COOTHOWeHMR S AnR 
OAHOKaeKaAHOR CMeTeMW npeAeTaBneHa Ha prrc.4. napaMeTpOM KpMBWX 

RBnReTeR KOHe4HaR 3HeprHR ny4Ka /3Aecb Ut;~xV~xr /. BeebMa npH

Me4aTenbHO, 4TO poeT WMP~Hw /\P s ¢YHK4MM. EN BW3BaH yMeHbWeHrr

eM MMHMMaflbHOro 3Ha4eHMR P/Po npM noeTORHHOM 3Ha4eHMM npasoR 
p 

rpaHM~bl ¢YHK~HM 8D f(-p) /eM. pMC. 2/. 3aMeTMM TaK>t<e, 4TO IIPM 
0 

3TOM swnonHReTeR yenoBMe !:\P. S """ const. 

KaK ynoMMHanocb paHbwe, OAHOKaeKaAHWe HOC MoryT sweTynaTb 

B ABYX pa3HOBMAHOeTRX - C 3aMeAnR~~MM 3fleKTPOAOM MflM 6e3 Hero. 

HoHoonTM4eeKMe xapaKTepMeTMKM Ha BWXOAe M3 HOC B o6oMx cny4aRx 

Ka4eCTBeHHO cosnaAa~T. He6onbWMe pa3nH4MR B 3Ha4eHMM 4rreneHHwx 

napaMeTpOB MO>t<HO 06bReHMTb TeM, 4TO HeB03MO>t<HO e03AaTb BIIOflHe 

3KBMBaneHTHy~ AByx- M Tpex3neKTPOAHY~ OAHOKacKaAHY~ HOC /OAMHa

KOBWM EN COOTBeTCTBY~T HecKonbKO OTnM4a~~rreeR senM4MHW Vcxt 

MnM AnR OAMHaKoswx Vcxt nony4aeM HecKonbKO oTnM4a~~HeCR EN/. 
npeMMyrn;eCTBOM Tpex3neKTPOAHOR eMeTeMW RBnReTeR TO, 4TO OHa o6ee

ne4MBaeT ny4WMe yenOBMR HeRTpanM3a~MM npoeTpaHCTBeHHOrO 3apRAa 
ny4Ka B o6naCTM APeR¢a. 
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4. ABYXKACKAAHbiE MOC 

PaaAeneHille <!JYHK1..11-1i1 BbiTRri-1BaHI-1R 1-1 yeKopeHI-11'1 i-10HOB noepeAeTBOM 

sseAeHI-1H gononHI-1TeJlbHoro 3JleKTpoga npi-1BOA1-1T K noRsneHI-1~ s MOC 

HOB~X, eso60AH~X napaMeTpOB! eOOTHOWeHMe AJ11-1H npOMemyTKOB ye

KOpeHMfl 1-1 BbiTRrHBaHMR (F ) 1-1 eOOTHOWeHI-1e HanpRmeHMi1 yeKopeHHR 
l 

1-1 BbiT Rri-1BaHHR (race). XoA aasl-1eHMOeTM e = f( ~ ), paee41-1TaHHbli1 AJlfl 
0 

4eTwpeX3JleKTpOgHOi1 ABYXKaeKaAHOi1 eHeTeM~, npegeTaBJleH Ha pMe.5. 

KaK M AJlR seex MOC, BKJ1~4a~~MX s ee6~ nnaaMeHH~i1 3MMTTep, Ha6n~

gaeTeH xapaKTepHaH v-o6paaHaR 3aBI-1eMMOeTb. OgHaKo npM $HKeMpo

saHHOi1 KOHe4HOi1 3HeprMI-1 BeJlM4MHa IJMIN MOmeT eyU\eeTBeHHO Me

,HFITbeR B <I>YHKI..II-11-1 napaMeTpa 1 ace .• PoeT BeJlM4MHbl 3TOro napaMeTpa 

npMBOAI-1T, so-nepBbiX, K egBMry (P/P0 )OPT B eTopoHy 60JlbWMX 3Ha-

4eHMi1 /eM. pMe.6/, BO-BTOp~X, 3Ha4eHHe BeJli-14HH~ I)MIN yMeHbwa

eTeR, B TpeTbi-1X - paeTeT 3Ha4eHMe ~P/POPT"BeebMa ey~eeTBeHHO 

M TO, 4TO poeT -pt-,p- He FIBJlfleTeH aeHMMeTpi-14HbiM KaK B eny4ae 

OPT 
OAHOKaeKagHoi1 MOC. no Mepe poeTa lace pa3ABHra~Tefl o6e rpaHHLI~. 

npi-14eM AJlH AOeTaT04HO 60JlbWHX lace aasHeMMOeTb e OT P/Po eTa

HOBHTeH 04eHb ena6oi1. 

BeJli-14HHa I)MIN npi-1 <!JHKeMposaHHOM 1 ace npaKTH4eeKH He 3aBI-1eHT 

OT aeneKTHOro eOOTHOWeHHfl ~ KaK M B eJly4ae 3aBMeHMOeTH P/Po , 

poeTy lace, AJlfl Jl~6oro 'S, eOOTBeTeTByeT yMeHbWeHHe I)MIN /eM. 

pMe.7/. WMPI-1Ha o6naeTM t-.P/PopT eymaeTefl no Mepe poeTa S. 

BTop~M, KpOMe aeneKTHOro eOOTHOWeHHR, reoMeTpM4eeKHM napaMeT

pOM eHeTeMbl fiBJlReTeH eoOTHOWeHHe AJlHH npoMemyTKOB F. PoeT napa

MeTpa F npH <!JMKeHpOBaHH~X 3Ha4eHHFIX OeTaJlbH~X napaMeTpOB npHBO

AHT K yBeJlH46HH~ I)MlN H YM6HbWeHI-1~ 3Ha4eHHi1 (P/P0 )opTI-1 t\P/POP'P 

l-13MeHeHHe BeJlH4MH~ IJMIN B ABYXKaeKagHOi1 eHeTeMe /npM <!JHKeM

posaHHOM 3Ha4eHMH EN I eeTb eneAeTBHe onTH4eeKoro Aei1eTBHR oe

HOBHOi1 JlHH3~ eMCTeMw, o6pasosaHHoi1 swTHr1-1sa~~HM 3JleKTpogoM. Anfl 

COOTHoweHHR Hanpf!meHHOeTeR f E> 1 /'-ITO COOTBeTeTByeT lace /I<'> ~ I 

3Ta JlHH3a RBJlfleTCR eo6Hpa~~ei1, T. e. AJIR nony46HHR I)MIN AOnyeKa

eTefl paexoAR~I-1i1efl s o6naeTH s~TflrHBaHHR ny4oK. Ha swxoge H3 MOC 

KOMnpeeeMFI ny4Ka ey~eeTBeHHO MeHbWe, 4eM B eny4ae fE~ 1. 

npHBeAeHH~e B~we AaHHwe 0 aasMeMMOeTM napaMeTpOB ABYXKaeKag

HOi1 MOC OT seni-14HH lace H F MOmHo eseeTH K aasHeHMOeTH OT eo

OTHOWeHI-11'1 f /FxfE.PoCTy fE eOOTBeTeTBy~T poeT (P/PO)OPT'..Af_pP 
ace OPT 

H yMeHbWeHHe I)MIN • He6onbwHe OTKJ1oHeHHR 3Ha4eHHA napaMeTpos MOC 

AJlfl OAHOrO H TOro me 3Ha4eHHH fE , Bbi4HeJleHHbiX npH pa3JlH4HbiX a6eo

JliOTHbiX 3Ha4eHHRX lace H F, eBR3aHbl e pa3JlM4HeM BJlillfiHI-11'1 3<!J<!JeKTa 
11 npOBHeaHI-1R 11 nOTeHI..IHaJlOB B nponeTHbiX OT sepeTI-1FIX 3JleKTpOAOB. 

CneAyeT saMeTHTb, 4TO ysenH4eHHe fE npH $1-1Ke1-1posaHHOM 3Ha-

4eHHH EN H F TOmAeeTBeHHO yMeHbWeHH~ vext • T. e. Aame npH <!JHK

eHposaHHOM 3Ha4eHHH TOKa B npoMemyTKe BbiTflrHBaHMH paeTeT P/Po . 

B 3KenepHMeHTe npeAeJl B03MOmHWX 3Ha4eHHA fE /He3aBHeHMO OT eno-

8 

J 

l 
•j 
~4 ~ 

' 

r 

a rpaf! 
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01 1:0 2,0 P7fl. 

PHc.S. 3asHCHMOCTb yrna pacxoAH

MOCTH ny~Ka I) OT npHBegeHHOro 

nepseaHca DbiTHrHBaHHH P/P0 s 

'!eTbipexsneKTpop;~-wli HOC, 

PH~. 6. OnTHManbHbiH rrepneaHc 

(P /Po )QP T D dJYHKIJ;HH rrapaMeTpa 

1 ace B L!eTblpexsneKTPOAHOH HOC. 

PHc.7. 3aBHCHMOCTb MHHHManbHOrO 

yrna pacxogHMOCTH rryLIKa IJMIN 
oT "aspect ratio" S s LieTbJpex

::meKTpogHoli HOC. 

(P/fc5}0PT 

1.5 

1.0 

0,5 

~ 0 

1,0 

Q5 

0 

5=0.2 

0,4 

0,6 

1,0 

5 10 lace 

eMN rpap, 

~: 
~ z:s 

8, 

0,5 1,0 s 

eo6a peaJJH3ai..IHH poeTa fE - ysenH4eHHH lace HJlH yMeHbWeHH~ F I 

OnpegeneH yeJ10BHHMH B~eoKOBOJlbTHOi1 np04HOeTH yeKOpFI~~ero npOMe

myTKa. BapbHposaHHe fE AJ1H nony4eHHFI BbleOKHX 3Ha4eHHi1 (P/Po )oPT 

npoHeXOAHT sHa4HTeJlbHO 3$$eKTHBHee sa e4eT yMeHbWeHHH F /T.e. 

Z2 /, OAH~KO nOJlY46HHe BWeOKHX 3Ha46HHi1 f E orpaHH46HO AOnyeTH

MOi1 Hanpf!meHHOeTb~ nOJlfl, KOTopafl o6paTHO nponOpi..IHOHaJlbHa Z2• 

C 3TOA T04KH 3p6HHH yBeJlH4eHHe fE sa e4eT nepepaenpeAeJleHHFI Ha

npHmeHHA V ext H Vace He eTaBHT TaKHX meeTKHX yeJ10BHi1 /M3MeHe

HHe lace OT 1 AO 00 Bbl3biBaeT JlHWb ABYKpaTHOe yseJlH46HH6 HanpflmeH

HOeTH nOJlfl B npoMemyTK6 yeKOpeHMH/. 

l-1TaK, Ha npHMepe paee4MTaHHOA HaMM 4eT~peX3JleKTPOAHOA ABYX

KaeKaAHOi1 eHeTeM~ MOmHO 3aMeTMTb /eM. pMe.5/, 4TO npH nepeXOAe 

OT lace- 1, K face x8, Vext naAaeT 13 4,5 pasa, T.e. nepseaHe P pac

TeT B 9,5 pas, npH yseJlM46HI-1H (P/P0 )OPT TOJlbKO B TPVI pasa 

/wHpHHa o6naeTH 1'1P/P0 P T AJlfl w .. 0, 05 pag ysenH4HsaeTefl s 3TOM 
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cny4ae np~MepHO 8 n~Tb paa/. HHa4e ro8op~, ~3MeHeH~e lace nyTeM 
nepepacnpeAeneH~~ noTeH4~ano8 An~ AOCT~>KeH~~ 8en~4~Hbl eMIN aa
CTa8n~eT Hac yMeHbW~Tb TOK ny4Ka np~MepHO 8 Tp~ paaa. EA~HCT8eH

H~R 8~XOA ~3 3Toro 3aTPYAHeH~~ - COOT8eTCT8Y~~ee ysen~4eH~e % 
nyTeM ysen~4eH~~ acneKTHOrO COOTHOWeH~~ 8 (Po- 8 2 ), B CB~3~ 
c conyTCTBY~IIl~M ysen~4eH~~ race naAeH~eM Vext 3AeCb He B03H~
KaeT TPYAHOCTeA, CB~3aHH~X C np04HOCTb~ npoMe>KyTKa 8~T~r~BaH~~. 
Pe3yJlbTaTOM AOCT~>KeH~~ eMIN np~ y8eJ1~4eHHOM 3Ha4eH~~ TOKa ~8~T
C~ Cy>KeH~e o6naCT~ l'.P/Po p T ,T. e. nOBbiWeH~e 4YBCTB~TenbHOCT~ c~c
TeMbl K <!JniOKTyal.I~~M TOKa ny4Ka ~n~ H80AHOpOAHOCT~ 3M~TTepa. 

B cny4ae, ecn~ B03MO>KHO ysen~4eH~e 3Ha4eH~~ fE aa c4eT 
yMeHbWeH~~.An~H~ ycKop~~mero aaaopa (z 2 ), secb np~pocT aHa4eH~~ 
(P/P0 )OPT MO>KeT 6b1Tb HCnOJlb30BaH AJl~ nOBbiWeH~~ nepseaHca P ny
TeM ysen~4eHH~ TOKa ny4Ka /np~ OAHOBpeMeHHOM YBeJ1~4eH~~ W~p~Hbl 
o6nacT~ fiP/POPT I. K comaneH~~. A~ana3oH B03MO>KHbiX ~3MeHeH~A z2 
OTHOCHTenbHO y3oK. AnR yMeHbWeHHR sn~RH~~ npocTpaHCTBeHHOro aa
P~Aa ~ Tennosoro paaGpoca cKopocTeA o6~4HO HOC KOHCTpy~py~T M~
H~ManbHOA gn~Hbl, 

HTaK, An~ Hcnonb30BaH~~ scex B03MO>KHOCTeA onT~M~3al.l~~ HOC 
Hago TaK>Ke ~MeTb B03MO>KHOCTb H3MeHeH~~ BeJ1~4~H Zl ~ z 2 /T.e. 
napaMeTpos 8 ~ F I. C T04K~ apeH~~ nony4eH~~ MHHHManbHoro 3Ha-
4eHH~ yrna paCXOA~MOCT~ e np~ Bapb~pOBaH~H TOKa ny4Ka, B03MO>K-
HOCT b H3MeHeH~~ ZJ I HanoMH~M' 4TO e Ml N OT 8 .. al/ z I npaKT~4e-
CK~ He 3aB~C~T/ ~Bn~eTCR 04eHb 4eHH~M CBOACTBOM A8YXKaCKagH~X 
HOC. 

KaK cnegyeT ~3 np~segeHH~x peaynbTaToB, napaMeTpoM, onpeAe
n~~lll~M nosegeH~e HOC, RBnJ'leTCR cooTHOweH~e fF:~ !'"""/F. 0nT~M~-
3al.IH~ napaMeTpos HOC np~ <ll~Kc~posaHHOM 3Ha4eH~~ KOHe4HoA 3HeprH~ 
EN MO>KeT 6~Tb o6ecne4eHa nyTeM ~3MeHeHHR noTeH411ana Ha B~T~r~-
8a~meM 3JleKTpOge ([~cc ) ~ paCCTO~HHR 3M~TTep - B~TRrHBa~~HA 3JleKT
pog, 

np~Me4aH~e: Oco6~A cny4aA A8YXKacKagHoA TpeX3JleKTPOAHOA HOC -
3TO C~CTeMa YCKOpeH~e - 3aMegneH~e AnR rdec'o6ecne4~Ba~~ero cy
meCT8eHHOe TOpMO>KeHHe ny4Ka. CHCTeM~ TaKara THna np~M8HRIOTCR 

Torga, Korga HY>KHa He6onbwaR KOHe4HaR 3Hepr~R ny4Ka EN np11 3Ha-
4~TenbHOA BeJ1~4~He TOKa, npeBOCXOAR~eA B03MO>KHOCTH OAHOKaCKagHoA 
c~cTeM~. Ha HawHx pac4eTos cnegyeT, 4TO B A~<~anaaoHe idee AO -0,5 
/4TO COOTBeTCTByeT yMeHbWeHHD B gsa paaa UEN B CpaBHeHHH 

p 
c v ext I sen~4HHa (-) Mano 4YBCTBHTeJlbHa K H3MeHeHHIO rdec I CM. 

Po OPT 
pl-'!c.B/. ,[\nR He6onbW~X 8 /<0,5/ BeJlH4~Ha eM!N TaK>Ke npaKTH4eCK~ 
He 3aBHCHT OT ldec• 0gHaKO AJlR 60JlbWHX acneKTH~X COOTHOWeHHA 
(S...l) eM!~ pe3KO BoapacTaeT no Mepe pacTa rdec. Xog 3aB~CHMOCTH 
napaMeTp08 (eMIN ) (P/P0 )oPT ,l'.P/POPT) OT acneKTHOro COOTHOWeHHR 
noKaa~saeT, 4TO TaKoro poga cHcTeM~ He4enecoo6paaHo np~<~MeH~Tb 
gn~ 8>0,5, nocKonbKY pacTeT tMIN, nagaeT (P/P0 )oPT,~ o6nacTb He-
4YBCTBHTenbHOCTH K <!JniOKTYal.I~RM TOKa 1-1 H80AHOPOAHOCT~ 3MHTTepa 
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PHc, 8. OnTHMaJlbHbiH nepBeaHc 
(P/P0 )OPT' B c;llyHKLJ;HH napaMeTpa 
·rdec B Tpex::meKTPOAHOH HOC 
/ycKopeHHe- saMe,o;neHHe/. 

-r 

(P/.Po)OPT 

Q50 

D.25 

0 

S=0.2 

~0.4 
--;;;;;,~=======~;; 0,6 

1,0 

-0:25 -Q50~ec 

peaKo cymaeTCR. B o6nacT~ 8.<0,5 no8egeH~e HOC aHanor~4HO g8yx
KacKagHoA c~cTeMe T~na ycKopeH~e - ycKopeH~e aa HCKJ1~4eH~eM 
nocTO~HCTBa (P/Po )oPT , 

5. 3AKJ1104EHHE H BbiBO,[\bl 

Pe3ynbTaT~ cpasHeH~R csoAcTB ~ccneAOBaHH~x HOC npeACTasneH~ 
Ha p~c.9 ~ 10. KaK cnegyeT ~3 3T~X rpa<!J~Kos, np~ <!J~Kc~posaHHOM 

aHa4eH~~ KOHe4HoA 3Hepr~~ ny4Ka EN M~H~ManbHoe 3Ha4eH~e yrna 
pacxog~MOCT~ ny4Ka o6ecne4~saeT gsyxKacKaAHa~ 48T~pex3neKTpog
Ha~ HOC. KpoMe Taro, 3Ta c~cTeMa xapaKTep~ayeTc~ caMoA cna6oA 
3a8~C~MOCTb~ eMIN OT acneKTHOrO COOTHOW8H~R 8, T.e. np~ nOMO-
~~ ABYXKaCKagHOA C~CTeM~ MO>KHO nony4~Tb ny4K~ XOpowero Ka4eCTBa 
80 seeM A~anaaoHe 3Ha4eH~A 8 /snnOTb go'E- 1 /. An~ OAHOKacKaA
H~x C~CTeM pOcTy 8 conyTCTByeT B03paCTaH~e B8Jl~4~H~ eMIN .4yBCTB~
T8nbHOCTb K ~3M8H8H~RM TOKa ny4Ka ~Jl~ npocTpaHCT8eHHOR H80AHO
POAHOCT~ 3M~TTepa gnR gsyxkacKaAHOA 4eTblpex3neKTPOAHOA HOC RBnR
eTCR TaK>Ke caMoA H~3KoA cpeg~ ~ccnegosaHH~X c~cTeM. XapaKTep aa-

B~C~MOCT~ 
l'.P OT 8 OA~HaKOB AJlR BC8X T~nOB paCCMOTpeHH~X 3geCb 
PoPT 

i-10C, T. e. pocTy '8 conyTCTByeT yMeHbWeH~e l'.P/POPTOTC~Aa cnegyeT, 
4TO ecn~ B nna3M8HHOM pa3p~A8 ~CT04H~Ka np~cyTCTBY~T KOne6aH~~, 
np~80AR~~e K ~3MeHeH~RM nJlOTHOCT~ TOKa 80 BpeMeH~, ~Jl~ OT60p ~a
HOB npO~CXOA~T C 6onbWOA nosepXHOCT~ nna3MeHHOro 3M~TTepa C He
KOTOpoA CTeneHb~ npOCTpaHCT8eHHOA ~eogHOPOAHOCT~ nnOTHOCT~ TOKa. 
3M~CC~~, TO HaAO 8~6~paTb 8en~4~HY 8 M~H~MaJlbHO B03MO>KHOA. 

Ha p~c. 11 npeACTasneHa aas~c~MOCTb npegenbHO AOCT~>K~MoA sen~-

4~H~ nnOTHOCT~ TOKa 3M~CC~~ ~OH08 /o6ecne4~Ba~~eA nony4eH~e se
n~4~Hbl eMIN ~ (P/Po)OPT I B <llYHKLI~~ HanpR>KeH~R UEN•COOT88TCTBy~
mero KoHe4HoA 3Hepr~~ EN,. ZeU EN· ,[\nR pac4eToB Mbl np~HRJl~ Ton
lll~HY nna3MeHHoro 3neKTpoga tl"' 1 ,5 MM ~ vext ~ 5 KB. HanpR>KeH~e 

npo6oR U np. onpeAeneHo no 3Mn~p~4ecKoA <!JopMyne U np."" 80 z ? ·8 

/rAe Z l - B CM ~ Unp - B KB/ Ha OCH08aH~~ 3KCnep~MeHTanbHbiX gaH
HbiX gnR PRAa MOI!lHbiX · nna3MeHHbiX ~cT04H~Kos ~OHOB I 1/. 

np~ 3aAaHHOA KOHe4HOA 3Hepr~~ ~OHOB EN 8 CJly4ae OAHOKaCKag
HOA HOC cymecT8yeT TOJlbKO ogHo aHa4eH~e npegenbHoA nnoTHOCT~ Ta
Ka 3M~CC~~. np~ nOMO~~ napaMeTpa lace B A8YXKaCKagHOA 48T~pex-
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PHc.9. 3aBHCHMOCTb MHHHMaJlbHOro 
yrna pacxop;HMOCTH rrytiKa OMIN OT 
"aspect ratio" S. I - p;Byx::JneKTpop;
HaH HOC, UEN=V ext "' 10 KB. 2 -
Tpex::JneKTpop;HaH HOC B pe~HMe yc
Kopeune - 3aMep;neune, UEN= 60 KB, 
vext = 63,2 KB,rdec = -0,05. 3-
,D;BYX3Jl€KTpOp;HaH HOC, UEN= V ext = 
= 60 KB. 4 - Tpex::JneKTpop;uaH HOC 
B pe~nMe ycKopenHe - ycKopeHHe, 
UF:N = 60 KB, Vcxt = 10 KB, lace= 
= 5, 5 - tieTbJpex::JneKTpop;HaH HOC, 
UEN = 60 KB, v C!Xl = I 0,8 KB, 
r ac<' = 5. 

Pnc. I 0. 0THOCHTeJlbHbie 1!3MeHeHHH 
nepBeauca AP/POPT HJIH nnoTHOCTII 
mJa3Mbi 3MHTTepa A n/n, o6ecne<mBaiO
mHe nytioK yrnonoA pacxop;HMOCTbiO 
0 <cv • 0,05 pap; B ¢YHKl\HH "aspect 
ratio" S. I - '-!eTbipex::JJleKTpOp;HaH 
HOC, UEN""60 KB, v PXI = 10,8 KB, 
r~cc = 5. 2 - TpeX3JleKTpop;HaH HOC 
B pe~HMe YCKOpeHHe - YCKOpeHHe, 
DEN= 60 KB, Vcxt = 10 KB, ['~cc = 5. 
3 - Tpex::JneKTpop;HaH HOC B pe*HMe 
ycKopem-Ie - 3aMep;neuHe, U EN= 60 KB, 
V.,xt= 63,2 KB, rdec= -0,05. 4-
p;ByX3JleKTpOp;Ha5l HOC, UENz V ext = 

= 60 KB, 5 - p;Byx::JneKTpoguafi HOC, 

~N'" Vext = 10 KB. 
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vext 2 5 KB, tl = I ,5 MM; ---- -
p;ByX::JJleKTpop;HaH HOC, -·- - 'I€Tbi
pex::JneKTpop;naH HOC. 

3neKTPOAHOM HOC /nyHKTMpH~e KpMs~e/ 
MomHo npM $MKCMposaHHOM EN s onpe
AeneHHbiX rpaHI~tl.lax sapbMposaTb 3TY 
senM4MHy. WMpMHa o6nacTM 3Ha4eHMM 
OITTMManbHOM /T.e. COOTBeTCTBY~~eA 
ycnoBKHM nony4eHKH eMIN I nnoTHOCTM 
TOKa 3MMCCM!Il onpeAeneHa MaKCMManb
HO B03MOmHbiM 3Ha4eHMeM lace B AaH

20 40 

HOM HOC. He MeHee 1.1eHH~M Ka4eCTBOM 
6ol!. .. -kB ABYXKaCKaAHOM li!OC flBJ1HeTCR TO, 4TO 

-r.N 6 .. OITTMManbHafl nnOTHOCTb TOKa Onbwe, 
4eM AnH OAHOKacKaAHbiX HOC, 11 s o6nacTJ.1 UEN > 20 KB He Ha6n~AaeTCH 
naAeHMR 3TOM senM4J.1Hbl, Aame Anfl ['ace ,. 1. MemAY np041t1M, OTcyTcT
BMe :::nora CBOMCTBa Y OAHOKacKaAHbiX HOC 6bJJ10 OAHMM 1113 OCHOBHbiX 
$aKTOpOB, B~3Ba8WHX noTpe6HOCTb pa3pa60TKJ.1 MHOrOKaCKaAH~X CJ.1C
TeM. naAeHJ.1e 0ITTJ.1ManbHOM nnOTHOCTH TOKa C pOCTOM EN npJ.180AJ.1J10 
K HemenaTenbHOMy pOCTy nosepXHOCTJ.1 3MJ.1TTepa CO BCeMJ.1 cneAy~~MMM 
113 3TOrO 3KcnnyaTai.IJ.10HH~MJ.1 HeYA06CTBaMJ.1. 

lila npJ.1BeAeHH~X peaynbTaTOB cneAyeT, 4TO ABYXKaCKaAHafl 4eT~pex-
3neKTPOAHaH HOC RBnHeTcR Ha116onee YHMBepcanbHO~, o6ecne4J.1Ba~~eA 
nony4eHJ.1e ny4Ka C MMHJ.1MaJ1bHO~ yrJ10BOM paCXOAMMOCTb~ 8 WMpOKOM 
AManaaoHe 1113MeHeHJ.1R TOKa ny4Ka J.1 nnOTHOCTH TOKa 3MJ.1TTepa, npM 
HJ.13KOM 4YBCTBJ.1TenbHOCTJ.1 K $n~KTYai.IJ.1RM TOKa ny4Ka. 

nonHoe J.1CITOJ1b30BaHJ.1e pecypCOB TaKOM MOC B03MOmHO npM HanJ.14J.1J.1 
peryn11poaoK reoMeTpM4eCKMX napaMeTpos I S - OTHoweHMR paA11yca 
3MI1TTepa K AJ1J.1He npOMe>KyTKa BbiTflrMBaHMfl J.1 F- COOTHOWeHVlR AJ1J.1H 
npOMemyTKOB YCKOpeHMfl J.1 BbiTRrMBaHMR/ J.1 3Ha4eHJ.1H noTeHI.IJ.1aJ10B Ha 
BWTflrMBa~~eM J.1 yCKOpfl~~eM 3J1eKTPOAaX /napaMeTp lace/. 
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TEMATWIECKHE KATErOPHH nYBJIHKAOO 
OB'bE,ltHHEHHOrO HHCllfi'YTA H.$PHYX 

HCCJIE,llOBAHHA 

HH.Il8KC TeMaTIIK& 

1. 3KcnepHMeHTanbHaR ~3HKa BWCOKHX 3HeprHH 

2. TeopeTH~ecKaR ~3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpoHHaR ~3HKa 

4. TeopeTH~ecKaR ~3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. RAepHaR cneKTPOCKOnHR H paAHOXHMHR 

7. ~3HKa TR*enwx HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. AaTOMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHWX 

11. Bw~HcnHTenbHaA MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~3H~ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBePAWX Ten H *HAKOCTeH 
RAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~3HKa RAePHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16. no3HMeTPHR H ~3HKa 3a~TW 

17. TeopHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. Hcnonb3oaaHHe pe3ynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~3H~eCKHX HCCneAOBaHHH 
B CMe*HWX 06naCTRX HayKH H TeXHHKH 

19. 6H~H3HKa 

aHTPHX ~ .• KoanoaCKH 3.A. 9-82-757 
CpaaHeHHe HOHOOnTH4eCKHX CaOHCTa OAHO- H AayxKaCKaAH~X CHCTeM 

TeopeTH4eCKH HccneAoaaH~ OAHOKacKaAHaR IAayxaneKTPOAHaR HnH Tpex
aneKTPOAHaR a p~HMe ycKOpeHHe - 3aMeAneHHe/ H AayxKaCKaAHaR /TpexaneKTPOA
HaR a p~HMe YCKOpeHHe - YCKOpeHHe H 4eT~pexaneKTPOAHaR - a pe*HMe yCKO
peHHe - YCKOpeHHe - 3aMeAneHHe/ HOHOOnTH4eCKHe CHCTeM~ ~OpMHpoaaHHR 
ny4Ka c nna3MeHH~M 3MHTTepoM. noKa3aHo, 4TO AayxKaCKaAHaR, 4eT~pexaneKTPOA
HaR HOHOOnTH4eCKaR CHCTeMa n03aOnReT nony4HTb MHHHManbH~H yron paCXOAHMO
CTH ny4Ka, CaMyO cna6yo 3aaHCHMOCTb OT reOMeTpHH a~TRrHaa~ero npoMe*yTKa 
/"aspect ratio"/, HaHMeHee 4yaCTaHTeJlbHa K H3MeHeHHRM nnOTHOCTH nna3M~ 
H AnA MHHHManbHOrO yrna paCXOAHMOCTH AOnyCKaeT CaMyO a~COKyO nnOTHOCTb 
TOKa 3MHTTepa. 

Pa6oTa a~nonHeHa a fla6opaTopHH RAepH~x peaK~HH OHRH . 

C~eHHe 06~eAHHeHHOrO HHCTHTyTa RAePH~X HCCneAOaaHHH. ay6Ha 1982 

Dietrich J., Kozlowski Z.A. 9-82-757 
Comparison of the lonooptical Parameters of One- and Two-Stage 
Accelerator Systems 

One- and two-stage electrostatic accelerator systems including plasma 
emitter are theoretically studied and compared. In the two-stage accele
rator system (extraction-accel-decel) lowest values of beam divergence, 
weak influence of aspect ratio, lowest influence to var iation in plasma 
aensity and biggest current density of the emitter with low beam diver
gence are obtained in comparison with other studied extraction systems. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1982 
nepeaOA O.C.BHHOrpaAOaOH. 


