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1. BB£,llEHf.1E 

3a,qa4a noJ1y4eHHR H <!>OPMHPOBaHHR HOHHbiX H 3Jle~TpOHHbiX ny4-
KOB B KJ1aCCH4eCKHX BapHaHTaX HCT04HHKOB 3apRmeHHbiX 4aCTH4 pe
WaJlaCb Ofib14HO 'npH nOMOlJIH O,QHOKaCKa,qHbiX CHCTeM, 

AHaJ1H3 OnTH4eCKHX CBO~CTB TaKHX CHCTeM npOBO,QHJlCR nyTeM 
peweHHR 3a,qa4H 0 npoTeKaHHH TOKa Mem,qy 3JleKTpO,qaMH nJlOCKO~, 

c<!>ePH4ecKo~ HJlH 4H11HHAPH4ecKo~ reoMerp...,...,~- 4~ BnHRHHe oreep
CTHR AJ1R BbiBo,qa ny4Ka a aHo,qe, onpe,qeneHHe <I>OPMbl 3JleKrpo,qoa 
,qnR y4eTa BJlHRHHR 4aCTH4Horo 3anonHeHHR Mem3neKTpo,qHoro npocr
paHcraa ny4KOM npoeo,qt.1nocb Mero,qoM, npe,qnomeHHbiM a pa6ore 151. 

AHanorH4HbiM o6pa3oM paccMaTpHBaJlHCb ,qeyx ..., rpex3neKrpo,qHble 
CHCTeMbl, co,qepmalJIHe 3MHTTep 4aCTH4 H YCKOPR~IIIH~ npoMemyTOK C 
fiOJlbWHM rpa,qHeHTOM nOJlR /,qByX3JleKTpO,qHble/, HJlH ,qonOJlHHTeJlbHbl~ 
TpeTH~ 3JleKTpo,q, C03,qa~lJIH~ npH nOMOlJIH HefiOJlbWOro TOPM03R~ero 
noTeH4Ha11a '6apbep, npenRTCTBY~liiH~ npOHHKHOBeHH~ 'a OfiJlaCTb HC
T04HHKa 4aCTH4, He~TpaJ1H3Y~lJIHX npocrpaHCTBeHHbl~v 3apR,q ny4Ka. 

B caR3H c paCTYlJIHMH norpe6HOCTRMH nony4eHHR ~HTeHCHBHbiX 
ny4KOB 4aCTH4 ,QJlR MOlJIHbiX yCKOpHTeJle~ H ,QJlR ycTaHOBOK KOHTpo
JlHpyeMoro repMoR,qepHoro CHHTe3a B03HHKaer Heo6xo,qHMOCTb pac
CMorpeHHR MHOroKaCKa,qHbiX CHCTeM <!>OPMHpOBaHHR ny4KOB, B KOTOpbiX 
npOCTpaHCTBeHHO pa3,qeJ1eHbl OfiJlaCTH BbiTRrHBaHHR, YCKOpeHHR H 
4aCTH4HO~ He~TpaJ1H3a4HH ny4Ka /3aMe,QJ1R~lllaR CeK4HR/ /pHC,l/. 
3a C4eT nORBJleHHR HOBbiX CBOfiO,QHbiX napaMeTpOB /reoMeTpHR 3JleKT
PO.QOB H COOTHOWeHHR noTeH4HaJ10B/ CHCTeMa CTaHOBHTCR 6onee rHfi
KO~. 3THM H o6ecne4HBaeTCR B03MOmHOCTb He3aBHCHMO~ OnTHMH3a-
4HH TaKHX napaMeTpOB HCT04HHKa 4aCTH4, KaK TOK, KOHe4HaR 3Hep
rHR 4aCTH4 H 3MHTTaHC ny4Ka. 

nony4eHHe Ka4eCTBeHHbiX ..., KOJ1H4eCTBeHHbiX 04eHOK OnTH4eCKHX ' 
napaMeTpOB HHTeHCHBHbiX ny4KOB B03MOmHO JlHWb npH y4eTe BJlH~HHR 
CHJl npocrpaHcraeHHoro 3apR,qa ..., nonepe4HO~ 3HeprHH 4aCTH4 /TeM
neparypbl/. 

3a,qa4H, CBR3aHHble C noJ1y4eHHeM 3JleKTPOHHbiX ny4KOB H3 nyweK 
C TBep,qbiM 3MHTTepOM 8 CBOe BpeMR HHTeHCHBHO pa3pafiaTbiBaJ1HCb 
B CBR3H C norpefiHOCTRMH 3JleKTpOHHO-BaKyyMHbiX npHfiopoB, H HaWJlH 
,qocraT04HO T04Hble reopeTH4eCKHe peweHHR, cornacy~lJIHecR c pe-
3Y11bTaraMH 3KCnepHMeHTOB. 

3Ha4HTeJ1bHO 6011ee CJlOmHaR CHTYa4HR B03HHKaeT 8 CJ1y4ae npH
MeHeHHR 8 Ka4eCTBe 3MHTTepa 4aCTH4 n11a3Mbl, KaK 3TO HMeeTCR 
8 60J1bWHHCTBe THnOB HOHHbiX HCT04HHKOB H HeKOTOPbiX 3JleKTpOHHbiX 
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r = Va.c/V~.t 
S = '1/Zt"" a,fz1 
f =Zz/Zt 

PHc.J.CxeMa ABYXKaCKaAHOro yCKOPHTenH. vext - BhlTHrH
eaw~ee HanpH~eHHe, Vacc- YCKOPHID~ee HanpH~eHHe, 

Vdec - 3aMeAnHID~ee HanpH~eHHe, 

nywKaX. 0CHOBHaR TPYAHOCTb paC4eTa OnTH4eCKHX napaMeTpOB CHC
TeM~, BKfl~4a~~eH B ce6R nna3MeHH~H 3MHTTep 4aCTH~, COCTOHT 
B TOM, 4TO nonomeHHe H ~OpMa 3MHTTHPY~~eH noeepXHOCTH RBflR~T
CR ~yHK~HeH napaMeTpOB nna3M~ H npHMeHReMOH KOH~Hrypa~HH no
neH, B CBR3H c 3THM eoaHHKaer caMocornacoeaHHaR 3aAa4a, rpe-
6y~aR OAHOepeMeHHOro peweHHR KaK ypaeHeHHR nyaccoHa AflR on
peAeneHHR pacnpeAeneHHR noreH~Hana, raK H ypaeHeHHR Bnacoea, 
OnpeAenR~~ero ~YHK~H~ pacnpeAeneHHR no CKOpOCTRM npH pa3yMHOM 
npeAnonomeHHH 0 ~YHK4HH pacnpeAeneHHR nnOTHOCTH 3neKTpOHOB H 
APYrHx napaMerpax nnaaM~ C n 6 , T6 , Ti ). 

non~TKa peweHHR TaKOH 3aAa4H 6~na CAenaHa B pa6oTem~ no
ny4eHH~e peaynbTar~ Aa~r eo MHoroM Ka4ecreeHHoe H Hennoxoe 
KOnH4ecreeHHoe cornacHe reopHH H 3KcnepHMeHran1. 0AHaKo cy
~ecrey~T ReneHHR, KOTOp~e He HaXOART TeOpeTH4eCKOrO 06oRCHe
HHR B paMKaX npHMeHReMOH MOAenH. 

Uenb~ Hacro~~eH pa6or~ RBnReTcR peweHHe 3aAa4H ~opMHpoeaHHR 
ny4KOB 3apRmeHH~X 4aCTH~ B MHOr03neKTPOAHWX CHCTeMaX C nnaa
MeHHbiM 3MHTTepOM npH nOMO~H aHanHTH4eCKHX MeTOAOB, pa3pa6oraH
HWX B 3fleKTpOHHOH OnTHKe. 

AnR onpeAeneHHR rpaHH~ npHMeHeHHR npeAnaraeMoro MeTOAa pe
aynbrarw 6YAYT cpaeHeH~ C 3KCnepHMeHTOM, pe3yflbTaTaMH ~eweHHR 

2 

caMocornacoeaHHOH 3aAa4H H c peaynbraraMH nocneAHeH eepcHH 
npH6flHmeHHOH flHHeAHOH TeOpHHm,?~ 

Uenb~ HccneAoBaHHR onTH4ecKHX napaMerpoe cHcTeM~ RBnRercR 
onpeAefleHHe 3aBHCHMOCTH paAHyca H yrnoeoA paCXOAHMOCTH ny4Ka 
Ha BbiXOAe H3 nocneAHero 3neKTPOAa or pacnpeAeneHHR noreH~Ha
noe, reoMeTpHH 3fleKTPOAOB H TOKa ny4Ka, a TaKme HaXOmAeHHe 
yCflOBHH nony4eHHR ny4KOB C MHHHMaflbHOH yrnoeoA paCXOAHMOCTb~ 
C y4eTOM nonepe4HWX CKOPOCTeH 4aCTH~. 

PeweHHe 3aAa4H 6yAeM nony4aTb e BHAe cyMMbl 3~eKTOB, ceR
aaHHwx C AeHCTBHeM CHCTeMW flHH3/paC4eT BeAeTCR B npH6nHmeHHH 
TOHKHX flHH3/ H AeHCTBHeM 3~~eKTOB npoCTpaHCTBeHHOro 3aPRAa 
/c yqeroM AeAcTBHR ycKopR~~ero noreH~Hana/. Ha4anbHwe napa
Merpw - paAHYC H yron paCXOAHMOCTH ny4Ka OKOflO 3MHTTepa O~e
HHBa~TCR Ha OCHOBaHHH paCCMOTpeHHR nna3MeHHOH noeepXHOCTH KaK 
nHH3w. 3TH eenH4HHbl aaAa~r Ha4anbHble ycnoBHR AflR pac4eTa 3~
~eKra pacnnbiBaHHR ycKopReMoro ny4Ka noA enHRHHeM co6creeHHoro 
aapRAa B npocrpaHCTBe BWTRrHBaHHR /nepBH4Horo ~OpMHpOBaHHR 
ny~Ka/, PaC4eT rpaeKTOPHH BeAeTCR AO nnOCKOCTH, B KOTOpOH ne
mHT BbiTRrHBa~~HA 3neKTPOA. npenoMIUm~ee AeHCTBHe flHH,3hl - 3neKr
POAa paCC4HT~Ba~TCR C y4eTOM paAHYCa ny4Ka B 3TOH T04Ke, reo
MeTpHH 3neKTPOAa H pacnpeAeneHHR nOTeH~Hanoe B OKpeCTHOCTH 
3neKTPOAa. 

AanbHeHwHA pac4er rpaeKropHH e cneAY~~Hx npoMemyrKax /ycKo
PR~~eM H aaMeAnR~~eM/ eeAeTcR He3aBHCHMO AnR nHH30e~x 3~~eKTOB 
H 3~~eKTOB npocrpaHcreeHHoro aapRAa. B Ka4ecree Ha4anbHoro yc
noeH~ AflR pac4eTa pacnnbiBaHHR ny4Ka nOA BflHRHHeM KynOHOBCKOrO 
pacranKHBaHHR 4aCTH~ B YCKOpR~~eM H 3aMeAflR~~eM npoMemyTKaX 
npHHHMaeTCR ny40K C Ha4aflbH~M yrnoM paCXOAHMOCTH (0 1 ) Ha ew
XOAe H3 BWTRrHBa~~ero 3neKTPOAa, CxeMy paC4eTa nHH30BbiX 3~
~eKTOB npeACTaBnReT pHc.2. 

-- Zt 
,..._ __ zl •IE"------ z3 ____ .;> 

~. CxeMa pactieTa nHH30BbiX scW>eKTOB . 
nytiKa, Zj- paCCTOHHHH Me~y nHH3aMH, 
npenoMJieHHH. 

ai- paAHYCbi 
e i- yrnbl 
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B nnocKOCTH nocneAHero 3neKTPOAa yron pacxOAHMOCTH ny4Ka 
0~ paBeH CYMMe yrna, onpeAen~eMoro Ae~CTBHeM llHH3 OLENS• H 
yrna, onpeAen~eMoro AeAcTBHeM hpOCTpaHCTBeHHoro 3ap~Aa escu" 

O~ = O LENSi O sen· 
0KOH4aTellbH~~ pe3yllbTaT ~BJl~eTC~ reoMeTpH4eCKO~ CYMMO~ 

yrnos 0~ H OTH , rAe nocneAHH~ onpeAen~eTc~ nonepe4HbiM pa3-
6pocoM CKOpOCTeA, paCC4HTaHH~M C y4eTOM BllH~HH~ OnTH4eCKOro 
yBellH4eHH~ CHCTeM~: 

0 = ( 0 2 0 2 )1 12. 
SUM ~ + TH 

2. <I>OPHHPOBAHH£ nY4KA B BbiTHrHBAIOli\EM nPOMElKYTKE 

1 

nony4eHHe ny4Ka 3ap~meHH~x 4aCTH~ H3 nna3MeHHoro 3MHTTepa - ' 
3TO 3aAa4a o <J>opMHposaHHH ny4Ka pa3HOCTb~ noTeH~Hanos npHno
meHHoA K 3MHCC~IOHHOMY OTBepCTH~ B CHCTeMe, C03AaiOIIIeA nlla3MY, H 
K BHewHeMy 3JleKTPOAY· Tpe6yeTc~ TaK noAo6paTb reoMeTpH~ H se
llH4HHY noTeHqHallOB, 4T06~ C<J>OpMHPOBaTb MaKCHMallbHO HHTeHCHB
Hbl~ ny40K C Ma110A yrllOBOA paCXOAHMOCTb~, 6e3 a6eppa~H~. 0AHO
speMeHHO BHeWHH~ 3JleKTPOA He AOJlmeH nepexsaT~BaTb 3aMeTHOA 
4aCTH TOKa ny4Ka. j 

,"_t 

,£:111~ pa3pa6oTKH TaKoA onTH4eCKOA CHCTeMbl C nna3MeHHbiM 3lleKT
POAOM 04eHb nllOAOTBOpHO~ OKa3aJlaCb HAe~~/ npHMeHeHH~ pe3yJlb
TaTOB HCCJleAOBaHHA npOTeKaHH~ TOKa, orpaHH4eHHOro npOCTpaHCT
BeHHbiM 3ap~AOM MemAY 3JleKTPOAaMH pa3JlH4HO~ KOH<J>HrypaqHH /nnoc- ',. 
KH~ AHOA/1, 2/, ~HllHHAPH4eCKH~ AHOA /3/ H c<J>epH4eCKHA AHOA /4/ I •i 

1 

~pH6JlHmeH~e TaKoro POAa ~Bll~eTC~ AaneKO HAY~eA HAeaJlH3a~He~, i 
B OCHOBHOM H3-3a TOrO, 4TO nOJlOmeHHe H <J>OpMa nJla3MeHHOro 3JleKT_;;, 
pOAa HHKOrAa He onpeAelleHbl TaK T04HO, KaK B Clly4ae TBePAOro 
3MHTTepa. TeM He MeHee, noJly4eHHble 3KcnepHMeHTallbH~e pe3ynb
TaTbll8-13/ y6eAHTellbHO noKa3biBa~T, 4TO OCHOBHa~ HAe~ TaKoro 
peweHH~ 3aAa4H, T.e. Tpe6oBaHHe, 4T06~ TOK ny4Ka I H Hanp~me
HHe V 6~JlH CB~3aH~ COOTHOWeHHeM 

-i', 
),; 

3/2 . 2 
IN = const(a/d) , 

rAe a- paAHYC 3MHTTepa H d- AJIHHa YCKOp~~~ero npoMemyTKa, 
B~nOJlH~eTC~ B 3KCnepHMeHTe C B~COKO~ T04HOCTb~. 

B AallbHe~weM 6yAeM paccMaTpHBaTb CHCTeMy nllOCKHX 3lleKTpo
AOB c oTeepcTH~MH Kpyrllo~ <J>opMbl. 6yAeM npH 3TOM npeAnollaraTb, 
4TO paAHYC 3MHCCHOHHOrO OTBepCTH~ 3aBeAOMO 60JlbWe Ae6aeBCKO~ 
AllHH~ 3KpaHHPOBaHH~, T. e. BCerAa B03MOmHO BbiTeKaHHe nJla3Mbl 
Hapymy H3 HCT04HHKa /pa3p~AHO~ KaMep~/. TaKHM o6pa30M TOll~HHa 
nepsoro 3lleKTPOAa He BllH~eT Ha nonomeHHe rpaHHq~ nlla3M~, a 
AHaMeTp 3MHTTepa onpeAelleH AHaMeTpOM 3MHCCHOHHOro OTBepCTH~ 
/pHc.3/. 

4 :\l; 

,1. ~2 
.,, d~ 

PHc.3. CxeMa HOHOOfiTHqecKOH 

CHCTeMbi BbiTHrHBaHHH. 

. -.-;-.-.--.- ·-=:::;:;17"" . T)-·-
' 
I~Ra 

npeAnOJlara~, 4TO nna3Ma 8 3MHCCHOHHOM OTBepcT~H HCT04HHKa 
4aCTH~ noA AeAcTBHeM npHJlomeHHO~ pa3HOCTH noTeHqHallOB npHMeT 
<J>opMy c<J>epbl, nepseaHC p CHCTeM~ (P = IV-3 '2 ) MOmHO onpeAellHTb 
ClleAY~~HM o6pa3oM: 

-2 2 2 
P = Dc(-a) ·a /R

0 

rAe 
4 2 e 1/2 Z 112 

De = -rrc (--) (-). 
9 o M A 

- nOJlH~A TOK, V - npHJlO~eHHa~ pa3HOCTb noTeH~HallOB, e,M 
3ap~A H Macca npoTOHa, Z , A - KpaTHOCTb 3aP~Aa H aTOMHbl~ HQ
Mep yCKOp~eMOro HOHa. c0 - AH3JleKTpH4eCKa~ npOHH~aeMOCTb sa-
KyyMa. BenH4HHa a. onpeAeneHa 14

1 paseHCTBOM 

a=y-0,3y2 +0,075y3 -0,0143182y 4 +0,0021609y 5 -0,00026791y6 + ... 

H 
Ra 

y =ln(-) 
Rc 

Ra 
Pa3nara~ ln(--) 

Rc 
(-a)-2 nol'ly4HM 

Rc:: Ra+d. 

Ra 
B P~A npH --- 1 

Rc 
H o6o3Ha4a~ b = ..!. , All~ 

Rc 

_.1_ __ 2=~(1-1,6b +0,503b2 -0,04836b 3 + 0,01784b4 + ... ). 
(-a) b 

BseAeM o6o3Ha4eHHe /TaK Ha3~saeM~A nepseaHc 4aAllAa-neHrM~pa ~ I 
a2 4 2e 1 '2 z 112 a 2 

P0 =D ·-=--rrc (--) (--) (-r). 
c d2 9 0 M A a 
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TorAa 

P=~ [1-1.6_j-(1+0.3 ~-)L 
Rc c 

Ha4aJ1bHbiH yron (j I ::: -a/Rc 1-1 OKOH4aTeilbHO AHA P /Po< 2,3 

e1 =0,625S( ~- -1)[ 1-0.195( ~ -1)J.. 
0 0 

rAe "aspect ratio" S = aid . 

3. <l>OKYCHPYIOI.ItEE ,LIEt'ICTBHE ,[IHA<I>PArMbl 

PaeeMoTpi-1M 3IleKTPOA B BI-1Ae nnoeKolli A!-1a<J>parM~ e Kpyrn~M 
OTBepeT!-1eM, K KOTOpOMY e o6e1-1x eTOpOH np!-1M~Ka~T o6naeT!-1 e no
neM paan!-14HOH HanpR~eHHOeTI-1: E 1 ,E 2 /p!-1e.4/. <l>oKyeHoe pae
eTORHI-1e TaKOH Jli-1H3~ onpeAenReTeR $OpMynolli 

1 E 1- E 2 
~ = 4¢<o)--· 

BbiBeAeHHOH 114 •15 / a np!-16n1-1meH1-11-1 ena6olli TOHKm1 Ili-1H3bl /T. e. o6-
naeTb aKe!-1aJ1bHO-e!-1MMeTpi-14HOro !-1eKa~eHI-1R noTeH~I-1ana e4!-1TaeTeR 
3Ha4!-1TeJ1bHO KOp04e <J>oKyeHoro paeeTORHI-1R, 1-1 B npeAeilaX Jli-1H3bl 
paeeTORHI-1e 4aeT!-1~~ OT Oel-1 He MeHReTeR/. 

6 

Er 
•. 

E2 

a ! ~0) llle 
Ql i--fd 

PHc,4. ~oKycHpyw~ee geHCTBHe gHa~parMbJ, a - pagHyc 
~, !\. IJ - yron npeJIOMJieHH.fl, f d - ~OKyCHOe pac
CTORHHe, E !,2 - HanpRJKeHHOCTb 3JieKTpH'IeCKOrO nOJIR, 

z 

... ~"' 

'I.'(, . , I 
I 
l 

I 

' ¥i 
:f-2 

' 

.B nepBOM np!-16J1!-1~eHI-11-1 noTeH~!-1aJ1 cf>(O) B ~eHTpe OTBepeT!-1R 
npi-1HI-1Ma~T paBH~M noTeH~I-1any 0 0 . npi-1IlOMeHHOMY K A!-1a<J>parMe /eM. 
Hanp. '6,12' /. 

Y41-1TbiBaR KOHe4HY~ BeJ11-141-1HY paA1-1yea OTBepeTI-1R r,paenpeAene
HI-1e noTeH~I-1ana Ha oe1-1 J11-1H3~ I z-KOOPAI-1HaTa oTe41-1T~BaeTeR OT 
nnoeKOeTI-1, B KOTOPOH Jle~I-1T A1-1a<J>parMa/ MO~HO aan1-1eaTb B BI-1Ae'!B' 

cf>(z)=cf> + l...(E 1-E2 )(1' 3.-arctg-~)- ..Lz(E 1 tE 2 ), D 17 r r 2 

TOrAa cf>(O)=cf> t--r-(E 1 -E 2 ) 
D 17 

,[lnR BbiTRri-1Ba~Uiero npoMeMyTKa !-1enonbayeTeR paenpeAeileH!-1e no-
Tel-!~l-1ana neHrM~pa ( q, ( z) · · z 413 ), T. e. rpaA!-1eHT noTeH~I-1ana a 
nepeoM npoMe~yTKe E1 = 4;3 V ext/ z 1• 

B AaHHOH pa6oTe yron OTKilOHeHI-1R ny4Ka paA!-1yeoM a e none 
Ili-1H3bl 

a 
A/l ---UU=- fd 

Bbl41-1eJli-1M, BOenOilb30BaBWI-1eb np!-1BeAeHHbiM BbiWe Bblpa~eHI-1eM AilR 
cf> (0). 

,[lnR i -Tolli A1-1a<J>parMbl yron 

1 ai ri S Wi -1 
Mi ·(- -)(--)S(-- --+-------). 

4 a 1 r
1 

17 E . -E . 
21 11 

rAe Wi - 3Hepri-1R 4aeTI-1~~ a eAI-1HI-1~ax 3Heprl-11-1 3KeTpaK~I-11-1 ny4-
Ka, E 21 , E 1cHanpRMeHHOeTI-1 nonelli B eAI-1HI-1~ax V ext/z1 • 

Ha reoMeTp!-14eeKI-1X eoo6pameHI-1H /pl-1e.2/ onp1~ei1!-1M K03<I><I>1-1~1-1eH
Tbl yeeJll-14eHI-1R a,. /a 1 . TaK KaK a.= a. t+ z. t" !\(). 

I I-f" I 1 . I ' 
nony4!-1M 1 

z i-1 z. 
t(M

1 
+!1.0

9
)-..!+ ... +( ~!I.e.).-.!..::..!]. 

~ zl 1 ' zl 

a· 1 
_!_=1+-[!1.01 
a 1 S 

npi-1HRTOe np!-16Jl!-1lKeH!-1e npl-1rOAHO npl-1 paeeTORHI-1RX Me~AY A1-1a<!>par
MaMI-1, 3Ha4!-1TeilbHO npeeoeXOARUII-1X paA~yebl anepTypH~X OTBepeTI-1H. 
,[lnR "aspectratio" 8~1 - peaynbTaT pae4eTa, oeo6eHHO 
KOrAa 1-1 f /eM, p1-1e.l/ nopRAKa 1-2 6yAeT y~e eOMHI-1TeJlbHbiM 1-13-3a 
OTeyTeTBI-1R y4eTa BJ11-1RHI-1R eoeeAHI-1X 3IleKTPOAOB. 

4. BnHRHHE CHn nPOCTPAHCTBEHHOrO 3APR,[IA 
HA TPAEKTOPH~ YCKOPHEMO~ 4ACTHU~ 

YpaeHeH!-1e ABI-1meHI-1R 4aeTI-1~~ B yeKopR~UieM none e y4eToM e1-1n 
npoeTpaHeTBeHHoro aapRAa, K eo~aneHI-1~, Heilb3R npo1-1HTerp1-1po-· 
BaTb B 06UieM BI-1Ae. 4!-1eneHH~e peweHI-1R fi~Ill-1 nony4eH~ B PRAe pa
fioT/17-20/, HalliAeM eeni-141-1HY paAI-1ailbHOH eoeTaBilRIOUielli Er 3IleKTpo-
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I 

cTaTH4eCKoro nonR. YpasHeHHe nyaccoHa B ~HfiHHAPH4eCKHX Koop-
AHHaTax 

1 J r!E z -p 
-- -- ( rE ) , --- ~ --
r Jr r (lz 'o · 

Io 
rAe 11- nnoTHOCTb 3dPRAa p~-""----T1'"· IP- nnoTHOCTb ToKa. 

(2ZeV /MA)"/2 
npeAnOnO~HM, 4TO BAOfib OCH llOTeH~Han 3aBHCHT TOfibKO OT z H 

V I (J 2 ·a n 
(z) c (----~,) z 

4;9,0 \ MAe_ 

nocne llOACTaHOBKH B ypaBHeHHe nyaCCOHa H OAHOKpaTHOro HHTerpH-
poBaHHR nony4HM !lll-4 

I 9 ----E _!_ --~!_----11- ..:-n(B-1) z ~· 
r 2 -:")-2-7-- 4 

- ~c V 
'o \ rri 

3aMeTHM, 4To AnR 11- 4~ 

40K ~OKYCHpyeTCR. ~nR 
B OAHOPOAHOM none/ 

Er,oO H AfiR n·4,:3 F;r >0, T.e. ny-
11 ··0 /Apei1<)J 4aCTH~/ H llo 1 /yCKOpeHHe 

-I •I ----------•) 2 -rrr 
0 

v 
1 

r 
0 

Er 

I I - nonHbttlt ToK, r 0 - paAHYC orH6a1014ei1, v 
1 

- npoAOnbHaR 
CKOPOCTb/. 

~nR vz -- eonst /Apetlt<)J/ ypasHeHHe orH6a1014ei1 

~~I~ ___ ei~~------
dt 2 2 rr , 0 v z r M A 

MO~HO npHBCCTH K BHAY 

R dR PI • Z 1 '2 1 
r '" I ----"'!;: " z( -------------) • ---

1 (ln R) " rr ' o v z M A v z 

fm - paAHYC ny4Ka B Ha4afibHOtlt T04Ke, rAe r'=O. noACTaHOBKOtlt 
W = (ln R) 1'2 HHTerpan MO>KHO npeo6pa30BaTb K BHAY 

R dR w 2 
I----;-= 2 I exp(w )dw =F 

I (lnR)1·2 0 

~nR r /r m< 2 C B~COKOtlf T04HOCTbiO 'l 7 ' 

r 112 
F : 2.09 ( -- - 1) , 

rm 

OTKYAa ! ________ -: . 
z 2 I ------- 2 z e I 2 r + --- --372 2 ( ----) r= m rm V (2,09) 2 77 £o -MA 

1 ---------. dr ~- _!._ --------
2
z e _112 

dz-- r m V
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(2.09)2 17£ 0 ( -rr) 
8 

/,l. 

1 ' 
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' 
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I I 
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PHc.5. PacnpeAeneHHe noTeH~Hanoa ¢(z) D ABYXKacKaA
HOM YCKOpHTene, llyHKTHpHaH KpHBaH COOTBeTCTBYCT pacnpe
ACnCHHIO noTeH~HanoB, HCnOnh30BaHHOMy AnH pacqeTa no 
MCTOAY BH6paHca '17 '. 

'18; 
~nR cny4aA ycKopReMoro ny4Ka, cneAYR npeAno~eHHIO ·. y4a~-

ToK c nHHei1Ho B03pacTatOL4HM noTeH~HanoM 3aMeHHM cyMMotlt APei1<)Jo
s~x y4aCTKOB, COeAHHeHH~X COOTBeTCTBYIOL4HMH CKa4KaMH noTeH~Hana 
/pHC.5/. ~nA Ka~AOrO H3 3THX y4aCTKOB paCC4HTbiBatOTCR paAHYC 
H yron paCXOAHMOCTH, C y4eTOM npenoMneHHR ny4a Ha CKa4Ke no
TeH~Hana. 

npH He60fibWOtlf paCXOAHMOCTH ny4Ka, npHHHMaR 80 BHHMaHHe Ha-
4afibH~e ycnoBHR H onHcaHHoe ~~we npeAno~eHHe, AnR ycKopReMoro 
ny4Ka MO~HO COCTaBHTb Tenepb CHCTeMy pa3HOCTH~X ypaBHCHHi1 

dr ) 
ri=ri·l+(dz i-1 2 1 ------. -~. . 1 '2 !\ z _!._ --------2e z 112 '~-'J-1) +-- 3/2 2 ( -) 

l':t.z(-;ri-- ri-1 ¢i (2,09) 2rr£o MA 

dr dr (--) = (-) 
dz i dz i-1 

1 -. -~. . 112 !\ z -L -------
2
-;z 112 '~-'J-1) --- 12 2 ) 

<-;-i- + ri-1 ¢~ (2,09)
1
Ho(-MA-
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5. MHHHMAnbH~~ Yron PACXOAHMOCTH nY4KA 

KaK cneAyeT H3 npHBeAeHH~x e~we paccymAeHHA~ AnH AaHHoA 
CHCTeM~ 3neKTPOAOB cy~eCTByeT TaKoA Ha6op napaMeTpoe, OnHC~-
eaiO~HX reoMeTpHIO cHcTeMbl ( S, z i , ri ) , pacnpeAeneHHe noTeH-
~Hanoe ( V ext , r, E , V dec ) H ny40K (P), AnH KOTOporo CYMMa 
3$$eKTOB KynOHOBCKOrO paCTanKHBaHHH H $OKyCHpOBKH nHH3aMH B 
B~XOAHOA nnOCKOCTH nocneAHero 3neKTPDAa paBHa HyniO, T.e, 
(j LENS + OSCH • 0 I3TO BepHO, KOHe4HO, npH npeHe6pemeHHH a6ep-
pa~HOHHbiMH 3$$eKTaMHI. 

3$$eKTOM, OTBeTCTBeHHbiM 3a OTnH4HbiA OT HynH yron paCXOAH
MOCTH ny4Ka B T04Ke 1 rAe OLEN~~-OsCH• HBnHeTCH pas6poc none
pe4Hb1X CKOpOCTeA 4aCTH4, xapaKTepH3yeM~A COOTBeTCTBYIO~eA TeM
nepaTypoA 4aCTH4 HCT04HHKa I T e HnH T i I. 

8 pa,q 

\ 
0.2+ \ 

\ 
\ 
\ 
\ 
\ 

0.1+ \ 

\ 

1e,UH 
I 
i 8scH 
I I R,ws 
I 
l 

AnH ny4Ka paAHYCOM a,c DA
HOPDAH~M pacnpeAeneHHeM TeMne
paTyp~ e nonepe4HOM ce4eHHH 
CpeAHeKBaApaTH4H~A 3MHTTaHC 
- 1211 
fTH 
- kT 1/2 
f TH= 2 a(-----), 

m
0 

(32 c2 

KDrAa 4aCTH~~ MeHHIOT BHYTPH 
CHCTeMbl CBOIO npOAOnbHYIO 3Hep
rHIO, HHBapHaHTHOA HBnHeTCH 
eenH4HHa f=(TH{3y. B HepenH
THBHCTCKOM cnyyae TOrAa 

2T 2 a1 1=aiTi, 

rAe BenH4HHbl C HHAeKCOM 11 111 

onpeAeneH~ Ha noeepxHoCTH 
3MHTTepa, 

0 I /.r -~r-- ... FYPa 
1,0 

0.1 

0.1· 
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PHC. 6. IlpHMep pac'leTa senH'IHHbi 
OsuM npH nocTOHHHOH KoHe'IHOH 
3HeprHH ny'IKa 120 K3B; OCTruib
Hble napaMeTpbi: r= 0, Vdec:-5 KB, 
f = 2, s= 0,4, z a= 0,43 z 1 , t 1, 

"' t2 = t 3 = t 4 = 0, 34 z 1 , a 1"" r 1 
=r2 =r3 =r

4 
;Ti==23B. 

8 PaA 

0,1 r=o 2 4 

0.05 

....... 
~--

0 o.s 1.0 (s · 2.0 P/~ 

PHc.7.3asHCHMOCTb yrna pacxo.o;HMOCTH nyLJKa () OT npuse
.o;eHHoro nepseaHca BhlTHrHBaHHH P/P0 . IIapaMeTp Kpuswx -
r==Vacc/Vext. OcTaJlbHbie napaMeTpbl qJHKCHpoBaHbi: S:: 0,4, 
f = 2, KOHeLJHaH 3HeprHH 120 K3B, V dec = -5 KB. 

a 1 "' r 1 = r 2 == r 3 == r 4 . t 1 = t 2 = t 3 ., t 4 -~ 0,34 z 1 . z 3 = 0,43 z 1 , 

T i = 2 3B. 

Yron pacxOAHMOCTH ny4Ka, o6ycnoeneHH~A TepMH4eCKHMH 3$$eK
TaMH, onpeAeneH paeeHCTBOM 

a1 kT 1'2 
OTH == - ( ---~----·· --·--·---1 . 

ai eVext(lrr)teVdec 

K03$$H~HeHT yeenH4eHHA a/a 1 , BXOAH~H~ B :ny $OpMyny, BbJ-
4HCneH MeTOAOM, OnHCaHH~M B pa3Aene ], 

npHMep Ha6opa pesynbTaTOB, onpeAenHIO~HX BenH4HH~ OLENS'(JSCH 
H (JTH AnH DAHOro BapHaHTa ABYXKaCKaAHOA HOHOOnTH4eCKOA CHCTe
M~, npeACTaeneH Ha pHc,6. PHc.7 npeACTaenHeT saBHCHMOCTb yrna 
pacxoAHMOCTH ny4Ka 0(= OSUM)OT P/P0 , e Ka4ecTee napaMeTpa 
B3HTO r, 

6. 3AKniC4EHHE 

OnepaTHBH~e MeTOA~ npH6nHmeHHOro pac4eTa HOHOOnTH4eCKHX 
napaMeTpOB CHCTeM 3KCTpaK~HH H $OPMHPOBaHHH ny4KOB, OCHOBaHH~e 

ll 
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Ha np~eMaX 3neKTpOHHO~ OnT~K~, npeAnaran~Cb B HeCKOnbK~~ pa-
6oTaX '6,12,22/, 0AHaKO B03MO>KHOCT~ I-IX np~MeHeHM.A 6blnl-1 orpaHM4e-
H~ ~n~ He 04eHb 1-!HTeHCMBH~M~ ny4KaMM ' 12 • 22 ~ ~nH nony4eHH~e 
pe3ynbTaT~ HMenH COMHHTenbHY~ 4eHHOCTb'6 1

, Ha6n~AanOCb 3aMeT
HOe pacxO>KAeH~e pe3ynbTaToB pac4eTa c 3KcnepHMeHTanbH~MH AaH
H~M~. 0AH0~ 1-13 np~4~H 3Toro .ABn.AeTC.A OTCYTCTBHe y4eTa .ABneHI-1~, 
CB.A3aHH~X C npOCTpaHCTBeHH~M 3ap.AAOM 112 •22~ Hn~ 04eHb rpy6a.A 
¢opMa y4eTa 3Toro .AeneHH.Am~ C APYro~ cTopoHw, pac4eT n~H3o
e~x 3¢¢eKTOB eo ecex ynoM.AHYT~x pa6oTax 6~n npoeeAeH np~ cnHw
KOM 6onbw~x ynpo~eHM.AX. He Y4~T~eanacb 3aBHCHMOCTb pacnpeAe
neHM.A noTeH4Hana of paAHyca oTeepcT~.A, a e pa6oTaxM,12'paAHYC 
ny4Ka npHHHManH paEIHbiM HeKOTOpO~ a priori Bb16paHHO~ BenH4H
He. 3a MCKn~4eHHeM pa6oT~ ~2 ~ M3MeHeHH.A nonepe4HO~ TeMnepaTy
P~ BAOnb TpaeKTOpH~ ny4Ka He Y4HT~BanHCb, 

Pe3ynbTaT~ pac4eToe HpHoonTH4ecKHX napaMeTpoe ABYXKacKaAHO~ 
C~CTeM~, nony4eHH~e no npeAnO>KeHHOMY HaM~ MeTOAY, npeACTaeneH~ 

BO BTOpOA 4aCTH pa60T~ ~3~ 
Ha np~Mepe pac4eTa /pHc.7/ MO>KHO y>Ke 3aMeTHTb, 4TO Ka4ecT

eeHHO MeTOA npae~nbHO oxeaT~eaeT MHoro .ABneHMA. Aa>Ke np~ no
CTO.AHHoA KOHe4HOA 3HeprHM ny4Ka Ha6n~AaeTC.A 3aBHC~MOCTb 0 MIN 

SUM oT I'; no Mepe pocTa ,, pacTeT An.A AaHHoro yrna pacXOAHMOCT~ o0 
WHPHHa AHana3oHa i\ P, BHYTPH KOToporo 0 SUM < () 11 : An.A pacTy-
~HX I' pacTeT eenH4~Ha P, COOTBeTCTBY~~a.A oMIN H T.A. 

B , G 123 , SUM paMKax AaHHOH MOAenH, B pa OTe' ' npOAeMOHCTpHpOBaH~ B03-
MO>KHOCTH AanbHeAWHX yny4WeHHH, KOTOpbte n03BOn.A~T 3Ha4M
TenbHO yMeHbW~Tb KOnH4eCTBeHHble paCXO>KAeHH.A C 3KCnepHMeHTOM. 
np~ene4eH~e T04HOrO ypaeHeHH.A AB~>KeHH.A B yCKOp.A~~eM none ~ 

OnMCaH~e ny4Ka B KBa3~rHAPOA~HaMH4eCKOM np~6nH>KeHM~, C y4eTOM 
nonHero aHanHTH4eCKoro Bblpa>KeHH.A, on~CbiBa~li.lero pacnpeAeneHHe 
noTeH41-1ana no r 1-1 Z np~-1 COBOKynHOM AeACTBHH C~CTeM~ 3neKTpo
AOB, AaCT B03MO>KHOCTb nony4eHM.A 6onee T04HO~ 04eHK~ napaMeTpoe 
ny4Ka, B TOM 4HCne 3BOn~4H~ 3M~TTaHca 1-1 Ben~4~H~ K03¢¢~4HeHTa 

noTepb ny4Ka Ha 3neKTPOAax. UeHHOCTb AaHHoro MeTOAa cocTo~T 

B TOM, 4TO np~-1 M~H~ManbH~X 3aTpaTaX C4eTHOrO BpeMeHM Ha 38M 
MO>KHO Ha~TH OTHOCHTenbHO T04H~e O~eHKH BenH4~H H AOnyCTHM~X 
npeAenoe H3MeHeHH.A napaMeTpOB MHOro3neKTPOAH~X HOHOOnT~4eCKHX 
C~CTeM. 
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