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Ka3ap~HOB H.~ .• nepenbWTe~H 3.A. P9 - 12441 

0 cpeAHeKBaApaT~4H~X pa3Mepax 3neKTpOHHO
~OHHbiX KOne1..1 

Ha OCHOBe MeTOAa MOMeHTOB $YHKLI~~ pacnpeAeneH~~ B~BOA~T 
c~ ypaeHeH~~. on~c~ea~~~e ~3MeHeH~e eo apeMeH~ KOOPA~HaT 
noKanbH~X L.leHTpoa Mace ~ cpeAHeKBaApaT~4H~x pa3Mepoe ycKo
peHHOro 3neKTPOHHO-~OHHoro KOnbL.Ia. HaxoA~Tc~ aA~a6aT~4eCK~e 

~Heap~aHT~, o6o6~a~~~e o6bi4Hble ~Heap~aHT~ 6eTaTpOHHbiX Kone-
6aH~~ Ha cny4a~ ABYXKOMnOHeHTHOrO KOnbL.Ia C HecoenaAa~~~M~ 
pa3MepaM~ ce4eH~~ 3neKTPOHHoro ~ ~OHHoro Kone1..1. HccneAY~Tc~ 

CTali~OHapHble COCTO~H~~ YCKOpeHH~X 3neKTpOHHO-~OHHbiX KOne1..1. 
H3 ycnoe~~ yCT0~4~BOCT~ CTali~OHapH~X COCTO~H~~ HaXOA~TC~ 
MaKC~ManbHO B03MOmH~~ Ha6op 3Hepr~~ ~OHOB Ha eA~H~Lie An~H~ 

ycKop~Ten~, Y4~T~ea~~~~ ~3MeHeH~e pa3Mepoe KOnbL.Ia np~ ycKo
peH~~. 

Pa6oTa B~nOnHeHa B 0TAene HOB~X MeTOAOB YCKOpeH~~ 
OHRH. 

npenpHHT 06beQHHeHHOrO HHCTHTYTS aaepHbiX HCCneQOBSHHR. ny6Ha 1979 

Kaza r inov N.Yu., Perelstein E.A. P9 - 12441 

On RMS Dimensions of Electron-ion Rings 

The electron-ion rings acceleration is treated by using 
the momentum method. The system of equations describing the 
local centers of mass coordinates and RMS-dimensions evolu
tion has been obtained. When the RMS- dimensions of electron 
and ion rings do not coincide, the known adiabatic invari
ants are generalized. The accelerated electron-ion ring 
steady states are considered. The holding power is found 
with the account of the stabil i ty conditions and dimensions 
changing. 

The investigation has been performed at the Department 
of New Methods Accelerations, JINR. 

Preprint of the Joint Inst itute for Nuclear Research. Dubna 1979 

B pac~eTax a~ua6aTH~ecxoro c~aTHR 3nexTpoH~o-uoHHMX xo

neu, HaKonneHBR BOHOB 3neKTpOHHMM KOnbUOM B yCKOpeHHR 3neKT

pOHHO-HOHHMX KOneu 06M~HO C~BTaeTCR , ~TO Manble pa3MepM 

3nexTpoHHoro B BOHHoro xoneu coBna~aroT. B ps~e cny~aeB Taxoe 

npu6nu~eHue oxaJbiBaeTcR HenpuMeHBMbiM. HanpuMep, npu c~aTHB 

3neKTpOHHO-HOHHOrO KOnbUa OTHOWeHBe pa3MepOB ce~eHBH 3nexT

pOHHOrO u HOHHoro xoneu MeHReTCR xax R 114 , r~e R - pa~uyc 
I ll 

xonbua 
OcHoBHOH xapaxTepBCTBKoH, onpe~ensromeA 3!W>exTBBHOCTb xon

neKTBBHoro yCKOpBTenR TR~enMX HOHOB /YTH/ 12 1
, RBnReTCR MaK

CBManbHO B03MO~HbiH Ha6op 3HeprBB BOHOB Ha e~HHBUe ~nHHM 

ycxopuTens. )l.ns 3nexTpOHHoro xonbua c paBHOMepHbiM pacnpe

~eneHBeM Japs~a no 3nnunTB~ecxoMy ManoMy ce~eHBIO c nonyocs

MB a H b , ~HCnOM ~aCTBU N, MaKCBManbHO B03MO~Hb1H Ha6op 

3HeprBB BOHa JapR~HOCTB Z H C MaCCOBbiM ~HCnOM A ODpe~enReT

CR cilopMynoH: 

~ E max 

z 2ve 
2 k- ---

A a + b 
/1/ M9B ) 

Hy Kn • CM 

N e 2 
r~e v e = 

2 
R - 2 - napaMeTp liy~xepa; e, m - JapR~ B Macca 

11 me 
3neKTpOHa; C - CKOpOCTb CBeTa B BaxyyMe; k - K03!W>BUBeHT 

Janaca. Ko3IW>uuueHT k ::; 1 onpe~en.lleTCR MaxcuManbHO B63-

MO~HOH nonRpB3aUHeH 3nexTpOHHO-HOHHOrO KOnbUa , T .e. TaKOH, 

npu xoTopoA 3nexTpOHHo-uoHHOe xonbUO eme ycxopseTC.Il xax 

uenoe. Do~ nonsp&Jauueii noHBMaeTCR paccToRHBe Me~y noxanb

HbiMB ueHTpaMB MaCC 3neKTpOHOB B BOHOB. 
Up& onpe~eneHBB xo3!W>BU&eHTa Janaca o6bi~Ho c~uTaeTCR, 

~TO Manble pa3Mepbl 3neKTpOH&O-BOHHOrO X:OnbUa He JaBBC.IIT OT 

nonspuJaUBB /eM. , HanpBMep, pa6oTbl 
13 

• 
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3 



yBenH'IeHHH ocna6eBaeT l!>oKyCHPYJOil.lee ,neHCTBHe KOMIIOHeHTOB J<Onb

ua .npyr Ha .npyra. 3To rrpHBO.llHT x yBenH'IeHHIO pa3MepoB xonhua, 

H, cne.noBaTenhHO, x yMeHbWeHHIO xo34>4>HuHeHTa 3arraca. 

B ,naHHOH pa6oTe Ha OCHOBe MeTo,na MOMeHTOB li>YHKUHH pacrrpe

,neneHHJI /
5

-
7 

I BhiBO)I;JITCJI ypaBHeHHJI, OIIHChiBaiOil.IHe H3MeHeHHe BO 

BpeMeHH l<OOP.llHHaT noxanhHhiX UeHTpOB Mace H cpe,nHeJ<Ba,npaTH'IHhiX 

pa3MepoB ycxopeHHoro 3nexTpOHHo- HOHHoro xonhua. Haxo.nJITCJI 

a,nHa6aTH'IeCKHe HHBapHaHThl, 060611.1a1011.1He 06LI'IHble HHBapHaHTbl 

6eTaTpOHHhiX KOne6aHHH Ha cnyqaa .llBYXKOMIIOHeHTHOrO KOnbUa 

C HeCOBDa,naiOil.IHMH pa3MepaMH Ce'leHHH 3neJ<TpOHHOrO H HOHHOrO 

J<Oneu. Jiccne,nyiOTCJI CTaUHOHapHhle COCTOJIHHJI ycKopeHHbiX 3neKT

pOHHO· HOHHbiX KOneu. Ji3 ycnOBHJI yCTOH'IHBOCTH CTaUHOHapHbiX 

COCTOJIHHH HaXO.llHTCJI K034>Ii>HUHeHT 3arraca, Y'IHTbiBaiOil.IHH H3MeHe

HHe pa3MepoB Konhua npH ycxopeHHH. 

J. PaCCMOTpHM a3HMyTanhHO- CHMMeTpH'IHOe 3neKTpOHHO- HOH

HOe l<OnhUO, HaXO.llJIIl.leeCJI B O.llHOPO.llHOM MarHHTHOM none Hz 
H yCKOpJIIOil.leecJI BHeWHHM 3neKTpOMarHHTHbiM noneM C 34>li>eKTHB· 

HOB HarrpJI)I(eHHOCThiO E z . YpaBHeHHJI .llBH)I(eHHJI qacTHU B UHnHH.llPH

'leCKOH CHCTeMe J<OOP.llHHaT (r , 8 , Z ) Ha He6onbWOM HHTepBa

ne BpeMeHH, J<Or,na H3MeHeHHeM MaCChi 'laCTHUhl MO)I(HO npeHe6pe'lb, 

3aDHChiBaiOTCJI B cne.n}'JOil.leM BH)I;e: 

•• 2 
x e -'- wr X e _1_ ( F ee + F ei ) ~ 0 

m Ye x x 

•• 2 -z +w (z -z )--1--(Fee F ei) eEz e z e e m z + =---Ye z mye 

/2/ 
x. __ 1_ ( Fii Fie ) :0 

I AM yi X 
+ X 

z . __ 1_ ( F ii + F ie ) = _ ~e E z 
I AM yi z z AM yi 

JiH,neJ<Chl e • i 3J];eCb H B ,nanbHeHWeM 03Ha1.faiOT, 'ITO ,naHHaJI BenH· 

'IHHa OTHOCHTCJI J< 3neJ<TpOHaM HnB J< HOHaM, COOTBeTCTBeHHO. 

4 

B ypaBHeHHJIX /2/ ucrronh30BaHhl o6o3Ha1.feHHJI: x = r- R - oTxno-

HeHHe pa,nHyCa 'laCTHUhl OT paRHOBeCHOro; }' e i - penJITHBHCTCJ<HH 

l!>axTop qacTHUhl; M - Macca npoToHa; w = ~- - qacToTa 
r R 

o6pameHHJI 3nexTpoHa B MarHHTHOM none Hz ; w z - qacToTa 

KOne6aHHH 3neKTpOHa OTHOCHTenhHO noxanhHOrO UeHTpa Mace, 

ODpe,nenJieMaJI BHeWHHMH l!>oJ<yCHPYIOil.IHMH DOnJIMH /l!>oKyCHpOBJ<a 

"6enH'IhHM xonecoM" 18 1 , rroneM 6erymeii BonHhl H T .n./, B caMo-
• e i -• i e .,.. e e ..... i i 

4>oxycHpy1011.1eMcll xonhue w z = 0 ; F , F , F , F -

CHnhl, o6ycnosneHHble ,neHCTBHeM C06CTBeHHOrO 3apll,na KOMIIOHeH

TOB KOnhua; TaK, HarrpHMep, F ei ecTh cuna, .neiicTBYIOil.lall Ha 

3neJ<TpOH CO CTOpOHbl HOHOB. l.J:epTa B ypaBHeHHllX /2/ H B ,nanbHeii· 

weM 03Ha1.faeT ycpe.nHeHHe c li>YHKUHeii pacnpe.neneHHll qacTHU 

.naHHoro copTa : 

- 1 - . . z . = -- J z . f . dx dz dx dz , e .1 N . e,1 e ,1 
e ,1 

/3/ 

r.ne Ne .( nHHeHHble IInOTHOCTH 3neJ<TpOHOB H HOHOB. 

Orrpe.nenHM rronJipH3aUHH H cpe.nHexsa.npaTH'IHhle pa3Mephl 3nexT

poHHO-HOHHoro xonbua: 

- - - - r:(----_---)2 b /( - ) 2 
P z=Ze-zi ; P r"'xe-xi; ae ,i=V(xe ,i-xe ,i ; e,rv'<ze,i-ze,i·/4/ 

Cne.nyJI pa6oTaM 1 5 •6 1 , H3 ypaBHeHHH ,nBH)I(eHHJI /2/ nonyqaeM ypas-

HeHHJI, .Ua1011.1He H3MeHeHHe BO BpeMeHH DOnJipH3aUHH H cpe.nHeJ<Ba,n

paTH'IHhiX pa3MepoB: 

Fie 
Pz + A~ (1 + 0 = w(1 +.f )(1+ f/0 

Yi --r-r 

Fie 
Pr + A~yi (1+0 +w~ (6Pr +Xo)=O, 

w 2 .f 
Xo + _ r_ (xo+--- P )=0, 

1+.f 1+.f r 

•• 2 
a e + wr ae-

E2 
xe 

Y
2-;a 
e e 

v c 2 1 1 
e - · - --

-yr~e my e 
e 

/5/ 

(x -X: )F ei e e x 
=0, 

ae 
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E2 -----
v c 2 

1 1 
(z - z )F ei •• 2 ze e e z be+wzbe- e --- -0, y2bs -7 a e + be mye be e e e 

2 2 f2 - ) ie E xi ve c 1 1 (xi -xi Fx 
- .. 0, ai - 2a :r- - - Y- T ai+bi- AMyi Y i i e • a i 

2 2 
vee (z i- z i ) F zie r2 .b i - Ezl 1 1 

-0, 
y~b3 - --;:- -~ a

1 
+ b :- - AMy i 

1 1 b i 

AM y- N -
r.ne ~ = _!..___N 

1 
- ¢aKTOp JarpyJKB 3nCKTpOHHO-HOHHOrO KOnbQa; 

m Yc e 
ZN x +~x 

f = __ I - ~aKTOp HCBTpanHJaQHHO X s e I - X - KOOp,II.H-
N e '!' ' 0 1 +~ 

HaTa UCHTpa Mace CC'ICHHJI KOnbUa; W = (i" + (i
1 

) 1 (1 + ~) 
e 

ycxopeuee QeHTpa Mace xonbua; E . I y . , E 
1 

I y . 
x e 1 t e,t z e, e.t 

3¢¢eKTHBHble ¢aJoBLJe o6'beMbi B !l>aJOBbiX nnocxocTxx ( x , x ) , 
(z , Z ) 0 llpH BblBO.II.C ypaBHeHHB /5/ HCnOnbJOBanHCb cne.n

CTBHJI TpeTbero Jaxoua HbiOTOHa: 

Fee = 0; "Fii = 0; N lei + N /j;""= 00 /5ol/ 

B cnyqae ycxopeHBJI B 3nexTpeqecxoM none BenH'IHHa w onpe

.nenxeTcll no ¢opMyne: 

eE z(l -f) 
w = --- --7:'\ 0 

my e (1 +d /6/ 

1 21 
Ecne ycxopeuee npoHCXO.IJ.HT B rpa.neeHTHOM MarHHTHOM none 

TO ypaBHeHHe .nnx P z HY)KBO JaMeHHTb ua: 

Fie 
p + __ z __ (1 +~) = w (1 +0 

z AM yi 

aH 
~--z 

w ,..!£. az 
2 1+[ 0 

/7/ 

6 

t: 1 / 2 / llpH s >> /B YTH 3TO ycnoBHe Bcer.na BblnonuxeTCJI I 
6e3 orpaHB'ICHBJI 06I1UIOCTB MO)KBO C'IBTaTI., 'ITO x 0 =00 

CBcTeMa ypaBHCHBB .nnx nonxpuJaQBB B cpe.IJ.HeKBa.npaTH'IHbiX 

pa3MCpOB 6y,11.eT JaMKHYTOB, eCnB cpe,II.HBC BCnB'IHHbl, BXO.II.JIIUHC 

B /5/, Bblpa:>KaiOTCJI 'lepe3 MOMCHTbl 4JyHKQBH pacnpe.neneHHJI nep

BOrO H BTOporo nOpli,II.KOBo llpe,ll.nOnO:>KBM, 'ITO nnOTHOCTH JnCKTpo

HOB H BOHOB BMCIOT BB,II.: 

P e ,i-
N e , i ----

2rr a e ,i b e,i 
e 

- 2 
(x -x e, i) 

- -----y--- -
2a e ,i 

2 
( z- "i e ,i) 

2iT~ e ,1 /8/ 

Bbi'IHcneuue cpe.IJ.HHX BenH'IHH c nnoTHOCTbiO BH.IJ.a /8/ npHBO.II.HT 

K peJynbTaTy: 

F le 
z 

2 
Ze N e 

Pz 
Tb2- I1(be,bi,p z .Pr, {3) 

() + i 

- ) ei 
(ze-ze Fz 

2 -Ze N 1 

b2 
e II 1(be'bl,p z ,pr,{3)-

b 2 + b 2_ 
e 1 

p2 
z I ( 

b; + b ~ 2 be' b i ' p z 'p r ' {3) l 

1 
I 1 ( b e• bl • P z • P r • f3) = I 

0 

1 

I2(be,bi,pz,pr,f3) "'I 
0 

2 
2 Pr ] 

expl- u [p + --- l 
2(b2+b2) Z 1+{3U 

e 1 du 

y 1 +f3 u 

u exp{- u [p2+-~]l 
2( b 2 + b ~ ) z 1 + {3 u 

e 1 _ du 

y1 +{3 u 

2 2 
ae+ ai 

-1. 
/9/ 

{3 = 
b 2 +b~ e 1 

1 



Ilpu ycpe.nHeHHH y.no6Ho Bocnonb30BaTbCH 4!opMynoii ,[{nH HaXO)I(.lleHHH 

C06CTBeHHbiX 3neKTpH'IeCKHX noneH KOMllOHeHTOB KOnbUa, 3allHCaH

HOH B cne.[{ylOIUeM BB.lle ( 9 I : 

p (T)d s 
tiJ e =2rre aebe(x-x e) 

0
f 2 );/ 2 (b2 -;-)172 

x (ae+S e+ 

T = 
- 2 - 2 

(X-Xe) (z-ze ) _2 ___ + __ 2 ____ . 

ae + s b e+ s 

AHanorH'IHO Haxo.[{HTCH z -xoMnoHeHT HanpH)I(eHHOCTH nonll . Cpe.[{

HBe BenH'IHHbl, OTHOCHIUHeCH K X - ,[{BH)I(eHHlO, MO)I(HO nony'IHTb 

H3 4lopMyn /9/, llOMeH.IIB MeCTaMH pa3Mepb1 H nonllpH3aUHH, CBll3aH

Hble C X ,z - ,[{BH)I(eHHeM. 

YpaBHeHHH /5/ BMeCTe c 4!opMynaMH /9/ onpe.[{enl!roT H3MeHeHHe 

BO BpeMeHH cpe.nHeKBa,[{paTH'IHbiX pa3MepOB H nonHpH3aUHB YCKOpeH

HOrO 3neKTpOHHO-HOHHOrO KOnbUa. 

I I. B OTCYTCTBHe BHeWHHX ycxoplllOIUHX nones ( w = 0) 

pH3aUHB 

Pr = Pz 0. 

nonll-

/10/ 

B noM cnyqae HHTerpan I 1 (be, b i , 0. 0. f3 ). 
Mynhl /9/, nerxo Haxo.[{HTCll: 

BXO.[{lllUBB B 4lop-

/11/ 11~ 
2 y' b~ + b1 

V b 2 + b2 + Y a 2 + a 2 
e I e I 

CucTeMa /5/ npB 3TOM BMeeT BH.n: 

2 2 r 2 E v c 1 ve c 2 xe e ---+ __ _ 
ae + Wr a e - ~ - -;a ae+ be Y e 

Y e e e 

2ae 
------=0 

2 2 ( I 2 2 I b2 • 2 ) vae+aj vae+aj +v e+Di 

8 

E 2 2 fc2 2be 0 
~· c 1 v e -----==---====- = 2 ze e , __ _ 

be +-Wz be - )' 2b3 - -yr- a;;-:t>e- y e v' b2 + b~ ( V a2eH ~ + V b2e+b~) 
e e e 1 

E 2 v c2 f 2 1 v ec2 f 2ai =0 
x1 e --- -r ---

ai- y2 a3 --;:-y a .->- bi Ye e a2+a.2(y• ;2 ~ a2 +v b2..._b2) 
j j e I Ve I e I e I 

bj-
2 2 2 

E zi l ' e c 2 1 v ec f 

),2b3 - - Y- + ai-rb 1 " --y;- 7 
2b.!.. =0. 

1 1 e v' b 2 + b2 (v a 2 + a~+v' b2+b~) e 1 e 1 e 1 

/12/ 
EcnH cpe.[{HeKBa.[{paTH'IHble pa3Mepbl HOHOB H 3neKTpOHOB COBlla,[{a

lOT, To ypaBHeHHll /12/ nepexo.[{liT B ypaBHeHHH Bna.[{HMHpcxoro-

Kan'IHHCKoro. 

CucTeMa /12/ HMeeT HHTerpan: 

• 2 • 2 • 2 • 2 2 2 2 2, 

~ -'- ~-~ " e ~ " t ~ + ~~:_e - - -w z b _e_ 
2 ~ 2 2 2 2 

E2 
+ -~ -+ 

2 y2 a2 
e e 

E2 
. ze 
r ------

2y2b2 
e e 

E 2 
r e --xi 2 "2-~- + e 

Y i a i 

2 
Ezi 

2 y2 b2- ~u(ae,b ,a .,b. 

1 1 

e 1 1 
) -canst 

2 f 2 ---
Ve C 1 2 2 2 2 

U (a , b , a 1 , b i ) = ------In ( v ae +a i + Y be + b 1 ) -
e e y e 

v c 2 v c 2 2 __ e
3

ln(ae+be)- __ e __ f ln(ai+bi ). /13/ 
Ye Ye 

B cnyqae caMo4!oxycupyromerocH xonbua (w r = 0) c coBna.[{aro-,z 
UUIMB pa3MepaMB 3neKTpOHOB B HOHOB B3 4!opMynbl I 13/ cne.nyeT, 

'ITO peWeHBH CBCTeMbl /12/ npB BblllOnHeHBB ycnOBB.Il CaMo4!oxycH

pOBKH 6eHHeTa-6y.[{Kepa: 

....l._ <f< 1 
y 2 

e 

COOTBeTCTBYIOT npOCTpaHCTBeHHO-orpaHB'IeHHbiM nyqxaM. 

/14/ 
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3aMeTHM, 'ITO ,llJIJI KOJILUa C HeCOBIIa,llaiOIUHMH 3JieKTpOHHLIMH 

H HOHHLIMH paJMepaMH CHCTeMa 1121 ,llOIIYCKaeT YCTOB'IHBLie pewe

HHJI H B TOM CJiyqae, KOr,lla YCJIOBHe 1141 He BLIIIOJIHJieTCJI. TaK, 

rrpH a e <<a 1 < oo , be << b 1 < oo HMeeM, cor nacHo 1131, -
f < 2 , a IIpH BLIIIOJIHeHHH 06pa THLIX HepaBeHCTB a i << a e < oo 

bi << be < 00 - r > 1 I 2 y: ' 'ITO rrpOTHBope'IHT YCJIOBHIO CaMo

$OKYCHpOBKH 1141. JTO IIpOTHBOpe'IHe CBJI3aHO C TeM, 'ITO ypaBHe

HHJI I 121 rrony'leHLI B IIO.AXO.Ae, JKBHBaJieHTHOM JIHHeii:HoB: arrrrpoxcH

MaUHH co6cTBeHHLIX rroneii: KOJILUa 17 •91 . TaxaJI arrrrpoKCHMaUHJI 

IIpHBO,nHT K J<l><i>eKTHBHOMy yBeJIH'IeHHW CHJI B3aHMO,neii:CTBHJI KOM

IIOHeHTOB KOJILUa, eCJIH paJMepLI 3JieKTPOHOB H HOHOB CYIUeCTBeHHO 

OTJIH'IaiOTCJI ,npyr OT ,npyra. 

B CTaUHOHapHOM COCTOJIHHH, a TaK)I(e IIpH a,nHa6aTH'IeCKOM 

H3MeHeHHH rrapaMeTpOB 3JieKTpOHHO- HOHHOrO KOJILUa ypaBHeHHJI 

1121 IIepeXO,nJIT B CHCTeMy anre6paH'IeCKHX ypaBHeHHB, Il03BOJIJIIO" 

IUHX OIIpe,neJIJITL Cpe,nHeKBa,npa TH'IHLie paJMepLI: 

y e,i n re, i a 
2 

. = E . = cons t , 
e,I xe ; 1 

Y . n . e, 1 ze ,1 b 2 . = E . = const , e , I ze, 1 
1151 

r.ne 

n2 
re 

2 
2 1/e c . 2 f 

wr + -- [ -= 
Ye , .' a2 +a~( , a 2 1- a.2 + \ b2 . b2) 

v e 1 v e 1 e' 1 

_1 __ 1 ___ ] 

y2 ae(ae+be) 
e 

!_ ___ 1 ___ ] 

)'2 be(ae + be) 
e 

2 
2 2 1'e c 2 f 

0 = w + -- [ ----------
ze z y ---

e v b2 + b ? ( y a 2 + a~ + v' b 2+ b? ) e I e I e I 

2 
0 . 

2 
ve c f 2 f 

= --- [ -----1 
r1 

n2 
zl 

10 

Ye ~ y'a2+a.2(y! a2+a ~+y' b2 + b2) a . (a .+b) 
e I e I e I I I I 

v c2 _e __ 

ye 

! [ 2 
"[ -- ·· , 

v' b 2 + b~ ( yl a 2 +a~ +v'b2 +b~ e 1 e 1 e 1 

b .(a. b ]. 1161 
I j + j) 

~ 

cl>opMynLI I 15, 161 JIBJIJIIOTCJI o6o6IUeHHeM o6LI'IHLix a,nHa6a TH'Ie c

KHX HHBapHaHTOB 6eTaTpOHHLIX KOJie6aHHH Ha CJiy'laii: ,nByXKOMIIO· 

HeHTHLIX KOJieU C HeCOBIIa,naiOIUHMH paJMe'paMH. 0HH MOryT 6LITL 

HCIIOJIL30BaHLI IIpH pac'leTe a,nHa6aTH'IeCKOrO C)l(aTHJI ,nByXKOMIIO· 

HeHTHLIX KOJieU B a,nreJaTopax, a TaK)I(e B paC'IeTaX IIO HaKOIIJieHHIO 

HOHOB. PaCCMOTpeHHe JierKO 0606IUaeTCJI Ha CJiyqaii: MHOrOKOMIIO" 

HeHTHLIX 3JieKTpOHHO- HOHHLIX KOJieU. 

0TMeTHM, 'ITO ,nJIJI 3JieKTPOHHOrO KOJILUa, HMeiOIUero pa36poc 

IIO aJHMyTaJILHLIM HMIIYJILCaM, HHBapHaHT, CBJ13aHHLIH C pa,nHaJIL· 
y I 10 ~ 

HLIM ,nBH)I(eHHeM 3JieKTpOHOB, CJie,nyeT H3MeHHTL Ha CJie,nyiOIUHH · 

y e 0 re [a~ -
w2 w4 

(m ),""7")2 n r4 1 = const > 0 
e ~' - , 

r 1171 

r,ne W2 - cpe,nHeKBa,npaTH'IHLIH pa36poc 3JieKTpOHOB IIO o6o6IUeH

HLIM MOMeHTaM. 

I I I. llpe,nrroJIO)I(HM, 'ITO B MOMeHT BpeMeHH t = 0 BKJIIO'IaeTCJI 

3JieKTpH'IeCKOe IIOJie, Me,nJieHHO paCTYIUee BO BpeMeHH IBpeMJI 

HapacTaHHJI IIOJIJI ropaJ,nO 60JILWe IIepHO,na HOHHLIX KOJie6aHHHI. 

flpeHe6peraJI B ypaBHeHHJIX 151 IIpOH3BO,nHLIMH BO BpeMeHH, IIOJiy· 

'IHM CHCTeMy aJire6paH'IeCKHX ypaBHeHHH ,nJIJI OIIpe,neJieHHJI IIOJIJI• 

pHJaUHH p z H cpe,nHeKBa,npaTH'IHLIX paJMepoB B rrpoHJBOJILHLiii 

MOMeHT BpeMeHH: 

~-~~ "e 2 wM At+r .· ~ 2v7b2'l'(y,f3)= yi2 =AE 
e+ i 2m c 

w2b4 v fc 2 
z e + e 

Ye 

4 

b4 
~-· a w be+b~ ay =COUSt 

2 b . 
~f ___ l2 

- -rb2+ b . y e e I 

aw- c onst a-y-

e 

M38 
HyKJI • CM 

2 4 vefc2 a: f3 
w a + --- 2 2 I 1 (a ,a. , O,p ,- ---) =Const 

r e y a +a e 1 z R + 1 
e e I fJ 
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2 
11 e c f a~ 
---- I (a a 0 f3 y ~ a2+a2 1 e' i' , pz • - -- )=const 

e e 1 f3 T 1 

'P (y , f3) = y I 1 ( b e' b i , p z, 0 , f3 ) ; 
P z 

/18/ y 
v 2 (b~ + bf) 

llpH BbiBO.U.e ypaBHeHHH /18/ Mbl C'IHTanH p r = 0 H rrpeHe6pe r nH 

.U.eHCTBHeM KOMIIOHeHTOB K On bUa CaMHX Ha c e 6JI, 'ITO crrpaBe .U.nHBO 

IIpH BbiiiOnHeHHH HepaBeHCTB 1/y 2 << f << 1. 
e 

llpH ManbiX yCKOpJIIOIUHX IIOnJIX ( y << 1), Kor.u.a B y p a BH eHHliX 

/18/ MO)I(HO orpaHH'IHT bCJI nHHeHHbiM paJnO)t(eHHeM ITO IIOnllpH 3aUHH, 

ypaBHeHHll .IJ.nll cpe.U.HeKBa.U.paTH'IHbiX p a J M e p OB He JaBHC liT OT 

rronJipHJaUHH H cosrra .u.aroT c y paBHeHHJIMH / 15 , 16/ . Cne.u.osaTenb 

HO, rrpu Manhlx ycxopeHHJIX ueHTpa Mace xonb u a cpe.u.Hexsa.u.p a T H'I· 

Hble pa3Mepbl cna60 J aBHCliT OT BenH'IHHbl yCKOpeHHll . 3T OT p eJynb 

Ta T IIO.U.TBep)t(.IJ.aeTCJI paC'IeT aMH CT aUHOHapHbiX COCTOliHHH y cx o p e H-
/ 11 -14 / 

HbiX 3neKTpOHHO"H0HHbiX KOneu, rrpose .u.eHHbiMH B pa6oTaX · 

llpu ycxopeHHH caMo$oxycupyromerocl! xonbua ( w = 0) Mbl z 
HMeeM, cornaCHO ypaBHeHBJIM / 18/, 

bj 
b ~K -const; 

e 

2 aw 2 aw 
b -- = const = b -- I 0 e a y eo a y t= /19/ 

liH.U.eKCOM "o" J.U.eCb H B .u.anbHeHWeM OTMe'lalOTCJI Ha'lanbHbie 3Ha· 

'leHHll rrapaMeTpOB . licrronb3YJI /19/ , HeTpY.U.HO rrony'IBTb Bbi pa)t(e

HHe .u.nll Ha6opa 3Hepruu: 

~E: ~ (1- f) 
A 1+f / ~ 

lie 

2 be
0 

- 112 d'P 
v-~-- c 2 ) wcy.f3)v a-y· ;2o; 

2 --
1 +K ..J 1 +f3o +1 

~nJI TOrO 'IT06bl onpe.u.enBTb MaKCHManbHO B03MO)t(Hb1H Ha6op 

3HeprHH ~ E max , He06XO.U.BMO BCCne.U.OBaTb yCTOH'IHBOCTb peWeHBH 

CHCTeMbl /18/. l.laCTOTa KOne6aHBH 3neKTpOHOB 06bi'IHO ropa3.U.O 

6onbWe 'laCTOTbl KOne6aHBH BOHOB /B YTli, HanpHMep, BbiiiOnHJieT • 

CJI HepaBeHCTBO ~ >> 1 I, rro3TOMY npo6neMa ycTOH'IHBOCTB 

CBO.U.BTCJI K paCCMOTpeHBIO 3neKTpOHHbiX Kone6aHBH. llonO)t(BM, 

12 

.U.nll IIpOCTOTbl, 'ITO CTaUBOHapHble pa3Mepbl 3neKTpOHHOrO H HOH" 

Horo xoneu coBrra.u.aroT. Tor.u.a nBHeapH30BaHHbie ypaBHeHHll /5/ 
HMelOT BH.U.: 

•• 2 aw 2 aw 
Apz + Q e --- ~ P z - 2 Qe [ 'P + y -a- ]~ b ay y e 0 

•• 2 2 aw a 2 w Q~ a ~ ~b + 4w ~b t- 2 Q el --- L-]~ b + ---~ p = 0 
e z e ay 2 ay2 e 2 ay2 z 

2 
Q

2_11 c 
e - :....!L_ . 

} 'e 2 b2 
e 

/21/ 

Co6CTBeHHble 'laCTOTbl KOne6aHHH W CHCTeMbl /21/ HaXO.U.JITCJI H3 

ypaBHeHHJI: 

2 
[ w 2 aw 1 w 2 wz 2 aw y a w 

(-) -- [ ( - ) -4 ( -) - 2( - - - --)] + 
Q e ay Q e Q e ay 2 a y 2 

2 
a w aw + -- [ '¥ -<- y - ] -0. 
a y 2 ay /22/ 

B OTCYTCTBBe BHeWHeH $OKYCBpOBKH KOpHB ypaBHeHBJI /22/ .U.eHCT • 

BHTenbHbl IlpH BbiUOnHeHBB ycnOBHJI: 

2 2c ~/ t w L't > o. ay ay2 - /23/ 

TaKBM o6paJoM, peweHHJI cucTeMbl /18/ 6y.u.yT ycTOH'IBBbl rrpu 

yBenu'leHBB rronJipB3auuu /unu, 'ITO TO )t(e caMoe, rrpu yBenuqe

HBB ycxopeHBJI/ .u.o npe.u.enbHOro 3Ha'leHBll y onpe.u.enJieMo
max 1 

ro paBeHCTBOM: 

a c,.; aw 'P) \ =o. 
dY "7fY Y =y max 1 /24/ 

3TO paBeHCTBO JIBnl!eTCJI cne.U.CTBBeM /23/. 
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Ha puc. 1 :QOKa3aHa 3aBHCHMOCTb y max 1 OT napaMeTpa f3 
lxpHBaJI 11. Kax BH.D;HO H3 rpa4Jaxa, y max cna6o 3aBHCHT OT 

1 1 
{3 H npHMepHO paBeH -. 3TO COOTBeTCTByeT npe.n;enbHO .D;ODYCTH-

v 2 v MOB nonJipH3a~HH, paBHOH cpe.n;HeKBa.n;paTHqHOMY pa3Mepy ceqe-

HHJI. 
MaKCHManbHbiH Ha6op 3HeprHH Ha O.D;HH HyKnOH Ha e.D;HHH~e 

.n;nHHbl onpe.n;enlleTCJI npH 3TOM cne.nYJOII.UIM o6pa3oM : 

~E = ~- Q.=l2 
1 + f/<f; 

-- 112 aw 
~v-2-c-2 )- lwvay-J 1251 

max A 2be 1 +K2 '>/ 1 +f3+ 1 y=ymax
1 0 

llpe.n;nonO>KHM, qTo B HaqanbHbiH MOMeHT BpeMeHH BbinOnHJinOCb 

COOTHOWeHHe: 

ae be 
0 0 --- = ---

aio b· Io 
1261 

CpaBHHBaJI 4JopMynbl 111 H 1251, nonyqHM, HCDOnb3YJI 1261, Bblpa

>KeHHe .n;nJI xo3cW!H~HeHTa 3anaca caMo!l>oxycapyiOI.I.lerocJI xonb~a * : 

--
r-;- 1-r c 1~1+73 )2 l , aw 'P] 

k = V _::_2 -1-f-/ t: - 2 \ ay Y~Ymax 1 1 + K + "-. 

(1-f) ;-2-
--- TJ • 
1+f /<f; 1+K2 1 

1271 

* cZ>opMyna 111 onpe.n;enJieT MaKCHManbHbiH Ha6op 3HeprHH 

.D;nJI paBHOMepHO 3apJI>KeHHOrO 3neKTpOHHOrO KOnb~a 3nnHnTHqecKo

ro ceqeHHJI c nonyocJIMH 3nnanca a H b . B 3TOM cnyqae cpe.n;He

KBa.n;paTaqHble pa3Mepbl onpe.n;enJIIOTCJI paBeHCTBaMH 2 a e =a ; 

2 be =b. 3TH paBeHCTBa acnonL3oBanHCb npH BbiBo.n;e 127 I. 
OTMeTBM, qTo npB TaKBX cpe.n;HeKBa.n;paTBqHbiX pa3Mepax nBHei

HbiA qneH pa3no>KeHHJI 3nexTpHqecxoro non• xonL~a c nnoTHOCTbiO 

181 B .D;BA pa3a npeBhUIIaeT none paBHOMepHo 3apJI>KeHHoro xonb~a 

3nnsnTBqecxoro ceqeHBJI c nonyoc•MB a B b . 
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2 
1.2sr 

0.75 

0.5 

-I 0 l 2 3 -¥ p 

Ha puc. 2 noxa3aHa 3aBHCHMOCTb xo3cW!H~HeHTa TJ 1 oT napaMeT

pa f3 IKPHBaJI II. llapaMeTpaM YTH COOTBeTCTByeT o6naCTb 

f3 S 0. KaK BH.D;HO H3 rpa4JHKa, K03cPciJH~HeHT TJ 
1 
MeHJieTCJI B npe

.n;enax - ~ -;. -fr . 
H3 4JopMynbl 127 I cne.n;yeT, qTo xo3cW!H~HeHT 3anaca yBenaqH

BaeTCJI C YMeHbWeHHeM napaMeTpa K, T .e . .D;nJI DOBbiWeHHJI 3cPc1JeKTHB

HOCTH ycxopeHHJI BblrO.D;HO HMeTb pa3Mep HOHOB MeHbWHM pa3Me

pa 3neKTpOHOB. 

? 
Q75 

o.o 

Olo 

-I 0 2 3 p 

llpa ycxopeHHH B cna.n;a10weM MarHHTHOM none 17 I 4JopMyna 

121 I nepensweTCJI cne.n;yiOI.I.lHM o6pa3oM: 

2 
k=V--2TJt 

1 + K 
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PaccMoTpHM .nanee BJIH.IIHHe suewueii: ljloxycHpOBKH ua ycxope

HHe 31IeKTpOHHO-HOHHOrO K01IbUa. llpe.nrrOJIO~HM, qTo ljJOKYCHpOBKa 

.IlOCTaToquo CH1IbHa.II,H Bbi1101IH.IIeTC.II YC1IOBHe; 

w2 11 aiJI <}: » max 1f l;ry- L L• I ~ e 2 ayr 
1 a2 IJI 
2 !~ 1 ay 

/28/ 

llpH Bbi11011HeHHH uepaBeHCTBa /28/ C06CTBeHHble qaCTOTbl KOJie6a

HHH ypaBHeHHH /21/ HMeiOT BH.Il: 

2 2 Ci iJI 0 2 2 
w1 =Q -- , w =4w 

e a y 2 z 
/29/ 

TaKHM o6pa30M, ycToii:qHsoe ycxopeuHe xoneu 6y.neT rrpu Y:; Y max
2

' 

r.ne Y max2 orrpe.neneu xax: 

aiJI I dV =0. 
Y Y 3 y max 2 

/30/ 

llpH HaJIHqHH BHewueii: ljloKyCHpOBKH /28/ yCToii:qHBOCTb 31IeKTpOH

HO-HOHHOrO K01IbUa 6y.neT orrpe.neJI.IITbC.II ycToii:qHBOCTbiO K01Ie6aHHH 

HOHHbiX pa3MepOB. C yBeJIHqenHeM 11011.11pH3aUHH HOHHble pa3Mepb1 

pacTyT ropaJ.no Me.nneuuee, qeM B caMoljloxycHpyiOIUeMC.II x onLue 
( 1 )- 114 /rrpHMepHO KaK aiJI, ay /, H HX MO~HO cqHTaTb ITOCTO.IIHHbiMH 

rrpaKTBqecxB .no BblrronneHB.II ycnoBB.II /30/. 
Ha puc. 1 rrpe.ncTasneua TaJOKe 3aBHCBMOCTb Ymax

2 
OT rrapa-

MeTpa f3 /xpBBa.ll 2/. Kax BB.IlHO B3 rpalj!Bxa, y max 
2 

- 1 H cna6o 

3aBBCHT OT {3. 3TO 3HaqenBe COOTBeTCTByeT rrpe.neJibHOH 11011.11pH3a

UBB, paBHOH Y.IlBOeHHOMY cpe.nuexsa.npaTBqHOMY pa3Mepy 31JeKTpo

HOB. MaxcBMaJibHbiH ua6op JHeprBB B 3TOM cnyqae paseu: 

l'l E max 
z ,._ 
A 

(1- f) 

1 +f/~ 

--
ve .i _L_'P(ymax

2 
-- y 2 
2 beo 1 + K 

• {3 ), /31/ 

B .Il11.11 K034Mt>BUBeHTa Jarraca rrpB 31IexTpHqecxoM crroco6e ycxopeHB.II 

BMeeM, cornacuo rjlopMynaM /1/, /26/, /31/: 

k = .1::_!__ v _2 - ~ v 1_+_1J_ 1/J (y • {3 ) 
l+f / ~ 1 + K2 2 max2 

16 

1- f 2 : --- v--- TJ 
1 I-f , ~ 1 f·K2 2 

/32/ 

3aBHCHMOCTb K031jJcpHUHeHTa TJ 2 OT rrapaMeTpa {3 rrpHBe.IleHa 

ua puc. 2 /xpHBall 2/. lh rpaljluxa BH.IlHO, qTo B o6nacTH {3 ~ 0 
xoJijJcpHuuenT TJ 2 MeH.IIeTCJI B rrpe.nenax 0,5 + 0, 7. Cne.nosaTeJILHO, 

rrpHMeHeHHe BHeWHeii: ljJOKYCHpOBKH rrpHBO.IlHT K .Il01101IHHTe1lbHOMY 

BbiBrpblwy B ua6ope JueprHH no cpasueuHIO c ycxopenHeM caMo

ljloxycupyiDIUerocll K01IbUa . 3TOT ljlaKT 110.IlTBep~JlaeTC.II qBC1IeHHbiM 

MO.Ile11HpOBaHHeM YCKOpeHH.II 31JeKTpOHHO-BOHHOrO K01IbUa B pa6o-
/ 14 / 

Te . Tax ~e xax rrpH ycxopeHBH caMoljloxycBpyiOIUeroc.ll K01IbUa, 

.Il1IJI 110BbiWeHHJI JljJcpeKTHBHOCTH yCKOpHTeJIJI BblrO.IlHO HMeTb pa3Me

pbl HOHOB, MHOrO MeHbWHe 31JeKTpOHHbiX. HarrpHMep, rrpH K =0 

K031jJcpHUHeHT MO~eT .IlOCTHraTb 3Haqeuaii: 0,7+0,9. 

B 3aKJIIOqeuae aBTOpbl Bblpa~aiOT 6naro.napuocTb IO.I:I.Anexca

xauy 3a rroMOIUL a pa6oTe H rrone3Hble o6cy~.nenHJI . 
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