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PaccMaTpr.raaeTCH scpcpeKT npocTpaHCTBeHHoro 3apH.lla, CBH3 aHHoro c a3r.rMyTanbHOil Heo.ll

HOPO.llHOCTbiO KpyrOBOI'O TOKa, H8XO.llHWef'OCH B nOCTOHHHOM M8f'HifTHOM none, C y'!eTOM :3KpaHr.r

pOB8HHH .ll8HHOI'O TOKa Cpe.llOil C np01r3BO!lbHOi! .lllfS!leKTpH'IeCKOil npOHifU8eMOCTbiO . 

3a,ll8'18 pewaeTCH .ll!IH ClfCTeM, 06JI8,ll810WifX Ulf!llfH.llplr'!eCKOi! ClfMMeTpr.reil, B npr.r6JIIf)l(eHr.rlf 

O.llHOpO.llHOCTif TOKa no Z 



/1 2/ 
KaK K3BeCTHO ' ) 38pSDKeHHble TOKK, H8XOaSIWHeCSI BO BHeWHHX M8rHH TH blX nonSIX, MoryT 

OK838TbCSI HeyCTOlt'IHBblMH B pe3ynbT8Te aeACTBKSI npOCTp8HCTBeHHOrO 38pSiaa, CBSI38HHOrO C KX 

83HMyTanbHOA HeOaHopoaHOCTblO. 06bl'IHO• HanpHMep, B YCKOpHTenbHb!X yCT8HOBK8X T8KH e TOKH 

pacnono>KeHbl B6nH3K 3Kp8HOB, o6naaaiOWKX, B o6weM cnyqae, HeKOTOpblMH 

llOCTOSIHHOA 11 MarHHTHOA npoHHuaeMOCTbiO p. • npeaCT8BnSieTCSI HHTepeCHhlM paCCMOTpeTb 

BnKSIHHe CTeHOK 3Kp8H8 H8 3cpcpeKT npOCTp8HCTBeHHOrO 38pS1aa. C 3TOH uenblO paC CMOTpHM 6ec 

KOHe'IHhll!. UHnHHapK'IeCKIIA penSITHBHCTCKKA TOK C nnOTHOCTblO 38pS1aa 

p (r, cp, t) = ~N a (r-a) l(cp, t) 
.:rr a > (I) 

OKpy>KeHHbil! Kpyrn~IM UKnKHapH'IeCKHM 3Kp8HOM paaHyca b > a 

e = { + e anSI TOK8 IIOHOB 

- e anSI TOK8 3neKTpOHOB) 

N - 'IHcno 'IBCTHU Ha eaHHKUY anHHbl no Z , a f (cp, t) - H e KOTOp8S1 6 e3p83Mep H8SI cpyHKUHSI, 

npH paCCMO TpeHHH nnOTHOCTH ( 1) aonyCK8eTCSI MOaenHpOB8HIIe 38a8'1H : p8CCM8TpHB810TCSI 

MBnble HCKpHBneHHSI UHnHHapH'IeCKOll. noaepXHOCTH no cpaBHeHKIO C paaKyCOM UHnHHapa, T 8K 'ITO 

BKnaaoM B 3neKTpOM8rHHTHOe none 113-38 TOKOB, HanpaaneHHblX no paaHycy, MO>KHO npeHe6pe'lb, 

nycTb 

t(cp,t) = 1 +a t(<P, t) atc<P,t> <<1. (2) 

ToK npH f ( cp , t) = 1 SIBnSieTCSI OaHOpOaHblM H CT8UH OH8pHbiM; OH o6pa30B8H 38pS!JKeHHb!MH 

'18CTI!U8MH, aBR>KYWHM H CO CKOpOCTblO 

r V rP = c {3 
0 

= const v = 0 
r 

( v = .:!__!__ 
r dt 

v cp = _d ¢ ) 
dt 

m C 
2 

BO BHeWHeM M8rHHTHOM HOne H B C06CTBeHHblX n onllx : v 1- !3/ 
H1=_KeNf3o 

s a 
E 1 

r 
KeN 

K = J 
a 

YpaaHeHHSI MarHHTHOlt rHapoaHH8MHKii, 38llHC8HHbie Ha paaHyce a , npH 3THX npeanono

>KeHRSIX aaiOT paBHOBeCHe UeHTpo6e>KHOll. CHnbl C pa3HOCTblO M8rHI!THblX aaaneHHH BHyTpli H BHe 

38pSI>KeHHOrO UHnHHapa, a 6yay'IH nHHeapH30B8HHhlM H OTHOCH T e nbHO 3TOrO CT8UHOH8pHOrO COCTOSI-

HHSI 

r v rP = c {3 0 + a r v rP ( r ' rP ' w ) exp i w t 

v r = a v, ( r' ¢ ' w ) exp i w t 

H • f H 
0 

+ ll 
1 

( r) + a H ( r, cp, w j exp i w t 
~ • • 1 

r < a 

l H 0 + a H ( r, cp , w ) exp i w t 
• •2 

r > a 
(3) 

3 



{

E: (r) + 8 E , 2 (r, ¢, w ) expiw t' 

E = t 

8 E,1 (r, cp, w) expiwt 

E ¢ = 8 E ¢ ( r, ¢ , w ) exp i w t , 

I "' 1 + 8 I ( r, ¢ , w ) exp i w t 

r > a 

r < a 

HMeiOT BH.O 

r.ae 

a 8 v, 
a¢ 

+ ia w 

c f3o 
8V,-[1-

. 
e 2NK )8rV= ea [BE +f3oH] 

mc 2 f3 2 y ¢ mcyf3 0 ' 
0 

• 
. 0 

a8~V<i> + iaw 8rV +[ 1 - e
2
NK ]8V 

a¢ CJI"; ¢ mc'f3:r' t 

!!....- 8 E¢ 

a81 iaw "( 1 a ~ + ~ u =--err;- [ dt" ro v, + ~_rp_ __ ]. 
o a¢ 

.[lnsi HaXo)!{.aeHHH 8 H • (r, cp, w ), 8 E, (r, cp, w) , 8 E ¢ (r, cp, w) HMeeM 

• 
. ,./8 X + k 28 A ... .i!!_ 8f (r, cp, w) 

c 

V28 ¢ + 1c 28 ¢ =-4rrop(r,cp,w) 

div8 A ... + iR ¢ = 0 
c 

k 2 w2 

? 
... ... 

oj = e¢o cf3o8p ~N 8(r-a)c{3
0

8ff"¢
0

, 

2rra 

... 
e cp O - e,aHHH'IHblll opT B TO'IKe HCTO'IHHKB 

.... ... 8 11 r < a I o ¢ J 
r < a 

8A = I 8¢ = 
8 A 2 

r > a 0¢2 r>a 
... 

(4) 

(5) 

.... 
KpoMe Toro, a o6nacTH r > b 6y.ayT HH.ayuHpoaaTbCH noTeHuHaiihi 8 A 3 , 8¢ 3 , y.aoaneT-

aopHIOLUHe ypaaHeHHHM: 

2 ... 2 .... 
V 8A

3 
+ k 1 oA 3 = 0 

V28 1> + k 
2 o ¢ = o 

3 J 3 

divoA .... + 

' k 2-
J -

4 

i ~8¢ =0 
c 3 

2 
ilL~-

c 

( 6) 



' I 
PeweHIIe CIICTeM ( 5) 11 ( 6) CBSI38Hhi rpaHII'IHbiMII ycnoBIISIMII 

-. -+ -+ N 
[ n ( o II 

2 
- o :1 1 ) ] = ~ :.:..!!_ ( c {3 

0 
o f + o r V¢ ) , r = a 

c 217a 

Ln ... ( o H 
3

- o ll
2

) ] = 0 

[n ... (oE3 -oE2 J] =O r = b 

PeweHIIe BeKTOpHOrO BOnHOBOrO ypaBHeHIISI anSI TOK8 (5) eCTb 

o A ... e = ~ .f Ge j' o j d v 0 

rae 

. (t) • "<:' • (¢ .-~..) ~ (kr)JI(
1
tkr) Gf = t 17 ll 

0 
f k R) = t 17 .... exp tp - '+'o P P 1 

p ~ (kr ) H(t)(kr) 
p 1 p 

f = 1 

f = 2 

( 7) 

n= 1 
eaiiHII'IHhiA acpcpiiHop, H :1) ( kr) 11 ~P ( k r) c'ooTaecTBeHHO cpyHKUIISI XaH-

-+ -+ -+ -+ 
KenS! 1-ro poaa II cpyHKUIISI 6eccenSI. nocne H8XO>KaeHIISI oHe,o!l

3
, oEe, oE 3 

no cpopMynaM 

-+ .... • -+ -+ 

o H 
3 

= _1_ rot o A 
3 

; o E 
3 

= - _ !._2.__ ( k: o A 
3 

+ graddiv o A 
3

) 

~ W£~ 

6y a eM IIMeTb np11 r = a : 

217 
oil,=- K~N; Jexpip(¢-¢J(cf3oof+orV¢)ir'pd¢o 

KeN I 
217 

oE =- f exp ip ( ¢-¢0 ) .£.... ( c {3 o I + o r V ¢) i P d ¢ 
0 r w p a o P 

0 

(8) 

KeN 
217 

o E¢= I fexpip(¢-¢J(c(3
0
of + orV¢)2TPd¢

0
, 

w p 
0 

rae 

P = ll(t)
1
(ka) 1 (k8) + ll(1)(k8) ~~ (k8) -2~

1

(k8J1 (k8)(A +ill) p p p p p p p p p 

T = 11 (I/( k 8) j I ( k 8) - ~I ( k 8) g I ( k 8 )(A + i I1 ) p p p p p p p 

A + iD 
p p 

g (kb) JI(t/(k b)- g1 (kb) II (tJ (k b) p p t p p 1 

5 



ill TpHx-llHcpcpepeHUHpOBBHHe ITO a HnH b - B 38BHCHMOCTH OT apryMeHTa. 

npH 9TOM ypaBHeHHe llBH:>KeHHSI (4) rrepeXOllHT B 

a8~ + 
a¢ 

2 • 2 217 
i a W 8 V - ( 1- ~-K-] orV .A..=- ~!!....~}; (1 + _!!_£_) f(c{3 of+orV,) P expip(¢-¢.) d¢ 
- r 22 '~' ~ n o o/P o o cf3 m c f3 y m c y P w a Po o 

0 0 

211 a8r V¢ 

a¢ 
+ 

i a w 

c f3o 

e
2
NK e

2
aNK 

orV¢ + [ 1- ____ ]8 V, = --
3
-----

mc~B02y3 · m y cf30w 
~ f (ef308 £ +orV¢) TP expip(¢-¢0)d¢0 
p 0 

nocne pa3nO:>KeHHSI B pSin ClJypbe 

aot 
a¢ 

+ i a w 

c f3 0 

8 f =- 1 
ef3o 

o V = l exp tn ¢ X n ; 8 r V .A.. = l exp in¢ 1;, ; 
t n o..p n 

a8 rV¢ 
il¢ 

o f = 2, exp in¢ Z 
n n 

(IO) 

H rrepexona K 5e3p83MepHbiM BenH~HH8M rrony~HM H3 ycnOBHSI COBMeCTHOCTH anre5paH~eCKHX ypaB-

HeHHll. nnSI xn I yn I zn nHcrrepCHOHHOe ypaBHeHHe: 

2 2 d • 4[ 2t d ] ( t + n f3 0) - f3 0 ( 1 - d )( 1 - _ ) + I 11 d t {3 0 __ T n + ( 1 - _ _ ) P n = 0 
y2 y2 y2 (11) 

t ;;;~ 
e 

d;;; e 
2
N K 

tiiC'l?.l.-:r-
1'-'oY 

t 

p H Tn 38ITHCbiB810TCSI COOTBeTCTBeHHO RaK cpyHKUHH t • nplt 
211 a < A (.X.- nnHHa BOnH LJ 

n n 
B 03MyLUeHHll.) ypaaHeHHe ( 13) rrpeapawaeTCSI B anreeipaH~ecKoe ypaaHeHH e rrepaoro rropSinKa c 

neli.CTBHTeflbHhiMH K09cpcpHUHeHT8MH. 0TC!Oll8 cnenyeT BhiBOll, ~TO T8KOI'O TH08 B03MJLUeHHSI He 

5ynyT H8p8CT8Tb BO BpeMeHH. npH 211a > A rrpH MeTannHqecKOM aKpaHe HMeeM ycnOBI!e He-
n 

JCTOli.~HBOCTII llnSI TOKOB, pacnono:>KeHHbiX B5nH3H 9KpaHa ( ..2_ < 2) 
a 

2 2 
4-e N K {3 0 

2 3 me y a 
b-a _> 1. 

IJ+ a 
b 

npH llll9neKTpl!~eCKOM 9KpaHe HeyCTOll.qHBbiMII 5ynyT BOnHhl 211a 
n 

> .X. 

TBHHSI rrponOpUHOHaneH 

2 2 
b - a 1 + 4e NK{3Q 

2 3 ------
""- ~--fn me a 

(J) 

2(b-a) 
1 + 4e

2
NK {1 0

2 
~. !.-=-1 

me 2 y 3 a ( + 1 

• 

6 

( 12) 

H IIHKpeMeHT B03 pac-

( 13) 



2 
ecnH N < ymc; • npH 

e .iif!~-~{}_:_ 1 , ctJopMynbi (12) H (13) ll03BO• 
me y a f + 1 

nHIDT BhlHCHHTb pOnb 3KpaHHpOBaHHH nnH 3cpcpeKTa llpOCTpaHCTBeHHOI'O 3apS!Lla. 

B 3aKniD'IeHHe asTop Bbipa:>KaeT 6onbwyiD npH3HaTenbHOCTb M.n. YioBHOBH'Iy,C.6. Py6HHY 
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