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Eou1t-OCMOnOBCKlll!: A.r. P9-6318 

Bn11.11H1te MeTann111teCKIIX nnocKOCTeli Ha yCT0li'lllB0CTb II cpoKyc11pOBKY 
KOnbUa pen.llTIIBIICTCKIIX sneKTp0H0B 

PaccM0Tpeua B03M0lKH0CTb Il0)laaneHH.51 pa)l11au11ouuol!: ueycTOl!:'lllBOCTII, 
a T8KlKe scp¢>eKTbl cp0Kyc11p0BKII np11 cmaTIIII K0nbua pen.51TIIBIICTCKIIX sneKTPO­
H0B a6naaH MeTann111tecKHX noaepxuocTel!:, O6cylK)laeTC.51 npo11cxolK)leH11e 
scp¢>eKTa KPHBH3HbI B scpcpeKTHBH0M noKa3aTene cna)la cp0Kyc11py1011lero nong. 

Coo6UleHHe 061,eA}IH0HHOro HHCTHTyTa HAepHblX HCCJ18AOBaH1dt 

,lbr6Ha, 1972 

Bonch-Osmolovsky A.G •. P9-6318 

Influence of Metallic Surfaces op the Stability 
and Focusing of Relativistic Electron 

Ring 

The possibility of depressing the radiative instabi­
lity and also focusing effects, when compressing the re­
lattvistic electron ring in the vicinty of metallic sur­
faces, are considered. The nature of the curvature effect 
in the effective index of the focusing field decay is 
discussed~ 

Communications of the Joint Institute for NucleaP Research. 
Dubna, 1972 

/1-3/ 
B pa6oTax 6bl110 noKa3aHo, 'ITO KOnbUO pemITliBHCTCKHX sneKTpOHOB, 

HaXOJlRIUeeC.51 B ycnoBHRX, 6nH3KHX K CB060JlHOMY npocTpaHCTBY (HanpH¥eP, 

KOr)la OHO C03JlaeTC.51 B a~reaaTope HnH KOMnpeccope), IlO)lBepllieHo B9CbMa 

CHnhHOfi npOJlOnhHOfi HeycTofi'IHBOCTH rHJlPOJlHH8MH'I9CKOro xapaKTepa, TaK H8-

3blB89MOfi pai:rnauuoHHOfi HeycTOfi'IHBOCTH. 8 3H8'IHTenbHOfi 'I8CTH 9Ta HeycTofi­

'IHBOCTb onpe)lenneTC.51 MOIIlHbIM KOrepeHTHbIM CHHXPOTpOHHb!M uany'IeHHeM Konb­

ua H npHBOJlHT K yBenutieHHIO ero ManhIX paaMepoB,. ( CM, noJlpo6Heel3/). 

Bo3HHKaeT Bonpoc:Henh3.51 nu cymeCTBeHHO yMeHbIIIHTh BnHRHHe 9TOfi He­

ycTOfi'IHBOCTH Ha KOnhUO B npouecce ero C03)l8HH.5'1, ecnu 8JlHa6aTH'IeCKH ClliH­

MaTb KOnhUO M9lliJlY HaXOJlRIUHMHC.51 JlOCTOTO'IHO 6nH3KO OT Hero TOHKHMH Me­

TannuqecKHMH noBepXHOCTRMH? HaBeCTHo/4/, 'ITO B TaKHX ycnOBHRX CHHXpO­

TpOHHOe uanytJeHHe, oco6eHHO Hau6onee onacHaR, KorepeHTHaR (JlnHHHOBOnHoBaR) 

ero qacTb, cymecTBeHHO no)laBnReTC.51. MOlliHO OlliH)laTb, 'ITO npH 9TOM H Be­

IUeCTBeHHa.51 qacTh HMneJlaHca KOnhua B cucTeMe, onpe)lenmoman uanyqeHae, 

li MHHMa.51 6yJlyT 3Ha'IaTenbHO yMeHblll0HbI, a, cne)lOBaTenbHO, yMeHblllaTC.51 

. HHKpeMeHT li noporOBblH paat5poc HeyCTOH'lliBOCTH. 

B pa6oTe/5/ BOnpoc O BnHRHlili MeTannaqecKHX rinoCKOCTefi Ha npOJlOnb­

HYIO ueyCTOfi'IHBOCTb o6cylliJlancg KpaTKO li C 1rnofi TO'IKH apeHH.51 • 
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1. 11 MneAaHC KOnbua Me)KAY MeTannH'ieCKHMH noaepXHOCTSIMH 

H ocna6neHHe npOAOnbHOll HeyCTOll'iHBOCTH 

TiyCTb TOHKOe KOnbUO penSITHBHCTCKHX sneKTpOHOB paAHyca X HaXOAHTCSI 

M8)KAY 6ecKOH8'iHbIMH MeTannH'i8CKHMH nnacTHHSMH, paccT05lHH8 M8)KAY KOTO­

pb!MH paBHO d • TonmaHa nnaCTHHbl AOn)KHa Ob!Tb I'Opa3AO 6onbwe I'nyOHHbl 

CK!rn-cnosi An£ xapaKTepHbIX 'iaCTOT B03MyllleHHH, B ASHHOM cny'iae AnSI UHKno-

c 
TpoHHOil w H"" R • TOI'Aa AnSI nepeMeHHhIX BO apeMeHH noneil I'paHH'iHhle ycno-

BHSI Ha nnaCTHHax 6yAyT TSKHMH )1{8, KaK AnSI HAeanbHOI'O npOBOAHHKa. 

l1Mll8A8HC KOnbUa B CHCTeMe CBSI.3bJBaeT, no onpeAeneHmo, KOMnOHeHTbl 

<t>ypbe C HHA8KC8MH .. fl , n sneKTPH'l8CKOI'O nonSI B03MymeHH5l H B03MYlll8HHSI 

nnoTHOCTH B ny'IKe ( T,K. 0 = nw H , 3H8'10K ,{l HH)Ke onycKaeM): 

E =~ 
q,n 21rR Un 

z 
n 

(1) 

3AeCb E cp n - 83HMYTanbHaSI I'apMOHHKa sneKTPH'ieCKOI'O nonSI. B KOnbue, 

V <p - cpeAHSISI CKOpOCTb (HeB03MymeHHaSI) sneKTpOHOB, Un - I'apMOHHKa 

nHHeiiHOii nnoTHOCTH sap.sIAa B KOnbue. Bb1pa)KeHHe AnSI 83HMyTanbHOI'O nonSI 

TOHKOI'O KOnbUa Me)KAY MeTannH'leCKHMH nnaCTHHSMH H3B~CTHO (cM/
4 •51 ); 

21r 2 n6n 

Ecpn d 

(1) 2 (1) (1) 
I. 121 (rRJH (rRJ-{J [I (rRJH (rRJ+J (rR)H 

n n ¢ n-1 n-1 ,,.,._1 n-tl m=o 

(rRJ]lrR 
R2 

,Jn 2 {3 2 - 1r 2 (2m + 1/-
cp d 2 

(2) 

B .CBSl3H C TeM, 'ITO Bb!BOA Bbipa)KeHHSI (2) B nHTepaType He npHBOAHTCSI, 

AnSI YA06CTBa OH ASH B npano)KeHHH. 

l1cnonb3YSI (2), nony'IHM HMileAaHC B BHAe 

l Rel + ifml (3) 
n n n 

H 

4 

' 

Reln 
4 1r 3

n R m 2 2 2 2 

-- I. 12/ (rRJ - {3,J,.[J (rR) + I+ (rR}]J. 
v d n 'I' n-1 n 1 ¢ m=o 

(3a) 

3 , 

Im l 
n 

41r nR m 2 

v d I. 121,, (1R)Nn(,RJ-f3cp[l,,... 1 (1R)Nn-/1R} + ~/1R)Nn+t(rR)] 1-
¢ m=o 

8 TT 
2
n R (36) 

I.l21 (KR}Kn(KR}-{3~1/ (KR}K 1IKR)+f (KR}K+(KR}]I. 
d , n 'I' n-1 n- n+z n 1 

V cp m=m 

·B ipopMynax (3a) H (36) m' onpeAenSI.eTCSI as ycnoBHSI o6pameHHSI r B Hynh, 

KR= ,,/TT 2 (2m+J/J!:-n 2 f3 2 = irR. 
· d 2 ¢ 

Bbipa)KeHHe l3a J nponopUHOHanbHO MOlllHOCTH asny'leHHSI sap Ma, Bpa­

IUaIOIUeI'OCSI no OKPY)KHOCTH M8)KAY 6eCKOH8'iHbIMH MeTannH'i8CKHMH rrnoCKOC­

TSI1'1H. CooTBeTCTBY!OlllHii pesynbTST Obin rrony'leH lllBHHI'epoM ( cM/
41 ). 

Ilpe)KA8 '18M aHanasapoBaTb (3)' BblllOnHHM rrpeAenbHblll rrepeXOA K CBO..; 

60AHOMY npocTpaHCTBY, d ➔ oo • EcnH 

(36) A8!0T 'ineHb! C 6onbWHMH HOMepaMH 

d ➔ :.0 , TO BKnaA a cyMMbl (3a) H 

m "' d IR , TaK 'iTO MO)KHO nepeilTH 

2 TT R 
OT cyMMHPOBSHHSI K HHTeI'pHp0B8HHIO. IloJIO)KHB x = -d-m, AnSI. Re Zn no-

Jl)"HIM, 

2 nfJcp 
2TT n 2 2 2 

Rel =--{[2! (rR)-{3 (I 
n Vcp 

O 
n ¢ n-1 

(rR)+J (rR))] dx, 
n+l 

2 
rrocne HCI10nb30B8HHSI / 

n-1 

2 2 n 2 
2 

(y)+/n+l(y)=2[/' (y)+ ~/ (y)] 

x = n f3cos 0 OKOH'laTeJibHO: 

2 2 Tr 

n y n 

2 2 2; 
rR=,Jn {3¢-x, 

H I10ACT8HOBKH 

Rel 
n 

21r n 2 2 . - -- J [ ctg 0 • J ( n f3 sin 0) + 
2/, 2 . f3 ( n f3 sin 0}] sin 0 d 0 . (4) 

C n n 
0 
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3To Bblp8)K0HHe 9KBHBaneHTHO H3B0CTHOfi cpopMyne llloTTa H 

nyqeHHbIM B pa6oTe / 11. B ( 36) nepeXO.!l K HHTerpHpOBaHHIO 

coBna.!laeT c no-

2TTR 
H SaMeHa X=--m 

.!l8IOT: 

!ml 
n 

2 2 l 

~ { J dx [ 2 Jn 
C 0 

N-{3 2 (! N +! N )]-
n cp n-1 n-1 n+1 n+l 

2 
--fdx[21 K 1T n n 

l 

2 

{3¢ (/n_JKn-J + 1n+JKn+JJl} · 

nf3/ 

(5) 

B nepBOM HHTerpane apryMeHT cpyHKUHll EeccenSI paBeH n f3 ,vl -x 2 
, BO BT0-

2 
poM - n {3,V X -1 • nnSI .!l8nbH0il:WHX npeo6pa30B8HHil: HCnOnbsyeM HHTerpanbI 

XaHKenSI ( CM, npHnO)K0HHe): 

2 

1 
- 17i] (ar) H (ar) 
2 

n n 

00 J n (ay)y dy 

J---
0 r2-.,2 

Jmr > O; (Ba) 

In (ak)Kn(ak) 
00 Jn2 (ay )y dy 

f 2 k 2 
X + 

(66) 

0 

Tiocne nOJlCT8HOBKH 9THX Bbipa:lKeHnfi B (5) H HeKOTOpb!X npeo6paso:aaHnfi 

nonyqaeM 

2 

JmZ = n 

200 f3 oo d 81Tn 2 cp 2 , 2 , X 
---Jx'dx'[J (n{Jx')--

2 
(! (nf3x)+J (n{3x)i 2 , 2 • 

c n n-1 n+1 x +(x -1) 
0 0 

11arerpan no x paBeH 

f ___ d_x__ = ~ -~-:-2 
X 2 + (x' 2 -1) ~ ,VX -l 

0 0 

00 

X' >] 

x' < 1 . 

0KOH'laTenbHO npHBOllHM (5) K BHJJ.y: 

6 

., 

]mZn 
4 17 2 n 2 00 ]n

2
(nf3x}yx

2-1 2
00 1; 2

(nf3x)xdx 
--[f----- dx - {3¢ J--====-]. 

C X l ,VX2-] 
(7) 

3TOT pesynbTaT COBna_llaeT C nony'leHHb!M B
131 ; cne.!lyeT saMeTHTb, 'ITO B 

.!l8HHOfi pa6oTe Mb! nonbsyeMCSI pasnO)K0HH0M ct>ypbe C H3MeHeHH0M 3HaKa y 

0 H n no Cp8BH0HHIO C pa60T8MH/t ,S/, B CBSI3H C '10M H 3H8K MHHMOfi 

'laCTH HMne.!laHca Tenepb MHHyCOBbifi. 

BosBpamaSICb K aHannsy cpopMYn (3)' np0)K.!l0 BCero OTM0THM, 'ITO .!lnSI 

BCeX n ' Y.!lOBneTBOPSIIOllllIX ycnOBHIO 

n f3 rl- < __!!_}! 
'I' d ' 

(8) 

nsny'leHHSI HeT, H, COOTBeTCTB0HHO, Re Zn =0 • 

MHn:MaSI qacTb HMll0.!l8HCa He paBHa Hyn10 H MO)KHO nony'IHTb aaanHTH­

'10CKOe Bbipa:lKeHn:e npn: cn:nhHOM HepaBeHCTBe B (8). B qiopMyne (36) npn 

9TOM nepBaSI cyMMa paBHa Hynro, a BO BTOp~fi cyMMHpOBaHne Ha'IHHaeTCSI 

C HynSI, TaK )1{0, KaK H B (7)' B 9TOll CYMMe eCTb pacXO.!lSillleecSI Bblp8)K0HHe, 

CBSI38HHOe C co6CTB0HHb!M noneM 6eCKOH0'1HO TOHKoro KOnbUa. BbI.!lenn:M ero: 

8 TT 2
n R 

00 

2 2 
JmZ = ----~ 1-

2
1 (x}K (x )+{3 [21 (x )K (x )-[ (x)K (x) 

n V d n m n m cf, n m n m n-J m n+l m cp m=O y 

(9) 
- I (x ) K ( x )] I; 

n+1 m n+l m R 2 2 -1 
3.!l8Cb x m"" 1T ( 2 m + 1 ) d » 1' y = ( 1 - f3 cb) • 

TipHM0HHM aCHMllTOTH'l0CKHe pasno:lKeHHSI cpyHKUHfi EeccenSI; TOI'.!la nocne He-

cno:lKHbIX npeo6pa30BaHnfi OKOH'laTenbHO nony'IHM, Y'IHTbIBaSI, 'ITO B nepBofi 

cyMMe B ( 9) ( paCXOJlSIIJ.l0HCSI) cyMMHpOBaHn:e HBJlO B0CTH JlO k % d = 1 nnn 

d 
(2m + 1) = ->>1,rne a - Manh1fi pasMep Konbua: 

max 1T a 

4 "n 1 2d 2 d 2 
Im Z = - --[---i(C + ln -) + f3 (-rr) • 1 ,os], 

n v ¢ y 17a cf, 1T I\ 

C = 0,577. •• 

(10) 

3TO Bbipa:lKeHn:e HeCKOnbKO oTnn:qaeTCSI OT pesynbTaTa, npHB9Jl9HHOI'O B /5/ 

(JJ.nSI Ecf,n ). 

7 



BTopo.ii cny'Iai:'i, rronna10IIU1HCSI aHanHTH'IeCKoMy uccnenoBaHn10, HMeeT 

"R , 
MecTo rrpu n = d , TaK 'ITO m = O If 

2 
2 2 2 R v'ln f3 -rr - 2 1 «n. 

d 
(11) 

He 6yneM Y'IHTb!B8Tb Many10 BemeCTBeHHyIO '{acyb If ManbIH rrepBblH qneH 

( ) 
rrR • 

B 36 , ecnu n;: d , u oueHHM MHHMYIO qaCTh HMrienaHca, KOTopaSI na-

e Tc SI BTOpou cyMMOH B (36). Bb1nenuM 'IneH C m = 0 • 

"/mZ 
n 

811 2nR 2 "" 
---12[ (x)K (x)-{3 [[ (x)K (x)+l+ (x)K + (x)]+I ... }; (12) 

v d n n cp n-J n-J n J n J 
¢ m=J 

3nech, cornacHo ( 11)' X << n • B rrepBOM 'IneHe ( 12) HCIIOnhsyeM 8CHMITTO­

TlfqecKHe pasnollieHHSI nnSI 6onhillHX HHlleKCOB, TaK 'ITO 

1 / (x)K (x) = -
n n 2n 

21 K - I K - I K "' 
n n n-J n-J n+ I n+ 1 

1 

n3 

( 13) 

2 2R2 

B cyMMe, CTOSillleH B ( 12)' TaK KaK Mb! cquTaeM, 'ITO (2m + 1) _!:__2 >> n 
2 

m > 1 ' 
d ' -

. MO)KHO lfCIIOnh30BaTb aCHMIITOTH'IeCKHe pasnollieHHSI. CooTBeTCTBYIOlllllH PM 

nnSI I K HMeeT Bun: 
n n 

l(x)K (x)=-1-[1 4n2-1 3(4n2-1)(4n2-9) 
n n - +----~---~-] 

2x 8x2 2 82x2 ··· · 
(14) 

3TOT pSIJl )laeT xopomy10 arrrrpOKCHM8UHIO Jla)Ke nnSI X =( 2 !- 3 )n. I1 crionb3YSI 

(13) If (14) B (12) 1:1 IIpOH3BenSI Heo6xonHMbie yrrpomeHllSI, IIpHXOJllfM K pe­

aynbTaTy: 

4 11n 1 2 d d 2 !mZ =---[-(C+ln-)-1,95(-) ]. 
n vcp y2 11 a 11R 

(15) 

KaK BHllHO H3 9TOH qiopMynhI, nnSI n = 71 R HMIIeJlaHC CHnbHO yMeHbilleH ITO 
d 

cpaBHeHHIO C ( 10)' nn6o na,Ke MeHSieT 3HaK Ha nonO)KHTe/lbHbIH ( npn y>> 1 ) • 

B rrocnenHeM cny'Iae JlnSI rapMOHHK 

Boo6me He HMeeT MecTa. 

n<-E..!l 
"" d 

8 

rrpO)lOnbHaSI HeyCTOH'IHBOCTb 

'~ 
LI 
ij 

I 
1· 

I 
'1 

•I 

( 

t, 
.\I 
ll 
r 
,' 

C nanbHeHilllfM pOCTOM n IIOSIB/lSieTCSI BellleCTBeHHaSI 'IaCTb lfMIIenaHca 

If CHOBa OTpHUaTenbHaSI MHHMaSI 'IaCTh, IIplf'IE!M 9TH B0/llf'IHHbl IIOCTerreHHO 

rrpu6nHlliaIOTCSI K xapaKTepHCTHKaM HMIIenaHca B CB06onHOM rrpocTpaHCTBe rrpu 

11R 
n >> T . CpaBHlfM HMITenaHC KOnbua, pacnono,KeHHOI'O B6nH31f MeTannuqeCKHX 

nnoCKOCTe11 ( (10) unu (15 )), C HMnenaHCOM KOnhua B CB06onHOM npocTpaHCT­

Be. TTocnenmru B ynpomeHHOH cpopMe paBeH (cM/
31

): 

z I 
n d➔ oo 

4 2 1h . -
- -

11
- 0,26n (1 + i/.y'3). 

C 

( 16) 

CpaBHeHHe ( 16) C (10) HnH (15) IIOKa3bJBaeT, 'ITO yMeHbill0HHe HMrrenaHca 

rrpoucxonnT c yMeHhilleHHeM du npu sanaHHOM y numb no orrpeneneHHou Be­

nu'InHhI ( !mZn B y 2 pa3 MeHhme !Zn ld ➔ oo ). HarrpnMep, npn y =20 rrpaK-

R 
TnqeCKH Beeb acpq>eKT yMeHhmeHnSI nocTuraeTCSI npn T"" 3 • C ToqKH speHHSI 

HeyCTOH'IHBOCTlf 9TO 03HaqaeT, 'ITO BBeneHHe MeTannu'IeCKlfX IIOBepXHOCTeu 

R 
rrpu T:i:3 yMeHhmaeT HHKpeMeHT If rropor HeycTOH'IlfBOCTH J:tnSI HaH6onee 

"R 
OIIaCHbIX nnHHHOBOnHOBbIX B03MyllleHllH ( n < -;r ) IIpllMepHO B y pas, T.e. 

B )laHHOM cny'Iae Ha IIOpSillOK. 

2. 0 cpoKycupOBKe KOnbUa rrp1:1 C,KaTHH B6nH3H MeTanllH'IeCKOH 

IIOBepxHOCTH 

Kor)la KOnbUO penSITlfBHCTCKHX aneKTpOHOB ClliHMaeTCSI B6nlf3H MeTannH­

'IeCKHX IIOBepXHOCTeu, 'ITO,, KaK ITOKa3aHo BbIIDe, rrone3HO C TO'IKH apeHHSI 

yMeHhilleHHSI rrpononbHOH HeycTOHqHBOCTH, MOllieT B03HHKHYTb acpcpeKT BnHSIHllSI 

MeTannuqecKHX IIOBepXHOCTeu Ha cpoKyCHpOBKY KOnhua. 06bi'IHO TaKaSI !pOKYC~­

pOBKa o6ecrre'IHBaeTCSI 60'IK006pa3Hb!M MaI'HllTHbIM rroneM If C Y'IE!TOM co6-

CTBeHHbIX rroneu xapaKTepH3yeTCSI 9cpcpeKTlfBHbIM ITOKa3aTeneM crraJla n 9cpcp 

(cM/6/). 

TTpH orpallieHlflf sapSillieHHOI'O KOnbua B 6oKOBbIX MeTannu'IeCKHX rrnoc­

KOCTSIX B03HllK8eT Jle!pOKYCHpy101IlHH acpcpeKT, TeM 6onee CHnhHbIH, 'IeM 6nHllie 

K KOnbuy MeTann. DnSI HefiTpanH30BaHHOI'O KOnbUa, ecTeCTBeHHO, 9TOT 9cp­

cpeKT OTCYTCTByeT. DecpoKycupy!OlllHH 9cpcpeKT nomKeH cymeCTBeHHO yMeHbillaTb­

CSI, ecnu rrpoHCXOllHT TaK)Ke If TOKOBOe OTpallieHHe, ITOCKOnbKY )lnSI penSITlfBH-

g 



CTCKHX aneKTpOHOB acpcpeKT MarHHTHblX B3aHMOll9llCTBHll C TOKOM OTpmKeHH51 

non:1KeH 6b!Tb CHnhHblM. Korna MO.lKeT B03HHKHYTb TOKOBOe oTpa.lKeHHe Jln51'. 

peanbHb!Xxl MeTannoB? OtJeBHllHO, nnlllb B cnyqae HeCTaUHOHapHOCTH MarHnT­

HOro nong KOnbUa, B03HHKaIOmeii, B qacTHOCTH, npn ero C.lKaTHH. Ecnn CKO-

d R 
poCTb C.lKaTH51 V = -- Hepen51THBHCTCKa51, TO H9TPYllHO oueHHTb xapaKTepHbl9 

dt 

qaCTOTbl H3MeHeHHSI MarHHTHoro nonsi BO BpeMeHn. 

1 2v 
[= - = - . 

T d 

Korna rny6nHa CKHH-Cnosi, COOTB9TCTBYIOIUaSI f ' ropa3/l0 MeHbllle TonmHHbl 

nnaCTHHbl ( nnn paCCTOSIHHSI llO nnaCTHH, ecnn OHH HM9IOT 60nb111YIO TomunHy)' 

TO MarHHTHOe none B nnaCTHHhl npaKTH'l9CKH He npoHHKaeT H CHTyaunsi npn-

6nn.lKaeTCSI K cnytJaIO nneanbHoro MeTanna, Korna HopManbHaSI cocTaBnsi10masi 

MaI"HHTHOI"O nonsi paBHa Hyn10 Ha ero noBepXHOCTH. 

TaKHM o6pa3oM, MO.lKHO YTBep.lK/lSTb, 'ITO ecnn Bb!IlOnHeHO ycnOBHe 

C 

8 
2 

-« h 11..ja[ HnH 

d 

2 
(17) 

a - npOBOllHMOCTb MeTanna, h - TonmnHa nnaCTHHhl, TO TOKOBOe OTpa­

:lK9HH9 HMeeT MeCTO, T.e. Ha pannyce KOnbUa B MeTanne B036y.lK/l89TCSI acp­

cpeKTHBHblll TOK o6paTHOro HanpaBneHHSI, KOTOpbill MO.lKHO npe/lCTSBHTb B BHlle 

B006pa.lKaeMoro KOnbUa Ha paCCTOSIHHH d OT peanbHOro. 

C yqeToM KaK aapSI/lOBoro, TaK H TOKOBoro OTpa:lKeHHSI Mb! H npoBejleM 

BhltJHcneHne nonpaBKH K noKa3aTen10 cnana cp0Kycnpy10mero MarHHTHoro nonsi. 

Han6onee Ba.lKHO n HHTepeCHO HSilTH 6.n., , KOTOpbiil MO.lKHO onpenennTb 

cnellYIOIUHM o6pa3oM. 

KonbUO aneKTpOHOB C.lKHMaeTC51 M9.lKllY MeTannntJeCKHMH nnoCKOCT51MH 

(Hnn noBepXHOCTSIMH C coxpaHeHneM OTH01119HHSI Rid ), npn 3TOM Ha aneKT­

POHbl KOnbUa ll9llCTByeT cnna flopeHUa OT OT06pa.JKeHHblX Koneu, Ka)KJlaSI napa 

KOTOPblX HaXOllHTC51 OT Hero Ha paCCTOSIHHH ma m =1,2,•••CHMMeTpH'IHO 

xi 
Ll.nSI trneanbHOI'O MeTanna TOKOBOe OTpa>KeHHe HM00T MeCTO, TSK KSK 

Jla>Ke CTaUHOHapHblit TOK Bbl3bJBaeT OTpa>KeHHe H3-3a HecTaUHOHapHoro npo­

uecca B MOMeHT B03HHKHOB0HHSI H 6eCKOHe'IHO 60nbillOA IlOCTOSIHHOA saTy­
XSHHSI. 

10 
I 

/ 

no pa3Hbi9 CTOpOHbl. Torn a rpallH9HT f z CHnhl B Z -HanpaBneHHH (nep­

neHllHKynsrpHOM nnocKOCTH KoneuJ H onpenensieT HCKOMYIO nonpaBKY K n0Kasa­

Ten10 cnalla. z - KOMilOHeHTa CHnbl flopeHua OT 0/lHoro KOnbUa Ha paCCTOSI­

HHH z oT ero nnocKoCTH H panuyce R paBHa 

f = z 

e
2
N kE(k) 

2 11 R z y 
¢ 

e 
2
N z k 

w1 
2 

(:3 [E(k) - K{k)]. 
¢ 

2 1 
3necb N - nonHoe tJucno aneKTpOHOB B Konbue, k = ---- , E (k) 

I + z 
2
! 4R. 2 

(18) 

H 

K (k) - nonHble annnnTHtJ9CKH9 HHTerpanb1 1-ro H 2-ro pona COOTBeTCTBeHHo. 

llpn nonytJeHHH l l~} HCnonb30BaHbl Bbipa;>KeHHSI aneKTpH'19CKOI"O H MarHHTHoro 

nonSI TOHKOI"O KOnbUa Ha pacCTOSIHHSIX, ropaano 6onbll1HX Manb!X pasMepoB ero ceqe-

/7 /) HHSI ( CM,, HanpHMep, . ) • 

TToKa3aTenb cnalla nong Koneu H3o6pa.lKeHn51, no onpenenemr10, paBeH: 

11n 
z 

2 

2 my w 
<p H 

m+J 
I, (-1) 

m=J 

m xi 
a f., 
-I a Z z= m d 

(19) 

BbrnonHSISI /lHcpcpepeHUHPOBaHHe no z B cpopMyne ( 18) H BBOll51 o6oaHatJeHHSI: 

dE 

d k 
2 

nonytJHM: 

_ D(k} 
p 

2 

md_-'l-k2 
2R-~ 

k 

e 2 N 
V =--•--

mc2 2·11R 

"" 3 
Bv m+J 1 R 4 2 2 2 

An =- - ~ (-1) l---•pk[k p D(k)-(1+2p Jk E(kJ]-
z 2 3d 3 

y m= I y<P m 
(21) 

_ ~k 
3
[2E(k}- K(k)] I. 

4 
d2 2 

Y'IHTbIBSSI OTpa>KeHHe nepsoro nopSIAKS (m = 1) • np11 ycnOBHII -<<]. p <<], 

k
2 = 1 H HCnonb3YSI pasno>K0HHSI 

4R2 

D(k) = z 8 R n7-l E(k) = 1; K(k) z 8 R 
n-d , 

x/B • • 
epXHHH npeJ:{en cyMMl!pOBSHHSI B STOii CYMMe no 'lneHaM MSI'Hl!THOI'O 

B3aHMOJleitCTBHSI orpaH1!'10H 3Ha'leHHeM, KOI'Aa nepecTaeT BhlnonHSITbCSI ycno­
Bl!e ( 17), 

11 

(20) 

X 



npuxonuM K cnenyromeMy peaynbTaTy: 

V 4R 
2 

1 2 BR 
6.n =-- -[-· - - 2{3 (ln- - 2)] (22) 

z y d2 2 ¢ d 
y¢ 

B o6meM BH)le y'leCTb OTpa:>KeHHH Bcex IIOPMKOB B (21) cnO:>KHo; )lnH OUeHKH 

MO:>KHO BOCnonb30B8TbCH TeM, 'ITO BKnan qneHOB Bb!Clllero nopHllKa 6b!CTPO 

y6hrnaeT. llnn rrpHMepa Bbl'lHCnHM qneHhl )lO TpeTbero IIOpHJlKa BKnJO'lllT9nbHO, 

9 d 2 
( l) < 2) ( 3) 

npenrronaran, 'ITO - --::<
2 

<J. Torna, cyMMHpyn 6.n z , 6.n H 6.n , nony-
4 R z z 

'IHM: 

v 31 R 
2 

1 -[-·-·-
y 9 d2 y 2 

cb 

6.n 
% 

2 16 R 
2 f3 ( ln - - 2 )] • 

¢ 3d 
(23) 

8TOT peaynbTaT nulllb H93H8'lllTenbHO oTnH'laeTCH OT l22}. TiepBblH 'lneH l23) 

OTBe'laeT neqioKycupy10meMy )l9llCTBH!O sneKTpOCT8TH'l9CKOI'O nonH uao6pa:>KeHm1, 

2 
ocna6neHHOMY MBI'HHTHb!M B3aHMO)l9HCTBHeM TOKOB B y ¢ pas. TaKoe ocna6-

neHHe CBH38HO C 06hI'lHblM sq>cpeKTOM EeHHeTa JlnH npHMOnHH0HHb!X ny'lKOB. OT­

MeTHM,'lTO npII oTcyTCTBIIII TOKOBOI'O oTpa:>KeHHH JlnH HHTeHCIIBHO aapH:>K9HHOI'O 

ny'!Ka sct>qieKT ne<PoKyCIIpOBKH B6nH3II CT9HKH B0CbMa 3H8'lHTeneH. BTopoil 'ln0H 

B ( 23). xapaKTepHblll JlmI ll8HHOH KpIIBonn:He:lhrn:il: KoHcjJIIrypaUHII TOKa, HBmieTcH 

TIIIlII'lHblM cne)lCTBII0M scpcjieKTa KpHBII3HbI, CBH38HHbIM C paanII'lHb!M Il0B91l0HII0M 

B rrpocTpaHCTB0 sneKTpII'l0CKOI'O H M8I'HHTHOI'O rroneii KOnhua ( B rrpHMOnIIH9HHOM 

IIy'lKe II TO II npyroe rronH OllIIHaKOBO M0HHIOTCH C paCCTOHHII0M OT OCH IIy'lKa, C 

'10M II CBH38H "'lllCTb!H" scpcpeKT EeHHeTa) • 8 penHTllBllCTCKOM cnyqae ( y ;>>1) 

STOT qneH MO:>KeT rrpeBb!CllTb rrepBbIH, 11 TOI')la IIOnH II306pa:>KeHHH )laIOT cpoKy­

CIIpy10mufi scpcpeKT. CXOllHblll scpcpeKT KpllBH3Hbl rrpII paCCMOTp0HllH rroneii 11306-

pa:>KeHIIH 6bm HailneH TaK:>Ke )lnSI Konbua, pacrrono:>KeHHOI'O K08KCIIanbHO C 

BH01IIHIIM MeTannu'leCKIIM UIInllH/lpOM ll llBH:>KyllleI'OCSI B)lOJib ero ocH 181• 

no cymecTBY, STOT scjJcpeKT HMeeT Ty :>Ke rrpupony, 'ITO ll H3B0CTHbie 

nonpaBKH K noKaaaTenro crrana n aa C'leT co6CTB0HHoro nonSI KOnbua
161, 

TonbKO BMeCTO 

Konhua. 

R 
d 

TaM qmrypHpyeT 
R 

.a 
, rne a - paaMep ceqeHHSI 

B b!pa)KaJO 6naro)lapHOCTh IO .H. AneKCBXllHY aa aaMe'laHHe, CBH3aHHOe 

C B03M0)!(Hb!M B6nH3ll CTeHKll necjioKycupyromuM scpcpeKTOMo 

12 

TTpuno:>KeHHe 

1-IT06bI HBHTH 83HMYTanbHYIO COCTaBnH10myro sneKTpll'l0CKOI'O rronH KOnb­

ua npu aanaHHOM B03MYIU0HHH nnOTHOCTeil aapH)la ll TOKa (2) t Hy,KHO pemn:Tb 

ypaBH0HHH llnH IlOTeHIJ.HanoB, KOTOpbie )lnH KOMIIOH9HT <t>yphe <ti (r,z), A,I. (r,z) , 
n 'I' n 

A (r; z) uMeIOT cneny.10muil BHn: ,n 

2 n2 2 d2cf.J n W n 
6.cf.J--cf.J+--cf.J+--

, n 7 2 n c2 n dz2 - 4TTan o (r- R) fi(z). (n.1) 

n 
2+ 1 

2 2 . 
n w H 2in 

6. A - A¢n+ 2 A¢ + -2 A¢+ , ¢n 2 r c n r n 

2 2 2 

6. A -~A +~A 2in A 
- --- + , rn 2 -rn c2 ,n 2 ,n 

r r 

3anmueM fi - q>yHKUllll B BII)le: 

8(r - R) = R J ]n (xr)Jn (xR) xdx, 

0 

B(z) } ; cos (2m+l)TTZ 

m=o d 

2 
d Atn 4 TT 

= - - V a o(r-R)o(z) 
dz 

2 
C <p n 

<n.2) 
2 

d A ,n 
= 0. 2 

dz 

(n.3) 

(n.4) 

(TT.4) 03H8'180T, 'ITO p0lll0HHSI MO,KHO llCK8Tb B Bllll0 pMOB <t>ypbe IlO Z B 

d d 
HHTepBane - 2:::: z::::: 2 • rrpu STOM rpaHH'lHbl0 ycnOBHH Ha IIOBepxHOCTH MeTan-

nuqeCKHX rrnaCTHH 6ynyT YllOBneTBOp0Hblo 

TIOllCTaBnHH (TI~3) H (TT.4) B (TI.1 ), HeTpyllHO nony'lHTh 'laCTHOe pellle­

HHe ypaBH0HHH nnH CKanHpHOI'O IIOT9HUHana: 
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I (rr)H(l)(rR), r < R 
n n 2 2 

ct> =21/Ru 
nm n 

T2 = ~ 11
2
(2m+Jj2 

c2 - a2 (n.5) 

.l (rR} H
111

(rr), r > R. 
n n 

npe BbIB0Ae (n.5) HCII0Jll,30BaH HHTerpan XaHKem/91: 

J (II 

2 11i In (rr)Hn (rR) 

00 x]n (xr)Jn (xR) 

_( 2 2 
dx . (n.6) 

0 X - T 

Cne.nyeT aaMeTIITb, 'ITO IIHTerpan B (IT .6) IIMeeT CMbICn, ecn1I r IIMeeT IIO­

JIO)KIITellbHYIO MHIIMYIO 'I8CTb, OTlllI'IHYIO OT HynSI. B peanbHOM <p.H31I'I0CKOM 

IIpOCTpaHCTBe BCer.na cymecTByeT KOHe'IHOe aaTyXaH1Ie, 'ITO II 06ecrre'I1IB88T 

Bb!IIOllHeHIIe 9TOI'O ycnOBIISI, 

C1IcTeMa CBSI38HHbIX ypaBHeHIIH llllSI KOMIIOHeHT B0KTOpHOI'O IIOTeHU1Iana 

neI'KO pemaeTCSI aHanOI'II'IHbIM MeTO.UOM, II pemeHIISI Bbipa)KaJOTCH 'Iepe3 qiyHK­

UIIII BeccenSI C IIH.UeKC8MII n - 1 II n + 1 

f1 ony'IeHHbie qacTHbie pemeHIISI ypaBH0H.HH LlanaMoepa YllOBneTBOpSIIl'JT 

BCeM I'paH.H'IHbIM ycnOBIIHM, a T8K)Ke ycnOBIISIM II3lly'IeHIIH IIplI r ➔ 00 • TaKIIM 

o6paaoM, 9TII pemeHIIH SIBllSIIOTCH T8K)K0 .H 06m1IMII, 

• Bb1pa,KaH a31IMyTanhHy10 KOMIIoHeHTy aneKTplI'IeCKoro rronsr B MecTe pac-

IIOllO)K0HIISI KOllbUa ( z = 0' r = R) qepea IIOT0HUIIallbl 
in inwH 

E =--cp +--A ¢ n r n c cpn, · 

rrpHXO.UHM K qiopMyne (2). 

neTepaTypa 

1. A.r. BOH'I-OCMOnOBCKHfi, 3.A. nepenbwTefiH, npenpHHT O11Hl1 P9-4426, 
lly6Ha, 1969, 11aa. ayaoa. PaAHOcpH3HKa, T, X//1, N21, 1089 (1970), 

2, 11.n. KopeHeB, n.A: lOAHH, 113B, BY30B, Pamrncplf3HKa, T, Xiv • 1268 (1971 ). 

3. A.r. BoH'l:-OCMOnOBCKHfi, B.r. MaxaHbKOB, B.H. UbITOBH'I, B.r. illHHOB, 
npeIIpHHT 011 H11, P9-5622, lly6Ha, 1971. . 

4, J,Nodvick, D.Saxon. Phys.Rev. 96, 180 (1954). 

5. C.Pellegrini, A.Sessler, UCRL-18103, p.442, Berkeley 

(1968). 
6. 11.H. 11aaHoB H AP, TTpenplfHT O11Hl1, P9-4132, lly6Ha, 1968, 

7 • n._n. flaHAay, E,M, nmpwHU, "3neKTpOAHH8MlfKa crrnowHb!X cpeA", fl1TT n, 
MocKaa, 1957. 

14 

8. A.r, BoH'I:..OcMonoacKHfi H AP, TTpenpHHT O11Hl1, P9-4135, lly6Ha, 1968. 

9. r .H. BaTCOH, "TeoplflI 6ecceneBbIX cpyHKUHH". 11n, MoCKBa, 1949. 

PyKOIIHCb rrocryrrana B H3A8TenbCKHH OTAen 
6 MapTa 1972 rona. 

15 


