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nna3M9HHbl9 crycTKH MO)I{HO YCKOpS!Tb C l10MOWb!O 9119KTpOMSrHHTHbiX nonel!: R l10TOKOB 

Ill 
IHnR crycTKOB I nnaaMbi B MarHHTHOM none • B OCHO·Be TaKoro ycKopeHHS! ne*HT a ell:-

CTBHe BbiCOitO'ISCTOTHbiX l10119J!: HS 8119KTpOHHYIO KOMnOH9HTy crycTKa, VfOHbl YCKOpS!!OTCSI no-

119M, B03HHKS)OWHM npH CMerueHHH 9119KTpOHHOJ!: KOMnOH9HTbl, 

PaccMoTpHM ycKepeHRe nnaaMbi nnocKol!: aneKTpoMarHHTHol!: aonHol!: c qacToTol!: MHoro 

5onbwel!: nnaaMeHHOl!:, BonHa coo5waeT aneKTpoHaM ycpeaHeHHoe no BpeMeHH ycKopeHHe y 

aa onb HanpaaneHHS! pacnpocTpaHeHHS! B011Hbi I ocb xI, paBHOe ~ rae E
0 

-aMnnH-
2 12 1 .3m 

Ty a a n011S!, t• = ~ , Vf Cn01lb3YS! anSI OITHCSHHS! KB83HH9l!:Tp811bHOrO cryCTKa 11HHea-
mc 

pH30BSHHhl9 ypaBH9HHS! rHapoaHHSMHKH anSI 9119KTpOHHOJ!: H HOHHOJ!: KOMITOH9HThl H ypaBH9HHS! 

M aKcBenna anH nonS!, nony'IHM ypa BHe HH e anSI aneKTpH qecKoro nonS!, Hanp aaneHHoro aa onb x 

Ill 

rae ll1183M9HHBS! 'IBCTOTa 
w2 = .4rre 2 (M +m)n 0 (x) 

o mM 
n0 (x) - ll110THOCTb cryCTKa ao B38HMO-

ael!:cTBHS! c B011HOl!:. PeweHHe 11 I 

E = 2m MY Sin~ 
1 e ( m + M) 2 121 

ll0K83b!B89T, 'ITO B llp0U9CC9 YCK0p9HHS! 9119KTpOHH8SI KOMllOH9HTa nepHOaH'I9CKH Bblpb!B89TCSI 

Bnepea, noaTS!rliiBaS! aneKTpH'19CKHM noneM HOHbi. CrycTOK aBH)i{9TCS! KaK uenoe c ycKopeHH-

9M y = ~ npH yC110BHH 
o m+M 

2 
y <<a w 1 , rae w: = 4rre:n o ~ a - paaMep crycTKa. 

0TphlB 9119KTpOHHOJ!: KOMITOH9HThl OT HOHHOJ!: npOHCXOaHT npH 

, rae 

PaCCMOTpHM Ha OCHOB9 T9X lK9 ypaBH9HHJ!: B38HMOaeJ!:CTBH9 ll1183M9HHOrO llOTOKa, a BH-

lKywerOCS! Ba011b OCH X CO CKOpOCTb!O Uo , CO cry CTKOM, llpH'I~M ao HB'IB11B B38HM O a eJ!: -

CTBHS! nnaaMa KB83HHel!:Tpa11bHa. BaaHMo ael!:cTBHe H8'1HHaeTcS! c IlOSIB11 e HHeM cpnyKTyauHH rro nH 

B ll1183M9 • ..QonyCTHM, 'ITO B cryCTK9 H11H ITOTOK9 B03HHK118 cpnyKTY8UHS! B BH a e a B OJ!:HOrO 

cnoS! Ma1lbiX paaMepoB, none KOTO poro E =AI) (x) , npH aBHlK9HHH liOTOKa B ll1183M 9 

131 
B03HHK89T npoa~11bH09 9119KTpH'19CK09 !10119, KOTOpOe Orrpeae11SI9TCS! ypaBH9HH9M 

a a 2 a2f: 2 i 2 _ ( -- + u
0
-) ( __ J+ w E ) + __ ( w E ) - 0 , 

at ax at2 o 1 at2 b 1 131 

rae -rrna3M9HH8SI 'ISCTOTa crycTKa, W b - !IOTOKa. 

npH51JH)i{9HH09 peweHH9 13 I MOlKH'O nony'IHTb, paccMaTpHB8SI &wb IH11H w 0 I KaK 

M811hlJ!: napaMeTp. 5o3HHKWH9 B pe3y11bTaTe cpnyKTYBUHH BhlCOKO'I8CTOTHhl9 K01195SHHJ!: rre p e -

HOCS!TCS! l10TOKOM CO CKOpOCTb!O u 
0 

H llpH aocTaTO'IHOJ!: O a HOpOa HOCTH ll118 3Mbl B cr y CTK e 

npHBOaSIT K H8p8CT810WHM BO Bp9M9HH KOne5aHHS!M. E OT11H'IHO OT HY11SI B HHT9pBane 



O<x<ut: 
0 

E1 = ~1o(x)Cosw t + w
2
bwox (t- ~ 

o 2u2 
0 

Sin w ( t - - " - ) I 
0 u 

0 

CHna, npHBOllSIWSSJ K ycKopeHHJO crycTKa, B O.llHOpO.llHOM MarHHTHOM none 

00 00 

e (' f 
... --~ .... .... ... 

fdxdy dzl(n-n)E+lj c[nu -nu] x [H+H
0

]_11. 
.oo - 00 

141 

H
0 

pa sHa 

151 

r .ll e n , U - nnOTHOCTb H CKOpOCTb 9neKTpOHOB, n u - HOHOB crycTKa. LlnS! npo-

LlOnbHblX KOne6aHHA YCKOpS!!OWee .ll aBneHHe Ha cryCTOK nOS!BnS!eTCSI BO BTOpOM npH6moKeHHH 

00 

i
2
=e f dx (n

1
-n)E 1 161 

~00 

3cpcpeKTHBHOe YCKOpeHHe npOHCXO LlHT npH B3aHMO.lleitcTBHH nnOTHOrO nOTOKa C pa3pe X< eHHbiM 

cryCTKOM I wb > > w 
0 

I, KOr.lla Ha crycTOK neAcTByeT ycpe.llHeHHoe LlSBneHHe 

A2 wb(O) 
f- -
2-~u4 o 

0 

2 • 
J dx (t-~) w 2 (x)w(x-u t)fw

2
(:a:')dx', 

u 0 b 0 0 
0 0 

uo' 
/71 

.Q nS! BpeMeH, MHOrO 6onbllJHX ~u0 , KOr.lla BOnHa pacnpocTpaHS!eTCSI Ha Becb crycToK 

f = 
2 

A 2 w2 w4 a 2 t 2 
~ 

32 TT U "l 
0 

181 

CrycTOK ManhlX pa3MepoB 

CHnoA. 

B << ~ 
wo 

yCKOpS!eTCSI KOrepeHTHOit, HapaCT810WeA BO BI!eMeHH 

PaccMoTpHM noSisneHHe cpnyKTyauliH B BH.lle nonepe'lHOft sneKTpoMarHIITHOA BOnHbi: 

E;r = At_o (x) , Ht_ = 0 , r.lle E ± = E y .;! i E 2, II±= lly"!:_ i1. •. 

none , pacnpocTpaHSIJOWeecg B nna3Me, noMeweHHoA B OLlHOpOLlHOe MarHHTHoe none, aanpasnew-

141 
HO e BL!Onb 110TOK8, onpe.llenS!eTCSI ypaBHeHHeM 

00 

_!_BtfK,v)Et.(K,v)+ l. (w 2(K-l(')E;t[W,v)dK
1
.=A± 

19 v 2rrlv'fzwJ-oo o J I 

r .lle ~(K, v) = 
00 - IKx·VI 2 • J dt J dxe E+ (x,t), B+=c2k2+v2+ wb(v+tu 0K) 

o - oo - - v+iuK-iw o + H' 

YpaBHeHHe 19 1 LlnH Manoro crycTKa n
0 

(x) = n
0
a o (x) 

E+= --- 2rrA:tv(v"'iw 8 ) 

npHBO.llHT K 

- Bt_(K,~2rr(v,.iwl+w'avB+(v)l, 
H' o o-

r.lle 
+ roo ars. ___ _ 

no- (v) = ~oo B±(.K,v) 

wH=~ me • 

I 10 1 

YcK opHrowee LlS BneHHe, HanpasneHHOe B L!Onb noTOKa, c TO'IHOCTb!O LlO BT o p oro npH6nH meHH H 
00 

f = -~- J dx n (x) [ u + 11 - u II ] 
2 2 Cl -oo 0 - - + 

n OK83 bi B 8eT, 'ITO YCKOpH!OWaSI cry cTOK CHna OTHOCHTCSI K CHnaM , .lle ftCTBYIOWIIM Ha nna3MY CO 

15.( 
CTOpOHbl B bi COK 0 '18CT OTHOrO H eO.llHOpO.ll HOrO nonS! • 3Ha'leHHSI llOnSI B oonaCTII cryCTKa onpe-

.llenSI JO TCSI non!OCSMH /101, npHBOLlSIWHMH K H8p8CT810WHM BO BpeMeHH peru e HIISI M , llnSI KOTOp bl.l 

Rev> 0 • TaK!I e p erueHHSI H aX OL! SITCSI npH6nHmeHHO LlnS! w b < < w
0 

Ll nS! B38HMO .ll eftCTBHSI pa3pe X{eHHOrO llOTOK8 C nnOTH biM cryCTKOM 

Vt_ = _± ~+ ! Wb W o 
1 + {3 2 

'h 
( __ B~) (l_:!:i,hpH 

2w_H.c 

4 

a< < Uo Wn 
w2 

e 

H w b > > wo 



M 

HH 

new-· 

{5! 

c o 

p e-

p bll: 

cnyqae ( W > > W ) UpH COBnaaeHHH '18CTOT 
b 0 1 / :J 

v± -=+iwn+ w:
6

ac[3 (l±iv/3), rae {3=+ 
B apyroM (I) =(I) 

b f;f 

H anpsvKeHHOCTb nonS! E) aeoaaopoaaa · B o5nacTH crycTKa TOnbKO B cnyqae w b > > w 
0 

nnoTHbrjt noTOK aeAcTayeT aa paape)!{eHHbiA ManbrA crycToK c ycKopS!IOI!lHM aaaneaHeM I . 

ycnOBHH W b = WH 1: 

I 111 

B38HMOAeACTBHe B <ITOM cnyqae KOrepeHTHO H H8p8CT8eT CO BpeMett'eM. 

A aTop 5naroaapHT B.VJ .BeKcnepa aa o6cy)!{aeaHe peaynbTaToB. 
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