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1. BBE,li,EHHE 

ITpH paccMoTpeHHH aonpocoa ycToifqnaocTH JneKTpoH

Horo Konbua npu C)l(aTHH a KaMepe a)l.re3aTopa/l/,a TaK)I(e 

llpH aHanH3e YCKOpeHHH JneKTpOHHO-HOHHOrO KOnbUa B 

KOaKcnanbHbiX eMy unnHH.D.pHqecKHX cTpyKTypax /2/ B03HH

KaeT 3a)l.aqa 0 HaXO)I()l.eHHH noneif TOKOB, HH.D.YUHpOBaHHbiX 

B TOHKHX MeTannH4eCKHX JKpaHaX )l.BH)I(Y~HMCH JneKTpOH

HbiM KOnbUOM. 

3KpaHHpOBaHHe MarHHTHOrO nonH )l.'BH)I(y~HXCH TOKOB 

H3yqaJtocb a pa6oTax /3-6/ .D.nH cnyqaH nnocKoif reoMeTpHH 

H a pa6oTe /7/ - .D.nH UHJIHH)l.pHqecKOH. Bo acex nepequc

neHHWX pa6oTax npe)l.nonaranocbi 4TO JneKTPOHHOe Konb

uo /HnH lliHypj )l.BH)I(eTCH C llOCTOHHHOH CKOpOCTbffi B)l.Onb 

llOBepXHOCTH npOBO)l.HHKa. )J.nH perneHHH )l(e 3a)l.aqH 06 

yCTOH4HBOCTH )l.BH)I(eHHH KOnbUa · HeOfiXO)l.HMO 3HaTb llOnH 

HH.D.YUHPOBaHHbiX HM B llpOBO.D.HIUHX JKpaHaX TOKOB npH 

llpOH3BOnbHOM 3aKOHe )l.BH)I(eHHH. 

B pa6oTe /8/ npe.D.nO)I(eH MeTO.D., no3BOnHm~HH pernaTb 

JTH 3a;!l,aqu qucneHHO c ucnonb30BaHHeM 3BM. ITone3HO, 

O.D.HaKo,-' HMeTb npu6nH)I(eHHOe aHanilTnqecKoe perneHHe, 

)l.affiiUee B03MO)I(HOCTb KaqeCTBeHHO HCCne)l.OBaTb HHTe

pecymiUHe Hac npouecchi u ycTaHOBHTh o6nacTh npnMeHn

MOCTH HCXO)l.HOrO HHTerpanhHOrO ypaBHeHHH /8/, TaKOe 

perneHHe ,lJ.nH HHTH C TOKOM, )l.BH)I(YIUeHCH llpOH3BOnbHbiM 

o6pa30M OTHOCHTenbRO TOHKOH npOBO)l.HIUeH nnoCKOCTH, 

nonyqeHO'' B pa3)l.ene 2 H Hcnonb3yercH .D.Ril awqncneHHH 

CHn TOpMO)I(eHHH jpa3)l.en 3/ H aHanH3a ycToifqHBOCTH 
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3neKTpouuoro Konnua B KaMepe a~reJaropa /peJ~en 4/. 
B paJ~ene 5 o6cy*~aercH 3$$eKT orpuuarenhuoro rpeHHH 
B nepneH~HKYllHpHOM 3KpaHy HanpaaneHHH, HMeiO[UHH MeCTO 
npH ~BH*eHHH HHTH B~Ollb 3Kpaua CO CKOpOCThiO, npeBOC
XO~HIUeH CKOpOCTb "y6eraHHH" H306pa*eHHH. 

2. MAFHHTHOE IIOJJE HABEAEHHbJX TOKOB 

PaCCMOTpHM 6eCKOHeYHYIO HHTh C TOKOM 

j (x.z,t) = I(t)·o(x- x
0
(t))·o(z- z

0
(t)). 

y 

napannenhH)'IO llllOCKOMy MeTannHYeCKOMy 3,Kpauy (x = 0) 
TOlllUHHbl h H llpOBO~HMOCTH a. 

liJIOTHOCTb HH~YUHpOBaHHbJX B MeTaJine ~OKOB Ollpe~e
llHeTCH $opMyllOH 

a rJA 
j =aE ~-- .::.::J /1/ 

Y Y c at · 
r~e A y =A (o) + A ind - seKTop- noTeuuuan cyMMapuoro y y 

MarHHTHOrO llOJIJI HHTH H HaBe~eHHbJX TOKOB. B HepeJIBTH" 
BHCTCKOM CJiyYae (V2 = x2 + Z2<<c2 ) ~ml Bbi'IHCJieHHJI BeKTop
llOTeHUHana MO*HO llOllh30BaTbCJI CTaUHOHapHOH $yHKUHeH 
rpaua 

G(x, z, x',z') = -ln[(x- x') 2 + (z- z ') 2 1. 
McnonhJYH /1/, npe~cTaBHM A B BH~e 

- y 

A (x,z,t)= A( 0 h.z.t)- _!!___ ~JG(x,z,x',z')A (x',z~t)dx'dz', 
Y Y c 2 at Y 

- /3/ 
r~e HHTerpaposauue Be.rteTcJI no nJimua~u ce'leHHJI npoao~
HHKa llJIOCKOCTbiO Y = COUSt. 3TO COOTHOWCHHe MO*eT 
paccMaTpHBaTLCR KaK ypaaueuue ~JIR BeKTop-noreuuuana 
cy-MMapuoro MarHHTuoro noJIR B MeTaJine /a/. 

Ecnu TOJIIUHHa npoao~HHKa h cymecTaeuuo MeHLWe 

rny6HHbl 

(...!!__)2 = ~ 
0 u 

m 

4 

lx ol 
CKHH"CJIOJI om ua xapaKTepuoii 'laCToTe -~· 

c2 
~<1, r~e U= 2rruh ' lx 0 \ 

TO MO)I(HO llpeue6pe'IL 

r : 

H3MeHCHHeM HaBe.IJ;eHHbiX TOKOB H, COOTBCTCTBeHHO, BeK
TOp-noTeHUHaJia DO TOJIIUHHe MCTaJIJia. ECJIH K TOM)' )l(e 
h << lx I, T.e. ecnu h MHoro MeHhwe paccTOHHHH, ua 

0 

1 aA 1 ( __ ...:t._ __ ) 

Ay az X 0 
KOTOphlx A Y cymecTseuuo MeuseTcH 

TO ypaBHeHHC /3/ MO*HO 3aMeHHTb O~HOMepHbJM / S/ 

(o). ah a ~ ) 
A (z,t) =A {z,t)- - - J G(z,z' A (z ~t)dz' 

Y Y c 2 at -oo Y 
/4/ 

C $yHKIJ.HeH rpaua C(z,z ') =- 2ln(z- Z 'j. 
)J.JIH $yphe- o6pa3a 

1 "" -ikz 
ak (t) = -- fA (z,t)e dz 

2rr -oo Y 
H3 /4/ cne~yeT ~u4Mf>epeuuuanhuoe ypaaueuue * 

r ~+a =a(o) r 
kdt k k-'k 

peweuue KOToporo eCTh 

1 

u\kl 

-t/r 1 t t'/rk 
a (t) = e k (a (0) + --I a10r(t')e dt'), 

k k r 0 k 
k 

(o} I(t) -
a (t) ~ ---expl-1kz (t)- fkx (t)jl. 

k c I k I o o 

/5/ 

Hac HHTepecyiOT llOJIJI B TO'IKaX Ha6JIIO~CHHH, y~aJieHHbJX 
oT 3Kpaua ua paccTOJIHHH !xi - \x 0 \»h. no3TOMY MO*HO 
JaMeHHTL o6'beMuoe pacnpe~eneuue TOKa j y B npoao~uu
Ke noaepxuoCTHhiM pacnpe~eJieuueM, !Pyphe- o6pa3 KOToporo, 

cornacuo I 1/ u /5/, eCTh 

_ . c lk\ (o) 
lyk =hJyk =~(ak-a k ). 

*llpu B3JITHH HHTerpanoB Mhl uruopupyeM pacxo~u
MOCTL .ztByMepuoro BeKTop-noreun.uana ua 6ecl<oHe'IHOCTH. 
llpaBHJILHOCTb DOlly'laCMblX pe3)'JILTaTOB llO~TBep)I(.IJ;aeTCH 
pemeHHeM 3a~a'IH_ B IJ.HJIHH~pH'IeCKOB reoMeTpHH C llOCJie
,A)'lOllUIM npe)J.eJILHbJM nepexO~OM K llJIOCKO:ii:. 
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B Kalfecrae HalfaiibHoro ycnoBH» .nn» seKrop- noreH-

uuan_a npuMeM A I ~AA (o) 1' I A= 0 cooraercrayer 
y't=o y t=o _ 

OOJIHOMY 3KpaHHpOBaHHID OOJIH HUTH B HalfaJibHhlH MOMeHT 

apeMeHH, A = 1 - orcyrcTBHID 3KpaHupoaKu/. Tor .na aeK

Top- OOTeHUHaJI MarHHTHOrO IIOJIH HH)J;YllHPOBaHHbiX TOKOB 

npe)J,CTaBJIHeTCH B BH)J,e: 

ind I(O) ![ 12 [' 1 1 I 12, A (x,z,t) c -A---ln z-z (0) -+ 1'x 1+ 'X (0) + ut '+ 
Y 0 ' 0 c 

I (t) 2 . 2 
+ ----lnl!z-z (t)l +llx\ +\x (t)\1 l + 

c 0 0 

t , I( t ') \ x\ + \ x0 (t') \ 1 u ( t- i ') 
-+ 2u J dt -· - -~---------------- . /6/ 

c 2 0 0 
\ z - z ( t ')I -1 [ ; x 1 -~ i x J ( t ')I ' u( t- t ') I '"" 

0 ( 

PaccMoTpHM cHalfana Ja)J,alfy o penaKcauuu HH)J,yuupo

BaHHbiX TOKOB. IJyCTb B T04Ke X
0 

·, 0, Z
0 

B MOMeHT BpeMeHH 

tl>. 0 MrHoBeHHO BOJHHK TOK I. Ilonara» s/6/ z (t) - z , 
0 \} 

X
0
{tl =X

0
, nonylfHM 

ind I 2 2 
A =-ln[(z-z) +(\x\+x tu(t-t))]. 

y c 0 0 0 
/7/ 

0Tpa:>KeHHOe IIOJie /7/ B o6JiaCTH X'0 HMeeT BH)J, IIOJIH 

TOKa l C KOOp)J,HHaTaMH -(X
0 

I u(t ·- t 
0 

)) , Z 
0

: CKOpOCTb 

ll TaKHM o6pa30M, HMeeT <1JH3H4eCKHH CMbiCJI CKOpOCTH 

"y6eraHHH" TOKO.QOrO H306pa:>KeHHH 'g·'. XapaKTepHOe BpeMH 

npOHHKHOBeHHH MarHHTHOrO IIOJIH B HH:>KHee IIOJiynpOCTpaH-

X 
CTBO T >· __ o_ TO eCT.h "MTHOBeHHhiMB" MO:>KHO C'IBTaTh 

- 2u 
X 

npouecchi, npoucxo.n;Hmue Ja apeMH \ t << __ Q_. 
ll 

)J,JIH HHTH, )J,BH)I(YIUeHCH C MOMeHTa BpeMeHH t = 0 C 

OOCTOHHHOH CKOpOCThffi (Z.o = Vzt , X 0 ~ X~ -1 Vxt ,l=COIISt), 

He rrepeceKaH 3KpaH (sign x
0
(t) = sign X

0

0
). BeKrop-

noreuuuan orpa)l(eHHoro nonH HMeer su.n · 

c 1nd u(v · -u) . 
-A {x,z.t) ~ -lA' _. __ x ___ llnlz 2 ti!xi+!x''i 
l Y v2+(v"-u)2 o 

Z X 

-t uti I+ 

6 

v 2 +v'(v' -u) 
Z X X 2 

+ -------ln[(z -vzt) +(\x\ 
v 2 +( v' -u) 2 

Z X 

2 
+ \x 0(t)j) ] + 

+ 

(v'-u)(\x\ + jx (t)j)-v (z-v t) 
!arctg x o z z 

2uv z 

v~ + (v~-u) 2 vz(\X\+\X 0 (t)\) +(v'x-u)(z-vzt) 

- arctg 
(v' -u)(\x\ + \x0

\ +Ut)- v ·Z 
X 0 Z l ' /8/ 

v (\x\ +\X0 \+ut)+(v'-u)·z 
Z 0 X 

, ' 0 
r)J,e VX = VX • SlgnX 0 • KoMnoueura MarHHTHoro non» 

a A ind 
ind Y B =- ---, "oraercraeHuax" Ja cuny 
X az 

Z -uanpaBJieHHH, B ycTaHOBHBllleMCH pe:>KHMe 

TOpMO:>KeHHH B 

\xo \ 
(t » __ o __ ) 

u 

)J,JIH HHTH, npH6JIH:>KaiDIUeHCH K 3KpaHy 

HMeeT BH)J, 

(x 0 > 0, v• =- \v \. 
0 X X 

21 
Bin-d = --------- x 

X c[V~ +(U+ \V X \)ZJ 

X 

uvz[x +X
0
(t)]-[vi+\Vx\·(U+\Vx\)](z -vzt) 

. /9/ 
[x + x

0
(t)] 2 + (z- vzt) 

2 

Ecnu HHTh )J,BH)I(eTcH napanneJihHO npoao.nxmeii nnoc

KOCTH (V =0), TO H3 /9/ CJie)J,yeT 
X 

8 ind =-~·-K __ , K(z-vz!) -(x~J!~ /lO/ 
X C 1+K 2 (z - V Zt)2 +(X+X J2 

r)J,e K = vz/u. 3roT peJyJibTaT cosna.naer c uepenHTH

BHCTCKHM npe)J,enoM nonylfeHHoro a I 41 pellleHHH. B pa-

6ore I 41 yKaJb!BaeTCH ycnoaae npuMeHHMOCTH <1JopMynbl 

7 



h Xo 
/10/: h«D m <<x 0 HJIH -;z-« K << h' He BblllOJIHBIO~eeCH 

() 

)J,JIH MaJibiX CKOpOCTeH V 0 .bonee T~aTeJibHbiH aHaJIH3 

TOYHoro pemeHHB, Haii.u.eH~wro B I 41, noKa3biBaeT, '!To 

YCJIOBHe npHMeHHMOCTH ~OpMyJihl /10/ He CO)J,ep*HT or-

paHHYeHHH Ha cKopocTb v CHH3y: h «min lix I, 8 l , 
z o m 

h h 
HJIH -x-« 1, IK 1- « 1. 

0 xo 
IlpH CKOpOCTHX lv l>>u KaK 

z 

TO'!HOe pemeHHe 141, TaK H llpH6JIH*eHHOe /10/ aCHMllTO

TH'!CCKH CTpeMHTCH K pemeHHIO )J,JIJI H)J.eaJibHO llpOBO)J,H

~ero 3KpaHao ll03TOMY npH )J,OCTaTO'!HO 60JibllJHX OTHO-

xo 
llJCHHHX KOr)J,a 06JiaCTH 3Ha'!CHHH CKOpOCTH v 

h 2 

X 
onpe.u.enHeMbie HepaaeHCTBaMH IK I << -~- , I K I >> 1 
nepeKpbiBaiOTCH, ~OpMyJia /10/ H, cneBoBaTeJibHO, ypaB

HCHHe /4/, pellJCHHCM KOTOporo :na ~OpMyJia BBJIHCTCH, 

llpH6JIH*CHHO cnpaBC)J,JIHBbl )J,JIB DCCX HepeJIHTHBHCTCKHX 

3Ha'!CHHH CKOpOCTH V z o AHaJIOrH'-IHO, B CJiyqae, KOr)J,a 

TOKH B 3KpaHe HH.IJ.YUHPYIOTCB He 3a C'!CT nepeMC~CHHH 

HCTO'!HHKa, a H3MCHCHHCM TCKy~ero B HCM TOKa, ypaa-

HCHHC I 4/ npu ycJIOBHH XL << 1 cnpaae.u.nuao /npu-
0 

6JIH*CHHO/ )J,JIB BCero )J,Hana30Ha YaCTOT w ·'< c 
X 

0 

30 CJfJih/ TOPMO)J(EHHJI 

ind 
MarHHTHoe none B x , TOPM03H~ee .IJ.BH*Y~HHCH B.IJ.OJib 

3KpaHa TOK, .IJ.JIB peanbHhlx napaMerpoa I = 1 -"-1 0 KA, 
X 0 = 0,5 c-1 CM H CKOpOCTCH V z - U MO*CT )J,OCTHraTb 

6oJibmoii aeJIH'-IHHbl /102-"-10 3 Fe/ npeaocxo.u.H~eii .u.ony

CTHMbie jc TO'-IKH 3peHHB y.u.eplKaHHB HOHOB B KOJibUe/ 

HanpB*eHHOCTH BHemHero ycKopHIOIQero nonB. Bo3HH

KaiO~Hii BCJie)J,CTBHC 3TOrO 3cjKileKT "y6eraHHB" 3JICKTpOHOB 

.u.eraJibHO o6cy)I(.IJ,aJicH a pa6oTe I 101. 

ECJIH CKOpOCTb HHTH C TOKOM MaJIO MeHBCTCH 3a BpCMH 

X 
0 u 

T = --, TO )J,JIB HaXo:>K)J,CHHH )J,CHCTBYIOI.Qero Ha Hee Mar-

HHTHOr~ llOJIB MO)I(HO BOCllOJib30BaTbCH ~OpMyJIOH /10/: 

8 

: \ 

Bind I I K /11/ 
x x~- x0 

z= v 
2

t 
MaKCHMaJibHOe 

CXO 1 + K 2 

3Ha'-leHHe llOJIB 
md ~~ . I ) 

(B x max= 2CX
0 c2 

2rrah 
TOpM03H~eH CHJihl )J,OCTHraeTCH llpH vz = u 

H 

)l,JIH Hep*aBeiOIQeH CTaJIH TOJI~HHOH h = 0,1 CM U :::: 

=4.10-6c. flpH TaKHX MaJibiX CKOpOCTBX YCJIOBHe npHMe

HHMOCTH ~OPMYJihi /11/, Toe o ycnoBHe MaJIOCTH ycKopeHHH 

r dv2 dv2 1---\=11--1 « 1 
v z dt dz 

He06XO)J,HMO HCllOJib30BaTb 

3aBHCHMOCTH CKOpOCTH OT 

~ero MarHHTHOrO llOJIH 

MO*eT He BbtnOJIH11TbCB; TOr)J,a 

~OPMYJIY /6/ )J,JIH llpOH3BOJibHOH 

BpeMeHH. J13 /6/ )J,JIB TOpM03H

npH x = x = const , z = z (t), 
0 0 

zt>(O) = 0 , I = const cne.u.yeT 

c ind z 0(t) 
-B ~,A ----- + 
21 x z 2 (t) 1 (2x + ut) 2 

0 0 

t lz (t)-z (t')].[2x +U(t-t~l 
+ 2u 1 ctt' o o o . I 12/ 

o liz (t)- z (t')J2+[2x +u(t-t')]2j2 
0 0 0 

PaccMoTpHM cnyqaif "MrHoBeHHoro" BKJIID'-IeHHH yc

KOpBIOIQero noJIH B ixt . B Ka'-leCTBe Ha'-laJibHbiX ycnoBHH 

npHMeM z 
0 

(0) = z 
0 

(0) = 0, A = 1 I orcyTcTBHe 3KpaHHpOBKH 

B HaYaJibHhlH MOMeHT/. Ha MaJibiX BpeMeHaX t << 2xofu HH

TerpaJIOM B I 12/ MO*Ho npeHe6pe'-lh H .U.JIH CHJibi, .u.eii

CTBYIO~eii Ha e)J,HHHUY )J,JIHHbl HHTH, HMeeM Bblpa)KeHHe 

F 
_ I B ind [ 4x • z J 
-- . p- 0 ' 

z c x max 2 4 2 
B ext z + x o 

X 
r.u.e p =- --0 -d-. Onpe.u.enHM noTeHuHaJibHYIO 3HeprHIO Ha 

Bm 
x max u dU 

e)J,HHHUY .IJ,JIHHbl H3 COOTHOllJCHHH F =- --z dz 
U(O) = 0. B 

CJiy'-lae He 3aBHCHIQero OT Z YCKOpBIOIQCrO llOJIH 

u 
I 2 2 

-(-) [ps -ln(l+s )}, s 
c 

z 
-- . 

2x 
0 
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Y CllOBHe HHtPHHHTHOCTH )J.BH)I(eHH.!l U < 0 BhlllOllH.!leTC.!l 

.u.nH p > p , r.u.e p =0.8 - perneHHe ypaBHeHHH 
0 0 

1 + v 1 - P2= ln 2[ 1 + \ 1 - p 2 J 
p2 

IlpH MeHhlllHX HanpH)I(eHHOCT .!IX YCKOp.!liOl.l.{ero non.!l 

(p <p 0 ) npOHCXO)J.HT OTpa)l(eHHe OT noTeHI.J,HanhHOrO 6aphe

pa H HHTh COBeprnaeT Kone6aHH.!l no Z C aMnllHTY.D.OH <X . 
- 0 

CKopocTh ycpe.u.HeHHoro no 3THM Kone6aHHHM Me.u.neHHoro 

.U.BH)I(eHH.!l onpe.u.enHeTcH H3 paBeHCTBa nonH I 11/ npHno

)l(e HHOMY yCKOp.!liOl.l.{e My. 

TaKHM o6pa30M, KaK npH Me.u.neHHOM, TaK H npH 6hicT

poM BKlll04eHHH BHelllHero non.!l ycKopeHHe nepBOHa4allhHO 

noKOHBllleHC.!l HHTH )1.0 CKOpOCTH Vz ' U B03MO)I(H0 TOllhKO 

npH HanpH)I(eHHOCT.!lX I B ext I > I B inmda I· 
X - X X 

B peanhHOH ycTaHOBKe 121, O)J.HaKO, CMel.l.{eHHe KOllhi.J,a 

no z Ha4HHaeTC.!l B KOHI.J,e tlJa3hi C)l(a THH, Kor .u.a pa.u.Hanh

HaH cKopocTh eme .u.osonhHo BhiCOKa I v xI "" lo-G c. Top

M03HJ..UaH KOMnoHeHTa MarHHTHOrO non.!l TOKOB, HH.IJ.YU.H

posaHHhiX Ha BHyTpeHHeii nposo.u.Hmeil Tpy6e 121 C)I(HMaiO

J..UHMC.!l KOllhU.OM, Cor naCHO /9/, paBHa 

Bind 
X 

ex 
0
(t) 

uv z 
2 2 v t(n,1

1
vl) 

Z X 

r.u.e x
0 

= R-RT', R H R T - pa.u.HyChi KOnhua H Tpy6hi. 

MaKCHManhHOe 3Ha4eHHe TOPM03HI..Uero nonH 

B ind u 
x max 2cxo u 1 V xi 

MO)I(CT 6hJTh yMeHhllleHO )1.0 npHeMneMOH BenH4HHhl co

OTBeTCTBYIOI..UHM BhJ60pOM npOBO)J.HMOCTH H TOlll.I.{HHhl Tpy-

6hl /TaKHM, 4TO U« lvxl /. 

10 

I 
~ 

\ 
~ 

4. YCTOHCJHBOCTb 3JIEKTPOHHOFO IIYCJKA 
B HAIIPABJIEHHH, IIEPIIEH,4HKYJIJIPHOM 
3KPAHY 

B a.u.re Ja Tope ycKopHTenB T H)l(ellhiX HOHOB Ill :JneKT

pOHHOe KOllhl.I,O C)I(HMaeTC.!l B6llH3H TOpl.l,eBhiX CTeHOK y3-

KOH MeTannHYecKoii KaMephl. 3neKTPH4eCKHe JapH.IJ.hl, HH

.u.yuHpyeMhie KOllhl.I,OM Ha 6nH3KHX K HeMy npOBO)J..!ll.I.{HX 

CTeHKaX, Cyl.l.{eCTBeHHO BllH.!liOT Ha aKCHallhHOe /B HanpaB

neHHH K CTeHKaM/ )J.BH)I(eHHe 3neKTpOHOB. 

)l,BH)I(eHHe JneKTpOHOB B ny4Ke MO)I(HO npe)J.CTaBHTh 

KaK cynepn03Hl.I,HIO O)J.H04aCTH4HhiX 6eTaTpOHHhlX KOne6a

HHH OTHOCHTellhHO llOKanhHOrO I.J,eHTpa MaCC H KOrepeHT

HOrO )J.BH)I(eHH.!l, TO eCTh )J.BH)I(eHH.!l ny4Ka KaK I.J,enoro. 

KaK noKa3an Jl.)l,)I(.JiacneTT I 1ll,.u.ecTa6HnH3HpyiOmee .u.eii

CTBHe HH.li.YU.HPOBaHHhiX Jap.!l)J.OB Ha 3TH )J.Ba THna )J.BH

)l(eHH.!l pa3llH4HO: B nepBOM cnyqae )J.etPOKYCHpOBKa onpe

.u.en.!leTC.!l rpa)J.HeHTOM non.!l HenO)l.BH)I(HhiX H306pa)l(eHHH, 

B TO BpeM.!l KaK npH KOrepeHTHOM CMel.l.{eHHH H3MeHeHHe 

)J.eHCTBYIOJ..UeH Ha ny40K CHllhl CB.!l3aHO TaK)I(e CO CMeme

HHCM H306pa)l(eHHH. 

PaccMOTPHM :JneKTpOHHoe KOnhUO pa.u.Hyca R. pacno

no)l(eHHoe Me)I()J.y .IJ.BYM.!l napannenhHhiMH npOBO)J..!ll.I.{HMH no

BCpXHOCT.!lMH * Ha paCCTO.!IHHH d OT Ka)I()J.OH, npe.u.no

nara.!l, 4TO KPHBH3Ha KOllhi.J,a H H306pa)l(eHHH HeCyll.l,ecT

BCJIHa (R >>d). )l,n.!l npoCTOThl Mhl npeHe6peraeM BTOpH4-

HhiMH H306pa)l(eHH.!lMH, TO eCTh Jap.!l)J.aMH H TOKaMH, HH

.li.YU.HpOBaHHhiMH Ha O)l.HOH CTeHKe 3a C4eT 3ap.!I)J.OB H TOKOB 

Ha .u.pyroil. Tor.u.a oTpa)l(eHHoe :JneKTpH4e<.:Koe none .u.nH 
HHTH C 3ap.!l.U.OM Ha e)J.HHHI.J,Y )J.llHHhl q =l;V(:i, CMell.l,eHHOH 

Ha paCCTO.!lHHe Z 
0 

<< d OT cpe)J.HeH nnOCKOCTH, HMeeT 

BH.IJ. Clzl « d, r=R): 

E ind 
z _g_(Z+Zo) 

ct2 
/13/ 

* B 3TOM paJ.u.ene Mhi HcnonhJyeM U.HllHH.IJ.PHYecKyiO 
CHCTeMy KOOp)J.HHaT r, 0, Z, B KOTOpOH npOBO)J..!Ill.I,HM no

BepXHOCT .!IM COOTBeTCTBYIOT nnoCKOCTH Z= COnSt. IlepeXO)J. 
OT )J.CKapTOBhlX KOOp)J.HHaT X, y, Z K l.I,HllHH)J.pH4eCKHM 

ocymeCTBn.!leTC.!l JaMeHOH X-> Z, y-+ r 0, (-z)-+ r. 
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MarHHTHOe llOJie TOKOB, HH.IJ.YUHpyeMbiX B CTeHKaX npH 

nonepe'IHOM paBHOMepHOM .IJ.BH:>KeHHH nyl.JKa, MO:>KHO HaR

TH H3 BeKTop-noTeun;uana /8/. B ycTaHOBHBWeMCH pe

:>KHMe (t»~) npu iz I «max(u.lv i) 
u o r 

Bind 

r 

I 

cd 2 

v 2 
r 

u 2 ~2(z + z 
0

) + 21 
r cd 

( 2_ v 2)u • u r ____ • z 
------ 2 2 ° 
(u

2
+Vr) /14/ 

C y'leTOM HH.IJ.YUHPOBaHHhiX llOJieii /13,14/ l.JaCTOTa 

HeKorepeHTHhiX aKCHaJihHhiX KOJie6aHHH B e)].HHHIJ;aX l.JaCTOThl 

o6pameuug (j) 0 ~ 
V() 

R 
paaua 

l' 2 
z 

l/ 2 
= n -1\n - -- .¢ · (1 - fi f). 

b /12y s 

r.n.e n - noKa3aTeJih cna.u.a auewuero MarHHTHoro nonH, 

{:} 
_vo 

c 
y = (1 -/12)-1/2 

' 
eq 

v = -- - napaMeTp Jiy.u.Kepa, 
mc2 

;\n b - CJ].BHr 'laCTOTbl 3a Cl.JeT C06CTBeHHbiX llOJieH He3K-

2v R ~ 
pauupoaauuoro nyttKa I i\n b cc ----- (--) .D.JIH ny'IKa 

{-32y 3 a 

c KpyrnLIM ceqeuueM pa.n.uyca a j. Ko3$4JHn;uenTLI <P u f 
s 

B HaWeM llpH6JIH:>KeHHH HMelOT BH.IJ. 

l}l 
s 

R 2 
= (-) ' f = 

d 

v 2 
r 

u2+v2 
r 

llpH cKopocTH pa.u.uanLuoro c:>Ka THH I v I> u uaae.n.eu-
r -

Hble TOKH Cyi.QeCTBeHHO OCJia6JIJIIOT ,n.e$OKyCHPYJOIUee BJIHH-

HHe 3apH.IJ.OBbiX H3o6pa:>Keuu8 (f == 1). O.u.uaKo Tpe6oaauue 

MaJIOCTH HCKa:>KeHHJI Be,n.ymero MarHHTHOrO llOJIJI npHBOJ].HT 

K TOMy, 'ITO B peaJibHbiX YCJIOBHJIX /1/ [vr t<<u H, COOT

BeTCTBeHHO, f << 1. 
Bae.n.eM ycnoaue cTaTHl.JecKoro paauoaecHJI - Tpe6oaa

uue, l.JT06bl CHJia, ,n.eHCTBYIOI.QaJI Ha CMei.QeHHbiK ny'IOK CO 

12 

cTopoHLI auewuero $oKycupyromero B ext 
r 

mc 2 

e 
_!!I_. n · z 

R 

H HH.LlYUHPOBaHHbiX llOJieH llpH Z 0 ~· 0, 6Lina B03Bpamaromeii. 

IlO.[lCTaBJIJIJI Z• Z B /13/ H /14/, llOJiyl.JHM 
0 

2 z; 2 
QcT=n--2 .<flc·(1--{1 f)' 0, <llc~ 2-F s· 

fJ y 
/15/ 

CyMMHpoaauue noneii BTOpH'IHhiX H3o6pa)t(eHHH noKa3LI

aaeT, 'ITO B ,[leHCTBHTeJibHOCTH pa3HHIJ;a B K034>$Hn;HeHTaX 
I • 

eme 3Hal.JHTeJILHee , llt : 

2 R 2 
¢ - 3 . <ll <ll .- ~ ( -:.} 

c s, s 12 d 

B YJihTpapenHTHBHCTCKOM cny'lae \' ~ .n.nH ycToii-, a 
'IHBOrO paBHOBeCHH KOJibiJ;a KaK n;enoro Tpe6yeTCH llOKa-

3aTeJib cna.n.a n, BTpoe npeBocxo.n.HIUHH 3Ha'leune, ueo6-

xo.n.nMoe ,[lJIJI COXpaHeHHH KOMllaKTHOCTH llYlfKa (I'~ 0). 
flpll R = 20 CM, 2d = 5 CM, y = 7 H B = 0,33, HanpHMep, 

paBHOBecue HMeeT MecTo npu TOKe I 250 A. TaK KaK 

B6JIH3H CTeHKH CHJia 3JieKTpOCTaTHlfeCKOrO npHTJI)t(eHHH 

nponopiJ;HOHaJibHa ( d- Z c) -l, TO B peaJibHhiX YCJIOBHHX H3- 3a 

HeCOBlla,LleHHH llJIOCKOCTH CHMMeTpHH BHeWHero MarHHTHO

ro llOJIH CO cpe.n.HeH llJIOCKOCThlO KaMepbl orpaHHl.JeHHe Ha 

TOK MO)t(eT OKa3aThCJI 6onee CHJihHhiM, lfeM CJie.n.yeT H3 

/15/. 
)l.nH BbmonueHHH ycnoBHH paBHOBecHH npu 6onbWHX 

TOKaX He06XO,LlHMO, TaKHM o6pa30M, yBeJIHlfHBaTb llOKa3a

TeJib cna.n.a HJIH anepTypy KaMepbl (2~. IlpH 3Hal.JHTeJibHOM 

y.n.aJieHHH CTeHOK KOJibUO llO,LlBep)t(eHO 6biCTpopa3BHBaJOIIJ;eH

CJI ueyCTOHl.JHBOCTH OTpHIJ;aTeJibHOH MaCCbl /t2/.B03MO)t(HO

CTH yBeJIHlfeHHH noKa3aTeJIH cna.n.a TaK)t(e orpaHHl.JeHLI: 

npH n_:: 1 CTaHOBHTCJI ueyCTOHl.JHBhiM KOrepeHTHOe pa.n.HaJib

HOe ,LlBH)t(eHHe. 3Hal.JHTeJibHOe yBeJIHl.JeHHe n He)t(eJia TeJihHO 

TaK)t(e B CBJI3H C HeH36e)t(HbiM B 3TOM CJiyl.Jae npOXO)t(

.n.eHHeM 60JibWOrO l.JHCJia pe30HaHCOB OJ].HOl.JaCTHl.JHbiX KOJie-

6aHHH. 

11ccne.u.yeM no3TOMY no.n.po6uee xapaKTep KorepenT

uoro aKcHanbuoro .D.BH)t(eHHH npu 3Ha'leHHHX noKa3aTeJIJI 

llOJIJI, o6ecnel.JHBalOIIJ;HX KOMllaKTHOCTb llYl.JKa, HO He 06JI· 

3aTeJILHO ero paBuoaecue B Me.n.uauuoii nnocKOCTH KaMepbl. 
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llpH uaxo~~eHHH orpa~eHHhlX noneH: cuoaa npeue6pe

~eM B3aHMO~eHCTBHeM 3ap.R~OB H TOKOB, HaBe~eHHblX Ha 

pa3HbiX CTeHKaX. llOnb3Y.RCb BeKTOp-nOTeHIJ;HanoM 161, 
npe,!J,cTaBHM orpa~euuoe Maruuruoe none ,!J,n.R : z I << d , 
V

1
, ~~ COnst H t >> _d_ B BH~e · 

0 

u . 

ind t)j 
8 (r, Z, r=R(t) r 

v2 
r z 

---- --- + 
u 2 +v; ct

2 c 

1 z (t) t [2d+u(t-t')Jl2d+u(t-t')J 2-3v 2
(t-t')

2 l 
+ - [-0

--8u r dt, z (t ') -------------~----1 . 
c ct 2 

o 
0 

l[2d+u(t-t')J 2+v5t-t') 2 l 3 

1161 

llO,!J,CTaHOBKa noneH 1131, 1161 B ypaBHeHHe ,!J,BH~eHHJl 
u:eurpa Mace KOnLu:a 

" 2 z = ~(E ind _ r-<B ind )I 
z +nw o z tJ r lz=·z o my ·o 

1171 

H nocne,!J,yiOI.IJ;ee npHMeHeHHe npeo6pa3oaaHHH Jlannaca z 
p 

(X) -pt 
f e z 0 (t)dt npHBO,!J,HT K ~HcnepCHOHHOMY ypaaHeHHIO 
0 

r,!J,e 

2x 
K

2 -1 2 1 
F(x) = X----+ X [ ---- e 1 + iK 2x 

E (-----) + 
1 1 . (1+K2} 2 (1 + iK) 3 + lK 

2x 

1 1- iK 
+ ---e 

(1-iK)
3 

Q2 +X2(~ R 2 

E 1(-~)j = -~---v!! d) 
1 - iK 2v . ~------ ' 

--<1> Y a 1181 

I v r I pd * <1> = <1> - <1> 
a c s ' 

X = K = 
u u 

* <l>yHKU:HH <I> s CBH3aHa C rpa,!J,HeHTOM nonH CHMMeTpH'I
HOrO pacnpe,!J,eneHHH 3apH,!J,OB ITOKOBI, HaBe,!J,eHHhlX Ha CTeH-
Kax, <l>a - c noneM aHTHCHMMeTpH'IHoro pacnpe~eneHHH. 
B uarneM npH6nu~eHHH <D a = <1> 

8 

14 

E (x) -
1 

X 

-t 

_:.__ dt. 
t 

HeyCTOH'IHBbiM KOJiefiaHHHM COOTBeTCTBYIOT pellleHHJ> ypaa-

HeHHH 1181 c Rex 0 
)l,nH peaJibHbiX 3Ha\feHHH CKOpOCTH U OTHOllleHHe 

u 

vo 
-6 -4 

OlfeHL Mano I -10 "10 I, no3TOMY ,!J,HcnepcHoHHoe ypaa-

HeHHe 1181 HMeeT pe3KO OTJIHlfaiOI.IJ;HeCR flO a6COJIIOTHOH 

aenHlfHHe KOPHH. TaKHM o6pa3oM, KorepeHTHoe ~BH~eHHe 

KOJibiJ;a ~BJIHeTCH B ,!J,aHHOM C~ylfae cynepn03HIJ;HeH fihlCT-

. . vo ct l 
poro (Xi .. --

u R 
H Me~.iH.!HHoro (I xi -1) ~BH~eHHH. 

PerneHHH ypaaHeHHH I 181, cooraeTCTBYIOI.IJ;He 6McrpoMy 

,!J,BH~eHHIO, CCTb 

. U v <l>a 
p c :! l<d G - ---- - --

o z 2d }' (:;2 
1191 

z 
r,!J,e KBa)J.paT BeJIHlfHHbl ·Qz eCTb: 

Q2 
z 

I' I 1 ,2 ) I' - 2 n - - - < > ( -/.J f - --- <I> a - 1 + \n . 
fr'2r s /:52),3 z b 

1201 

CooTHorneHue 1201 noKa3MBaer, 'ITO ycroi'IHBOCTb o,!J,Ho

qacTHlfHbiX Kone6aHHi (,. i · 0) rapaHTHpyeT ycTOH'IHBOCTb 

HyJieBOH rapMOHHKH BbiCOKO'IaCTOTHbiX KOrepeHTHblX KOJie

fiaHHH He3aBHCHMO OT TOrO, BblnOJIHeHO HnH HeT YCJIOBHe 

craruqecKoro paauoaecuJI 115/. liblcTpbli: yxo.ll ny'IKa 

Ha CTeHKy, CJie~OBaTeJibHO, HeB03MO)t(eH: npH pe3KOM CNe

I.IJ;eHHH ny'IKa HH.lJ.YIIHpyeMble B CTeHKaX TOKH l<OMneHCHpyJOT 

3apH.LJ.OBoe npHTR~eHHe. B pe3yJILTaTe nylfoK coaeprnaer 

ycroiflfHBLie I 3a ryxaiOI.IJ;uel Kone6aHHJI c qacroroi I 191 
OTHOCHTeJILHO cpe,!J,Hero nono~eHHH. 0,!J,HaKo, ecnu ycno

BHe I 151 He BblllOJIHeHo, cawo cpe,!J,Hee nono~eHHe ny'IKa 

Me,!J,JieHHO CMemaeTCJl B CTOpOHY CTeHKH. 3TOMY ,!J,BH)t(e

HHIO cooraercrayer MaJILIH no a6comoruo8 aenH'IHHe (I xi - 1) 

KopeHb ypaaHeHHR I 181. 
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B HHTepecyiO~eH Hac o6naCTH ManLIX 3Ha'leHHH apry

V () d 
MCHTa (X<<-- -) .IJ.HCllCpCHOHHOe ypaBHCHHe /18/ MO)I(HO 

u R 
3aMCHHTh npH6llH)I(CHHLIM: 

F(x) 

z 
QCT 

21· 
-<l> 

}' a 

/21/ 

rpa$HKH <l>YHKUHH F(x) npu pa3nH'IHhiX 3Ha'ICHHHX napaMeT

pa npe.LJ.cTaaneHLI Ha puc. 1. B o6nacTH Manwx H 6onLWHX 

3Ha'leuuii apryMeuTa x $yHKUHH F(x) npe.LJ.cTaBnHeTCH 

npu6nH)KCHHO B BH}.l.e: 

npu 2x --==- ...:::< 1 /22/ 
V 1 + K 2 

F(x) = x 
2 

h -1 

(1 + K 2) 2 

H 

1 1 ~ ·- - --{-- 2 F(x) - 2 1 + K 

1 x) , npu x ~ ·, 1 + "~. /23/ 

llpu 3Ha'ICHHHX noKa3aTen.ll cna.n.a n, rapaHTHPYIOll(HX o.n.uo

qacTH'iHYIO clJoKyCHpOBKY (n > _v_.p (1 _ {:3 2f)), HMeeT MCCTO 

HCpaBCHCTBO J1 2y 8 

I' 1 1 ) Q2 >- --<1> (---- + --- . 
CT. y a 1+K2 fi2y2 

fl03TOMy B ynLTpapenHTHBHCTCKOM npe.n.ene, KaJ< BH.IJ.HO 

H3 puc. J, .IJ.HCnepCHOHHOe ypaBHCHHe /20/ HMeeT llpH 

Q ~ f 0 e.n.HHCTBeuuoe nonO)I(HTenLHoe I cooTBeTCTBYIO~ee 
HeycTOH'IHBOCTH/ peweuue. BpeMH yaenu'leHHB OTKnoueHHH 

nyqKa OT Me.IJ.HaHHOH llllOCKOCTH B f pa3 CCTh r = d d 
ux u 

,nn.11 peanLHOH ycTaHOBKH hi apeMH r ~ 10 MKC. TaKoe 

Me.IJ.neHHOe .IJ:BIDKCHHe MO)I(eT 6h1Th 3aCTa6HllH3HpOBaHO ,no

llOllHHTCllhHhiMH cpe.IJ.CTBaMH. 

16 

f 

l > 

~-
;c_ ~ 5 

" a 

a 

F. 

"' 

~ 
6 

Puc. la~6. Tpat/JuKu t/JyHKt{uu F(x). 
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0TMeTHM, qTo KaqeCTBeHHO TaKOH ~e xapaKTep HMeeT 

pa~HanhHOe KOrepeHTHOe ABH~eHHe llpH BWllOnHeHHH yc-

noBHJI 1 < n < 1 + _v __ ¢ ( 1 - f:l 2f) . 
f:l2y s 

5. OTPHaATEJibHOE TPEHHE 

l13 Bhipa)l(eHHJI I 14/ ~n11 oTpa)l(eHHoro MarHHTHoro non11 

cne~yeT, qTo K03tiltilHUHeHT llpH CKOpO<:TH B ypaBHeHHH 

~nJI Me~neHHOrO aKCHanhHOrO ~BH)I(eHHJI KOilhUa /Ha30BeM 

ero K03tiltilHUHeHTOM MarHHTHOrO TpeHHJI/, CTaHOBHTCJI OTpH

UaTeilhHhiM, KOr~a CKOpOCTh pa~HailhHOrO ~BH)I(eHHJI /B~Oilh 

CTeHOK/ npeBOCXO~HT CKOpOCTh y6eraHHH H306pa)l(eHHH 

/T .e. K > 1 /. Bcne~cTsne 3Toro Me~neHHoe ~BH)I(eHne 

MO)I(eT oKa3aThCH HeycToliquswM, ~a)l(e ecnu swnonHeHo 

ycnosue I 15/. 
AHann3 ~ucnepcnoHHoro ypasHeHHH /21/ noKaJbiBaeT, 

') 

qTo, B 3aBHCHMOCTH OT COOTHOllleHHJI BenuqnH :\ 
G(;T 

21' ---lll 

·0 

y a 

H ~ 1 B npaBOH nonynnOCKOCTH KOMnneKCHOrO nepeMeH

HOrO X HMeiOTCJI ~Ba ~eHCTBHTeilbHbiX HilH ~Ba KOMllneKCHO 

COllpJI)I(eHHbiX KOpHJI, nu6o KOpHH B006IUe OTCyTCTBYIOT. 

flepBbiH cnyqali peannJyeTCH npu 0 · :\ < i\ 
1 
(K). r.ue \ 

1 
(~) -

MaKcnManbHOe 3HaqeHne <l!YHKUHH F(x) npu tllnKcnposaH

HOM ~ /eM. puc. 16/. JaBHCHMOCTb i\ 1 OT napaMeTpa 

~noKaJaHa Ha puc. 2. BTopoli cnyqali /KoMnneKcHo conpg

)l(eHHbie KOpHH/ HMeeT MeCTO npH \ 1(~) · \. \ 2 (~ ) · 

PellleHHH ypasHeHHJI /21/ ~n11 3HaqeHHH \ B 3TOM HHTep-

sane noKa3aHhi Ha puc. 3 nnHHHMH ~ = const u .·\ =c const . 

flpH \ '> i\ 2 (K) /CM. puc. 2/ HeyCTOHqHBbiX BeTBeH 

Kone6aHHH HeT. 

PaccMoTpeHHbiH 3tiltileKT He ~on)l(eH Ha6niO~aTbCJI B 

CyiUeCTBYIOIUHX ycTaHOBKaX, TaK KaK ~nH HHX napaMeTp 

~ · < 1. O~HaKo 3tiltileKT oTpnuaTenbHoro TpeHHJI cne~yeT 

yqnTbiBaTh npu pa3pa6oTKe naccnBHbiX cncTeM cra6unn3a

IIHH KOilbUa. 

18 ' 

4 f 
oq 

I 

0~ ~ 
03 I 

OJ 
llz 

Of AI 

.o 
2. 3. 4. s. 6. •• g 10 ~ 

Puc. 2. 3aeucuMocmb eeJJu~uH .1\ 1 u \ 2 om napaMempa ~. 

.m• 

' 

3. 

2. t\ ·.0.! 

1. 

5
· Rf'x 

Puc. 3. PeweHUA oucnepcUOHH020 ypaeHeHUA OJJA pa3JJU~
HblX 3Ha~eHuii napaMempoe ~ u '\ 
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