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@ 1974 061>ec}uHeHHbiU UNCIIfUIIfYIIf JCc}epHWX UCC.Jiec}oeaHUU ,4y6Ha 

B nocne.u;aux 3KcnepHMeHTax no KonneKTHBHOMY MeTo.u;y 
ycKopeHH.fl /I/ 3neKTPOHHLie Kom.na tllopMupyroTc.fl BHYTPH 
KaMep C TOHKHMH npOBOJJ;.flll{HMH CTeHKaMH /2,3/. 

IlepeMeHHLie .BO BpeMeHH H npocTpaHCTBeHHO Heo,u;ao
pOJJ;HLie MarHHTHLie non.fl, C:>KHMaiOII{He KOnLna, C03JJ;aiOTC.fl 
TOKOBLIMH BHTKaMH, pacnonO)KeHHLIMH CHapy:>KH KaMep. Ton
~HHa CTeHOK BLI6HpaeTC.fl MHOrO MeHLWeH CKHHOBOH. TeM 
He MeHee 3tiltileKTLI 3KpaHHPOBaHH.fl MOryT C~eCTBeHHO BnH
.fiTL aa C)Ka THe Konen_. Kpo:Me 3KpaaupoaaHHLIX aaemaux 
MarHHTHLIX nonei, .u;nH pacqeTOB no C)KaTHIO Konen Tpe-
6yeTc.fl· BLJqHCJIHTL KBa3HCTanuoaapHLIC C06CTBeHHLie non.fl, 
a TaK)Ke peiiiHTL 3a,u;aqy 0 penaKCanHH TOKOB. B CTeHKaX, 
B03HHKaiOII{HX npH HH)KeKnHH 3neKTpOHOB B KaMepy. . 

0 Kpyre '3a.u;aq B tiiH3HKe nna3MLI·H YCKOPHTenei, r.u;e. 
He06XOJJ;HM yqeT 3KpaHHpOBKH KBa3HCTanHOHapHLIX MarHHT
HbiX noneH .TOHKHMH MeTanJIHqeCKHMH KaMepaMH, MO)KHO 
CYJJ;HTL no nJITepa Type, IIpHBeJJ;eHHOH B / 4/. · 

H3aecTHLie peweHH.fl 3a,u;aq o6 3KpaaupoaaHHH orpaauqif
aaroTc.JI npOCTLIMH reOMeTpH.fiMH 3KpaHOB H MarHHTHLIX 
nonei /npoHHKHoaeaue o.u;aopo.u;aoro nepuoJJ;HqecKoro non.fl 
B nonynpooTpaacTBo, BHYTPL mapa H nunua.u;pa/5,6 / qepe3 
6eCKOHeqayiO TOHKyro. nnocKyro nnaCTHHKy; 3KpaHHpOBaHHe 
OJJ;HOpOJJ;H_GrO non.fl TOHKHM JJ;HCKOM. /6/. 

IlpOHHKHOBeHHe OJJ;HOpOJJ;HLIX MarHHTHLIX noneH qepe3 
.u;ae nnocKonapannenLHLie nnacTHHKH B nonLIH nunua.u;p 
H Topou.u;anLHyro KaMepy paccMaTpuaanocL B pa6oTe/4/. 

B cnyqae ManOCTH OTHOWeHH.fl pacce.fiHHOrO MarHHTHOrO 
noToKa K na.u;aro~eMy 3a.u;aqa o6 3KpaaupoaaHHH pewaeTc.JI 
M:eTOJJ;OM nocrieJJ;OB~TenLHLIX npu6nH)KeHHH / 6 •7•8/. HloKe 6y
,u;eT noKa3aao, qTo oneaoqaLJe pe3ynLTaTLI, .nonyqeaaLie 
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T&ICBY o6pa30Y, npHrO,AIIhl nHIIIL W!JI YCTaHOBHBWHXCJI rap':' 

YOHH'IeCKHX KOne6aHHif nonJI, H 6y,nyT Haii,neHhl rpa~hl 
npHMeHHMOCTH MeTO.zta. 

B ,naHHoii pa6oTe Bi.IJICHJIIOTCJI ocHoBHwe oco6eHHOCTH 

DpOHHKHOBeHHJI MarHHTHOrO DOnJI 'lepe3 TOHKHe 3KpaHhl H 

CTpOHTCJI anropHTM, D03BOnJIIO~ii C HCnOnL30BaHHeM 3BM 
,nOCTaTO'IHO 6hiCTpO HaXO,AIITL 3Ha'leHHe 3KpaHHpOBaHHOrO 

DOnJI B npOH3BOnLHOH TO'IKe npOCTpMCTBa H Bpe:MeHH, 

3HaJI warHHTHoe none B cso6o.AHownpocTpaHCTBe. Pa3BHTLiii 

MeTO,n DpHro,neH W!JI peweHHJI 3a,na'IH 0 penaKCa.I(HH TOKOB 

B 3KpaHax H. nerKo · o6o6ll{aeTcJI Ha . cny11aii 3KpaHHPOBaHHJI 

3neKTPH'IeCKHX noneii. · 

. ' 
1. IIocmaHoeKa aaoa'l_u u Memoo peweHUJt 

OrpaHH'IHMCJI cny'laeM a3HMyTanLHo- CHMMeTpH'IHLIX no

neii H 8.3HMyTanLHO-CHMMeTpH'IHLIX 3KpaHOB C DpOBO,AII-, 

MOCTLIO a H T.On~HOB h. B OTCYTCTBHe· 3KpaHOB B UHnHH,n-. 

PH'IeCKOH CHCTeMe KOOp,AIIHaT nonJI 3a,naiOTCJI O,AIIHM KOMDO.O:: 

HeHTOM BeKTop-noTeHUHana Ao BH (r, z, t). 
ITpeHe6peraJI Ton~Hoii 3KpaHoB, Hx MO)KHO npe,ncTaBHTL 

B a3HMyTanLHOM Ce'leHHH B BH,ne CHCTeMLI DpOH3~0nLHLIX 

/B03MO>KHO HeCBJI3HLIX/ KOHTypos L
1

, L
2 

.••• , LN , KaK no

Ka3aHo Ha pHc. 1. EcnH Ao - 3Ha'leHHe noTeHuHana c y'le-
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.1. 

L.2 

L-tt . 
~-

PHc. 1. A3H~yTanLuoe ce'leHJ!e 3Kp~HOB. i!· 

·TOM 3KpaHHpOBaHHhiX DOneii B o6naCTH, 3aHHMae:MOH 3Kpa

H&MH, TO nnOTHOCTL TOKa B 3KpaHaX 

a A 0 . . a 
J =----. o c · at /1/ 

r)J.e C - CKOpOCTL CBeTa. 

ITono>KHM, 'ITO BhiDOnHJieTcJI ycnosHe KBa3HCT~oHap

HOcTH 

. 2 2 
(cT) » L

0
,. /2/ 

r.ne T - xapaKTepHoe speMJI H3MeHeHHJI A0, a L0 :- cywwap

HaJI WIHHa KOHTypoB Li . Tor.na ,nnJI Haxo)IC,Il.eHHJI noTeH

UHa..ria, CBJI3aHHOrO C TOKaMH /1/, MO>KIIO DOnL30BaTLCJI CTa

UHOH:apHOH «ilYHKUHeii rpHHa * H ,nnJI 3Ha'ieHHii A~) B o6-

nacTH i -ro 3KpaHa (1::;. i::;_ N) nony'laeM cHcTeMyHHTerpo

.nHcilcilepeHUHanLHLIX ypaBHeHHB . . 

A (i) =A (i) - ~ ..2.._ ~ I 
(} (} BH c2 at j=l S. 

J 

A<i) K ( ' ' ) ' d 'd ' /3/. () .. r.,z.,r. ,z. r. r. z., 
1J 1 1 J .. J J J J 

r.ne K ij - cilYHKUHJI rpHHa ,nng a3HMyTanLHOro KOMnOHeHTa 

seKTOplloro · ypasHeHHJI Jlannaca, npoHHTerpHposaHHaJI no 

yrny. HcnonL3YJI wanocTL H3MeHeHHJI Ao no TO~He nnac

THHLI /TOnll{HHa , MHOrO MeHLWe· CKHHOBOH/'' H. nepexo_ng· 

r: 
K 6e3pa3:MepHLIM nepeMeHHLIM U • =i .::.L 

. J L 
. 0 

npeo6pa3yeM ypasHeHHe /3/ K BH,ny .. 

z. 
v = ;.:!_ 

i Lo 

* ITpH . 3TOM MLI He y'IHTLIBaeM nepexo.AHLIX npoueccos, 
B03HHKaiOll{HX npH·BKniO'IeHHH MarHHTHOrO nonJI B CB06o,n
HOM npOCTpaHCTBe , XOTJI .B ,naJiLHeiiweM 6y,neM C'IHTaTL 

A = 
OBH 

t <0. ~ 0 

t A~•( tf t > 0 
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-· 

( ') (') · ah 1 - N (j) 
~ 

1 
=A 

1 
- .a...u L 2 [ A · (u:" ,v.') x e o BH c 2 at f= 1 • e J J /4/ 

l 

X K ij ( ul , u/ , vi , vj' r u/ dfj 

(i) 
3.D;ecL A o - cpe,D;Hee 3Haqeuue Ae no Tonuvme h, miTerpx-

poBauxe npoBorrHTCJI no KOHTYP~M Lj c :meMeHTOM ,D;JIHHLI 

d £j= v' du~ + dv.2 , a 4JyHKI~1UI Kij ecTL 
l l t& 

_4_ ( ~ [ (1-
2
1 ) K(k

1
) -E(k

1
)] l, KiJ = 

· yu iuj 151 

r,D;e K(k) H E(k) - noJIHLie :mnxnTH'Iecxxe HHTerpanLI nep-

BOrO H BTOporo po,D;a COOTBeTCTBeHHO. 

k2 _ 4ui.ui' 
1 -( , )2 ( , )2 u. + u. . + v. - v. 

l l 1 l 

Ecnx nepeiiTH oT noTeHnxanoB A() H A 8BH 

onpe,IJ;eJieHHLIM COOTHOWeHHJIMH 

...~.. =i 0 .tu-'f'• e v i ' 

"'<i> =A (i>Ju-
"'"BH 8BHV i ' 

161 

K <IJYHKUHJIM, 

171 

TO ,D;JIJI BOJIHOBLIX ij!yHKIJ,HH JI,D;pa HHTerpo- ,D;HclJcPepeHnHaJILHLIX 

ypaBHeuxii, cooTBeTCTBYIOinHX I 41, 6y,D;yT CHM.MeTpH'IHhlMli 

H paBHLIMH 

4 k2 
Gij = ~ [ (1- t-> K(k 1 ) -E(k1 ) ] . 181 

Ilepeii,D;eM OT CHCTeMLI ypaBHeHHH K O,D;HOMY, BBO,D;JI 

cPYHKUHH 

<ftCu
1
,v

1
). fGL

1 
.. , 

~ (f ) = -1· ............. ~ .............. 
¢N( uN, UN) f c;.LN; 

. 6 

cp{i) (u1, v1) f ~ L·1 , 

F(l} = l ............... /9/ ............... 
<P( N) ( ~, vN) f ~ L N 

H 

G (f i') =Gij (ui, u{, v1 , vj') f c;. L
1 

, £' ~ L i . 

B pe3yJILTaTe nony'IHM: 

. . ahY, a 
«ll(f) =F(e) - ---

8
- f_ cil G(£ ,f') d f'. 

c '2 t L 
/101 

HHTerpnpoBaHHe B. 3TOM ypaBHeHHH npoBO.D;HTC.H no cyMMap

HOMY KOHTYPY L = L
1 
+ 4 -t-•• +LN. ,lJ;JIJI peweHHJI ypaBHeHHJI 

/10/ y,D;o6uo nepeiiTH K ero nannacoBCKOMY o6pa3y: 

<I> = F 
p. p 

a h Lo f ciJ G (f, £' ) d£' + -- p p 
c 2 L 

ah L 0 
+ 

2 
f cil (t=O) G (£ ,£') df', 

c L 

/11/ 

H BOCnOJIL30BaTLCJI MeTO,D;OM pa3JIO:>KeHHJI no C06CTBeHHLIM 

<IJyHKIJ,HJIM rpaHH'IHOH 3a,D;a'IH, COOTJ3eTCTByiDllleH O,D;HOpo,D;

HOMY · ypaBHeHHIO ·I 11/ l.il * ~ 
Ilpe,D;nOJI(l:>KHM, .,:ITO HaM H3BeCTHLI C06CTBeHHLie <IJyHKIJ,HH 

<I>. H co6cTBeHHLie 3Ha-.IeHHJI .\. JI.D;pa G': 
1 . l 

* MeTO.D; pa3JIO:>KeHHJI. no co6cTBeHHLIM cPYHKnHJIM, KOTo
pLie onpe,D;eJIJIIOTCJI Ha 3a,D;aHHOH CHCTeMe noBepXHOCTeii, 

· xcno:riL30BancJI TaK:>Ke ,D;JIJI pemeHHJI 3a,D;a'l 3JieKTpo.D;HHaMHKH 
B /10/. .• _ . . · · 

.. · 7 



~~ = A1 f ~~ G( f , f') df' 
L /12/ 

3aMeTHM, 'ITO .H,I:\pO G(f, f' ) CHMMCTpH'IHO H npH

Ha,I:\JIC:>KJIT KJiaccy «iJYHKnHH, HHTerpHpyeMLIX C KBaApaTOM, 

no3TOMY Bee -3Ha'leHHB: A 1 Be~eCTBeHHLI/
9/. H3 «iJH3H'IeCKHX 

coo6paJKeHH:ii B:CHO, 'ITO . 3Ha1JeHHB: A1 - nono:>KHTeJiLHLie. ·. 

KpoMe Toro, «lJymmu~ { ~ 1 l o6pa3~T nonHYJO opToro

HaJILHYJO CHCTeMy Ha L. HcnoJIL3YB: 3TH CBOHCTBa A 1 H {~1 1, 
JierKO llOJIY:'IHTL pemeHHe ypaBHeHHB: /11/ B BH,I:\e pa3JIO)KeHHB: 

no { <1>1 l H npoBeCTH 3aTeM o6paTHoe npeo6pa3oBaHHe 

Jlannaca. 

B pe3yJILTaTe 6y,l:\eM HMeTL: 

~ = r <lli D i< t) 

rAe ( t-t') ---
1 l ~ 

D
1 

( t} = - f B ( t ') e · dt '+ C. e 
~ 0 i 1 

B (t) = f F(f ,t) <ll
1
(f) df, 

I L 

c = f we t = 0) w. (f >de • 
i .I 

L 

r · u hL 0 
'1'=- T=--• 
i Ai• c2 

l 

Tj 

• 

/13/ 

/14/ 

B COOTBeTCTBHH C «iJopMyJiaMH /14/ 'laCTL CYMMLI B /13/, 
co,l:\ep)KaiiJ;aJI B 1 , ,1:\aeT BLipaJKeHHe AJIJI3KpaHHpoBaHHLIXMar

HHTHLIX none:ii, OCTaBWaB:CB: 'laCTL, BKJDO'IaJO~ag C. , eCTL 
I 

pemeHHe 3a,l:\a'IH o penaKca.u;HH TOKOB B 3KpaHax. 

3HaB: «iJyHK.u;HIO <IJ, no «iJopMyJiaM /1/, /7/, /9/ HaXO,I:\HM 

TOKH B 3KpaHaX: 

i/f,t)=h,~ '1'~, 'P(f,t)= _:S<Il
1

(e)Aj[D
1
(t)-B

1
(t)], /15/ 

· ... 0 yu(e) 1 -: • 

a 3aTeM MarHHTHOe none BO BCCM npOCTpaHCTBe. 

8 

,;.. 

· ' PaccMoTp:tiM npocTo:ii npHMep, xor,l:\a 3aBHCHMOCTL none:ii 

6e3 y'leTa 3KpaHOB OT .BpeMeHH HMeeT BH,I:\llOJiy6eCKOHC'IHO

ro CHHYCOH,I:\aJILHoro cHrHana c qacTOTO:ii w. B 3TOM cnyqae 

F ( f ) sin wt ~ . t ~ 0; 

F(f ,t)= { . 0 t < 0 

~=:£ ~~Bi sin( wt -¢) + :£<ll. wri 
i • I , 

v'l+w2 r2 
i 

B; = f F(e) <ll. (f)df 
L I 

a C,I:\BHr «iJa3LI KOJie6aHHH 

¢. = arc sin wr i 
I 

v'l+w2r2 
i 

· 1 + w2r2 
i 

B'e 
i 

t 

T· I • 

/16/ 

/17/ 

KaK BH,I:\HO H3 «iJop:MyJI /13/ H /16/, nepeXO,I:\HLie npo.u;eCCLI 

B 3KpaHaX onpe,l:\eJIJIIOTCJI BpeMeHaMH T i , a MHTCJILHOCTL 

HX - MaKCHMaJILHLIM 3Ha'leHHeM r 1 • 

H3MeHeHHe aMnJIHTYALI Ma~HHTHoro nonJI 3a cqeT 3I<pa-· 

HOB nponop.u;HOHaJILHO BeJIH'IHHe 
2 -

W T T H3MeHeHHe 
' l.+(wr-)2 

«lJa3LI onpe,l:\eJIJieTCJI BeJIH'IHHO:ii __ r~ rAe r - xa-

1 +(wr.) 2 ' 
· paKTepHoe BpeMJI 3aTyxaHHJI B 3KpaHax. TaKHM o6pa3oM,. 

C,I:\BHr «iJa3LI MO)KeT 6LITL CYIIJ;eCTBeHHLIM. ,1:\aJKe npH.MaJIOM 

H3MeHeHHH aMnJIHTY.I\LI nOJIJI. 

CpaBHHBaJI f16/ C pemeHHeM ypaBHCHHJI /4/ no MCTO.I\Y 

nocne,I:\OBaTeJILHLIX npH6JimKCHHH /7/ npH 0,1:\HOM H T<lM')KC 

A~k11 ,' MO)KHO.YBH~eTL, 'ITO :MeTO.I\ /7/ . He ,1:\aeT BTopo:ii 

CYMMLI B' /16/, T .e. npHrO,I:\CH WIB: OnHCaHHB: YCTaHOBHBIIIHXCJI 

KOJie6aHHH. IIOCKOJILKY pemeHHe B /7/ nonyqaeTCB: B BRAe 

·g· 

···: 



i; 

CTeneHHOrO pa,l:\a ITO w, TO OHO npHMeHHMO JIHIIIh B 06JiaCTH 

~r2< 1. · 
I /18/ 

Ilpe,l:\naraeMI:dH anropHTM no3BonaeT uaxo,I:\HTh peweuue· 
H ,!:\JIB H,l:\eaJihHO npOBO,I:\Jl~X 3KpaHOB (wri -> oo ). )J;eHCTBH· 
TellhHO, B 3TOM cnyqae 3a):\a'la CBO,I:\HTCB K ypaBHeHHIO ,I:\JIB 
ITOBepXHOCTHhU TOKOB 

. c 
·1 =-

() Lo 

F (£ , t) + f G ( f , £ ' ) 'I' ( f ', t) df' = 0 , 
L 

peweuue KOToporo 

'I' =-I ci> B. (t) 
. . i 1 
1 

/19/ 

/20/ . 

i.fo:>KeT 61:dTh nonyqeuo npe,l:\eJibHPIM nepexo,I:\OM (r.-+ oo) H3 
/15/. . 1 

2. CAyt~au ctiMMemput~Hozo pacnoAo.reHuJI, 3KpaHoe 

. · Bl:d6epeM ITJIOCKOCTb CHMMeTpHH 3KpaHOB B Ka'leCTBe 
nnocKOCTH Z=O. Tor,l:\a peweuue ypaBueuua /10/ MOJKHO uc
KaTh B BH,I:\e cynepn03~HH CliMMeTpH'IHOrO cl>(l) H. aHTH· 
CHMMeTpH'IHOrO ci> (2) ITOJieH: . 

ct>< e > = ct>< I>< n +ct>< 
2( n : /21/ 

. )J;JIJI . 3TOrO HaXO,I:\BTCB ,1:\~e CHCTeMI:d C06CTBeHHI:dX liJyuK· 
:u;uii: 

ci><,I,2,J=A:I,2) f ci>(~,2)·G(l,2)(£,£') df' 
~ 1 1 . 

/22/ ... L ' . 
r,l:\e·.· 

:·_ 

10 

,.,, 

2 .' . . . . . 2 . 
G( I,2 ) (£, £' ) = ~ [(1- k1 )K(ki )-E(ki)]±i.. [(1- ~)K(k:}-

K1 2 k 2 · 2 

-E(k
2 

)], 

2 
k I,2 

4u(£ )u( £') 

[u(£) + u(£' )]2 + [v (£)-v(£')]
2 

+ 

/23/ 

H cilYHKD;HH u( £) H v(£ ) onpe,l:\eJieHI:d CJie,l:\yro~M o6pa30M: 

. ~ ul f~ L I 
u(£) = ......... 

.......... 
uN·. £G-L · N' 

v w ~I : :': .. ~ ~ . ~~ : 
,._ .. •-•,. •·.• .. 

VN £ ~ LN' 

-· 

B cllopMyne · /23/ HJI.t\.eKcy 1 coo'fBeTCTByeT Bepxuuii 
3uaK, HH,I:\eKcy 2 - uHJKuuii, a uaierpilpo'Bauue i3 /22/ 
np'OBO,I:\HTCB npu 'v( f )>0' /KOHTYP L:. /~ • . 

0'1eBH,I:\HO, 'ITO liJyHKD;HH ci> .0 •2 ) , ,1:\00npe,l:\eJieHHhle Ha 
• 1 

Becb. KOHTYP L cornacuo. 

' ct>\1) (- £-)· = ci> ~1 ~(£ ) ' 
. {~ ·:.- . - . 

ct> ~2 > c <- e> ~:-ct> <~\ n··; . 
1 . ~ l • 

, c!:"! ,_ -~,. ,· r- "-. : "• >: -- -~ 

/24/ 

~- .. ·-. ' ''I ~ .' .... -!;,. 

• ~ "' ·_i . J . '~ ,~· . 

r,l:\e ITO,!:\ (~ >' . ITO,I:\pa3yMea'iteTCB .TO'IKa; CHMMEn'pH'IHa'.R TO'I
Ke (£) OTHOCHTellhHO i:IJIOCKOCTH Z=0, ,1:\aiOT pemeHHe 3a,l:\a'lll 
/12/ B paCCMaTpHBaeMOM cnyqae~ npil'leM cilYHKD;HH ql~\i ci>~2) 
opTorouallhHhi ua L H · 

1 

J 

'II 



£irn [G(£ ,£') -G ( e ,£' )]<oo, 
0 

e ... e' 
/30/ 

u UHTerpan noxoHTypyoT G0(£·,£'·) 6epeTcJiaHaJIHTJi'lecxH:. 
Co6cTBeHHLie 3HaqeHUJI >. i u cllYH~U { ciJ.l ~ng 3Kpa-

. I 

HOB. C pa3nUqHLIMU reOMeTpUJIMU UCKaJIHCL · qucneHHO Ha 

3BM Ji3CM -6. 
·Ha puc. 3 noxa3aHLI ~nJI npuMepa rpaclJuxu nep:BLix qe

TLipex co6cTBeHHLIX cllYHKnUH ~H. ~Byx ~yr OKPY*HOCTeH, 
cuMMeTpuqHo pacnono)f(eHHLIX oTHocuTenLHO nnocxoc'ru z=O 
I cM. puc. 2/. · · · 

llucno C06CTBeHHLIX clJyHKl{UH, He06XO~UMLIX ~ng ~OCTa
TOqHO TOqHOH annpOKCUMa~UU pe.meHHH, 3aBUCUT OT KOHKpeT-

, .. 

., 

I \ \ . II I I u - -. - ' i -- J 

·-· 

-a 

. Puc. 3~ rpa~~KU ~~PBLIX qeTLipeXCUMMeTpuqHLIX co6QTBe~
HLIX clJYHKUUH ,u;nJI KOHTypoB, U306pa)f(eHHLIX Ha puc. 2. 
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HOH reoMeTpUU 3KpaHOB U UCTOqHHKOB BHeWHUX noneH, a TaK
)f(e OT- paCCTOJIHHJI TOqKH, B .KOTOpOH Ull\eTCJI MarHUTHOe 
none, OT 3KpaHOB. O~eHUTL Heo6xo,IJ;HMoe qucno co6CTBeH
HLIX clJyHKI{UH MO)f(HO cne,u;yro~M o6pa30M. ToquOCTL BLJquc
neHUJI noneH onpe,u;enJieTCJI TOqHOCTLIO BLJqucneHUJI K03cllc~Ju
~UeHTOB Bi u quc~oM ocTaBneHHLIX qneHoB ps.u;a B /13/. 
ToquocTL BLJqucneHUJI Bi oneHUBaeTCJI c JIOMOil\LIOclJopMynLI 
/14/. IlyCTL r 1 - MUHUManLHOe pa.CCTOJIHUe OT UCTOqHUKa 

. .no 3KpaHa. 3Ta BeJIHquHa ~aeT xapa:ICTepHLIH pa3Mep U3Me
HeHuJI cllYHKUUu F Ha L. )l;nx . Toro, qTo6LI Ko3cllclJu~ueHTLI 
pa3no)f(eHUJI B . .u;ocTaToqHo xopomo npe.u;cl-aBnHnH cllYHKUHIO 

I . 

F(£ ), H~Ho 3HaTL co6cTBeHHLie clJyHK~uu Cll., MeHJIIOil\Uecs 
. . - I 

CYil\eCTBeHO , Ha paCCTOJIHHJIX -r1 •. liHCnO HyneR i -oi 

co6cTBeHHOH clJyHKUHH paBHO i-1, H pa:ccTOJIHHe Me)f(,u;y Hyns-
Lo · MH- -.-
1
- • TaKHM o6pa3oM, Heo6xo,IJ;HM:oe qHcno co6cT-

1-
BeHHLIX cPYHK~HH ,IJ;nJI npaBHnLHOrO 3a,IJ;aHHJI BHemHero nong 

, . Lo 
Ha KOHType L ~OJI)f(HO BLI6HpaTLCJI H3 ycnOBllJI 1> -r-

1 
Toquo Tax >Ke, .· ecnH r 2 - xapaKTepHoe paccTOJIHHe oT ToqKH 

Ha6mo,u;eHHJI A~ 3KpaHa, MO)f(HO nonyqHTL i> Lo 
r2 

OxoHqaTeJILHO cne.u;yeT BLI6HpaTL 6onee CH~LHoe H3 3THX. 
,IJ;BYX HepaBeHCTB. 

4. Haxoxt)eHue MaZHU111HbiX noAeu e lcaMepe 
at)ze3amopa-3 

MeTo.u;; u3no)f(eHHLIH BLIWe, npHMeHsncJI .u;ns Haxo)f()J;eHiis 
MarHHTHLIX noneH B Me,IJ;HaHHOH nnOCKOCTH (z=0) KaMepLI 
a.u;re3aTopa-3 121, cxeMaTuqecxu H3o6pa)f(eiiHoH Ha pHc·. 4. 

MarHHTHOe none C03,IJ;aeTCJI CHCTeM()H TOKOBLIX BHTKOB, 
pacnono)f(eHHLIX BHe. KaMepLI,. CHMMeTpHqHo. OTHOCHTenLHO 
nnOCKOCTH Z .=0. B K~O·M H3 HHX TOK H3M~HHeTCJI 'ao 
BpeMeHH. no .. 3aicoHy .. /6e3 y<ieTa uH.u;yKTUBHOH c:B.Ji3H BHTKOB 
.u;pyJ: c .u;pyroM B: c· xaMepoi;:· .· · · · · ·- ·· ·· -.. 

·~- • •• -- > - ,< • - ~ ~·- -~ ·-

15 



i 
I 
I 

'1.1 

• (RI(, i .. ) 

~ 

0 lOtH -
PHc. 4. CxeMaTH'IecKoe H3o6pa>KeHHe KaMepl:d a~re3aTo
pa-3. 

~0, t<tk; 

=~ Iksin(t)(t...;.tk), tk ~t.5 T+tk; 

0, . t >tk+ T . 

/31/ 
I( t) 

r~e t k -. BpeM.R BKJIIO'IeHH.R TOKa, .T = ..1L , . ·· k - IIOMep . •. (t). . . . .. . 
CTyneHH ·c>KaTH.R. . . . ';··::: 

B CHJIY· CHMMeTpHH CHC.TeMI:d OTHOCHTeJihHO UJIOC.KOCTH 

Z=O ~JI.R Haxo~eHH.R noneii MO>KHO noJih30BaThC.JI CHM:t.u;T

PH'IHhiMH co6cTBeHHhiMH lilYHKJUIJIMH l<I>~l) } /22/; Bhlpa-
. 1 

:lKeHHe M.R MarHHTHOrO UOJI.R OT .. O~OH napl:d BHTKOB B Me

~aHHOH UJIOCKOCTH HMeeT B~ ( t k = 0) 

t 
. BiWi (uJ e- ri 

l 
(tJ, r 1 +(t) 2r ~ +B (u0)sin(~ t-,~,. (u )) 0< t< T; 

z 'f'B 0 - -

t-T u t)• _.!.;. -" 
B,( a B['P;(uJ (e 'I+e ) 

(J)T ~ 
1 
.. 2,2 
+(J) . i 

t>T. 

3~eCh HCUOJih30BaHI:d CJie~yro~e 0603Ha'leHH.R: u
0 

~HHaTa TO'IKH Ha6mo~eHH.R, OTHeCeHHa.R K 'Lfi B f · 
liJHUHeHTI:d pa3JIO:lKeHH.JI, HMeiO~e TOT >Ke. CMI:dCJI, 

/16/; liJYHKUHH 'l'1(u
0

) ,AaiOTC.R liJopMyJiaMH: 

( (1) J 

'l' 1(u0 ) =L"f-G
8

(u
0
,e )<1>

1 
(e )de 

0 

2 a· - o> ·. 
G (u0 ,e )=--a yu

0 
G (u

0 
,0, e ). 

B u
0 

u
0 

. . 

/32/ 

- KOop-

- K031iJ-

'ITO H B 

/33/ 

B MOMeHT BpeMeHH t, npH KOTopoM BhiUOJIH.JieTc.R ycno

BHe exp( -t /r 1) « 1, * BJIH.RHHe 3KpaHOB CBO~TC.R K H3Me

HeHHIO . aMUJIHTY~hl H liJa31:d BHeWHero MarHHTHOrO . UOJI.R: 

_ BH B~(J)r 1 '1' 1 (u0) 2 B (u ) =[(B (u
0
)-(J)r ~ . 1 

) + 
z 0 . Z i- 1 +(J)2T 2 

i 

+ ( (J) T ~ _...._.:._;,_ U_' )2]~. 
~ -Bj'l',(uo) 

. i . . . 
StncpB ( uO) = 1 + (J)2T ~ 

B (u ) 
z ·o 

(J)T 

. /34/ 

* )J;JI.JI OCTaJihHI:dX 'i 3TO YCJIOBHe TOr~a aBTOMaTH'Ie-
CKH Bi.mOJIH.ReTc.R · B CHJIY A.i +I >A. 1 • · ., ·. 



HrCTJ , 
(•IOJJ --

QI:ID 

D7U 1 
u~ 

QU7 

IU21. 

11.59+ 

0.263 

QDOOIZ ___________________ .••• ---- .... Tcot<(•t0"3) 

PHc. 5. H3MeHeHHe MarHHTHoro nom1 ao :BpeMeHH B cao6o.n;
HOM npOCTpaHCTBe Ha pa3HbiX pa.n;HyCaX. 

HliTJ 
f-10 1) 

8.671 

7.432 

6.194 

.:,:1!1 

3. '?1/J 

2.417 

1.2!9 

~ · .. ·J 
QD00117J . J.. . -'-- ·'-u Tcu (•tO ) 

PH c •. 6. H3MeHeHHe MarHHTHoro nom1 ao apeMeHH c yqeToM 
3KpaHOB. 
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"' 

BH 
Bz (u0 ) • aMllJIHTy.n;a MarHHTHOrO llOll.H B OTCYTCTBHe 3Kpa-
HOB. 

Ha pHc. 5,6 noKa3aHo H3MeHeHHe MarHHTHoro non.H ao 
BpeMeHH Ha pa3H~X p~Hycax B CB060.D;HOM npocTpaHCTBe 
H c yqeTOM 3KpaHoB /npH wr = 0,125/. H3 rpaliJHKOB BH.D;Ho, 
qTo HeCMOTp.H Ha He6onbWOe H3MeHeHHe aMllnHTY.D;~ non.H 
j ... 30/o/, ero BpeMeHHa.H 3aBHCHMOCTb C~eCTBeHHO H3MeH·H-
nacL. 

OcHOBHoii xapaKTepHCTHKoii BHeiiDiero MarHHTHoro non.H, 
onpe.n;en.HID~eii YCTQHqHBOCTb .D;BH)KeHH.H 3lleKTpOHOB B KOllb -· 

0 u aB u 
~e, .HBn.HeTc.H noKa3aTenL cna.na n =- .:1l __ z KoTop~H .n;n.H 

B au' -
. . z 0 

3KpaHHpOBaHH~X no.rieii npH exp(- .!._ )« 1 MO)KeT 6~Tb 3a-
r -llHCaH KaK 1 ., · 

n(r, t) = ii ( u
0
)[ ccs( ¢

8 
'- ¢

8
, ) + ctg(wt -¢

8
) sin(.¢ 

8
-¢

8
, )], 

/35/ 
.. · . .·. . ·. . aBz 

r.ne no.n ¢ , o6o3HaqeHa liJa3a npoH3BO.D;Hoii --
B au0 

llORBHBWa.HC.H 3aBHCHMOCTb n • OT BpeMeHH CB.H3aHa 

C pa3nHqHeM liJa3 llOll.H ¢ 8 H npOH3BO.D;HOH llOll.H ¢
8

, ,HnH, 
TQqHee, C 3aBHCHMOCTbiO cp OT KOOp.D;HHa T~ TQqKH Ha6niO.n;e-

B . . HH.H. 0 
• 

rpaliJHKH, HlllliOCTpHpYIQ~He 3aBHCHMOCTb n( t) Ha pa3-
.flHqHblX pa.n;Hycax,'·npe.n;cTaaneHLI Ha pHc. 7. 

EcnH BLmonHeHo Yf?llOBHe (wr
1 

)
2« 1; ·TO ii( u o> :::n BH (u 

0
), 

r~e n BH ~uo> - noKa3~TenL cna.na B OTCyTCTBHe 3xpaHa, H 
.n;n.H Taro, qTo6~ cyMMapHoe 3HaqeHHe n Mana oTnHqanocL 
OT n BH , He06XO.D;HMO: - -

cpB -::.cpB,. /36/ 

H_a pH c. 8 noKa3aH~ 3aBHCHMOCTH liJa3 ¢
8 

H ¢ 8 , OT 

pa.n;Hyca ToqKH Ha6niO.n;eHH.H. CpaBHHBa.H rpaliJHKH .n;n.H n( t) , 
MO)KHO YBH.D;eTb, qTQ n(r ,t) CHllbHO OTnHqaiOTC.H OT. nBH(r) 

B MOMeHT al<niOqe~H.H TOKa Ha pa.n;Hycax, r.ne' ¢
8 

He coana

.naeT C cp B' , ll03TO.MY llpH ciJopMHpOBaHHH MarHHTHOrO llO.JI.H 
a a.nre3aTope Koop.D;HHaT~BHTKOB R H Z cne.n;yeTB~6HI>aTb 

19. 



n(TJ 

UIP 

3.817 

.uu 

H76 

2.106 

t$!5 

0.055 

-- - - ·-- a5~8 a71D 0862 ~.005 tl%1 1.250 Tcwc (•to·•) 

PRe. 7. 3aBReRMOeTL llOKa3aTenH ena~a MarHRTHOro nonH 
OTBpeMeHR. 

lf 

Ys' 

0.50 

lfs , 
_> .. ' 

0.2' 

'l. 

PRe. 8. 3aBHeRMoeTR 4>a3 nonH H ero npoR3Bo.IUioi OT pa~y-
ea ·TOqKR Ha6mo~eHHH~ · · -.· . . 

20 

"· .,,. 
0.50. 

ai5 

a~ 

OJ5 

a30 

az~ 

azo. 

O.t5 

O.tO 

Q05 

R•~O 
R•3S 
"R•36. 

~ Cfs1:~ ::::= R•40 

I {1, · 20 25 30 .· M 40 45 50 M GO l 

PRe. 9. 3aBReHMOeTR cl>a3 nom1 H e'ro npoH3Bo~oi OT pae
_eTOHHRH. MC:>K~y BRTKOM H MC~RaHHOH nnoeKOeTLIO KaMephl. 

TaK, qTo6bl ua pa~Hyeax nepexBaTa jpa~Hye nepexBaTa -
paBHOBeeHLIH pa~Rye KORL~a B MOMCHT BKnJOqeHHH eOOTBeT
eTBYIO~ei eTyneHR e:>KaTR_H/ BblllORHHROCb yenOBHe /36/. 

Ha pRe. 9 noKa3aHLi: 3aBReHMOeTR 4>a3 nonH R ero npo
R3BO~Hoii Ha pa~yee r =36 eM OT Z BHTKa ~nH HeeKORbKHX 
3HaqeHHH R. · · 

,IJ;nH paeqeTOB nonei 6blnO B3HTO 25 eo6eTBCHHbiX cl>yHK· 
~Hi, qTo o6eeneqHBano uaxo~eHHe none:H BHYTPR KaMepbl 
e ToquoeTLIO ~ 0,1~. 

B 3aKmoqeHHe OTMCTRM, qTo ~aHHbiH MCTO~ ll03BORHeT 
~OeTa TOqHo 6bleTpO pema TL 3a~aqy 0 cl>opMRpoBaHHR MarHHT· 
HhiX nonei B npoBo~H~x KaMepax c 3a~auuoi reoMeTpRei, . 
T.K •. OeHOBHOC Bpe:~,fH eqeTa R~eT Ha BhlqReneHHe eo6eTBCH· 
HLIX cl>YHKIUIH. 

2t··, 
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