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IIIUIIIYIII JIOepHblX UCC/Ie006aHUU ,lly6Ha 

BBEllEHI1E 

B npaKTI!Ke 38llU!Thl OT reoMarHMTHOro noJHI ( rMn) 

H noMeX HM3KOM qacTOThl C ITOMOillb!O <jleppoMarHMTHblX 

3KpaHOB/l/ aaqacTyJO He06XO.IUIMO 3H8Tb MX a<fl<fleKTMB

HOCTb, nOll KOTOpOM 06hiqHO ITOHHM8!0T Koa<fl<jliiUMeiiT 3Kpa

HHpOB8HIHI K, onpeJl8.!15feMblM K8K OTHOll!Cl!He BHeWHero 

MarHHTHO['O nonSI Jl., K llpOHHKWeMy BHyTpb 3KpaHa IIOnJO 

H; 
H., ( 1 J 

K 

Hi 
Koa<jl<jlHUHeHT 3KpaHHp0BdHH5I K n MHorocnoiiHI,JX 3Kpa-

HOB, nOMifMO npO'IHX <jlaKTOpOB, onpeJl8.!1518TC51 MarHHTHOH 

rrpOHifUaeMOCl'bJO p. MaTepHana, H3 KOToporo caenal!bt 

cn01r ( n- q11cno cnoes}. llf:l11 H ,.<,- H ... rae H,.- K03fHl11TI1B

Ha5I CI1IT8 MaTepHana 3KpaHa, npOHHUaeMOCTb He 38BHCHT 

oT H,., H ecnlf oHa H3BeCTHB, To MO:fKHO pacC'llfTaTh K Jl.!I5I 

p5Illa KOHqmrypaulffl. B aeitcTBHTenbHOCTH npoHHUaeMOCTb 

p. i cnoeB B C06paHHOM 3KpaHe, K8K npaBif.!I01 Helf3BecTHa. 

C apyroii c 'FOpOHhi, nplf H., >- H c ( c.nyqaii nepMannoesoro 

a-KpaRa B fMn) cymeCTB8HHbl acfHpeKThl H8Chlill8HH5I, npHBO

Jl5IWHe K H80JllfH8KOBOCTH p. ;·0TC!OJl8- He06XOJlHMOCTb 

aKcrrepliMeHTanbHoro onpeJleneHH5I K n. 

lln5I TaKoro onpeaeneHHH aKpaH noMelllaJOT so BHewnee 

OllHOpOJlHOe MarHHTHOe none, npeJlB8pHT8.!IbHO CKOMlleHCH

poBaB fMD B o6beMe 3KpaHa JlO HY.!I5!1 HanpRMep, C no

MOlllb!O KaryweK fenbMronbua. TaK caenaHo B pa6ore12< 
B KOTOpoii JlnSI C03JlBHIHI He 6bina lfCI10.!Ib30BaHa apyra5! 

napa KaTyweK fe.!IhMrO.!IbUa, pa3Mepbl KOTOphlX 3H8'IHTenbHO 

npeBOCXOJlH.!IR ra6apHThl 3KpaKa, TaK qro C JlOCT8TOqHOH 

CTerreHbiO TOqHOCTH BH8IURee none MO:fKHO 6hinO cqHT8Th 

OllHOpOJlHhiM, 
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OnHaKo cnoco6 onpeneneHHH K 8 c HCllOJ1b30BaHHeM 

OAHOpOAHOrO llOJlH llpHMeHHTeJlbHO K KpynHora6apHTHbiM 

3KpaHaM HBHO HenpaKrHqeH. B qacTHOCTif, AJIH coopy;>KeH

Horo B JlH<t> OHHI1 llHTHcnoi1Horo UHJIHHApHqecKoro nep

Mannoeaoro 3Kp8H8 C BHyrpeHHHM 06'beMOM OKOJIO 1,5 M 3 

(ra6apHThi: AJIHHa 2,2 M 1 AlfaMeTp 1,4 M)/3 •41 ll0Tpe6oaa

J10Cb 6b! C03Jl8Tb CHJlbHOTOqHhie KaTyWKH llH8MeTpOM - 5 Mo 

HaMH 6wn paccMoTpeH npyroi1 cnoco6 co3AaHHH BRew

Hero llOJIH C llOMOillbiD nponyCK8HifH llOCTOHHHOrO TOKa TIO 

npHMOJIHHei1HoMy npOBOAHifKy. B HacroHmei1 pa6oTe naeTCH 

peweHife yKa3aHHoi1 3anaqH AJIH UlfJllfHAplfqecKoro If c~epH

qecKoro 3KpaHOB If llpHBOAHTCH pe3yJ1bT8Thl 3KCTiepnMeH

T8JlbHOH npoaepKif llJlH UlfJllfHAplfqecKoro 3KpaHa. 

2. TEOPI1H 

2.1. UHJIHHJlplfqecKHi1 3KpaH 

ITonb3yHCb MeTOAOM aeKropHoro noTeHUHana, 'pewHM 

CHaqana 38Jlaqy ilJlH OJlHOCJIOHHOro 3KpaHa 6eCKOHeqHofi· 

AJIHHhi H 3aTeM o6o6wHM ee pewetme ua n · cnoea. Pa3-

AeJIHM ace npocrpaHCT so Ha rpH o6nac Tlf: I , II If UI; KaK 

IIOKa3aHo Ha p If c. 1. B o6nacr5!:'x I H III 11 = l, a so II 
11 f.l.Ha paccroHHiflf R OT ueHTpa 3Kpaua 0 BAOJlb ocH z 

I 

J 

PH c. 1. UHJIHHApwleCKHi1 3KpaH B MarHHTHOI\t none, .nH
HefiHoro roKa I. 
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" 

F 

pacnono;>KeH 6ecKOHeqRhiH npOBOAHHK c TOKOM I (_nnoT-

HOCTb J. ) • YpaaHeHHe AJIH aeKTOpHoro noTeHUHaJia A no-:s; 
CT051HHOrO MarHHTHOrO TIOJlH J-f eCTb' (B npaKTHqeCK-oti: 

CHCTeMe ellHHHU): 

-+ 

AA = -0,4 rr j {2) 

BeKTOpHhiM noTeHuHan 

HMeeT TOllbKO OCeByiD 

6eCKOHeqHOPO npOBOAHHKa C TOKOM 

KOt-.illOHeHTy If BHe npOBOJlHHKa 

( 
/6 I 

paBBH CM., Hanp., ' - CTp. 393 }~ 

A-z = 0,2p I fn r', (3) 

rAe r '= \) R 2 + r 2 - 2R r cos¢. 

Y 'IHTbiBaH cnenyiDwee OTHoweHHe /
6 / ( crp. 395) AJIH r< R: 

oo i n 
fn R - ! - ( Rr ) cos n ¢ , 

n= I ft 
en r, (4) 

nonyquM C roqHOCTbiD AO BAJllfTifBHOll KOHCT8HThi: 

oo 1 n 
A = -0,2111 ! - (_!.._) cosn¢. 

z n= l n R 
(5) 

ITocKOJibKY nnH r>O peweHifHMI'I ypaBHeHHB Jiannaca HBJIH

IDTCH If orpHuarenbHhle creneHH r,ro awpa;>KeHHe AJIH 

noreHuuana npHMOJIHHefiHoro ToKa rrpH Hanl'!qlfH 3KpaHa 

MQ)KHO 38llHC8Tb B C11eJlyiDlileM BHAe ( HHAeKC Z AJIH KpaT

KOCTif OllyCKaeM): 

a) AJIH o6naCTH 1: 
oo n 

A = ! [An< Rr ) + B ( J! )" ] cos n ¢ , 
n r I n=l 

6) ilJlH o6naCTH ll: 

A =I[C(!-)" 
II n= l n R 

( R n 
+ D - } ] cos n ¢ , 

n r 

B) AJIH o6naCTH Ill: 

A 
Ill 

r n 
! E ( --) 

n=l n R 

00 

cos n¢, 

(6) 

(7) 

(8) 
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rae A.n=;- o;• . Ko8!Jl<JmllHeHTb! Bn • en • Dn H En. onpe
aensnoTCSI .Ha ycnoBHfi. conpSI)KeHHSI. BeKTOpHoro nol,'eHu~a

na Ha rpaHHuax yKa3aH,Hb~X o6nacrefi npH r = r 
1 

H r=r
2 

: 

A
1 
(r 2) = All(r

2
), (9) 

A (r ) = A (r ) {1 0) 
II I ·w I ' 

a A 1 ( r2) = ]_ a A !1 ( r 2_2_ , (11 ) J 
ar ll ar 

~ ~J!i~~ = aAIII(r I) (12) 
11 ar ar 

Pewas:r CHCTeMy JlHHefiHb!X ypaBHeHMfi, KOTOpaSI llOJiyqa
eTCSI noncraHOBKofi ¢opMyn (6.:..8) B (9-12), nonyqHM 
nnSI E 

n 

E = ---~~---~. (13) 
n 2 2 r 2n] 

n [ ( 11 + 1) .. - ( 11-1) ( -T-> 
DocKOJlbKy 13= rot A, TO .llJlSI :PanHaJibHOfi H 83HMyTaJibHOfi 

KOMnoaeaT MarHHTHoro nonSI BHYTPH 3KpaHa ( o6nacTb Ill) 
HMeeM ( HHJ:IeKc III onycKaeM): 

00 411 
H = l._ _a.A__ = 0,21 ! -

r a A. -l 2 2 .r I 2n 
'P n- (t-C+ 1) -(11-1} (-) 

r2 

n-1 r . 
-n · Sln n cp , ( 14 ) 
R 

a A . "" 4p r n-1 
H =- -- = 0,21 ! ------------- -- cosncp. 

cp ar n=l (
11

+1)2-(
11

_ 1)2 (!:...L)2n Rn ( 1S) 

r 2 
Ha OCH 8Kpaaa(r=O)none HanpaBJieHO nepneHJ:IHKynSipHo 

paaHycy-BeKropy, npoBeaeaaoMy or oCH 8Kpaaa ao npo

BOJ:IHHKa ( JIH HH SI 0 I Ha p H c • 1), H paBHo: 

H. = 0,21 411 (16) 
R 2 2 r, 2 

(11+ 1) -(11-1) ('"f'i) 
TaK KaK B orcyrcTBHe 3KpaHa none 3):1eCb paBHo: 

H _ 0,21 
e--~ 

R 
( 17) 

6 

} 

TO K08!Jl¢HUHeHT 8Kp8HHpOB8HHSI Ha OCH paBeH 
2 2 r I 2 (p+l) -(p-1) (-) 

r2 K 

4p 
(18) 

IJ .' 
qro B TOqHOCTH COBll8):18eT C K ):IJISI O):IHOpOJ:IHOf'O ITOJISI 1 

• 

Herpyaao nonyqHTb o6o6meHHe ypaBHeHHSI (18) anSI 
n -cnofiHoro 8Kpaaa ( npH r = 0 H 11 >> 1 ) : 

n 
= ( 114 t [ 1-( l)2][1-(r3)\ .. [ 1- ( ~~ )2]. 

r2 r4 .t2n 
( 19) K 

2 .2 • C 4J e p H q e c K H fi 8 K p a H 

Donh3YSICb MeroaoM CKaJISipHoro noTeHuiiana, pewHM 

3aa.aqy anSI oaHocnofiHord 8KpaHa. B npocrp~HCTBe, He 

38HSITOM TOK8MH, CKaJiSipHb!H llOTeHUHBJl .cJ>, onpeneJISieMblH 

ypaBHeHHeM H =grad <I> , ynoBnerBopSieT ypaBHflHHJO flan
naca r\ <I>= 0 ~ B c¢epHqecKofi CHCTeM~ KoopnHHaT ( o6o3Ha
qeHHSI naahr Ha p11c. 2) peweHHSI ypaBHeHHSI flannaca 
ecrb/6 / (crp. 422): 

rne 

"" n 

,~ n:O r y n ( O ' cp ) ' 
<l>(r,O,¢)= 

I r-(n+l)y (O,cp), 
n=O n 

(a) 

(6) 

n (k) 
Y ( 0 , cp ) = ! (A k cos k cp + B ksin k cp) P (cos 0), 

n k=O n, n, n 

k 
p(k)(x) =O-x 2 )k/2 _d- p (x), 

n dxk n 

P (x)= _ _L_ ~- (x 2 -1)? 
n 2 nn! dx n 

(20) 

(21) 

(22) 

(23) 

llnSI onpeneneHHSl HeKOTOpb!X K08!Jl¢HUHeHTOB B yp. (Zl) 
HCITOJib3yeM Bb~a)KeHHe anSI CKaJISipHoro noTeHuHaJia 6ec
KOHeqaoro npOBOllHHKa C TOKOM B UHJIHHllpHqeCKOfi CHCTeMe 
KOOpJ:IHHaT (pH C. 2): 
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?' 

R 

1> = const • ¢ . 
c 

1 

p :11 C 2. 0THOCHTeJ1bHOe 

pacnonoMeHI1e ueHTpa 0 
c~epl1~ecKo~o 3KpaHa (rro

cnenHHrr He rroKaaaa) 11 nH
aerrHo~o llp0BODH11K8 C 

TOKOM I 

(24) 

TaK KaK nJHI ¢ =¢ = 0 HMeeM 1fh0, TO A k =0. Llanee 
c (k) n, 

<lbO nn5I f.J= 0 11, TaK KaK Pn (l)=Onmrk>O,To Bn,O =0. 
3aTeM ~neHhi c B 0 k B yp. (21) BhmanaiOT ua cyMMbl, 

TBK KBK p{k) (cos(.J)=0 ll~5I k >n. 
n 

a$ 
I1a ycnoBI15I B 

1 1= -a-lr=o , nonbaySicb BbJpaMeHI1eM 
' r cb==rrl2 

fJ==ll/2 
~ t r B ron• 'P =arc g-, nony~HM = ----

c R 1,1 R 
TiocKonbKY uenbiO paccMorpemtSI 5IBJ15IeTC5I onpenene

Hue K08~~HUHeHTa 8Kp8HHpOB8HHH DJlH ueHTpa 8KpaHa 

(r=O), TO D8JlbHerrume Bbi~HCJ1eHH5I MOMHO npOBOllf!Tb T'OJlb

KO C rrepBOH rapMOHHKOH n =k = 1. 0CT8JlbHble ~apMOHHKH 

8 

npH r =0 B yp. (20a) o6pamaroTC5I' B Hynb. Torna cKa

nSJpHbtii noTeflu'li:an BHe c¢epbi { o6nacTb I } ., BHyTpH 

c¢epu~ecKo~o cnoSI ( o6naoTb II ) H BHy'rpn' c~epbi 
( o6nacrb Ill ) paseH: 

<1> 1 = (B l,lr +Ar -
2 

)sin¢> sine, 

. -2 . . 
-1> = ( B r + c r ) Slit ¢ Sln e ' 

II 

<I> = Dr sin ¢ sine . 
III 

('25) 

(26) 

(2,7) 

Koa~~I1UHeHThi A, B, C H D onpenenHIOTCH H3 ycnOBliH 

COTip5IMeHH5I Ma~HHTHO~O TIOJlH fl Ha rpaHHU8X YK838HHbiX 

o6nacTerr rrpH r = r
1

, u r= r 
2

. PeaynbTaT npoCTbiX Bbi~ucne-

HifH cnenyiOtUlfii: · · 

2 
K d:1•+2 (fl:-Jl.-'-'[l'-'(l)

3
], (28) 

9 fl r · . 
. . 2 . . /6/ . 

~TO COBrranaeT c· K. DJ15I 0DHOp0JlHOPO TIOJ15I ( CT'p;, 395). · 

3. ·3KCTIEPI1MEHT 

l13MepeHiiH 6biJ1H. nppBeneHbl Ha. OllHOCJlOHHOM UliJlliH!l

pliqecKOM. 3Kp~He . C p~aMepaMH: DI18M~Tp 20 CM, DJ1liH8 

50 CM, T'OJ1IUHH8 CTeHKH 0,5 MM, C IlOMOIUb!O TpeXKOM

TIOHeHTHOPO ~epp030HDOBOPO M8~HHTOMeTpa C qyBCTBH-

TeJlbHOCTb!O. ""0,25y*.TMf1 6b!J10 <;;KOMITeHCHpOB8HO 

C TIOMOillb!O rrapbl. KaTyWelC feJ1bMf'OJ1bU8 llll8MeTpOM 1 M, 

OpHeHTHpOB8HHblX B rrpOCTpaHCTie HanneMaWHM o6pa30M. 

BHewHee MarHHTHOe none coanaBanocb AByxrrpoBonHoii 

JlHHHeH C IlpOTHBOilOJlOMHblMH HarrpaBJleHHHMH TOKOB, ne
MBBWeH B ODHOH TIJlOCKOCTH C OCb!O 3KpaHa * * • PaCCT05IHHe 

* 1 y = w·5 3. 

**Ko8~~11UiieHT 3Kp8HllpOB8HHH llBYXIlpOBODHOH JliiHiill 

B ueHrpe aKpaHa TaKMe orrHCbiBaeTC5I yp. ( 18). TaKaH 

KOHCTpyKuli5I rroaBonuna pewRTb npo6neMy rronBOll5IIUHX rrpo

BOAOB. Ponb nByxnpoBonHoii: JJHHHH MO)!(eT TaKMe Bbmon

H5ITb I1p5IMOyPOJ1bH85I KaTyWKa, OTHOWeHHe rrorrepe~Hb!X 

CTOpOH KOTOpOH CHJlbHO Ol'J1HqaeTC5I OT e!lHHiiUblo B 3TOM 

cny~ae MO)!(HO 1iCTIOJ1b30B8Tb OTHOCI:ITeJlbHO CJ186hie TOKH. 
9;, 



Me)I(JlY npOB0Jl8MH 6binO 17,5 CM. p 8CCT05IHHe OT 1IHHHH 
ao aKpaHa BaphHpOBanocb. B H3MepeHHSIX 6binO HaiiaeHo, 

'ITO: a) B COOTB€TCTBHH C OJKHJl8HH-SIMH K He 38-BHCen 
OT 3TOPO paCCTOSIHHSii 6} K JliTSI JlByXnpOBOJlHOH nHHHH 
COBnan CO 3Ha"leHIWM, nony"leHHb!M C llOMOlllbiO He60Jlhlll0-
PO H3MeHel-IJHI TOKa B KaTyiDKaX fenbMrOnhU8 (CTiy"laH 
oai-IopoaHoro non~!). npeAno:>KeHHbiH cnoco6 6bin npHMeHeH 

AnSl H3MepeHIHI K 3KpaHa, OllHC81-IHOrO B /l,
4
/. 

ABTOpbi nonh3YIOTC5l cnyqaeM no6naroaapHTh B.E.lly

"'HUa 38 ITOMOlllb B pa6oTe. 
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