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3Kp8HHpOB8HHe cna6biX MarHHTHbiX nonefi CBepX!IpOBOllHli!HMH 

o6ono'IKSMH 

OnHCaH MeToa pacqera pacnpeaeneHHH MarHHTHoro nong B oKpeCTHOCTH 

CBepxnpoBOllHli!HX o6ono'!eK, B CBeTe npoBeaeHHhiX pac'!eTOB o6'bHCHHeTCH 

SHOMSnHH, 3KC!IepHMeHTanbHO Ha6moaaeMSH !IpH H3MepeHHH, C liOMOll!biO 

KBSHTOBOrO CBepX!IpOBOllHWero RHTep~pOMeTpa, K03¢¢HUHeHT8 3Kp8HHpOBKH 

CBepXIlpOBOllHWRX CBHHilOBbiX CT8K8HOB, liOMell!eHHbiX B OllHOpOllHOe 

8KCH81lbHOe BH9li!Hee MSrHHTHOe none, 

p a60T8 BblliOnHeHa B Jia6opaTOpH H HefiTpOHHOfi ,PH3HKH 011 .HH. 

Upeap••T 061.euae-oro UCT.TYT& •.llePDIX •ccne,lloa&B•I . .llY6aa 1977 

Vasillev B.V., Ignatovich V.K., Kolycheva E.V. 

The Shielding of Slow Magnetic Fields by 
Superconducting Coats 

13 - 11043 

A method for calculating the magnetic field distribution 
inside and outside superconducting coats is described, In the 
light of the calculation performed there is explained the experimen
tally observed anomaly in the measurements using a quantum 
superconducting interferometer of the coefficient of shielding 
of superconducting lead glasses in the external homogeneous 
axial magnetic field, 

The investigation has been performed at the Neutron 
Physics Laboratory, JINR. 
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ITpo6neMa 3KpaHRpoBaHRS MarHRTHoro nons cBepxnpo

BO.IJ.HHKaMR RMeeT He TOnLKO npRKna)J.HOe 3Ha'leHRe, HO 

npe)J.CTaBnseT onpe)J.eneHHLIH RHTepec R C TO'IKR 3peHRS 

TeopRR. PeweHRe 3Toii Ja.D.a'IH HaTanKHBaeTcs Ha JHa'IR· 

TenLHLie MaTeMaTR'IeCKRe TPY.D.HOCTR, H B 6onLWRHCTBe 

CnyqaeB MO*eT 6LITb HaH)J.eHO nRWb B npH6nR*eHHOM BR· 

)J.e / l /, npH'IeM OWR6KH npu6nH*eHHS He Beer )].a nO)J.)J.aiOTCS 

aHanuJy. 

B HacTos~eii pa6oTe cljJopMynupoBaH O.D.HH H3 B03-

MO*HLix MeTO.IJ.OB pac'leTa pacnpe.IJ.eneHus MarHHTHoro nons 

B OKpeCTHOCTH CBepxnpOBO)J.S~HX o6ono'leK, n03BOnSIO~HH 

HCCne)J.OBaTb 3KpaHupyiO~He CBOHCTBa CBepxnpOBO.D.HHKOB 

KaK npocTeiiwux, TaK u 6onee cno*HLIX KOHijJurypauuii. 

PacqeT pacnpe.IJ.eneHus MarHHTHoro nons BHYTPH cBepx

npOBO)J.SII.(ero CTaKaHa, BLinOnHeHHLIH 3)J.eCb B nepBOM npH· 

6nH*eHHH, )J.aeT B03MO*HOCTL 06bSCHHTb aHOManRIO, 3K· 

cnepRMeHTanbHO Ha6nJO)J.aeMy10 npH RCCne)J.OBaHRH 3Kpa

HHpyiOII.(HX CBOHCTB TaKHX o6ono'leK C nOMOII.(biO KBaHTOBOrO 

CBepxnpOBO.IJ.SII.(ero RHTepljJepoMeTpa /KCH//2 . AHOManus 

COCTOHT B TOM, 'ITO Ha HeKOTOpOH rny6RHe BHYT~H CBepx· 

npOBO)J.SII.(ero CTaKaHa, noMell.(eHHOrO BO BHeWHee O)J.HOpO.IJ.• 

Hoe MarHRTHoe none H0 II . HanpaBneHHoe B.D.Onb ero ocR, 

H (z) 
JaBHCRMOCTb K034l4JRUReHTa 3KpaHRpOBKR k (z) /kl (z)~I_, 

II I H0 1l 
H II (z) - aKcuanLHas cocTaBnSIOII.(as MarHRTHoro nons Ha 

OCR CTaKaHa Ha paCCTOSHHR Z OT ero OTKpLITOrO KOHI.(a/ 

RMeeT SpKO Bblpa*eHHyiO OC06eHHOCTb 
131 . -

B nepBOH 'laCTR pa60TLI R3naraeTCS TeOpRS, BO BTOpoii 

OnRCLIBaeTCS 3KCllepRMeHT, npBBO)J.STCS ero peJynLTaTbl B 

)J.aeTCS RX 06bSCHeHBe. 
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TEOPH.JI 

3a,D,a'la o6 3Kpauupoaauuu MarHHTHoro nonB caepxnpo

BO,lJ,HHKaMH 6y,D,eT, KaK 06bi'IHO, pewaTbCB B paMKaX Mar

HHTOCTaTHKH, nOCKOnbKY H3y'laeMble 3KpaHbl HMeiOT Ton

ll.lHHY CTeHOK, 3Ha'IHTenbHO npeBOCXO,lJ,Bll.lYlO rny6HHY npo

HHKHOBeHHB MarHHTHOrO nonB B CBepxnpOBO,lJ,HHK , a nose

,D,eHHe nonB B Henocpe,D,CTBeHHOH 6nH30CTH K noaepXHOCTH 

caepxnpoBO.D.HHKa B ,D,aHHOM cnyqae He npe,D,cTaanBeT HHTe

peca. B paMKax MarHHTOCTaTHKH HanpB)I(eHHOCTb MarHuT

Horo nonB MO)I(HO 3anucaTb B BH.D.e 

.... 
H = grad W , /1/ 

r,D,e W - cKanBpHbiH noTeHu,uan, uMeiOmuii Ha rpaHuu,e caepx

npOBO,lJ,HHKa HyneBylO HOpManLHYIO npOH3BO.D.HYIO: 

d!_ I = o -dn s 

u y,D,oaneTBOpBIOll.lHH ypaaHeHHIO Jlannaca: 

i'l'¥=0. 

/2/ 

/3/ 

PeweHue ypaaHeHHB /3/ c rpaHH'IHbiMH ycnoBHBMH /2/ 
Hll.leTCB B COOTBeTCTBHH C TeopeMOH rpuHa: 

~- -+ --+ -+ -+ 
W (R ) "' W 

0 
(R ) + f[ V 

11 
G (R , R ' ) W (R ' ) -

/4/ .... ... .... 

- G (R , R ' ) V W (R ' ) )dS , 
n 

r,D,e HHTerpHpOBaHHe npOBO,lJ,HTCB no HeKOTOpOH 3aMKHYTOH ....... 
noaepXHOCTH s. a liJYHKIJ,HB rpuHa G (R. R ') Y.D.OBneTao-

pBeT ypaBHeHHlO 

........... -+-+ 

L\G(R.R')=o (R-R') /5/ 

u pasHa 

.... -> 
G(R, R '), - ... .... 

1 /6/ 
4rriR-R'I 

4 

.... 
lloTeHI~Han '¥0 (R ) COOTBeTCTByeT BHeWHeMy MarHHTHOMY 

nomo, HeB03MYll.leHHOMY HanH'IHeM CBepxnpOBO,lJ,HHKa. 

llepeii,D,eM K paCCMOTpeHHIO KOHKpeTHOH 3a,D,a'IH - 3a

,D,a'IH 06 3KpaHHPYlOll.lHX CBOHCTBaX CBepxnpOBO,lJ,Bll.l~ro 
cTaKaHa. Bae,D,eM u,unHH.D.PH'IeCKYJO cucTeMy KOOP.D.HHaT R = 
= U', Z ), r,D,e z~O COOTBeTCTByeT OTKpbiTOMY KOHIJ,Y CTa-

KaHa, a r ,.o - ero ocu. 

CymecTBeHHaB oco6eHHOCTL ucnonL3yeMoro 3,D,ecb Me

TO.D.a COCTOHT B TOM, 'ITO HHTerpupoBaHHe B ypaBHeHHH 

/4/ npOBO,lJ,HTCB He no BCeH noaepXHOCTH CBepxnpOBO,lJ,HH

Ka, a TOnbKO no BHewHeii ee qacTH. MHTerpupoaaHue no 

BHyTpeHHeH noaepXHOCTH 3aMeHBeTCB HHTerpHpOBaHHeM no 

OTBepCTHIO, Ha KOTOpOM none 3a,D,aeTCB B COOTBeTCTBHH C 

pa3nmtceHHeM ero no co6cTBeHHLIM IPYHKIJ,HBM BHYTPH cTa

KaHa. 

PaccMoTpHM OT,D,enLHO ,D,Ba cny'laB: a/ BHewHee none 

HanpasneHo B.D.OnL ocu z : 'l'o (R) ~ z • u 6/ BHeWHee none 

nepneH,D,HKynBpHo ocu cTaKaHa: '11 0 (R)~rcosc,l,. B o6oux 

cny'laBX CTaKaH HMeeT BHyTpeHHHH pa,D,HYC a,= 1 , BHeWHHH 

pa,D,uyc b, rny6uHy r H BbiCOTY I'' /puc. 1/. HanpB)I(eHHOCTb 

suewuero MarHHTHoro nonB npe,D,nonaraeTCB pasuoii 1. 

llpoOOAbHoe eHeumee noAe 

KaK noKa3aHo Ha puc. 1, HHTepecyiOll.lYIO Hac nosepx

HOCTb HHTerpHpOBaHHB MO)I(HO pa36HTb Ha 4 'laCTH. llo

CKOnbKy BHeWHee none He 3aBHCHT OT a3HMyTanbHOrO 

yrna ¢. a CBepxnpOBO,lJ,HHK HMeeT IJ,HnHH,D,pH'IeCKYIO CHM

MeTpHIO, TO HCKOMOe peWeHHe H nOTeHIJ,Hanbl \JI 1 , 1J1 2 , 

'¥3 H 1J1 4 Ha COOTBeTCTBYIOll.lHX 'laCTBX noaepXHOCTH HH

TerpupoBaHHB TaK)I(e He 3aBHCBT OT r/J . CKanBpHbiH noTeH

IJ,Han BHyTpH CTaKaHa MO)I(eT 6b1Tb npe,D,CTaBneH B BH,D,e 

00 

~ 
C 11 J 

0
(p

11
r )ch[p

11
(Z+ £)] w 

BHyTp. n~ 1 /7/ V P J
0
(P )\/ eh (P E)sh (P E 

n n n n 
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rAe Jo(x) - WYHKJlRJI lieccenJI, e - rny6RHa CTaKaHa, 
ocL KOToporo pacnono)ICeHa BAOnL z, a co6cTaeuuwe "'IRena 
Pn onpeAenJIIOTCJI ycnoaReM 

Jl (Pn )'"' 0, /8/ 

BLITeKaiOillRM R3 /2/. fipeACTaBRM 3HeMeHT llOBepXHOCTR 
dS B BRAe ds d c,b' a WYHKilRIO rpRHa 3allRWeM cneAyiO
IllHM o6pa3oM: 

oc 00 -vIz- z ' I .... .... 1 
G ( R , R ')- - -- ~ ' ( J (v r) J (v r ')e d v cos m¢ , 

2rr mao o m m 

/9/ 

g 
Q 

w, 

~ I 
<f&H!:Jmp. e It 

w 
Puc. 1. Pa36UeHue noeepxHocmu uHmezpupoeaHUJI 011.11 pac
"'ema nomeHfiUaAoe 'I' i no meopeMe FpuHa. 

6 

rAe Jm(x) - WYHKURJI lieccenJI, ¢- yron Me)ICAY sex-.... .... 
TopaMR r R r ', a WTpRX y 3HaKa CYMMLI 03HaqaeT, "'ITO 
"'lneH C m"" 0 He06XOARMO 6paTL C K034J4JRUReHTOM 1/2. 
0603Ha"'IRM 

2rr _. .... 1 "" -v! z·z 'I 
g(r,r',z }•-( G(R.R')dc,b=- (J

0
(vr)J

0
(vr')e dv'/10/ 

0 2 0 

TorAa ,!UIJI WYHKilRR 'I' 1 ua aepxueM OTBepcTRR cTaxaua 
nony"'IRM cneAYIOillee ypaaueuRe: 

d 'I' BHYTP 
1 

'I' (r) --I g (r ,r' , 0) 
1 0 

( r ',z' ) 
r 'dr' + 

dz' z~o 
0 

+I ~g(r,r',z)l 'I' (b,z) bdz-
-P' dr r '=b 3 /11/ 

- t _dd g (r ,r ',z ) I 'I' (r ',- P ')r 'dr '. 
0 z z~-£' 4 

AuanorR"'IHWe ypaaueuRJI MO)ICHO 3anRcaTL R AnJI APYrRx 
WYHKUR:ii \}1 i . 

llepeiiAeM TenepL OT RHTerpanLHOro ypaBHeHRJI AHJI 
1{1 1 K anre6paR"'leCKOMy ypaBHeHRIO AHJI K034J4JRUReHTOB 
pa3nO)ICeHRJI /7 I en . BocnonL30BaBWRCL ycnoBReM HOp
MRPOBKR 

2 
1 2 J 0(p n) J Jo (pur)rdr"" -2- /12/ 

R RHTerpanLHLIM cooTuoweuReM AnJI WYHKURii lieccenJI 
1 

v J 0 (p n ) J 1 (v ) r J (p r )J (vr )rdr .. ---~~~----' /13/ 
0 0 n 0 v2- P 2 

n 
nony"'IRM AHJI en cneAYIOillYIO CRCTeMy ypaBHeHR:ii: 

e "'-~ e Q - D 
n m•1 m mn n /14/ 

rAe Q mu - CRMMeTpRquaJI MaTpRua: 

2 
00 J ( ) 2 )I 1vvd1, 

0 (v2-P2 )(v2_;z-) ' /15/ 
n m 

Q ~ y p p th (P P ) th (p £ 
mn n m n m 
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a Dn MO:>KHO pa36HTL ua ~Ba cnaraeMLIX Dn ""Dnq +Dn4 , 
O~HO H3 KOTOpLIX BLipa:>KaeTCJI qepe3 HHTerpan OT IPYHKUHH 
lJI 3 ,a ~pyroe - OT $yHKUHH IJI 4 : 

0 n3"'y'pnth(p:-T) b f ~v)J_lvb)v2 
0 2 -2-- --- '< 

v - p 
n 

0 vz 
X ( 8 IJI (b, Z) dz d v , 
-C' 3 

2 
----

00 J1(v )J o(vb) v 
o ~ v P th CP e) r -;z--:r---- x 

n4 n n 0 v _ pn 

1 -v f' 
x J IJI ( r , - C ' ) r dr e d v . 

0 4 
1161 

EcnH npe~nonO:>KHTL, 'ITO BLICOTa CTaKaHa f '>> 1, TO 
qneuoM Dn4 MO:>KHO npeue6pe'IL, nocKonLKY c pocTOM 
C' ou y6LiaaeT KaK (£' ) ·4, a ~n.11 '1'3 (b ,z) a BLipa:>KeHHH I 161 -
B3JITL npHfinH:>KeHHOe peWeHHJI ypaBHeHHJI 

1 
'~' (b . z ) ,. z + r 

3 0 
v n '1'

1 
(r) g (r , b , z )r dr -

- r IJI . ( r . ) v . g (b ' r . ' z ) d s . . 
S· 1 1 n1 1 1 

1 
1171 

B cnyqae 6ecKoHe'IHoro UHnHH~pa ypaaueuHe ~n.11 IJI3(b, z ) 
HMeno 6LI TO'IHoe peweuHe '1'3 (b,z) = z. BocnonL30BaBWHCL 
HM, nony'IHM: 

Dn ::::- v pn th(pn e) b ( ~(v)JJ:'b) dv. 
0 v2-p2 

n 

1181 

EcnH pacnpe~eneuHe MarHHTHoro non.11 H~eTCJI ~ocTa
TO'IHO rny60KO BHYTPH CTaKaHa, TO npH CYMMHpOBaHHH p.11~a 
17 I MO:>KHO orpaHH'IHTLCJI nepBLIM qneuoM H pewaTL cucTeMy 
1141 a npocTeilweM npu6nu)KeHHH, T.e. nono)KHB C =0 ~n.11 

n 

8 

\] 
1 

·.] 

n > 1 . Ilpoae~.11 qucneHHLie pac'leTLI, nony'IHM ~n.11 TOHKo
cTeuuoro 3Kpaua (b "'1): 

Q 11"' 0,460 ' D 1 "" -0,087 1191 

H 

-D1 c1 "" ---- ""o.OBo. 
1 + Q 11 

1201 

)l.n.ll TO'IeK, ne)Ka~HX B~anH OT ~Ha CTaKaHa (( f+ Z )p 1 > 1), 
a pa3no)KeHHH 17 I MO)KHO nono)KHTL 

ch [ p (z + e ) l "" ..1. exp [ p n (Z+ e )] ' 
n 2 

ch(p f)~ sh(p e )"' j_ exp(p e ). 
n n 2 n 

Tor~a ~n.ll uanp.ll)KeHHOCTH MarHHTHOrO llOllJI B~anH OT OT
KpLITOrO Kouua 3Kpaua, r~e npu cyMMHpoaaHHH p.11~a 17 I 
MO)KHO orpaHH'IHTLCJI nepBLIM 'llleHOM, nony'IHM npH6nH:>KeH

HOe BLipa:>KeHHe: 

~ _, c 1 - P 11 z I 
II "" V [ ----- J (P r ) e ]. p ,3 ,83 . 

-- 0 1 1 
V P1 J o (P1) 

3aMeTHM, 'ITO Ha OCH CTaKaHa MarHHTHOe none 

TOllLKO Z - y10 KOMllOHeHTY 

H "' 0.29 e 
-P1! z I 

z 

H C pOCTOM Z MOHOTOHHO y6LIBaeT. 

llonepe'IHOe eHeumee noAe 

1211 

-~ 

H HMeeT 

1221 

B cnyqae, Kor~a IJI 0 (r,z)~rcos ¢. nonHLIH noTeuuuan 

IJI MO)KHO HCKaTL B BH~e 

-+ -
IJI ( r , z ) ,. IJI (r , z) cos¢ . 1231 
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fionmKH·B dS .. dsd¢' H npoBe,IJ;.II COOTBeTCTBYJO~ee HHTer

pHpOBaHHe no ¢ ' H ycpe,D;HeHHe no </> ci>YHK.QHB rpHHa 
.. ->, 

G(R,R ), nony'IHM: 

_ 1 2rr 2rr .. ... 
g (r ,r ',z)""- - ( ( G (R , R ')cos¢ 'd¢ 'cos¢ d¢. 

71" 0 0 

oo -vlz-z'l 
~ .L ( J (v r ) J ( v r ' ) e dv . 

2 0 1 1 /24/ 

YpaBHeHHe ,IJ;nJI 'I' l 6y,IJ;eT HMeTL BH,IJ;, <l!_opManLHO COBna,IJ;aJO

UUIH c I 111, HO pa3no)l(eHHe ,IJ;nJI 'I' BHyTp. (r ,z) TenepL 

cne,IJ;yeT B3JITL B HeCKOnbKO BHOH cl>opMe: 

'I' ( 00 

BHyTp. r 'z) ~ 2 
n,..1 
~! 1 (Pn !__~~~!L<:_:_~2!_
VPJ1(p )yich(p f)sh(p f) n n n n 

/251 

r,IJ;e COfiCTBeHHLie 'IHCna P n onpe,IJ;enJIJOTCJI ypaBHeHHeM 

J1'(pn)·Jo(Pn)- ~n J1 (Pn)•O. /261 

HcnonL3Y.II COOTHOWeHHe HOpMHpOBKH .D;nJI J 
1 

, aHano

rH'IHOe 112/, H HHTerpanLHOe COOTHOWeHHe 

1 
I J

1 
(p r)J (vr )rdr, _ vJ1 (Pn)J:l (v) 

0 n 1 2 2 , 
v -Pn 

/27/ 

nony'IHM ,II;n.ll K03cl>ci>H.UBeHTOB Cn CHCTeMy ypaBHeHBB, aHa
norH'IHYIO I 141, r ,IJ;e 

- ------- oo [J 1' (v )]2 v2dv 
Q .. v P P th(p e )th(p e) r --------. ;281 mn n m n m 0 (v2- p2 )(v2 -p2) 

- n m 
a Dn , B npeHefipe)l(eHHB BKna,IJ;OM 'I' 

4 
, MO)I(eT fiLITL 3anH· 

CaBO B BH,IJ;e 

- = J1(v)J{ (vb) v 0 vz 
Dn = V pnth(pn E )b ( -p29 __ (e '1'3(h,z)dzdv. /291 

0 n- v- -f' 

10 

"1 

I 
I ... 

r 

l .. 

)J;nJI annpOKCBMa.QHH 'I' gCb, Z) BOCnOnL3yeMCJI peweHHeM ,IJ;nJI 

cny'faJI 6eCKOHe1fHO ,IJ;nHHHOrO .QBnHH,IJ;pa BO BHeWHeM none

pe'IHOM MarHHTHOM none: 

'I' ( r , z) "" r cos¢ + b 2 ~s...:l!_ . 
r /301 

3TO peWeHHe nOKa3LJBaeT, 'ITO .D;n.ll ,IJ;nHHHOrO .QHnBH,D;pa MO)I(• 

Ho nono)I(HTL q; 
3 

(b,z) "' 2 b. OrpaHH'IBBWHCL, KaK H npe)I(,IJ;e, 

nepBLIM 'fneHOM pa3nO)I(eHH.II 1251 H npoBe,IJ;.II 'IHCneHHLie 

paC'feTLI, nony'IHM: 

"'0,320. 1311 Q u"'0.229. D1 "'-0.393. c1 "' -
1 + Q 11 

llpH P1 !zl>1 H p 1(E-!zi)>1H3I25InonyqaeMcne,IJ;yJO~ee 
BLipa)l(eHHe ,IJ;n.ll Hanp.ll)l(eHHOCTH MarHHTHOrO nonJI BHyTpH 

CTaKaHa: 

-> -> c1 -pijzl 
H "'V [ ------ J 1 (p1 r)e cos¢), p "'1,84. 

VP1J1(P1) 1 
/321 

3aMeTHM, 'ITO Ha OCH CTaKaHa MarHHTHOe none HMeeT TOnL

KO nonepe'IHYIO KOMnOHeHTY 

-1.84! zl 
H ""0,69e cos¢. 1331 

r 

MOHOTOHHO y6LIBaJO~yro c yaenH'feHHeM I z I · 

3KCIIEPHMEHT 

3KcnepHMeHTanLHO onpe,D;en.llnC.II K03cl>ci>B.UHeHT 3KpaHH· 

pOBKH Ha OCB CBepxnpOBO,II;JI~HX 3KpaHOB, BLITO'feHHLIX H3 

TeXHH'feCKOrO CBHH.Qa. 3KpaHLI HMenH cl>opMy CTaKaHOB, 

TOn~BHa CTeHOK KOTOpLIX 6LJna - 1 MM, a OTHOWeHHe 

,II;JIHHai,IJ;HaMeTp MeHJinOCb OT onLITa K OnLITY B fiLinO He 

MeHee 4. 
B 3KcnepBMeHTe .QHnHH.D;pH'IeCKHii 3KpaH noMe~ancJI 

~H 
B renHeBLiii KpHocTaT. O.D;Hopo,D;Hoe Mar~HTHoe none ( H-

-4 -10 ) C03,IJ;aBanOCb B o6naCTH BfinH3H 3KpaHa C nOMO~LIO 
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Kanu6poBaHHhlX KOneu; r enbMrOllbi.J;a 1- 1 3/ A/, paCIIOllO

)KeHHbiX BHe KPHOCTaTa. B KaqecTBe H3MepuTenbHoro rrpu-

6opa ucrronb30Banc11 KCH c .D.BYXHH.IJ.YKTHBHhlM ,IJ,aT'IHKOM 

THIIa ,IJ,aT'IHKa lJ.HMMepMaHa 141 H CBepxrrpOBO,IJ,.IIII.J;HM TpaH

C$OpMaTOpOM MarHHTHOrO IIOTOKa. llepBii:'IHa11 KaTyUIKa 

TpaHc$opMaTopa rroMemanacb Ha ocu 3KpaHa TaK, 'ITO ee 

ocb 6hlna rrapannenbHa HarrpaaneHHlO BHeUIHero MarHHTHoro 

rron11, a BTOpH'IHaR - B O.D.HOM H3 OTBepcTHH ,IJ,aT'IHKa KCH. 

)l.aTtJHK, HMelOII.J;HH K03c1>ci>HUHeHT 3KpaHHpOBKH -10-3
, pac

rronaranc11 B rny6uHe 3KpaHa, TaK 'ITO BllH11HHeM Herrocpe,II,

CTBeHHO Ha Hero H3MeHeHH11 MarHHTHOro IIOll11 B 3KpaHe 

MO)KHO 6bino rrpeHe6pe'lb. Ko3c1>ci>uuueHT 3KpaHupoBKH orrpe

,IJ,ell11llC11 KaK OTHOUieHHe TOKa B I.J;eiiH KOneu; renbMrOllbi.J;a, 

cooTBeTCTBYIOIUero H3MeHeHHlO rroKa3aHHH KCH Ha J;\<f>! 
I 3HaK H3MeHeHH11 rroKa3aHHH KCH He y'IHTbiBancRI, B OT

CYTCTBHe 3KpaHa, K TOH )Ke BellH'IHHe, H3MepeHHOH B 3Kpa

He Ha r ny6HHe z . 

llony'leHHble 3aBHCHMOCTH k J. (Z) ,IJ,ll11 cnyqa11 O,IJ,HOpO,IJ,

Horo BHeUIHero MarHHTHoro rron11, HarrpaaneHHoro rreprreH

.D.HKynRpHo ocu CTaKaHa, xopomo cornacyiOTC11 c pac'leTa

MH. B cnyqae rrpO,II,OllbHOrO BHeUIHero MarHHTHOrO IIOll11 

3aBHCHMOCTb kll (z) HMeeT xapaKTepHylO OCOfieHHOCTb 

I puc. 21 H MO)KeT 6hlTb orrucaHa Bhlpa)KeHHeM 1221 nHUib 

B 06naCTH Z 0< Z < 0. JaMeTHM, 'ITO BfillH3H Z=Zo Be

llH'IHHa k 11 (z) rrpaKTH'IeCKH o6pamaeTc11 B Hynb. )l.anb

Heilmee IIOBe,IJ,eHHe 3aBHCHMOCTH k! r(z) ( z. < z 0 ) COOTBeT

CTByeT cnyqa10 rrorrepe'IHoro BHeUIHero MarHHTHoro rron11. 

3TO paCXO)K,IJ,eHHe 3KCIIepHMeHTallbHhlX ,IJ,aHHhlX C rrpe,IJ,CKa-

3aHH11MH TeOpHH MO)KHO 06'b11CHHTb HerrapannenbHOCTblO 

BHeUIHero MarHHTHOrO IIOll11, OCH H3MepHTellbHOH KaTyUIKH 

H OCH CBepxrrpOBO,IJ,11II.J;ero 3KpaHa. 

llyCTb a - yron HaKnOHa rrepBH'IHOH Ka TYIIIKH TpaHC-

cl>opMaTopa K ocu 3KpaHa, f3 - yron HaKnoHa ocu Koneu; 

renbMrOllbi.J;a K OCH 3KpaHa, TOr,IJ,a perHCTpHpyeMblH B 

3KCIIepHMeHTe MarHHTHhlH IIOTOK paBeH 

3,83z/a l.S4z/a 
~<1>-S.f10 (0,29e cosaCOS/3+ 0,69e cos¢sinasinf3), 

1341 
r,IJ,e ¢ - yron Me)K,IJ,y HarrpaaneHHeM rrorrepe'IHOH cocTaB

n.HIOIUeil BHeUIHero MarHHTHOrO IIOll11 H rrpoeKI.J;HeH OCH 
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Puc. 2. 3aeucuMocmb Ko:Jtfofiut~ueHma 3KpaHupoeKu k11 (z) Ha 
ocu ceepxnpoeoo~~ezo t#UAUHopu~ecKozo 3KpaHa ZA)6uHou 
C = 40 CM U BHympeHHUM paouyCOM a = 3 CM, noAy~eHHa~ 
c noMO~biO KCH. ToA~uHa cmeHKU 3KpaHa - 1 MM. Ilo 
zopu3oHmaAbHOU ocu - KoopouHama z t~eHmpa nepeu~Hou 
KamywKu ceepxnpoeoo~~ezo mpaHc(JopMamopa nomoKa, no
Me~eHHou Ha ocu 3KpaHa I z '"" 0 coomeemcmeyem omKpbzmo
MY KOHt#Y 3KpaHa/. ){A~ cpaBH€HU~ C 3KCnepUM€H11fQAbHbiMU 
1110~KaMU CnAOWHbiMU AUHUJZMU OQHbl zpa(JUKU (JyHK(#UU: 
a/k!l(z)=0.29e3,83z/a 6/ k.L(Z)=A·0.69e1.S<iz/a,zoe 
A,sirlasin {3 cos¢ xapaKmepu3yem cmeneHb HecoocHocmu 
CUC111€Mbl. 
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nepBH'IHOH KaTyWKH TpaHC~OpMaTopa Ha ropH30HTanbHYID 
nnocKOCTb. llpu ~ = 90° aenH'IHHa A <l> ue o6pamaeTc.H 
B uynb npu a# 0 , {3~ 0 · O,IJ,HaKo, npu Manblx OTKnoueHH.HX 
¢ OT 3Toro 3Ha'leHH.H A<P. a cne,IJ,oaaTenLHO, H K03~HUHeHT 
3KpauupoBKH kll(z) MO)I(eT o6pamaTLC.H a uynb npu 
ueKOTOpblx 3Ha'leHH.HX z , a u {3. llycTL ~ ~ 90 ° + A ¢ 
A~ "' a "" {3, TOr,IJ,a, 3Ha.H aenH'IHHy Z 0 , npH KOTOpOH K03~
~HUHeHT 3KpauupoBKH o6pamaeTc.H a uynb /puc. 2/, MO)I(HO 
oueHHTb aenuquuy yrnoa pa36anauca a , {3 u A~ 

3 029 (3,83-1.84)z
0

ia 
(sin a) "" a 3"' -..!.--e /35/ 

0,69 

B uaweM cnyqae ( I z 0 I "' 9 cM, a = 3 CM) 3TO ,IJ,aeT 
a "'{3 "' A¢- 5°, 'ITO anonue ,IJ,onycKaeTC.H ycnoBH.HMH 3K

cnepuMeHTa. 

llpu Z > Z O OCHOBIIOH BKna,IJ, B BenH'IHHY 1\ <!> /34/ 
BHOCHT nepaoe cnaraeMoe. lloae,IJ,euue 3aBHCHMOCTH k ll(z) 
6y,IJ,eT COOTBeTCTBOBaTb cnyqaro a~ {1 = 0 • T.e. H,IJ,eanLHOH 
COOCHOCTH CHCTeMbl. llpH Z< z 0 BenH'IHHa L\<fl 6y,IJ,eT on
pe,IJ,enJITbCJI BTOpbiM cnaraeMbiM a /34/, T. e. nonepequou 
cocTaBnJIIDIUeu MaruuTuoro non11 ua ocu 3Kpaua, JaTyxaro
meu Me,IJ,neuuee, 'leM aKcuanLHaJI COCTaBnJIIDIUaJI. CooTBeT
CTBYIDIUHM 06pa30M H3MeHHTCJI H llOBe,IJ,eHHe 3aBHCHMO
CTH k ll(z). 

llpoae,IJ,euuble uccne,IJ,oaauuJI noKa3biBaiDT, 'ITO npu pac
'leTe UHnHH,IJ,pH'IeCKHX CBepxnpOBO,IJ,JIIUHX 3KpaHOB B nep
BYID oqepe,IJ,b ueo6xo,IJ,HMO y'IHTbiBaTL uau6onee npouuKaw
IUYID nonepequyro cocTaBnRromyw auewuero MaruuTuoro 
non11. 

Xopowee cornacue 3KcnepuMeuTanLHbiX ,IJ,auublx c pe-
3ynLTaTaMH pacqeToa u ecTecTaeuuoe o6'bRcueuue a caeTe 
3THX pacqeToa ua6nro,IJ,aeMbiX auoManuu yKa3biBaeT ua B03-
MO)I(HOCTb npuMeueuu.H onucauuoro MeTo,IJ,a pac'leTa H ,IJ,n.H 
3Kpauoa 6onee cnO)I(HOH KOH~Hrypauuu, uanpBMep, TaKBX, 
KaK H306pa)l(eHHbiH Ha puc. 3. ropnOBBHa 1 3,IJ,eCb cny)I(BT 
XOpOWHM 3KCDOHeHUBanbHbiM ~BnbTpOM, 'ITO ll03BOn.HeT 
nony'IBTb ,IJ,ononuBTenLuoe ocna6neuue MaruBTHoro nomr. 
TaKBe 3Kpaubl MoryT 6b1Tb B3roToaneubl H3 cauuuoaou 
~onLrB una C,IJ,enaubl c6opHbiMB. OnbiT noKa3an, 'ITO 3Kpa
Hbl B3 ~onLrB pa6oTaroT nyqwe, 'I eM c6opuble c coe,IJ,uue
uueM ua pe3L6e una ua nauKe, u no3aon.HIOT nony'IBTL npu 
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Puc. 3. CeepxnpoeoOJiiJIUU ijUAUHopu'lecKuu 3KpaH c Y3Kou 
zopA06UHOU. 

,IJ,nHHe 3Kpaua -15 cM, pa,IJ,uyce - 1,3 CM, ,IJ,nuua ropnoau
Hbl - 3 cM H ee pa,IJ,uyce -0,6 CM ocna6neuue auewuux 
MarHHTHbiX HOneH He Xy)l(e, 'leM B 10 8pa3 Ha paCCTOJIHHH 
- 3 CM OT ,IJ,Ha 3Kpaua. 

AaTopbl npuuocJIT 6naro,IJ,apuocTL H.B.lleTpoay 3a no
MOIUL B npoBe,IJ,eHHH 3KCnepHMeHTOB. 
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