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Ky3H81lOB A.B., npell3eHllOpcjl B.A., Py6HH C.B. P9 - 11656 
0 npOHHKHOB&HBH HMnynbCHOrO MSrHHTHOrO nons ~epe3 
ccjlepB~eCKYIO o6ono~KY KOHe~HOII TOnlUHHhl 

PaccMoTpeaa aaaa~a o npoHBKHOBeaaa HMnynbcHoro HeoaHopoaaoro 

8KCH8nbHc>-CHMM&TpH~HOrO MSrHHTHOrO nons ~epe3 ccjlepB'IeCKYIO MeTanna

'I&CKYIO o6onO'IKY KOHe'IHOII TOnlUBHhl, 

npaBell&Hhl 8H8nBTB'IeCKBe Bhlp8lKeHHH llnH Cny'ISH KB83HCT8UBOH8pHoro 

nong B Manoro OTHOIUeHHH TOniUBHhl o6onO'IKH d K ee pa!lHycy R. !13 3THX 

BhiJl8lKeHBII cneAyeT, 'ITO 8Mnn&Tyll8 npOHBKIUero nons, cji830Bhlll CllBHr H 

. dR 2 
speMs nepexoAHoro npouecca onpeAensJOTcs oTaomeaaeM -· --- ( l3 -

132 4s-1 
TOJIIUBH8 CKBH-cnos, S - HOMep npocTp8HCTB&HHOII rapMOHHKH nons), npa 

60nbiUHX 3H8'16HBHX 3TOrO OTHOIU&HBH BM&eT M&CTO CBnbHOe 3Kp8HBpOB8HHe 

M8I'HBTHOrO nons, 60Jib1UOII cji830Bhlll CllBBr ( - tr/ 2) B 60nblUOe BpeMH nepe

XOllHOrO nponecca llSJKe B cny'lae O'feHb TOHKoll o6ono'IKB ( d I l3 << 1). 

Pa!SoTa BblllOJIHeHa B 0Tllene HOBLIX M&TOllOB ycKopeHHB OHHH. 

Coo6meuae 06"&ellBHeRHOI'O RHCTHTyT8 MepHhiX KCCneAOBSRHil, .Uy6H8 1978 

Kuznetsov A.B., Prejzendorf V.A., Rubin S,B. P9 - 11656 

About Penetration of the Pulse Magnetic Field 
via Spherical Shell of the Finite Thickness 

The problem of penetration of the pulse inhomogeneous axial
lysymmetrical magnetic field via spherical metallic shell of the finite 
thickeness has been considered, 

The analytical expressions for the case of qi.lasi-stationary 
field and minor ratio of the shell thickness d to its radius R have 
been given. Taking into account these expressions the amplitude 
of the penetrated field, phase shift and the time of transient process 

. are determined by the ratio of ciR • - 2- ( 8 is the thickness of a 
112 48-1 

skin-layer, s - the number of a spatial field harmonic), At a high 
value of this ratio a significant screening of the magnetic field, a 
large phase shift (- rr/2) and long time of the transient process 
even in the case of a very thin shell (d/li«l) are present. 

The investigation has been performed at the Department of 
New Acceleration Methods, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06'beJ1BH6BBbl/l BBCTBTyT SIJ1epHb1JC /ICCiletl.OBSHHJI J!yf5Ha 

B npouecce pa3pa6oTKH KonneKTHBHoro -ycKopuTenfi 
B03HHKaeT pfi.D. oonpocoo, CBfi3aHHbiX c 3KpauupoBKOH H 
npoHHKHOBeHHeM qepe3 3KpaHbl HnH cnnOWHble o6ono'IKH 
C KOHe'IHOH npOBO,IJ.HMOCTbW HMnynbCHblX 3neKTpOMarHHT
HbiX noneH:. Ilpu 3TOM ocTpeqaroTcfi oce cnyqau: Kor,IJ.a 
oenuquua CKHH- cnofi. MeHbWe, paoua una 6onbwe TOniUHHbl 
3KpaHa, KOr,IJ.a npHCYTCTBYWT KaK KaCaTenbHble, TaK H 
uopManbHbie cocTaBmiw~ue nonfi H Kor,IJ.a oa:>KHbl llJa30Bbie 
COOTHOWeHHfi, BpeMeHa 3ana3,IJ.blBaHHfi Me:>K.D.Y BHeWHHM 
noneM H noneM, npoHHKWHM qepe3 3KpaH una BHYTPb uero. 

He cy~ecToyeT e.IJ.HHoro MeTo,IJ.a pac<JeTa, no3oonfiwme
ro oxoaTHTb oce 3TH cnyqau ,IJ.nfi 3KpauoB 6onee una Meuee 
cno:>KHOH KOHlPHrypaUHH. Ilo3TOMY paCCMOTpeHHe MO,IJ.enb
Horo cnyqaJI, ,IJ.onycKaro~ero TO'IHOe peweuue H BKnroqaro
mero rnaBHbie xapaKTepHCTHKH ocex 3a,IJ.a'l no,IJ.o6uoro po,IJ.a, 
npe,IJ.cTaBnJieT HHTepec. TaKoe peweuue MO:>KHO TaK:>Ke 
HCUOnb30BaTb ,IJ.nJI OUeHKH TO'IHOCTH npu6nH:>KeHHblX MeTO,IJ.OB, 
npuMeHfieMbiX B cny<Jafix cno:>KHblX KoullJurypauuH: I eM., 

uanpuMep/ 1·21/. 
HH:>Ke B Ka'leCTBe MO,IJ.enbHOH paccMaTpHBaeTCJI 3a,IJ.a'la 

0 npOHHKHOBeHHH HMnynbCHOrO nonfi, C03,IJ.aBaeMOrO BHT
KOM C TOKOM, qepe3 cllJepH'IeCKyiO o6ono'IKY KOHe'IHOH TOn-

~HHbl *. 

"'3 u KpaHHpOBKa 3neKTpOMarHHTHOrO nonfi 3a,IJ.aHHOH 

<JaCTOTbl /T.e. CTaUHOHapHblH cnyqaH/ TOHKOCTeHHOH cllJe
pH'IeCKOH o6onO'IKOH paCCMaTpHBanaCb B /S/ 
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II. 

MO.>KHO paCCMOTpen. ,IJ.Ba cnyqag: 1/ BHTOK TOKa noMe
I.Qeu BHYTPL o6ono'IKH, 2/ - cuapy)I(H. He orpaHH'IHBa.H 
06I.QHOCTH, C'IHTaeM, 'ITO BHTOK HaXO,IJ.HTC.JI B 3KBaTOpHanL
HOH nnocKOCTH cciJepbl. B cciJepH'IecKoii cHcTeMe KOOP.D.HHaT 
r , 8 , rp llnOTHOCTL TOKa: 

~ ~ Io " J- e¢. a;--8 (r-a) ·8(8- '2"'")f(t). /1/ 

llonaras: R1 - auyTpeHHHii pa,nHyc o6ono'IKH, R2 - auewuHii, 
.D.n.H cnyqag 1/ ueo6xo.D.HMO C'IHTaTL a <R 1, .nns cnyqag 
2/ a>R2 . ToK C'IHTaeTc.H He3aps)f(eHHbiM; f(t) - 3a,nauuas 
ciJyHK~H.JI BpeMeHH. llpH HaHH'IHH o6onO'IKH npOCTpaHCTBO 
pa36HaaeTC.JI Ha TPH o6nacTH: 1/ a 1 /BHyTpeHH.H.JI o6nacTL/, 
onpe,nenseMas JHa'leHH.HMH 0,5r < R1 • .D.H3neKTpuqecKoiinoc
TO.HHHoii f •1, npOBO,IJ.HMOCTLIO a-0; 2/ 0 2 /Teno CaMOH 

o6onO'IKH/, R1 srsR2 ,£"1, a"O; 3/03 /BHeWH.JI.JI o6-
naCTL/, R2 <r<oo, t•1, a-0. 

a B CHny a3HMyTanLHOH CHMMeTpHH (-- o; 0) H OTCyT-
arp 

CTBH.JI 3ap.H,IJ.a OTHB'IHbiMH OT Hyn.H OKa3b1BaiOTC.JI HBWL 
COCTaBn.HIOI.QHe noneii E ¢. H 8. Hr . 0HH MoryT 6biTL BLipa
)l(eHLI qepe3 cocTaBn.HIOI.QYIO A¢ aeKTopuoro noTeH~Hana. 
PaCCMaTpHBaiOTC.H HCTO'IHHKH TOKa BH,IJ.a /1/, ,IJ.eHCTByiO
I.QHe HBWL Ha 3a,IJ.aHHOM KOHe'IHOM 0Tpe3Ke BpeMeHH. B 3TOM 
cnyqae .nns peweuus o6eHx 3a,naq MO)I(HO npHMeHHTL ape
MeHHOe pa3HO)I(eHHe ~ypLe H MeTO,IJ. "CWHBaHH.H" noneii 
ua rpauu~ax o6nacTeii 1,2,3. llonaras 

k- ~. c • K • y f k2 
4 rrai 

+ -w, 
c2 

/2/ 

A(1),(2),(3)( 
8

) 1 +J00
A(1),(2),(3)( 

8
) iw t d 

w,r, --=- ¢ t,r, e t, 
y2rr -oo /3/ 

4 

J 

+"" 
( ) 

1 iw t 
g (u - -= f f (t) e d t , 

/4/ 

v 2 7T -"" 

0 1 a 2a 1 a. a 1 ~ "' -:-2"'" - ( r -) + --[ -( sme - ) - -. -1. 
r a r a r r 2 sin e a e a e sm e /5/ 

nonytiaeM eucre MY ypaaueuuii .IJ.flJI A (t ),(
2

),(
3

) a cnyqae 1/ 

~ I 
fA< 1>+ k 2 A< 1) .. _ ±E.. ~o(r-a)o(e- E...)g(w). /6/ 

c a 2 

fA (2) t K 2 A (2 ) .. 0, 

QA( 3)+ k2 A(3 ~0. 

/7/ 

/8/ 

B cnytiae 2/ npaeaH tiaCTb /6/ ecTb uynb, a aenuquua, 
COOTBeTCTBYIOIUaJI TOKY, nepeHOCHTCJI B npaayiO qaCTb /8/. 

"CwuaaHue" noneii oJnatiaer Bbmonueuue ua rpauuu.ax 

o6nacreii l ,2,3 ycnoeuii: 

A(1)1 = A(2) I 
rzRl r-R 1 

A(2)1 .A(3)1 
r"'R 2 r-R 2 

/9/ 

~ ( r A ( l) ) I - ~ ( r A (
2
)) I 

Jr r-R ar r=R 
1 1 

~ (rA(2) ) I 
a r r•R2 

a ( r A (3 ) ) I 
dr r~R2 

KpoMe /9/, ueo6xo,li,HMO yqecTb ycnoaue KouequocTH nonJI 

npu r =0 u ycnoaue uJnyqeHH.H npu r -+"". 
Peweuug ,ll,nJI /6/-/8/ MO:>KHO BblllHCaTb, ucnonbJYJI 

pa3no:>KenuJI ciJyHKU.HH A<1 ) , A( 2 ), A(3) no npucoe,ll,uHeHHLIM no
flHHOMaM ne:>KaH,ll,pa :J'(1) (cos 8). )J.nJI cnytiaJI 1/ nonyqaeTCJI 

n 

A(!) ((u,r.e) .. 5~1 5'2(:~ 1 (cose)IC 25_ 1 j 2 s-l (kr)+ 
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+ ia
2

k M2s-1 [j2s-1 (kr)h2s-1 (ka) -h 2s-1(kr)j2s-1(ka)]l. 

(a<rs_R 1 ), 1101 

(2) 
00 

(1) . 
A (w ,r,e) .. a:1 P2s-1 (cose) [ ~2s-1 J2s-1 (Kr) + 

+ ~s-1· h2s-1 (Kr )] • 1111 

(3) 00 (1) 
A (w,r,e) .. I P (cose)f28_1 • h

28
_

1
(kr), 

sz1 2s-1 
1121 

-
r.n.e {j (x); h (x) J ... lv ...!!_ J ...L (x); v .!!._ }( ..1. (x) I 

m m 2x m+ 2 2x m + 2 

"ccl>epH'IeCKHe ~HJIHH){pH'IeCKHe cl>YHK~HH", a KOHCTaHTbl 

c2s-1 '~ 2s-1 'a2s-1 'f2s-1 l.n.ns Ka:>K.n,oii npocTpaHCTBeHHOB 
rapMOHHKHI nerKo onpe.n,ensroTcs H3 191. ,D;ns cnyqas 
21 6y.n,eT 

(1) 
00 

(1) 
A ,. If .p (cos8)j

28 1
(kr), 

sz1 2s-1 2s-1 -
/13/ 

(2) oo cz: • m(1) 
A .. s:J J2s-1 J2s-1 (Kr)+ a 2s-1 h2s-1 (Kr )] J2s-1 (cos e). 

114/ 
A (3) .. s! [ - i a 2 k M2 s-1 h 2s-1(ka )j2 s}kr )+C 2 s-1 h2s-1 (kr )]x 

( 1) 
X p2s- 1 (cos e). (R2 s_r< a ). 1151 

B 1111-1151 aenH'IHHa 

M 2rr log(w) p<1) (4s-1)(2s-2)! 
2s-1 ..,_7 a • 2s-1 (0)--2--~ s! 

/16/ 

KoHcTaHTbl C2s-1, ~28_ 1 , a 28_ 1 , f 28_ 1 onpe.n,ensroTcs TaK 
)Ke, KaK H B cnyqae 11, COOTHOWeHHSMH 191. 

6 

.. 

TO 

Ecnu npHHSTb 

0; t < 0 

f(t)- \ s!n{lt, 0"~ t:; 
o: t> 11 

1T 

n· 

. WTT 

1 -rr-
g(w)- O(e +1) 

y2rr(02-w2) 

1171 

1181 

OKOH'IaTenbHble Bblpa:>KeHHS .n,ns noneii .n,aroTcs cl>opMynaMH 

A(1),(2),(3) 
¢ 

1 00 (1) (2) (3) -iwt 
( r • e ,t) - --== . 2 ReI I A • . ( r. e . w )e dw l. 

y2rr 0 1191 

1 a 1 a . 
He=- Tar (rA¢). Hr .. rsiiie- J(j(sm8A¢ ), 

E •- .!_ aA¢ 
¢ cat' 

III. 

1201 

IlonyqeHHble Bblpa:>KeHHS nonHoCTbiO onpe.n,ensiDT nons 
B JII060ii H3 o6nacTeii a 1• a2 H a 3 npH npOH3BOnbHblX 
3Ha'leHusx napaMeTpoB R 1 ,R2 , a • Q • a H (. OcTaeTcs 
nHWb Bbl'IHCnHTb HHTerpa.JJ <l>ypbe no 'laCTOTaM 1191. 

Bo3MO:>KHbl .n,sa nyTH ero Bbl'IHCJieHHS. Ilepsblii - 3TO 
Henocpe.n,CTBeHHOe 'IHCneHHOe HHTerpHpOBaHHe C noMO~biO 
3BM, 'ITO no3BOnSeT HaXO){HTb nons B JI1060ii o6naCTH 
H npH JI106blX 3Ha'leHHSX napaMeTpOB. IlOCKOnbKY nO,I{blHTer
panbHaS ll!YHK~Hs B I 19 I He HMeeT oco6eHHOCTeii Ha 
.n,eiiCTBHTenbHOB OCH, 'IHCneHHOe HHTerpHpOBaHHe He Bb13bl
BaeT 3aTpy.n,HeHHB, ecnH BOCnOnb30BaTbCS pa3nO:>KeHHSMH 
llJyHK~HH j H h H HX aCHMnTOTH'IeCKHMH llJopMynaMH, 

m m 
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COOTBeTCTBeHHO, npH ManbiX H 60nLlliHX 3HaqeHHSX apry
MeHTOB. fipH 3TOM, O~HaKO, qHcneHHOe HHTerpHpOBaHHe 
He n03BOnseT BhlSBHTL aHanHTHqecKyiO CBS3L BenHqHH 
noneii, t1Ja30BLIX COOTHOllieHHB H BpeMeH npOHHKHOBeHHS 
nons c xapaxTepHhlMH napaMeTpaMH 3a~aqH. 

qT06bl nonyqHTL TaKyiO CBS3L, MO.>KHO BOCnOnL30BaTL· 
cs ~pyrHM nyTeM - BhlqHcneHHeM HHTerpana I 19 I c no
MOI.QLIO TeopHH BblqeTOB, KaK 3TO C~enaHo, HanpHMep, 
a 141 ~ns ~pyroii reoMeTpHH 3a~aqH H o~Hopo~Horo BHem
Hero nons. llon10ca no~LIHTerpanLHOB tiJyHKI.J;HH 1191 coa
na~aiOT c HynsMH ~eTepMHHaHTa CHCTeMLI 191. KpoMe 

TT 
TOro, llpH 0 ~t :S Q ~ns 3aMbiKaHHJI KOHTypa HHTerpH-

pOBaHHJI B KOMnneKCHOB nnOCKOCTH tiJYHKI.J;HIO g (w) Heo6-
XO~HMO pa36HTL Ha ~Be qaCTH H ~nJI Ka.>K~OB H3 HHX 
Bhl6HpaTL CBOH KOHTyp HHTerpHpOBaHHJI. 3TO npHBO~HT 
K nOJIBneHHIO ei.Qe ~BYX llOnJOCOB npH O:::;•t 'S. n . 

0THOCHTenLHO npOCThle Bhlpa.>KeHHJI ~nJI noneii, llpOHH· 
KaJOI.QHX qepe3 ctiJepHqecKyiO o6onoqKy, y~aeTcJI nonyqHTL 
nHmL npH cne~yiOI.QHX ~ononHHTenLHhlX npe~nono.>KeHHJix: 

11 fiOnJI JIBnJIIOTCJI KBa3HCTai.J;HOHapHhlMH ( kR
2 

« 1 ). 
21 MaTepHan o6onoqKH HMeeT BhlCOKYIO npoao~HMOCTL 

a, B pe3ynLTaTe qero B Bhlpa.>KeHHH 121 MO.>KHO npeHe6peqL 

-
qneHOMEk 2 (T.e.K-:.(i+1)vi~k H IKRI»1). 

c 

31 Toni.QHHa o6onoqKH d,.. R2 - R 1 Mana no cpaaHeHHIO 
c ee pa~HycoM R1 . 

fipH 3THX npe~nono.>KeHHJIX ~nJI Ka.>K~OB npOCTpaHCTBeH
HOB rapMOHHKH non.11 MO.>KHO nonyqHTL Bhlpa.>KeHHJI, aHa
norHqHLie141.TaK, HanpHMep, B cnyqae 21 ~n.11 s -rapMo
HHKH Hr KOMnoHeHThl non.11 B o6nacTH G

1 
nonyqHM 

(s) (s) R2 2s-1 rr 
H ""H r ( -) { B s sin (n t- ¢ s) • 17 ( 7'\ - 1) + r o R 1 u 

TT 

[1+e ~ •77(t-!f)1e ros 

1211 + + 
( n r + __!_) cos vi ( 

OS flr S 
OS 

8 

( 

I r 

2 00 

+ -- ~ (-1)m 
flr m•1 

OS 

rr3m 2 rr2m2 
2[2 - --flt 

[ 1 + e 2 • 17 (t- IT)] e 2( 2 

1 + 
rr 4m4 

4(4 

c2 
3~eCL 0 "" vi 2rra fl - CKHHOBaJI rny6HHa • t: i_ . d(4s-1.) 

t'::,• ~ ,( 2:-

u s R • 
1 

2 2 - 112 g2s 
B z(g +g ) , tgcp "" -

s ls 2s s g 
ls 

gls ""cosf • chf + i_ ( cosfshf- sinf. ch f), 
fs 1221 

g2 s .. sin f • sh f + _§_ (cos f sh f + sin f. ch f) ; 
( s 

1,x>O (s) 
77(x)=l 

0 
-

0
; Hr - aMnnHTy~a 

,x< o S • rapMOHHKH non.11 B 

~aHHOB TOqKe B OTCYTCTBHe 3KpaHa; 

d 
r z -· 
OS O 

2(2 
1231 

R1 2 -· --0 (4s-1) n n "(s 

- xapaKTepuoe apeMJI 3aTyxaHHs nepexo~Horo npon;ecca 
MJI S - rapMOHHKH nocne BhlKnJOqeHHS HMnynLca BHelliHero 
non.11, onpe~enseMoe MHHHManLHhlM xopHeM ~eTepMHHaHTa 
CHCTeMLI 191. fipH f< 1 MO.>KHO npeHe6peqL CYMMOB B 
Bblpa.>KeHHH 1211, a npH (<< 1 ero MO.>KHO npe~CTaBHTL 
B BH~e 

H~ 8)::: H~:){ sin(flt -¢
8

) •77 (~ -t )+ 1241 

t 
TT • - r OS 

~ • 17 (t- ~) ]e • sin¢ 
8 

lcos¢
8 

• + [ 1 +e 

r~e tg¢
8

::: flr
08

/(1- ~ .;:: flr
08 

). 
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113 /23/ cne.D.yeT, qTo npH ~ « 1 H 
R 1 
_1 >>-
0 ~ 

Bblnon-

H.lleTC.II ycnosHe Ur >> 1. B JTOM cnyqae ¢ - !!.... H OS S - 2 

T7 <t-n) 
r OS T7 ) ·77<t-n). 

H(s) 
(s) r0 77 ) H -=- ((1-cosUt)· 77 <n -t +2e 

Uros 
/25/ 

Bbipa>KeHH.II, aHanorHqHble /21/, /24/, /25/, nonyqaiOTC.II 

H )].n.ll H () . _ 
TaKHM o6pa3oM, cTeneHh JKpaHHpOBKH MarHHTHoro 

non.11 onpeJ],en.HeTC.II He TOnbKO OTHOWeHHeM TOni~HHbl JKpa
Ha K CKHHY (~), HO H pa3MepaMH JKpaHHPYIOIUeii o6onoq-

R 
KH jnapaMeTp 8 HnH 

R 
d 

j. 3TOT BbiBO)], He HOB, OH 

/3/ u 

OTMeqeH, HanpHMep, B , a TaK>Ke cne)].yeT H3 Bblpa>KeHHH 
pa6oTbl 141 . HaM 6bl xoTenoch no.D.qepKHYTh 3JJ.eCh TOT 
4la.KT, qTO, KaK BH)],HO H3 /25/, J],a>Ke B cnyqae oqeHb TOH
Koii o6onoqKH (~« 1) MO>KeT Ha6JIIO.D.aThC.II cHnbHOe JKpa
HHposaHHe MarHHTHOrO non.11, npHqeM CTeneHb JKpaHHPOBKH 
na.D.aeT npH6nH3HTenhHO nponop~HoHanhHO HoMepy rapMo-

HHKH S · 
Ha puc. 1 npHBe)].eHa 3aBHCHMOCTb aMnnHTY.D.bl A1 H 

l}la3bl cp1 nepBOB rapMOHHKH MarHHTHOrO non.11 B 3aBHCHMO~-
TH OT ~ npH pa3nHqHbiX 3HaqeHHJIX napaMeTpa C"" 7j. 

- ~ .../2 f • e 
KaK cne)],yeTH3/22/, A 1 : ~l H ¢ 1 ::~+~· llpH ~»1, 

OcHOBHaJI qacTh pacqeTOB no JKpaHHposaHHJO npose.D.e
Ha nyTeM q)JcneHHoro HHTerpHposaHHJI Bblpa>KeHHii /19/, 
/20/. oblna cocTasneHa nporpaMMa Ha ci>OPTPAHe, 
n03BOnJIJOIUaJI HaXO)].HTb C 3a)].aHHOB TOqHOCTbJO KOMnOHeH
Tbl MarHHTHOrO nonJI B JII060B npocTpaHCTBeHHO·BpeMeH
HOB ToqKe npH npoH3BOnbHbiX 3HaqeHHJIX napaMeTpoB. 
HH>Ke npHBO.D.JITCJI pe3ynhTaTbl pacqeTOB no JTOii nporpaM
Me )],nJI KBa3HCTaUHOHapHOrO MarHHTHOrO nonJI /HCTOqHHK 

nonJI sHe o6onoqKH/. 

tO 

I 
i 

R, If, 

I. 

~5 

-==-=i: 
c .. l. 

6 

--
1\¥\"n -----;- =::.;-,____ __ _ 

'-' 0.$ f 

Puc.l. 3aeucu..wocm& a..wnAumyO&I A 1 u f/ia3&1 ¢ 1 nepeou 

R zapMOHUKU 0111 ~ npu pa3AU'IHbiX 3HQ'I€HUJIX napaMe1!1pa C'"'a· 

Ha puc. 2 noKa3aHo H3MeHeHHe so speMeHH He KoM
noHeHTbl MarHHTHoro non.11 Ha BHewHeii H BHyTpeHHeii no
sepxuocT.IIX o6onoqKH npH pa3nHqHbiX 3HaqeHH.IIX ~. H r 
KoMnoHeHTa non.11 Ha o6eHx nosepxHOCT.IIX o6onoqKH npH 
JTOM npaKTHqeCKH O)].HHaKOBa. 

fipouecc npOHHKHOBeHH.II pa3nHqHbiX npOCTpaHCTBeHHbiX 
rapMOHHK MarHHTHoro nong qepe3 o6onoqKy npHBe.D.eH 
Ha puc. 3 .D.n.ll ~ =1. 3.D.ecb, KaK H B cnyqae TOHKoii 
o6onoqKH ~<< 1), Ha6JIIO.D.aeTC.II yMeHbWeHHe cTeneHH JK
paHHPOBKH C pOCTOM HOMepa rapMOHHKH. 

Ha puc. 4 noKa3aH npouecc ycTaHosneHH.II non.11 BHYTPH 
o6onoqKH npH BKJIIOqeHHH HCToqHHKa, KOr)],a TOK B HeM 
H3MeH.IIeTC.II no 3aKOHY I zlo sin n t ( t ~ 0). lloXOlKHB nepe-
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Puc.2. H3MeHeHue eo epeMeHu KOMnoHeHm&l Ilo MaZHUmHo
zo no/Ill Ha eHeumeu u eHympeHHeii noeepxHocmllx o6o11o~Ku 
!- nolle Ha eHeumeu noeepxHocmu, -·- nolle Ha eHympew 
Heii noeepxHocmu, - HeucKa.JKeHHoe eHeumee no11e; 1-~~1. 
2- I;= 0,125. 3- ~.., 0,025 ; ~ ""50. 

(l) 
u. -, u,. 
~s 
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~3 
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Puc.3. llpoHUKHoeeHue pa3/IU~H&IX npocmpaHcmeeHHbiX zap
MOHUK MQZHUmHOZO nO/Ill ~epe3 o60IIO~KY npu f, =J U 

B:.,.,so 0 . 
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Puc.4. llpo(lecc ycmaHoeAeHUll MaZHUmHozo noAll eHympu 
060AO~KU npu BKA~~eHUU BHeWHezo CUHYCOUOOAbHOZO UC
mo~HUKa. 

XO.D;HbiH npouecc MO:>KHO Ha6nJO.D;aTJ, npu ycTaHOBneHHB TOKa 
B uenu, COCTOS~eii B3 BH.D;YKTBBHOCTB B aKTBBHOrO con-
pOTBBneHBS npu BKJIIO'IeHBB rapMOHB'IeCKOH 3.,D;.c: 5/ 
MaKCBMan~ouoe 3Ha'leuue npouuKwero 11epe3 o6ono'IKY nons 
suaqane npuMepuo B.D;Boe 6on~owe ycTauosuswerocs 3Ha
qeuus. 

YKa3auuas f!lopTpauuas nporpaMMa 6blna ucnon~o3osaua 
.D;JIS oueuKu rpauuu npuMeHBMOCTB npu6nu:>Keuuoro cnoco6a 
paC'IeTa 3KpaHOB MeTO.D;OM pa36BeHBS BX Ha CBCTeMy 
BH.D;YKTBBHO CBS3aHHbiX BBTKOB /2/. Ha puc. 5 npBBe.D;eHbl 
pe3yni.TaTbl pac'leTOB npOHBKHOBeHBS BMnynbCHOrO Mar
HBTHOrO nons BHyTpb o6onO'IKB ,D;nS pa3nB'IHbiX 3Ha'leHBB 
OTHOWeHBS ee TOn~BHLI K CKBHY (/; ). CnnOWHLie nBHBH 
COOTBeTCTBYIOT TO'IHOMY paC'IeTy. KaK BB.D;HO B3 "puc. 5, 
MeTO.D; /2/ .D;OCTaTO'IHO XOpOWO pa6oTaeT npu ManLIX f,. 
C pOCTOM /; /snnOTb .D;O f, :1/ aMnnBTY.D;Hble COOTHOWeHBS 
BLinonHSIOTCS Y.D;OBneTBOpBTenbHO, TOr,D;a KaK B f!la30BLIX 
COOTHOWeHBSX nosBnSIOTCS paCXO:>K.D;eHBS. 

KaK y:>Ke OTMe'lanoc~o, 3KpauupyJO~ee .D;eiicTBBe cf!le
puqecKoii o6ono'IKH 3aBBCBT oT ee pa.D;uyca R. 0.D;HaKo 
.D;JIS 3Kpauos 6onee cno:>KHoii Koufllurypauuu 6LJsaeT ue 
scer.D;a scuo, KaKoii B3 ero pa3Mepos 6y.D;eT oKa3biBaTb 
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Puc.S. CpaaHeHue pe3yAbmamoa pactJema no mo'lHbJM 1/JopMy
AaM u npu6AuJICeHH020 Memooa pactJema 

121
. 

~t ---'·I 
I 

t5 

i 
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.05 

'11/2 .,. ~t 

Puc.6. JipoHUKHoaeHue MaZHUmHozo noAJI tJepe3 3KpaHbl 
pa3AU'lHOil {JopMbJ. Kpuaa.11 1 - c{JeputJecKuil 3KpaH paouy
ca R. KpuBbJe 2 u 3 - 3KpaHbl 3AAuncouoaAbHOil 1/JopMbl 
c noAyoc.RMU R u 2 R jcoomaemcmaeHHO: 6oAbWaJI noAyocb 
napaAAeAbHa nOA10 U nepneHOUKYAJipHa eMy/. 

14 

onpe)l.eJI.IIIOI.Qee BJIH.IIHHe Ha 3KpaHupoBKy. Ha puc. 6 noKa

JaHo npOHHKHOBeHHe MarHHTHOrO nOJI.II qepe3 3KpaHbl pa3-

JIH'IHOB <IJopMLI: c<IJepuqecKHB 3KpaH pa)l.Hyca R H 3KpaHLI 

B BH)l,e 3JIJIHnCOH)l,a Bpai.QeHH.II, BbiT.IIHYTOrO B)l.OJIL O)l.HOB 

H3 KOOp)l.HHaTHbiX OCeB /MaJia.ll nOJIYOCL 3JIJIHnCOH)l,a paBHa 

R, 6oJILIUa.ll - 2 • R I. Pac'!eT 6Lin npoae)l.eH no MeTo)l.y 121 

npu ~ =0,25. B 3TOM cnyqae, KaK BH)l.HO H3 puc. 5, 
pe3yJILTaTbl paC'!eTOB no MeTO)l.y 121 H no TO'IHbiM <iJopMy

JiaM coana)l.aiOT. H3 puc. 6 BH)l.Ho, 'ITO onpe)l.eJI.IIIOI.Qee 

BJIH.IIHHe Ha 3KpaHHpOBaHHe OKa3LIBaeT pa3Mep 3KpaHa, 

nepneH)l.HKYJI.IIpHLIB HanpaaneHHIO non.11. lfJMeHeHHe )l(e pa3-

Mepa 3KpaHa, napannenLHoro HanpaaneHHIO non.11, cna6o 

BJIH.IIeT Ha ero 3KpaHHPYIOI.Qee )l,eBCTBHe. 

IY. 

B JaKJIIO'IeHHe MO)I(HO OTMeTHTL cne)l.yroi.Qee. 

llpoBe)l.eHHLie pac'!eTLI noKaJanu, 'ITO Hau6onee YA06HLIM 

.IIBJI.IIeTC.II Henocpe)l.CTBeHHJ.IB 'IHCJieHHbiB C'leT Ha 3BM 
c ucnoJIL30BaHHeM HHTerpanoa /19/,/20/. KaKoKaJanocL, 

TaKOB nO)l.XO)l. He Tpe6yeT 60JILIUHX 3aTpaT MaiUHHHOrO 

BpeMeHH H B TO )l(e BpeM.II .IIBJI.IIeTC.II npHrO)l.HbiM H npH 

nepeXO)l,e B 06JiaCTL 6onee BbiCOKHX 'laC TOT, TOr)l,a KaK 

pac'leTbl C HCnOJILJOBaHHeM p.ll)l.a /21/, 6e3 yMeHLIUeHH.II 

rpOM03)l.KOCTH Bbi'IHCJieHHB, rO)l..IITC.II JIHIUL )l.JI.II KBa3HCTa

UHOHapHLIX nones H TOJILKO B CJiy'lae, KOr)l,a TOJII.QHHa 

o6ono'IKH MHoro MeHLIUe ee pa)l.uyca. 

KaK noKaJano cpaaHeHHe, npoae,IJ,eHHoe Ha )l.aHHOB 

MO,IJ,eJILHOB 3a)l,a'le, npH6JIH)I(eHHLIB MeTO)l. pac'!eTa/2/ npH

ro)l.eH )l.JI.II Ha,IJ,e)I(HLIX oueHoK )l,a)l(e B cnyqae TOJII.QHH 

3KpaHOB, CpaBHHMbiX CO CKHHOM. 

Kor)l,a ,IJ,aHHa.ll pa6oTa 6Lina y)l(e no)l.rOTOBJieHa K neqa

TH, nO.IIBHJiaCL pa6oTa 
161

, B KOTOpOB paCCMOTpeHa ,1l,H4J-

4Jy3H.II O)l.HOpO)l.HOrO /B OTJIH'IHe OT HaCTO.III.QeB pa60TLI/ 

KBaJHCTaUHOHapHoro MarHHTHOrO DOJI.II B c<IJepH'IeCKYIO 060-

JIO'IKy. ~OPMYJILI /23/ H /24/ )l.JI.II K034l4JHUHeHTa 3KpaHH

poBaHH.II H BpeMeHH ,1l,H4l4JYJHH HaCTO.III.QeB pa60TLI )l.JI.II 

'laC THOrO CJIY'Ia.ll O)l.HOpO)l.HOro nOJI.II ( S "" 1) COBDa)l,aiOT 

C COOTBeTCTBYIOI.QHMH <iJopMyJiaMH pafiOTbl /6/. 
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B~o~pa)l(aeM 6naro,IJ,apaocTb B.M.XCa6HUKOMY 3a nonel· 

able o6cy)I(,IJ,eHHJI. 
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