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I. TeHaop npoBOLlHMOCTH a nnoTHOCTb TOKa aoaMymenHl'! 

PaccMoTpHM aaHMyTanbHhie aonHhi a KBB3HHel!TpanbHoi! UIWHHLlPH''!CCKH orpaHH'IeHHoli 

Un83MC, '1CpE>3 KOTopylO LlBHMCTCl'l KBB3HHCl!TpanbHb!l! ny'IOK, orpBHlf'{CHHhli\ TOil me !IH

nHHLlplf'l<kKOi! noaepxHOCTblO, npH HBnH'IHH BHCWIIero OLlHOpOLlHOrO MBrHlfTHoro nong, Ha-

npaaneHHoro no OCR UHnHHLlpa, npH'IeM HanpaaneHHag CKopocTb ny'IKB u
0 

· napannenbua 

MarHHTHOMY nonro. KpoMe Toro, GyLleM npeLlnonaraTb,. 'ITO TennoabiM LlBHMCHHCM a nyq

Ke II B l)nB3Me MOMHO npeHeope'lb. no3TOMy peWeHag KIIHCTH'I9CKOrO ypBBHCHHl'l Llnl'! 

'IBCTHU' a -oro COpTa B OCHOBHOM COCTOl'IHHH 

~ + ; ~ + ~ [ ~; 1 .lin.. = 0 
a t a< c o a P~ (I) 

MoryT ObiTb BhlOpBHbl B naoopaTOpHol! CHCTeMe KOOpLlHHBT B BHLle: 

f (p,?,t) oa foa[P(t- t'), r +'R(t-t'),t'l= n8(P]a(r -r-·R ), 
·' 0 r 

8(:1'') i ) __ .1_ u·(r -r -'R ) • 
lo 277 ~ o , 

a ( x) = · I 1 x > 0 • 
0 X< 0 

rLle lJlYHKUHSI a onpeLlengeTcg KBK 

3LlCCb npHHl'!Tbl CneLlylOll{He 0003HB'ICHHl'l: n, n' - nnOTHOCTb 38pl'ILlOB B nnaaMe 

II ny'!Ke COOTB9TCTB9HHO, r 0 - pBLlHYC UHni1HLlpa
1 

:f II R~ bnpeLlenl'!lOTCl'l KBK peweHHl'l 
Ill' . 

XBpBKTepHCTII'19CKOll CHCT9Mbl , COOTB9TCTBY!Oll{Cl! ypaBH9HHIO (1) • JIHHeapH3yeM KHHCTH-

'ICCKOe ypaaHeHHe npa npeLlnOnOM9HHH, 'ITO B03MYll{9HHBSI lJlYHKUHSl pacnpeLleneHHSI H93Ha

'IHT9nbHO 0Tliii'IB9TCSI OT OCHOBHOl! •. TOrLla, npeLlCTBBlll'll'l lJlYHKUHlO pacnpeLleneHHl'l B BHLle 

nony'IHM cneLlyromee ypaaHeHHe: 

aat ~ aata ~ __ a_ + v --- + ea ( E~ + 
at a; c 

peweHHe KOTOporo llpH YCUOBIIH BLlHBOBTH'I9CKOrO BKlll0'19HHSI B3BHMOLl9i!CTBHl'l 38liHW9TCl'l 

B BHLlC 

f
' ,at riJ(t-t'JRJ 1 ~~ ~ ~ 

ata =- ea dt. oa .. I E(r +R,t')+..L[u,B]I. 
aP c (3) 

Vfcnonbayg aTy ,PopMyny, nonyqaeM Bb!pameHHR Llnl'l TOKa aoaMymeHHH: 
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.. 
jl 

I , 

- :li: e 2 f dt'·f dt"/dp vI~+~ lx 
a a • I aP aP 

(4} 

X 8( R +t 

, .. .. [..... , .... -+, , 
-r)I"E(r',t')u(r

0

-r)+ u(t-t) B(r ,t)]u-(r-r')l 
c 

nepeXO.Illl Tenepb K <lJypbe-npe.llCT8BneHHIO lPYHKUHll, BXO.Il>llllHX B (4}, II BOCnOilb30B8B-

11HlCb ypaeueHHeM MaKceenna 

liil = ~ n 
nony'IHM. 

r.ne u 
11 

lPY:HKUHH 

i(<u,kJ=a 
I 11 

c 

(w,k) E (w,t), 
1 

- Teuaop npoBO.IlHMOCTH .llilSI 6ecKouequoll nnaaMbi, a E1 (w, r) 
E

1 
( r, t )u(r

0 
-r). 

(5) 

- ¢ypbe-o6paa 

8biUHI.UeM KOMUOHeHTbl TeH30p8 npOBO.IlHMOCTH B IIBHOM BH.Ile B UHJ1HH.IlpH'IeCKHX KOOp.llH-

uaTax: 

u 
33 

u 
12 

u = 0 
11 22 

~I ( !1a + 
.411i a w 2 -w 2 

ua 

r.l'a(w-knu0 ) ), 

2[ 2 ,2, 
w (w-k.[ u) -w ·I 

I o na 

2 ...,,2 2 

.::iL [ "' + 
(k.L u0 )

2 

2 ]) 
"' I(~+ --. 2 

4111 a w w2 y
2
(w-k u) 

2 
(w-klu) w' 

Ha 

=-a 
21 

• ...,2w• 
= _~I ( 1 "'a ila 

411i a w(w 2-w2 ) 
H<Z 

o n o I o 

+ 
i !J'.i WHa (w - kll u 0 ) 

w 2 [(w -kll u )2 
- w" ] o na 

) . 

12 

[!a 
iu = (iu f = - ~ I ----.,. 

13 31 ,411 "' 

{.w-kllu)k,u 0 +i"''nak2uO ) 
k • 2 •2 ( 2 •2 , 

(w- II uo) -wHa w-kll uo)'-"'Ha 

,2 , k 

= - ia=tt "' :s ']a ~-_::-.!'!Juo )k2uo + i "'Ha r u o 2 2 ) ; 
iu = -

23 32 411 a w
2 (w- kll uJ2 -w;~ (w -kll u 0 ) -oJ~a 

4 

I 
.I 

. 2 
r.ne !12 = ,,411 e n , 0 ,2 = .i!!..<:..2n' 

a . a neHrMIOpOBCKlle '18CTOTbl '18CTUU a -ro 

u.a "'a Yo 
COpTa B nJ183Me H ny'IKe, H COOTBeTCTBHe liH.IleKCOB yCT8H8BJ1HB8eTCII cne.nyiOlllHM o6pa3oM: 

I f!:S r • • 2 ~ 0 ' 3= z 1 OCb z uanpaeneua no MarHI!THOMY non10. npn 3TOM Bbipa.lKe-

HUll .llilll TOKOB B03Myi.UeHUII MO.lKHO nepenUC8Tb B cne.nyiOI.UeM BH.ne: 

2 = 12 2 2 ==< 12 -.. ;i I~ _.; (6) 
j =_i_f w (1 -TJ)E +11 b k-1- Jt +!l b(k.tE.t)+U 1b[kE}!, 

• 141TCJJ • J z 3 4 % 

.. .. • 2 = 12 ·fo IV ........ Je:S 2 ...... 
i = _·1_·-lw (1-r)EJ.+!1

3 
bklE.+f.l:2 .ib[kh]lE•+.!l.i[Eh}ll 

.1 411W 

3.1lecb nee.neHbi cne.nyiOI.UHe o6oauaqeun11: 

-+ B ... 
h = __ o - e.nHHH'IHbll! BeKTOp, HanpanneHHbll! no M8rHHTHOMy nOJ110 1 

Do 

1J ~ 1.-
!12 

....::.:.J -
{)2 

o• 2 
1 - ·- 3+!1;. 

"'2 

"'2 

2 2 ·2 n = a + n•z , n = 
4 4 4 

y: (w -kll u,l 

!12 
3 

nC:ww 
'<" Ha 
~ 2 2 

"' - "' if a 

b u. 

s 
2 2 

Daw 

a c:o2-liJ2 
Ha 

0'2 
4 

"' - kll uo 

a;= I '1~, !1
2 =In;/; 

a 2 a 

n•.2 =I n;rw-kllu )2 

3 a ( 2 w -kllu ) -w'2 

2 

s f!'. {t)~~~-

a (w -kll uo)2 

O Ha 

~L 
w'2 

Ha 

2. BbiBO.Il . .nncnepcnouuoro ypaeueHHII 

<t>opMynbi (6) BMecTe c ypaeHeHHIIMH MaKcnenna 

rotE 

.. 
rot E 

1 R + ,4rr -~ 
c at --;;-' .. 

..L aD 
c at 
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II rpaHH'IHblMII YCITOBII<IMH Onpenem!IOT ITIIHel!Hble B03MyllleHHSI CHCTeMbl DIT83Ma-ny'IOK. 

YlcKmoqag II3 ypannennl! (7) B
1 

nony'IHM: 

.... .... .... -+ 2 .... 
.'; E ... V ( V E } = _L iJ -,. 

c2 at' + AL aj 
2 --

c at (8) 
3aMeqag, 'ITo yMHO>Kenuro E na it cooTBeTcTayeT ,Pypbe-oopaa F ( ik E.} 

I I ~r >r 
=I ar . 

0 

; IlepeXO.lliiM B (6) K KOOp.ll11H8THOMy npe.llCT8BITeHI!IO 38MeHol! k COOTBeTCTByro-
0 r < r 

llli!Mii 4_1I<l'><PepenunanbHbiMII onepaTopaMII B X -npencTanneHHII. Torna ypannenHe ( 8) B oo-

nacTII r, < rq aaniiweTc>I B anne (aaMeTIIM, 'ITO peweiiiie nmeM B BH.lle 
= E(r} el(h+nfi-<ilt)}: 

f = 

!11 E z - ik II ( ~ i.L } 
2 

-4L 
c• 

0'2 !1'2 ....,. !1'2 ....... 
TJ E - :..:.._ b

2 
t.1 E -i :: .... u( \iEJ)+ ... :.•'-b[V.E] (9.1) 

% c2 • c2 l.. , c 2 :l • 

2-+ ... ..... .... -+ 

-kll E.L + !1.1 E...L- V./ Yf:El} 
2 2 ,2 • 2 -+ ..... ... ·n,. ..... f1 ........ z n .... 

ikiiV,E =- ~.·EL- i;::LbV E + _4 b[Vh]E+-'Eh] 
.a.. z c 2 • 0 2 J. z c 2 ~ 2 c2 

YMno>KaR CKan11pno onepaTop 
-+ 
VJ, H8 ypaBnenne ( 9.2), nonyqaeM 

{), 2 o2 ........ · 
i(kll- ~b)L\l E. + i ...:::...r1E 1 ( 10) 

'}_EJ = c 2. z 

{rJ 2 11 2 w• 2 
~ l- Kll 7 c - kil 

lloncTaBnlteM 3TO Bbipa>KeH!fe B ypannen!fe ( 9.1), ncnonb3yl1 rrpii aTOM ypannenHe non11 ( 7.2) 

2 n'2b2 2 !l'b o2 
n'2 2 (~ -.........t_ ) 2 iw , (k --!:..;""'-

[1+ --1b.+l c2 ]A E +....!:!...ryE =-l~b- II ·c c2]B(JI) 
. 2 . . w 2 - k 2 l • c2 • c c 2 w 2 - k 2 z' 

c_ -C II -2 ( 
c

2 
c 

B peaynbTaTe BeKTopnoro yMHO>KeHII!t onepaT:>pa VJ.. na ypannenHe (9.2) II ncnonb3oaa-

HIIH ,PopMyn (10) If (7.2), nony'IHM 

4 

n (' .. 2 ;2)2 2 • -. - ~ ( - • {)'. b 
!..!'!.... c ? I B-~~jB=[_4_ 
c 2 k2 z c z 2 

~·- II c 

n'2b Q2 
(kll- .......3._)_ 
. c2 c2 

2 2 

YlcKnroqag B na ypanneiiHl! (II) II (12), nonyqaeM 
~· - kll c 

rne 

A=% 

rne k 
I 

.\1 1': + 2 li A l E • + B E z 

"'2 

~TJ+·[ 
() 2 ,.,2b 2 ()'2b 

_._.(k ... :'_3u1 .... ]2 .,, II ~---
c.j ( - kl( c2 

o'z 
l+...:.:..t..b + (kll--;:..;.2b)2 

c2 

A 
~ 

ro 

o2 

2' 
c 

2 

- kll 

6 

0 • 

a• 2 
-- - ( .!6<_( -

% c4 c:z 
2 2 -?-·-kif 

2 2 

kll } 

]!1jE •• (I2) 

( 13) 

' ( 14.1) 

·t 

n 
2 n• "' 2 2 2 

w -.-- - (- ( - 7cll ) 
- -- n c c2 , 

c2 . ( -.!!!!_, ..:.. kl21) [J + {)' 2b2 +.% ... ~:1'-PJ 
c 2 c2 w3.·,- 7c2 

c 2 II 
II DO.llCT8BITI1Sl A.l 'E. II 

nel!cTnyg Ha ypanneniie (II) onepaTopoM t\l 

IICKnroqaeM ·E • II3 CIICTeMbi ( 11-12). B peaynbTaTe IIMeeM 

2 

t.l B • + 2 A t.1 B • + B B .• = 0 , 

rne A II B onpeneneHbi ,PopMynaMII (14). 

PeweiiH>I ypaanenlfl! ( 13-15) oyneM IICK8Tb B BII.lle 

..!:...J..L X r: !11 X + 0. 

rne K 
2 

- pemeHII!t OIIKnanpaTnoro ypanneHIIR 

2 

A 2 .E 
~ . 

( 14.2) 

II3 (12), 

( 15) 

(16) 

K 

r • 
2A-;.....+B=O. (16) 

0 
TaKHM oopaaoM, peweHH!t ypanneHHl! 

r 
0 

( )3-15) npe.llCT8BnltiOTCH K8K niiHel!Hble KOMOHHa-
UHH <PYHKUHl! Secceng: 

E.= a
1

X
1

(K 
1

} + a
2
'X

2 
(K

2
), 

B. = b t X l K t ) + b 2 X 2 ( K 2} • 

rne 

X1 (K 1 } = ·c 1 i. ( 7) + d H· (~} 
0 

1 n r o ( 16::!) 

.x,(K 2 J = C 2 jn (~ + d:l!In(~} 
ro ro 

llono>KIIB xoa<P,PHUIIeHTbi d 1 = d 2 = 0, ynoane1-nopgg Tpeoonannro orpannqennocTn non eli 

noaMy.mennli npn r 

'18eMbiX HH.lleKCOM 

0 , nonyqaeM nn11 nanpH>KennocTel! nang BHYTP~ unnnnnpa ( OTMe- . 

nnnexc e · oooanaqaeT nnewnee none). 

E =a j (!!..,.!...}+a j (~), 
., 1 n ro 2 n r 0 

( 17) 

B ., b' j (~) + 
t n r 0 

b j (~) •• 
2 n r 0 

lloncTaBnRR Tenepb 3TH pemeHIIH B ncxonnbie ypanneHHH (II) n ( 12), naxonnM, 'ITO 

K03¢<PHUIIeHTbl, BX,O.llllll.lHe B ( J7), He 11BITI110TCI1 He38BIICHMblMH, CBH3b Me>Kny HIIMII 

·aanaeTcH cnenyromiiMII ..p;pMynaMII: 
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rne 

fi = 
1 

f3, 

"'2 

bt= f3t 8 t 

a
2

= /3
2

b
2 

2 

~'I- ( 1 
!1,2 2 (k 11'3 ; )2 
- 3 b 11- 2 

+ -,---- + c ) .!:.J_ 
c ..!!L • - kl"l r 2 

,_2b 
i<U [~ 
-- 2 
c c 

. n'2 ~ [ 4b 
c ~ 

c2 o 

!1'-"b n2 
· (kll-7>-;;rJ 

2 2 

(kll 

"'2 
c2 

:2 • - kll 

n,2 
-~J n2 

c2 7 

"'2 ,.,2 2 (k rr .-
-'I- r 1 + .. , b II-~2 c2 --- + c2 «.2 c 2 2

- )_2_ 
~, _ k2 r•-
c2 fl o 

PeweHHSI ( 17) np11 3TDM nepeUHWYTCSI B BIIJle: 

E 
"i 

!J .. , 

atj (~) + 
n ro 

K r 
f3 2 b 2 jn(-f--1• 

0 

f3taljn(.!:J.!._) + bijn(~) 
r o r o 

(18) 

(19) 

noTpe6yeM HenpepbiBHOCTb T8Hf'eHUHSnbHbiX KOMUOHeHT E 
11 !l np11 r = r

0 
, T.e. 

rpaanqnhle ycnosag na nosepxaocTH UHnnanpa aanaJlHM a BHJle 

E ., 
B 

"!t 

E 

B 

. 
0 

.. 
Eo, = Eo: 

(20) 
IJo, IJ o. 

, np11 kif = 0 H3 ypaBHeHHSI (7.2) HSXOJ:\IIM 

Ho 

H., 
ic 

"' 

ic 

"' 
dE 

" --. 
dr 

[1_ d( rEo) - .!:!__ E 1 • 
r · dr r O 

(21.1) 

(21.2) 

Ypasaea11e (9.2 ). pacnHcaanoe no KoopnuaaTaM c ncnonb3oaaaneM ·¢opMynbl (21.2), 

3KBHBaneHTHO CneJlyiDil.(HM ypasaeHHSIM: 

2 

"' (<7 
2 

kif JE, + ~H 
rc 

8 

!l,z iJ E !l';bn i!l 2 

- i(Trof- .::J...b)--11..-i ___ E --Eo=O; 
'1 c 2 a r . c 2 r • c 2 

( 
•'( 

J,~ 
. \ . 

~) 

_.,, 

I 

' I 
~f . ·\I 

~
:f: 

I f 
~J 

. _· .. . 1 .. .1 . . I 

. ' r 

I 
~ 
'I I, 

II 
.n 
'j 

II 
iJ 

.l . ; ~ 

n·.• 
~an .. (k;l --:;j-b)n 2 2 !Y2 . iJE if! 2 +' c E +(•.!!!._ -kii>Eo+-•_:, ___ .+ __ £ c ar r z c 2 c 2 a r c 2 , 

HcKmoqag ua 3TOi! CHCTeMbl ypaBHeHHi! E IIBXDJlliM 

Eo 
I 

. . . 

• 2 
{ tn w n 
rc 3 ( < w .2 2 ll z - i w a H . 

--r - fell ) -L. -c c ar 
4 2 2 4 

c (< ~ -kll )-Q 

2 
0'

2 
b n••b !l 4 )n 

(kll - + -c •r • s4 - V > E .. 

2 
2 !1' b 

!l(k-_3_) 2 

+ r II c 2 

2 . 2 2 
c(,w2-kll) 

. c 

G'4 b 1 aE. I. 
c 2 a r r 

o. (22) 

(22 

llng nonei! Bile UlfnlfHJlpS np11 ycnOBHII, qTo K 
MoryT IIBXOJliiTbCSI B KDMnneKCHOi! nnoc 

KOCTH, He06XOJlHMO nonO)KI!Tb c 1 = C 2 = 0 (ycnosae OrpaaaqeHHOCTH B03MYil.lElHHi! ua 6eCK( 

HeqHDCTII), 

KpoMe Toro, Jlng o6nacTH 

n =n'·=O 

r > r 
0 so scex npaseneanb!x BbiWe <!JopMynax HY)KHO. 

nonO)KlfTb Torna nng kll = 0 nonyqaeM: 

2 2 "'2 2 2 
Kl = K = -- r = 1'-2 2 0 

H c 

E, =· At !l" (p.)' . 
'(24) 

n = n
1 

H. (p. J • 
z

8 
· n 

nocne noncTaHOBKH (19),_ (21.1), (23) H (24) B (20) nonyqaeM cnenyromyro aanncb rpa

HHqHhiX ycnoanil np11 · r = r 
0 

8 t j n ( K t) + {3 2 b 2j n ( K 2) AtHn(p.), 

atKtj~(Kt) +f32b2j~TK2)K2= Atp.!l;(p.), 
(25) 

f3ta ljn(Kl} + b j /K2) = B lHn (p.)' 

rne 

a [a (K ) + ,8 a (K Jl + b [a (K ) + f3 2 a 1 (K2) I=- _;_ l1 1'- .'f'. (p.)' 
I t I t 2 I 2 2 2 cu crO I q 

n·2 2 ,. 
2!1,26 fl'i:. 2 , n n ·b 

__ ;, + --•-Jn !l -L.:.. + ..L.. a. 
2 a ( K ) = [ c2 c2,"'2 j n (K) -

c2 c2 
Kj:(K)} <W (25.1) 

I 
t: tU2r r 

( 2w 4 - !1 4 0 
0 
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a
2 

(K.) inn 
2 

r c E cu 
0 

. ( iw 2 
.Jn K)---Ki'·(K))---:'=-=W~-.-

CrO n < 2w4- !]4 

11a ycnoBHSJ coaMecTHOCTH ypannenuJ! (25} naxo.nuM .nucnepcHonnoe ypaanenue: 

jn(K I) {32jn (K2) lln (fl ) 0 

K i'·(K ) 
I n {3 K i'·(K )' 

2 2 n 2 (l .'1: ( (l) 0 I 
AU 

f3zi/K) j (K ) 
. n 0 Hn ((l) 

I = 0 

a I(KI) + {3 ,-alKI) a,(!<I)+f3 ai(K) 0 --i~·t•H'((l) 
• · 2 2 n 

w cr 

(26) 

KaK au.nnci ua 3Toro ypaanenuSJ,a 0 
OOuteM cnyqae paa.neneHHe npO.llOflbHb!X H nonepe'!Hb!X 

BOfiH SIDfiSJeTCSI HeB03MO)KHbiM, O.llH8KO> 3TO y.naeTCSI C.llenaTb B pSI.lle npe.nenbHbiX cnyqaen, 

KOTOpbie paCCM8TpHB8IOTCSI HH)Ke. 

3; Cna6oe MarnHTHOe none 

PacCMOTpHM noaoym.nenue 83HMYTBfibHbiX aonn, '18CTOTbi· KOTOpb!X w >> w" • T.e. 
- . ~ 

cnyqaJ! cnaooro MarHHTHoro nonn •. Tor.na {3
2 

= 0( ~), f3I =0( w'"'-J u c TO'IHOCTbiO .no 'lne-
. ~ w 

non nopB.nKa 0 ( ~) .nucnepcuonnoe ypannenue nepenumeTcSJ n nu.ne: 

r.ne 

AU = 

"I 
~-

ro 

(Ll I ;.r•,> "·'"' ·/ 
. "I j~(KI) .(llln(/l) 

2 
(Ll ( ( 1 
c2 

(Ll4 
~TJK 

c 
n •b • 

+ ---L..) + c• 
2 2 

~ +fl 
t = 1 I 2 

(Ll2 

3To.T cnyqaJ! Obin 

I;_,.,, .• _,,, 
a2(K2)- _i_ (lll'((l) I 

cu cr " 

!1 :b· 
~ 

"2 
2 --.-r 

0 

(Ll2 

~-· c 

= 0· 

a 2 (K 2) =- -'-·-·-K
2

j'(K ). 
n 2 w c r

0 
E 

n . /2/ =/ 
·2 

· npu. ycnonuu fl < 
npKonoro • r.ne noKaaano} 'iTO .llflSI E. 0 

neycTOi!'IHBbie pewenun. Ducnepcuonncie ypan-

paccMOTpen n paooTe 
11 2 2 

·. ~ « 1 B03MO)KHbl 
~ c 2 -

Henne .nn11 nonn E. =I 0 nMeeT au.n: 

10 

r.ne .\ 
l,n•l 

npu OOfibWHX 

2 • • • • n• 2v 2 ( w - fli - {l }( cu - fl I - --:':"f- ) ___,__ _cu__ 2 y 
0

. . 

fl2 2( 2 n2 n; 2 2 u2 Y 0 .1 CLl CLl -ui---,)-fl 1 fl_!!..ij-
Yo 2 c 

.\ 
I 

KOpenb j (A ) 
n •1 I 

o. 

nonyqaeM anepuo.nn'<eCKoe pemenue: 

2 
2 

2 

A J,n•J 

(Ll = n 2 J + 
T-

2 fl
2 

2 u 2 vrn, + -L J+ ,4111 fl 2
---""- 1 • 

y 2 c• 
¥.1(fli

2 
+ (27} 

0 0 

Dn11 E = o nonyqaeM .nucnepcuonaoe ypannenue: 

flin(K 2)H~((l)- K2j:(K 2)H.((l). = 0, 

2 2 

~ 
c2 HMeeT pewenue. 

KOTopoe n Tex me npe.nnonomenu11x 
2 • 

(Ll 2 < n 2v 
~ 1,2' --

2 y 
(Ll·2= n,+n~. 

<< 1 

2 
3aMeTHM, 'ITO nu.n .nucnepcuonnoro ypannenu!l npune.nennoro BhiWe, conna.naeT non-

HOCTbiO C ypanHeHHS!MH/
2
/, ecnH nonO)KHTb TBM <11 = nj ( x)- X j (X) , 'ITO H 

n n -1 
cne.noaano ·m«n.naTb. 

• 

4. ru.npO.llHHBMH'!eCKHe DOfiHbl 

Ycnoaue Kaaaunel!TpanbnocTn nyqKa u nnaaMbi noanon!leT npoaecTu paa.nenenue npo:

.nonhHbiX H nonepe'lllbiX BOfiH npH O'IeHb CHfibHblX MBrHHTllbiX nOfi!IX, T.e. CLl << '..:.~ • JleJi-

CTBHTenbHO, npH 3TOM n; = fl~2= 0 , T.K. ::£ eaN = 0 , OTKy.na, HCnOnb3y!l· (14,1-2) 

u ( 16 }, nonyqaeMx 
) a a 

2 

~ 
2 

ro 

2 

"• -,-
ro 

(Ll2 

7'1 

1 + !lib 2 +:? -;!7 
~K-kll 

2 (Ll 
--.•-k2 

c II 

{32 = 0 , 
P. (Ll 2 
/"I= 0 (--) 

(Ll2 
H; 

(28.1) 

(28.2) 

x} CLl 
npune.neHHhle 3.lleCb BblpameHH!I CYTb paanom.eHH!I .llO BTOporo nop!!.llK8 D.:> W 

H nepaoro nop11.nKa no /l =E.... , T.K. a 3Tol! oonacTH '<BCTOT 3neKTpOHHble KoneoaHH!I n; m, 
.llBIOT nonpanK,? nop!l.nKa fl <<1 H HMH Momno npeneopeq": no cpaauenu10 c nonHhiM aKna.noM. 
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2 
rae 03 c2 Q'! c 

-- =- -- __ 3_ =- --. 

npu cu2>> 0 ,.2 
I 

2 v 2 CLI 2 V'.2 
Cd AI Af 

• = 1 + 
c2 

y-r-
At 

2 
c 

+~ 
VAt 

a o6nacTH w·2 .< 0'·2 
I ' 

H o2 
=0'

2 
=O, 71 = 1 

3 3 

v =~ 
At. </TiiP, 

aeTepMHH8HT 

Ro 
H VA'.= J74i, =r anb<flaeuoacKHe CKopocTH uouoa nnaaMbi u ny'IKa, TaK KaK. 

I I 11p ,· . . 

(26) llpH /3 2 = 0 38fiHChiB8eTCSI K8K npOH3BeaeHHSI aayx aeTepMHH8HTOB, 

TO aucnepcuouuoe ypaaneuue . npeacTaansteTcst a auae: 

~AI 
cue 

· PaccMOTpHM cny'laii E. -1 0 

jn(KI) !ln(p.) 

K1 j;(K
1

) p..'f;(p.) 

i (K ) R ( p.) 
n 2 n 

K2j;(K2) IL R'·(p.) 
n 

l 

, 'ITO COOTBeT~TByeT 

p.jn (K 1 )R'~(p.) .C.K
1

j;(K
1

)Jln(p.) o. 
2 n I 

= o. 
(29) 

(30). 

8 o6nacTH __ << 1 K
1 

= p.. 
(<)2 

H ypaauenue ( 30) ue MOMeT yaoaneTBOpS1TbCSI 0 K8K 

Bp0HCKH8H fiHHei!HO He38BHCHMbiX pewenuii ypaaueuust Eeccenst, nosToMy <>TH qacTOThi 

aanpeweHbl, 3To cooTBeTcTayeT OTCYTCTBHIO aonu c ¢aaoaoll CKopoCTbiO v >> c 
At 

8 o6nacT~ onpemneuuoll o6paTHhlM HepaaeHCTBOM I cu 2 1 < I 0 2 i I npH aononHHTenbHOM 
. . 02r2 = 3 

npeanon OMeHHH 2 V = __l_JJ_ << 1 T, .e, MSfiOl! norOHHOl! fiflOTHOCTH HOHOB, 6y a eM 
I C I 

HMeTb 

IP. 
2
1 

I cu 2
1 r0

2 

--2-
c 

n 2 r 2 
< I 0 

--2-
c (31) 

«1. 

3To noaaonsteT B (30) npoaecTH paanoMeHHe Iln (it) 

qnenoM paanoMeHHst, 8 peaynbTaTe nony'IHM 

H 'R' ( p.) , orpanH'IHBa!lCb nepBbiM 
. n 

•n•l , -n •n 
-np. jn(K

1
)p. -K 1 jn-(K

1
)p. = K

1
jn_,(K

1
)p. 

J.1a <>Taro ypaaueunSI cneayeT, 'ITo 

rae >.. 
I, n ... J 

- KOpHH 

K 2 
I 

r 2 lil2 w2 

o c2'1 ?' 
~dt + n;2b2J + o;•b2 
c c2 c4 

ypaaneHHSI jn-l (>.. 1,n ·I ) =. 0 , 

Ypaanenne (32) HMeeT peweuue 

2 
CLI o 2 + n: u2 

1. _o 

2 

A,• n •I • 

2 
u c 

0 

o. 

l. --· y2 
0 

' 2 2 .\I c . 
V'2 
AI V'

4
( 1 + ~+~) 

AI v 2 V' 2 
AI At 

12 

(32) 

(33) 

1 I , (34) 

2 2 2 n: k c >> n
1 

+ __ , 
I Yl .!ln!l 60flbWHX BOflHOBbiX BeKTOpOB, T,e, 

ycnoaue aoa6yMaeHH!l ruapoanuaMit'leCKHX E -aonu c yqeToM penstTHBH3Ma aanuweTcst 

B Blfae; 
v2+ v'.2. 

aaecb V'2 
A 

C06CTB, 
y 2 V'2 

0 A 

u2 > 
0 

A A C06CTB, 

yo 

B nepen!lTHBHCTCKOM npeaene ¢opMyna (34) nepexoaHT a 

2 > v2 V'2 
UO A + A • 

'ITo coanaaaeT c ycnoaueM, H8iilleHHblM B /
3

/ llflSI 6eCKOHe'IHOl! fifl83Mhl, 

J.1HKpeMeHT Hap8CT8HifSI rHJlpOllHH8MH'IeCKHX BOflH HMeeT BHll: 

2 
y 

. 2 
2 v 

2 u(1+-4J 
k c 2

[ 
0 c 

I 2 2 2 
V + V' ( 1 + ...!:'.i.) 

Af AI C2 

B Hepen!lTHBHCTCKOM npH6nHMeHHH 

2 
1]-(0,+ 

2 

~) 
2 

yo 

2 n2 2 2 u 2 

v-ro + -J+k c r -1) 
1 }'2 I 2 '2 IY I 

o v + vA· 
AI I 

(35) 

(36) 

PaccMoTpHM cneKTP R -aonn. npn 3TOM T8K Me, K8K H B npellhlllyweM cnyqae, 

nerKO y6ellHTbCSI B TOM, 'ITO aoaMyweunst c I cu
2

1 >> 0'
2 

OTCYTCTBYIOT, .!lel!CTBIITenbHo
1 31 

llHCnepCHOHHOe ypaanenue llflSI 3THX BOflH 

p. j n ( K 
2

) n; (p.) 
K 2 j~(K2)Rn (p.) 

0 (37) 

B STOll 06fi3CTH He HMeeT peweHIIH, T3K ~3K K 2= p. H • = 1 

2 2 

8 o6nacTH 'I "" I ~ I n 31 I 
Hd lfl

31
lnlfl';11 ): 

I P. 
2

1 

2 2 
leu I ro < 
~ 

2 2 2 

IK I=~ 
2 c 

6ylleM HMeTb (alleCb I n3, I Bhi6npaeTCSI MeHbWell 

!12 2 
"'s1 r o ----.,.c 

"2 2 
.. , OJ 

~ 
Ill 

n ~ 1 r: 
( ~ -----::-- l 

c 

2 2 

2 !ll r o << 1 ' ..:a.-« --r-
c c 

n 2 2 2 ,r OJ =----!- (--,--•) « 1, 
C CLI 

"' 2 
2 

TaK KaK I ': , £ I 
1 

< 1 (JleiiCTBHTenbno, paanoMenne aenocb TaK, 'ITO - > or I~IJ, 
cnenoaaTenbll~! £ < 

w 2 c cu111 
O(l- J! 1 ) , oTCrolla cnellyeT cnpaBellnHBOCTb nanncaunoro Bhrwe 

nepaaencTaa). 
OJ 

PacKnallbiBa!l llO BToporo nop!lllKa no K If p. ypaaneHHe (37), H8XOllHM, 'ITO 
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H B SToll o6naCTH B C.z:tenaHHOM npli6nH)I(eHHH peweHHll HeT, T.e. npH CHnbHblX MBI'HHTHblX 

nom1x npn kll = 0 ecTb TOnbKO E -aonHbl. 

5. Cna6oe MarHHTHoe none H ny'IOK Manoa nnoTHOCTH 

121 
KaK 6bmo noKaaaHo a pa6oTe J 6ea MarHHTHoro nang a paccMaTpnaaeMoll CHCTeMe 

B03HHKaeT anepHO.llH'IeCKB!I HeyCTOH'!HBOCTb .z:tng 83HMyTanbHhlX BOnH C HHKpeMei!TOM B He
fl fl u 

pen!ITIIBHCTCKoll npe.oene l:n "'= -'fl~+/p c , KOTOpbiH npn ycnoann N ny'IK. << N nriaaMhl 
v 1 2 

MO)I(HO nepenncaTb c TO'IHOCTblO .z:to nepaoro nop!l.z:tKa no l'l ny'!Ka 

lm"' = Q ::.._ 
2 c {38) 

B CB!I3H c STIIM OKB3hiBaeTcg HHTepeCHbiM paccMoTpeTb s:y o6nacTb qacToT npn 

cna6biX MarHHTHhlX non11x, T.e. 
2 2 

<Ll He << flo 

npH'IeM .z:tn!l ny'!Ka 9TO ycnOBIIe He BhmOnll!le1Cg. 

Sy.z:teM paccMaTpHBBTb TaK)I(e Hepen!ITIIBHCTCKHll cnyqall, 

KpoMe Taro, TaK KBK peweHKH .z:tHcnepcHoHHoro ypaaHeHll!l 

2 

T.e. ~ << 1 H w' 
c

2 
If• cua.· 

HWeM B o6naCTH <Ll = "' lie ' m TO BnH!IHHeM HOHOB MO)I(HO npeae6pe'lb C TO'IHOCTblO .00 nepaoro. nop!l.z:tKa no /L = --"-
. m 

3aMeTHM .ZlOnOnHKTenbHO, 'ITO B paCCMaTpHBaeMOH OOJiaCTII
0 

B CB.d31I C { 38) 
0 

npe.uc~aBJI!IeT 
HHTepec cny'lall, Kor.oa 

PaccMoTpHM Bhlpa)l(eHHe 

0 2 

npH 9TIIX npe.z:tnOJIO)I(elfH!IX. 

Ha HHX cne.uyeT, 'ITo: 

2 

!13 
--2-

(L) 

2 

I "'2 - "'2 I > n-2 2 
lle e c2 

"'2 
He 

!1'2 ~ 

(}2 ,.,2 
( __ "3.· 

"'4 £ 

2 
Q 

2---2 ·, 

"' -(L) 
He 

c2 

2 
n·. + __ 4_) 
"'2 

'I 

2 
Q'. 

3 
--2-

<Ll 

14 

2 
u 

0 

7 

2 

"' 

Q' 2 

2 
cu u e 

.{40) 

{41) 

H cne.ooaaTenbl!o 

(}2 
4 

-= 
"'2 

2 
0 

2 
Q 

( = -
2 

"' -<Ll 

fl
2

w 
e He = 

w(w 2 -w 2
) 

He 

I 
fl'4 

__ 3 

"'4'1 

2 
uo 
-. 

c 

-2 
He 

2 
n3 

--2-

"' 

Q'2 

~ <Ll-<Ll 
He 

I 

fl'. 
4 

I 
2 

"' 

7] 

2 

[l2 . 
"'2 

fl'2 
_3._. 

2 

"' 

4 2 2 
O'e cu u o 

(w2-<Ll2 )2fl2 c2 
He e 

<< 1, 

nOSTOMY .z:tn!l HBXO)I(,Zlei!H!I peweHHll ypaaHeHH!I {38) B yKaaaHHOH oonaCTil MO>KHO BOCJIOJib" 

aoaaTbC!I paaJio)l(eHHeM rro 8 .oo BToporo nopH.uKa. Tor.oa peweHH!I ypaaaeHH!I { 16-1) 

aanHWYTC!I B BH.z:te: 

Llanee {3
1 

={J
2
=0(o) II 

2 
Kl 

--:-;T 
= 

0 

2 

K2 
--2-

'o 

a = f ( K) 
1 n ·1 

2 
w 

"' ~ 
fl'2 2 

1+~ ~ 
2 2 c2 

"' -(L) He 

4 

"'
4 

2 n 
-::7 ( - ---. 

c c 
"'2 

-,• 
c 

(a = 0 
I 

2 

+ oro ) I 

{42) 

+ 0( 0 
2

) 

Kl = Alon•l ). 

3TO 3Ha'IHT 0 'ITO C TO'IHOCTblO .00 'lneHOB BTOpO!'O nopSI.z:tKa B03MO>KHO paa.ueneHHe npo-

.ZlOnbHblX K nonepe'!HbiX BOnH, H .ZliiCnepcHOHHOe ypaBHeHHe aanHCb!BaeTCSI B BH.z:te: 

jn (Kl) !fn(p.) jn(K2) lln(p.) 

!J.U 

Kj'(K) (1-H(p.) 
1 n 1 n 

a (K ) __ i_ (1-H'((l-) 
2 2 CtJ cr o n 

.un11 aona c E • .f 0 KMeroTC!I peweaHH npR Tex )l(e .oononHRTenbHblX 

KOTOpble HaKna.z:tb!BaJIHCb npH pacCMOTpeHHH HeMa!'HHTOaKTHBHOH nna3Mbl ( 1'- 2 = 

2 

3To ypaanea11e .un11 6onbWHX k 
1 

w2 

w 

2 c 
IJ 

------,------
!]'. u2 

l+ 2e2--f-
C:U-(U c 

.oaeT 

2 

w He 

He 

r.'2 u 2 

" 0 . -
c 

15 

2 
k 

I 

o_ (43) 

orpanuqeHHHX, 
2 2 

~ « 1 ). 
c2 

(44) 

(45) 



T.e. B MarHHTOaKTHBHOH nna3Me HeyCTOHqHBOCTH THna (38) B Hepei1HTHBHCTCKOM npeMene 

MoryT OL!Tb 3a.oasneHhi MarHnTHbiM noneM n.pH ycnoann, qTo l<l 2 > fl~.2 ~ 
lie ~ e c2 

Jlanee MO:>KHO noKa3aTb1 qTo <j:JopMyna (45) OCTaeTCH Cnpaae.QJ1HBOH H B pei1HTHBHCT

CKOIJ OOJ1aCTH • .QeilCTBHTeJ1bH01 Bl>lpa:>KeHHe (38) llill! HHKpeMeHTa B nna3Me 6e3 MarHHT-

a oro 

~ 
n, 

nonl! a aepenl!THBHCTCKOM npe.oene coana.oaeT c lm l<l npn pa3no:>Keann l<l 

( npe.ononaraeTcl!, qTo n 2 << 1 ) c yqeTOM pei1l!THBH3Ma • Toqao TaK :>Ke 

no 

MO)KHO UOK838Tb, 'tJTO B 
n, 

0
,2 

peill!THBHCTCKOM. cnyqae, BBO.Ql! napaMeTp MailOCTH __._ << -4-
[). •2 ,. .. X H pewal! llHCnepCHOHHOe ypaaaeane .llilH BOJ1H C E .J 0 ( H KaK BCIO.Oy Bh!We Kj U )0 B 

npe.onono:>KeHHHX (39) n (40) H yqHThiBaH TaK:>Ke, qTo a (x) ~ j (K), nonyqaeM peweane 
1 n•t 

a· BI!.Oe (45). TaKHM o6pa3oM, aeycToilqnaocTn Tnna (38) npn c.oenaHHhiX Bhtwe orpaan-

qeHHH npona.Qa!OT B penHTHBHCTCKOM cnyqae npa COOTBeTCTBYIOllleM Bb!Oope MarHHTHOrO 

non H. 

B 3aKnroqeane aaTopbi cqnTaroT caonM npnHTHhiM .oonroM Bhtpa3nTb 6naro.oapaocTb 

O.H.HpKOBOMy, B.r.MaxaHbKOBy n ToaapnmaM no pa6oTe 3a none3Hbte o6cy:>K.oeanH. 
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