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PeiUHM aa.lla'ly o pacceHHHH BOnHOBO.IlHbiX aonH Ha orpaHH'IeHHOM crycTKe 

rrna3Mb! 1 H8XOJlHIUeMCH BHyTpH BOnHOBO.Il8 HnH K08KCH8nbHOit nHHHH. 

Ma peaynbTaToB paooTbi/1/ cne.llyeT, 'ITo rronH BHyTpH aonHoBo.lla rrpH 

k ,j, VI x/ M0:1KHO 38Jl8Tb B BH.Ile CyMMbl BOnH1 K8JK.Il8H H3 KOTOpb!X 38Jl8-

eTCH Bb!paJKeHHeM: 

(1) 

k ----
[rlb¢]1± =(O,r)

1 
g

1
+(z), (O,a')=O, w 1 =+v'k 2 -v 1

2 

( 3H8KCM IIniOC IIOMe'leHbl BOnHbl 1 H.Uyil{He H8IIp8B01 3H8KOM MHHyC -

H.llyu:me aaneao). 

nonH B BOnHe OIIpe.llenHIOTCH TaK: 

k 
E z = -v [ r , b ~.;;:,] e 

i(wz+p</>-kct) 

k i(wz+p</>-kct) 

Hz=-v[r,b¢] e 

0CT8nbHbie KOMIIOHeHTbl rronett Bblp8lK8IOTCSI 'lepe3 

A MIInHTY.Ilbi aonH 

ft t. ( z) = ±. _...:2::...__ 
TTWit 

( 2) 

E H z 

( 3) 

x/06 · 6 03H8'1eHHH 1 ilpHHHTbie B 'ilTOlt CT8Tbe 1 COBil8ll810T C 0 03Ha'leHHHMH 
pa6oTbl/ 11. 
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llocnenaee cnaraeMOe - npOH3BOnbH8H IIOCTOHHH8H - COOTBeTCTByeT 

cso6onaoA sonae, sos6y>K.lleHHoA npyrHMH TOKaMH. llpoHssonaaH no z 

OT STOA aMnnHTY.llbl HMeeT BHn: 

(0, b,;)(z)) 
1 

+ 

2 , ) 2 a (0, a 1 

2 f , ( z) = ----
1 + Trw 

I+ 

e -lwl+z 
(4) 

llpOH3BOnHble no Z OT npyrHX aMnnHTY.ll H8XO,llHTCH TaK JKe H 38.ll810T

CSI BhtpalKeHHHMH: 

r;_(z)=- 2 
TrW 

t-

: , ( ) 2 g z =t.---
1± TrW 

I± 

(0,b;;l(z))
1

_ lw
1

_z 

-----,,_.::-~- .. 
2 

a 2 (0, a ') 
1 

(0 , b ¢( Z)) 1 ± 

(a 2~ 4)(0,a)~ 
v 

+1w 1 t..z 
e 

2 rr 2 i 
B STHX ljlopMynax sc10ny nonpaayMesaeTCH -- f b db 

c 

( 5) 

ToKH, soa6ylK.QeHHbte s crycTKe nnaaMbi, BbtpaJKl;IIOTCH 'lepes aneKTpH-

'19CKHe H MarHHTHbte nons cnenyJOmHM o6paaoM: 
... ... 

+ i Mn 
... ""! 
j =Jnp +ian 

r.ae 

;+ 
J = u E 

np ' 

... 
j - i (L) ( ... ~" - ,- -- 1- £ ) E <\ 11 '! 

( 6) 

~ J - c 1 Mn- -
4
-- rot ( 1- -)H 

Tr p 

3.aecb j Up - TOK npOBO,llHMOCTH1 jan H j Mil - TOKH aneKTpH'IeCKOA H Mar

HHTHOA nonHpH38UHHo 3TH TOKH BBeneHbl nng TOr0 1 'IT06bi MO:lKHO 6binO 

nonhaosaTbCH ypasaeHHHMH MaKcsenna nns saKyyMa, KOTOpble nono:lKeHbi B 

OCHOBY npHM9HHeMoro 3,ll9Cb MeTona paC'I~TOBo 

4 

..-

I 
I 

.. j 
. ... 

,llanblll9 Mbl 6y.aeM C'IHT8Tb 1 'ITO q f H p. HE 

nonepe'IHbiX KOOp,llHH8T r 

CHMOCTb BC9X noneA OT Z 

H ¢ H 'ITO p He 38BHCHT OT 

.aaeTCH MHOlKHTenHMH BH,lla e I wz fl 

,llH~IjlepeHUHpOB8HH9 fiO Z npH Bbi'IHCneHHH rot( 1- -1..) it 
yMHOlK9HHIO H8 ( i W + f). ll 

HaA.aeM BbtpaJKeHHH (0, b ~(:I)) 
I+ 

)19HHbiX BOnHaMH BHJ18 ( } ) 0 llpo)len;B 

H (0,b¢(z))
1
± JlnH TOK 

pHJl npoCTbiX npeo6paaosa1 

llpH soa6y:lKneHHH n -A sonaoA aneKTpH'IecKoro THna 

JlO cnaraeMoro, o6pamaJOmero B aynh npH HHTerpHposaHHH J 

. +lw 

( 0 ' b -3( z)) 
I+ 

-1 [v2+(+w 1 )(+w )lu"(O,b) 1 (O,b) e-
k - - n n 

+lw z 
+ (;tw_1 _)_ic(...l...-1)(0,b)

1 
(O,b)n e-n 

4rr ll 

_d_f 
dz n ± 

(O,b¢(z)) =0, 
I+ 

rne 
u"(z) =U ( z) + ike 

4rr 
(__l_ -f(Z)). 

ll 

llpH soa6y>K.lleHHH n -A sonaoA MarHHTHoro THna: 

(O,b¢(z)) =iku"(O,b) (O,b) 
I± I n 

e 
+ lw z 

n 

. +lw z 
+ _I_C -( + w )( ..l..-1)(0, b) (0, b) e- n 

4
Tr _ n I' I n 

( 0 ' b ~ ( z)) =0. 
I + 

g ( z) + 
n + 

d -g ( dz n± z), 

H3 STHX ljlopMyn BHnH0 1 'ITO BOnHbl aneKTpH'19CKOrO THfi 

B T8KOM cryCTK9 TOnbKO TOKH aneKTpH'19CKOrO THfi81 BOnHbl 
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cnaraeMOe - npOH3BOllbH8H noCTOHHHSH - COOTBeTCTByeT 

He, B036y~eHHOH apyrHMH TOK8MH 0 npOH3BOaHaH no Z 

BHa: 

TrW 

(O,b~(z)) I+ 
2 , ) 2 a (O,a 1 

e 
-lw 1+z 

)=~2~ (4) 

I+ 

e no Z OT .apyrHX aMnnHTya HSXO.llHTCH TSK >Ke H 38.ll810T-

2 
(O,b;;)(z)) lw z I- I--- - e 

17 w 1- a 2 (0, a ') 
1 

2 (0, b c,6( Z)) 1 ± +lwl+_z 
t. e 

'2 
TrW 

(a 2~ -!i-)(O,a)~ I+ 
V I 

2 rr 2 i 
Mynax BCIO.llY noapaayMeaaeTCH -- f b db 

c 

(5) 

y>KneHHbie a crycTKe nnaaMbi, Bbtpa>KaiOTCH 11epea sneKTpH-

Hbie nons cne.ayiOIIlHM o6paaoM: 

... ""! 
j =Jnp 

... 
+ i sn 

... 
+ j Mn 

;+ ... 
l = a E 

np ' 

... 
j =- i w ... ~n · -- ( 1- c ) E 

<!. 11 ' 

( 6) 

-;" ) - c Mn-~ rot ( 1- _1 )ll 
J.L 

OK npOBO.llHMOCTH 0 j sn H jMn - TOKH sneKTpH'IeCKOH H Mar

BUHHo 3TH TOKH BBeJleHbl JlllH Toro, 'IT06bl MOmHO 6btn0 

aaHeHHHMH MaKcaenna nns saKyyMa, KOTOpbie nono>KeHbi :a 

Moro anecb MeTona pac'I~ToB. 

4 

..-

I 
i 

j 
I 

llanbiiie Mbl 6yneM C'IHT8Tb 0 'ITO a £ H J.L He 38BHCHT OT 

rrorrepe'IHblX KOOp.llHHST r 

CHMOCTb BC8X rroneA OT Z 

H c,6 H 'ITO J.L He 38BHCHT OT Z • 3aaH

.aaeTCH MHO>KHTenHMH BH.ll8 e 1 
wz f( z). noaTOMy 

.llH~~epeHUHPOB8HHe no Z !IpH Bbi'IHCl18HHH rot( 1- ..1...) H CBe.aeTCH K 
J.L 

yMHO>K8HHIO' H8 ( i W + f). 
HaH:.aeM Bbtpa>KeHHH (O,b;;l(:l)) H (O,bc,6(z)) .anH TOKOB0 B036y>K-

I+ I+ 
.aeHHblX BOnHBMH BH.ll8 ( } ) o npo.aen;B pH.ll !IpOCTbiX ;peo6pa30B8HHA 0 rrony'IHM: 

npH B036y~eHHH n -H BOllHOH sneKTpH'19CKOrO THna C TO'IHOCTbiO 

.ao cnaraeMoro, o6pama10mero B Hynb rrpH HHTerpHpoaaHHH no b db 

(O,b-3(z)) 
I+ 

. +lw z 
- 1-[v2+(+w

1
)(+w ))a"(O,b)

1 
(O,b) e- n 

k - - n n 
f ( z) + 

n-t. 

+lw z 
+ (:!:w_l_)_ic(..L.-1)(0,b)

1 
(O,b)n e-n _d~f (z), 

dz n ± 4rr J.L 

(O,brf>(z)) =0, 
I+ 

rne 
a"(z)=a(z)+ ike 

4rr 
( ....1.. -c(z)). 

J.L 

npH B036ymaeHHH n -H BOllHOtl: MarHHTHOrO THna: 

+ lw z 

(O,b¢(z)) =ika"(O,b) (O,b) 
I± I n 

- n e p; ( z) + 
n + 

• +lw z 
+ - 1-c - ( + w )( ..l.. - 1 )( 0, b) 

1 
(0, b) e - n 

4rr - n J.L n 

d 
dzgn+ (z), 

( 0 , b ~ ( Z)) I + =0. 

( 8) 

Ha aTHX ~opMyn BH.llHO, 'ITO aonHbi sneKTpH'IeCKoro THna aoa6y>KnaiOT 

B TSKOM cryCTKe TOllbKO TOKH sneKTpH'19CKOrO THna, BOnHbl MarHHTHOrO -

• 5 



ill 
i 

TOKH MarHHTHOrO THII8o TaK K8K (0,b)
1 

H (O,b)n OpTorOH8llbHbl npH 

HHT9rpHpOB8HHH 110 b db IIpH i ,f. n , B OAHOpOAHOM IIO r H cp cryCTK9 

aonHhi mo6oro THIIa MoryT aos6y)KJ:I8Tb TOJibKO TOKH, BJIHSilOIIlHe Ha BOJIHhi 

TOrO )1{9 THII8 C T9MH )1{9 VI , Kopoqe roaopH, B aTOM crycTKe coxpa-

HSI9TCSI pa3):19Jl9HH9 H9 TOJibKO H8 BOJIHbl aneKTpHq9CKOrO H MarHHTHOrO TH

IIOB1 HO H C 38):18HHbiMH VI • BonHbl C OAHH8KOBbiMH , VI , HAYIIlH9 B pa3Hbl9 

CTOp0Hbi1 MOryT BJlHSITb Apyr H8 Apyra BHyTpH cryCTK8o 

npoHHTerpHpOB8B IIO b db , IIOJ1yqHM 1 qTQ II pH B036y)K]l9HHH BC9MH 

BOJ1H8MH 
+lw z 

a 
f bdn(O,b;;l{z)) 

0 I+ 
= ..!:.!(0, a ') 2 I ik a"[f (z)e-

1 

2 I ± 

2w2 1=1w1 z 

+( 1-~) fl+ (z)e 1 

-lw z 
+ iw1 c 
- 471 

1 
+lw z 

(- -1}[e-
1 

p. 
__JL.r (z)+e+ 1 _d_f 

dz 1 ± dz 1 -

( z)]} 
' + 

& 
2 p2 +lw z 

J b db(O, b ¢(z)) =(~--2-)(0,a) 2 lika"(g (z)e-
1 

+ 
0 1.:!:: 

2 2v
1 

1 + 

-tw z 
1 + i wl c ( ...L - 1) [ e 

+lw z (g ) 
( z) e 

+ I - I d 
+ g -g (z)-

1- - 477 p. dz I+ 
+ 

-lw z 
- e + I 

d dz g 1- ( z)]} · 
+ 

I 
no.UCT8BHB Bbip8)K9HHSI ( 9) H ( 10) B <flopMynbi ( 4) H yqTSI MHO)KHT9J1H 

2 2· ~. rronyqHM
1 

qTo BHyTpH IIJ183M9HHOrO cryCTK8 1 O.!lHOpO.!lHOrO IIO r 
c 

H '/>, 8MIIJ1HTY.!lbl BOJlHbl IIO.!lqHJISilOTCSl yp8BH9HHSIM: 

+lwz 
e-

~ 

f ( z) =-
I±. + 

21Tk 
we 

±lwz 

o"(z) (e fl+ (z)+ 

6 

'I 
!' 

I 

''l 
\ 
.!1 
I 

(, 

~ 
! 
I 

..;; 

+ ( 1-
2 " W" 

' . 1\ 

) e+i w z - (z)] + !<t-_l_)[e±.lwz _d_f 
1 IJ 1£ dz . I 

-lwz 
~e + 

+ l \\'Z 

e 

.JLr 
dz i + 

g ( z) 
I+ 

( z) l. 

~a"(z)[e 
"1 w c 

+ i wz 

1!. 
( z) ~e +i wz 

+ 
1!. 
i
+ 

d -i wz d 
-g (z)-e+ -g 
dz 1± dz 1 + 

( z) 1 . + -L(l- _1 )[e 
±iw:~~ 

2 p. 

PacceHHHe n106ofi aonHhi aneKTpHq9CKoro MnH MarHHTHO 

,!lJiiTCSI K B38HMO,!l9HCTBHlO ABYX BOJlH Toro ')1{9 THIT8 1 HAYUIHX H81 

BO C T9MH )1{9 VI • 

nonSl BHyTpH K08KCH8JlbHOH JlHHHH C k ,f_ VI , MO)KHO :: 

cyMMbl BOJ1H
1 

K8)K):I8SI H3 KOTOpblX 38):189TCSI Bb!p8)K9HH9M: 

k 
[ r , b ;;l ] = ( a , r) f ( z ), 

I+ 1 i + 
(a , a ) = 0. 

1 2 

[r,b¢P 
I+ 

= ( a ' , r) g ( z), 
1 I+ 

(a ',a')= 0. 
1 2 

np0):19J18B T8KH9. )1{9 BbJqMCJ19HHSl 1 K8K H .!lJlSI BOJ1HOBO.!l81 

rronyqMM 1 qTO H B K08KCH8JlbHOH JlHHHH IIpH p8CC9SIHHH B Cr~ 

OAHOPOAHOM IIO r H cp, 8MIIJ1HTY.!lhl BOJlH IIO):IqJiiHSilOTCSl Te 

HHSIM ( 11) 1 ( 12) 1 qTQ If BHyTpH Kpyrnoro BOJ1HOBO.!l8o Kpo 

( 13), B K.oaKcHanhHOfi JlMHHH MoryT cym9cTBOB8Tb TEM - BOll 

ph! X 

Eo 
•± 

, _1 h + ( z), 
r 

H1 =+E 
'f't. - •± 

~ =Ho =Eo =Ho =O, 
¢ r z z 

w =+k, p=O. 
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Hna. TaK KaK (0, b)1 
H {O,b)n opTOI'OHBnbHbl IlpH 

b db IIpH i f, n , B O,QHOpOJIHOM IIO r H cP CI"yCTK9 

MOI"YT B030Y.)KJ18Tb TOnbKO TOKH 0 BnHSIIOIIIH9 Ha BOnHbl 

MH .)1(9 VI , KOp0'19 I"OBOpS1 0 B 9TOM CI"yCTK9 COXpa-

H8 BOnHbl an9KTpH'19CKOI"O H M8I"HHTHOI"O TH

V 
1 

• BonHbi c o.aHHaKOBbiMH , v 1 , HJIYIIIH9 B pa3Hbi9 

HSITb ,apyr H8 .apyra BHyTpH CryCTKa. 

B8B IIO b db , rrony'IHM 1 'ITO IIpH B036y.)KJ19HHH BC9MH 

+lw z 

= 2:..:(0, a ') 2 I ik a"[f (z)e-
1 

2 I ± 

2 w2 1=1w1 z 

+( 1- v> fl:;: (z)e ] 

+lw1 z d -1w1 z 
[e- ~1 (z)+e+ _d_f 

dz ± dz I~ 
( z) ll , 

+ 

.:t 

2 p2 +I w 1 z 

=(~---){O,a) 2 !iko"[g (z)e- + 
2 2v2 1 + 

I 

. +lw z 
IW C - I 

+.::.....L:...(...L-t)[e 
- 4rr p. 

d dzg (z)-
1+ 

(9.) 

( z) ] l . -+ 

.pa.)K9HHSI ( 9) H ( 10) B lflopMynbi ( 4) H Y'ITSI MHQ.)KHT9nH 

t 'ITO BHyTpH rrna3M9HHOI"O CI"JCTK8 1 OJlHOpOJIHOI"O IIO r 

BOnHbl IIO.Q'IHHSIIOTCSI ypaBH9HHSIM: 

+ 
2rrk 
we 

+lwz 

o "( z) [ e- r,+ (z)+ 

6 

_,.:. 

!'·)... 

~.~ 

.I 

II 
"I 

I 
i, 

. '~~ 

+ ( 1-

-iwz 
te + 

2 " W" 

k? 
) e+i w z 

_d_r ( z) I. 
dz i :;: 

1 1 +lwz d 
( z) 1 + -( 1- __.....__ )[ e- - f ( z) + 

0 ~~ .. I 6.1 ll ""-' . I 

+I wz 2rrk +iwz 
g (z) --- --a"(z)[e-

Tlwz 
1!. ( z) 1 + e 

i + + w c 

+ ....l...( 1- _1 )[ e ±i "'' 
2 JL 

1!, (z)te--
+ 

d . -;J;"/!,1+ (z)-e+IWZ d 
- -1!, dz 1-

+ 

( z)]. 

i
+ 

( 11) 

( 12) 

PaCC9SIHH9 ni060H BOnHbl an9KTpH'I9CKOI"O HnH M8I"HHTHOI"O THII8 CBO

,QHTCSI K B38HMOa9HCTBHIO JIByX BOnH TOI"O '.)1(9 THIIa, HJiymHX H81Ip8BO H H8n9-

BO C T9MH .)1(9 v
1 

• 

DonSI BHyTpH K08KCHanbHOH nHHHH C k , VI , MO.)KHO 38,Q8Tb B BH,Q9 

CYMMbl BOnH1 K8.)K,Q8SI H3 KOTOpb!X 38Jl89TCSI Bb!p8.)K9HH9M: 

[r,b;;l.1k 
I+ 

[r,bcf>Jk 
I+ 

=(a ,r)f 
1 i + 

( z ), 

= ( a ' , r) g ( z), 
1 i + 

(a , a ) =0. 
I 2 

( 13) 

(a ',a' ) = 0. 
1 2 

Dpo,a9naB T8KH9 .)1(9 Bbi'IHCn9HHSI 0 KBK H .ana BOnHOBOJia, B pe3ynbT8T9 

IIOny'IHM, 'ITO H B K08KCH8nbHOH nHHHH IlpH paCC9SIHHH B CI"yCTK9 rrna3Mbl 1 

O.QHOpOJIHOM IIO r H cP, 8MIInHTYJlbl BOnH IIOJl'IHHSIIOTCSI T9M .)1(9 ypaBHe

HHSIM ( 11) 1 ( 12), 'ITO H BHyTpH Kpyrnoro BOnHOBO]:Ia. KpoMe BOnH BHll8 

( 13), B K.oaKcHanbHOH nHHHH MoryT cym9CTBoBaTb TEM - sonHhi, .anSI KOTO

pbiX 

Eo "' _1_ h + ( z), 
r ± r -

Efl =Ho =Eo =Ho =0, 
cP r z z (14) 

H~ =+E 
'f'i. - •± w =+k, p=O. 

t 
7 



L 

flpoAenaB AnSI 9THX BOnH Bbl'IHCneHHSI1 aHanOI'H'IHbi9 Bbl'IHCneHHSIM AnSI 

aonH c v I 0 , nony'IHM1 'ITO HX aMnnHTYAbi B crycTKe nna3Mbi 1 OllHopoA-

HOM no r H cp' nOil'IHHSIIDTCSI ypaBH9HHSIM: 

+lkz d 21T + lkz 
e- -h (z) "'---a"(z)[e-

dz ± c 

+t(l--1-) [e±_lkz 
11 

_d_h + (z)
dz -

-I k z 
e+ 

-I kz 
h (z)+e+ 

+ 

_d_h 
dz 

( z) ] . 
+ 

h (z)] + 
+ 

( 15) 

YpaBHeHHSI anSI TEM nony'laiDTCSI H3 ypaBHeHHli: AnSI BonH MarHHTHoro 

THna 38M9HOli: W Ha k. 

PaapemHB ypaBH9HHSI AnSI aMnnHTYil OTHOCHTenbHO HX npOH3BOilHbiX no 

z , nony'IHM: 

AnSI BOnH aneKTpH'19CKOI'O THna B KpyrnOM BOnHOBOil9 H B KOaKCHanbHOli: 

nHHHH 

+lwz 
e- _dd ft +(z) .. -~a"(\ [V2+11W 2) z- + 1----

wc k2 

(v2 -11w 2) -1 wz 
e + f (z) ], + k2 1-

+ 

~lwz f (Z)+ 
e 1 + 

( 16) 

AnSI BOnH M8I'HHTHOI'O THna B KpyrnoM BOnHOBOil9 H B KOSKCHanbHOli: 

I 
nHHHH 

t.l wz d 2 k +lwz -1wz 
e -·g (z).,--"-a"(z)l1[e- g (z)+e g (z)], 

dz I :!: + we I± I+ 
( 17) 

+lkz 
e- ...!Lh (z)=-~ "() [ :!:lkz 

dz I± + c a z 11 e 
h (} ::;:tkz 

± z +e h_ (z)l. ( 18) 
+ 

8 

.;a 

' 

OTMeTHM HHTepecHyiD oco6eHHOCTb: npH v 2 -11 w2 .. o yp 

pacnaASIDTCSI Ha llBS He38BHCHMbiX ypaBH9HHSI AnSI f + (z) H f_ (z 

KH 9TO 03H8'189T1 'ITO npH BbJIIOnHeHHH ycnOBHSI 

v2 -11w 2 =0 

BOnHhl aneKTpH'I9CKOI'O THna, pacnpOCTpaHSIIDmHeCSI BneBO H BnpaBO 

neli:CTBYIDT APYI' C APYI'OM B CI'yCTKe. 3TO llpHBOAHT K . TO My, 

aneKTpH'!ecKoro THna, ynosneTsopSIIDmHe ycnoBHID ( 19), nanaiDmHe 

Hbili: no r H cp nna3MeHHbili: CI'yCTOK 1 HSXOASimHACSI B Kpyrno 

HnH B K08KCHanbHOA nHHHH 1 He OTpamaiDTCSI OT Hero. 

v 2-

~ 
4>H3H'IeCKH aTo Bbi3Baao cnenyiDmHM. B BbtpameRHH 

cnaraeMOe CBSI38HO C B38HMOileACTBH9M BOnH 1 HllYWHX Hallpal 

(c HX OTpameHHeM) nocpellCTBOM npOAOnbHOI'O TOKa j , BTO~ 
z 

eT oTpameHHe nocpencT.BOM nonepe'!HbiX TOKOB. BonHbi, oTpameH 

CTBOM npOAOnbHbiX H nonepe'!HbiX TOKOB1 HMeiDT pa3HbJe 3H8KH 1 J! 

HeHHH ycnOBHSI (19) B38HMHO I'8CSIT APYI' Apyra. 

Momao naTb H npyroe o6'bSICH9HHe aToMy a<jllj>eKTy. Bonaos' 

MOmHO C'IHT8Tb BOnH8MH 1 MHOI'OKpaTHO OTpamaiDmHMHCSI OT CTe£ 

na non yrnoM K ocH z c tg a = _y_. B cso6onaoM npocTpaac 
w 

sonHbi, naaaiDmHe Ha nnocKyiD npenoMnSIIDmyiD nosepxHoCTb non ~ 

CTSIDT OTpamaTbCSI OT 9TOli: noBepXHOCTH 1 KOI'Il8 yron Me*AY II 

H OTpameHHOli: BOnHaMH CT8HOBHTCSI paBHbiM 
7T 

2' ecnH 9TH BOnJ 

B8Hbl B rrnOCKOCTH naneH~SI 1 TO eCTb HM9IDT COCTaBnSIIDWYID 9ll€ 

nonSI, nepneHAHKynSipHyiD nosepxHOCTH ( yron BpiDCTepa). B Bonae 

MH C T8KOA IIOnSipH38UHeA SIBnSIIDTCSI BOnHbl aneKTpH'19CKOI'O THm 

nepneHAHKynSipHOCTH OTpameHHOA H. npenoMneHHOA BOnHbl 38M9HSI9~ 

BHe ( 19). <l>HaH'!eCKH paa6HpaeMbiA alj>lj>eKT cxonea c SIBneHHeM I 

nnSI BOnH MSI'HHTHOI'O THna H TEM-sonH, KOTOpbie CBSI38J 

nonepe'!Hb!MH TOK8MH 1 H B KOTOpbiX Ez :0, 

MomeT o6pamaTbCSI B Rynh npH a" ( z) I 0: 

9 

Koalj>lj>HUH9HT 0 



BOnH Bbi'!HCneHHSI 0 aHanorH'!Hbl9 Bbi'!HCneHHSIM JlnSl 

HX aMITnHTYilbl B cryCTKe rrna3Mbi 0 OllHOpOJl-

e 

z 

Sl ypaBH9HHSIM: 

+ lk z 
a"(z)[e-

_d_h (z)
dz ± 

-I k z 
e+ 

-I kz 
h (z)+e+ h (z)l+ 

+ -- + 

_d_h 
dz + 

( z) ] . 

( 15) 

rrony'laiDTCSI H3 ypaBH9HHft JlnSl BOnH MarHHTHOrO 

aMITnHTYil OTHOCHTenbHO HX rrpOH3BOilHbiX ITO 

THITa B KpyrnoM BOnHOBOJle H B KOBKCHanbHOft 

2 2) +lwz 
=-~a"(,.\ [v +p.W -e- f (z)+ 

+ we k 2 I+ 

f (z)], 
1-

+ 

( 16) 

Horo THrra B KpyrnoM BOnHOBOJle H B KOBKCHanbHOft 

2 k +lwz -,!wz 
-E._ a " ( z) p. [ e - g ( z) + e g ( z) ] , 

we '± 1+ 
( 17) 

2 +lkz 
17 "( ) [ ---a z p. e 
e 

h (z) +lkz 
± +e h_ (z)]. ( 18) 

+ 

8 

_,.:· 

.f 
:! 
'.I 
!I, 
1: 
·,.~ ,I. 

i 
'I 

'' ~ \, 

0TMeTHM HHTepecHyiD OC06eHHOCTb: rrpH V 2 - p. w2 =0 ypaBHeHHSI ( 16) 

paCIT81l8IDTCSI Ha JlBa He3aBHCHMbiX ypaBHeHHSI JlnSl f + (z) 

KH ::ITO 03Ha'laeT, 'ITO llpH BbiiTOnHeHHH ycnOBHsr 

v2 -p.w 2 =0 

H f_ (z). ¢H3H'IeC-

( 19) 

eonHhi aneKTPH'IeCKoro THrra, pacrrpocTpaHSIID!IIHecsr eneeo H errpaeo, He B3aHMo

JleiicTBYIDT Jlpyr C JlpyroM B crycTKe. :3TO rrpHBOilHT K TOMy, 'ITO BOnHbi 

sneKTpH'IeCKOro THna, YllOBneTBOpSIIDI!lHe ycnoBHID ( 19), na)laiDI!lHe Ha OllHOpOJl-

Hbift no r H cp nna3MeHHblft crycToK, HaXOJlSIIIlHAcsr B KpyrnOM BOnHOBOile 

HnH B KOaKCHanbHOft nHHHH, He OTpa~aiDTCSI OT Hero. 

v2-p.w2 
2 nepeoe 

k 
¢H3H'IeCKH 9To Bbi3BaHo cneayiDIIlHM. B Bbipa~eHHH 

cnaraeMoe CBSI38HO C B38HMOileftCTBHeM BOnH, HllymHX Harrpaao H Han~BO 

( C HX OTpa~eHHeM) nocpeJlCTBOM npOilOnbHOrO TOKa j , BTOpoe OnHCbiBa-
z 

eT oTpa~eHHe nocpeacT.BOM nonepe'IHbiX TOKOB. BonHhi, oTpa)l(eHHbie rrocpea-

CTBOM npOJlOnbHbiX H nonepe'IHbiX TOKOB, HMeiDT pa3Hble 3H8KH, H npH BbiiTOn

HeHHH ycnOBHSI (19) B38HMHO raCSIT Jlpyr Jlpyra. 

Mo~Ho aaTb H apyroe o6'hsrcHeHHe <:~ToMy s!jl!jleKTy. BonHoBOilHbie aonHhi 

MO~HO C'IHT8Tb BOnHaMH, MHOrOKpaTHO OTp8~8IDIIlHMHCSI OT CTeHOK BOnHOBO

Jl8 no a yrnoM K ocH z c tg a = L. B cao60ilHOM npocTpaHCTBe nnocKHe w 
eonHhi, naaaiDmHe Ha nnocKyiD npenoMnsriDIIlYID noaepxHoCTb noll yrnoM, nepe-

cTaiDT OTpa~aTbCSI OT 3TOA noaepXHOCTH, KOr)la yron Me~llY rrpenoMneHHOA 

H OTpa~eHHOft BOnH8MH CT8HOBHTCSI paBHhlM 
17 

:r-· ecnH 9TH eonHhi nonS!pHao-

B8Hbl B rrnOCKOCTH naaeHH.H, TO eCTb HMeiDT COCT8BnSI10myiD sneKTpH'!eCKOro 

nonsr, neprreHJlHKynsrpHyiD noeepxHOCTH ( yron EpiDCTepa). B aonHoaoae aonHa

MH C TaKoft rronsrpH38UHeft SIBnSIIDTCSI BOnHhl 9neKTpH'leCKOro THrra, a ycnOBHe 

nepneHJlHKynsrpHOCTH OTpa~eHHOA H. npenoMneHHOft BOnHbl 38M9HSieTCSI Ha y.cno

BHe ( 19). ¢H3H'IeCKH pas6HpaeMbiA a!jl!jleKT cxoaeH c sraneHHeM EpiDcTepa. 

Unsr aonH MarHHTHoro THrra H TEM-aonH, KOTOpbie casrsaHbi TOnbKO c 

nonepe'!HbiMH TOK8MH 0 H B KOTOpbiX E z =0, Koa!jl!jJHUHeHT OTpa~eHHSI He 

MO~eT o6pamaTbCSI B Hynb rrpH U " ( Z) ,j, 0: 

9 
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' 

i 

'i 

! 

II 

~l 

YpasaeHHH (16), (17) n (18) pewaiDTCH oco6eaao npocTo, Korna 

crycTOK HMeeT pe3KHe rpaHHUbl IlpH Z = 0 H Z = z 0 H O.UHOpO.UeH 110 

Z x/ • Tor.ua BHe cryCTKa aMilJ1HTY.Ubl BOJ1H f g H h He 6y-
l ± ' I± lj-

.UYT 3aBHCeTb OT z, a rrose.ueane HX BHyTpH Hero orrpe.uenHeTCH ypaBHe-

HHSIMH BH.Ua: 

i wz d iwz ¢ 1 -lwz ¢ 1 ) e --¢ 1 =- R(me + +ne _ , 
dz + 

( 20) 

-lwz_d_¢ 1 =R(me-lwz ¢1 iwz .1 

e + ne ¢ ). 
dz - - + 

3.uecb ¢ 1 - o6mee o6o3Ha'IeHHe LIJ1SI f 1+ ,g 1± n h+, R,m,n - nocTo-
± 21Tk , - -

SIHHbie. .UnH scex sonH R = ---a we J 
LlJ1H BOJ1H aneKTpH'I9CKOrO THU8 

m = 
m =n 

2 2 
v +p. w 

k2 
=1. 

v2-f.LWJ 
, n = , anSI sonH MarHHTHoro Tnrra H TEM-sonHbi 

k2 

PeweHHSI ypasHeanlt (20) HIUeM B BH.ue: 

iwz 
¢1 = c 

+ + 
e e 

I a z -iwz 
e ¢~ .. c laz 

e I 

( 21) 

3.UeCb C ,C H a 
' + -

- IlOCTOSIHHbieo 00.UCTaBHB 9TH Bbipa>t<eHHSI B ( 20) 1 

rrony'IHM cne.uyiDIUHe ypasaeHHH: 

[i(a- w) +Rm ]C =-RnC , 
+ - ( 22) 

[ i (a+ w)- Rm] C =RnC 
+ 

BenH'IHHY a HaXO.UHM H3 yCJ10BHSI COBMeCTHMOCTH 9THX ypaBHeHHA: 

a 2 =(W+iRm)
2 +(Rn)~ ( 23) 

x/ Pe3ynhT8Tbi, nony'IeHHbie llllSJ .uaaaoro KOHKpeTHoro cny'IaSJ npH 
M8J10il: rny6HHe IlpOHHKHOBeHHSI BOJ1Hbl B 11J183My1 CornacyiDTCSJ C ll8HHb!MH 

pa6oT/2-4/. 

10 

--

YpasaeaHe anH a HMeeT .usa KOpHH, 'ITO .uaeT .usa qacTJ 

HHSI. ,Uanbwe Mbl 6yJJ.eM o603;'fa'laTb a 1 - peweHne c rronO>KHTeT 

CTBHTeJ1bHOli '18CTbiDo BTopoe peweaHe 6yaeT paBHO a 2 =-a 1 .• 

06wee peweane ypasaeHnli (20) MO>t<Ho 3arrHcaTb B BH.ue: 

+-1 w z 

e- ¢ + K+ 

+Ia z 
- 1 

e +8K 
+ 

3aech K H K - rrocTOHHHbie. 
+ 

8= 
Rn;..._,., __ 

i (a + w) - Rm 
1 

e 
-Ia z + l 

BenH'IHHbi K+ H K_ aaxoaHTCSI H3 rpaHH'IHbiX ycnosHA. 

06bi'IHO 3a.UaiDTCSI aMilJ1HTY.Ubl BOJ1H 1 rraaaiDWHX Ha cryCTOI 

rp ~ (0) H cf> 1
_ ( Z o ). 

B cnyqae, Kor.ua ¢ ~ (0) =1 , ¢~ (z 0 )=9 , senH'lHH 

Ha3bJBaiDT K09qJqJHUHeHTOM rrporrycKaHHSI 1 seJ1H'IHHY cf>.:. (0) - KOSC 

OTpa >t<e HHS!o 

B aaweM cnyqae Koa$~HuHeHT rrporrycKaHHSI pasea 

Il=el(ai"'l'b 1-8
2 

1-8ze21atzo 

Ko~~HUHeHT oTpa>t<eHHSI pasea 

0 
2 I a z 

8 1-e 1 o 

1 8
2 2 1a z 

- e 1 o 

Oepeli.UeM Terrepb K KOHKpeTHbiM THilaM BOJ1Ho Ha'IHeM 

pH'I9CKOrO THilao .QnSI TaKHX BOJ1H 

11 
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HHH (16), (17) H (18) pewaiDTCH oco6eHHO rrpocTo, Koraa 

eT pe3KHe rp8HHUbl ITpH z = 0 H z = z0 H oaHopoaeH no 

.Q8 BHe crycTK8 8MITITHTy.Qbl BOITH f ,g H h He 6y-
l ± I± lj-

OT z, a rroseneHHe HX BHyTpH aero orrpenerrHeTCH ypaBHe-

d . 
¢+ 1 =- R(me 1wz 

-iwz 1 
= R(me ¢ 

¢' 
+ 

+ne-twz ¢ ~ ), 

( 20) 

iwz 1 
+ ne ¢ ). 

+ 

-o5meeo5o3Ha'IeHHenrrHf1 +,gt± If h+ ,R,m,n -nocTo-
± 217k , - -

cex BOITH R = ---a .QITH BOITH arreKTpH'IeCKOrO Tlfl18 we J 
v2-llw2 

, n = , nrrH sorrH MarHHTHoro Tlfrra H TEM-sorrHbi 
kz 

H ypaBHeHHA (20) lfWeM B Blf.Qe! 

1 = c I az e 
+ + 

- iwz 
e ¢~ =C 

taz 
e I 

( 21) 

H a - ITOCTOHHHbie, no.QCT8BHB 8TH Bblp8)!{eHHH B ( 20) 
0 

YIOIUHe ypaBHeHHH! 

w) +Rm]C "'-RnC, 
+ -

( 22) 

w) -Rm] C =RnC 
+ 

a H8XO.QHM H3 YCITOBHH COBMeCTHMOCTH 9THX ypaBHeHHA: 

a
2 

=(W+iRm)
2 

+(Rn): 
( 23) 

e3yiTbTaTLI, rrony'IeHHbie JliTH JlSHHoro KOHKpeTaoro cnyqag llpH 

6HHe llpOHHKHOBeHHH BOITHbl B 11IT83My, CornacyJOTCH C JlSHHblMH 
I. 

10 

.,.; 

4 
YpaBHeHHe nrrH a HMeeT .QBa KOpHH, 'ITO naeT .QBa '!8CTHblX pewe-

HHH. llarrbwe Mbl 6yAeM 0603;'f8'I8Tb a l - pemeHHe C ITOITO)!{HTeiTbHOA aeA-

CTBHT8ITbHOil: '!8CT~IOo BTopoe peweHHe 6yneT paBHO a 2 =-a .I • 

06me~ peweHHe ypaBHeHHA (20) MO)!{HO 38ITHC8Tb B BHAe: 

3necb K 
+ 

+lwz 
e- ¢ + K e 

+ 

t_ta 
1 

z 

+8K 
+ 

H K - ITOCTOHHHb!e, 

8= 
Rn:...__ __ 

i (a + w)- Rm 
1 

e 
-ta z + l 

BerrH'IHHbi K H K aaxonHTCH H3 rpaHH'lHbiX ycrroBHA. 
+ -

( 24) 

( 25) 

06bi'IHO 38A810TCH 8MITITHTYAbl BOITH 0 IT8A810WHX H8 cryCTOK 0 TO eCTb 

<jJ ~ (0) H cp 1
_ ( Z 0 ). 

B crry'lae, Korna ¢~(0)=1 , ¢~ (z
0 

)=0 , senH'IHHY ¢~(z 0 ) 
H83b!B810T Kos¢¢HUHeHTOM rrporryCK8HHH 0 senH'IHHY cp.: (0) - KOg¢¢HUHeHTOM 

OTpa )!{e HHHo 

B HameM cny'lae Kos¢¢HuHeHT rrporrycKaHHH paBeH 

t(a ->"b 2 
II=e 1 1-8 

1-82 e 2tal zo 

Kos¢¢HuHeHT oTpa)!{eHHH paBeH 

0 
2 I a z 

8 1-e 1 o 

1 8
2 2ta z 

- e 1 o 

nepeAneM Terrepb K KOHKpeTHbiM THIT8M BOnH. Ha'IHeM 

pH'IeCKOrO THrra. llnH T8KHX BOnH 

~ 11 

( 26) 

( 27) 

C BOnH aneKT-



II 
!:I 

!!· 

l 

2 2( • ~ 2 2 2 . , 
a =/LV f + Ja) +(/LW -V }(f+Ja ). ( 28) 

3aecb 
, 417 

a =--a. 
kc 

B cnyqae, KOI'Jla 
2 2 

1L w = v ,IIOny'IHTCSI 

a
1 

=/LW(f+ia'). 
( 29) 

B cnyqae 1 KOI'Jl8 a =0, BenH'IHH8 a 1 CTSHOBHTCSI JlefiCTBHTenbHOft 

H HI'paeT pOnb BOnHOBOI'O BeKTOpa 

a2 =d(1-f)llw2 +/Lf k 2 -v
2

]. 

KpoMe TOI'0 1 rrpH a = 0 

. ka 
I 1 R =--(--£ ), 
2w p.. 

( ..L- £ )( v 2 
- IL w

2 
) 

S= 
2w(a +W)-(!__-£)(v 2 +llw 2

) 
t IL 

llnsr BOnH MSI'HHTHOI'O THIIa rrony'IHM 

2 1 [ ( 1) 2 k2 2] . k2 , a =- IL- w.+/L£ -v +I a. 
IL 

(30) 

(31\ 

(32) 

npu a .. 0 JlnSI BOnH MSI'HHTHOI'O THII8 KOacMIHUH9HTbl npHMYT BHJl: 

2 1 [ 2 2 2] 
a =--(p-1)w +p£k -v , 

/l 

12 

_. 

. k2 1 
R= -~-(--£), 

2w IL 

2 1 
k (--£) 

IL s 
2w(a +W)-k2 (L-£) 

t IL 

llnsr TEM-sonH 

a 2 =-1-(IL -1 +/Lf) k 2 +ik 2 a'. 
IL 

npH u , o 
2 1 2 

a = -(p -1 +tL£)k , 
/l 

1 

ik ( _1 -f), 
R = 2 ll 

k (--f) 
S= ll 

2( a + k ) - k ( -1- - f) 
I IL 

Bbipa>KeHHSI ans1 KBaapaTHbiX Kopaefi us KOMrrneKCHbiX Bbipa 

( 32) H ( 34) rpOM03JlKH 1 H Mbl B o6meM BHJl9 IIpHBOJlHTb HX H 

cnyqae 1 KOI'll8 rrnasMeHHblfi CI'yCTOK paspe>KeH H8CTOnbK01 'ITO 

MO>K9M BOCIIOnb30B8TbCSI cnenyiOIUHMH IIpH6nH>K9HHbiMH !jlopMyna 

a.
1 

=W + i Rm, S=- iRn 
2w ' 

n 
-Rmz 

.. e o 0 =S. 

YcnOBHe IIOnHOI'O BHyTpeHHei'O OTpa>KeHHSI BOnH OT CI'yCTKa 

peanHsyeTCSI IIpH 

a=O, w 2 > 0, a 
2 < 0. 

13 
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2 - , 2 2 2 . , 
=JlV (l + JG) +(Jl.W -V )(E+IG ). ( 28) a 

2 2 
J1 w = v , ITOJiy'tfHTCSI raa 

a
1 

=JlW(E+ia'). 
( 29) 

raa a =0, BeJIH'tfHH8 a1 CT8HOBHTCSI aencTBHT8JlbHOft 

HOBOI"O B8KTOpa 

=d(1-E )11w2 
+JlE k 2 

-v
2
]. 

rrpH a= 0 

. k2 
I 1 =--(--£ ), 
2w IL 

(...L-£){V2 -JLW2) 
J1 

2 w ( a + w) - ( !.... -£) ( v 2 + p w 2 
) 

t IL 

HHTHOI"O THITa ITOJIY"'HM 

1 [ ( 1) 2 k2 2] • k2 , =- p- w +p £ -v + 1 a . 
IL 

(30) 

( 3f .l 

(32) 

JISI BOJIH M8I"HHTHOI"O THna KOscPcPHUH9HTbi npHMYT BH.Q: 

2 1 [ 2 2 2] 
=- (p-1)w +IHk -v , 

IL 

12 

... 

. k2 1 
R= -L_ (--E), 

2w IL 

lln.H TEM-sona 

8 
2w (a 

2 1 
k (--£) 

t 

J1 

+W)-k2
(j_-E) 

J1 

a
2 
=-

1-(p -1 +p£) k 2 +ik 2 a'. 
IL 

npH a= 0 

2 1 2 
a = -(p -1 +p£)k , 

ik ( _1 -£)' R = 2 IL 

IL 

1 
k ( --£) 

8= IL 

2( a + k )- k ( -1 - £ ) 
l IL 

(33) 

(34) 

(35) 

Bbrpa:>KeHH.H am1 x:BaapaTHbiX xopaen ea KOMrrneKCHbiX Bbrpa:>KeHHA ( 28), 

(32) H (34) rpOM03.[1KH, H Mbi B 06IUeM BH.Qe DpHBO.QHTb HX He 6yaeM. B 

cny'tfae, xoraa nnaaMeHHhrA crycTOK paape:>KeH HaCTOJibKO, "'TO R << 1 , Mbi 

MO:>KeM BOCDOJlb30B8TbC.SI CJie.QyJOIUHMH npH6JIH:>KeHHbiMH !flopMyJI8MH : 

a
1 

= w + i Rm, 8=- iRn 
2w ' 

( 36) 

n 
-Rmz 

.. e o Q,.8. 

Ycnosee rronaoro sayTpeHHero oTpa:>KeHHH aona OT crycTKa rrnaaMhr 

peaneayeTc.H rrpe 

a,.O, w 2 > 0, a
2 <0. ( 37) 

i 13 
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I~ 

HJIH 

llnH BOJIH 3JieKTpHqeCKOrO THrra STO yCJIOBHe rrpeBpamaeTCH B 

v 2(11£- 1) + llw2 < ol 
£ > 0 r rrpH BhiCOKHX qaCTOTBX 

v 2 (/l£- 1)+/LW2 >.0} 
£ < 0 rrpH HHSKHX qaCTOTaX 

(38a) 

(386) 

llnH BOJIH MarHHTHOrO THITa ycJIOBHe ITOJIHOrO BHyTpeHHero OTpa*eHHH 

HMeeT BHLI: 

( 1 -1-u ) v11 > w2 
( 211 - 1) , 

BbJITOJIHHIOmeecH 06bJqHO rrpH BhiCOKHX 

qacToTax. (39) 

Bonaa TEM oTpasHTCH nonHoCTbiO OT crycTKa nnasMhi npH ycnoBHH 

-IL£>11-1. 
(40) 

OonHaH CHJia, EKJIIOqag CHJIY H9ITOCp9LICTB9HHOrO B3aHMOL19ACTBHH rraaa

lOmeA BOJIHhi CO cryCTKOM nnaSMbi H CliJIY OTLia'IH rrpH HCITYCKBHHH nnaSMOA 

HSJIY'I9HHH1 Jl9i!:CTBYIOIIl8H Ha crycTOK, JlBH*YIIlHi!:CH CO CKOpOCTbiO f3 C 

CO CTOpOHhi BOJIHhl C ITOTOKOM 3HeprHH pz , paBHa 

2 f3 f3 2 2 
cF ,.p y (1- -·)11--1(1-llll +101 

z z f3 f3 
rp rp 

(4l) 

3aecb W, k, pz 6epyTCH B CHCT9M9 KpopLIHHaT BOJIHOBOLia, ll H 0-

B CHCTeMe KOOpLIHHaT crycTKa, ~ - rpynrrOBSH CKOpOCTb BOJIHhio 
rp 

8aeprHH0 KOTOpyiO B 9L1HHHUY Bp9M9HH nonyqaeT crycTOK B C06CTBeHHOA 

CHCTeMe KOOpLIHHaT, OITP9L19JIH9TCH ~OpMyJioA: 

dE 2 f3 2 2 
-=P y (1--)(1-{3{3 )(1-llll -101 ). 

dt z f3 rp 
rp 

(42) 

ABTOpbl 6naroaapHT yqaCTHHKOB ceMHHapa OHMY. nB3 OHHH sa saMe-

qaHHHo 

14 

..ta 

nHTepaTYpa 

I. n.n.HrymKHH, a.H.Ypa3aKoB. BHHTOBbie 9119KTpoMarHHTHbie aonsr. 

Tbi OH.fl/1 9-4317, 9-4318, .il.y6Ha 1969. 

2r M.A.neBHH, P.3.MypaToB. 0Tq~T PA11AH M 687, MocKBa 1 

8. A.H.KoHtJ.paTeHKo, B.11.MHpoiiiHHqeHKo. )I(TciJ !1Ji, 2154 ( 19 

4. A.H.KontJ.paTeHKo. )I(TciJ !1f}, 1885 ( 1968). 

PyKonHcb nocTynHna B HanaTenbcKHA oTnen 

15 anpenR 1969 rona. 
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nH aneKTpHqecKoro 

1) +JLW
2 < 0\ 

-1)+p.W
2 >0} 

THIIa aTO ycnoaHe rrpeapamaeTCB B 

rrpH BhiCOKHX qaCTOTSX (38a) 

rrpH HH3KHX '1{8CTOT8X (386) 

nH MarHHTHoro THIIa ycnoaHe rronuoro BHyTpeHHero oTpa*eHHB 

v2 > w2 
( 2p. - 1) , 

Bb!ITOnHBIOmeeCB 06hi'I{H0 IIpH BbiCOKHX 

(39) 

TEM oTpaaHTCB rronuocTbiO oT crycTKa rrna3Mhi rrpH ycnoBHH 

-p.E>p.-1. 
(40) 

cHna, PKn!Oqas cHny uerrocpencTseHHoro B38HMoaeftcTBHB rraaa

co cryCTKOM IIn83Mbi H CHJIY OTU8'iH IIpH HCIIyCK8HHH IIJI83MOH 

neii:CTBYIOIU8SI H8 crycTOK 1 JIBH*YIUHftCSI CO CKOpOCTbiO {3 C 

BOnHhl C IIOTOKOM 8HeprHH pz , p8BH8 

2 f3 f3 2 2 
y < 1- -> 11- -I< 1-1 II\ +I o I 

z f3 f3 
rp rp 

( 4 i) 

, k, pz 6epyTCB B CHCTeMe KOOpnHH8T BOnHOBOU81 p H 0-. 
oopnHH8T cryCTKa, ~ - rpyiiiiOB8B CKOpOCTb BOnHhl. . 

rp 

B 1 KOTOpy!O B enHHHUy speMeHH nony'iaeT cryCTOK B C06CTB9HHOH 

pnHHaT, orroenenseTcs <PopMynoft: 

2 f3 2 ~ 
y (1--)(1-{3{3 )(1-IITI -101 ). 

z f3 rp 
rp 

( 42) 

6naroaapsT yqaCTHHKOB ceMHHapa OHMY- nB3 OH.HH 38 aaMe-

14 

... ~ 
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