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�®à¬¨à®¢ ­¨¥ ­ ¯à ¢«¥­­®£® ¨­â¥àä¥à¥­æ¨®­­®-
£® ¯®â®ª  (��), ¢®§­¨ª îé¥£® ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨

¢áâà¥ç­ëå í«¥ªâà®¬ £­¨â­ëå ¢®«­ ¢ ¯®£«®é îé¥¬

á«®¥, ¯à¥¤áâ ¢«ï¥â ¨­â¥à¥á ­¥ â®«ìª® ª ª ®¤­® ¨§

¯à®ï¢«¥­¨© âã­­¥«ì­®© ¨­â¥àä¥à¥­æ¨¨ [1–4], ­® ¨ á

â®çª¨ §à¥­¨ï ¡ « ­á  í­¥à£¨¨ ¢ ãª § ­­®¬ ¯à®æ¥á-
á¥ [5,6]. �­â¥àä¥à¥­æ¨ï ¢áâà¥ç­ëå ¢®«­ ¢ ¯®£«®é -
îé¥© áà¥¤¥ ¤®«¦­  ¯à¨¢®¤¨âì ª ¯¥à¥à á¯à¥¤¥«¥­¨î

â¥¯«®¢ë¤¥«¥­¨ï ¢­ãâà¨ á«®ï, ¢«¨ïîé¥¬ã ­  ä®à¬¨-
à®¢ ­¨¥ ¯®â®ª®¢ «ãç¨áâ®© í­¥à£¨¨.
� ­ áâ®ïé¥© à ¡®â¥ ¨áá«¥¤ãîâáï ®á®¡¥­­®áâ¨ ¤¨á-

á¨¯ æ¨¨ í­¥à£¨¨ ¢ á¨«ì­® ¯®£«®é îé¥¬ (¬¥â ««¨-
ç¥áª®¬) á«®¥, ­  ª®â®àë© ¯ ¤ îâ á ¯à®â¨¢®¯®«®¦-
­ëå áâ®à®­ ¤¢¥ ¢áâà¥ç­ë¥ ª®£¥à¥­â­ë¥ ¢®«­ë. �«ï
è¨à®ª®£® ¨­â¥à¢ «  â®«é¨­ à áá¬®âà¥­® ¢«¨ï­¨¥

ä §®¢ëå á®®â­®è¥­¨© ¬¥¦¤ã ¢áâà¥ç­ë¬¨ ¢®«­ ¬¨ ­ 

¯®£«®é¥­¨¥ ¢ á«®¥ í­¥à£¨¨ í«¥ªâà®¬ £­¨â­®£® ¯®«ï.
�ãáâì ¨§ ¢ ªãã¬  ­  £à ­¨æë á«®ï, § ­¨¬ îé¥£®

®¡« áâì ¯à®áâà ­áâ¢  0 < y < d ¨ ®¯¨áë¢ îé¥£®áï

¯®ª § â¥«¥¬ ¯à¥«®¬«¥­¨ï n = n1 − in2, ­®à¬ «ì­®
¯ ¤ îâ ¢áâà¥ç­ë¥ «¨­¥©­® ¯®«ïà¨§®¢ ­­ë¥ ¯«®áª¨¥

¢®«­ë á ç áâ®â®© ω ¨ ¤¥©áâ¢¨â¥«ì­ë¬¨  ¬¯«¨âã-
¤ ¬¨ A, B. �®£¤  y-ª®¬¯®­¥­â  í­¥à£¥â¨ç¥áª®£®

¯®â®ª  ¢­ãâà¨ á«®ï, ®¯à¥¤¥«ï¥¬®£® ¢¥ªâ®à®¬ �¬®¢ –
�®©­â¨­£  S = (c/8π) [E, H∗], ¨¬¥¥â ¢¨¤

S = S+ + S− + S↓↑, (1)

£¤¥

S± = ±
c

8π
|G|2α1 exp(±2k2y)

×
{
A2 exp(±2k2d) (2− γ ± 2α1) +B2(2− γ ± 2α1)

+ 2AB exp(±k2d)
[
γ cos(δ ± k1d)± 2α sin(δ ± k1d)

]}
,

S↓↑ =
c

4π
|G|2α2

×
{
A2
[
γ sin(2k1d− 2k1y) + 2α2 cos(2k1d− 2k1y)

]
−B2

[
γ sin(2k1y) + 2α2 cos(2k1y)

]
+AB

[
(2− γ − 2α1) exp(−k2d) sin(δ + k1d− 2k1y)

− (2− γ + 2α1) exp(k2d) sin(δ − k1d+ 2k1y)
]}
.

�¤¥áì G = [2α cos kd + i(α2 + 1) sin kd]−1,
α = 1/n = α1 + iα2, γ = 1−α2

1−α
2
2, k = k0n = k1− ik2,

k0 = ω/c; δ = ϕb − ϕa + k0d ¨¬¥¥â á¬ëá« à §­®áâ¨

ä § ¢®«­ ­  £à ­¨æ å á«®ï. � ®â«¨ç¨¥ ®â [5,7], £¤¥
á« £ ¥¬ë¥ ¯®«­®£® ¯®â®ª  ¢­ãâà¨ á«®ï § ¯¨áë¢ «¨áì

¯® ¯à¨­æ¨¯ã ¯à¨­ ¤«¥¦­®áâ¨ ª ¦¤®© ¨§ ¢®«­,
¢ ¤ ­­®¬ á«ãç ¥ ¬ë á®ç«¨ ¡®«¥¥ ª®àà¥ªâ­ë¬

®¯à¥¤¥«¨âì ¨å ¯® ¯à¨­æ¨¯ã ­ ¯à ¢«¥­­®áâ¨. � ª,
§ âãå îé¨¥ á £«ã¡¨­®© ¯®â®ª¨ S+ ¨ S− ®¯à¥¤¥«ïîâ

¯¥à¥­®á í­¥à£¨¨ ¢¤®«ì ¨ ¯à®â¨¢ ®á¨ y ¨ ä®à¬¨àãîâáï
®¤­®­ ¯à ¢«¥­­ë¬¨ ¢®«­ ¬¨, à á¯à®áâà ­ïîé¨¬¨áï
¢ á«®¥,   ®áæ¨««¨àãîé¨© ¯® ª®®à¤¨­ â¥ ¯®â®ª S↓↑
ï¢«ï¥âáï à¥§ã«ìâ â®¬ ¨­â¥àä¥à¥­æ¨¨ ¢áâà¥ç­ëå

¢®«­.
�§ § ª®­  á®åà ­¥­¨ï í­¥à£¨¨ á«¥¤ã¥â, çâ® ¢ «î-

¡®¬ á¥ç¥­¨¨ á«®ï ®¡ê¥¬­ ï ¯«®â­®áâì ¬®é­®áâ¨

¤¦®ã«¥¢  â¥¯«  ¡ã¤¥â ®¯à¥¤¥«ïâìáï á®®â­®è¥­¨¥¬

Q = −divS, ª®â®à®¥ ¢ ­ è¥¬ á«ãç ¥ ¯à¨­¨¬ ¥â ¢¨¤

Q = Q+ +Q− +Q↓↑, (2)

£¤¥

Q± =
1

2
σ|E±|

2 = ±2k2S±,

Q↓↑ =
1

2
σ(E+E

∗
− +E−E

∗
+) =

c

2π
k1|G|

2α2

×
{
A2
[
γ cos(2k1d− 2k1y)− 2α2 sin(2k1d− 2k1y)

]
+B2

[
γ cos(2k1y)− 2α2 sin(2k1y)

]
+AB

[
(2− γ − 2α1) exp(−k2d) cos(δ + k1d− 2k1y)

+ (2− γ − 2α1) exp(k2d) cos(δ − k1d+ 2k1y)
]}
.

�¤¥áì E± — z-ª®¬¯®­¥­âë í«¥ªâà¨ç¥áª¨å ¢¥ªâ®à®¢

¢®«­, à á¯à®áâà ­ïîé¨åáï ¢ á«®¥ ¢¤®«ì ¨ ¯à®â¨¢ ®á¨
y; σ = n1n2ω/2π — ã¤¥«ì­ ï ¯à®¢®¤¨¬®áâì áà¥¤ë.
�¥à¢ë¥ ¤¢  á« £ ¥¬ë¥ ¢ ¯à ¢®© ç áâ¨ (2) ®¯à¥¤¥«ï-
îâ ¯®£«®é¥­¨¥ á«®¥¬ «ãç¨áâ®© í­¥à£¨¨ ¨ ï¢«ïîâáï

¯®«®¦¨â¥«ì­ë¬¨ ¢¥«¨ç¨­ ¬¨. �à¥âì¥ ¨­â¥àä¥à¥­æ¨-
®­­®¥ á« £ ¥¬®¥ ¬®¦¥â ¯à¨­¨¬ âì ª ª ¯®«®¦¨â¥«ì-
­ë¥, â ª ¨ ®âà¨æ â¥«ì­ë¥ §­ ç¥­¨ï ¢ § ¢¨á¨¬®áâ¨ ®â
ä §®¢ëå á®®â­®è¥­¨© ¬¥¦¤ã ¢§ ¨¬®¤¥©áâ¢ãîé¨¬¨

¢áâà¥ç­ë¬¨ ¢®«­ ¬¨. �à¨ íâ®¬ ¢¥«¨ç¨­  Q ï¢«ï¥âáï

118
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¢á¥£¤  ¯®«®¦¨â¥«ì­®©, çâ® £®¢®à¨â ® ¯à®æ¥áá¥ â¥¯«®-
¢ë¤¥«¥­¨ï ¯à¨ ¯à®å®¦¤¥­¨¨ ¢áâà¥ç­ëå ¢®«­ ç¥à¥§

¯®£«®é îé¨© á«®©. �¥­ïï ä §®¢ë¥ á®®â­®è¥­¨ï ¬¥-
¦¤ã ¢áâà¥ç­ë¬¨ ¢®«­ ¬¨, ¬®¦­® ã¯à ¢«ïâì ¬®é­®-
áâìî ¤¦®ã«¥¢  â¥¯«®¢ë¤¥«¥­¨ï. �¨¦¥ ¯à¥¤áâ ¢«¥­ë
à áç¥â­ë¥ § ¢¨á¨¬®áâ¨ ¯®â®ª®¢ «ãç¨áâ®© í­¥à£¨¨ ¨

â¥¯«®¢ë¤¥«¥­¨ï ¢­ãâà¨ á«®ï, ¯®«ãç¥­­ë¥ ¤«ï § ¤ ­-
­ëå ¯ à ¬¥âà®¢ ¯®£«®é îé¥© ¯«¥­ª¨ ¨ à §«¨ç­®©

à §­®áâ¨ ­ ç «ì­ëå ä § ¢®«­ ∆ϕba = ϕb − ϕa ¯à¨

A = B. � ª ç¥áâ¢¥ à áç¥â­ëå ¡ë«¨ ¢ë¡à ­ë ®¯â¨-
ç¥áª¨¥ ¯ à ¬¥âàë ¬¥¤¨ ¤«ï ¤«¨­ë ¢®«­ë ¯ ¤ îé¥£®

¨§«ãç¥­¨ï λ = 589.3­¬: n1 = 0.62, n2 = 2.57 [8].

�  à¨á. 1 ¯à¨¢¥¤¥­® à á¯à¥¤¥«¥­¨¥ ¯® ª®®à¤¨­ â¥ y
­®à¬¨à®¢ ­­ëå ¯®«­ëå ¯®â®ª  «ãç¨áâ®© í­¥à£¨¨ ( )
¨ ¢ë¤¥«¥­­®£® ¤¦®ã«¥¢  â¥¯«  (¡) ¢ ¯«¥­ª¥ â®«é¨­®©
d = 20­¬. �®à¬¨à®¢ª  ¯à®¢®¤¨« áì ­  ¢¥«¨ç¨­ë

S0 = (c/8π)A2 ¨ Q0 = σA2 á®®â¢¥âáâ¢¥­­®. �§

à¨áã­ª  á«¥¤ã¥â, çâ® ¤«ï ¤®áâ â®ç­® ¬ «ëå â®«é¨­,
  ¨¬¥­­® d . ds, £¤¥ ds ' 36.5­¬ — £«ã¡¨­  áª¨­-á«®ï
¢ë¡à ­­®£® ¬¥â «« , ®áæ¨««ïæ¨¨ �� ¢áâà¥ç­ëå ¢®«­

­¥ ¬®£ãâ à¥ «¨§®¢ âìáï. �®íâ®¬ã à á¯à¥¤¥«¥­¨ï ¯®

ª®®à¤¨­ â¥ ¯®«­®£® ¯®â®ª  «ãç¨áâ®© í­¥à£¨¨ ­®áïâ

¯à ªâ¨ç¥áª¨ «¨­¥©­ë© å à ªâ¥à.�¡à é ¥â ¢­¨¬ ­¨¥
â®â ä ªâ, çâ® ¢¥«¨ç¨­ë ¯®«­ëå ¯®â®ª®¢ «ãç¨áâ®©

í­¥à£¨¨ ¨ â¥¯«®¢ë¤¥«¥­¨ï ­  £à ­¨æ å ¨ ¢ ª ¦¤®¬

á¥ç¥­¨¨ á«®ï, ­¥á¬®âàï ­  à ¢¥­áâ¢®  ¬¯«¨âã¤ ¯ -

�¨á. 1. � á¯à¥¤¥«¥­¨¥ ¯® ª®®à¤¨­ â¥ y ­®à¬¨à®¢ ­­ëå

¯®«­ëå ¯®â®ª  S ( ) ¨ ¤¦®ã«¥¢  â¥¯«  Q (¡) ¢­ãâà¨ á«®ï.
1 — ∆ϕba = 0.2, 2 — π/2, 3 — π, 4 — 3π/2.

�¨á. 2. � á¯à¥¤¥«¥­¨¥ ¯® ª®®à¤¨­ â¥ y ­®à¬¨à®¢ ­­ëå

�� ¢áâà¥ç­ëå ¢®«­ S↓↑ ( ) ¨ á¢ï§ ­­®£® á ­¨¬ ¤¦®ã«¥¢ 

â¥¯«  Q↓↑ (¡) ¢­ãâà¨ á«®ï. 1–4 — â® ¦¥, çâ® ¨ ­  à¨á. 1.

¤ îé¨å ¢áâà¥ç­ëå ¢®«­, áãé¥áâ¢¥­­® § ¢¨áïâ ®â

à §­®áâ¨ ä § ∆ϕba. �­ ç¥­¨ï ¢¥«¨ç¨­ë S(y) ¯à¨

y = 0 ¨ y = d ®¯à¥¤¥«ïîâ ¢¥«¨ç¨­ë ¯®«­®£® ¯®â®ª 

«ãç¨áâ®© í­¥à£¨¨ ¢­¥ á«®ï á«¥¢  S(0) ¨ á¯à ¢  S(d)

¢¢¨¤ã ¥£® ­¥¯à¥àë¢­®áâ¨ ¯à¨ ¯¥à¥å®¤¥ ç¥à¥§ £à ­¨æë

à §¤¥«  áà¥¤. �  ¢áâ ¢ª å ã ªà¨¢ëå S(y) ¯à¨¢¥¤¥­ë ¢

¬ áèâ ¡¥ ¢¥«¨ç¨­ë ¨ ­ ¯à ¢«¥­¨ï ãáâ ­®¢¨¢è¥£®áï

¯®«­®£® ¯®â®ª  ¢­¥ á«®ï ¤«ï ª ¦¤®© ¨§ à §­®áâ¥©

ä §. �«ï ®¯à¥¤¥«¥­­ëå ä §®¢ëå á®®â­®è¥­¨© (ªà¨-

¢ë¥ 3 ) ¯®«­ë© ¯®â®ª S(y) ¯à ªâ¨ç¥áª¨ ®¤¨­ ª®¢ ¢

«î¡®¬ á¥ç¥­¨¨ á«®ï,   â¥¯«®¢ë¤¥«¥­¨¥ ¢ á«®¥ ®ç¥­ì

¬ «®́. �®¤®¡­ ï ­¥âà¨¢¨ «ì­ ï á¨âã æ¨ï, ®¤­ ª®,

­¥ ­ å®¤¨âáï ¢ ¯à®â¨¢®à¥ç¨¨ á § ª®­®¬ á®åà ­¥­¨ï

í­¥à£¨¨, çâ® á«¥¤ã¥â ¨§ à¨á. 2, ­  ª®â®à®¬ ¯à¥¤áâ -

¢«¥­ë  ­ «®£¨ç­ë¥ § ¢¨á¨¬®áâ¨ ¤«ï ¨­â¥àä¥à¥­æ¨-

®­­ëå á« £ ¥¬ëå ¯®«­®£® ¯®â®ª  «ãç¨áâ®© í­¥à£¨¨

S↓↑ ¨ â¥¯«®¢ë¤¥«¥­¨ï Q↓↑. �®à¬¨àãîé¨©áï ��

¢áâà¥ç­ëå ¢®«­, à á¯à®áâà ­ïïáì ¯® á«®î, à áâ¥â,

ª®¬¯¥­á¨àãï ¤¨áá¨¯ æ¨î ¯®â®ª®¢ ®¤­®­ ¯à ¢«¥­­ëå

¢®«­. �­ «¨§ ¯®ª §ë¢ ¥â, çâ® ¯®¤®¡­ ï ª®¬¯¥­á æ¨ï

­¥ ¬®¦¥â ¡ëâì  ¡á®«îâ­® ¯®«­®©. � ¦¥ ¯à¨ ãá«®¢¨-

ïå, á¯®á®¡áâ¢ãîé¨å ­ ¨¡®«¥¥ íää¥ªâ¨¢­®¬ã ¨­â¥à-

ä¥à¥­æ¨®­­®¬ã ®á« ¡«¥­¨î ¤¨áá¨¯ æ¨¨, ¬®é­®áâì

í«¥ªâà®¬ £­¨â­®© í­¥à£¨¨, ¯®£«®é¥­­®© ¢ ¯«¥­ª¥,

®â«¨ç­  ®â ­ã«ï.

�ãà­ « â¥å­¨ç¥áª®© ä¨§¨ª¨, 1997, â®¬ 67, ò 2



120 �.�. �ä¨¬®¢, �.�. �¥¬¥­æ®¢

� §­®áâì §­ ç¥­¨© ¯®«­®£® ¯®â®ª  ­  ®¡¥¨å £à ­¨-
æ å á«®ï ∆S ¡ã¤¥â ®¯à¥¤¥«ïâìáï ¤¨áá¨¯ æ¨¥© í­¥à£¨¨
¢ ­¥¬

∆S = ∆Sa + ∆Sb + ∆Sint,

∆Sa =
c

8π
A2D, ∆Sb +

c

8π
B2D,

∆Sint =
c

π
AB|G|2

[
α1γ cos k1dshk2d

+ α2(2− γ) sink1dáhk2d
]

cos δ, (3)

£¤¥ D = 1 − R − T , R ¨ T — í­¥à£¥â¨ç¥áª¨¥ ª®íä-
ä¨æ¨¥­âë ®âà ¦¥­¨ï ¨ ¯à®¯ãáª ­¨ï ¯®£«®é îé¥£®

á«®ï [4,8].
�­ «¨§ (3) ¯®ª §ë¢ ¥â, çâ® ¯à¨ § ¤ ­­ëå ¯ à -

¬¥âà å á«®ï â®«ìª® à §­®áâì ä § ­  ¥£® £à ­¨æ å

®¯à¥¤¥«ï¥â ¢ª« ¤ ¨­â¥àä¥à¥­æ¨¨ ¢ ¯à®æ¥áá ¤¨áá¨¯ -
æ¨¨ í­¥à£¨¨. � ¨¡®«ìè¨© ¢ª« ¤ ¨­â¥àä¥à¥­æ¨®­­®£®
¯®£«®é¥­¨ï ¨¬¥¥â ¬¥áâ® ¯à¨ δ = 2mπ, ­ ¨¬¥­ìè¨© —
¯à¨ δ = (2m+ 1)π, £¤¥ m — æ¥«®¥. � íâ¨å á«ãç ïå

¨­â¥àä¥à¥­æ¨®­­ë¥ ¯®â®ª¨ ­  £à ­¨æ å á«®ï ¯à®â¨-
¢®¯®«®¦­ë ¯® ­ ¯à ¢«¥­¨î ¨ à ¢­ë ¯® ¢¥«¨ç¨­¥.
� ªá¨¬ «ì­ ï ¤¨áá¨¯ æ¨ï á®®â¢¥âáâ¢ã¥â á¨âã æ¨¨,
ª®£¤  �� ­  £à ­¨æ å à §¤¥«  áà¥¤ ­ ¯à ¢«¥­ ¢ á«®©,
  ¬¨­¨¬ «ì­ ï — ª®£¤  ®â á«®ï. �à¨ ãá«®¢¨¨ A = B,
á®®â¢¥âáâ¢ãîé¥¬ ¬ ªá¨¬ «ì­®© íää¥ªâ¨¢­®áâ¨ ¨­-
â¥àä¥à¥­æ¨®­­®© ¤¨áá¨¯ æ¨¨, ¨ ¢ëè¥¯à¨¢¥¤¥­­ëå

§­ ç¥­¨ïå δ ¤«ï d� ds ¨¬¥¥¬ ∆Sint ' ±(∆Sa + ∆Sb).
�  à¨á. 3 ¯à¥¤áâ ¢«¥­ë § ¢¨á¨¬®áâ¨ ­®à¬¨à®¢ ­-

­®© ¬®é­®áâ¨ í«¥ªâà®¬ £­¨â­®© í­¥à£¨¨, ¯®£«®é¥­-
­®© ¢ ¯«¥­ª¥, á ãç¥â®¬ ¨ ¡¥§ ãç¥â  (èâà¨å®¢ ï
ªà¨¢ ï) ¨­â¥àä¥à¥­æ¨¨ ¢áâà¥ç­ëå ¢®«­ ®â â®«é¨-
­ë á«®ï d ¤«ï à §«¨ç­ëå ∆ϕba ¨ ¢ëè¥ãª § ­­ëå

à áç¥â­ëå ¤ ­­ëå ¯à¨ A = B. �¨¤­®, çâ® ä®à-
¬  ªà¨¢ëå, ¢¥«¨ç¨­  ¨ ¯®«®¦¥­¨¥ ¨å ¬ ªá¨¬ã¬®¢

�¨á. 3. � ¢¨á¨¬®áâ¨ ­®à¬¨à®¢ ­­®© ¬®é­®áâ¨ í«¥ªâà®-
¬ £­¨â­®© í­¥à£¨¨, ¯®£«®é¥­­®© ¢ á«®¥, ®â â®«é¨­ë d.
1 — ∆ϕba = 0, 2 — π/3, 3 — π/2, 4 — 2π/3, 5 — π.
�âà¨å®¢ ï ªà¨¢ ï — § ¢¨á¨¬®áâì Dd.

áãé¥áâ¢¥­­® § ¢¨áïâ ®â à §­®áâ¨ ä § ¢®«­. �à¨

∆ϕba = π (ªà¨¢ ï 5 ) ¤«ï ¤®áâ â®ç­® â®­ª¨å á«®¥¢

(d � ds) ¯®£«®é¥­¨¥ ¢ á«®¥ áâà¥¬¨âáï ª á¢®¥¬ã

¬¨­¨¬ «ì­®¬ã §­ ç¥­¨î,   ¢¥«¨ç¨­  ¯®«­®£® ¯®â®ª 
¢­¥ á«®ï, ª ª á«¥¤ã¥â ¨§ (1), (3), — ª ­ã«î. �«ï
â®«áâëå (d� ds) á«®¥¢ ¨­â¥àä¥à¥­æ¨®­­ë¬ ¢ª« ¤®¬

¬®¦­® ¯à¥­¥¡à¥çì, ¨ ¯®£«®é¥­¨¥ ä ªâ¨ç¥áª¨ ¡ã¤¥â

®¯à¥¤¥«ïâìáï ¢¥«¨ç¨­®© D ' 1−R.
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