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� à ¡®â¥ à §¢¨âë© â¥®à¥â¨ç¥áª¨© ¯®¤å®¤ à áá¬®âà¥­ ¤«ï áà¥¤, áª «ïà-
­ë© ¨  ­¨§®âà®¯­ë© ®âª«¨ª ª®â®àëå ¯à®â¨¢®¯®«®¦­ë ¯® §­ ªã. � íâ¨å

ãá«®¢¨ïå  ­ «¨§¨àãîâáï áä®à¬¨à®¢ ­­ë¥ ¯®«ïà¨§ æ¨®­­®© £®«®£à ¬-
¬®© ­¥¤¨äà £¨à®¢ ­­ë© ¯ãç®ª, ¬­¨¬®¥ ¨ ¤¥©áâ¢¨â¥«ì­®¥ ¨§®¡à ¦¥­¨ï.
�®ª § ­®, çâ® ¬­¨¬®¥ ¨§®¡à ¦¥­¨¥ ¯à¥®¡à §®¢ ­® ¯® ¯®«ïà¨§ æ¨¨ ¯®

áà ¢­¥­¨î á ®¡ê¥ªâ­ë¬ ¯®«¥¬,   ¢ ¤¥©áâ¢¨â¥«ì­®¬ ¨§®¡à ¦¥­¨¨ ä®à-
¬¨àã¥âáï ¢®ááâ ­®¢«¥­­®¥ ¯® á®áâ®ï­¨î ¨ áâ¥¯¥­¨ ¯®«ïà¨§ æ¨¨ ¯á¥¢¤®-
áª®¯¨ç¥áª®¥ ¯®«¥ ®¡ê¥ªâ .

� ­¥¥ ¯à®¢¥¤¥­® ¨áá«¥¤®¢ ­¨¥ ¯®«ïà¨§ æ¨®­­®-£®«®£à ä¨ç¥áª®©
§ ¯¨á¨ ¨ ¢®ááâ ­®¢«¥­¨ï ®¡ê¥ªâ­®£® ¯®«ï ¯à¨ ¨á¯®«ì§®¢ ­¨¨ ç -
áâ¨ç­® ¯®«ïà¨§®¢ ­­®£® ¨§«ãç¥­¨ï ­  ®á­®¢¥ ®¯¨á ­­®© ¢ à ¡®-
â å [1–3] ¬®¤¨ä¨ª æ¨¨ ¢¥ªâ®à­®-¬ âà¨ç­®£® ¬¥â®¤  �¦®­á  [4,5] ¨
§ ª®­®¬¥à­®áâ¨ �¥©£¥àâ-íää¥ªâ  [6]. �à¨ íâ®¬ ¡ë«® ¯®ª § ­®, çâ®
¨á¯®«ì§®¢ ­¨¥ ¤«ï § ¯¨á¨ ¯®«ïà¨§ æ¨®­­®-çã¢áâ¢¨â¥«ì­ëå áà¥¤,
å à ªâ¥à¨áâ¨ª¨ ª®â®àëå ¯®¤ç¨­ïîâáï ãá«®¢¨î ŝ−v̂L = 0, ŝ+v̂L 6= 0,
v̂L − v̂G 6= 0, v̂L + v̂G = 0, £¤¥ ŝ, v̂L, v̂G — á®®â¢¥âáâ¢¥­­®

â ª ­ §ë¢ ¥¬ë¥ áª «ïà­ë©,  ­¨§®âà®¯­ë© ¨ £¨à®âà®¯­ë© ®âª«¨ª¨
áà¥¤ë ­  ¢®§¤¥©áâ¢ãîéãî ¨­â¥­á¨¢­®áâì ¯®«ïà¨§®¢ ­­®£® ¨§«ã-
ç¥­¨ï, ¯®§¢®«ï¥â ¢®ááâ ­®¢¨âì á®áâ®ï­¨¥ ç áâ¨ç­®© ¯®«ïà¨§ æ¨¨

®¡ê¥ªâ­®£® ¯®«ï ¢ ¬­¨¬®¬ ¨§®¡à ¦¥­¨¨. �à¥¤ë á â ª¨¬¨ å à ª-
â¥à¨áâ¨ª ¬¨ ¡ë«¨ ¯à¨¬¥­¥­ë ¢ ¯®«ïà¨§ æ¨®­­®-£®«®£à ä¨ç¥áª®¬
íªá¯¥à¨¬¥­â¥ [1].

� ¯à¥¤« £ ¥¬®© à ¡®â¥ à áá¬ âà¨¢ ¥âáï ¯®«ïà¨§ æ¨®­­®-£®«®-
£à ä¨ç¥áª ï § ¯¨áì ç áâ¨ç­® ¯®«ïà¨§®¢ ­­ë¬ ¨§«ãç¥­¨¥¬ ¢ à¥£¨-
áâà¨àãîé¥© áà¥¤¥ á å à ªâ¥à¨áâ¨ª ¬¨, ¯®¤ç¨­ïîé¨¬¨áï ®â«¨ç­ë¬
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®â à áá¬®âà¥­­ëå à ­¥¥ ãá«®¢¨ï¬:

ŝ− v̂L 6= 0, ŝ+ v̂L 6= 0, v̂L − v̂G 6= 0, v̂L + v̂G = 0. (1)

�ãáâì ¯®«ïà¨§ æ¨®­­ ï £®«®£à ¬¬  § ¯¨áë¢ ¥âáï ç áâ¨ç­® í«-
«¨¯â¨ç¥áª¨ ¯®«ïà¨§®¢ ­­®© ®¯®à­®© ¢®«­®©, à á¯à®áâà ­ïîé¥©áï
¢¤®«ì ®á¨ z, ¨ ®¡ê¥ªâ­®© ¢®«­®©, ä®à¬¨àã¥¬®© ¯à¨ ¯à®å®¦¤¥­¨¨

®¯®à­®© ¢®«­ë áª¢®§ì ¯à®¨§¢®«ì­ë© ( ­¨§®âà®¯­®-£¨à®âà®¯­ë©)
®¡ê¥ªâ. �®¤¨ä¨æ¨à®¢ ­­ë© ¢¥ªâ®à �¦®­á  áã¬¬ à­®© ¢®«­ë ¬®¦-
­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ [2]:

EΣ = E®¯ + E®¡ = E�� exp i
(
ωt+ ϕ

)[
1 + exp iδ ·M®¡

]( 1

iε

)
⊕E�� exp i

(
ωt+ ψ −

π

2

)[
1 + exp iδ ·M®¡

]( iε
1

)
, (2)

£¤¥ ε = E��
E��

= E��
E��

(0 6 ε 6 1), ⊕ — §­ ª ­¥ª®£¥à¥­â­®£®

áã¬¬¨à®¢ ­¨ï  ¬¯«¨âã¤ á ¯à ¢¨« ¬¨ ®¯¥à¨à®¢ ­¨ï, ¯à¨¢¥¤¥­­ë¬¨
¢ [2]; E�� exp iϕ — ª®¬¯«¥ªá­ ï  ¬¯«¨âã¤  ª®¬¯®­¥­âë ®¤­®£®

¡ §¨á ,   E�� exp iψ — ª®¬¯«¥ªá­ ï  ¬¯«¨âã¤  ª®¬¯®­¥­âë ¤àã-

£®£®, ®àâ®£®­ «ì­®£® ¨ ­¥ª®£¥à¥­â­®£® ¥¬ã; M®¡ =

(
m̂11 m̂12

m̂21 m̂22

)
—

ª®¬¯«¥ªá­ ï ¬ âà¨æ  �¦®­á  ®¡ê¥ªâ ; δ — ­ ¡¥£ ä §ë, ¢ë§¢ ­­ë©
­ ª«®­­ë¬ à á¯à®áâà ­¥­¨¥¬ ®¡ê¥ªâ­®© ¢®«­ë.

�®¤ ¢®§¤¥©áâ¢¨¥¬ ¯®«ï ç áâ¨ç­® í««¨¯â¨ç¥áª¨ ¯®«ïà¨§®¢ ­-
­®© áã¬¬ à­®© ¢®«­ë (2) ¢ à¥£¨áâà¨àãîé¥© áà¥¤¥ ­ ¢®¤¨âáï

 ­¨§®âà®¯¨ï-£¨à®âà®¯¨ï, ®¯¨áë¢ ¥¬ ï ¬ âà¨æ¥© �¦®­á  [7]:

M ≈M0 +M−1 +M+1, (3)

£¤¥

M0 ≈ exp−2iκd n̂0

(
(M0)11 (M0)12

(M0)21 (M0)22

)
, (4)

(M0)11,22 =1−
iκd
2n̂0

[
(ŝ± v̂L)

(
E2
��+ε2E2

��

)
+(ŝ∓ v̂L)

(
ε2E2

��+E2
��

)]
,

(M0)12,21 = −
iκd
2n̂0

{
2iε
[
(v̂L ± v̂G)E2

�� + (v̂L ∓ v̂G)E2
��

]}
;
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M−1 ≈ −
iκd
2n̂0

exp−2iκd n̂0 · exp iδ

(
(M−1)11 (M−1)12

(M−1)21 (M−1)22

)
, (5)

(M−1)11,22 =
(
ŝ± v̂L

)[(
E2
��

+ ε2E2
��

)
m̂11 + iε

(
E2
��
−E2

��

)
m̂12

]
+
(
ŝ∓ v̂L

)[
−iε

(
E2
��
−E2

��

)
m̂21 +

(
ε2E2

��
+E2

��

)
m̂22

]
,

(M−1)12,21 =
(
v̂L ∓ v̂G

)[
−iε

(
E2
��
−E2

��

)
m̂11 +

(
ε2E2

��
+E2

��

)
m̂12

]
+
(
v̂L ± v̂G

)[(
E2
�� + ε2E2

��

)
m̂21 + iε

(
E2
�� −E

2
��

)
m̂22

]
;

M+1 ≈ −
iκd
2n̂0

exp−2iκd n̂0 · exp−iδ

(
(M+1)11 (M+1)12

(M+1)21 (M+1)22

)
, (6)

(M+1)11,22 =
(
ŝ± v̂L

)[(
E2
�� + ε2E2

��

)
m̂∗11 − iε

(
E2
�� −E

2
��

)
m̂∗12

]
+
(
ŝ∓ v̂L

)[
iε
(
E2
��
−E2

��

)
m̂∗21 +

(
ε2E2

��
+E2

��

)
m̂∗22

]
,

(M+1)12,21 =
(
v̂L ± v̂G

)[
iε
(
E2
��
−E2

��

)
m̂∗11 +

(
ε2E2

��
+E2

��

)
m̂∗12

]
+
(
v̂L ∓ v̂G

)[(
E2
��

+ ε2E2
��

)
m̂∗21 − iε

(
E2
��
−E2

��

)
m̂∗22

]
.

�¤¥áì ¬ âà¨æ  M0 ®â¢¥âáâ¢¥­­  §  ä®à¬¨à®¢ ­¨¥ ­¥¤¨äà £¨-
à®¢ ­­®£® ¯ãçª , ¬ âà¨æë M−1 ¨ M+1 ®â¢¥âáâ¢¥­­ë §  ä®à¬¨-
à®¢ ­¨¥ ¬­¨¬®£® ¨ ¤¥©áâ¢¨â¥«ì­®£® ¨§®¡à ¦¥­¨© á®®â¢¥âáâ¢¥­­®.
(� âà¨æ , ®â¢¥âáâ¢¥­­ ï §  ä®à¬¨à®¢ ­¨¥ á¢¥àâ®ç­®© ª®¬¯®­¥­âë,
¢ ¤ ­­®© à ¡®â¥ ­¥ à áá¬ âà¨¢ ¥âáï.) � (4)–(6) κ = 2π

λ , d —
â®«é¨­  à¥£¨áâà¨àãîé¥© áà¥¤ë; n̂0 — ª®¬¯«¥ªá­ë© ª®íää¨æ¨¥­â

¯à¥«®¬«¥­¨ï ¢ ¨áå®¤­®¬, ­¥§ á¢¥ç¥­­®¬ á®áâ®ï­¨¨ (n̂0 = n0− in0τ0,
n0 — ª®íää¨æ¨¥­â ¯à¥«®¬«¥­¨ï, τ0 — ª®íää¨æ¨¥­â íªáâ¨­ªæ¨¨).

�á¯®«ì§ãï ãá«®¢¨¥ (1), ¢ ¢ëà ¦¥­¨ïå (4)–(6) ¯®«ãç ¥¬:

M0 ≈ exp
(
−2iκdn̂0

) [(1 0
0 1

)
+
iκdv̂L
n̂0

P0

]
; (7)

M−1 ≈
iκdv̂L
n̂0

exp
(
−2iκdn̂0

)
exp iδ · P

(
adjM®¡

)
; (8)

M+1 ≈
iκdv̂L
n̂0

exp
(
−2iκdn̂0

)
exp(−iδ)

(
adjM

∗
®¡

)
P, (9)
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£¤¥

P0 =

(
ε2E2

��
+E2

��
−2iεE2

��

−2iεE2
��

E2
��

+ ε2E2
��

)
,

P =

(
ε2E2

��
+E2

��
iε(E2

��
−E2

��
)

−iε(E2
��
−E2

��
) E2

��
+ ε2E2

��

)
;

(
adjM®¡

)
=

(
m̂22 −m̂21

−m̂12 m̂11

)
¨
(
adjM

∗
®¡

)
=

(
m̂∗22 −m̂∗21

−m̂∗12 m̂∗11

)
— á®®â¢¥âáâ¢¥­­® â ª ­ §ë¢ ¥¬ë¥ ¯à¨á®¥¤¨­¥­­ ï ¨ ¯à¨á®¥¤¨­¥­-
­®-á®¯àï¦¥­­ ï ¬ âà¨æë ®¡ê¥ªâ  [8].

� ¯à®æ¥áá¥ ¢®ááâ ­®¢«¥­¨ï ¨§®¡à ¦¥­¨ï ¯à®á¢¥â¨¬ ¯®«ïà¨§ æ¨-
®­­ãî £®«®£à ¬¬ã à¥ª®­áâàã¨àãîé¥© ¢®«­®©, ¨¤¥­â¨ç­®© ®¯®à­®©.
�à¨ íâ®¬ ¯à®è¥¤è ï ¡¥§ ¤¨äà ªæ¨¨ ¢®«­  ¯à¥¤áâ ¢¨âáï ¢ ¢¨¤¥

E0 =M0E®¯≈exp
(
−2iκdn̂0

){
E�� exp i(ωt+ ϕ)

[(
1 0
0 1

)
+
iκdv̂L
n̂0

P0

]

×

(
1

iε

)
⊕E�� exp i

(
ωt+ ψ −

π

2

) [(1 0
0 1

)
+
iκdv̂L
n̂0

P0

](
iε

1

)}
.

(10)
�«ï áä®à¬¨à®¢ ­­ëå ¯®«ïà¨§ æ¨®­­®© £®«®£à ¬¬®© ¬­¨¬®£® ¨

¤¥©áâ¢¨â¥«ì­®£® ¨§®¡à ¦¥­¨© ¯®«ãç¨¬ á®®â¢¥âáâ¢¥­­®:

E−1 = M−1E®¯ ≈
iκdv̂L
n̂0

exp
(
−2iκdn̂0

){
E�� exp i

(
ωt+ ϕ+ δ

)
P
(
adj

×M®¡

)( 1

iε

)
⊕E�� exp i

(
ωt+ ψ −

π

2
+ δ
)
P
(
adjM®¡

)( iε
1

)}
,

(11)

E+1 = M+1E®¯ ≈
iκdv̂L
n̂0

exp
(
−2iκdn̂0

)(
1 + ε2

)
×

{
E��E

2
��

exp i
(
ωt+ ϕ− δ

)(
adjM

∗
®¡

)( 1

iε

)

⊕E��E
2
�� exp i

(
ωt+ ψ −

π

2
− δ
) (
adjM

∗
®¡

)( iε
1

)}
. (12)
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�§ (10) á«¥¤ã¥â, çâ® ¢ ­¥¤¨äà £¨à®¢ ­­®¬ ¯ãçª¥ ­¥â ¨­ä®à¬ æ¨¨
®¡ ®¡ê¥ªâ¥. �­ «¨§ (11) ¯®ª §ë¢ ¥â, çâ® ¢ ¬­¨¬®¬ ¨§®¡à ¦¥­¨¨

¯®«¥ ®¡ê¥ªâ  ­¥®¡à â¨¬® ¯à¥®¡à §®¢ ­® ¯® ¯®«ïà¨§ æ¨¨. � ¤¥©-
áâ¢¨â¥«ì­®¬ ¦¥ ¨§®¡à ¦¥­¨¨, ª ª á«¥¤ã¥â ¨§ (12), ä®à¬¨àã¥âáï
¢®ááâ ­®¢«¥­­®¥ ¯® á®áâ®ï­¨î ¯®«ïà¨§ æ¨¨ ¯á¥¢¤®áª®¯¨ç¥áª®¥ ¯®«¥

®¡ê¥ªâ .
� § ª«îç¥­¨¥ ®â¬¥â¨¬, çâ® ¯®«ãç¥­­ë© à¥§ã«ìâ â ¬®¦¥â

¡ëâì ¨á¯®«ì§®¢ ­ ¤«ï á®§¤ ­¨ï ­¥âà ¤¨æ¨®­­ëå ¯®«ïà¨§ æ¨®­­ëå

ãáâà®©áâ¢.

�¢â®à ¯à¨­®á¨â ¡« £®¤ à­®áâì ¯à®ä. �.�. � ª¨ç è¢¨«¨ § 

¨­â¥à¥á ª à ¡®â¥ ¨ ¯®«¥§­ë¥ ®¡áã¦¤¥­¨ï.

�áãé¥áâ¢«¥­¨¥ ¨áá«¥¤®¢ ­¨ï, ®¯¨á ­­®£® ¢ íâ®© ¯ã¡«¨ª æ¨¨,
áâ «® ¢®§¬®¦­ë¬ ®âç áâ¨ ¡« £®¤ àï £à ­âã ò LC3200 �¥¦¤ã­ -
à®¤­®£® ­ ãç­®£® ä®­¤  ¨ ¯à ¢¨â¥«ìáâ¢  �¥á¯ã¡«¨ª¨ �àã§¨ï.
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