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�ªá¯¥à¨¬¥­â «ì­® ¨ â¥®à¥â¨ç¥áª¨ ¯®ª § ­®, çâ® ¤¨­ ¬¨ª  ¢§ ¨¬®¯à¥-
¢à é¥­¨© ®á®¡¥­­®áâ¥© ¯®«ï LP11 ¬®¤®¢®© ª®¬¡¨­ æ¨¨ ¬ «®¬®¤®¢®£® ¢®-
«®ª­  ®¯à¥¤¥«ï¥âáï ¢§ ¨¬®¤¥©áâ¢¨¥¬ æ¨àªã«ïà­® ¯®«ïà¨§®¢ ­­ëå ç¨áâ®

ªà ¥¢ëå C+ ¨ C− ¤¨áª«¨­ æ¨©. C+ ¨ C− ¤¨áª«¨­ æ¨¨ á®®â¢¥âáâ¢ãîâ

®á®¡¥­­®áâï¬ ¯®«ï, ¤«ï ª®â®àëå ­ ¯àï¦¥­­®áâì ¯à ¢®æ¨àªã«ïà­® ¨«¨

«¥¢®æ¨àªã«ïà­® ¯®«ïà¨§®¢ ­­®£® ¯®«ï ®¡à é ¥âáï ¢ ­®«ì. � ¯à®æ¥áá¥

à á¯à®áâà ­¥­¨ï ®¤­®à®¤­® «¨­¥©­® ¯®«ïà¨§®¢ ­­ë¥ Dy ¤¨á«®ª æ¨¨

à á¯ ¤ îâáï ­  ç¥âëà¥ C+ ¤¨áª«¨­ æ¨¨, ¡¥£ãé¨¥ ­ ¢áâà¥çã ¤àã£ ¤àã£ã.
�à¨ ¢áâà¥ç¥ ª ¦¤ ï ¯ à  C+ ¨ C− ¤¨áª«¨­ æ¨©  ­­¨£¨«¨àã¥â ¨ ®¡à -
§ã¥â «¨­¥©­ãî ¯®«ïà¨§ æ¨î. �®«¥ à®¦¤¥­­®© «¨­¥©­® ¯®«ïà¨§®¢ ­­®©

¤¨áª«¨­ æ¨¨ ¯à®â¨¢®ä §­® ­ ª« ¤ë¢ ¥âáï ­  ¯¥à¢®­ ç «ì­®¥ ¯®«¥ ¨

®¡à §ã¥â ®¤­®à®¤­® «¨­¥©­® ¯®«ïà¨§®¢ ­­®¥ ¯®«¥ á Dx ¤¨á«®ª æ¨¥©.

� ¯à®æ¥áá¥ à á¯à®áâà ­¥­¨ï á¢¥â®¢ëå ¢®«­ ç¥à¥§ ®¯â¨ç¥áª¨¥

¢®«®ª­  ¯à®¨áå®¤¨â ¨­â¥àä¥à¥­æ¨®­­ë© ®¡¬¥­ í­¥à£¨¥© ¬¥¦¤ã

¯®«ï¬¨ á®¡áâ¢¥­­ëå ¬®¤, ¨¬¥îé¨å ¡«¨§ª¨¥ §­ ç¥­¨ï ¯®áâ®ï­­®©

à á¯à®áâà ­¥­¨ï β. � ª¨¥ ¯®«¥¢ë¥ ¯à¥¢à é¥­¨ï å®à®è® ¨««î-
áâà¨àãîâáï ­  ¯à¨¬¥à¥ LP11. �â  ¬®¤  ¨¬¥¥â ç¥âëà¥åªà â­®¥

¢ëà®¦¤¥­¨¥ — ¤¢ ¦¤ë ¯® ç¥â­®áâ¨ ¨ ¤¢ ¦¤ë ¯® ¯®«ïà¨§ æ¨¨,
¨ ï¢«ï¥âáï ª®¬¡¨­ æ¨¥© ç¥â­®© ¨«¨ ­¥ç¥â­®© HE21 ¬®¤ë ¨ ��01

¨«¨ TE01 á®¡áâ¢¥­­ëå ¬®¤, ¨¬¥îé¨å ¢ áª «ïà­®¬ ¯à¨¡«¨¦¥­¨¨

¢®«­®¢®£® ãà ¢­¥­¨ï ®¤¨­ ª®¢ë¥ ¯®áâ®ï­­ë¥ à á¯à®áâà ­¥­¨ï β̃.
� ¯¥à¢®¬ ¯à¨¡«¨¦¥­¨¨ ¢¥ªâ®à­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï ª ¦¤ ï

¨§ á®¡áâ¢¥­­ëå ¬®¤ ¯®«ãç ¥â ¤®¯®«­¨â¥«ì­ãî ¯®«ïà¨§ æ¨®­­ãî

¯®¯à ¢ªã ª ¯®áâ®ï­­®© à á¯à®áâà ­¥­¨ï ∆β [1]. � «¨ç¨¥ ¯®¯à ¢ª¨
∆β á­¨¬ ¥â ¢ëà®¦¤¥­­®áâì LP11 ¬®¤ë ¨ ¢ë§ë¢ ¥â ¯®«ïà¨§ æ¨®­-
­ë¥ ¯à¥¢à é¥­¨ï à á¯à¥¤¥«¥­¨ï ­ ¯àï¦¥­­®áâ¨ ¯®¯¥à¥ç­®£® í«¥ª-
âà¨ç¥áª®£® ¨ ¬ £­¨â­®£® ¯®«¥©.
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� à ¡®â¥ [2] ­ ¬¨ ¡ë«® ¯®ª § ­®, çâ® ¯®«ï á®¡áâ¢¥­­ëå ¬®¤

®¯â¨ç¥áª¨å ¢®«®ª®­ ¢ª«îç îâ ¢ á¥¡ï ®¯â¨ç¥áª¨¥ ¢¨åà¨ (¢¨­â®¢ë¥
¤¨á«®ª æ¨¨), ¯®áà¥¤áâ¢®¬ ª®â®àëå ¬®¦­® ®¯¨áë¢ âì ¢®§¬ãé¥­¨ï

¯®«¥© ¢®«®ª­ . �¤­ ª® ¤«ï ¯®«­®£® ®¯¨á ­¨ï í¢®«îæ¨¨ LP11 ¢®«­®-
¢®£® ¯®«ï ã¦¥ ­¥ ¤®áâ â®ç­® ¨á¯®«ì§®¢ ­¨ï â®«ìª® ®¯â¨ç¥áª¨å ¢¨å-
à¥©. �¥®¡å®¤¨¬® à áè¨à¨âì ª« áá¨ä¨ª æ¨®­­ë¥ à ¬ª¨ áª «ïà­ëå
¤¨á«®ª æ¨©. �¯¨áë¢ ï í¢®«îæ¨î ¢¥ªâ®à­®£® ��� ¯®«ï ¢ á¢®¡®¤­®¬

¯à®áâà ­áâ¢¥,�¦. � © ¨ �¦. � ©­¥« [3,4] ¢¢¥«¨ ¯®­ïâ¨¥ ¢¥ªâ®à­ëå
¤¨á«®ª æ¨©, ­ §¢ ¢ ¨å ¤¨áª«¨­ æ¨ï¬¨ í«¥ªâà®¬ £­¨â­®£® ¯®«ï, ¨
¯®âà¥¡®¢ ¢, çâ®¡ë ª ª Ex, â ª ¨ Ey ª®¬¯®­¥­âë ¯®«ï ¢ ®¡« áâ¨

¤¨áª«¨­ æ¨¨ ®¡à é «¨áì ¢ ­ã«ì.
�¥«ìî ¤ ­­®© à ¡®âë ï¢¨«®áì ¨§ãç¥­¨¥ ¢§ ¨¬®¯à¥¢à é¥­¨ï

¤¨á«®ª æ¨© ¨ ¤¨áª«¨­ æ¨© ¯®«ï LP11 ¬®¤ë ¬ «®¬®¤®¢®£® ®¯â¨ç¥-
áª®£® ¢®«®ª­ .

1. � ª ç¥áâ¢¥ ®¡ê¥ªâ  ¨áá«¥¤®¢ ­¨ï ¢ë¡¥à¥¬ «¨­¥©­® ¯®«ïà¨-

§®¢ ­­ãî ¢ ¯«®áª®áâ¨ z = 0 ç¥â­ãî LP
(e)
11x ¬®¤ã, áç¨â ï, çâ® íâ¨

à¥§ã«ìâ âë ¬®¦­® ¢®á¯à®¨§¢¥áâ¨ ¨ ¤«ï ®áâ «ì­ëå âà¥å LP11 ¬®¤.

�®«¥ LP
(e)
11x ¤«ï æ¥­âà «ì­®-á¨¬¬¥âà¨ç­®© áà¥¤ë ¬®¦­® ¯à¥¤-

áâ ¢¨âì ¢ ¢¨¤¥ [1]:

et

(
LP

(e)
11x

)
= E0

{
x̂ cos(ϕ) cos(δβz) + iŷ sin(ϕ) sin(δβz)

}
× F1(R) exp(iβ̃z), (1)

£¤¥ x̂ ¨ ŷ — ®àâë «¨­¥©­®© ¯®«ïà¨§ æ¨¨, ϕ ¨ R —  §¨¬ãâ «ì­ ï

¨ à ¤¨ «ì­ ï ª®®à¤¨­ âë, δβ — ¯®«ãà §­®áâì ¯®«ïà¨§ æ¨®­­ëå

¯®¯à ¢®ª TM01 ¨ HE
(e)
21 á®¡áâ¢¥­­ëå ¬®¤, F1(R) — äã­ªæ¨ï à ¤¨-

 «ì­®£® à á¯à¥¤¥«¥­¨ï í«¥ªâà¨ç¥áª®£® ¯®«ï, F1(R) = RF ′1(R) [2].

�ëà ¦¥­¨¥ (1) ¯®ª §ë¢ ¥â, çâ® ¯®«¥ LP
(e)
11x ¬®¤ë á®¤¥à¦¨â

¤¢¥ ç¨áâ® ªà ¥¢ë¥ ¤¨á«®ª æ¨¨ [3]. � ®¡é¥¬ á«ãç ¥ ¯®¯¥à¥ç­®¥

¯®«¥ (1) ­¥®¤­®à®¤­® ¯®«ïà¨§®¢ ­® ¨ ¥£® ã¦¥ ­¥¢®§¬®¦­® ®¯¨á âì
á ¯®¬®éìî ¤¨á«®ª æ¨© áª «ïà­®£® ¯®«ï.

� ¯¨è¥¬ (1) ¢ æ¨àªã«ïà­® ¯®«ïà¨§®¢ ­­®¬ ¡ §¨á¥ (ê+, ê−):

e =
[
ê+ cos(δβz − ϕ) + ê− cos(δβz + ϕ)

]
F1(R) exp(iβ̃z) (2)

�®âà¥¡ã¥¬, çâ®¡ë  ¬¯«¨âã¤  ¯®«ï ¤«ï ¯à ¢®æ¨àªã«ïà­®© ê+

¨«¨ «¥¢®æ¨àªã«ïà­®© ê− ¯®«ïà¨§ æ¨© ®¡à é « áì ¢ ­ã«ì. �â®
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âà¥¡®¢ ­¨¥ ¢ëà §¨âáï ¢ ¢¨¤¥ ãà ¢­¥­¨©:

ϕ = ±Π/2 + δβz, (a) ϕ = ±Π/2− δβz, (b) (3)

£¤¥ ¤«ï (a) ê+ = 0,   ¤«ï (b) ê− = 0.
�à ¢­¥­¨¥ (3) ®¯¨áë¢ ¥â ¤¢¨¦¥­¨¥ ¤¢ãå æ¨àªã«ïà­® ¯®«ïà¨§®-

¢ ­­ëå ãç áâª®¢ ¯®«ï LP11 ¬®¤ë ¯à¨ ¨§¬¥­¥­¨¨ ¯à®¤®«ì­®© ª®®à-
¤¨­ âë z. �«¥¤ãï à ¡®â¥ [4], ®¯à¥¤¥«¨¬ æ¨àªã«ïà­ãî ¤¨áª«¨­ æ¨î

C+ ª ª á®áâ®ï­¨¥ ¯®«ï, ¯à¨ ª®â®à®¬  ¬¯«¨âã¤  ¥£® «¥¢®æ¨àªã«ïà-
­®© ª®¬¯®­¥­âë ®¡à é ¥âáï ¢ ­ã«ì (Im e− = Re e− = 0),   ¤¨áª«¨-
­ æ¨î C− — ª ª á®áâ®ï­¨¥ ¯®«ï, ¯à¨ ª®â®à®¬  ¬¯«¨âã¤  ¯à ¢®-
æ¨àªã«ïà­®© ª®¬¯®­¥­âë ®¡à é ¥âáï ¢ ­ã«ì (Im e+ = Re e+ = 0).

�®£¤  ¤¨­ ¬¨ªã à á¯à®áâà ­¥­¨ï ¨ ¢§ ¨¬®¤¥©áâ¢¨ï C+ ¨ C−

¤¨áª«¨­ æ¨© ¬®¦­® ¯à¥¤áâ ¢¨âì ¯®áà¥¤áâ¢®¬ à á¯à¥¤¥«¥­¨ï ¨­-
â¥­á¨¢­®áâ¨ I(ρ, ϕ) ¨ ¬®¤ã«ï áâ¥¯¥­¨ í««¨¯â¨ç­®áâ¨ Q(ϕ) ¯®«ï

LP11 ¬®¤ë (à¨á. 1,  ). �§ à¨áã­ª  ¢¨¤­®, çâ® ç¨áâ® ªà ¥¢ë¥ C+ ¨

C− ¤¨áª«¨­ æ¨¨ à®¦¤ îâáï ¨§ x̂-¯®«ïà¨§®¢ ­­®© ¤¨á«®ª æ¨¨ Dx.
�¤­®¢à¥¬¥­­® á ­¨¬¨ à®¦¤ ¥âáï ­¥¯®¤¢¨¦­ ï Ly ¤¨áª«¨­ æ¨ï. �â 
¤¨áª«¨­ æ¨ï «¨­¥©­® ¯®«ïà¨§®¢ ­  ¢¤®«ì ®á¨ y. C+ ¨ C− ¤¨áª«¨-
­ æ¨¨ ¤¢¨¦ãâáï ­ ¢áâà¥çã ¤àã£ ¤àã£ã ¨  ­­¨£¨«¨àãîâ ¯à¨ ϕ = π/2
¨ 3π/2, à®¦¤ ï Lx ¤¨áª«¨­ æ¨î. �®«¥ à®¦¤¥­­®© Lx ¤¨áª«¨­ æ¨¨
¯à®â¨¢®ä §­® ¯®«ïà¨§®¢ ­­®¬ã ¢¤®«ì x ¯®«î, «¥¦ é¥¬ã ­  ®áïå

ϕ = π/2 ¨ 3π/2. �®íâ®¬ã íâ¨ ¤¢  ¯®«ï, áª« ¤ë¢ ïáì, ®¡à §ãîâ Dy

¤¨á«®ª æ¨î á ®¤­®à®¤­®© ¯®«ïà¨§ æ¨¥© ¢¤®«ì ®á¨ y. �¯¨á ­­ë¥

¯à®æ¥ááë ¬®¦­® ¯à¥¤áâ ¢¨âì ª ª:

Dx → C+ + C− + Ly, C+ + C− + Lx → Dy, (4)

�¡ëç­® ¯à®æ¥ááë à®¦¤¥­¨ï–ã­¨çâ®¦¥­¨ï ¤¨á«®ª æ¨© ¯®«ï

¯à¥¤áâ ¢«ïîâ ªà¨¢ë¬¨ ReE = 0 ¨ ImE = 0 [7] ¢ ª®®à¤¨­ â å

x ¨ y. � ¤ ­­®¬ á«ãç ¥ ¤«ï ªà ¥¢ëå ¤¨áª«¨­ æ¨© ­¥ã¤®¡­®

¯®«ì§®¢ âìáï x ¨ y ª®®à¤¨­ â ¬¨. �®íâ®¬ã ­  ä §®¢®¬ ¯®àâà¥â¥

à¨á. 2,   ¯à¨¢¥¤¥­ë «¨­¨¨, ¤«ï ª®â®àëå ¯®«ï e+ = 0 ¨¤¨ e− = 0
¢ á®®â¢¥âáâ¢¨¨ á ¢ëà ¦¥­¨¥¬ (3). � ¯®«ïà­®© á¨áâ¥¬¥ ª®®à¤¨­ â

¢ ª ç¥áâ¢¥ à ¤¨ «ì­®© ª®®à¤¨­ âë ¢ë¡à ­  ¤«¨­  ¢®«®ª­  z,  

¯®«®¦¥­¨¥ ®á¨ ¤¨áª«¨­ æ¨¨ ¢ ¯®¯¥à¥ç­®¬ á¥ç¥­¨¨ ®¯à¥¤¥«ï¥âáï

 §¨¬ãâ «ì­ë¬ ã£«®¬ ϕ. �®çª¨ ¯¥à¥á¥ç¥­¨ï ªà¨¢ëå á®®â¢¥âáâ¢ãîâ
 ªâ ¬ à®¦¤¥­¨ï — ã­¨çâ®¦¥­¨ï ¤¨á«®ª æ¨© ¨ ¤¨áª«¨­ æ¨©.

2. �«ï íªá¯¥à¨¬¥­â «ì­®£® ¨§ãç¥­¨ï ¤¨­ ¬¨ª¨ ¤¨áª«¨­ æ¨© ¨á-
á«¥¤®¢ «®áì à á¯à¥¤¥«¥­¨¥ á®áâ®ï­¨ï ¯®«ïà¨§ æ¨¨ ¯®«ï ¨§«ãç¥­¨ï
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�¨á. 1.   — ¢¨¤ à á¯à¥¤¥«¥­¨ï ¨­â¥­á¨¢­®áâ¨ ¨ ¬®¤ã«ï áâ¥¯¥­¨

í««¨¯â¨ç­®áâ¨ LP11 ¬®¤ë ¤«ï à §«¨ç­ëå á¥ç¥­¨© Φ−δβz ¢®«®ª­  (ç¥à-
­ë¬ æ¢¥â®¬ ®¡®§­ ç¥­  ªàã£®¢ ï, ¡¥«ë¬ — «¨­¥©­ ï ¯®«ïà¨§ æ¨ï);
¡ — ä®â®£à ä¨¨ à á¯à¥¤¥«¥­¨ï ¯®«ï ¨§«ãç¥­¨ï LP11 ¬®¤ë ¤«ï ¤«¨­

z = 3.6¬, 0.5¬, 0.9¬.

¬ «®¬®¤®¢®£® ®¯â¨ç¥áª®£® ¢®«®ª­ . �ë¡¨à «®áì ¢®«®ª­® à ¤¨ãá®¬
ρ = 3.5¬ª¬, á ¯à¨¢¥¤¥­­ë¬ ¤¨ ¬¥âà®¬ V = 3.6.

�á«¨ ¤ ­­®¥ ¢®«®ª­® ¢®§¡ã¦¤ âì £ ãáá®¢ë¬ ¯ãçª®¬ « §¥à­®©

¬®¤ë TEM00, â® ®¤­®¢à¥¬¥­­® á LP11 ¬®¤®© à®¦¤ ¥âáï HE11

¬®¤ . �®«¥ HE11 ¬®¤ë ­¥ ¨¬¥¥â á¨£­ã«ïà­®áâ¨ ­  ®á¨ ¢®«®ª­ ,
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�¨á. 2.   — ä §®¢ë© ¯®àâà¥â ¯à®æ¥áá  à®¦¤¥­¨ï ¨ ã­¨çâ®¦¥­¨ï C+ ¨ C−

¤¨áª«¨­ æ¨©, ¯ã­ªâ¨à­ ï ªà¨¢ ï á®®â¢¥âáâ¢ã¥â C+ ¤¨áª«¨­ æ¨¨, á¯«®è-
­ ï ªà¨¢ ï — C− ¤¨áª«¨­ æ¨¨; ¡ — § ¢¨á¨¬®áâì áâ¥¯¥­¨ í««¨¯â¨ç­®áâ¨

Q ®â  §¨¬ãâ «ì­®© ª®®à¤¨­ âë ϕ ­  à §«¨ç­ëå ¤«¨­ å ¢®«®ª­  z (â¥®-
à¥â¨ç¥áª¨¥ à¥§ã«ìâ âë — á¯«®è­ë¥ «¨­¨¨, íªá¯¥à¨¬¥­â «ì­ë¥ â®çª¨ —
ªà¥áâ¨ª¨).

­® ¥¥ ¯à¨áãâáâ¢¨¥ áãé¥áâ¢¥­­® ¨§¬¥­ï¥â à á¯à¥¤¥«¥­¨¥ ¨ ç¨á«®

¤¨á«®ª æ¨© ¯®«ï. �â®¡ë á­¨§¨âì ¢ª« ¤ íâ®© ¬®¤ë, ¢®«®ª­® ¬®¦­®
¢®§¡ã¦¤ âì ¯®¯¥à¥ç­®© « §¥à­®© ¬®¤®© TEM01 ¨«¨ ¨á¯®«ì§®¢ âì

£®«®£à ä¨ç¥áª¨© ä¨«ìâà.�à®¬¥ â®£®, çâ®¡ë ¢®§¡ã¤¨âì ®¤­ã ¨§ LP11

¬®¤,   ­¥ ¨å áã¯¥à¯®§¨æ¨î, ­¥®¡å®¤¨¬®, çâ®¡ë ¢¥ªâ®à «¨­¥©­®©

¯®«ïà¨§ æ¨¨ ¡ë« ®à¨¥­â¨à®¢ ­ ¯ à ««¥«ì­® ¨«¨ ¯¥à¯¥­¤¨ªã«ïà­®

®á¨ ªà ¥¢®© ¤¨á«®ª æ¨¨ ¢®§¡ã¦¤ îé¥£® ¯®«ï. � ­ è¥¬ íªá¯¥à¨-
¬¥­â¥ ¢®§¡ã¦¤¥­¨¥ ¢®«®ª­  ®áãé¥áâ¢«ï«®áì £®«®£à ä¨ç¥áª¨¬ ¬¥-
â®¤®¬ §  áç¥â ¯à®å®¦¤¥­¨ï ¢®§¡ã¦¤ îé¥£® « §¥à­®£® ¯ãçª  ç¥à¥§

£®«®£à ¬¬ã ç¨áâ® ªà ¥¢®© ¤¨á«®ª æ¨¨. �«¨­  ¡¨¥­¨© LP11 ¬®¤ë

á®áâ ¢«ï«  Λ = 2Π/δβ = 3.6¬. �«ï ¨áá«¥¤®¢ ­¨ï § ¢¨á¨¬®áâ¨

í««¨¯â¨ç­®áâ¨ Q = b/a (b ¨ a — ¬ « ï ¨ ¡®«ìè ï ¯®«ã®áì í««¨¯á 

¯®«ïà¨§ æ¨¨) ®â ¤«¨­ë z0 ¢®«®ª­® ®¡« ¬ë¢ «®áì ç¥à¥§ ∆z0 = 1 á¬
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�¨á. 2 (¯à®¤®«¦¥­¨¥).

¨ ¨§¬¥àï«¨áì ¯ à ¬¥âàë �â®ªá  [6]. � ¢¨á¨¬®áâì í««¨¯â¨ç­®áâ¨

Q ®â  §¨¬ãâ «ì­®© ª®®à¤¨­ âë ϕ ¤«ï à §«¨ç­ëå ¤«¨­ z0 ¯à¨¢¥-
¤¥­  ­  à¨á. 2, ¡. � ©¤¥­®, çâ® ¢ á¨¬¬¥âà¨ç­ëå ®â­®á¨â¥«ì­® ®á¨
z ãç áâª å ¯®«ï ¨§«ãç¥­¨ï æ¨àªã«ïæ¨¨ á®áâ®ï­¨ï ¯®«ïà¨§ æ¨¨

¨¬¥îâ ¯à®â¨¢®¯®«®¦­ë¥ §­ ª¨. �§¨¬ãâ ­ ª«®­  ¡®«ìè®© ¯®«ã®á¨
í««¨¯á  ¯®«ïà¨§æ¨¨ á®áâ ¢«ï¥â á ®áìî x ã£®« «¨¡® 0, «¨¡® Π/2,
çâ® á®®â¢¥âáâ¢ã¥â à áç¥â ¬. � ¬®¬¥­â  ­­¨£¨«ïæ¨¨ æ¨àªã«ïà­ëå

¤¨áª«¨­ æ¨© ¯®¯¥à¥ç­®¥ ¯®«¥ ¨§«ãç¥­¨ï ®ª §ë¢ ¥âáï ®¤­®à®¤­®

«¨­¥©­® ¯®«ïà¨§®¢ ­­ë¬.

�  à¨á. 1, ¡ ¯à¨¢¥¤¥­ë ä®â®£à ä¨¨ ¯®«ï, á®®â¢¥âáâ¢ãîé¨¥ ¤«¨-
­ ¬ z = 2π/δβ, π/(4δβ), π/(2δβ). �®«ï ­  ¯¥à¢®© ¨ âà¥âì¥© ä®â®£à -
ä¨ïå á®®â¢¥âáâ¢ãîâ ç¨áâ® ªà ¥¢ë¬ ¤¨á«®ª æ¨ï¬ Dy ¨ Dx. �®«¥,
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¯à¥¤áâ ¢«¥­­®¥ ­  ¢â®à®© ä®â®£à ä¨¨, ¢­¥è­¥ ­ ¯®¬¨­ ¥â ç¨áâ®

¢¨­â®¢ãî ¤¨á«®ª æ¨î. �¤­ ª® å à ªâ¥à­ãî ¨­â¥àä¥à¥­æ¨®­­ãî

ª àâ¨­ã ”¢¨«ª¨” ¤«ï ¯à®¨§¢®«ì­®© ¯®«ïà¨§ æ¨¨ ®¯®à­®£® ¯ãçª 

¯®«ãç¨âì ­¥¢®§¬®¦­®. �â® á¢ï§ ­® á â¥¬, çâ® ¯®«¥ ¢ ¯®¯¥à¥ç­®¬

á¥ç¥­¨¨ ­¥®¤­®à®¤­® ¯®«ïà¨§®¢ ­®: e ∼ x̂X + ŷY , â. ¥. ¯à¥¤áâ ¢«ï¥â
¢¥ªâ®à­ãî áã¯¥à¯®§¨æ¨î ¤¢ãå ç¨áâ® ªà ¥¢ëå ¤¨á«®ª æ¨©.

� ª¨¬ ®¡à §®¬, íªá¯¥à¨¬¥­â «ì­® ¨ ¬®¤¥«ì­®-â¥®à¥â¨ç¥áª¨ ¯®-
ª § ­®, çâ® à á¯à®áâà ­¥­¨¥ ¯®«ï LP11 ¬®¤ë ¯à¥¤áâ ¢«ï¥â á®¡®© ­¥

áâ â¨ç¥áª¨© ¢®«­®¢®© ¯à®æ¥áá,   ¤¨­ ¬¨ç¥áªãî ¯®á«¥¤®¢ â¥«ì­®câì
à®¦¤¥­¨ï ¨ ã­¨çâ®¦¥­¨ï ¤¨á«®ª æ¨© ¨ ¢à é îé¨åáï C± ¤¨á-
ª«¨­ æ¨©, à á¯à®áâà ­ïîé¨åáï ¢¤®«ì ®á¨ ¢®«®ª­ . �¨áâ® ªà ¥¢ë¥
æ¨àªã«ïà­® ¯®«ïà¨§®¢ ­­ë¥ C± ¤¨áª«¨­ æ¨¨ à®¦¤ îâáï ¨§ Dx

¤¨á«®ª æ¨¨, ¤¢¨¦ãâáï ­ ¢áâà¥çã ¤àã£ ¤àã£ã á ®¤¨­ ª®¢ë¬¨ ã£«®-
¢ë¬¨ áª®à®áâï¬¨ ¨  ­­¨£¨«¨àãîâ á ®¡à §®¢ ­¨¥¬ Dy ¤¨á«®ª æ¨¨.

�â  à ¡®â  ¡ë«  ç áâ¨ç­® ¯®¤¤¥à¦ ­  �¥¦¤ã­ à®¤­®© �®à®-
á®¢áª®© ¯à®£à ¬¬®© ¯®¤¤¥à¦ª¨ ®¡à §®¢ ­¨ï ¢ ®¡« áâ¨ â®ç­ëå ­ ãª

(ISSEP), £à ­â N PSU062108.
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