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� ¢®¯à®áã ® ¤¨äà ªæ¨¨ á¢¥â 

  ¯á¥¢¤®£«ã¡®ª®© £®«®£à ä¨ç¥áª®©

à¥è¥âª¥

c© �.�. �®à¥«¨ª

� ªâ-�¥â¥à¡ãà£áª¨© ¨áâ¨âãâ â®ç®© ¬¥å ¨ª¨ ¨ ®¯â¨ª¨

(â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â)

�®áâã¯¨«® ¢ �¥¤ ªæ¨î 22 ¬ ï 1996 £.

� à ¡®â¥ ¯à¨¢¥¤¥ë à¥§ã«ìâ âë â¥®à¨¨ ¨ íªá¯¥à¨¬¥â  ¯® § ¯¨á¨ ¯á¥¢-
¤®£«ã¡®ª¨å £®«®£à ¬¬. � ®¡« áâ¨ â¥®à¨¨ ¯à¥¤«®¦¥  ¬ â¥¬ â¨ç¥áª ï

¬®¤¥«ì ¯à®æ¥áá  ¤¨äà ªæ¨¨ á¢¥â    áâàãªâãà¥ ¯á¥¢¤®£«ã¡®ª®© £®«®-
£à ¬¬ë. �¥®à¨ï ¯®¤â¢¥à¦¤¥  íªá¯¥à¨¬¥â «ì® ¢ ¦ãà «¥ ”�¨áì¬  ¢

���”.

� ¥¥ ¡ë« ¯à¥¤«®¦¥ ¬¥â®¤ § ¯¨á¨ ¨ ¢®ááâ ®¢«¥¨ï ¨§®¡à ¦¥-
¨© á ¯®¬®éìî ¯á¥¢¤®£«ã¡®ª¨å £®«®£à ¬¬ [1,2] ¨ ¯à¥¤«®¦¥ £à -
ä¨ç¥áª¨© ¬¥â®¤ ¯®áâà®¥¨ï ¢®ááâ ®¢«¥®£® â ª®© £®«®£à ¬¬®©

¨§®¡à ¦¥¨ï [3]. �  áâ®ïé¥© à ¡®â¥ ¯à¥¤« £ ¥âáï ¬ â¥¬ â¨ç¥áª ï

¬®¤¥«ì ¤¨äà ªæ¨¨ ¨§«ãç¥¨ï   ¯á¥¢¤®£«ã¡®ª®© £®«®£à ä¨ç¥áª®©

à¥è¥âª¥.

�ãáâì ¨¬¥¥â ¬¥áâ® ¨â¥àä¥à¥æ¨ï ¤¢ãå ¯«®áª¨å ¢®« —
®¡ê¥ªâ®© S ¨ à¥ä¥à¥â®© R, ª®¬¯«¥ªáë¥  ¬¯«¨âã¤ë ª®â®-
àëå ®¯¨áë¢ îâáï äãªæ¨ï¬¨ S = exp[−jk(y sin Θ0 + z cos Θ0)] ¨
R = exp[−jk(y sin Θr + z cos Θr)], £¤¥ sin Θ0; cos Θ0; sin Θr; cos Θr —
 ¯à ¢«ïîé¨¥ ª®á¨ãáë ®¡ê¥ªâ®© ¨ à¥ä¥à¥â®© ¢®« á®®â¢¥â-
áâ¢¥®; k = 2πn/λ — ¬®¤ã«ì ¨å ¢®«®¢ëå ¢¥ªâ®à®¢; λ — ¤«¨  ¢®«-
ë ¢ ¢ ªãã¬¥; n — ¯®ª § â¥«ì ¯à¥«®¬«¥¨ï áà¥¤ë à á¯à®áâà ¥¨ï.
� ¯«®áª®áâ¨ ä®â®¯« áâ¨ª¨ z = xctg β,  ª«®¥®© ¯®¤ ã£«®¬ β ª
£®à¨§®â «ì®© ¯«®áª®áâ¨ YOZ (à¨á. 1,  ), ª®¬¯«¥ªáë¥  ¬¯«¨âã¤ë
íâ¨å ¢®« ¡ã¤ãâ ®¯à¥¤¥«ïâìáï ¢ëà ¦¥¨ï¬¨

S = exp [−jk(y sin Θ0 + xctg β cos Θ0)] ,

R = exp [−jk(y sin Θr + xctg β cos Θr)] , (1)
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�¨á. 1. �å¥¬  § ¯¨á¨ ¯à®¯ãáª îé¥© ¯á¥¢¤®£«ã¡®ª®© £®«®£à ¬¬ë ( ) ¨
à¥§ã«ìâ â ¯à®¥ªæ¨¨ á«¥¤®¢ ¯¥à¥á¥ç¥¨ï ¯«®áª®áâ¥© à ¢®© ¨â¥á¨¢®áâ¨

¢®«ë á ¯«®áª®áâìî ä®â®¯« áâ¨ª¨   ¯«®áª®áâì z = 0 (¡).

  à á¯à¥¤¥«¥¨¥ ¨â¥á¨¢®áâ¨ áâ®ïç¥© ¢®«ë, ¯à¥¤áâ ¢«ïîé¥©

á®¡®© à¥§ã«ìâ â ¨â¥àä¥à¥æ¨¨ ¢®« (1), ®¯à¥¤¥«¨âáï ª ª

I = 2 + exp
{
−jk[y(sin Θ0 − sin Θr) + xctg β(cos Θ0 − cos Θr)]

}
+ exp

{
jk[y(sin Θ0 − sin Θr) + xctg β(cos Θ0 − cos Θr)]

}
. (2)

� ¢ëà ¦¥¨ïå (1) ¨ (2) ¢ ¯®ª § â¥«ïå íªá¯®¥â ¬®¦¨â¥«¨ ¯à¨

x ¨ y ®¯à¥¤¥«ïîâ ¯à®áâà áâ¢¥ë¥ ç áâ®âë ¢¤®«ì ®á¥© x ¨ y
à¥è¥â®ª, ï¢«ïîé¨åáï ¯à®¥ªæ¨ï¬¨ á«¥¤®¢ ¯¥à¥á¥ç¥¨ï ¯«®áª®áâ¥©

à ¢®© ¨â¥á¨¢®áâ¨ ®¡ê¥ªâ®©, à¥ä¥à¥â®© ¨ áâ®ïç¥© ¢®« á

¯«®áª®áâìî ä®â®¯« áâ¨ª¨   ¯«®áª®áâì z = 0 (à¨á. 1, ¡). �â¬¥â¨¬,
çâ® ¤ «¥¥ à¥çì ¢¥§¤¥ ¡ã¤¥â ¨¤â¨ ¨¬¥® ®¡ íâ¨å ¯à®áâà áâ¢¥ëå

ç áâ®â å.
� áá¬®âà¨¬ ¯à®æ¥áá ¢®ááâ ®¢«¥¨ï ¯®«ãç¥®© à¥è¥âª®© ®¡ê-

¥ªâ®© ¢®«ë. �ãáâì   áâ ¤¨¨ ¢®ááâ ®¢«¥¨ï à¥è¥âª  ®á¢¥é ¥âáï
¢®«®©, ¢®«®¢®© ¢¥ªâ®à ª®â®à®© «¥¦¨â ¢ ¯«®áª®áâ¨ Y OZ,    ¯à -
¢«¥¨¥ à á¯à®áâà ¥¨ï ®â«¨ç ¥âáï ®â ¨¬¥¢è¥£® ¬¥áâ® ¯à¨ § ¯¨á¨

  ¢¥«¨ç¨ã ∆Θr. �¥¯®áà¥¤áâ¢¥®© ¯®¤áâ ®¢ª®© «¥£ª® ã¡¥¤¨âìáï,
çâ® ¯à¨ íâ®¬ ¯à®áâà áâ¢¥ë¥ ç áâ®âë ¢®ááâ  ¢«¨¢ îé¥© ¢®«ë

ª ª ¢¤®«ì ®á¨ y, â ª ¨ ¢¤®«ì ®á¨ x ¡ã¤ãâ ®â«¨çë¬¨ ®â ¯à®áâà -
áâ¢¥ëå ç áâ®â ¢®«ë, ï¢«ï¢è¥©áï à¥ä¥à¥â®© ¯à¨ § ¯¨á¨. �
á¨«ã íâ®£® ¨§¬¥ïâáï ã£«ë ¤¨äà ªæ¨¨ ª ª ¢ £®à¨§®â «ì®©, â ª ¨ ¢
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¢¥àâ¨ª «ì®© ¯«®áª®áâ¨. � «®£¨ç ï ª àâ¨  ¡ã¤¥â  ¡«î¤ âìáï
¨ ¯à¨ ¨§¬¥¥¨¨ ¤«¨ë ¢®«ë ¢®ááâ  ¢«¨¢ îé¥£® ¨§«ãç¥¨ï.

�¥âàã¤® ¯®ª § âì, çâ® ¥á«¨   íâ ¯¥ ¢®ááâ ®¢«¥¨ï ¯à®áâà -
áâ¢¥ ï ç áâ®â  ¢¤®«ì ®á¨ y ¨§¬¥¨âáï   ¢¥«¨ç¨ã

∆ϕ = sin Θr(µ cos ∆Θr − 1) + µ sin ∆Θr cos Θr, (3)

£¤¥ µ = λ/(λ+ ∆λ), â® ¢¥«¨ç¨  ¨§¬¥¥¨ï ã£«  ¤¨äà ªæ¨¨ ∆Θ0 ¢

£®à¨§®â «ì®© ¯«®áª®áâ¨ ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥  ¨§ ¢ëà ¦¥¨ï

sin(Θ0 + ∆Θ0) = sin Θ0 + ∆ϕ. (4)

�â® ¨§¬¥¥¨¥ ¢ë§®¢¥â ¨§¬¥¥¨¥ ¯à®áâà áâ¢¥®© ç áâ®âë ¢®á-
áâ ®¢«¥®© ¢®«ë ¢¤®«ì ®á¨ x   ¢¥«¨ç¨ã

∆Ψ0 = ctgβ
[
cos Θ0(µ cos ∆Θ0 − 1)− µ sin ∆Θ0 sin Θ0

]
. (5)

� ¤àã£®© áâ®à®ë, ¨§¬¥¥¨¥  ¯à ¢«¥¨ï à á¯à®áâà ¥¨ï ¢®ááâ -
 ¢«¨¢ îé¥© ¢®«ë â ª¦¥ ¢ë§®¢¥â ¨§¬¥¥¨¥ ¥¥ ¯à®áâà áâ¢¥®©

ç áâ®âë ¢¤®«ì ®á¨ x   ¢¥«¨ç¨ã ∆Ψr, ª®â®à ï ®¯à¥¤¥«ï¥âáï ¨§

¢ëà ¦¥¨ï (5) ¯à¨ § ¬¥¥ á¨¬¢®«  ”0”   á¨¬¢®« ”r”. � â®

¦¥ ¢à¥¬ï, á®£« á® ®á®¢®¬ã ãà ¢¥¨î ¤¨äà ªæ¨¨, à §®áâì

¯à®áâà áâ¢¥ëå ç áâ®â ¢®ááâ  ¢«¨¢ îé¥© ¨ ¢®ááâ  ¢«¨¢ ¥¬®©

¢®« ¤®«¦  ®áâ ¢ âìáï ¯®áâ®ï®©. �¥âàã¤® ¯®ª § âì, çâ® ¤«ï

¢ë¯®«¥¨ï íâ®£® ãá«®¢¨ï ¤®«¦¥ ¨§¬¥¨âìáï ã£®« ¤¨äà ªæ¨¨ ¢

¢¥àâ¨ª «ì®© ¯«®áª®áâ¨   ¢¥«¨ç¨ã

∆β ≈ ∆Ψ0 −∆Ψr ≈ (Θr −Θ0)∆Θrctg β, (6)

  ª®¬¯«¥ªá ï  ¬¯«¨âã¤  ¢®ááâ ®¢«¥®© ¢®«ë ¢ ®¡é¥¬ á«ãç ¥

¬®¦¥â ¡ëâì ®¯¨á   ¢ëà ¦¥¨¥¬

Sout = exp
{
−jk

[
y sin(Θ0+∆Θ0)+xctg (β+∆β) cos(Θ0+∆Θ0)

]}
. (7)

�á«®¢¨ï ¨áç¥§®¢¥¨ï ¢®ááâ ®¢«¥®© ¢®«ë ®¯à¥¤¥«ïâáï ¨§

á«¥¤ãîé¨å á®®¡à ¦¥¨©.
1. ∆β = β. �à¨ íâ®¬ ¢®ááâ ®¢«¥ ï ¢®«  à á¯à®áâà ï¥âáï

¢ ¯«®áª®áâ¨ ä®â®¯« áâ¨ª¨.
2. ∆β = −β. �à¨ ¢ë¯®«¥¨¨ íâ®£® ãá«®¢¨ï äãªæ¨ï

ctg (β + ∆β) â¥à¯¨â à §àë¢, ¢á«¥¤áâ¢¨¥ ç¥£®  ¯à ¢«¥¨¥ à á¯à®-
áâà ¥¨ï ¢®ááâ ®¢«¥®© ¢®«ë áâ ®¢¨âáï ¥®¯à¥¤¥«¥ë¬.
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�¨á. 2. �å¥¬  § ¯¨á¨ ®âà ¦ â¥«ì®© ¯á¥¢¤®£«ã¡®ª®© £®«®£à ¬¬ë ¢

á¨¬¬¥âà¨ç®© ¤¢ãå«ãç¥¢®© áå¥¬¥.

�ç¥¢¨¤®, çâ® ¥á«¨ ¯à¨ ¢®ááâ ®¢«¥¨¨ ®¤®¢à¥¬¥® ¡ã¤¥â

¨§¬¥¥® ¨  ¯à ¢«¥¨¥ à á¯à®áâà ¥¨ï, ¨ ¤«¨  ¯ ¤ îé¥© ¢®«ë
â ª¨¬ ®¡à §®¬, çâ® ¢ë¯®«¨âáï ãá«®¢¨¥ ∆ϕ = 0, â® ¢®ááâ ®¢«¥-
 ï ¢®«  ¡ã¤¥â à á¯à®áâà ïâìáï ¢ £®à¨§®â «ì®© ¯«®áª®áâ¨.
�á«¥¤áâ¢¨¥ íâ®£® ¯à¨ ¢®ááâ ®¢«¥¨¨ ¯à®âï¦¥ë¬ ¥¬®®åà®¬ -
â¨ç¥áª¨¬ ¨áâ®ç¨ª®¬   ¢®ááâ ®¢«¥®¥ ¨§®¡à ¦¥¨¥  «®¦ âáï

¥ãáâà ï¥¬ë¥ ä¨«ìâàãîé¥© ¢ëå®¤®© é¥«ìî [2] ¯®¬¥å¨.

�¥âàã¤® ¯®ª § âì, çâ® à¥§ã«ìâ â ¨â¥àä¥à¥æ¨¨ ¢®« S ¨

R, à¥£¨áâà¨àã¥¬ë© ¢ ¯«®áª®áâ¨ z = xctg β, ¡ã¤¥â á®¢¯ ¤ âì (¢
á¬ëá«¥ ¯à®¥ªæ¨¨   ¯«®áª®áâì z = 0) á à¥§ã«ìâ â®¬ ¨â¥àä¥à¥æ¨¨
¥ª®â®àëå ¢®« S1 ¨ R1, à¥£¨áâà¨àã¥¬ë¬ ¢ ¯«®áª®áâ¨ z = −xctg β.
�à¨ íâ®¬ ¢®«ë S1 ¨ R1 ¤®«¦ë ¡ëâì ®¯à¥¤¥«¥ë á«¥¤ãîé¨¬

®¡à §®¬: ¢®«  S1 áâà®¨â ¤¥©áâ¢¨â¥«ì®¥ ¨§®¡à ¦¥¨¥ ®¡ê¥ªâ  ¨

à á¯à®áâà ï¥âáï ¢  ¯à ¢«¥¨¨, ®¯à¥¤¥«ï¥¬®¬ ã£«®¬ Θr,   ¢®« 
R1 — à¥ä¥à¥â ï ¢®« ,  ¯à ¢«¥¨¥ à á¯à®áâà ¥¨ï ª®â®à®©

®¯à¥¤¥«ï¥âáï ã£«®¬ Θ0. �§ ¢ëè¥¨§«®¦¥®£® ïá®, çâ® ¢ á¨«ã

à §«¨ç¨ï ¯à®áâà áâ¢¥ëå ç áâ®â ¢®« R ¨ R1 ¯à¨ ®á¢¥é¥¨¨

¯á¥¢¤®£«ã¡®ª®© à¥è¥âª¨ ¢®«®© R ¢®ááâ ®¢«¥ ï ¢®«  S1 ¡ã¤¥â

à á¯à®áâà ïâìáï ¢¥ £®à¨§®â «ì®© ¯«®áª®áâ¨.

�§ ¢ëà ¦¥¨© (1) ¨ (2) ¥âàã¤® ¢¨¤¥âì, çâ®   â®ª®© ¯á¥¢¤®-
£«ã¡®ª®© £®«®£à ¬¬¥ ¬®¦¥â ¡ëâì § ¯¨á   ¨ ®âà ¦ â¥«ì ï à¥è¥â-
ª ,   ¢á¥ á¤¥« ë¥ ¢ë¢®¤ë ¤®«¦ë ®áâ âìáï á¯à ¢¥¤«¨¢ë¬¨ ¨ ¤«ï

¥¥. �â® ¯®¤â¢¥à¦¤ ¥âáï ¯à®¢¥¤¥ë¬¨ íªá¯¥à¨¬¥â ¬¨, ¢ ª®â®àëå
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®âà ¦ â¥«ì ï à¥è¥âª  § ¯¨áë¢ « áì   ä®â®¯« áâ¨ª å ��-�
¢ á¨¬¬¥âà¨ç®© ¤¢ãå«ãç¥¢®© áå¥¬¥ (à¨á. 2). �à®áâà áâ¢¥ ï

ç áâ®â  à¥è¥âª¨ ®¯à¥¤¥«ï« áì à §à¥è îé¥© á¯®á®¡®áâìî ä®â®-
¯« áâ¨®ª ¨ á®áâ ¢«ï«  ¢ ¢®§¤ãå¥ ®ª®«® 1500¬¬−1. �áâ®ç¨ª®¬

¨§«ãç¥¨ï á«ã¦¨« He-Cd « §¥à á ¤«¨®© ¢®«ë λ = 0.4416¬ª¬,  
ã£®«  ª«®  β ä®â®¯« áâ¨ª¨ á®áâ ¢«ï« ®ª®«® 20◦ á £®à¨§®â «ì-
®© ¯«®áª®áâìî.

� ª¨¬ ®¡à §®¬, ®¡ê¥ªâ ï ¨ à¥ä¥à¥â ï ¢®«ë,   â ª¦¥

ï¢«ïîé ïáï à¥§ã«ìâ â®¬ ¨å ¨â¥àä¥à¥æ¨¨ áâ®ïç ï ¢®«  ¬®£ãâ

¡ëâì ¯à¥¤áâ ¢«¥ë ¢ ¢¨¤¥ íª¢¨¢ «¥âëå ¢®«, ¯à®áâà áâ¢¥ë¥
ç áâ®âë ª®â®àëå ®¯à¥¤¥«ïîâáï ¯à®¥ªæ¨ï¬¨ á«¥¤®¢ ¯¥à¥á¥ç¥¨ï ¨å

¯«®áª®áâ¥© à ¢®© ¨â¥á¨¢®áâ¨ á ¯«®áª®áâìî ä®â®¯« áâ¨ª¨  

¯«®áª®áâì z = 0 íª¢¨¢ «¥â®© ¢¥àâ¨ª «ì®© à¥è¥âª¨. �á®¡¥-
®áâ¨ ¦¥ ¤¨äà ªæ¨¨ ¢®«   ¯á¥¢¤®£«ã¡®ª®© à¥è¥âª¥ á¢ï§ ë á

¨§¬¥¥¨¥¬ íâ¨å ¯à®áâà áâ¢¥ëå ç áâ®â ¯à¨ ¨§¬¥¥¨¨ ãá«®¢¨©

¢®ááâ ®¢«¥¨ï.

� § ª«îç¥¨¥ å®â¥«®áì ¡ë ¢ëà §¨âì ¯à¨§ â¥«ì®áâì �.�. �¥-
¨áîªã §  ¯®«¥§ë¥ ®¡áã¦¤¥¨ï,   â ª¦¥ §  «î¡¥§® ¯à¥¤®áâ ¢«¥-
ãî ¢®§¬®¦®áâì ¯à®¢¥¤¥¨ï íªá¯¥à¨¬¥â®¢.

�¯¨á®ª «¨â¥à âãàë
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