
ISSN 1027-9636.   . . 19,  1, 201448

  . 2014, . 19,  1, c. 48–56

© . . , . . , 2014

ÐÀÑÏÐÎÑÒÐÀÍÅÍÈÅ,
ÄÈÔÐÀÊÖÈß È ÐÀÑÑÅßÍÈÅ
ÝËÅÊÒÐÎÌÀÃÍÈÒÍÛÕ ÂÎËÍ

. . , . . 

   ,

. , 4, . , 61002, 

E-mail: elisseev2000@mail.ru

ÀÍÎÌÀËÜÍÎÅ ÏÐÎÕÎÆÄÅÍÈÅ  ÃÀÓÑÑÎÂÀ ÂÎËÍÎÂÎÃÎ ÏÓ×ÊÀ
×ÅÐÅÇ ÇÀÏÐÅÄÅËÜÍÛÅ ÏÐßÌÎÓÃÎËÜÍÛÅ ÎÒÂÅÐÑÒÈß
Â ÏËÎÑÊÎÌ ÝÊÐÀÍÅ ÊÎÍÅ×ÍÎÉ ÒÎËÙÈÍÛ,
ÏÎÄÄÅÐÆÈÂÀÞÙÅÌ ÐÅÆÈÌ ÇÀÏÅÐÒÎÉ ÌÎÄÛ

           
   -       
.            

     .       
           .    -
             

.           
   .         

    .
 :    , -  ,  ,

 

 537.874.6

1. Ââåäåíèå

   -

-   

    -

      -

      

, -  

   -

  [1, 2].    

     

,    

    -

     -

    [3]  -

   .

    -

    -

     -

      .

    

   - -

,    -

    

 .   -

 ,    

    

    

,   .  

   

  [4].    

    

 ,   

    

   

,        -

.   [5]  , 

   -

    



ISSN 1027-9636.   . . 19,  1, 2014 49

            ...

    -

     -

    

     -

   .

     ,

    -

     -

      

  . ,  [6]

   , -

      

  .   [7]

    -

     

  .

    -

   -

    -

    -

     -

    . 

    -

      -

 .    

    

  ,  

    ,  -

,   ,    ,

.     -

   ,  

       

      -

 .  

     -

      -

,     -

   .  -

      

   -

    

    ,

   .  -

      

    -

    

   [8, 9]. 

      -

    

    -

  [2].

  ,   

 ,   

    

 -  .  -

     -

     

    

     -

    

  .  

   -

    

     

  ,   -

 [10, 11].

2. Ïîñòàíîâêà çàäà÷è

  -   -

     -

     -

,    xOy,  -

 0z >     -

  .    -

   -

     -

 .     xOy -

  χ    Ox  , -

      -

  .    

 90 .χ = °     -

    

    .

     

    10TE - -

,    .

    

 .  -

  ,  -

-     -

.

 . 1, –    -

     

   .  

    

   , 

     .

 1d   2d  –  , 1,2a   1,2b  –

    

 Ox  Oy , h –  

(  ).   -



50 ISSN 1027-9636.   . . 19,  1, 2014

. . , . . 

     0z =  -

 1,2 1,2( , ).x y
   0pz =    -

,   ,  

   -

    :

22

4
( , ,0) exp

p pi
t p p

x y

x y
E x y

w wS

⎧ ⎫⎛ ⎞⎛ ⎞⎪ ⎪= − − ×⎜ ⎟⎨ ⎬⎜ ⎟ ⎜ ⎟⎝ ⎠⎪ ⎪⎝ ⎠⎩ ⎭

π

0( cos sin ),xp yp oe e× α − α (1)

 1 2S d d= ×  –    -

; ,xw  yw  – ,  -

     -

 0;pz =  ,xpe  ype  –    

 ( , , ).p p px y z    0α  -

    ( , , ),p p px y z  -

  .     -

     -

       –Oy.

 0 0α = °    s- -

,   0 90α = °  –  p- -

.   “t”   (1) -

  ,   

  .

   

     

     

    .    -

      -

       :

( , , )i
tE x y z =

( )
1

2 2

1
( , ) d d

x y ik x y ze e
G e

S

∞ ∞
ζ+ ξ−γ

−∞ −∞

ξ −ζ
= ξ ζ ξ ζ +

ξ + ζ
∫ ∫

( )
2

2 2

1
( , ) d d ,

x y ik x y ze e
G e

S

∞ ∞
ζ+ ξ−γ

−∞ −∞

ζ + ξ
+ ξ ζ ξ ζ

ξ + ζ
∫ ∫ (2)

( , , )r
tE x y z =

( )
1

2 2

1
( , ) d d

x yik x y z e e
R e

S

∞ ∞
ζ+ ξ+γ

−∞ −∞

ξ −ζ
= ξ ζ ζ ξ +

ξ + ζ
∫ ∫

( )
2

2 2

1
( , ) d d ,

x yik x y z e e
R e

S

∞ ∞
ζ+ ξ+γ

−∞ −∞

ζ + ξ
+ ξ ζ ζ ξ

ξ + ζ
∫ ∫ (3)

 2 ,k = π λ  
2 2( , ) 1 ,γ ξ ς = −ξ − ζ  λ  –  -

   , 1,2 ( , )G ξ ζ  – -

    

  , 1,2 ( , )R ξ ζ  –  -

 .  “1”  s- -

 ( )  ,  

. 1.       -   ( ),   -

 ( ),   ( )



ISSN 1027-9636.   . . 19,  1, 2014 51

            ...

“2” – p-  ( )  .

 1( , )R ξ ς   2 ( , )R ξ ς    -

 [10]:

1( , )R ξ ζ =

{ }(1) (1)
1 2
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ( , ) ( , ) ( , ) ( , ) ,TE qs TM qs

q s
G r G r

∞ ∞

=−∞ =−∞
= ξ ζ ξ ζ + ξ ζ ξ ζ∑ ∑

2 ( , )R ξ ζ =

{ }(2) (2)
1 2
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ( , ) ( , ) ( , ) ( , ) ,TE qs TM qs

q s
G r G r

∞ ∞

=−∞ =−∞
= ξ ζ ξ ζ + ξ ζ ξ ζ∑ ∑

 
2 1

ctg( )ˆ ;
s q χξ = ξ + −
κ κ

 
1

;
qζ = ζ +
κ

 1 1 ;dκ = λ

2 2 ;dκ = λ  sin sin ;ξ = ϑ ϕ  sin cos ;ς = ϑ ϕ  (1,2)
qsr  –

   , -

   - -

 ,   

    

       -

 ; ,ϑ  ϕ  –   -

  -  -
  1

ˆ ˆ( , )G ξ ζ   2
ˆ ˆ( , )G ξ ζ  .

    

 :

2

0W S
λ= ×

22
2 22

1 2

0 0

sin cos ( , ) ( , ) d d ,G G
ππ

⎡ ⎤× ϑ ϑ ϑ ϕ + ϑ ϕ ϑ ϕ⎣ ⎦∫ ∫

 1( , ),G ϑ ϕ  2 ( , )G ϑ ϕ  –  

  .   -

     :

2

W
S
λ= ×

{ }
22

2 22
1 2

0 0

sin cos ( , ) ( , ) d d .R R
ππ

× ϑ ϑ ϑ ϕ + ϑ ϕ ϑ ϕ∫ ∫

   -

      ,Eϕ  Eϑ    

   :

1( , ) cos ,nD Rϕ = ϑ ϕ ϑ             2 ( , ) ,nD Rϑ = ϑ ϕ

2 2( ) ( ) .n nD D Dϕ ϑ= +

3. ×èñëåííûå ðåçóëüòàòû

   ,

  

    -

     -

   ,  -

    , 

     1 25w =
 2 13 .w =      

    -

  : 1 2 6 ,d d= =
2 5 ,a =  2 1 ,b =  2 0,x =  2 2 ,y =
1 4.8 ,a =  1 1 ,b =  1 0,x =  1 2 ,y = −
12 ,h =  90 .χ = °     

    

,    [3], -

   ,   

    -

 ,    -

     .

   

    

    

 (2) 10cλ =   (1) 9.6 .cλ =  

   0 0α = °    -

,      -

    .

     -

    -

    .

   

    

    ,WR  -

     -

     

  .  . 2  -

    -

        -

    . -

     

     

   -

    

.

  ,   -

      -

      .

    

    -



52 ISSN 1027-9636.   . . 19,  1, 2014

. . , . . 

    ,  -

      -

     

.

 . 3   -

      

      

    ,  -

    . 

    -

    .   -

 ,    -

    ,

    

     , -

      -

 .   , 

     -

     ( 7.055 )λ =
      -

     , -

    -

 .

    -

     

     .

      -

   (2)  (3) -

      -

   

  ,     -

     ,ϑ  .ϕ

   

-  - ,   -

     , -

    .   -

 -   -

 -  

    -

    [5],   -

     

   

      -

,        -

       -

  -  - . ,  -

   -  

   -

      ,

   -  –    -

 ,     .

     -

  ,  

      -

.     -

    

   . 

    -

     , -

   .  -

  1( , )G ϑ ϕ   2 ( , )G ϑ ϕ  -

  - ,    -

     

. 2.     

      (  1)  

  2 13w =  (  2)  

1 25w =  (  3)

. 3.     -

        (  1)  -

   2 13w =  (  2)  -

 1 25w =  (  3)     -

 



ISSN 1027-9636.   . . 19,  1, 2014 53

            ...

.     -

     

      -

    -

   .   -

    -

    , 

  ,    -

     -

  .

    ,  -

    -

    

 ( . . 4),   -

    -

    .  

    ,   

   .  

,      

  ,   -

 ,   

      -

     -

      ,

      .

  -

    -

 ,     

     -

, ,   .

    -

   -

   ,  

   -

     .

 . 5  . 6  

      

      

2 13w =     7.055 ,λ =  -

    

     .

    Eϕ  -

   0 ,ϕ = °     Eϑ  –  -

 90 .ϕ = °    ,  

    -

     

. 4.     

       (  1)  

  2 13w =  (  2)  

1 25w =  (  3)    

  

. 5.     

(  1),  (  2)   ( -

 3)     0ϕ = °   7.055λ =

. 6.      ( -

 1),  (  2  2 ( ))nD ϑ′   

(  3  3 ( ))nD ϑ′    7.055λ =



54 ISSN 1027-9636.   . . 19,  1, 2014

. . , . . 

   .

   

  ,  -

    -

  –    -

     

.

   

    

    

 .    

   

 .     -

   ,

     -

 ,       -

   , 

   .

    -

       -

   .

 . 7, –    -

    -

,      

 7.055 .λ =
  ,    -

    

   ,  -

   

   ,  -

.   ,   -

    -

  .

   

   10.227 ,λ =  

    

    -

   .  . 8

   

     . 

   

     -

  .

 . 9 ,    -

    -

      

10.227 .λ =  ,   

    

    

    

. 7.     -

  ( ),  ( )   ( ) 

 7.055λ =



ISSN 1027-9636.   . . 19,  1, 2014 55

            ...

 .   -

   .

4. Çàêëþ÷åíèå

    -

  

   , 

    -

 -    -

   . 

   

     -

     -

    

      -

      -

 .  

    

     -

     

 .    -

    

  ,   

    

    -

.

      -

   

      . 

    -

    -

    .

   -

     -

    -

    .

   -

      -

    , 

     

    

.    -

. 8.      ( -

 1),  (  2  2 ( ))nD ϑ′   

(  3  3 ( ))nD ϑ′    10.227λ =

. 9.     -

  ( )   ( )  

10.227λ =



56 ISSN 1027-9636.   . . 19,  1, 2014

. . , . . 

   , -

    -

    

  -  .

 

01.  . .,  . . - -

     -

    // -

  . – 2004. – . 9,  2. – . 341–346.

02.  . . -   -

    -

     -

    // -

    . – 2006. – . 11,

 2–3. – . 84–92.

03.  . .   -

     -

      -

 //   . – 2009. –

. 14,  3. – . 287–292.

04. Ebbesen T. W., Lezec H. J., Ghaemi H. F., Thio T., and
Wolff P. A. Extraordinary optical transmission through sub-

wavelength hole arrays // Nature. – 1998. – Vol. 391. –

P. 667–669.

05.  . .   

      -

    // 

 . – 2010. – . 15,  2. – . 193–198.

06. Medina F., Mesa F., and Marques R. Extraordinary trans-

mission through arrays of electrically small holes from a

circuit theory perspective // IEEE Trans. Microwave

Theory Tech. – 2008. – Vol. 56, No.12. – P. 3108–3120.

07.  . .,  . .,  . ., -
 . .     -

     -

     // .

. . – 2011. – . 54,  3. – . 3–13.

08.  . .,  . .,  . . -

       -

      -

   // -

  . – 2010. – . 15,  1. – . 50–62.

09. Khardikov V. V., Iarko E. O., and Prosvirnin S. L. Trap-

ping of light by metal arrays // J. Opt. – 2010. – Vol. 12,

No. 4. – id. 045102.

10.  . .,  . .  

     - -

  //   -

. – 2011. – . 16,  3. – . 282–291.

11.  . .,  . .  

      -

   //  

. – 2012. – . 17,  3. – . 264–275.

. . , . . 
   ,

. , 4, . , 61002, 

  

   

    

 ,  

  

      -

      -

   -   

   .  

     

       .

     

          -

 .   

     

        -

.     

        ,

 ,   .   -

      -

    .

A. V. Gribovsky and O. A. Yeliseyev
Institute of Radio Astronomy, National Academy

of Sciences of Ukraine,

4, Chervonopraporna St., Kharkiv, 61002, Ukraine

ANOMALOUS TRANSMISSION OF A GAUSSIAN WAVE

BEAM THROUGH EXORBITANT RECTANGULAR

HOLES IN A FLAT SCREEN OF FINITE THICKNESS

SUPPORTING A TRAPPED-MODE

An anomalous transmission mode and a trapped-mode are con-

sidered for scattering of a three-dimensional Gaussian wave beam

on a two-dimensional two-element periodic semi-transparent

array of rectangular wave guides segments. Results for a case

of normal incidence of linearly polarized beam of circular

cross-section on an array with a rectangular mesh are presented.

Power reflection coefficients dependence is investigated vs. wave

length in a trapped-mode and for the case of anomalous trans-

mission. Distinctions in behavior of dependences of reflection

coefficients for a plane wave and wave beam with different

linear sizes are shown and analyzed. Dependence of the reflec-

ted and passed beam shapes in a far zone is shown vs. wave

length. The effect of narrowing of the directional pattern of

a scattered field, as against that of an incident beam field,

is explained.
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