
   1, 2010 
 

31 

 535.428 
 

  -   
  

 

. . , . . , . . , . .  
 

        -
   .    -

   ,      
      .   

       -
 +1  –1  . 

 

PACS: 41.20.-q 
 

 : ,  ,  ,  
, . 

 
 

 

,   ( )  
    -

     [1, 2],  , 
 -   

    
 .   -

      
     -

   
( ) .      

      -
,    -

.         -
     ,     

    
    -

   .  , -
  - ,   -

 ,     
   .  

     -
     -

     -
   ,  -
.            

 
 

  ,  .  ,  
. . 

  , .   
 .  

 "   . . . ". 
, 143400, . ,  ., . , 8. 

. (495) 561-26-02. E-mail: kmz@zenit-foto.ru 
  , . 

  , . 
 . . . ,  . 

, 119991, ,  , 1, . 2. 
. (495) 939-44-04. 

 

    11  2008 . 
 

,    
     

(  50 %)     , 
    [3]. 

 ,   -
    -

 . 
     

    -
     -

   [1, 2].  
,      

      
     . 

      
   [4—7],   ,  

      
   [8].  

,    -
      -

      
     [9]. 

    -  
    , -

    -
 .    -

 -    - , 
   -

     -
. 

 
-     

    
 

-   
  

 

,  -   -
      

 

 

©  . .,  . .,  . .,  . ., 2010 



   1, 2010 
 
32 

    -
 [1, 2].    

       , 
       f.  

       
  , - 

      
 , ki  kd,   -

  K: 
 

ki  K = kd ,                            (1) 
 

 "i" — ,   , -
    ; 

     "d" —  ,  .  
    "+" — ,  "+1"-  -

; 
     "–" —      "–1"- .  

   ,    -
  (1)   -

   ,    -
  [10],   

  : 
 

kio – K = kde,                            (2) 
 

kie + K = kdo,                            (3) 
 

 o, e —  ,  -
    , 

.  
 . 1   -

    -
.     
 no  ne,   ð     

  - .  
,     -

 n  ne – no << no  -
      

     
 

2sin ( ).i on n n  
 

 
kdo 

[110] 

[001] 

2 no/  

2 ne/  

2 /  

 
K 

kie 
K 

kio 

kde 

 
 

. 1.     
    

       -
   : 

 
2sin

,
sin

Vf n                    (4) 

 
 V —   , -

    .  
 ,      
   , -

       
. 

 
  -  

 

   (1)   -
   f,  

   -  
   –3  [1]: 

 

f = 
PT

0,8V
l

 (tg  + ctg ),                    (5) 

 
 lPT —   -
.  

   (4)   
     

[11] 
 

 = 
2

2
0,8 cos

  sin ( )PTn l
 (1 + tg   tg ).       (6) 

 

, -     
(TeO2)     = 10    -

 lPT = 1,2    -
  =15 Å      = 0,63 ,  

    f   310 . 
 

  
 

 . 2    
      -

     =  10 .   
   f  f/2  -

   (5),    
  50 %  - , 

   lPT = 1,2 . 
,     -

     -
   f0 = f( 0).  , 

      -
,   -

  ,   
,   . 2.   -

     -
  "–1"-     -

 (2),     

Galina
Размещенное изображение



   1, 2010 
 

33 

   "+1"-   
(3).    

    f = 119,8  
    = 12,4 .   -
       = 0,6 ,  

 ,    
  f0 = 119,6 ,   

   [4]. 
 

 

119 

2 

1 

8                   10                   12                  14                  16 
                                                           ,  

 
 f,

 
 

120 

121 

 
 

. 2.     
     10       

 = 0,63 : 
_ _ _ _  —      –3 ;  
1 —  ; 2 —   

 
 

  ,    
       
     

      -
  : 

.N  
 

      
 -  a,    

 ,   
 -  .   ,  

   , 
 ,   

    = 1,22 /a 
[12, 13]. 

    - -
    

         
  : 

 

2
0 2 0( ) ,f f  

 

 2 —    
   .  

    ,    
    

2
,

dif

f                             (7) 

 

     -
,     

(1)    : 
 

2

o
sin ( )ctg .dif

n
n

 

 

,   -  
    -

  ,     -
    

 .   
(5)   (6)  ,      -

     .  ,   
    -

   - .   
(5)  (7) ,     -

   lPT,   
        

,   ,   
 (7),     .  

 . 3    -
     -

     
lPT = 1,2 . ,       10  -

   . -
       

   ,   
     
     

     19,7  
[14]. 

 
 

4                            8                           12                         16 
                                                          , . 

 
 

, 
. 

0,5 

0,6 

0,7 

0,8 

0,9 

1,0 

 
 

. 3.       
      

  l  = 1,2  
 

,     -
    -

 ,     



   1, 2010 
 
34 

  [1, 2],    
-      10 .    -
   (6) ,   

     -
  .  

 ,   -  
      

 ,     -
 .     

  = 10     -
   0,6 ,    -

    N  102   
 .      

 ,    -
   [15]. 

 
     

   
 

   
 

  -   
 —   .  

      - , 
-    ,   -

  ,  . -
     

    . 
    

     -
 "+1"-  "–1"-   [4].  

  , ,  -
       

 .   -
     

 ,   -
.     -

       
,     -

  [9]. 
    -

  . 4.    
      

 - ,   -
 .   

    . -
     

 ,    
 - .   

     
     

    -
 .   "+1"-   

   
  ,      
   -

     "–1"- . 

   "+1"-  "–1"-  -
     -

 .     ,   -
 ,   

     -
 . 

 
 8 

8 7 

7 

6 

5 

4 3 2 1 

0 
+1 

–1 

 
 

. 4.    -
  : 

1 — ; 2 —  ; 3 — ;  
4 — - ; 5 —  ;  

6 — ; 7 —  ; 8 — -  
 

     
-       

 ,    
 .  -

,     -
    -

   .  
,    -

    -
   — -

    
. ,  , 

   -   
 

T = (I+1+ I-1)/I, 
 

 I+1, I-1 —      
"+1"-  "–1"-  -

; 
             I —   .  

,    -
     
   -

 ,     
  /  - . 

    -
   -    

    (   -
   )   

 .   -
 -      9 . 
       

-     -
 (   )  -



   1, 2010 
 

35 

   ,    
,  . 

 
 -  

 

     
 -     

  . 
 

  
, 

 

, 
 

T, 
% , 

 
a b, 
c  

P,  -
 

0,25—0,45 0,6 60 2 0,7 1,0 1,0 KDP* 
0,48—0,67 0,9 30 9 0,4 0,8 2,0 CaMoO4 
0,35—0,50 0,9 90 5 0,6 1,0 0,6 TeO2 
0,42—0,88 4,0 95 4 1,5 2,0 0,9 TeO2 
0,77—2,10 12 93 4 1,5 2,0 1,5 TeO2 
1,8—4,4 70 50 4 1,5 2,0 1,4 TeO2 
1,5—4,6 10 50 8 0,6 1,2 2,0 TeO2 

 

_______________ 
*   — KH2PO4 
 

 -     -
     

 =  10     
[110].      

  V =  710  / ,     
     = 54 . 

    
   a = 0,7    

10 ,    -
.    

      
    75—180   

(   –3 ),    
   450   950  .    -

 lPT  = 1,2    
(6)    = 16 Å    

 = 633 ,    -
 R  / 2  40  –1.   
 -  0,2   -

      = 0,63  
 96 %    . 

 
 

 
  -   -
,     -

  ,   -
    

(  ),  , 
,  -

   -
  [16].     -

    - 
   -

 ,    
     .  

    -
   -

  ,  -
,    ,   

   
   .  
            -

    -   -
 ,   -

     , 
   -

 .  
      -

       
    

       -
 ,   -

 (+1   -1)  .  
    

     
   ,  -

  ,    
    -

   
       

     
 -  ( )   

- . 
 ,       

  (     -
)    -

.      -
  -   

"BAE  SYSTEM",     -
 "   " 

(Herschel Space Telescope)    
  (European Space Agency 

(ESA)).    
,     -

    (space-qualified 
design) ,  ,   -

:       
–14,1 g (RMS); ,  

 —  +65  –37 ;   
   -11,8 g) [17]. 

    -
     -

     
    -

 ,    -
     -

.  
   

     -



   1, 2010 
 
36 

      -
       

   [18—21].   
    -

     
  ; -

       -
  [22, 23]. 

 
 
 

          
 
1.  . .,  . .,  . . -
  . — .:   , 1985. 

2. Xu J., Stroud R. Acousto-Optic Devices. — NY: Wiley, 
1992. 

3. Chang I. C .// Appl. Phys. Lett. 1974. V. 25. No. 7. P. 370. 
4.  .  .,   .  .,   .  .// 

. 2000. . 70.  9. . 93. 
5.  . .//  . 2004. . 74.  10. . 84. 
6. Pustovoit  V.  I.,  Pozhar V.  E.,  Mazur M. M. et  al.// Proc. 

SPIE. 2005. V. 5953. P. 200. 
7.  . .,  . .,  . .// . 

., 2009 (  ). 
8. Voloshinov V. B., Molchanov V. Ya., Mosquera, J. C.// 

Opt. and Laser Tech. 1996. V. 28. No. 2. P. 119. 

9. Gupta N., Denes, L., Gottlieb M. et al.// Appl. Opt. 2001. 
V. 40. No. 36. P. 6626. 

10. Voloshinov V. B., Molchanov V. Ya.// Opt. and Laser 
Tech. 1995. V. 27. No. 5. P. 307. 

11. Gupta N., Voloshinov V. B.// Appl. Opt. 2007. V. 46.  
No. 7. P. 1081.  

12. Suhre  D.  R.,  Denes  L.  J.,  Gupta  N.// Ibid. 2004. V. 43. 
No. 6. P.1255. 

13. Voloshinov V. B., Linde B., Yushkov K. B.//  J.  Opt.  A:  
Pure Appl. Opt. 2007. V. 9. No. 4. P. 341.  

14.  . .,  . .// . . 2006.  
. 101. No. 4. . 675. 

15. Suhre D. R., Gottlieb M., Taylor L. H., Melamed N. T.// Opt. 
Eng. 1992. V. 31. No. 10. P. 2118. 

16. -  -  -
: "   ". — .: , 2008. 
. 1—5.  

17. www.atc.intranet.baesystems.com. 
18. Kim  M.  S.,  Lefcourt  A.  M.  et  al.// IEEE Trans. Aerosp. 

Electron. Syst. 2002. V. 45. No. 6. P. 2027—2047. 
19. Heitschmidt  G.  W.,  Lawrence  K.  C.  et  al.// Proc. SPIE. 

2004. V. 5587. P. 101—111. 
20. Nakariyakul S., Casasent D. P.// Appl. Opt. 2007. V. 46. 

No. 3. P. 357—364. 
21. Nakariyakul S., Casasent D. P.// Opt. Eng. 2008 V. 47. 

No. 8. P. 087202-1—087202-9. 
22.  Nansen C., Kolomiets M., Gao Xiquan// J. Agric. Food 

Chem. 2008. V. 56. No. 9. P. 2933. 
23.   Savage L. M.// Photonic Spectra. June 2008. P. 103. 

 
 
 

Acoustooptic method of spectro-polarimetric image processing 
 

V. S. Anchyutkin, A. B. Belsky  
Joint Stock Company “S. A. Zverev Krasnogorsky Zavod”, 

Rechnaya Str. 7, Krasnogorsk-7, 143400, Moscow Region, Russia 
E-mail: kmz@zenit-foto.ru 

 

V. B. Voloshinov, K. B. Yushkov 
Faculty of Physics, M. V. Lomonosov Moscow State University,  

Leninskie Gory 1, 119991, Moscow, Russia 
 

The report discusses operation principles of a hyperspectral imaging acousto-optic system 
intended to process optical images in visible and infrared regions of spectrum. A diffraction grating 
induced by ultrasound in a birefringent crystal selects color of transmitted light and also controls 
polarization of the incident radiation. In the developed system, arbitrary polarized divergent or 
convergent optical beam is split at output of the system into two orthogonally polarized optical beams 
that are simultaneously scattered into symmetrically situated +1 and –1 diffraction orders. If the 
incident beam forms an arbitrary polarized non-monochromatic optical image then as much as two 
images are observed at output of the device. Application of two CCD cameras provides registration 
in real time of the filtered images possessing orthogonal polarizations. Optical wavelengths selected 
by the filter are tuned by means of driving ultrasonic frequency. The transmission coefficient of the 
acousto-optic device is regulated by magnitude of the driving RF power. 
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