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1.1.  
 [1-4]Equation Chapter 1 Section 1 

 
1.1.1.   

,  
, .  

 ( ): 

 cos 0.5(exp exp ) 
sin 0.5(exp exp )

j j
j j j

. 

, 
,  cos : 

exp cos sin cos Re(exp )j j A A j . 

,  
,  

  cos Re(exp )A A j ,  
 Re .  

,   
! . [1] 

 (x,y,z)  t 
  

( , , , ) ( , , ) ( )s x y z t v x y z u t ,  

 

( , , ) exp( )exp( ) exp exp ;

exp .
x y zv x y z E j j E j k x k y k z j

u t j t

kr
 

  – ; k –  

,  ( ) 2
x y z

nk k k k
c

;  –  

; 2   – ;  – ; n –  
;  – , .  t=0. 

 ( )  
,  

 – ,  
, : 

exp x y zE j k x k y k z .  
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1.1.2. ,  
F,  f(x), : 

1.  f(x) ; 
2.  f(x)  

 
; 

3.  f(x) ; 
: 

exp 2f x f x j x dxF F  . (1.1) 

 (1.1)  
 f(x),  F( ),   – , . 

 – .  
 – . [1] 

 F( )  
 ( , ): 

exp 2f x j x dF  . (1.2) 

 ( )d dF F ,   

( ) ( ) ( ) 2 ( )d d
d d

F F F F , 

: 
1( ) ( )exp( )f x j x dxF  . (1.3) 

,  
.  

 
.  «–». 

 
 –  

, ,  
 ( –

) ,  
 

. [1]  
 

, , . 
 

, 
 ( ), 

. -
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,  
,  (1.1), .  

 x  y – : 

, , exp 2x y x yf x y j x y dxdyF  . (1.4) 

,  (1.2). 
, ,  

,  ( ) 
. ,  F( x, y)  

, .  
, 

 – , .  
,  

 – . 
 (  

)  ( )  
,  
) ,  

. ,  
 f(x,y)=f(x)f(y)  

 F ( x, y)=F ( x)F ( y). 
 
 

f( , )=f( )f( ),  . 
1.1.3. ,  

. [1] 
 – : 

.  
. ,  

 
.  

:  

1 ,
( , ) ( ) ( )

0 ,
x y

x y

x L y L
A x y A x A y

x L y L
. 

: 

( ( )) ( )exp( ) ( )exp( )

1 exp exp( ) 2sin( )exp 2 Sinc( )

L

x x
L

x x x x x x x
x x x x

xx x x

A x A x j x dx A x j x dx

L j L j L Lj x L L
Lj j

F

. 
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 F (A(y)), .  
 

( ( , )) 2 Sinc( )2 Sinc( )x x x y y yA x y L L L LF  . (1.5) 
. .  –  

, . .  
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0 0

2

0 0

, ( , )exp 2

12 exp 2 cos .
2

A d A j d

A d j d

F cos
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0
0

12 exp 2 cos
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,  ,  
 , . 

0
0

2 2A J dF  . (1.6) 
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0

0
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0   

if
A

if
,  

  
2 1 0
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0

2 2J
J d
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0

F 2 . 

,  1 0

0

2
2

J
,  

 Sinc  « ». 
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 (2.6), , , ,  
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,  
 –  
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1.1.4. ,  
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, .  
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.1.1.  – ,  
 

-r= f(- ) –1  
 

 
 

 ( ,  
)  

, ,  
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, , 
 

 ( )  ( )  
,  

 
.  

 ( ), , 



13 
 

,  (1.7) 
,  

 r f ,  f –  
,  – , ,  

, , ,  
 ( -1)  ( ) .  

,  
 (1.7),  

. 
 

1.1.5.  
A. : 

*

* * *exp expf x f x j x dx f x j xdxF F . 

.  ( .1.2.): 
1 1( ( )) ( )exp( ) ( )exp( ) ( )f ax f ax j x dx f j d
a a a a

F F  . (1.8) 

 
 – 

, , , 
 

. 
 
 
 
 
 
 
 
 

f f 

r= f 2 +1  
 

.1.2.  

-r= f(- 1) –1  
 

2  

1  

 
 

.  ( .1.3.) 
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f f 

r= f  +1  
 

.1.3.  
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: 

1
0 0

1 1 0 1

1 1 0 1 0
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1 )exp( ( ) )
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j x d

j x d

j x j x d f x j x

F F F

F

F

 . (1.10) 
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1.2.1. : 

1 2 1 2( ) ( ) ( ) ( ) ( )S f x f x f x f x dx  . (1.11) 

1.2.2.  
.  (  
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) X(t)  Y(t) – , 
 [5]: 

*
,XYR t t X t X Y t Y , 

 (  
).  " "  

 – .  
,  –   X(t)  Y(t). 

 
*

,XYK t t X t Y t . 

, .  
, .  

,   
, ,R t t K t t X Y . 

, .  
,  

 
 .  

 X(t) = Y(t),  
).  = 0  

2,
0XX XR t t X t X t X t X t , 

 –  xL : 
20 xK L  . 
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, . 
 

.  
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, ,  
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 . 
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, .  

,  
 
 
 

).  
,  

 
lim 0K . 

, ,  
,  

, : 
–  (  

), ,  
 (  

0 0,1r ; , . ); 
– ,  0  

 *0XYK X t Y t .  

.  
 

: 

1 2

*
1 2 1 2f fK f x f x f x f x dx  . (1.12) 

,  (1.11)  (1.12),  
,  – .  

 
1.2.3.  

. : 

1 2 1 2 1 2 2 1( ) ( ) ( ) ( ) ( ) ( ) ( ) * ( )f x f x f x f x dx f x f x dx f x f x . 

. : 

1 2

2 1

*
1 2 1 2

*

* * *
1 2 2 1

f f

f f

K f x f x f x f x dx
x z

f z f z dz f z f z dz K

 . (1.13) 

 1 2f x f x ,  
 ( )  

1 1 1 1f f f fK K .  
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  ,  (2.12)  
1f x  2f x    

 ,  (2.13)  
1f x , .  

,  
 

 – . 
.  ( ) –  

: 

1 2 1 2

1 2

1 2 1 2

exp

exp exp

exp exp

f x f x f x f x dx j d
x z

f x f z dx j x j z dz

f x j x dx f z j z dz

F

F F

. 

.  –  
 

: 
*

1 2 1 2

*
1 2

*

*
1 2 1 2

exp

exp

exp exp

f x f x f x f x dx j d
x z

f z f x dx j z x dz

f z j z dz f x j x dx

F

F F

 . (1.14) 

,  
,  (1.13) 

: 
* *

1 2 1 2f x f x dx f z f z dz
z x

 . 

,  
,  

. , 
, ,  

 – . , 
 4f  ( .1.4).  
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f f f f 

L1 L2 H 

X 

C(x,y)*A(x,y)*B*(x,y) 
 

A(x,y) 

B(x,y) 

C(x,y)*A* (x,y)*B (x,y) 
 

 
.1.4. 4f  

 
1.3.  4f  

 In .1.4 
,  

 A(x,y)  B(x,y).  
A(x,y)  ,   B(x,y) – . ,  

 
. , ,  

,  
,  –  

, . , .  
In –  
L1.  .    

,  X  1.  
 L1  

, ,A x y B x yF F . 
 H ,  

 ( ),  
  

*
, , , ,A x y B x y A x y B x yF F F F , 

  – ,  
.  

, ,  
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 In  A(x,y) ( )  C(x,y) 
),    

*

* *

* *

, , , , ,

, , , , , ,

, , , , , ,

C x y A x y B x y A x y B x y

C x y A x y A x y C x y A x y B x y

C x y B x y A x y C x y B x y B x y

F F F F F

F F F F F F

F F F F F F

 
,  

, : ,  
*

, , ,C x y A x y A x yF F F   

 
*

, , ,C x y B x y B x yF F F    

 ,C x yF  
;  

*
, , ,C x y A x y B x yF F F      

 ,B x yF  –  +1 ;  
*

, , ,C x y A x y B x yF F F      

,  
,  
 ,B x yF ,  –1 . 

,  
 L2  – : 

*
, , ,C x y A x y A x yF F F F  

 
*

, , ,C x y B x y B x yF F F F   

,  
; 

 +1  
*

, , ,C x y A x y B x yF F F F  , (1.15) 

 –1  
*

, , ,C x y A x y B x yF F F F .  (1.16) 

 ,  
B(x,y)= (x,y), .  ( ,  

 – ),  (1.15)  (1.16) 
, ,  
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*
, , , , ,F F C x y F A x y F x y C x y A x y , (1.17) 

*
, , , , ,F F C x y F A x y F x y C x y A x y ,  (1.18) 

  , 
. ,  

 +1 ,  ,  
 – ,  

 A(x,y). 
.  

 4f  
,  (1.15)  (1.16)  

 B(x,y),  C(x,y). : 
*

, , , , ,x y A x y B x y B x y A x yF F F F ,  (1.19) 

*, , , , ,x y A x y B x y A x y B x yF F F F ,  (1.20) 

.   +1,  –1  
, . 

. 
 

, ,  
, .1.5,  

 (Joint Transform Correlator – JTC). 

 

(x,y)*A*(x,y)*B(x,y) 
 f f f f 

L1 L2 H 

 

A(x,y) 

B(x,y) 

(x,y)*A(x,y)*B*(x,y) 
 

 
.1.5.  

:   
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1.4.  
 4f  

, .1.6.  
 A(x)  B(x). ,  

, .  
 

 –  
)  

 ( ) ;  
. .1.6  

 (  
) –  

 A  B . 

 
.1.6. 4f : A, B 

– , C – ,  
, P1 – , L1, L2 –  

 f, H – 
, P2 –  L2 – 

. , 
 HA  

 G2  R2
A  

 
 H –  

 L1 
: 

xA 

P2  

  
 

xA 

P1  L1 L2 H 

A 

 f  f  f  f 

A, B, C 

B 

xB 

2B 

 
xB 

2A 

  
-x

  

  

  



22 
 

*
exp expA A A A AI R j x A x R j x A xF F ,  (1.21) 

*
exp expB B B B BI R j x B x R j x B xF F  , (1.22) 

 
f

– , –  

 H, 2 – , j – 
, AR  BR  – , 

, 
 A x  B x , xA  xB – , 

. ,   
,  +1 : 
1 * expA A AH R A x j xF  , (1.23) 
1 * expB B BH R B x j xF .  (1.24) 

 P1  C(x), 
 +1 : 

CACorr C x A x  , (1.25) 

CBCorr C x B x  , (1.26) 
 orr  « »,  –  

 P2,  – .  (1.25)  (1.26) 
 

.  
 4f .1.6  

,  
 (1.25)  (1.26)  

 C(x)  A(x)  B(x): 
max ,CA C x B x C x B x  , (1.27) 

max ,CB C x B x C x B x  , (1.28) 
  – . , 

 (1.27)  (1.28): 
,
,

C x A x
k

C x B x
 . (1.29) 

, , , . 
,  

, « »,  C(x),  P2 
 –  

,  – Phase Conjugate Mirror 
(PCM). , .  

,  « » –  
. 
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, ,  
, ,  

.  (1.23)  (1.24)  
  expA AR j x  

expB BR j x ,  exp Aj x  exp Bj x , 
. ,  

,  (1.25)  (1.26)  
 

) (1.27)   (1.28) –  
 CA CB .  

, ,  P2, 
. 

 P2  P1 .2 
 P1 ,  

, ,
A B

A B

Out x Out x Out x

R A x C x A x R B x C x B x
 . (1.30) 

 A(x)  B(x)  
 

2

2,
,

C x A x
V k

C x B x
 , (1.31) 

,  (1.30)  
 – , 

 P2  
, ,  

.  
,  

 P1. 
 
1.5. « »  

 ( ) 
:  (1.30), 

 
, : 

ˆˆ ˆH A B  , (1.32) 
 ( )  

 Â  B̂  –  A(x)  B(x),  
 A A  B B , . 

 ( )  
   ,  
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 AB  
.  

,  AB,  
   ,  

,  
,  A(x)  B(x) –  ( ) , 

, , 
 
 

,  –  
 ( ).  

, , 
 

.  
 

, , . 
. 

,  
 (  –  

, ),  
 –  [5].  
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 2.  
 [1-6] 

 
 

,  
, -

. 
,  

. 
, .2.1.  

 ( )  L.  P1  P2 
 d  f, , 

 f –  ( . P2 –  
).  z ,  P1 

 x,y,  P2 – x, y.  
 P1 ,  

 (x,y)   

, , exp ,x y A x y j x y ,  (2.1) 

 j – . 

 
.2.1. ,  

 
 E(x,y) –  

P1,  E( , ,z) –  P2,  P1  
 z.   

P2  P1  
[1]  

 d  

L  P1  P2 

 x 

 y 

 x 

 y  (x,y) 

 f 

, ) 
(x,y) 
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exp, , , cosj jkrE z E x y dxdy
r

,      (2.2)  

   – , j –  
, r –  ,  P2  P1, 

, k=2 /  – ,  
–  P1  
x,y, cos  – ,  

,  P1 . , 
 

, .2.1,  
 x,y 1   

2 2 2
cos f

f
. (2.3) 

,  (2.3),  (2.2)    

2 2 2

exp, , ,jf jkrE z E x y dxd
rf

. (2.4) 

,  ( , )  
 r  

x,y. , ,  
,  

:  

r f d x y
f f

. (2.5) 

 (2.5)  (2.4) ,  
. 

 r :  

,r R x y , (2.6) 

 R   : 
2 2 2

2 2 2

2 2 2

2 2 2

, f dfR
f

f

f

. (2.7) 

,  
 ( , ) (x,y), 
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.2.2, ,  
. 

 

 
 

.2.2.  
(x)  ( )  

 
 (2.6)  (2.7)  (2.4) : 

2 2 2

, exp
, , exp ,

E x y jk x yjfE z jkR dxdy
f df x y

. (2.8) 

, :  

2 2 2

2 2 2

x

y

f

f

. (2.9) 

 
 ,  ,  
.  

 (2.9)  (2.8),  2

1
f df

, 

, , 
 P2:  

  

  

  d   f 

 L  P1  P2 

 x 
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, exp ,

, exp 2 exp ,

1, exp 2 .
1

x y

x y

jE jkR
f d

jE x y j x y dxdy jkR
f d

E x y j x y dxdy
f f d
x y

      (2.10) 

,  
 

E(x,y).   
,  

.  
,  

. ,  
 (2.10),  

 x,y , , .  
, .  

,  
 

,  (2.10) :  
 

, exp ,

1, exp 2 1
1

x y

jE jkR
f d

E x y j x y dxdy
f f d
x y

.  (2.11) 

 
 

, : 

, , exp 2x y x yE x y j x y dxdyF . (2.12) 

,  
2 (2.11)  (2.12). 

 
.  

 (2.9) ,  
. ,  
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,  f.  
 

,  
 ( ). ,  

.  
. 

 (2.9)  (2.12):  

2 2 2 2 2 2

2 2 2 2 2 2

,

, exp 2

E
f f

E x y j x y dxdy
f f

.  (2.13) 

,  
 x ,  

 .  
,   y.  

 « »  
. 

 (2.9)   
1

2 2

2

1
2 2

2

1

1

x

y

f f

f f

. (2.14) 

  
22 2 2 2

2 2

22 2 2 2

2 2

1 31 ...
2 8

1 31 ...
2 8

x

y

f f f

f f f

. (2.15) 

, .  
2 2

2 1
f

,  (2.15),  

. :  
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x

y

f

f

. (2.16) 

 (2.16)  (2.13)  
:  

, , exp 2E E x y j x y dxdy
f f f f

. (2.17) 

,  
,   x, y  

.  
. 

 
 

: 
2 2

2

2 2 2

1 1 1f
f

f
f

. (2.18) 

 
2 2 ,  

.  

a
f

. 

: 
21 1f a . (2.19) 

, , 
 

,  
. ,  

,  
:  

max
max

a
f

. (2.20) 

 (2.19)  (2.20),  
,  

. 
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 x,y  P1  ,  
 P2, . 

 (2.11): 

, exp ,

1, exp 2 1
1

x y

jE jkR
f d

E x y j x y dxdy
f f d
x y

. 

: 

, , exp 2x y x yE E x y j x y dxdy . 

,  
,  (2.11),  

.  
 

 P1  P2 . 
 
 

:  
2 2

2 22 2 2

2

2 2 2

a

x y
x yf df x y

f f df df
f df x y

. (2.21) 

 P1  P2  r,   , , 
.  

2 cos
a

r
f f d

. (2.22) 

, ,  
cos 1.  

:  
2

aMax

r
f f d

. (2.23) 
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,  
 P1,  P2.  

  - . 

 
f

 r
f

.  

 
2

1
aMax

r
f f f

d
f

. (2.24) 

 
 
 

:  
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j jkR j jkR
f d f d
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f d
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f d
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f d
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