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Structure-functional schemes of phase shifters of sampled harmonic signals have been proposed.
Amplitude of output signals and phase shift between input and output signals of such schemes are
independent on a frequency, a signal transformation is fulfilled linearly without amplitude and
frequency distortion. Derived schemes do not need an additional filtering of output signals.
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, x(k)= Asin( t(k)) 
y(k)=KAsin( t(k) + /2) = KAcos( t(k)), 
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; K – , -

, .
K=1,7;  = 7,896 10–3; = 1,612 10–3, A [0,6 ; 6 ]  [1,6 ;

3,2 ] A 0,2 0,1 
t 0,02 / , k = 0,1,2,...,101. 

 [4]:

3 51 2 4
1 5

1 2 3 4 5

2
1 4 2 1 2

2 3

0 0 0 0 0
[ ( )] [ ( )] [ ( )] [ ( )] [ ( )]

min ,

k kk k k
k k

k k k k k

C

C x k x k x k x k y k
   (1)

( ( 1) ( 1))( ) ;
2

x k x kx k 2 ( ) ( 1) 2 ( ) ( 1);x k x k x k x k 3 ( )x k

= ( ( 2) 2 ( 1) 2 ( 1) ( 2))
2

x k x k x k x k  – , 

, 04000 1C . -
:

2 2

2 2 3
[ ( )] ( ) ( )( ) ( )

0,346[ ( )] 0,346 ( ) ( )
x k x k x ky k x k
x k x k x k

. (2)

 (2) 
, , t,  0<A< , 0< < , 0 t .

 [4]:



ISSN 0474-8662. . 2009. . 30 (106) 89

3 51 2 4

1 2 3 4 5

2
1 3 2 1 1 2 3

1 5
0 0 0 0 0

... [ ( )] [ ( )] [ ( )] [ ( )] [( )]

min ,

k kk k k

k k k k k

C

Ck k x k Ix k I x k I x k y k
  (3)

1

( ) ( 1)( 1) (1)
2

k

i

x i x iIx k Ix , 2 2

1

( ) ( 1)( 1) (1)
2

k

i

Ix i Ix iI x k I x ,

3 3

1

( ) ( 1)( 1) (1)
2

k

i

Ix i Ix iI x k I x  – , - 

( )x k  (k+1)- , (1)Ix
KA

t
, 2 (1) 0I x , 3

2(1) KAI x
t

 – , 04000 1C .  

2 2

2 2 3
[ ( )] ( ) ( )( ) ( )

0,346[ ( )] 0,346 ( ) ( )
Ix k x k I x ky k Ix k

I x k Ix k I x k
. (4)

 (4) -
-

, t, 0 A , 0 , 0 t .
-

 90 , -
x(k),  [4]. ,

K = 1 -
 90 :

2

2 2
[ ( )] ( ) ( )( ) ( )

[ ( )] ( ) ( )
x k x k Ix ky k x k
x k x k x k

(5)

 90
2

2 2
[ ( )] ( ) ( )( ) ( )
[ ( )] ( ) ( )

x k x k Ix ky k Ix k
Ix k x k I x k

. (6)

90 , -
. 

, . -

 [4]:
sin sin( )cos cos( )sink t k t k t , (7)

sin cos -
 [5].

-
. -

-
. , -

 90 , -
 (2)  ( ), , -

, , -
, . 1.



ISSN 0474-8662. Information Extraction and Proces. 2009. Issue 30 (106)90

-
 90 ,  (4) -

 ( ), , , , 
, . 2.

. 1. 
,  (2).

. 2. ,
 (4).

 (5)  (6) -
. ,  ( . 2) -

, , . 1. 

), . , -

, -



ISSN 0474-8662. . 2009. . 30 (106) 91

, . -
 90  n -

n  90 .
-

, -
 (7), . 3.

. 3. 
,  (7).

, -

. 
, -

, , -
. -

. 
, 

. -
.

1. . ., . ., . .
. – .: , 1985. – 256 .

2. . . – .: , 1966. – 192 .
3. . ., . . . – :  “ ”,

 “ ”, 1998. – 186 .
4. .

// . – 1999. –  382. – . 33–37.
5. .,  . : . . – .: ,

1982. – 512 .
6. X-Band RF MEMS Phase Shifters for Phased Array Applications / A. Malczewski, S. Eshelman,

B. Pillans, J. Ehmke, C. Goldsmith // IEEE Microwave and Guide Wave Lett. – 1999. – 9. – P. 517–519.
7. . . 1282311 ,  4H03H11/20.  / . . ,

. . , . .  ( ). –  3880179/24-09;  01.04.85; . 7.01.87,
.  1. – 2 .

8. . . 1529415 ,  4H03H11/20.  / . . 
). –  3926948/24-63;  03.06.85; . 15.12.89, .  46. – 3 .

9. . . 1737730 ,  5H03L7/18.  /
. . , . . , . .  ( ). –  4747486/09; 

06.10.89; . 30.05.92, .  20. – 2 .
10. . . 1594698 ,  5H03 1/64.  / . .  ( ). –

 4456738/24–24;  08.07.88; . 23.09.90, .  35. – 2 .

 “ ”
15.07.2008


	УДК 621.372
	П. В. Тимощук
	СТРУКТУРНО-ФУНКЦІОНАЛЬНІ СХЕМИ ШИРОКОДІАПАЗОННИХ ФАЗООБЕРТАЧІВ ДИСКРЕТИЗОВАНИХ ГАРМОНІЧНИХ СИГНАЛІВ



