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Nonlinear Distortions of the Signals in Broadband Cable Communication Systems Using 

Conventional Mach-Zehnder Modulator (Lidia T. Jordanova, Valentin I. Topchiev). The results of 

the research of the nonlinear distortions of the signals in a broadband cable communication system, 

caused by a conventional Mach-Zehnder modulator are presented in this paper. The expressions for 

determining the levels of the intermodulation products of second and third order, depending on the RF 

modulation signal amplitude are obtained. It is analyzed the influence of the basic nonlinear distortion 

terms created by the presented modulator scheme and it is presented their distribution at the standard 

frequency range for CATV applications. There are obtained formulas for calculating absents of the 

intermodulation products fallen in each radiofrequency channel, in relation to the magnitude of the 

transmitted RF signals. The conditions of intermodulation second order products cancellation are 

defined and it is reviewed the need of including a circuit for automatic compensation of the 

temperature variation of its working point. On the base of the attained mathematical models are made 

simulation researches in order to clarify the dependence of the modulator nonlinear distortion 

products power on the magnitude of the applied bias voltage and the level of the radiofrequency 

modulating signal. 

 

#$ %&'($)*(' ($ &$+,-.')/-/(,/' (RF) ),"($0, 

%- -%/,.(,* 1$($0 ($ '+($ 2,&-1-0'(/-3$ 1$4'0($ 

1-56(,1$7,-(($ ),)/'5$ (899:) 5-;' +$ )' ,<-

%-0<3$ 1$1/- +,&'1/($ 5-+60$7,* ($ 0$<'&$, /$1$ , 

3=(2'( 5-+60$/-&. >%/,.(,/' 1$($0, ) +,&'1/($ 

5-+60$7,* ($ 0$<'&$ )$ ) %-(,;'(, 1$.')/3'(, %--

1$<$/'0,. ?&,.,(,/' <$ /-3$ )$ %$&$<,/($/$ .')-

/-/($ 5-+60$7,* 3 0$<'&$, ('0,('@(-)//$ , 5$01$-

/$ )/&=5(-)/ ($ ('"-3$/$ A$&$1/'&,)/,1$ ($ %&'-

-4&$<63$(' ($ '0'1/&,.')1,* 3 -%/,.'( ),"($0,  

&'0$1)$7,-((,/' -"&$(,.'(,* ($ 0$<'&$ , +&. 

B<4&-'(,/' ('+-)/$/=7, ($ -%/,.(,/' %&'+$3$/'-

0, ) +,&'1/($ 5-+60$7,* ($ 0$<'&$ 5-"$/ +$ )' ,<-

4'"($/ .&'< ,<%-0<3$(' ($ 0$<'&, &$4-/'C ) %-)/-*-

('( 3=<46;+$C /-1, 3 ,<A-+$ ($ 1-@/- )' 310D.3$ 

3=(2'( 5-+60$/-&. 



“!+!”, 1-2/2008 ". 36 

E 899: )$ )' ($0-;,0, -%/,.(,/' $5%0,-

/6+(, 5-+60$/-&,, &'$0,<,&$(, .&'< ,(/'&F'&--

5'/=& ($ G$A-#'(+'&, ($&'.'(, <$ 1&$/1-)/ MZ-

5-+60$/-&,. H=@ 1$/- 5-+60$7,-(($/$ A$&$1/'-

&,)/,1$ ($ 1-(3'(7,-($0(,* MZ-5-+60$/-& )' 

-%,)3$ ) cos2-F6(17,*, /* ,5$ )&$3(,/'0(- 1=) 

0,(''( 6.$)/=1. ?-&$+, /-3$ )' )=<+$3$/ 6)0--

3,* <$ %-*3$/$ ($ ('+-%6)/,5, ('0,('@(, ,<1&,-

3*3$(,* ($ ),"($0,/', %&'+$3$(, %- -%/,.(,* 

1$($0 ($ ),)/'5$/$. #$ +$ )' -),"6&, <$+$+'(- 

5,(,5$0(- -/)/-*(,' ($ )=)/$3(,/' ,(/'&5-+6-

0$7,-((, %&-+61/, -/ 3/-&, , /&'/, &'+ )%&*5- 

%-0'<(,* ),"($0, ' ('-4A-+,5- +$ )' -"&$(,., 

+,($5,.(,*/ -4A3$/ ($ 5-+60,&$C,* &$+,-.')-

/-/'( ),"($0. E &$<"0';+$(,* /,% ),)/'5, )' 

,<,)13$ -/)/-*(,'/- ($ %&-+61/,/' -/ ('0,('@-

(, ,<1&,3*3$(,* 3 ,<A-+$ ($ $4-($/(,* 1-(/$1/ 

+$ ' %--"-0*5- -/ 60dB. 

I'0/$ ($ /$<, &$4-/$ ' +$ )' ,<)0'+3$/ 3=<5-;-

(-)/,/' <$ -),"6&*3$(' ($ <$+$+'(, A$&$1/'&,)/,-

1, ($ -%/,.(,* 1$($0 ($ 899: %&, ,<%-0<3$(' ($ 

1-(3'(7,-($0'( MZ-5-+60$/-&.  

H3,C6469,-/6 A63629,3.79.26 /6 =;C>-6-

9;36 

?&,(7,%=/ ($ ,<"&$;+$(' ($ 1-(3'(7,-($0(,* 

MZ-5-+60$/-& ' ,0D)/&,&$( ($ F,".1. ?-)/=%3$-

C,*/ -/ 0$<'&$ -%/,.'( ),"($0 ) 5-C(-)/ Pin )' 

&$<+'0* %-&$3(- 5';+6 +3$/$ F$<-3, 5-+60$/-&$, 

1=5 '0'1/&-+,/' ($ 1-,/- )' %-+$3$/ '+(-3&'5'(-

(- %&'+($%&';'(,'/- Ubias , 5-+60,&$C,*/ &$+,--

.')/-/'( (RF) ),"($0 umod (t). ?-+ +'@)/3,' ($ 

umod (t) )' %&-5'(* ="=0=/ ($ +'F$<,&$(' JE ($ ),"-

($0,/', %&'5,($3$C, %&'< F$<-3,/' 5-+60$/-&,, $ 

-/ /$5 , (,3-/- ($ ,<A-+(,* ),"($0 ($ MZ-5-+6-

0$/-&$ Pout . 

 

 

F%2.1. G.*/)*6%.*#-)* MZ-5.(,-#".+. 

?&'+$3$/'0($/$ A$&$1/'&,)/,1$ ($ 1-(3'(7,--

($0(,* MZ-5-+60$/-& )' -%,)3$ )=) )0'+($/$ <$-

3,),5-)/ [1]÷[3] 

 (1) 

! " # $
! "

2

mod

cos 2 0,5 1 cos( )

0,5 1 cos ,

out in in

in bias

P P j P j

u t
P j

U

% & % ' & %

( )* +
% ' ', -. /. /, -0 12 34

4  

1=+'/- UH ' ($%&';'(,'/-, %&, 1-'/- ,<A-+(,*/ 

),"($0 ($ 5-+60$/-&$ )' +'F$<,&$ ($ H, $ Kbias – ($-

.$0($/$ F$<$, 6)/$(-3'($ .&'< Ubias . >.'3,+(- ', .' 

%&, JK = 0 1-'F,7,'(/=/ ($ %&'+$3$(' ($ 5-+60$-

/-&$ ' '+,(,7$, $ %&, JK = L – (60$. 

?$&$5'/=&=/ UH )' -%&'+'0* %- F-&560$/$  

(2)    
32

p

d
U

ln r
% 5

6
,  

1=+'/- M ' -%/,.($/$ +=0;,($ ($ 3=0($/$ 3=3 

3$1665, n , r )$ )=-/3'/(- 1-'F,7,'(/=/ ($ %&'-

.6%3$(' , '0'1/&--%/,.(,*/ 1-'F,7,'(/ ($ ,<%-0-

<3$(,* -%/,.'( 5$/'&,$0 (LiNbO3 ,0, LiTaO3), a l 

, d – +=0;,($/$ , &$<)/-*(,'/- 5';+6 '0'1/&-+,-

/'. N$.$0($/$ F$<$ Kbias <$3,), 1$1/- -/ "-0'5,($-

/$ ($ %&,0-;'(-/- %&'+($%&';'(,' Ubias , /$1$ , -/ 

/'A(-0-",.($/$ "&'21$ O = n1l1 – n2l2  , -/.,/$C$ 

-/10-('(,'/- ($ %$&$5'/&,/' ($ F$<-3,/' 5-+60$-

/-&, 3 +3'/' &$5'($ ($ ,(/'&F'&-5'/=&$.  #$ -%&'-

+'0*(' ($ Kbias 5-;' +$ )' ,<%-0<3$ ,<&$<=/ [3] 

(3)       2bias biasU U47 % 4 ' 48 6 .  

N$ F,".2 ' %-1$<$($ %&'+$3$/'0($/$ A$&$1/'-

&,)/,1$ ($ 1-(3'(7,-($0'( MZ-5-+60$/-&. 

 

 
F%2.2 C+)(#/#")-*# 9#+#1")+%&"%1# *# 1.*/)*6%.*#-

-)* MZ-5.(,-#".+. 



“!+!”, 1-2/2008 ". 37

E ,+'$0(,* )06.$@, /.'. %&, O P 0, &$4-/($/$ 

/-.1$ ($ 5-+60$/-&$ )=3%$+$ ) 13$+&$/6&($/$ /-.-

1$ 2 ($ %&'+$3$/'0($/$ 56 A$&$1/'&,)/,1$, <$ 1-*-

/-  Kbias = L/2. H-"$3$ ('-4A-+,5-/- %&'+($%&';'-

(,' ' Ubias = UH  /2 , 5-;' +$ )' ,<.,)0, 0')(- ) %--

5-C/$ ($ ,<&$< (2). N$ )=C$/$ F,"6&$ ) 1-3 ' -<($-

.'( 0,('@(,*/ 6.$)/=1 ($ %&'+$3$/'0($/$ A$&$1/'-

&,)/,1$. >.'3,+(- ', .' /-@ ' )&$3(,/'0(- 1=) , 

%&, "-0*5$ $5%0,/6+$ ($ 5-+60,&$C,* ),"($0 5--

"$/ +$ )' )=<+$+$/ ,(/'&5-+60$7,-((,/' %&-+61/, 

) ('+-%6)/,5- 3,)-1, (,3$. 

Q1- %- -%/,.(,* 1$($0 )' %&'+$3$/ N ($ 4&-@ 

&$+,-.')/-/(, ),"($0, ) '+($13, $5%0,/6+, Umod 

, )' 3=3'+' %$&$5'/=&=/ 5-+60$7,-('( ,(+'1) 

m = L Umod / UH , <$3,),5-)//$ (1) %&,+-4,3$ 3,+$ 

(4) 
1

0,5 1 cos sin
N

out in i bias

i

P P m t
%

( )* +
% ' 9 ' 7, -. /

0 12 3
: .    

:0'+ 1$/- )' %&,0-;, /&,"-(-5'/&,.(-/- %&'-

-4&$<63$(,' 

(5) ! "cos cos cos sin sinx y x y x y' % ; ,             

%&'+$3$/'0($/$ A$&$1/'&,)/,1$ ($ 1-(3'(7,-($0-

(,* MZ-5-+60$/-& )' %&'+)/$3* %- )0'+(,* ($.,(: 

 (6)    

! "

! "

1

1

0,5 1 cos sin cos

sin sin sin .

N

out in i bias

i

N

i bias

i

P P m t

m t

%

%

< ( )=
% ' 9 7 ;> , -

= 2 3?

@( ) =
; 9 7 A, -

=2 3 B

:

:

       

I@,2936-,/ 6/6-.1 /6 .1A;C/.5 7.8/6- /6 
=;C>-69;36 

N,3$/$ ($ )%'1/&$0(,/' )=)/$31, ($ ,<A-+(,* 

),"($0 ($ 1-(3'(7,-($0(,* MZ-5-+60$/-& 5-"$/ 

+$ 4=+$/ -%&'+'0'(, .&'< &$<0$"$(' ($ (6) 3 &'+ ) 

,<%-0<3$(' ($ <$3,),5-)/,/' [4] 

 (7)  

! " ! " ! "

! " ! "

2 1

1

0 2

1

sin sin 2 sin 2 1

cos sin ( ) 2 cos2 ,

n

n

n

n

x J x n

x J x J x n

C

;
%

C

%

( )D % ; D2 3

D % ' D

:

:
      

1=+'/- Jn(x) e R')'0-3$ F6(17,* -/ %=&3, &-+ n-/, 

&'+ ($ %&-5'(0,3$/$ x. ?&, -/.,/$(' )$5- ($ ,(-

/'&5-+60$7,-((,/' )=)/$31, ) %&'-40$+$3$C- 

30,*(,' 3=&A6 ('0,('@(,/' ,<1&,3*3$(,* ($ %--

0'<(,* ),"($0, )$ %-06.'(, )0'+(,/' &'<60/$/,: 

E <$ -)(-3($/$ )=)/$31$ (%=&3, A$&5-(,1) ($ 

,<A-+(,* ),"($0 ) .')/-/$ 9 i 

(8) 

! " ! "

! " ! "

1 0

1

1
1 0

sin

sin

i

N

in i n bias

n
n i

N
in bias

P P J m J m

P J m J m

9
%
F

;

% 7 %

% 7

G
         

E <$ 1-54,($7,-((,/' )=)/$31, -/ 3/-&, &'+ ) 

.')/-/, 9 i ±9 j 

(9) 

! " ! "

! " ! "

1 0

, 1
,

2 2
1 0

cos

cos

i j

N

in n n bias

n i j n
n i j

N
in bias

P P J m J m

P J m J m

9 H9
% %

F

;

% 7 %

% 7

G G
    

E <$ 1-54,($7,-((,/' )=)/$31, -/ /&'/, &'+ ) 

.')/-/, 29 i ±9 j 

(10) 
! " ! " ! "

! " ! " ! "

2 2 1 0

1
,

2
2 1 0

sin

sin

i j

N

in i j n bias

n
n r s

N
in bias

P P J m J m J m

P J m J m J m

9 H9
%
F

;

% 7 %

% 7

G
  

E <$ 1-54,($7,-((,/' )=)/$31, -/ /&'/, &'+ ) 

.')/-/, 9 i ±9 j ±9 k 

(11) 
! " ! "

! " ! "

1 0

, , 1
, ,

3 3
1 0

sin

sin ,

i j k

N

in n k bias

n i j k n
n i j k

N
in bias

P P J m J m

P J m J m

9 H9 H9
% %

F

;

% 7 %

% 7

G G
 

1=+'/- i, j , k )$ 7'0, .,)0$, )=-/3'/)/3$C, ($  (--

5'&$/$ ($ %&'($)*(,/' RF 1$($0,. 

N$ F,".3 )$ %-1$<$(, <$3,),5-)/,/' ($ (,3$/$ 

($ &$<"0';+$(,/' )%'1/&$0(, )=)/$31, ($ ,<A-+-

(,* ),"($0 ($ 5-+60$/-&$ (/' )$ -<($.'(, ) -4-4-

F%2.3 ;$5)*)*%) *# *%/#"# *# 7.-)$*%' &%2*#- % *# CSO 

% CTB 7+.(,1"% 7+% ,/)-%=#/#*) *# Umod. 



“!+!”, 1-2/2008 ". 38 

C'(,* ),53-0 PSS) -/ $5%0,/6+$/$ ($ 5-+60,&$-

C,* ),"($0. H' )' -/($)*/ <$ )06.$*, 1-"$/- ($ 3A--

+$ ($ 5-+60$/-&$ )' %-+$3$/ )$5- /&, RF (-)'C, 

/&'%/'(,* ) .')/-/, Si , Sj , Sk . 

T')(- 5-;' +$ )' +-1$;', .' )/&=5(-)//$ ($ 

%&'+)/$3'(,/' <$3,),5-)/,, -/($)*C, )' <$ %--

0'<(,* ),"($0 , <$ ,(/'&5-+60$7,-((,/' %&--

+61/, -/ 3/-&, (CSO) , /&'/, (CTB) &'+, )' %&--

5'(* 3 -/(-2'(,' 1:2:3. Q1- $5%0,/6+$/$ ($ 5--

+60,&$C,* ),"($0 )=)/$30*3$ ($%&,5'& 3% -/ 

%&,0-;'(-/- %&'+($%&';'(,', /.'. -/(-2'(,'/- 

Umod /Ubias , ,<&$<'(- 3 +'7,4'0, ' -1-0- U 30dB, 

-/ F,".3 0')(- 5-;' +$ )' 3,+,, .' -/)/-*(,'/- 

($ ,(/'&5-+60$7,-((,/' %&-+61/, %- -/(-2'-

(,' ($ %-0'<(,* ),"($0 ' %--"-0*5- -/  U 30dB 

(<$ CSO) ,  U 60dB (<$ CTB). E +'@)/3,/'0(-)/ 

/'<, -/)/-*(,* 5-"$/ +$ 4=+$/ <($.,/'0(- %--

5$01,, /=@ 1$/- 3 .')/-/($/$ 0'(/$ ($ 3)'1, RF -

1$($0 %-%$+$/ 5(-;')/3- 1-54,($7,-((, %&--

+61/,, .,,/- 5-C(-)/, )' )65,&$/. 

J,79;9/; 361@3,C,-,/., /6 @3;C>29.9, ;9 
/,-./,0/. .123.4546/.5 

Q($0,<=/ %-1$<3$, .' -%&'+'0*C, <$ ('0,('@-

(,/' ,<1&,3*3$(,* ($ ),"($0,/' 3 &$<"0';+$(,* 

/,% ),)/'5, )$ ,(/'&5-+60$7,-((,/' %&-+61/, -/ 

3/-&, , /&'/, &'+ )=) )0'+(,/' .')/-/,: 9 i +9 j , 

9 i I9 j , 9 i +9 j I9 k , 9 i I9 j +9 k , 9 i I9 j I9 k  

(9 i <9 j <9 k). >)/$($0,/' %&-+61/, ) 1-54,($7,-

-((, .')/-/, 29 i , 39 i , 29 i  ± 9 j  , 9 i +9 j +9 k )' 

%&'('4&'"3$/, /=@ 1$/- /*A(-/- .')/-/(- ,<5')/3$-

(' )%&*5- (-)'C,/' /&'%/'(,* ($ RF 1$($0,/' ' 

/$1-3$, .' /' )' -1$<3$/ ,<3=( 0'(/$/$ ($ )0'+'(' 

($ 3'&,"$/$ <$ F$<-3- $3/-5$/,.(- %-+=&;$(' ($ 

.')/-/$/$ ,0, (,3$/$ ,5 )$ %&'('4&';,5- 5$01,. 

R&-*/ ($ ,(/'&5-+60$7,-((,/' %&-+61/, -/ 

3/-&, &'+, %-%$+$C, 3 +$+'( RF 1$($0, 5-;' +$ )' 

-%&'+'0, %- F-&560,/' [5]   

(12) 
! " ! "

! " ! "
! "

1 1

2
1 ,

2

i j

i j

CSO
H L

L

CSO
H L

f f
N N

f f

f f f
N N

f f

9 ;9

9 '9

* +; &
% ; ;. /

;0 1
; ' &

% ;
;

      

1=+'/- f, fL , fH )$ .')/-/,/' ($ (-)'C,/' /&'%/'-

(,* )=-/3'/(- ($ &$<"0';+$(,*, ($@-(,)1-.')-

/-/(,* , ($@-3,)-1-.')/-/(,* RF 1$($0, & f – 1$-

($0(-/- -/)/-*(,', N – 4&-*/ ($ %&'($)*(,/' RF 

1$($0,. 

N$ F,".4 ' %-1$<$(- .')/-/(-/- &$<%&'+'0'(,' 

($ CSO %&-+61/,, 1-'/- ' %-06.'(- %&, )0'+(,/' 

,<A-+(, +$((,: fL = 111 MHz, fH = 855 MHz, 

& f = 8 MHz , N = [(fH U fL)/& f + 1] = 94. >.'3,+(- 

', .' 4&-*/ ($ CSO %&-+61/,/' ($&$)/3$ 3 +3$/$ 

1&$* ($ &$4-/(,* &$+,-.')/-/'( -4A3$/, 1$/- <$ 

($@-(,)1-.')/-/(,/' 1$($0, )1-&-)//$ ($ /-3$ ($-

&$)/3$(' ' +3$ %=/, %--"-0*5$. E$;(- ' +$ )' -/4'-

0';,, .' ) ($5$0*3$(' ($ 4&-* ($ %&'+$3$(,/' RF -

1$($0, ($5$0*3$ , 4&-*/ ($ "'('&,&$(,/' ,(/'&-

5-+60$7,-((, %&-+61/,. 

 

 
F%2.4. J#$7+)()-)*%) *# NCSO / +#4."*#"# =)&"."*# 

-)*"# *# 7+#/%' 1#*#- *# KGGL. 

#$ ,<.,)0*3$(' ($ 4&-* ($ ,(/'&5-+60$7,-((,-

/' %&-+61/, -/ /&'/, &'+ ) .')/-/, 9 i ±9 j ±9 k e ,<-

%-0<3$($ )0'+($/$ <$3,),5-)/: 

(13) 
! " ! "! "2

1 1

4 2 4
CTB

N N M M N
N

; ; ;
% ' ; ,      

1=+'/- ) M ' -<($.'( (-5'&=/ ($ ,<)0'+3$(,* RF -

1$($0. V')/-/(-/- &$<%&'+'0'(,' ($ /'<, %&-+61/, 

3 899: ) &$<0,.'( 4&-@ ($ %&'($)*(,/' RF 1$($-

0, N ' %-1$<$(- ($ F,".5. 

 
F%2.5. M+.0 *# CTB 7+.(,1"%, 7.7#(#<%  

/ )(%*%=)* RF 1#*#-, $# N-1#*#-*# KGGL.  



“!+!”, 1-2/2008 ". 39

:0'+ %&,&$3(*3$(' ($ (60$ ($ %=&3$/$ %&-,<-

3-+($ ($ F6(17,*/$ NCTB (8) )' +-1$<3$, .' ('@(,-

*/ 5$1),565 ' %&, M = (N + 1)/2. B0, ) +&6", +65, 

3 7'(/&$0(,* &$+,-.')/-/'( 1$($0 %-%$+$/ ($@-"--

0*5 4&-@ CTB %&-+61/,, 1$/- <$ /*A(-/- -%&'+'0*-

(' ' ,<3'+'( ,<&$<=/ 

(14)        
2

(max)

3 8 2

8
CTB

N N
N

; '
% ,                        

9-"$/- N >> 1 <$3,),5-)//$ (14) 5-;' +$ )' $%&-1-

),5,&$ ) ,<&$<$ NCTB(max) N 3N 2/8. 

"979;5/.5 /6 CSO . CTB @3;C>29. @; ;9/;-
:,/., /6 @;-,1/.5 7.8/6- 

?&, -%&'+'0*(' ($ )=-/(-2'(,'/- ($ (,3$/$ ($ 
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RF 1$($0 /&*43$ +$ )' ,5$ %&'+3,+ )0'+(-/-. E 
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($ .')/-/$/$ ($ RF (-)'C,/' /&'%/'(,*, %-&$+, 

1-'/- ,(/'&5-+60$7,-((,/' )=)/$31, ) .')/-/, 

9 i ± 9 j , 9 i +9 j I9 k  , 9 i I9 j ± 9 k %-%$+$/ /-.(- 
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/'A(,/' )&'+(-13$+&$/,.(, 5-C(-)/,. 

>/)/-*(,'/- ($ ,(/'&5-+60$7,-((,/' %&-+61-

/, -/ 3/-&, (CSO /C) , /&'/, (CTB /C) &'+ )' +'F,-

(,&$ 1$/- -/(-2'(,' ($ )65$/$ -/ )&'+(-13$+&$-

/,.(,/' )/-@(-)/, ($ 5-C(-)//$ ($ ('0,('@(,/' 

)=)/$31,, %-%$+$C, 3 &$<"0';+$(,* RF 1$($0 , 

13$+&$/$ ($ 5-C(-)//$ ($ -)(-3(,* ),"($0, /.'. 
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Q1- )' ,<%-0<3$ ,<3')/($/$ $%&-1),5$7,* ($ 

4')'0-3,/' F6(17,, Jn(m) N (m /2)n/(n!), -/ 1-*/- 

)0'+3$ .' J0(m) N 1 , J1(m) N m/2, &$<"0';+$(,/' 

%$&$5'/&, 5-"$/ +$ )' %&'+)/$3*/ 3 )0'+(,* %--

6+-4'( <$ ,(;'('&(, ,<.,)0'(,* 3,+: 

(17) # $ ! " ! "dB 20 lg 10 lg 20 lg ctg 6CSO bias

CSO
m N

C
% ' ' 7 ;     

(18) ! "[dB] 40 lg 10 lg 12CTB

CTB
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C
% ' ; ,        

1=+'/- <$ -%&'+'0*(' ($ NCSO , NCTB )' ,<%-0<3$/ 

,<&$<, (12) , (13). 

K,1>-969. ;9 7.=>-6?.;//. .17-,C46/.5 /6 

=;C>-69;36  

N$ F,".6 )$ %-1$<$(, <$3,),5-)/,/' ($ 

%$&$5'/&,/' CSO /C , CTB /C -/ "-0'5,($/$ ($ 

%&,0-;'(-/- %&'+($%&';'(,', %-06.'(, <$ 

m = 0,05. >.'3,+(- ', .' %&, Ubias = ± 0,5UH 

(Kbias = L/2) 1-(3'(7,-($0(,*/ MZ-5-+60$/-& (' 

)=<+$3$ ,(/'&5-+60$7,-((, ,<1&,3*3$(,* -/ 

3/-&, &'+. E)*1- -/10-('(,' ($ &$4-/($/$ /-.1$ 

($ 5-+60$/-&$ -/ 13$+&$/6&($/$ /-.1$ ($ ('"-3$/$ 

%&'+$3$/'0($/$ A$&$1/'&,)/,1$ 3-+, +- &*<1- 

($&$)/3$(' ($ (,3$/$ ($ CSO %&-+61/,/'. 

  

 
F%2.6. !-%'*%) *# 7+)(*#7+)D)*%)". /?+9, 

2.-)5%*#"# *# %*")+5.(,-#6%.**%") %$1+%/'/#*%'. 

#$/-3$ ' ($0-;,/'0(- 3 )A'5$/$ ($ 5-+60$/-&$ 

+$ )' ,<%-0<3$ 3'&,"$ <$ $3/-5$/,.(- 1-5%'(),&$-

(' ($ +&'@F$ ($ &$4-/($/$ /-.1$ 3)0'+)/3,' ($ 

/'A(-0-",.(, -/10-('(,* ,0, 3=<+'@)/3,' ($ &$<-

0,.(, +')/$4,0,<,&$C, F$1/-&,, ($%&,5'& %$&$-

<,/($ .')/-/($ 5-+60$7,* ($ 0$<'&$, ,<5'('(,' ($ 

/'5%'&$/6&$/$ , +&. N,3$/$ ($ ,(/'&5-+60$7,-(-

(,/' %&-+61/, -/ /&'/, &'+ (' )' 30,**/ -/ "-0'-

5,($/$ ($ Ubias . 

#$ +$ )' -),"6&, &'"0$5'(/,&$($/$ <$ 899: 

)/-@(-)/ ($ %$&$5'/=&$ C /CTB (> 60 dB) %&, <$+$-

+'( 4&-@ ($ %&'($)*(,/' 3 ('* RF 1$($0, N, ' ('-



“!+!”, 1-2/2008 ". 40 

-4A-+,5- +$ )' -"&$(,., +,($5,.(,*/ -4A3$/ ($ 

5-+60,&$C,* ),"($0. 

N$ F,".7 )$ %-1$<$(, <$3,),5-)/, ($ CTB /C -/ 

(,3-/- ($ 5-+60,&$C,* ),"($0, %&'+)/$3'(- 3 -/-

(-),/'0(, '+,(,7, (Umod / Ubias),  %&, &$<0,.'( 

4&-@ ($ %&'($)*(,/' RF 1$($0,. H' )' -/($)*/ <$ 

7'(/&$0(,* 1$($0 ($ ,<%-0<3$(,* RF -4A3$/, 1=+'-

/- 4&-*/ ($ CTB %&-+61/, ' 5$1),5$0'( , )$ %-06-

.'(, ) %-5-C/$ ($ ,<&$<, (14)  , (18). 

 

 

F%2.7. O7+)()-'*) *# 5#1&%5#-*. (.7,&"%5.".  
*%/. *# +#(%.=)&"."*%' &%2*#-. 

W'<60/$/,/' -/ ($%&$3'(-/- ,<)0'+3$(' %-1$<-

3$/, .' <$ ,<4*"3$('/- ($ ('+-%6)/,5, ,<1&,3*3$-

(,* ($ ),"($0,/' 3 899: ' ('-4A-+,5- 5$1),-

5$0(-/- (,3- ($ RF ),"($0$, %-+$+'( ($ 3A-+$ ($ 

1-(3'(7,-($0(,* MZ-5-+60$/-&, +$ ' ) 43,5dB 

(%&, N = 36), 45,5dB (%&, N = 57) ,0, 47dB (%&, 

N = 79) %--(,)1- -/ %&,0-;'(-/- %&'+($%&';'(,'.  

B62-LG,/.,  

N$ 4$<$/$ ($ %&'+)/$3'(,/' 3 /$<, &$4-/$ 5$/'-

5$/,.')1, 5-+'0, ($ 1-(3'(7,-($0'( MZ-5-+60$-

/-& )$ &$<&$4-/'(, %&-"&$5(, %&-+61/,, %&'+($<-

($.'(, <$ ),560$7,-((- ,<)0'+3$(' ($ %$&$5'/&,-

/' ($ -%/,.(,* 1$($0 ($ 899: %&, ,<5'('(,' ($ 

+,($5,.(,* -4A3$/ ($ RF ),"($0$, 4&-* ($ %&'+$-

3$(,/' 1$($0, , &$4-/(,* &';,5 ($ 5-+60$/-&$. 

H' +$3$/ 3=<5-;(-)/ +$ )' ,<3'+$/ 1&,/'&,, <$ +--

%6)/,5-/- ,<5'('(,' 1$1/- ($ -%/,.($/$ +=0;,($ 

($ 3=0($/$ 3)0'+)/3,' ($ %$&$<,/($ .')/-/($ 5--

+60$7,* ,0, %&'($)/&-@1$ ($ 0$<'&$, /$1$ , ($ 

/'5%'&$/6&$/$, 1-'/- ' -)-4'(- 3$;(- <$ %&$3,0-

(-/- %&-'1/,&$(' ($ 1-5%'(),&$C,/' 3'&,",. 

>)3'( /-3$ /'<, 5-+'0, 5-"$/ +$ 4=+$/ ,<%-0<3$(, 

<$ ,<)0'+3$(' ($ A$&$1/'&,)/,1,/' ($ %--)0-;(, 

5-+60$/-&(, )A'5,, .,*/- -)(-3($ 10'/1$ ' 1-(-

3'(7,-($0(,*/ MZ-5-+60$/-&. 
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