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.I������� 	
�� ������   
 ��!� �"  

#��$��  
%  %  �!�!� &'  

.II������ �����   
.1���() �* #��+� ,��!-�� ��.$� #)�/0   

 #�1/ 2#��$�� ��!3 
	�"0
4)!�  

Bn = BK 

K = 5)	5�	 6�* ��  �� #�78$�	 ,	
!�9	  

K = 3 #�78$�	 &' ,	)	5�	 6�* �� 
!�9�"  

25�:�(5�	 ; ��-<   
B = 20� K = 5 


���	 ��� :Hz 100  

  
 

100HA1AAN  

 >�?$-� @�$13 
	�"0
 �-��A ��!� ��BC	�
 
	�"0 2��D��" �-+?�

4)!�  

Bn = BK + 2M 

K = 5!�9�" #�78$�	 ,	)	5�	 6�* ��   
K = 3�* ��  #�78$�	 &' ,	)	5�	 6

!�9�"  

25�:�(5�	 ; ��-<   
B = 20 �M = 1000 � K = 5  


���	 ��� :Hz 2 100 = kHz 2,1  

  
  

2K10A2AAN  

 6��$�� EF�:$G	 H	5G #)�/0
 2���$�	 #5�A� ���"�$� #�1/

 ��!�� 5�A� IG�� ����
���� �-��A  

Bn = M   #�1?-� ���� JK(* =Hz 2 110 

2 110 = M 

�	 ���
�� :Hz 2 110 = kHz 2,11  

  
  

2K11H2BFN  

 #�/��� �����" 
	�"0
 ����M �-��A 6��$��

 ���$�	 �ANAN" �-+?�
 
��G� H��OP	 Q�RK��

 �-��A ��!�� 5�A� IG��
 ��!�+�)#5�A� #�((  

Bn = 2M + 2DK 

M  =

2

B
   

50 = B 

Hz 35 = D ) �ANA�Hz 70(  
1,2 = K 

 
���	 ��� :Hz 134  

  
  
  

134HJ2BCN  

 ���$" ,	!:�	 �5�$� 
	�"0
 H��OP	 Q�RK�� ,!K�	

 #�5�� ,	!:�	 U�"�
 ��N�	 V��:$" W�X)C	

 �-��A� 5�A� IG�� 
��G�
 �.1Y  

Bn = ZN<�� ���� J-�*  DK + M +  

M =

2

B
    

  

15#�(   
 ZN<�� ���� J-�*Hz 2 805 = 

B = 100  

D = 42,5 Hz ) �ANA�Hz 85(  
K = 0,7 


���	 ��� :kHz 2,885 = Hz 2 885  

  
  
  
  
  

2K89R7BCW 
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���  ����	 
���	 ���  �����  
���	  ������	  ����	 �� ���  ���	  

.2 �1��[�	 )�\)�] ���!G(  
 ^��N� IG�� 
��G 2�1��[�

)#5�A� #�((  
Bn = 2M  M = 3 000 


���	 ��� :kHz 6 = Hz 6 000  
  

6K00A3EJN  
 25�A� IG�� 
��G 2�1��[�

 ���� �-��A ��!�) #�(
#5�A�(  

Bn = M M = 3 000  

���	 ��� :kHz 3 = Hz 3000 

  
3K00H3EJN 

 25�A� IG�� 
��G 2�1��[�
 ��!�+� �-��A ��!�) #�(

#5�A�(  

Bn = − M 6�+?$-� ���� _�*  M = 3 000 

 6�+?$-� ���� _�*Hz 300 = 


���	 ��� :kHz 2,7 = Hz 2 700  

  
 

2K70J3EJN  
 �-K1� ,	)�/`" �1��[�

+R$-� ���$��" �-+?� ; V
 ���!K�	 #)�/C	 �\!X

 �-+?�	 25�A� IG�� 
��G
 �.1Y �-��A ��!�

(Lincompex)) #5�A� #�((  

Bn = M  V+R$-� ���� JK(*Hz 2 900 = 

M = 2 990 


���	 ��� :kHz 2,99 = Hz 2 990 

  
 

2K99R3ELN  
 

 
��G 2�\���	 ��[a �1��[�
 �-��A ��!� 25�A� IG��

 ��!�+�)�b<* �* c���((  

Bn=  − NcM ; 6�+?$-� ���� _�* 
_�P	 #�:�	  

Nc = 2 

M = 3 000 

 6�+?$-� ���� _�*= Hz 250 


���	 ��� :kHz 5,75 = Hz 5 750  

  
 

 

5K75J8EKF  
 6:$�� IG�� 
��G 2�1��[�	

)�b<* �* c���((  
Bn  = d!�eMIG�� 
��G 6+�  c���(  

M  =3 000 


���	 ��� :kHz 6 = Hz 6 000 

  
  

6K00B8EJN 

.3���!K�	 ��	fC	   
 
��G 2���!K�	 ��	fC	

^��N� IG��  
Bn = 2M 

 @�	�$� c* �+gM h" 4 000  
�10 000#�!?�	 ���!�	 i�A  

J:�X!�	� ��+�	  
M = 4 000 


���	 ��� :kHz 8 = Hz 8 000  

  
 

8K00A3EGN  
 
��G 2���!K�	 ��	fC	

 �-��A ��!� 25�A� IG��
 �.1Y) #�(#5�A�(  

Bn = M 

 @�	�$� c* �+gM h" 4 000 

�10 000���!�	 i�A  #�!?�	 

J:�X!�	� ��+�	  
M = 4 000 


���	 ��� :kHz 4 = Hz 4 000  

 

 

4K00R3EGN 

 
��G 2���!K�	 ��	fC	
 �-��A 25�A� IG��

��!�+�  

Bn = − M 6�+?$-� ���� _�* J:�X!�	� ��+�	  
M = 4 500  

�+?$-� ���� _�* 6= Hz 50 


���	 ��� :kHz 4,45 = Hz 4 450  

  
  
  

4K45J3EGN 

.4c!\N1-$�	   
2c!\N1-$�	  

,!K�	� #)!K�	  
�jG	kF�7�  ,���!�  ,l�K�l	 d��(

 �\!\�	��	 ���� 6�* �� �-K�	 ,	f
W���$Xl	 ��F�/ c!\N1-$�	 ��jG* 
��G 

m!�9	 �5� :625  
 Enl	 Z!\5�1�	 
���	 ���=MHz 5   

�	 �-��A#)!K�	 �-��A o0 �����" ,!K:  
MHz 5,5  

#)!K-� p�qC	 
���	 ��� :
MHz 6,25 

 r!K�	 
���	 ���FM ,�(���	 s�M �3 
�X)��	 :kHz 750  

 #�:�	 
��G ���RF :MHz 7  

  
  
  
  

6M25C3F-- 

  
 

750KF3EGN  
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���  ����	 
���	 ���  �����  
���	  ������	  ����	 �� ���  ���	  

.5t<�1�	   
t<�1�	-7��$�	 E 6�+?$" 

 ��� ����1�	 �-���	 ����
A� IG�� 
��" ��!�	 25�

c!-� &' 2�.1Y �-���	  

Bn = C +
2

N
+   DK  

K = 1,1 

)���u ���((  

1 100 = N v-�\ c���$-� w���� 6"�:\ �x 
352 v-�\ �G	!�XP	 c	)�5� ���X� 60 

�:�(5�	 ; #)�� .c���$�	 6���� z��G !{ 
C	 ��( 6< W!| m!�O �5�� �G	!�X
#5A�.  

1 900 = C 

Hz 400 = D 


���	 ��� :kHz 2,89 = Hz 2 890  

  
  
  
  
  
 

2K89R3CMN 
t<�1�	E-7��$�	 }  

 ����M �-��A ���� 6�+?�
 6+?� E����	 ���$-�
 2����F��	 �-���	 ��!�	
 ��!� 25�A� IG�� 
��G

��!�+� �-��A  

Bn = 2M + 2DK 

M = 
2

N
  

K = 1,1 

)���u ���(( 

N = 1 100 

D = 400 Hz  

���	 ��� :kHz 1,98 = Hz 1 980 

  
  

1K98J3C --  

.6i<�� �"   
 �-�� 2^��N� IG�� 
��G

c!\N1-$-� �\!\�	)  
Bn = 2C + 2M + 2D   ~5�$� l �\!\5�M ,	����MHz 5 2

 ,	f ����M �-��A ��!� J-� ,!K�	
MHz 6,52���$��" �-+?�   

 ����1�	 �-���	 �	��	 =kHz 50 

C = 6,5 × 610  
D = 50 × 310 Hz 

M = 15 000 


���	 ��� :)13,3 × 610 Hz   
= 13,13 MHz(  

  
  
  
  
  
  
  

13M1A8W --  

 ��jG 2^��N� IG�� 
��G
 �5�� 2Z!\�	) 6�A��

���$�	 V��:$" W�X)0  

Bn = 2M 10  EX�XP	 
���	 6D?� ���!� ,	!(
 h"kHz 1� kHz 164 

M = 164 000 


���	 ��� :kHz 328 = Hz 328 000 

  
  
  

328KA8E --  
 )��-� ^��N� IG�� 
��G

VOR �1��[��" VOR) :
 �\�$� ,��!3 Z!\�	) )��

,�{�]l	 ��q ;(  

Bn = 2Cmax + 2M + 2DK  

K = 1 

)���u ���(( 

��X	!" ����F��	 �-���	 6+?�:  
%   ,	f ����M �-��A ��!�Hz 30 

%  Zf ��DG ���� �� �]�G �-��A ��!�  
Hz 9 960   

%  { #�(��1��  
%   ,	f ��DGHz 1020 #���� 

4)!��" ��$��	 �\!�	 ���$�  
Cmax = 9 960  

M = 30 

D = 480 Hz 


���	 ��� :kHz 20,94 = Hz 20 940  

  
  

  
  

  
 

  
  
 

  
20K9A9WWF 
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���  ����	 
���	 ���  �����  
���	  ������	  ����	 �� ���  ���	  

 #5� }�-:$�� 
��G ����
 Q�RK� �� ��(�" ,	!(
 ,	!( #5�� H��O��
 �5�� }�\���	 ��[a ��1��{

���$�	 V��:$" W�X)0  

Bn =  d!�eMIG�� 
��G 6+�   w�:M� ��<��	 ��jGP	 6D?� 2#����	 ;
 ,	!:-� ���:�	 ,�����$-�) ���!$�	 w�b�

ITU-R F.348 ( �� ���M3 ,	!( 
� ��1��{15  
���	 ��� c!+\ 2��(�" #�(

����	:  
 kHz 12 = Hz 12 000  

  
  
  
  
 

12K0B9WWF 
7. �" ,	)�/0 ���$�	 Z)����	 ��(!$�	�  

1.7 ,	���$�	 ������	 )���!K�	(  
 
��G 2���!� ,�G��0

^��N� IG��  
Bn = 2M ��<  

M =4 000   

���	 ��� :8 000 kHz 8 = Hz 8K00A3XGN 

2.7 ,	���$�	 ������	 )#�1?�	 ���N�	(  

	�"�� �-7�x ���� #�1/  Bn = 2M + BK 1/s = B 

1 = M 

5 = K 


���	 ���� :Hz 7 7H00A2XAN 

3.7 ,	���$�	 �.1��	 )#�1?�	 ���N�	(  

	�"�� �-7�x ���� #�1/  Bn = 2M + BK s/1 = B 

1 = M 

3 = K 


���	 ���� :Hz 5  5H00A2XAN 

III-A .������ ����� 

.1���() �* #��+� ,��!-�� ��.$� #)�/0  

 H��OP	 Q�RK� c�� 
	�"0
)#5�A� #�((  

Bn = 2M + 2DK  
M =  

2

B
 

K = 1,2  
)���u ���(( 

B =  100 

D = Hz 85)  �ANAN�	Hz 170(  

���	 ��� :Hz 304  

 

  
304HF1BBN 

 ,	f #�/��� �����" 
	�"0
 Q�RK� �� 2k�� 
��G

 H��OP	)#5�A� #�((  

Bn=2M+2DK

M =  
2

B  
K = 1,2 

)���u ���(( 

B = 100 

D = Hz 85)  �ANAN�	Hz 170(  

���	 ��� :Hz 304  

  
 

 

304HF1BCN 

EF�:$G	 H	5G #)�/0  Bn=2M+2DK

M = 
2

B
 

K = 1,2 

)���u ���(( 

B = 100 

D  =Hz 85)  �ANAN�	Hz 170(  

���	 ��� :Hz 304  

 

 

304HF1BCN 

 E��") ^��N� 
	�"0
,	���$�	  

Bn=2M+2DK

B : 6�+?� W5��(Bd)( d�X* #� . 	f0
��	N$� ,	!:�	 �G�<:  

= M
2

B )c`M l0�2B = M (  
1,1 = K 

)���u ���(( 

 #)���$�	 ,	���$�	 h" 5���$�	 =Hz 400  
��	N$� ,	!( 

B = 100  
M = 50 

D = 600 Hz 


���	 ��� :kHz 1,42 = Hz 1 420  

  
  
  
  
  

1K42F7BDX  
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���  ����	 
���	 ���  �����  
���	  ������	  ����	 �� ���  ���	  

.2 �1��[�	 )�\)�] ���!G(  
[�	�\)��$�	 �1��  Bn = 2M + 2DK 

K = 1  
) 5( 2,l��	 U�" ; 2�+� ���u ���(

 V�( o0 ���A ��{ c!+�K J-�*( 

�\)��$�	 �1��[�-� ��X!$� ����  
D = 5 000 Hz 

M = 3 000 


���	 ��� :kHz 16 = Hz 16 000  

 

 

 

16K0F3EJN  
.3���!K�	 ��	fC	  

���!K�	 ��	fC	  Bn = 2M + 2DK  

K = 1 

)���u ���(( 

V�e &'  
D = Hz 75 000  

M = 15 000 


���	 ��� :kHz 180 = Hz 180 000 

  
  
  

180KF3EGN 

.4 t<�1�	 

t<�M ���$� �/��� 6�+?$" 
c!-� &' }�-���	 ��!�	  

Bn=2M+2DK

M = 
2

N
 

K = 1,1  
)���u ���(( 

1 100 = N ��G�b�	 ; �K�  
D = 400 Hz  
�
���	 �� :kHz 1,98 = Hz 1 980  

 

1K98F1C -- 

��-7��$�	 t<�1�	  Bn=2M+2DK

M = 
2

N
 

K = 1,1 

)���u ���(( 

1 100 = N ��G�b�	 ; �K�  
D = 400 Hz 


���	 ��� :kHz 1,98 = Hz 1 980  

  
1K98F3C -- 

.5 i<��	 ���	 ) W�5�	 �jG	III-B(  
\�	) 6A�� ��jG �5�� 2Z!

���$�	 V��:$" W�X)0  
Bn = 2fp + 2DK 

K = 1  
)���u ���(( 

60 h" EX�XP	 
���	 6D?� ��1��{ #�( 
kHz 60� kHz 300 ����1�	 ���:�	 }

(rms)��!� 6< �	��l  :kHz 200 }
 5� �-��5�	 )	��$Xl	 ��!�kHz 331 

 �-���	 ��!�-� W��M �	��	 o0 Z���
 v-�\ ����F��	kHz 100.  

D = 200 × 310 × 3,76 × 2,02 

   = 1,52 × 610 Hz 

fp = 0,331 × 610 Hz 


���	 ���:   
MHz 3,702 = Hz 610 × 3,702 

  
  
  
  
  
  
 

 

 

 

3M70F8EJF  
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���  ����	 
���	 ���  �����  
���	  ������	  ����	 �� ���  ���	  

 �5�� 2Z!\�	) 6A�� ��jG
���$�	 V��:$" W�X)0  

Bn = 2M + 2DK  

K = 1 

)���u ���(( 

960D?� ��1��{ #�(  EX�XP	 
���	 6
 h"kHz 60� kHz 4 028 ����1�	 ���:�	 }

(rms)��!� 6< �	��l  :kHz 200 }
 5� �-��5�	 ��!�	 )	��$Xl	 ��!�

kHz 4 715 W��M �	��	 o0 Z��� 
 v-�\ ����F��	 �-���	 ��!�-�kHz 140.  

D = 200 × 310 × 3,76 × 5,5 

=      4,13 × 610 Hz 

M = 4,028 × 610  
fp = 4,715 × 610 

)2M + 2DK(<  2 fp  

���	 ���:  

16,32 × 610 Hz = 16,32 MHz  

 

 

 

 

 

 

  
 

 

  
16M3F8EJF  

 �5�� 2Z!\�	) 6A�� ��jG
���$�	 V��:$" W�X)0  

Bn = 2fp 600D?� ��1��{ #�(  EX�XP	 
���	 6
 h"kHz 60� kHz 2 540 ����1�	 ���:�	 }

(rms)��!� 6< �	��l  :kHz 200 }
 5� �-��5�	 )	��$Xl	 ��!�kHz 8 500 

 ����F��	 �-��R-� W��M �	��	 o0 Z���
 v-�\kHz 140.  

D = 200 × 310 × 3,76 × 4,36 

=     3,28 × 610 Hz 

M = 2,54 × 610  
K = 1  
fp = 8,5 × 610 

2M) + > (2DK  2fp  

���	 ��� :17 × 610 Hz  

= 17 MHz 

 

 

 

 

 

 

 

 

 

 

 

17M0F8EJF 

 ���!K�	 �\!\�	��	 ��	fC	
M �-��A �� ����	 ����

 #�5�� #5���� ��1��{
W�X)C	  

Bn = 2M + 2DK 

K = 1 

)���u ���(( 

}E-��� ���$" ��jG  
M = 75 000 

D = 75 000 Hz 


���	 ��� :kHz 300 = Hz 300 000 

  
  
  

300KF8EHF 
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III-B. =	
_ c�	:C��� LS�&�� =�8�� �	� DIV��(�� ���� t��u� I  

���� ����0 ��&�^�� ��C�� `2�� Y ������ f�
^�0 Z	��3� ��C�� ��(FM-FDM)  

 ��jG�� �����"FM-FDM
���	 ��� c!+\ :  

Bn = 2M + 2DK  

 ���( i��D 6�* �� ,l����	 ; #�)��	 ���� �	��	 �* 2Bn ; ��!� 6< �	��l ����1�	 ���:�	 ��." "��.�	 6��� " �)	!�	
��G�*.  

���$" �-��� )	��$X	 ��!� �!�� ���A ; fp 6�+?$-� ���� JK(* 
!M Mp�$�	 6+?�	 �����	 ������	 ��$� 2:  

Bn = 2fp + 2DK 

 �� 6:\ �-��5�	 ��!�	 �� z���	 ����F��	 �-���	 ��!�	 6�+?� 6��� c�< 	f00,25 ����F��	 �-���	 ���� �	��l ����1�	 ���:�	 �G�<� 
 �� 6(* �-��5�	 ��!�	 �� �]��	%70���:�	 ��  E��� ��	 ������	 6+/ �����	 ������	 ��$� 2�� �\���� �* #�( 6< �	��l ��-�1�	 

h$���$�	 h$�����	 h" �� ���( �<*:  

Bn = 2fp    �*  Bn = 2M + 2DK  

*��[\ �<*.  
  ����=�8��  (1)  

���	�
� ������ ���   

Nc  

 

  

    )������ ����( × antilog 

  

  

  

3 > Nc > 12  

  

    4,47 ×  antilog  

  

  

12 ≥ Nc > 60  

  

3,76 × antilog  ⎥
⎦

⎤
⎢
⎣

⎡

20

2
c

Nlog  2 + ,6
  

=�8�� �	�(2)  

���	�
� ������ ���  

Nc  

  

  )������ ���� (×��������� �����  

  

60 ≥ Nc > 240  
3,76 × antilog   ⎥

⎦

⎤
⎢
⎣

⎡−
20

1
c

Nlog  4 + 
  

Nc 240 ≥  
3,76 × antilog   ⎥

⎦

⎤
⎢
⎣

⎡−
20

15
c

Nlog  10 + 
  

(1)
  ����� !��� ����� "��#� ��$ %3,76� 4,47 &�' ���' ���� 11,5� dB 13,0*+���� ,�� .  

(2)
  ����� ���� ����� "��#� ��$ %3,76 &�' ���' ���� 11,5 dB.  

  ������� 	
���dB ��� 
������ 	����� 	����  

 

 20   

   ������� 	
��dB �� ����!�� "#�$ �%&�' 
 	���� (�) *	+, 	-./ �����/&0  

 

 

20 

 

  ������� 	
��� dB ��� 
������ 	����� 	����  

  

  

20    
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���  ����	 
���	 ���  ����  

���	  ������	  ����	 �� ���  ���	  

.IV	
���� ������   

.1 !	�	��	 

- /��01� 2� 3�4  
Bn =

t

K2
 

 56�	K ��� �47- ,�� 
 �89 :6� ;< ��4���

��4��� . ,�� �=�>�6 ?�	�
 @� A>8��1� 10  2BC %�

 �D�E :7�� �F�G� H�
 I��J ;<6  

 

+�K �����  

 �L�7M� �-�4�N� �D�� =m 150 

K = ,51)  /�P �B�B� ��4-rt ∼t  % �QR� F *
4��F� SP ��-0M� T6K TN ��dB 27(  

U H��"  

  

  

  

  

  

  

  

  

W�X��� Y�� :MHz 3 = Hz 610 × 3  

 

 

 

  

  

 

  

  

3M00P0NAN  

.2"#��	 ���	  

&���� �P�� A�[-  
Bn =  

t

K2
  

K = 1,6 

 &' 3N�NK W�X�� ?\M� ��01�� ���4-36 ���6 
��	9 3�]��� ^�7	F� ��4- ��� _ =μs 0,4 

Y��W�X���  :8 × 610 Hz = 8 MHz  

)���	�
� ������ ��� H� ���7M� W�X��� Y��(  

 

 

 

 

8M00M7EJT 

3 .$	!�%&	 �'!����	 ���()� ��*�	�  

1.3 $	���(�	 ������	 )��%! �,-�	(  

�!8�� `���� ���a�7M� ��
����b�� c�G�  

Bn 

=  2/tR  tr 

=  ms 1 

W�X��� Y��: kHz 2 = Hz 2 000 2K00K2XAN 

2.3 $	���(�	 �/01�	  

 ����b�� ���1�� �����d� �L�G�
�G� `��6 % ���a�7M�c����b��  

Bn 

=  2/tR  tr 

= ms 1  

W�X��� Y��: kHz 2 = Hz 2 000  2K00K2XAN 

.V�������   

 &���8	 ��7��� "�N�e� ��8	
 ������(OFDM) ��8	 �K 

 ������ &���8	 ��7��� "�N�e�
 ��1M�(cOFDM) 

Bn 

=  Ns·K  �>8�7	53 �=��� �]�� *���8L ����L ����P �D� 
kHz 312,5 f��B�N�� )53 = K� kHz 312,5 = Ns .(

 ���4� ��-��4�� ������� ����G� ��DM� g0	 gK H0h�
 ���G� 3i��j �X�� �PbPb� W���< ��01	 H�(BPSK) 

 �X�� �PbPb� 38���	 ��01	 �K(QPSK) ��k1	 �K 
^�7	F� 38������ (QAM)  

MHz 16,6 = 53 × kHz 312,5 = Bn  

  

  

  

16M6W7D  

__________  

 )�������	 
�� (× 2   

 f��� ���N   

    

150 × 2  
810 × 3  
  

s 6−10 × 1  

 =t  

  

=  
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